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Effects of Straw and Biochar Return in Soil On““u‘SOil Aggregate and Carbon

Sequestration, Y e}/ o
XU Guo-xin, WANG Zi-fang” , GAO Mlng, TIAN Dong, HUANG Rong, LIU Jlang, LI Jia-cheng
(College of Resource and Environment, Southwest U-ﬁ{fersny, Chongqing 400715, Chlna) | o =

Abstract; The aim of this work is to understand the effects of straw and biochar retur}i' in soil on “the content, distribution, stablhty,
and relative cofffributibn-rate of organic carbon for soil ageregates), which could be used'to better understdndmg the stability of the“soil
cafbon pool and the protection mechanisms unﬂer straw and bioc har return. In this stiidy , @-field experiment was conducted to study the
effecﬂ of slraw and biocharreturn on soil aggregates/ and garbop+ sequestratlon characteristics in a rape“maize rotation planting system.

Five tredtments theludinga control ( no orgahic méterial ddded‘ CK) straw (CS), straw and microorganism ( CSD), Biochar
(BC) half straw and_ half biochar (CSBC) , were used. "The results indicated that D Straw and biochar could improve the content of
soil orgalni'(t carbon, and the BC and CSBC treatments increased it by 16. 88-17.37 g-kg ™", values higher than those with the CS and
CSD treatments (13.76-14.68 g-kg™') ; @ Compared with the CK treatment, CS and CSD treatments could increase the stability of
the aggregates through significantly increasing the content of macro-aggregate by 94. 00% - 117. 78% and significantly increasing the
mean weight diameter (MWD) , geometric mean diameter (GMD) , and R, ,; of water stable aggregates, but reducing the D value (P
<0.05) ; and @ With the increase in aggregate particle size, the content of organic carbon in the aggregates decreased first and then
increased. The contribution rate of soil organic carbon in silt and clay was the highest (29. 61% -42. 18% ) , and the contribution rate
of organic carbon in the macro-aggregate was the lowest (9. 19%-17. 81% ). In addition to the CSD treatment, the CS, BC, and CSBC
treatments reduced the contribution of larger aggregates (2-0.25 mm) and micro-aggregates (0.25-0.053 mm). In general, the
benefit of straw return was better than that of biochar in promoting soil aggregation. However, the application of biochar was better than
straw in improving the aggregates organic carbon content. The newly generated carbon from straw degradation was mainly distributed in
large aggregates. Straw with microorganisms could promote the combination of carbon by different components in the larger aggregates.
The carbon from biochar and straw with biochar treatments were mainly concentrated in micro-aggregates.

Key words :straw; biochar; soil aggregates; carbon sequestration; contribution rate
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Table 1  Treatment design in the study

N Qb YrRliE 4 /kg-hm —2 H AR

CK ToH ki H 0
cs FFRA 8 000 ST A RRAT , K o THSEREAT A 0 8 o SR
cSD REFF + SR I %000 + 16 FEHRE s BEREFERIRERE 2 em 2245, A2 Hcid 10 mm 0,

RS FAEYITT 3 0 RS FF B MR ST B 2 TR SRR AT

BC AW HeE 5274 10 cm FEFIHF

CSBC FEFF + £ Heik 4000 +2 637

L4 R 0.25 mm AR E M, A RKERE, v, N

Z IR Elliott %5 (IR IF 5 35 . FREGE 10 mm K HRIKME SRR, ADF5E P HAE A 10 mm.
F450 ¢ T2, 0.25, 0.053 mm WEG I, HE 1.5 Hieai
TR AIKAE I 5 min J5, T30 TR 2 min K] SPSS 17. 0 Fl Excel 2003 44 #E47 5048 4b
(HRMR 3 em M3 30 K -min ") RKFIRAER AL B LEIGIFR. FrA ML R 3 Uil e 45 56 F
i A R TR E v R B KA R IA (LM, BEFRIR. AR [ 2 8 L ECR AT LSD &/
>2 mm)  BERAIRIK(SM: 0.25 ~2 mm) | HER  BEZEEE(P<0.05).
R(MA: 0.053 ~0.25 mm) FIZEEIRLZH 53 (S + C: <
0.053 mm) , A5 60°C Ht T FR &, BE 43 0. 25 mm 2 BREAW )
i, 2 I T ORAE, R HH 35 % R - mﬁﬁa%bnﬂwﬁ{wl 2.1 FAF 'ﬁi%?ﬁ Bﬂﬁit%%%ﬁﬂlﬁéﬁi
SEHA HURR & B 7 sk | P 2.
49 P R R AR bR R LT B bt §4I FFF 'ﬁi%iﬁl_.ﬁfl:%ﬁﬁl%%ﬁiﬂ@/\%ﬁ%
(MWD) | JUFEIEAE(GMD) | 0,25 mm E’J.%{ZIKA R ] B R (W2 2) A5 R A R ey ‘%Fﬁ%ﬁ
i@»ﬁﬂ%ﬁ%ﬁD%#L.ﬁﬁ;;WT RN KSR I R A TR 6D
i ALFRAL | b B 0. 25\~ 0. 053 mm/FHETK & g

l\iIWD = Zx W, Y/ ’J ,Eﬁuf}i'iﬁﬂiﬂ’mﬂim). 5 CK AFEAEECS . GSD
& Yol e f=n P=% L.
CWD = exp Z wine) |/ L@ ﬁfﬂﬁb\%ﬁiﬂ%ﬁ >2 mm PHREEG R (P <0705),
. L SRR 117.78% F1 94.00% T BC, CSBC Ak #E
R .40 [1 x<025] g ,.,"(.3-)” IR 27, 41% F117.99% . 5 FF 5 4 ¥ e b 381

KT <0.25 mm FIRMEKEG &, Hph B ERFEMT
ﬁﬂ%’@& D IR A I SRR 20,053 mmPIRIKS (P <0.05). CSD % CK &b

NG W FHAE B EHIAEHE 2 ~0.25 mm A REIE R, 25 T
21.27% (P <0.05) ,1fi CS ZbFEAY 2 ~0. 25 mm B

M. x 177"
i, = L] | RTINS

FIH A (4), LL?&%’U%,T?% D. 2.2 FEFFS A B 3 A SR AR e PR 52
251 G A SR AAAT HILAR T 3 AT LR () B ik 3R FE 3 0] LLF 4 Ak B K Rt A B AR 59 MWD
M5 KNI A . CS > CSD > BC > CSBC > CK, Hrf €S|
TR = CSD AbFHAE CK AbH5) 51 b 42 55 66. 08% ., 61. 11%
PRI YRR & i > R Rk (P<0.05),BC, CSBC H CK 4bFRIE R T 17.23% |
THEATHLER 15.89% fHE R AR 53, 5 CK M kL, 4 4b 3K fa bk
x 100% (5) AR GMD Y34, Hilp ¢S, €SD ., BC. CSBC 43

At x, WRGPARN I G [ AP RIAR  5185 7 56.91% | 65.58% . 17.24% |, 21.58%. CSD
P BB A R AR A (6 mm) | BRBIER  fhpmaE 8408 R, . 3255 38.92% (P <0.05). F&#F
PR (1125 mm) | BEAIRER(O 1515 mm)  FBPRIAL 5y sk FAR IS CK 3REAR T 4MIE 4850 D (8,
73(0.0265 mm) |, W, A5 i REARMKITTR M, Horp S AbFREAR T 2. 06% | 225 035, Hidx 3 A 4bag
RN &, BRI BRI M, o0 WRIAR < 5 CK 2R R 8%,
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Table 2 Soil aggregate distribution with application of straw or biochar

Ak F BRI R 1 %
>2 mm 2 ~0.25 mm 0.25 ~0. 053 mm <0.053 mm
CK 8.52 +3.46Ch 26.59 £2.53Bb 34.44 £2.75Aa 30.44 £3.29ABa
CS 18.56 +2.02Ba 24.32 £1.61Bb 34.29 £4.77Aa 22.83 £3.19Bb
CSD 16. 53 £2.93Ca 32.25 £3.71Aa 26. 86 +1.46Bb 24.36 +0. 54Bb
BC 10. 86 +2. 80Bb 27.52 £3. 16 Aab 34.19 £4.8 Aa 27.44 +3.65Aab
CSBC 10. 05 +0. 54Bb 31.09 £ 1. 84Aab 31.70 £4. 12Aab 27.15 +4. 10Aab

1) BB LA + b2 kR, 7l —

S A RN PR R R —

R Rl — 4 BT R [7] PR SR (AR 40 43 2 (BT 9 22 53 35 (P <0..05) , I+

IR AR N ARl b PR 22 57 525 (P <0.05) 5

R3 FEFEEYIRE B KRR RERE ST

Table 3 Soil aggregates stability with application of straw or biochar

Rl —1T AR S b

Qb3 MWD/ mm GMD/mm Ry 5/ % D
CK 0. 87 0. 20Bb 0.21 0. 04Bb 35. 11 £4.26Ab 2.68 £0.03Aa
s 1.44 0. 13Aa 0.33 0. 04ABa 42. 88 +3. 62Aab 2.62 £0. 04Ab
CSD 1.40 +0. 14ABa 0.35 +0.02ABa 48.78 +1.33Aa 2.63 +0. 00Aab
BC 1.02 +0. 19Bb 0.25 +0.05Bb 38.37 +5.65Ab 2.66 +0. 03 Aab-
CSBC 1.01 0. 02Bb 0.26 0. 02Bb 2,465 f_FOZ"O:l:__A@b o

41.15 1. 3tAb

2.3 %iﬂ'ﬁi%iﬁﬁﬁﬂﬁiﬁ%mﬁﬂﬁ%ﬂm o
2.3.1 FEFSEY GR35 mﬁz,@aﬁ%m
R 1 AT, A AT 'ﬁi%ﬁﬂﬂﬂiﬁ zs.a;ﬁ;%%
ﬁm&@i,\ﬁﬁ BC 4b P A AT HLER
CK/R % i [%:JT 45455% (P <0. osy,,\mfﬁ
CSBG, | CSD," oS ALIE S B T 41 489
23.04% . 13:30% Mnﬂﬁl%ﬂﬂﬁ&ifﬁzﬁmf
fﬁ,%%# BE 4k H I €S, (SD Lfﬂﬁ‘%’]m

26. 24%\18 309 (P'<0.05). 4 A =

2.302" FEFTA5 4 5 THHXTi%I%‘&ZIKﬁHW%a
EEiopA

Ir) 88w i A A ALY RL RE 3N - 1A LR
(R SRR A RIRLE A RE A R (R 4).

"ﬂaytﬁﬁ,}ﬁ?"’

= J

25
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- 20 F
¥ 1
o
= o5 b
4o
=
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5k

~ 0 1 1
CK Cs CSD BC CSBC
A3

HEEAR)/ING F R IR A [RI AL B2 S 38 B K F- (P <0. 05)
1 BHSEMREETLHEGNRSE
Fig. 1 Total soil organic carbon content with

application of straw orbiochar
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Table 4  Organic carbon content of aggregates with application of straw or biochar

PR IARA LR & /g kg ™!

s

>2 mm 2 ~0.25 mm 0.25 ~0. 053 mm <0.053 mm
CK 13.16 £0. 50Ba 16.49 +1.44Ab 7.52 +£0.42Cb 12.16 £ 1. 54Bb
CcS 15.70 £2.70Aa 16. 30 £0. 90ABb 8.58 £0.40Cb 19.47 +£3.43Aab
CSD 16. 18 +2. 64Aa 16.87 +1.03Ab 9.07 0. 82Bb 17.96 £5. 44Ab
BC 17.43 +£3.78Aa 20.32 £0.99Aa 12.12 £2. 60Ba 21.20 £6. 71 Aab
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Table 5 Relative contributions of organic carbon in aggregates after straw or biochar application
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