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Effects of biochar on soil aggregate spatial distribution and soil organic carbon in brown earth soil

SUN Qiang™*, YANG Xu'?**, MENG Jun"*, LAN Yu'?, HAN Xiaori'**"

(1. Key Laboratory of Biochar and Soil Amelioration, Ministry of Agriculture and Rural Affairs, Shenyang 110866, China; 2. National
Biochar Institute, Shenyang Agricultural University, Shenyang 110866, China; 3. Postdoctoral Station of Agricultural Resources and
Environment, Land and Environment College, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: The object of this study is to explore the effects of the use of maize straw biochar on the spatial distribution of soil aggregates and
organic carbon content in brown earth soil. We conducted long—term field experiments in 2013. We applied four treatments : CO(no biochar
application), C1 (biochar applied at a rate of 15.75 t+hm™ at the beginning of the experiment), C2 (biochar applied at a rate of 31.50 t -
hm™), and C3(biochar applied at a rate of 47.25 t-hm™). The application of biochar enhanced the soil organic carbon(SOC) content in the
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plow layer by 6.81%, 11.06%, and 41.62% in the C1, C2, and C3 treatment, respectively, compared with that in the CO treatment. With the

increase in biochar application dosage, the soil aggregate stability in the plow layer first increased and then decreased but that in the C3
treatment remained substantially higher than that in the CO treatment. In the 20-40 cm layer, the SOC content was the same as that in the
plow layer. Compared with that in the CO treatment, SOC content increased by 92.36%, 111.63%, and 123.25% in C1, C2, and C3
treatment, respectively. The silt and clay contents in the C3 treatment considerably decreased with increasing biochar application dosage,
and the macroaggregate content substantially increased with increasing biochar application dosage. The mean weight diameter (MWD) and
geometric mean diameter (GMD) were notably higher in the C3 treatment than in the other treatments. In the 40—-60 cm layer, only the C3
treatment remarkably enhanced soil organic carbon content by 4.67%. The macroaggregate content and GMD were also considerably higher
in the C3 treatment than that of CK. Our results indicated that the application of biochar enhanced not only the SOC content,
macroaggregates, and soil aggregate stability, but also the organic carbon content and aggregate stability in the subsurface soil layers under
the plow layer. Biochar, as a soil amendment, might have an optimal dosage; the best dosage in this study was that in the C2 treatment

(31.50 t-hm™). The effects of the application of biochar on the improvement in the deep soil layers depended on the biochar dosage, with a

higher biochar application rate having notable effects.

Keywords : biochar application amount; soil aggregate; aggregate stability; soil organic carbon
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Table 1 Basic properties of the tested soil and biochar

A ALK ) 7 il
Jii H Trem pH . -3 . . -1 =i -1 -1
Bulk density/(g:cm™) Soil organic carbon/(g-kg™) Total N/(g-kg™) Total P/(g-kg™) Total K/(g-kg™)
i 5.7 1.31 11.0 1.20 0.38 20.1
EX 7L S 9.2 = 660.0 8.87 8.87 32.2
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Figure 1 Effects of biochar dosages on soil aggregate distribution
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Figure 2 Effects of biochar dosages on the mean weight diameter(MWD) , geometric mean diameter(GMD) , macroaggregates ( Rso2s wn) and

fractal dimension of aggregates
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E3 £YxitAENAR IR LEANRSENZMN
Figure 3 Effects of biochar dosages on SOC content of

different soil layers
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A B AARA HLRR B9 & 1 (P<0.05) . 5 COAHLEL,C1.C2,
C3 A B3 1) 2 155 >2 mm F SRR HLAK 75 5 54.20% .
98.95% ., 128.36%; 0.25~2 mm [ T (& G WL ok & &

A 3o X 4% 2 45 A% - 398 T SR AARAT BB AR X BT
R A AT LS (£3),0~20 em LJ2 0, 1384
HLBR 3200 A 7E>0.25 mm B9 K G . BUAT
AW B it P FAR T 0~20 em +)2<0.053 mm ki 2% 4]
BRI A LR STHRSE = T KR4 (>0.25 mm)
B WL TTRR R . 20~40 em + )2 1+ 584 WLER 2 B4
H A3 A 7E>0.053 mm &R AE IR A AR . &)
IRALBRIRFAR T <0.053 mm FiAs A1 R A HLAK TTHRE
40~60 cm + J22 A R AR A BLA 32 224 3 A #E<0.25
mm K42 A B A T, G102, C3 b BHAH L €O 4351 %
ik T <0.053 mm 1 A 2 46 A B 57 #k % 9.28% .
5.06%.24.57%.
2.5 &Mt 15 pH K20

R APTR B W it P 2 i B8 5, #5545 pH
(B B 2 & 327 (P<0.05) o 76 i JH A= 9 5 24 4, 5
COAMH I, C1.C2 71 C3 By pHAE /3 il 5 1 2.5% .6.1%

R2 TEARGENHRSE

Table 2 Soil aggregate associated organic carbon contents

+ R sl IR IR A LA & 1t Aggregate associated organic carbon/(g-kg™)

Soil depth/cm Treatment >2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
0~20 Co 10.86+0.52b 11.18+0.56¢ 9.61x0.25¢ 10.340.32b
Cl 13.00+0.40a 12.00+0.20c 10.20+0.30bc 10.30+0.20b

c2 11.50+0.30b 13.50+0.80b 10.93+0.95b 10.7020.40b

c3 13.47£0.67a 17.80+0.90a 14.10£0.70a 12.50+1.00a

20~40 Co 4.76+0.02d 4.01+0.05d 3.120.01c 4.38+0.07c
Cl 7.34+0.09¢ 7.74+0.15¢ 5.51+0.01b 4.88+0.08b

c2 9.47+0.12b 9.12+0.02b 5.17+0.10b 4.67+0.12b

C3 10.87+0.21a 12.29+0.57a 14.87+0.15a 9.40+0.27a

40~60 Co 3.8320.03d 3.68+0.06¢ 3.67+0.36a 3.33+0.17b
cl 4.09+0.05¢ 4.31+0.01b 3.70+0.01a 3.23+0.04b

2 5.45+0.15h 4.57+0.03b 3.760.02a 3.38+0.02b

c3 7.72+0.0% 7.91+0.14a 3.88+0.01a 3.98+0.20a

1 R B ARl /NG b R Ab B i) 22 57 i 2% (P<0.05) . Rl

Note: Different lowercase letters in a column indicate significant differences among treatments (P<0.05). The same below.
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Table 3 Relative contributions of aggregate associated organic carbon

+ 2R Qb A R AAAT B A X 5T kK Relative contributions of organic carbon in aggregates/%

Soil depth/em Treatment >2 mm 0.25~2 mm 0.053~0.25 mm <0.053 mm
0~20 CO 24.83+1.00b 32.96+0.90b 19.65+0.36a 22.56+0.53a
C1 28.53+0.53a 34.74£0.15b 19.29+0.80a 17.43+0.12b

Cc2 29.46+0.47a 36.09+2.31b 19.26+1.54a 15.19+1.23¢

C3 21.33+0.43¢ 42.32+0.72a 19.98+1.68a 16.37+0.76¢

20~40 (0] 26.86+0.09h 17.53+0.04¢ 31.83+0.12b 23.78+0.17a
C1 26.11+0.17b 26.50+0.34b 32.41+0.18b 14.98+0.33b

€2 31.37+0.01a 29.56+0.33a 27.38+0.18¢ 11.69+0.15¢

C3 20.57+0.54¢ 26.31+1.03b 42.24+0.73a 10.87+0.24¢

40~60 CO 5.95+1.54d 14.63+1.83¢ 39.53+2.75a 39.89+1.02a
C1 6.48+1.95¢ 17.87+2.70b 39.46+2.97a 36.19+1.56b

C2 7.70+0.58b 19.25+1.24h 35.19+1.40b 37.87+0.93b

C3 9.50+1.57a 31.98+1.87a 28.42+0.12¢ 30.09+3.66¢

F4 £33 pH BRI
Table 4 Effects of biochar dosages on soil pH

A5y Year A Treatment pH
2013 COo 5.70+0.08d
C1 5.84+0.06¢
c2 6.05+0.05b
C3 6.20+0.04a
2017 CO 5.65+0.04d
C1 5.87+0.01¢
€2 5.99+0.02b
C3 6.20+0.18a

1 8.8%; (et FHAEY 5 afi, 5 COMLEL,C1.C2 I
C3 1 pHAEAT IR T 3.9% .6.0% F19.7%., %it5a
P FH () 6, A= 4 o it FH St 4 () Ak B4 1) 4= 48 pH A B
[F] JC 2 3 AR Ak, Uk B AR 9 e R A3 pHL 52 i) HL A R
A

3 g

3.1 EYxRERAEX TERARES HHZ N
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A g - S 8 R 7R 0 S AT SR AT e B 2 HLAT 17
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P4 0.053~0.25 mm K 3=, 5 HE 35.36%~39.79% , 45 =)
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FIl Rooas um, 7 H 2B C2 K, C1 I C3 IR Z, COFx
ANEFREE . XU AR ) e A Sy b R R R A S
At P o e P 2B ) e 23 R AR T SR AR A R 1k
b5 )2 B IR A, 20~40 em 5 40~60 em t+ 2 ()
MWD . GMD F1 Roo.s i Fifi 25 A5 ) 1 ik FH 12 8 38 J000 1777 £
i, FF H C3 AL B 3 5 F COAbFE . 43T 4%t B
e - 458 AT SR A A S M, LR R /N 0 B AT 2R AR R A
FERS FEARBEFE T, AR B FRART 0~20 em 1 JZ
B T 4, Horp C3 Ab PRI AR o 7E 20~40 cm £l 40~
60 cm + 2, C3 AL PR EFRAK T L I 4E 5.
25 BT A e S IR R S T 0~20
em T J2 1 R MR FRE L I HL C2 A BT 4= 498 A 3R
FOE PSR TR Ry . Bl 120 RS n, €3 4b
FEX 20~40 em Fl 40~60 em 1 )2 F R IAF 2 PR T
RORBAE . ARBTG5 BB EI 5 45 A —
B, R R AT B 5 e B A R X D 3K B A MWD
GMD T Ro 25w JC 3025 5E 10, T S G 59 S50 5k L it
FHEER BB G AL A it 213 GMD 235,
BT A R A W S 3 = T 2 B A X 4145
MWD .GMD F1 Roozsume ARMHFRES R 22 70T HES
BRI AR DL O 2 R R K
33 AYxEAEN TEFNBRE T ERAREE
o ab=A |

AW O A KA AR B AL , BT LA AE ) A AR
SR A A LR O A ER AR R AR, A%
AW e b PRANAY SR 2532 5 T 0~20 em )2 1 HEA AL
k& 1 (P<0.05) , [7] I 1 % 20~40 cm F140~60 cm +
JEA MRS B A TR, Hd,20~40 em L2
0~20 em )2 A HLAKAE AL — 3, {H 40~60 em + )22
X C3 A FRA MG 75 it i e T A b PR, FIRBIG:
VLAY e R T R A T S B B4, 9 AL
0 N G2 i 5 it P P B T R XU AR
Wy 2% B it AR B8 T 0~20 em + 2 B A HLRR & 2,
X - 2 R AR R B T R AE R . Ak
P A MUBR RO L B BB AE A i A, 10,
AW F B O A R R AR E A DL 1R S 13 R
TRA TGS T A HLaR & 7S Ik, ARk
1A - 88 00 R R0 e A% 3 2ot 17 33 oy 4 R A L
e, BT C3ALFH 40~60 em T3 HLER & HEAT
R 52 R A Ak 3 LD PR AT B T C3 b3 AE
Yyt it e, RIEALBRIE R, 10 T S B A

1% WHART]

WEIEOLT B 1 E R AR AR A 8 0, TR
TRA BB T St Bl =2 35 K0, FEARHESE 1, 0~20 em
2 AT LR 1 i 2 0.25~2 mm B4R A R AR
>2 mm Fr A2 B R AR HLIK 5 HE IR Z L 0.053~0.25 mm
HAR R AR A LB B e fik . 5 I R BF, B <0.053
mm FLAE ARSI, 45 A W A BT 4 R4 R AR A
MUK & 35 8 25 5 T CO AL B, 5 B A= eV S A1 IR
A ML ST A FERLAR R I A R A, e SR 55
NBF5E 45 R—F0 1E 20~40 em 121 40~60 cm +
R SR p AL B T R R (0.25~2 mm
F1>2 mm) A ALK ) & (P<0.05) o 3X 15d B A= 9 e 40
ANURL SRR L LB MEMIIR R A K L g Wis
B4t PRI 7 5 20~40 em F140~60 cm 2K, 1574 5]
FHNE A 2 00 A W A2 it T R AT R AR AT 1

343 H 25 R AR TR ARG HLRR DTk R A A2 A, fig
i UL T i A= 0 e o 1 33645 BILA A P 3R A4 v 43 A
RIS o - 39 PR R A MLAIK BT R % 52 T R AR 1 43 A
FA R B SR AR A LR 5 1 WS TR 25 . 2RV A
S BIETE R B, S AR e 3 a ), KA R IA A
ML A DTIRR B 2 T . IR S IER R L, Zead
1 alfiss , + 3 HLIK 32 2250 41 #£<0.053 mm iz 2% ]
Rk, AT SE R T BE SR R I A 5 A
BRI A= Wy e S R G . ARBIESR v, R
Ab 35 B 2 R T <0.053 mm Ky 2% ] B AR AT LR 5T
ik %, 18 B A 40 o 0 A v e 1) TR K T SRR
B B A A R AR R VR . TS R, B
Z KA RARITE AT AR LRI B T P BAR
AT REAR T 35 A W XA BB 1) 0 ™

4 ZEig

(1) — WALt A YIRS a i, 382 (0~20
em) KRR & 5 B & AR B R
I, BRI R AR B - i BAR U BRI B
FHN, TR E AL, YRR T AIRIKS
BLBB I 5 i, I L2 i KA AR WL sk . X
J2 4 558 A R R T RO S g 1 AR R R 31.50 ¢
hm™,
(2)7£20~40 cm L )2 , A=W R U T 38 A1 R A
B 43 AT, A T T 2R AR e 93 28 A 4L 4 1) K 1] 28 Ak B
1k, IR i T R AR A S A R AR AR e M

(3)7E 40~60 cm 1= )2 (04T C3 b3 i 25 14 fin
= LIRS0 NP 2UNS = ilziE SUNIF <P



IV 45 L D BN R SAC23 T4 BA BLRE RO B 2523

PE. C1.C24b 3 AR $2 755 40~60 em + 345 HLER &
fH C1.C2 425 T 40~60 em + JZ K H B IKA PUBK &
i, IR UE T A LR ) R SRR R AL, R,
PRI P AR W) e R P R AR A ML O it o R RS
YN - SRR A BT B

SE k-

[1] STOCKMANN U, ADAMS M A, CRAWFORD J W, et al. The knows,
known unknowns and unknowns of sequestration of soil organic carbon
[J]. Agriculture, Ecosystems & Environment, 2013, 164 :80-99.

[2] X1 5, BSR4 FH AR 25 3R S DA PR TR 5 30 Je e 22
1. Rk TAR244), 2015, 31(3) : 1-9. LIU Y, CHEN M P, CHEN J
N. Progress and perspectives in studies on agro—ecosystem carbon cy-
cle model[]]. Transactions of the Chinese Society of Agricultural Engi-
neering, 2015,31(3) : 1-9.

[3] BHATTACHARYYA R, KUNDU S, SRIVASTVA A K, et al. Long
term fertilization effects on soil organic carbon pools in a sandy loam
soil of the Indian sub—Himalayas[J]. Plant and Soil, 2010, 341(1/2) :
109-124.

[4] HAN L, SUN K, JIN ], et al. Some concepts of soil organic carbon char-
acteristics and mineral interaction from a review of literature[J]. Soil Bi-
ology and Biochemistry, 2016, 94:107-121.

[5] LEHMANN J. A handful of carbon[J]. Nature, 2007, 447 (10) : 143—
144.

[6] sKARI, MESEAE, S, 25 . A=Wy s A 2 by B L BRAL R PRI (0185
JEH(]. fEY =4, 2021, 47(1) : 5-22.  ZHANG W M, XIU L Q,
WU D, et al. Review of biochar structure and physicochemical proper-
ties[J]. Acta Agronomica Sinica, 2021, 47(1) :5-22.

[7] WANG D, FONTE S J, PARIKH S ], et al. Biochar additions can en-
hance soil structure and the physical stabilization of C in aggregates[J].
Geoderma, 2017, 303:110-117.

[8] /25 5 ER, A=W, 523k, 45 . A FTRIA: W i T X A AL SR A 53 A1d B A
BURR &5 B REIA[)]. L9 57 5 I KL 241, 2020, 26 (11) : 1978~
1986. GAO M H, LI N, PENG ], et al. Effects of straw and biochar re-
turning on soil aggregates distribution and organic carbon content in
brown soil[J]. Journal of Plant Nutrition and Fertilizers, 2020, 26(11) :
1978-1986.

(9] AP, JEI AR, SRS, 45 . A=W e MRS AT YDt X 56 € - i B
i A e IR AAT DLBR A R[], + [ A 25l 27412, 2020, 28(1)
96-103. LIN H'Y, ZHOU M H, ZHANG B W, et al. Effect of long—
term application of biochar and straw on soil organic carbon in purple
soil aggregates of sloping uplands[J]. Chinese Journal of Eco—Agricul-
ture, 2020, 28(1):96-103.

[10] ISLAM M U, JIANG F, GUO Z, et al. Does biochar application im-
prove soil aggregation? A meta—analysis[J]. Soil and Tillage Research,
2021, 209:104926.

[11] BORCHARD N, SIEMENS J, LADD B, et al. Application of biochars
to sandy and silty soil failed to increase maize yield under common ag-
ricultural practice[J]. Soil and Tillage Research, 2014, 144 :184—194.

[12] RAHMAN M T, ZHU Q H, ZHANG Z B, et al. The roles of organic

amendments and microbial community in the improvement of soil
structure of a vertisol[J]. Applied Soil Ecology, 2017, 111:84-93.

[13] AR, JE A4, 005, 5 . 30410 T4 Bkt - HEA ML pH
22 Sh A AR R, AR, 2016, 47(3) :636-644.  BAIS B, PEI
J B, LISY, et al. Temporal and spatial dynamics of soil organic mat-
ter and pH in cultivated land of Liaoning Province during the past 30
years[]]. Chinese Journal of Soil Science, 2016, 47(3) :636-644.

[14] SRR, X5 A= 5 1) [ e HE- 5 5 e T 0). All PR s 2
2£47, 2020, 39(4) :901-907.  XIE Z B, LIU Q. Rational application
of biochar to sequester carbon and mitigate soil GHGs emissions: A
review[J]. Journal of Agro—Environment Science, 2020, 39 (4) : 901-
907.

[15] ELLIOTT E T. Aggregate structure and carbon, nitrogen, and phos-
phorus in native and cultivated soils[]]. Soil Science Society of America
Journal, 1986, 50(3) :627-633.

[16] YUDINA A, KUZYAKOV Y. Saving the face of soil aggregates[J].
Global Change Biology, 2019, 25(11) :3574-35717.

[17] MUSTFA A, HU X, SHAH S A A, et al. Long—term fertilization alters
chemical composition and stability of aggregate—associated organic
carbon in a Chinese red soil : Evidence from aggregate fractionation, C
mineralization, and "C NMR analyses[J]. Journal of Soils and Sedi-
ments, 2021, 21(7) :2483-2496.

[18] VE ST, RS, T FL, 55 . P HR R ) L3 LB fad i B H:
FaE HLIPRFIEBERLD]. 30244, 2019, 56(3) :528-540.  WANG
JK, XU Y D, DING F, et al. Process of plant residue transforming in-
to soil organic matter and mechanism of its stabilization: A review[J].
Acta Pedologica Sinica, 2019, 56(3) : 528—540.

[19] CEN R, FENG W Y, YANG F, et al. Effect mechanism of biochar ap-
plication on soil structure and organic matter in semi—arid areas|J].
Journal of Environmental Management, 2021, 286:112198.

[20] DONG X L, GUAN T Y, LI G T, et al. Long—term effects of biochar
amount on the content and composition of organic matter in soil aggre-
gates under field conditions[J]. Journal of Soils and Sediments, 2016,
16(5):1481-1497.

[21]1 XIU L Q, ZHANG W M, SUN Y Y, et al. Effects of biochar and straw
returning on the key cultivation limitations of Albic soil and soybean
growth over 2 years[J]. Catena, 2019, 173:481-493.

[22] ZHANG M, CHENG G, FENG H, et al. Effects of straw and biochar
amendments on aggregate stability, soil organic carbon, and enzyme
activities in the Loess Plateau, ChinalJ]. Environmental Science and
Pollution Research, 2017,24(11):10108-10120.

[23] HEIKKINEN J, KESKINEN R, SOINNE H, et al. Possibilities to im-
prove soil aggregate stability using biochars derived from various bio-
masses through slow pyrolysis, hydrothermal carbonization, or torre-
faction[J]. Geoderma, 2019, 344 :40-49.

[24] ZHOU H, FANG H, ZHANG Q, et al. Biochar enhances soil hydraulic
function but not soil aggregation in a sandy loam[J]. European Journal
of Soil Science, 2019, 70(2) :291-300.

[25] 2 A, VPR FH, BRI, 45 . A=Wy ped b A SR AT SRR Y
S [1]. FREE R, 2019, 40(7) :3388-3397. LIQ Q,XUCY,
GENG Z C, et al. Impact of biochar on soil bulk density and aggre-

WWW.Qes.019.CN




m@g 2524

VRER Rty F41EF 11H

gates of lou soil[J]. Environmental Sciences, 2019, 40(7) :3388-3397.

[26] B8, i %, WK, 55 AWt FORMR R AR IR R Wl &
FEEIEEMAL . PP R4, 2016, 47(2) :218-223. CHENG
XY, MENG J, HUANG Y W, et al. Effect of biochar on root growth,
absorption of nitrogen and maize yield[J]. Journal of Shenyang Agri-
cultural University, 2016, 47(2) : 218-223.

[27] #fd, E A, XVE I, 5. AW 500 FORME R AR ™ it RS2 R
[J]. FKF, 2015, 23(4) :62-66.  JIANG J, WANG H W, LIU G
L, et al. Effect of biochar on root characteristics and yield in maize[J].
Journal of Maize Sciences, 2015, 23(4) :62-66.

[28] #6417, FhGENY, A4, &5 AR TR R - Y0 IR REY)
TP R TR AR RS E R SE )], K B AR RREA R, 2011, 25(6) : 96—
99. YUAN Y R, HAN X Z, LI L ], et al. Effects of soluble root ex-
dates on microbial activity and aggregate stability of black soils[J].
Journal of Soil and Water Conservation, 2011, 25(6):96-99.

[29] SUN Q, MENG J, LAN Y, et al. Long—term effects of biochar amend-
ment on soil aggregate stability and biological binding agents in
brown earth[J]. Catena, 2021, 205 : 105460.

[30] ZHANG S, CUI ] W, WU H, et al. Organic carbon, total nitrogen, and
microbial community distributions within aggregates of calcareous soil
treated with biochar{J]. Agriculture, Ecosystems & Environment, 2021,
314:107408.

(31 4350, et oA . PRAR N B 4 20 A 3RAE Y 1380 B Rk
[J]. Bl2# i@ 4, 1993, 38(20) : 1896-1899. YANG P L, LUO Y P,
SHI'Y C. Fractal characteristics of soil characterized by weight distri-
bution of particle size[J]. Chinese Science Bulletin, 1993, 38 (20) :
1896-1899.

[32] BEmEME, 4588, AR5, 45 AWy SRS FT VR I b2 2 L TR
RIS BLAR 3 A B R (7). P O B2, 2015, 48(4) - 705~
712. HOU X N, LI H, ZHU L B, et al. Effects of biochar and straw
additions on lime concretion black soil aggregate composition and or-

ganic carbon distribution[J]. Scientia Agricultura Sinica, 2015, 48(4)

1% WHART]

705-712.

[33] R MEHY, AREER, B, 55 LW BN AE K 5 1l 21 e AT SR TG s 1k
Jo FC R 3 A R AE RS2 R ()], R A4, 2012, 20(4) £ 643-650.
WU P B, XIE Y, QL Z P, et al. Effects of biochar on stability and total
carbon distribution of aggregates in granitic laterite[J]. Acta Agrestia
Sinica, 2012, 20(4) : 643-650.

[34] ZEVLAY, AP, TRA7AR, 55 . i FH A= P 5 0 2= v A X 21358 A SR A2
KA AL 53 A1 52 Wi [J]. R TR, 2016, 36(6) 12114
2120. LIJZ, DAI K, ZHANG L M, et al. Effects of biochar applica-
tion on soil organic carbon distribution and soil aggregate composition
of red soils in Yunnan tobacco planting area[]]. Acta Scientiae Circum-
stantiae, 2016, 36(6) :2114-2120.

[35] BLANCO-CANQUI H, LAIRD D A, HEATON E A, et al. Soil carbon
increased by twice the amount of biochar carbon applied after 6 years:
Field evidence of negative priming[J]. Global Change Biology Bioener-
gy, 2020, 12(4) :240-251.

[36] TISDALL J M, OADES J M. Organic matter and water—stable aggre-
gates in soils[J]. Journal of Soil Science, 1982, 33:141-163.

BT F =, N, L, S R S 6 B0 A2 ) 5 0 e AT SR
PRAT HUR (4 52 0 ()], B 32 42, 2013, 50(5) : 64-69. YIN Y F,
GAO R, MA H L, et al. Effect of application of rice straw and straw
biochar on organic carbon in soil aggregates|J]. Acta Pedologica Sini-
ca, 2013, 50(5) : 64-69.

[38] trlE 2%, EF07, W, 55 FAT 5 A4 W 0 ads X 0 P SR A4 1% i
BRAFRAE 7 5 00 7). FRBE R4, 2018, 39(1) :355-362. XU G X,
WANG Z F, GAO M, et al. Effects of straw and biochar return in soil
on soil aggregate and carbon sequestration[J]. Environmental Science,
2018,39(1):355-362.

[39] FENG X, XIA X, CHEN S, et al. Amendment of crop residue in differ-
ent forms shifted micro—pore system structure and potential function-
ality of macroaggregates while changed their mass proportion and car-

bon storage of paddy topsoil[]]. Geoderma, 2022, 409:115643.
(FHAESi - )



