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Effects of Biochar Combined with Subsoiling on
Soil Aggregates and Organic Carbon
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China ; 3.Di Hongjie Soil and Environment Laboratory, Hebei Agricultural University , Baoding » Hebei 071000, China)

Abstract: [ Objective] The effects of applying biochar combined with subsoiling on soil bulk density, soil
structure stability, and organic carbon in farmland topsoil were comprehensively analyzed to provide scientific
and reasonable control measures and a theoretical basis for soil structure improvement. [ Methods | A field
experiment was conducted from 2017 to 2019 based on a winter wheat and summer corn rotation system.
Biochar was applied at rates of 0, 3 000, and 6 000 kg/hm? (B,, B,, and B,) during the wheat season in
conjunction with two tillage treatments (traditional stubble sowing (P) and subsoiling tillage sowing (S)]J
imposed during the corn season to produce a total of six combined treatments of B,P, B, P, B,P, B,S, B,S,
and B,S. [Results] @ After two crop rotations, under the same tillage method, soil bulk density decreased

with increasing biochar application rate, and bulk density under B,S was significantly lower than under B, S
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by 13.59%. Under the same biochar application level, soil bulk density under subsoiling was less than under
traditional stubble sowing, and the subsoiling bulk density was 4.95% lower than the bulk density under
traditional stubble sowing; @ After two years of continuous application of biochar combined with subsoiling
tillage, the organic carbon content of B,S was the highest, and was 42.15% greater than observed for B,P
and 1.03% greater than observed for B,P; @ After two crop rotations, the mechanical aggregate content
(DRys;)» the water-stable aggregate content (WR; 3 ), and the mean weight diameter (MWD) showed an
upward trend with increasing biochar application rate. In contrast, soil aggregate destruction rate (PAD) and
soil unstable aggregate index (ELT) showed a decreasing trend, and B,S produced better results than the
other treatments, indicating that high biochar application rates combined with subsoiling tillage more
effectively improved aggregate stability than traditional tillage. [ Conclusion] A basic application of 6 000 kg/hm®

of biochar during the wheat season combined with corn season subsoiling could improve the stability of soil

aggregates and the soil structure of farmland in the North China Plain.
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2018 4 B, P 69.25+3.01" 9.64 4 3.89* 6.12+0.34>  5.32+2.33"  4.39+1.44" 5.29+1.53"°
B,S 77.84+£1.74°  6.8140.06°  5.2040.28° 4.3741.18"  3.3641.53" 2.4140.33"
B, S 70.224.47°  8.1743.79°  6.6620.28"  5.36=1.61°  6.6141.76° 2.9740.91"
B,S 67.501.73"  8.64+1.85"  7.7640.02° 5.4741.87*  6.0311.44*  4.6140.69"
B,P 76.3340.44°  6.13420.92°  6.1920.35°  2.03£0.52"  5.6541.59°  3.6540.42"
B, P 66.397.20°  6.2541.79°  6.8240.27" 7.5045.79"  6.3240.51°  6.1842.657
B, P 64.13+2.90" 6.9840.90* 7.12+0.89"  10.12+2.09* 6.20£0.96° 6.11+£3.18"
2019 4 B, S 76.1744.24* 6.4042.11° 5.07+0.11¢  3.87+£1.96" 4.0242.02" 4.46+1.16"
B:S 64.33+7.54" 8.39+2.11° 6.92+0.31"  6.31+£2.19" 6.41+2.14" 7.64+2.82"
B,S 61.92£1.67"  7.3440.33*  8.0540.21*  8.1645.90" 5.2743.45°  8.7242.76"
%JM’E ns ns %% ns ns ns
BHE X AW e ns ns *% ns ns ns
F K5 Ay * ns * ns ns *%
HHVE X AEA ns ns * ns ns ns
He W R X AR ns ns ns ns ns ns
PEVE X A=W e X Ay ns ns ns ns ns ns
1207 FaE th i B FH A8 bR MWD (B K, A 3K 0 & e 1
22 100] it B ‘
B2 g0l LEE 2 4 BRI S BT A G 0 A )
22 | = B T - HEHUBR P 3 46 B - K B I B 1y MWD,
%ﬁ = TEAR EBEAE I 2T 9 4F 1 35 38 2 B0 1S B 2E ) o )
s O = LRI MWD 3010 B % B B,S™ B, S>> B, S
= 20p = B,P>B,P>B,P. T i F.2018 4F ¥ B,P b 3 fy
0 018 ;955 MWD [t B, P Ak B & 23 /i 12.65 % . B, S AL FLEL B, S
by b E=br BEbs Ens mns  BEHIN16.16%652010 4IRS LK R R W — kB 5

B4 2018 F£F12019 FARRLIEFAREEK (DR )EE

oW W
X 3 &
o

AN
il

._.
oo

T
2585

K 52t B Ak
(>0.25 mm)WR,,, /%
o
T

[T« N

20194
EEZdB,S

20184
[1Bp [IBP ESBP [EHBS

B 5 2018 £ 2019 EFARRLIEFARE(WR,,s ) S E

B.S

2.3.3 > 0.25 mm HRA MWD 8% L3N
RT3 F B AR (MWD) 2 2 B + 38 31 25K 1A

it HE T, B S B P 3N 2.02%,B,S Ik B.P 14 m
5.10 %0 R IR B AE 7 20T Bl A= 9 s F i 09 38
MWD $#fnZC R B, BT, EHREPE T
PAARE B0 24 7R 1 3 A R K MWD B &5 A= 9 i T
AW S, 5 T 2R -GS, 2018 4F
AR )t e B /KSR 89 ByS H ByP B4 £ 14.14%, B, S
Fe B, P 34N 3.97 %, K3k W E KT, F K55 A0
X MWD 72 AR T i S 35 00 52, U B 2019 4F 4% ik 3
MWD #£{k Lt 2018 4F45 i 5 3 ik g # . [[l i ar L
B A A B G sk MWD G K TR 0 25, 1% ml 2 K
It KR A SRARAE K S AR T 40 M i 45 2R

2.3.4 A BRAKEIRFE(PAD) fo R 44 2 A 45 35 &
(ELD # %ra LM RIKHIN 2 (PAD) fl H AT
FE BIURLAE B (ELT) 2458 - 458 AT SR ARG 8 PEFE b, HAUE
/NG BH - A R AR IR 3 )N, IS R AR e



374 IR A AR 9542 4
F4 2018 £ 2019 FELEMEHREER (MWD)
i T i 7% MWD/ mm i MWD/ mm
2018 4£ 2019 4¢ 2018 4F 2019 4
B, P 3.194+0.06° 3.2440.14¢ 0.52+0.04¢ 0.67+0.04"
B, P 3.4640.03" 3.4240.16" 0.630.02" 0.8840.15%
B,P 3.5940.04° 3.46+£0.07" 0.7520.05° 0.9140.14"
B,S 3.1140.08° 3.2040.08° 0.5640.06¢ 0.6740.08"
B,S 3.4540.06" 3.4940.07" 0.7240.07* 0.9540.22®
B,S 3.6240.08" 3.6340.10° 0.7840.05° 0.9840.16°
HE1E ns ns
H W - X
FoOBHE X A ns ns
W ﬂiﬁj\ ns *%
o BHE XD ns ns
HE W R X A Ay ns ns
FEE X LWy e X 40y ns ns

H 25 5 T LLAE L 7E 2018 4R 050 v YR IA BEAE 1
PAD f1 ELT 8 G #EA TREEH EE R AR
W —HET & AL B PAD B %5 25 4 9% FH & Y 4
TR R R LB, P ALY PAD I B, P W3
TR 7.43%,.B,S 8 B, S W E TR 8.77% , H AW
7 14 T B B T A58 U 0 A= 40 i e i 2 R A1 1 SR A 1Y
WSR2 7 it % AR Y R KF T LELT 28 H B, P
<B,S.B,P<B,S.B,P<B,S iy #a#,B,S It B,P F
W 3.51 %0, H btk — 20 U0 W 20 W e T 5 TR A5 B Wl 35

P BB M B AN Fa s PE. 2019 4F A3 36 45 1 R
PAD 5 ELT F M 2018 4E A — 5, A F
JAE B A Wy A B AN [RBRE O 2CF Y 45 Ak B O R 3 3
2 K,

t F K 5645 1 B s 3t PAD 5 ELT 43 %17
AT W R R [F ARy X PAD 5 ELT 439 7=
ATRBEZW, HHANRIERSLAETH PAD 5
ELT ¥ T4 — D8 A& A B py 45 21, W o T 55 2
ARG B, S Ab B AN B Fe/ME.

R 5 2018 ££70 2019 A [E) 4 I #1188 A BB IR 2R (PAD) F0 AN 38 € F Hi 35 % (ELT)

+ 8 PAD/ %

T8 ELT/ %

i 2018 4F 2019 4F 2018 4F 2019 4

B, P 74.2740.77° 71.784+1.77° 57.2541.99° 52.67+0.87¢
B, P 68.57+2.86* 63.94+1.95" 43.77+1.34% 33.87+4.41°
B, P 66.84+5.16" 60.40+1.98" 38.50+1.02" 26.93+2.08"
B, S 73.6542.46° 71.9241.70° 55.6943.48° 52.3541.48°
B, S 66.97+5.09" 61.18+1.11° 40.45+1.93" 28.65+2.08"
B.S 64.88+2.59" 60.29+1.67" 34.99+1.42° 23.84+2.33"
HEIE ns ns

F o WE X A ns ns

& AR * *

# BHE X AEA ns ns
HE W R X Ay ns ns
HEVE X A= 9 o X ATy ns ns

3 i 2 A JE A B R B2 R TR R A LAY

W5 e WY 25 o mT LA I =8 4 0 b ) A
BB B 4207 A o e S A HLAR B4 S W JF AN —
A BTSN G B E R IR BR B A P2 30 £ 3 L HE TR AL B A
R A WA O IR AABRE R

BRI FEARBIT & /N TR NP 5 6 000
kg/hm® Bg & B K F AR B8 Bl , + HEA HLAR & 18 L
AN R A W I B B R 2 B A Ak B
5 42.15 00 POt 45 A2 W a5 G E B Ak PR v
1.03%6 . H it i B A= W) 3¢ TE - TR s B A X A5 L sk 1)
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P B AR . S R AR ) R A B A v e
e A i A W BEE PR BV D BE A R A LA L I
AT HUBR A0 20 fie . TG 38 0 1 H A LR 5 BT
PABEVEAE — 2 FR B W2 o B A% 21 3 198, G )
TAR R 5 A TE R R TR B RE K T 2 AR
E BB R LA B LR BE B b A L M AT AR B
TR )Z EHEA UK A D i EL A W Bk 2 v R
ST, RR AR AR TR FL i A P A HILRR b 7T
ARG IR B e R R ek — BER RS R AT —
IR E o

VA SR ot 5+ e 2 h R e e 2o AR T, T
Y S B AN [) A Ml A 7= 5 e %k - 498 45 4 1 5 g 0
AR P, Roos » MWD 25 RAF 4 HE AR (R F20E M
2RI it A ) i D % 184 R 44 L R AE A R R SRR
FEVER PAD A ELT AL, X5 Du %5 (9 iF
R —E BB RN T AN —F e 5
YIHES AR R R S S EE ot R, —
AE B v 30 0 A ML o 1 M b BB A W B, o
e A HE A= U PR R B L DT 7= A T 22 1 43 I ) o -
A R AE T s 59 — 5 1 A2 e 22 L L 3R T BRI B
TR B R B B P AR AR 6
AW BB TR P B A B BE S B R R AR i
FRRE P L 1% 3 B A W e ik mT AR BFAE R 3T+
e BT AR Ty, 3SR T A HLER [ e L B e TR A
EJUNS

- 5 A SR A A LB A T B 3 BT L A HILRR 2 A R
PRI B0 T A W 0, — A B HE AN 4y, 45
AT, R S N A W e, mT AR A AL
L PR HE R P R AR AT K, 38 = P R IR R
PR PRI A W ¢ AT LU R Al A 77 vp d 28 1 I R B
U5 TR SR B P R 10— A S B 4 B 43 » AT LA
A RS BRAR R L MOE R R R
FF O BR A FIAR ) = 585 HLAK 5% Ak, 1F i 42 1F P SR RO0E
B RIREAT /N 2 e B ROk e B A B4R A
KT MBS, S 80 A AR AS B 5 2R L AT 1
BCHE 2, B R B0 E £ R R R (0,25 mm)
SRR, H SRR E MK, Tian 2B &
B, G B 4 TR A A R T AR X Y £
[l . AR 0 1 F 5% 45 SR 3 B, A& /N2 F U in A ) o
+ B RO IR AR R e A R A LR L A
R AR AR B S oA e R 3R SRR X
FEARTC A AR N AE W R 3 Tk B R EAE A B B

4 o5

Ji FH 2B W 5 E A TR AN BE 8 35 B v b AT MILAR %

B R A Al R S A SR AT L i 1 0
WIERARE M, fEfR AL P I A /N E— - TR R AR
L RNEFEU N 6 000 kg/hm® AW 5+ H F K
ZETRAA B R AT R 3 4 e A SR A B i SRR e 1k
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