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Effects of straw and biochar returning on soil aggregates distribution and
organic carbon content in brown soil
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Abstract: [ Objectives ] The influence characteristics of straw returning and biochar application on different
sizes of soil aggregate contents is closely related with their efficiencies in soil fertility improvement. The study
aimed to clarify their differences and find suitable ways for the improvement of brown soil fertility. [ Methods ] A
field microplot experiment was conducted for six years under continuous single corn production in brown soil
of Shenyang City, Liaoning Province. The experiment had six treatments, including: no fertilizer control (CK),
chemical fertilizer (NPK), biochar application alone (B), biochar with chemical fertilizer application (BNPK),
straw application alone (S) and straw with chemical fertilizer application (SNPK). After harvest each year, soil
samples of 0-20 cm and 20—40 cm layers were collected, and soil aggregates were classified and the contents
were determined using the method of Yoder. [ Results ] Compared with NPK treatment, BNPK and SNPK
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treatments significantly increased the percentages of aggregate in size of > 1 mm, 1-0.5 mm and 0.25-0.5 mm
in both 0-20 cm and 20-40 cm soil layers, decreased the percentage of aggregates of 0.25-0.053 mm, the
increase effect of SNPK treatment was significantly higher than that of BNPK. Compared with NPK treatment,
both BNPK and SNPK treatments increased MWD, GMD and R, ,; significantly, the increase effects in MWD
and GMD of SNPK were significantly higher than those of BNPK, those in R,,; of BNPK and SNPK treatments
were not significantly different. The organic C contents decreased with the decrescent aggregate sizes, > 1 mm
soil aggregate had the highest organic C content. Compared with CK, the five treatments increased the soil
organic carbon contents in all sizes of aggregates. The BNPK treatment had the most significant impact on the
organic carbon content of 0.25-0.053 mm aggregate in 0—20 cm soil layer, which was increased by 44.57%.

[ Conclusions ] Long-term straw and biochar application could change the distribution of soil aggregates,
promote the formation of macro-aggregate, improve soil structure, improve the content of soil organic carbon
and the stability of soil aggregates and crop yield. The influence of straw retuning is better than biochar

application in increasing soil aggregates stability, while biochar application performs better in increasing the

organic carbon contents in the aggregates, especially in 0.25-0.053 mm size.

Key words: brown soil; straw; biochar; long-term field experiment; soil aggregates; organic carbon

PSS P E R AL R L D B s 2 —, i
TRINA G BB B A DL & BB 4 TR,
TIREHFGBIR, NETRRE— RS R A FEAT
W& A REA DAY A KT LT R o 8
L on R e, REAT AL I n] A R T e
Y Hoa Fp g Az =y AR AL XU FEve , AT
WG Zy 6 A, TR RS AT o A=W e, A=W
Jiti A 3B S T LA i 8 T B BB SRR AR 11 5 i
PERRR [ E , AR T LA Pl &= AW
BRES WM A PO 1, d A AL T A
N BT RE R IEAHLURY AYpeitA +
RO A B B B R ETE T, S IESER A pedk
i TH RE 5 S PG R o SR A, R R
AT, MR BRI D RE A A i = A
HEfc . IR RS IR SR S R L, HH R
AT PR L e PEFORIAE 3 © o Gl 5T L A4
FIRE AT 72k, e A A 1 A g i P e A 07 9k 38
oA AL R DAL SR A 73 A R T RS A R
WFFEC 2Rk B RS AT R A e T L 25 498 o 4
ORISR AR, R m AR P A YL & B, ek
IESSK, SRR L EAC I B R . PR
G PR FTFIAE W) 7 340 FH s BEHG AIn ROk 2 - 18 141 3R
R, BT PRI ENE, e A Lk
o, MR AR F ISR K AR AR Y )
WA, YL RS FF+E Y it AR LT
FEAFIE T, R PAERAA DL STRR AR A Ml ARIEIAE
WFFERT, AT R et T BE 2 PR T R

BUBk & 5, 9 TRt e e, MAREERb 2R 1
b, AW S R R B T ARG 0 3 R P SR AR
A RIEFE EPEY, Zhang 2509 i % 4= b X 4K
oK EEE PR B RAR NG LB Y BF R B, 5 ) BRI
PR AU BR AL BRAR L, R AT RN AR ) T e R I
AL BRI > 2 mmoki G AT R AR, (A 0.25~0.053
mm Fl < 0.053 mm KA RIS &, P EREA
A B A XTI I . 25 L SR A RS FF R A= 4 1
M e IR, i R SRR R MR
MUk & 8 B EZE R, LUAE A9 R F e A 1l 50
B, H 27 5 A0 S Al s 0w A A A
A EREFERE Y R A B AR & i, RIS
FE RN A 30 T I %) i 1 2 BR300 T8 0 9 5% 43
IR FE A Yy B B BA B R4 B 5T i
PR SE R, A OCHFFEATI SR B, TR A 45 Rl
FEAMES, FEFERIAE Hy o3 G 4 498 A SR A4 43 A
AT SR AR AT LA 5 2 I 52 ) 1 AN By o AR TR SR 56 T
L 6 AF AL X, 8 a0 A 4 A R AR 43
A FE e AL S i MO DLk DTk 0 A2 AL T
JEAESE, LA B A RS AT R0 A 1) e i HH X Ao S 1A 2R A
FaE Mk LA PR & e, A Fe ARl A B AT
FIIL 77 b DX A8 T 42 R PR R 2 i

1Pk
L1 R30It

T B AE AL T 48 P BH T o FHA O R 2 05 1 A
FEAEH 301 7 o7 100 J K8 Bt N X, i3t



1980 R R R L S 26 &

DX i 7 A R WU, PR 7.0°C~
8.1°C, P/ 574~684 mm, LR 147~
164 K, POV, JEAIUHLIX F B0 £ 1
Z—, HAMBNREN, AEMEIT 6T 2013

AR, I A RTHEZ AL 5 & 10.01 ghkg, &
A 0.70 g/kg . 4W 0.32 g/kg, 24 20.31 g/kg. Bl
A 55.60 mg/kg . HAHE 11.56 mg/kg ., HELA 79.28
mg/kg. pH 6.05, FARFEFFFAYRMARILE 1.
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Table 1 The properties of straw and biochar

WiH 2E (%) 2 (%) 2R (%) HHUK (%) e mA (m¥g) FLIARFR (cm¥/g) L% (nm) -
Item N P,O; K,O Organic C BET surface area Pore volume Pore size p
FEFF Straw 0.96 0.72 0.87 42.08
=¥ 7% Biochar 1.25 0.88 2.70 41.99 26.92 0.04 7.12 10.06
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Table 2 Soil available nutrient contents under different treatments
b3 Wi A Available N TR Available P TR Available K
Treatment 0—20 cm 20—40 cm 0—20 cm 20—40 cm 0—20 cm 20—40 cm
CK 44.00+1.45¢ 30.30+091¢c 14.82 +0.64d 12.02+0.56 ¢ 153.07+4.81b 12820+ 1.10d
NPK 83.46+1.77a 3944+ 1.87a 29.20+1.20b 25.10+0.33 a 170.30 £ 6.16 a 135.67 £0.39 be
B 7412+ 1.16 b 36.32+ 1.65 ab 1540+0.75d 1590+ 047 ¢ 167.13+£2.76 a 121.20+£2.32¢
BNPK 7640+ 1.45b 37.15+ 1.46 ab 30.20 + 1.28 ab 14.03+£0.71d 176.27+£3.12 a 139.80£1.10b
S 72.45+330b 3528+1.45b 21.00£0.76 ¢ 17.77+0.54 b 169.10£2.22 a 132.07 £3.99 c¢d
SNPK 74.12+1.36b 37.36+£0.75 ab 32.79+0.56 a 15.47 £0.38 cd 180.53 £5.69 a 153.17+1.58a
1 (Note) : CK—ANJitifil No fertilizer control, NPK—Z& #i#I{L I Chemical fertilizer, B—HLjifi 4= 4/ 7% Biochar application alone, BNPK—*}

Yhc 5 Z B Biochar with chemical fertilizer application, S—HUjfi#5#F Straw application alone, SNPK—F5FF 5 A BN AL/ Straw with

chemical fertilizer application. [FFEHE 5 AN Fl/NG A4 387 AN R Ak #L Rl A7 78

- EPEESF (P < 0.05) Values followed by different lowercase

letters in a column indicate significant difference among treatments (P < 0.05).
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Table 3 Distribution of soil aggregates under different treatments

RIEKIG: Aggregates size (mm)

+JZ (ecm) AbER
Soil layer Treatment >1 1~0.5 0.5~0.25 0.25~0.053 <0.053
0—20 CK 8.80+£0.28d 9.65+0.43b 10.54+0.27 ¢ 50.99+042a 20.02+0.53 ¢
NPK 9.09+0.32 cd 933+0.29b 11.99+0.22b 49.68 £ 1.66 a 19.92+0.98 ¢
B 9.93+£0.31¢c 9.90£0.27b 10.46 £ 0.18 ¢ 41.16 £1.15b 28.56+0.77 a
BNPK 11.96 £0.39b 11.31+0.30 a 13.12+0.35a 41.77+1.37b 21.84+093 ¢
S 11.49+0.36 b 11.75+0.59 a 11.51+0.18b 40.62+1.05b 24.64 +£0.67 b
SNPK 13.66 £0.33 a 1147+ 048 a 11.44+0.36 b 4291+0.14b 20.51+041¢
20—40 CK 6.96£0.14 ¢ 7.79+0.38b 8.62+0.16 ¢ 49.39+£0.80a 2724+ 097b
NPK 7.53+0.37 de 7.64+0.03b 8.88+0.37c¢c 49.33+£0.77 a 26.61 £0.83 b
B 849+0.17¢c 8.39+£0.10b 9.09 £0.33 be 42.86£0.96 ¢ 31.17+095a
BNPK 10.98 £0.15b 8.32+£0.23b 1029+ 042 a 46.90 + 1.44 ab 23.51+1.05¢
S 7.92+£0.39 c¢d 7.65+£0.20b 8.58+0.17 ¢ 44.00 £+ 0.88 bc 31.84+090a
SNPK 1538+ 0.36a 11.20+0.27 a 9.93+0.30 ab 4194+ 1.16¢ 21.55+0.71¢
1 (Note) : CK—ANJfifI No fertilizer control, NPK—Z(#§#1{L i Chemical fertilizer, B— Hujifii Ui 4= 4/ 7% Biochar application alone,

BNPK— )5 5 Z WAl Jiti Biochar with chemical fertilizer application, S—Ejifif5 T Straw application alone, SNPK—#% #1552 i 80 i e
Straw with chemical fertilizer application. [ E4E 5 A [F/NG FEER R AR AL BRI AR B & P22 5% (P < 0.05) Values followed by different
lowercase letters in a column indicate significant difference among treatments (P < 0.05).
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Table 4 Differences in stability of soil aggregates under different treatments

LA S E R HAA MWD (mm) JUFTSEH EA%E GMD (mm) 0.25 mmpi g AR T & R, .5 (%)
Treatment 0—20 cm 20—40 cm 0—20 cm 20—40 cm 0—20 cm 20—40 cm
CK 0.37+0.02 ¢ 0.31+0.01d 0.17+0.02 ¢ 0.14+0.03 cd 28.99£0.44 b 23.37+0.18d
NPK 0.38+0.07 ¢ 0.32+0.06 cd 0.18 £0.02 ¢ 0.14+£0.02 ¢ 30.40+0.79 b 24.05 £ 0.06 d
B 0.38+0.07 0.34+0.04 ¢ 0.15+0.03 d 0.14+0.03 cd 30.29+0.65 b 2597+0.15¢
BNPK 0.4440.05b 0.40+0.05 b 0.1940.02 b 0.17+0.03 b 3640+045a 29.59 +0.59 b
S 0.43+0.09b 0.32+0.08 cd 0.18+0.04 ¢ 0.13+0.03 d 34.74£0.75a 24.16 £ 0.45 d
SNPK 047+0.03a 0.50 % 0.06 a 020+0.02a 0.20+0.02a 36.58£0.50 a 36.51£0.69a

# (Note) : MWD—Mean weight diameter; GMD—Geometric mean diameter. CK—AJifi Il No fertilizer control, NPK—Z{ i #{L AT
Chemical fertilizer, B—HUjifi 4= ¥/ 7% Biochar application alone, BNPK—A: ¥ 7% 15 % #1 e ifi Biochar with chemical fertilizer application, S— it
FEFF Straw application alone, SNPK—A5FF-5 B A ELjiti Straw with chemical fertilizer application. [RIFIEHE G AN /NG R 2 A [R] Ab # ) 17
T EMEZE R (P <0.05) Values followed by different lowercase letters in a column indicate significant difference among treatments (P < 0.05).
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Fig. 1 Organic carbon content in each soil layer under
different treatments
[# (Note) : CK—AJii il No fertilizer control, NPK—Z&( B4 1k
AE Chemical fertilizer, B—HLjifi f: #) /ic Biochar application alone,
BNPK—4 ¥ 7% 5 A B8P BC i Biochar with chemical fertilizer
application, S— it f5 #T Straw application alone , SNPK—F5#T 5
FBEEPICE Straw with chemical fertilizer application. A _FAN[R]/NG
FAEFIRAF AL PR A7 B35 22 5 (P < 0.05) Different lowercase
letters above the bars indicate significant difference among treatments
(P<0.05).]
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Table 5 Organic carbon contents of soil aggregates at all sizes under different treatments

[ B LA 5 1 Organic carbon content in aggregates (g/kg)

+JZ (cm) AbEE
Soil layer Treatment >1 mm 1~0.5 mm 0.5~0.25 mm 0.25~0.053 mm <0.053 mm
0—20 CK 8.49+0.27c 7.58+0.11d 722+0.21d 727+0.22¢ 6.07+0.11 ¢
NPK 9.32+0.34c¢ 8.22+£0.20¢ 8.79+0.21b 8.09 +£0.22 be 6.88+0.07 b
B 10.63 +£0.25b 931+0.19b 9.76 £0.19 a 10.44+0.36 a 7.12+0.31Db
BNPK 1298 +0.33 a 1046 +0.13 a 9.97+0.22a 10.51+0.29 a 797+0.18a
S 9.22+0.30 ¢ 7.75+0.09d 7.98+0.08 ¢ 8.69+0.40b 7.44+0.18 ab
SNPK 11.59+0.51b 9.50+0.15b 8.78+0.15b 8.95+0.35b 7.77+0.19a
20—40 CK 8.86£0.14 bc 8.27+0.15bc 7.44+£0.18 be 6.61£0.12¢ 5.59+0.18b
NPK 9.46 +0.32 ab 7.99 +£0.29 be 8.03+0.29 ab 7.13+0.24 be 549+0.29b
B 9.68+0.20 a 8.73+0.18b 842+0.27a 8.48+0.31a 6.00+0.11b
BNPK 9.04 +0.18 abc 8.84+0.42b 8.61+0.21a 8.23+0.28 a 6.23+0.18b
S 8.09+0.16d 7.81£0.20 ¢ 6.95+0.13 ¢ 7.44+0.30b 5.85+0.24b
SNPK 8.45+£0.22 cd 1045+ 022 a 8.45+0.09 a 8.70+£0.18a 7.02+0.27a
i (Note) : CK—ANJifEhll No fertilizer control, NPK—Z&{##fLJII} Chemical fertilizer, B—H4ifi4: ) % Biochar application alone, BNPK—/f

Yhc 5 Z B Biochar with chemical fertilizer application, S— Ui #5 #F Straw application alone , SNPK—F5FF 5 A B4 AL it Straw with
chemical fertilizer application. [FF % G A F/NE F-REFRIR ] — L2 AR b H R 7 7E 222 5 (P < 0.05) Values followed by different
lowercase letters in a column indicate significant difference among treatments for the same soil layer (P < 0.05).

NPK fit &0l DL Z T E )2 (20—40 cm) H L4
ROKF A DU 5 15

£ 0—20 cm )2, AFEGEIEALAFE > 1 mm K2
r A SR BILAK DTHR 3 R /IMR Il SNPK > BNPK >
S>B>NPK > CK, Tfiift 0.25~0.053 mm F.H%H A
BB TR A/ IME R A CK > NPK > B > BNPK > S >
SNPK. 5 NPK 4L, BNPK 4bHFI SNPK 4b
AT LA > 1 mm kR A R R A BLAK BTk
R, OMHERE T 45.29% M1 65.37%., 20—40 cm +
/2, 5 NPK AbFiAH ., BNPK AbFEFT SNPK 4bFHAE
SR R > 1 mm R BIRAA ML DTRCR, 4
FIEE T 23.23% F151.08%, F&#AE < 0.053 mm Kigk
ALK TTER R, S RIREIR T 11.35% Ml 14.37%
(& 2)
24 EXKFE
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