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ER} 2B K2 F B2 bE, F A 211135)

& E: PeREFSFERE N AW TR B R AR FR LT X A ek 55 AR DS HE A v e iR AR A5 1 [ A2 6t . IR
2011 4F 6 H @K RE /N K I 54—/ NE AR R0, R PC AR HRE AR S AT K RS FFAE 4 7 it
fn (BCO, £ 0 thm?; BCI1.3, %% 11.3 thm?) FEEMULLF+ 55 =L nbe b ik FRMmFKAE L (QP, TP) 5
Rt (QU. TU) A HLERECE A2 AUR ARk, LAIWIABRRELTHEIX RS FF A AL 7R AN ] 48 b (04 TR RR AN, 25 57
SRR (1) HHEFHL . KSR A W58 AR B S RS AT AR R A BT ) R LR . 5 BCO AR
H, BC11.3 43 11 4E S ARREI A5 2 F BB+ 0~20 em +5EA HLER B IR (QP, 25.22kgm™; QU, 8.07kgm™) &
TP+ (TP, 8.67 kgm?; TU, 7.58 kgm ) , KR +FE TR+, (2) HEFAITT, KNEFHE A PURS B
e 415 & B X JC T 22 55 KA D7 sCAG A8 Ak 5 35 5 i - S WLBR Re e L /KRS A e S R e Sk LU 491 T
+, W EBA LA T Rt B AR A YRR E S (3) FEFFRIEEH S HHE pH. AE . HIRFEKE .
AL B B FIORRE 7 SR e A LR & it . HERBUK MRS BOR O M R R L5 b, MO R ML X IR AT Ak
A FEL O 266 o 398 MLG [ A i v RO 33, R RR e Mo 25 5 5 KA oA MLBR [ A7 K T 5 i, H 30 Pl
FeE VAR T 5+

KSR LY THERUH, PHEEEL RIEREGR AP T4
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Differences in Soil Carbon Sequestration Effects of Long-term Carbonization
Straw Return on Soil in Acidic Red Soil Areas in Southern China
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Abstract: [ Objective ] Converting agricultural straw into biochar and then returning it to the field has received widespread

* EEAARAI A EIH (42277331), BEFRE AP RTRITHE (2023YFD1901304 ) ¥$B) Supported by the National Natural Science
Foundation of China ( No. 42277331 ) and the National Key R&D Program of China ( No. 2023YFD1901304 )

+ WIR/E#E Corresponding author, E-mail: zhaoxu@issas.ac.cn
eI b B (2002—), Zo, WImACHA, BIEWFs A, BB H RSN TS . E-mail: yangxin@issas.ac.cn
Wk H Y 2024-05-21; WM EORS H I : 2024-10-14; W45 #H % H M (www.cnkinet ): 2024-11-29

http://pedologica.issas.ac.cn



1436 N T 62 %

attention at home and abroad as a potential pathway for soil improvement and carbon sequestration and emission reduction in the
southern acidic red soil area. [ Method] Relying on soil column experiments of rice-wheat paddy-upland rotation and
millet-wheat upland-upland rotation established in June 2011, the changes in the quantity and chemical composition of organic
carbon in paddy soils (QP and TP) and upland soils (QU and TU) developed from Quaternary red clay and Tertiary red sandstone
soils under long-term straw biochar application (BCO, 0 t-hm™ per season; BC11.3, 11.3 thm™ per season) were analyzed. We
used "°C solid-state NMR to clarify the differences in carbon sequestration effect of biochar application on different acidic red
soils. [ Result] The results showed that: (1) soil texture, land use type, and their interaction significantly affected soil organic
carbon density under biochar treatment. Compared with BCO, under the same land use pattern, the increase in soil organic carbon
density from 0-20cm was higher in partial clayey soils (QP, 25.22 kg'm%; QU, 8.07 kg'm ? ) than sandy soils (TP, 8.67 kg'm ?;
TU, 7.58 kgrm™ ), and higher in paddy soils than upland soils after 11 years of BC11.3 treatment. (2) Under the same land use
pattern, there was no significant difference in the contents of each functional group of soil organic carbon with different textures.
The change in the utilization pattern of paddy and upland significantly affected soil organic carbon stability. The proportions of
alkyl carbon and O-alkyl carbon in paddy soil were higher than those in upland soil, and the proportion of aromatic carbon was
lower than that in upland soil. Also, the stability of retained organic carbon in upland soil was higher. [ Conclusion] We
observed that the organic carbon sequestration potential of partial clay soil is higher than that of sandy soil after long-term straw
carbonization and returning to the field in the acidic red soil area of South China, but there was no difference in long-term

stability. Organic carbon sequestration in paddy soils was greater than in upland, but the stability of soil organic carbon was lower

than in upland soils.

Key words: Biochar; Soil texture; Tillage management; Soil carbon sequestration; Organic carbon molecular structure

A A B A SR A BRI b AR S R G R K Y ik
M o R Ge Y A LR it A ) T
8%~ 10%"% SR, FFEA H & E AL S
£V ERIR AT N N e w1 ) TR e -
SEERY 70%, oA 5 - S m 2 B U SR )
1380wl O, R A A AT A Kk ) R RR Vs o
HMEA ALY IS N e ) B, L HE
Rl TS RRR T Y A ) TR A - S A
PFHE Ty A & HEER,

Tl AT Je Ak A FF 9 JR A A A 3GE A2
SR, H AT SC T RS FF e fb i H 4 18 [ 8 2 BE A9 VR T
BRI M B 25 AR A o X SR T
(1) Hl AR R A tE (i), RESE ) AFS 3L
(W o e I 22 S 08— Ry, TEPERR AL
AR T R R A A ) A A e ) - A R Ak
R, (2) HHEEFRAK S . BRI BT
AR B T A 0 5 e AR R AR08 S5
Sl HAE R e B A E S b, YRR
HEHERAE KR, A AR AR A i PR
B MU IZE R A, Meta ZMAT 25 SRR, A
BTREMSELMASRS, ALY KE 0~
60 cm F7 H 58 (1947 HLRK 7 1t 14 i fe o b 3 ( 75%~

128%) 7, SRifi, FaRWFgT 3 5 F 48 X ) & 4Bk
REEZES T, ADNRE B KA . VR R Bk
P A8 B 25 S A, S 3 A T ) LS R B e
HERh SR R 25 . HeAh, BUA TS AP AL I IR I BF
RREFETH— L, RS E AR, =
A= ) 0 % 82 3 T R RO 5% o A A5 A ) Jo 9 U
FARYA R, AR SR AL T RF 2L R
FARE, WRGE AW 0% % S A H S SRS AR A B
Wang 550 B S50 B[R] 20 22 45 (1 25 ) I i 5 fie
RN 0.023 %-d™!, RSt a T 1 AR R A R
AR (0.005 %-d') 452, SR
R FF e Al T s 3P T . B4 B A [ 25
il A ¢ A i A 8 [ BRS04 DG B R R . T Uit
AR AEAR RS AR KRR A BT, $8R
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AR ( BC solid-state nuclear magnetic resonance
technology, "C solid-state NMR ) PAH L. &
AL C S8 2 I T A0l - 3% [ ik F 52 93
U R F BT AL S T RE A A
SE BT A LA A R, AT B D
ER 5 i 11 e we - SR VIR = N YA eh A i)
A, AR HETC A — LW 5T 0GR A e ALk HXE
TIEEREHISS R RE e, B — B A LA K
IK LR o A8 B it 45 B 58 2% A T ARG AT S Ak H
A PLAR R A RS IR, AR
S5 P A 7 22 S R B

PR LT T ] E B ) ARy Ay 1 e o),
Z153 DOt P A= 0 B ) - 33 e R 5 T B s HEVE T 2
P PG, SR, XA [A] RIS R AR A
JBT 1 14D Tl R 7 R /N B 2 S 4 S RIAT Bk = E 5 - AR
SCRFEWEFE A BA 2011 4F 6 7 R B i Bl
A S S AR T R AT AE ) A T R i 2
Tt A A S, DA%l T B R R AL
SRR U ER AN T SR SR REAR L an i =N S
Pk A+ AFI A SR+ x4, R BC solid-state
NMR HARZE G AL 73 A 7 1 B 48 TS AT

AW B ST (11 4F ) Ja 45 R EA FLER B |
HREMIGTMRAE, HE BT A LR | A5
TeEEAR RS R R Z B oG A, LASOI A A 3
T TR AT A 90 J5 5 X A () e 18 288 1 [ e R0V ) 532 W
ZE5E, AT TR PELLHE DCRS A5 IR A A TH 5 A
TR .

1 bR

11 it ESEYRK

ign a3 S AWK ) AT TN 81| o 1 U EREAN
RS =LA A KB I R (QU.L TU)
Foidk 2 Mg BHYKFEL(QP. TP ), X135 0~
20 cm FAEPERTILER 1. BHRAEYIBORIE T H 24K
TS A AEAT, J2TE 500 C&1F T FiR S R REIR Y
FEFFpAS I 8 h 25 AL, 17 A2 1/3 A
MR AL A " AR E R R . Koy
27.00%. HLEEF 118.00 m>g ', pH 1040, HEF
A2 # & ( Cation exchange capacity, CEC ) 19.40
cmol-kg ', 4k ( Total carbon, TC) 725.00 gkg'.
4%, ( Total nitrogen, TN ) 9.46 gkg ',

F1 i tiEm AR

Table 1 Physico-chemical properties of the soils

P+ 48 FHES 38 i e Bk E) BhkL biAE A hhr

Tested soil P CEC/ (cmolkg™") soc/ (gkg') TN/ (gkg!) Clay/% Silt/% Sand/%
QP 5.24 113 21.8 1.79 32.1 37.0 30.9
TP 5.15 8.0 16.4 2.08 10.0 19.0 71.0
QU 5.04 10.6 7.3 0.65 39.9 27.7 33.1
TU 5.39 6.05 4.24 0.42 16.2 16.8 67.7

H: QP: WAL EEFH KL, TP: H=LOPEELFTHEM L, QU: FWALOH L EEFHNREML, TU: F=a24a
HAEBEM L. FFE. Note: QP: Quaternary red clay paddy soil, TP: Tertiary red sandstone paddy soil, QU: Quaternary red clay upland

soil, TU: Tertiary red sandstone upland soil. The same below.

1.2 FEHxHEHIRE

FEFEAE W A H AR IR TR R T 2011 4F 6
A a5 S R 2 e i s Rl A 28 S 06l B
MM (31°16'N, 119°54'E) . SRR 4 (A
£ 38 cm, & 50 cm) iy, HEBRKTZE, BRE
YR ER, WAFHALZY), i 1 mm AW,
ekt (0~20cm) | L+ (20~40 cm) FK+
(>40 cm ) M2 L4, HAE2AE B T K

A RRIRE B TESCPRA D, b X R A AT
A TR 7.5 thm ™, FEFF A9 R R AL B PR R
1 30%. PEULIE A F A 2.25 thm M2 T4
R AT e Al I o ASHIF 9 3 A 0GR 0 A 0 o e T
J 0 SR RN, Ry T A R S R AR ) B e A
S0t FF Xk - 498 B R RE 0 R I, e v A ) B
WH (BC11.3 ) BRI ] KBS s AL A% FF A2 4 5 it
G A3 W ok 8OR . il i & BCO. BC2.25,

http://pedologica.issas.ac.cn



1438 + b1

=

62 4

BC11.3 =ANb3, BAg 2o A1 A 40 0 o it i £ 53 3]
H 0. 2.25 thm? (&R RALH ), 11.3 thm”
(5 fEFFr ki) , B0 3 AEL, Ik 36
Ak, AR L (QP. TP) RAIKF
(H) Mg (%) #8fF; Bt (QU. TU) RH
BF (B) /hE (%) BIE.

ZIAE 2 2022 4F 10 A BAERBGR I C #4723
Z, IR, T A A P A I e e —
. BEAMN (JRFE) BN N 240 kg-hm 2,
FAEREILA L 3043 B4 BI7E Bk /B A
WL BRI . BEAE (T mERRAES ) A
B CEARER ) A9 A PLOs 40 kg-hm * Fil K,0
60 kg-hm >, HMIEROHGEH . 78 N —FAEY AT,
H 0~20 cm HHEZEH, K AW TR RN AU B L
NEVRS) G e p KRNI 505 %5, BT NEA 19
5, NERNTE 135,
1.3 HFmRESERNERE

ZEH LA b AR, T 2022 4F 10 H
KRG/ FZAEDNCE G 2 em B4R 455 B
A EAERE I 0~20cm + 2 T3, IRAEEAR
B 4 SR = VL TR 82001 . AEW ik
R g A A BT 2 BROCHR[ 18], A L

ik ( Soil organic carbon , SOC ) & # K H
K,Cr,0,-H,S04 SMIMPGEISE 5 AW Bise axte . L
R AmA P (GmbH, Hanau, fEFE )
FE; TIEERRELE (pH) M pH/EFRE /MSRE
Z B iR X ( Mettler Toledo
Switzerland ) #7K -0 2.5 0 1 (wiv) lllE; HEF
et @ A - O TR B e i o ; HIEAE
( Bulk density, BD )., H[E#F/K& ( Field capacity,
FC). 3 LFLBSE ( Total porosity, TP ) FH¥f J1k
oEAT W O s b MR AR WO R BE 4 B X
(LS13320, Beckman Coulter, CoUSA) iz, +3E
iR I SE E AR S Sebrife, BPAL 0.05~2.00 mm
¥R 0.002~0.05 mm., %47<0.002 mm!",
AL E RERR A PC SRR AR
HEAT AT o A3 TR SRR S AT SRR AL B, R
KSR Skjemstad 250K i, AbERS AORE S FHAE
Bruker Avance 400 MHz # g LR EIE (i
B OGS 100 MHz, FEFEMI 5 000 Hz, $%fl
A 2 ms, JEFRAERIFE] 3's ). AN g2 A i AR
Bl H MestReNoval4.0.0 F/A42EAT . #R 8 DAL
58, # PC solid-state NMR I 350 =2 H A9 HLAR
RESLHA/ R 4 REFERERIX (F£2) 52,

Greifensee ,

%2 PC-ESHHEREANEGNEE LA RAMIX S FLEY

Table 2 Organic carbon functional groups and corresponding macro-molecular compounds identified by "*C solid-state NMR

s Sg:2 HiiE

=

Chemical shift/ppm Functional group

Koy THa P

Macro-molecular compounds

0~45 BEFERk Alkyl C KHERRIIRE . BB, M. HOKRT
Long chain aliphatic, waxes, cutin, suberin
45~60 Jot Sk L/ R e kB HEMR . ARBTR Amino acids, lignin
O-alkyl C Methoxyl/N-alkyl C
60~90 KA & W) 2Em% UL R R F AL EY
Carbohydrate C Carbohydrates such as cellulose and hemicellulose
90~110 WA Jot S LR 4EE Hemicelluloses
Di-O-alkyl C
110~140 piind TR HUAR 5 FE ffk B KEZE Tannin, lignin
Aromatic C C substituted aryl C
140~160 AR T Heb P OKEE . BOKFT Tannin, lignin, suberin

O substituted aryl C

160~220

PikHL e Carbonyl C

BEiE . IE. Bd. B Amide, ester, ketone, aldehyde
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1.4 B
T AP (Soil organic carbon density,
SOCD, kgm?):

SOCD=10"*xSOCxBDxH (1)

Kb, soC HHEAVRSE (gkg'); BD Nt
HRE (gem”); HAHTHEEE (cm).,
YL/ leamkt (Alkyl C/O-alkyl C, A/O-A) [,

A/O'A:CO~45ppm/ C45“‘110ppm ( 2 )

3K R (Hydrophobicity index, HI) P2,

HI=( Co-45ppm=+ Ci10~160ppm /( Cas~110ppm~+ C160~220ppm )
(3)

57 ( Aromaticity ) 2.

Aromaticity=Ci1o-160ppm/ ( Co-a5ppm=+ Cas—110ppm+

(4)

CllO'“léOppm)

K Microsoft Excel 2016, SPSS19.0 #4745 ¥%
bR 2 3R . AR AL BE e v T . I
BLRR S BE . A HLRR B RE T LL 9 35 B0Hi iE A 7 SR I 2
2B ( One-way ANOVA ) HIRLE % Jr 22 4 #r

( Two-way ANOVA ) #E47Kz 5 ( P<0.05 ). L FH i
Gy B RS FF i Ak ad H S 1 58 BLIR 1 RE AT e
BIEAT 0, PTfEiE L Origin 2022 5Eh%. @it
Pearson AH M #T 3 A5 I 7 5 - HEH HLAR &
A VLR E BE R S5 H 8 bR A OCOC &R, AT A4k iE
it Origin 2022 58 1. R FHTUAR 7347 HI T + 1A B
S 1A HLAK B BE A1 45 48 T8 b5 1Y SRR I R 5 i
BeRE, nlfifkifid Canoco 5 585

2 4 R

21 KH#EFRECTHELEBEACERNEDE
KRR

A Wy S5 % i 6 it R X - 398 B R R 4 A
ROBEA BEm (% 3), 5 BCO A, BC11.3 &
FHE T SOC (205%~711% ) Fl FC (14%~79% ),
FEAIK T BD (4%~27% ). Tt HAE D) B A 1 2 4t
KAE+ (QP. TP) i pH. TP, XI5+ (QU. TU)
M5, pHZrHHER 0.67, 0.66 PEAAL, FALERE />3
5 18%. 32%. BCI11.3 4bHf¥ TP, QU. TU AYfE
YA RARB IS T BCO BB, ki plsEin 1
0.12~1.30 thm?, FEFFAY RSB T 137~
1.80 thm 2. SRifi, ELAEFFAALIE HJG QP kR
B R AR T 2.46 thm*, 1.69 thm 2,

#3 KEERAEYRXEFERLERNTIRELMER. (EHF-EMBETEYE

Table 3  Soil physicochemical properties, crop yield and straw biomass of different treatments after long-term application of biochar

N FEAF A
N . i ) RS Ay
+ 35 b3 AL SOC/ 45 H BD/ HH ] 47K dit BB Straw
pH Yield/
Soil  Treatment (gkeg!) (gem?) FC/% TP/% biomass/
(thm?)
(thm?)
QP BCO 49.87+1.96a 6.32+0.10a  1.00+0.23b 46.88+9.63a 53.60+3.49a 7.89+1.24a 8.61+0.79a
BCI1.3  186.95+24.95a  6.47+0.04a  0.95+0.16a 53.55+18.8a 55.87+11.07a  5.43+0.21a 6.92+0.88a
TP BCO 34.46+5.17b 6.12+0.11a 1.09£0.08ab  41.51£3.67ab  52.54+1.90a 5.01+1.43b 6.47+2.47a
BCI1.3  105.02£29.26b  6.13+0.10a  0.80+0.17a 66.10+16.71a  55.24+7.02a 5.12+1.25a 7.85+0.54a
QU BCO 9.78+0.77¢ 4.77£0.32b  1.20+0.08ab  34.55+2.71bc  46.54+2.00b 1.85+0.57¢c 2.26+0.11b
BC11.3 54.84+6.18¢ 5.44+0.12b  0.95+0.09a 46.33+2.75a 54.90+2.72a 3.1540.10b  4.06+0.31b
TU BCO 5.76+0.56¢ 4.84+0.26b  1.28+0.09a 27.21+4.42¢ 41.54+3.32b 2.01£0.41c¢ 2.96+0.58b
BC11.3 46.74+2.79¢ 5.50+0.34b  0.98+0.15a 48.83+7.13a 54.84+5.11a 2.7740.63b  4.32+1.56b

TE  SEEAREZ , RPN Rl — A0 B N AS[R) + 398 7] 22 57 8. 2% ( P<<0.05 ), T [H], Note: The data in the table are means + SD( #=3 ),

different letters in the same column indicate significant differences between soils under the same treatment ( P<0.05 ) . The same below.
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22 KHRFRUTHETEGNREE
Tl . KRR R ZE N AR
Xf A FF e Ak ik B - HEAT LA A8 1L 3 A W 35 5
( P<0.001) (3% 4). MHET BCO 4b¥, QP. TP,
QU. TU +4% BC11.3 4b¥ 0~20 cm + /2 +3Ef

HL Ak %5 B2 - Y38 i 40 0 o 25.22. 8.67. 8.07.
7.58 kg-m > i 6 I - HE A A HLAR 25 BE 35 i T RD R
+HE, KB AEIREEY & TR, AL
IR AT KL (QP) A HLuK % & Y
M (K1) .

F4 TEANBREEEENTERBS TR AAXHNERAEN

Table 4 Two-way ANOVA ofsoil texture and land-use pattern for value-added SOCD

ST H ¥1o7
B Source of effects F P
Sum of squares ( SS) df. Mean square ( MS)

+ I T Soil texture (1 ) 54.438 1 54.438 54.274 <0.001

+#F 753 Land-use pattern ( 11 ) 62.380 1 62.380 62.193 <0.001

F IR < A7 (T x1D) 48.395 1 48.395 48.249 <0.001
4o0r . o FEFHRE LBIEAE T 2.52%~10.01%, {EL4b ] R 5
: w51 3 . KM A RS , RE LR HL, S5

W
S

T IEATHURR S
SOCD/(kg'm™)
=

(=]

QP TP QU TU
I Soil type

e AR REFR IR (6] — A ) o e 12 Ak 3R AN ) - 39 ) 22
B3 (P<0.05), Note: Different letters indicate significant

differences between soils under the same treatment ( P<0.05 ) .

PRI AR W B A 5 AN (] b A AL 2 22
Fig. 1 Differences in SOCD of different soils after long-term
application of biochar

23 KH#FRUTEHEARTEGIBREHER

A s, A ML E e & AR R
AR A, VU - 4 S B X 3 6=60~90 ppm #%
FEE 5=110~160 ppm, it B Wit FH A= 9 o o s+
A HLRR AL B i AR IK A6 & Wtk g 325 oA L) A6 i
FE CE 2), MEBHESRET, AR5+ ke 5
. BERMK . 5k . IR LE], A/O-A. HI A
R EEAIR IR TR 2R (£ S5),
KFEL (QP. TP) MESEMR . i SEUhk Eb 1] o Sl s 2
i+ (QU. TU) i 0.73%~5.28%. 2.63%~6.04%,

B ; QP TP QU TU ¥ HI ¥4l 451K 133%.
105%. 163%. 203%, 757 IR 73510 36.65% .
32.58%. 37.36%. 40.64%, - HuF|H XAy el Ar i
ERm A LRSS M AR R T (R 6), H 5K
TARL, K AR A 0 e S Ml A LR AL 1Y
Feoe AR e 3 . X UGB KRS A1 e fbid 1 s 5
AR E S TR, S =aan
ek R A AL RS e B

I FH 32 B3 43 B 0 43 AR St A 4 Tk e A
[7i) o i AN [ = 2t A B 5 =X 0% 38 LB B AE 1A 45
F2E 5 5 1RIEE 2 0T fif B BCO b3 N 58y
MUBREE R 7 VL) 79.8%, T B RbedEmk . Brkik
B BRVEIUR Y BBk L B ARk (& 3a). il
2 AR AT A B BC11.3 Kb B R 4 385 HLRR B RE A
LERYAS SRR 83.7%, PC1 F AL E BEM] Jy ke 3t
e . BR\VEHUR Y Eemk (& 3b ). HTH—F T,
AN TR BRVEAS B 22 ] 1) - A HLAR T Al 1A 45 4 2 S5
8B AN [ 5 i A A ALBR B RE P 25 5 R B 3 (& 3c,
& 3d).
2.4 KHERF RN IE G £ 158 B iR 59 5k 2 IR

BEF

B IR SRS B 25 SRR (18l 4a), SOC 5
pH. FC. TP, Silt & §FEMHX (P<0.05), 5 BD
53 7R 56 ( P<0.01 )., Carbonyl C., Alkyl C. O-alkyl
C.Aromatic C 55 BD . 3 1FEAH%( P<0.05 ), Carbonyl
C 5 pH. FC, TP BE MK (P<0.01), HI. &K
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5 BD B #F AAE (P<0.01), 5 FC, TP W&IE
FHX (P<0.05).  JUARSHT i R (Kl 4b), pH. BD,
FC. TP J2 52 i - 39 [ B R000; 1) 7 22+ 37, 0+
AT HLRR J HA HLRR B A8 RS e P T8 b 28 S A M R
FH 5731%. 25 b, FEfFmibis H g £33 pH. &
q M EE K R LB R RO R R R
B MLRR & KPR AR BRI O R )
HE,

3 W ®

30 KEB#HMRATHE T EBAERIED =
EER

Ay TR BT EE R FLBRZS M . KA
AR e DL CR K MR S L R, A+
B JE R A - SRR AR . SR, AR TR X - 4
F A S5 PR 5 b R bR 2 o AR 9E SR
KAt FH A P TR B AR T 35 i, HAE b
(SR i T R+ . UK Z S PIF A B, A4
W I R R R 45 7K B ) i v A B 5 - R B A

TERAMRKFR, AWFFERERY, R B 4 ot AR
Wy 5 i T T 45 K 8 38 B R T R IR 1 kA,
S s IR SRV IND iR A a7/ D i/ 1)) S ER T i
w AP R, SR T R AR B, AT A
WRT o S ALBREE R OKPERE . AT Rt
AWy s XK AE £ pH BUSZIREUN, XA EE S
PR AT HLTE O A5 s i 2 g ) A e

A= W0 5T ¢ AT ek A 9 B R DA TG S i 1
Py PO A BV I A b R T
PER =ik, X5 Jin SFPTHRIE Y 5 a HRHAE TN
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Fig. 2 C solid-state NMR spectra of SOC in different soils after long-term application of biochar
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Table 6 ANOVA on the effect of soil texture and land-use pattern on the change of HI and Aromaticity indicators after long-term application of

biochar
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Fig. 3 Principal component analysis of the chemical structure of SOC after long-term biochar application
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Fig. 4 Correlation analysis (a) and redundancy analysis (b ) between soil organic carbon-related indicators and soil environmental factors
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