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Abstract:  Objective Biochar is an effective soil carbon sequestrator. In this study, a one year field experiment was carried out
to explore variation of content and chemical structure of the humic substances (HS)in salt stress fluvo-aquic soil under wheat-corn
rotation.
750 kg'hm™?) T2 (peanut shell derived biochar 15 t-hm™ plus (NH,),-HPO, at 750 kg-hm™) T3 (wood derived biochar 15 t-hm™

plus (NH4),HPO, at 750 kg-hm™).

Method The experiment was designed to have four treatments, that is, CK (control, no fertilizer) T1 ((NH4),HPO, at

Results Results show that biochar amendment increased the content of HS in the soil.
Compared to the wheat growing season, the corn growing season had humin (Hu) increased in content by 0.54 g-kg™' and
0.35 g'kg™' in Treatments T2 and T3, respectively, and absorption peaks of the humic acid (HA), fulvic acid (FA) and Hu
increased, too, in relative intensity at the 2 920 + 2 850 cm”! band, while it had relative area of the absorption peaks of HA and FA
at the 1 630 cm™'  band decreased by 2.46% and 5.77% in Treatment T2. Compared to Treatment T3, Treatment T2 had relative
area of the absorption peak of Hu at the 1 630 cm ™' band increased by 0.33% in the corn growing season. The peanut shell derived
biochar used in this experiment was relatively higher in content of aromatic groups than the wood derived biochar. Hu increased
in condensation degree, while decreased in oxidation degree in Treatment T2, however, it acted reversely in Treatment T3.

Conclusion Biochar was conducive to increasing of the content of HS, especially Hu, and it increased Hu in condensation
degree and decreased Hu in oxidation degree with the experiment going on. Application of biochar could also increase relative

contents of methylene and methyl in HS. The biochars derived from different materials are different in chemical structure, which

in turn affects chemical composition of the HS in the soil.

Key words: Biochar; Humic substances; FTIR spectroscopy; Soil carbon sequestration

T HEA PN T e R B B e A K
AR A S R AR A EEEN, 2
BRI E R AR .+ BEE Y ( humic
substances, HS) 1N HHEAHLREZ ML 5y, 0
BHER ( humic acid, HA ). & B i# ( fulvic acid, FA)
A ZE (humin, Hu) P 158 A HURAFAER
FEILA, HS /] 5 58T YL AR G4,
HETIE SRR e M R A A /K Rt AT R AR . 34 hn 38T AL
F i, Xg e BRI A A R L

A= W 3 2 A TR AR B AR A5 1 F 2B W o A i
PR —Fh SRk T E Y, A R T L G
HEAn -4 A BB (soil organic carbon, SOC) &P,
TEA it FH A= 90 Jo e A Sl — A R il B AF B R T
AR T Tz N o it S AR A B AR TR
T HERRERRIE Lee S UMK RS AL W T St A AR F
Hanl DL R - 4 SOC Y i, T s MR o 2
AW i it A 38 )5 RT DA R 48 SOC 5 IR L R
A EREA R &, A R 13 HA M4 5
FEEERIST A v s, SALBERRARD, R, iR
R A= 4 I e XoF HS A2 45 AA A 1 s i A 40

INARBERAO KETEF . BB ELRE
s R E RO R FE L SRR R SRS R AT IR
AR TR Lkt kR, ffiF R, D
Xf AW BT A T 5T AR AR AR W B B R K

P Bl — b A Wy S5 5 A A M T e I HE D7 T ) BF 5
ST FUAS [RR TR AE W B ot 138 HS AR 2514
FAAE B FEER BT 5T . AT ad o (), 4R9E 1/
A FARFAF SR T AL AR 7S AR W B e RS AR )
[ e B AR 1 HS 7 5 K 25 A8 S

1 MR5I%

1.1 ks

T 2017 AETE R4S A8 T 1 IXORE
PEAT, FORLVEY /N -k AE, LM ik
Wi+, tHE pH8.77, BAMFA 87.28 mgkeg ', A RKHE
8.58 mg-kg !, HUAET 1383 mgkg !, ML 2071 gkg,
HLS% 4527 pS-em™', #4y 1.74 gkg'o fEAETEAE
WISk 4559 gkg!', AT H N
8.76 g-kg ' o AM AW S & Bk 400.5 kg, A
Frim 741 gkg o AW T A A HR AR P B T
15 AT A BORBEHIEEE  400~500°C, AHF
A=W T e i L R 350~450C .
1.2 Rt

FH () IE 0 4 AN AbBE, AR ALEEIR 3 R
&2, 124X, BAYVRNX LY 66.7 m, 54k
BRI AAEIE (CK); HAMAE (T1), SRR
T4 750 kgthm Y5 AEAETEAEYIRAALTE (T2), JtidE
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A5 FN 15 thm? + R 4% 750 kghm *; A
MAY oAb EE (T3), AR A Fs 15 thm? +
WERR 4% 750 kg-hm?o TR T B RAM A4
JR T 2017 4E/NAZRERIATIEA o 2018 4E/NAEFIF K
ARG 23 BSR4 0~20 em - 3ERE S

1.3 REAH*

1.3.1  +3E HS #EECRgife  SRAESHY AR
16 ik oy ) B B K B M Bt ( water soluble
substances, WSS ). A {2HUE Y JF ( extractable
humic substances, HE ). FA. HA il Hu¥, RfHZ%
BFKARBUE WSS; 4822 0.1 mol L' NaOH +
0.1 mol-L™" Na,P,0; 1R A AR B HE, 4R BUK pH
FHBRVAAT S 1.0~ 1.5, # &G0 5 B IEY HA
MW FA, SuE/515 5] FA, JE4C LM HA A
0.05 mol-L™' NaOH ¥ /i | 25 & P . 4> HA Fl FA
LBENTARBENTAAE VR R T . Hu £ 30%HCI +
30%HF 23k 24 /N, HE 6 Ik, RIFHEEFK
¥ Hu veZ b, TS 40 0.25 mm i, &lifk
JG B9 HA . FA FIl Hu H T£LAMEREN &

1.3.2 FRENGE D MRS FOR AL
Byt B AR DDS-11A B SR E , +
HeER oy FBR B LT R, AW ik . WSS,

HA. Hu Fl SOC >k FHEE &R SN #GELM E , FA
T HE Sk HA 6.

1.3.3  HS JCER M Ffk2= 450 1 e JLE T
Mr R I E S HHX ( Vario MICRO, K 5t 4l TR -
900~1200°C ) WxE . +3E HS FE &R HLIMNEE

( Fourier Transform Infrared, FTIR spectroscopy ) il
o SR KBr R R, K2l )5 iFE S S B A R
TS5 R WA A, 7RIS B R T IR i . KBr=1:
200 MYLLBNR GBS, A &M . FE(d B AR T
AMETEAL ( NICOLET is5, Thermo A #), ZEHE) I
M2, AR PR Ty 4 em™, FFRECH 16 K /min,
M TEE R 4 000~400 em '),
1.4 HHEAbiE

B8 Excel 2 016 #4743, SPSS 22.0 #
17 5 3 22 5 40 BT . 208G R i F OMNIC 8.2
A FN Origin 7.5 BRAFHEAT 53 B , X W WS 0g 144 7 06 1T
FUTEL, S — e AR 45 0 G T AR R 7 43 Lok 3R
R B Ay AR AR

2 45 R

2.1 AEIERLIE HS SEHFE

%% 1 /N2 (wheat growing season, WGS ) #ll
A2 (maize growing season, MGS ) SOC F1 HS &
o INEFHAEYTURE) T2, T3 402 SOC &>
1124, 11.07 gkg™", 8 T1 AbBR (8.52 gkg™') W3
Hahn, WAWE R 272, 2.55 gkg ', T2 AbFE WSS SN
024 gkg', # T1 30 0.03 gkg', T3 AL T1
WL T 0.04 gkg ', T2 A1 T3 ZbHE HA &K 2.59,
2.02 gkg!, AN T1HEANT 1.06, 0.49 gkg ' i
FA &8000 1.05. 1.49 gkg™, 20514 T1 BT

x1 TRANBRMNEEDREE

Table 1 Contents of SOC and HS in the soil relative to treatment/ (g-kg™)

g sy} A B KM B R W BB L1 EN
Stage Treatment SOC WSS HA FA Hu
INAEZE WGS CK 8.56+0.43b 0.25+0.02a 1.41+0.23¢ 0.92+0.28b 5.70+0.25a
Tl 8.52+0.31b 0.21+0.04a 1.53+0.04c 1.01+0.02b 5.92+0.37a
T2 11.24+0.19a 0.24+0.03ab 2.59+0.07a 1.05+0.12b 6.15+0.58a
T3 11.07+0.13a 0.17+0.01b 2.02+0.10b 1.49+0.07a 6.39+0.39
FoKkZFE MGS CK 9.87+0.28¢ 0.19+0.04a 1.53£0.03b 1.07+0.13b 5.67+0.77b
Tl 9.48+0.52¢ 0.22+0.02a 1.87+0.45ab 0.83+0.36b 5.88+0.33ab
T2 13.06=0.30a 0.28+0.08a 2.12+0.33ab 1.67+0.37a 6.69+0.46a
T3 12.40+0.06b 0.21£0.01a 1.99+0.02a 1.58+0.07a 6.74+0.06a

o ANF/NEFRERRAFEA AR 2: R W2 (P <0.05), FH. Note: Different letters indicate significant difference between

treatments ( P <0.05) . WGS, wheat growing season; MGS, maize growing season. The same below.
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0.04. 048 gkg'. Hu F /N 615 gkg' Al
6.39 g'kg ', AMAIEE T1HEINT 023, 047 gkg '
FoKZE T2 A1 T3 AbHR[EAE EE T SOC &
B, M9k 13.06., 12.40 gkg ', A T1(9.48 gkg ™)
BfnT 3.58 gkg ! H12.92 gkg™', T2, T3 4bFE WSS
TN 028, 0.21gkg !, 5 T1 AMBG R E 25 ; HA
SN 2.12.1.99 gkg LR T1 A4 N T 0.25,
0.12 g-kg ', B/NEZXF AL RIS AT A s FA i)
WM 1.67. 1.58 gkg ™!, % T1 8440 0.84. 0.75 gkg ',
BUNEZERIN 1.62.0.10 g'kg s Hu 20510 6.69.
6.74 gkg ', B T1HiMN 0.81 gkg ' A1 0.86 gkg ', &
NI 0.54 gkg ' F10.35 gkg o LA LAFITAS
R, it AR B e Tl e B i 1 HA . FA Rl Hu
& aedbiifE e SOC &ri; KB HS 4415 Z [HAH

w
w

AR, S A= P BT B LGS I - 45 HA A5
INEEAREAFY, FA Fl Hu A s
22 MERAAEEYRXTE HS BWITRAN
2 BNEFEMEKRTSLH I Hu TR
HMAE R . /INFZ TR B K 2 FH AR W oAb B8 (T2
A T3) 158 Hu 9 C JTEAHXT & ¥ T TO Ab2E,
H5 To ZbMAH I, T2 F1 T3 Zb3AY H/C Fl O/C 15
R, 5EKEMLL, /N2 T2 b3 H/C Fil O/C
WIREAR T ; T T3 Zb3E H/C F1 O/C 4T+ . LA EAF
REERFW, ARG 14 Hu 19 C JTRAH
P AR TER, ARG BEE IR R
it FAE AR e A o+ Hu MRS RN T, &
A REREAR ;T it FH A A 40 S5 i i A o [ 98 1 48
Hu M466 BEREAR, AR EERE .

R2 TRLBLENERTRANSN

Table 2 Elemental composition of Hu in the soil relative to treatment

st 34 Ab 2
C/% H/% N/% 0/% H/C 0/C
Stage Treatment
NEZ WGS TO 20.7 1.54 0.24 77.52 0.074 3.745
Tl 19.8 1.99 0.25 77.96 0.101 3.937
T2 30.3 1.98 0.27 67.45 0.065 2.226
T3 27 1.98 0.27 70.75 0.073 2.620
FKZF MGS TO 16.4 1.52 0.16 81.92 0.093 4,995
Tl 15 1.59 0.16 83.25 0.106 5.550
T2 327 1.66 0.23 65.41 0.051 2.000
T3 22.1 1.65 0.22 76.03 0.075 3.440

2.3 HEAREEYFRKTIE HS OIS
Bl 1 h/NEE R E K2R 418 HA . FA | Hu filZE
VIR LA EE R, % 3 J2/NE TR Tk 2 4 4
HA. FA. Hu FIAEY)FRLT AN 35 0004 i A
S HEE L 2 920 cm ' Fl 2 850 om ! Ak W SIS i i 4
¥ —CH, fl—CH; [ C-H M4 ¥Rzh. 1 630 cm
bW A AR 5 B B A C=C 41 455 4R S sl R . 15
iz THF Y C=0 %Pk zh, 1 415 cm ' ZbW i3
RIY T C-O MMz sh s H LA LY C-H A8
TEAR2H" 15 1100 em™ bW gt 24 C-0 fif
iR zh!S), Hoh 292071 630 {8 9( 2 920 + 2 850 )em ™!
AR TR A 1630 em ™' AbU TR A HUAEL, 2 920/1 630
FUARL B R RV P 5055 0 Ak s 4 B 2 A A L,

IINZE A 3 A W) I R AR b A ) 5 e A B
HA 7E (2920 +2 850 ) cm " 4b W Wi i AH SoF 550 B 8
FUE ALY 1%53 2 0.78%F1 0.79%; FA HiH #i
JEAE Y 0.75%53 5 TFE 0.97%F1 1.13%; Hu HH
it AE B 0.69% 53 511 T 2 0.93% 11 1.12% . 1 £ T K 2=,
AEAEFEE Y BRI B A= ) B i AL B Y HA . FA FlI
Hu 76 (2920 + 2 850 ) cm " 4b W ST s AH Xof 58 2 44 4
INFEZET . UL AR B IS - HS 3
A AR T B 0 Bl s [A) S R T 3 n, o L2 BB
S5 IR A RS

ARG TP A6 AR 58 AR W) 0 e R B v TR A
Wi, FIH T I35 EFMAN S (B 1 fiEk
3) H/ANEFMI, FRFAFEAEY R+
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b)
CK
T1
T2
T2
T3 T3
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
% Wave numbers/cm’! %% Wave numbers/cm !
¢) d)
CK CK
T1 T1
T2 T
T3 T3
4000 ‘ 3500 3000 2500 2000 ‘ 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
P Wave numbers/cm ! JH Wave numbers/cm !
f)
c)
CK CK
T1
T1
T2
T2
T3 T3

4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
%L Wave numbers/cm ! % Wave numbers/cm !

1415

VTRV

4000 3500 3000 2500 2000 1500 1000 500
%L Wave numbers/cm !

T oa) NEFLIHA; b) EARFLHHA; o) MEFLIEFA; d) EARFLIEFA; ¢) NELIE Hu; £) F£ARFLE Hu; g) 4
WM. Note: a) . FTIR spectra of HA in WGS; b) . FTIR spectra of HA in MGS; ¢ ) . FTIR spectra of FA in WGS; d) . FTIR spectra
of FA in MGS; e) . FTIR spectra of Hu in WGS; f) . FTIR spectra of Hu in MGS; g) . FTIR spectra of biochars.

Pl LRSI 5T R AE ) e (R 2L R 1

Fig. 1 FTIR spectra of HS and biochar relative to treatment
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*3 LTIEBEYMRMEYFRRLINNEHEEZRBERTEE (FES)
Table 3 Relative intensity of the main absorbance peak of soil HS and biochars (semi-quantity) in FTIR spectra/%
AR T 2920 cm! 2850 cm'! 1630 cm™ 1415 cm™ 1100 cm™ (2920+2850) /1 630
Yy 4a 5y
bust
Organic Treatment INETE TORF NEF FRFE PEF BAFT NEF BXRF PMEFE ERF NEF EXF
materials/Humic WGS MGS WGS MGS WGS MGS WGS MGS WGS MGS WGS MGS
fractions
HELE S A Y
/% Peanut shell 2.10 0.00 17.18 75.96 4.75 0.122
biochar
ARAF AW B ¢
2.47 0.00 16.58 77.00 3.96 0.149
Wood biochar
HA CK 0.77 1.03  0.029 0.025 5048 46.50 34.80 34.85 13.92 17.60 0.016 0.023
T1 0.95 1.28 0.051 0.029 46.05 43.59 38.00 19.52 14.95 35.59 0.022 0.030
T2 0.76 1.40 0.020 0.045 45.05 44.13 39.07 26.03 15.10 28.39 0.017 0.033
T3 0.77 2.11 0.019 0.002 46.93 39.53 3589 43.03 16.39 15.32 0.017 0.054
FA CK 0.74 1.56 0.059 0.018 4587 41.99 3846 51.25 14.88 5.18 0.017 0.038
T1 0.71 1.51 0.039 0.003 47.62 3453 3631 62.61 15.32 1.34 0.016 0.044
T2 0.96 1.31 0.007 0.006 46.40 40.63 37.15 54.06 15.48 3.99 0.021 0.032
T3 1.09 1.26 0.042 0.006 48.63 40.84 28.00 53.82 22.24 4.07 0.023 0.031
Hu CK 0.27 1.39 0.005 0.036 48.61 41.07 2471 53.30 26.40 4.20 0.006 0.035
T1 0.67 1.23  0.023 0.009 46.65 4122 31.67 53.12 20.98 4.41 0.015 0.030
T2 0.91 1.06 0.019 0.032 46.46 46.79 3690 41.97 15.71 10.14 0.020 0.023
T3 1.10 1.56 0.022 0.033 4893 40.75 3435 51.65 15.60 6.02 0.023 0.039
SEHA . FATE 1 630 em ™ AR IERIXT BN SIRE 3 45 i

fi% 2.46%F1 5.77%, i Hu 7E 1 630 cm ™' &b W Szl AH
XPTARRSE N 0.33%; AMAY B3 HA. FA.
Hu 76 1 630 cm ™ A W IS i A X5 1 AH 43 1) B AR 7.39%
7.79%F1 8.18%. HAEATTA Y BRI L, A
A W 5 b B 93 Hu 7E 1630 em ! &b W2 AT s 4 X6 1
AL 6.04%, LAY BRI 3 HA 78
1415 cm ' Ab WIS AR X 1 AR AR 13.05%, FA Al
Hu N30T 16.91%F1 5.07% o A4 A= 9 5 oAb B 1
E HA \FA 1 Hu 75 1 415 cm™" 420 W Wsg g 4 % 1o A8 4
BIHEINT 7.14% . 25.82%7H1 17.30%.

DL BRI ER I, it FH A 4 S5 o B B ] A2 K - 8
HA Fil FA J5 & MEAR M 29 AR & B FEK, Hu
32 i A ) S5 e A RS

310 EWHRaxdh{E+ HS A
Jite FH A= 40 5 e PT A 55 - e ML ) )

e B A W T ) e P 25 18 SOC i AL RIS B 4
B R B, 1) A P AR R AR A 5T RS A )
WEEFE 45 d, 13 SOC., HA I FA & i, AR5
SR RNFREMR M, FeF HA 660 R 5
AlgK FEAEY . ABFIEERM, N ERBIERIET,
FE ] it FF) #6457 A 400 o e A A A 9 I3 25 ] 86
1€ SOC Fil HS A9 & 5o Jit FH A= 40 Jo e vl 3 ot 28 45
13 HA . FA FI Hu 9 & E 142 55 SOC % 5 Bl
%+ HS K41 Z A B, 5t A 9 5 e
HWTAH LG J5 100 1 4% HA AN e ka, FA Fil Hu
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AHmEESE (R 1), EFAY B AN A1) 5t
IR, S AL O F AL G PR R 2
KL F AR E , RN ERBORE L. £ ok e
Bl ol R IR B A e A TR A, RO
Bt W AN T LB 0% 1) B 1Y) A 40 I o ) - g v
Al EIG N Hu &, SRS (>400°C)
M A o o 2 A T HA B FA B8 24K
( AlgK ) #il E4/E6 {E, i 118 HS &5 24k, i
ARG R A5 AR DU RH 2 200 i A - 398 v O 6 AT i A 40 5
HETMIN T 15 Hu & &, (ERAY R
3 Hu SR E L2 Ay ok . AL
FEFF AT 43 BB 50.84% . 41.03%M1 38.55%1 i 1
B PR, T, AR B 22 5 AR H AR
-4 rp Y B AR L K - HE HS IR i Ak
32 HYRaxIHAEH T HS WELEHKEm
AR T REFF B HENE , A=W BT al $2 5 SOC s
TR E BT, i 8 R KA A A P R
B HA WorFaia T, S TR, daE
PEER S, il HA Zp FA5HE 4k, A HIT SOC Mz
M BRI ERWL, AR TR T LA IR 4
HSP i AS [ A R ) B2 1) A 90 i e A B A7 AR Ak 2 25
S AR ERW, M FAMED TR, At
¥ v T A A SR 5 B PR A S A, R
AR & AR, 7E R A 7o AR ) iR Ak
PHAEHE HS 5 B W A X WA 8 o i A 1 2
Py B BG B AR XS N TR A Y B A B . TR ST
SRR, BB it B A A e AR W ok
158 Hu 456 EERm, FACBERERAR; it A
A= T e Bt A B () ZE K 4 Hu 46 A ERRIR, A
FRREEREIN (2 2), FHXSFAEAETE R, AL BT H
A A 4 S5 S0 Y 35 RN R AR X B v AR AR AT
e, B HS ZARM AV R, S84
AR, TEERTFEARMAY) AL FR) 158 HS T
LT AR & i (L 1 RER 3). AL R
il 45 B A2 W 3 e o 338 HS Ab2p S5 My S A AE 25 5
YRR IR IR G Y, FEE W R
W5 B A G AL, X RS R R S e T AR I
R EA B S A RV E 2R e, BRI AP
A=W o R B RE T3P0 ARG AR E S FH AR ) T S
48 HS FHEEAA YA S g CE 1A 3),
1% Hu /2 HS M E 457, TEARR b BAEE
VERIBT, A= ¥ o e b e 8 B T s Ak 22 254 v C-C

SR L 3 W i R B8k 1) 0 A i AR 20 e I
FHRERETE R, AP R BEA R AR A
F Hu 4145, MR T 88 Hu 19— AW e
Ak 2 S5 A2 T 4 Hu 1 1025 255 4 BURFAE .

4 4 K

Jit AN T A U A= 1y B 340 A5 M) 4 v L33 HS
Fh, FEIN M Ho g5 B EmE R L SOC
S WA S L Hu 488, A
PCRERRAR . B A 7C A W 5T e R A A W0 o o e 5 4%
HREMILL B e 2557, BEFEMRIGER, Tl HIAEAE 5T
MR S Hu (48 RN, AR,
JE A A W) B AR S o /A FORFEAE AT,
1 HS R AR X S R AN . Hu {2
LERGARIXT B 5y 32 2 ) 2 A2 W 5 5 )B4 I S
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