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T3 A ML H 55 B ORI Sk LU B4 &2, TR Ak
TP P SR L B A LR S
AT 5T, AT LT R R[RI 4L 4 s HLS G
Fa7As A ok - SR AR WL ZE M 2 AL ) SRR AL, ()
Aot B 4% B RE AT AT AL A WL &5 ) O S T 2
WA ANEIRA , REE AR T I fift BEA ML 4544
FEHA b R

AR X R E R KRG A =3, R
IEEEDI SR, WEELT, JFRAT 104, AHl
e e AL T AR AR, P RRAE A LT
L 0.0293% 3 AR 0, LATEA HLBRZ5 40 BT
FEEPEF R G TS LA LR E AR
w7 TR T ARG AT R AT, A VLRSS
SIS, D -3 A SRR R B A 5y TR R A
BILJTE 45 M R AE £ DL AR T . MR BT R AR G HL R
R tE TR IRARE N, AT 5T B AR P8 0 v
A3 A TRl B A1 B AR (5025, 0.25 ~ 0.053., <0.053
mm ) FIANFEBEA S (AR LF, HESR
HOF, W REAABEM MF ), FIFHE M-I 4N

TR LU T BTG AS [FK RS A1 SR AR DL KA ] 2
FEH AU R REA AR AL, 3K AR
VRN 52 AN [R] 4 B2 AR AR BE AR AR L AR X
TFRAPUTEE A RARAE, 5835 R A PS5 &
THREHI AL e

1 #REFE

1.1 e DX AR

PRI XA TRV e T PE AR (126097 ~
127°25' E, 47°00' ~ 47°43' N) f{ [ RL# e i AS
ANy A ARG vl , [ SRAE PR LARERE . [l Bk
R, #hrE oy FMEEACE MY, B Tk
LS A AN G N i ) R i T U =
MMFEZE, BERREZW, LFERTH, FHK
K48 500 ~ 600 mm, S 1.5C, = 10C
1% 3 LI 2600 ~ 2800 °C, LM 130d, H M
i %% 2600 ~ 2800 h, B4 5 4 466 kJ/em®, —
A — il e ARy R LR PR A B L
%1,

&1 AU HIREREAER

PR FRwE B AL B et K
(g/kg) ('mg/kg) (mg/kg ) ('mg/keg ) (g/kg) (g/kg) (g/kg)
48.20 41.2 228.9 1.61 30.20 2.21

1.2 Rt

2011 4F 10 HAE ASRIERE kb “ HAE RIS
DL SR B g X IR AL B, B A T, DT R
WA T TR, %3 RER, BN/ 6
mx 8 m, /NXBEHLHES . FAEHHE S YL St
BEETT AR, BEBREREE R 0 ~ 20 em, FIAEAEY)
HEK, SEFONESE 1S, AR RIGR A ST
ARIEH
13 HEACREE

2019 4 10 H FRBGRIE R “S” JE 5 b
P, RELO ~ 20 em HFZ 3 1 kg, ENHT, 41
bR, 5 H.
L4 W50k

B ARG 43 Bk 50.00 g KT R =
W, WPRRE RIS I A G AK B8 +4E 2 ~ 3 em,
10 min J5 ¥ A& ( H Lm0 T 5 L 4 51k 0.25,
0.053 mm) 2, MN/KEESERR B2 R
10 min (PEIE 4 em, $7% 30 WK /min ), FGFEHER
HEANR T L RS ABSAR T, S0CCHEE AR Y,

WY FREL10.000 g BT 100 mL 25 .04
H, BIAEE N 1.7 o/em’ FOTBILAN (Nal) R E
80 mL, b FEIES ~ 6 IRIEZIRAT, 3500 r/min &5
O 15 min, ZZEHUHHE, WS ER, &1
0.45 um JEARE FAhUE, R LA B5EH 0.01 mol/L
CaCl VU 1 ~ 2K, FEHZEMKIEEK2 ~ 31K,
B 5 B IR A 120 mL ¥ RLBE AR b, 7EHERE Y
S50CHEZfHE, 100 LR, 4RZEm 204 WA Nal
TR A 80 mL, FEATHCA K 7 I RS i A 15
min ( 100 W, 40 Hz) J& 3500 r/min B.[> 15 min, 2%
PEEUH, B R AT R, R IR AR
A 120 mL ZB R, S0CHER=fEE, 128 OF,
YRR B O I 50 mL Z8487K, 1RSI G
AR E R IRGHLIE D 20 min, UG 4000 1/min
B0 15 min, BREREWR, EE 3K, HIELL
A 50 mL 95% ik, $E25)J5 4000 r/min &0
2min, fHl¥E BIEWR, WHEERERE 3 ~ 4 IRE
IHWIC, AR R ASRHREAR T, 50°CHE
TEfE®H, iChMF,
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BHURLAMCREN E . F B 2T MG
( Nicolet IS10, &) WI3E . FFFEMTE 50°C K 12 h,
IR SRS R . RERAFREAS 4 53 14 0.7 mg
FAFIES T, A 70 me G4 AbER 5 1+ FER
G5, R B 75 kPa Rl BUE H, JGi% sy
PEFHR 4 em™, MEEEH 4000 ~ 400 em™, 4 16
W, ME TSR T IR T S
FEOE AR IR B = BE—ARIEIE AR / SURFE I T AR
BUUTPUREES F= (35 &% C =C FRfFTm A +
BE Wi E—CH FRAF Wi AL ) / ( 2288 C—O FEAF i i
T+ BERy—OH FFF e AR )
1.5 BdEsar

FH Excel 2018 #F 47 £ 4fs S 4L # #1, ] OMNIC
HATAPLURLLIN GG 5347, Origin 2018 M4 T4 1Y
it ot SRR,

2 HEREHH

2.1 BEAYURLIIDERERE

TR 4 RS R R WA A
BB PSS AR IR WAL (P 1 Bl 2), T2
3619, 3415, 2922, 2846, 1880, 1634 11034 cm'
BRI AT IR, 2T MG AT AT R, 3619 em!

o
[sa)
(=}
—

Xt HR
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L L 1 L L L L | L L L L | L L
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o
3
0.25~0.053 mm

A (em™)

& H R HEE—OH P44 2 Wi (3650 ~ 3600
em™ ), EFORALEPRBKIEEY; 3415 em™
Je o[ 2 H—OH Ar R M g (3500 ~ 3200
em™ )5 2922 F1 2846 em™ S J§ Wi F —CH, il —CH,
By A 45 38 30 W2 e 1% (3000 ~ 2850 em™ ) 5 1880
em” JEFRFE C =0 I Y% (1900 ~ 1600 cm™ ) ;
1634 em™ K H 95 F R C=C [ 4 zh 2 g 1%
(1500 ~ 1650 em™ ) ; 1034 em™ HZHEH C—O (K
454 sz % (1300 ~ 1000 em™ ), AR,
3619 Fl 3415 cm™ BT W YA i AR AR 2 e iy —
OH, 2922 Fl1 2846 cm™" it Wz YAc s i AU AR e iR
Wii—CH. HULAIAL, 5FFRAT ML, FFEA
s AL FEEREARNE (R2. E3), £
BABEE—OH ., JEIIE—CH., I C=0., FHHiE
C=C M1 Z ¥ C—0, LIFEEE—OH M £k C—O0 ™
FhE RE TR 32, AR5 B 430 R 27.70% ~ 28.33%
H158.75% ~ 60.01%, ZFUREEE 86% LI 1.
22 HRHAREAPLRLLAM SRR

ZTAMFEFAE IR X 5 B 28 45 R i U T AR 7R SRR
TR A R A b ke, AT U T 2R A WL R
EREH Srim . PRI A VLUR F 2 e AR A 2
=4

S (K1), BLIZH C—0 Bz —OH &, H
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[sa)
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L L 1 L L L L | L L L L L L
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P J7 B C=C RR Wi i —CH, kI C=0 %
Higd, RHER2AH, 5 AKREM ML, &
1 Z W C—O0 AT 5 B BT BT N 2.14%, T
M—OH. JEWi%E—CH, FiEE C=0 FIS &% C=C
AR 58 43 T A 2.22% . 5.02% . 5.63% Fll 4.77%
AR RIRT S, R, 7F >0.25 mm Rig
HIRAR N Z 05 C—0 Fradii/b, HARg b &
I, EEE—OH FE 7 i—CH & A8 a5 20
C—O M, HERAE >0.25 mm Bk A B

HIHN T 8.00% ~ 15.60%, TifEHAkig dh o i
o PkEE C=0 RIS &HE C=C FEAES AR
PR AR AR, 7E >0.053 mm S A& P TF B
HIREAR, 7F <0.053 mm AR EF, —CH/C=C
LA AE >0.25 mm HRAA P3G T 24.00%; 141,
0.25 ~ 0.053 mm 1 <0.053 mm KA b,
HA 025 ~ 0.053 mm A RAKP/NEE R K, X
20.51% tEA T B A0 1A SR AT HILJ v Z2 B2 4 I 34
i, FEG. BRI BRI TR

x2 2t RENFEAREEIRLIMFEEEITRE (%)
IR - 3619 fil 3415 cm™ 2922 F12846 cm™ 1880 cm™ 1634 cm™ 1034 em™ LfE
(mm) B R —OH B k—CH Bk C—0  FEEC—C  ZRc—0 —CHIC=C
o it 28.33 + 0.54a 2.99+0.17a 0.71 £ 0.07a 9.22 +0.46a 5875+ 0.21a 0.3420.01a
TP 27.70 + 1.16a 2.84 +0.39 0.67+0.11a 8.78 + 0.41a 60.01 + 1.06a 0.31%0.02a
>0.25 Xof B 25.52+1.17b 2.75+0.14a 0.81 +0.09 10.90 + 1.44a 60.02 = 1.40a 0.25 +0.03b
TR 29.50 + 0.89%a 2.97+0.77a 0.59 +0.18b 7.64+1.02b 5930 + 1.01a 0.39  0.06a
0.25 ~ 0.053  XtHa 27.98 + 1.10a 3.48+0.21a 0.75+0.15a 8.96 = 0.50a 58.83 + 0.64b 0.39 2 0.07a
i 26.53 + 1.02a 2.65+0.31b 0.68 + 0.08a 8.62 +0.52a 61.52 +0.74a 0.310.03a
<0.053 Xof R 28.45 + 1.44a 3.00 + 0.44a 0.80 +0.03a 9.07 +0.22a 58.88+1.75a 0.33 £ 0.04a
TR 27.00 + 1.19a 2.51+0.34h 0.85+0.14a 9.13 + 0.66a 60.51 + 1.01a 0.27 + 0.02a
= FE bR . AR/ NE FRRERTF R TS 2 5 8% (P<0.05), T,
x3 2T REFFEAMHEIEEIEE (%)
3619 F1 3411 em™ 2922 #i1 2846 cm™ 1880 cm™ 1634 cm™ 1034 cm™ BRI
< 5
[ —OH I —CH B c=0 iR C=C £ —0 —CH/C=C
LF it i 3224+ 1.58a 5.09 = 0.83a 0.35+0.17b 11.51 £ 1.05a 50.81 +3.15b 0.10+0.01b
FFE 26.32 + 1.30b 3.71+1.29b 0.43 + 0.20a 9.51+1.10b 60.03 + 1.60a 0.39  0.05a
OF it i 38.86 + 1.75a 6.29 0.76a 0.08 + 0.03b 10.11 + 1.13a 47.66 + 1.79h 0.62 % 0.10a
FFE 31.24 + 1.26b 4.46 +0.21b 0.29+0.12a 8.81 = 1.85h 55.20 +1.99 0.08 + 0.02b
MF it 26.55 + 1.48a 2.73 +0.42a 0.58 +0.21a 8.69+1.01a 61.45+1.75a 0.3120.03a
FFE 2775+ 1.3% 1.94 +0.93b 0.59 + 0.22a 8.75+0.81a 60.98 + 0.83a 0.22 0.05a

2.3 HEEHNA RSN RAE

WKl 2 frs, HEAT5E OF bkt C=0
WA A ok, MEF 4143 A W I 36OR H i R 3
—OH 4R Zh Ik (3619 em™ ), 5 [ASRTHL+
BeAHLe, JFRERBLAVUE LF F1 OF HEEf—OH
D5 C=C & &A Fr M, DABEE—OH 7€ OF
R REIRRE R, M 19.61%, 7E OF 1 C=C
TR 12.86%. ZH C—O WA MR AR LEH, H
HAE LF A OF 43 B3 1 18.15% #1 15.82%, 7E

MF Hd /> T 0.76%. JIg 5% —CH £ 3 4~ % B 241 7
S Y TR, T REIRETE 27.11% ~ 29.09% Z
], MEkEL C=0 7 3 M EL b & &y BT,
TR AR 1.72% ~ 262.50% Z 18], 4% 9% B 40 4y
A ML 5 B AR I AR X 5 5 4 A 45 g A
BIREAL, B L8 C—O0 MEE—OH SR KkZ,
I3l 47.66% ~ 61.45% . 26.32% ~ 38.86%, LIk
3 C=0 TR, (Y5 0.08% ~ 0.59%, J5#%
C=C&8BZFIRKE—CH, JFBJ5F—CH/C=C
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SR . BRI . EEE R BT W, 2R
BILRY R B EWZL
2.4 JFEXTER A PUTRE MR

ME 3l LIE , JFREERT &+ R
A SRR UL S A5 A A MU ZS e, &+
MU G5 2 P R 6.32%. T B R 45 ki 2% 41 R 14k
HA HILBT S P e P B A 1A SR AL D) 9 N T
i, FFRUUG ARG M 5 RIRR IR 2
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EA v, e RATE, LF Al OF A HLE &5
FREMEMEARNRE, (I MF & 26.80% ~ 54.12%),
JFRJE, LF. OF "h A HL 5 o e o4 T B R 3 22 v
T MF, LF oA P 450 588 1 T B 23.49%, OF
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1 OF H A5 AL 245 44 B 52 M X 1 1 BB 10 o) 107 e
BE,
0251 e
* L Ag
0.20 + + %
0.15 - é? w5 )
, 77ls
)
0.10 | %
0.05
0.00 . .
LF OF MF

UL

B3 FAERAEELENRREMN

— 198 —



rRE SRR 2022 (5)

2.5 FIrT

251 FRHPBERUATHLUREHE 0 A
MG RHE(E R T 0.5, BoTHOR R T 85% it

BUESS, SR E KT 0.5 Fm h EM S BER
o s R B SRR A F a5y, PC1AFE(E
7 2.84, TIERZE N 56.74%; PC2 FHIF(E H 1.48, o1
k%R 29.68%, & RELDTHRR N 86.42%, K
PR A 32 B850 X T B i I A AL 245 ) 25 S B 3 i R
FEIK 86.42%, LI N ER . K4 M A+ s
7 2% A AR AT AL 285 4 2 B o3 M - T A bR, A

LO Mm%+ o)
W >0.25 mm (X))

| A0.25-0.053 mm (AHL)
@ <0.053 mm Cifi
0 &+ OFR)

| />0.25 mm (JFE)
/\0.25-0.053 mm (FFE )
(O <0.053 mm (JFE)

0.5

PC2 (29.68% )

o 1

-1.0 -0.5 0.0
PC1 (56.74% )

i

1 0.5 1.0

B4 By A E e DUE S, IR RET PCL 322
A >0.25 mm ARk E, PC2 £EH 0.25 ~ 0.053
mm AR YE, LI Bl 2R 4 LR 2540 & A
ASAR B AR S5 R 2y >0.053 mm I EAA, IE 4
() AT AT R T DU Y, JFRRET PC1 E 2P g A
R NI E C=C MLH c—0, PC2 EEEN
FONHEE C=0, (HIFR)5 PC2 FEPJERN R
I C =0, BRI C =0T AREE, FTLITR
AJG, A AR A R LR S5 F A5 1k 8 31
FEEREA I EIE C —=C FZHE c—O,

1.0

¢ SR —4¢—1 C=0
O FE

Cc=0

0.5 ¢ —-CH
_OH ; Cc=C
.

-OH

T T

PC2 (29.68% )

1.0 . I . . I .
-1.0 -0.5 0.0 0.5 1.0

PC1 (56.74% )

B4 BHEARGCENREZEBEEAENS S50
T 2RO T, AR A I . R

252 HEEAIS AN AT
5 T B 5 % BE 4 A MU S5 #4 3 o0

1.0

< LF (X))
® OF (X))
» MF (%)
< LF (JFE)
0.5 0 OF (JFR)
> MF (JFR)

LT
2

PC2 (11.99% )

Lt

-1.0 -0.5 0.0 0.5 1.0
PC1 (84.86% )

BroFm Ak bR, MIE S Ha] LA 3L 2 > F
45, PClLARIE(H Jy 4.24, ik E H 84.86%; PC2 4§

1.0

L Dy —
O FFE o c=C
Cc=C
0.5 —-CH
Cc=0
= Cc-0
8 00
= 0. —— _
Z c-0 5)—11 e
~ —-OH
O
~ Cc=0
-0.5 -OH
,10 L 1 L L 1 n
-1.0 —0.5 0.0 0.5 1.0
PC1 (84.86% )

B5 EEEASAVNREEZBERAEIHSSN
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HEAE K 0.60, TTHRZE K 11.99%, —#% B sTHkR
H 96.85%, 1T LU T b fift BE 45 2 B 21 43 A3 LT 45
Ak, B S MR e BT IR, JF BT PC1 22
M OF PisE, PC2 FE i LF g, BT R FE
LF 1 OF WA HLE 2548, B S )RR o0 3 am7 B 4 B,
PC1 FE I BIFHIRIE C =0 fIZH C—0 g,
PC2 11 = Z P PR 22 T B A 05 & ik € =C.
Zi b, JF B 3 %5 i LF R OF f #i it C=0
FZHE C—O AR &,

3 e

3.1 SR ARG HLREE A5 L

L IE B A HEAST A ML RS LT,
AV AL EE R B A kAR, B
B REATRAE VAR X SR B A T, SRR R T A
MU A REAIAG S, FFRIE, &t i
BRI ZHERY S 2, SRR s, X ATRg s
FRAE B RGBT B % 02 Ry
PUBS SRR 7, RUEM S ERYI S & %, [H
i, FEAF RS BRI T SR WA BRI
TR Pk A 2 - A LB A B B BE ATA DL ot
RskIR >, LT RS AE AR ErE T, A
RN, A M A AL AR E 1 L B AR,
AT S O B MR S R SIS o s L TR
B RAT, RIS >0.25 mm WIS 20255
Wz, WO EFGY T AEKEE C=0 7£ <0.053 mm [4]
RS IO, X — W5 45 R 5 Baldock %
MIRFFREE RAR— 2, HBFR SR, e
R AR BT LB R A TSR], 208k . g
0 e S P v B R 22 | B AE K AT ERAR I, T
AR AR B S A ROE B 5 Bk . MBS BE TR I
POERM, B IE RO E S E SR, R
fid A=Y 5 G R K2Rk, &
LIV RIS A G o BEml, AMEAS RS BRA L
YIRBIAHUR ST 20 A W A AR 78 Ak i
FHIE >0.25 mm FIERIE, 5 ~ 025 mm KARRIRIAS
AHUR B, MAE >0.25 mm WIS
FEOEIEAR R R B RRAIC, SOAALBTRRE P T %
3.2 KEEHSAHRE L

FRJG, MF 5 &Y & wysm, 26,
NEWF 2B B /b, LE. OF rh Z By msm, 75
Frlte. Ne Wit A BT 289 Bsi /b, H AR fbe B 1L
MF Ko B4 ERWOR G FEFFAE H, L5 E0b
— 200 —

TAEFE o3 il ke (R R K A 0 LA B g I s e 1) b
g, FrLAA LT R G . 22 W I 5 A X 5 R A
T RJEA B T AYURRRENE T, JTRE,
LF. OF H45 MLJoT £ M F K 21.65% ~ 23.49%,
I MF AL T B 7.00%, X 2R LF, OF KZ7%E+
HeRZ, MMsRIRS THRIZ N, & iEhs
Wi Y, RIS MF AL, LF R
WIfE 53059, TR S i, 5 ERA MF
w2 BT MF S R PR E MR L2
Helfrich % ' BF 58 W, SEi b, FKRIA7E
Y ede—0—C Frim, idk—C. HHE—C Al
R —C AR, FEMAAL EOR B A
LB E 25 MF oA oL A G, e R AR
86% ~ 91% -7, Hrh 3% H—C R H—C HIXT L
B, FORFRHES R A HLB & & T R 580 MF
AHUR 5 F YRS LR, SRR 1
SRR SE L A BRI T  Y —E L
B YU A R SR AR Y, X RO
AR B A e e E o, -3
SF SR iR B ok e R oT]iEk < in e s B I i ) W
J¥ MF>OFSLEF, 3% —45 5 5AAIR A5 R A — 2,
33 BERPEX

RO R BN, FHOTR RME, Al
AW R, RERIE T RS AT 10 4F, AL
B iR EUT R U AHIF ST TT B A 3 2 - 4% 2
SR PSSR HEA T 43T, R WITF BAT R AL
JRLER RIS F IR T, AALR SRR E T
R, poEh PRI R AR S, HEMAEYES
REGHBIWIR, WED R EIECR KRR, 5wk
AV RS SRR ok ILAh, FFFR
B A - 49 o T BRI R T R MELAFH R, TR
R EBIN EZORIR, FoRBGRE, #eEs
o F RFRAE T, FEOFEFRIYIR T .
ST LRSS R e M R A R, AFAE R AR
WL A DRy R B AR PR, RS FE LA A
JATE YRR A HUT A FEEOR TR, REFF A5
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Effect of reclamation on the chemical structure of organic matter in black soil

ZHONG Xin', MIAO Shu-jie', HAO Xiang-xiang’, LINa’, QIAO Yun-fa" (1. Nanjing University of Information Science
and Technology, Nanjing Jiangsu 210044; 2. Northeast Institute of Geography and Agroecology, Chinese Academy of
Sciences, Harbin Heilongjiang 150081 )

Abstract: Based on Fourier transform infrared spectroscopy, the influence of reclamation on the chemical structure
characteristics of soil organic matter in black soil of Northeast China was studied, and the chemical structure change
characteristics of organic matter in each particle size aggregate and density component were explored, which provided a
theoretical reference for the change of soil organic matter structure in black soil farmland. Based on the long-term positioning
experimental research platform of Hailun Agro-ecological Experimental Station of the Chinese Academy of Sciences, the
natural grassland soil before reclamation was taken as the control, and the soil of plough layer (0 ~ 20 cm ) for eight years
after reclamation with no organic material input was selected as the research object. The soil organic matter was divided into
different components by wet sieving method and density grouping. The infrared spectra of original soil and organic matter
of each component were determined by Fourier infrared spectrometer, and the influence of reclamation on the chemical
structure of soil organic matter was analyzed. The results showed that the infrared structural peaks of organic matter hefore
and after reclamation were similar, and polysaccharide C—0O and phenol—OH were the main components. The content of
aromatic C=C in the whole soil significantly decreased by 4.77 % compared with that hefore reclamation, and the stability
of organic matter decreased by 6.32 %. In > 0.25 mm aggregates, the relative strength of aromatic C=C and carbonyl C=0
decreased by 29.91% and 27.16%, respectively, and the relative strength of enol—OH increased by 15.60%. In 0.25 ~ 0.053
mm aggregates, the relative strength of polysaccharide C—O increased by 4.57%, and the relative strength of aliphatic—CH
decreased by 23.85%. In <0.053 mm aggregates, the relative strength of aliphatic —CH decreased by 16.33%. The relative
intensity of polysaccharide C—O characteristic peaks in free light fraction ( LF ) and closed storage fraction ( OF ) of organic
matter increased by 15.82% and 18.15%, respectively, and there was no significant change in mineral fraction ( MF ) .
Principal component analysis showed that reclamation had the greatest effect on > 0.053 mm aggregate and organic matter
structure of LF and OF fractions, and the relative strength of polysaccharide C—O in each functional group increased most
obviously. In conclusion, reclamation reduces the aromatic components of organic matter in black soil large aggregates and
light fractions, the organic matter structure tends to be simplied, and decreased the stability of organic matter structure.

Key words: black soil; organic matter; infrared spectroscopy; aggregates; density components
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