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LRI R R HS B Z5 PR A B2 R . Spac-
cini 45" KL, AU AR L BRI IF R
A& T, S8 068 B oA 808 ek /D, LG 23 1 45 F Y
e B K B K AT A o TR R AR AR A L
T A B B o3 o ot R A B B Y UKL A BIL ST
(POM) , i i iy FIAH 3 v Ay - A AL BT £ 22 5 4
Wy s 5 A A HILJST, 55 7 e R0 B i Bl 5 8 A X
B, MRV L A HL BB R R, & T R
AT DU S5 145 4 v 57 A 4 Hg o e g
iz G E 73 M FLLL AR e 5 R W8 1 S Bk A i L
MR HE R A AR G 3 X b HA B 45 0 1 o
KB T R HA B35 A B R AR R R A
RAATESE 0I5 58 5T ) 45 K s T AR, TR BB A
BT R HA R SRR T AR 4l M T
B AT SRR r S L T 2 R SR L A R A AR B T
R [ R, BBAK B A S E ST T A [ it HE
MR I 338 P 2R 1A b A BB AG 25 4 o, AR T
AR A 25 B GE T AT SR A v i B J5 45 A 1k
T3 H) ATF 5 A T, I R T A R R R A
o 4 A 0 AR e DAL R AR v I L O A Y Y
R = o P, AW 5 DU £ X AP i 1 A
SR HF L FIRR M 3 Bl A S R ST B9 N B 5T
XG0 H A AR HA B 53 T 25 P BTl AT BT
B AL SR A  f1 BE M R TR T OKF B s AR TS
R GE RN 4 AT HIL AR 2R e 4 1) 52 e BIL D, A

PE— 2L PR HS 5 P SR MR 2 18] 9 5¢ 2 A4 1L 1 A
F 7 3P B e A

bR ik

L1 i+

WFFE X AL F 28 e VL AR W48 17 b B R 27 B 1 2
[ R B AP B2 LI A 5T 3 (N 47°26"  E 126°38") &
LU DAER ARV g R 1 S E R | A e o 1 S RTIN R
Ja& TR T Rl 2 KU X IR AR AR 1.5 °C
AR & 500 ~ 600 mm , 4F ¥ AH R 2 450°C , 4F
H 1R i %5 2 600 ~2 800 h, 4 38 55 pU 240 B L 4R W 26
T RBMBAHIER L+,

R T 1985 4, A3 MAES RS (1) &
M (Grassland, GL) , 1985 4F iR #F K i 2 4>, 5 AL
FAAE AR ES RS (2) B (Cultivated land,
CL) R MAR RS, FfE 7 =/ E - K - K
TSR, —4E — 2, 2009 4E Rl K T, it AR R N
it N 120.0 kg hm > P, 0, 55.0 kg hm ~*, F Kjii
N 150.0 kg hm > P, O, 75.0 kg hm >, K & jii
N 32.3 kg hm > P,0, 82.4 kg hm ~*; (3) £ H ( Bare
land, BL) , 75 AH ) A5 K W) 101 7 1016 A8 ) 47 B3, 5 410
ToAE A o T R R A R R T 2009 4E
10 ARE R Z ARG HERE 0 ~20 cm 14, H
AR R 1,

F1 il tEOERBELER

Table 1 Chemical and physical properties of the soil for experiment

EERIIR oL A AL - X b i ki Fioki
A 2R ‘ R HEAH )
hb B pH Organic Alkali- 2~ 0.02 ~ <0.002 mm

Total N Available P Available K

Treatment (H,0) carbon hydrolyzed N 0.02 mm 0.002 mm Clay
(gkg™h) (mgkg™") (mgkg™h)

(gkg’]) (mgkg’] Sand (% ) Silt( % ) (% )

i GL v 6.21 30. 06 2.31 219.2 34. 47 327.5 38.19 26. 64 35.17

i cL @ 5.92 26.75 1.97 198.8 36. 86 164. 6 36. 30 31.85 31.85

i BL ¢ 6.10 24.20 1.78 203.3 26.23 206.5 39. 60 26.49 33.92

(MGL, Grassland; @CL, Cultivated land; @ BL, Bare land

1.2 S#AH*E

1.2.1 HRERESH R ED FREUK
T4 100 g, FHCE #F i FLAR 40 51 2.0, 25 Fi
0.053 mm AR M ARG ETR WK L2, EER%
PR HZEMBKIZNE S min J5, L)L 30 ¥R min ™" 14 5 BF
43 2 min, B RFIRIE N 3 em, 0045 WG ¥ )2
O b A SRR b e B B AL T, 3K AR > 2 mm 2 ~

0.25 mm Al 0.25 ~ 0.053 mm [ /K £ 1 A %k,
<0.053 mmPA RARLEAT N UTKE 48 h, 555 LiEW G
R BB o KRR b R AR T AR 1A
BRI AR 53 8

1.2.2 HIEPREFEH MR 0.1 mol
L~' NaOH 4 Na,P,0, IR & 0 $2 B A 39 A1 K f
PEER R 1L 2= pH1. 5 3 2 HA, 5 &3 L B
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Br W 4E R T4 R )5 45 3 HA TR, BB 3R L
Ck[22]

1.2.3 e RR A T % I + 3 pH M E R
MR (OK 2 2.5: 1), A ALK & R E
BRIP4 R R R T TR 5 A RO R
FHR R S i 32 — BB B L €8 1, SO R T 2 1R
B 4R (JIE G RETER ) 5 3 B A SR Ik VAL B R
FHIC R TG AT I A

1.2.4  HA Z5#6 P 5T 09 I & - 5 AT SR AR ik
i & HA 1950 K 48R T Elementar Vario EL I
RITER AT ALTE C\H\N BT SE 4700 5E , Horp HA
i C H N JTER & & A ICM{E, 0 il S JTR & & i 4
IR ] 22 W0k T H 3R AR A 5 22 A0 #7 ( Differential Ther-
mal Analysis, DTA) iz FJ Shimazu TG - 60 # & /3 7
{SCGHEATINE  FRFERE S 3 ~ 10 mg, 7E 200 ml min ™' ff)
A WMELEMT LS C min T TR B 25 C
THE 110 C, 145 60 min DUHH K 5r 2B K, Z
JE4k L L 5 C omin T Y TH R B B B 110°C T &
600 °C , £f4F 30 min, [ a - AL O, fE 2 AT L IE
I b 5L R 0 T AR TSR RO A, R AT 2 E
0 M1 ; HA 19 8 37 21 4b 6 i% ( Fourier Transform
Infrared Spectroscopy, FTIR) £ AVATAR 360 f# 57 0}
AR LT PO TEAX BN E SR KBr JE R (HA F
KBr (& H 1 29 0 1:250) , a3 il 2 4 000 ~

500 em ' FIHEVCEL 128 WK, ArHER 8 em R HAX
i H A 19 53 AT 3 R 20 A0k 1 R AT o AT,
B — W TR R Y 3 LU A X b Ll A W 8
1.3 HiE4bE

S HE SR B SPSS 15.0 Fll Microsoft Office
Excel 2007 {4 k47 B0 73 A Ak PR, P 3R AR B ik
i 28 S A R SR BRI R 7 22 4 B LSD 7 i
HEAT I #5253 43 A R0 20 40 Ol 1 B3 43 0 R
TA60 version 2. 10 F1 OMINIC version 6. 1 32k 4b 7

2 4 R

2.1 TEARGFHSGREBREE

222 Al 0L, +4% 2 ~0.25 mm F10.25 ~0.053
mm R AR AR S S T ARG,
F WO ARy R 42.10% Fil 29. 42% . AR ZE
BRE TN HEHARKN A HAAEEZS, >2 mm Al
2 ~0.25 mm KRR i > Bk > # i,
H=#F 225K 8 EKF(p <0.05) ;1M 0.25 ~0.053 mm
F1 <0.053 mm fff A 2R A 1) 43 A B DU AH B . X 3R
W, B A R T A g O SR A B TR B, 4R U A
I T Tk AT SR A B T8 B, B b o O/ T SR AR Y
3 AR A T B FRR b 22 6]

®2 IEARGMESERERSE

Table 2 Proportion and carbon content of various fractions of soil aggregates

gL Gk JuSeg s VAT 588 Ak e 5
Aggregate size Proportion of aggregate (% ) Carbon content of aggregate (g kg™')
(mm) 4y GL Prits CL Wi BL 4l GL P CL Hhib BL
>2 15.07 £1. 60cA 9.85 +1.81cB 2.85 +0.98cC 27.46 +0.45¢B 28.09 +0.47aA 22.46 +0.21abC
2 ~0.25 59.65 +1.89aA 36.76 +3.12aB 29.90 + 1. 82hC 29.69 +0.23abA 27.03 +0.71bB 22.11 £0.46bC
0.25 ~0.053 17.64 +0. 89bB 33. 14 +3.09aA 37.49 + 1. 66aA 31.71 £0. 81aA 26.17 +0.25bB 23.05 +0.39aC
<0.053 7.65 +£2.47dC 20.25 +2.00bB 29.76 +2.40bA 28. 88 +0.40abA 22.62 +0.36¢B 20.92 +0.28¢C

TE - [ B R /NG 5 R 3R A TR 9% VAT 5 A 22 11 22 52 8 35 (p < 0..05) 5 A AT AN 6] K5 5% BE 3R 7R A A Ak B 22 8] 22 53¢ W 3% (p < 0.05) Note:

Different lowercase letters in the same column indicate significant difference between aggregates at 0. 05 level; different capital letters in the same row in-

dicate significant difference between treatment at 0. 05 level

AN TRRL G AT AR N 1 e & B AEAE 22 R (R 2)
B FI AL L)L 0. 25 ~ 0. 053 mm A 58 {4 A R 4 i
o, B b AT 3R AR ) e 1 o B R AR Y /N TR AR . A
ARG T BR >2 mm 4b, 55 4% 2% A 84K 1 5%
FRDES T Mg, ESRE R AUE
M) 5 1 498 AT SRR 19 e % &, T L 52 W o - Ak AE &
G A R AR ) 43 A o

2.2 +EFRT HAWTERAN

HS iy C . H.O N .S %5 0 R 2 i, Wb B 1
KRBT, 0.25 ~0.053 mm ik HA 1 C.
H &, 0 +S & & i i # A R Ak i HA C
HE&ERREEL K O +S & & &% N o 7E
>2 mm R, FEHL AR AL 2 mm DR B R K HA
1 H/C (O +S)/C LR Rk 1Y 28 A0 2 B — 2
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B R, R B B B A R 1 K /0N T R ARG, A b DU
il 5 6 5 () I /IN T SR T R (3R 3) .
ANRVESRGET B & R AR A HA 1y C
H N 55 a3 1 T8k b R R sth A R kz 2% A AR T
O+ S W3R B A e M. M H/C,N/C Al
(0+S)/C KA, AFRAERRGE T LR ER
A ( >0.25 mm) H HA ) H/C JCHH W KL AE , 330 A1 3R
A ( <0.25 mm) H HA 1§ H/C W0 2 1 > # b

> B s B >2 mm Ah HR 3 SRR R HA Y
N/C B R > #Rat > Bl AT R A ( <0.25 mm)
HA B0 +S)/C KRB #R M > Bf b > Fdth, X
5 H/C Y MEAR S, BF 3t R B A& (> 0. 25 mm) i
HA #7(0 +8)/C & T B M MR M, HEHEER > 2 mm
SN AR 3 A KL AR A HA 19 (0 +S)/C BMK
TREHFIRR 3, B3 2% 90 A R AR HA 19 (0 +8)/C
TR

£33 TEETRETIEARG P HA BT ERAR

Table 3 Elemental composition of HA in soil aggregates under different ecosystems

Qb PR C H N 0+S
Aggregate size H/C N/C (0+8S)/C
Treatment (gks™") (gkg™") (gkg™") (gkg™")
(mm)
>2 584.6 43.0 33.4 338.9 0. 883 0. 049 0. 445
2~0.25 591.2 45.9 38.4 324.5 0.932 0. 056 0.412
HH GL
0.25 ~0.053 625.4 47.3 39.0 288.2 0.908 0. 054 0.346
<0.053 576.0 45.3 36.9 341.7 0. 944 0. 055 0.435
>2 569. 6 43.1 33.5 353.8 0.908 0. 050 0. 466
2~0.25 509.5 40.5 28.7 421.3 0.954 0. 048 0. 620
Hrh CL
0.25 ~0.053 583.8 44.0 31.5 340.7 0.904 0. 046 0.438
<0.053 581. 1 42.8 32.3 343.7 0. 883 0. 048 0. 444
>2 587.7 44.8 35.0 332.4 0.915 0. 051 0.424
2~0.25 562.0 38.7 32.0 367.3 0. 826 0. 049 0.439
#ith BL
0.25 ~0.053 556.8 38.8 33.2 371.2 0. 836 0. 051 0. 500
<0.053 581.9 42.2 35.5 340. 4 0.870 0. 052 0.490

2.3 +iEFARES HA B MO E

b A Bk HA [ 4T 80 G % (FTIR) 48 1
iR, HA Y W i g 32 B/ LR X SR
2920 em (R XFFRAG % C - H 45 iR 35 ) (2 850
em ™' (- CH, - XFFRAE % C - H M 4i ¥R 5h) 1 720
em ' (RIEH) C =0 4 HRsh) .1 620 em ' (F5
C=Cigiiksh) . 1400 em ™ (J§j% C - H I Ik
21) 1230 em ™' (JR¥E W - OH WABTEIR S C -0
A PRSh) F1 1 034 em ™" (BR KAk A 4 5 2 WE 45
HC -0 AR LTI YH Si - 0 ff 4 4k
2) P T LA G R — 0 i 0 e | X

JEEWANR

IO P AE AT 5 et il vy, DR IR P 2 A 1 X %
B BE A W e AT T AR A, P — e ) T AR o

I U T AR T 20 BG CAH X 55 32 ) R A X b S e 32 06
Ji ot 2 9 B RE A4 e, 9 AT 2 920/1 720 12 920/

1 620 LY {E A S e Ji 5 T3t 23 5 B iR R sk / 82 42k itk Al

TGt/ J5 Bk W LU (3R 3) . P Ak b HA
By FTIR B35 I8 R A< A1 [6] , {BA [) R ¢ (8] DL R AN
WS RGE T R R 1) HA 78— SO RRAE 06 1)
WO B T A7 A AN IR B 1 25

WL B HA 78 2 920 F12 850 em ' Ak Ay I
WU T 7, Ml R AT SR AR (> 0.25 mm) B I 5T
AR (< 0.25 mm) A&, 7 B b A1 ER Hb 24 DL 0. 25 ~
0.053 mm f W e H . 3 FMAETRET <
0.053 mm i % [ 2k i HA f 2 920/1 720 A
2.920/1 620 LA 5K (£ 4) o

DAL RRAERS RG T, #1459 R ik
1 HA 78 2 920 F1 2 850 cm ' &b (14 W i e /N T 25 Hly
FHE b, AP B (>0.25 mm) f HA 76 1 720 Fi
1620 em ™" R 14y 15 s 06 B b T AIF b AR AT ek 1A 2R
A (<0.25 mm) WAHRZ (1) .
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>2 mm
1 1
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4

17201 620
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M\/\W
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P% Wave numbers (cm™)
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1000 500 4000 3500 3000 2500 2000 1500 1000 500

2920
2850
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! 7201 620

1140

<0.053 mm BL

GL
C

L

4000 3500 3000 2500 2000 1500
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1 GLARFEEH, CLAAFEHH, BLARFEHHINote: GL stands for grassland, CL for cultivated land, BL for bare land

1000 500 4000 3500 3000 2500 2000 1500 1000
Pe% Wave numbers (cm™)

I REAEZZRGT LR AH HA 9 FTIR &%

Fig. 1 FTIR spectra of HA in soil aggregates under different ecosystems

R4 ARAESRETLEARE S HA 59 FTIR St i 3 2 0% U 0E 69 48 39 58 &

Table 4 Relative intensity of the main absorption peaks of FTIR spectra of HA in soil aggregates under different ecosystems

500

e ki gk AR X3 Relative intensity (% ) KAl Ratio
Aggregate size
Treatment o o ) o
(mm) 2 920 cm 2 850 cm 1720 cm 1 620 cm 2 920/1 720 2 920/1 620
>2 7.39 1.91 49.9 40.8 0. 148 0. 181
2~0.25 6. 87 1.35 44.6 47.2 0. 154 0. 146
Hl GL
0.25 ~0.053 4.06 — 45.3 50.7 0. 090 0. 080
<0.053 4.47 0.439 50.0 45.1 0. 089 0. 099
>2 4.23 1. 16 41.7 53.0 0. 102 0. 080
2~0.25 8.29 1. 36 47.4 42.9 0.175 0.193
B CL
0.25 ~0.053 10.1 2.15 44.9 42.8 0. 226 0. 237
<0.053 1.51 — 42.0 56.5 0.036 0.027
>2 2.99 — 50.6 46.5 0. 059 0. 064
2~0.25 2.15 — 48. 1 49.8 0. 045 0.043
#ith BL
0.25 ~0.053 6.98 1.29 42.9 48.8 0.163 0.143
<0.053 2.39 — 49.4 48.2 0. 048 0. 050
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2.4 TIEARD HAWERSNT

223 B (DTA) FEARIE 5T HS 5 T Z5 0 Y —
A RCT B o HS 7 TH il e i rh R B2 iy 10 3 e 4 |
F it 3 AR g e A = A B B R I
(110 CLAP) F= 22 R dh R K (0 5 A, o il i 48
(260 ~350 °C) f3& HS 7r 7 i5 AL & W 19 73 it
A E RE A B R A R B S R, T gl AR
(350 CLLE) =& HS sg 25 M o> 1 N 57 b &
Wor e R . 2 BoR, & R WA HA /b

TR YR 7E 299 ~ 315°C 22 [i) , JHL 0 780 45 o -,
BT I A 1 R A B N Y- 7 5 v I TR B U L A
442 ~490 °C 2z [a], Houg RIS B0, Ui B & TN HA 4
T2 R I TSR B T (L 2) o DA TR A 9%
KFE, 1 >2 mm FRAEF HA B &/ iRk,
55 P/ MR WG R T AR 9 5 R b R L 2 mm L)
TP R AR HA [ 55/ v e BE A R 2 ) 1S R T
B R A A (> 0.25 mm) 1 HA 1%/ L B G
KT WA RAE(C>0.25 mm) (£5),

448

BL
GL
CL
L 1 1 - Enm 1 1 1 L 1 1 ZNOZIS i 1 1 |
0 100 200 300 400 500 600 0 100 200 300 400 500 600
i )& Temperature (°C) i J& Temperature (°C)
461
466490 4
313
311 4 BL
313 42 BL 307
GL
309 GL 315
L CL
0.25~0.053 mm <0.053 mm
0 100 200 300 400 500 600 0 100 200 300 400 500 600
i & Temperature (°C) )& Temperature (°C)

K2 ARASRGE T LRERARE D HA ) DTA £

Fig.2 DTA curve of HA in soil aggregates under different ecosystems

ANFREBRG T, b4 9 H Rk p HA [
TR A R T B R b AR IO R S G v L R AR
S5 UG T B b R0 A s, L b R0 R b AT 3R 1A b HA
() T/ G 3 e T Ml B 0. 25 ~ 0. 053 mm ki g%
A, Fofth 3 A RE G A B AR HA (5 /v L 35 8 Bk
> (£ 5) .

3 9 ®
3.1 AFERGRBNTEARGNARRERS

=4

BB RGIBN L IERRAR AR A — &

RAN R VAT B R R N M > B > 4R
Hi 33 S PR S R R 2R R 2 6 A R R A ) R
7 2 71 7 (4 T, B AR P o £ 7 A 1
e e 445 0 O R AR A 44 K I 4 5 A 4k
A 58K 1 T 1 A AR 5% W 5 1 40 b - 33 7 Ak T
FHTIR T, 08 T L5 DL B2 %, B T
18 DH S AE R 1) 2 A 5 4 00+ 398 v B = 0 AR 2R 0 1
31, AW VEAIR , VA 3R MR R S e 5 R B 7 A R L,
FOK AT B8 R M AR, O 78 W7 40 % A /D 2 T B
. — BRI FE U, B ok DA 3 1A 0 O A A A A
WM ARG 0 4 S I 3 B e P O
B ik B2 B DN 2 R A1 B, A A R A B i
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x5 AEAEFTRETIEARG S HA ZEZRBL T PHBANKE

Table 5 Exothermic heat and mass loss in differential thermal analysis of HA in soil aggregates under different ecosystems

o

R Exothermic heat (kJ g=') T Mass loss (% ) P
. B/ B
LR ) w5/ e
Kb B N Exothermic heat .
Aggregate size R e i R 5 i Mass loss ratio of
Treatment i ratio of moderate .
(mm) Moderate High Moderate High moderate and high
and high
temperature temperature temperature temperature temperature
temperature
>2 1.09 34.7 31.9 16. 8 58.3 3.48
2~0.25 3.09 29.6 9.6 22.9 61.7 2.70
B GL
0.25 ~0.053 2.98 31. 4 10.5 21.8 64. 4 2.95
<0.053 2.42 31. 1 12.9 20.0 61.8 3.09
>2 0.474 42.3 89.3 10.3 67.2 6. 49
2~0.25 0.672 36.0 53.6 13.8 53.5 3.87
Hrits CL
0.25 ~0.053 2.07 31.5 15.2 19.4 54.3 2.80
<0.053 1.82 33.0 18.1 18.3 57.8 3.15
>2 0.59%4 39.0 65.7 15.3 65.3 4.27
2~0.25 2.30 26.9 11.7 21.5 58.8 2.73
#iih BL
0.25 ~0.053 1.81 30.7 16.9 21.1 61.5 2.92
<0.053 1.99 34.9 17.5 20.0 60. 4 3.02

1o, — 5 TSR H T A LT AT R R Jie 45 K A 2R
A5 o5 — 5 T, 4K A RAK BT AL 2 AR &R R B 22 W]
DL I HCR A i 0 R 4 Ak I SR AR R
S IR T B RUBE Hb B G A B A AT SR A (R JE B
TR R AR Y R K D T AT B
R A 33X A A A AT SR AR P A 194 F Dk /L, T EL A
V2R A N 8 1 7 19 A6 AL 3% A8 5 A 0 T 4 i o
AR B T, T SR G WA ) D R TR 22 AR
AP A BT AT SR A N R MURL AT AL (POM) (19 JE
B, TR R T O AT SR R 1 T R R R R TR
P SR A 9 A L £ 1
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STRUCTURE OF HUMIC ACID IN SOIL AGGREGATES UNDER DIFFERENT
ECOSYSTEMS IN TYPICAL BLACK SOIL REGION OF NORTHEAST CHINA
Hao Xiangxiang''> Dou Sen'’ Han Xiaozeng® Li Mingmin' An Fenghua'
(1 College of Resource and Environmental Science, Jilin Agricultural University, Changchun 130118, China)
(2 Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Harbin 150081, China)
Abstract To explore effects of ecosystems on molecular structure of humus ( HS) in soil aggregates, soil samples

were collected from plots of grass land( GL) , cultivated land( CL) , and bare land( BL) in a long-term (24 years) field

experiment in the black soil region of Northeast China for fractionation of soil aggregates into four particle-size fractions

(>2mm, 2~0.25 mm, 0.25 ~0.053 mm and <0.053 mm ) with the wet sieving method and further for analysis of

structural properties of humic acid ( HA) in aggregates with element analysis, infrared spectroscopy ( FTIR) and differen-

tial thermal analysis (DTA) methods. Results show that the type of an ecosystem has some effects on molecular structure

of the HA in soil aggregates. The HA in soil aggregates from CL was higher that from GL in O + S content and (O +S)/

C ratio, which indicates that the HA in soil aggregates from CL is higher than that from GL in oxidation degree. The DTA

analysis reveals that the HA in soil aggregates from CL and BL was lower than that from GL in thermal discharge under
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moderate temperature, but higher in high to moderate heat ratio, suggesting that the former is higher than the latter in aro-
maticity/aliphaticity ratio. The HA in soil aggregates from GL and CL displays higher peaks than that from BL did at 2 920
and 2 850 ¢cm ', representing C-H stretching vibration of asymmetric and symmetric aliphatic ( CH, and CH,) , and the
former was also higher than the latter in aliphatic-C/carboxylic-C (2 920/1 720) and aliphatic-C/aromatic-C (2 920/
1 620) ratios. Compared with GL, the ecosystems of CL. and BL both increased condensation, oxidation and aromaticity of
HA in soil aggregates, thus enhancing stability of the molecular structure of HA in soil aggregates.

Key words Soil aggregate; Humus; Element composition; Infrared spectroscopy; Differential thermal analysis
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