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cm ), A LA BRAS FFBE RS 0] A

FEFFIRIL (Deep application of straw, DAS) SR8 BRI A T ERE (20 ~ 40
[RIEf v R AR ) . BUKBE T AEY Fe & . AN SCRE T 3 Al

2T 50 0 K AR 55 P i RS AT RGA SRR RS AT IR AR 5, SR AR ok A3 A >2 mm
2~0.25 mm. 0.25~0.053 mm#1<0.053 mm 4R, EPESHrREGEIR (HA) , @il nRAM .
LT AT R 2 AT BT I T R FF IR AE X 28 = 45 R G A AR R HA G MG IR A 52 . 25 SRR . SR A
R LRI A2 ~ 0.25 mmbr g, DEFREIG 1 SRR 1 R HLAK 7 1 ¥R R 2T R 2K, DAS
R TSR I RAIRIE AL, (e L SR B RIR R AL £ SWRZML, RZ£R%HA
BURHAR AR G S0 B A AR E P 4 AIC, MR Wi /4R SE W AN I e ik / 05 A e 58 195 5 DASHIE fff 4 4%
RZFRZ SRR R P HAWN ARG B A IR e TR, b R 2 HA W46 4 3 BRI 3
Sy T 2 A B IR E MR B ARIR AR . KRB P HAM A FEME TR ZE S R, BT
VRIS EAE 3 ip A BL & 30, HAMZSH ik . 4Riefk.
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FEATBEbE o IXFEAMIGYLIREL, AR T kb2
W AL T REAEREL,  “FEFFRIL”  (Deep
application of straw, DAS) J&f £ K5 #1381 ML
WAk F Boii A +3E V%2 (Subsoil layer, SL,
20 ~40 cm) o FEFFREBEME R T H AT - HEPEE A
. DAL T EEEOKRE T T RESE L, S
T TR AT A IR TS g, IR .
Ko B BOEMER . TR RETESE
B ERREFTE N, B2 AR T, AL
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FIH NG A RS AT AL 7 LR, RS AT IRE REARAS L
1 7 A R BRI iy P A B SRR UK
B DU R A 2R R B -
BERGPE s HAMGE AR . 05 R 4 K R AR E
WO, S FAAEE S I SR kL
T, SRR RR AL TS A

Zib, WEMNEGERFEITE MU ERL, X
FERIE BT ST 5 () B ) 5 TR0 i 8 T B
o FOKBES . WUEYIEIESF AR R Z, Xt
JE& BRI AR PR AR AR S D, R X RS AT IR
I I A S A TR A o O v P B ) AR AR LT R L
il o ASCEEH IR TRIC R IR EMRZ
SR P HASS YRR AR B2 ), Sy S fo] 2 1 L B[]
T AR LA 3 | el R ARG AT ORI B A 5 PR 4R
HEH K .

1 ARSIk

1.1 ARXHER

1.1.1 X 5% [ AR At BT S e 4
K2F 50 0 FOKEVERF L ( N43°48743.57",
£125°23'38.50") . i THMEKENTHHX, BT

SR
we
ﬁwmm{ BN

Jeila KeivR AR, EETHREXN, EEERE
W, BREAR TR, &Y, A MRS,
TRAE T AERE . BRI B RTH , EEAR
H23 C. A4S C, BRIRKE-39.8 C, &
S#39.5 C. HMRETEIATIA2 688 h, 4ERE/K 617
mm, ZEPEL. ANAG, ERREWE HFREK
W60 %L o FRERIR2ZEBK, Wl 55 M LK
Ao T BEEAUR R IR IR R AR 2, Y
TREERGEHEMFERIER L (Argiudolls ) .
1.1.2 +ERE AR SC b BT R E 1 3 2
WFEHHE L AU )ZE Ko H 2R —#R 5, A
R R A RS (WKL) , 25 Rk
FREMZUT AR (BHE . s . SRS )
1920 ~ 40em + )2, J& M )2 D He A4 HRT K 5 T
NN RE )
1.2 WRFAZ

R A MRS FF (CK) AFSFFIRE (DAS)
b3 CKANIZYE, At RS FF, AT IE % f Bk
1o DASZMEAE201 4R 11 A AR FFIRIE , TR
Ja N IR 1, A I ok 3] 55 R T
LFJRT60 ecm, PFIETE40 cm, 40 cm, PR
57 B X N WG 28 oK 2 0] 2B YR Ak EFE VA Y[R

el B

MR L os
B W
<— #ERE15~20 cm 0~20 cm
<—— RJKZE6~10cm 20~30 cm
<—= »1JE20~50cm 30~80 cm
< ELE 80 cm PAF

K1 +EEX

Fig.1 Definition of soil layers

10 ~ 20 emF120 ~ 40 emiZ Y I HIHCE . £
KGR G IREFER IR 2K N3 ~ 5 em, W5 PEIE
TERA Y, BIRSFFAE A, 16 H & 12 000 kg hm ™,
— KRR, JFRCEIE (JRE450 kg hm™)
TERSFFIE TV 5, #5820 ~ 40 em . 0~ 20 em/li)F
T, BRI ARV, FiFFRIE S,
DASYH CK#EAT R B

BAV/NXE 36 m?, FEHLHES], 3IREE .
FOK S AP 2 S AR, A12011—20124F Ky th
4368 (L ek &M TFARAR ) . TiLFF

A DL & F437.6 g kg™, BERGEST2 g kg,
C/NH}76.50.

F20124F 10 H R %E)Z (0~20 cm) FEERZE
(20 ~40 cm ) £33, HEl A SEAME BT L1,
1.3 mMBath5NE
1.3.1 MIRES% R, KRBT
THFE100 g, B ETEHALES A N2 mm, 0.25
mmA10.053 mmZL A A Sk £ & L2, 1F
FR AT ZEBAKIZIES minfg, DL EE 309K
min” Al FIEIE N3 cmEi%2 min, 4G,
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Table 1 Basic properties of the soil tested in the experiment

L e H LB 2R T fif AL AT AR
e E3 AV 5
Organic matter Total N Alkalytic N Available P Available K pH
Soil type Depth (cm) » » » » .
(gkg") (gkg") (mgkg™") (mgkg™") (mgkg™")
L 0~20 20.51 1.02 77.70 11.52 74.46 7.71
Black soil 20 ~ 40 19.28 1.45 84.23 11.66 67.87 7.77

W B J2 00 L AR AR e BT, R >2 mm
2~0.25 mmA10.25 ~ 0.053 mm 17K a1k 1 544,
<0.053 mmMA RIKFEMNTIFE48 h, 7k LWEWR)E
BB BT A SRR TR, T
ARG AR 50
1.3.2  HHEPA R HA B B 4548 2 5 A 2

FH0.1 mol L™ NaOHYR & 4= 1 HE A R4,
WP BOR IR L ZEpH=1.53 2 HA, F&EL . B
BT WS . AT ESBREAEHA TR, HiAR%
BEUWL Sk [ 18] o eI SRR hak & it LHA I T
Z AR Elementar Vario EL TR0 & A AE
C\H\N#E R #4700, HPHARC, H. NJTR &
HONSCINE, ORISIGEE & & (1 B RUR H 2200
PeAs; ZAHriz FHShimazu TG-60F & 23 #rAY
rmag, FRBCEE S A3 ~ 10 mg, 7£200 ml min™'
2SR AE T, AS °C min ' BTHEERE 25 C
TFE110 C, F4560 min LR K> HB2E %,
ZJEHREELLS °C min B 110 CFHE600 C,
%730 min, H o —ALOMMS LHFTRE, Il
TR AL & 0 i AR, TR RO N, BEAT R A
Mrs HABIZLAMEIETEAVATAR 36014 37 728 2T 41
JEREAL EISE, RIUKBr JEH 2 (HAFIKBri) & i
FeBIZy R 250) , TS R4 000 ~ 500 em™,
HHERB1280C, 43 ¥ER8 em™, KA H 1
IR RTLL A 1 A T2 A A PR — VT
TR 43 HOAE XoF M BL A e 56k 5
1.3.3 3SR o + A B B R
FERRMA R, 2ERHEHEITIRE; WiE
FOR FHBURRY 0L, A R0 R F ik iR 24N 1R 3 - 4
BRYULL O, BUBCER R FH JOAEE R TS, pHRH
AL, HIERIR AR . A S R TR i
FrmpE
1.4 HiEE

SCHEE R FMicrosoft Office Excel 2007544k

HEATECHE Sy BT A3, £ 90 53 11 A 22 3R 43 A 161 i 1
Origin7 S HrVERE .

2 4 R

2.1 FEFFREN LIEFARREAR BRI
Lo REFF R, AN TRDRL g 4 18 A R AR 7 i 2
WAFEMAR L (R2) o BRI S, R
EHWFRZR2 ~ 0.25 mmbige e T HAL3 K4,
TR AR EZEM S, CKADAST %2
R ARL R I & TRIZ . AR T, DAS
B2 )22 ~ 0.25 mmA10.25 ~ 0.053 mmbi g s T
CK, 2RIz, I A 4ok 92 i 28 fh A ]
W, USRI A R TR SR 9 AT RAR TR 1
AR S RAR L2, AR LJZA e, CK
RIZP2NRBR A TR K F W RZE, W24/
RINAIZ ; DASEKREHER T >2 mm 1 HAh 34K
KRFWHRZ, ol LCKFDASEZ Mok 934
KRFWHRZ, NFEAIEE A, DASEKRZETEET
>2 mm W HAN3 KK & TCK, HH12 ~0.25 mm
R BE MR e R R 2 2 KRR TCK, 1
24 /INKLR U AR 2 o 158 BH AT TS A1 o8 1 3ok S AT
Bl & 4 5
2.2 FEFRENTIEABRKPHATRERHE M
JER R EEHC, H, O, N, SZILE4N,
H AR AR I -COOH I ¥E I - OHEUAR 1) 55 75 1%
ghMy, Bkt BENTRR . BRI A AE AL A Y
BT HEEM L. BT H/CH (0+S) /CEER
L AR BE 65 FH S 1 H A G5 45 2 A AU AL B g g >
H/CRIHAR 48 & R R, (0+S) /CRIHARE
bR IE .,
A RIE P HAR TR AR I3, AR
T J2M T, CKFMDASFEZEH0.25 ~0.053 mmAi K
FIH/CHAR T W3R )Z, i Al 34 R 3 & T
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Table 2 Effects of deep application of straw ( DAS ) on composition and organic carbon content of the soil aggregates

e KW KL P SR A AF X 5 A B

Treatment Depth Aggregate size Relative content of soil Organic carbon content
(cm) (mm) aggregates (%) (gkg™)

CK 0~20 >2 17.51 +1.34 15.04 £ 0.07

2 ~0.25 40.40 £ 3.89 13.68 +0.07

0.25 ~ 0.053 20.94 +1.03 12.84 £ 0.08

<0.053 18.59 +3.94 11.83 £0.07

20 ~ 40 >2 7.294 + 2.05 14.60 £ 0.10

2~0.25 47.33 £0.81 12.54 +0.09

0.25 ~0.053 21.97 £2.04 13.21 +£0.07

<0.053 20.95 +3.27 12.07 £ 0.04

DAS 0~20 >2 11.25+0.17 14.99 + 0.26

2~0.25 48.30 +0.51 15.19 + 0.09

0.25 ~0.053 22.10 £ 0.81 13.43 +0.24

<0.053 15.77 £ 0.82 12.74 + 0.13

20 ~ 40 >2 4.260 + 2.38 18.54 +0.10

2~0.25 52.50 +4.83 14.16 £ 0.16

0.25 ~ 0.053 27.23 +0.84 12.77 £0.13

<0.053 13.68 +3.33 11.88 +£0.25

T CKARFEFRIE, DASHFSFFIRIL. FlRINote: CK represents no-straw applied, DAS represents deep application of straw.

The same below

R3 BEHRLEWNELIERABKBHAR T EAHB ARG

Table 3 Effects of DAS on elemental composition of HA in soil aggregates

Qb3 R Fiok C H N 0+8

Depth Aggregate size CIN (048)/C  HIC
Treatment (gkg") (gkg") (gkg™") (gkg™)
(em) (mm)

CK 0~20 >2 580.2 48.46 47.10 324.3 14.37 0.419 1.002
2~0.25 589.0 52.04 49.80 309.1 13.80 0.394 1.060
0.25 ~0.053 597.7 49.75 53.13 299.4 13.13 0.376 0.999
<0.053 603.5 54.22 55.37 287.0 12.72 0.357 1.078
20 ~ 40 >2 545.8 43.63 42.92 367.6 14.84 0.505 0.959
2~0.25 552.9 45.99 45.03 356.1 14.32 0.483 0.998
0.25 ~0.053 553.0 47.76 45.55 353.7 14.16 0.480 1.036
<0.053 557.1 48.23 47.73 346.9 13.62 0.467 1.039
DAS 0~20 >2 609.0 57.33 52.59 281.0 13.51 0.346 1.130
2~0.25 607.2 58.47 54.40 279.9 13.02 0.346 1.156
0.25 ~0.053 597.6 53.44 53.25 295.8 13.09 0.371 1.073
<0.053 606.7 59.55 57.25 276.5 12.36 0.342 1.178
20 ~ 40 >2 589.2 53.78 49.82 307.2 13.80 0.391 1.095
2~0.25 626.0 54.61 52.96 266.5 13.79 0.319 1.047
0.25 ~0.053 561.2 50.46 48.49 339.9 13.50 0.454 1.079
<0.053 554.6 52.01 49.32 344.1 13.12 0.465 1.125
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RKZE, WUIRZHANSE G E WK TWRZE,
HF>2 mm, 2~0.25 mm f1<0.053 mm#$7 45 T
F. DASEIZHE T2 ~0.25 mm(K) H Al 34k %%
FICK 4MRH (0+S) /CHK TR ERE, Ui
REZEHAWEE BT ERZE, HP>2 mm,
0.25 ~ 0.053 mm#1<0.053 mmi 2% 5 0 i .

EAFAN S, DASHI2AN LEZH/ICH &S T
CK, UiHIREAFISME M HAM 455 BEFRAR, Hidh
JRIRWFR)ZE . >2 mmbn A 3 A KL e iy TR
UK. DASHI2A T2 (0+8) /CHIETCK, HiH]
FEFF R A e T HA B AL BERRAR, Horp R 233k
JZ . 2 ~0.25 mm % H At 344 G 1 g [ 5 AR
2.3 FEHREX LIEFABRKPHABKRINE EEN

bk 151 B 52 i

TR P HAM LM GRS (FTIR ) 4nE20r
N o HARWZ 0 £ 2 B LR X 38: 2 920 em™
(AXHIEHEC-HM4% s ) , 2 850 cm™
(-CH,- X FRigEC-HM 4R ) , 1 720 em™'
(RIER C=O0Mh%4iHESN) , 1 620 em™ (F5F&FC=C

2920
2850

1620
1720

CK-0-20

DAS-0-20
M CK-20-40

DAS-20-40
>2 mm

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

2920
2850

1720 1620
CK-0-20

\V/\/\\f\/_ﬁw DAS-0-20

DAS-20-40
0.25~0.053 mm

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

M43 ) , 1400 em™ (JEHEC-HAEIRS) ) |

1 230 em™' (R I —OH K AL IE 47 3l Al C - O {1 45
Peah) A1 034 em™ CHRAKALG Yol 2 0 45 4
C-Of 4Pk sl X ALY WS- 4tk sh ) o K%
TEARFEAME , (HR[F AL PR L) KRR 2 P HATE
— SRR AR W (1) T AR A A A S [ R B 1 22 5
(%£4) .

2 920/1 720K AFHA R IE Rk /PR FL 0k, 2 920/
1 620FRAENG AR/ 55 B e . AN )2 A, CKE&
JEHER2 ~ 0.25 mm 1) H A 3SR RIDASH 4447 2
12 920/1 7203 TWRZE; CKERZ T2/ g
FIDASH AN RIZE 12 920/1 6203 TWEE ., 6
AH 2% J22 HA T JIR R Bt/ R B i IR R b/ 7 6 e — it 55
TWFZ, DASTENIAR.,

AR AL HE] oA, DASERFRJZ I >2 mm 1 %
JZAH1<0.053 mm A HALITA R HIEL 720 em ™ HH
X5 LT CK s DASFZ 4RGN 22 bk
>2 mm [ HANIA R AEL 620 em™ AR XTI BE L T
CKo d BH RS A1 A A2 68 H A AR IR FE AR A% 7 ik 3 ok

2920

2850

1620
) CK-0-20

\/\A\__F\r‘\/\,/w DAS-0-20
CK20-40
\/\/\W DAS-20-40

2~0.25 mm

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

2920
1720 1620
CK-020
M DAS-0-20
CK-20-40
DAS-20-40

<0.053 mm

4000 3500 3000 2500 2000 1500 1000 500

%L Wave numbers (cm™)

W CKRUREFRIE, DASHIEFFIRIE; 0~208%)Z, 20~40 N FKJZ. FFNote: CK represents no-straw applied, DAS

represents deep application of straw; 0~ 20 represents topsoil, 20 ~ 40 represents subsoil layer. The same below

&2

T FF TR X LR HA FTIRBOSCRAIE 79 5200

Fig.2 Effects of DAS on FTIR spectra of HA in soil aggregates
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Table 4 Effects of DAS on relative intensity of the main absorption peaks of FTIR spectra of HA in soil aggregates
e RAETR I a3 AHXT R ¥ Relative intensity (% ) [t {ERatio ( mol )
Depth Aggregate size
Treatment (om) () 2920cm™ 2850 cm™  1720em™ 1620 cm’ 2920/1 720 2 920/1 620
CK 0~20 >2 2.550 0.630 0.630 6.170 4.048 0.413
2~0.25 4.600 1.070 1.520 5.030 3.026 0.915
0.25 ~0.053 4.460 0.960 1.540 5.690 2.896 0.784
<0.053 6.290 1.400 1.950 6.000 3.226 1.048
20 ~ 40 >2 2.080 0.460 0.630 2.370 3.302 0.878
2~0.25 4.150 0.960 1.200 4.420 3.458 0.939
0.25 ~0.053 2.360 0.480 0.980 5.400 2.408 0.437
<0.053 1.590 0.320 0.520 3.800 3.058 0.418
DAS 0~20 >2 4.420 0.900 1.380 4.610 3.203 0.959
2~0.25 4.280 0.970 1.460 3.620 2.932 1.182
0.25 ~0.053 2.510 0.550 0.950 3.250 2.642 0.772
<0.053 3.230 0.710 0.770 4.140 4.195 0.780
20 ~ 40 >2 1.320 0.260 0.490 4.000 2.694 0.330
2~0.25 1.070 0.170 0.400 3.080 2.675 0.347
0.25 ~0.053 0.740 0.150 0.650 1.590 1.138 0.465
<0.053 1.620 0.280 1.140 3.800 1.421 0.426
WA AR BT, DASEKIZHER2 ~ 0.25 mmHAY

2.4 FEFRENTIERABRERPHARIE E RS

Tili PR A % - 48 11 SR AR HLA A0 o 1) 52 i) DL €]
3FNE 4, B AEZ 30 ff 1 o B b B 24K
Pl . FRIETICAIE (295 ~ 318°C ) I iR ik Hhu i
(381 ~422°C ) o AHN By H RN G H 235 L 1 3% 5
N =81 7. 3 S TN 7. =V L= S
/P B R, TR HA B PR M

SRR L2, CKEJZPR2 ~0.25 mmfy
FLA3A KL FID A S 3R JZ v 416 G 1) v il ke R 0
MR LT W R )Z s CKADASEZ AR %1
REEMTWEE; CKHIDASEZE P2 ~0.25
mm A A 3R g e P R R R s CKE
EH>2 mm. 0.25 ~0.053 mmkbi L HIDASEZE H>2
mm ., <0.053 mmbLZ Y /P ILT IR E .
DL a4~ 36 A5 b 26 2 30 0 % R AR B A 2240
BB 78.75 %, RIZHBRWRZ W6
Ab, BB 52125 % A RZHA R E M
— R R, HF>2 mm. 0.25~0.053 mmAll
<0.053 mmAi I A A .

1=
n

HABIA R LML E)ZH>2 mm, 0.25~0.053 mm
L2 1 R AR I TR KT CK s DASER 2 NI
RIZERRN = IRREMLTCK; DASEKZ 4
AR AN 22 2 P ER2 ~ 0.25 mm b3 2 A 26
/TR T CK; DASEZH1<0.053 mmbi g fl
WEZEP>2 mm. 0.25~0.053 mmAi g% AP 5/
BT CK. PL 4448 hR DA S CKAR 1 £ 4l
A72040, EHEEGE H71.43 %, DASELCK R B &
A 8AL, BIRER 528.57 %, ULWIFEFF IR AR 1l
HAR AR EE TR, HphRZEESZ . >2 mm
F10.25 ~ 0.053 mmbLZAL T3 A2 K 2 114 ) [ BT 2Ry
U

3 F ®
30 REHFEEMHIEABKEARINENBESEN

=AU
2 ~0.25 mmbrFNIEFERG, HELZHRK
BT RZ, miA PR T ERZE; T

PO =Ny
SR
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422

310 0

312 CK-20-40
392 DAS-20-40
J\cmao
. . . . >2mm . DAS-0-20
0 100 200 300 400 500 600
Vi Temperature (“C)

407

403

305
/’r_/\/\ms-zo-m
CK-20-40

. ©025005mm o

0 100 200 300 400 500 600
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Fig. 3 Effects of DAS on exothermic heat curve of HA in soil aggregates
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Table 5 Effects of DAS on exothermic heat and mass loss of HA in soil aggregates in differential thermal analysis

e WL Tl Pt m /P EN KEFE/IE
Qb3 AR Aggregate Exothermic heat (kJ ¢”')  Exothermic heat ratio Mass loss (mg g™) Mass loss ratio of
Treatment Depth size hifModerate i High  of moderate and high "FifModerate & High moderate and high
em) (mm) temperature temperature temperature temperature temperature temperature
>2 2.730 13.99 5.125 202.5 337.4 1.666
2~0.25 1.200 12.88 10.73 162.8 322.7 1.982
0-20 0.25 ~0.053 2.930 10.21 3.485 205.8 349.9 1.700
<0.053 2.390 13.06 5.464 203.7 318.2 1.562
oK >2 1.410 20.17 14.30 171.8 496.0 2.887
2~0.25 3.710 12.51 3.372 246.9 372.6 1.509
2040 0.25 ~0.053 2.400 11.09 4.621 188.5 379.4 2.013
<0.053 1.830 9.890 5.404 167.0 349.9 2.095
>2 0.940 7.630 8.112 139.3 228.2 1.638
0~20 2~0.25 0.756 12.39 16.39 146.9 278.8 1.898
<0.053 2.580 7.740 3.000 155.3 223.7 1.440
DAS >2 0.804 7.620 9.472 106.0 256.1 2.415
50 - 40 2~0.25 2.010 9.930 4.940 171.6 297.8 1.735
0.25 ~0.053 1.470 3.710 2.524 130.1 209.6 1.611
<0.053 1.770 9.930 5.610 178.1 336.4 1.889
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EFFECT OF DEEP APPLICATION OF STRAW ON COMPOSITION OF HUMIC ACID IN
SOIL AGGREGATES

Zhu Shu  Dou Sen” Chen Lizhen
( College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China)

Abstract Deep application of straw ( DAS ) refers to a technique of incorporating crushed corn stalk
into the subsoil layer (20 ~ 40 c¢m ) . It may effectively improve straw utilization rate, reduce straw burning
rate, extend the extent of soil building from previously topsoil down to subsoil, contribute to accumulation
of organic matter in the subsoil layer, help solve problems like thinning of the plow layer, shallowing,
thickening and hardening of the plow pen, and lacking organic matter, and achieve the ends of higher soil
fertility, higher water holding capacity, and higher crop yield. There used to be quite a number of researches
focused on effect of DAS on soil physical properties, and few on soil chemical properties, let alone its effect
on humus composition in soil aggregates. This paper mainly studies changes in structure of humic acid ( HA )
in soil aggregates in the topsoil and subsoil layers caused by DAS, so as to provide some theoretical basis for
solutions to how to improve soil fertility and build up a proper plow layer.

Soil samples were collected from an experimental mono-cropping corn field which had two plots, DAS
and non DAS, in the Jilin Agricultural University. Four factions of soil aggregates, >2 mm, 2 ~0.25 mm,
0.25 ~ 0.053 mm and<0.053 mm were screened out of the samples separately, with the wet sieve method and
HA extracted for analysis of element composition with infrared spectroscopy and differential thermal analysis.
Comparison was performed to determine effects of DAS on HA composition. Results show that the black soil
tested was dominated with the fraction of 2 ~ 0.25 mm soil aggregates; however, the content of the dominant
fraction and the content of organic carbon in the topsoil was lower than their respective ones in the subsoil;
DAS was conducive to formulation of soil aggregates of the dominant fraction and increased the organic carbon
content in the soil aggregates. Compared with that in the subsoil, the HA in soil aggregates, regardless of
fractions, in the topsoil was lower in condensation degree and oxidation degree and thermal stability, and
higher in aliphatic-C/carboxylic-C (2 920/1 720 ) and aliphatic-C/aromatic-C (2 920/1 620 ) ratios. DAS was
found to reduce condensation degree, oxidation degree and thermal stability of HA in all soil aggregates in the
topsoil and subsoil layers, especially HA condensation degree in the topsoil. On the other hand, oxidation
degree and thermal stability of the subsoil layer also decreased obviously. The HA in the topsoil was simpler
in structure and younger than that in the subsoil layer. So, DAS may also promote accumulation of organic
carbon in the soil and make HA simpler and younger in structure.

Key words Deep application of straw; Soil aggregate; Humic acid; Element composition; Infrared

spectroscopy; Differential thermal analysis
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