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B, FEFFERAE A AT A AU & 2 AR A SR AR
PR BEHR R, pHIRAE 170 fR fd 1004 2R U sk
R SR R Y AT ABERA
TR AR RE 3w 020 s O AR A HE R
Y WIERR (HA) MRS . IS LS A
FsE RN, S TasmAEE e ) Hulty 95 4G
Pl 4 A R AR ) 0 56 T Hu R 45 K AR AE
A — S8, HufCHABFEACTREE . A5 b B Flsi /K
FEw, TR Y KRG 14 < 0.053 mm
P A RAR PSS G E (HMi) W0 T
K, AR, SMER T AL Hu s i
S, A AUIE P A T G A2 £ H o i 4 AR
WA WA Al Hu s PR, AAb R THes 7 Bl
5 HENE B [E] A A4S, HERE P S MLAR FI Hu 7% 12
FEAK, HuXt AT (PCP ) YW fE 71 &
%1&[28\0

FROOF A ) it B 25 14 R Hou 10 485 46 P T A5 — SE I
5%, HEXFEFFR A G Ho 2 A i ar o 58/, X Fk
FFIRIE 5 AR AR vh Hu 25 ¥ R 19 A8 16 LT 3% A fi
18 o AR SR FHR 0 2 il £ 498 32 2 ANl 32 )2 AT SR A
JFRBGAE R (Hu) , @S cRAAR. ok
1 22 53 BT WF 78 s A1 2R 38 X A1 2 4 Hou 245 44 R AiE

FISEN , S AT 4 s e T L el A R RS AT IR AL
B & BBEZ S AL o

1 MRS .

1.1 #HREXER

B FHE [ AR R A e i K B A
(N43°48'43.57", E125°23'38.50") . fii T35 #k
BERENGAX, BFIEWS KRR, +
BER R IR IR IR R 2, T
ARG KM B TERR I L (Argiudolls ) , HARAM
Ffg BRI .
1.2 Rt

HEat R AR B R FEFFIRE (CK) Ml
FEFFRIE (CSDI) AbEE. CKARIZE, ANifi s
FF; CSDIALHAE20114E11 A PEATREAFIR A, 6 H
12 000 kg hm™, —RPE4EEE, It kAL
(JR%E450 kg hm ™), HARGERS G LT,
CK5 CSDULFATRIAE M BHIE. T20124F10H kK2
(0~20 em) FIEERE (20~40 cm) AyFHE, fit
R T BEEE AR LR 1. bt A g % 1A SR AR 2 A
ALK B K2,

F1 iR TiERyEAMR

Table 1 Basic properties of the soil tested in the experiment

s o o A BB Ko B A A R HAH
BHRE R _ N , _ .
Organic matter Total N Alkalytic N Available P Readily available K pH
Soil type Depth (em) » » . » .
(gke™) (gke™) (mgkeg™) (mgkg™) (mgkeg™)
Ly 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
2 R IEABRGMARENHIE
Table 2 Composition and organic carbon content of the soil aggregates tested in the experiment
- R bk R A o AL Rt
R
Depth Fraction of particle size Aggregate relative content Organic carbon contens
Soil type .
(em) (mm) (%) (gkeg™)
AL 0~20 >2 17.51 15.04
Black soil 2~0.25 40.40 13.68
0.25~0.053 20.94 12.84
<0.053 18.59 11.83
20 ~ 40 >2 7.294 14.60
2~0.25 47.33 12.54
0.25~0.053 21.97 13.21
<0.053 20.95 12.07
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1.3 WMESHSNE

1.3.1 H®ESE RHCambardellaFlEiott
(TR0 v %o A SR AR R AT M B 4, BRERAE . FR
BOAT 4100 g, FALAESHH2 mm, 0.25 mm
F10.053 mm W E G #0712 FAA 4, K
WA AR A B LR, EE TR
ZRABAK KA Y, R AR K TE =, AR A%
P RIZIES minfe, LA EE 30 min™ Al _E R IRIE
H3 emPRi%H2 min, THGEE WG, BEE T LA A
RiEvpE BT, KT >2 mm. 2 ~0.25 mm Al
0.25 ~ 0.053 mm7KERPERTRIA, <0.053 mmMAIE
TRTER N DTRE48 h, 7k DIHWG R R hetfr .

W Be AR v iy R RS T AR, T A5 R R A R Ak
WA & i, R BRE BT Y SR AR B 20 450,25 mm
i, A

1.3.2  Huf 425 454 M 5 il PR B sk
0.25 mmP K+ EFE10 g F100 mlELEF, H180
mlZE K IR 24 hEf O Ja 7k LI, Lk gy ikt
2. MELEFIASO mlAY0.1 mol L' NaOH
W, 24 W B OMEREHE (HE, o HF#
HWFAFIHA ) , M7 % B 2 4 BOR 806 1R
ko B0 T ERE AR R AR FE R 0.5% |

2.5%. 5%. 10%. 20% . 30%H140%HC1—HF
BAWATSIALFRT . 7. 11, 6. 4. 2F1K, HIX
12 ho DL B0 BR 5 e i A VR0 A e

B 20 %MIRA TR PR LK, d)a HZR IR K
WETCU RN (AgNOKE ) , AR ETE, 142
|4 Hu S o Hubl &2 &It & H K I Elementar
Vario EL I AT 43 AL AE C\H\NAL 2T #4700
g, HPHufC, H, NJTE S8 LM, of
STCER O 1 (Y SRR 22 05 TH B R 15 Hud 4l
SR ETEFEAVATAR 36018 B A8 3 2T S5 AL 1
M5E, RAKBr KR (HuMKBri 5 & L 2y
J1:250) , MHATEH 4000 ~ 500 em™', A
WH128YK, 3 PERS em™, RITILES B4 1940t
AR LA G AT 2 i A A, g — e R
A 43 H AR XS H b A 05 ;22 3 M s F Shimazu
TG-60FTE 73 Hr A T I , FRIBURE S 2283 ~ 10
mg, 1E200 ml min ' A2 SIME SR, LIS °C min™
B TR B 25 CTFZE110 °C, f£4560 min AR
Ko aibZE K, ZJGHREELLS C min™ By FHIR B
110 CTFE600 C, #4530 min, Fa-ALO. M
FEHEATACIE , JFiE v A LI S A, AR

e, AT E T
1.4 HEALE

T EPE R FMicrosoft Office Excel 2007414
HEAT R AL B, 2T A1 615 AN 22 3453 Fl Origin7 54K
oy pr e .

2 HPRS1HE

2.1 FEFREN LIEFABR P Hut RE M BTN

JEREREEHC, H, O, N, SSEILELMN,
H A R I -COOH A2 3 - O HEUR Ay 55 75 i
g5k, BelE . BEMIRR . BRSPS BB s
G T EEW L. BT H/CH (0+S) /CEER
FCRE 5 FH ok 2 AF Hu i & FVE AL g g 7
H/CHE SHu 4 G R, (0+S) /CILEYS
Hul)E L E R IE L .

RSC ) Hr CRAR B 2 )2 R 36 J2 14 F- 357 4 LI
THN13.2 gkg™, CSDIALEEN14.2 g kg™, LTFHiR
JEHRT19%; F£EH13.4 ¢ ke FFFE14.1 g ke,
AR N S5.39%, WRKJZH13.1 g kg ETHE14.3
g kg™, ARALIEEE }8.98%, AR FK)E b FHAYIE EE
WK, R TRFFRE R AWEZ, # Il
W 0T o SRR AL, AR T G BOY B
R A . R JZE AR AT HLRR Y AR el
B AE . >0.25 mmbigk, H13.6 g kg ETHE
16.4 g kg™, ZEALIRE M18.6 %; <0.25 mmAbigkh
12.6 ¢ kg FFEZE12.3 g kg™, ALIRIE H2.52%.
[ > 0.25 mmpr 9 A SRR 5 i 5 8 A F R K1Y
60% , XF A HURK & & 14 =k F2AE T . Hui +
A PIRS0% LA L, 584 LK I A8 fL Wb SR 25 I
TEHuE G B 450 I

B ZR3TT L, I 7 35 48 1 Hu ) 35 Bl 1t 72
HHN721 g ke, BAHBMIHA (583 ¢ kg™") &
H/CFHEH0.776, BAHMAMHA (1.07) 1K;
(0+S) /CFEIIME M0.222, AN AYHA (0.41)
K. BEWIHu > F 406 B A B R, Ak
FERAIR

tR3ET LUE H, AR ) 5K [ 4 2
], A RIA P HuUH/CHT (0+S) /CHEA i
FES . HESSRFFIRE, SRELLHEZE %S
3 ARG R A Hu P 34 8 B 0T
CKFEZ M FLZ 00 HT739 ¢ kg 'F1625 ¢ kg™,
CSDI4F K789 o ke 'F1728 ¢ kg™, FF 5 Iis B 43
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Table 3  Effects of CSDI on elemental composition of HA in soil aggregates
Depth i Fraction of particle size ¢ . " . N . 0+Sl C/N (0+S) /C H/C
(em) Treatment (mm) (gkg) (gkg') (gkg') (gkg)

0~20 CK >2 730.0 44.01 29.35 196.6 0.0345 0.2020 0.7235
2~0.25 737.7 47.38 30.11 184.8 0.0350 0.1879 0.7707
0.25~0.053 758.4 44.52 31.07 166.0 0.0351 0.1642 0.7044
<0.053 731.1 44.67 28.62 195.6 0.0336 0.2006 0.7332
X 739.3 45.14 29.79 185.8 0.0345 0.1887 0.7329
CSDI >2 836.5 46.17 31.41 85.93 0.0322 0.0770 0.6623
2~0.25 780.5 48.87 31.90 138.8 0.0350 0.1334 0.7515
0.25~0.053 790.9 4791 32.46 128.7 0.0352 0.1220 0.7268
<0.053 749.0 44.09 29.85 177.0 0.0342 0.1773 0.7064
X 789.2 46.76 31.40 132.6 0.0341 0.1274 0.7117
20 ~ 40 CK >2 542.2 43.30 24.77 389.7 0.0392 0.5390 0.9583
2~0.25 637.8 43.77 31.45 286.9 0.0423 0.3374 0.8234
0.25~0.053 640.3 48.61 28.70 282.4 0.0384 0.3308 0.9110
<0.053 680.6 46.90 33.40 239.1 0.0421 0.2636 0.8271
X 625.2 45.65 29.58 299.6 0.0405 0.3677 0.8800
CSDI >2 717.4 46.97 31.80 203.8 0.0380 0.2131 0.7857
2~0.25 839.0 49.30 32.69 78.99 0.0334 0.0706 0.7051
0.25 ~0.053 674.8 46.31 33.00 245.9 0.0419 0.2733 0.8236
<0.053 681.1 45.77 32.88 240.3 0.0414 0.2646 0.8064
X 728.1 47.09 32.59 192.3 0.0387 0.2054 0.7802

E: CKONARFFHL,

CSDUNFSFFIRIE 3 XU KA., FlalNote: CK represents no—straw applied, CSDI represents

deep application of straw, Xrepresents the average of four fractions of aggregates. The same below

WR6.53%M15.20% ; FZMIRZ V5 A
CK7%1429.8 g kg ' H129.6 g kg™, CSDIZ4 K
31.4 g kg 'H132.6 ¢ kg™, FhE B4 514 5.28% Al
9.70% . BLWATREF RIS Hur B . A& =T,
HWRZAZBIEERTRZ, 5S0CEMMMAEA—
. NarendraflRattan (33 e 2 fE e, +
Bk . Rt kA IR .

CKEEMELZE (0+S) /CFEHH 75 K
0.189710.368, CSDIZHill40.127H10.205, FF KR
&5 3R 38.8% F1156.6% , i WARS FF A AL (i Hu i
AACRE AR . B R Hu 5 78 5 £ 00 WP R SR

DRI, FEE TR AT, WAEEB WL, R AR
AW, Huf8 AR T o T AS 50 45 2R nl g2
TS FHE T B 2B Hu, HrHu it A AL
AR o X TR A R A T Ho A8 Ak B B2 AT A 5L AR it [
AR T TSE .
22 BHREXNETEARKPHuEEMET BTSN
EE 51 BY 52
S REFRRE, IR R D Hu i 2051 6%
(FTIR) @1, BREERIEEAMIE, HAEL
T A X IAFEARR R 225 : 2 920 ecm™' (O
XEFRIEIEC-HAF 4R 2 ) . 2 850 em™ (-CH,-
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SHFRAEHEC-HM AR ) . 1 720 em™ (R
B C=0M4E4Rsh ) . 1 620 em™ ( FFF/FC=CHI45
s ) Y

F B W AT SR (% ) WERAFTR . &
HREFFIRIE, ANFI AL A B 22 5 s kL
P BARLE2 850 em EHMHINT S, CKEZMT
FLE W H10.4%F110.2%, CSDISF51K7.91%F1
8.31%, AR 435 H27.19%F120.4%; #1 720
em FHMEIT T, CKEZIFRZ5 5 48.59%
8.24%, CSDIZHINT.97%M7.62% , FEARIEEE />

2 9202 350 1 7201 620

CK-0-20

KT 36%M17.92% ., DL b ARSI £ 2
FI 2 J2 1 NE T B A R SE i Y A, X 5on &R
AL AR — B, et D BRI, B ORFEAT
PEOE - HEM RS SR (HMi) R IEEE R & 2k
AL, SRR RIEA - HE X
s LSO RS FF R 36 T ML A 2 1 HAR,
RN e . Mg B S ot Sk i . AT 4G
SR R DR A % I0RS T (o A i 07 AN
PR R T PR MR AR Hu gy T 45 R TR B
A2 T Hu S A

29205 850 1 7201620 Sl

CSDI-0-20
CSDI-0-20

CSDI-20-40

>2mm
4000 3500 3000 2500 2000 1500 1000 500
Pe% Wave numbers (cm™)

2920

2850 17201 620 CK-0-20

CSDI-0-20

CSDI-20-40

4000 3500 3000 2500 2000 1500 1000 500

CK-20-40

2~0.25mm

W% Wave numbers (cm™)

920

2
2850 17201620 CK-0-20

\,\/\_—/\—,_/Jv\f/\/ CSDI-0-20

M CSDI-20-40

M CK-20-40 W\M/\\f,vl CK-20-40

0.25~0.053mm

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

<<0.053mm

4000 3500 3000 2500 2000 1500 1000 500

W% Wave numbers (cm™)

BT A AT BRI Xk b S AT SR A T Hu B9 F TTRARFAE W A 06 14 522 1
Fig.1 Effects of CSDI on FTIR spectra of Hu in soil aggregates

2.3 FEFREN TIEARK P HuiiE E R

ARG A X R HER B Hu T T 20,
BRI RIA T Hu 2Z 8 3H (DTA) ¥ ##
e PR A R R AR (2 ), IR A R R
JESE I 211 ~ 324°C, i 503 068 08 31 3 161
454 ~466°C . IO S EAR BAY S 6 5 9 R
T AN B RE A 4 15 R S I R I Ak A 0 1) i
o A BRI T R R B N LA Y
I3l RN 56 4 S AR RN

S G FFURE , 438 A R AR b Hu i #4088 0

KATWEAA (FS) o CSDIFHRLK M iR ik
PR L TCK; >2 mm. 0.25~0.053 mm
A1 <0.053 mmki 2 Y w5 LRI e 31 2 8 T CK

CKA R AR A2 71.08 k] ¢, CSDIA1.31
k) g7, FHEIREEN19.0 %; CKE a1
PIE N6.03 k] g7, CSDINS5.36 kJ g™', FEARIRE
F11.8 % iR BRI | PRBGAE R £,

R 1 b SR SRR, CKEME MS5.70 kT ¢!,

CSDIN4.16 kJ g™, FEACERE N31.2 %. LI Lt
HH S AP A A5 R 2 Hu i 6 PR S5 A 08 &2 15 1E4,
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Table 4 Effects of CSDI on relative intensity of the main absorption peaks of FTIR spectra of Hu in soil aggregates
RAR TR e fvEr 2 AHXT SR Relative intensity (% ) HfH Ratio
Depth Fraction of particle size
(om Treatment (o) 2920 em™ 2850 em™ 1720 em™ 1620 cm™ 2920/1 720 2920/1 620 2920/2850
0~20 CK >2 15.30 11.36 9.938 4.681 1.539 3.268 1.347
2~0.25 8.173 6.076 6.186 7.873 1.321 1.038 1.345
0.25~0.053 11.27 17.33 11.39 7.860 0.990 1.434 0.650
<0.053 9.345 6.808 6.871 7.963 1.360 1.174 1.373
X 11.02 10.39 8.595 7.094 1.303 1.728 1.179
CSDI >2 12.60 7.984 6.338 6.360 1.988 1.981 1.578
2~0.25 7.556 6.581 7.170 8.424 1.054 0.897 1.148
0.25 ~0.053 8.536 7.356 7.373 5.428 1.158 1.573 1.160
<0.053 10.91 9.723 11.03 11.35 0.989 0.961 1.122
X 9.899 7911 7.977 7.890 1.297 1.353 1.252
20 ~ 40 CK >2 8.971 4.300 7.549 9.837 1.188 0.912 2.086
2~0.25 14.60 12.96 8.565 9.621 1.705 1.517 1.127
0.25 ~0.053 13.88 10.27 8.494 10.36 1.634 1.340 1.351
<0.053 19.99 13.29 8.382 7.613 2.385 2.625 1.504
X 14.36 10.20 8.248 9.357 1.728 1.599 1.517
CSDI >2 15.95 8.589 6.949 8.684 2.296 1.837 1.857
2~0.25 19.56 9.756 7.901 6.806 2.475 2.873 2.005
0.25 ~0.053 8.919 3.648 7.823 8.545 1.140 1.044 2.445
<0.053 15.30 11.26 7.805 8.865 1.960 1.725 1.358
X 14.93 8.314 7.620 8.225 1.968 1.870 1.916

>2 mm

2~0.25 mm

<<0.053 mm

}
|
}0_2&0053 -
|

200 300 400 60

)& Temperature (°C)
K2 AT RIS 38 AT SR A rh Hou 14 22 873 A 1) 52
Fig. 2 Effects of CSDI on DTA of Hu in soil aggregates

0 100

b, FEPEREAR, HuZbil T4ER, g
g 2 YO REFFIRE M Hu i 45 A B JE AR, X 54
IR B BRUB S U R AT A
PR P o R L . LI TERR . BRI A
AR N Sy EAL I S i, FAT TP ER S AREZH
NRIGAS A5 A, JXBEE PR E A 352
Wi Hu, 0 Hug G MRS AT R 520

S

T o X 2R R AR S - R R RN )2 A
PR (Hu) S5WFRERIRESY, 15 LU 45
W (1) Fr Bl 4 i Hu Y & b bR, 7E
542 ~ 839 ¢ kg VEHIN, FHMH MT721 g kg3 H/C
7£0.662 ~ 0.958wH N, “FIEH0.776. #ilHu
M4 G B THIR M HA . (2) FEFFRISAE i 145
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Table 5 Effects of CSDI on exothermic heat of Hu in soil aggregates in differential thermal analysis
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Effect of Corn Stover Deep Incorporation on Composition of Humin in Soil
Aggregates

ZHU Shu DOU Sen” GUAN Song GUO Pin
( College of Resource and Environmental Science, Jilin Agricultural University, Changchun 130118, China )

Abstract How to handle surplus crop straw has become an important topic that calls for urgent solution
in the agricultural regions of China. Straw incorporation into the field is one of the main methods of straw
utilization. The method of straw incorporation used to either overcast the straw on the surface of the field like
mulching or incorporate the straw into the shallow topsoil layer, which would obviously bring about some
problems, like hindering seed germination and seedling growth, impeding rise of soil temperature, and
favoring incidence of plant diseases and insect pests, while its effect on accumulation of soil organic matter is
so limited that it would not help solve the problems, like thinning of the plough layer and depleting of organic
matter in the subsoil layer. Corn stover deep incorporation ( CSDI ) extends the extent of soil building from
topsoil, as it was previously, down to subsoil, which would not only help solve problems, like thinning of
the plow layer, shortage of organic manure, declining water holding capacity, but also reduce environmental
pollution from burning of straw, while achieving the ends of sequestrating carbon, conserving soil water,
building up soil fertility and raising crop yield. Although some reports are available on change in structure of
Hu after CSDI, few have been published on Hu in soil aggregates.

Soil samples were collected from an experimental corn field under long-term mono-cropping in the Jilin
Agricultural University Experiment Station. The experiment field of black soil was divided into two plots, one
cultivated under CSDI and the other without CSDI ( CK ) . In the plot under CSDI, ditches were dug along
the furrow in-between two rows of corn plants in November 2011, with a section like a bottom-up isosceles
trapezoid, 60 cm wide in the upper opening, 40 ¢m wide in the bottom and 40cm in depth. In the process of
digging, the soils of the toplayer (0 ~20 c¢m ) and the sublayer (20 ~ 40 ¢cm ) were dug out layer by layer and
placed separately on either side of the ditch. Once a ditch was dug into shape, corn stover, cut into 3 ~5 ¢m
in length were applied into the deep ditch evenly at a rate of 12 000 kg hm™, together with N fertilizer (urea
450 kg hm™) , and then the removed soil was placed back into the ditch, the sublayer soil first and then the
toplayer soil forming a big ridge, which was let subside naturally. After the practice of CSDI finished, the
two plots were cultivated with corn in the same pattern. The findings of the study may provide some theoretical
basis for how to improve soil fertility and build up a proper plow layer with CSDI.

Results show that the Hu in the plot of CSDI is higher in carbon content, varying in the range of
542 ~ 839 g kg™' and averaging 721 g kg™', with H/C in the range of 0.662 ~0.958, and being 0.776 in
average, and higher than HA in carbon content and condensation degree. CSDI was found to increase carbon
and nitrogen contents, and reduce Hu oxidation and aliphatic hydrocarbon degrees. The effects are more
significant in the sublayer soil than in the toplayer soil. Besides, CSDI increases active structure of the Hu,
but lowers its stability, To sum up, CSDI increases carbon and nitrogen contents in Hu, while making it
simpler and younger in structure.

Key words Corn stover deep incorporation ( CSDI ) ; Soil aggregate; Humin; Element composition;

Infrared spectroscopy; Differential thermal analysis
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