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1.1 fARXER

PN T L (VAR Rl N i < S R L R W3
b R A7 3 FOK EAERE L (N43°48743.57",
£125°23'38.50" ) , Hisl 4 IS A g 22 08 1 2 A
TR, MY TSR IR G RN RN
T8+ (Argiudolls ) o EARWLS %k [ 14 ] .
1.2 HERE T

WK CK, €S, NPK., CS+NPK 45 A [q] 4k
B, iR AN HREFE . FEFFRE . BRI
Fli FF R 0 B bt A AE o A Ab B3 EE 2, BEALHE

), FEAFEE IR T20124E 11 H #47 ., Wi i
SR IR201 AR 1 0 BRERE R . Tk
Ja N TIAZTR, R E0E B B FEMIE, ©
JETE60 cm, PJETE40 cm, W40 cm, FJEH YL/
BN 2 OK B 2BV Ak . FEAEIE R, K
0 ~20 emM120 ~ 40 emZ 1 HY ISP IFHCE . K&
KRG RS FE R R K N3 ~ 5 em, 50 P4l
FEREE T, WHHE12 000 kg hm™, — R PE4 &
W, TERSFE TS, %20 ~40 cm, 0~20 em
WERF ik 4 2, B K 229 H AR DR . 2014
FI0H RESMEBMER (0~20 cm) MLV EE
(20 ~40 em ) MY IEHFTIE

FANER AR, P Kt P A Ak B A A AR R it
- MN: 200 kg hm™, P,05: 50 kg hm™, K,0: 50
kg hm™,

IR HERE A AL P R L1
1.3 SHFE*®

A PR & R E AR R A A L, A
K BRAR A s, A 800 R FH i R S i 4 — H 6
bk, AR MG TR, pHR T H
firk U RE

Vi O 20 PSR D 9 TR £ A ik 0 B
FEHGFI 0.1 mol L EBEERENAI0.1 mol L' E AL
MIRAW (pH=13) . P (HE) &kt
HA F i ok A% TR A R AL TR I 2, FART iR R
FH2ZEWEAR R, BIFA & B =HE & 0 8 - HA &k
. PQE=HA ik E/HE & ik &

HARE SR FHIHSS 7 i 4 e alife, KT ez
0.1 mol L™ NaOH R FZHL, $2HURZLHCIERIL ZpH
LSIFEHHA, JE4 0. B, JeftEL .
TSR ER R HA TR, BB WSk [20 ] .

HA T2 4 Bk HAZ E 7~ VARIO EL AT
F BT A 2 B 5T R A B AFE CA\HANA ST 47 i
E, HAPHAMC, H, NDGE SR NEME, oA
STGE & i 1Y BRI SR FH 22 05 THA RS s HARAD

F1 X TIEAIE AR MR

Table 1 Basic properties of the soil for experiment

PRI A HLBT T it A AR THAH
Depth Organic matter Alkalytic N Available P Available K pH
(em) (gkg™) (mgkg™") (mgkg") (mgkg")
0~20 18.57 82.44 24.02 86.02 6.54
20 ~ 40 15.34 74.09 17.46 75.93 6.39
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1.4 HIiELE
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ZT A1 8 P 3 O MINTC A5 A %o 8% 28 1 B4 AiF
g, SR Origin 7.5 0 W14 DR, XF A [A] 5 4L
(18 AR AE R AU A 4 0 T BR3P — e T AR 4%
g 5 T R B 0 L R L B

¥ 53 4
2 45 R
2.1 FEFFRIE R ML AR £ I WL B e B

ML ] DL H RS R IR B T i Ak FE X6 - 48
AHRAE I, AR5 R 2 A Pl S
AL AAR L : CS+NPK > CS > NPK > CK. Hjifi
FEFF 5 Pt AR A A E L R 6T 3 BILAs 1 B 2R AL
RIEFIEHE, AWM SAERERCRE B E . 3t
FKZLHEMS, SCKHL, NPK. CS. CS+NPKAh
PA HLBR & 43 BB N T0.70, 0.47H12.57 g kg™,
A LU H CS+NPKA T 4 e HLAR 19 FL R R 4
HoAb b B 5 2 X FR)E BN E, NPK. CS.

20
= a O CK
o 15 F 7 ab
%z be abc ab¢ . be ---E---
5 T I I '|' T be E1cCs
2 wp |1 | x 1 A
) L R NPK
ﬁ ; e
B T 0 CS+NPK
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0 1 ]

0~20

20~40

FAERSE Sampling depth (cm)

W CKRRNMEHRBF, CSHRBFFREA,

NPK A BN, CS+NPK A ARIC B AL . /NS F R AR - 2 A F AL B E SO C

GENBEEEZES, BEKFEp<0.05, FFE Note: CK represents no-corn stover incorporated, CS represents CSDI, NPK represents

fertilizers applied only, CS + NPK represents CSDI plus fertilizers application. The lower—case letters in the same column mean

significant difference at level p < 0.05. The same below

K1

Tt PP IR o T it A JIE X - S8 LAk 11 52 i)

Fig. 1 Effect of CSDI and fertilizers application on soil organic carbon

CS+NPKAT HLER & 3 CK A B3 i 171.02, 0.43,
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RIZSOCT AT LI FEFFIRIE 7T DL g 3548
A LR S, Fo AR AR S 2 . Ho
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- J2 A A B A B T A G (R R Y R BN HM
>HA > FA, AN[F 424 4b 31 3% 2 + 15 5 ot 41 43
THREYE T RZ. 0~20 cmtJZCS. NPKAI
CS+NPKALFRAYHA & ik i B CK A3 Bl S 1716.6% .
6.8%M124.6%; FATIREIIFRIN : NPKAHFFAL,
CSHICS+NPKA; 54 CKE4 fin 70.1310.50 g kg™,
S EE; SCKHL, HAL3ALFHM S ik
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K, iKF32.1%, MWEEZE (20~40 cm ) L HEM
5, CS. NPKHICS+NPKALFEHA & ik B3 CKI A
FREhn, A9 T 11.0% . 6.2%F129.0%; FAZ
ik AR b B CS+NPK > CS > CK > NPK,
M HM I 22 3 5 CS+NPK > NPK > CS > CK .,

POQIE J2& T8 5 B2 76 JE 78 1R Hh or i i b,
KRk HER R H AL AR, WA R IEA DG, K2
AL Y BLAR e R 2 R 32 R AP AR B e it A
JEALFRHAFIFA S ik B 2R 3, (HPQIE S fL A
W, MHELTCK, £ZH, CS. NPKFCS+NPKAE
B 5H T PQIEL WS TH 5, A56.58% 43 S| 14 i %
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®2 BAHREREHWAEN TIRE

FEFRE R NP QAR Z2 N

Table 2 Effects of CSDI and fertilizers application on composition and PQ value of soil humus

D”;fi"‘ f) Tl_iim IR HA (gkg') B FA (gke')  WIRCE HM (g kg PQ@(};UQ)””“"’
0~20 CK 3.25 +0.37cde 2.49 +0.19ab 4.67 + 0.29bc 56.58 +2.42a

CS 3.79 + 0.28ab 2.62 +0.22ab 5.16 + 0.66ab 59.13+1.10a

NPK 3.47 £ 0.16bed 2.30 £ 0.52ab 6.04 + 0.49a 60.37 + 5.94a

CS+NPK 4.05+0.11a 2.99 + 0.66a 6.17 +1.07a 57.87 +4.55a

20 ~ 40 CK 2.90 + 0.39e 2.36 +0.23ab 3.84 + 0.56¢ 54.98 +2.25a
CS 3.22 +0.37de 2.44 + 0.19ab 4.59 +0.82bc 56.82 + 1.98a

NPK 3.08 £ 0.06de 2.04 +£0.33b 5.01 £ 0.77abe 60.26 + 3.66a

CS+NPK 3.74 + 0.21abc 2.86 + 0.64ab 5.11 +£0.22ab 57.03 +4.04a

T CKOMARNEHIREAT, CS R
B

HH T

%K Fp <0.05,

iR, NPK AL, CS+NPK A FE FF b B it 1k e .
NIl Note:

CK represents no-corn stover incorporated, CS represents CSDI,

JINE AR ) S b 3 )
NPK

represents fertilizers applied only, CS + NPK represents CSDI plus fertilizers application. The lower-case letters in the same column

mean significant difference at level p < 0.05. The same below

2.3 FEFRERECHE L AERT 3B HA T R AR ARG

3 Bl BT Y AR B R - CO O H AR
F-OHBUR 5 T, kike . IR . kK fk
UM GRS T ESEWE Y . HICH
(0+S) /C (EEIRIL ) HREAEHA ST 464 B2 H
AALEMSRE, HICHSZAEERME, (0+S)
ICH AR R IER S 2 L A LT R H/C H AR B/
W) 5 o ) O A ke, R A R R A &
Pt T O/C AR F R A WL TS R
i 5B R P R AL A it i

XHATTRE AR E (NF3FrR) : HA

43.72 ~45.01 g kg 'f128.47 ~36.70 g kg™', UM
HARICR A LACHO+S A T A FRALHIN S,
2 HJZHAMCE MKl . CS+NPK > NPK >
CK > CS. it RS FF IR A B it AL RE A 3 EHA T C &
I, FAFRE S Z AR CSI2A L JZH/CH
(0+S) /C¥EFCK, CS+NPKEZ M., £
FEFFRIE T HAS> F 466 BEREAR, AALEESE i, i
T FFRE B AL IE S HA 7 748 B 3G fn, A AL
FEA .
2.4 FEFFREREHECARRT IBHAL SN RS20
TIEHAR LI AMEE (FTIR ) WE2fT /R . HA

M CHEBYLFIAES01.6 ~549.5 ¢ kg 'Z 8], O+SH B EZAFIE S BLAE2 920, 2 850, 1 720, 1 620,
H#4373.3~429.0 g kg™', HHAINE &G F 55N 1400, 123011 034 cm b, 435I 2920 em™
3 FEREREMECAES TIEHAR TR AR A0
Table 3 Effects of CSDI and fertilizers application on elemental composition of HA

R 4b 38 L . . . e
Depth (em)  Treatment C(gkg') H(gkg') N(gkg') O0+S(gkg) C/N (0+S) /C H/C
0~20 CK 531.1 44.64 32.12 392.2 19.287 0.554 1.009
CS 518.0 43.72 32.17 406.1 18.784 0.588 1.013
NPK 532.0 4391 32.09 392.0 19.343 0.553 0.990
CS+NPK 535.1 44.00 36.70 388.2 17.010 0.537 0.961
20 ~ 40 CK 531.1 44.83 32.55 391.5 19.037 0.553 1.013
CS 501.6 43.97 28.47 429.0 20.553 0.641 1.052
NPK 532.8 44 .47 32.33 390.4 19.229 0.549 1.002
CS+NPK 549.5 45.01 33.18 373.3 19.320 0.508 0.983

http: //pedologica. issas. ac. cn



698 + % & fi 53 &
1720 p1 620
2920 NPK+CS 1620

3 2850 . 2020 1720 CS+NPK

= NPK 2 2 850

£ £

2 2 NPK

< s <

i id cs

F:% CK g
CK

(0 ~20 cm) (20 ~ 40 cm)
4000 3000 2000 1000 4000 3000 2000 1000

% Wave numbers (cm™)

% Wave numbers (cm™)

P2 FEAFRIE K BLTt A NE X HA T FTIR T 14 fr) 52 )

Fig. 2 Effects of deep incorporation of corn stover and fertilizers application on FTIR spectra of soil HA

(AXTFRAEEC-HM%EHR2h ) , 2 850 em™
(—CH,— X FrigieCc-HM4iksh ) , 1 720 em™
(RIEEM C=0M4EdR3N) , 1620 em™ (FHFHC=C
MgadEsh ) , 1400 em™ (JERC-HAEIRS) ) |,
1230 em™ (FREEP-OHKYAETE AR 3 A1 C- O 4 4k
3) Al 034 em™ (WKL BYREZHLEH P C-0
ga PR sh K AL Si-Ofh 4tk 3l ) o EHERARIE
AAHAL, AHAS[R) Ab B A 38 H A 7E — SRR A 068 1 W i
SREE FAATEE W WS R

HA 9 FTIR 3 32 22 W 06 AF 6 5 8 (DL 3%
4) , KNELJZME b, 4R ABERIZHAR2 920/
1 720K TR Z, RWIRIZHAM NG k/ R 5

AR T K2 5 BRNPKAM A AL BEF ZHA2 920/
1 6208 T2, RUIRIZHAR NG G/ 5 ik
RTFWEZ.

AR AL B E] e, HAZED 720 em™' (9 AH T 5%
i A A P 2 T CK; HATEL 620 em™' 1Y
AF X a8 B LAt b B SR 2 AN R E Y E T CK. i
HH A T U % e it A AES A2 1A FR i sk 0 A i
K.

ZE F AR, CSHICS+NPKAL i HA 4> 71
I5 A b A BRSO, T C S Ak B R] S A £l 1R T B A L
B3G5 B S A R A B it Ak IR X5 BB HA 43+
sikgta TR e .

F4 FTEFHREREHEAIEN L EHA FTIRYIE = Z IR X158 B A 520

Table 4 Effects of CSDI and fertilizers application on relative intensity of the main absorption peaks in FTIR spectra of soil HA

FHXT 5 B Relative intensity (%)

& IR b Molar ratio

KRB fib

Depth (em) Treatment 2920 cm™ 2850 cm™ 1720 cm™ 1620 cm™ 2920/1 720 2 920/1 620

0~20 CK 12.749 2.893 13.146 43.725 0.970 0.292

cs 17.279 3.673 15.578 51.882 1.109 0.333

NPK 12.558 2.636 14.470 45.426 0.868 0.276

CS+NPK 7.482 1.445 17.544 48.545 0.426 0.154

20 ~ 40 CK 13.957 3.221 5.164 45.061 2.703 0.310

cs 18.079 4.155 5.720 46.249 3.161 0.391

NPK 13.992 2.998 4.997 53.026 2.800 0.264

CS+NPK 9.497 1.986 4.655 55.804 2.040 0.170
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Effect of Deep Incorporation of Corn Stover Combined Chemical Fertilizer
on Composition of Soil Humus and Structure of Humic Acid in Soil

ZHANG Yanhong DOU Sen'

DONG Shanshan TAN Cen LI Libo

LIN Chenming

( College of Resource and Environmental Science, Jilin Agricultural University, Changchun 130118, China )

Every year China produces huge volumes of crop straw, most of which, however, is burnt by the farmers in

the fields. Burning of straw in open fields will not only reduce the contents of soil organic matter and soil moisture in the surface
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soil layer, but also bring about environment pollution and damage human health. To apply corn stover deep into the subsoil
layer (20 ~40 cm ) , namely “Corn stover deep incorporation” ( CSDI) , is believed to be able to effectively solve the
problem of how to utilize crop residue as resource and a number of other problems caused by burning of crop straw and further
on help sequestrate carbon, raise water holding capacity, improve soil fertility and stabilize crop yield. A field experiment was
conducted in a mono-cropping corn field at the Experiment Station of the Jilin Agricultural University, with four treatments,
that is, CK ( no—corn stover incorporated ) , CS ( CSDI) , NPK ( fertilizers applied only ) CS+NPK ( CSDI plus fertilizers
application ) designed to explore effects of corn stover deeply incorporated in addition to fertilizers application on composition
of soil humus and structure of humic acid ( HA ) in the soil. Soil samples were collected from the four treatments for analysis
of humus composition with the modified humus component extraction method and for structure of HA with the IHSS method
for purification and the infrared spectroscopy for element composition. Results show that treatments CS and CS+NPK were
conducive to accumulation of SOC and various humus fractions in all soil layers, but did not affect PQ ( percentage of humic
acid in humus ) much. The two treatments increased the proportion of aromatic-C in HA, and Treatment CS also increased the
proportion of aliphatic chain hydrocarbon in HA, while treatment CS+NPK raised the condensation degree and lowered the
oxidation degree of HA, which means the two treatments differed in mechanism of making HA stable. Besides their effects of
improving the aromaticity of HA in molecular structure, Treatment CS also enhanced hydrophobicity of HA, and Treatment
CS+NPK made the structure of HA more complicated.

Key words Corn stover deep incorporation; Soil humus; Humic acid; Element composition; Infrared spectroscopy
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