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w7 R R, HACRAERAT S S E B AL O . 5 CK AL, EIS AbHE R RE K T s 14
PSR, FRARIRAE 73 33.11%. 24.3%; EIS Ab3EIGIN T R T 4 EER (MWD) | /KFa R (KD &>0.25
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RS AT IE 7 OB W AFERS A 5 AR S 8 AR E S sk DR, —Foln B RS A8 H
T AR——FEFF I R NI A2 . AT 500k 2 4Rid iy 2B 8HE, B 1~2 ecm 1IEY
PR IR ANR S, FHIAI A 0~70 cm L2 d . AR TFAEGREHE. BIFE. BRI
ETT S, M ZERHE R — R A E 72, HEEUE R & F AU B e A ek, & IRIEYAiE
oKW R B R T AR RTFE R 2R, O IR P B IR AT IA 70~100 em, oy ZEHEE T _L RS AR B AE
Yo BRRZHHETT S0F e B i H AR 228, Wi & oo 28, LGB ETT SO EL, B 28
PHEREFH BHHE IRAURZ, AR LIRS, Jhagem TIRNE S S S K RKEE S, g
B B A I R ke e TS, 9 HLATE A A ks I B R SR R R e B R
VEVBRARTE IR I 51 0 A, XA R T INRAE DR A4 1 JE5 -

[E] P 412 RS AT IR H T — R Fh e M e ], FEATE B T L/ Ri42
A (<0.25 mm) [AKEIERMA (>0.25 mm) #4k, KASREES EM LA EREFE N T 10 54
Hi, [FF, FEAFIE H A A SR TS RIR A SRR G AU R SR, LR i 2 69.90%. Kabiri
SOV RIE Fe S R TR, VRBEINGE T IR AR S Kok IR RIR IR I S S e T, IRES T AR
PR BRI AN, &SP RR Y], RATES AR T EIBERZNER, SLHETE
AL, BAEEENEE G BRI s & e s . SR, H R TR A1E H
WEFAIRE D o Fk, ASCEAE RN 7= X AT 5, B 7 REFF3 5038 H X 3
FRAL ISR A, HExF b T R ERS FTIE B 7 20 3B R R e R, DAION A B
TE A AR AL X ) AR AT F 7 USRI R

1 MREITHA

1.1 WERXER

I H SR E M KFE TR 2B EHRI(4426' N, 12521' E). {5 X#H-FH, & TR
KRR SR, 2RI, £HFEATE, ERREEZW, FREETESHE. 244
TR 9.8°C, 1 A, FESIEN-125C, 7 A, FHSIEN 22.3C; THETY
145d, =10°CHURIA 2800°C. FE/KMEFRAIEN I AMMAYIE], FFIFKE 331.9 mm, FELLH
E6 £ 9 Ay, LAy E ) BAE L, H CaCOs MM E, £ T 50cm LEWN, H&AD
EANEMERNER, DIEERRME, AT EE RS T L (Calciboroll) o JLEEABL
VAT LI 1.26 g kgl BRAE%A 103.5mg kg™t AR 19.3 mg kgt AR 127.0 mg kg
TIEEHUR 12.73 g kgt ¥ pH 7.75.
1.2 I

RIGILWE 4 NAEEE, 3508 (D I (CK) « RIEHFEFF, (T IER F#HE; (20 FF
SJAEH (EIS) « Kk 2 1~2 om FFSFFE I 4 ZEHHE 10 77 AL HAE 0~20 om )25 38 78 70 R 51
(3) FEATEDGIEH (SM) « FERI B, AN TR ERATIE TS E R (4 RS
JEIEH (SP) « #AE 2 10 em RS A E I HLIRER T 0 7 A HAE 0~20 cm -2 5 T4 7w /R A
FARNX K 10m, 9E5m, HRHA50m?, BEHLHES], 3ANEE . S/NXAFHE B, i
B 7500 kg hm?, & EAEFFHIFR> S BN A HLIK 399.0 g kg™, &% 6.7 gkg™", C/N59.55:1, %
ANIX Tt R AR, A A B AR 165 kg hm? (BAN i) . BE 82.5 kg hm? (LA P,Osit) -
B 825 kg hm? (LA KO #) o FRERME K, SRRk 988 (it MRk KRS Mk A R 554
ANFD 4 AKREM, 10 AR, S/NXEREWTE, LHRER; DXBREFRERNANTHRE, T
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2016 4 10 A X AR[FAFE S /NX HE4T 0~20 om - 3ERE SR 8E KRE L 20 B il 5 o
1.3 SthiE*E

IR E R A AT R IR SRR A R R S A (TISD-750 &Y, Wiildt e
MR g, HIFAHEE (Soil organic carbon, SOC) K EARERAAMINAGEI & BlfE I E
KA BARY 02 AR SR R R S IR P — AP L (s SO e R K G B T
pH SR Ly 2,

~F 398 i 5 2L R N 5 S T 5 4L A S P AT 4R : B 0.1 mol L NayP,0+0.1 mol L™
NaOH VA N HE B M T 3 3R U 568 (Humus extracted, HE) , FJ 0.5 mol L™ H,SO, 455 &
FEIR (HE) 2SR (HA) 58 BIR (FA) , FIRNHEE (HM) o JH 05 E K=K
PR ZS BRI E .

HA ¥ e aith:  RAEPREE P2 (International Humic Substances Society, IHSS) %
17794, R F - RER 0.1 mol L HCIHZE +7k EE 12 10, A 0.1 mol L™ NaOH ¥ #2 HU 458 HE,
¥ HE $REUGKZ: 6 mol L™ HCI BRILZE pH=1.0 5 3H HA, LB L. Hisr. e ARG TG
SR 5 I HA R .

HA 2T &Mt e (8 B AR B 2T 4h iR (AVATAR360, EED JII5E, R KBr &, MR
{4 500~4 000 cm™, @it OMNIC B x40 A BT S AL Ve BRI 2 52 B0 A, R [R5
YRR R WSO AT W T AR U 35, FH SR — Ui AR o - I T AR B 1 29 bR s LG s T

398 [ B AR 2E BRI 52 23 ISR T TR AR AR R, AREURCE - REL 500 g, FHFLAR
J95. 3. 2. 1. 05, 0.25 mm W&, FEHSIHRIFG ML (8411 AL, WriLs EEETIEIE VXA D
ELL 30 ¥k min™ (KRR y 5 min, K AERSE T R RARRE, HERGBIREKE LR RE
KHE D& 8. RIEEH T, Bk 2 FE RN 50 g KR, VEREO . BN, el BBk
7608 5 min, FASLEN 5. 2. 1. 05, 0.25 mm K&, 1EHIEEF BRI (TTF-100 %,
WL FEH S e gcsegs) D LA 30 ¥k min™ (E LI 4> 6 min (HRIE 4 om) o IR 45 oK B AE
FHImFL BRI RN RS, BT ERRE, THROKARME R R AR K.

1.4 TEARAFEHHEERRKBRBITE

TIEFARK TS EER (MWD) iHE AR N:

MWD=>"BWi (D
i=1
R, B AT HSRIAT— KNG B R AR AR, mms Wy AT — KNS B [ SR 4 1 A S
B 7 R T R 4
T IR R AR R BT AN

K=A><100
M

(2
A, KAKBERE, % A N>0.25 mm /KEEMEBIEAE LR, g5 M >0.25 mm HlLikts e 1 4]
RIREE, g
1.5 IR

HHRL Excel 2016 4b3 5, KA SPSS 22.0 Geit B4t AT Gt 404, SRAIXSHE (Duncan)  #i&E
W ZE AT 5% 2 7 BT
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2 #iR5ie

21 ARIBFTHEAREERERTIERSERNZMN

g N R R S R R IR BRI SR AR, L B R Rl A AR IR R
MAEKEE . EAETIEARFEMRRAK, GBI, 359850t 5 BE R I S Km i k& .
M S e, BB, BOERMER K KRR, I B R RE e s & 5E
W= A ARIREN . AT T4 R, FEFHE A MR T HE TR &, (HSRFT 4 A3 7]
A ENA A - P 1 o] W, 5 CK M EL, EIS &5 SP R B BRI 7 35 5, BRI 2 40 ) 4 33.11%.
28.37%, T SM X 3525 B RS LN, AT FRAR PR FRAIR 12.16%. AN [RIFEFT A4 H 5 =0) 398 X i g
SN 5 T e B K EEE] . AN [FAS AL FHALEEE], EIS AERAR IR B oK, FEBEARIE AR T SM
K SP, AL 10.2% Y 6.4%. %45 %5 Kabiri 25PN o7 45 FARAL . FEATF B A 5 BRI R 5,
TERTEE IR IR LIRS R B g A E R, AN PR AR L & . RS AT 23k
FARE T HAN P A RS AT AL EE, X IR R IR S B I WA O, AT B2 1 TR AP A0k
HIES R 2B E 7N, ARG 7 HEAURE, ks 7 R I H AR S R i, ARk
PRt 7 AREFT XS A T ) 2

2. T 48 -
5 5 i
&9 < 4
= T B be be
< c g
= 5
Z g24
L 2
o =
;:2: 0.5 {;12 L
- =

0 o

CK EIS SM SP CK EIS SM SP
4b 32 Treament HbE Treatment

E: CK. EIS. SM. SP 7pilfURXIR. FATHSEH . BT EGIEH . FATREEH, AN FRFORER R
% (p<0.05) . A Note: The letters CK, EIS, SM and SP stands for control, even incorporation of straw, return of straw as
mulch and straw plowed down into the soil. Different letters represent significant difference (p<0.05). The same below
1 ANFIRSFTE A ) T3 B S e i S
Fig. 1 Soil bulk density and soil compactness relative to treatment

2.2 AEIFEFIEE AR 15 F R E A K AR E MRS

IR EE R A B IR S IR B R AR RUEVE ORI, 7K AR B SR A R B R O3 A
RO I EOWL S e | 3 i 25 DRk e . RRsE M At ie 7y Herbr 0.25~5 mm F1R A2 L%
BONBEAR IR BIRAK, e n@ e RIEYE. ORIETE. FUBGRVERIKAR IS, &, FoR
IR AT . R 1A, FEFTIE AR ESS REA RO I >1 mm KEAVERI RIS &, Hd EIS
AL BRI NI LR . EIS 2 CK B SP A SM ALFE 25 1>0.25 mm [ SR B, JLng il 2 23 5l
N 16.71%. 13.18%FH01 24.29%. XKW, FEFTIY5IIEH RE(LEE 13 rh KA /N A SR A 1) BOR 7K AR
PERBIRE AL, X3S LIRS ERINA <. AR, B REBIRE T ER S5
AN BAS 1~10 mm KA B AR & & TAEM AR K, BROAIX ARG R T L% 5 3)
VAR SHEOKIF G FROBCG P EP . [, EIS Zb#EH>5 mm & 2~5 mm Ktk
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RS BT SP J SM AbEE, HIABIREACT. BIHIS5 HARRSATIE 7 S0 b, AT 205E
SR REA A i+ 3rh >2 mm (KRR RN S B, - IRET 1S DLEGE
#1 TEBFEALELRARGER. FHLBER WMD) RkRRH K

Table 1  Soil aggregates composition, mean weight diameter (MWD) and water stability coefficient (K) relative to

treatment
ANFIRLAR + 3 R Ak
e M5E T5i% Composition of soil aggregates (mm) MWD
Determined K(%)
Treatment 1~0.5 0.5~0.2 <0.25 (mm)
method >5mm  5~2mm 2~1mm
mm 5mm mm
CK Tk 0.145+ 0289+ 0163+ 0291+ 0041+ 0.022+
Dry-sieving 0.026c  0.053a  0.005a  0.05la  0.005c  0.005d 0.355+  34.46+
TATIREA 0.006+ 0.007+ 0.005+ 0054+ 0.265+ 0.663+ 0.011d 0.19d
Wet-sieving 0.001c  0.002b  0.001b  0.005b  0.021a  0.012a
EIS Tk 0249+ 0294+ 0126+ 0.198+ 0057+ 0.045+
Dry-sieving 0.027b  0.026a  0.009  0.012b  0.005b  0.006¢c 0.640+  46.07+
A Rr 0.037+ 0031+ 0031+ 008+ 0225+ 0560+ 0.013a 0.43a
Wet-sieving 0.005a  0.011a  0.008a  0.013a  0.019b  0.021c
SM Tk 0304+ 0271+ 0110+ 0.179+ 0057+ 0.078+
Dry-sieving 0.016a  0.008a  0.015b  0.014b  0.008b  0.008b 0522+  38.39+
A [iRr 0.029+ 0012+ 0033+ 0055+ 0.225+ 0.646+ 0.009c 0.58¢c
Wet-sieving 0.001b  0.002b  0.002a  0.006b  0.014b  0.026ab
SP F- i i 0215+ 0255+ 0116+ 0232+ 0078+ 0.104=*
Dry-sieving 0.018b  0.024a 0.011b  0.021b  0.006a  0.012a 0574+ 42,63+
TAIRPA 0.026+ 0033+ 0032+ 0075+ 0216+ 0.618=* 0.013b 0.33b
Wet-sieving 0.004b  0.006a  0.008a  0.010a  0.021b  0.027b

VE: BHARE/NG PR RA B AP R ) % 7 B2 (p<0.05) . F[E Note: Different letters represent significant difference
in different treatments (p<0.05). The same below

AR AR KR e — A P SR EA (MWD) ROKRRRE (KD SkRER, KEaeHRIEAR
EIr iR, MWD BK; BIRMERE, K EBKP. R 1 aTLVEH, SRS AT A #E 1 0%
MWD % K {E¥)m T CK, RILH EISSSP>SM>CK; Xf T MWD, #4b34% CK 11 53 5l 80.28%-.
61.69%71 47.04%; i+ KAH, #FACEEEE CK 857509 33.69%- 23.71%A1 11.40%. Xt HIFLFTiE
H TR e IR BIRAKAS e M B A BRI E ] . PR — S5 00 B TR ATIE H ) 70
A RE . EEREAN, DT P AR s T USRI, X E R LR
235 RO K I R BT R e R s k77 2 T BB 28, Jastrow PR\ A Wk i N 338 B (1 i3 220 1 1
2R, AR 3 IR IR A R AR . IR P SR RORL AT LA 6 9 KA S A4 . T s n
SR 8 750 T LABBRASAT () S R, (et KRR B AR TR LA EIS AR T, 3L
MWD % K {f% SP AbZE 5 il B2 11.50% 55 8.07%. 1% 1l A2 tH T8 ZZHHE )7 UAH L FAE o RS FF
B30 H AT O T ROKAREAT S R e o e, N 1 IR S FORREAT A AR, R T
R RIER, ARt 7 ERERA (50.25 mm) B, 1 SM AR 13 MWD,
K {8 2>0.25 mm BIRARECE WA AT A 178 o R AT AE DL 38 78 0 #cfilr, e DLOA 3 FOKRFEFT B
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R E R AR T R H 8.
2.3 FRIFBEFEHART LB RS ENFN
SRS AR N — PR BRI VLR B USSR I, A ALE R 52
NN IR K . ASFIAS FFE H 7 2k 45 - WU SEmatn i 2 s, S AF AN S &R
PN EISSSM>SP>CK. 5 CK #tt, EIS. SP 5 SM 4b# 3£ )2 3845 HLAR & &2 53 1 27.8%.
15.9%5 7.5%. Ui EAREFFIE HA R T 5 s LI E HL S =, (2 REANUTEA R . Thomsen Al
Christensen BURIRT ST [FREL B, FHFTIE HAE A3 HUBRIE RO IS . Liu SMrs ], %k
FHRN L JZ I H A S5 00RE 78 o ek, VRVIRSFT 50 5 S e e A o LG LR 2 5y, BRI T- 458 4]
AR R, 0 e A UK R RO . A VLR AR R R S EVIIR R A KA B VIR LR .
SKITEEPARRT LR, IRFABHEIR A F KRR R AE 3% 0~20 cm 2 A 2D, BER AR T
AR, 20 cm LZ LU FRTE. R, RR A FEANAR TS A B . mfEmR
RO AR O, (R T AU BAFERAR L . AEFFH 5000 AR B A 1F T B s A LR 2 20
LA, FEFFY S0 HE Ry B EROR, ARUEEE T RS e S e, (2 TAEIIR RAK,
BOR T HEREEE, R, AT HABREFT IS 5 3, FEFT 518 A R T R MU & .
20 a

= b
d —=—

,_.
W
1

Hi

A PR
Soil organic carbon (g kg
«w o
1 1

(=

CK EIS SM SP
RbFE Treatment
B2 S [ RSFTE A () T A AL & B
Fig. 2 Soil organic carbon content relative to treatment

2.4 ARIFEFZEEA RN TR EERERRIFNT

AR IR E A A A MUK S WK 2 Fs, FEFTIE AL ER 2B N 1 R R A o 54
&, (HEFFE A AL E AR AME . 5 CK AL, EIS B 7 H3EEHEY i (HEC) .
TR (HAC) g BRIk (FAC) &, HIMEREE /518 47.6%. 63.3%5 33.8%. X T4
[FASFRAE HALEE, EIS £ SP M IR fe o v 3, HL SP ) HEC. HAC 5 FAC & & (134 e
23N 28.2%. 26.3%5 30.4%. T SM 4L, EIS XfH HEC. HAC 5 FAC & &3 i 22 i 43
SN 8.2%. 12.1%5 4.3%. IX— &5 B RS FTIE AT AT LS i R 414 oG8, RS AT e
2N IR TR AR B R U o %45 5 AR T PR A S SR AL . X T RER T RS TR B
T A B, R T RIS R . AL ARG AR E T R, REFT S A8 AR RS FT
543 miRG, AR T LB R, B, AT HARE B E R T FORFEF L
3 AR 8 S B (V0 T

BARIR IR S & BRI HUAE (HAC/IFAC) 2 e Bt 3580 ML R FE AL R B ) B B R bR . AR 2 1]
PLEH, FEFFIE AR N 7 3% HAC/IFAC, {H=25 CK #fitk, SM 4b# R +3% HAC/FAC fHISH
wahn, EARIFARE; T EIS 55 SP AT 4 HAC/FAC {EA 0.88 73 Jil#E % 1.10 5 1.07, 4
AR FE S 5 25% 5 21.6%. Tk SR SEARCVMIRT 7t 45 SRR WY, RSFT 2300 1] 38 8 B R 45200
EIN, ISR, e R, Rk, BEE KRR A SIEANURE R, T
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e BURTE S FE D h T o L SR, EIS 5 SP X 3% HAC/FAC [IR2MA RN 2.3 .
#2 TEFRFIEBLIE T RIFIERER

Table 2 Soil humus composition relative to treatment

5% B 5 ik
A B LR o
L3 Humus substances R & R T
Humic acid carbon Fulvic acid carbon
Treatments carbon 5 ) HAC/FAC
o (9kg™) (9kg™)
(9kg™)

CK 7.171+0.07e 3.35+0.09% 3.82+0.07c 0.88+0.03c
EIS 10.58 +-0.09a 5.47+0.05a 5.11£0.03a 1.10£0.05ab
SM 9.78+0.08b 4.88+0.16b 4.90+0.12b 0.994+0.11ab
SP 8.25+0.16d 4.334+0.08d 3.92+0.11c 1.07+0.08a

TIREA O REA log K RHTEREY A R AR L) — N E IR . A logK E#K,
IR FETE AT L A log KRR/, U FES B 5T 45 KR AT 2 o A AL PR IR S R BRI A log
KW 3 fizs, #HEET CKALEE, EIS. SM 5 SP A&FEHTI4 AL BRIE I T -4 5 HLER 1) A log K,
FCGINE L3 ) 12.4%. 16.1% 5 21.7%; xf T HIREIER, (XA EIS ALHRA R, SEInteEE N
8.7%, 1M SM 5 SP AbFE N4 5 FBE T 7.7%- 15.7%. Kk, #LLT CK JILAbAbEE, FEFF51EH
A RO S e IR T AR T AL . PRI — SR BR IR AT RE A AT 28 5038 A Rt 1K
KAEFT TGRS HAL, AEH A A 73 e AL Do i) EL S M B ] 0 0 - S T B e

45  ab a 4 ¢
2l b i -
® 36 F ER . B 4l T
W& bt T
= W27 2
g3 g9 2F
®< 18} E<
5= = | |
T 09 F XE
0 1 1 1 J 0 1 1 1 J
CK EIS SM SP CK EIS SM SP
Ab32 Treatment b3 Treatment

3 ANIRIREFTIL FH AL I 398 7 B0 5 2 70 2 R B
Fig. 3 Alog K values of soil humus relative to treatment

25 FEFEFIEHESG X TIRAHBRLI /ML EAIF20
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ANFIREATIE 5 30T 138 HA B0 B AR B2 AT (FTIRD 224 inl&l 4 fos. TR LA
s T BRI A K VTR g 2 920 em ™ AR RASKI BRI C-H g5 RS 1%, 2 850 cm™
REARZE-CH - X BRIl C-H 4R AR S 0%, 1 720 em™ AR E I C=0 M4aiRah ki, 1620 cm™
WeARFK TS F C=C MARIRFN I, 1 454 cm™ Fyfigig C-H ZEFEARED, 1 230 ecm™ Jylifii . ¥ 4 rh-OH
(RIS FEAREN AT C-O f4iHR%h, 1035 cm™ N HEEKZ MR 1) C-O s Sk LA Si-O {4
#Rzh. FFH 2 920/1 720 A1 2 920/1 620 HFAE LY AEL K S5 WS LI 731 14 B TR B At ok R B o M B I e e
B/ 5 7 B A EEARL

1720

R 2920 |
SP zlssu L "|35
1 slzo
SM
EIS
CK
§ 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

¥ # Wavenumbers (cm™)

B4 SRR AT I HE Ak -t 98 o ) R P 1 L S M 2T A1l
Fig. 4 Fourier transform infrared spectroscopy spectra (FTIR) of soil HA relative to treatment
FE 4 AP0, AFEIFREFFIE 5 303 HA TILLAM G RERFAESE AAR L, (35 Ab BRI & IR AL 538 5
FEAFREENZESR, RBTAFERFOE 7 AR 5] R 1 HA 4 o s BE SR L
125 5 o o 398 HA 32 B AU R 6T R 38 (12 52 BT (36 3) S5 SRR 9, EIS 4bBE HA 7E 2 920 cm™
2 850 cm™ WS I PRI A T R 2 35 T- CK. SP A% SM, 1620 cm™ i1 1 720 em™ W i s (1 AR %ot 5 22 /N T
CK, X ULFHAEFFIA1I0 AT HA JE SR Al , 05 & i SRk & R PRI, AR, FLAE 2 920/1
720 F12 920/1 620 AbHE(EY & T CK. SP K& SM, i BHASFFH4 2038 IAE 358 HA itk sam . xF T
HoAlAbEE, SP AMEEAE 1620 cm™ 4bik CK K EIS #lEE: A, H 2 920/1 620 RHAE LB AR/, X5 MAS
0 30 FEL AL Ll LA RS AT FE 7 306 HA 55 & T & BER IR K SMAREEAE 2 920 em™. 2 850 em™
H11 620 cm™ MR AT UG O RE 6 53 B2 PR T CK, 1 720 em™ MRS UG AR FE 53 8K T CK, BB HA fIg iy
BEFEWRSERD, BREGEMN.
33 TEREFIEAA R HIEAASER 50 B A I BT S0 it 3 RIS AT 58 B Y 20

Table 3 Relative intensity of the main absorption peaks in FTIR spectra of soil humic acid relative to treatment

Jogtii AR Relative intensity (%) [t{ Ratio
Treatments 2920 cm™ 2850 cm™ 1720 cm™ 1620 cm™ 2920/1 720 2 920/1 620
CK 1.231 0.294 1.389 2.324 0.886 0.529
EIS 1.698 0.352 1.308 2.034 1.298 0.835
SM 0.874 0.217 2.304 1.621 0.379 0.539
SP 1.246 0.332 1.065 3.326 1.169 0.375
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Lynch ZB%ii5d 3C NMR 4 LL M W/ EI RS AT AN S (B HE L 5 3B R S5 MRl , 45 %
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Table 4 Correlation analysis of maize yield and soil physic-chemical properties relative to treatment

Ba P23 TR S T IEH PR BRI B LR R
Soil bulk density Soil compaction Soil organic carbon HAC/FAC
-0.780** -0.917** 0.981** 0.834**

*, p<0.05, **: p<0.01

3 4 it

5 CK ML, FEFFEI 510 A MERR T e i R R IR SR, $em 1 3R R oK AR E 1k
J2>0.25 mm H3ERUR A SR, o 7 AN, BN 7 AR S E, ARt 1 R TE AR
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Effects of Straw Return on Soil Physico-chemical Properties of

Chernozem in Northeast China and Maize Yield Therein

FAN Wei WU Jinggui’ LI Jianming HE Ruicheng YAO Yanying WANG Duchao SUN Ling
WANG Caiyun

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

Abstract [ Objective] With developing agriculture, the amount of crop residues increases, too, posing
a serious environmental concern of how to rationally utilize the by-product. Incorporation of crop residue into
the field is one of the optimal ways to recycle crop residue. In Northeast China, straw is returned into the field
normally in two ways. One is to plow the returned straw into soil, and the other leave the straw over on the
surface of the field as mulch. However, the traditional ways do have some shortcomings, for instance, the
returned straw is hard to decompose in the soil; it affects seedling emergence; it makes tillage difficult, and so
on. Consequently a now straw returning method is, hereby, invented, that is, even incorporation of straw (EIS),
which is implemented in two steps, 1) straw is crashed into pieces, 1~2 cm in length and spread over the field by
the combine harvesting the crop; and 2) the straw is plowed evenly into the 0~70 cm soil layer, using the
crashing-ridging technology. When the new method is applied, the soil pan is tilled loose, thus reducing the soil
bulk density, and improving the soil structure. However, so far little has been done on effects of this new straw
incorporation method on soil physico-chemical properties and maize yields. Therefore, in this study, a field
experiment was carried out to evaluate effects of EIS on soil physico-chemical properties and maize yields by
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comparing EIS with other straw returning modes or methods. [ Method] The field experiment, laid out in a
mono-cropping maize field of chernozem soil in the Zhengbang Farm of Nong'an County, Jilin Province, was
designed to have four treatments, i.e. Treatment CK (no straw returned), Treatment SM (straw returned as
mulch), Treatment EIS (straw incorporated evenly into the soil using the crashing-ridging technique) and
Treatment SP (straw plowed into the soil). Soil bulk density was determined plot by plot using the cutting ring
method, and soil compactness, too, with a soil compactness meter; soil aggregates composition analyzed with
the dry-sieving and wet-sieving methods; and fulvic acid (FA) and humic acid (HA) extracted with the modified
humus component extraction method for analysis of structure with the Fourier transform infrared spectroscopy.
Besides, maize yields of the treatments were calculated. [Result] Compared with CK, Treatment EIS and
Treatment SP significantly reduced soil bulk density by 33.11% and 28.38%, respectively, and Treatment SM
did only by 12.16%, and similar trends were found in terms of effects on soil compactness. As for content of >
0.25 mm water-stable soil aggregates, Treatment EIS was 16.71%, 13.18% and 24.29% higher than Treatment
CK, SP and SM, respectively. However, all the straw returning treatments increased mean weight diameter
(MWD) and water stability coefficient (K), as compared with CK. Treatment EIS, SP and SM was 80.28%,
61.69% and 47.04% higher than Treatment CK in MWD, and 33.69%, 23.71% and 11.40% higher in K.
Moreover, Treatment EIS, SP and SM increased soil organic carbon content in the surface soil layer by 27.8%,
15.9% and 7.5%, respectively. Meanwhile, Treatment EIS significantly increased the content of soil humus
substances (HEC), soil humic acid carbon (HAC) and fulvic acid (FAC) by 47.6%, 63.3% and 33.8%,
respectively, as compared with CK. Among all the straw returning treatments, Treatment EIS was the most
significant in effect of increasing the content of HEC, HAC and FAC, being, 28.2%, 26.3% and 30.4%,
respectively, higher than Treatment SP and 8.2%, 12.1% and 4.3%, respectively, higher than Treatment SM.
Treatments EIS and SP increased soil HAC/FAC, too, being 25% and 21.6% than CK. Moreover, Treatment EIS
altered the composition of humus more significantly than all the other treatments, by increasing the proportion
of alkyl C and the ratio of aliphatic C/aromatic C, but Treatment SP was relatively higher than Treatment EIS in
effect of raising the content of aromatic C. [ Conclusion] All the findings in this experiment demonstrate that
straw returning decreased soil bulk density and soil compactness, accelerated the accumulation of soil organic C
and various components of humus, significantly changed the content of >0.25 mm soil water-stable aggregates
and the values of mean weight diameter (MWD) and K, improved the structure of soil HA and increased maize
yield, with the practice of EIS (even incorporation of straw) in particular, which suggests that the practice of EIS
might be an ideal straw returning method to improve physico-chemical properties of the soil and maize yield.
Key words  Soil bulk density; Soil aggregate; Soil organic carbon; Soil humus; Even incorporation of

straw
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