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HATE AR, 5 FF B9 £ 258 17 A M
P, 3 R R AF B L R SRR s R L {E5 5
O R3S FH 5 20 AETE RS AT R 5 I A . S o i
Fe AFIBE B . PRI, — o B A4 f FF0 1 7
R —FEFFI 038 FHR R W A . F5FF 245938
AR BHE, BRMIEEL ~ 2 cmBIfEY R IA
5 sR A, A E ~ 70 emil
E. AETEEWER . Bt 2B
X, B BPHER—Fh B RO T, R R
JH L R E: 1080 4, 4 IR W Rl 7 SR
TR RO AR BITRE, HOM BRI R AT
iK70 ~ 100 cm, ¥y ZBFEVET L FAEAR B AEY s A
PRAE DT O b R R HL AR 2R, K A
O ZE N SEGRIEHE T AR, B B
BEFTREREAE L IEAR)Z , AR LA, JFhE
PTG KK RE Sy, 6 ey PR
BB A AR I A s A s O BT 7R
2ot - R ERE B S A s AR e s R, AR
FRARTE L HER A 0, A AT IR B AR Y
JE it o

[l P b2 35 %0 B A 8 AT — R AT . b
JLAEEE NIRRT, AT IR AR HE T R
B EM (/NF0.25 mm) 1k FEAE (KF0.25
mm ) FEA, I P A A LR RS AT R0 T 10
kA, M, FEFFIE A SO T 82 Bk
P B8 A b oA LR B AR, G 0 246990 % .
Kabiri%s "2 fBFS 45 58 WoR, WA 7 g eh
BEFNES OoR A% e AR IS AR ST, R TR
A S /IR RIRISS SR . X% PR
FW, FAEEAHTAIBRERZNER, 5%
AT o6 LM L, BA SR EY . Nl

TR AN D7 T et 5 4o SR, H AN TREFF I 208
MRS IR B . I, ASGE AR el 3=

PA X AT AL, ATSE T RS AT A 5038 HOX -
SEPARPE BRI, JERS L T AN R RS AT 38 7 200k
T IEBAL L B AR R 0, LA O B
WA AR AL DAY B RS AT 3 T 5 U (R B A ah

1 MRS Ik

1.1 HAREXER
R S E S MRE KRET AL B IERAY

(44° 26 ' N, 125° 21 ' E). X560 X M3 FH
J& TR AT ORGP = AU, 32 R KUY iR B
XBFELTH, EEREEZW, TWEYHEEY
B, ZEFHRENSC, 1HMRE, FHIR
H-12.5°C, THMG &M, PR K22.3°C; Tk
WIF145 d, KFET10°CHREIA2800°C . FFKAE
PRAAE N AR A S], AP KE331.9 mm,
FEAENTEORIN fy . LIRS Fifa) R4S 1, H
CaCO,JERIR M F, ZWT50 emTJZN, FH&F
DAL, TR, MY TEERS
T RSB A+ (Calciboroll )  H.EL AR
FEPERR R . 34 %(1.26 g kg™'; Bf#%(103.5 mg
kg™ ABE19.3 mg kg™ HERLA127.0mg kg
LHEABLET2.73 g kg FHIpH 7.75,
1.2 RIEt

W 4B, Ak (1) X B
(CK) : KRIHFEFR, (GHEITIE®E M#E; (2)
FEAFAE M (EIS) = ¥ME 21 ~ 2 ecmYFE R
1B ZBBEE ) 7 A HAE0~20 em+ 2 5 5T 4
AT (3) FFFEZREHE (SM) ¢ #E Xt 4 o Bl
BE, N TR RIS AERE, (4)
FEFF BRI (SP) « KB EE 210 em YRS FFiE o
HUBE B 4 7 20 A2 0~20 em+ )25 HIE 40 1R
Ao BAVNMEKI0 m, 955 m, HIAHS0 m®, FAL
HEB, 3 EE . K/NXHRE AR IS AR, 4
M7 500 kg hm™, SHFEFFFRS SR A
MLE%399.0 g kg™, ©%6.7 g kg™', C/N 59.55: 1,
/N X H it S R AR, ARt R AR 165 kg hm™
(INI) . #:882.5 kg hm™ (LAP,O ) . #AE
82.5 kg hm™ ( KAIK,O¥) o BHEFPHIEK, SFPH
T ARKISS (FH ML REF A ARTAEAA ) , 4
HAARREF, 10 H0IRkl. &/DXERWFE, AN
WEWE; ADIXBRFEFE A NTERE, T20164E10 %)
AFAE IR /NX BEFT0 ~ 20 om - HERE 5 R K RE S
A3 HT I E .
1.3 oFE*®

IR E R ) RTINS
K A I AL (TISD-750%0, #i V463 4Y
AMRAFE) WE; LEAVLK (Soil organic
carbon, SOC ) K HE K BRERHM P L 2E 5 Ball it
RN R HIBRUAR ) 30 5 A 80 I o SR Ttk PR &M
BRAR—FHBAPL L (s SRR R R F KM B
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Wy pHRMHAIENE 2,

- 48 i A T 2 R BRI A R FH A BT 4 R AE
Pk 2 AT ERE: 140.1 mol L' Na,P,0,+0.1
mol L™'NaOH{R A i A 2 B M - HE b 42 U 5 iz
( Humus extracted, HE) , JH0.5 mol L™ H,SO,
T EEIR (HE) S8R (HA) 55 B2R
(FA) , B4 AHAME (HM) . KU FHER
FH B R 0 7 1 VA U

HARE G BB 24k . SR H B B JE 50 5 D 25
(International Humic Substances Society, IHSS)
e 2 KT 2 REH10.1 mol LHCIH
24K 2 10, 0.1 mol L 'NaOH % i 2 Bt 45 )
HE, KHEHRBUKZ6 mol L' HCIFR L ZpH=1.015
FPHHA, SmEE.G ., BN, %R LMK T
JE A B4k JE T HARE &

H A 21 4h S 3 3 oo 48 5L ot A% 3 21 50 Ol 35 Y
( AVATAR360, £ ) Wx, RHKBr/E R %,
MR IEE K500 ~ 4 000 cm™, i i OMNICH A Xt
2T Ak [ DA T RRAE W ORI 8 4B, RS [R) i
B R AE M SO R A T e TR ARG, e — i T AR
25U SRR 4 L3R LI R I

A 438 AT SR A ZH BGI 5E 43 0 SR FH T T 0 0 R
WU PR, BREBURCT RAEZI500 g, HIFLAR
M5, 3.2, 1. 0.5, 0.25 mmfUENR, {EHIIHR
ML (841178), WivTAy b il H P as) )
FLI30W min BT 4rS min, KB AE ARG T
LR BRRFRE, RS RARE S LR AENE
S RIGHILE T, B2 TS50 gt
o = SO (SR T 1 D Y A 2 <L N W
5 min, FHFLAE NS, 20 1. 0.5, 0.25 mmYE
i, 7E R EHRIR ST ( TTF-1005Y, #WiiL4
BT S 2 ) FRA30WR min™ Y 5 B 57 26
min (JRIE4 cm) o JB0H 45 5 K B A8 4% i L B
A RAR KA &, BETEFRE, HTHEKER
P AT SR AR 2H 1
14 THRARKEYNSEHERRKARALITE

FIEHRETE S EEHE (MWD) IR A
KH:

MWD = iBiWi (1)

A, BRI 43 R AT — /N il AT SR A 1 - 2

HAR, mm; WA — KNG R AT AR B A 5
i - ERE T R Y A B
+ e AR KRS R B AN .

K==x100 (2)

SE

K, KIKBERE, %; ARNKT0.25 mmAKRE
PEA SRR S, g3 MK T0.25 mmALAER & 14 A
RIEBE, g
1.5 HIENTE

i 4 Excel 201640F )5, R SPSS 22.04¢
WRAFEAT G i, SRR HE (Duncan) H &
We 22 13047 5% 7K 1 22 5 W 25 R A #r

2 R 5108

21 ARIFBFLEHARAMTIETERTIEELE
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Hb T FROK S M AR, I HOX 3R T B
T AR S EAN R R ARWF IR R R,
FEFFIA H A B T HEZ LA &, HERFE
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TR ER WS LA ERECAFE . 7EA R
FFIA B AL, BISAL FRARfb i B fe K, PRI
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AbFE Treament AbF Treament

[E: CK., EIS. SM. SP/rHIMRAEXIIR, FEFF A0 M, AT H , fFFMEEH, ARG FEEREREE (p<0.05) .

TIA] 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
BT R [RIAS AT id F A PR 132 8 5 1 SR

Fig. 1 Soil bulk density and soil compactness relative to treatment

22 ARBEHTEARMNLIBABRKERLIEE

E3:0pA)

LR B AP IR A A R AR R
PERTEZS BRI, KR A1 3R A A B3t A4 Atk
PR LR e T SR SRR K P L RasE M T
{Rihfe S, HH0.25 ~5 mm FIEEE RN
FUAH A K TR, BRm At . R SRR
PUBBE FUK R MG, o E i, Rom IR
SERIERAT . MERIRT UL, REAF IR M AL B AR AT RO
IR T 1 mm AKFRPERIRA S &, HAEISARHE fin
R R . EISECCK X SPAHISMARH 4R 5 T K F0.25
mm P R AR BB, iR B 3 R 16.71% |
13.18%F124.29% . XKW, FHEFFEI5)8 HREfE i
-4 KRR /N T SRR ) 85K ) K R K AT SR AR e
fb, X FES PR SR INA C . A5
BEL, A KRR FEREYIREAYLR; HE
1~ 10 mm 7K ES M TSR AR08 3 18 TR R AR K
PRI Ay 33 o AL SR AT R F 4 1 sl s ] S Rk
FIE . FABMS MR E . Frf, E1Sk
R TS mmAz2 ~ 5 mmKFaPE A RIS E T
SP X SMALFE, HikF| B E K. U5 H AR
WM B, RS FF 5D R RE AT RO i - 4 rp
KF2 mm WKERME R RIS &, M - 5eah /15 L
W

AR KRR EE — BT R

(MWD ) KK ZEE (K) kKR, KEEME
HRRM S /e, MWD KR ; H R ki
FaE, KA 7. hEIATUEMR, /T
W AP HEMWD R K TCK, BN
EIS>SP>SM>CK; % TMWD, # kb CK Y iF
3 9480.28% . 61.69%F147.04% ; X TKIH, %
b B CKIE R /351 433.69% . 23.71%H111.40%
XUl WA FE AR T A0 3 | 4R v 9 AT SR Aok
et RA B ER . P — 25 & i TR FF
WH G m . EAREANT, P H
T b A Y AR IO SR Y, Gk S
(1A ML 465 I % R P SR AR 14 I i B R e = A T R
s 20 Jastrow I KA AR I A 1 fE
E 0F B R PR 22 R K, R W B 43 WA ROHS - B B
PSR R . w9y o A0k R0 A AL e 245 S K 141
AT AR T 700 T LA PR R A S i
R, AR HERARARRIE R 0 . ASBESE P LLEIS AR
FRACR B, HEMWD S KB %58 SP Ak B 14 i el 28
11.50%58.07% . X 1l BeS2& i T8y ZZHHE 7 =0t
TALGERE AT B IE A RO A T KA AT S £
BERy FT oy M, BN T S R ORR A AG 4 fid irg
L, R B TR R, AR T K
BiR (KF0.25 mm) WIES . miSMALB ALY
+HEMWD |, K{EH KK TF0.25 mm F 5 AEE A
Al RESE T S R AL R o ek, MELLE
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B FORFEFF I = W ELEOEAE R T B Y.
2.3 ARBEFEHAXT HIEEH RS M0

A5 AR — R RS R R AL
TRAPaE e sa i it g, A MR s R 2 A
AR BB AR o A RS A Oy 00 SRS 4 A
HLBK (4 52 el A B2 fr 7, 4% Ak B HLBR &5 5 R B R
EIS>SM>SP>CK. S5CK#tt, EIS, SP5SMAbH
TRZE ALK S RSN 127.8% . 15.9% Y
7.5% . Ut BIFSFRE A R T8 A HLak & i
PEHE 9 MUT AL 2. ThomsenHIChristensen *'' [
WFFE AR, RS AR 4 H el 4 B8 HL AR 5 1 A A1
M. Liu% URBEERY, B REATIRA L2 R
H5 N0k oy e ik, VEWIRE AT ) S i i Ak

TR PURA Y, AR T R RARAE A, 80+
XA LR B9 R ROCR . A HLER AR R AR S
TEVIR AR M AR A SN LR KIE 2 s
R, PR TR R TE £0~20 em )2
(3 A AR DD, BRZARFR ) P AR AR, 20 cm
TELUIART R ARREE | MR T AUE EAIARAR
BV EXA BT n . mifEYIR 2 o A etk B9 2 is
fefl AP AR R R AL . RS AT E )08 H AR B
ZEAE T B B A PR S B LR, AT X 2008 i
I BB ROR , ARt T REAT S R SR
fil, fEHE TAEMRARARK, Bk T L IERMA Y
P, I, AT HARRS AR 1730, RS AP A)id
HTEA AT A PR

F1 AEBEFTHALIELIEFARAAR. FHHEERMWD)RIKERE(K)

Table 1 Soil aggregates composition, mean weight diameter (MWD) and water stability coefficient (K) relative to treatment
o AN[EPRE A% R T A
WE 7 i . .

st Composition of soil aggregates (mm) MWD
Determined K(%)

Treatment >5 mm 52mm  2~1 mm 1~0.5 0.5~0.25 <0.25 (mm)
method
mm mm mm

CK Tk 0.145 + 0.289 + 0.163 = 0.291 = 0.041 + 0.022 +
Dry-sieving 0.026¢ 0.053a 0.005a 0.051a 0.005¢ 0.005d 0.355 + 34.46 +
T 0 95 0.006 + 0.007 + 0.005 + 0.054 + 0.265 + 0.663 + 0.011d 0.19d
Wet-sieving 0.001c 0.002b 0.001b 0.005b 0.021a 0.012a

EIS Tk 0.249 + 0.294 + 0.126 + 0.198 + 0.057 + 0.045 +
Dry-sieving 0.027b 0.026a 0.009b 0.012b 0.005b 0.006¢ 0.640 + 46.07 +
TATRe 0.037 + 0.031 + 0.031 + 0.086 + 0.225 + 0.560 + 0.013a 0.43a
Wet-sieving 0.005a 0.011a 0.008a 0.013a 0.019b 0.021c

SM T vk 0.304 + 0.271 + 0.110 + 0.179 + 0.057 + 0.078 +
Dry-sieving 0.016a 0.008a 0.015b 0.014b 0.008b 0.008b 0522 + 3839 +
T ATRER 0.029 + 0.012 + 0.033 + 0.055 + 0.225 + 0.646 + 0.009¢ 0.58¢
Wet-sieving 0.001b 0.002b 0.002a 0.006b 0.014b 0.026ab

SP R RRES 0.215 + 0.255 + 0.116 + 0.232 + 0.078 + 0.104 +
Dry-sieving 0.018b 0.024a 0.011b 0.021b 0.006a 0.012a 0.574 + 4263 +
ITATGIRES 0.026 = 0.033 = 0.032 = 0.075 = 0.216 + 0.618 = 0.013b 0.33b
Wet-sieving 0.004b 0.006a 0.008a 0.010a 0.021b 0.027b

T RPAIE/ING F RIS AL B 19 22 52 3% (p<0.05) .

different treatments (p<0.05). The same below

TIF] Note: Different letters represent significant difference in

2.4 AEIFEFIEHE 7 R X 115 FE 58 B 4H AR A 5200
Rk PR 8 6 BE 52 o A HLEK R SR 2 i

N, FEATIE TH AR PR G0 T R A s AL
i, [H A A AT B A PR AR AL HUR R AR . 5 CK
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T ) BFE L AR T Al o TR P i I 90
ES ol T AL, T LSRR R . A T
ih) {EGE R 3, REATH A58 RS AT 5 1358
sy SHBA . AR R Y R, R, A
” BT AL TN A T FORAEFF B LS A 1

0 1 1 1 J S

CK EIS SM SP F%ﬁﬁ)ﬂiﬁ’ﬂﬁ}ﬁio

Ab¥E Trearment
E2  R[EFEFFIE AL FEAY 1 584 MLk & i

Fig. 2 Soil organic carbon content relative to treatment

A, EISEZENRM T MY R (HEC) . +
HEEER M (HAC) ME B (FAC) &iE,
AR B 5 3 h47.6% . 63.3%533.8%. X T
[F) 6% AT 30 FH AR B, ETSAESP A HE I B2 fe by 1 3%
HAESPHHEC ., HACSFACE & 1Y 3% g )& 43
MH28.2% . 26.3%530.4% ., % TSMALHE, EIS
XFHHEC . HACHFAC &t i34 fin i B 00 43 51
8.2% . 12.1%554.3%, X —25 5L U6 FAAS FTi4 H A F)

R B 5w IR L ( HAC/FAC ) &
J e A S HL T A AR R S AR . A2
ATLLE H, FEFFE HACEERE I T - ¥EHAC/FAC,
B S5 CKM L, SMALHET +HEHAC/FACIHIGA
wahn, (HASEIF AR B2 MEISS5SPALFE R 4 4
HAC/FACTHM0.887 5 M A 1.1051.07, 34 inii
BESr 3 H25% 521.6% ., K RASERR Y BBFSY
SEELFEH, FEFT o0 09 ) - M A R 4% 4 oy b
hn, A AR BT, e R, UL, B
FORFEFFO Mo I H A WU AL AL, 35
2 7 J5 ) o v BT o LA 2 R, EIS S SPXT -
HEHAC/FACIH R e R o 2% o

®2 TEFBFTHELE R ETERER

Table 2 Soil humus composition relative to treatment

’%ﬁﬁ}ﬁﬁi}% >~ P N
” L Gl e i
Kb i Humus substances o o WA A e/ e L S e
Humic acid carbon Fulvic acid carbon
Treatments carbon N 0 HAC/FAC
i (gkg™) (gkg™)
(gkg™)
CK 7.17 + 0.07¢ 3.35 + 0.09¢ 3.82+0.07¢ 0.88 + 0.03¢c
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 0.99 + 0.11ab
SP 8.25 + 0.16d 4.33 + 0.08d 3.92 +0.11c¢ 1.07 + 0.08a

- 39 FE A B €0 9 BB A log KO A 1 5 AR ) R
SR E RN — A E AR, AlogKfEM K, +
HEE T LA R A logKAE /)N, DU Jg i Jo 2%
P 2% . 5 Ab PR R S E R Alog K
K3, M TCKANEE, EIS. SM5SP4:
FE AT M ARSI T 3 BRI Alogk,
T RE Sy 9N 12.4% . 16.1%521.7%; T 4
e, (A EISALFREG A I, Bz N8.7%,
MSM5SPALFRN 73 5 FFE T 7.7% . 15.7%-
Ub, M T CR L ILA AN E, A5 FF4 400 HAR A +

SRR S LRy A T A . R A X — SR
4 Ji A AT RE S A AT 1 203 TH A R ik 1 KRS AT Y
JEE SRR, (BRI o0 i e A D 14 HL&5 A

B TR B - SR BT
2.5 AEFEFEEHGR LIRPAHELLI B
A0

AN TRV RS A4 5 3R - HEH A A {8 5L AR e 41
ShETE (FTIR ) AL N4 R o JEFE Y 41 A8
i S U 3 S LR P e 2 920 em 7k
REAXFRIGEC-HIMP AR 2 (0%, 2 850 om™ AbAt
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Fig. 3

F-CH,- X FRIRHEC-HIF i 4R sh i, 1 720 em ™'k
RFRILC=OMLIRBN AW UIE, 1 620 cm™ AbfEF
F5 B C=CHZ RN M, 1454 em  AHARKC-H
RS, 1230 cm AR . BRI -OHMASTE
PREMC-OMAFIRS, 1035 cm™ LWL BEY)
i B C-Ofi 45 5 ik A Ak & W I Si-O i i ik 8 . IFH
2 920/1 72012 920/1 6204FIF FU AR A Jsz B Ji 4 i 43+
{14 I TR At/ F22 B Alie N M IR S Je e/ 07 e ik P B
A 4R DL, R [ AS FFIE B 5 20 1 EHA B 41 5k
ST REAE FE A AR L, H A Ab PHREAIF g W A B I
HANRRE B 22 5, [ T ARV RS AR 8 7 X fg
i | e PG - EHA ) 45 48 BT IR R TR Y
ZE5 o N HEHA T2 B SO R G 5 B ) K A S
Br (£3) 4558 %], EISKLFIHATE2 920 cm™' .
2 850 om IR AT UG 1Y AR T E H R T CK . SP X
SM, 1 620 cm ' HI1 720 cm™" W Wi W A AH X 5 25
AINFCK, X U6 B RS FF 35 530 L HA RS D5 5 48 7
SN, O E R R AR, A L, HTE
2 920/1 72012 920/1 6204k Hfl )5 TCK . SP M
SM, UL WIS 45054 B - SEHA RS FEPERG R . X%t
T HABAL B, SPALFEAED 620 cm ' EICK K EISHS
MK, H2 920/1 62041 tu /]y, X U BIFEFF
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Fig. 4 Fourier transform infrared spectroscopy spectra (FTIR)

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

fib B AT 3 BF Relative intensity (%) LL{E Ratio
Treatments 2920 cm™! 2850 cm™' 1720 cm™ 1620 cm™ 2920/1 720 2920/1 620
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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Fig. 5 Yield of maize relative to treatment
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Table 4 Correlation analysis of maize yield and soil physic-chemical properties relative to treatment

TR RS A HLaK B BRI/ BL IR Tl
Soil bulk density Soil compaction Soil organic carbon HAC/FAC
—-0.780%** -0.917** 0.981%** 0.834%*

*. p<0.05, **: p<0.01
:l: )
3 én l/t\,

HCKA, FEAFH L]0 HAT AL T LA
N BRSO, P T R R AOK AR E M B R
F0.25 mm b EPAIRR G, S T LIRS,
T A HLRR &R, AR BE T R S A AR
2, JFEF RS TR R ML TR #R S
LR AT L st i BT, R AT 42 25 i B Ak BRSO 5 0 W
B, FR R B TR AT 0 i S AL, R
WL I B LRR o T AR AL . RS ATIE TR HA

S RE A SR TS, TR
B EEHTI, HA Stk Efefe, RS ARy
2J ks FH RS A HEH A G5 44 KRRk A2 A0 5 i B 4 2
2N B N T 5 < ESe B E DO w1
T BA AR E A, R EONE AT
AL DCHE YRS AT T AR

& E X |

[ 1] Schnitzer M, Monreal C M, Powell E E. Wheat straw

biomass: A resource for high-value chemicals. Journal

http: //pedologica. issas. ac. cn



4 34

FIEANNG R (o B2 M BZ B DO B A A S

AT R B TEOK R

843

[10]

[12]

[13]

of Environmental Science and Health, Part B, 2014,
49 (1) : 51—67

Lim J S, Manan Z A, Alwi S R W, et al. A review
on utilisation of biomass from rice industry as a source
of renewable energy. Renewable & Sustainable Energy
Reviews, 2012, 16 (5) : 3084—3094

Kim S, Dale B E. Global potential bioethanol
production from wasted crops and crop residues.
Biomass and Bioenergy, 2004, 26 (4) : 361—375
Jiang D, Zhuang D, Fu J, et al. Bioenergy
potential from crop residues in China: Availability
and distribution. Renewable and Sustainable Energy
Reviews, 2012, 16 (3) : 1377—1382

Li X, Muponda E, Panigrahi S, et al. A review
of agricultural crop residue supply in Canada for
cellulosic ethanol production. Renewable and
Sustainable Energy Reviews, 2012, 16 (5) .
2954—2965

Turmel M, Speratti A, Baudron F, et al. Crop
residue management and soil health: A systems
analysis. Agricultural Systems, 2015, 134: 6—16
Huang S, Zeng Y, Wul, etal. Effect of crop residue
retention on rice yield in China: A meta-analysis.
Field Crops Research, 2013, 154: 188—194

Guenet B, Juarez S, Bardoux G, et al. Evidence that
stable C is as vulnerable to priming effect as is more
labile C in soil. Soil Biology & Biochemistry, 2012,
52: 43—48

Cely P, Gascd G, Paz-Ferreiro J, et al. Agronomic
properties of biochars from different manure wastes.
Journal of Analytical & Applied Pyrolysis, 2015,
111: 173—182

Cao Y, Yang B, Song Z, et al. Wheat straw
biochar amendments on the removal of polycyclic
aromatic hydrocarbons ( PAHs ) in contaminated soil.
Ecotoxicology and Environmental Safety, 2016,
130: 248—255

Liu S, Yan C, He W, et al. Effects of different
tillage practices on soil water-stable aggregation and
organic carbon distribution in dryland farming in
Northern China. Acta Ecologica Sinica ( International
Journal ) , 2015, 35 (4) : 65—69

Wei B H. Yield increasing and quality improving
effects of smash-ridging method ( “4453” Effects )
and its potential in benefiting the nation and the
people. Agricultural Science & Technology, 2014, 15
(10) : 1767—1769

Villamil MB, Little J, Nafziger E D. Corn residue,

tillage, and nitrogen rate effects on soil properties.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

61—66
Poot N, Heinen M, et al. Soil

Soil& Tillage Research, 2015, 151:
Crittenden S J,
physical quality in contrasting tillage systems in
organic and conventional farming. Soil & Tillage
Research, 2015, 154: 136—144

Andruschkewitsch R, Koch HJ, Ludwig B. Effect of
long-term tillage treatments on the temporal dynamics
of water-stable aggregates and on macro-aggregate
turnover at three German sites. Geoderma, 2014,
$217/218 (3) : 57—64

Cai H, Ma W, Zhang X, et al. Effect of subsoil
tillage depth on nutrient accumulation, root
distribution, and grain yield in spring maize. The Crop
Journal, 2014, 2 (5) : 297—307

Linh T B, Sleutel S, Thi G V, et al. Deeper tillage
and root growth in annual rice-upland cropping systems
result in improved rice yield and economic profit
relative to rice monoculture. Soil & Tillage Research,
2015, 154: 44—52

Meena J R, Behera U K, Chakraborty D, et al.
Tillage and residue management effect on soil
properties, crop performance and energy relations
in greengram ( Vigna radiata L. ) under maize-
based cropping systems. International Soil & Water
Conservation Research, 2015, 3 (4) : 261—272
PNICZ, A, B, AR IR R KA AT X
W T LA LR B P B AL S . R AR,
2017, 54 (4) : 1009—1017

Sun Y H, Gao XY, Zhao X M, et al. Effects of corn
stalk incorporation on organic carbon of heavy fraction
and composition of soil aggregates in albic soil (In
Chinese ) . Acta Pedologica Sinica, 2017, 54 (4) :
1009—1017

Kabiri V, Raiesi F, Ghazavi M A. Six years of
different tillage systems affected aggregate-associated
SOM in a semi-arid loam soil from Central Iran. Soil &
Tillage Research, 2015, 154: 114—125

P, MER, BA, F RE R AN R AR
i A A HLBR L AN B R AR b RO R
2013, 46 (11) : 2257—2264

PengY, Xie HT, LiJ, etal. Effect of no-tillage with
different stalk mulching on soil organic carbon and
mid-infrared spectral characteristics ( In Chinese ) .
Scientia Agricultura Sinica, 2013, 46 (11) : 2257—
2264

FFHERE. LIRS TIE. dbat: Al kL, 1988
Lao J S. Analytical handbook of soil and agro-
chemistry (In Chinese ) . Beijing: Agriculture

Press, 1988

http: //pedologica. issas. ac. cn



844 + % 2 Eile 55 4
[23] & HHAIE. bt Bleelist, 2010 Zhang L, Zhang Z D, Guo Z Y, et al. Effect of
Don S. Soil organic matter ( In Chinese ) . Beijing: subsoiling tillage and straw returning to field on sol
Science Press, 2010 physical properties ( In Chinese ) . Bulletin of Soil and
[24] Kuwatsuka S, Watanabe A, Itoh K, et al. Comparison Water Conservation, 2015, 35 (1) : 102—106
of two methods of preparation of humic and fulvic [33] Aputv, Sems, wese, 4. RAFE WA [ AR R 4
acids, IHSS method and NAGOYA method. Soil SR G ALy IR . R, 2013, 44 (6) -
Science and Plant Nutrition, 1992, 38 (1) : 23—30 1398—1402
[25]  Aossk, Thw, B ks, S T JUAS ] e i 5% 2 1 Zou HT, Guan S, Ling Y, et al. Effect of different
- P AR S AR A I Y . R, 2017, straw return years on humus composition of soil (In
54 (2) : 387—399 Chinese ) . Chinese Journal of Soil Science, 2013, 44
Shi Z L, Wang J X, Liang H X, et al. Status and (6) : 1398—1402
evolution of soil aggregates in apple orchards different [34] kT or, /% RO MINE N8R . & 8B
in age in Weibei (In Chinese ) . Acta Pedologica BAAMIFST. L3GE A, 2005, 36 (1) : 134—136
Sinica, 2017, 54 (2) : 387—399 Zhang J J, Dou S. Dynimaic change of humic and
[26] Tisdall ] M, Oades J] M. Organic matter and water- fulvic acid during corn stalk decomposition ( In
stable aggregate in soil. Journal of Soil Science, Chinese ) . Chinese Journal of Soil Science, 2005, 36
1982, 33 (2) : 141—163 (1) : 134—136
[27] Pirmoradian N, Sepaskhah A R, Hajabbasi M A. [35]  ERNG, BAer, B, &%, B4 SR8 AN i A
Application of fractal theory to quantify soil aggregate Mo Fai 2 2o, B3, 2011, 43 (5)
stability as influenced by tillage treatments. Biosystem 804—808
Engineering, 2005, 90 (2) : 227—234 Zheng Y T, Zhao H, Zhao N, et al. Molecular
[28] Sodhi G P S, Beri V, Benbi D K. Soil aggregation structure differences of humic acid in black soil,
and distribution of carbon and nitrogen in different chestnut soil and fluvo-aqulc soil (In Chinese) .
fractions under long-term application of compost in Soils, 2011, 43 (5) : 804—808
rice-wheat system. Soil & Tillage Research, 2009, [36] Lynch D H, Voroney R P, Warman P R. Use of °C
103 (2) : 412—418 and "N natural abundance techniques to characterize
[29] Jastrow J D. Soil aggregate formation and the accrual carbon and nitrogen dynamics in composting
of particulate and mineral-associated organic matter. and in compost-amended soils. Soil Biology &
Soil Biology& Biochemistry, 1996, 28 (4/5) : Biochemistry, 2006, 38 (1) : 103—114
665—676 [37] Brunetti G, Plaza C, Clapp C E, et al. Compositional
(301 A, PR, Tef, S5, 8 FF O GO 8 250 XHIG and function features of humic acids from organic
FEE e A AR MY E 5 S IR A, 2016, amendments and amended soils in Minnesota, USA.
22 (1) : 59—66 Soil Biology & Biochemistry, 2007, 39 (6) :
Hu C, Chen Y F, Qiao Y, et al. Effect of returning 1355—1365
straw added with straw-decomposing inoculants on [38] Abiven S, Menasseri S, Chenu C. The effects of
soil melioration inlow-yielding yellow clayey soil ( In organic inputs over time on soil aggregate stability:
Chinese ) . Journal of Plant Nutrition and Fertilizer, A literature analysis. Soil Biology & Biochemistry,
2016, 22 (1) : 59—66 2009, 41 (1) : 1—12
[31] Thomsen I K, Christensen B T. Yields of wheat and [39] EMM, S B KRR AR B 720 2 45 PLik
soil carbon and nitrogen contents following long-term 2H RN SE AR AE (RS2 . Rk BR BT R 2R R, 2017,
incorporation of barley straw and ryegrass catch crops. 36 (2) . 322—328
Soil Use and Management, 2004, 20 (4) : 432— Dong S S, Dou S. Effect of different ways of corn
438 stover application to soil on composition and structural
[32]  skmd, skdZR, SWIET, 4. WASHHE IR FF 4 M) characteristics of organic carbon in black soil ( In

A H Y BERE R R . K R R AR, 2015, 35
(1) : 102—106

Chinese ) . Journal of Agro-Environment Science,

2017, 36 (2) : 322—328

http: //pedologica. issas. ac. cn



4 1] W FSE: REATEA)I0 TR ZR i DX R - S PR B R T oK™ i (9520 845

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 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 soilcompactness meter; soil aggregates compositionanalyzed 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
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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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