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N, ZEX, BEE, T O, Kk #H, g
Crp [ A b At 2 B A Y B2 5 5 4 X R 70 e, dE3E 100081)

WO AR RS FEE H e B AR T g st A e 8, SR RS R ISR AL R H PR B v I LB 1
FIAT M . SR 2a MO HI A EAL R, 15 B AR B (CKO . FEFFERL 12 000 kg/hm? (KL1) FEFFERL 36 000 kg/hm? (KL3 )+
W EERSFT 12 000 kg/hm? (FS1). BHAEFEFT 36 000 kg/hm?® (FS3) 5 fil & 30~40 cm 3B AL, W50 7 BRALREFF s K
I HX LA F2 0 R LR DL RN - ROK R R s . 5 R R, FEFHIEH 2a WAT>20~40. >40~60 cm
T EHHRS B EE, b FS1RTFHRERE, 558 7.2% (>20~40 cm). 5.9% (>40~60 cm), KL3 $ZTHiE%
B, N 12.3% (>20~40 cm). 11.1% (>40~60 cm). SR A, FEFFBRALIEHASEER 1a B350
TAYBE E, KL3 % FS3 >20~40. >40~60 cm LA WL AlHE 5 1.7% 1.3%, KL1 # FS1>20~40. >40~60 cm
3RS 0.8%- 0.7%. 734, il HBA KRS & A UK I 5, FS3 5 FS1 4 Al#E s >20~40 ecm HIEA PR 1.7%~
3.9%. >40~60 cm T ZEA MUK 0.7%~3.8%, KL3 ¥ KL1 43 H#E >20~40 cm ALK 2.4%~4.7% >40~60 cm +)Z
1.3%~5.1%. FEFFRERIEEEH (KL3) X EKFEYREERENEI REEE, HRRERS. BHSRLESE
A REAE— B e HIE AL (RCND. TRBEEL (RCP). BRAFEL (RCKD, RAE-HIEFR L @t i 7 ik . %
UG TP AR FT R AL, Bl L 4 MNMEK TR 457%. 11.40%. 10.87%. 8.87%, MW RUREE. 4 EAT W, FEFTFEUR
36 000 kg/hm® IR FH A5 45 I T B g X H 3G HLRR 4R =, TEAR VR T38 “BRULIR” i@, fRERAR O AT Re R R E
AHEEE N
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+IEE WU (soil organic carbon, SOC) 5 HIEHHL
I 60%~80%, & LI E ZH B 5y, LA LR S
BRI 1 gkg I, HEIEHIX E Tk 5 KONE R R
ALY 454 kg/hm™Y, HAEHIEAR ). BB RY . Aol
A FRAE R RS T T A A W L F A ), ek,
TEVERET S T X T B A AR, iz A
BIE, SECCRULET MBI, AHERE RS H AR
b R YRR, SRR BRI R A HL
WHIEMTFB, AP E&E C. Ny Py K EEFRTR,
FENB -3 b m] LU IR 480, s iR e e, (AR
H R RS FFI4 H M358 B 4 500~6 000 kg/hm? [ F &1, 4L
Red B e HIBAE MRS EMER, TR, HiE
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%2, JERRE AR TKRAFERT, 38 S AR T4 HUBR AR
AR, R AR T FAR RS FTIE ST A AU R R

] P A 27 2 7 0 A R IR T 110 3 e 2 PR 4
m LA PURIS R —, TERSFFE B R R I\ B A
VIR A, B X 7 R s A B, AT
IPRFEFE R DR s R IR A LB R, IRmESFR
PEFE R AT LA S A, KRS FFLL 5~8 cm Kb
Bl AT e H R R TR, b5 TaEs. ok, SHEK
RS AT H AR5 IEA MUK G Rug R, fEX
e 48 o 39 HURRL N RIS AT A e e (3R 855
T B, H R IX R 5 OR 2 EAE, B T3
AR, SCERFTS LIRSS ARG, AR T PGE S
T LK.

NP R REFT ES E R,  URE  HIRE  TRE A UL
7=, KRS FT R AR B s ] R A s, HCMERR S 2
NE R EARERT S 5, BAERBUN R, 5+
SR Ah R AT A 512, SRR e K RS FE A T 49 ) AR it
PIHEART B /000 = P 78856 78 3% A RS FF A0k
550 ARG FT AR LG RT3 4 v A A, U A PO
PP HE 5 31.68%, FiFR4h G C A1 N [ R BURECR A
MRS AR 11.0 A1 13.2 A E o AN, Ak, RXRE
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HEH], 24LL 6 000 kg/hm? FEATHBHAE IS fE B ERS FT
B, L LR SR, EEkRLE

BATH R AR RIS o SRTT 24 R A e A 2 A0 75 A AT
EHESZR, WE2HFRN, 5 R F e &
1E 50% 8L 75% 22 A7V AS S R AR T R B A B
A LR, A0 TR B A Y T LR
Tl 252 8 U T R BB T, (H AT S RS AT 2=+
SR BE BB IR RO Fe b, o T AR L B T S
FERLH = B AR P O S R A s . % Tk, A
PRI TR HERRIA (I 2, SR AT 40 K AR AT (iR 1
(40 cm) EHJ7, K REFFBURLA H -5 5 UM RS FHE
BT, SEE. K 2 FAE, DURSFEARE oA X
MR (CK), BFFAEFT il F o A ] 2 3 HLaR 1 3
FHECR, JEM C 5 N. P. K LA 40 3R T RS FFE
Ja X IR U RS I, Y PRE SR A MR IR 1
RlEEfas], RO RSF IR 0 = ROR R B s R

1 MRS

1.1 R IEHELR

RIS T 2014—2016 FEAE 1L ZR 28 G5 T A4 X 2 Ve
B A T A B E i AT B 5 B X (116°18'E
37°27'ND HEAT . 1z X S MY [ AN - R OK— SR EA
FHHELX, & T B KR M= A% . 38R 134 C,
=10 CHAEHRIE 4621 °C, LHEW 205d, FHFEWE
510 mm, FELEHRLE 79 H, 50 R P K & DL B
RGLanE 1. gl oy, 355, W5eE 0~
20 cm T2 IEEARERAME N pH [H=7.76, A ML
12.96 g/kg, 4% 0.78 g/kg, BHARA 40.65 mg/kg, A &
3.68 mg/kg, A 128.38 mg/kg.

_ (T E Rainfall —— V3SR Mean temperature — _ g0

w
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i Daily rainfall/mm

H #5# Mean daily temperature/'C

H 3 Date

B 1 K3 B R R 24 B R AR (2014—2016 )
Fig.1 Daily average rainfall and daily average
temperature during test

1.2 RIe#R

MRS R T 2014 42N DLRCE FOKIGR 5 1
B35y, BTG, —E8% H 9CFZ-680 BUR RN LK
ER 6~10 cm, WAFTTEREMEAMBEREF; B850
RN B AR AP e 101 BE, HH
HC-2000 ZLHREHLITEE L 2 mm 07, BEJSRI0 30%~35%
W 7&K IR 5], ot FTHBCX350 AYAalkl ik bl i
BEE, #IfFES 4 mm. KEN 4~6 cm FIFIR B A4,

AHRAT G AT T SR+ FORFEFHRRL . # 1
FERTRORGFFRORLC HERL 5 B 43K 26.44 71 242.93 kg/m’
1.3 X%t

W PR X AREE, MX T 2013 £ 10 H 5 H
TR, Bt ERUGRE, Gk ERTE R AR 2,
FEAM X DY JE 359% 40 em. 55 10 cm FIVAFE, & 300 cmx
6 cmx55 cm (KxTaxm) HKVedk, HAMEE 2 28
BHEEL, “U” £ [ e fEKJetr b, /NXTERS 50 cm, Biik
ANX A AR EL S, XA 9 m® (3 mX 3 m). iREGAi B
T 2014 4 10 A &/NERMHTHAT, B fIX A 0~20.
>20~40 cm F 23 M TS, FRE IR RN B
FKRFEFFLL 101 BIEBIRS), — IR iy, BAk
I LA FHEWR 1 FR, Batzin B L2
Rl N, DLGSEEL 40 em PRHEEIE FHAGEE, U560 HA AN T
HEATARATREFFIA FH, b BECR R RS FFANIE T (CKO AbFE

*1 TRLENEFCALSXERE
Table 1 Method and dosage of straw returning in different treatments

Qb B 5 FEFF
Treatment Way of straw returning Straw dosage/(kghm’z)

CK FEFFAEH 0

KLI1 NZE+ K FERT AL 12 000

KL3 N+ KRR BURL 36 000

FS1 AN+ K FERT B e 12 000

FS3 AN TR FERT R 36 000

RIS ] 2014 4F 11 H&/N R 2 2016 459 H
HEKYGR, 32a4d . FIXREFREMECEE, 9
AN ) it AR, 4 N P,Os« K,0 43751 105,
120 A1 105 kg/hm?, FERHIR S /MX 0~15 cm L2+
19, L, BE/K 750 mY/hm?. HEIR/NE SRR 22,
T 2014 £ 11 A 7 HATL S, 1785 20 cm, #%&
225 kg/hm?, IATHLEHIZE N 69 kg/hm?, #E/K 750 m*/hm?,
B E KA 958, 478 60 cm, FREE 20 cm, FifE
#FEN 90 000 FR/mm?, it FH PR AE 750 kg/hm®, NPK L
Bl 28166, KIMLEHEIKE 300 kg/hm?, 7EFEFE .
KEVAHET 2 WRHERE, URE/KE 750 m¥/hm?. FiAd
T e [ 24 % b A
1.4 MELFSHEZX
L4.1 BEAIEEISRSAS TN

S0 2015 4F, 2016 F4/NE . H BRG], %
HEOOT A 4232 AN 5 A0 1 43 0l SR B 0~20. >20~40.
>40~60 cm 2K, BIBR T B E AR R )G,
KA id, AT AR AR M, o, RHEE L
Ji R A RS TR AN G s AR A RE LKL
WM s BRARECR Y BOEM e s A 240K AP
e TSR K JE R TN
1.4.2 4Edpm =

NG BRI R ST Sl s 50, /XN Tk,
iR P TR k== g8
1.5 HIBSHR

FIF Excel 2016 F1 SAS 9.2 MAh#-AT 7 25047 M
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Pearson t85%43 %7, FI LSD A TZ EELE (P<0.05).
2 #ER5SR

2.1 ARAEXTIEENKRS =RRFAER
2.1.1 AAFZ I LA IE LS ENH R
2 NFEFFIE H 2a AN[HEACHE T 3 4N4 )2 SOC AR L
1B LRI, FEFTIE ST 0~20 cm SOC §2M AN,
IAES 2 SERFEF I H AL 1S SOC B Efem, XE5H
MUBRAE L3 RIS T HUE . RS FF I8 H A3 R >20~
40, >40~60 cm 17 SOC &3 & TR FF Ak AR, H
I 5 B[] S A AR FH AL 3L CKTR] 1R 22 S 38 K, A
>20~40 cm 2%, 7£ 2015 4£ 6 H FS1 #; CK ZR A&
F, M KL3 #IEEH K, N 5.6% (P<0.05), %2016 4E
10 A, FS1 #4iE 7.2% (P<0.05), KL3 #iE 12.3%
(P<0.05); M>40~60 cm +ZF, [FIFERIN FS1 £
| ZERARE, M KL3 ME&RK, H2.8% (P<0.05),
B 2a J5 FS1 % CK #8110 5.9%(P<0.05), KL3 N 11.1%
(P<0.05), XFRBIFEFTIE H 5 & 8] 3G A ALikE
WA R, TASFEANIE H ) I R B D bR YE A FE A A 0

AL RO AGTEFET A BN, R&Em A LR
HURR & 822 F i K. se4h, 5 CK ML, >20~40 cm
3 HUBR (38 1% = T>40~60 cm, XATRER N S5HHL
B AR B 5 1) I AE VBt 2 i i gk T
2.1.2 TEARAF AT LIEA IR R0k

o} AR [ F B AN [A) R T b #5203 4T EL AT LR
(£ 2), MIEHE N 36 000 kg/hm? I, kAR >20~
40 cm 12 SOC 7E 4 MEKZES & THGEH 1.3%-
1.7% (P<0.05). 1.6%-. 1.0%, >40~60 cm + /2 /3%l
TR E 0.9%. 1.3%. 2.2% (P<0.05). 1.1%; L
12 000 kg/hm® 3 FH I, 0L A2 (1) SOC 5 & 5 i b
FEALFREE N 0.8% (>20~40 cm)+ 0.7% (>40~60 cm),
HERARZE . SHERMAHIE, B0k & &L H X
SOC & iR FER M F = Ja FRAR, HAES 2. 3 M
KZFE5H FS3 2R W, XRHAFF RO GELEL H 5 iR
TR I N A LR I VR R S R B A A H 5 22k
BRI 8] 55 A 7 BE AR B AH M B A WLk . A FEFTIE H =
R, AR e Sl R A ) FE R Bl 2 R A A 0 B 2
B, HUE KL1 [/ SOC & #EANTELH 1a & T FS1.

*2 TRLETEEKSFTIRBNRSERBINBIEKE

Table 2 Soil organic carbon content (SOC) and its increasing rate under different treatments in four growing seasons

2015 4F 6 A/NEZ

2015 £ 10 A £KZ

2016 4 6 A/NEZ 2016 4 10 A EkZ

jS:cE sty Jun-2015 Wheat season Oct-2015 Maize season Jun-2016 Wheat season Oct-2016 Maize season
layer/  Treatments o SOC iﬁ‘g&z O SOC iﬁ‘g&z o SOC_ i&%: O SOC i{%i
cm SOC/(g'kg™)  SOCincreasing SOC/(g'kg™)  SOC increasing SOC/(g'kg™) SOC increasing SOC/(g-kg™) SOC increasing
rate/% rate/% rate/% rate/%
CK 7.96+0.03a - 7.99+0.04a - 7.96+0.04b - 7.91+0.04b -
KL1 7.97+0.03a 0.14 7.99+0.03a 0.09 8.01+0.04ab 0.66 8.00+0.03a 1.18
0~20 KL3 7.97+0.05a 0.13 8.02+0.02a 0.45 8.04+0.02a 1.09 8.06+0.03a 1.90
FS1 7.96+0.04a 0.02 8.00+0.07a 0.18 8.01+0.04ab 0.71 8.01+0.03a 1.22
FS3 7.97+0.05a 0.05 8.00+0.02a 0.21 8.06+0.04a 1.25 8.07+0.04a 2.03
CK 5.73+0.08c - 5.68+0.11c - 5.61+0.08¢ - 5.56+0.12¢ -
KL1 5.91+0.08ab 3.18 6.00+0.13b 5.53 5.96+0.10b 6.25 5.97+0.08b 7.36
>20~40 KL3 6.05+0.07a 5.61 6.15+0.05a 8.19 6.24+0.08a 11.24 6.25+0.12a 12.28
FS1 5.85+0.04bc 2.06 5.95+0.11b 4.78 5.98+0.08b 6.64 5.96+0.10b 7.22
FS3 5.97+0.05ab 4.23 6.05+0.06b 6.40 6.14+0.07a 9.50 6.19+0.05a 11.21
CK 4.42+0.06a - 4.36+0.03c - 4.3240.04d - 4.27+0.06¢ -
KL1 4.48+0.03a 1.50 4.55+0.03ab 4.31 4.53+0.03¢ 4.71 4.52+0.03b 5.75
>40~60 KL3 4.54+0.03a 2.75 4.61+0.05a 5.69 4.70+0.04a 8.69 4.75+0.04a 11.09
FS1 4.45+0.04a 0.68 4.524+0.03b 3.58 4.5340.04c 4.86 4.53+0.04b 5.95
FS3 4.50+0.04a 1.89 4.55+0.06ab 4.38 4.60+0.03b 6.42 4.70+0.07a 10.04

Ee NEHFEARF LB R AT EL ZERSHTE P<0.05 FEE AR, T,

Note: Lowercase letters represent differences between treatments in the same soil layer at level of 0.05. The same below.

2.1.3  FRERAFR Zx LIEA ARG F R
YRR AL F T A FEIN, AN [ &% SOC 5
W a] AE Y (£ 2), fE>20~40 cm 15, FS3 1) SOC &
BE 4 MEKFER FS1 085 2.01%. 1.7%. 2.7%
(P<0.05). 3.9% (P<0.05), >40~60 cm -+ =4 B4 5
1.1%. 0.7%- 1.5% (P<0.05). 3.8% (P<0.05); ifj KL3
fE >20~40 cm 1 )2 SOC 735l =T KL1 4 #E 2.4%.2.5%
(P<0.05)+ 4.7% (P<0.05). 4.7% (P<0.05), >40~60 cm
T 285 1.3%. 1.3%. 3.8% (P<0.05). 5.1% (P<0.05),
XRPFEF LB T A RN, B RHETTURER
SOC, H 1 lig Fifi 4 i FH B (RS 3 K, 1% mT e RN
A H TR RIS, 5 A VU R RS, s

WERH TR ER, WAEYTRESKR HEE, (EF
FUBRA WA 2 . B e] WL, — MRS s 200 S Rl e
2a WAELIANIRFFEIEK, EARE . SHIEL %
(I A A5
2.1.4 TR LIEA AR R ARk F )T on

%3 N5 ANAEFETR>20~40. >40~60 cm 1) SOC
TE 4 MEKER RS, HR 3 I 2014 4£ 10 A
F] 2015 4E 6 J1>20~40. >40~60 cm SOC ] 2FE L
KL3 #xf, FS3. KL1. FSI &z, ¥WEZEST CK, i
DL FHASFERORL s e S 026 1 AMERKZFERIRILE SoC
PR B M 2015 4F 6 H E 2015 4F 10 H & F5FFiE H
AFR) SOC BAVH A B =T CK (P<0.05), #F5Ff
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CH AL SOC RBUEZFIENFF BT M 2015 4F
10 A3 2016 4E 6 A SOC BEFHE R LI N>20~40 cm
+ 2 FS3 5 KL3 &, FS1 k2, HEREST KL 5
CK, >40~60 cm /2 KL3. FS3. FSI &&= T KL1 5
CK, RUIZM BB SRR IR, sl AL
BRI R B AS T ™ s M 2016 4E 6 H 3 2016 4F
10 H ) SOC BFLHERRI A>20~40 cm 1 JZ FS3 i
(P<0.05), >40~60 cm 12 FS3 5 KL3 ZEMHm
(P<0.05), = Wky 0 A AT I3 At )iy J PR A L AE S5 B R AR
H—EBMENR. N4 NEKZZI SOC T &
BEZERE, &HEH KL ik, HEEtHEES
TAKE, VBRI A WL 1 R AR S 2 R AT =i
i BE K
2.2 AEAIETLIESOC S TN, TP, TKELFIXER
33 N U R IR 2 n R AT LA R R
TR IR IR AR RRY, REFTIEH S SOC A&
I, 25 375 Ju K LA T 1 3 i i o 3l ik o AN [R] A EE

12.0 12.0
115 F 11.5
11.0 | 11.0
10.5 F 10.5
8 &
~ 100 | & 10.0
95 F 9.5
9.0 | 9.0
85 F 8.5
8.0 8.0 :
0~20 >20~40  >40~60 0~20 >20~40 >40~60
+ )2 Soil layer/cm + /)2 Soil layer/cm
20154E6 7 /hE == 20154F10 £kZF
Jun-2015 Wheat season Oct-2015 Maize season
12.0 ¢ 12.0
11.0
aa 10.0
al
® g 90
2l
8.0
7.0
M N 6.0 H
0~20 >20~40  >40~60 0~20 >20~40  >40~60
42 Soil layer/cm 12 Soil layer/cm
Jun-2015 Wheat season Oct-2015 Maize season
0.60 0.60
a
0.55 ]’ 0.55 F
0.50 0.50 |
ab
bb a_a
0.45 1 b 045 |
M o
< 040 . So4ot
0.35 035}
0.30 2 030 |
a
2,
0.25 272 025}
. L 020 LA IMAY. 51 0D, B
020 0~20 >20~40 >40~60 0~20 >20~40  >40~60
+JZ Soil layer/cm 42 Soil layer/cm
20154E6 F/NEZ 20154F10H £k F

Jun-2015 Wheat season Oct-2015 Maize season

B2 FRRAKFHIAL (R

NEARKFEMLIERELL (Row) BRBELL (Rep) BREFEL
(Rex) HILEE M &l 2 P

®3 TELETHEANKRHRREER
Table 3  Soil organic carbon accumulation rate under
different treatments

e B P RPUE A
= ; Soil organic carbon accumulation rate/( g-kg'-a™")
Soil 4
layer/ Treatments 20154 20154 20164 2016 5 T4y
om 6/ 104 6 1 0H e
Jun-2015  Oct-2015 Jun-2016 Oct-2016 s
CK —0.072¢  -0.135b  —-0.114c  -0.133¢  —0.113
20 KL1 0.202b 0.262a  —0.060c 0.044b 0.112
=20~
40 KL3 0.410a 0.297a 0.134a 0.024b 0.216
FS1 0.106b 0.325a 0.038b  —0.046b 0.105
FS3 0.291b 0.231a 0.138a 0.143a 0.201
CK —0.028¢  —0.160b  —0.060b  —0.151d  —0.111
10 KL1 0.071b 0.205a  -0.036b  —0.025¢ 0.043
>S40~
60 KL3 0.154a 0.220a 0.132a 0.142b 0.151
FS1 0.017b 0.218a 0.022a  —0.020c 0.048
FS3 0.097b 0.163a 0.070a 0.304a 0.147
12.0
11.5 a a
11.0
10.5
5
< 10.0
9.5
9.0
8.5
8.0 0~20 >20~40  >40~60 80 0~20 >20~40  >40~60
+J2 Soil layer/cm +JZ Soil layer/cm
20164F6 H /&S 20164E10H EXZF
a R Jun-2016 Wheat season Oct-2016 Maize season
- AN
12.0
11.0

60 0~20 >20~40 40~60 0~20 >20~40  >40~60
42 Soil layer/cm + /)2 Soil layer/cm
20164E6 H /NE 20164E10H EKZF

b. Rer Jun-2016 Wheat season Oct-2016 Maize season

0.60 0.60

055}, 0ss |

0.50 | .1‘. 0.50

0.5 i [Lr 045

& 040 ala & 040

035 | f 035

030 |

0.30

0.25 [ 0.25
020 LELIMIPL, DI 0.20
0~20  >20~40 >40~60 0~20  >20~40 >40~60
12 Soil layer/cm + /)2 Soil layer/cm
201646 4 /NEF 20164E10H £XZ
o R Jun-2016 Wheat season Oct-2016 Maize season
- ACK

A (Rep ) BATH (Rex ) £ 3 AL EMHH

Fig.2 Distribution of C/N(Rcn),C/P(Rep) and C/K (Rcy) in 3 soil layers under different growing seasons
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2.2.1 RuAb

2015 4E 6 A FEFFIEHX>20~40. >40~60 cm + 2
SR, HAmEEi e CK WA T Ron9.8%

(P<0.05) %£ifi, [KEIEHE CK ZRARE, &, K&

Z RN EZ R 2015 4 10 AFEFHEHEY 0~20.
>40~60 cm )= Ren LR ZE M, {{>20~40 cm FS3 4b
) Ren & T CK 5.5% (P<0.05); 2016 4 6 &4k
FENT Ren MR AS 2355 2016 4F 10 H B3 FS3 AbFRAE>40~
60 cm 125 CK ZRAEES, SFREFFEH G Roy
¥R E T CK (P<0.05). A UL, FEFFEH YA 13 Roy
AKX Bt E B2, FEEHREGEL, S0 Ry
B CK LREESR, Xt 51ZM B E TR KIERTIE
K, EIEHE 2 K, Ry TR EES N, X5/ %
ES 3 RS IRIIPN Y 2E
2.2.2 Re%Ab

20154 6 A 0~20 cm 12 Rep KIL A FS3. FSI &
FmT KL, H¥5 CK EREMEER; >20~40 cm +
JEMEBA KL3, FS1 AMFE Rep B, 35 0T Rep i
KA FS3 4b3 (P<0.05), {H =5 CK LR %R
>40~60 cm /2 KL1. KL3. FS1 43 Ry BEET
CK 5 FS3 (P<0.05), W W.{EitH#IH KL3 5 FS1 X+
HE Rep AR EHTIEM . 2015 4E 10 H 0~20 cm /2 Rep
X KL1. KL3 4b# &3 &F CK (P<0.05), >40~60 cm
T2 N5 KL3 [ Rep i R T CK 5 FS3 (P<0.05),
DLAZ BT P KL3 Ab2E 458 Rep {581 #2016 4F 6 H
FEAFIE H AL ERAEAS 3 N2 Rep DIEFEAL, KL3 b EEX}
>20~40 cm T2/ Rep B 6.3% MR EEERANEE .
2016 4F 10 A1 KL3 4FE 0~20. >20~40 cm ] Rep it
T CK9.2%. 12.3% (P<0.05). HIEAI L, KL3 43
TESEKEART Rep M3, HBEIE H [ K,
Rep A7 T FH i AR T I FE X AT B85 RS A4
JE N T BRI RPE AR E R R RO O .
2.2.3 RuEAk

4 MERKFERAIE Rk )5 CK ZR AR, 1 2015
£ 10 H KL3 5 FS3 AP Rex i & MKV fimr, IX W R
SRR E R 5. 8 AT I, FEFFIE G 43 Roxs
Rep SN 35, B HIACHE AT $2 38 Ry, bri& HIEAE
JIMET; KL3 AbHEERe e bk ol (B f~F 4l
2.3 AREAEEEFR=ERFN

HE 4 ATLLEH, BHeEcHIED 2 E8E S
FACEICH, F=EIMRL R E H K 2~3 5 FEFF
Bd R BB T RS FTE I, R E AT,
RS FIE PR, BEE KRR, R ZERIR
WiAE/N, RUFEFIEHE S0, B HEE S, X
PRI £ RN . KL AbE R B E R EE e &, 2
ANINEBL R 4.57%. 10.87%, 2 4> F K551
11.40%- 8.87%, 4 NMEKZEEIME K.
2.4 FIEFREIEXRMES R

XF 4 NMEKBREDES AP (SOC). +
3 4% (soil total nitrogen, STN). 4% (soil total
phosphorus, STP). 44§ (soil total potassium, STK).
Rexs Reps Rex S faARHTAIC I 08T (R 5D, 1EWI- &

5 HAhFE o Fe AR LA e R (A EL ) 3 B A SR K &R, Ho
5 SOC A3 IEAI, 5 STN LK R B &3 IEA %,
X YLHTEFR e bR H SOC 5 STN X =& I il i i
EA, Rens Reps Rex BIHF=EAIEMAHX KR, X5 SOC
HIRR A R G, A 1R B B 5 H ) OC R AR
HMKME, SOC 5 STN # 2 3 IEA><, 5 STP 3% 1IEAH
X, STN 5 STP 3 IEMK, 5 Rep 3 fUAHK, STP
5 Rep R E A, STK 5 Rex H3% FUMH5C, HILE
Hi, STN. STP. STK F4rA HEIEAHRIKE R, 1 STN,
STP. STK 7l 5 Roxs Reps Rex UMK R R, XK
BRI A RN, A ETEE R TR A LK
1) [E it T R R U A, RS TR
g, (Bl FRAFSmERES T HMFRES TR E, X
AR EIGRFZ R, {75 Rons Reps Rex FHsio

R4 TELETHNEEK=E

Table 4 Yield of wheat and corn under different treatments

— posiil e 7 Yield
HE K Stages Treatments Yield/(t-hm™) increase/%
CK 5.80+0.11a —
201546 H KLI 5.86+0.16a 1.07
;Jffls KL3 6.06+0.08a 4.57
Wheat season FS1 5.7140.10a —1.44
FS3 5.480.09b -5.46
2015 4 10 1 CK 9.62+0.15¢ —
Tk KLI 10.06:0.20b 4.66
oét-zzls KL3 10.71+0.21a 11.40
Matre soason FS1 10.08+0.15b 4.80
FS3 10.56:0.18a 9.76
CK 525+0.15¢ —
fﬁ;f 6H KLI 5.59+0.11b 6.41
Jun_i)‘lé KL3 5.82+0.18a 10.87
Wheat season FS1 5.5540.08b 5.56
FS3 5.69+0.22a 8.31
CK 10.72+ 0.14c —
2016 410 A KLI 11152012 3.98
(a)icffls KL3 11.67+0.17a 8.87
Maiee soason FS1 11.11+ 0.06b 3.58
FS3 11.48+0.07a 7.05
CK 7.85 —
KLI 8.17 4.06
V35 Average KL3 8.57 9.19
FS1 8.11 3.36
FS3 8.30 578

x5 TEADIESEYTENAXMEST
Table 5 Pearson’s correlation analysis between soil
nutrient content and crop yield

R

SOC  STN STP STK R~ Rer Rx .
Yield

SOC 1

STN  0.699** 1

STP  0.543* 0.662** 1

STK  0.171 0.105  0.366 1

Rox 0180 —-0295 -0256 —0.132 1

Rep  —0.257 —0.550* —0.949** -0.347 0.356 1

Rk 0510 0299  0.047 -0.760** 0235 0.124 1

PR

Yield
W STN NsAR, STP AtIEARE, STK Kb, »UEMIH
JETE P<0.01 SR, *RFRARALELLE P<0.05 B MK
Note: STN is soil total nitrogen, STP is soil total phosphorus, STK is soil total

potassium. **means the significant correlation at P<0.01, * means the significant
correlation at P<0.05.

0.897** 0.523*  0.215 0.068 0394 0.080 0.526* 1
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3 it it
3.1 RN SELENTIEENRNIRERREAHIER
Tk NEREFAEH 40%~50%MRc R, &1
B HUBR B FRIEP . AR, FEFFIE M G
HHUKAE 6.14~6.35 g/kg MZASHETE, MAMATRFFIE
F IS 3 HUREEE LI DL 0.08 g/kg HF g, Hor, 7%
T UL Ak e B EH (A ALk 1 384 0 DA B P 350 LA R AR
R, R HFEATEURLAL IS 5 S RE AR R A
MUBRIGTE R, X S5 FEFF b3 77 Q0L B B H R R
FEAT BURL A3 HH b F T8 B A 52 im K AT
JEfRIR A, TERHNAERE Z AN FORFER KA
PN EFRREA AR AN, A B2 AP Lo iR
(R A B2, RS AT R BURL AL [ 2 P AR T A
MIRGHR G, B RAIARR. FA4ER. K
AR N NWEE, 2 5 Rk A, F
T A AR, iR 8 R AR, e A
[F] PN T2 R 2 J AR, XA AU = A B AT . X
55 Koullas 2" A — 2, AiA N SRS AT IR AR
FERT DME IR, R TSR B FEFF DI 5~8 cm
RIZNBEEE 10~20 em (R BORTBERSFT BN 23 I e, HL
S, AT BRI PRI REFT R
W 5 AR T A RE A KRS R HURR, dhdR oK EARS
FFIEH 5 o028 TS, AR T AIBIER, A6
FUREFRORLAIE FHTESE 1 N/INZZRit R I A LB I
BRI, BRSWEREA LA, &R BES  F rRE R
WA — P02 5 AR /N R AR R
ANb 535 R FOARAIE S T 3 0 RS FT P & m 42 i 14
AHRR SR, BIPSEPI RREAIES: 2 MG, &85
g IR W 5 B B RS AN E HARE A R IEA LR 7.09%-
5.87%, HCIHEEPIIATT 3a (ASFRE HRIG & IUAS AT
PL 13 500 kg/hm?® 6 FHE G 4 500 kg/hm? i FH KRR e+
HERANRES R, SiSPIT R 3~5 cm KRS
FFLL 18 000 kg/hm? i FH i fit 5 2 25 Hh 2 v 398 HLJE LA
RAEREGE, RERPRMMEICRIEM. XEEZH
NEEFF IR AL (65~85) i, TIEMBALLL (10~
12) Wik, K& iR L3 MUK & BRI
TR TR A B AR G L Bl T 38 BRI A KR L
REINERAEAT (120 07, P B 2 R, i+
AP EPP, SR, R 2 RUIRFTE H T N
B HUB A FE AT 3 5 A R B RN, A LK
(1R EL S AR T A AT P R HU Al 3, JRIRZE T RS AT S okt
BAZFEERAHERSMIERAL R, SFREFHIE H 2
Tk — e PR B AR T AR R T AR PRI, X 32 B A2
S T IREE RS, PR YITE S R RS AT I 7 PR - 438
HRCR DA B SRR (25 0 1) PO, b igrp R
AR, FAEEER IR, ANpeKEIGHE, XFEFF
1) 5 A 2 PG
BRI, FEFFE HEAAEBE N, KER
R EE s o - 39 R T AN 52, AR VR HLAR DA R HE P12,
A B AT BEFT B A 0P Al BRAAS FT I AR . il

PLE K, PASEIE F s R O FE AR T+ A AR =5 2R )
REA 2 M, —&FIRERFZRAEHEH, &
REE, EYHER, R KE/BEERE, X
TR G R S R I e, A SR T AR
F 5T b RS FFB0RLAL e B3 F A B ek T BAE 2 45 1) 7L,
FEAT ORI R 2 2 40 (R o A R RS FEI 1/50, H 5 H3E
SEA RN, B SR MEY T, TR RS FT AT
I R VCR AR T, B, B CIESERS
TR B R R B TR RS AT, X e — R b
AR T UE RS LR, A R T AU R PR
3.2 FEMFNESEXHENTIESF S GRS

I A A I ) ot P i B IR AN R
CRRIEMR BRI NE. T KRREFE N ERIEE L
YI (Ren 2108 65~85) i NB 3, 2% 350, .
BRSSO TC RSP A Y AR 7T R RE R B N
AT A 13 Rons Reps Rk A — @RS, o,
T3 Rey HHESK 10.0 EFN 11.0, R IEE T3S
—RIME, LIBEBOEEN R fE 15~25, B PG
NES&AFOLE, T AE A 70 338 Ron AR TR, £ — €
FERE BRI T AR AR REY, shah, FEFFHIMENIEHE T
WAED B EIA BRI, ®R TR RRA, EXF+L
e T KSR Eh75 s LA K KR NLO il 25 200N 1 2% i 35
HEEZ L N Ry KE, KL3 MHESA KRR
KIEEFET T3 Rep, (HIEENVERINAE 8~11, EE CK
AR HE R LA AR WA, X 5K IR S 5 1 3%
A HNRZBERA L, 5— AV A YR 1
IR RE T A R INCY . N Rex AL R
FEATIE FHTE SR 1 45 Reg FEMAER, HS CK L% £ 5,
XFEERFNREF A 80%H 6 &K LS TIREAAERY, &
HH 5 1R 25 5 e o PRI, AT 3 I 3880 5 i, 8 Rew
HEREZER. 45 BT W, FEFF & ik H A T ) e
TIEmOTRE M, Mg C 5N, Py K IHAE.
3.3 FEFMEALLIE BHEM = 2R

AHIF 7T AR i RS T SR AL I LA e 1 7 AR
F 1 ANMERBNRIE B E RSN E R, TR
FEOU H BI85, 2 DR A R B M A 1 e N Ko A A P 7
TSR KET, A RAAS AT T 7 R R 2 IR,
AR, AR T2 A SR, X ke,
K1) S PSR 7T BT S S5 AR AL, B AR RS AT 6 FE AT,
VeI BT AR & A FTE R i B . A7,
YEPIF= BRI TS SOC. STN. Rex HIIING &2 IEAH %<
KHR (E 5, WEZMRWERPEY &S TG HUR.
R S5 97 005 B U AR S, A LR (2 v A
15 IR BE S AR AR, oA 2743 o0 RS B JR
H, Mg mEwr=g. EAHEHNE, BniEDr- 2
MR AR 21, RSO MRS AT R fb 3 g s 7+
A WU 720 1 A BE AT o0 i, FoAh s R 7 i — 20
It o

4 % g

1) FEFFER I H A) R 3 42 A 1 3E>20~40. >40~
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60 cm LEEN S E, ©H 2 a LI s =L HIETHIE
EfE, N 12.3% (320~40 cm). 11.1% (>40~60 cm)
(P<0.05),

2) UKL R 1 R RO R e E R LR
L% 1.7% (>20~40 cm). 1.3% (>40~60 cm), HkIK
RO AR B R 5 0.8% (>20~40 cm)- 0.7% (>40~
60 cm), FEFFRURLIA FH R H P $2 T+ 3 WL AL .

3) mEEIE T S UG E R, R A=
B G SIS IR EIA 3.9% (>20~40 cm) Al 3.8%

(>40~60 cm) (P<0.05), A5FHRURL i 14 FH K FE H
WE Sk 4.7% (>20~40 cm) 1 5.1% (>40~60 cm)
(P<0.05), Hf50k i i id A HLBR R R I o

4) Fookr A AR T O k. & B, BHIE
MBIk &, HIMPROREE, 4 NMEKFTH R
4.57%. 11.40%. 10.87%. 8.87% (P<0.05).

gE bl L, SRR RIS AR POE . KRR =
TIEE R, CLAIREA N REUEER . DT L
REA R =B RA BERH, HRIG A A
FEAT I AT 5| R )22 4 i), 3R W 0 FH ) mT AT
Mo XTI E 5 AR N 2O RS AT A v 3 Bk
DUER” )R AL T BF 78 B, (E M UL RS AT b
A T it — S 7.

(& F X #

(1] BR#RZE, ESZWI, 25, & RESEAPRE EXHED

FEE BT T[], EAO RS, 2009, 42(1): 154
—161.
Qiu Jianjun, Wang Ligang, Li Hu, et al. Modeling the
impacts of soil organic carbon content of croplands on crop
yields in China[J]. Scientia Agricultura Sinica, 2009, 42(1):
154—161. (in Chinese with English abstract)

[2] ZKA4. LS ERD: PERIZBE. hRrlkA

B RGRAEA T LI FL[T). S IULLHF 7T, 2000, 20(4): 345
—350.
Li Changsheng. Loss of soil carbon threatens Chinese
agriculture: A comparison on agro-ecosystem carbon pool in
China and the U. S[J]. Quaternary Sciences, 2000, 20(4): 345
—350. (in Chinese with English abstract)

[3] 7r7k, BANSAR. LA BB R . RO P R S AL
R Lk ()], RE P, 2002, 22(3): 220—228.

Su Yongzhong, Zhao Halin. Advances in researches on soil
organic carbon storages, affecting factors and its environmental

effects[J]. Journal of Desert Research, 2002, 22(3): 220—228.

(in Chinese with English abstract)

[4] BA4TE, TRME, REAEF. WORRFIRIE XS Lg% 73
KZNFEFEERIFE M) LEEAER, 2016, 53(2): 438—449.
Zhao Jinhua, Zhang Congzhi, Zhang Jiabao. Effect of straw
returning via deep burial coupled with application of fertilizer
as primer on soil nutrients and winter wheat yield[J]. Acta
Pedologica Sinica, 2016, 53(2): 438—449. (in Chinese with
English abstract)

[5] Beare M H, Wilson P E, Fraser P M. Management effects on
barley straw decomposition, nitrogen release and crop
production[J]. Soil Science Society of American Journal,
2002, 66: 848 —856.

[6] fTAF. RAEVREFTIE H I AT 7 8 % R AR I [J]. RALAL
B, 2001(1): 41.

He Shengbao. The research of sustainable development of
crop straw-returning[J]. Farm Machinery, 2001(1): 41. (in
Chinese with English abstract)

[71 REFF, R KRR A LR )] &
KBFZE, 2004(3): 106—108.

Zhu Yugqin, Yue Yulan. A review on improvement of soil
fertility by corn straw returning[J]. Journal of Maize Sciences,
2004(3): 106—108. (in Chinese with English abstract)

[8] Sun Y, Cheng J. Hydrolysis of lingo cellulosic materials for
ethanol production: A review[J]. Bioresource Technology,
2002, 83(1): 1—11.

(9] W, G THER, S R SIR AL BT UL REL)].

A 2l iR, 2012, 28(11): 1—8.
Chang Juan, Lu Min, Yin Qingqgiang, et al. Progress of
research on pretreatment of corn stover[J]. Chinese Agricultural
Science Bulletin, 2012, 28(11): 1 —28. (in Chinese with
English abstract)

[10] Koullas D P, Christakopoulos P, Kekos D, et al. Correlating
the effect of pretreatment on the enzymatic hydrolysis of
straw[J]. Biotechnology and Bioengineering, 1992, 39(1):
113—116.

[11] 5K#, EBEEE, BURL 55. AFEFSFHE HEX L)

PR AN B T]. WA E RS LR AR, 2010,
16(3): 612—619.
Zhang Jing, Wen Xiaoxia, Liao Yuncheng, et al. Effect of
different amount of maize straw returning on soil fertility and
yield of winter wheat[J]. Plant Nutrition and Fertilizer
Science, 2010, 16(3): 612—619. (in Chinese with English
abstract)

[12] E&, 5KF, @Mk, & RFTBURLIE s 8 s 2
REIFIEACR[I]. L TR, 2017, 33(6): 177—183.
Wang Jing, Zhang Li, Pang Huancheng, et al. Returning
granulated straw for accelerating decomposition rate and
improving soil fertility[J]. Transactions of the Chinese
Society of Agricultural Engineering (Translations of the
CSAE), 2017, 33(6): 177—183. (in Chinese with English
abstract)

[13] 5KH, Fuh, @M, . FEFIRURLE H XY LI TR o Fl 4

INEFERIEE. B EESR R, 2017, 25(12):
1770—1778.
Zhang Li, Wang Jing, Pang Huancheng, et al. Effects of
granulated straw incorporation on soil nutrient contents and
grain yield of winter wheat[J]. Chinese Journal of Eco-
Agriculture, 2017, 25(12): 1770 —1778. (in Chinese with
English abstract)

[14] #prid, AFEE, M8OT, %5 AFR/NEZRATE HE K

R RIREY AR B E R)]. AR IR
REE2AR, 2012, 31(11): 2192—2199.
Han Xinzhong, Zhu Liqun, Yang Minfang, et al. Effects of
different amount of wheat straw returning on rice growth, soil
microbial biomass and enzyme activity[J]. Journal of Agro-
Environment Science, 2012, 31(11): 2192 — 2199. (in
Chinese with English abstract)

[15] ik, JARe, X075, . NERIEHEREH 7 2%
b3 B A TR AR H R[] WL Rk 3k,
2017, 29(4): 521—527.



E1M N

PERE: A ATAOR AL e B BRI iy IRAT WURR 5 & SR oK 155

[17]

(18]

[19]

(20]

(21]

(23]

(24]

(25]

Guo Jing, Zhou Kejin, Liu Fang, et al. Effects of returning
amount and manner of wheat straw on maize growth in lime
concretion black soil field[J]. Acta Agriculturae Zhejiangensis,
2017, 29(4): 521—527. (in Chinese with English abstract)
¥R, WITIAE, ARRIRE. FAEAREATIE R 2 A
o KRR M) ZREY R, 2016, 36(2): 215—
222.

Xu Jianglai, Hu Naijuan, Zhu Liqun. Effect of amount of
annual straw returning on soil nutrients and yield in winter
wheat field[J]. Journal of Triticeae Crops, 2016, 36(2): 215—
222. (in Chinese with English abstract)

Lou Y L, Xu M G, Wang W, et al. Return rate of straw
residue affects soil organic C sequestration by chemical
fertilization[J]. Soil & Tillage Research, 2011, 113(1): 70—
73.

Bandh, LR AL HTIAMI. JER:  E R R
HRRAE, 2000

BAIE, B, LB AR R RT]. S
223, 2008(11): 5571—5582.

He Jizheng, Ge Yuan. Recent advances in soil microbial
biogeography[J]. Acta Ecologica Sinica, 2008(11): 5571 —
5582. (in Chinese with English abstract)

WO, A%, MA, S5 RS EXT LA LA
BEA R LA AT R, b E AR AR,
2013, 21(5): 526—535.

Pan Jianling, Dai Wanan, Shang Zhanhuan, et al. Review of
research progress on the influence and mechanism of field
straw residue incorporation on soil organic matter and
nitrogen availability[J]. Chinese Journal of Eco-Agriculture,
2013, 21(5): 526—535. (in Chinese with English abstract)
TRITED, VRMETR, WIERZE, & RIS O S
KSR L] KBHRE 4R, 2010, 31(3): 273—278.
Xu Guangyin, Shen Shenggiang, Hu Jianjun, et al.
Experimental study on the micro structure changes in the
process of cold molding with straw[J]. Acta Energiae Solaris
Sinica, 2010, 31(3): 273—278. (in Chinese with English
abstract)

Giacomini S J, Recous S, Mary B, et al. Simulating the
effects of N availability, straw particle size and location in
soil on C and N mineralization[J]. Plant & Soil, 2007,
301(1/2): 289—301.

Fruit L, Recous S, Richard G. Plant Residue Decomposition:
Effect of Soil Porosity and Particle Size[M]//Effect of
Mineral-Organic-Microorganism Interactions on Soil and
Freshwater Environments, Springer U S, 1999: 189—196.
TREE, dKETe, SR, SE. REATIE BT R DOR 4%
IR & B LA E I []. FF b XA T,
2012, 30(4): 153—156.

Xu Meng, Zhang Yulong, Huang Yi, et al. Effects of
returning straw to field on soil nutrient content and corn
photosynthesis in semiarid region[J]. Agricultural Research
in the Arid Areas, 2012, 30(4): 153—156. (in Chinese with
English abstract)

BibT, TKEH, MW, 5 AT R R R AP H
TREFIRCR[I]. BHEARRL, 2003(3): 34—37.

Zhong Hang, Zhang Yongyong, Lin Chaolan, et al. Means of
all wheat and rice straw application without chopping and
cultivation and its effect on crop yield and soil fertility[J].

[29]

[31]

[33]

[34]

[35]

Soils and Fertilizers, 2003(3): 34 —37. (in Chinese with
English abstract)

VR, TUETE, TR, % RSAREHDO6 TR RERH L
ST PR U S Bl S R A RE A D], AL IR BRI
2011, 30(3): 522—528.

Lu Wentao, Jia Zhikuan, Zhang Peng, et al. Effects of straw
returning on soil labile organic carbon and enzyme activity in
semi-arid areas of southern Ningxia, China[J]. Journal of
Agro-Environment Science, 2011, 30(3): 522 —528. (in
Chinese with English abstract)

Parnas H. A theoretical explanation of the priming effect
based on microbial growth with two limiting substrates[J].
Soil Biology and Biochemistry, 1976, 8(2): 139—144.
KEL, EEW], WARW, & LR B E LR
B R TTT]. L3254, 2001, 38(4): 457—463.
Zhu Peili, Wang Zhiming, Huang Dongmai, et al. Effect of
inorganic nitrogen on mineralization of organic carbon
(14C+12C) soil[J]. Acta Pedologica Sinica, 2001, 38(4): 457
—463. (in Chinese with English abstract)

Heitkanp F, Wendland M, Offenberger K, et al. Implications
of input estimation, residue quality and carbon saturation on
the predictive power of the Rothamsted Carbon Model[J].
Geoderma, 2012, 170: 168—175.

mFE, LM, BALE, F FORFEAASEE AR A L
X PR B EL I R T T]. LR R, 2013, 44(6): 1392
—1397.

Gao Han, Wang Hongyan, Li Chuanbao, et al. Effects of
different maize straw returning modes on C/N ratios in
Molliso[J]. Chinese Journal of Soil Science, 2013, 44(6):
1392—1397. (in Chinese with English abstract)

PR, Eww, BRI, E KSR 5 A FHHE
7 TN E R R D] (EYER. 2006, 32(3):
463—465.

Li Shaokun, Wang Keru, Feng Jukai, et al. Factors affecting
seeding emergence in winter under different tillage patterns
with maize stalk mulching returned to the field[J]. Acta
Agronomica Sinca, 2006, 32(3): 463 —465. (in Chinese with
English abstract)

BIRE, MPUCR, BEELL, & REATHE s FHEMK IR
FIR R Mgz m[I]. o EAERE, 1996, 29(2): 59—66.
Zhao Jubao, Mei Xurong, Xue Junhong, et al. The effect of
straw mulch on crop water use efficiency in dryland[J].
Scientic Agricultura Sinca, 1996, 29(2): 59—66. (in Chinese
with English abstract)

R, #h&hm, WHZ, & ATt
[ B3 IEEL, 2009(6): 1—7, 27.

Ren Jun, Guo Jinrui, Bian Xiuzhi, et al. The research
progress on soil organic carbon[J]. Soil and Fertilizer
Sciences in China, 2009(6): 1 —7, 27. (in Chinese with
English abstract)

E4i5m, Toth. LS RGREB TR M ES TR
fE[T]. ZEZSZER, 2008, 28(8): 3937—3947.

Wang Shaoqgiang, Yu Guirui. Ecological stoichiometry
characteristics of ecosystem carbon, nitrogen and phosphorus
elements[J]. Acta Ecologica Sinica, 2008, 28(8): 3937—3947.
(in Chinese with English abstract)

ERAK, BB, R, & IEEESEEEES RS
T EmREE LL I A ATRET]. BOLEFR, 2014, 23(2): 9—19.



156 Ak TR (http://www.tcsae.org) 2019 &

Wang Jianlin, Zhong Zhiming, Wang Zhonghong, et al. Soil Science Bulletin, 2013, 29(3): 131—135. (in Chinese with
C/P distribution characteristics of alpine steppe ecosystems in English abstract)

the Qinhai-Tibetan Plateau[J]. Acta Prataculturae Sinica, [39] ZiM, EE, BEEF, & KUAFRALHEE X
2014, 23(2): 9—19. (in Chinese with English abstract) SN R L IESR A R )], AR RS ARk R,

[36] F4kfE, (£, &8I, % KBRETHSHESRIRS 2017, 23(2): 304—312.

SIRHERLLT ST[T]. 38, 2013, 45(6): 1017—1022. Wei Meng, Zhang Aijun, Zhuge Yuping, et al. Effect of
Li Jifu, Ren Tao, Lu Jianwei, et al. Study on characteristics of different long-term fertilization on winter wheat yield and
release and distribution of rice straw potassium and chemical soil nutrient contents in yellow fluvo-aquic soil area[J].
potassium by lab simulation[J]. Soils, 2013, 45(6): 1017 — Journal of Plant Nutrition and Fertilizer, 2017, 23(2): 304—
1022. (in Chinese with English abstract) 312. (in Chinese with English abstract)

[37] Bhoyar S, Kakad G, Hadole S S, et al. Studies on [40] Agegnehu G, Nelson P N, Bird M I. Crop yield, plant
decomposition of soybean stover and wheat straw by nutrient uptake and soil physicochemical properties under
lignocellulolytic fungi. [J]. Indian Journal of Agricultural organic soil amendments and nitrogen fertilization on
Biochemistry, 2007, 20(1): 7—11. Nitisols[J]. Soil & Tillage Research, 2016, 160: 1 —13.

[38] XUIE, XKLL, X%, &5 FEATIE a0 AL [41] WBAE. L. BEAE AU Z AR B TRk Wt 7T (D).

KB ZE BRI, E A IER, 2013, 29(3): 131 /RS ARAEAOLKE, 2012,
—135. Han Shuang. Research about the Contribution of Soil,
Liu Yiguo, Liu Yonghong, Liu Hongjun, et al. Effects of Fertilization and Climate Factors to Crop Production[D].
straw returning amount on soil physical and chemical Harbin: Northeast Agricultural University, 2012. (in Chinese
properties and yield of wheat[J]. Chinese Agricultural with English abstract)

High dosage of pelletized straw returning rapidly
improving soil organic carbon content and wheat-maizeyield

Cong Ping, Li Yuyi, Gao Zhijuan, Wang Jing, Zhang Li, Pang Huancheng™
(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: There is a large straw production in the wheat-maize rotation system of Huang-Huai-Hai Plain in China, which
increases the difficulty of straw utilization so that soil fertility cannot be effectively supplemented and the environmental
pollution caused by straw burning is aggravated. In view of the difficulty of the large straw returning which is not conducive to
rapidly improve soil fertility, the pelletized straw returning was created, which made the same area of farmland hold more
straw. But it is unclear that if increasing the amount of pelletized straw has a positive effect on soil organic carbon (SOC)
content. Therefore, the aim of this article was to explore the effects of the high and low straw return dosages on SOC content,
SOC accumulation rate and soil nutrient elements ratio in 0-20, >20-40 and >40-60 cm soil layer and the yield of wheat-maize
during the two-year trial period. Five kinds of straw managements were treated by 2-year field location test, including
non-straw returning (CK), 12 000 kg/hm? pelletized straw returning (KL1), 36 000 kg/hm? pelletized straw returning (KL3),
12 000 kg/hm? chopped straw returning (FS1), and 36 000 kg/hm” chopped straw returning (FS3). Each straw treatment was a
mixture of half wheat straw and half corn straw. The results showed that the SOCs in >20-40 and >40-60 cm soil layers were
significantly affected by the 2-year straw returning. Among the four straw returning treatments, FS1 had the lowest increase,
which was only 7.2% in >20-40 cm soil layer and 5.9% in >40-60 cm soil layer higher than that of CK, however, KL3 had the
highest increase, which was 12.3% in >20-40 cm soil layer and 11.1% in >40-60 cm soil layer higher than that of CK.
Compared with the chopped straw returning treatment, the pelletized straw returning treatment rapidly increased SOC content,
which manifested that SOC content of KL3 was 1.7% in >20-40 cm soil layer and 1.3% in >40-60 cm soil layer higher than
that of FS3 after 1-year straw returning, and SOC content of KL1 was 0.8% in >20-40 cm soil layer and 0.7% in >40-60 cm
soil layer higher than that of FS1 after 1-year straw returning. In addition, high dosage straw returning had the advantage of
improving SOC content greatly. Compared with the low dosage straw returning, FS3 increased SOC content by 1.7%-3.9% in
>20-40 cm soil layer and 0.7%-3.8% in >40-60 cm soil layer, and KL3 increased SOC content by 2.4%-4.7% in >20-40 cm
soil layer and 1.3%-5.1% in >40-60 cm soil layer. KL3 also had the higher SOC accumulation rate in each growing season,
and the overall mean value was the highest among the five treatments. What’s more, KL3 improved soil carbon-nitrogen ratio
(Ren), carbon-phosphorus ratio (Rep) and carbon-potassium ratio (Rck) to a certain extent, which indicated that high dosage
pelletized straw returning promoted soil nutrient conversion to a higher fertility direction. In this experiment, KL3 significantly
increased the wheat yield by 4.57% and 10.87%, the maize yield by 11.40% and 8.87%, respectively in the 2-year trial period.
In a conclusion, 36 000 kg/hm?® pelletized straw deep returning is the most beneficial to promote the SOC in the Huang-
Huai-Hai Plain, which has a great significance in solving the problem of soil "carbon starvation" and ensuring the sustainable
development of agriculture.
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