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8 E: ISRV R E AR XOR R RS AT B 2R RIS BT AT I ik B 3% 43 R TORD 454 BLA 1) A8
PR, DLEKRFSFE AOFEX G, i i SEPARE I B R e A0, SR e JE Ak e A RS AT e e - (RT) I
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I EASCERN , DT AU = i1t RT AR 443 I 55 4.26% F13.41%, £F RT PR N1 izl A T/ hE
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1.1 R XA

AR T 2021 4F 10 H & 2023 4F 6 H 7EdL
BIWE T THEH R EAAN I T, A5 HE R
P RREPEAME, TEAR 12.7°C, JBFE 199 d,
AR H RRRHE] 2538.1 h, AFEHIFEIK I 449.3 mm, ik
5 1) H PSR AR K UL 1, R R 2
e 1, ISR HCR W 1,
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BN\ G VS \ S\ g\ Lt S\ A\
SN AT T QT T AT

H (4E-H-H)
B 1 RIEX 2021—2022 1 2022—2023 £
INEEKEHYRMEKE

&1 M EEREA IR

+)Z wE AR 2R ARWE EEE
(em) ol (g/em’) (ghkg) (ghkg) (mghkg) (mgkg)
0~ 20 8.14 1.41 20.80 1.54 6.49 119.22
20 ~ 40 8.45 1.45 10.78 0.82 5.33 76.45

12 it

AR 56 R FH A 5 2R i 4 e X R 2R 2 X3
i, WHE T ERE, WREPREE L, ERS
FFIEHFA H (RT) MEEEAH (DT); Jifi A 5>
A2, 33Nt UK SF, B 180 kg/hm® (N1) |
240 kg/hm® (N2) #1300 kg/hm® (N3 ), W#E 2, ik
¥t 6 MAbH, AAAEFEE A 3, 18 MR/
X, BAV/NX 60 m*, HHRAEREAIRE (N 46% ) |
IBEFRES (P05 16% ) . FAALHF (K0 60% ), FRA
it FH AN TR A, B HE R A it FH KOS AR, 43531
1 P,0, 135 ke/hm® 1 K,0 105 ke/hm’®, B I8 A4 AT
R H—RPERIEA,, RIEEEE R 505, HAbH
()5 B it ) A P B B (RN LRl B
#2227, NFEF 10 HOr 8RN, WA 6 H ik,
2021—2022 4F F1 2022—2023 4 /N2 A= K J7 1 43 5]
220 F1230 d, 2021—2022 4FF1 2022—2023 4E/)
F B IR K 4R 70 1 147.5 mm, PRAE/NAE
Z L 9 696.4 F1719.7 °C, PIAE/NE 2 it
KM 150 m'/hm’,

F2 iXIGAL BRI

it H it A

i BENENE

AR 7 (Nkghm®) IR

RTN1  Jighk 180 e HFAA H Ak B Sk o K AR S R e

rva (RT) 240 FEAFPIa, BERE MR, SRS 1%,
BEE 15 cm

RTN3 300

DTN %# 180 VR BH AR H Ak B Ry 35 K W08 i e

prn2 (D) 240 FEAF W, BHBE—, SRR R,
FHAE 30 cm

DTN3 300

TR G, REF KB, 75CHT. B
20.0 g HEFFREFFHA 0.15 mm B JE R4S (14.0 em x
25.0 em ), BfJEA5 AR S E L KB R JE T
452021 4F 10 H 25 H A12022 4F 10 H 10 H 4/
XIS 12 > FORFEFF AT /N A —47, FEFFIE
FAL 45 AL BRI R BE N 15 em, 5 FFURBHAL T 45
AL PR PR A 30 emo T TR H JE e A
IR RIS, DA R
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1.3 FEEDASRAE S

43 ) F 2021—2022 4F T K FF B 5 58 10,
25, 35, 50, 70, 100, 120, 140, 170, 190,
200, 220 d il 2022—2023 4F & K #5 #F B & )5 56
10, 20, 40. 60, 80, 100, 120, 140, 170. 190,
200, 220 d >REEJE e 4%, HEATREFFE i B i
ME . FEREE e WAS W RIRT, FREFF#E S5
20, 60, 120 1220 d RALEJE AT 0 ~ 20
120 ~ 40 cm + )2 HHERES .

Je e A4S RS FEAE AR SR S LR R me 5
=Wy, VT 70 °C R ML 48 hfE F, I K iR K
2021—2022 4F FOKFEFFBIE S5 2 25, 100, 170, 220d
1 2022—2023 4 FKFEFFRIFREES 10, 100, 170, 220
d FEFFRRBEICF . 0 ~ 20 F120 ~ 40 em )2 1 3EHE
IRAH S RIS = N EIHES, 3 0.15 mm G5 H.o
IR FFAT DL 5 R FH SR R P A Ml o2

TE/NZ WO, ARAL PR 3 41, A 2H I
2mx617/0AE, KA ERURL, W e E R
Tk, HmATE S K E 12.5% W /NE AR
FrE ., [FIRTAEAS /N HE EFFEI 1 m x 2 F71I/ N
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K H Excel 2020 XHRX S48 17012003, SR
FH SPSS 20.0 HEAT IS Bt 1Y 5 2200 M 5 22 S W
PERSES (LSD ¥ ), fdiH Origin 2022 $E474H KK
SNEZT IS

HRE5SH

R AT I R AiE

AN TRV RS FF 38 H 5 5K 5 0 T B K FS
SR WE 2, K 2AH, 2021—2022 4 Fll
2022—2023 4F- 5 F J i KA 2R 30 A S P IS i -
W 5 2218 I A — B A B R A TP RS AT
WH 2 20 ~ 25 d S FEFFA DGR JE i, & 4abH
FEFF BEUR 23k 40% Lohr, FSFFIE figt R ¥ 7E
02¢/d b (B 3); fERFFIEAE 30 2 140d, 540
FRREFT I i R AR ST B R At e
il FF 3 Ao f e SRS A A s 2 40T 0.03 g/d, &
220 d 5 AL FAEFT 2RUEMERIR 65.53% ~ 77.17%.
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Rl FF 3 H 7 =R i 280 32 % s T 3R B i R A7
e, MR RB I EMER, #F 2022—
2023 4% 1 2021—2022 4%, % FF 8 H J7 20X 5 FF
FRUG R 0 52 A F BN 22 2 B A [F] 3 3
WA 225, Hp e FORFEFE IS i ai it (/)22
A1) RT 454 PEAS A1 BEUS i R B35 5 F DT &b
M, (BERSFEME (JFEME ), DT A ¥ &
Eim T RT AR, EOKFEFHL H 220 d B, 2021—
2022 4 F 2022—2023 44 40 FFRS FF RS il 501
ik 65.53% ~ 73.45% M1 72.77% ~ 77.12%, Hr
DT Ab A A1 2B fif R 48 RT A3 43 51 i 35 82
6.25% 1 4.36% ., FEPAERSFFIE fgad ferh, TERSFF
JE 10 d B, AT 20 B Ak RS FF SRR R A
WEES, MERENES, B 2BUSMRDE
P25, N3 Ab B4 N1 N2 45 5 4.45% ~ 35.26%
(P<0.05), {HEE/NZ AT HFENMEDE, KA
EIFATES =S8
2.2 FEFFRBER

Fili A Btk B i 23 5 35 T T e 23 70 A e 35 A ()

(F23), 2021—2022 4F 1 2022—2023 4 7€ J& fi# B
WA, FEFRE H O SRR BECR A B
SR, T it G i 6 AR R R kR Y R B 3
A 5 2 it 20 ) 5 LR oy %o s B B R A
MR AR 220 d o B . ERANRIRAE,
AT JE fi AT 399 (2021—2022 4F J& it 21 45 25 d L K
2022—2023 4 JE R FN5E 10 d ) RT AL HLRS FFa B
U T DT AR, 43042 55 11.84% F1 25.49%
(P<0.05); 2022—2023 )& #3155 10 d, 7£ DT &b
PR N3 Ab 2R FF kR R N2 AL B AR
TE 2021—2022 4, A5 FFJE A% 31 55 100 F1 170 d B 3
FIH DT SRS FHRRECR I s T RT AR, ifE
2022—2023 4EJEAR 25 100 F1 170 d I 45420 BRFS AT e
BORARIH I 225 7F 2021—2022 4 Fi1 2022—
2023 AR AR EIE 220 d B, 2 FAHJEUF, DT AR
FEATRBICR I B T RT AL B, 3535 1.29%
324% (P<0.05); MeIF, 78 DT 5T N2 &b FRFS F
WRBCR 3 5 T N1, N3 A3, 1iij7E RT 72U F NI
AEPEREFF AR ORI 5 T N2. N3 AbFH,

®3 WAEEAXMNEREXNEFFRERRNZME (%)
2021—2022 4 2022—2023 4
FFFiR M7 20 it
25d 100 d 170 d 220d 10d 100 d 170 d 220d
RT N1 50.65a 68.28a 73.98a 80.18a 28.40ab 65.80a 79.08a 80.56a
N2 50.36a 63.25b 70.82a 76.50b 25.52b 65.70a 76.25b 77.25b
N3 49.23a 62.24b 70.13a 77.54ab 29.08a 64.26a 77.66ab 78.97ab
DT N1 44.66a 66.24b 72.45b 77.18b 21.09ab 66.33a 78.00a 81.07ab
N2 44.79a 72.35a 75.84a 81.35a 20.54b 65.18ab 77.67a 82.24a
N3 44.88a 69.14b 74.87ab 78.71h 24.52a 63.78b 78.05a 80.15h
T
AR T (T) o ok * ns ok ns ns ok
JidE (N) ns ns ns ns o ns ns ns
TxN ns ook * sk ns ns ns ok

T ARVNG T2 il — A AR A 17 20 AR R UL BT 22 52 135 (P<0.05) , % 3RIRTE 0.001 /K- 2250 W35 5+ SR7RTE 0.01 /K- 22 5 1

H o BORME 0.05 KF2EF R ns TR ERARE . T,

23 THEAPLIK

iy 264 7] 1, 1E 2021—2022 4F F1 2022—2023 4E
WAS/INEZ BN, FEFFE D =URE XS 0 ~ 20
120 ~ 40 em £ )2 SOC & & HA B F 5w m (D5
ABWICEERW ), Hf H 5 =it & i 58 5
TEFGERZHAERT AR E . AP E04E, RT Al
DT ALBE O ~ 20 em +J2 SOC & HHpfAE & iR A Fe
SRR E Ry e (K 4), 1E 2021—2022 4F

S

F12022—2023 4, fE/NZAET W, ARFFEH
FEXF0 ~ 20 F120 ~ 40 em +J2 SOC & &0 A
[, HrP RTAFEO ~ 20 em 12 SOC & B 15 /N
B R E ST DT ARE (2021—2022 S-F5FTIE i
120 d 48 ), 7E 2021—2022 4E F1 2022—2023 443 5]
PET 522% ~ 13.49% H1269% ~ 1250% (P<0.05);
DT AL FH 20 ~ 40 em + )2 SOC & A6 /N A2 % 12 T

YIwEF RT AL B, W4E5 )2 75 20.82% ~ 60.55% Al
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F4 BHEEAX, BRENAEZANZEERN T EEVRNAESN

2021—2022 4 2022—2023 4
BEE T +JZ (em)
20d 60 d 120 d 220d 20d 60 d 120 d 220d
*ﬁﬂ:ﬁmﬁﬁ: (T) 0~ 20 Kok Kok ETT3 kK Kok ns KKk Kok
20 ~ 40 kot skt sk sk EEES sk sk kot
f]@ffz—k% (N) 0~ 20 ns etk ok Hek *k * ® oy
20 ~ 40 ok ok ns * ns ok ok *
TxN 0~ 20 ns ns ok ns ns ns ns ns
20 ~ 40 Hkok ns ns ns ns ek ns ns
20 .
202120224 JRTN1 Z2RTN2 RN RTN3 [_]DTNI DTN2 ] DTN3
a ab
2 b . a ¢ ;% ¢ ¢ be
15+ 0 by Pb 1 TN
— { ddd b a a b 0
2 g/ c_ °© & o K4
E fed FA0 g = ( g
~ ’ 0
9 K % % a
] X =14 ] 4 b a
&110 b }: :‘ :‘ :‘ be b aa
K K] g K 5 ¢ c a??
= ; K s s ‘o  CE i
b e > I m
i%_%é ’: >: ): ): ; E d ;{ bbb ccec
+ ) X N X - &
5 F % N 3 X BE
3 g g g
g g 4 4
X ] ) K
S ) ) 4
9 X X X
9 4 4 (!
. g g 4 4
20d 60 d 120 d 220d 20d 60 d 120 d 220d
0~20 cm 20~40 cm
20 :
2022—20234F [ IrTNI ZRTN2 RXJRTN3 [_]DTNI DTN2E=] DTN3
a
a ab be
be { od
~15F a & % d
Iy cct A
E d hp
- d b 3 4
] ) 4
1 X = > %
41 K % %
=10 N D s 8
= . D 0
E
= ! @ g
+H o 3 9
K ) )
q % 1
5F X 2 ]
ﬂ N N
N 5 R
! 3 4
o 3 g
: o | N
0 5 % % |
60 d 120 d 220d
0~20 cm

B4 FHFEEAXMEREX TIREHE BRI
VE: M EATYING 5 BRI AR AR R AR BRI 25 B (P<0.05 )
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947% ~ 53.60% (P<0.05 ), FEWRINAE, 761 KR
FEIEAREE 20 d B, AFEFSFRAH R, AT
0 ~ 20 F120 ~ 40 cm 1J2 SOC B, Jiti A=
Al ER RT AL 0 ~ 20 em )2 SOC &2, H
XF DT 4B A2 W R BLAE 20 ~ 40 em +)2 . 7EFE
FFIE R 60, 120 1220 d Bf, 0 ~ 20 em +JZ SOC &
o LA it SR ARG TR N, FLAE N1 ARBRAH L,
N2 FI N3 ZbFE SOC & it b 2 2 51 2.92% ~ 9.03% Fll
1.43% ~ 852% (P<0.05), 7£20 ~ 40 cm +)2, BR
JE % 2 60 d IF T2 5 T1., T3 2257 8. #4b, RT &4k
] SOC Sl & 225, 1 DT AL Al 7 A []4F
AR A EE: SOC & B AR LAEA ]
2.4 g7 R TR R R

7E 2021—2022 4F Fi1 2022—2023 4, F5FFi4 [
5 =X it 4 X /N2 7 I R W Y AR AR S AR

x5 BHTLEAXMEREN~EREMMER

(£25), TEMARIGAE, DT AP/ =R 5w
F RT AL, 4 50 42 5 4.26% Fl1 3.41% ( P<0.05 ),
7E 2021—2022 4F, RT ALFR T N1 ALF/N A P2
T N3 ALFE, 7E DT ALFET N2 Fil N3 b Fi /N2
e T NLARBE; 5 2021—2022 4F A5 fb
FEARALL, AF 2022—2023 4F, RT ALFEF N1 AL/
Frem T N3 AR, 7E DT ARFER N3 AbHL/)
FP R D ERE T NLA N2 P, 2021—2022 4F F
2022—2023 4F, DT &b # /3 i fE 4084 B 3% & F RT
AbER, HLAE 2021—2022 445 ifh JE Ak 2 [A] 23 L A 4
fErEim e 5, HAMBRHE S /N o — 30, R5#T
e FH 5 5t 280 6] /N 22 REORLEOE 8 3552 . DT
AL BRNFE TR W T RT ARBE, {H 4% it UAb B
BTG 255

sEA)

2021—2022 4F 2022—2023 4
FiFFA H .
g EREC Gem gwmes 0 THE PR A THE
) . L. R , . L. PRI
(kg/hm*)  ( x 10* 4~ /hm®) (g) (kg/hm*)  ( x 10* 4~ /hm*) (g)
RT N1 8363.80a 670.65a 29.48a 45.60a 8195.04a 609.63a 31.68a 47.23a
N2 7955.85ab 591.54h 20.35a 45.75a 8031.60ab  556.71b 30.23a 48.08a
N3 7612.85h 586.23h 28.60a 46.16a 7870.60b 527.77b 29.27a 47.03a
DT N1 7241.95h 603.43h 26.65h 46.82a 8050.05h 601.38a 29.13b 48.51a
N2 8990.75a 680.03a 28.83ab 46.57a 8266.79h 645.64a 31.43ab 48.10a
N3 8720.25a 633.13h 20.25a 47.72a 8601.78a 603.43a 32.40a 48.64a
BEE
FEFFE M L (T) ns * ns * ok * ns *
ﬁ@/ﬁ% ( N ) ns * ns ns ns ns ns ns
TxN ok ok ns ns dekok ns ns ns
3 Wi g LR R, RIS N R, RS AT i
JA

3.1 i H S it S X R A A A S B R TS ) 2

ABFFE IS 2 AERIR IR A5 RN, BEHt AR B
PRI AT i FH 752X T KA A8 figp 42 2 AT ST DL 39
W RREIE, 5B, FEENT
JE gk WIS SUIRS AT v A 1) 5 W ik 410 SR A W i 3
FRBKIR, WUEW RIS, WS, R
PR T AT DU I e, B IO AR PR AT MR A 2
— 100 —

REEZ SR BT 2022—2023 4F /N BRI
Rk 4 U 34 5 T 2021—2022 4, ATfgA R/
A T R TP B K AR PR S R R S T
P, I A F T FORFE AT B985 fige,  Fir L 2022—
2023 41 RS iR 5 T 2021—2022 4, FEFFA
7 RS AP B AR A 5, Bl R
HIFEFFRR, 55 AN AR, SERMEY
VERITF 20 0 CO, SR HE I 17, B de e 1) i

S

(T
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A, SREAFTN, EREA VLK
B AR AU 5 i e B AR N, X 5
TR as R —3. PR IE R, TERRRS AR B
FE b 3L B 5 A SR B A o Bl 3 v T IR B AS AT i
M, H 2R T e RS A b AL 3RS AT 15
em 247, HY5 R85 RHE . HHGE B KL,
A0 ~ 20 em 2R EER T 20 ~ 40 em, HAT
FIF e A R RS FF ) o3 fRiE 3l TR E T
Tl T 100 65 it o T DR SRR RS T8 HH Ak B 4 v 0 A
T30 em 12, BRZIKIF S5, 1%
it AN BRI, L L A A A R T R
DL, RS T B0 T e o BT /N T R R BRRS T
i FRS AT SR FRUE A o5 1 5 3 T ERERG A3 I Ab 24
T AP R BIAA [ RT3 gk R 2 H 3R & B, ]
DIt E ke . R PLIRAEAE, LK
2B S G M A A R AR R S, R
Py Eas A T A R EEREE, AT i T A
AR BCR DL BRSO RS R R
FHE RS FF L AL EE X He BN IR AE Gy, RS
RS AR F I 2021—2022 4F I KT 2022—
2023 4%, HATfRE 5K A K, KK
M) s 8 At %) e 52 1 IR 2 —, 2022—2023 4F-7E
BT TR IR KRR, A R TR A
e i 0,

H I 6 it 01 it X s S A LA B e R
MFR LIRSS AT AE 22 57, 2045 Y WIS A M RG T
i FH RO U TRy T e A L, Tl R A AT IR
TR R IR E MR B pi
N, HERRTRES IR FFA i, X BRI Y
R oo i B S AR W T, e L A e
J1o ASMIFFESE H 2 WA JE5 ik iy 444 it o 20 w2
ERSFFIBE R, AEAERS T8 it Jo 345 it 2 Ak 342 ) G
FE S X BAIAE 5 R [ By R NAE
FEFT RO I R AR 28 & B, Bt 200 mT AR sk /N2
ERF AU R, SAPRIE AT AR LSS 1B, TR
2 24 S SRS R R RS AT IR L A B, B R
NEREGS AL HE FORFEFF IS AR, H EORFEFF I R b
Jit R AN TR (X ER R R, SR
PG X R RS FE I s ma /N, REFFA H At 2
JE X S RS FEIG f R AR s, X T RE SR
FRY ST H AR SRR 25 A . AR
MR B, A S A TSR R UR B T Ak BT i 2R A
300 kg/hm® Ab RS FF B BOR 35 3E = TER =

180 Fl1 240 kg/hm®, X A2 R Sk il A VR B4 HH L e 4
AR, AT RS A b, dE il 435
BTG MRS =, RS S iRk
3.2 iR H =X 5t 2 X 3 LA 1 5

T AT 34 HE it 77 ok 3 4 5 SOC 7 &, HHE
R Z R FEER . AEE W B H . MR
FLZHEMEm, AREGLEERT, ERFEH
0 ~ 20 em 4 )2 SOC 7 bl A B W& (R 38 £ B
e JE IR A B TR F T
/N A A T P A K B, X R IR T R
K, Wi, BB SOC B >, s N &
TR TS, nl ) b AR A L,
AT S 2 T ORBUHEZ SOC &8 B TE, M AR
2 LD 5 4 SR B B R S, SOC Fr ik
REITREMBEE, SAMRGERAR, Xfes
TEMIRE AR . FRor TR, IR PRI A A=
Wy E s, A HLE AR T 43 f A8 R R B0 R bt
YERI A . VE I K 34 22 (045 58 P it AL
T FSURL A AT ML Bl 7K F% b SO 1R it
AW TR, TS FF A B 7 20 45 1 2 SOC 15
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Effects of straw returning methods combined with nitrogen fertilizer on decomposition characteristics of maize
straw and soil organic carbon

LI Ze-yi" >, MA Yu-jie', FU Xin'", PENG Zheng-ping" >, LI Xu' (1. College of Land and Resources/College of
Resources and Environmental Sciences, Hebei Agricultural University, Baoding Hebei 071001; 2. State Key Laboratory
of North China Crop Improvement and Regulation, Baoding Hebei 071001 )

Abstract: It is important to investigate straw decomposition, nutrient release and soil organic carbon under different maize
straw returning methods and nitrogen fertilizer managements in wheat-maize rotation area of North China Plain. Based on
a 2-year field experiment, this study investigated dynamic changes of straw decomposition and soil organic carbon using
nylon net bag method under two straw returning methods ( RT: straw rotary tillage and DT: deep tillage ) and three nitrogen
application levels (N1: 180 kg/hm®, N2: 240 kg/hm” and N3: 300 kg/hm”) . The results showed that straw decomposition
rate of each treatment showed a trend of fast change in the early stage, then slow change and finally tended to stagnate. The
straw returning method and nitrogen application level significantly affected straw decomposition characteristics. The straw
decomposition rate with DT treatments was significantly higher than those of RT treatments, increased by 4.36%-6.25%. The
straw decomposition rate increased with the increase of nitrogen fertilizer application level in the early straw decomposition
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stage, but there was no significant difference among the nitrogen fertilization treatments in the late stages. The two factors
of straw returning method and nitrogen application rate had interaction on the cumulative release of straw carbon. The rate
of straw carbon release was higher with N1 than other nitrogen levels under RT treatment, but was higher with N3 than
other nitrogen levels under DT treatment. The straw returning method and nitrogen application rate significantly affected
the soil organic carbon content, and had an interactive effect. The soil organic carbon content with RT treatment was
significantly higher than that of DT treatment during wheat growth period in 0-20 ¢m soil layer, and soil organic carbon
content was increasing with nitrogen application level, but there was an opposite trend in 20-40 c¢m soil layer. The straw
returning method and nitrogen application level had a significant influence on wheat yield and its components, and had
an interactive effect on wheat yield. The wheat yield under DT treatment was higher than RT treatment, and increased
by 4.26% and 3.41% in two years. Under RT treatment, wheat yield with N1 was higher than other nitrogen levels, but
under DT treatment, N2 and N3 were more conducive to increasing wheat yield. Under the conditions of this study,
integrated straw deep ploughing returning and nitrogen fertilizer of 240 kg/hm’ could promote straw decomposition and
its carbon release, increase organic carbon in surface and sub-surface soil and wheat yield, while straw rotary tillage
returning with nitrogen fertilizer of 180 kg/hm’ was more conducive to increasing soil organic carbon in surface soil and
wheat yield.

Key words: straw returning method; nitrogen application level ; straw decomposition; soil organic carbon; wheat yield
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