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Coupled Effects of Film Mulching and Straw-derived Carbon Inputs on Soil
Aggregate Characteristics and Crop Yields in Semiarid Areas

WANG Yuhao" %, PANG Jinwen" *, WEI Ting" %>, GAO Fei’, LIU Enke*, JIA Zhikuan'?, ZHANG Peng"*

(1. College of Agronomy, Northwest A & F University, Yangling, Shaanxi 712100, China; 2. Key Laboratory of Crop Physiology, Ecology and
Farming in Northwest Loess Plateau, Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China; 3.Gansu Cultivated Land
Quality Construction and Protection Station, Lanzhou 730020, China; 4. Institute of Environment and Sustainable Development in

Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)
Abstract:  Objectives This study aimed to provide a scientific basis for optimizing appropriate film mulching practices to
improve productivity and protect the environment in dryland farming. Methods A complete random two-factor field experiment
was conducted in Pengyang, Ningxia Province to investigate the coupled effects of mulching (started in 2012) with different
straw-derived carbon inputs on the soil aggregate characteristics, organic carbon content, and maize yield. Specifically, the
mulching method was the main factor and the straw return form was the sub-factor. Six treatments were established as follows:
straw return with film mulching (PS), biochar return with film mulching (PC), no-return with film mulching, straw return without
mulching (TS), biochar return without mulching (TC), and no return without mulching. Results The results indicated that each
straw and biochar return treatment significantly (P < 0.05) improved the soil aggregate distribution and stability of each particle
size, and the aggregate content > 0.25 mm increased significantly (P < 0.05) by 47.32% on average. Compared with the
no-mulching treatment, the mean weight diameter and geometric mean diameter of the soil particles increased by 9.19% and
4.15%, respectively, under the double ridge-furrow mulching treatments. The organic carbon content of the 0-60 cm soil layer
increased significantly (P < 0.05) under each straw and biochar return treatment compared with the no-return treatments, where
the contents were 2.60% and 2.73% higher under PC and TC than PS and TS, respectively. The aggregate organic carbon contents
under each treatment increased as the aggregate particle size increased. Also, the straw and biochar return treatments significantly
increased the organic carbon content of aggregates, whereas the contents decreased under double ridge-furrow mulching
treatments. Structural equation modeling showed that the straw return form, mulching method, and soil organic carbon content
could significantly promote yield increases, while the straw and biochar return treatments significantly increased (P < 0.05) the
corn yield in film-mulched fields by 14.6% on average. However, the yield increase did not differ significantly between the straw
return treatments and biochar return treatments. Conclusion In conclusion, double ridge-furrow mulching and straw carbon
input treatments significantly improved the soil stability, soil organic carbon content, crop yield, and the coupled effect of the
double ridge-furrow mulching and biochar return had a positive effect on improving the farmland soil quality and fertility.

Key words: Double ridge-furrow mulching; Soil aggregate characteristics; Soil organic carbon; Maize yield; Straw/biochar return
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Fig. 1 Experimental site
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Fig. 2 Precipitation and daily average temperature during the maize growth period of 2022
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Fig. 4 Distribution of water-stable aggregate size under film mulching and different straw-derived carbons inputs
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Table 1 The mean weight diameter (MWD) and geometric mean diameter (GMD) under film mulching and different straw-derived carbons inputs

Fats psLit +JZ Soil layer/cm I 2500 FAE R & 0
Items Treatments 0~10 10~20 20~40 40~60 ANOVA F-value and significance of factors
N 0.31b 0.32b 0.35b 0.38c HE A 84.00 **
TS 0.33b 0.35b 0.38ab 0.42b K% B 32.93 **
H S AR TC 0.33b 0.34b 0.37b 0.42b e 102.98 **
Mean weight PN 0.33ab 0.35b 0.37b 0.42b AxB 1.00 ns
diameter/mm PS 0.36a 0.39a 0.41a 0.47a AxC 0.71 ns
BxC 0.44 ns
PC 0.36a 0.38a 0.4la 0.46a
AxBxC 0.23 ns
TN 0.27b 0.27b 0.28b 0.29b HE A 49.66 **
TS 0.28b 0.28ab 0.29ab 0.31ab K% B 8.41 **
JU P2 AR TC 0.27b 0.28ab 0.29ab 0.31b HEC 28.83 **
Geometric mean PN 0.28ab 0.29ab 0.30ab 0.31ab AxB 0.50 ns
diameter/mm PS 0.29a 0.30a 0.31a 0.33a AxC 0.87 ns
BxC 0.50 ns
PC 0.29a 0.30a 0.31ab 0.33a
AxBxC 0.12 ns

e RPHEE A B, CHulEME X FFHEIEL)Z2WE, FRSARFEEFRR 257 B8] 8K (P<0.05), *t
FE (P<0.05), **XEMEE (P<0.01), nsfAEICEENE, Note: A represents planting mode, B represents returning form, and
C represents soil layers in the table, Different letters indicate significant differences at P < 0.05, * represents the significance (P <0.05),

** represents the extremely significant ( P <0.01 ), and ns represents no significance.

FiE 75 X e R X BIBE W& 2 >0.25 mm  AEYRiEH (TC, PC), FR{UEE 1.86%; 5

IKEEHER AR S i (Roos), (B SE HAEHIA W&
(2 2). HALFE Ry,s B HJZ IR B (P<0.05) 1
K, HFEFEFEHEX R EHC, L HAB R, s
W3 (P<0.05) & XA IS H AL, S 42
32.46%, SAEFFHEAHANEE (TS, PS) il E T

2B V5 T RER R Ry 5 B000T IV T 78 R Ah FH V- 35 (b 3 4t v
61.87% ( P<0.05), #5WZEHHEREALFEE] PS FI PC
A BRTES 2 B (P<0.05) BT PN AbFE, 4
4R R 31.44%F0 30.17%, 1 PS I PC &b 3]
Y& %5 (P>0.05),
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K2 BENTAERBFARBEAT>0.25mm HEFABKESE (R T

Table 2 The >0.25 mm soil aggregate contents under film mulching and different straw-derived carbons inputs

b P +J2  Soil layer /cm
Treatments 0~10 10~20 20~40 40~60
TN 4.96d 5.95¢ 7.86d 10.84d
TS 6.56¢ 7.77¢ 11.2bc 15.13¢
TC 6.24c¢ 7.40c 10.86¢ 14.87¢
PN 7.84b 10.16b 12.77b 17.32b
PS 10.89a 14.10a 16.25a 21.97a
PC 11.27a 13.33a 16.02a 21.98a
» AxB 2.97 ns
T 2507 FAH KA 2R 35k HE A 622.44 **
A AxC 6.96 ns
ANOVA F-value and significance F# B 96.34 **
) BxC 2.18 **
of factors HEC 336.71 **
AxBxC 0.56 ns

H: RPEZFE A, B, CoraRMM T BRI )RR, RS RSARR 2 7R H B EKE (P<0.05), *{
FHFE (P<0.05), **LEMBE (P<0.01), ns fLEILEENE. Note: A represents planting mode, B represents straw returning form,

and C represents soil layers in the table, different letters indicate significant differences at P < 0.05, * represents the significance ( P <0.05),

** represents the extremely significant ( P <0.01), and ns represents no significance.
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PIRER 3 (P<0.05) 520 4 ek Rak A1 R AR LIk
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PIfrfe wE R B (K 6). fERHZE (0~20 cm ),
8 ALY A] B 2 (P<0.05) 475 450 g 4 3K
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1.15%. 5.20%7F1 6.09%, H:H1, PS Fil PC AbFHA AL
12 FR A B & i3 B 2% (P<0.05) = F PN &b
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+ 3K AR M AR AR A PR & A A i o7 Y W
(P<0.05) 2 14.14%. 16.42%. 16.60%. 12.89%
F12.72%, 1 X288 70 RE AL 34 1 K Rk AT R AR A
MLk & B (P<0.05) X T R, FHorb 4
RAR AT F- AR 10.64% ., 10.57%. 8.91%., 3.41%

http://pedologica.issas.ac.cn



144

TR

ELE AR P AN FT RS AR 398 PH SR ARp 1 S AR 00 77 e 452 )

279

EHATHLR i

SOC content/(g-kg™)

\\

I
|
|
|
|
|
|
|
|
|
|
|
|
|
|

a
a
4

[ JTN PN, Threeways-ANOVAZ}Hr
ERTS BZAPS 'A2.02%F A-<B 027ns
[ TC [ PC B 89.13** BxC 8.60 **
C 14729 % AxC 0.24ns
AxBxC 1.12 ns
a a
Tal a

{

\
\
\
\
\
\
\
\
\
\
\
|

0~10cm

10 ~20 cm

AbF

Treatment

0_
TN TS TC PN PS PC [TN TS TC PN PS PC |TN TS TC PN PS PC |TN TS TC PN PS PC
20 ~40 cm

40~ 60 cm

\\

TE: B iREmREER 2, ARFERRALIE 25 8% (P <0.05), ZERRITZMIITHTHFE, AREXMETA, B

RFBILHEN, CHRELZHE, ~RFTEHE (P<0.05), *LFRLEHE (P<0.01), NSRRI L EME. Note: Different letters indicate
significant differences at P < 0.05, The number is the F-value, A represents planting mode, B represents returning form, and C represents soil

layers in the multivariate analysis of variance, * represents the significance ( P <0.05), ** represents the extremely significant ( P <0.01),

and NS represents no significance.

IR R AR AT HLAR 5

SOC content of water — stable aggregates/(g-kg

)

~
(=}

D
(=}

w
(=]

'S
=
|

w
f=}

Fig. 5 Soil organic carbon contents under film mulching and different straw-derived carbons inputs

B RIRS AT BRAEA T A Pl & f A

Threeways-ANOVA

\ *
Y <0.25mm [ 2~1mm [Hll>5mm A 850% AxB 29.79%%  AxBxC 0.42ns
[ ]1~025mm [HINS5-~2 B 608.715%* BxC 1.42ns
chemm camm C 2587%  AxC 809 **
0~ 10cm 20~ 40 cm 40 ~ 60 cm

TN TS TC PN

PS PC

TN TS TC PN PS PC
AbFR Treatments

TN TS TC PN

PS PC

TN TS TC PN PS PC

TE: B iREmRER 2, ARFERRALIE 25 8% (P <0.05), ZERRITZMTETHFE, AREXMETA, B

RFBILHEN, CHRELZHE, *RETEHE (P<0.05), *LFELEHE (P<0.01), NSRRI L EME, Note: Different letters indicate
significant differences at P < 0.05, The number is the F-value, A represents planting mode, B represents returning form, and C represents soil

layers in the multivariate analysis of variance, * represents the significance ( P <0.05 ), * * represents the extremely significant ( P <0.01 ),

and NS represents no significance.

F6  BEREFN [FIFS AT BB T KRR L AT SR AR BILRK 35

Fig. 6 Contents and distributions of organic carbon in water-stable aggregates under film mulching and different straw-derived carbons inputs

http://pedologica.issas.ac.cn



280 +

H111.82%, AUZE 8 78 55 A B B) 45K G S /NI 259 g
PC>PS>PN, PC fl PS [a]}¥C % 2 5% ( P>0.05),
25 EXFFE

AR 7 Argn, R =ORA HE S $8 RT
M FOK 7 i, (HE RS EAEARE . & H
Ab B T A P A R N IE FH AR ER, SRR 14.6%:;
HApREAT H A AR (TS, PS) P28 Rl T4
Yipcik HARFE (TC, PC), FHH= 2.69%; Xt
JOLANTE RS A AR LY, X2 1 7 S A L K 7 -3
AR 37.06% (P<0.05), &AL PS FI
PC ¥ 8 3 ( P<0.05 )T PN, V15055 16.86%

1 14.21%.
26 THEAN. THANXN. ABEAK. EHlik
MEXRFEEXFR

MR KPR R B REE (RP) N 0.88,
(TR ERE T R N < =W = I (D EE T D G o
>0.25 mm PR . A HLaR FOK ™ 57 AR
MM EVE R, Xt 4 38 A R AR MILAR 7= 2E T
M 7 2X>0.25 mm FRA . 35 AL FAT R (&
AHLIRA B MR EER; >0.25 mm B R {&H + 1
A ML KA BE R IEER (&8 ).

ISIA
)7

it 775

Planting methods

0.57%x%  0.39%x

%
0.33 R=0.69
]—0.94***

0.54%%

R’=0.44

>0.25 mm H1R 4
>(0.25 mm aggregate

[

CMIN/DF=2.85 P=0.058
GFI=0.944

#£: CMIN/DF:

TIEATHLAK

= fi 61 %
16000
Twoways-ANOVA /Mt B TN B PN
Rt 77 (A) 220.48 ** TS A PS
140001 s mipat (B) 18.13 #* [1TC zdpC
— AxB 0.96 ns a a
‘= 12000
=
& %
2
3 10000}
.2 C
ps . c
B gooo |
§ i
2()OOI:J_._\_\_._.
0
™ TS TC PN PS PC
QbFR Treatment

e EIP IR PRIEDR 22, AR SRR R b B E] 22 57 9
% (P <005), ZRETZSHITHET R FE, ANREMET
X, BREREAEX, REBF (P<0.05) **REHMBFE (P
< 0.01), NS fRFEIL W EM . Note: Different letters indicate
significant differences at P < 0.05, The number is the F-value, A
represents planting mode, and B represents returning form, *
represents the significance ( P <0.05 ), ** represents the extremely

significant (P <0.01), and NS represents no significance.

&7 BN R FFORBA T F K &
Fig. 7 Maize yields under film mulching and different
straw-derived carbons inputs

EmTr
Returning methods

1

SR IAAT LA

SOC SOC in aggregate

0.34%%x

RITAHELL, GFL: MG iR, i BB ARME LB R (L), LARRTEE SR X RBIELL,

e Ry IEA G, K@ R T, Note: CMIN/DF: chi-square degree of freedom ratio, GFI: goodness of fit index; The path on the line is

a standardized path coefficient( A ), The relationship between the width and intensity of the line is proportional, black is positively correlated,

grey is negatively correlated.

B8 Ay 2RI H D7 200 A LR AN K™ B SEM 2044 24

Fig. 8 Results of structural equation model analysis on soil organic carbon and maize yield by planting and returning methods

http://pedologica.issas.ac.cn



13] FEEREAF : FAEAR F IR AT BAE A KT 398 A SRR 1 R A 0 77 e 4 52 ) 281

3 3 ®

3.1 EBEMARRBFBRBAT T EAREKAR R
=y ed:pA)

TSP RAAE Ty T TR E A, RIT M
TR R E B AR K E TR, AR
A BERE M3 1 98 A R AR A K e e kD P, AR AR
GEIREH, H5ORNIESHANPRAR L, £ F5 A FAE Yk
M4 55>025 mm HIEH BIKEG#, JIFRE
( P<0.05 ) = A B AR A Fa E M . Mohamed 45121
FAF ST A5 BAR LAY S5 5, X 0T & i TR AT 8 |
AR T L HEAE o, M T AL RS A PR A,
T RG SR AR R K R IEBUE YGRS, AT
>0.25 mm FRURATE B, I o - e A i A
FEVE . ARWFSE RS FE L B AL B XS 4 3>0.25 mm [
TR i Rk e MR AR AR RS . [N
A=) e S VE RS FEAE R A 1R 2 0 s 2 [ A
W, B R R R R IR L RRSE 57 B Ak 2k, (i
FH B A FF M DABE B o R, B o X
>0.25 mm FRIRAY S5 A 58 T X e 510

ARFFTEE R B, WA VA B AT 2% ( P<0.05)
P - 48>0.25 mm BRI S X AT RESE T A
TG RRAR T A b IR A 28 K, BN T e Ak Y,
148 (A w4 RS BT = (0SS N1 R O ZI B 3TN
SERIITE IR AR T 45 SRR P, WA K
FEFEBREE A A RE A 5500 R 0 U — 25 4 i L e 254 1Y)
FaoE k. o U2 VR B 25 A T 45 AR FT ik B RE 384
INANEA DL RHE A, XBERE AR I+ 3K IR
BTG 398 25 5 1 [ el o 35 1 i IR E s i L AR
HEYR R ALK, SEMAEIE>0.25 mm H RAEMTE
B R A R AR AR TS 22 FEAHR ST R
VLIRS RS AR B X 4 496>0.25 mm A R AR
i MR TR B S ORI T AE Y e 1, R AEY)
weF & WFLBRGS A BT L3R B AN FLIR P A b
B A KA WP e AT B R 4, BB
SIPRL, SRR 1 e A R R ZEA PO, D AR
TR E
32 EBEMABBETHEAIN TEENHREEARE

SRR EA

KEWFE LRI, FEFF B H s kb5 i H Y
REAE 0 1 5 MR S A SR HLARBLRE 11 A Ht

FAERRW, S FEFF A H A HE A R4 = 1 e HLak
KRR WL & o 3R RN A AR AR H S ) 4R
BT ANIEA BRI P A 0 ] i
HET A B R HE P AR T LB RS FRAA H AR
A itk + e RAR M TE LY, A5 h 45 A5 #1348 1
AbHR P T IR A RAR S i (Roas ), T4
A LR [ 5 e R i R A 4 S —T
T, FEFFfIA AT 2w B RS 4 17 < - 1 g 4
JoT LA K A 3 fe Ak A W R0 D5 R S AR HL K 4 F R
I, AT B A MBS OO Rl FE A 5T,
2 LR e ik H AL R - S5 HILRR B 1A SR A LR %
I ORI T 25 R AT IR AR B . X AT RS T
it FEAE A E NP IR AT o0 A R rh i 2R T R
Sy oy R, AR W)k BRI L2 AR S AL R 45 1
B BE 3 LA, XA BILAIR 14 A= 0 16 A B 2
REAR AP T, 2 T 400 o]~ 8 vl ol R R ) A ML 190
fiff DT B 7 - A LR B PR SR A LR 5 1B
AWETEIR K IR, RULE i 7 Ak 3 3 HLAk
R TARE AR, X 5 PR TS+
WA B S5 R o P] REE Y T AR A H ORI AE
125, T AULE V) i FEE Ak L 2 - IR 1% () s o 2>
TR S AT, B T, SR L
AW G S RE DY, DTN - HERR B e R, A
FTF AT MRS A ZR O [, X022 1) 75 B A 34 1 344
TR PRI VE T AT 58 23 SR A B 45 A3 i S5 A HL
W IRAN , R RO AR i T AR RS
FERRIALER , WIA] B 23 th BRI 5% v XL 28 V) 5 5 4
PN BTG A b B A 35 A AL & AR T X AN
TR FE (&5 ); Mo %5 POl i 4 A 7 M & R,
BRI E Dyt A B Rl B8 2548 T COL 11
Hee, fRaE T 3R HLRR Y B 5%, DR TR 38 n -
AN S R, IR R, RZ LN HHEAAHL
e B A SR AR AT LA % 1 i 3 e TR L2 . X mIfg el
T AR 20 KA T BOREY AR R 30 TR
R R WY, fEdE T SRR OC Y A ik
PIRLEA, INITTA ) 45 Bk AL 14 3 A 5 AR BT
33 BEMARBEABREANERFENZIN
VEY 7 5 5 - S22 i it 2 [a) HA B AN T] 4
MR, R TS E5 1 B i A R TR MR &
A, REEwR TR AR, AT &Y™
3 OARBF R R R, AR 2R FE A H Y g

http://pedologica.issas.ac.cn



282 + b1

e 61 %

W A, PR 14.6% (P<0.05). &
S FE I B KB B SR ek TR T
PEHE T A H - SR W S 1, AR AR K AR
T RIS, I TR =R, #5448 HAb
PR FEFF B b P i R T AR 4 ek T AR P
AR A T R B, FEFFE B REAE
HAEY A RN LR A Y, e A R IR e M,
ARG IR 4 7 1

AHSCAIF ST 26 I, 78 R AE A% 1 Rl A FH - K i
FAFNMRE S ER AR, SR s e e,
AW R BL, 5 AR H, X2 i 7 b 2
B ( P<0.05) & E oK (P44 37.06% o
XA AR V) 7 A B R S R AL, K A
fET HHOFE P NS TAEMARES, BA U A~
WRAER . BV B R T AR FHIRBE S i 2
PR F KA, X AT REE BT XU ZE VA R S R ATk
BB REA RN JEOK T X2 ) 7 S %) A 30 TR A
FAEFERAC A B TR 50 AL LR, DEA K RS A
P T IRAA R, SR R TR
IR, PRVE 3 o A i = A RS AT S5 AR R 40
W BEZ 3G, XA HLYRNE A 45 i — 2 4
AR T b 7 5 S AT R (B A AR AR
FH it ARG FFA O A RE IS K 4 v R3E iE, TR
TR AR 1 55 0E

4 % ik

XUZE ) L RERIAN [R) A A B B A5 488 s AR
JEEA TH b SRR R R AR & B AR v . A
BBk b BRI HLIR 5 i, HAFHZ (0~20 cm) 2%
R, [RI AR Wy o i T Ak BROGS -+ 8 R PR R AAAT AL
B I v TR AT Bk AL B RS AT B A AT 3%
P FOR R, HAS AR E L 1AL 5 A= Yy i id T
AL BRIEIE RO 2 AN B o 5L, TERMEXUEN
T IFA TR AT 7 5 A RE S8 38 0o 22 o 1 3 AT MLk 5 i
FSE 1 S A M e PR S AR >, LR AEY)
DR RS ST AF S T - 3Eh g, A ds SRR A
ESYRRTIE S-S s

S %3 Hk ( References )

[ 1] Zhang S L, Sadras V, Chen X P, et al. Water use

efficiency of dryland wheat in the Loess Plateau in

[2]

[4]

[5]

[ 6]

[7]

[8]

[9]

[ 10 ]

[ 11 ]

[12 ]

response to soil and crop management[J]. Field Crops
Research, 2013, 151: 9—I18.

ZhaoY, Li M, DengJY, etal. Afforestation affects soil
seed banks by altering soil properties and understory
plants on the eastern Loess Plateau, China[J]. Ecological
Indicators, 2021, 126: 107670.

Wang B S, Yu W S, Wu X P, et al. Effect of straw
addition on the formation of aggregates and accumulation
of organic carbon in dryland soil[J]. Scientia Agricultura
Sinica, 2019, 52 (9): 1553—1563. [E¥ Mk, F4EK,
WP, L BRI RS FE X AR A P A R HA HL
BRI P ERE RS, 2019, 52 (9):
1553—1563.]

Ren X L, Cai T, Chen X L, et al. Effect of rainfall
concentration with different ridge widths on winter wheat
production under semiarid climate[J]. European Journal
of Agronomy, 2016, 77: 20—27.

Xu X R, Schaeffer S, Sun Z H, et al. Carbon stabilization
in aggregate fractions responds to straw input levels
under varied soil fertility levels[J]. Soil and Tillage
Research, 2020, 199: 104593.

Chaudhary S, Dheri G S, Brar B S. Long-term effects of
NPK fertilizers

stabilization and management index under rice-wheat

and organic manures on carbon
cropping system[J]. Soil and Tillage Research, 2017,
166: 59—66.

Wang SC, LuC G, Huai S C, etal. Straw burial depth
and manure application affect the straw-C and N
sequestration: Evidence from "*C & 15N-tracing[J]. Soil
and Tillage Research, 2021, 208: 104884.

Ma L J, Kong F X, Li X B, et al. Responses of
greenhouse gas emissions to different straw management
methods with the same amount of carbon input in cotton
field[J]. Soil and Tillage Research, 2021, 213: 105126.
Islam M U, Guo Z C, Jiang F H, et al. Does straw return
increase crop yield in the wheat-maize cropping system
in China? A meta-analysis[J]. Field Crops Research,
2022, 279: 108447.

LiYM, DuanY, Wang G L, etal. Straw alters the soil
organic carbon composition and microbial community
under different tillage practices in a meadow soil in
Northeast China[J]. Soil and Tillage Research, 2021,
208: 104879.

Yu Q G, Hu X, Ma J W, et al. Effects of long-term
organic material applications on soil carbon and nitrogen
fractions in paddy fields[J]. Soil and Tillage Research,
2020, 196: 104483.

Zhang M W, Yang HS, TaiJ C, et al. Effects of straw
return and shallow drip irrigation on topsoil water-stable
aggregates and carbon content in maize field[J]. Journal
of Agro-Environment Science, 2022, 41( 5 ): 999—1008.
RO, Bfa, aRdkR, . FHATIE M5 R

http://pedologica.issas.ac.cn



144

FEEREAF : FAEAR F IR AT BAE A KT 398 A SRR 1 R A 0 77 e 4 52 )

283

[ 13 ]

[ 14 ]

[ 16 ]

[17 ]

[ 18 ]

[ 19 ]

[ 20 ]

[ 21 ]

[ 22 ]

[ 23]

X KA e S K AR AT 2R AR R Rl 5 e 9 R[],
AV IFBER 23], 2022, 41 (5): 999—1008.]
GuoCL, LiN, Pengl, etal. Direct returning of maize
straw or as biochar to the field triggers change in acidity
and exchangeable capacity in soil[J]. Journal of Plant
Nutrition and Fertilizers, 2018, 24( 5): 1205—1213. [58
B, B, 23, ORI EHSE W K aALE X
SRR P2 A AL RERY R R (7). RE W 77 5 DA 4
2018, 24 (5): 1205—1213.]

Liang B Q, Lehmann J, Sohi S P, et al. Black carbon
affects the cycling of non-black carbon in soil[J]. Organic
Geochemistry, 2010, 41 (2): 206—213.

LiuJ, Jiang BS, ShenJL, etal. Contrasting effects of
straw and straw-derived biochar applications on soil
carbon accumulation and nitrogen use efficiency in
double-rice cropping systems[J]. Agriculture, Ecosystems
& Environment, 2021, 311: 107286.

Agbede T M, Adekiya A O. Influence of biochar on soil
physicochemical properties, erosion potential, and maize
( Zea mays L.) grain yield under sandy soil condition[J].
Communications in Soil Science and Plant Analysis,
2020, 51 (20): 2559—2568.

Liu X H, Zhang X C. Effect of biochar on pH of alkaline
soils in the Loess Plateau: Results from incubation
experiments[J]. International Journal of Agriculture and
Biology, 2012, 14 (5): 745—750.

Wang J Y, Xiong Z Q, Kuzyakov Y. Biochar stability in
soil : Meta-analysis
effects[J]. GCB Bioenergy, 2016, 8 (3): 512—523.
Cambardella C A, Elliott E T. Carbon and nitrogen

distribution in aggregates from cultivated and native

of decomposition and priming

grassland soils[J]. Soil Science Society of America
1993, 57 (4): 1071—1076.
Snyder J D, Trofymow J A. A rapid accurate wet

Journal,

oxidation diffusion procedure for determining organic
and inorganic carbon in plant and soil samples[J].
Communications in Soil Science and Plant Analysis,
1984, 15 (5): 587—597.
Mohamed I, Bassouny M A, Abbas M H H, et al. Rice
straw application with different water regimes stimulate
enzymes activity and improve aggregates and their
organic carbon contents in a paddy soil[J]. Chemosphere,
2021, 274: 129971.
Sodhi G P S, Beri V, Benbi D K. Soil aggregation and
distribution of carbon and nitrogen in different fractions
under long-term application of compost in rice-wheat
system[J]. Soil and Tillage Research, 2009, 103 (2):
412—418.
KeYJ,HuXY,YiQ,etal. Impacts of rice straw biochar
on organic carbon and CO, release in arable soil[J].
Environmental Science, 2014, 35 (1): 93—99. [f]ik
FE, G, S KRR F A Y AR A

[ 24 ]

[ 25 ]

[ 26 ]

[ 27 ]

[ 28]

[ 29 ]

[ 30 ]

[ 31]

[ 32]

[ 33]

HLBR B H CO, BRI RE R[], IREERl2
93—99.]

LiCJ, Wang CJ, Wen X X, et al. Ridge-furrow with

2014,35(1):

plastic film mulching practice improves maize
productivity and resource use efficiency under the
wheat-maize double-cropping system in dry semi-humid
areas[J]. Field Crops Research, 2017, 203: 201—211.
Park EJ, Sul WJ, Smucker A J M. Glucose additions to
aggregates subjected to drying/wetting cycles promote
carbon sequestration and aggregate stability[J]. Soil
Biology and Biochemistry, 2007, 39 ( 11 ): 2758—2768.
Grant C D, Dexter A R. Air entrapment and differential
swelling as factors in the mellowing of molded soil
during rapid wetting[J]. Soil Research, 1990, 28 (3):
361—369.

Guo R H, Jin HM, Chang Z Z, et al. Effects of returning
patterns of straw to field on soil organic carbon and soil
humus composition in rice-wheat double cropping
systems[J]. Journal of Agro-Environment Science, 2017,
36 (4): 727—733. [#Fite, WrLlay, WEM, F
TR FASE 20T 1 AT HLBR B i A R & it E‘Hﬁ[J ¥
WL FREE R 24], 2017, 36 (4): 727—733.]

Cao D Y,Lan Y,Sun Q,et al. Maize straw and its biochar
affect phosphorus distribution in soil aggregates and are
beneficial for improving phosphorus availability along
the soil profile[J]. European Journal of Soil Science,
2021, 72 (5): 2165—2179.

XuG X, Wang ZF, Gao M, et al. Effects of straw and
biochar return in soil on soil aggregate and carbon
sequestration[J]. Environmental Science, 2018, 39 ( 1):
355362 [fhE &, L7757, W, & WHS54EmK
T FE X A 8 AT R B T B R AE S (1] B AR 2
2018, 39 (1): 355—362.]

Liu SH, Kong FL, LiY, etal. Mineral-ions modified
biochars enhance the stability of soil aggregate and soil
carbon sequestration in a coastal wetland soil[J]. Catena,
2020, 193: 104618.

Zimmerman A R, Gao B, Ahn M Y. Positive and negative
carbon mineralization priming effects among a variety of
biochar-amended soils[J]. Soil
Biochemistry, 2011, 43 (6): 1169—1179.

Liu X, SiPF, Zhang Z, et al. Effects of film mulching

on soil aggregations and organic carbon contents in

Biology  and

Northern dryland regions[J]. Acta Ecologica Sinica,
2018, 38 (21): 7870—7877. [XIF, wIME«, 3KkHT,
. i&ﬂ%%iXﬁtT%i&il‘%ﬁmﬁél%%1212&4%‘1‘%@%
S BRI [D]. A4S 3R, 2018, 38( 21 ): 7870—7877.]
Zhang J, Gao Y, Ren Y F, et al. Effects of ridge planting
with film mulching for rainwater harvesting on soil
microorganism and enzyme activities[J]. Chinese Journal
of Soil Science, 2018, 49 (5): 1103—1108. [5k&I,

T, ARk, AR ZBIBEAR AR X S A )

http://pedologica.issas.ac.cn



284 E I 61 %
PER IR [J]. L3EE R, 2018, 49 (5): 1103—1108.] 2018, 218: 11—17.

[ 34 ] MaoHL, WangJ, Fu X, et al. Seasonal dynamics of soil [ 40 ] Zhang HJ, Wang SJ, Tian CJ, et al. Effects of maize
organic carbon fractions under straw and plastic film straw and its biochar on the dissolved organic matter
mulching of spring maize[J]. Chinese Journal of characteristics of black soil in northeastern China[J].
Eco-Agriculture, 2018, 26 (3): 347—356. [EifF %, Journal of Soil and Water Conservation, 2021, 35 (2):
ER, AhaE, 55 ROAT AR 5 450 T EoRR H 243—250. [k s, EOA, HEN, % EKFET L
AHRE A K TS AD]. P EESR R, 2018, HAY IR AR B LA LB R[], K 4
26 (3): 347—356.] AR, 2021, 35 (2): 243—250.]

[ 35 ] ZhangYY, Mo F, Han J, et al. Research progress on the [ 41 ] LuXH, LiRP, ShiHB, etal. Successive simulations
native soil carbon priming after straw addition[J]. Acta of soil water-heat-salt transport in one whole year of
Pedologica Sinica, 2021, 58 (6): 1381—1392. [3Knf agriculture after different mulching treatments and
e, SR, BHIE, SF. RSFRE MR L HEE MUK OR SO autumn irrigation[J]. Geoderma, 2019, 344: 99-107.
Wk 0]. 3EsAdR, 2021, 58 (6): 1381—1392.] [ 42 ] YanglJ, Mao X M, Wang K, et al. The coupled impact of

[ 36 ] Mo F, Yu K L, Crowther T W, et al. How plastic plastic film mulching and deficit irrigation on soil water/
mulching affects net primary productivity, soil C fluxes heat transfer and water use efficiency of spring wheat in
and organic carbon balance in dry agroecosystems in Northwest China[J]. Agricultural Water Management,
China[J]. Journal of Cleaner Production, 2020, 263: 2018, 201: 232—245.

121470. [ 43 ] XieJH,LiLL,Zhang R Z, et al. Effect of tillage system

[ 37 ] Tong W1, Deng XP, XuZL, etal Effectof plowing on rain-fed maize yield and soil physical characteristics
depth on soil physical characteristics and spatial for one film used two years[J]. Journal of Soil and Water
distribution of root system of flue-cured tobacco[J]. Conservation, 2016, 30 (3): 184—189, 195. [Iff 4L,
Chinese Journal of Eco-Agriculture, 2016, 24 (11): Iy, SRR, . — B AR R R A T AR E TR X
1464—1472. [FICAS, XM, IR, . AEHHHE BAE B 5 N Y MR e (1], K bRk
TRE X - S99y B AR I o AR 2 2 () A1 5 i 14 52 1 i, 2016, 30 (3): 184—189, 195.]

(1. PEARAER, 2016, 24 (11): 1464—1472.] [ 44 ] YangFK, HeBL, Zhang G P, et al. Impacts of different

[ 38] HeLL, ZhaoJ, Yang S M, et al. Successive biochar soil fertility improvement practices with film mulched
amendment improves soil productivity and aggregate ridge-furrow tillage on soil nutrient content, maize yield,
microstructure of a red soil in a five-year wheat-millet and water use efficiency in Northwest China[J]. Chinese
rotation pot trial[J]. Geoderma, 2020, 376: 114570. Journal of Applied Ecology, 2019, 30( 3 ): 893—905. [#

[ 39 ] Wang XJ, JiaZK, Liang L Y, et al. Changes in soil HEF, M, sKESE, & LR S B EERX -

characteristics and maize yield under straw returning

system in dryland farming[J]. Field Crops Research,

By R AR KA R IR ], AR
4%, 2019, 30 (3): 893—905.]

(RERE: AAH)

http://pedologica.issas.ac.cn



