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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
SE R EAR N 0.31b 0.32b 0.35b 0.38c HE A 84.00 **
Mean weight TS 0.33b 0.35b 0.38ab 0.42b K% B 32.93 **
diameter/mm TC 0.33b 0.34b 0.37b 0.42b K% C 102.98 **
PN 0.33ab 0.35b 0.37b 0.42b AxB 1.00 ns
PS 0.36a 0.39a 0.41la 0.47a AxC 0.71 ns
BxC 0.44 ns
PC 0.36a 0.38a 0.41la 0.46a
AxBxC 0.23 ns
JUES AR TN 0.27b 0.27b 0.28b 0.29b H#E A 49.66 **
Geometric mean TS 0.28b 0.28ab 0.29ab 0.31ab K% B 8.41 **
diameter/mm TC 0.27b 0.28ab 0.29ab 0.31b K C 28.83 **
PN 0.28ab 0.29ab 0.30ab 0.31ab AxB 0.50 ns
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.

Mt 75 X e R X BIBE W& 22 >0.25 mm Y Bk H (TC, PC), “FI{UES 1.86%; %

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

KU 6 7 AL B R 5 5 %5F 107 078 L Ak - 1y 0 3 42
i 61.87% (P<0.05), £ W75 EEALFEE PS Al
PC AbHIFEA T2 3 (P<0.05) & T PN Ab3E,
Iy IS 31.44%F1 30.17%, 1 PS Il PC Ab 3
¥ TC W% 22 5% (P>0.05),
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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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(B 7E 45 L )2 AL, PS B PC Ab3HE + 547 4L
AR EE (P<0.05) &F PN 4B, 43573
HEE 7.89%F11 10.70%, ifii PS Al PC 4P [A]££ 4% + )2
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1E 0~60 cm £ 1 )2 , 2 A3 H KRR ML A R 14
A B & B YRR TR B, Hh>5 mm
R R DU & i, T 12.25 gkg '

T LA LR 2 W R R R AR Ty
22T R, BT R AR BB K R IR
PIRER 3 (P<0.05) 520 4 ek Rak A1 R AR LIk
i, o, AT SRR . BRRE
PIfrfe wE R B (K 6). fERHZE (0~20 cm ),
8 ALY A] B 2 (P<0.05) 475 450 g 4 3K
Ttk A BRI U & i, >5. 5~2, 2~1, 1~0.25
M<0.25 mm R s 21.11%. 19.00% .

19.26%. 16.91%F1 18.13%; SAEBACHAH L, W
TEWTEEAL TS5 . 5~2, 2~1 i1 1~0.25 mm g%
T KRR A R AR A WL 3 TS 5.39%.

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
B, A HSEHRE 12.97%H1 13.27%, i PS F1 PC
AbFRE T B 25 (P>0.05), BEE HZINGE, 16
20~60 cm + 2, 5B HAIE (TN A1 PN) # L,
BR >S5 5~2, 2~1, 1~0.25 FI<0.25mm
+ 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%
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Fig. 5 Soil organic carbon contents under film mulching and different straw-derived carbons inputs
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