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Abstract: [ Objective ] This study aims to investigate the interactive effects of plastic film mulching and combined
soil amendments on the soil quality index (SQI) and maize yield, in order to achieve the synergistic improvement
of soil quality and maize yield in the dryland farming systems of Northwest China. [Methods] A three-factor

randomized block design was adopted, including two mulching methods: no mulching (M0) and black plastic film
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mulching (M1), two application rates of water-retaining agent (WO0: 0 kg/hm*; W1: 45 kg/hm*), and three
application rates of biochar (BO: 0 t/hm*; B15: 15 t/hm*; B30: 30 t/hm®). The effects of different treatment
combinations on soil physicochemical properties, SQI, and maize yield were compared. [Results] 1) Both
mulching and amendments improved soil physical structure. The W1B30 treatment reduced the bulk density in the
0-40 cm soil layer by an average of 4.29% and increased porosity, field water capacity, and saturated water content.
Mulching provided a more stable hydrothermal background for the amendments to function, resulting in more
pronounced improvements in surface structure and water-holding capacity. 2) The improvement in soil chemical
properties was mainly attributed to biochar. In the 0-20 c¢m soil layer, soil organic carbon (SOC) in the W1B30
treatment increased by 23.73% compared to the control, while available phosphorus and available potassium
increased by 22.66% and 9.86%, respectively. The extent of improvement in SOC and nutrient availability by
amendments differed under different mulching conditions, indicating that mulching methods regulated the response
of C and N accumulation and available nutrients to amendments. 3) The combined application of plastic film
mulching and amendments jointly promoted maize yield, and the yield was more sensitive to mulching X amendment
interactions. Under the no mulching condition, W1B30 increased yield by 19.25%, while with mulching, W1B15
increased yield by 18.61% . SQI showed a significant positive correlation with yield (R*=0.67), and the SQI of the
W1B30 treatment increased by 138.95% . [Conclusion] Plastic film mulching significantly increases maize yield.
The combined application of amendments markedly improves the physical structure of dryland farmland soil,
enhances water and nutrient retention, thereby increasing soil fertility and achieving synchronous improvement of
soil quality and yield. This study provides a basis for optimizing mulching management and amendment application
in dryland regions, and for advancing sustainable production with reduced or no plastic film.

Keywords: combined application of amendments; plastic film mulching; maize yield; soil quality index
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Table 1 Effects of different treatments on bulk density, total porosity and water—holding capacity in 0-20 cm soil layer and

their significance levels

. AR A/ (grem™) AL/ % MO K/ % H B FE 7K £/ %
2023 4F. 2024 4F. 2023 4F. 2024 4F. 2023 4F. 2024 4F. 2023 4F- 2024 4F
MOWOBO 1.38a 1.36a 47.75d 48.71e 33.23e 34.89¢ 26.70d 27.41d
MOWOB15 1.35abc 1.33abced 48.92bced 49.68bcde 33.23 e 36.31bc 28.99bed 28.28bed
MOWO0B30 1.34bcd 1.31de 49.42abc 50.39ab 35.74d 38.93abc 29.51abc 30.00abed
MOW1BO 1.37ab 1.34abc 48.33cd 49.28cde 32.51e 36.37bc 27.42cd 27.60cd
MOW1B15 1.35abc 1.32cde 48.92bcd 50.12abc 35.90cd 38.22abc 29.42abc 30.95abc
MOW1B30 1.32cd 1.31de 50.02ab 50.62ab 36.15bcd 39.66ab 30.32ab 31.15ab
M1WOBO 1.36ab 1.35ab 48.50cd 49.03de 36.29bcd 38.35abc 27.10cd 28.05bcd
M1WO0B15 1.34bed 1.33bed 49.28abc 49.84bcd 37.17abed 39.54ab 30.88ab 29.63abed
M1WO0B30 1.34bced 1.30e 49.44abc 50.92a 37.86ab 40.78a 31.82a 30.74abed
M1W1BO 1.35bc 1.32cde 49.09bc 50.08abc 36.16bcd 38.77abc 28.97bced 29.90abed
MI1WI1B15 1.33de 1.31de 49.76ab 50.56ab 37.70abc 39.11abc 30.99ab 31.07abc
M1W1B30 1.31d 1.30e 50.47a 51.03a 38.38a 40.69a 31.19ab 32.18a

M * * * * o o . ns

W skk skk skk skk ns ns ns *

B kk kk kk kk kk k3 kk kk
MXW ns ns ns ns ns ns ns ns
MXB ns ns ns ns ns ns ns ns
WXB ns ns ns ns ns ns ns ns

MXW XB ns ns ns ns ns ns ns ns

T« R RO A P S 0 5 TR 80 S [ /N5 5 B R S [ Ak B ) 22 S W 35

* ex ers s SR p<C0. 05 p<<0. 01.,p<C0. 001 p==0. 05, FIl.
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Table 2 Effects of different treatments on bulk density, total porosity and water—holding capacity in 20—-40 cm soil layer and

their significance levels

e T HEAFR B /(g em ) SALBEE/ % LA K/ % ] 37 7K £ / 9%
20234 2024 4 20234 2024 4 20234 2024 4 20234 2024 4
MOWOBO 1.44a 1.41a 45.84d 46.63e 30.32e 32.96¢d 25.56e 25.90d
MOWOB15 1.42ab 1.38cd 46.45cd 48.05bc 31.13de 34.34bcd 25.75de 27.55bcd
MOWO0B30 1.39bed 1.35¢ 47.53abc 49.02a 32.22de 35.48abed 26.91cd 28.98abc
MOW1BO 1.42ab 1.40ab 46.42cd 47.18de 31.45de 32.84d 25.42¢ 26.73cd
MOWI1B15 1.39bcd 1.38cd 47.55abe 48.02bc 32.08de 34.69abed 27.19¢ 28.61abced
MOW1B30 1.37cd 1.35e 48.31ab 48.92a 33.11d 34.28bcd 28.07c 29.51abc
MIWOBO 1.4abc 1.39bc 47.08bcd 47 41cd 36.83bc 34.81abed 30.08b 27.09bcd
M1WO0B15 1.38cd 1.36de 48.04abc 48.63ab 35.51c 37.58ab 30.54ab 29.14abc
MIWO0B30 1.36d 1.35¢ 48.77a 49.12a 37.84b 36.52abc 30.74ab 29.78ab
M1IW1BO 1.39bcd 1.38bcd 47.55abc 47.93bcd 38.05b 36.13abed 30.86ab 27.56bcd
MIWI1B15 1.37cd 1.37de 48.24ab 48.42ab 38.62b 37.81ab 31.70a 29.97ab
M1W1B30 1.36d 1.35e 48.84a 48.98a 40.80a 38.07a 31.85a 30.76a
M *x *x% *x% *x *x *x% *x% *
w ns ns ns ns *x ns ok ns
B *x% *x% *x% *x% *x% * *x% *x%
MXW ns ns ns ns ns ns ns ns
MXB ns ns ns ns ns ns ns ns
W XB ns ns ns ns ns ns ns ns
MXW XB ns ns ns ns ns ns ns ns
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Fig.1 Effects of different treatments on mechanically—stable and water—stable soil aggregates

222 WELEXKRANLBRNEEAMNGEE ARG
o AW 5 AR OK R B R B R A Lk
(SOOOMER (TN & H# (K 3. K 4) ., Y r FHO0N
e % (p<<0.01), —F 3¢ BAE M . 3% (p<<0.05); &
B 5T B30 AL B 0~10,10~20 cm + )2 SOC 43
S IR 5 25.6% F1 17.3% , TN 43 42 %5 18.1%
M29.2% s BB & 10 T, SOC 43 Bl 8 w5 19.4%
25.6% , TN 43 5 # 55 18.6 % M1 26.5% o £ 7K 5 H#jiti
FKUET, 2HESOCH TN E¥ N 7.2% #3.2% ., 5
AW e GG R R TR 19.0%0 . RITMR
7R 42 T xoF A S Ry A B T LA B IR

223 WELSAREAELGEN LIERZR SN H A
Hh R LA W e R R K R B 3 R e - HE R S
CAP) FE R CAK) & 2 (5 . & 6) . ¥R X AP
FAK B I AL 2 (p<<0.01) /K B 2% (p<<

0.05), = # L HAEH B # (p<<0.05) . T &M
T ,B30AbFE 0~20 cm £ 2 AP AT AK 7 &2 e i , 53 3
BN HR AR 16.5% A 14.2% 5 B A4 R 4 42
10.7% F114.6 % o FR7K 5 B (W 1BO) 34 iR 8 /N (AP
BN 1% ~2% , AK 38 3% ~9%) , {H 5 A= ¥ i &2 i
Jo S (p<<0.05) , Hb 57 25 b 35 $ T AR A
K- (p<<0.05),0~20 cm + J2 AP Fl AK 5 5 5 B
T A B 4350 34 i 24 25 % F130% , {3 20~40 cm )2 AR

RS E . MIWIB30 A B AP I AK & S e i, B

e 28R B A

23 WEBESHURASHEMERTESLIERE
B &% & "L

2.3.1 E2RFE HIBEE S AW R SRR E K

FEARL 7= i R ) R R (R 4D . =R RO
¥ 52 (p<<0.05) ,MXB K& W X B 32 T4 i 1£ 2023

http. // stbexb.alljournal.com.cn



402

PSRV R 3

840 %

A 2024 4F P A F) B K F (p<20.05) , AR [ b 2 ] 2
SR, 2 a LR TR, MIW1B15 4b Bk kL= 5
e 5, 4 B # % B (MOWOBO) 42 5 47.1% H144.5%
(p<<0.01). HbFE7E 35 W 25 42 & £ K ™ & (p<<0.05),
M1 4b B4 MO 4 B3 7= 17.6 % ~21.4% . H¥w 5
PROKFI B (WIB30OFE O o A F P H ™ 5,2 a

IR 19.206, 5 BT IR AL B CM I WOBO) 1 7 i 2
AT o Ml R 5 W 2 B S R 18 B (p<<0.05) , M1 Ak
P2 AFE 355 MO #2820 5% AW a% it (B30) X
Wi 35 48 B Wi A L35 (p=>0.05) , {8 5 44 K 7 B Bl )5
E R (p<<0.05). M1IWI1B304bH 2023 4E Wik 15
Bk 44.3% o KPR i S A i R T IEAE G .

x3 AELENTEARFREENZ N
Table 3 Effects of different treatments on soil aggregate stability

P R AR (MWD)/mm JURTF- 3 H AR (GMD)/mm
Ak 2023 4 2024 4F 2023 4F 2024 4F
0~20 cm 20~40 cm 0~20 cm 20~40 cm 0~20 cm 20~40 cm 0~20 cm 20~40 cm
MOWOBO 0.64e 0.64c 0.50d 0.44c 0.21d 0.19d 0.17d 0.12¢
MOWOB15 0.71abced 0.72ab 0.56¢cd 0.56abc 0.23bcd 0.22abcd 0.18cd 0.15ab
MOWO0B30 0.66cde 0.69abc 0.54d 0.51abc 0.23cd 0.20cd 0.19cd 0.13abc
MOWI1B0 0.67bcde 0.67bc 0.62bc 0.54abc 0.23bced 0.21bcd 0.20bc 0.16ab
MOW1B15 0.75a 0.75ab 0.66ab 0.62a 0.25abc 0.23abc 0.22ab 0.16ab
MOW1B30 0.73ab 0.71ab 0.64abc 0.58ab 0.25abed 0.22abed 0.21ab 0.16ab
M1WO0BO 0.66de 0.63c 0.54d 0.49bc 0.22cd 0.20d 0.18cd 0.13bc
M1WOB15 0.72abc 0.74ab 0.70ab 0.58ab 0.25abed 0.24ab 0.22ab 0.17a
M1WO0B30 0.71abced 0.73ab 0.65ab 0.56abc 0.24abcd 0.24ab 0.21ab 0.15ab
M1W1BO 0.70abced 0.74ab 0.65ab 0.56abc 0.24abcd 0.24ab 0.21ab 0.15ab
M1WI1B15 0.76a 0.76a 0.72a 0.63a 0.28a 0.25a 0.23a 0.16ab
M1W1B30 0.75a 0.75ab 0.69ab 0.58ab 0.26ab 0.24ab 0.22ab 0.15ab
M o o o ns o o o ns
W o ok o * o o o *
B o o o * o o ok ns
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Fig.2 Effects of different treatments on soil pH
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Fig.3 Effects of different treatments on soil organic carbon content
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Fig.4 Effects of different treatments on soil total nitrogen content
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Fig.5 Effects of different treatments on soil available phosphorus content
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Fig.6 Effects of different treatments on soil available potassium content
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Table 4 Effects of different treatments on grain yield, biomass yield and harvest index of maize

o AL =4/ (kg hm ™) =i/ (kg+hm ™) WSk EE %/ %
2023 4F 2024 4F 2023 4F 2024 4F 2023 4F 2024 4F
MOWOBO 9 344.18f 10 697.60e 23 072.87f 26 243.971 40.48c 40.76b
MOWOB15 10 554.61de 11 921.62cd 24 352.53ef 27 479.20def 43.35abc 43.37ab
MOWO0B30 10 376.61de 11 560.40d 25150.07de 26 957.30ef 41.25¢ 42.98ab
MOW1BO0 10 149.55ef 11 955.25¢d 24 031.47ef 27 824.40def 42.25bc 43.10ab
MOWI1B15 10 867.68de 12 145.01cd 25178.33de 28 950.00bcde 43.19abc 43.11ab
MOW1B30 11 385.66cd 12 478.70bc 26 466.27cd 29 224.50bcd 43.01abc 41.58ab
M1WO0BO 11 250.87¢d 12 271.24c¢d 26 800.00c 28 467.50cde 42.17bc 43.11b
M1WO0B15 13 330.65a 13 715.30a 29 099.60a 30 267.07abc 45.86ab 45.33a
M1WO0B30 12 250.68bc 13 237.71ab 28 858.33ab 29 448.77abed 42.49bc 44 .96a
M1W1BO0 12 038.57bc 13 569.37a 27 543.13bc 30 291.10abc 43.69abc 44 91a
M1IWI1B15 13 818.77a 14 037.63a 29 365.87a 31 530.53a 47.11a 44 .53ab
M1WI1B30 12 873.96ab 13 751.24a 29 073.80a 30 786.73ab 44 .29abc 44.67a
M o o o ok o *
W * * * ok ns ns
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Fig.7 Effects of different treatments on soil quality index
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