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Abstract: To clarify the effects of different mulching measures on the soil microecology and spring
wheat yield in dryland terraces of Longzhong, a field experiment was conducted at the Dingxi Experi-
mental Station of the Gansu Academy of Agricultural Sciences. A single-factor randomized block de-
sign was adopted with three mulching treatments: plastic film mulching(PM), straw residue mulc-
hing and incorporation(SR), and strip mulching with intact straw(SM), with no mulching(CK) as
the control. The changes of these mulching measures on soil physicochemical properties, enzyme ac-
tivities, ecosystem multifunctionality(EMF), and spring wheat yield were investigated. The results
showed that, compared with CK, SR treatment significantly increased soil organic carbon, total nitro-
gen, total phosphorus, available nitrogen, and available phosphorus contents by 18. 4%, 16.9%, 14.6%,
16. 6%, and 12. 7%, respectively. SM treatment significantly increased soil organic carbon, available
nitrogen, and available phosphorus by 13.3%, 28.4%, and 9. 6%, respectively. All three mulching

treatments significantly improved soil water content, with the highest increase observed under PM
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(93.3%). SR treatment had the most pronounced effect on soil enzyme activities, followed by PM
and SM. The ranking of soil EMF was SR>PM>SM>CK. PM and SR treatments significantly in-
creased spring wheat yield by 13.4% and 18. 2%, respectively. Overall, straw residue mulching and

incorporation proved to be the most suitable mulching practice for the region.

Keywords: Coverage measures; Soil enzyme activity; Soil nutrients; Soil ecological versatility
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Table 1 Soil physicochemical properties under different mulching treatments
I = Y A TR P
Qb Organic . Total Rapidly available Available e /N B
; Total nitrogen/ . / , Moisture pH
Treatment carbon/ (g ke 1) phosphorus/ nitrogen/ phosphorus/ content/ %
(g kg™ g°xe (g kg™ (mg kg™ 1) (mg * kg™ 1) content/ 7o
CK 6.84+0.27c 0.77+0.03b 0.82+0.02b 29.2741.10c¢ 25.85+1.41b 5.69+0. 24d 7.594+0.07a
PM 7.06+0.07bc  0.7940.02b 0.88+0.03ab 31.1141.95bc  25.45+1.03b 11.00+£0. 64a 7.624+0.03a
SR 8.10+0. 15a 0.90+0.01a 0.94+0. 04a 34.1340.78ab  29.12+0.78a 6.88+0. 10c 7.6710.10a
SM 7.75+0.43ab  0.84+0.03ab 0.85+0. 02ab 37.5940. 50a 28.3441.63a 9.47+0.18b 7.83%+0.07a
[7i) 31 B3 I AN [ 5 B 7 AN [ b L ) 2 5 48 2 (P <20, 05) . K 2 [,

Different letters after the values in the same columns indicate significant differences among different treatments (P < 0. 05).

same in table 2.
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Fig.2 Soil enzyme activity under different mulching treatments
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Table 2 Yield and its components of spring wheat and harvest index under different mulching treatments
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(kg * hm %) (kg * hm %) per spike weight/g (X10* « hm %)
CK 3013.90+33.94b 7 464.514111.28b 29.33%£0. 33¢c 44,5640. 29a 230.5740. 96a 0.40+£0.01b
PM 3418.46+14.78a 8 062.04496.68a 40.0041. 15a 44,90=+1. 23a 190. 76 5. 12b 0.42+0.01ab
SR 3561.67+£87.17a 8 018.274127.66a 35.67+1.45b 44, 2840. 38a 226.0447.52a 0.44+0.01a
SM 2 899.07+84.14b 6 779.11422.12¢c 30.67+1. 33¢c 46.1840. 40a 205.0244. 29b 0.43+0.01ab

3 itib
3.1 AEESERE TIEBAMERMENES
EREMKEZRNZIE

M RE o R e R K R, B
XF - HE oK D T B O BH L B TE A 55 R
93. 3% » A7 RHBH W 23 5 B K 4 2 fil, 0 4 K
RK B R ARERYY . R T 5
Tk A W E RS T 20, 9% (SR) I 66. 4%
(SMD) . 33 2 H T 8% FF 2 5 fig 98 IR 4 180 B L i /D>
HHOK R K Hodh R AT R IRE SO
FHEFFE 3500 T, W] RE 5 o 5 P U S A5 R
FIFKTBA K. IR0 )5, F5FF e FF
MEAHEERS RS A TR, RS T
AR TR B, XS N E DT R
GER B X R B TR A e A AR R R R A
Yoy frmi ki A RYY ., B E SR E T

J& Ve P R B A ALY BT RE R 7K 38 , 38 o S0 P A
FF 45 AU 1S3 GU2E W A HLYDRE 08 R i v 0,
RN - A LA B R b DURS A AR AT =R
A 3 B R (18, 400)  BEFF 7 35 IR 2 (13, 3%40)
X5 RAF T 5 o A OC . RS AR AR AT A 5 A T i 2
B A X 5 RS AR R R KRR R AT
AR | 7 ) i O A AT O TR IR A 14 ) B A AE
P55 AR W58 o oRs AT 7 55 B D B e ARk
(9. 620 ~12.6%) 3 0 T HERE 9 A= WA Ak
VR T 1 B2 A8 8 A g
AR, AT Ae 5 8 I e D R K bR RN R kA
K WA S AR E S T B E TS, i
I 7 o R A o O EC, v RE TR R 2
AL EE B R A3 bk R DT RIS T A RO
;Y

AHIEFE , Hb R 5 FORS AT R AT A
e FRmAENE A EY R, SRESMT,



< 1696 - # K F W

2 45 %

i 5 T FIRS FF RS FT 78 35 0 T 0 )98 7= 13, 4 %0
18. 2% AW it 4y e & 8. 0% FN 7.4 % . FEFT3&
FEAT AR AT 55 A= ) o R 7 it 4 S T R A A i
B TR, Ko™ 2 BECGE W, —J5 il T
T o5 P TR 43 b R E bR Y SR AT R
WAL AN T RREE AR TR R AT, 3 OO
D R RN R 5 I — 7 T S T U0 M I i IR TR T g
T B P AU 55 A RIS T R DI 5 e A4
YRS AT AR R B 55 A6 A o R 3% )2 £
Y 3R G i AR VR R 3R 43 0 W R FE S DT
= (7 Vi
3.2 AAEBEEHBNIEREERESESRS
Ih B M B9 5 M
IR AE R IR R R AR CEEAE
Z 5RO il K 37250 e Ak, dEHF H 3R 40 1Y 3
BV, TROSCES LB T 4w AR R AT
5 FIT H A o e S i C NP A B M A i T
P B4y 5 R 21, 0% ~161. 1% .1. 1% ~60. 7%
M17.6% ~37. 7%, Hrh F5 8 w5 AR T o
Fo - A E T P AT 4 2K R 2T A 2R
55 R AR YA S WK A Bl . 7 e AR 5
b Hp A G BRI TS P Mate 20 87 Kk R, A
FFI8 H BE 6% b 35 384 0 - SRR 06 ARG T6 1 . AR5
rh R R IR AT 7 T R T S R I A A OG il
P L B 2 W 0 £ 4 K RN 4T R T
PR BB R RAR 5 66, 7%.85. 5% M1 73. 1%, 5
T EEEFT USSR — B0 X TR R O A AT R
i 5 7 A K B A W R 43 R A
SR AL T R R MY IS W, 0 I PR D RS
JUT o il e 22 I o B Rl 2 5 UG A A G oK
fifk iy 5 2 T 0 B Kt T K A R 1 O, LT 1 AT
W+ R e AL RN HE 25 G DL . AR AE SRR,
T e S B R LT S L R R AR AT R
i P 2 R o A PR B K TG 1 . T e SR R AT
w330 W BB B AR PR T B RS P, 3 58 Gl
A /R A R 7 o ) Ak 7 R ) U A S =
fifgto), Li DO Y 3R WL o R Ak K A b
7 26 e DR PR A T b B T - R B
KA, NI T AR S5 PR Z 18] 1Y)
FTE g, AR, M W B E T AR
8 KT T5 1 AHAS 0 35, ] 8 5 B A8 el 78 1
A BEREAE AT DG L TR P R O Ak A HL
LG Wi 1k 0T L e R A LB K i R T HLIE ,
T A O ) A RS R AT B I R 4R

o R P T T RO PR (98, 1%0) , HLRE FT 7 w5 o
TR (10 38 N 56 IR T 22 ) TR M Tl TR AR 1 A
GIR AT IR AR X A = e w20 S )
RE 1 . B BEAVE W 5 43 WA
BTSSR WY A A B 56 H T A
R ZUIeERM N SR>PM>SM>CK, T
R E SR HENE S L IERTREG . B F
P L8 CON JE R A CRTE M, 3 n 1T 4 HE i
A AR HE T R YA Bl I ke A A
BOARTFHES RG2S FESRE L
Tiaetk 5 e/ M 2 W EAHC, 15 N,
P F2 55 (0 R 23 52 ) A 0 1 0 B0 O 48 e i A
2 N T ) w3 7 O N A = e
S 75 Z DR R PR BE A IR AR O R
LF BB AR R AR, ez W 2 R A
RGEZ U Re e R B, MR 25 T Y 4
A R G 2 T e e A R AR T RS A AR AT
TR, AT RE SR T b X F AR A
JT BRI AN T G0 B A A AR R AR T
FEFFEAF AT S 0

4 Hip

BET B v SRS T o kg A B R AT B AT
4 o HRE I 35 v b M e S0l 708 P A OC i
P A2 L HESR G A L 3 E SR S A i
Fror o iR AR S Z I REE RN A

S 3k

LB AMBL, 55 I AT RR VL, 5. 2 T 55 X R 3R AR 4 JIE 7 0 % A
IRBHE AR RS AT 52 (1], TR X B 5588 ,2024,38(1) :123.
ZHAO Y H,QI X H,REN W J,et al. An approach to green
manure crop rotation fallow technigues for rainfed farmland in
semi-arid areas [J7]. Journal of Arid Land Resources and En-
vironment ,2024,38(1) ;123.

L2k 3, s B, 22 K95, 45, o s IR R0 3 35 7 0 T ok 1 4

S 5 A R A B B e R AE L. SRR, 2025,
46(2):1056.
XU W.HAO ] Q.JIANG T Y,et al. Response characteristics
of farmland soil enzyme activity and microbial nutrient restric-
tion under long-term mulching measures in the Loess Plateau
[J]. Environmental Science ,2025,46(2) :1056.

C3Jd AR5 L B TR, 008 L 45, 5 AT A0 58 2= 0 T[] 8 35 % 75 g
b TR TG KN PR g (], + e 4, 2021,
52(6) :1339.

DAI'Y S, CHENG X, LIU B Y, et al. Impacts of synergistic
mulching of straw and milk vetch on soil nutrients, enzyme ac-

tivities and wheat yield in upland of southwest China [J]. Chi-



1z

W R4 S TR 5 1 %o Bl oh AR B T L AR S RS REME RBR/NE TR - 1697 -

nese Journal of Soil Science ,2021,52(6):1339.

[4]E P B 8, 46, T 5l OB 6 7 U0 - 350 e 5

B[], e RS R 2021(4) < 118,
WANG P,CHEN J,XIE C J,et al. Effects of different cover-
ing modes on soil nutrient and potato (Solanum tuberosum
L. )yield in arid areas [ J]. Soil and Fertilizer Sciences in Chi-
na ,2021(4) :118.

[5]JZHANG S L,WANG J Q,HAO X H. Fertilization accelerates
the decomposition of microplastics in mollisols []J]. Science of
the Total Environment ,2020,722:137950.

L6 i he , SP4R. L IERGIGME S L IE I e R ITsE R [T ], A
ARk ,2019,9(6) 444,

CAO T T,GUO Z. Research advance of the relationship be-
tween soil enzyme activity and soil fertility in forest land [J].
Hans Journal of Agricultural Sciences,2019,9(6) :444.

L7, EHRE &85, % ANRBE L 38X - 5 000E Y s
I 1 B 3R 3 (R A L) ). AR 23, 2019, 35(6) : 104,

HUANG B L,WANG M X,JIN X J,et al. Effects of different
tillage treatments on soil microorganisms, enzyme activities
and nutrients [J]. Crops,2019,35(6) :104.

[8JCHEN H Q.,LIANG Q.GONG Y S,et al. Reduced tillage and
increased residue retention increase enzyme activity and car-
bon and nitrogen concentrations in soil particle size fractions
in a long-term field experiment on Loess Plateau in China
[1]. Soil and Tillage Research ,2019,194:104296.

LT 35, AW fif SCHE L 55, R[] 25 20t JI 7 35 X% 5 Kk 1 £
SRS PR R L) ], Aol BT IR PRI A, 2018, 35(4) + 385,
BAI X,ZHOU H P,XIE W Y,et al. Effects of different plas-
tic film mulching on soil enzyme activity in maize farmland
[J]. Journal of Agricultural Resources and Environment ,
2018,35(4) :385.

[10JWAGG C,BENDER S F,WIDMER F,et al. Soil biodiversity
and soil community composition determine ecosystem multi-
functionality [J]. Proceedings of the National Academy of
Sciences of the United States of America,2014,111(14) .
5266.

CIVIPRAE S, AL K B A L 45, 13 2 D B M R oA 4 22
W AR e LT 0. FRETRL A, 2022,43(11) 15275,

CHEN G X,WU C F.GE T D,et al. Response of soil multi-
functionality to reduced microbial diversity [J]. Environmen-
tal Science s2022,43(11) :5275.

[12]JFAN K K,DELGADO-BAQUERIZO M,ZHU Y G.et al.
Crop production correlates with soil multitrophic communi-
ties at the large spatial scale [J]. Soil Biology and Biochem -
istry2020,151:108047.

[13JLIK L,ZHANG H Y,LI X L,et al. Field management prac-
tices drive ecosystem multifunctionality in a smallholder-
dominated agricultural system [J]. Agriculture , Ecosystems
& Environment ,2021,313:107389.

(1400 20, T ¥, SEBEEE , 45, AN TR) W K AF B0 ot 78 =5 S R A 78
TR E/ANE R AAZ AR LT Y E IR 5 IR
#%,2021,27(11) :1906.

YANG H M, WANG T,DOU Y X,et al. Effects of plastic
film mulching and straw mulching on wheat yield and nitro-
gen utilization during different precipitation years [J]. Jour-
nal of Plant Nutrition and Fertilizers ,2021,27(11) :1906.

(1561 B b s fe Ak o Bt (M. 3 . Jb 5t o [ el i R A
2000.

BAO S D. Soil and agricultural chemistry analysis [ M]. 3rd
ed. Beijing: China Agriculture Press,2000.

[16Jakmife 2. FEET, 45, 2 7 5 X 3 A o J7 =0ur 30k

RO B E K = B 9 m [)]. T 5 0t X ROl 5T, 2023, 41
(2):180.
ZHANG L H, XU C, YAN W P, et al. Effects of surface
mulching on soil water and temperature efficiency and maize
yield in semi-arid area [J]. Agricultural Research in the Ar-
id Areas2023,41(2) :180.

[17] b E AR, AR 45, RS AT 5 M B3 25 B £ KRB /b

ERZE LR AS AL b E A B AL 4. 2010, 18(2)
325.
BU Y S,SHAO H L.WANG J C.et al. Dynamics of soil car-
bon and nitrogen in plowed layer of spring corn and spring
wheat fields mulched with straw and plastic film [J]. Chinese
Journal of Eco-Agriculture ,2010,18(2) :325.

[I8TELRAE , Pe 3 M AL TR . 55, AN TR B 55 07 U R4 A 1 1 3¢

RS BN E AW ] T 54 X R W5, 2022,
40(1) . 28.
WANG Y H,PANG J W,YANG ] L,et al. Effects of differ-
ent mulching methods on soil carbon and nitrogen content
and maize yield in semiarid farmland [ J]. Agricultural Re-
search in the Arid Areas,2022,40(1):28.

[LOEMAR, Be At X0 5=, 25 A% FF 2 2 AR B X 1238 CONLP 18

e A A R )], Al B IR 5 FR BT 44 4R, 2024, 41(2)
330.
WANG G L,DUAN Y,LIU Z Y,er al. Effects on carbon,ni-
trogen,and phosphorus cycling functional genes under straw
mulching and fallow cultivation [ J]. Journal of Agricultur-
al Resources and Environment ,2024,41(2) :330.

(2002 T3 2540 M, 5 SC I, 56 RS FF B 35 30 HE O 97 1 0 1R X

e B SRR A B R e LT ], RO R BB 2 4R, 2024,
43(2):374.
LI Q X,LI C Y.,ZHANG W T,ez al. Effects of conservation
tillage with straw mulching on soil phosphorus components
in the Loess Plateau [J]. Journal of Agro-Environment Sci-
ence ,2024,43(2) :374.

[21]JSHENG H J.NIU D,SUN G Y,et al. Research progress of
effect of direct straw returning on soil microorganism, physi-
cal and chemical characteristics and enzyme activities [ J].
Hans Journal of Soil Science ,2016,4(2) :23.

(229 80,58 T+, Sfing . 5L ul w5 Aol 33 B0k R T K -3 AR 3
BRI, b E A SR M. 2018,26(3) :322.

JIANG R,GUO S,MA D D. Review of plastic film mulching
system and its impact on soil ecological environment in

China’s rainfed drylands [J]. Chinese Journal of Eco-Agri-



+ 1698 -

I (7]

#
et

EE

culture ,2018,26(3) :322.

(23] A M, MR R, B X, 4. MR o6 6 & |+ 8035 0 fn A 3

Al it i SRR AR B 52 D). BRAE AL 2%, 2022,43(3) £ 1654,
HU Z E, XIAO M L, WANG S, et al. Effects of plastic
mulch film on soil nutrients and ecological enzyme stoichiom-
etry in farmland [J]. Environmental Science,2022,43(3):
1654,

[24 MR BV B sr 48 R B 55, 55, PO b 5ot 35 /N 22 AN R) 2 35 4t
Byl B8 A AR [0, AR 5241, 2015, 35(19) : 6324,
CHENG H B,CHAI S X,CHEN Y Z,et al. Effect of mulc-
hing method on soil temperature and grain yield of spring
wheat in rainfed agricultural areas of northwestern China
[J]. Acta Ecologica Sinica +2015,35(19) :6324.

[25]LIU JL,FANG L C,QIU T Y,et al. Crop residue return a-
chieves environmental mitigation and enhances grain yield: A
global meta-analysis [ J]. Agronomy for Sustainable Devel-
opment ,2023,43(6) :78.

(2671 5h 3768 . 2% i AR L 45 S fl ARG AT a0 Pk 3% &) - 398 bk 7R

R I P (9 25 A A M LD . B RO RE 3, 2021, 54 (9)
1913.
MA L X, LI J,ZOU Z C,et al. Effects of No-tillage and
straw returning on soil C-cycling enzyme activities in China:
Meta-analysis [ ] ]. Scientia Agricultura Sinica, 2021, 54
(9):1913.

[27]E R & XA, fh /N7, R[] B 2 8 50ur B b 7 5 Xl i 2
B b SR A S R (], RS R PE L 2022,42(1) 1108,
WANG Y X,LIU Y F,YU X J. Effects of different mulching
patterns on soil enzyme activities of Medicago ruthenica
grassland in arid area of central Gansu [ J]. Grassland and
Turf.2022.42(1) :108.

[28]XIF R, LIRS0, B FR R , 55, 1 38 3 VR FRS A1 36 O 4 4 3%
o3 FUNE A1 1 RS2 [T ], AR S 2F 4, 2023,43(23) 19874,
LIU Z X, WANG Z T,ZHAO D Q,et al. Effects of soil war-
ming and straw return on soil nutrients and extracellular en-
zyme activities [ J]. Acta Ecologica Sinica , 2023, 43(23);
9874.

[290EWbIF B33 g IR, 55, R AF Bo JUAE W 3 U v & S i 1%

e R[], AR Ak B 2021,52(7) < 16.

WANG M F, LIANG M M, YANG Q. et al. Effects of the
addition of straw and biochar on the activities of soil enzyme
[1]. Fujian Agricultural Science and Technology 202152
(7):16.

[30]L1 Y,ZHANG X C, YANG N,er al. Long-term straw and
plastic film mulching have divergent effects on maize rhizo-
sphere enzyme activity and bacterial community structure
[J]. Agriculture , Ecosystems & Environment , 2024, 364
108894.

(3105 26,044 . A W)W, 45 A2 FH 4% Bl 5% 33 L2 245 200 i 5%
LT, AT M, 2023, 18(3) : 227.

ZHANG M,LIU J T,FU T G.,et al. Review on cumulative
ecological effects of mulching film residues in farmland []].
Asian Journal of Ecotoxicology,2023,18(3):227.

[32]E @4, T &, KRBT A K E O AL X A F - 598 i 1% 1
LMK R[], £, 2007,16(1) 1 193.
WANG J H,YIN R,ZHANG H Y,er al. Changes in soil en-
zyme activities, microbial biomass,and soil nutrition status in
response to fertilization regimes in a long-term field experi-
ment [J]. Ecology and Environment ,2007 ,16(1) ;:193.

[33JHAN Z Q,XU P S,LI Z T.et al. Microbial diversity and the
abundance of keystone species drive the response of soil mul-
tifunctionality to organic substitution and biochar amend-
ment in a tea plantation [J]. GCB Bioenergy ,2022,14(4)
493.

[34]TIEMANN L K,BILLINGS S A. Changes in variability of
soil moisture alter microbial community C and N resource
use [J1. Soil Biology and Biochemistry ,2011,43(9) ;1847.

[35]JCHEN Q L,DING J,ZHU D,et al. Rare microbial taxa as
the major drivers of ecosystem multifunctionality in long-
term fertilized soils [J]. Soil Biology and Biochemistry .
2020,141:107686.

[36]YANG R Z,YANG Z,YANG S L,er al. Nitrogen inhibitors
improve soil ecosystem multifunctionality by enhancing soil
quality and alleviating microbial nitrogen limitation [J]. Sci-

ence of the Total Environment ,2023,880:163238.



