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Abstract: [ Objective ] Intensive orchard management in semi-arid regions has caused soil quality degradation and declining
ecosystems’ multifunctionality, thereby threatening production sustainability. While green manure mulching shows promise for

sustainable orchard management, the mechanistic impact on soil quality and ecosystem multifunctionality remains unclear.
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[ Method ] This study investigated the impact of four green manure mulching treatments- no mulching, gramineae monoculture

(ryegrass, Lolium perenne L.), legume monoculture (white clover, Trifolium repens L.), gramineae-legume mixture(1: 1)on soil

quality and ecosystem multifunctionality in semi-arid orchards. [ Result ] The results revealed that green manure mulching

substantially enhanced soil quality, with legume monoculture showing superior performance(89.0% and 88.5% increases versus

grass and mixed systems, respectively). All treatments stimulated soil enzyme activities and alleviated microbial limitations

(carbon: 5.8%-8.6%; nitrogen: 5.0%-14.7%), collectively increasing ecosystem multifunctionality by 87.4%-100.2%.

[ Conclusion ] This study reveals that green manure mulching effectively enhances soil ecosystem multifunctionality in semi-arid

orchards, with legume-based systems(monoculture or mixed)recommended for implementation.

Key words: Soil quality; Carbon fractions; Enzyme activity; Enzymatic stoichiometry; Microbial metabolic limitation
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Table 1 Impacts of different green manure mulching on soil physicochemical properties, microbial biomass, soil enzyme activity indicators,
and above-ground biomass
b3
SWC/ (gkg!) pH soc/ (gkg') TN/ (gkg') AN/ (mgkg') AP/ (mgkg') AK/ (mgkg')
Treatment
CK 196.3+1.3¢ 8.50+0.03a 10.28+0.45¢ 0.76+0.01c 11.47+0.85¢ 32.2240.64d 367.444+4.63d
HM 203.9+3.5b 8.46+0.03ab 11.21£0.20ab 0.82+0.01b 14.124+0.63a 44.934+0.12a 409.03+2.67¢
SY 215.6+2.3a 8.44+0.03ab 11.47+0.39a 1.02+0.02a 13.08+0.21ab 40.90+0.24b 611.29+4.63a
HB 202.0+0.9b 8.43+0.03b 10.42+0.28bc 0.83£0.01b 12.73+0.16b 35.02+0.26¢ 526.23+4.63b
b3
DOC/ (mgkg”) POC/ (gkg') MAOC/ (gkg') ROC/ (gkg') NOC/ (gkg') MBC/ (mgkg')MBN/ (mgkg™)
Treatment
CK 74.18+1.12¢ 5.11+0.05¢ 5.174£0.42b 2.74+0.01c 7.54+0.44c 36.74+1.58¢c 22.2241.49¢
HM 93.39+2.93ab 5.25+0.12bc 5.96+0.10a 2.78+0.01b 8.43£0.21ab 96.13+2.97b 28.65+1.81b
SY 95.25+1.79a 6.75+0.15a 4.71+0.38b 2.844+0.01a 8.63+0.39a 95.58+1.34b 27.83+1.01b
HB 90.69+1.34b 5.49+0.18b 4.93+0.36b 2.76+0.01bc 7.66£0.28bc  100.91+1.69a 33.2242.39a
A MBP/ C-acq/ N-acq/ P-acq/ AGB/
Treatment (mgkg™!) (nmol'g"h™") (nmolg™h™) (nmolg'h™) (thm?)
CK 24.42+1.01d 13.73+1.16¢ 16.79+1.60c 63.27+1.77¢
HM 30.83+1.09¢ 17.67+0.99b 24.09+1.00a 97.46+1.17b 3.29+0.14a
SY 41.37+1.07b 23.344+0.56a 20.24+1.88bc  103.89+1.28a 0.69+0.05¢
HB 55.02+1.64a 21.5240.45a 21.39+1.76ab 98.10+1.14b 2.20+0.31b
[E: CK: LA R, HM: RAPES, SY: RS, HB: RAPS UPHREA . SWC: LIS /KE, SOC: Luef
PR, TN: &%, AN: WA, AP: HABE, AK: ﬁga&%ﬁﬂ, DOC: mﬁ’%ﬁﬁm%, POC: URLA HLEK, MAOC: WHIZ5E &AL

W, ROC: %Ak, NOC: MEHAYEK, MBC: BUEW/EY R, MBN: MU/EWAYEE, MBP: UMY ERE, C-acq:
WG, N-acq: HEIHEF, P-acq: BEEIAEE, AGB: ZRARHL L¥A9im . BdE SESEHRHERER (n = 3); FIVNG FHEAR
R ) g it2E 22 5 P < 0.05 ). I [F] .Note: CK:no mulching, HM: gramineae monoculture, SY : legume monoculture, HB : legume-gramineae
mixture. SWC: Soil water content, SOC: Soil organic carbon, TN: Total nitrogen, AN: Alkali-hydrolyzable nitrogen, AP: Available
phosphorus, AK: Available potassium, DOC: Dissolved organic carbon, POC: Particulate organic carbon, MAOC: Mineral-associated
organic carbon, ROC: Soil readily oxidizable organic carbon, NOC: Soil inert carbon, MBC: Microbial biomass carbon, MBN: Microbial
biomass nitrogen, MBP: Microbial biomass phosphorus, C-acq: Carbon acquisition enzyme, N-acq: Nitrogen acquisition enzyme, P-acq:
Phosphorus acquisition enzyme, AGB: Above ground biomass of green manure. Values represent mean + standard error ( n =3 ); Lowercase

letters in the same column are used to show significant differences with treatments ( P < 0.05) . The same below.

22 GIEEEN HIEETEMAMMAEMRERAE  SY M HB ST BEHE C-acq MEHE 32.14%F
A 21.82%.
ST R IR Bl AT AT (3% 1), %% SEFRHEE 0T, CK 5 HM BEAUI S
M % CK Al A RIFREE 28 1 58 Coacq, Neacq M1 AT 101 é;%Tﬁ (F2a), BRBCEBREEAE D

F AR, SY 1 HB B4 A T e A M 97 0 1
BRRA . SRIEALREL CK Nl Wik R BR 1 1) 22 i

P-acq MG E (B% SY Ab#HP N-acq AN EESF ).
Fe CK, SRAE%E 5 T 3% C-acq F1 P-acq fitf i i 2

BET 28.70%~70.06%F1 54.03%~64.18%; #HIL
CK,HM il HB 7] I 2 $& /57 £ 3% N-acq B} 1% 1 43.44%
M 27.37%, 1 SY L EFEm, [, M HM,

YEF SR ( 2b FIE 2¢), Hiidr, SY A1 HB XA R
il B R AOR R T HM (& 2b ), [ 508 ik — 254
N E S AR AR (K 2d).
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Fig. 1 Response of soil quality index ( SQI) to different green

manure mulching of apple orchard
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SRARZE 35 T R e R b2 R () SE2HT (b, VA, ¢ VL, d. VA5 VL BAH5eH:)

Fig.2 Soil enzymatic stoichiometry ( a ) and vector analysis ( b. VA, ¢.VL, d. Correlation between VA and VL ) in an apple orchard with green

manure mulching
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Fig. 3 Relationship between soil enzyme activities and vector characteristics with soil factors and microbial biomass ( a. Redundancy analysis,

b. and c. Random forest )
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Fig. 4 Regression relationships between soil quality index ( SQI ) and vector parameters (a. VL, b. VA )
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