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Effects of Grass Mulching on Soil Carbon Fractions and Carbon-Cycling
Enzyme Activities in Apple Orchards of the Weibei Dry Plateau

CHEN Hui-min"', GUO Zhi-ruo', HE Shu-bin', CUI Yan-nong', LIU Xian-yan®, LONG Ming-xiu"
(1. College of Grassland Agriculture, Northwest A&.F University, Yangling, Shaanxi Province 712100, China;
2. Xianyang Academy of Agricultural Sciences, Xianyang, Shaanxi Province 712034, China)

Abstract: Grass mulching has been proven to effectively enhance soil organic carbon accumulation and improve
soil fertility in orchard systems. However, the mechanisms regulating the dynamics of labile organic carbon and
humified carbon fractions remain unclear. From 2021 to 2023, a field experiment was conducted in an apple
orchard with four grass mulching treatments established in both interrow and tree disk areas: perennial ryegrass
(Lolium perenne L. ), sweet clover (Melilotus officinalis 1.. ), perennial ryegrass + alfalfa (Medicago sativa
L.), with traditional clean tillage as the control (CT). We analyzed soil labile organic carbon fractions, humic
carbon fractions, carbon-cycling enzyme activities, and the carbon pool management index. The results showed
that sweet clover significantly increased soil organic carbon content by 14.38% and elevated the carbon pool
management index by 89.55% in the interrow area compared to CT in 2022 (P<Z0.05). In 2023, sweet clover
further reduced soil pH in the interrow areas and the bulk density of the tree disk areas. Meanwhile, the peren-
nial ryegrass + alfalfa mixture treatment increased soil organic carbon by 19.19% in the tree disk area, with
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concurrent rises in dissolved organic carbon and microbial biomass carbon (P<C0.05). Mantel tests and partial
least squares path modeling revealed distinct responses of the interrow and tree disk areas to grass mulching.
Increased labile organic carbon fractions primarily characterized the interrow areas, while the tree disk areas
showed a strong positive response in humified carbon accumulation. In conclusion, sweet clover performed the
best in interrow areas, while the perennial ryegrass + alfalfa mixture was the most effective in tree disk zones.
Grass mulching in apple orchards can positively regulate the soil carbon pool through improvements in soil physi-
cal structure, activate carbon-cycling enzymes, and increase soil carbon fractions.

Key words: Soil organic carbon; Labile organic carbon; Humic carbon; Soil enzyme activity ; Carbon pool man-

agement index ; Grass mulching in orchards
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Table 1 Grass species combination and seeding rate

HRpCHAD S BrRAE Ah HAh 7 X FRPA RL R R
Grass species (mixture) Actual seeding rate/ (kg+hm  ?) Seeding method ~ Material source of grass seeds
ZAFHE B B (Lolium perenne 1..) 30 T 4k 0 v 1 P 1 22 B
KR (Melilotus officinalis 1..) 30

EAER T A F
(Lolium perenne L.+Medicago sativa 1..)

AAR 12, 518
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T B o A5 AL BN I SR AR B BT AT
IF] X 38 17 AR 60 m?(2. 5 m X< 24 m) , B 4% X 3 1 A
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MR PR 5, TOC 23 i A 7€ 5 42 241 A Bl Bk (Light
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SR FH T 37 3 U s L i S B4R 2 (Carbon
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Tt s BAR T R
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FE i b A AL /%) IR A HL A
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TR Wt Rl 2 1 R /0T REURBG R 3 B
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Gy EALA UK / (58 LAk — B AR BLEK D
CPMI=CPIXAIX100,
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T, LIRS 3 AN () 2 o 7 55 Ab 30T - 18 ik 4 43 | i
TG PR Ktk P48 BRAR B0y 52 o 4 BRI R R AR
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Fig.2 Effects of grass mulching treatments on soil organic carbon and its fractions in the interrow and tree disk areas
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Note: Lp, Lolium perenne L. ; Mo, Melilotus officinalis L. ; Lp+Ms, Lolium perenne L. +Medicago sativa L. ; CT, clean tillage control. Dif-
ferent lowercase letters indicate significant differences among treatments (P<C0. 05). The same as below
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14 5 B 22 i AR B T TR X CPTAT CPMICP<0. 05),
A BT S5 A0 BRAE PRAE ] 5% CPMI & 3 3BT 19. 15% F131. 56 % . HeAh, Mo Ab B i 25 %
AT BERN(P<0. 05,%2), 20224 Mo b B T A7) H 4 pHAE (P<<0. 05) ;55 —4F  A710] 51 £ 4
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Table 2 Effects of grass mulching treatments on the soil carbon pool management index and soil properties

1 iﬁ?ﬁ%m& ‘ ﬁwﬁﬁ%ﬁz ‘ ﬁi}%ﬁi‘érz{“' . wm%ﬁzﬁ WEEIMH?& R AiE _
Vear Grass mulching ((,arbon‘pool index, (Carbon })ool activity, (Larblon pool activity ((/arb(?n pool ] b (Bulk density,
treatment CPD CPA) index, AD management index, CPMD) BD)

20224 f7lH Lp 1.10+0.03* 0.28+0.01° 1.53+0.06" 168.0147.05 8.1240.01"  1.5540.02*
Interrow Mo 1.1440.02° 0.3040.01° 1.66+0.06" 189.38+8.30" 8.104:0.03"  1.52:£0.06"

Lp+Ms 1.0420.06" 0.210.02" 1.1440.11° 118.3645.04 8.1440.03"  1.4740.02"

CT 1.0040.03" 0.180.01° 1.0040.08" 99.91+6.83 8.0140.06"  1.604-0.02"

UESS Lp 1.0340.03° 0.2740.02" 0.81£0.05" 84.00£6.08" 7.974£0.07"  1.75+0.01"

Tree disk Mo 1.01£0.02° 0.2040.02° 0.6240.05¢ 62.904£4.57 8.0940.06°  1.76£0.01°

Lp+Ms 1.0240.05" 0.2340.02" 0.7240.07" 72.7443.58" 7.8540.07"  1.7140.02"

CT 1.00-£0.05° 0.3340.01" 1.002£0.04° 99.8943.10° 8.0740.02*  1.8740.02°

20234 {7l Lp 1.01+0.04° 0.160.01° 1.02£0.07° 102.96£6.14° 8.0540.03" 1.41+0.02°

Interrow Mo 1.11+0.06" 0.110.00° 0.66-0.03" 73.37+4.11° 7.9840.07"  1.244-0.04¢

Lp+Ms 1.0840.06° 0.1740.01" 1.040.09° 111.35£5.14° 8.0740.01"  1.5340.03"

CT 1.004£0.05° 0.1640.02" 1.00£0.12° 99.7349.25" 8.1140.01°  1.440.04"

LR Lp 1.204-0.04° 0.1340.01* 0.9840.05" 117.2749.06 7.9440.02"  1.2840.03°

Tree disk Mo 1.03+0.02" 0.15+0.01° 1.06+0.07" 109.48+9.46" 8.0040.04°  1.33+0.02

Lp+Ms 1.1940.03° 0.1540.01° 1.11+0.06° 131.63+3.88" 8.0240.05"  1.40+0.01°

CT 1.0040.02" 0.1440.00° 1.004+0.04" 100.05+5.77" 7.7540.09"  1.39+0.01°
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Fig.4 Mantel test analysis of soil properties, carbon fractions, and enzyme activities about the carbon pool management index in
the interrow area (a); Random Forest model analysis of key driving factors for soil organic carbon in the interrow area (b)
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Fig. 5 Mantel test analysis of soil properties, carbon fractions, and enzyme activities about the carbon pool management index in

the tree disk area (a) ; Random Forest model analysis of key driving factors for soil organic carbon in the tree disk area (b)
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explains the variance of the dependent variables
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