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properties in different soil layers of a citrus orchard
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Abstract; In this study, three management practices, including clean tillage, natural grass mulching, and cultivated grass
mulching, were identified as the research objects. The effects of long-term living grass mulching on the carbon (C),
nitrogen (N) , and phosphorus (P) contents of soil and microbial biomass and the soil enzyme activities in different soil
layers in a citrus orchard as well as the correlations of these indicators were investigated by measuring the chemical and
biological properties of soil. The results showed that grass types and soil layers had significant effects on the C, N and P
contents of soil and microbial biomass and the corresponding enzyme activities. However, their interactions only showed

significant effects on B-glucosidase, N-acetylglucosaminidase and leucine aminopeptidase ( P<0.05). In general, the
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biochemical properties of soil were ranked in descending order in terms of grass types and soil layers: cultivated grass
mulching > natural grass mulching > clean tillage among different grass types, and 0—10 em > 10—20 ¢cm > 20—40 cm
among soil layers. The redundancy analysis results showed that the chemical and biological indices of soil in the first two
axes accounted for 80.2% of the changes in soil enzyme activities and mainly showed positive effects. The effects of the
chemical and biological indices of soil on enzyme activities varied with grass types and soil layers. The cultivated grass
mulching showed positive effects on the activities of [-glucosidase, cellobiohydrolase, phenol oxidase, N-
acetylglucosaminidase , leucine aminopeptidase and acid phosphatase in each soil layer. The natural grass mulching only had
positive effects on B-glucosidase and cellobiohydrolase activities in the 0—20 cm soil layer. Soil enzyme activities of these
two grass types were most significantly affected by the C, N and P contents of soil in the 0—10 cm soil layer. Therefore,
compared with clean tillage, the cultivated and natural grass mulching significantly increased the C, N and P contents of
soil and microbial biomass and the corresponding enzyme activities. However, their promotion effects on the C, N and P
decreased with the increase in the soil depth. Particularly, the promotion effect of the cultivated grass on the C, N and P

was larger than that of natural grass.

Key Words: long-term living grass mulching; soil microbial biomass; soil enzyme activity; soil layer; citrus orchard
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Table 1 Effects of living grass mulching types and soil layers on soil carbon, nitrogen, phosphorus and pH based on two-way ANOVA
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Fig.1 Effects of long-term living grass mulching on soil carbon, nitrogenand phosphorus in citrus orchard
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Table 2 Effects of living grass mulching types and soil layers on soil microbial biomass based on two-way ANOVA

AL [DGRY/EX/h i AE AP A WA A W
Influence factors Microbial biomass carbon Microbial biomass nitrogen Microbial biomass phosphorus
e Types (T) 96.95 *** 25.18** 13.20***

+JZ Soil layers (L) 5.08" 60.02 """ 16.00 "~

FeAlx 42 TXL 0.17 0.81 1.98
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Table 3 Effects of living grass mulching types and soil layers on soil enzyme activities based on two-way ANOVA

AR Z Influence factors POX BG CB NAG LAP APH
2 Types (T) 7.13%" 30.73 "~ 5.74" 104.43 7~ 35.40 7" 89.11 """
1 )2 Soil layers (L) 2.52 19.30 "~ 26.31 """ 23.227" 9.90 "~ 8.19™"
ZHIx+ 2 TXL 0.30 3.12° 2.54 7.50 " 3.02° 1.20

POX: Z WA fLHEF Phenol oxidase; BG: B-Hj4j i1} B-glucosidase; CB: £F4E — WK f# Bl Cellobiohydrolase; NAG: N-Z. Pt Jk 4 4 b 1 iy
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Fig.3 Effects of long-term living grass mulching on soil enzyme activities in citrus orchard
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Fig.4 Correlation between soil enzyme activities and biochemical properties
POX . ZWE L Phenol oxidase; BG: B-HiZIHEH i B-glucosidase; CB: £F-4E —Wi/Kf#E Cellobiohydrolase; NAG: N-Z. Mk % &7 25 0+ i
N-acetylglucosaminidase; LAP: 552 3 2 & 3 Ik} Leucine aminopeptidase; APH: FRY: B AR Acid phosphatase; MBC. fil 4= ¥ 4= ¥y & i
Microbial biomass carbon; MBN; 7344 4= #) & & Microbial biomass nitrogen; MBP; fi{4=#) 4= #) 5B Microbial biomass phosphorus; SOC: A #L
filé Soil organic carbon; TN: 4>%&( Total nitrogen; AN: B8 f# %l Alkali-hydrolyzed nitrogen; TP: 4># Total phosphorus; AP: 45 %{# Available

phosphorus; #:*:x P<0.001, *:* P<0.01, * P<0.05
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Table 4 Redundancy analysis of explanatory variables for differences in soil enzyme activity indices

HeJ 4l STEh SBIEh  SBImAh BIvAEL HEVED W VIEh SRR TT 22
Sorting axis Axis T Axis 1T Axis III Axis IV Axis V Axis VI Total explained variance
FHIE{H Eigenvalues 0.607 0.039 0.020 0.008 0.004 0.001 67.94
FRIEf# B Proportion explained/% 71.63 4.55 2.38 0.92 0.51 0.18

FRAE B4t B2 Cumulative proportion/ % 71.63 76.18 78.56 79.48 79.99 80.17
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Fig.5 Redundancy analysis (RDA) ordination plot of biochemical properties associated with soil enzyme activities
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