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Table 1 Treatment and fertilization level of each land use pattern
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Table 2 Groups, functions, names, and abbreviations of soil enzymes
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H & 3 T, BG i M 5 14 N/P. MBN A1 pH
B EMAC, 5 SAP 2 B #F EAMHE; NAG iEtES
14 SAP & B FIEMSC, 5 pH 2 B35 A OC; LAP
15 38 TIN, MBC A1 MBP & i 3 1F A1 56 ; AP
T 1ES 14 SOC, TIN, MBP & i # IEA 6.
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Table 3  Soil physical and chemical properties under different land use patterns

HE R A TR

ALK /gkg ! 52.96 (1.98) a 4537 (3.14) a 44.96 (3.76) a 31.74 (5.50) b

2H/gkg! 420(0.37)a 3.99 (0.80) a 3.12(0.13) ab 245 (0.05) b

2/ kg’ 1.24 (0.16) a 1.17(0.12) a 1.09 (0.12) a 1.02 (0.02) a

C/N 12.72(0.88) a 11.86 (1.80) a 14.43(1.02) a 12.95(2.26) a

c/p 43.37(3.97) a 39.05(2.74) ab 41.47(1.72) ab 31.18(5.61)b

N/P 3.40 (0.14) a 3.36(0.32) a 2.90(0.22) ab 2.40 (0.02) b

DOC /mg kg 47.18(7.77) a 37.66 (6.25) a 4236 (5.69) a 37.94 (6.04) a

TIN /mg kg ' 24.49 (0.96) a 18.48 (2.76) b 24.04 (1.45) a 17.52 (1.09) b

SAP /mg-kg 497(021)b 5.60 (0.67) b 9.20 (0.77) a 6.03 (0.67) b
MBC /mg kg 718.07 (55.35) a 836.74 (40.76) a 817.69 (132.99) a 274.01 (36.26) b

MBN /mg-kg ' 78.10 (8.37) a 75.80 (1.85) a 52.11(10.58) b 12.39 (2.66) ¢

MBP /mg kg’ 11.17 (2.42) a 7.88 (0.95) ab 7.58 (1.24) ab 438 (0.68) b

Soil pH 7.57(0.16) a 7.75 (0.07) a 7.12 (0.03) b 745(0.12) a
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Fig. 1 Soil enzyme activities under different land use patterns

Note: The same letters indicate no significant difference between different treatments (P>0.05), while different letters indicate significant difference between

different treatments (P<0.05).
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Fig. 2 Enzyme stoichiometry under different land use patterns
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a.diagram of vector analysis b.vector length  c.vector angle d-f.enzyme stoichiometric ratios
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Fig. 3 Correlations among soil properties, enzyme activity and

enzymatic stoichiometry

Note: Blue indicates a negative correlation between the two factors; red
indicates a positive correlation, and the number indicates the size of the
correlation. * indicates significance at the level of 0.05, and ** indicates

significance at the level of 0.01.
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Fig. 4 Relationship between vector length of enzyme
stoichiometry and SOC and MBC, and relationship between
vector angle and MBC

Note: The solid lines and shaded areas represent linear model fit and 95%

confidence intervals, respectively.
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Effects of land use patterns on the limitation of soil microbial resources
in the karst areas of Southwest China

XIAO Shuangshuang'?, CHEN Wurong'”, FU Wei**, ZHANG Jianbing'*
(1. Key Laboratory of Environment Change and Resources Use in Beibu Gulf, Ministry of Education, Nanning Normal University, Nanning, Guangxi
530001, China; 2. Guangxi Key Laboratory of Earth Surface Processes and Intelligent Simulation, Nanning Normal University,
Nanning, Guangxi 530001, China; 3. Key Laboratory of Agro-ecological Processes in Subtropical Region, Institute of Subtropical Agriculture,
Chinese Academy of Sciences, Changsha, Hunan 410125, China; 4. Huanjiang Observation and Research
Station for Karst Ecosystems, Chinese Academy of Science, Huanjiang, Guangxi 547100, China )

Abstract The experimental area is situated in the Mulian comprehensive experimental demonstration zone of Karst
Ecosystem Observation and Research Station of Chinese Academy of Sciences, located in Huanjiang Maonan
Autonomous County, Guangxi Zhuang Autonomous Region. This region falls within the subtropical monsoon climate
zone. The average annual temperature is 19.9°C, with an extreme high of 38.7°C and an extreme low of -5.2°C. The
average annual rainfall is 1,380 mm, characterized by abundant precipitation that is unevenly distributed throughout
the seasons; the rainy season accounts for more than 70% of the total annual rainfall. The study area is characterized by
a typical karst peak-cluster depression with an elevation of 272.0-647.2 m. The average bedrock exposure in the
depression and the sloping land is 15% and 30%, respectively, and their soil depths are 20-160 cm and 10-50 cm,
respectively. The soil primarily consists of yellow-brown lime soil and brown lime soil, which have been developed
from dolomite. The volume fraction of topsoil gravel can reach 10%—40%. The soil texture is composed of clay loam
and clay, with the mass fraction of silt ranging from 25% to 50% and that of clay from 30% to 60%, respectively.

Soil microbial growth and activity are often limited by nutrient resources, and understanding which nutrients limit
microbial activities is crucial for assessing ecosystem function and developing effective management strategies.
Previous studies have shown that soil microorganisms are mainly limited by nutrient carbon (C) and phosphorus (P)
during natural succession after the land has been left uncultivated in karst areas. However, measures such as
fertilization in agricultural activities may change microbial resource limitations. In order to investigate nutrient
resource limitations of soil microorganisms in agricultural land, this experiment selected four common land use
patterns in Huanjiang, Guangxi, including enclosure, mowing, grass planting and corn planting, and analyzed enzyme
activities related to C, nitrogen (N) and P in soil. Based on enzyme stoichiometry, the nutrient limitations of soil
microorganisms were identified, and the influence of different land use patterns on the changes in microbial resource

limitations in soil was clarified. This study could provide valuable guidance for the evaluation and management of
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different land use ecosystems.

The results showed that soil enzyme activities changed significantly under different land use patterns, which was
closely related to nutrients available in soil. Through enzyme stoichiometry, it was found that planting maize and grass
significantly increased the nutrient C resource limitation of soil microorganisms, which was mainly caused by the
reduction of soil organic carbon and microbial biomass carbon. The soil microorganisms of the four land use patterns
were limited by N, but not by P. In addition, mowing and grass planting exacerbated the N limitation of
microorganisms. Correlation analysis suggested that N resource limitation was associated with an increase in microbial
biomass carbon, as microbial assimilation of carbon may require more nitrogen available in soil. In addition, microbial
biomass C, N and P were significantly correlated with enzyme stoichiometry, which well explained the changes of
microbial resource limitations under different land use patterns, and could be used as an effective index to assess
microbial resource limitations in karst soil.

In summary, this study indicates that changes in microbial resource limitations in soil should be fully considered
in the evaluation and management of different ecosystems in karst areas, which was conducive to formulating more
accurate and effective soil management strategies to promote the health and sustainable development of ecosystems. It
is suggested to apply organic fertilizer such as manure or straw to alleviate the nutrient C resource limitation of soil
microorganisms in karst areas where corn and forage are planted. In karst mowing areas, nitrogen fertilizer needs to be

applied moderately to alleviate nutrient N resource limitation of microorganisms and to increase plant productivity.

Key words land use, karst ecosystem, microbial resource limitation, enzyme activity, enzyme stoichiometry
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