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Biogeochemical I%sponses of SO% anic @@rbon and Enzymatic Activity to
Elevation‘riDep : Comparing Bixed Depth and Equivalent Soil Mass
A oaches

Abstract

Soil organic carbon st enzyme activities are key indicators for assessing ecosystem dynamics in mountainous
regions. This study examine! ons in SOCs and the activity of major enzymes along an altitudinal gradient (0—2400 m) and a
depth gradientdQ=100 cm) 4 ntain forests. Two approaches, fixed depth (FD) and equivalent soil mass (ESM), were applied
to estimate SO owed that SOCs were significantly influenced by altitude, depth, and their interaction (P < 0.001).
SOCs increased itude but decreased with depth; the highest and lowest values up to one meter depth were recorded at
altitudes of 1800-2 and 0-600 m, respectively, representing a 1.14-fold increase in SOCs at higher elevations. Moreover,
mean SOCs in deep layers (80—100 cm) showed about a 70% reduction compared with the surface layer (0-20 cm). The ESM
method provided greater accuracy than the fixed-depth method (CV = 2.61% vs. 3.65%). The activities of B-glucosidase, urease,
and arylsulfatase increased with altitude but decreased with depth, whereas cellulase, acid phosphatase, and alkaline phosphatase
decreased with both factors. In contrast, dehydrogenase (DHA) activity increased with depth and exhibited a negative correlation
with SOCs (r =-0.92). Additionally, SOCs were strongly correlated with microbial biomass carbon (r = 0.99) and enzyme activities
(r > 0.82), while its depth distribution remained consistent across the entire altitudinal gradient. These findings underscore the
importance of jointly considering soil depth and altitude in SOC modeling and the sustainable management of mountain
ecosystems.

Keywords: Soil Organic Carbon Stock (SOCs), Soil Depth, Enzyme Activity, Elevation, Mountain Forest
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Biogeochemical Responses of Soil Organic Carbon and Enzymatic Activity to
Elevation and Depth: Comparing Fixed Depth and Equivalent Soil Mass
Approaches

Extended Abstract

Introduction

Soil Organic Carbon (SOC) is a critical component of terrestrial carbon pools and plays a key role in soil health, productivity, and
climate change mitigation. In mountainous forest ecosystems, SOC stocks and related microbial processes are shaped by
topographic variations, particularly elevation and soil depth. These factors jointly influence microclimatic conditions, vegetation
dynamics, and organic matter decomposition. Enzyme-mediated biogeochemical processes serve as sensitive indicators of soil
microbial activity and are tightly linked to carbon cycling. However, the combined effects of elevation pth on SOC and
enzyme activity have not been comprehensively studied, especially using both fixed-depth i il mass (ESM)
approaches. This study aimed to evaluate SOC stocks and key enzyme activities along an elevation i soil profiles
in a mountainous forest ecosystem.

Methods

ove sea level. Soil

samples were collected along this gradient using two methodssglile conventional fi Equivalent Soil Mass
(ESM) approach, which accounts for differences in sqil bulkﬁty to provide estimations. Samples
were taken from five soil depth intervals: 0-20 cm, 2 =0-6Q cm, C was measured using
standard dry combustion methods. Microbial activity was i tivity of key soil enzymes: B-glucosidase,
urease, arylsulfatase, cellulase, acid phosphatase, alkaline pho enase. Statistical analyses including ANOVA
and Pearson correlation were applied to evaluate the effects of e epth on SOC stocks and enzyme activities.

Results

SOC stocks were significantly affected by elevat
influence, with SOC stocks decreasing by approxi ace layer (0-20 cm) to the deepest layer (80-100 cm).
In contrast, SOC stocks increased by 1.14 times ighest elevation. The ESM method provided higher
sensitivity and accuracy than‘fixed-depth nt of variation (CV = 2.61% vs. 3.65%). It was more
effective in detectiw{ificam SOC differeRges across precipitation gradients. Enzyme activities responded
differently to change vation depth. Advities of] ucosidase, urease, and arylsulfatase increased significantly with
elevation but declined ‘ increasing SO . cellulase, acid phosphatase, and alkaline phosphatase activities
showed a decreasing trend alon i gradients. Dehydrogenase activity exhibited an opposite pattern,

increasing up to 49 times with owing a strong negative correlation with SOC (R2 = 0.83), suggesting microbial
adaptation to carl i deeper layers. SOC also showed a strong positive correlation with microbial biomass
carbon (r = 0.99) and en r > 0.82). Despite the increase in total SOC stocks with elevation, the relative distribution

of carbon with soil depth re consistent. This suggests structural stability in vegetation cover and root distribution across the

elevation grady

Conclusions

This study highlights the importance of accounting for both elevation and soil depth when assessing SOC dynamics in mountainous
forest ecosystems. The Equivalent Soil Mass (ESM) method proved to be a more accurate and sensitive tool for estimating SOC
stocks under varying topographic and climatic conditions. The contrasting enzyme activity patterns underscore the complexity of
microbial responses to environmental gradients. While SOC stocks increased with elevation, the vertical distribution of carbon
remained stable, likely due to consistent vegetation structure. These findings emphasize the need to integrate both vertical and
elevational dimensions in carbon modeling and land management strategies, particularly in topographically complex and climate-
sensitive regions.

Keywords: Soil Organic Carbon (SOC), Soil Depth, Enzyme Activity, Elevation, Mountain Forest
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