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Understanding the ecological consequences of nitrogen enrichment and altered water regimes in terrestrial ecosystems is of
paramount importance in the face of global environmental changes. This study investigates the impacts of long-term nitrogen
enrichment and water addition on soil enzyme activity in a representative steppe ecosystem. We conducted field experiments to
simulate different nitrogen and water treatment scenarios over an extended period. Soil enzyme activities related to carbon,
nitrogen, and phosphorus cycling were assessed. Our findings reveal complex responses of soil enzyme activity to these
environmental changes, highlighting the importance of considering both nitrogen and water as key drivers of ecosystem functioning
in steppe environments.
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Introduction

Steppe ecosystems are vital components of the world's terrestrial landscapes, known for their unique biodiversity and essential roles
in carbon and nutrient cycling. These ecosystems, often situated in arid or semi-arid regions, are increasingly subjected to
environmental changes, including nitrogen enrichment and altered water regimes, due to human activities and climate change.
Understanding how these factors impact soil enzyme activity in steppe environments is crucial for predicting the consequences of
global change on ecosystem functioning. Soil enzymes are key drivers of nutrient cycling and organic matter decomposition, making
them valuable indicators of ecosystem health. In this study, we investigate the long-term impacts of nitrogen enrichment and water
addition on soil enzyme activity in a typical steppe ecosystem.

Nitrogen Enrichment Effects on Soil Enzymes: Nitrogen is a critical nutrient in terrestrial ecosystems, and its availability can strongly
influence soil enzyme activity. Several studies have reported both positive and negative effects of nitrogen enrichment on soil
enzymes. Increased nitrogen can stimulate enzymes involved in organic matter decomposition, such as cellulases and B-
glucosidases, while inhibiting enzymes associated with nitrogen mineralization, such as ureases and proteases. These responses
may be influenced by factors like nitrogen form, concentration, and duration of exposure.

Water Addition and Soil Enzymes: Water availability is another fundamental factor shaping soil enzyme activity. Altered precipitation
patterns, including increased or decreased water input, can affect enzyme activity by influencing substrate availability, microbial
activity, and soil moisture content. In arid or semi-arid ecosystems like steppes, changes in water regimes can have profound
effects on nutrient cycling processes and soil enzyme dynamics.

Steppe Ecosystem Responses to Global Change: Steppe ecosystems are widespread and play a vital role in carbon and nutrient
cycling. They are particularly vulnerable to global change drivers such as nitrogen deposition and altered precipitation patterns.
Previous research has highlighted the importance of understanding how steppe soil processes, including enzyme activities, respond
to these environmental changes. Such studies contribute to our ability to predict and manage the ecological consequences of

ongoing global change.

Ukrainian Journal of Ecology, 13(8), 2023



Impacts of long-term nitrogen enrichment and water addition on soil engyme activity in a typical steppe ecosystenm

Ecosystem Functioning and Soil Enzymes: Soil enzymes are key drivers of ecosystem functioning, influencing processes like organic
matter decomposition, nutrient mineralization, and carbon sequestration. Changes in soil enzyme activity can have cascading effects
on plant growth, nutrient availability, and greenhouse gas emissions. Therefore, studying the responses of soil enzymes to nitrogen
and water alterations in steppe ecosystems is critical for predicting the overall impacts on ecosystem services and stability.

This study aims to contribute to the growing body of literature on the responses of soil enzyme activity to long-term nitrogen
enrichment and water addition in steppe ecosystems. By investigating the complex interplay between these environmental factors
and soil enzymes, we gain valuable insights into the mechanisms underlying ecosystem responses to global change. These insights
are crucial for informed land management and conservation strategies in steppe environments, which face increasing pressures

from human activities and climate change.

Description

Nitrogen enrichment has been a significant consequence of industrial and agricultural activities. Our study shows that long-term
nitrogen enrichment in the steppe ecosystem can have complex effects on soil enzyme activity. Some enzymes involved in organic
matter decomposition, such as cellulases and B-glucosidases, may exhibit increased activity in response to nitrogen enrichment,
potentially accelerating carbon turnover. Conversely, enzymes associated with nitrogen mineralization, such as ureases and
proteases, might be inhibited due to nitrogen saturation effects, leading to altered nitrogen cycling dynamics.

Alterations in water regimes, including increased precipitation or irrigation, can profoundly influence soil enzyme activity. Soil
moisture content plays a critical role in enzyme function, as enzymes require adequate hydration to catalyze reactions. In our study,
water addition scenarios resulted in changes in soil moisture, which, in turn, impacted enzyme activity. Increased soil moisture can
enhance enzymatic processes, particularly those related to organic matter decomposition. However, excessive water input may also
dilute soil nutrients and potentially suppress enzyme activity associated with nutrient cycling.

The interactions between nitrogen enrichment and altered water regimes in the steppe ecosystem are complex and often context-
dependent. The combined effects of these factors may result in synergistic or antagonistic outcomes on soil enzyme activity. For
example, increased nitrogen availability might exacerbate the impact of water addition on soil nutrient dynamics, influencing

enzyme responses.

Conclusion

Our study reveals that long-term nitrogen enrichment and water addition can significantly influence soil enzyme activity in a typical
steppe ecosystem. The responses of soil enzymes to these environmental changes are multifaceted and involve a delicate balance
between promoting and inhibiting factors. The effects on specific enzyme groups, such as those involved in carbon or nitrogen
cycling, may vary, highlighting the complexity of these interactions. Understanding how these factors shape soil enzyme activity is
crucial for predicting the consequences of global change on steppe ecosystems. It has implications for nutrient cycling, carbon
sequestration, and overall ecosystem functioning. Managing nitrogen inputs and water regimes in these ecosystems will require a
nuanced approach that considers the potential trade-offs and synergies between these two drivers. Ultimately, preserving the health
and stability of steppe ecosystems in the face of environmental change will necessitate informed conservation and land

management strategies based on a comprehensive understanding of soil enzyme dynamics.
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