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1. SUMMARY OF THE INTRODUCTION
The introduction explains that rapid urbanization—especially in developing countries—has transformed large areas of farmland and forests into urban land uses, including impervious surfaces and managed turfgrass ecosystems. These land-use changes alter soil ecosystems, particularly the microbial communities responsible for nitrogen cycling.
Although many studies have examined greenhouse gas emissions (e.g., N₂O) from urban soils, less is known about the soil microbiomes and functional microbial groups involved in biogeochemical cycles within urban green spaces. The authors note that urban lawns can produce high N₂O emissions, sometimes equal to or exceeding forest or agricultural soils, but the microbial mechanisms behind this remain unclear.
Thus, understanding how urbanization affects soil microbial communities and nitrogen cycling is important due to environmental impacts such as nutrient imbalances and greenhouse gas emissions.
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3. SUMMARY OF THE PROBLEM STATEMENT
The study highlights that although urbanization significantly alters landscapes, its effects on soil microbial ecology—especially microbes involved in nitrogen cycling—are poorly understood. Most research focuses on measuring greenhouse gases and environmental conditions, while functional microbial communities (nitrifiers, denitrifiers) remain understudied in urban ecosystems.
Additionally, the impact of land-use conversion (from rural farmland to urban turfgrass) on microbial diversity and nitrogen cycling processes is not well known. The authors emphasize the need to understand how these shifts influence N₂O emissions, nutrient availability, and ecosystem functioning.



4. OBJECTIVES OF THE PAPER
From the introduction, the study aims to:
1. Compare soil microbial communities in three land-use/urbanization categories (urban, suburban, rural).
2. Assess nitrogen cycling processes, including nitrification and denitrification potentials.
3. Quantify functional gene abundances related to nitrogen cycling (e.g., AOA, AOB, nirK, nirS, nosZ).
4. Determine how urbanization and land-use changes shape microbial community composition.
5. Evaluate the relationship between soil properties and microbial community structure along an urbanization gradient.



5. GAP OF THE PAPER
The study identifies several research gaps:
a) Limited knowledge of functional microbial communities in urban soils
Most previous studies measured N₂O fluxes and environmental factors but overlooked microbial guilds responsible for nitrification and denitrification.
b) Lack of understanding of how land-use conversion affects nitrogen cycling
The shift from rural farmland to urban turfgrass has unknown impacts on nitrifier and denitrifier populations and their activities.
c) Limited studies in rapidly urbanizing regions of China
Few studies have investigated microbial responses to urbanization in Chinese soils, despite rapid urban expansion.
d) Insufficient data on the link between soil properties and microbial structure
While many soil properties change with urbanization, their combined influence on microbial communities remains unclear.
e) Lack of comprehensive evaluation across an urbanization gradient
No prior work compared urban, suburban, and rural soils simultaneously to evaluate the full scale of urbanization impacts.
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