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Soil nitrogen (N) transformation is an essential portion of the N cycle in wetland ecosystems, 
governing the retention status of soil N by controlling the effective soil N content. N deposition 
produced by human activities changes the physical characteristics of soil, affecting N fractions and 
enzyme activities. To characterize these influences, three different N addition levels (N5, 5 g/m2; N10, 
10 g/m2; N15, 15 g/m2) were established using a wet meadow on the Qinghai-Tibet Plateau (QTP) 
as a control treatment (0 g/m2). We investigated the features of soil physical property alterations, 
N fractions contents, and enzyme activities under N addition conditions throughout the peak plant 
growth season. Our findings indicated that N addition significantly enhanced soil aeration, porosity, 
total nitrogen (TN), ammonium nitrogen (NH4

+), nitrate nitrogen (NO3
−) content, and urease activity. 

At the same time, it decreased soil dissolved organic nitrogen (DON) content and bulk density (BD). 
Additionally, N addition treatment exerted a significant seasonal impact on soil nitrogen component 
content. The nitrogen component content within the surface soil (0–10 cm) under four treatments is 
more sensitive to N addition, whereas the nitrogen component in the deep soil is relatively stable. 
Principal component analysis demonstrated that soil aeration and porosity were the primary factors 
affecting soil N fractions and enzyme activities. The findings suggested that lower levels of N addition 
promoted the transformation process of soil N pools in wet meadows and exacerbated the loss of N 
in wetland ecosystems. Our findings indicate that sustained increases in N deposition will accelerate 
soil microbial N cycling, potentially overcoming N limitation in alpine wetland ecosystems and 
exacerbating the risk of N loss and greenhouse gas emissions from alpine wetland surface soils.
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Increased atmospheric nitrogen (N) deposition is a critical feature of global climate change and an essential 
indicator of changes in atmospheric environmental quality conditions, with implications for food production, 
carbon and nitrogen cycling, and environmental quality globally1. Worldwide atmospheric N deposition has 
increased from 31.6 Tg N yr− 1 in 1860 to 102.5 Tg N yr− 1 in 1993, and is anticipated to further increase to 194.5 
Tg N yr− 1 in 20502. As the world’s largest developing country, China has been recognized as a significant region 
of global N deposition. N deposition in China may continue to increase rapidly over a prolonged period3. Studies 
have demonstrated that N addition can disrupt the usual balance of elemental cycling in the soil environment4, 
seriously influencing the N cycling in terrestrial ecosystems.

Soil is the material foundation for plant survival, and its physical properties and water characteristics 
characterize the soil texture and water-holding function of regional ecosystems5. As important markers of physical 
properties, bulk density (BD) and porosity represent essential channels and activity sites for soil water, nutrients, 
and microorganisms6. The larger the BD and lower the porosity, the more compact the soil is, the more apparent 
the degradation tendency being more prone to erosion. In contrast, the looser the soil is, the more permeable it 
is7. Soil amylase reflects the metabolic status of soil biota and the efficiency of soil carbon conversion, promoting 
the normal progress of soil carbon cycling8. Urease can promote the hydrolysis of urea into ammonia in soil, 
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and its activity level is often used to characterize the intensity of soil nitrogen transformation9. The activities of 
soil amylase and urease play an essential role in carbon and nitrogen cycling in wet grassland soil systems. N 
is a critical element for plant growth and development, and it is also the primary limiting nutrient in soil, and 
the soil inorganic N form governs the migration transformation and effectiveness of soil N10. N deposition 
is a critical environmental factor affecting soil N fractions and enzyme activities, and indirectly influencing 
soil nutrient cycling processes by changing plant growth conditions and microbial activities impacting soil N 
fraction content and enzyme activities11. Soil is the largest N pool in wetland ecosystems, and its small changes 
can directly affect wetland soil fertility and plant growth, thereby altering the biogeochemical cycle processes of 
wetland ecosystems12.

Research has shown that changes in soil N fractions directly affect soil N availability, indirectly controlling 
wetland plant growth and ecosystem productivity13. The N elements in soil mainly exist in the forms of total 
nitrogen (TN), nitrate nitrogen (NO3

−), ammonium nitrogen (NH4
+), dissolved organic nitrogen (DON), and 

microbial biomass nitrogen (MBN)14, and the N fractions content and distribution are mainly regulated by a 
combination of biotic and abiotic factors, such as aboveground biomass, soil nutrients, and enzyme activities15,16. 
Most studies on soil N component fractions content and transformation processes in terrestrial ecosystems 
have focused on shallow soil layers (0–40  cm), where plant root density typically decreases with increasing 
soil depth17, the more active microorganisms in shallow soil layers promote N transformation and cycling, 
and nutrient leaching may change the distribution pattern of soil N fractions content and enzyme activities18. 
Previous studies have demonstrated that in N-saturated ecosystems, the addition of N inhibits soil organic N 
mineralization, exacerbates soil NO3

− loss, and limits the amount of stored soil N19. Other research has shown 
that N addition has no significant effect on soil TN in saline reed wetland, while significantly increases NO3

− and 
NH4

+ content20. Song et al.21 found that N addition reduced DON content and increased soil NH4
+ content in 

peat wetland. However, Meng et al.22 found through evaluating data from 206 papers related to N cycling that N 
addition increased soil DON content by 21.1%, and the degree of increase in soil NO3

− and NH4
+ content varied 

depending on the ecosystem. Moreover, excessive N addition can directly lead to soil acidification and reduced 
biodiversity23,24, indirectly altering soil enzyme activity25,26, and ultimately affect soil nitrogen cycling processes. 
Therefore, studying the effects of N addition levels on soil N fractions and enzyme activities to uncover the 
impact of N addition levels on soil N cycling processes is critical in the context of global climate change.

The Qinghai-Tibet Plateau (QTP), an ecological security barrier in Asia and a sensitive area to global climate 
change, possesses a wetland area of about 133 km227, with more than 50% in wet meadow28. It is one of the 
most sensitive areas to global climate change and human activities29. Alpine wetlands typically have lower levels 
of N deposition, and vegetation is primarily influenced by the limitation of soil N. Increasing N deposition in 
this area30 has been observed; for instance, the N deposition in the alpine wetlands of the QTP has reached 
10–15 kg N hm− 2 a−131. N deposition influences the N cycle process in wetland ecosystems by modulating plant 
biomass and soil characteristics, which impact soil nutrients and enzyme activities32. Recent studies on the 
alpine meadow ecosystems of the QTP have primarily focused on altitude gradients33, rainfall34, and grazing35. 
In contrast, there has been limited research on the responses of soil N fractions and enzyme activities in the 
QTP wet meadows to atmospheric N deposition. Therefore, in this study, the wet meadows in the Gahai nature 
reserve were employed as the research location in this study. Different gradients of N addition experiments were 
executed to examine the responses of wetland soil physical properties, N fractions, and enzyme activities to N 
deposition by simulating N deposition31,36. This study addresses two questions: (1) How does N addition impact 
soil N fractions and enzyme activities in the wet meadows of the QTP? (2) What is the association between soil 
physical characteristics, N fractions, and enzyme activities under N addition? We put forth two hypotheses: (1) 
N addition elevates the soil N fraction contents and enzyme activity in wet meadows; (2) Relative to the subsoil, 
the influence of N addition on the surface soil N fractions and enzyme activities are more sensitive. Via this 
study, we aim to provide fundamental data for predicting soil nutrient balance and alterations in N fractions in 
alpine wetland ecosystems under future situations of increased N deposition.

Materials and methods
Site description and experimental design
The study area was chosen in the Gahai wetland, a national nature reserve in Gansu Province (33° 58′ 12″–34° 
32′ 16″ N, 102° 05′ 00″–102° 47′ 39″ E), at an elevation of 3430–4300 m. This area’s soil type is mainly peat, 
meadow, and swamp soil. It has a continental monsoon climate in the Tibetan Plateau, with a multi-year average 
temperature of 1.2 ℃ and an average precipitation of 781.8 mm from 1981 to 2022 ​(​​​h​t​t​p​:​/​/​d​a​t​a​.​c​m​a​.​c​n​/​d​a​t​a​/​w​e​
a​t​h​e​r​B​k​.​h​t​m​l​​​​​)​, abundant herbaceous plants, and seasonal waterlogging.

In March 2020, in the Gahai nature reserve, an area with gentle terrain and consistent slope direction was 
selected to establish four N deposition treatment levels. This was accomplished according to the background 
value of N deposition in the alpine wetland of QTP, alongside the trend of future increases in N deposition31,37: 
CK (0 g/m2), N5 (5 g/m2), N10 (10 g/m2), and N15 (15 g/m2). A field randomized block design was employed, 
and each treatment was performed in triplicate, for a total of 12 plots, each with an area of 2 m × 2 m, and a plot 
spacing of 4 m. N was supplemented as urea (CH4N2O, containing 46% N). In May 2020, the urea was dissolved 
in 2 L of water and evenly sprayed on each treatment plot, while the CK plot received the same amount of water.

Soil collection and measurement methods
Soil N fractions samples were obtained from May to October 2020. The early growth period (EG) of alpine 
wet meadow plants was from May to June, the peak growth period (MG) was from July to August, and the late 
growth period (LG) was from September to October. In the middle of each month, soil samples at 0–10, 10–20, 
and 20–40 cm were harvested in each sample plot using an auger, placed in sterile self-sealing bags, and the N 
fractions contents were determined. In addition, in the middle of August 2020, surface plants were excluded, and 
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100 cm3 ring knives were employed to gather in situ soil samples in the middle of the 0–10, 10–20, and 20–40 cm 
soil layers, which underwent BD, porosity (soil total porosity, STP; soil capillary porosity, SCP), soil aeration 
(SA), and enzyme activity characterization.

BD, porosity and SA were determined by the ring knife method38; soil TN was determined by the Kjeldahl 
method39; soil NH4

+, NO3
− and DON were determined according to the methods of Saha et al.40 and Yu et 

al.41; soil MBN was determined by the K2SO4 leaching method after chloroform fumigation42; soil amylase was 
determined by 3,5-dinitrosalicylic acid method43; soil urease was determined by indophenol blue colorimetric 
method44.

Data analysis
The significance of the differences in soil physical properties (SA; BD; STP; SCP), N fractions (i.e., TN; NH4

+; 
NO3

−; MBN; and DON) and enzyme activities (amylase and urease) among four treatments and three soil layers 
were analyzed using LSD of variance in SPSS 26.0 (significant level of 95%, P < 0.05). A repeated-measures 
ANOVA was employed to determine differences in N fractions (i.e., TN; NH4

+; NO3
−; MBN; and DON) among 

N addition using the season as the repeated variable. In addition, Principal Component Analysis (PCA) was 
used to study the relationships between soil physical properties and N fractions and enzyme activity variables. 
All graphical data are mean ± standard error.

Results
Effects of N addition on the physical properties of wet meadow soil on the QTP
Compared to the CK treatment, SA exhibited an increasing then decreasing trend alongside increased N 
addition (Fig. 1); with its maximum value appearing in the N10 treatment, the soil BD in the 0–10 cm layer 
decreased significantly along with increased N addition (P < 0.05). No significant differences in soil BD between 
treatments were observed in the 10–20 and 20–40 cm layers (P > 0.05). Moreover, STP and SCP in the 0–10 cm 
layer exhibited an increasing trend along with increasing N addition, while STP (77.91%) and SCP (74.26%) in 
the N15 treatment were significantly higher than those in the other treatments (P < 0.05). Larger values of STP 
and SCP in the 10–20 cm layer appeared in the N10 treatment (61.14% and 54.90%). The range of STP and SCP 
variability in the 20–40 cm layer is relatively stable. On the vertical soil profile, under the four treatments, soil BD 
gradually increased alongside increased soil depth, while SA, STP, and SCP gradually decreased with increased 
soil depth.

Fig. 1.  Soil physical properties in the 0-10, 10-20, and 20–40 cm soil layers at different levels of N addition 
in August 2020. CK, 0 g/m2; N5, 5 g/m2; N10, 10 g/m2; N15, 15 g/m2. Lowercase letters represent significant 
differences between treatments (P < 0.05).
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Effects of N addition on N fractions of wet meadow soils on the QTP
Nitrogen addition significantly affected TN content in QTP wet meadow soil (P < 0.05, Fig. 2). The TN content in 
the 0–40 cm layer showed a trend of first increasing and then decreasing with the increase of N addition during 
the EG period and showed a significant increase trend in MG and LG periods (P < 0.05). The soil TN content 
under the N10 treatment gradually decreased as the season progressed (the maximum value appeared in the EG 
period). In contrast, the soil TN content under the other three treatments increased and then decreased with 
season extension, and the minimum value of soil TN content appeared in the LG period. Moreover, N addition 
reduced the soil N storage in the 0–10 cm layer and increased the soil N storage in the 20–40 cm layer (Fig. 3). 
Repeated analysis of variance demonstrated that nitrogen addition amount, season, and soil depth significantly 
influenced the TN content in wet meadow soil (Table 1).

In the 0–40 cm layer, nitrogen addition significantly elevated the average levels of NH4
+ and MBN in QTP 

wet meadow soil, while it significantly decreased the average content of DON in soil (P < 0.05). However, no 
significant effect on the average content of NO3

− was identified (Fig. 4; P > 0.05). The levels of NH4
+, NO3

−, 
MBN and DON in the 0–40 cm layer under the four treatments exhibited a trend of initially increasing and 
then decreasing as the season progressed, and the maximum value appeared in the MG period. Across different 
soil profiles, except for the 0–10 cm NH4

+ and 20–40 cm MBN content under CK treatment, which gradually 
decreased with the extension of the season, the nitrogen component content of each soil layer under various 
treatments exhibited a trend of first increasing and then decreasing as the season progressed (Figs. 5 and 6). 
Repeated analysis of variance demonstrated that nitrogen addition amount, season, and soil depth had significant 
impacts on nitrogen component content in wet meadow soil (Table 1).

Effects of N addition on soil enzyme activities in wet meadows on the QTP
N addition significantly affected soil enzyme activities in wet meadows on the QTP (P < 0.05, Fig. 7; Table 2). 
Compared to the CK treatment, the N5 treatment significantly elevated soil amylase and urease activities in the 
0–10 cm layer, whereas the N15 treatment inhibited soil amylase and urease activities (P < 0.05). The soil amylase 
and urease activities under all four treatments were primarily identified in the 0–20 cm layer, significantly higher 
than those in the 20–40 cm layer. In addition, N addition and soil depth produced a significant interactive effect 
on amylase and urease activity of wet meadow soil (Table 2).

Effects of soil physical properties on N fractions and enzyme activities
PCA analysis showed that the physical properties of wet meadow soil significantly affected N fractions and 
enzyme activities (Fig. 8). SA and STP showed strong positive correlations with DON, MBN, NH4

+, amylase, 

Fig. 2.  Seasonal variation of soil TN content under different levels of N addition. CK, 0 g/m2; N5, 5 g/m2; 
N10, 10 g/m2; N15, 15 g/m2. EG early growth period, MG the peak growth period, LG the late growth period. 
Lowercase letters represent significant differences between treatments (P < 0.05).
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and urease, while BD showed strong negative correlations with DON, MBN, NH4
+, NO3

-, amylase, and urease 
(P < 0.05). In addition, amylase and urease activities significantly affected soil DON, MBN, NH4

+, and NO3
- 

content (P < 0.05), and their effects on soil TN content were at a non-significant level (P > 0.05).

Discussion
N addition affects soil physical properties in wet meadows
Soil physical properties reflect the soil structure condition and influence vegetation growth, playing a crucial role 
in soil N cycling45. This study demonstrated that soil aeration increased and then decreased alongside increased 
N addition, with the maximum value appearing in the N10 treatment. N addition alleviated the N limitation 
of wet meadow soil in the QTP area, increased the effective N content in the soil, and promoted the rapid 
growth of fine roots of wetland plants46, favored soil granular structure formation, and improved soil aeration. 
However, excessive N addition (N15) exacerbates the limitation of soil phosphorus resources, reducing plants 
aboveground and root biomass47, leading to decreased soil aeration in the N15 treatment. We identified that N 
addition increased total soil porosity and capillary porosity, and that total soil porosity and capillary porosity 
decreased gradually alongside soil deepening. This is because wetland plants are primarily shallow-rooted48, and 
adding N promotes microbial mineralization of soil carbon and N, triggering more inorganic N uptake by plant 
roots for growth. A large number of plant roots lead to the loosening of surface soil, elevating the porosity of the 
surface soil and reducing the soil BD in the root zone.

Source of variation df

TN NO3
− NH4

+ MBN DON

F P F P F P F P F P

T 3 34.194 0.000 4.592 0.005 278.694 0.000 34.943 0.000 94.780 0.000

S 2 1111.506 0.000 532.390 0.000 4578.495 0.000 1245.854 0.000 396.978 0.000

D 2 67.938 0.000 68.366 0.000 487.313 0.000 160.435 0.000 121.797 0.000

T×S 6 11.293 0.000 6.258 0.000 226.580 0.000 24.087 0.000 56.655 0.000

T×D 6 26.026 0.000 14.716 0.000 26.285 0.000 19.843 0.000 14.375 0.000

Table 1.  Results of a repeated-measures ANOVA testing for differences in soil N fractions (TN, NO3
−, NH4

+, 
MBN, DON) among N additions using depth as the repeated variable. T treatment, S season, D depth.

 

Fig. 3.  Soil N storage in the 0-10, 10-20, and 20–40 cm soil layers at different levels of N addition. CK, 0 g/m2; 
N5, 5 g/m2; N10, 10 g/m2; N15, 15 g/m2. Lowercase letters represent significant differences between treatments 
(P < 0.05).

 

Scientific Reports |        (2024) 14:31848 5| https://doi.org/10.1038/s41598-024-83285-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


N addition affects the content of soil N fractions in wet meadows
Soil N is a vital soil nutrient that influences the productivity of terrestrial ecosystems and global climate change, 
limiting plant growth49. In this study, we determined that the N addition treatment increased the average TN, 
NH4

+, NO3
−, MBN, and N storage in the 0–40 cm layer and reduced the DON content compared to CK. This is 

because N addition elevates the photosynthetic rate of plants, increases the growth of above- and below-ground 
biomass, and large amounts of litter and root secretions enhance the effective soil N50. Inconsistent with our 
initial hypothesis was the finding that N addition decreased soil DON content, as N addition promotes the 
leaching loss of soil DON content51. Moreover, plants can directly absorb soil DON52, and N addition enhances 
plant growth and the absorption of a large amount of DON, leading to decreased soil DON content. In this 
study, with the gradual increase in the amount of N added, soil TN and N storage increased gradually, whereas 
the content of NH4

+, NO3
−, and MBN tended to increase first and then decrease, and soil DON tended to 

decrease first and then increase. This is because, alongside continuous increases in the amount of N added, the 
excessive N input to the soil produced a decrease in the amount of humus-degrading enzymes generated by soil 
microorganisms. Alongside this impact, microbial activity is affected, soil N mineralization is weakened53, and 
N storage increases. Moreover, when ecosystems reach N saturation, excess inorganic N undergoes nitrification 
and denitrification, with increased N inhibiting soil organic N mineralization, exacerbating the loss of soil NO3

− 
content and reduced soil NH4

+, NO3
− and MBN content19. These impacts increases the likelihood of N loss and 

greenhouse gas emissions37. The distribution patterns of soil TN, NH4
+, and NO3

− levels in the soil layer under 
each treatment were relatively consistent, primarily concentrated in the 0–10 cm layer, with gradual decreases 
and increased soil depth, consistent with our second hypothesis. This is because the N in the soil predominantly 
originated from the decomposition of above-ground vegetation, apoplastic matter, and root secretions54, and 
the plants in the QTP area are shallow-rooted alpine plants with root systems are mainly concentrated in the 
0–10  cm layer. With increased soil depth, the input of litter and vegetation root system decreased, and the 
microbial activity and N mineralization rate gradually decreased55, producing decreased soil N content. In this 
study, the contents of NH4

+, NO3
−, MBN and DON in the 0–40 cm layer of the QTP wet meadow first increased 

and then decreased with the extension of the season, with the maximum value appearing in the MG stage 
and the minimum value appearing in LG stage. As the growing season extended, the temperature and rainfall 
gradually increased (the MG period was highest56, and the more active microorganisms promoted the release of 
soil-available nutrients and the decomposition of litter57. After plant growth, plants absorb abundant nutrients 
and store them in their roots to resist cold winter conditions58. Lower soil temperature limits the decomposition 
of litter by microorganisms, causing the lowest nitrogen content in soil at the end of plant growth.

Fig. 4.  Seasonal variation of average NH4
+, NO3

-, MBN, and DON content in soil layer 0–40 cm under 
different levels of N addition. CK, 0 g/m2; N5, 5 g/m2; N10, 10 g/m2; N15, 15 g/m2. EG early growth period, 
MG the peak growth period, LG the late growth period. Lowercase letters represent significant differences 
between treatments (P < 0.05).
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N addition affects wet meadow soil enzyme activities
Soil enzymes are the primary participants in material cycling and energy flow, reflecting the demand of soil 
microorganisms for nutrients and playing a critical role in soil nutrient transformation and fixation59. Hydrolytic 
enzyme activities such as urease and amylase characterize the cycling status of soil N fractions. Compared 
to natural wet meadows in the QTP area, low nitrogen (N5) addition significantly elevated soil amylase and 
urease activities in the 0–10 cm layer, whereas high nitrogen (N15) addition suppressed soil amylase and urease 
activities. This is not entirely consistent with our initial hypothesis because the QTP wet meadow area is primarily 
subject to the limiting effect of N. Low nitrogen addition can enhance soil fertility, overcome the limiting effect 
of N, promote alpine plant growth, and enhance plant root secretions, which promotes soil enzyme activities60. 
In contrast, N addition limits the competition between plants and soil microbes for N, enhances soil microbial 
activity, promotes nutrient mineralization by soil microbes61, and increases soil enzyme activity. However, high 
N supplementation causes soil sloughing and reduced permeability (Fig. 1), limiting microbial reproduction and 
growth, inhibiting mineralization and decomposition of loamy organic N62, and reducing soil pH. These features 
reduce plant biomass, inhibit QTP wet meadow soil amylase and urease activities, and increase soil N storage. 
The findings of PCA analysis between soil physical properties and enzyme activities and N fractions further 

Fig. 5.  Seasonal variation of NH4
+ and NO3

- content in soil layers 0-10, 10-20, and 20–40 cm under different 
levels of N addition. CK, 0 g/m2; N5, 5 g/m2; N10, 10 g/m2; N15, 15 g/m2. EG early growth period, MG the 
peak growth period, LG the late growth period. Lowercase letters represent significant differences between 
treatments (P < 0.05).
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confirmed this outcome. Soil amylase and urease activities gradually decreased along with increasing soil depth. 
Because effective soil nutrients are the main factor impacting enzyme activity, the aeration and nutrient content 
of QTP wet meadow soils (Fig. 2) gradually decreased with increasing soil depth, limiting the capacity of soil 
microorganisms to decompose nutrients and reducing soil enzyme activity.

Conclusion
Experiments utilizing different concentrations of N addition during the peak plant growth season in the QTP 
area demonstrated that N addition increased soil TN, NO3

−, NH4
+, MBN, SON, and urease activities while it 

decreased soil DON and BD. The content of soil nitrogen components under the four treatments exhibited a 
trend of initially increasing and decreasing with season duration extension. The treatments and seasons had a 
significant interactive effect on soil nitrogen components. With the gradual increase of N addition level, soil TN 
and SON levels gradually increased. Low levels of N addition (N5 or N10) elevated soil N fractions and enzyme 
activities, whereas excessive N addition (N15) decreased soil N fractions and enzyme activities. Correlation 
analysis demonstrated that soil N fractions and enzyme activities influenced soil aeration and porosity. Overall, 
with increased N deposition, the soil N transformation process would be accelerated, and effective soil N content 
would increase, exacerbating the loss of N in the wet meadow ecosystem. The study’s findings will assist in 

Fig. 6.  Seasonal variation of MBN and DON content in soil layers 0-10, 10-20, and 20–40 cm under different 
levels of N addition. CK, 0 g/m2; N5, 5 g/m2; N10, 10 g/m2; N15, 15 g/m2. EG early growth period, MG the 
peak growth period, LG the late growth period. Lowercase letters represent significant differences between 
treatments (P < 0.05).
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further explaining the changes in the fractions of the soil N pool in wet meadows under the background of N 
deposition and offer a scientific foundation for predicting the soil N dynamics in alpine wetland ecosystems.

Source of variation df

Amylase Urease

F P F P

T 3 24.459 0.000 714.976 0.000

D 2 5677.837 0.000 1893.142 0.000

T×D 6 257.865 0.000 382.220 0.000

Table 2.  Results of a repeated-measures ANOVA testing for differences in soil amylase and urease activity 
among N additions using depth as the repeated variable. T treatment, D depth.

 

Fig. 7.  Soil amylase and urease activities in the 0-10, 10-20, and 20–40 cm soil layers at different levels of N 
addition in August 2020. CK, 0 g/m2; N5, 5 g/m2; N10, 10 g/m2; N15, 15 g/m2. Lowercase letters represent 
significant differences between treatments (P<0.05).
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Data availability
All data generated or analysed during this study are included in this published article.
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