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A B S T R A C T

Soil urease kinetics reflects the affinity and catalytic reaction rate of urease. However, an incomplete under
standing on soil urease kinetic hampered the optimisation of soil N management practices for agricultural and 
forestry ecosystems. In the present study, different soils from farmland and forest land were subjected to the 
following four treatments: (1) blank control (CK), (2) bamboo-derived biochar application (BC), (3) DCD 
application (DC), and (4) combined application of bamboo-derived biochar and DCD (CBAD). In the forest soil, 
the urease kinetic half-saturation constant (Km) values decreased significantly by 28 %, 73 % and 45 % in the BC, 
DC and CBAD treatments, respectively. Similarly, in the agricultural soil, these values decreased by 46 %, 29 %, 
and 46 %, respectively. However, no significant difference in urease decomposition rates at saturated substrate 
concentrations (Vmax) was observed among the four treatments. The contribution percentages of soil abiotic and 
biotic (the composition of bacterial and fungal community) properties to the variability in Km were 58.6 % and 
41.4 %, respectively. Biochar and DCD application improved the catalytic potential of urease in the agricultural 
and forest soils, which would not be conducive to the retention of nitrogen in soils. The increases in the catalytic 
potential of urease were associated with the increased content of mineral N and fungal community diversity 
under the application of biochar or DCD. Abiotic factors outweighed the microbial community composition in 
altering urease kinetics in various soils. These findings highlighted the necessity of nitrogen-fixing measures in 
soils amended with biochar or DCD and advanced our comprehension of how abiotic and biotic factors influence 
the urease kinetics in agricultural and forest soils.

1. Introduction

Soil enzymes originate from the activities of various soil microor
ganisms, animals and plants. Enzymes from different species (isoen
zyme) exhibited different kinetics properties (e.g., substrate affinity, 
catalytic efficiency) due to they have different protein structure (Purich, 
2010). Soil enzyme kinetics reflects the affinity and catalytic reaction 
rate of soil enzyme (Song et al., 2019), which conforms with 
Michaelis-Menten model (Marangoni, 2002; Tan et al., 2021), in which 
the half-saturation constant (Km) and urease decomposition rates at 

saturating substrate concentration (Vmax) are important kinetic param
eters (Marangoni, 2002). Km indicates the substrate affinity of the 
enzyme and represents the enzyme performance (Sinsabaugh et al., 
2014), and Vmax indicates the maximum catalytic velocity of enzyme at 
the saturated substrate concentration (Wang et al., 2020b). An isoen
zyme system with a higher substrate affinity is normally essential to 
maintain nutrient flow efficiently in the agricultural and forest soil 
ecosystems. However, this is not necessarily true for urease. The rapid 
decomposition of urea accelerates ammonia (NH3) volatilisation into the 
atmosphere, and cause water pollution through NH3 deposition (Sun 
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et al., 2023). Therefore, the urease with high affinity urease affinity for 
urea can rapidly decompose urea in soil, which would be disadvantage 
in the retention of nitrogen (N) in both agricultural and forestry eco
systems and may accelerate environmental risks.

Enzyme kinetic parameters (Km and Vmax) are inherent properties 
that depend on protein structure (Srinivasan, 2022). Abiotic factors, 
such as soil nutrient conditions, have a strong effect on enzyme kinetics 
(Wu et al., 2022). N addition resulted in lower Km and higher Vmax values 
for N-cycling enzymes (Stone et al., 2012). Tischer et al. (2015) indi
cated a significant correlation between the substrate affinity of the 
carbon (C)-cycling enzymes and dissolved organic carbon (DOC). Biotic 
factors, such as soil microbial community composition, could also affect 
the kinetic parameters of soil enzymes. Enzymes from different species 
exhibit different kinetics properties (Purich, 2010). The composition of 
isoenzyme is associated with soil microbial community composition 
(Tan et al., 2020). Changes in the abundance of aerobic heterotrophic 
microorganisms could alter the kinetic properties of soil invertase and 
alkaline phosphomonoesterase (Tan et al., 2021). Soil microbial biomass 
is also regulating factors of the enzyme kinetics (Wang et al., 2023a). 
Therefore, the kinetics properties of soil enzymes are determined by 
multiple isoenzymes and affected by multiple factors, including abiotic 
and biotic factors (Aguilar-Pontes et al., 2018). Studies on the influence 
of soil properties on enzymes from an enzyme kinetics perspective have 
attracted considerable attention recently, similar studies in soil urease 
research have rarely been reported (Srinivasan, 2022). The urease cat
alyzes the hydrolysis of urea and plays a crucial role in N mineralization. 
Clarifying the dominant factors of urease kinetic properties and 
exploring their regulatory mechanisms is important for regulating the 
catalytic process of soil urease and improving soil nitrogen utilization 
efficiency. Examining the determinants of urease kinetics is also critical 
for minimizing environmental impacts of soil N management practices 
in agricultural and forestry ecosystems. However, an incomplete un
derstanding of these determinants on enzyme kinetic hampers the 
optimization of soil N management practices for agricultural and 
forestry ecosystems. In this study, we developed the hypothesis: Abiotic 
factors outweighed the microbial community composition in driving 
urease kinetics in different soils.

Fertiliser efficiency enhancers and soil conditioners have been used 
with urea to reduce N loss and avoid the environmental risks of excessive 
fertilisers, such as dicyandiamide (DCD) and biochar (Luo et al., 2016; 
Weiske et al., 2001). Nonetheless, the application of biochar or DCD has 
a risk of causing soil ammonium nitrogen (NH4

+-N) accumulation 
(Nelissen et al., 2012; Yang et al., 2022). Changes in soil NH4

+-N con
centrations may influence soil microbial community composition and 
then affect the secretion of urease isoenzymes (Liu et al., 2020). 
Therefore, we hypothesised that biochar and DCD could affect soil 
urease kinetics by changing soil mineral N content.

In the present study, bamboo-derived biochar and DCD were applied 
to various soil types (forest and agricultural soils), and soil urease kinetic 
parameters, abiotic properties and microbial communities in various 
treatments were examined. The study aims to (1) quantify the influences 
of biotic and abiotic factors on soil urease kinetics, (2) reveal the most 
significant factors influencing urease kinetics in different soils, and (3) 
examine how the applications of biochar and DCD modify the substrate 
affinity of soil urease. This study could facilitate accurately regulating 
soil urease activity and provide a theoretical basis for optimising biochar 
and DCD usage in different soils.

2. Materials and methods

2.1. Experimental materials

The forest and agricultural soils were taken from Meiling National 
Forest Park (28◦45’48"N, 115◦50’6"E), and educational base of Jiangxi 
Agricultural University (28◦41’24"N, 115◦51’36"E) in Nanchang City, 
China, respectively. The main plants grown at these sites were artificial 

Masson’s pine and oilseed rapeseed. The soil used in the experiment 
were gathered randomly from five representative points in each site, 
then mixed and sieved to < 2 mm, respectively. The DCD was sourced 
from Macklin Biochemical Co., Ltd., Shanghai, China, while the 
bamboo-derived biochar was processed from Phyllostachys edulis 
through pyrolysed at 300◦C. The chemical properties of the soils and the 
biochar were listed in Table S1. For the scanning electron microscope 
(SEM) morphologies of the biochar, see our previously published article 
(Zheng et al., 2023).

2.2. Experimental design

Four treatments were used for each soil type (forest and agricultural 
soils), with four replicates for each treatment: (1) blank control (CK), (2) 
bamboo-derived biochar application (BC), (3) DCD application (DC), 
and (4) combined application of bamboo-derived biochar and DCD 
(CBAD). There were thirty-two soil subsamples, distributed across four 
treatments. Each treatment was replicated four times, and encompassing 
two distinct soil types.

The sieved soil samples (< 2 mm) were sprayed with urea (analyti
cally pure) solution at the rate of 100 mg N kg− 1 dry soil. 80 g of dry soil 
was mixed with biochar at a 97 %:3 % (w/w) and placed into each 
250 mL flask for the BC and CBAD treatments. 80 g of dry soil of the soil 
was directly placed into each 250 mL flask for CK and DC treatments. 
DCD solution was added at a rate of 1 % (w/w) of the applied nitrogen in 
DC and CBAD treatments. Each flask was covered with plastic film 
punctured with ventilation holes and incubated at 25◦C. Maintained the 
soil moisture in each flask at 60 % of its water-holding capacity during 
incubation. After 35 d of incubation, soil samples were collected from 
each flask and divided into three parts for soil chemical analyses, urease 
activity analyses and soil DNA extraction.

2.3. Urease kinetic parameter analyses

To determine soil urease activity, 1 g of soil was treated with toluene 
for 15 min in a 50 mL conical centrifuge tube. Subsequently, 2 mL urea 
solutions at different concentrations (0.005, 0.01, 0.05, 0.1, 0.2, 0.3, 
0.5, 1, 1.5, 2 and 2.5 mol L− 1) and 4 mL citrate buffer solution were 
introduced (Bhaduri et al., 2016). The NH4

+-N content of the mixed soil 
suspensions were determined after incubation. The Km and Vmax of 
urease were determined using Eq. (1) (Marangoni, 2002) as follows: 

1
t
× ln

(
[S0]

[St ]

)

= −
1

Km
×
[S0] − [St ]

t
+

Vmax

Km
(1) 

where t is the reaction time (h) of urease enzyme, and S0 (mmol L− 1) and 
St (mmol L− 1) represent the initial and point-in-time substrate concen
tration, respectively. Vmax and Km are the decomposition rates at satu
rating substrate concentration of the enzyme and the affinity to 
substrates, respectively (Tan et al., 2021).

2.4. Soil chemical property analyses

Soil pH was determined using a pH meter in a 1:2.5 (w/v) soil-water 
solution. DOC and dissolved organic nitrogen (DON) were determined 
using the Multi N/C 2100 Analyser (Analytik Jena, Germany) in a 1:12.5 
(w/v) soil-water suspension. The assay methods for NH4

+-N and nitrate- 
nitrogen (NO3

- -N) were based on O’Callaghan et al. (2010).

2.5. Amplicon sequencing and sequenced data analysis

The soil DNA was extracted with soil DNA Extraction Kit (Omega 
Bio-tek, Norcross, GA, U.S.). 338F_806R and ITS1F_ITS2R were used to 
amplify the 16S and ITS genes, respectively (Xia et al., 2024). The 
amplified products were sequenced on the MiSeq PE300 platform (Illu
mina, San Diego, USA). Sequencing data have been uploaded to the 
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NCBI for Biotechnology Information database (accession number 
PRJNA1009014). The high-quality 16S rRNA and ITS reads were clas
sified with the SILVA and UNITE databases, respectively (Quast et al., 
2013). Table S2 presents essential details regarding the effective se
quences of the different samples.

The ureolytic microorganisms were identified using PICRUSt2 
(Douglas et al., 2020). The sum of the ureA (K01430), ureB (K01429) 
and ureC (K01428) abundances were selected to represent the abun
dance of soil ureolytic microorganisms.

2.6. Statistical analysis

A one-way analysis, followed by Duncan’s test, was performed with 
the SPSS (IBM, USA). Principal component analysis (PCA) followed by 
the analysis of similarity (ANOSIM) was performed with the “vegan” 
package. The relationship between the first principal components of 
PCA and soil chemical properties, soil microbial community structures, 
and diversity were showed in supplement (Table S4 and S5). Pathway 

analysis was performed with the SPSS Amos 26.0 (IBM, USA). Use R 
software for redundancy analysis (RDA) to detect the relationships be
tween the kinetic parameters, soil biotic and abiotic properties. Varia
tion partitioning analysis (VPA) were utilized to analyse the 
contributions of soil biotic and abiotic properties on urease kinetics.

3. Results

3.1. Soil urease kinetic parameters

The Km values of urease in the BC, DC and CBAD treatments showed 
significant (P < 0.05) reduction compared to those in the CK treatment 
in both forest and agricultural soils (Fig. 1a). The average Km value of 
urease in the CK treatment for forest soil was 0.11 mol L− 1 (Fig. 1a). 
Compared to the CK treatment, the Km values of urease in the BC, DC and 
CBAD treatments for forest soil significantly (P < 0.05) decreased by 
28 %, 73 % and 45 %, respectively (Fig. 1a). The average Km value of 
urease in the CK treatment for the agricultural soil was 0.24 mol l− 1 

Fig. 1. Effects of biochar and DCD applications on the (a) Km and (b) Vmax values of urease kinetics of the forest and agricultural soils, and the regressions between Km 
and Vmax of urease of the (c) forest and (d) agricultural soils. CK: blank control; BC: biochar application; DC: DCD application; CBAD: combined biochar and DCD 
application. Different capital letters represent significant differences between forest and agricultural soils, and different lower-case letters represent significant 
differences among the treatments, at P < 0.05.
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(Fig. 1a). In the agricultural soil, the Km values of urease in the BC, DC 
and CBAD treatments were 0.13, 0.17 and 0.13 mol L− 1, respectively, 
demonstrated a significant (P < 0.05) decrease compared to those in the 
CK treatment (Fig. 1a). There was no significant difference in Vmax of 
urease between the CK, BC, DC and CBAD treatments in forest and 
agricultural soils (Fig. 1b). There was no significant correlation between 
Km and Vmax of urease in either soil type (Fig. 1c, d). Regardless of the 
treatment, the average Km and Vmax values of urease were higher in 
agricultural soil than in forest soil (Fig. 1a, b).

3.2. Soil chemical properties

The average DOC content was 0.50 g kg− 1 in the CBAD treatment, 
which was the lowest in the forest soil (P < 0.05, Fig. 2a). The DOC 
content of the agricultural soil in the four treatments was in the order of 
CBAD > BC > DC > CK (Fig. 2a). Regardless of the treatment, the DOC 
content was significantly (P < 0.05) lower in forest soils than in agri
cultural soils (Fig. 2a). The DON contents in the CK treatment for the 
forest and the agricultural soils were 60.6 and 21.5 mg kg− 1 dry soil, 
respectively. The BC and CBAD treatments exhibited significantly 
(P < 0.05) higher levels of DON than the CK treatment in the forest soils 
(Fig. 2b). The NH4

+-N in CK treatment for forest and agricultural soils 
were 74.5 and 13.2 mg kg− 1, respectively (Fig. 2c). Relative to the CK 
treatment of forest soil, the NH4

+-N content decreased by 62 % and 32 % 
in the BC and CBAD treatments, respectively (P < 0.05, Fig. 2c). The 
NH4

+-N content in the DC treatment was the highest in both the forest 
and agricultural soils. In the forest soils, the lowest NO3

- -N content was 
consistently observed in the DC treatment (P < 0.05, Fig. 2d). The NO3

- - 
N content in the BC treatment was the highest in the forest and agri
cultural soils (P < 0.05, Fig. 2d). The NH4

+-N and NO3
- -N contents in 

forest soils under CK, BC, DC and CBAD treatments were significantly 
greater compared to those in agricultural soils for the corresponding 
treatments (P < 0.05, Fig. 2c, d). The CBAD treatment resulted in the 
highest pH levels regardless of soil type (P < 0.05, Fig. 2e).

3.3. Soil microbial community compositions and diversities

The combination of biochar and DCD significantly changed the 
bacterial and fungal community structure in agricultural soils (Fig. 3, 
Table S3). The abundance of soil ureolytic fungi was higher than that of 
ureolytic bacteria, regardless of soil type and treatment (Fig. 3e). 
Compared to the CK treatment, the BC and CBAD treatments showed 
higher levels of the ACE and Chao1 richness estimators for bacterial 
community in the forest soils, and resulted in lower levels of the ACE and 
Chao1 richness estimators in the agricultural soils (P < 0.05, Table 1). 
Compared with the CK treatment, the ACE and Chao1 of the bacterial 
community in the DC treatment of the agricultural soil were reduced by 
2.5 % and 2.6 %, respectively (P < 0.05, Table 1). For the forest soil, 
lowest fungal community Shannon indices (Table 2) were observed in 
the BC treatment (2.66 ± 0.11) and the CBAD treatment (2.7 ± 0.09). In 
the forest soils, the Simpson indices of fungal community increased in 
the BC or CBAD treatment (P < 0.05, Table 2). In the agricultural soil, 
the ACE richness estimator of the fungal community of the CBAD 
treatment was significantly (P < 0.05) lower than that of the CK treat
ment (Table 2).

The Shannon, ACE, and Chao1 indices of the bacterial and fungal 
community in forest soils were lower than those in agricultural soils for 
the respective treatments, irrespective of treatment type (P < 0.05, Ta
bles 1 and 2). The Shannon and Chao1 indices of CBAD treatment were 
lower in forest soils than those in agricultural soils (P < 0.05, Table 3).

3.4. The comprehensive analyses of biotic and abiotic factors affecting 
urease kinetic parameters

There were negative correlations between the urease kinetic Km and 
DON, NO3

- -N and NH4
+-N contents, but a positive correlation between 

urease kinetic Km and DOC content (P < 0.05, Fig. 4). The urease kinetic 
Vmax was negatively correlated with NH4

+-N and NO3
- -N contents but was 

positively correlated with DOC content and pH (P < 0.05, Fig. 4). The 
RDA results emphasised the significant (P < 0.05) effects of NH4

+-N, 
NO3

- -N, DON and Shannon indices on soil urease Km (Fig. 5b). The VPA 
results revealed that soil chemical properties were the most significant 
factors affecting the forest soil urease Km (R2 = 0.15; Fig. 5c). The 
contribution percentages of abiotic and biotic factors to the variability of 
Km were 58.6 % and 41.37 %, respectively (Table 3). Overall, the 
chemical properties outweighed the microbial community structures 
and diversities driving urease kinetics in various soils.

4. Discussion

4.1. The relationships of urease kinetics to soil biotic and abiotic 
properties

The Pathway analysis showed a direct relationship between urease 
kinetics and soil chemical properties (DON, NO3

- -N, NH4
+-N and pH) in 

both forest and agricultural soils (P < 0.05, Fig. 5a). Available N can 
limit urease secretion in the soil and change the Km value of urease 
because N is the key component of urease (Proshlyakov et al., 2021). The 
resources allocation theory tells us microbes assign more resources to 
produce enzymes for energy or other nutrients when N availability in
creases (Stone et al., 2012). As resource allocation tends to favour the 
acquisition of other nutrients, the enzymes involved in N acquisition 
become more efficient, leading to an increase in the substrate affinity of 
urease. However, generating more efficient isoenzymes requires more 
energy and resources, because efficient isoenzymes have more complex 
chemical structures (Min and Suseela, 2020). This might explain why 
the substrate affinity of urease increased as the soil mineral nitrogen 
contents (P < 0.05, Fig. 4).

Effects of abiotic factors (contribution percentage: 58.6 %) on urease 
kinetics were higher than those of the microbial community (contribu
tion percentage: 41.37 %) (Table 3). Tan et al. (2021) found the same 
trend in agricultural soils where winter wheat was planted. This 
confirmed the hypothesis that abiotic factors outweighed the microbial 
community composition in driving urease kinetics. The mineral N con
tents determined urease synthesis as a key component for urease syn
thesis and mediate urease synthesis through controlling the soil 
microbial metabolism (Wang et al., 2023a; Yang et al., 2016). Addi
tionally, the mineral N content can affect the urease-catalysed hydro
lysis of urea (Proshlyakov et al., 2021). Thus, mineral N content may 
have played a dominant role in influencing urease kinetics. Microor
ganisms secrete soil urease (Alizadeh et al., 2017; Krajewska, 2009), 
while also regulate the kinetic properties of soil enzymes (Hamer et al., 
2021). Fungal community diversity was positively associated with ure
ase kinetics Km (P < 0.05, Fig. 5). The relationship between the soil 
microorganism communities and urease Km was also observed by Tan 
et al. (2021). This may be because fungal groups are the dominant 
urease producers in soils treated with urea (Fig. 3e) (Alizadeh et al., 
2017).

4.2. Soil chemical and microbial properties

The DON and NO3
- -N contents increased with the application of 

biochar (Fig. 2). This may be attributed to the mineralization of soil 
organic N following biochar application (Ameloot et al., 2014). How
ever, in certain scenarios, the biochar application could also decrease 
the NO3

- -N content (Zou et al., 2023), and the reason for these incon
sistent results may be differences in soil moisture content, organic 
matter and biochar quality (Hale et al., 2023). The NH4

+-N content was 
also increased with the DCD application (P < 0.05, Fig. 2c). The reasons 
for the accumulation of NH4

+-N may be that the nitrification inhibition 
by DCD led to a reduction in NH4

+-N transformation to NO3
- -N 

(O’Callaghan et al., 2010).

Q. Zheng et al.                                                                                                                                                                                                                                   



Industrial Crops & Products 226 (2025) 120761

5

Fig. 2. Effects of biochar and DCD applications on the (a) DOC, (b) DON, (c) NH4
+-N, (d) NO3

- -N and (e) pH of forest and agricultural soils. CK: blank control; BC: 
biochar application; DC: DCD application; CBAD: combined biochar and DCD application. Different capital letters represent significant differences between forest and 
agricultural soils, and different lower-case letters represent significant differences among the treatments, at P < 0.05.
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Fig. 3. Effects of biochar and DCD applications on bacterial community structure at genus level of the (a) forest and (b) agricultural soils, on fungal community 
structure at genus level of the (c) forest and (d) agricultural soils, and on the abundance of (e) soil ureolytic microorganisms. CK: blank control; BC: biochar 
application; DC: DCD application; CBAD: combined biochar and DCD application. Different capital letters represent significant differences between forest and 
agricultural soils, and different lower-case letters represent significant differences among the treatments, at P < 0.05.
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Biochar changed bacterial and fungal community structure in forest 
and agricultural soils (P < 0.05, Fig. 3). Biochar, characterised by its 
carbon-rich, porous nature, and high pH, might improve the soil organic 
carbon content, soil aeration, and pH levels (Dai et al., 2021; Ding et al., 
2023; Zheng et al., 2023). These alterations in soil chemical properties 
could change the microbial community structures (Geisseler et al., 2017; 
Tao et al., 2023). Biochar improved the fungal community diversity 
(P < 0.05, Table 2). The density and porosity of biochar could expend 
soil ecological niche, which might improve fungal community diversity 
(Ren et al., 2022). DCD had a negligible effect on the fungal community 
diversity in forest and agricultural soils (Table 2), and its impacts was 
influenced by soil type (Morales et al., 2015).

4.3. Soil urease kinetics

Biochar and DCD application caused a significant decrease in the 
urease kinetic Km in both soils (Fig. 1a). The soil enzyme kinetics are 
sensitive to the alteration of their physical and chemical properties 
(Baker and Allison, 2017). The reduction in the kinetic Km of urease with 
the applications of biochar and DCD may be due to the increased content 
of mineral N, which increases the affinity of urease for substrates (Hu 
et al., 2021a; Wang et al., 2023b). In addition, biochar can improve soil 
aggregate stability, which may enhance substrate affinity for urease 
(Frankenberger and Johanson, 1982; Zhao et al., 2023). Neither biochar 
nor DCD affected the urease kinetic Vmax (Fig. 1b). The urease kinetic 
Vmax represents potential urease activity and relates to the overall 

isoenzyme concentration of urease (Tischer et al., 2015). Biochar and 
DCD may not change the isoenzyme concentration of urease because the 
abundance of soil ureolytic microorganisms remained unchanged with 
the BC, DC and CBAD treatments (Fig. 3e). In addition, we determined 
that changes in urease kinetic Km did not correlate with urease kinetic 
Vmax (Fig. 1). The urease kinetic Km is regulated by its chemical structure 
of urease, while the urease kinetic Vmax is regulated by its isoenzyme 
concentration of urease (Min and Suseela, 2020; Tischer et al., 2015). 
The uncorrelated relationship between urease kinetics, Km and Vmax may 
be related to differences in regulatory factors. The increased affinity of 
soil urease suggested that it could achieve its maximum reaction rate 
more rapidly (Marangoni, 2002), which might increase the pressure on 
soil nitrogen fixation. Therefore, N fixation measures should be 
promptly implemented in soils treated with biochar and nitrification 
inhibitors, such as inoculating N-fixing strains and protecting core 
microbiota associated with N fixation (Chang et al., 2025; Chen et al., 
2024).

Urease had higher Km values in agricultural soils compared to forest 
soils. (Fig. 1a). This difference could be attributed to the lower avail
ability of mineral N in agricultural soils, as observed in our study 
(Fig. 2c, d). According to our previous discussion, the concentration of 
mineral N is a primary determinant of urease kinetics, and the richer the 
mineral nitrogen, the lower the Km value. Our results showed that the 
higher Vmax values of urease were obtained in agricultural soils 
compared to forest soils (Fig. 1b). This result may have been related to 
the abundance of soil ureolytic microorganisms (Fig. 3e). The Vmax of 

Table 1 
Effects of bamboo-derived biochar and DCD applications on bacterial community diversity of forest and agricultural soils.

Treatment Forest soil Agricultural soil

Shannon Simpson ACE Chao1 Shannon Simpson ACE Chao1

CK 3.73 ± 0.06 Ba 0.066 ± 0.006 Aa 391 ± 3 Bb 398 ± 2 Bb 4.79 ± 0.04 Aa 0.024 ± 0.001 Ba 722 ± 5 Aa 723 ± 4 Aa
BC 3.81 ± 0.04 Ba 0.063 ± 0.003 Aa 413 ± 7 Ba 424 ± 10 Ba 4.85 ± 0.02 Aa 0.018 ± 0.001 Bb 702 ± 3 Ab 701 ± 2 Ab
DC 3.69 ± 0.02 Ba 0.067 ± 0.001 Aa 402 ± 2 Bab 406 ± 1 Bab 4.78 ± 0.05 Aa 0.024 ± 0.003 Ba 704 ± 4 Ab 704 ± 4 Ab
CBAD 3.84 ± 0.03 Ba 0.059 ± 0.003 Aa 403 ± 1 Bab 420 ± 5 Ba 4.83 ± 0.05 Aa 0.018 ± 0.001 Bb 697 ± 7 Ab 701 ± 7 Ab

CK: blank control; BC: bamboo-derived biochar application; DC: DCD application; CBAD: combined bamboo-derived biochar and DCD application. Different capital 
letters represent significant differences between forest and agricultural soils, and different lower-case letters represent significant differences among the treatments, at 
P < 0.05.

Table 2 
Effects of bamboo-derived biochar and DCD applications on fungal diversity of forest and agricultural soils.

Forest soil Agricultural soil

Treatment Shannon Simpson ACE Chao1 Shannon Simpson ACE Chao1

CK 2.97 ± 0.06 Ba 0.11 ± 0.01 Ab 178 ± 11 Ba 179 ± 12 Ba 3.32 ± 0.02 Aa 0.07 ± 0 Ba 249 ± 8 Aab 239 ± 7 Ab
BC 2.66 ± 0.11 Bb 0.17 ± 0.02 Aa 186 ± 6 Ba 185 ± 5 Ba 3.23 ± 0.04 Aa 0.08 ± 0 Ba 257 ± 4 Aa 264 ± 4 Aa
DC 2.91 ± 0.02 Bab 0.13 ± 0 Aab 191 ± 11 Ba 193 ± 12 Ba 3.26 ± 0.02 Aa 0.07 ± 0 Ba 236 ± 5 Abc 237 ± 6 Ab
CBAD 2.7 ± 0.09 Bb 0.17 ± 0.02 Aa 181 ± 17 Aa 179 ± 16 Ba 3.15 ± 0.14 Aa 0.09 ± 0.02 Ba 226 ± 7 Ac 224 ± 6 Ab

CK: blank control; BC: bamboo-derived biochar application; DC: DCD application; CBAD: combined bamboo-derived biochar and DCD application. Different capital 
letters represent significant differences between forest and agricultural soils, and different lower-case letters represent significant differences among the treatments, at 
P < 0.05.

Table 3 
The significance and contribution percentage of soil abiotic properties, the community structure and diversity of microorganisms to the variabilities of Km of urease.

Variables R2 P Contribution percentage Comprehensive percentage

Soil abiotic properties DOC 0.109 0.028* 13.45 % 58.6 %
DON 0.062 0.078 7.7 %

NH4
+-N 0.160 0.001* 19.85 %

NO3
- -N 0.056 0.083 6.93 %
pH 0.086 0.045* 10.67 %

Microbial community structure and diversity Bacterial community structure 0.007 0.289 0.9 % 41.37 %
Shannon index of bacteria 0.158 0.010* 19.6 %

Fungal community structure 0.003 0.304 0.36 %
Shannon index of fungi 0.166 0.011* 20.51 %

The significance was analyzed by a Monte Carlo test with 999 permutations. The “*” indicate that the significance at P < 0.05.
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urease reflected the concentration of soil urease (Zhao et al., 2023). Soil 
urease mainly secreted from the soil ureolytic microorganisms (Hu et al., 
2021b). Fisher et al. (2017) reported that ureolytic microbial commu
nity abundance was positively correlated with soil pH. Therefore, soil 
pH could also affect the Vmax of urease, because ureolytic microbial 
community abundance was altered by soil pH (Wang et al., 2020a).

5. Conclusion

The agricultural soils exhibited a higher catalytic potential and max 
catalytic rate of urease than forest soils. The applications of bamboo- 
derived biochar and DCD improved the catalytic potential of urease in 
the agricultural and forest soils, which will not be conducive to the 
retention of nitrogen in soils to which biochar or DCD has been added. 

Increased catalytic potential of soil urease under the application of 
biochar or DCD alone associated with increased mineral N content and 
fungal community diversity. Increased catalytic potential of soil urease 
under the combined biochar and DCD application related to the 
increased content of mineral N. In agricultural and forest soils treated 
with biochar and DCD, fungal community diversity was closely corre
lated with urease kinetics in agricultural and forest soils, but mineral N 
content may have played a more dominant role in influencing urease 
kinetics. Our results suggested that abiotic factors such as mineral N 
content or pH were more important drivers of soil urease kinetics than 
the structures and diversities of microbial communities. These findings 
highlighted the necessity of nitrogen-fixing measures in soils amended 
with bamboo-derived biochar or DCD and advanced our comprehension 
of how abiotic and biotic factors influence the urease kinetics in 

Fig. 4. The Pearson’s correlations between the soil chemical properties and urease kinetic parameters. The “*, **, ***” indicate that the significances at P < 0.05, 
0.01 and 0.001, respectively.
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agricultural and forest soils.
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