
Citation: Xu, Y.; Yang, N.; Ge, X.;

Zhou, B. Biochar Combined with

Nitrogen Alters Rhizosphere Soil

Nutrients and Microbial

Communities, and Promotes Growth

of Moso Bamboo Seedlings. Forests

2022, 13, 1043. https://doi.org/

10.3390/f13071043

Academic Editor: Frank S. Gilliam

Received: 11 June 2022

Accepted: 1 July 2022

Published: 1 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Biochar Combined with Nitrogen Alters Rhizosphere Soil
Nutrients and Microbial Communities, and Promotes Growth
of Moso Bamboo Seedlings
Yaowen Xu 1,2,3, Nan Yang 4, Xiaogai Ge 1,3,* and Benzhi Zhou 1,3

1 Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, China;
xuyaowen7@163.com (Y.X.); benzhi_zhou@126.com (B.Z.)

2 College of Forestry, Nanjing Forestry University, Nanjing 210037, China
3 Qianjiangyuan Forest Ecosystem Research Station, National Forestry and Grassland Administration of China,

Hangzhou 311400, China
4 Xishuangbanna National Nature Reserve Management Bureau, Jinghong 666100, China; ynxsbn1597@163.com
* Correspondence: gexiaogai2006@163.com

Abstract: Biochar, a soil conditioner, has the potential to improve soil properties and plant produc-
tivity. However, in forestry planting, especially in subtropical moso bamboo forests, the response
of seedling growth to biochar addition is still not well known. We conducted a comprehensive
factorial experiment with biochar and nitrogen (N) addition as factors (no biochar and no N addition;
0.64% biochar + 0% NH4NO3; 1.28% biochar + 0% NH4NO3; T3: 0% biochar + 1.28% NH4NO3; T4:
0.64% biochar + 1.28% NH4NO3; T5: 1.28% biochar + 1.28% NH4NO3) to study their effects on moso
bamboo seedling growth, rhizosphere soil nutrient contents, and enzymatic activity. Our results
indicate that applying biochar without N did not promote the growth of moso bamboo seedlings
(biomass of leaves and branches) but increased soil nutrient content and affected soil-enzyme activity.
The combined application of biochar and N significantly increased the leaf and branch biomass of
moso bamboo seedlings and soil nutrient content and affected soil-enzyme activity. In conclusion,
biochar should be mixed with an adequate amount of N for its application in subtropical moso
bamboo forests to promote seedling growth and improve economic benefits.

Keywords: forest; N addition; Phyllostachys pubescens J.Houz.; enzymatic activity; leaf; branch

1. Introduction

Biochar is a highly aromatic substance with 60%–85% carbon (C) content, which is
produced by the pyrolysis of plant biomass under complete or partial hypoxia conditions [1].
Soil amendments using biochar have been shown to affect soil physical properties, such
as texture, porosity structure, pore size distribution, and available water capacity [2–4]. A
recent meta-analysis showed that biochar treatment significantly improved soil physical
properties by reducing soil bulk density by an average of 7.6% and increasing porosity by
an average of 8.4%, aggregate stability by 8.2%, saturated water conductivity by 25.2%,
and effective water-holding capacity (AWC) by 15.1% [5]. In addition, recent studies have
highlighted the important role of biochar in mitigating heavy-metal pollution in soils [6,7].

In addition to the physical properties of soil, biochar can also contribute to soil fer-
tility improvement and affect plant growth [8]. A stable-nitrogen (N) isotopic-labeling
experiment showed that 29%–45% of N from biochar was incorporated into the soil [9]. A
recent study showed that biochar can also control the N cycle and retain soil nutrients by
reducing NO2 emissions [10]. Clough and Condron (2010) [11] showed that adding biochar
to soil could change the process of N migration, including soil N transformation, loss, and
leaching, providing plants with higher nutrient utilization efficiency. In addition, biochar
can also help plants cope with drought and other stresses; for example, Abbas et al. found
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that the addition of biochar (3.0% and 5.0% (w/w)) could significantly reduce the level
of drought stress in 45-day-old wheat plants [12]. Ding et al. suggested that cellulose in
biochar could potentially control sodium and potassium uptake under salt stress, thereby
promoting plant growth [13]. Moreover, biochar can also change soil enzyme activity and
enhance plant development [7]. For example, Turan found that there was a potential for a
pistachio shell biochar and dicalcium phosphate combination to improve soil enzymatic
activities, plant nutritional quality, and antioxidant defense system [14].

Although many studies have shown that biochar can lead to soil improvement, its
mechanism of increasing yield is still in the stage of conjecture and exploration [7,14].
A recent study showed that biochar reduced nitrate leaching and increased soil water
content but did not increase yield [15]. Furthermore, the addition of biochar without
additional fertilizer can reduce crop yields [16]. Biochar modification in soil–plant systems
has been observed with different results in different subjects; therefore, more research
is needed to predict the effects and possibilities of biochar use on a global scale, and to
provide insights into the impact of biochar on changing soil properties or plant growth
processes [12]. However, most studies on biochar focus on agricultural systems, and only
a few reports have focused on forestry, especially in subtropical economic forests, which
seriously restricts the promotion and utilization of biochar [17].

Moso bamboo (Phyllostachys pubescens J.Houz.) is one of the most important non-wood
forest products worldwide and an excellent alternative for wood production [15]. In China,
moso bamboo forests are among the most important economic plantations in subtropical
areas. These plantations comprise 4.56 million ha accounting for 74% of all bamboo forests
in the country [18]. Compared to most other forest types, moso bamboo shows higher
biomass productivity and a shorter rotation period (4–5 years) [19]. Nutrient consumption
from budding to bamboo is very fast, resulting in a decline in soil fertility [20]. The lack of
fertile soil may restrict the growth of moso bamboo seedlings, resulting in a reduction in
the economic profit from the moso bamboo forest. Therefore, the application of N fertilizer
has become an increasingly common phenomenon in moso bamboo forests in China [21].

Given the shortage of research into biochar and its application in forestry and the
frequent application of N fertilizer in moso bamboo producing areas in southeast China, it
is necessary to evaluate the effects of biochar on bamboo seedling growth with or without
N fertilizer application. In this study, a comprehensive factorial experiment with biochar
and N addition as factors was carried out. Specifically, our objectives were to: (1) verify
how rhizosphere soil properties and enzymatic activity respond to biochar application,
(2) determine whether biochar application can promote moso bamboo seedling growth,
and (3) determine whether the effect of biochar was altered by N application. The results of
this study will reveal the relationship between biochar, soil, and plants and may provide
new insights into biochar fertilization in moso bamboo plantations to improve productivity.

2. Materials and Methods
2.1. Sample and Biochar Preparation

The experiment was conducted in the moso bamboo forest of Miaoshanwu Nature
Reserve, Fuyang District, Zhejiang Province (119.95◦ E, 29.48◦ N) (Figure 1). The altitude of
this area is 130 m, and it has a typical subtropical monsoon climate, with an average annual
temperature of 16.1 ◦C and an average annual rainfall of 1441.9 mm, which occurs mainly
from April to September.
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Figure 1. Location of the experimental area, Miaoshanwu Nature Reserve, Zhejiang province, China.

The soil was collected from the 0–15 cm soil layer of the Miaoshanwu Nature Reserve.
After air drying, the soil was sieved through a 2 mm mesh screen to remove visible stones
and roots. Initial chemical properties were analyzed according to previously described
methods [14], as follows: soil organic C (SOC) 18.70 ± 2.63 g kg−1, soil total N (TN)
0.91 ± 0.12 g kg−1, soil total potassium (TK) 11.2 ± 0.08 g kg−1, soil total phosphorus
(TP) 0.27 ± 0.02 g kg−1, and pH 4.80 ± 0.23. Moso bamboo seedlings with relatively
uniform height (38.35 ± 1.02 cm) and basal diameter (2.77 ± 0.58 mm) were used as
experimental materials.

The properties of biochar largely depend on the raw material. In the present study,
moso bamboo branches were used as raw material to prepare biochar. Moso bamboo
branches are typically considered waste, being directly burned and causing environmental
and social problems such as air pollution and fires. In the experiment, biochar in the
experiment was obtained by carbonizing moso bamboo branches at 500 ◦C for 3 h at the
Yaoshi Biochar Industry Corporation (Lin’an, Zhejiang, China), with initial pH of 9.02, TN
of 7.9 g kg−1, TP of 1.2 g kg−1, TK of 7.8 g kg−1, SOC of 785.2 g kg−1, and ash content
of 17.4%.

2.2. Experimental Design

Based on Tammeorg et al. [16] and local moso bamboo fertilization levels, two N
addition ratio treatments (0% NH4NO3 and 1.28% NH4NO3 (w/w)) and three biochar
addition ratio treatments (0% biochar, 0.64% biochar, and 1.28% biochar (w/w)) were used.
Overall, there were six treatments with six replicates (stands) each in this study: (1) no
biochar and no N addition (CK); (2) low biochar and no N addition (T1, 0.64% biochar
+ 0% NH4NO3); (3) high biochar and no N addition (T2, 1.28% biochar + 0% NH4NO3);
(4) no biochar and N addition (T3, 0% biochar + 1.28% NH4NO3); (5) low biochar and N
addition (T4, 0.64% biochar + 1.28% NH4NO3); (6) high biochar and N addition (T5, 1.28%
biochar + 1.28% NH4NO3). Each pot was filled with 6 kg of prepared soil or soil mixture in
the proportions mentioned in the above six treatments. Each plot was managed at 65% of
the maximum water-holding capacity of the soil. The plants were placed in 25 cm × 30 cm
plastic containers (approximately 10 L capacity) in March 2018. To avoid the influence of
rainfall on the soil water content, the experiment was performed in a greenhouse with
sunlight and ventilation, but no contact with rain. All other physical conditions were
maintained as consistently as possible to ensure the comparability of samples.



Forests 2022, 13, 1043 4 of 11

2.3. Measurement

In November 2018, four healthy moso bamboo seedlings were harvested from each
treatment. The leaves and branches of all moso bamboo seedlings were separated, bagged,
marked, and then transported to the laboratory for drying at 70 ◦C before weighing.

The rhizosphere soil of each pot was collected by the shaking method. Specifically,
plants were removed with small shovels, and the roots were vigorously shaken to separate
the attached soil. Soil samples were then passed through a 2 mm mesh and stored at 4 ◦C
for soil analysis.

TN content in the leaves and branches of moso bamboo seedlings were measured
directly using an elemental analyzer (CHN-O-RAPID, Heraeus, Germany). Soil pH was
determined using a soil:deionized water paste (1:2.5, w/v). Determination of SOC was
performed using the potassium dichromate (K2Cr2O7) heating oxidation method, soil TP
was analyzed using the ammonium molybdate method with colorimetry, and TN was
measured with an elemental analyzer (CHN-O-RAPID, Heraeus, Germany). The weight
difference between fresh (20 g) and dried soil at 105 ◦C for 24 h was used to measure the
soil water content [17].

Soil enzyme activities related to soil C and N turnover were also determined. Invertase
was determined using 3,5-dinitrosalicylic acid colorimetric method, and the activity was
expressed as the mass (mg) of glucose produced by 1 g of soil after 24 h. Cellulase activity
was determined using the nitrosalicylic acid colorimetric method, and the activity was
expressed as the mass of glucose (mg) produced by 10 g of soil after 72 h. Urease was
determined using the sodium phenol–sodium hypochlorite colorimetric method, and the
activity was expressed as the mass (mg) of NH3–N in 1 g of soil after 24 h. Peroxidase and
polyphenol oxidase were determined using the colorimetric method, and the activity was
expressed as the mass (mg) of purple gallic acid in 1 g of soil after 2 h [22].

2.4. Data Analysis

One-way analysis of variance (ANOVA) was used to compare the effects of different
treatments on organ biomass, nutrient content, and soil characteristics of moso bamboo
seedlings. Analyses were performed in SPSS 23.0 (IBM, Armonk, NY, USA), and the
significance level of all statistical tests was p ≤ 0.05. Correlation analysis was used to
evaluate the relationship between the soil properties and biomass. AMOS 25.0 (SPSS Inc.,
Armonk, NY, USA) was used for path analysis of soil properties and the leaf and branch
biomass of moso bamboo.

3. Results
3.1. Leaf and Branch Biomass under Different Treatments

Compared to CK, the addition of biochar (T1 and T2) had no significant effect on the
leaf and branch biomass of moso bamboo seedlings (p > 0.05), while adding N (T3, T4, and
T5) significantly increased them (p < 0.05) (Figure 2). Compared to the addition of N (T3),
the addition of biochar and N (T4 and T5) increased the leaf and branch biomass of moso
bamboo seedlings in both groups (Figure 2).

3.2. TN and TC of Leaves and Branches under Different Treatments

Compared to CK, the addition of biochar (T1 and T2) had no significant effect on the
TN content of moso bamboo seedling leaves and branches (p > 0.05), while adding N (T3,
T4, and T5) significantly increased it in both organs (p < 0.05) (Figure 3). Compared to solely
N addition (T3), adding biochar and N (T4 and T5) increased TN content in the leaves and
branches of moso bamboo seedlings (Figure 3).
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Figure 2. Effects of different treatments on leaf (A) and branch (B) biomass of moso bamboo seedlings.
CK: no biochar and no N addition; T1: 0.64% biochar + 0% NH4NO3; T2: 1.28% biochar + 0% NH4NO3;
T3: 0% biochar + 1.28% NH4NO3; T4: 0.64% biochar + 1.28% NH4NO3; T5: 1.28% biochar + 1.28%
NH4NO3. Bars (standard deviation) with different lowercase letters are significantly different at
p < 0.05.

Figure 3. Effects of different treatments on total nitrogen (TN) and total carbon (TC) contents of moso
bamboo (leaf and branch). CK: no biochar and no N addition; T1: 0.64% biochar + 0% NH4NO3; T2:
1.28% biochar + 0% NH4NO3; T3: 0% biochar + 1.28% NH4NO3; T4: 0.64% biochar + 1.28% NH4NO3;
T5: 1.28% biochar + 1.28% NH4NO3. Bars (standard deviation) followed by different lowercase letters
indicate significant difference at p < 0.05.

The TC content of moso bamboo seedling leaves in T5 (49.55%) was the highest among
all treatments, and the other treatments presented TC content between 45.27% and 47.33%
(Figure 3). The TC content of the moso bamboo seedling branches in T2 (44.63%) was the
lowest among all treatments, and the other treatments presented a range of 47.27%–49.1%
(Figure 3).
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3.3. Soil Properties under Different Treatments

The addition of biochar increased the SOC content, with T5 presenting the highest
value (23.53 g kg−1), followed by T2 (17.93 g kg−1) (Figure 4). Soil TN contents in T4 and T5,
both of which were 0.99 g kg−1, were significantly higher than in other treatments (p < 0.05),
and those in T2 (0.94 g kg−1) and T1 (0.90 g kg−1) were significantly higher than that in CK
(0.85 g kg−1) (p < 0.05) (Figure 4). The soil pH value of T2 (4.97) was significantly higher
than that of CK (4.75) (p < 0.05), while there was no significant difference between T1 (4.79)
and CK (p > 0.05) (Figure 4). There was no significant difference in soil pH values of T3,
T4, and T5 (p > 0.05), but they were all significantly higher than that of CK (p < 0.05). Soil
water content in T2 (28.03%) was significantly higher than that in CK (18.07%) (p < 0.05),
while there was no significant difference between T1 (17.90%) and CK (p > 0.05). The soil
water contents of T3 (19.46%), T4 (22.75%), and T5 (26.59%) were significantly different
(p < 0.05) (Figure 4).

Figure 4. Effects of different treatments on soil organic carbon (SOC), soil total nitrogen (TN), soil pH
values, and soil water content. CK: no biochar and no N addition; T1: 0.64% biochar + 0% NH4NO3;
T2: 1.28% biochar + 0% NH4NO3; T3: 0% biochar + 1.28% NH4NO3; T4: 0.64% biochar + 1.28%
NH4NO3; T5: 1.28% biochar + 1.28% NH4NO3. Bars (standard deviation) followed by different
lowercase letters indicate significant difference at p < 0.05.

Biochar addition did not change the activities of polyphenol oxidase and peroxidase in
the soil. The addition of biochar significantly increased cellulase activity; cellulase activity
in T5 was significantly higher than that in T4 and T3 (Table 1). It was observed that biochar
increased the activity of invertase in both no N addition (T1 and T2) and N addition (T4
and T5) groups (Table 1). Biochar did not increase urease activity in either no N addition
or N addition groups, while N addition significantly increased urease activity (p < 0.05)
(Table 1).
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Table 1. Effects of different treatments on enzyme activities. The values are means ± SE (n = 3). CK:
no biochar and no N addition; T1: 0.64% biochar + 0% NH4NO3; T2: 1.28% biochar + 0% NH4NO3;
T3: 0% biochar + 1.28% NH4NO3; T4: 0.64% biochar + 1.28% NH4NO3; T5: 1.28% biochar + 1.28%
NH4NO3. Different letters indicate statistical significance at p < 0.05 in the different treatments.

Treatment Polyphenol
Oxidase (mg g−1)

Peroxidase
(mg g−1)

Cellulase
(C6H12O6 mg g−1)

Invertase
(C6H12O6 mg g−1)

Urease
(NH4+-N mg g−1)

CK 3.19 ± 0.118 bcd 23.2 ± 0.98 ab 0.09 ± 0.01 bc 124.98 ± 4.82 c 3.58 ± 0.09 b
T1 3.00 ± 0.24 d 23.11 ± 0.21 ab 0.12 ± 0.03 ab 133.33 ± 4.92 c 3.86 ± 0.19 b
T2 3.62 ± 0.27 ab 21.03 ± 1.46 ab 0.16 ± 0.02 a 199.22 ± 14.22 c 3.22 ± 0.19 b
T3 3.05 ± 0.15 c 24.87 ± 1.14 a 0.06 ± 0.01 c 93.02 ± 6.80 d 6.82 ± 0.32 a
T4 3.48 ± 0.07 a 20.22 ± 0.64 b 0.05 ± 0.01 c 120.11 ± 9.72 cd 5.91 ± 0.48 a
T5 3.59 ± 0.52 ab 23.99 ± 2.36 ab 0.173 ± 0.02 a 170.91 ± 9.30 b 6.89 ± 0.51 a

3.4. Relationship between Soil Properties and Biomass

Correlation analysis reflected the relationship between soil factors and biomass. Leaf
and branch biomass were both positively correlated with soil TN content and pH value,
while urease activity was significantly correlated with the biomass of leaves, branches, and
roots (Figure 5).

Figure 5. Relationship between soil properties and biomass of moso bamboo leaf and branch. SOC:
soil organic carbon, TN: soil total nitrogen. Red color indicates significant difference at p < 0.05.

3.5. Path Analysis

Path analysis showed that the TN content of leaves and branches positively affected
the biomass of leaves and branches, respectively (path coefficients were 0.521 and 0.643,
respectively; Figure 6). Soil water content positively affected soil TN content (path coeffi-
cient = 0.585, Figure 6), whereas soil TN content positively affected leaf TN content (path
coefficient = 0.418, Figure 6). Soil pH was correlated with urease content; increased urease
activity positively affected leaf and branch TN contents (path coefficients 0.473 and 0.468,
Figure 6). Therefore, soil TN content was the key factor promoting the increase in leaf and
branch biomass, while the change in soil properties caused by biochar addition indirectly
affected the leaf and branch biomass by enhancing the soil TN content.
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Figure 6. Path analysis of leaf and branch biomass. Standardized path coefficients are shown next
to the arrows. Asterisks (* and **) indicate significance at p ≤ 0.05 and ≤ 0.01, respectively. The
goodness of fit statistics are displayed next to the modeling framework.

4. Discussion
4.1. Effects of Biochar on Rhizosphere Soil Characteristics

The results of our research confirmed the effectiveness of biochar in increasing SOC,
TN, and soil water contents, which was consistent with findings of previous studies in
which biochar significantly improved soil nutrient indicators [23]. Biochar is a carbon-rich
material produced by the pyrolysis of biomass at high temperatures in the absence of
oxygen, and when added to soil, biochar can increase the amount of SOC by releasing
dissolved organic matter derived from it [24]. The ability of biochar to improve soil water
content has been reported in many studies [25,26]. Owing to its developed pore structure
and large surface energy, biochar increases the original pore structure and drainage capacity
of the soil, enabling it to absorb more water and improve its water-holding capacity [26]. A
recent study proposed the following important mechanisms for N retention after biochar
addition to soil: (a) adsorption of NH4

+-N due to the high cation exchange capacity of
biochar and (b) reduced leaching of NO3

−-N due to increased soil water content [27].
Biochar addition has been shown to increase soil pH values [27]. However, our

study found that only a high amount of biochar addition significantly increased soil pH
value without N addition; neither high nor low amounts of biochar addition significantly
increased soil pH with N addition. Li et al. [28] observed that biochar application (10, 20, 40,
and 60 t ha−1) did not affect soil pH in semi-arid regions and Werner et al. [29] found that
the pH of sandy loam did not change with biochar addition. Therefore, whether biochar
can change soil pH may be related to the original soil properties and the nature of the
biochar used.

Biochar can alter soil enzyme activity by creating microhabitats and introducing
unstable organic compounds for bacterial growth [30]. Enzymes are important factors
of microbial activities in the soil microbial community and provide a driving force for
biogeochemical cycles in soil ecosystems, playing an irreplaceable role in soil organic
matter transformation, nutrient release, and fertility maintenance [31]. In this study, soil
invertase and cellulase showed higher activities as more biochar was added to the soil. It
has been reported that biochar contains stable C, and its addition increases the C content in
the soil, and improves the ratio of C to N in the soil, and microbial activity, thus affecting
sucrase activity [32]. In addition, the activities of polyphenol oxidase and peroxidase also
changed with the addition of biochar. The net effect of biochar on soil enzyme activity can
be indirect (e.g., microbial synthesis) or direct (e.g., surface adsorption), and the process is
complex [33]. Therefore, the final soil enzyme activity depends on the chemical composition
of biochar, application amount of biochar, soil type, and hydrothermal conditions.
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4.2. Effects of Biochar on Moso Bamboo Seedling Growth

We found that adding of biochar alone did not significantly increase the biomass of
moso bamboo seedlings, while the combination of biochar and N significantly increased the
biomass of leaves and branches. Biochar has often been shown to improve crop productivity
by improving soil water content and nutrient availability [34]. However, a report showed
that crop yields did not improve after biochar addition; although applying 5–10 t ha−1

of biochar to fertile sandy clay loam in a boreal climate relieved transient water deficit, it
did not improve yield [16]. Our study also observed the improvement in soil properties
by biochar addition, such as increased soil water, SOC, and soil TN contents. However,
the addition of biochar increases the soil pH value, thereby reducing the availability
of certain nutrients (i.e., P, Mn, and Zn), which may offset the benefits of soil property
improvement [35]. It should also be noted that (1) N in biochar is essentially unavailable
because it is mainly present as heterocyclic aromatic N [36], and (2) the mineralizable
portion of organic C in biochar may lead to initial net N immobilization [37], which is likely
to neutralize the benefits of biochar in improving soil properties. The addition of rice-husk
biochar reduced the available N content by 21% compared to that of the control soil due to
the immobilization of N [29]. Lu et al. [28] concluded that biochar application could reduce
NH4

+-N and NO3
–-N contents in soil by 6% and 12%, respectively.

Path analysis showed that soil TN content was the key factor in increasing leaf and
branch biomass and had a positive effect. Although biochar addition could increase the total
N content in the soil, it did not increase the N content in leaves and branches; the combined
application of biochar and N significantly increased the total N content in soil, leaves, and
branches. Biochar with a high C content has been suggested to increase the soil C/N ratio
and lead to a decrease in available N in the soil, thus reducing plant N absorption [38]. The
yield increase of biochar combined with N was related to the complementary or synergistic
effect between biochar and N, because biochar extended the nutrient release period of N
and reduced nutrient loss, whereas N eliminated the nutrient deficiency of biochar and
reduced the soil C/N ratio [39].

In general, the present study has provided important insights regarding the application
of biochar. Nevertheless, some specific issues will be better addressed in future research:
(1) This study was a short-term greenhouse experiment, and a larger field experiment
is needed in the future to evaluate the long-term interaction between soil, plants, and
microorganisms for a better understanding of the long-term effects of combined application
of biochar and N on the whole ecosystem (including aboveground–underground coupling);
(2) For different types of soil, it is necessary to comprehensively compare the raw materials
produced at different pyrolysis temperatures, which will help to determine the impact of
raw materials on soil physical and chemical properties and enzyme activities; (3) There is a
need to know more about how biochar affects soil nutrient transformation, to improve the
understanding of the mechanism of biochar action [40].

5. Conclusions

In this study, it was found that the addition of biochar increased soil water, SOC,
and TN contents and changed soil enzyme activity but did not promote the growth of
moso bamboo seedlings. However, the combined application of biochar and N not only
improved soil fertility but also significantly increased leaf and branch biomass of moso
bamboo seedlings. Moreover, the path analysis showed that N was the key factor for the
effect of biochar. Overall, our study provides useful insights regarding the utilization of
biochar in forestry, particularly in moso bamboo. However, there is little literature on the
usage of biochar in moso bamboo forests, and long-term field trials are needed to explore
the mechanisms and potential applications of these relationships.
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