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Carbonization of agricultural and forestry wastes is the main use of biochar
application in agriculture. In this study, the effects of biochar on the physical
and chemical properties of soil and diversity in rhizosphere microorganisms,
leaf nutrients and fruit quality of acid red soil in “Shatangju” (Citrus reticulate cv.)
orchard were studied using organic wastes and small-scale carbonization
furnaces from orchards were used to produce biochar. The results showed
that the finished rate of biochar produced from the organic wastes in the
orchard was approximately 37%, and the carbon content of the finished
product was as high as 80%. The results suggested that the biochar
produced in the orchard could meet the annual consumption of the orchard.
Applying biochar can improve the physical and chemical properties of acid soil
in the “Shatangju” orchard by enhancing the availability of various mineral
nutrients such as nitrogen, phosphorus, potassium, calcium, magnesium and
boron. The species and quantity of root and rhizosphere microbial
communities (fungi, bacteria and archaea) increased, and the dominant
bacterial group changed, manifested in the increase in microbial diversity.
Biochar directly affected the soil pH value and increased the soil organic carbon
content, which may be the main reason for the change in microbial diversity in
the soil and rhizosphere of “Shatangju” in the orchard and pot tests. The fruit
quality of each treatment group with biochar was also better than that of the
control group and improved fruit coloring. In the pure soil test, whether or not
chemical fertilizer was applied, 3% biochar amendments can provide a suitable
pH value for “Shatangju” growth and are relatively stable. Regardless of whether
or not fertilizer was applied, 1.5%-3% biochar improved the soil in the pot test.
In the field, the biochar at a rate of 2.4 kg/plant to 3.6 kg/plant, respectively, was
the best in improving soil physical and chemical properties, foliar nutrition and
fruit quality. Therefore, the amount of biochar added in the open environment
(if the garden) can be slightly adjusted according to the results of the closed
environment test (pure soil test and pot test). In this experiment, we explored
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the self-recycling of organic carbon, mainly through the preparation of a
simple small-scale biochar furnace suitable for the use by orchards, and
selected the appropriate amount of biochar to improve the physical and
chemical conditions of “Shatangju” orchard soil and increase fruit quality.

KEYWORDS

biochar, Citrus reticulate, acid red soil, organic carbon cycle, soil microbiota, nitrogen
content, fruit quality

1 Introduction

Agricultural practices improve soil quality and increase soil
nutrient supply capacity, which has been emphasized in many
fields across basic and applied sciences (Puget and Lal, 2005; Du
et al, 2013; Igbal et al, 2022). Fertilizers are important
agricultural inputs that play an irreplaceable role in
agricultural development. Excessive chemical fertilizer
application is a common and serious problem in China as
farmers are concerned about increased food demand, low soil
fertility, and a high multiple cropping index (Tian et al., 2016).
Excessive chemical fertilizer application reduces soil quality,
acidification, and nonpoint source pollution (Xia et al., 2020).
Thus, controlling chemical fertilizer application while ensuring
high and stable yield is a key area of agricultural research.
Limited use of organic nutrient resources and application of
organic materials to replace some chemical fertilizers have been
shown to effectively reduce the amount of chemical fertilizer
needed, increase soil productivity, ensure crop yield, and
improve local ecological functions (Liu et al., 2022).

Carbonization of agricultural and forestry wastes is the focus
of biochar application in agriculture (Pawlak-Kruczek et al,
2020). Biochar is a carbon (C) rich thermally decomposed
organic material produced through the pyrolysis process from
the feedstock at high temperatures (300°C-700°C) under a
limited supply of oxygen (Zhang et al., 2013b). The feedstock
may include crop residues, tree bark, wood materials, chicken
litter, sewage sludge or dairy manure (Oshunsanya and Aliku,
2016). It is important to mention that biochar differs from
charcoal and carbon-based materials. It has distinctive
biological, chemical and physical properties (Oni et al., 2019).
Its porous structure, high surface area, and low degradation rate
played an important role in soil nutrient retention (Khan et al.,
2021b). The high pH, electric conductivity (EC), cation exchange
capacity (CEC), high carbon contents and abundance surface
functional groups are important for environmental pollutant
complexation, e.g., heavy metals (Ahmad et al, 2014; Bashir
et al,, 2018). Incorporating biochar in the soil can prominently
increase soil aeration, porosity, water holding capacity and
nutrients, which improve soil fertility, plant growth and
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carbon sequestration in soil. The high pH of biochar is due to
its high alkalinity and CEC, which can enhance soil efficiency
(Ahmad et al., 2014).

Soil microorganisms play an imperative role in the nutrient
cycle of soil, including the organic matter composition and soil
aggregate arrangement (Oleszczuk et al., 2014). Soil
microorganisms affect soil fertility and ecosystems (Tardy
et al., 2015). Numerous studies have recorded an enhancement
in soil microorganisms and biomass by adding biochar to soil
(Bruun et al., 2014; Yu et al,, 2019). Meng et al. (2019)
documented that biochar derived from wheat straw
incorporation into soil significantly increased the community
abundance and diversity of plant beneficial bacterial and fungal
taxa and the variety of plant wheat seedling rhizospheres.
Additionally, Ahmad et al. (2016) described that the
microbiota in the applied soil was significantly diverse, e.g.,
Pseudomonas, a major rhizosphere-encouraging bacteria, was
markedly improved by the biochar applied treatments. Biochar
may likewise enhance the abundance of ammonia-oxidizing
bacteria and archaea and reduce (Proteobacteria, Firmicutes)
the overall abundance of oligotrophic and copiotrophic taxa
separately (Meng et al, 2019). On the other hand, biochar
application was also reported to reduce abundance of
microbial communities of Proteobacteria, Acidobacteria,
Firmicutes, and Bacteroidetes (Wu et al., 2016).

“Shatangju” is China’s main citrus variety and a famous
distinct local variety (Wang et al., 2012b). It is characterized by
easy peeling, no core, slagging and high sweetness (Li et al., 2012;
Lietal, 2019). Recently, it has been mainly grown in Guangdong
Province and Guangxi Province, belonging to the citrus
industrial belt in the Xijiang River Basin of China. The
“Shatangju” orchard covers an area of 6 million mu (Chaisiri
et al, 2021). The soil in the main planting area of “Shatangju” is
the acidic red soil. Fruit farmers generally use lime to improve
the soil acidity with lime. However, a large amount of long-term
application of lime will cause soil hardening, damage beneficial
soil microorganisms, reduce soil organic carbon, and easily cause
the imbalance of soil calcium, potassium, magnesium and other
elements, and the soil is prone to acid reversion (Zhang
et al., 2013c¢).
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In China, relevant research on biochar was conducted, and
there are many fields of application, but there are few examples
related to production of “Shatangju.” This study was designed to
evaluate the effect of biochar prepared from “Shatangju” orchard
waste on improving the properties of acid red soil and affecting
the yield and quality of “Shatangju.” The effect of “Shatangju”
plant waste biochar on the soil physical and chemical properties
of soil was explored in this study. The composition of soil and
root microbial communities under different biochar
amendments was also examined. At the same time, the effect
of biochar on fruit quality was evaluated. The results of this
study will provide information about self-made biochar under
field conditions for improving “Shatangju” production.

2 Materials and methods
2.1 Plant material

The experiments were conducted in 2020 and 2021. The
“Shatangju” plants (2 years old) plants were grown in root-
pruning bags with a diameter of 60 cm and height of 40 cm filled
with acid red soil and were used for pot experimentation; ten-
year-old “Shatangju” plants were used as the experimental trees
in the orchard, with row spacing of 2.5 m x 2.5 m. The acid red
soil bearing the following physiochemical was used as potting
soil: pH 4.43, OMC (Organic matter content) 15.17 g/kg, A-N
(available nitrogen) 72.57 mg/kg, A-P (available phosphorus)
15.23 mg/kg, A-K (available potassium) 369.93 mg/kg, E-Ca
(exchangeable calcium)1.82 g/kg, E-Mg (exchangeable
magnesium) 0.15 g/kg, A-Zn (available zinc) 18.79 mg/kg, A-B
(available boron)1.17 mg/kg, A-Cu (available copper) 0.54 mg/
kg and E-Mn (exchangeable manganese) 18.57 g/kg. Orchard
soil: moisture content 19.9%, field capacity 30%, bulk
densityl.22 g/cm, porosity 3.65%, pH4.82, OMC 21.48 g/kg,
CEC 8.04 cmol/kg, A-N 110.52 mg/kg, A-P 22.71 mg/kg, A-K
153 mg/kg, E-Ca 889.45mg/kg, E-Mg 49.9 g/kg, A-Zn 3.88 mg/
kg, and A-B0.86 mg/kg.

2.2 Test method

2.2.1 Preparation and index determination
of biochar

Biochar was prepared from pruned citrus branches and
interrow grass in the citrus orchard using a Shizishan brand
carbonization furnace provided by the School of Engineering,
Huazhong Agricultural University, Patent # ZL
201310290114.X. The branches were cut into 10-cm and 20-
cm pieces after pyrolysis at 500°C-550°C under anoxic
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conditions. Biochar was screened through a 20-mesh sieve and
used in the pot and field experiments. Plant ash was prepared
with the same materials as the control. The samples’ yield rate,
moisture content, ash content, and carbon content of the
samples were measured (Brahmakshatriya and Donker, 1971;
Wang et al., 2009). The experiment was repeated three times
every year.

The effect of biochar on the pH value of red soil was
determined by pouring 2 kg of acid red soil into each flower
pot. Biochar was applied to the flowerpot according to 0%, 1%,
2%, 3%, 4%, 5% and 6% of the soil weight. NPK 1% (15-15-15)
compound fertilizer was prepared and applied in a flowerpot
containing biochar. The soil pH value was measured
continuously throughout the soil incubation period. The
experiment was repeated three times every year.

2.2.2 Biochar amendments on citrus in
pot tests

The 25 kg crushed and air-dried red soil was spiked with
biochar and placed in 35 L root-pruning bags. One “Shatangju”
was planted in a bag in rain-shelter cultivation conditions. The
percentages of biochar amendments to the dry weight of red soil
were 0, 1.5%, 3%, 4.5%, and 6%. The base fertilizer was modified
Hoagland-Amon nutrient solution [KH,PO,4, KNO3, Ca (NO;),,
and MgSO,4.7H,O were 136, 505, 1180, and 492 mg/kg,
respectively; H;BO;, MnClL4H,0, ZnSO,.7H,0, CuSO,4.5H,0,
Na,MoO, and EDTA-Fe were 2.86, 1.81, 0.22, 0.08, 0.09 and
48.5 mg/kg, respectively]. The experiment was repeated three
times every year.

Including the control, ten treatments were established: 1.5%
biochar (1.5% C), 3% biochar (3% C), 4.5% biochar (4.5% C), 6%
biochar (6% C), base fertilizer (BF), base fertilizer + 1.5% biochar
(BF+1.5% C), base fertilizer + 3% biochar (BF+3% C), base
fertilizer + 4.5% biochar (BF+4.5% C) and base fertilizer + 6%
biochar (BF+6% C). The soil and plant indices were measured at
the time of planting and 9 months post-cultivation. In the
control group, only the dressing furrow was dug, and the soil
was backfilled. The experiment was repeated three times
every year.

2.2.3 Biochar amendments on “Shatangju”
in the orchard

Six treatments, including 0 kg biochar/plant (control), 1.2 kg
biochar/plant (C-1.2 kg), 2.4 kg biochar/plant (C-2.4 kg), 3.6 kg
biochar/plant (C-3.6 kg), 4.8 kg biochar/plant (C-4.8 kg) and
6 kg biochar/plant (C-6 kg), were established. The location of
biochar application was at the drip line of the tree crown. One
80 cm long, 30 cm wide, and 30 cm deep dressing furrow was
dug from the north and the south and the biochar and soil were
mixed evenly before the application.
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2.3 Sample collection and
determination method

2.3.1 Soil and root samples

In the pot experiments, 0-20 cm topsoil at 5-10 cm away
from the plant trunk was collected. In the orchard experiment,
two biochar amendment sites were randomly selected, and the
soil 0-30 cm deep from the soil layer was evenly collected. The
quartering method was used diagonally, choosing 0.5 kg soil
samples to determine the soil pH value and available nutrients.
The roots and rhizosphere soil were frozen at -80°C, and the
microbial community diversity of the soil, rhizosphere soil, and
roots was measured.

The drying method was used for soil moisture content
measurement, the Wilcox method for field capacity, and the
ring-cutting method for bulk density (Khan et al., 2022). The pH
value was determined by potentiometry (soil water ratio was
1:2.5), and soil organic matter was analyzed by oxidation by a
saturated potassium dichromate solution with oil bath heating.
The EDTA ammonium acetate exchange was used to determine
the CEC. Available nitrogen was determined by the alkaline
hydrolysis diffusion method, available phosphorus was
determined by ammonium fluoride-hydrochloric acid by using
extraction molybdenum antimony resistance colorimetric
method, available potassium was determined by neutral
ammonium acetate extraction-flame photometry, exchangeable
calcium and magnesium were extracted by ammonium acetate
and determined usnig atomic absorption spectrometry, available
zinc was determined by DTPA extraction-atomic absorption
spectrometry, and available boron was determined by boiling
water extraction curcumin colorimetric (Mikula et al., 2020).
The standard soil sample was GBW07417a (ASA-6a) from
paddy soil in Guangdong Province.

The detection of microbial community diversity in the roots,
rhizosphere, and soil was as follows. Genomic DNA was extracted
for PCR amplification, and specific primers with barcodes were
designed according to the designated sequencing region. Library
construction and Illumina PE250 sequencing, OTU cluster
analysis, and species taxonomy analysis were conducted to
determine microbial community diversity, relative abundance
and the community structure component diagram.

2.3.2 Leaf samples

From the tree canopy, the second to fourth intact and
healthy leaves were collected from the top of underyearling
vegetative spring shoots from all four directions. Three leaves
were collected from each direction, which was repeated twice for
each direction. Leaves were mixed in a plastic bag, and 24 leaves
were chosen and brought back to the laboratory to determine
nutrient content.

Total nitrogen was determined by the H,SO,-H,0, Kjeldahl
digestion method. Total potassium was determined by H,SO,-
H,0, Kjeldahl digestion and the molybdenum antimony
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resistance colorimetric method, total potassium was
determined by H,SO,-H,0, Kjeldahl digestion and flame
photometry (Khan et al., 2022), and total calcium, magnesium,
and zinc were determined by dry ashing-dilute hydrochloric acid
dissolution atomic absorption spectrometry. Total boron was
determined by dry ashing-dilute hydrochloric acid dissolution
curcumin colorimetry (Bao, 2005).

2.3.3 Fruit samples

At the stage of maturation and harvesting, twelve fruits were
randomly selected from each tree from all four directions around
the upper part of the crown, and the single fruit weight and
quality were determined.

The fruit uniformity was determined by the proportion of
medium fruit (diameter of 36.5-42 mm) (Wang et al., 2012b).
The color difference de, brightness L, redness a, and yellowness b
of the peel were determined by a Minolta CR-300 automatic
colorimeter. The fruit shape index was the ratio of longitudinal
diameter to transverse diameter. The peel thickness was
measured with a Vernier caliper according to the cross-section
of the equatorial line. The solid soluble content was measured
using the RA-250 WE digital sugar meter (KEM company,
Japan). The titratable acid content was measured using the
NaOH neutralization titration method (GB/T 12456-2008).
Reducing sugar and total sugar were determined by 3,5-
dinitrosalicylic acid colorimetry (Li, 2000). Vitamin C content
was determined by the 2,6-dichlorophenol indophenol (DCPIP)
titration method (GB/T 5009.86-2016).

2.4 Data analysis

The data were sorted out in Excel 2007. The differences
between each treatment and the control were analyzed by t test;
Duncan’s multiple comparison method was used to analyze the
significance of the differences among the treatments at P<0.05.
The analysis was conducted with six replications (3 replications
per year) The graphs of different experiments were made using
Graphpad Prism 5. The test data were analyzed by SPSS (25) for
Windows software.

3 Results

3.1 Optimization of biochar preparation
conditions and comparative analysis

During the process of biochar preparation (Figure 1), the
heating rate was affected by the type and length of the materials.
The heating rate of grass was much higher than that of the
“Shatangju” branches. The shorter the length the “Shatangju”
branch was, the faster the heating rate was. After heating for 1
hour, the two began to show significant differences. The biochar
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FIGURE 1

Response of time and temperature to various types of citrus branch and grass during biochar preparation. Lowercase letters show the difference
among different temperatures at a specific time at P<0.05. Lowercase letters on a specific time have no significant difference. Error bars

represent the standard deviation of the mean.

yield of grass was slightly higher than that of the “Shatangju”
branches, and the biochar yield of thel0-cm raw material was
higher than that of the 20-cm raw material, but the difference did
not reach a significant level. The carbon content in biochar from
Citrus branches was significantly higher than that in biochar
from grass (Table 1). Different proportions of biochar
amendments could increase the pH value of acid red soil, and
with increasing time, the pH value increased and remained
relatively stable later (Table 2). When chemical fertilizer was
applied to the red soil with biochar amendments (Table 3), the
pH value of the soil in the sample groups with 3%, 4%, 5% and
6% biochar showed a decreasing trend. The pH value of red soil
decreased slightly, but the change was not obvious in the sample
groups with 1% and 2% biochar. With continuous fertilizer
application, the pH value of the soil was maintained at
approximately 5.5 in the sample group with 3% biochar, and
the fluctuation range of pH value was smaller than that of the
sample group with 4%, 5% and 6% biochar. Therefore, the pH of

TABLE 1 Characteristics of biochar prepared by different materials.

Raw material Yield (%)

Biochar (citrus branch) 37.00+2.45 a
Biochar (grass) 39.00+1.50 a
Plant ash (citrus branch) 33.10+0.10 b
Plant ash (grass) 41.70+1.70 a

acid red soil with 3% biochar was improved and remained stable
for a long time. This pH value (5.5) was close to that suitable for
citrus growth.

3.2 Effects of different biochar
amendments on potted “Shatangju”

3.2.1 Effects of different biochar amendments
on the nutritional contents of leaves of
potted “Shatangju”

Before planting, the nutrient contents of leaves were
determined as follows: total nitrogen 20.42 g/kg, total
phosphorus 2.46 g/kg, total potassium 14.39 g/kg, calcium 9.76
g/kg, magnesium 2.55 g/kg, zinc 26.8 mg/kg, and manganese
63.3 mg/kg. After nine months of cultivation (Table 4), the
contents of calcium and zinc were significantly increased, the
contents of phosphorus, potassium and manganese were

Moisture (%) Ash (%) Carbon (%)
5.30+0.10 a 13.0+2.0 ¢ 81.7+0.2 a
5.07+0.07 a 20.3+0.3 ¢ 74.740.7 b
4.50+0.15 b 85.0+3.0 a 09.7+0.6 d
1.40+0.00 ¢ 750+1.0 b 15.0£0.5 ¢

The lowercase letters behind the values of the same indicator in each column are different, indicating a significant difference between them at P<0.05. Similar letters indicate no significant

difference.
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TABLE 2 Effect of different incubation periods on the pH of different concentrations of biochar.

Biochar concentration

Days of Control(Mean 1%(Mean 2% (Mean 3%(Mean 4%(Mean 5% (Mean 6% (Mean
incubation +SE) +SE) +SE) +SE) +SE) +SE) +SE)

od 4,65+0.00eA 5.13+0.19dA 5.44+0.04cE 5.87+0.02bE 5.86+0.04bE 6.26+0.01aC 6.30+0.00aD
3d 4.51+0.01fC 5.15+0.01eA 5.48+0.04dDE 5.78+0.00cG 6.09+0.09bD 6.23£0.01bC 6.45+0.05aC
10d 4.60+0.00gA 5.2:+0.00fA 5.5620.00eD 6.27+0.01dC 6.09+0.01cD 6.79+0.09bB 7.15+0.00aA
17d 4.5240.03gBC 521+0.01fA 5.65+0.00eC 6.22+0.02dD 6.330.03cBC 6.70+0.00bB 6.94+0.05aB
24d 4.58+0.00eAB 5.37+0.03dA 5.91+0.01cA 6.68+0.01bA 6.69+0.01bA 7.16£0.01aA 7.16£0.01aA
31d 4.530.01eBC 5.33+0.03dA 5.92+0.02cA 6.33£0.02bB 6.29+0.06bC 6.99+0.10aA 7.11+0.00aA
38d 4.50+0.03gC 521+0.02fA 5.82:+0.02¢B 6.15+0.00dE 6.47+0.02cB 6.76:0.06bB 7.16£0.01aA

The lowercase letters behind the values indicating statistical significance of the values in a row, while uppercase values indicating statistical significance of the values in a column at P<0.05.

Similar letters indicate no significant difference.

TABLE 3 Effect of fertilization on the pH value of acid red soil with biochar amendments.

Amendment Control 1% 2% 3% 4% 5% 6%

1d 3.94+0.01b 4.67+0.07b 5.14+0.00b 5.77+0.10a 6.27+0.02a 6.55+0.00a 6.87+0.02a
5d 4.2240.02a 4.97+0.10a 5.39+0.09a 5.89+0.01a 5.96:0.02b 6.36:0.00b 6.58+0.01b
9d 4.24+0.04a 4.73+0.05ab 5.27+0.02a 5.75+0.07ab 5.87+0.02b 6.15+0.10c 6.32+0.00c
13d 4.25+0.05a 4.83+0.08a 5.14+0.06b 5.55+0.10bc 5.61+0.03¢ 5.89+0.01d 6.05+0.05d
17d 4.3020.102 4.81%0.092 5.10+0.10b 5.39+0.10c 5.6320.07¢ 5.79+0.05¢ 5.87+0.03¢

The lowercase letters behind the values of the same indicator in each column are different, indicating a significant difference between them at P<0.05. Similar letters indicate no significant

difference.

decreased, and the contents of nitrogen and magnesium were
maintained at the original level. The contents of phosphorus,
potassium and calcium increased with biochar amendments.

3.2.2 Effects of different biochar amendments
on the soil of potted “Shatangju”

As shown in Table 3, the pH value of the soil increased after
biochar amendments, and after adding base fertilizer, the
increased range of pH values decreased. With the increase of
1.5% biochar, the pH value increased by approximately 0.26-0.47

units, and the OMC increased by 14-15 g/kg. Except for available
manganese, the contents of all mineral elements showed an
increasing trend. Among the treatments with biochar only, the
change in alkali-hydrolyzed nitrogen was small, As shown in
Table 5, after nine months of cultivation, the fluctuation range of
the soil pH value was not large, and the pH value of each
treatment with base fertilizer increased slightly, indicating that
the stability of acidic soil improved by biochar was better. The
biochar amendments promoted the utilization of organic matter
and available boron, and the utilization rates of alkali-

TABLE 4 Changes in mineral nutrients in leaves of “Shatangju” after nine months of cultivation with different biochar amendments in pot tests.

Amendment N (g/kg) P (g/kg) K (g/kg)
CK 22.82+0.07f 1.1240.03¢ 09.18+0.01e
1.5%C 21.33+0.05h 1.62+0.01c 11.1420.01¢
3%C 22.07+0.08g 2.18+0.04a 10.47+0.02d
45%C 21.08+0.04 2.00£0.12b 11.56+0.02a
6%C 23.0740.05¢ 2.0120.04b 11.48+0.05a
BF 27.81+0.08a 1.05+0.12¢ 08.63:0.03f
BF+1.5%C 24.05£0.10d 1.30+0.01d 09.14+0.01e
BE+3%C 20.22:0.03j 1.60+0.08¢ 08.11+0.08g
BF+4.5%C 24.8540.04c 1.55+0.03¢ 10.49+0.07d
BE+6%C 25.9820.13b 1.560.05¢ 11.32+0.02b

Ca (g/kg) Mg (g/kg) Zn (mg/kg) Mn (mg/kg)
22.96+0.06g 2.48+0.08¢ 39.49+0.67¢ 35.65+0.67¢
25.55+0.04d 2.09+0.06d 39.00+0.80d 13.22+0.58e
27.58+0.04c 2.884+0.07a 44.07+0.78b 11.33+0.30fg
23.91+0.02f 2.06+0.03d 37.23+0.52d 10.47+0.38¢g
27.98+0.03b 2.14+0.01d 37.14+0.04d 12.36+0.22ef
20.74+0.02h 2.84+0.05a 43.05+0.43b 59.50+0.40a
27.53+0.01c 2.5b+0.07¢ 40.56+0.19¢ 51.23+0.24b
25.44+0.08e 2.46+0.05¢ 37.72+0.27d 14.95+0.95d
28.12+0.07a 2.15+0.00d 40.76+0.22¢ 10.55+0.20g
24.92+0.02f 2.66+0.02b 75.08+0.46a 13.06+0.70e

The lowercase letters behind the values of the same indicator in each column are different, indicating a significant difference between them at P<0.05. Similar letters indicate no significant

difference.
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TABLE 5 Physicochemical properties of soil in different treatments when planted in pot tests.

Amendment pH OMC A-N A-P A-K

CK 4.43 15.17£0.12j  72.57%1.07g 15.23 369.93
+0.02¢ +0.73e +49.54bc

1.5%C 5.57 46.47 74.43 36.84 373.17
+0.02¢ +0.47f +3.63fg +0.66¢ +27.97bc

3%C 5.57 50.58 76.53 35.37 428.76
+0.03¢ +0.62¢ +2.73fg +0.37¢ +13.36ab

4.5%C 5.94 75.56 78.63 53.06 374.79
+0.03b +0.76b +2.73fg +0.84b +29.62bc

6%C 6.35 88.07 81.43+1.00f 67.79 465.46+23.86a
+0.03a +0.27a +7.44a

BF 3.92 17.00 156.57 25.05 267.39+31.49%
+0.07f +0.10i +3.58e +0.48d

BF+1.5%C 4.45 31.93 166.13 30.46+0.99 299.23+8.92de
+0.05e +0.70h +0.66d

BF+3%C 491 42.47 173.83 30.95+0.85 348.34+8.02cd
+0.03d +0.40g +1.4lc

BF+4.5%C 5.71 58.40 191.8+1.55b 56.99 420.12+8.62bc
+0.06¢ +0.27d +1.00b

BF+6%C 5.88 73.00 206.03 55.51 416.88+6.08bc
+0.10b +1.00c +2.51a +3.00b

E-Ca E-Mg A-Zn A-B A-Cu E-Mn

1.82 0.15+0.01f  1.88+0.09f 1.17+0.10cd  0.54+0.04f  18.57+0.07e
+0.02g

4.41 0.38+0.03e  2.69+0.09c  1.28+0.03bc 0.99 18.49+0.09¢
+0.06e +0.05bcd

4.98 0.45 2.80+0.09c 1.41+0.01ab  0.89+0.02d  18.22+0.22e
+0.14d +0.03de

6.21 0.46 3.97+0.11b  1.07+0.02de 1.06+0.01ab  17.38+0.39f
+0.16¢ +0.06de

7.94 0.56 4.74+0.01a 1.20 1.11£0.01a  22.57+0.07a
+0.29b +0.06cd +0.016bc

3.08 0.75+0.03b 2.68+ 0.98+0.07e  0.91+0.04d 20.13
+0.07f +0.06¢ +0.11cd

4.45 0.67 2.11+£0.01d  1.08+0.04de 1.03 18.5+0.09¢
+0.06e +0.09bc +0.02abc

4.85 0.62 2.39+0.04d  1.09+0.05de  0.90+0.05d  20.4+0.04c
+0.27e +0.05bc

5.92 0.64+0.02b  1.41+0.05g 1.17+0.06cd  0.93+0.03cd  19.78+0.03d
+0.18¢

8.02 0.96+0.06a 2.24+0.04d  1.44+0.02a  0.62+0.02¢  21.84+0.04b
+0.02a

BF: base fertilizer; OMC: Organic matter content; A: Available; E: Exchangeable; for OMC, exchangeable Ca, Mg and Mn, g/kg; for available N, P, K, Zn, B and Cu, mg/kg. The lower case
letters behind the values of the same indicator in each column are different, indicating that there is a significant difference between them(P<0.05).

hydrolyzable nitrogen, exchangeable calcium and available
boron were all high in the treatments with base fertilizer.

3.2.3 Effects of different biochar amendments
on soil and root microbial community diversity
of potted “Shatangju”

After biochar amendments, the soil and rhizosphere microbial
communities changed. The fungi were mainly from the phyla
Ascomycota, Basidiomycota, Chytridiomycota, Mucoromycota
and some unclassified groups. In the classification of genera,
Alternaria, Cladophialophora, Ceratobasidium, Cladosporium,
Exophiala, Fusarium, Humicola, Penicillium, Phialophora,
Phoma, and Stepylotrichum were dominant. Fusarium and
Ceratobasidium were the most dominant genera whether base
fertilizer was added or not. Cladophialophora was the dominant
genus in the roots of the control group, and Arthrographis was the
dominant genus in the soil (Figures 2A, D).

The main bacteria were in the phyla of Cyanobacteria,
Acidobacteria, Actinobacteria, Proteobacteria, Patescibacteria,
Gemmatimonadetes, Chloroflex and Bacteroidetes. The dominant
genera in roots in the control group were Acidothermus, Conexibaber,
and Ktedonobacteraceae_uncultured. The dominant genera in the soil
were Acidibacter and Dyella. Burkholderia-Caballeronia-
Paraburkholderia, Chloroplast_norank, Gemmatimonas,
Nocardioides, Nostocales norank, Roseiflexaceae_uncultured and
Subgroup 6_norank were the dominant genera of the soil and root
systems after biochar amendments (Figures 2B, E).

The main archaea were in the phyla of Bacteroidetes,
Cyanobacteria, Proteobacteria and Thaumarchaeota. The
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dominant genera in the control group were Group 1.1c_norank,
Nitrososphaeraceae_norank, and Nitrosotaleaceae_norank.
After biochar amendments, Niastella was the dominant genus
in the roots and Mitochondria_norank, Flavisolibacter,
Chloroplast_norank, and Chitinophagaceae_uncultured were the
dominant genera in the soil. The results showed that biochar could
significantly change the microbial diversity of “Shatangju” roots and
soil around the rhizosphere (Figures 2C, F).

3.3 Effects of different biochar
amendments on “Shatangju” in
the orchard

3.3.1 Effects of different biochar amendments
on the nutrient content of “Shatangju” leaves

The nutrient contents of leaves in the control group
were as follows: total nitrogen 27.57 g/kg, total phosphorus
1.30 g/kg, total potassium 9.43 g/kg, calcium 26.14 g/kg,
magnesium 2.80 g/kg, zinc 34.95 mg/kg, and boron 59.29 mg/
kg. As shown in Table 6, after biochar amendments, the zinc
content in leaves increased significantly, while the content of the
other elements decreased.

3.3.2 Effects of different biochar amendments
on soil physical and chemical properties in
the orchard

As shown in Table 7, biochar can significantly reduce the soil
bulk density and increase the soil water content, field capacity and
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FIGURE 2

Soil and root microbial community composition of different biochar amendments in pot tests Notes: p-1 to p-10: CK, 1.5% C, 3% C, 4.5% C, 6%
C, BF, BF+1.5% C, BF+3% C, BF+4.5% C and BF+6% C. S: soil; R: root. (A—C) representing the phylum and (D—F) representing the Genera. (A, D)
showing the fungal, (B, E) showing bacterial and (C, F) showing the archaeal diversity. (clear pictures are provided in Supplementary Material A—

F: Figures S1-6).

capillary porosity. With the increase in the amount of biochar
amendments, the soil water content increased by 12.74%, 25.84%,
32.07%, 40.93% and 47.31%, the field water capacity increased by
17.28%, 28.10%, 39.15%, 53.93% and 67.08%, the capillary
porosity increased by 8.75%, 11.42%, 14.10%, 19.56% and
23.61%, and the bulk density decreased by 7.55%, 13.21%,
18.22%, 22.56% and 26.12%. The results showed that biochar
amendments could loosen the soil and improve the soil water
retention property, so they could be used as an important measure
to reduce the viscosity barrier of red soil. Biochar significantly
increased the soil pH value and organic carbon content.
Compared with that of the control, the soil organic matter in
the treatment groups increased by 93.76%, 151.99%, 201.53%,
254.21% and 465.24%. This result indicated that biochar had
obvious effects on improving soil acidification and fertilizer. The
content of soil mineral elements in the biochar treatment groups

was higher than that in the control group, and the changing trend
was as follows: alkali hydrolyzable nitrogen and available
phosphorus increased, and other elements increased first and
then decreased. The inflection points of available potassium and
boron were 2.4 kg/plant biochar, and the inflection points of
exchangeable calcium, available magnesium and available zinc
were 3.6 kg/plant biochar (Table 8).

3.3.3 Effects of different biochar amendments
on soil and root microbial diversity in orchards
The fungi were mainly in the phyla of Ascomycota,
Basidiomycota, Mucoromycota and unclassified. The dominant
genera were Arthrographis, Fusarium, Humicola, Lophistoma,
Melanconiella, Mortierella, Penicillium, Phoma and
Trichoderma. Fusarium, Humicola, Mortierella, and
Penicillium were the most dominant genera in the control,

TABLE 6 Changes in leaf nutrient contents with different amounts of biochar amendments in orchards.

Treatments N P K Ca Mg Zn B

Control 27.57+0.12a 1.30£0.01a 9.43+0.03a 26.1420.04ab 2.80+0.33a 34.95+0.10d 59.20£0.09b
C-1.2kg 27.490.0% 1.23+0.02ab 8.95+0.05a 25.070.07¢ 245+0.01a 73.8120.16b 44.87+0.09
C-2.4kg 25.86£0.05bc 1.1420.01b 8.26+0.24b 23.08+0.08d 2310.01b 74.0820.08b 43.60£0.06f
C-3.6kg 25.8420.09bc 1.18+0.01ab 7.42+0.37¢ 25.9820.13b 2.57+0.07a 75.8620.06a 48.690.05d
C-4.8kg 25.5120.20c 1.20£0.10ab 8.00+0.11bc 25.21£0.10¢ 2.76+0.06a 74.1220.02b 56.7420.05¢
C-6.0kg 26.25+0.25b 1.21+0.03ab 8.03+0.03bc 26.38+0.13a 2.65+0.04a 72.41£0.10¢ 61.8320.09%

for N, P, K ,Ca and Mg, g/kg; for Zn and B, mg/kg. The lower case letters behind the values of the same indicator in each column are different, indicating that there is a significant difference

between them(P<0.05).
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TABLE 7 Changes in soil physical properties with different biochar amendments in orchards.

Treatments Moisture content (%)

CK 19.90+0.90d 30.00+0.10f
C-1.2kg 22.44+0.32¢ 35.18+0.01e
C-2.4kg 25.04+0.52b 38.43+0.16d
C-3.6kg 26.28+0.33b 41.7520.39¢
C-4.8kg 28.05+0.21a 46.18+0.09b
C-6.0kg 29.31+0.35a 50.13+0.02a

Field capacity (%)

Bulk density(g.cm'l) Porosity (%)

1.22+0.02a 3.65+0.03d
1.13£0.06a 3.97+0.08¢
1.06+0.01a 4.01£0.01bc
1.00£0.30a 4.16+0.05b
0.94+0.04a 4.36%0.03a
0.90+0.09a 4.51+0.04a

The lower case letters behind the values of the same indicator in each column are different, indicating that there is a significant difference between them(P<0.05).

and Arthrographis, Fusarium, Humicola, Mortierella and
Penicillium were the most dominant genera in the root and
rhizosphere soils. After different biochar amendments, the most
dominant genera in root and rhizosphere soil changed into
Arthrographis, Fusarium, Humicola, Lophistoma,
Melanconiella, Mortierella, Penicillium, and Arthrographis in
the root soil, and Fusarium, Humicola, Mortierella, Penicillium
and Trechispora in the rhizosphere soil (Figures 3A, D).

The main bacteria phyla were Acidobacteria, Actinobacteria,
Bacteroidetes, Chloroflexi, Cyanobacteria, Gemmatimonadetes and
Proteobacteria; the dominant genera were Acidothermus,
Burkholderia-Caballeronia-Paraburkholderia, Chloroplast_norank,
Gemmatimonadaceae_uncultured, KF-JG30-C25_norank and
Mitochondria_norank. Among them, the most dominant genera
in the roots of the control group were Acidothermus, Bryobacter,
Caldilineaceae_uncultured, Chitinophagaceae_uncultured,
Chloroplast_norank and JG30-KF-AS9_norank. The dominant
genera in rhizosphere soil were Acidothermus, Bryobacter,
Chitinophagaceae_uncultured and KF-JG30-C25_norank. After
biochar amendments, the most dominant genera in the roots
were Acidothermus, Bryobacter, Burkholderia-Caballeronia-
Paraburkholderia, Chloroplast_norank and Mitochondria_norank.
The dominant genera in the rhizosphere soil were Acidothermus,
Bryobacter, Burkholderia-Caballeronia-Paraburkholderia,
Chitinophagaceae_uncultured, and KF-JG30-C25_norank
(Figures 3B, E).

The main archaea were in the phyla of Bacteroidetes,
Cyanobacteria, Euryarchaeota, Proteobacteria and
Thaumarchaeota. Candidatus Nitrocosmicus, Candidatus

Nitrososphaera, Candidatus Nitrosotalea, Candidatus
Nitrosotenuis, Chitinophagaceae_uncultured, Chloroplast_norank,
Group 1.lc_norank, Nitrososphaeraceae_norank, and
Nitrosotaleaceae_norank were dominant genera. Candidatus
Nitrocosmicus, FBP_norank and Flavitalea were the most
dominant genera in the roots of the control group. Candidatus
Nitrocosmicus was the most dominant genus in the rhizosphere
soil. After different biochar amendments, the most dominant genera
of roots were Candidatus Nitrososphaera, Candidatus
Nitrocosmicus, Chloroplast_norank, Group 1.1c_norank, Marine
Group II_norank, Nitrososphaeraceae_norank, and
Nitrosotaleaceae_norank. In contrast, the most dominant genera
in rhizosphere soil were Candidatus Nitrososphaera, Candidatus
Nitrocosmicus, Group 1.1c_norank, Marine Group II_norank,
Nitrososphaeraceae_norank, and Nitrosotaleaceae_norank
(Figures 3C, F).

3.4 Effects of different biochar
amendments on “Shatangju” fruit quality

After biochar amendments, the average fruit weight of
“Shatangju” (37.44-40.44 g) did not change significantly, but
the medium fruit proportion increased significantly. Compared
with the control group, the number of medium fruits in each
treatment group increased by 48.48%, 30.30%, 24.24%, 36.36%
and 27.27%. Biochar amendments could reduce the peel
thickness, and the peel thickness in groups with 3.6 kg/plant
and 4.8 kg/plant biochar significantly decreased by 0.31 mm and

TABLE 8 Changes in soil chemical properties with different biochar amendments in orchards.

Treatments pH OMC CEC A-N K E-Ca E-Mg Zn B

CK 4.80+0.02d  21.40+0.09f  08.04+0.04d 110.52+1.16e  22.71+0.10f 153.00£3.00c  889.45:+9.21d  49.90+0.40f 3.88+0.04e  0.86+0.01c
C-1.2kg 6.54£0.03c  41.62:0.04e  09.85+0.04b 120.60+1.19d  39.81:0.06e 373.17+381b  1694.72488.87c  94.40+0.40e  6.14+0.04b 1.0020.10bc
C-2.4kg 6.86+0.12b  54.13+0.03d  10.08+0.03a  124.60+0.95c  47.09+0.04d 399.61+9.23a  2821.31%17.17a  135.56+0.56a 6.73x0.12a 1.00+0.00bc
C-3.6kg 7.13:0.08a  64.77£0.07c  09.37+0.04c  13043%0.79b  53.65+0.08c 401.23%1.1la  281150+1130a 131.64%0.54b 6.67+0.16a  1.46+0.03a
C-4.8kg 727£0.02a  76.08£0.08b  09.28+0.04c 132.53x091ab 55.73+0.05b 366.69+3.91b 2753.18+17.48ab 125.27+0.17c 5.68+0.14c  1.15+0.04b
C-6.0kg 731£0.0la  121.41£0.05a 09.32£0.02c  134.170.66a 58.61x0.0la 360.76+2.20b  2659.76+49.24b  114.10+0.21d 5.10£0.10d  0.96:0.05¢

OMC, Organic matter content; CEC, cation exchange capacity; A, Available; E, Exchangeable; for exchangeable Ca, Mg and Mn, g/kg; for available N, P, K, Zn and B, mg/kg. The lower case
letters behind the values of the same indicator in each column are different, indicating that there is a significant difference between them(P<0.05).
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FIGURE 3

Soil and root microbial community composition of different biochar amendments in orchard Notes: p-1 to p-10: CK, 1.5% C, 3% C, 4.5% C, 6%C,
BF, BF+1.5% C, BF+3% C, BF+4.5% C and BF+6% C. S: soil; R: root. (A—C) representing the phylum and (D-F) representing the Genera. (A, D)
showing the fungal, (B, E) showing bacterial and (C, F) showing the archaeal diversity. (clear pictures are provided in Supplementary Material A—

F: Figures S7-12).

0.25 mm, respectively, compared with that of the control
(2.06 mm), but it did not affect the fruit shape index (Table 9).
The color value (de) and d (a/b) of the fruit color increased
but did not reach a significant level compared with the control.
The fruit surface brightness (dl) was the highest when 1.2 kg and
2.4 kg of biochar were added to each plant. The redness value
(da) was highest at 6 kg of biochar per plant treatment. The
yellow degree value (db) of each treatment was higher than that
of the control, and the difference was significant (Table 10).
Table 11 shows that biochar can increase the soluble solids
content/Titratable acid (SSC/TA), total sugar, reducing sugar,
edible rate, and water content of “Shatangju”, and reduce the
content of Titratable acid (TA). It can also increase the soluble
solids content(SSC) content, vitamin C, and juice yield, except
for individual treatments. When the biochar amendments were
2.4 kg/plant and 3.6 kg/plant, the fruit quality was better than
that under the other treatments. Compared with that of the
control, the SSC content increased by 4.96% and 5.79%, TA
decreased by 16.67% and 8.33%, soluble solids content/
Titratable acid (SSC/TA) increased by 24.48% and 15.24%,

vitamin C content increased by 13.30% and 18.18%, total
sugar increased by 11.36% and 13.21%, reducing sugar
increased by 7.37% and 22.35%, edible rate increased by 2.96%
and 3.79%, juice yield increased by 8.96% and 5.86%, and water
content increased by 0.52% and 0.63%. These results supported
that proper biochar amendments had an obvious effect on
improving fruit quality.

4 Discussion

In this experiment, the organic waste of an orchard was fully
utilized to prepare biochar. Organic waste from orchards includes
“Shatangju” branches from pruning twice a year and grass from
mowing five times a year. A total of 1187 kg per mu produced
437 kg of biochar per mu. The simple biochar furnace that we
developed and produced can handle the preparation of biochar
and the reuse of organic waste in the “Shatangju” orchard. With
obvious effects, the biochar output can meet the orchard
requirements and support the organic carbon cycle in the orchard.

TABLE 9 Changes in physical fruit properties with different amounts of biochar amendment.

Treatments Single fruitweight  Proportion of middlefruits Proportion of middlefruits Fruit Peel thick
(g weight% number% shapeindex (mm)
Control 40.44+0.18b 52.62+0.10e 55.00+1.00e 0.78+0.01b 2.06+0.01a
C-12kg 39.83+0.25bc 79.97+0.19% 81.67+0.34a 0.82+0.00a 1.96+0.01bc
C-2.4kg 40.80+0.80b 69.49+0.16d 71.67+0.00c 0.80a+0.01b 1.7520.01e
C-3.6kg 38.77+0.65cd 69.69+0.00d 68.331.00d 0.80+0.01ab 1.81x0.01d
C-4.8kg 42.89+0.31a 71.68+0.33¢ 75.00£0.50b 0.79+0.01ab 1.94:0.02¢
C-6.0kg 37.44+0.10d 73.07+0.07b 70.00=0.00cd 0.80+0.01ab 2.00+0.02b

The lower case letters behind the values of the same indicator in each column are different, indicating that there is a significant difference between them(P<0.05).
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TABLE 10 Changes of citrus peel visual with different biochar amendments.

Treatments de dl-

Control 74.57+0.07a 33.48+0.13b
C-1.2kg 76.12+0.11a 32.25+0.11c¢
C-2.4kg 75.55+0.97a 33.89+0.09a
C-3.6kg 75.99+0.11a 34.25+0.10a
C-4.8kg 75.78+0.52a 32.42+0.13¢
C-6.0kg 75.89+0.24a 34.09+0.0%

10.3389/fpls.2022.1001740

da+ db+ da/b
27.8520.07¢ 60.18+0.08¢ 0.46+0.02a
28.88+0.20b 62.46+0.11a 0.46+0.00a
28.97+0.18b 60.66+0.12d 0.48+0.02a
28.88+0.08b 61.12+0.13¢ 0.47+0.01a
28.22+0.17¢ 62.0620.10b 0.46+0.01a
29.86+0.18a 60.340.04de 0.49+0.01a

The lower case letters behind the values of the same indicator in each column are different, indicating that there is a significant difference between them(P<0.05).

Biochar is a kind of stable, insoluble and aromatic solid
substance produced by the pyrolysis of agricultural solid wastes
such as straw, rice husk, bamboo, wood and animal manure
under at high temperature and anaerobic conditions (Tan et al.,
2022). This study analyzed the effects of “Shatangju” branch
biochar amendments on soil physical and chemical properties,
soil and root microorganisms, leaf nutrition, and fruit quality of
“Shatangju”(Tables 4-11). After biochar amendments, the soil
bulk density decreased, and the soil water content, field capacity
and capillary porosity increased significantly, consistent with
previous research results (Wang et al., 2012a; Zeng et al., 2013; Li
etal, 2014; Zhan et al,, 2015). The physical properties of biochar
determine these benefits. As a kind of carbon-rich microporous
material, biochar has a large specific surface area, making its
density far less than that of soil (Spokas et al., 2009). Biochar has
a strong adsorption capacity and thus promotes the formation of
soil aggregates, and its strong hydrophilicity can increase
capillary porosity and improve soil water holding capacity
(Downie et al., 2009). Biochar is an effective soil amendment
(Glaser, 1998).

According to the sequencing analysis of soil and root
microorganisms (Figures 2, 3), biochar amendments
significantly increased the number of species and the quantity

of soil and root microorganisms in pot and field tests. Other
dominant genera replaced many dominant genera in the control
after biochar amendments. In the pot experiment, the
abundance of beneficial bacteria such as Fusarium,
Ceratobasidium, Chloroplast_norank, Mitochondria_norank
and Gemmatimonas was the highest, and the content of
harmful bacteria such as Cladophialophora was reduced when
3% biochar was added in the appropriate treatment. This is
beneficial in degrading soil pollutants such as nitrogen oxides
and heavy metals, increasing organic matter in mineral soil and
fixing atmospheric nitrogen. The orchard environment is much
more complex than the pot experiment environment with rain
protection measures. The relative abundance of beneficial
bacteria such as Fusarium, Humicola, Chloroplast_norank and
Nitrososphaera was high, and the species of microbial colonies
were more abundant in orchard soil. The high stability of
biochar, which is a suitable addition amount, can prolong its
retention in soil, improve soil structure, and affect the diversity
of soil and root microbial communities, although orchard soil
has a large volume and strong buffering capacity. Biochar
amendments increased the soil microbial biomass in the peach
orchard, especially the utilization rate of microbial carbon
sources. However, high carbon is unfavorable to microbial

TABLE 11 Changes in citrus fruit nutritional properties with different biochar amendments.

Treatments SSC/ TA/% SSC/ Vitamin C Total sugar Reducing sugar Edible Juice Moisture
% TA (mg/100g) content /% content /% rate/%  yield/%  content/%

Control 12.1 0.48 2522 21.43+0.03d 7.04+0.36¢ 4.3440.04d 74.23+033c  51.92+0.70d 82.5+0.50a
+£0.00c  £0.0la  +0.53d

C-1.2kg 12,5 0.43 29.07 22.98+0.46¢ 8.430.11ab 4.86+0.06b 7517 50.19+0.10e  82.86:0.06a
+0.10ab  +0.00bc ~ +0.23bc +0.10bc

C-2.4kg 12.7 0.40 31.78 24.28+0.20b 7.84+0.25b 4.6620.10bc 7643 56.57+021b  82.93+0.58a
£0.10a  #0.01d  +1.04a +0.40ab

C-3.6kg 12.8 0.44 29.10 25.330.30a 7.97+0.07ab 5.31+0.00a 77040522 54.96+0.40c  83.02+0.02a
+0.20a  +0.01b  $0.21b

C-4.8kg 12.1 0.44 27.50 23.740.20bc 8.43+0.03ab 4.75+0.05b 75.61 55.53 83.47+0.20a
+0.00c  +0.00b  +0.00c +0.60bc +0.18bc

C-6.0kg 12.2 041 29.77 20.590.12d 8.61+0.07a 4.56+0.05¢ 76.28 58.25+0.27a  83.11%0.10a
£0.00bc  #£0.0lcd  +0.73b +0.32ab

de, the color of the peel; dl-, brightness of the peel; da+, redness of the peel; db+, yellowness of the peel; da/b, the ratio of Da and Db; SSC, soluble solids content; TA, Titratable acid. The
lower case letters behind the values of the same indicator in each column are different, indicating that there is a significant difference between them(P<0.05).
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diversity (Lu et al., 2020). The pH value of potato rhizosphere
soil is important for soil microbial biomass, followed by organic
carbon and total nitrogen (Xu et al., 2020). Biochar has a large
specific surface area and nonvolatile ash, providing a more
suitable niche for soil microorganisms. Biochar directly
affected the soil pH value and increased the soil organic
carbon content. We speculated that soil pH stability is the
main reason for the increase microbial diversity in the soil and
rhizosphere of “Shatangju” in the orchard and pot tests based on
the results reported by Zhalnina et al. (2015) and Shi
et al. (2021).

Relevant studies have suggested that biochar can also
improve soil fertility, reduce nutrient fixation and leaching,
promote nutrient absorption by plants, increase fertilizer
utilization rate, and improve growth and development of most
crops, while avoiding the disadvantages caused by the lime
(Magrini-Bair et al., 2009; Laird et al., 2010; Wang et al,
2012a; Chen et al,, 2013; Zhang et al., 2013a). This experiment
also proved that biochar has these advantages in the “Shatangju”
orchard and pot tests (Tables 5, 8).

Biochar also exerts effects on improving the nutrient
absorption of crops. Studies have shown that biochar
amendments can improve the crop’s capacity to absorb
nitrogen, phosphorus, potassium and other nutrients, and the
absorption rate increases with the number of biochar
amendments, however, when it exceeds a certain amount, it
inhibits the absorption of nutrients by crops (Chan et al., 2007;
Li et al, 2014; Khan et al, 2020). Our study showed that the
contents of nitrogen, phosphorus, potassium, calcium,
magnesium and boron in the leaves of “Shatangju” after biochar
amendments were slightly lower than those of the control
(Tables 4,6), consistent with the results of (Zhang et al., 2013¢).
It may be that biochar amendments can improve the soil nutrient
efficiency and then improve the nutrient absorption of crops.
However, the increase in plant biomass and fruit amount,
carbohydrates produced by photosynthesis, and the transfer of
nutrients lead to the dilution of leaf nutrients and the reduction
of element contents. Meanwhile, biochar increased the content of
available phosphorus, potassium, calcium and magnesium and
other mineral elements in the soil and increased the absorption of
these elements.

Previous studies have demonstrated that (Fang et al., 2014;
Zhang et al, 2014) biochar amendments can increase the
aboveground dry matter accumulation and crop yield, but the
effect on crop quality is rarely mentioned. The present experiment
also proved the effect of biochar in the production of “Shatangju”.
The different proportions of biochar can improve “Shatangju”
internal and external qualities to varying degrees, especially the
proportion of medium fruit. The price of medium fruit of
“Shatangju” is high so that biochar amendments can increase
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the economic benefits after harvest for the grower (Tables 9-11).

In this experiment, biochar amendments in pot and field
tests significantly improved the soil pH value and organic matter
contents (OMC), hydrolyzable alkali nitrogen, phosphorus,
potassium, exchangeable calcium, exchangeable magnesium,
zinc, available boron and CEC. Many pot tests have found
similar findings and analyzed the related reasons (Kimetu and
Lehmann, 2010; Gao et al,, 2012; Han et al.,, 2012; Zhang et al,,
2013a; Zhang et al.,, 2013¢; Zhao et al., 2015; Zhu et al., 2015).
However, there is not a complete design for the optimal amount
of biochar. It is generally believed that the effect of biochar on
crop growth, yield and quality is closely related to the biochar
amount and soil properties (Khan et al., 2021a). Asai et al. (2009)
found that rice yield increased with biochar amendments, but
when biochar amendments reached 16 t/hm?, rice yield did not
increase due to nitrogen deficiency. In a pot test on sandy loam,
Vaccari et al. (2011) showed that the biomass of ryegrass
increased by 20% and 52% when biochar amendments were 30
t/hm? and 60 t/hm?, respectively, but decreased when biochar
amendments were 100 t/hm” and 200 t/hm* compared with that
of the control group. This study found that in the pure soil test,
whether or not chemical fertilizer is applied, 3% biochar
amendments can provide a suitable pH value for “Shatangju”
growth and are relatively stable. Due to the limited amount of
planting soil in the pot test, whether or not fertilizer is applied,
1.5%-3% biochar can improve the soil. In the field test, the
biochar at 2.4-3.6 kg/plant (approximately 4% - 6% of the mixed
soil sample, namely, approximately it is about 4% - 6% of the soil
in the fertilizing ditch 80 cm long, 30 cm wide and 30 cm deep) is
suitable for the growth and development of “Shatangju” with
proper soil pH value, organic matter content (OMC), large,
medium and trace element content and leaf element content,
and improved fruit quality. Therefore, the amount of biochar
added in the open environment (if the garden) can be slightly
adjusted according to the results of the closed environment test
(pure soil test and pot test). Of course, the amount of biochar
used in the field needs to be determined by the soil, variety, tree
age and planting density, and it should be noted that the effect of
not always better the amount is.

5 Conclusion

A simple small-scale biochar furnace is beneficial for the
“Shatangju” orchard. It can convert the carbon fixed by
“Shatangju” plants and orchard grasses into biochar and
change the physical and chemical properties of soil and
microbial colonies in the soil by applying 2.4-3.6 kg biochar
per plant, thus affecting the absorption and utilization of soil
nutrients by “Shatangju” roots, directly increasing the yield and
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improving the quality of fruit. The results of the closed
environment test (pure soil test and pot test) and the open
environment test (if it is a garden) can refer to each other in
terms of the added biochar in order to obtain a model of the
organic carbon cycle in the orchard. It provides a method deal
with the waste in the orchard, address the problem of biochar
shortage, and maintain the cycle of organic carbon in the
orchard, which provides a theoretical basis for the fertilization,
soil improvement and rational agriculture of biochar in
“Shatangju” orchards.
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