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Research progress of biochar on agricultural soil improvement
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Abstract. Biochar is an environmentally friendly soil amendment produced by pyrolysis of biomass such
as agricultural and forestry wastes or animal manure under anaerobic or highly anaerobic conditions. Due to
its good physical structure and rich surface properties, it has gradually become a research hotspot in
agricultural soil improvement. Based on the existing research results at home and abroad, this article
systematically summarizes the properties of biochar, the production process and the mechanism of
agricultural soil improvement so far. At the same time, the future scientific research on the effect of biochar
in the field of agricultural soil improvement is put forward, aiming to provide a reference for it in the field

of agricultural soil improvement.

1 Introduction

Biochar is an environmentally friendly soil amendment
produced by pyrolysis of biomass such as agricultural
and forestry wastes or animal manure under anaerobic or
highly anaerobic conditions. It has a large specific
surface area, rich surface functional groups, small
specific gravity, rich pore structure and stable physical
and chemical properties. The application of biochar to
the soil can change the physical and chemical properties
of the soil, thereby affecting the soil fertility and the
process of field agricultural production.

He Xvsheng et al.[! believe that with the application
of biochar in agriculture as the core, it can solve many
problems in agriculture, energy, environment and climate,
so as to achieve multiple effects. The starting
components of biomass and the conditions for its
conversion into carbon determine the differences in
porosity, surface area, and surface chemical properties of
biomass carbon materials (2!, as well as the differences in
lignin and mineral content, and its thermal stability and
carbon storage potential is also different Bl In recent
years, the production and agricultural applications of
biochar have attracted great attention from many
countries. Wei Chunhui et al. ™3 summarized the
application of biochar in agriculture. Our country is a
large agricultural country with a large population. The
use of biochar for soil improvement and further
improvement of soil fertility is of great significance for
ensuring my country's food security.

2 Preparation of biochar

At present, there are two methods for the preparation of
biomass charcoal: hydrothermal carbonization and dry
pyrolysis carbonization. The hydrothermal carbonization
method is to grind and pulverize biomass as raw
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materials under certain temperature and pressure, and
seal it in a high-pressure reactor at 150~300°C. The
hydrolysis reaction occurs first, followed by the
dehydration reaction and decarboxylation and
aromatization process . Dry pyrolysis carbonization
method can be divided into slow pyrolysis method and
fast pyrolysis method. Among them, slow pyrolysis is
currently the main method for preparing biomass
charcoal. Its heating rate is less than 1°Ces’!, the reaction
time is long, and the maximum temperature is 700°C;
while the heating rate of fast pyrolysis can reach 1000°C
es’!, the highest temperature can reach 900°C, but this
method may damage the internal structure of biochar,
resulting in a decline in production. In addition, the
properties of biochar prepared by different carbonization
processes will also show certain differences, which can
be used to improve soils of different properties. For
example, biochar prepared by dry pyrolysis carbonization
method is usually alkaline and can be used for acid soil
improvement "), while the biochar prepared by the
hydrothermal carbonization method is usually acidic and
can be used for the improvement of alkaline soil [,
Current studies have shown that biochar has a very good
effect on soil improvement in a short period of time, but
in the long term, its effect on the soil needs to be further
studied (13,

3 The physical and chemical properties
of biochar

The content of C element in biochar is usually greater
than 60%, and the other elements contained in it are
mainly H, O, N, S, etc. ['*, The elemental composition
and content of biochar are closely related to the reaction
temperature in the production process, mainly in a certain
range. With the increase of carbonization temperature,
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the content of hydrogen and oxygen decreases, the
content of carbon increases ['*l, In addition, the solubility
of biochar is extremely low, the boiling point is
extremely high, and it has a high degree of carboxylic
acid esterification, aromatization structure [°'71 and
aliphatic chain structure [']. It is precisely because of the
typical structural features of biochar, such as aliphatic
double bonds, carboxyl groups, phenolic hydroxyl
groups, hydroxyl groups and aromatization ['® that it has
strong antioxidant capacity and adsorption capacity [,
In the production process of biochar, the fine pore
structure of the original material is well preserved,
making the biochar become loose and porous, with a
larger specific surface area. Abundant pore structure,
high carbon content, stable physical and chemical
properties and large specific surface area are the
important material structure basis for biochar to improve
soil characteristics, promote crop growth and increase
yield.

4 The mechanism of biochar on soil
improvement

The improvement effect of biochar on soil is mainly

reflected in the physical structure, chemical properties,
soil microbial content, etc. The typical effects of biochar
applied to the soil are summarized as shown in Table 1.

4.1. The impact of biochar on soil physical
structure

The deterioration of soil physical properties such as
increased bulk density, decreased porosity, and decreased
permeability can lead to poor coordination of soil water,
fertilizer, gas and heat, thereby reducing soil fertility and
reducing crop yields !'). Biochar has a loose and porous
structure similar to soil aggregates. After being applied to
the soil, it can improve the soil's porosity, bulk density,
aggregate distribution and other physical properties,
thereby improving the air and moisture conditions in the
soil 120211 Eastman 221 after applying 25g/kg of biochar
in silt soil, the soil bulk density decreased by 0.19g/cm?;
after adding 5% of biochar, the water permeability and
water retention of the soil are improved. Compared with
perlite and vermiculite, its effect on soil compaction is
more obvious ], Wenman et al. ?* used the centrifuge
method to measure the shrinkage characteristics of soil

Table 1. Effect of biochar application on soil properties

Soil factor classification | Measures Research result References
Soil bulk density decreased by 0.19g/cm? 22
Improved soil permeability and water retention 23
Soil physical structure ] — ]
Soil specific volume increases 24,25,26,27
Soil bulk density decreases, soil water holding 28
capacity and soil moisture content increase
Soil pH Increased soil pH 32,33,34,35
Soil base The total amount of exchangeable base ions in the 38
saturation soil is significantly increased
and cation Soil exchangeability Na*and K* increase 40
exchange
capacity Add Increase the cation exchange capacity of the soil 41
biochar i
Soil Increase wheat's absorption of N and P 42
chemistry The content of available phosphorus, available
. X . . 43,45
nitrogen and available potassium has increased
Soil When the accumulated carbon application rate is too
ol high, the effective nitrogen and phosphorus content 44
nutrients will be too low
Soil SOC/TN increases with the increase of biochar 6
dosage
The total organic carbon content of the soil increases, 47
and the TN content increases
Soil microbial biomass increased 52,53,54,36
Soil microorganisms
Changes in microbial abundance 56,57,58

with different proportions and different particle sizes of
biochar, and found that when the content of biochar
increases, the specific volume of the soil also increases.
Li Yumei et al. [23], Chen et al. [2%1 and Laird et al. 12" also

reached similar conclusions. Liu Yuan et al. 28 showed
that with the increase of biochar application, soil bulk
density decreases, soil water holding capacity and soil
water content increase. In addition, biochar has a
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significant effect on soil color and soil thermal conditions.
Briggs et al. ! found that after adding biochar to the soil,
the Munsell color value increased with the increase of
biochar content, while low water content the biochar will
significantly increase the temperature of the soil B
From the perspective of improving the physical
properties of the soil, proper application of biochar can
produce good effects on agricultural soil.

4.2. The impact of biochar on soil chemistry

Biochar applied to farmland not only improves the
physical properties of the soil, but also affects the
chemical properties of the soil. The chemical properties
of soil mainly include pH, cation exchange capacity, base
saturation and nutrients.

4.2.1. Soil pH.

The pH of biochar prepared by different treatment
methods will show a certain difference in acidity and
alkalinity, most of which are alkaline. When alkaline
activated carbon is added to the soil, as the amount of
application increases, the soil pH will increase, but its
degree of influence is related to factors such as raw
materials, soil types, and carbon production technology
2% 31 Liu et al. 21 conducted field experiments in
Zhejiang Province, China, and the results showed that
bamboo biochar and straw biochar had little effect on soil
pH. Rice straw biochar could increase soil pH by 0.18,
and bamboo biochar could increase soil pH by 0.15. Xv
et al. 3 found that rice straw charcoal, legume straw
charcoal, corn straw charcoal, rape straw charcoal, and
wheat straw charcoal can all increase soil pH. Among
them, legume straw charcoal has the most obvious effect
on improving soil pH. Li Ming et al. ** indoor
cultivation experiments showed that after 135 days of
cultivation, the pH of the soil treated with two straw
biochars increased by 0.16 on average compared with the
control group; but at the same lysis temperature, the
difference between the two biochar treatments was
similar. Qiu Zhen B3 found that Spartina alterniflora
biochar applied to soil can significantly increase its pH.
As the growth period grows, the pH of the soil gradually
tends to be neutral. This is due to the ion exchange of
oxygen-containing functional groups on the surface of
the biochar, the release of hydrogen ions and the
respiration of soil organisms. Research by Shi Yvlong et
al. 3% showed that compared with the control group, the
application of biochar in the coastal saline soil of the
North China Plain can significantly reduce the soil pH in
the 0-20 cm and 20-40 cm soil layers.

4.2.2. Soil base saturation and soil cation exchange
capacity.

Soil base saturation refers to the percentage of
exchangeable base ions on the soil colloid in the cation
exchange capacity, reflecting the effective nutrient
content of the soil, and is an important basis for
improving soil. Soil cation exchange capacity (CEC)

refers to the total amount of various cations adsorbed by
soil colloids. It is an important basis for affecting the
strength of soil buffering capacity, evaluating soil fertility
retention capacity, reasonably applying fertilizers and
improving soil.

The effective nutrients needed by plants are mainly
provided by the base ions in the soil, including K*, Ca?",
Mg?", Na" and NH*". Because biochar has a loose and
porous structure, its surface area is large and the surface
is rich in organic functional groups, it can adsorb more
base ions, thereby increasing the soil base saturation and
making the CEC value higher 7. Guo Chunlei et al. %
found that compared with single application of straw,
under the condition of single application of biochar, the
total amount of exchangeable base ions in the soil was
significantly increased, while under the condition of
equal amount of straw and equal nutrients, biochar The
total exchangeable base was increased by 17.6% and
15.1%, respectively, compared with chemical fertilizers
and straw and chemical fertilizers compared with no
fertilization. The difference between the two was
significant, indicating that the use of straws as biochar in
the field can improve soil exchangeable bases. The effect
of total ion amount is obviously better than that of straw
returning directly to the field. Applying biochar and
straw to the soil can increase soil exchangeable K*, Ca®"
and Mg?", of which Ca?" is the main one. The exchange
of Ca*" with the hydrogen ion in the soil colloid will
form calcium colloid, which is conducive to the
formation of aggregate structure and enhances soil
fertility attributes ). At the same time, Zhang
Zhengrong M9 showed that wheat straw biochar has a
positive effect on the increase of soil exchangeability Na*
and K*. In addition, some studies have shown that adding
biochar to alkaline lime soil can also significantly
increase the cation exchange capacity of the soil (4!,

4.2.3.Soil nutrients.

Soil nutrients are one of the basic properties of soil, and
their content directly affects the growth quality and final
yield of crops. Biochar has a loose and porous structure,
abundant organic functional groups and a large specific
surface area, so it can effectively absorb and maintain the
nutrients needed by soil and plants. Kang Rifeng et al. %
added biochar combined fertilizers to the soil and found
that biochar-based fertilizers can significantly increase
the absorption of N and P by wheat, and within a certain
range, with the increase of biochar, the absorption of N
and P also increases. Liu Fang et al. [} added biochar to
the soil, and the content of available phosphorus,
available nitrogen and available potassium in the soil
increased, which significantly improved the soil nutrient
status. Wei Yongxia et al. ¥ showed that an appropriate
amount of biochar can effectively improve soil fertility
and promote crop growth, but when the cumulative
amount of carbon application is too high, it will result in
too low available nitrogen and phosphorus content,
which is not conducive to crop growth. In addition, the
application of biochar added with penicillium can
improve its fertilizer efficiency 3. In addition, studies
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have shown that increasing the application of biochar
under the winter wheat-summer maize rotation system
can significantly increase the soil organic carbon content,
and under the same nitrogen level, the soil SOC/TN
increases with the increase in the amount of biochar 4],
The study by Shang Jie et al. 71 showed that in the
0-10cm, 10-20cm and 20-30cm soil layers, the total
organic carbon content of the soil applied with biochar
increased by 65.14%~180.80% and 54.70%~180.68%
respectively compared with the control group. And
35.90% ~ 37.41%, the TN content increased by
11.59%~33.33%, 3.03%~25.76% and 15.69%~31.37%
respectively compared with the control group. Studies
have also shown that the application of biochar
significantly reduces soil NO? content, but has no
significant effect on soil NH4"and NO* content 8. With
the increase of the amount of biochar applied, the soil
available nitrogen gradually decreased, with a decrease
of 10.0% to 20.3%; the soil available potassium
increased significantly ), Lv Zexian P% conducted a
potato experiment and found that the application of
biochar-based fertilizers has a greater increase in organic
carbon, available potassium, available phosphorus and
C/N than the control soil. After biochar was applied to
the soil for 5 years, the active organic carbon content in
the soil was significantly reduced, but the stable organic
carbon content changed little, and it had no significant
effect on the dissolved organic carbon content and
composition 31,

4.3. The impact of biochar on soil

microorganisms

As an environmentally friendly soil amendment, biochar
can change the physical structure of the soil after it is
applied to the farmland, providing a good living
environment for soil microorganisms. Kuang Chongting
et al. 2! found that as the amount of biochar applied
increases, the microbial biomass will also increase.
Applying 0.5% and 1% biochar to the soil greatly

increased the soil microbial MBC and MBN content.
Bargmann et al. 3 found that biochar prepared from
beer lees and beetroot was applied to the soil for a certain
period of time, the soil microbial MBC was significantly
higher than the control group. Tao Pengchuang et al. [
found that the combined application of unequal amounts
of nitrogen fertilizer and biochar can significantly
increase soil MBC and MBN. Song Dali et al. ¢! found
that the amount of biochar and the level of nitrogen
application have a certain effect on the soil MBC content,
but it has little effect on MBN 331 Studies have found
that in the 0-20cm soil layer of coastal saline soil in the
North China Plain, after biochar and organic fertilizer
treatment, soil microbial MBC and MBN are higher than
the control B¢l In addition, studies have found that
applying biochar in the soil can have a certain impact on
the abundance of microorganisms, but the conclusions
are not the same. For example, studies have shown that
the application of biochar can increase the abundance of
microorganisms *%); short-term application of biochar in
the soil cannot significantly change the microbial
abundance P*7); after applying eucalyptus biochar, the soil
microbial biomass is significantly reduced **. There are
differences in the above studies, which are related to the
type of biochar material, pyrolysis time and temperature,
soil type, and the length of the test.

5 Conclusion and prospects

The use of biochar for soil improvement comes from the
agricultural production experience of the ancestors in the
Amazon basin, who discovered that biochar has an effect
on crop yield. Once it appeared, it has aroused
widespread concern in the agricultural field all over the
world. In summary, the application of biochar for soil
improvement has been extensively studied, and it has a
significant effect on the rational use of biochar for
agricultural development. Currently, the role of biochar
as a soil amendment in agriculture is shown in Figure 1.
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Fig. 1.The influence of agricultural biochar as a soil amendment

In view of the summary of the research on biochar,
the following prospects are put forward for the future of
agricultural biochar.

(1) At present, there are many research results on the
improvement of soil characteristics by biochar, but most
of the research is still in the small area test stage. How to
select the type and amount of biochar and carry out
large-scale soil improvement construction still needs
in-depth analysis and research. In addition, for the
large-scale application of biochar to improve crop soil in
the future, it is necessary to comprehensively consider
the benefits and economy to make biochar lower in cost
and better in effect. Further research is still needed.

(2) Biochar is an excellent new environmentally
friendly soil improvement material. The research and
development of fertilizers that rely on biochar to play a
higher role is of great significance to the promotion of
agricultural  revitalization and the  sustainable
development of ecological agriculture.

(3) The properties of biochar are subject to
differences in raw materials, preparation methods and
research methods; and the same biochar applied to
different soils has different effects. Therefore, in the
actual application process, it is necessary to actively
carry out the standardization research and discussion of
biochar. Formulate relevant industry standards and
summarize the properties of biochar. According to
different soil types and actual conditions, conduct
research on the preparation and selection of suitable
biochar to optimize the effect of biochar on soil
improvement.

(4) The use of biochar to improve soil is a long
process. Whether the soil improvement effect has
long-term effects still needs more in-depth research.

(5) The research on the changes of soil characteristics
caused by the co-application of biochar and other soil
amendments or soil fertilizers is insufficient. Research
can be carried out separately from the aspects of physical
structure, chemical properties and microorganisms.
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