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Abstract. Dryland agriculture ecosystems occupy an extremely important position in ensuring 

global food security. However, they have faced problems of low soil organic matter content 

and poor long-term soil sustainability. Biochar is regarded as a new means of soil remediation 

and a pathway of carbon sequestration that has improved the soil structure and function of 

ecosystems due to its complex physical and chemical properties. Since there are few reviews of 

biochar's role in the carbon cycle of agricultural ecosystems, this article examines recent 

research about its influence on plant carbon assimilation, soil organic carbon mineralization 

and storage. We highlight the direct or potential effects of biochar on the relationships between 

plant root architecture and carbon storage, the soil priming effect and soil aggregation, to 

provide new perspectives on the study of its impacts on the carbon cycle and the implications 

for carbon management in dryland agriculture ecosystems. 

1. Introduction 

Terrestrial ecosystems are the world’s largest organic carbon pool, containing approximately 2344 

billion tons. Soil organic carbon (SOC) is a potential carbon sequestration sink that helps to mitigate 

climate change and has an impact on soil sustainability [1].The carbon cycle is based on plants 

assimilating carbon dioxide from the atmosphere to produce carbohydrates that are transported into the 

plant roots and enter into the soil to be subsequently released as CO2 through soil respiration [1]. Arid 

and semi-arid area ecosystems both play a very important role in the terrestrial carbon cycle. However, 

factors such as frequent droughts and low nutrient availability in the regions they occupy can limit any 

increase in plant primary productivity and thus reduce their input into the soil carbon pool[2]. In the 

atmosphere–plant–soil ecosystem, carbon use efficiency and soil carbon storage are mainly improved 

in the following two ways: (1) by increasing the amount of CO2 assimilated from the atmosphere and 
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the amount of C input into the soil by enhancing the net primary productivity of plants 

(aboveground–underground biomass); and (2) by improving the soil to protect input plant organic 

matter and prevent ineffective or excessive mineralization.  

Biochar is a carbon-rich by-product of pyrolysis of organic material in an oxygen-depleted 

environment that has been proposed as a soil ameliorant to improve soil properties and functions (e.g. 

improving soil fertility and stability and enhancing C sequestration) [3]. The effect of biochar on 

carbon emission and sequestration has attracted much attention in recent years, although there are few 

studies on the impact of biochar on the atmosphere–plant–soil perspective of the carbon cycle. 

Therefore, based on existing studies in recent years, this review focuses on the effects of biochar on 

the carbon turnover of aboveground–underground plants, the protective effect of soil aggregates on 

organic matter and the decomposition of microorganisms, and explains how it affects the ecosystem 

carbon cycle to provide implications for carbon management in dryland agricultural systems. 

2. The Effects of Biochar on Plant Growth and the C Cycle 

2.1. The Effect of Biochar on Aboveground Plants 

Plants maintain their growth and metabolism through photosynthesis and underground nutrient 

resources. Biochar can affect the metabolic environment of plants by changing the level of available 

underground nutrients, thereby improving the ability of plants to assimilate CO2 in the atmosphere. 

Meta-analysis found that biochar application increased crop productivity by an average of 10%, 

mainly due to soil ―liming effects‖ and improved soil water retention capacity and soil nutrient 

availability [4]. The plant height, biomass and grain weight of oats increased with the application of a 

biochar-compost mixture, which was attributed to the increase in the total organic carbon and nitrogen 

of the soil [5].Research involving potting studies found that adding appropriate amounts of biochar 

can help improve nutrient availability (K and P-Al) and increase maize biomass by 120% under low 

nutrient supply conditions [6]. Studies have found that the combined effect of inoculation with 

arbuscular mycorrhizal fungi (AMF) and biochar can increase the absorption of nutrients (N, P and K) 

by plants as well as increase their biomass and alleviate cadmium impairment [7].  

Biochar not only improves plant growth by regulating the availability of water and nutrients in the 

soil, but it also promotes excellent improvements in plant physiology and biochemistry. The 

photosynthetic performance of maize with biochar significantly affects leaf area index (LAI), leaf net 

photosynthetic rate (Pn), chlorophyll content, dry matter accumulation and other parameters [8]. High 

biochar addition is beneficial to increase LAI and Pn, and the addition of charcoal helps to extend the 

green time of crops and promote the increase of grain yield [8]. In addition, the application of biochar 

can weaken the photosynthetic ―midday break‖ during the flowering and filling stages of winter wheat, 

and enhance photosynthetic performance. In addition, the application of biochar can weaken the 

photosynthetic ―midday break‖ during the flowering and filling stages of winter wheat, and enhance 
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photosynthetic performance [9]. Soil with 2% biochar content significantly increased maize biomass, 

because soil water content increased by 70% and stomatal conductance, soil water content and 

biomass showed a high correlation [6]. To sum up, biochar changes physical and chemical soil 

properties (e.g. it increases soil water holding capacity and improves soil cation exchange capacity) in 

favor of water and nutrient retention and soil nutrient availability. In addition, soil with added biochar 

improves the tolerance and growth performance of crops to various stress environments, and 

ultimately increases the assimilation rate of atmospheric CO2, thus affecting the C cycle. 

2.2. The Effects of Biochar on Carbon Input and Allocation in Plants 

The organic carbon in the soil comes mainly from photosynthetic fixation of plants and reaches the 

soil through aboveground litter or underground rhizosphere deposition (for example, C-containing 

compounds released by roots or dead roots during turnover) [11]. Several studies have focused on the 

impact of biochar on crop yield and biomass, but there are few studies on the effect of root carbon 

input and allocation. Accordingly, we explain the impact of root carbon input on the soil carbon cycle 

from two aspects—first, the influence of root carbon input on soil carbon turnover and, second, how 

root architecture and properties affect soil carbon turnover—thus providing research ideas for further 

in-depth study of biochar on the carbon cycle mediated by roots. 

The input and allocation of root carbon reflect the allocation strategy of plants. The distribution of 

carbon relies on the development stage of the plant, but it also depends on the specific allocation 

strategy of the species [10],such as the preference for belowground storage compounds or the response 

to environmental conditions, such as drought [11], N deposition, atmospheric carbon dioxide 

concentration and other global change effects [12]. Root exudates directly affect the soil C cycle 

because they are mainly composed of carbon-based compounds[13]. At the same time, the release of 

root exudates into the soil is an important metabolic activity of plants, which helps to improve the 

availability of nutrients and promote nutrient absorption [14]. Previous studies have shown that about 

1–20% of the net assimilated C of plants is released into the rhizosphere through root exudates [15]. In 

situ isotope labeling experiments have shown that more than 50% of the photo-absorbed carbon is 

transported underground [16]. In addition, studies have compared the effects of root carbon input and 

litter carbon input on organic carbon, showing that root carbon input is the primary source of organic 

carbon, accounting for 70% [17]. Theoretically, root exudates exhibit strong biochemical activity, 

which can be closely related to rhizosphere microorganisms and mineral surfaces, and promote the 

formation of organic carbon more effectively than dead litter input[17]. Recent studies have pointed 

out that rhizodeposition input to form organic carbon is more efficient than the carbon source input 

from dead roots or litter, by two to 13 times  [18]. Compared with the root system and aboveground 

litter C inputs, root exudates can be immediately used by rhizosphere microorganisms and converted 

into microbial biomass, which has an important impact on the long-term stability of organic carbon in 

microbial residues [19]. 
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The root system is most sensitive to soil moisture and nutrients, and its morphology responds to 

changes in the external environment. At the same time, changes in root morphology will in turn affect 

the absorption and utilization of water and nutrients by plants [20]. Biochar can reduce soil bulk 

density, improve soil porosity and optimize root growth space through its own characteristics (high 

porosity, high CEC value and its own oxygen-containing functional group, etc.), which is conducive to 

the extension of the root system and the improvement of the crop's ability to obtain underground 

nutrient resources [21]. Baronti et al. pointed out that the root system of grapes tends to increase the 

length of fine roots rather than their diameter when subjected to drought stress. The application of 

biochar increased the soil water content, increasing the diameter of the grape fine root system instead 

of the length, and optimizing the carbon investment of the plant [22].Similar studies have found that 

applying biochar can increase the diameter of fine roots of wheat [23]. The carbon sequestration 

potential of biochar could be improved by prolonging the life of the fine roots of biochar-treated plants 

[24]. Meta-analysis concluded that the turnover rate decreases with the increase of fine root diameter, 

as this will improve carbon sequestration [25]. This is the main structure in which plants are involved 

in water and nutrient acquisition, and nearly 33% of the annual global net primary productivity in 

terrestrial ecosystems is contributed to by the production of fine roots, while 50% of the daily 

photosynthetic products produced by plants is used to maintain the growth of fine roots [26–31]. 

Therefore, the lifespan of fine roots has an important impact on crop productivity and the growth of 

plants, as well as the soil carbon cycle [32]. While several studies have researched the effect of 

biochar on the plasticity of plant roots, less is known about the effect of biochar on root architecture 

and morphology corresponding to functions. 

3. The Effects of Biochar on Soil Habitat and Soil C Cycle 

Biochar, as a carbon-rich thermal stability product, has strong resistance to soil biotic or abiotic 

degradation and can potentially reduce total CO2 emissions, and has thus been widely considered as a 

way to enhance the soil carbon sink [33]. Biochar changes to soil habitats are mainly due to its unique 

characteristics, such as its ability to improve the soil ion exchange capacity, soil water retention 

capacity and soil pH, and it can cause changes in the soil organic matter composition and soil 

microbial community under normal conditions [34]. Although biochar has been shown to have 

potential for carbon sequestration, the results of soil–biochar interactions are varied and it is thus 

difficult to predict responses due to differences in soil structure and soil habitat [35–37]. In order to 

clarify the importance of soil–biochar interactions in the soil carbon cycle, this section summarizes the 

research hotspots in recent years, and discusses the mineralization and protection roles of biochar for 

native soil organic matter (SOM). This includes two main aspects: the first is the interaction between 

biochar and soil microorganisms, and the second is the effect of biochar on protecting organic matter 

from soil aggregation. 
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3.1. The Effect of Biochar and Soil Environment on Soil Microorganism 

Microorganisms are active participants in the entire dynamic process of SOM mineralization and 

formation. While biochar has a highly stable molecular structure (such as its highly concentrated 

aromatic structure), during the pyrolysis and carbonization of organic matter about 3% of unstable C 

sources (aliphatic C, carboxyl groups, carbohydrates) accompany the biochar as it enters the soil, 

which stimulates the growth of microorganisms in a short period and produces a special type of 

microbial community [38]. Studies have shown that the increase in microbial biomass is not due to the 

increase in oxidizable carbon sources after the addition of biochar, but instead because of the 

protection of microorganisms provided by the refuge of biochar [39]. Research using scanning 

electron microscopy found that the porous structure and large surface area of biochar provide an 

excellent environment for the colonization of microorganisms [40]. Isotope labeling also showed that 

the microbial biomass significantly increased after the addition of biochar. About 20% of microbial C 

comes from biochar prepared at 350°C (BC350) and is significantly related to the content of microbial 

ATP, while biochar prepared at 700°C (BC700) has no such significance. Different pyrolysis 

temperatures cause significant changes in the chemical structure and composition of biochar. Infrared 

spectroscopy analysis of the biochar surface found that the content of extractable water-soluble carbon 

in BC350 is many times more than that in BC700, and the aromatic C=C and aliphatic C=H bonds and 

carboxylic anions are significantly reduced. This means that BC350 is not only colonized by 

microorganisms but its carbon source is used as a substrate by microorganisms. Laboratory and field 

research results show that the addition of biochar can cause significant changes in soil microbial 

activity and community composition, thereby causing changes in the SOC mineralization rate 

[38,41,42], but there are studies that hold different views. Research by Tian et al. The study showed 

that the addition of biochar alone did not affect the microbial composition, and it only caused changes 

in the microbial community in combination with NPK fertilizer [43]. Studies of soils with different pH 

have found that the addition of biochar does not change the bacterial phyla in neutral soils [44]. The 

inconsistent research results are mainly due to the different environmental and biochar characteristics 

of soil–biochar interactions. For the soil habitat, when soil N and P are restricted, the addition of 

biochar will not lead to an increase in microbial biomass. At this time, plants and microorganisms 

compete for the source of nitrogen and, as a result, the availability of nitrogen is reduced and the 

assimilation of carbon by plants is weakened, eventually decreasing the number of microorganisms 

[43]. At the same time, different soil properties have different effects on microorganisms. Studies have 

found that the CO2emissions of sandy loam soil with biochar added are two to four times that of sandy 

soil with the addition of biochar. However, the type of biochar has no significant effect on this process. 

This is because the sandy soil contains 90% sand and low nutrient, SOM and loam content, and so the 

microbial activity is low [45]. On the other hand, compared with sandy soil, the neutral pH (7.0–7.1) 

of sandy loam soil is beneficial to improved microbial activity because of the higher nutrient 

availability [46]. 
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3.2. The Short-term Impact of Biochar on the Mineralization of Soil Organic Matter 

Although the application of biochar can strengthen the interaction between soil and microorganisms, 

this is not necessarily a good thing for SOC storage. Research found that the mineralization rate was 

about 10 mg C g-1 after adding oak tree biochar in sterilized soil, but reached 20 mg C g-1 after 

inoculation with microorganisms, indicating that microorganisms have an important role in SOM 

mineralization [47]. By comparing the soil CO2emissions from the biochar and non-biochar treatment 

(control), the carbon released from the soil with biochar added was found to be higher. Additionally, 

the accumulated mineralized carbon increased with the decrease of the biochar production temperature, 

ranging from high lignification to vegetation biochar [48]. Further, research has found that the 

addition of 2–4% of apple tree biochar increased soil carbon emissions, but the addition of 1% reduced 

them [49].Carbon emissions after adding green fertilizer and biochar were respectively much larger 

from the former than the latter, and the sensitivity to temperature showed the same trend [50]. 

Similarly, studies have found that a straw–biochar mixed application and simple straw returned to the 

field have higher C emissions than adding biochar [51].  

The phenomenon that the mineralization rate of the original organic matter changes due to the 

addition of fresh organic matter is called the "priming effect". The increase of mineralization rate is 

called the "positive priming effect", and the obverse is called the "negative priming effect" [52]. The C 

emission rate changes after adding biochar, mainly because biochar carries some easily oxidizable 

organic matter into the soil. This stimulates microbial activity in a short period of time, and the 

intensity and direction of the priming effect may vary depending on the materials used to prepare the 

biochar, soil texture, soil organic matter composition and other factors. We summarize the causes of 

positive or negative priming effects caused by biochar as follows (a–c are positive and d–e are 

negative): (a) biochar provides an ideal soil microhabitat environment for microorganisms; (b) biochar 

improves the availability of soil nutrients; (c) the co-metabolic effect of labile carbon input not only 

increases the secretion of microbial extracellular enzymes but also stimulates the degradation of native 

SOM [53]; (d) the "matrix-conversion effect" whereby microorganisms preferentially use labile 

biochar carbon without affecting the native dissolved organic matter (DOM) [54]; (e) physical 

protection, where the carbon is adsorbed by biochar adsorption to protect it from microbial 

decomposition, or by changing the soil microenvironment to make it less easy to make contact with 

microbes (e.g. via aggregates/pH/toxicity).  

In addition, there are some difficult-to-define factors that also affect the occurrence of the priming 

effect, such as the chemical composition of biochar. Due to the difference in preparation materials and 

pyrolysis temperature, the content and composition of easily oxidizable carbon contained in biochar, 

such as C:N and O:C, may affect the assimilation of biochar by microorganisms [55]. Previous studies 

divided the reaction type of the priming effect according to the reaction speed of microorganisms into 

"r-strategy" and "k-strategy" [53]. The former adds fresh organic matter so that the microorganisms 

can proliferate and leads to a faster mineralization rate, while the latter adds ingredients that 
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complicate organic matter, so the microbial community proliferates slowly and the mineralization time 

is long. For example, studies have found that adding grass wood biochar pyrolyzed at 250–450°C has 

a very strong priming effect, while woody plant biochar pyrolyzed at 450–700°C has no strong 

priming effect, with the differences mainly due to different degrees of carbonization. A low degree of 

carbonization will bring more organic matter that has not been carbonized, and will help improve 

nutrient availability [47]. 

3.3. The Long-term Effects of Biochar on the Mineralization of Soil Organic Matter 

When considering the issue of carbon emissions caused by the addition of biochar, it is necessary to 

consider not only the short-term priming effect, but also the long-term effect, so as to better evaluate 

the carbon sequestration promoted by biochar. When the carbon source that can be mineralized by 

microorganisms is exhausted in a short period of time, the mineralization rate of the soil with the 

added biochar drops sharply, to almost equal the rate of soil without biochar [48]. The duration of 

mineralization rate is very dependent on the type of biochar materials and pyrolysis temperature, the 

amount of the addition and the soil conditions. Studies have found that the early mineralization rate of 

herbaceous biochar with low pyrolysis temperature was very fast, but that rate decreased in the later 

stages. At the same time, the carbon emission of wood biochar with high pyrolysis temperature 

decreased more obviously over an extended incubation time (250–500 days [48]. Isotope labeling 

experiments shown that 2–20% of biochar-derived carbon was mineralized by microorganisms after 

60 days of cultivation, while after two months, the respiration rate was significantly reduced to ten 

times that of the previous period [56]. Research also found that, under conditions of low nitrogen 

supply, adding biochar reduced carbon emissions by 6.7–8.9% after three years [38]. In summary, the 

main reasons for the reduction of carbon emissions in the later period are the following: (a) the 

availability of carbon carried by biochar is reduced; (b) the soil microbial community changes to low 

C use efficiency; and (c) the biochar adsorbs SOM and reduces mineralization. We have previously 

described the first point in detail, and here we focus on the latter two. As stated, in the case of low 

nitrogen supply, the addition of biochar reduces C emissions by 6.7–8.9% and it also increases 

microbial biomass. This is mainly because the addition of biochar makes the soil microbial community 

shift to high microbial carbon use efficiency, such as with increased abundance of perinomycetes and 

rhizopus, and the metabolic quotient is decreased [38]. Studies have also found that biochar promoted 

the conversion of soil bacterial communities to low C turnover efficiency, such as by increasing the 

abundance of actinomycetes and acid bacteria [57].  

4. Biochar-mediated Soil Aggregation Protects Soil Organic Matter 

4.1. The Direct Effects of Biochar On Soil Aggregation 

Soil aggregation is a key process for the formation and stability of soil structure, and it has important 

implications for the biochemical reactions and microbial composition related to soil carbon storage 
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[58]. Biochar acts as a binder between the components of the aggregate and can thus improve its 

stability [59]. The main reason for this is that the biochar and clay minerals interact through surface 

hydrophilic–hydrophobic connections [60]. At the same time, biochar interacts with soil mineral 

multivalent cations to form a mineral organic matter complex, which enhances the stability of soil 

aggregates. On the other hand, biochar can act as the core component of aggregate and, like other 

particulate organic components or microorganisms, improve microbial activity [61]. The results of 

field and laboratory experiments have shown that biochar has a positive effect on aggregation in 

various soil structures, including sandy loam to clay [61–67]. In addition, biochar can significantly 

increase the proportion of large aggregates in the soil, and increase the organic carbon stored in these 

large aggregates, while enhancing stability. 

Aggregates of different particle sizes play different roles in the maintenance, supply and 

transformation of nutrient elements [68], Research indicates that the organic matter stored in 

microaggregates (<250 μm) exhibits stronger resistance to decomposition, with a turnover time of 

100–300 years, while the complete turnover time of organic matter stored in large aggregates (>250 

μm) is only 15–50 years. Therefore, large aggregates provide organic matter with a short-lived, fragile 

protective coat [50]. Fung et al. pointed out that biochar provides free particulate organic carbon to 

soil clay particles (<53 μm) and promotes the migration of native SOC from large-particle aggregates 

to small particles[69].Kate et al. found that biochar increased the average weight diameter (MWD) by 

126–217%, significantly improving the stability of the aggregates [34]. This is mainly because the 

biochar encapsulated the organic matter within large-particle aggregates, thereby providing physical 

protection for SOM. This not only improves carbon storage but also enhances the stability of the 

aggregates, similar to the results found by Zhang [70]. Grunwaldet al. found that in the >250 μm and 

250–53 μm particle size of aggregates, the fine intra-aggregate particulate organic C (i-POC) 

significantly increased, along with the increase of C=O functional groups [71]. 

However, studies have found that adding biochar does not always improve the stability of 

aggregates. Research found that in coarse sand and clay soil, the addition of biochar showed very 

different results. Biochar promotes the form of soil aggregation mediated by organic matter, while in 

clay biochar enhances the repulsive force between particles with the same charge and monovalent 

cations. This results in chemical disturbances and de-aggregation of aggregates, which is mainly 

reflected in the change of soil micropore structure—the micropore structure in clay particles is 

increased by 22–29% with the condition of adding biochar  [72]. The above indicates that, among the 

elements of soil carbon turnover affected by biochar, attention must be paid to the formation and 

de-aggregation process of aggregates, and different research results may be found for different soil 

properties. 
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4.2. The Indirect Effects of Biochar on Soil Aggregation 

Biochar can not only improve the process of soil aggregation directly by taking advantage of its own 

physical and chemical properties, but it can also indirectly affect the process of soil aggregation by 

affecting microbial activity, plant root architecture and secretion, and symbiotic relationships with 

fungi. The interactions between biochar and mineral complexes and between biochar and mycorrhizal 

fungi enhance the formation and stability of soil aggregates and reduce the mineralization of native 

organic matter [73]. Previous studies have shown that AMF improves long-term soil carbon storage 

[74], but still increases CO2emissions by enhancing microbial activity in a short period of time [75]. 

However, the carbon emission effect of AMF is alleviated by adding biochar [76]. The application of 

biochar can induce soil aggregation and reduce bulk density, which is helpful to the growth of plant 

roots. Meanwhile, the nutrients and porous structure of biochar play a positive role in fungal 

reproduction. While drought reduces the colonization ability of AMF, biochar could alleviate drought 

stress by increasing the number of spores and hyphae, as well as the colonization rate [77]. Research 

showed that biochar improved the symbiosis of arbuscular mycorrhiza and carrot roots, by improving 

the attachment of AMF on the surface of biochar [78]. 

The root exudates and hyphae can promote the formation of aggregates, and the adhesion of root 

exudates to soil particles strengthens the stability of soil aggregates in a short time [79]. Studies show 

that the protein and polysaccharide contained in root exudates play a similar role as glue in soil, and 

can bond mineral particles together, promoting the formation of large aggregates and improving 

stability [80,81]. In addition, some studies have also shown that organic binder complexes affect the 

stability of soil aggregates, and most of the short-term cohesive materials are mainly composed of 

microbial cells and exudates. Therefore, the effect of carbon input from roots on the activity of 

rhizosphere microorganisms greatly promotes the formation of soil aggregates. In addition, root 

exudates can stimulate fungi, enhance the elongation and extension of hyphae, assist roots to extend 

into the soil matrix, and help crops to absorb nutrients. Further, glomalin, a glycoprotein released by 

AMF during turnover and after death, has been proved to be a key soil adhesive in achieving increased 

aggregate stability [82]. 

Research by Ren et al. found that inoculation of AMF on dryland agricultural areas improved soil 

particulate organic C and light fraction organic C, mainly due to the increase of mycelia length and 

glomalin content. In addition, due to the plant growth-promoting effect of AMF, the carbon input to 

soil was also enhanced [83]. Studies have further shown that there is a significant correlation between 

the hyphae length and MWD and glomalin, and the formation of the hyphal network can improve soil 

aggregation and stability [86]. Some research also supports the positive effects of biochar and 

mycorrhizal fungi on soil aggregates and carbon sequestration [84]. Wangetal. [85] pointed out that 

soil aggregates, as soil biochemical reactors, regulate greenhouse gas (GHG) emissions at the soil 

interface, and their reaction performance has a strong relationship with the size and distribution of 

aggregates, as well as the biological and abiotic environment of the soil. At present there are few 
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studies on the effects of biochar interaction with plant roots and mycorrhizal fungi on soil aggregation, 

which has hindered our in-depth understanding of the impact of biochar on the soil carbon cycle. 

5. Conclusion 

Biochar can enhance the ability of crops to acquire resources and promote the activities of soil 

enzymes and the microbial community on the basis of improving soil structure and function. The 

synergetic effect of biochar is conducive to promoting the sustainability of dryland agricultural 

ecosystems from two aspects: improving crop resource acquisition characteristics and soil ecological 

functions. However, as a new soil improvement measure, the impact of biochar on soil ecological 

security has not been fully established. We must therefore be cautious in the implementation of this 

technology [3]. At present, there are many scientific problems waiting to be explained in the research 

of this field. Based on the production conditions of dryland agriculture ecosystems combined with 

biochar research, the following research prospects are put forward: 

a. There are many types and textures of dryland soil. How to effectively utilize biochar produced 

by different materials and pyrolysis temperatures to meet production requirements under different soil 

conditions is an important area to be studied. 

b. Where the organic matter content of dryland farmland was low, biochar increased the organic 

matter content, but it could not be equated with traditional organic matter because of its high stability. 

It is necessary to conduct a long-term positioning study (2–x) based on the soil microbial community 

structure and function to comprehensively analyze and evaluate the short-term (0–2 y) carbon priming 

effect and long-term (2–x) carbon storage effect of biochar. 

c. The change of soil structure caused by biochar affects the morphological plasticity of the crop 

root system. Whether this change can improve the ability of plants to obtain resources and thus help 

crop growth is still unknown. 

d. There is a serious lack of soil moisture and poor soil structure in dryland agricultural systems. At 

present, there are many studies on the effect of biochar on GHGs. Whether biochar can improve the 

soil aggregate structure and water retention, and optimize the composition and biological activity of 

microbial community in the aggregates so as to decrease GHG emissions, is yet to be researched.  

e. Root exudates and mycorrhizal symbiosis systems of plants have a strong impact on soil carbon 

cycle. The biochar how to affect the function and structure of the soil is not clear to us at present, and 

it needs to be further researched. 
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