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Abstract

Soil is the most important source and an abode for many nutrients and micro-
flora. Due to rapid depletion of agricultural areas and soil quality by means of
ever-increasing population and an excessive addition of chemical fertilizers, a
rehabilitated attention is a need of the hour to maintain sustainable approaches in
agricultural crop production. Biochar is the solid, carbon-rich material obtained
by pyrolysis using different biomasses. It has been widely documented in previous
studies that, the crop growth and yield can be increased by using biochar. This
chapter exclusively summarizes the properties of biochar, its interaction with soil
microflora, and its role in plant growth promotion when added to the soil.
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1. Introduction

Crop growth and productivity are strongly influenced by various biotic and abiotic
stresses such as pests, weeds, drought, high salinity, extreme temperature, etc. and
the soil quality [1]. Soil is also contaminated by heavy metals through various human
activities [2], which affect plant growth and development and ultimately brings low
yielding cropping systems. Mining is one of the important sources of heavy metal con-
tamination in soil [3, 4]. The strength of soil is directly related to nutrient availability.
Plants require a number of soil nutrients like nitrogen (N), phosphorus (P), and potas-
sium (K) for their growth, but soil nutrient levels may decrease over time after crop
harvesting, as nutrients are not returned to the soil. In India, the soil of many regions is
not only deficient in macronutrients like NPK but also in secondary nutrients
(e.g. sulfur, calcium, and magnesium) and micronutrients (e.g. boron, zinc, copper,
and iron) [5]. Thus, to fulfill the shortage, a large amount of chemical fertilizers is
added to the soil; however, only a small percent of water-soluble nutrients are taken up
by the plants and the rest are converted into insoluble forms, making continuous appli-
cation necessary. Finally, the extensive use of chemical fertilizers has led to the dete-
rioration of the environment causing infinite problems. It not only lowers the nutrient
composition of the crops but also degrades the soil fertility in the long run [6, 7].

Besides fertilizers, pesticides are also the basic evil for agriculture, and the adverse
effects of pesticides on the environment are truly responsible for influencing the
microbial properties of soil. High inputs of fertilizers and pesticides and their long
persistence in the soil adversely affect the soil microflora, thereby disturbing soil
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health and significantly reducing the total bacterial and fungal biomass [8]. Due to
long-term treatment with inorganic fertilizers (N and NPK) and/or organic manures,
a shift in structural diversity and dominant bacterial groups in agricultural soils has
been recorded by Wu et al. [9]. Biofertilizers, on the other hand, can reenergize the
soil by improving the soil fertility and hence can be used as a powerful tool for sus-
tainable agriculture, rendering agro-ecosystems more stress-free. Additionally, the
application of organic amendments to soils, from a remedial point of view, has typi-
cally been justified by their relatively low cost, which normally requires other forms
of disposal (burial in a landfill, incineration, etc.). Soil amendments must possess
properties such as high binding capacity and environmental safety and should have
no negative effect on the soil structure, soil fertility, or the ecosystem on the whole
[10]. The use of biochar has been accepted as a sustainable approach and a promising
way to improve soil quality and remove heavy-metal pollutants from the soil [11].

Biochar is a carbon-rich organic material, an organic amendment, and a
by-product derived from biomass by pyrolysis under high-temperature and low-
oxygen conditions. Biochar is produced through a process called pyrolysis, which
basically involves heating of biomass (such as wood, manure, or leaves) in complete
or almost complete absence of oxygen, with oil and gas as co-products. However,
the quantity of these materials produced depends on the processing conditions.
Recently, it has been reported that biochar obtained from the carbonization of
organic wastes can be a substitute that not only influences the sequestration of soil
carbon but also modifies its physicochemical and biological properties [12, 13].

Biochar has the potential to produce farm-based renewable energy in an eco-
friendly way. Specifically, the quality of biochar depends on several factors, such as
the type of soil, metal, and the raw material used for carbonization, the pyrolysis
conditions, and the amount of biochar applied to the soil [14]. In addition, the
biochar amendment to the soil proved to be beneficial to improve soil quality and
retain nutrients, thereby enhancing plant growth [15]. Since biochar contains
organic matter and nutrients, its addition increased soil pH, electric conductivity
(EC), organic carbon (C), total nitrogen (TN), available phosphorus (P), and the
cation-exchange capacity (CEC) [16]. Earlier, Verheijen et al. [17] reported that the
biochar application affected the toxicity, transport, and fate of various heavy metals
in the soil due to improved soil absorption capacity. The presence of plant nutrients
and ash in the biochar and its large surface area, porous nature, and the ability to act
as a medium for microorganisms have been identified as the main reasons for the
improvement in soil properties and increase in the absorption of nutrients by plants
in soils treated with biochar [18]. Chan et al. [19] reported that biochar application
decreased the tensile strength of soil cores, indicating that the use of biochar can
reduce the risk of soil compaction. A lot has already been discussed on the benefits
of inoculation of rhizobacteria in soil, but the addition of biochar can also provide
more nutrients to the soil, thus benefiting the agricultural crops. The mixing of the
plant growth-promoting microorganisms with biochar was referred to as the best
combination for growth and yield of French beans by Saxena et al. [20].

Addition of biochar in the soil can be extremely useful to improve the soil
quality, as well as to stimulate the plant growth, and thus, biochar can play an
important role in developing a sustainable system of agriculture. Several uses and
positive effects of biochar amendment have currently been considered as an effec-
tive method to reclaim the contaminated soil [21] and to achieve high crop yields
without harming the natural environment. The positive influence of biochar on
plant growth and soil quality suggests that using biochar is a good way to overcome
nutrient deficiency, making it a suitable technique to improve farm-scale nutrient
cycles. Therefore, a complete focus is been made to explore the positive effects of
biochar amendment on soil stability and plant growth promotion.
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2. Biochar production and properties

Biochar is made up of elements such as carbon, hydrogen, sulfur, oxygen, and
nitrogen as well as minerals in the ash fraction. It is produced during pyrolysis, a
thermal decomposition of biomass in an oxygen-limited environment. Biochar is
black, highly porous, and finely grained, with light weight, large surface area and
pH, all of which have a positive effect on its application to soil. To address the major
concern on quality of agricultural soil degradation, biochar is applied to the soil in
order to enhance its quality. Biochar is stabilized biomass, which may be mixed into
soil with intentional changes in the properties of the soil’s atmosphere to increase
crop productivity and to mitigate pollution. The raw material (biomass) used and
processing parameters dictate the properties of the biochar.

2.1 Biomass as a raw material

A wide range of organic materials are suitable as feedstock for the produc-
tion of biochar. Biochar can be produced with raw materials such as grass, cow
manure, wood chips, rice husk, wheat straw, cassava rhizome, and other agricul-
tural residues [22, 23]. It was reported that the production of biochar with high
nutrients depends on the type of raw material used and pyrolysis conditions [24].
Biochar is produced from the residual biomasses such as crop residues, manure,
wood residues, and forests and green wastes using modern pyrolysis technology.
Agricultural wastes (bark, straw, husks, seeds, peels, bagasse, sawdust, nutshells,
wood shavings, animal beds, corn cobs and corn stalks, etc.), industrial wastes
(bagasse, distillers’ grain, etc.), and urban/municipal wastes [25, 26] have been
extensively used, thus also achieving waste management through its production
and use [27].

Feedstocks currently used on a commercial scale include tree bark, wood chips,
crop residues (nut shells, straw, and rice hulls), grass, and organic wastes including
distillers’ grain, bagasse from the sugarcane industry, mill waste, chicken litter,
dairy manure, sewage sludge, and paper sludge [28-30]. A 40 wt.% yield of biochar
from maize stover was obtained by Peterson et al. [31].

The biomass used for the production of biochar is mainly composed of cellulose,
hemicellulose, and lignin polymers [32]. Among these, cellulose has been found to
be the main component of most plant-derived biomasses, but lignin is also impor-
tant in woody biomass.

2.2 Biochar production

Biochar can be manufactured on a small scale using low-cost modified stoves
or kilns or through large-scale, cost-intensive production, which utilizes larger
pyrolysis plants and higher amounts of feedstocks. Biochar is produced from
several biomass feedstocks through pyrolysis as discussed above, generating oil
and gases as by-products [33]. The dry waste obtained is simply cut into small
pieces to less than 3 cm prior to use. The feedstock is heated either without oxygen
or with little oxygen at the temperatures of 350-700°C (662-1292°F). Pyrolysis is
generally classified by the temperature and time duration for heating; fast pyrolysis
takes place at temperatures above 500°C and typically happens on the order of
seconds (heating rates > 1000°C/min). This condition maximizes the genera-
tion of bio-oil. Slow pyrolysis, on the other hand, usually takes more time, from
30 min to a few hours for the feedstock to fully pyrolyze (heating rates < 100°C/min)
and at the same time yields more biochar. The temperature range remains
250-500°C [34].
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The type of biochar produced depends on two variables: the biomass being
used and the temperature and rate of heating. High and low temperatures have
an unequivocal effect on char yields. It has been noticed that at low temperature
(<550°C), biochar has an amorphous carbon structure with a lower aromaticity
than the biochar produced at high temperature [35]. High temperature leads to
lower char yield in all pyrolysis reactions [36]. Peng et al. [37] reported the effect of
charring duration on the yield of biochar; yield showing a decrease with increasing
duration at the same temperature. The pyrolysis process seriously affects the quality
of biochar and its potential value to agriculture in terms of agronomic performance
or in carbon sequestration. The yield of biochar from slow pyrolysis of biomass has
been stated to be in the range of 24-77% [38, 39] (Figure 1). The pyrolysis process
can be shown as follows:

Biomass (Solid) - Biochar + Liquid or oil (tars, water, etc.)
+ Volatile gases (CO,, CO, H) (1)

2.3 Physical, chemical and biological properties of biochar

Biochar is a stable form of carbon and can last for thousands of years in the soil
[40]. It is produced for the purpose of addition to soil as a means of sequestering
carbon and improving soil quality. The conditions of pyrolysis and the materials
used can significantly affect the properties of biochar. The physical properties of
biochar contribute to its function as a tool for managing the environment. It has
been reported that when biochar is used as a soil amendment, it stimulates soil fer-
tility and improves soil quality by increasing soil pH, increasing the ability to retain
moisture, attracting more useful fungi and other microbes, improving the ability of
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Figure 1.
Biochar production from different biomasses.
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cation exchange, and preserving the nutrients in the soil [41]. Biochar reduces soil
density and soil hardening, increases soil aeration and cation-exchange capacity,
and changes the soil structure and consistency through the changes in physical and
chemical properties. It also helps to reclaim degraded soils. It has shown a greater
ability to adsorb cations per unit carbon as compared to other soil organic matters
because of its greater surface area, negative surface charge, and charge density [42],
thereby offering the possibility of improving yields [43]. Samples with a sufficient
amount of stable carbon can be added to the soil to be sequestered; a high sorption
surface of biochar can characterize it as a soil additive, competent of halting risk
elements in soil.

The physical characteristics of biochar are directly and indirectly related to how
they affect soil systems. Soils have their own physical properties depending on the
nature of mineral and organic matter, their relative amounts, and how minerals
and organic matter are related. When biochar is present in the soil mixture, its
contribution to the physical nature of the system is significant, affecting the depth,
texture, structure, porosity, and consistency by changing the surface area, pore and
particle-size distribution, density, and packing [44]. The influence of biochar on
physical properties of soil directly affects the growth of plants, since the depth of
penetration and accessibility of air and water in the root zone is determined mainly
by the physical composition of the soil horizons. This affects the soil’s response to
water, its aggregation, and work ability in soil preparation, dynamics, and perme-
ability when swelling, as well as the ability to retain cations and response to changes
at ambient temperature. The smaller the pores on biochar, the longer they can retain
capillary soil water. The addition of biochar can reduce the effects of drought on
crop productivity in drought-affected areas due to its moisture-retention capacity.
It has been shown that it eliminates soil constraints that limit the growth of plants,
and neutralizes acidic soil because of its basic nature [45]. Carbon dioxide and
oxygen occupy air-filled spaces on the pores of biochar or can be chemosorbed on
the surface. As biochar can contain nutrients, microorganisms, and syngases, it can
also retain fertilizers in the soil longer than other soils and prevent it from leaching
into water sources such as rivers and lakes.

As far as its chemical properties are concerned, biochar reduces soil acidity by
increasing the pH (also called the liming effect) and helps the soil to retain nutri-
ents and fertilizers [46]. The application of biochar improves soil fertility through
two mechanisms: adding nutrients to the soil (such as K, to a limited extent P, and
many micronutrients) or retaining nutrients from other sources, including nutri-
ents from the soil itself. However, the main advantage is to retain nutrients from
other sources. In most cases, the addition of biochar only has a net positive effect
on the growth of crops if nutrients from other sources, such as inorganic or organic
fertilizers, are used. Biochar increases the availability of C, N, Ca, Mg, K, and P to
plants, because biochar absorbs and slowly releases fertilizers [47]. It also helps to
prevent fertilizer drainage and leaching by allowing less fertilizer use and reducing
agricultural pollution in the surrounding environment [48]. Biochar alleviates the
impact of hazardous pesticides and complex nitrogen fertilizers from the soil, thus
reducing the impact on the local environment.

Good healthy soil should include a wide and balanced variety of life forms,
including bacteria, fungi, protozoa, nematodes, arthropods, and earthworms.
Recently, biochar has been reported to increase the microbial respiration of the soil
by creating space for soil microbes [49], and in turn the soil biodiversity and soil
density increased. Biochar also served as a habitat for extra-radical fungal hyphae
that sporulated in micropores due to lower competition from saprophytes and
therefore served as an inoculum for arbuscular mycorrhizal fungi [50]. It is
believed that biochar has a long average dwelling time in soil, ranging
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from 1000 to 10,000 years, with an average of 5000 years [51-53]. However, its
recalcitrance and physical nature present significant impediment to the evaluation
of long-term stability [43]. The commercially available soil microbes which can be
used for inoculation include Azospirillum sp., Azotobacter sp., Bacillus thuringiensis,
B. megaterium, Glomus fasciculatum, G. mosseae, Pseudomonas fluovescens, Rhizobium
sp., and Trichoderma viride [54].

3. Biochar as a soil amendment

The issues as food security, declining soil fertility, climate change, and profit-
ability are the driving forces behind the introduction of new technologies or new
farming systems. The amendment of soils for their remediation aims at reducing the
risk of pollutant transfer to waters or receptor organisms in proximity. The organic
material such as biochar may serve as a popular choice for this purpose because its
source is biological and it may be directly applied to soils with little pretreatment
[55]. There are two aspects which make biochar amendment superior to other
organic materials: the first is the high stability against decay, so that it can remain in
soil for longer times providing long-term benefits to soil and the second is having
more capability to retain the nutrients. Biochar amendment improves soil quality
by increasing soil pH, moisture-holding capacity, cation-exchange capacity, and
microbial flora [56].

The addition of biochar to the soil has shown the increase in availability of
basic cations as well as in concentrations of phosphorus and total nitrogen [57, 58].
Typically, alkaline pH and mineral constituents of biochar (ash content, including
N, P, K, and trace elements) can provide important agronomic benefits to many
soils, at least in the short to medium term. When biochar with a higher pH value
was applied to the soil, the amended soil generally became less acidic [59]. Acidic
biochar could also increase soil pH when used in soil with a lower pH value. The pH
of biochar, similar to the other properties, is influenced by the type of feedstock,
production temperature, and production duration.

Another valuable property of biochar is suppression of emissions of greenhouse
gases in soil. It has also been demonstrated by Zhang et al. [60] that the emissions
of methane and nitrous oxide were reduced from agricultural soils, which may
have additional climate mitigation effects, since these are potent greenhouse gases.
Spokas et al. [61] reported reduced carbon dioxide production by addition of dif-
ferent concentrations of biochar ranging from 2 to 60% (w/w), suppressed nitrous
oxide production at levels higher than 20% (w/w), and ambient methane oxidation
at all levels over unamended soil.

Several studies have shown the control of pathogens by the use of biochar in
agricultural soil. Bonanomi et al. [62] reported that biochar is effective against both
air-borne (e.g. Botrytis cinerea and different species of powdery mildew) and soil-
borne pathogens (e.g. Rhizoctonia solani and species of Fusarium and Phytophthora).
The application of the biochar derived from citrus wood was capable of controlling
air-borne gray mold, Botrytis cinerea on Lycopersicon esculentum, Capsicum annuum
and Fragaria x ananassa. Although there is a shortage of published data on the
effects of biochar on soil-borne pathogens, evidence given by Elmer et al. [63] has
shown that the control of certain pathogens may be possible. The addition of bio-
charin 0.32, 1.60, and 3.20% (w/w) to asparagus soils infested with Fusarium has
augmented the biomass of asparagus plants and reduced Fusarium root rot disease [63].
Similarly, Fusarium root rot disease in asparagus was also reduced by biochar
inoculated with mycorrhizal fungi [64]. A study of suppression of bacterial wilt in
tomatoes showed that biochar obtained from municipal organic waste reduced the
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incidence of the disease in Ralstonia solanacearum infested soil [65]. Ogawa [66]
advocated the use of biochars and biochar amended composts for controlling the
diseases caused by bacteria and fungi in soil. The disease suppression mechanism
has been attributed to the presence of calcium compounds, as well as improvements
in the physical, chemical, and biological characteristics of the soil.

The prevention of ‘diffuse water pollution’ through ammonium sorption or the
mediation of the dynamics of a soil solution containing nitrate, phosphorus, and
other nutrients has been extensively studied. The application of biochar to soil can
influence a wide range of soil constraints such as high availability of Al [67], soil
structure and nutrient availability [24], bioavailability of organic [68] and inor-
ganic pollutants [69], cation-exchange capacity (CEC), and retention of nutrients
[70, 71]. Biochar can also adsorb pesticides, nutrients, and minerals in the soil,
preventing the movement of these chemicals into surface water or groundwater and
the subsequent degradation of these waters from agricultural activity.

Xie et al. [72] reported that biochar amendment enhanced soil fertility and crop
production, particularly in soils with low nutrients. However, in soils with high
fertility, no noticeable increase in production was noticed, and some studies even
reported inhibition of plant growth. The observations of Taghizadeh-Toosi et al.
[73] indicated that ammonia adsorbed by biochar could be later released to the soil.
Saarnio et al. [74] showed that biochar application along with fertilizers can lead
to better plant growth, but sometimes a negative effect was also observed without
fertilization due to reduced bio-availability through sorption of nitrogen. It has
been shown that application of biochar in the soil has a positive to neutral and even
negative impact on crop production. Hence, it is crucial that the mechanisms for
action of biochar in the soil be understood before its application.

The consequence of biochar addition on plant productivity depends on the
amount added. Recommended application rates for any soil amendment should
be based on extensive field testing. At present, insufficient data are available for
obtaining general recommendations. In addition, biochar materials can vary greatly
in their characteristics, so the nature of the particular biochar material (e.g. pH and
ash content) also influences the application rate. Several studies have reported a
positive effect of using biochar on crop yields with rates of 5-50 tonnes per hectare
with appropriate nutrient management. The experiments conducted by Rondon
et al. [75] resulted in a decrease in crop yield in a pot experiment with nutrient
deficient soil amended with biochar at the rate of 165 tonnes per hectare. An
experiment conducted in the United States showed that peanut hull and pine chip
biochar, applied to 11 and 22 tonnes per hectare, could reduce corn yields below
those obtained in the control plots with standard fertilizer management [76]. Thus,
the control of the rate of application of biochar is necessary to prevent the negative
impact of biochar.

4. Stimulation of soil microflora and plant growth

There are several reports which show that biochar has the capability to stimulate
the soil microflora, which results in greater accumulation of carbon in soil. Besides
adsorbing organic substances, nutrients, and gases, biochars are likely to offer a
habitat for bacteria, actinomycetes and fungi [64]. It has been suggested that faster
heating of biomass (fast pyrolysis) will lead to the formation of biochar with fewer
microorganisms, smaller pore size, and more liquid and gas components [77].

The enhancement of water retention after biochar application in soil has been
well established [78], and this may affect the soil microbial populations. Biochar
provides a suitable habitat for a large and diverse group of soil microorganisms,
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although the interaction of biochar with soil microorganisms is a complex phenom-
enon. Many studies reported that addition of biochar along with phosphate solubi-
lizing fungal strains promoted growth and yield of Vigna radiata and Glycine max
plants, with better performances than control or those observed when the strains
and biochar are used separately [20, 79, 80].

The use of biochar increased mycorrhizal growth in clover bioassay plants by
providing the suitable conditions for colonization of plant roots [81]. Warnock
et al. [82] summarized four mechanisms by which biochar can affect functioning of
mycorrhizal fungi: (i) changes in the physical and chemical properties of soil,

(ii) indirect effects on mycorrhizae through exposure to other soil microbes, (iii) plant-
fungus signaling interference and detoxification of toxic chemicals on biochar, and
(iv) providing shelter from mushroom browsers. Carrots and legumes grown on
steep slopes and in soils with less than 5.2 pH showed significantly improved growth
by the addition of biochar [83]. It was found that biochar increased the biological N,
fixation (BNF) of Phaseolus vulgaris [75] mainly due to greater availability of micro-
nutrients after application of biochar. Lehmann et al. [58] reported that biochar
reduced leaching of NH," by supporting it in the surface soil where it was available
for plant uptake. Mycorrhizal fungi were often included in crop management strate-
gies as they were widely used as supplements for soil inoculum [84]. When using
both biochar and mycorrhizal fungi in accordance with management practices, it is
obviously possible to use potential synergism that can positively affect soil quality.
The fungal hyphae and bacteria that colonize the biochar particles (or other porous
materials) may be protected from soil predators such as mites, Collembola and
larger (>16 pm in diameter) protozoans and nematodes [85-87].

Biochar can increase the value of non-harvested agricultural products [88] and
promote the plant growth [58, 89]. A single application of 20 t ha™* biochar to a
Colombian savanna soil resulted in an increase in maize yield by 28-140% as com-
pared with the unamended control in the 2nd to 4th years after application [90].
With the addition of biochar at the rate of 90 g kg™ to tropical, low-fertile ferralsol,
not only the proportion of N fixed by bean plants (Phaseolus vulgaris) increased
from 50% (without biochar) to 72%, but also the production of biomass and bean
yield were improved significantly [75]. When biochar was applied to the soil, a
higher grain yield of upland rice (Oryza sativa) was obtained in northern Laos
sites with low P availability [91, 92]. Many of these effects are interrelated and may
act synergistically to improve crop productivity. Often there has been a reported
increase in yields, which is directly related to the addition of biochar as compared to
the control (without biochar) [58]. However, in some cases, growth was found to be
depressed [93].

The direct beneficial effects of biochar addition for the availability of nutri-
ents are largely due to the higher content of potassium, phosphorus, and zinc
availability and, to a lesser extent, calcium and copper [58]. Few studies have
examined the potential for amending biochar in soil to impact plant resistance to
pathogens. With reference to soil pathogens principally concerned with the effect
of AM fungal inoculations on asparagus tolerance to the soil borne root rot patho-
gen Fusarium, Matsubara et al. [94] demonstrated that charcoal amendments had
a suppressive effect on pathogens. One more study that supported these earlier
findings stated that biochar made from ground hardwood added to asparagus
field soil led to a decrease in root lesions caused by Fusarium oxysporum,

F. asparagi, and F. proliferatum compared to the non-amended control [95].
Biochar reduces the need for fertilizer, which results in reduction in emissions
from fertilizer production, and turning the agricultural waste into biochar also
reduces the level of methane (another potent greenhouse gas) caused by the
natural decomposition of waste.
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5. Mixing biochar with other amendments

Mixing biochar with other soil amendments such as manure, compost, or lime
before soil application can improve efficiency by reducing the number of field
operations required. Since biochar has been shown to sorb nutrients and protect
them from leaching [70, 96], mixing of biochar may improve the efficiency of
manure and other amendments. However, Kammann et al. [97] acknowledged in
their recent review that very few studies that directly combined organic amend-
ments with biochars were available. They found that co-composted biochars had
aremarkable plant growth-promoting effect as compared to biochars when used
pure, but no-systematic studies have been done to understand the interactive effects
of biochars with non-pyrogenic organic amendments (NPOAs). Biochar can also
be mixed with liquid manures and used as slurry. Additionally, combined biochar
and compost applications have numerous advantages over mixing of biochar or
compost with soil separately. These benefits, according to Liu et al. [98], include
more efficient use of nutrients, biological activation of biochar, an enhanced
supply of plant-available nutrients by biological nitrogen fixation, reduction of
nutrient leaching, and the contribution of combined nutrients in comparison to a
single application of compost and biochar. Diminutive biochars are most likely best
suited for this type of application. Biochar was also mixed with manure in ponds
and potentially reduced losses of nitrogen gas were recorded same as when it was

applied to soil [99, 100].

6. Conclusion

The problem of the depletion of agricultural land as a result of the pressure
caused by the ever-growing population necessitated the sustainable practice of crop
production. It was suggested to use biochar as a means of remediating contaminated
agricultural soil, improving soil fertility by reducing the acidity, and increasing the
availability of nutrients. Thus, addition of biochar to the soil can be one of the best
practices to overcome any biotic stress in soil and to increase the crop productiv-
ity. The positive effects of biochar on the interactions between soil-plant-water
caused better photosynthetic performance and improved nitrogen and water use
efficiency. Hence, it can be concluded by this comprehensive review that biochar
has the potential to improve the properties of soil, microbial abundance, biological
nitrogen fixation, and plant growth. Therefore, it is recommended to use biochar as
a soil amendment for long-term carbon sink restoration.
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