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ABSTRACT  

Soil with poor physio-chemical and biological properties 

prevent plant growth. These poor characteristics may be 

due to soil creation processes, but also include largely 

inappropriate agricultural practices and/or anthropogenic 

pollution. During the last 4 decades, the world has lost one-

third of its cropland due to pollution and erosion. 

Therefore, a series of operations is required to improve and 

recover the soil. Biochar is a new multifunctional carbon 

material extensively used as a modifier to improve soil 

quality and crop production. Previous studies have 

discussed the properties of biochar with varying soil 

pollutants and their effects on soil productivity and carbon 

sequestration. Comparatively, little attention has been paid 

to the effects of biochar application on rice growth in the 

problem of soils, especially in the saline-sodic soils. A 

comprehensive review of the literature with a high focusing 

on the effects of biochar application on problem soils and 

rice-growing under salinity conditions is needed. The 

present review gives an overview of the soil's problem, 

biochar amendment effects on physicochemical properties 

of soil, and how the biochar amendment could interact in 

soil microbes and root with remediation under salinity 

conditions for improving rice productivity. The findings of 

this review showed that biochar application can improve 

soil quality, reduce soil's problem and increase rice 

production under salinity conditions. It is anticipated that 

further researches on the biochar amendment will increase 

our understanding of the interactions of biochar with soil 

components, accelerate our attempts on soil remediation, 

and improve rice production under salinity conditions. 
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1 Introduction  

Soil is a valuable natural ecosystem, composite of the mineral, organic matter, gases, liquids, and organisms 

with dynamic interactions. Healthy soil is a basis of crop productivity; it can produce wholesome crops that 

in turn provide food safety and healthy livestock which improve human welfare. Soil health is a state of soil 

that meets a range of ecosystem functions involving (i) keeping plant and animal productivity and 

biodiversity, (ii) supporting or enhancing water and air quality, and (iii) maintaining human health and 

dwelling [1]. Plants grown in the soil mostly are dependent on soil health. If the soils are in poor conditions, 

such as salinization, compaction, acidification, and inaccurate-modification, they become improper for crop 

production, moreover, anthropogenic activities have not only changed and deteriorated soil properties but 

also introduced pollutants, such as synthetic organic compounds and heavy metals into soils [2]. Both 

contaminated and poor soils that are the main obstacles to prevent plant growth are known as soil's 

problems. Saline-sodic soil problem is the main stress for crop production. Whereas various management 

strategies have been proposed and developed to improve the problem of salt-affected soils among which 

biochar amendment has an excellent promise [3] [4]. Therefore, salt-affected soils in the arid and semiarid 

regions of the world have limited crop production, as the northeast of China's in Songnen Plain is one of 

the three largest saline-alkaline and saline-sodic soils in the world's distributed areas that have been affected 

by salinity and sodicity (about 3.73 million hectares of land) [5]. High soluble salts and sodium limit the 

growth of plants due to osmotic stress and toxicity; and more exchangeable Na+ breakdown soil materials, 

reduce aeration and hydraulic conductivity; two variables that have an impact on soil evaporation and 

moisture [6]. Salts in high osmotic activities through their pressures affect plant growth by restricting the 

uptake of water by the roots, while salinity can also affect plant growth because of the high concentration 

of salts in the soil solution interfered and caused imbalance to absorption of essential nutritional ions by 

plants [7].   

The amelioration of salt-affected soils has focused on the activities of; includes salt leaching and the use of 

various types of recovering as a modifier (biochar and organic matter). Biochar is a kind of biomass that is 

produced by burning in the absence or the presence of small amounts of oxygen at a temperature of 300 

to 1000 °C [8]. Biochar has different types that all types do not have the same effect on a specific soil, and 

so any biochar cannot be equally distributed in all soil types [9]. Biochar besides the significant effect on 

improving soil's physical and chemical properties also increase the movement of water directly into the soil 

and prevent waterlogging of saline-sodic soils. However, this decreases the water retention time in the soil, 

which is likely due to Electrical Conductivity (EC) change in the leaching from biochar treatments [10]. 

Generally, many biochar additions in saline-sodic soil studies are shown that biochar significantly reduced 

EC of saturated paste extracts (ECe), exchangeable sodium percentage (ESP), sodium adsorption ratio 

(SAR), and some of the soluble and exchangeable cations [9]. However, the nutrient concentrations in the 

plant tissues and nutrient availability was highest when the salt-affected soil received a combined application 

of biochar, and crop in the treatment with biochar application in the saline-sodic soils, had the highest 

survival rate, nutrient contents, dry matter, and yield [11]. The significant plant response to the biochars 

application, particularly in the saline-sodic soil, was qualified to play an important role in improving soil 

physical/chemical properties, and in facilitating salt leaching from the roots zone [7]. As well, the use of 

biochars can ameliorate general soil quality, such as soil pH, water holding capacity, infiltration, and 

fertilization use efficiency by plant and improve crop productivity [6]. Therefore, biochar should be useful 

for saline-sodic soil reclamation and reducing the negative effect on water quality of excess nutrient input 

[11]. Salt-affected soils induce detrimental influences on paddy growth and yield. Some detrimental effects 

of saline-sodic soils on growth could include osmotic effects reducing water uptake by rice plants, toxic 

effects of ions such as Na+, Cl−, and nutritional imbalances, but the influences of salinity on rice growth 

could be decreased by reclaiming soil with the application of organic matter such as amendment of biochar 

[12]. 

https://journals.aijr.in/index.php
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Most of the earlier reviews focused on the interactions between biochar and soil components and/or 

contaminants with limited attention to plant growth, likewise, the investigating studies on rice growth with 

the biochar amendment in the soil salinity problems (saline-sodic and saline-alkaline soils) have been mainly 

overlooked. The general objectives of this review are considered to summarize the current knowledge on 

the key role of biochar in improving soil properties and plant growth, as well as outlining perspectives, 

challenges, and future pathways for biochar production and its remediation effects in salt-affected soils. 

The particular objectives are to (i) provide an overview of the important parts of soil properties soils 

problem and their effects on plant productivity especially rice growth under salinity conditions, (ii) conceder 

on the properties and functionality of biochar, (iii) discuss the main role of biochar on soil pollution, and 

(iv) present a conclusion related to the potential application of biochar for improving soil health and rice 

growth under salinity conditions. 

2 General problems of soils and plant growth 

Plant growth process in soils is very complex. Roots have been playing significant roles in the booster and 

mechanical backing of plants, absorption of nutrients and water, biosynthesis and storage of chemical 

compounds, and interactions with biotic and abiotic factors in the soil environment [1]. Wholesome soils 

authorize to roots to penetrate soil particles, and absorb water and nutrients, and consume oxygen, thus 

enabling plants to grow up to their maximum potential. While those soils have problems (salinity or acidity), 

depend on constraints, inhibit roots growth, impede water and nutrient uptake, and reduce plant growth. 

This part summarizes the general properties of naturally poor or anthropogenic contaminated soils and 

their effects on plant growth [7]. However, rice as a most sensitive cereal crop to salinity, it is recommended 

to be grown in salt-affected soils because salinity is often accompanied by waterlogged conditions [13]. 

Water plays an important role in irrigated rice tends to dissolve the salt molecules, and move out them as 

runoff or leach them down of paddy fields, and hence reducing salt levels in the rice field [14]. Salts 

accumulate in soil because of moving saltwater from nearby areas through flooding or low-quality water 

system, and its (Na1-Cl2) suppress seed germination, causes changes in the physiological characteristics and 

harm the root arrangement of the rice. The Cl2 activated damage is recognizable by the broadleaf cutting 

edge indicating burningly while the accumulation of Na salts causes leaf mottling and rolling. As regards 

the existing of salinity conditions in the soil reduces the plant's capacity to receive water which decreases 

growth and development and referred to as a water-shortage impact on saltiness [15]. 

2.1 Plant growth in naturally problem soils    

Soil salinity (high levels of water-soluble salt) and sodicity (high levels of exchangeable sodium), called 

collectively salt-affected soils, naturally soil formations process is slow and long, as it is determined by 

climate and organisms (plants, animals, and microbes) acting on the local geological surface materials over 

time and may also be influenced by human activities [16]. Thus, 95% of the parent material and soils of the 

world moved to or from their present location, and even 5% of them are remaining soils of parent materials 

that contribute as significantly to the physical and chemical properties of the various soils [15]. Salt affected 

soils (saline and sodic) are exposed to hydrologically modified processes that can affect the chemistry 

process of soil, carbon cycle and nutrients as well as organic matter decomposition. Salinity and sodicity 

harm plant health and soil organic carbon stock (SOC), in salt-affected areas. Saline and sodic soils are 

exposed to several opposing processes that could affect soil microbial biomass and microbial activity [17]. 

The extent degradability of soil organic matter related to the level of salinity conditions, but limit access to 

substrates due to the clotting of aggregates resulting in high concentrations of soluble salts. Saline and sodic 

soils generally contain carbonates, which complicate the dynamics of carbon (C). However, rice is a suitable 

crop for reclamation of saline-sodic soils problem that has salinity values less than 20 dS/m [14]. 

https://journals.aijr.in/index.php
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2.1.1 Effects of physical constraints on plant growth 

The influence of physical limitation on soil physical properties includes soil texture, structure, pores, bulk 

density, organic matter, soil depth, and temperature. The above physical structures depend on soil 

formation history and can be pointedly influenced by natural forces and human activities [1]. Here is a key 

role of physical restriction which affects plant growth in compaction soil. In agricultural production, 

compression typically occurs in the soil to a depth of about 30 cm, and it is estimated that about 68 million 

hectares of global agricultural lands are the only exposed to the compaction stress by vehicular traffic. If 

the bulk density exceeds 1.3g/cm3 with poor physical and aeration of the roots growth restriction, the roots 

cannot enter into the soil pores smaller or (micropores) than the diameter of the root cap, therefore the 

root growth is prevented [18]. The decrease in pore space volume will reduce permeability and the 

diffusivity of gases and may result in the formation of anaerobic conditions and the high anaerobic 

conditions will be favorable for the soil desorption of denitrification processes, thereby enhancing soil N2O 

emissions as well as suppressing the activities of beneficial microbes in the rhizosphere. As a result, plant 

growth is significantly reduced [17]. According to plant growth physiology, the reduction of plant growth 

functionality due to the high compaction resultant is attributed to the abscisic acid (ABA) accumulation in 

plants, which first impedes on root-growth and then decreases stomatal conductance and photosynthesis 

after being translocated to shoots via the transpiration stream. Researchers believe that not just ABA, but 

another plant growth regulator, ethylene also participates in the plant growth reduction [1]. 

2.1.2 Effects of chemical constraints on plant growth 

Soil chemical properties include salinity, acidity, alkalinity, nutrient deficiencies, and sodicity are known as 

chemical constraints that mainly impact on plant growth. Generally, in acidic soil (pH < 5.5), aluminum 

(Al) and manganese (Mn) become more soluble and then reduce the bioavailability of calcium (Ca), 

magnesium (Mg) and phosphorus (P). Aluminum firstly prevents roots elongation by destroy the cellular 

structure of the root fungus and subsequently affects the roots uptake of water and nutrients. Meantime, 

phosphorus is fixed by free iron (Fe) or aluminum (Al) oxides, and P uptake by roots is reduced. based on 

a result, Al toxicity and P deficiency occur together as two main constraints for crop production in acid 

soils [19]. 

A simulated study of the impacts of soil acidic on wheat yield demonstrated that soil acidity could decrease 

wheat grain yield by up to 60% on average in alkaline soils, largely due to its calcium carbonate-rich parent 

material in arid or a dry climate. The alkaline soil’s properties are the abundance of carbonates and 

bicarbonates at pH above 8.0. Alkaline and calcareous soils occur in 30% of the earth [1]. Another author 

reported that under high pH, the bioavailability of plant micronutrients involves as copper (Cu), iron (Fe), 

manganese (Mn) and zinc (Zn) decreased. Iron deficiency by plants in alkaline soil is a major problem, 

which leaves become chlorotic and then necrotic, thereby the growth and yielding capacity of the plant are 

reduced [20]. Update studies showed that iron deficiency can increase the expression of some common 

genes in roots and leaves while alkaline stress can decrease gene regulation in iron-deficient leaves [1].  

Alkalinity not only influences iron and other micronutrient deficiencies but also directly impacts the 

expression of Fe absorption genes [21].  

Soil nutrient deficiency inhibits plant growth by reducing the bioavailability of nutrients due to low or high 

pH [22]. Nitrogen (N), phosphorus (P) and potassium (K) are known as initial nutrients in rice production. 

Over the past 40 years, the number of N mineral fertilizers applied for agricultural products has increased 

by 7.4 times [1]. The recommended application N is not used effectively, this due to the disappearance of 

N. Common N compounds in fertilizer formulations including ammonium (NH4+), nitrate (NO3
−) and 

urea [CO- (NH2)2]. It was revealed that more than 50% and up to 75% of the applied nitrogen is eliminated 

by leaching into soils [23]. P is one another nutrient-limited in crop production. Phosphorus deficient soils 

can be caused by the slow release of inorganic P from minerals but may be caused more by the low pH of 

the soil as mentioned earlier. Moreover, P is a major determinant of water evaporation, some update studies 

have shown that P leaching crucially happens in highly fertile agricultural lands [1].   
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K plays a crucial role in many plant physiological processes including enzyme activation, stomatal activity, 

and photosynthesis, uptake of water and nutrients, glucose transport, protein and starch syntheses. Plants 

mostly show K-deficiency when grown in K deficient soils, such as sandy soils in rainy areas. General 

symptoms first appear on the older leaves from light green to yellow, then marginal scorpions and eventually 

aging [21]. With a severity increase, symptoms can move upwards, leading to a decline in growth and plant 

performance. Up to date, eight micronutrients are intended to be essential for plants: iron (Fe), zinc (Zn), 

manganese (Mn), copper (Cu), nickel (Ni), boron (B), molybdenum (Mo) and chloride (Cl). Deficiency or 

toxicity of these micronutrients is mostly related to soil pH or human activities. Salinity conditions which 

occur mainly in arid and semi-arid regions result from high concentrations of salts dissolved in subsoil or 

irrigation water. If the electrical conductivity (ECe) of the saturated extract is above 4 dSm-1, the percentage 

of exchangeable sodium below 15 and pH below 8.5, a saline soil is considered [1]. Salinity and sodicity of 

subsoil are mostly correlated and related to the parent material of the soil and also enter in the agricultural 

soil via irrigation or drained water from adjacent areas. Salinity decreases the growth of the plant by 

physiological drought induced by osmotic stress and specific effects of ions, such as Cl toxicity and ion 

concentration imbalance (K, Ca, Mg and Na) [24]. Due to high soil resistance and limiting gas exchange in 

the rhizosphere, the amount of soil sodicity causes slow roots growth and decreases plant growth. Thus, in 

saline-sodic soils all of these restrictions act simultaneously to endanger the rhizosphere environments, 

including the microbial community, thereby reducing crop production [1].  

2.1.3 Biological activities in problem soils and plant growth 

Soil is a complex host for organisms such as bacteria, fungi, actinomycetes, protozoa, and algae, among 

which bacteria are more represented. As reported, from 108 to 109 cells per gram of soil are existing. The 

microbial activity in soil significantly influences the soil formation, soil physical-chemical properties, and 

plant growth. Symbiotic and non-symbiotic bacteria can convert the atmospheric N into ammonia or other 

molecules in the body of a living organism, as mycorrhizal fungi improve the plant of P and N uptake [25]. 

However, plant growth-promoting rhizobacteria (PGPR) enhances plant growth, either directly (by 

facilitating resource availability, modulating plant hormone levels) or indirectly (by reducing the inhibitory 

influences of various pathogens on plant growth and development) [26]. Plant roots generate specific 

compounds and molecules that modify the chemical properties of the soil and assist a wide range of 

organisms. Soil acidity constraints inhibit symbiotic N2, limits the Rhizobium survival and viability of them 

into the soil, via reducing modulation. As well, salt stress declines symbiosis of Rhizobium with plant in the 

early stages [27]. 

2.2 Plant growth in anthropogenic contaminated soils   

Anthropogenic chemicals in soils of sufficient concentration to cause a hazardous role in human health and 

ecosystems are known as soil contamination. Contamination is typically caused by industrial activities, the 

use of agricultural chemicals or the incorrect disposal of waste. Generally, the common pollutants are 

polycyclic aromatic hydrocarbons (PAHs), heavy metals, chlorophenols, phthalates, and pesticides. 

According to several recent studies, the effects of organic compounds and heavy metals in contaminated 

soils on plant growth and production and its associated risks under salinity stress have been well described 

[28]. 

2.2.1 Organic contaminants impact on plant growth   

Soils of agricultural lands may be contaminated by various types of organic pollutants such as PAHs, 

phthalates, pesticides, and polypropylene diphenyl ethers. Accordingly, the among of organic contaminants 

of soil which exist the most common of them; PAHs are the group of over 100 hazardous compounds 

primarily produced by incomplete combustion of organic materials, such as coal, oil, gasoline, and wood. 

Most of the PAHs nominated enter in the soil after atmospheric and long-term transport [8]. Soil PAHs 

concentrations have increased over the last 30 years, especially in industrialized areas of the world, and are 
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increasing over the next 5 or more years due to the increasing anthropogenic emissions. They are relatively 

susceptible and tenacious in soils and are less degradable than many other organic compounds [29]. As a 

result, they are difficult to remove from contaminated soil by conventional treatments. Chlorophenols are 

used as synthetic intermediates in polymers, dyes, and pesticides or as biocides in a wide range of 

contaminants. These biocide compounds are a risk to soil microbial communities and may affect soil 

nutrient turnover and fertility [1]. Some organic pollutants, especially aromatic and organic substances, and 

chlorophenols are carcinogenic, mutagenic and susceptible to degradation and as a result, have high toxicity 

to plants and human life. They can have a severe toxic impact on the ecosystem and plant [30]. Furthermore, 

large volumes of organic dyes, such as blue methylene, orange methylene, orange-G with biodegradation 

resistance and light stability, tend to destroy DNA structures and threaten environmental health [8] [31]. 

2.2.2 Heavy metal contaminants impact on plant growth 

Anthropogenic activities such as mining, smelting, metal waste disposal, lead gasoline and paint, use of 

pesticides, sludge and fertilizers are responsible for the increase in heavy metal concentrations in soils such 

as arsenic (As), cadmium (Cd), Lead (Pb), copper (Cu), nickel (Ni), and zinc (Zn). Heavy metal pollution is 

a global problem but is at a critical level in many countries such as China [1]. Heavy metals at high 

concentrations impact soil health and biological performance due to their toxicity and consistent after 

entering in the soil. Arsenic is a carcinogenic element that is toxic and harmful to all living things [32] [ [1]. 

Plant roots can take up both As (III) and As (V), but As (V) can be easily converted to As (III) in plant 

cells. Therefore, the growth of rice can be seriously decreased by these substances [32]. 

3 Biochar properties and its functionality in problem soils 

Biochar is a pyrogenic carbon or biomass substance that is usually produced from carbon-rich materials, 

especially agricultural residues [33]. Methods used for the production of biochar include pyrolysis, 

gasification, hydrothermal carbonization, and flash carbonization [8]. The pyrolysis temperature alters from 

200 °C to 1,000 °C, and its duration can be a fast or slow process, nevertheless, slow pyrolysis is preferred 

for biochar production [34]. Differences in chemical and physical properties of biochar mainly depend on 

the type of feedstocks, methods of production and temperature [35] [36]. Under special conditions, biochar 

produced from toxic solid waste may present secondary pollution hazards [1]. However, most of the 

biochars are beneficial to soils as amendments [37] [38]. The function and properties of biochar are 

summarized in (Figure1), which include surface area and porosity, surface function group, exchangeable 

cations, and organic C and N compounds.  

Figure 1: main physical/chemical biochar properties and its functionality in problem soils and crop production 

[1], and further details of figure the below subheadings are presented. 
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The role of surface area/porosity of biochar relates to the soil structure improvement, water and nutrient 

retention, immobilization organics and heavy metals. The surface function group is of great importance for 

improving soil moisture, enhancing binding between biochar and soil, and reducing soil nutrient leaching 

loss. Therefore, the exchangeable cations feature has a great influence to remove heavy metals, improve 

soil pH and CEC, and nutrient bioavailability to plant. The organic carbon and nitrogen in biochar 

compounds can play a key role in ameliorating soil C respiration-loss and soil fertility [1].  

3.1 General physical properties of biochars  

Biochar physical properties mainly include; (i) Density and porosity, (ii) surface area, (iii) pores volume and 

size, and (iv) hydrophobicity and water holding capacity [36]. Different terms have been used for 

explanation biochar density, such as words of bulk density (volume-specific weight), particle density 

(consider only solid and closed pores into accounts), envelope density (take the solid structure, all pores 

and surface irregularities into accounts), skeletal density (solid density without intradoses) and actual density 

(consider solid structure only) [39]. Most of the biochars have a relatively low bulk density of below at 

0.6g/cm3 [1]. In the case of biochar derived from woody-materials under the pressure of the atmosphere, 

the porosity range varies from about 50% at 300 ° C to 70% at 850 °C [40]. Biochar produced from grass 

shows that porosity increases in the temperature rate of 350–700 °C [1]. 

However, hydrophobicity-feature is linked to the surface functional groups, although the water holding 

capacity is reliant on the porosity of biochars' bulk volume [41]. The surface area is closely related to the 

emission of volatile gases during carbonization. Thus, several studies have proven that functionalities of 

biochar can depend on the pores, surface functional group, free radicals, and structure of biochar 

production processes [2]. Pores are generally classified as macropores (0.05–0.002μm) and micropores 

(0.05-0.0001μm) by a diametric method (diameter 0-0.05μm) [36]. The pore volume is closely correlated 

with the surface area, and the total pore volume increases when pyrolysis temperature increases. Many 

different methods have been used to measure pore volume, and results may vary significantly with the 

measurement methods. The reduction of the surface functional group due to the increase in the pyrolysis 

of temperature and shifts the affinity to water [41]. On the other hand, there is a hypothesis that proliferating 

in temperature make increases biochar porosity and also promotes water absorption capacity. 

Notwithstanding the importance of the two factors, their relationships in water retention have not been 

well studied. Researchers highlighted that higher temperatures resulted in less water being absorbed onto 

the biochar inner surface [1].  

3.2  General chemical properties of biochars 

General chemical properties of biochar include (i) pH, (ii) cation exchange capacity, (iii) atomic ratios, 

primarily O/C and H/C, and (iv) elementary composition. Overall, the biochar pH ranges from 5.9 to 12.3, 

by an average of 8.9 [42]. While increasing the temperature of pyrolysis, biochar cation exchange capacity 

and pH increase, but O/C and H/C ratios decrease [1]. This may indicate that some are different from the 

dried gases produced, the biochar produced by dry pyrolysis through hydrothermal carbonization include 

the formation of organic acids and thus acidic hydrocarbons [3]. The building-block elements of biochar 

during the pyrolysis experience different Physico-chemical processes and form different species and 

products [37]. The basic chemical elements contain: C, H, O and N. The percentages of P, S, and Si 

accessibility, as well Fe, Cu, Zn, and Mn are depended on different biochars [4]. Carbon is the most 

important part of the biochars body-structure (carbonate and bicarbonate in aliphatic and inorganic 

carbon). H as an important build-structure of biochar may play an important role in the absorption of 

biochar into ionizable molecules [37]. Oxygen occurs in organic and inorganic phases. Plant organs 

particularly leaves, and herbaceous species are mainly rich in N, which are happening in the form of 

proteins, amino acid, pyrrolic, and pyridine [1]. At the time of pyrolysis, the Peptide-N bonds were 

transferred to N-heteroaromatic carbon composites, and the amount of Amide-N within the biochars 

reduced with increasing pyrolysis temperature. The N doping has been used to amend the electronic band 
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structures, which could recover N-doped biochars in sorption and catalysis capacities [34]. However, P 

contents in plants are different (from 0.1% to 1.0%). The stabling of P during the pyrolysis is under 700 °C 

and will not be volatilized. The pyrolysis of transformed organic P to inorganic P, resulting in the P 

enrichment of biochars, as a type of P- enhancing could be a P source for plant growth. Furthermore, P in 

biochars could get the responsibility of linking heavy metals through precipitation. For example, during the 

pyrolysis and gasification of oak and corn biomass, total P is increased. Pyrolysis produces sulfate, 

organosulfur, and sulfide through gasification results in 73–100% organosulfur [1]. Sulfur-enriched biochar 

could be a potential soil amendment and fertilizer, so a massive range of crops, such as rice, barley, maize, 

and wheat require Si for growth, and biochars pyrolyzed from these plants generally contain high 

concentrations of Si. Thus, the Si content in biochars made from rice-straw increased from 6.16% when 

pyrolyzed at 150 °C to 18.29% pyrolyzed at 700 °C [2]. However, Si in biochars is shown to provide to the 

sorption and upkeep of heavy metals, such as Al and Cd [43]. The over-tendency for P, Si, S, K, Ca, Mg, 

Fe, Cu, Zn, and Mn are, by increasing the temperature of the pyrolysis, the contents of these elements in 

the biochar are increased, but their bioavailabilities are reduced. This event related to the presentation 

elements into the highly aromatic structure of biochar at higher pyrolysis temperature. The low-temperature 

pyrolysis has been contributing to improve the bioavailability of these nutrient elements. For example, 

derived biochar from maize-straw is showed that K exchangeability in the pyrolyzed at 300 and 400 °C was 

more accessible to the roots of the plant than those pyrolyzed at 500 °C [44] 

3.3 General surface and functionality of biochars 

Biochar surface is attributed to the interfaces of the various chemical and biological activities performed. 

Based on several recognized studies, the surface functional groups, surface charge, free radicals, and 

structure are related to the functionality of biochar [2]. Besides aliphatic and aromatic groups, biochar 

surfaces are carboxyl, hydroxyl, epoxy, acyl, carbonyl, ether, and ester, amido, sulfonic, and acyl groups. 

Different methods have been used to measure these groups including Fourier transform infrared (FTIR) 

spectrometry, X-ray photoelectron spectroscopy (XPS), X-ray refraction (XRD), solid-state 13C nuclear 

magnetic resonance (NMR), and Raman spectroscopy [8] [45]. The most abundant groups are phenolic–

OH, carboxyl, carbonyl, and ester groups, for this reason, these groups can associate/dissociate with 

protons in the environment, hydrogen bond induction absorption, alkalis of biochar, pH buffering, 

hydrophobic/hydrophobicity, alternating surface charge, cations exchange capacity (CEC), and 

electrovalent improvement [37]. Moreover, functional groups are complete sites in the chemistry surface, 

and chemical modification of biochars, including oxidation, amination, and sulfonation [8]. 

The surface charge of the biochar has an aliphatic or aromatic surface and the change of functional groups 

such as carboxyl groups is strongly associated with the level of pH in the solution. Many ion-exchange 

places for the absorption and desorption process of nutrients are attributed to carboxyl groups and heavy 

metals, play important roles in buffering pH [1]. As also free radicals are begotten during the carbonization. 

Due to the increasing pyrolysis temperature, radical types are transitioned from oxygen-centered radicals to 

collective carbon-centered and oxygen-centered radicals where atoms of aromatic carbon are stabilized on 

the surface, free radicals due to their rich-electron in the aromatic surface. It was reported that free radicals 

in biochar prevent seed germination and plant growth [30] [1]. The related study revealed that free radicals 

play significant roles in the degradation of organic pollutants; this may due to their reactions with hydrogen 

peroxide and persulfate [37]. However, biochar pH plays an important role in the surface charge, which is 

dictated to be indirectly attributed to the O contents of the functional groups. Many of the functional 

groups usually exist on the surface of biochars exhibit amphoteric properties, and it can depend on the 

reactivity and electronegativity of the environment pH [11].  

https://journals.aijr.in/index.php


53 

 

 ISSN: 2456-7108 
Available online at Journals.aijr.in 

Anwari et al., Adv. J.  Grad.  Res.; Vol. 7, Issue 1, pp: 45-63, January 2020 

4 Biochar amendment improves soil problems and properties 

Biochar as a natural organic and rich- C matter containing carbon percentage is about 60-80 %, with a high 

active surface area and functionality. Biochar amendments improve not only physical, chemical and 

biological properties of soils but also support plant growth and ameliorate soil problems [1]. 

4.1 Biochars improve naturally soil problems  

4.1.1 Physical properties improvement 

Biochar generally reduces soil density, both (bulk density and particle density) in amended soils [46]. This 

decrease is largely attributed to lower bulk density (0.6 g cm-3) and lower particle density (1.5 and 2.0 g cm-

3) of biochar than to bulk density 1.25g cm-3 and particle density 2.4-2.8g cm−3 of soil. It may also improve 

the integration and porosity associated with the integration of biochar with soil. An analysis performed by 

Omondi [17] showed that biochar amendment significantly improved the physical properties of the tested 

soils by soil bulk density decreased 7.6%, soil porosity reduced 4.8%, total stability increased 8.2%, 

availability of water holding capacity (AWC) increased 15.1%, and hydraulic conductivity increased 25.2%. 

In recent years published articles have been indicated that on average; the biochar application reduced bulk 

density by 12%. Bulk density of sandy soils is more influenced by the application of biochar than clay soils 

because the bulk density of sandy soils is 1.5g cm-3 compared to 1.1g cm-3 for clay soils. Biochar application 

could improve the compaction problem of soils by more than 10%. The decrease in soil bulk density and 

particle density is negatively correlated with soil porosity. Liu, [47]demonstrated that biochar amendment 

increased soil porosity up to 8.4%. The soil porosity increase is due to in part to the porosity of biochar 

(70-90%). It also contributed to (i) reducing soil bulk density, (ii) increasing soil accumulation, (iii) 

interacting with mineral soil particles, and (iv) reduction of packing [38]. The decrease in bulk density and 

increase in soil porosity can improve the movement of water, heat, and gases into soils. In a modified sandy 

soil with biochar, discovered that after draining the gravitational moisture, the biochar filled and retained 

water in its pores, which reduced water permeability and increased water retention in clay soil [47]. Many 

authors believe that the higher resistivity of clay aggregates is due to the enhanced internal cohesion through 

the interaction of mineral particles and carbon bonds, and the improvement of soil water retention by the 

number of macropores and mesopores in clay soils by biochar [1]. 

The benefits of biochar application on soil physical properties have been extensively investigated by Blanco-

Canqui, additionally, for reducing bulk density and particle size and increasing porosity, the application of 

biochar improves soil texture quality and soil aggregation. The altering of saturated hydraulic conductivity 

and reducing saturated water flow in coarse soils and increase it in fine-grained soils is related to the high 

ability of biochar [39]. However, information on the use of biochar for salt-affected soils problem is limited. 

It is generally accepted that soil organic carbon accumulation is necessary to improve soil properties. 

Biochar is a rich carbon and organic materials with unparalleled properties, we agree with the hypothesis 

that the physical properties of soil problems, especially in salinity conditions could benefit more from 

biochar application than highly fertile or productive soils. Future research on salt-affected soil challenges is 

expected to confirm this hypothesis. 

4.1.2 Chemical properties improvement 

Biochar application in soil problems showed a significant improvement in chemical properties. Since soil 

acidification is a growing problem worldwide, biochar application can alleviate soil acidity. This effect has 

been attributed to several factors such as 1) biochar alkalinity 2) high pH buffer capacity 3) function group 

effects and 4) Si effects [1]. The investigated study has shown that pH increased in a highly acidic Ultisol 

with high alkalinity (R2 = 0.95) compared to the bioactive biochar pH (R2 = 0.46). Mineral elements include 

calcium (Ca), potassium(K), magnesium (Mg), sodium(Na) and silicon (Si) in the feedstocks form 

carbonates or oxides during the biochar pyrolysis, which reacts with H and monomeric Al species in acidic 

soils by decreasing interchangeable acidity and increasing pH. Moreover, to carbonates and oxides in 
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resultant alkalinity biochar, functional groups like -COO− and -O− also contributed mainly to biochar 

alkalinity whenever pyrolyzed at lower temperatures (300–500 °C) [38]. Some results have suggested that 

the total base cations concentration is correlated with the amount of alkalinity, which can be used as a 

predictor of total alkalinity in the biochar in a study on acid soils at pH 4.96 [48]. Accordantly, in four 

amendment biochars produced from corn-straw, canola-straw, rice-straw, and peanut-straw, pH could 

increase from 4.96 to 6.69, 6.78, 7.45 and 8.40 and soil pH buffering capacity from 12.52 to 23.33, 23.14, 

30.49 and 37.37mmol kg−1 pH−1, respectively. The increase in pH buffer capacity mainly due to the 

increased cations exchange capacity (CECs) after biochar application [49]. Meanwhile, the release of cations 

(K, Ca, Mg and Na) from biochar was the major cause of the increase in pH. The propagation of the action 

is due to the propulsion of carboxyl groups at the biochar surfaces and the dissolution of carbonates [47]. 

Comparatively, biochar among different materials that are applied for neutralizing soil pH can persist in 

soils for a long period, thus maintaining soil pH at a desirable level [49]. There is finite information on the 

use of biochar in alkaline soils. Based upon reviewed conclusion, the application of biochar derived from 

locusts (Robina spp.), and Chinese pine (Pinus spp.) with (pH 8.38), into alkaline soils (4, 8 and 16g 

biochar/kg of soil) collected from the Loess Plateau (pH 8.66 to 9.0, slightly higher than of the biochar), 

shown that biochar application could decrease soil pH in up to 0.2 units after 4 months of incubation. The 

decrease in pH may be in the result of acid production due to acid oxidation depending on the carbonation 

temperature that acidic biochar could produce. Use of acidic biochar in alkaline soils may improve alkaline 

soil pH [50]. It was shown that by producing acidic biochar at pH 5.8, and applied to a worn calcareous 

soil, the pH decreases between 0.2 and 0.4 units, while the bioavailability of P, Mn, and Zn increases. For 

acidic biochars production and their application to improve alkaline soils further investigations are required. 

Biochar application can increase the fertility of challenging soils. For example, biochars found in rice or 

other grass feedstocks are known for large amounts of Si. Soybean-derived biochars contain large amounts 

of N; derived eggshell biochars are high in Ca and manure biochars produced are rich in nutrients. Due to 

different properties in different precursors, they can allow biochars to be selectively selected as specific 

elemental fertilizers [51]. One of the biochar fertilizer characteristics is that the nutrients are released slowly, 

mediated by unique biochar structures and the absorption-disposal process. Porous sizes and networks 

within the biochar create some constructive or physical barriers that prevent nutrients from being released 

easily. The functional groups of biochar with a strong sorption capacity can insert nutrients into the soil's 

problems, and thus allow absorption into the aqueous phase for plant uptake slowly [1] [51]. Characteristics 

of saline and sodic soils are attributed to their higher ECE, ESP, and pH low values.  

4.2 Biochars improve soils problem with anthropogenic contaminants  

4.2.1 Heavy metal polluted of soils 

Toxicity of heavy metals is the biggest threat to global agricultural productivity that pollutes in the soil and 

water of paddy-fields and environment, and also known as a major threat to food security and food safety. 

The levels of these metals/metalloids in rice grains are rising and cause serious concerns for human health. 

Heavy metal accumulation greatly decreases appearance growth and yield of rice by reducing 

photosynthesis, disrupting cellular organs, lipid composition, protein synthesis, and nutrient homeostasis 

due to increased ROS production causing oxidation stress and up - and down-regulation of the genes 

involved in antioxidant defenses [51]. Biochar with the great surface area, plentiful pore volume, and rich 

functional groups is alleged to have a large capacity for sorption of heavy metals [52]. So, Lian  [34]suggested 

that heavy metal uptake on biochar can be mainly specified via the interaction of electrostatic and 

adsorption precipitation between the heavy metals and functional groups of biochar. Therefore, the 

association of the adsorption and capacity of the heavy metals in the surface area and pore volume relies 

more on the surface functional groups. Based on Qian study [53], the oxidation treatment introduced 

carboxylic functional groups on the biochar surface and this increased the adsorption capacity for Al3 

because the existing oxygen group acts as coordinated sites for Al3. Besides, ion exchange, ligand metal 

composition, cations binding, and surface coprecipitation can also contribute to biochar's heavy metals 
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uptake [54]. Taking Pb2+ as an example (Figure 2), it proposed that the synergistic effects of Pb2+ sorption 

on biochar surface are due to 1) heavy metals exchanges with cations (Ca2+, Mg2+) of biochar, 2) heavy 

metals interactions with different functional groups on biochar surface, and 3) other unspecified adsorption 

processes [1]. It was also found that the adsorption Cd on biochars is mainly implemented by the ion 

exchange [34].  

In general, low- and medium-temperature pyrolyzed biochars can have the highest adsorption capacity for 

metal cations. For other inorganic anionic contaminants, such as F−, ClO4 -, PO43−, Cr (III) and Cr (VI), 

their adsorption by aromatic and hydrophobic surfaces of biochars increases at higher polarized 

temperatures [37]. Biochar can strongly decrease the availability and bioavailability of heavy metals in the 

soil directly to other physicochemical reactions [8]. For example, biochar application caused the chemical 

reduction of Cr (VI) to Cr (III) and precipitation of Cr (OH), consequently, it can be said that heavy metals 

are conveyed to the grain of rice through agricultural inputs (chemical fertilizers, pesticides, irrigation water, 

etc.). Heavy metal pollutants in soil negatively affect soil biological properties and physical performance by 

disturbing soil biological and physiological characteristics such as poor soil health (structure and 

productivity) and low soil microbial activity. But the combination of a large amount of biochar in the soil 

increased the habitat of the microbial population by increasing the porosity [55]. Additionally, biochar can 

donate or accept electrons in its environment through biological pathways. Biochar is the soil also can 

promote microbial electron shuttling processes that are similar to soil organic matter with active redox-

active groups for the reason that of several other factors, such as pH, reduced the solubility of heavy metals, 

improved microbial biomass, and nutrient recovery [1]  [55].  

 
Figure 2: Mechanisms Pb adsorption (a) on the biochar and (b) reduction on immobilization of chromium in 

soils by biochar application of derived sludge materials [56]. 

4.2.2 Organic polluted of soils  

Biochars with the electronic interactions ability could able to absorb both hydrophilic and hydrophobic 

organic compounds [57]The relative carbonized (for adsorption) and noncarbonized (for partition) 

fractions determine its adsorption behavior for organics. The adsorption shows that the nonlinear 
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isotherms and competition with the organism’s symbiosis, whereas partitioning is a linear and non-

competitive process [34]. For example, derived wood pulp was used to leach three representative organic 

pollutants, persistent hydrocarbon (phenanthrene), a herbicide (isoproturon), and an antibiotic 

(sulfamethazine), the sorption results suggested that 5% biochar added to soil increased the partitioning 

coefficient factors by 20 for both sulfamethazine and isoproturon, and 2 for phenanthrene, respectively 

[57]. Biochars can degrade and redox organic compounds due to the graphical and (semi) quinone structures 

that can accept and donate electrons and also free radicals generated in the biochar production process. 

The free radical can degrade P nitrophenol, 2-chlorobiphenyl, and diethyl phthalate [34]. Biochar contains 

a portion of the colloidal and soluble C that have a high capacity for absorbing PAHs than bulk biochars. 

As YU evaluated [1], that the only high-carbonaceous and surface of biochar materials have beneficial 

effects on stabilizing contaminated soil with organic compounds includes sulfamethazine. Researchers also 

recognized that ball-milled sugarcane bagasse biochar had a greater methylene blue sorption compared with 

the common biochars because the ball-mill method had more beneficial for the increasing of 

external/internal surface areas exposed and oxygen-containing functional groups of the biochar. The 

obtained graphitic structure increases methylene blue adsorption via electrostatic attraction and π–π 

interaction [58]. 

4.3 Biological properties improvement 

Biochars as modifiers can create favorable environments for microbes in soil difficulty, especially in saline 

conditions. Application of biochar at the range of 10 t/ha or higher, resulted in a significant increase in 

biological fixation of nitrogen by red cloves (Trifolium pratense L.) when compared to control [59]. 

Biochars composition in soil positively affected Arbuscular mycorrhizal fungi, and recently, PGPRs 

including Aeromonas hydrophila, A. caviae, and Bacillus isolates have been shown to improve plant growth 

in salt-affected soils. PGPRs can secrete exopolysaccharide that binds Na+ and reduces its uptake in plants, 

however, some PGPRs contain a vital enzyme called 1-aminocyclopropane1-carboxylate (ACC) deaminase, 

which plays a vital role in relieving salinity stress in plants. Biochar amendment with the PGPR could 

alleviate the salt-stress in the maize either by reducing the xylem Na concentration or by maintaining 

nutrient balance within the plant. Besides PGPR, endophytic PGPRs can colonize the internal tissue of the 

plant (instead of only in rhizosphere) without causing any symptomatic infection [59]. 

Fungi and bacteria use their extracellular enzymes to degrade layers involve biochar derived-C into smaller 

molecules which can be taken up into their cells and used for different metabolic activities [9]. Microbial 

biomass-C is considered as an indicator of any changes in soil organic C content and decomposition. 

Therefore, any processes and materials that alter C content in soil can affect biomass and activity of the 

microbial community. Biochar application to soils improved Arbuscular mycorrhizal (fungi) to colonize plant 

roots and surface porosity, and micropores habitats are believed to play an important role in improved 

mycorrhizal interaction with plant roots [1] [60]. Moreover, many researchers explained biochar application 

can protect the cell, and the integrity of rice tissues by reducing the damage of the cell membrane caused 

by sodium ion stress. 

5 Biochar amendment in soils problem and rice growth under salinity conditions  

Rice (Oryza sativa L.) as the world's second-largest crop in terms of consumption and production. Scientists 

conduct many different kinds of research to find out some affordable methods for reducing soil problems 

(salinity, sodicity, acidity, alkalinity, and pollution-stresses) annually. However, among different methods 

and remediation materials that have explored yet, the biochar amendment as significant alternative matters 

could be considered an affordable solution manner for increasing soil fertility and rice productivity. The 

evidence indicated that biochar remediation roles can be improved soil health and increase rice yielding 

capacity in soil problems (Table 1).   
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Table 1:  Different biochars amendment effects on the increasing percentage (%) of rice yield in soil problems, 

and particular in salinity conditions. 

5.1 Biochar improves rice growth in soil problems with physical constraints  

The main hindrance to plant growth in soil with physical constraints is the roots establishment and its 

growth. Xiang [67] reported biochar application could increase in an order; roots biomass by 32%, roots 

volume by 29%, surface area by 39%, root length by 52%, number of roots tips by 17% and root diameter 

by 9.9%, respectively [67]. These data indicated that roots can establish in a better condition into soil 

problems by application of biochar-amended and as a result, the development and growth of roots increase 

significantly. The increasing root's parameters can expand the volume of roots in the soil for capturing 

more nutrients and therefore improving plant growth [1]. Furthermore, a similar study showed that biochar 

application significantly increased rice yield (Table1) by reducing Na+ concentration (Na+/K+ ratio) and 

increasing K+ concentration. As well, the same study revealed that the use of biochar had a significant 

influence on increasing leaf water status, plant height, and chlorophyll content index by decreasing the leaf-

relative electrical leakage in rice [66]. Moreover, another researcher reported that biomass production and 

harvested yield significantly increased, and salt-stress reduced by biochar application in saline-sodic paddy 

soils [65]. 

5.2 Biochars improve rice growth in acid soils  

Acidic soils generally have lower fertility due to the increased availability of Al and Mn and decreased P, 

Ca, and Mg. It seems that the amendment of biochar in acid soils improves soil quality and crop growth. 

Application of two biochars derived from a paper-mill to a ferrosol, at 10 t ha−1 increased pH from 4.2 to 

5.4 and 5.9 respectively; soil CEC, exchangeable Ca, and dry weights of radish, soybean, and wheat increased 

significantly [68]. In the resulting of availability of the high pH buffering capacity and alkalinity 

characteristics of biochars, especially those biochars pyrolyzed at high temperatures could neutralize or 

partially reduce the soil acidity [38]. Biochar amendment can decrease exchangeable sodium percentage 

(ESP) and increase the water-stable aggregate percentage; therefore, the enhanced plant growth and 

decreasing Na uptake by rice and maize plants observed were due to biochar application effects on reducing 

salt stress [69]. Thus, Table 1 has shown that the rice yielding capacity significantly increased after biochars 

application in different saline-sodic soils [38]  [70] [62] [65] [69]. As well, related studies reported that the 

application of biochars derived from Sewage-sludge in acid soils enhance rice productivity by 148.8% to 

175.1% based on either biomass or yield [56]. 

5.3 Biochar improves rice growth in alkaline soils 

Alkalinization is the process of increasing the concentration of Na ions in the exchange of complexions in 

the soil. This method is enhanced by other soluble salts, such as Mg and Cl, minerals as gypsum are collected 

closer to the soil surface [71]. Generally, the creation of alkaline soil is linked to geological, geographical 

and climatic conditions. Human activities such as irrigation, fertilization, poor drainage systems, and 

inadequate farming accelerate the process. Most alkaline soils are found in areas that have the greatest 

Naturally 

Poor soil type 

Biochar Type Plant Growth/Yield 

Increases (%) 

Reference 

Sandy soil Wood Rice 20  [61] 

Acid soil Sewage sludge Rice 148.8–175.1  [56] 

Saline soil Bamboo Rice 20 [62] 

Waterlogged paddy soil Rice husk Rice 12 [60] 

Cd, Pb Wheat straw Rice 16.6–18.3  [63] 

Poor sandy loam soil Rice straw Rice 12.3  [64] 

Saline–sodic paddy soil Wheat straw Rice 13.4 [65] 

Saline–sodic paddy soil Peanut shell Rice 22.45-23.81  [66] 
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potential for agriculture because these soils are easily irrigated and cultivable. Year after year, the continuous 

impact of salt on the soil results in soil organic matter material depletion, loss of crop productivity, and soil 

degradation [72]. Although the information on the modification of alkaline soils by using biochar is not 

enough, some important reports indicate the positive effect of acidic biochar on soil modification and plant 

growth under alkalinity conditions. Since nitrate leaching and biochar application without reduction of soil 

pH are the main concern on crop production. A study on nitrate leaching and plant growth in a calcareous 

sandy soil (pH: 7.9), with biochar (pH: 6.65) derived from maize straw reported that biochar application 

increased soil organic matter and N use efficiency [73]. Fruit fresh weights of zucchini (Cucurbita pepo L.) 

increased by 26.7%, 55%, and 195% when grown in the soil amended with three rates of the biochar. 

Researchers believe that increasing the yield of zucchini plant in alkaline soil by using biochar is due to 

improved soil organic matter content and increased N and P efficiency (3.6/0-2.2). Biochar is suggested as 

a phosphate fertilizer source for recycled calcareous sandy soils due to its high content of P (0.6 g–3.2/kg) 

[74].  

5.4 Biochar improves rice growth in nutrient-deficient soils 

Biochar improves rice growth in the soil's problem and nutrient-deficient. Plants grown in soils with a 

nutrient deficiency will hold deficiency, symptoms have appeared in both physiologically and 

morphologically. Its effects range from immediate disruption of root growth or widespread disruption to 

the membranes or cell wall to changes in the cytosol pH, due to reduced carbohydrate export, or the inability 

of an enzyme to properly align with a reactant. Consequently, each of these can lead to oxidative stress 

(photoinhibition and photooxidation) the final destruction of chloroplasts and symptoms that we know as 

chlorosis and necrosis [75]. Biochar amendment use on nutrient-deficient soils has been shown to improve 

plant growth, including rice, corn, common beans, lettuce, and oats, the increasing plant growth can be 

attributed to the following three factors: i) nutrient supply by biochars, ii) increased nutrient utilization 

efficiency and iii) optimal rhizosphere environment.  The contents of the elements in biochar are very 

relevant to the feedstocks and the carbonation processes and methods of production.  Generally, the low 

pyrolysis temperature (250–300 °C) is superior for the soil amendment as more nutrient elements could be 

maintained [1]. Gunes [76], showed that the total concentrations of P, K, Ca, Mg, Fe, Zn, Cu, Mn, and B 

increased with increasing gas temperature, but the water-soluble concentration of these elements except K 

and B decreased. As lettuce and corn ripened in clay loam soil and biochar significantly reduced dry weight 

compounds compared to untreated control. The dry weight increase was associated with increased P and 

K contents in both plants compared to the control, while leaves tissue contents of Ca, Mg, Fe, Mn, and B 

in lettuce plants decreased. Zn in maize increased by the biochar treatments. The variable content of calcium 

(Ca), magnesium (Mg), iron (Fe), manganese (Mn), boron (B) and zinc (Zn) in different plants may indicate 

that biochars can serve as a reservoir for regulating plant’s need for specific nutrients. Co-application of 

biochars with inorganic or organic fertilizers enhances plant nutrient use efficiency [76] [1]. The result of 

biochar application in the low fertile soil of paddy-field shown that biochar could plant sodium uptake 

reduced by transient Na+ binding due to its high adsorption capacity and by releasing mineral nutrients 

particularly (K+, Ca2
+, Mg2

+) into the soil solution [55]. Based on many results, the application of biochar 

in low nutrients soils with a rate of 3 tons/ha was shown that grain weight per panicle, the number of spikes 

and 1000-grain weight were significantly increased. The N contents of root and shoot increased. Also roots 

and shoots content of N can increase (K+, Ca2+, Mg2+) into the soil solution by using biochar [77]. 

5.5 Biochar improves rice growth in salt-affected soils 

Biochar application on the salt-affected soil report has shown that salt-stress reduces, and plant growth 

improves significantly. Plant growth is directly correlated with the release of essential plant nutrients such 

as K, Ca, Mg, Mn, Cu, and Zn in salt-affected soils to assist balance the adverse effects of salts, and Na 

uptake surfaces of biochar [78]. The positives effects of biochar mainly are related to confine Na in the 

poor structure or indirectly by improving the physical and chemical properties of the soil, including 
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increased activity microbes and water availability. Since biochar can K replace instead of Na in the plants, 

the application of biochar increase the amount of K and decrease the effects of Na in plants [9]. A study 

conducted by Feng [65], showed that the biochar amendment improved rice yield (Table 1) by decreasing 

tissue Na content N/K ratio and increasing K content in the xylem under salinity conditions. Additionally, 

a significant increase in the K and K/Na ratios was observed by Lashari [79], in leaf sap of maize grown 

under salt stress. Biochar can not only effect on salt-affected soils but can also improve the activity of 

rhizosphere microorganisms.  

5.6 Biochar improves rice growth in metal-contaminated soils 

Biochar has been considered as a solution for remediation of heavy metal contaminated soils. The principle 

behind the biochar-based remediation is to immobilize heavy metals, reduce their bioavailability in soils, 

and improve plant growth [80]. According to use of derived rice-straw biochar into the contaminated soil 

of 5% result, biochar had a reducing impact on elements such as (Cd, Cu, Pb, and Zn) diethylene triamine 

peracetic acid (DTPA) extractable of metal concentrations, in order (Cd < Cu < Pb < Zn, and 11, 17, 34 

and 6%) in compared to the control, respectively. It was showed that the immobilized metals were mainly 

bound in the soil organic matter fraction, chicken manure and green-waste biochars were used for 

immobilization of Cd, Cu, and Pb [70]. Biochar derived from chicken manure increased shoot and root dry 

weights of Indian mustard (Brassica juncea) by 353 and 572%, respectively. The dry weight increase was 

attributed to the reduced toxicity of metals and increased availability of nutrients, such as P and K [1]. 

Besides the application of conventional-biochars, should be produced a better capacity of biochar for metal 

fixation. However, after the making of Si-biochar derivative from bamboo biomass-milled with K2SiO3, the 

accumulation of As (III) in the edible part of spinach was reduced by 33.8 and 37.7% when grown in a soil 

amended with 2% and 5% Si-biochar, respectively [81]. Therefore, applying biochar in contaminated soils 

is found to alleviate the metal toxicity and add carbon inputs, improve the microbial activities and other 

factors like soil pH, CEC, and sorption of heavy metals [82].  

6 Conclusions 

Healthy soil is the main cornerstone and vital criteria for plant productivity. However, a large amount of 

agricultural land has been destroyed by the soil's problems such as acidity, alkalinity, salinity, nutrient 

deficiency, and various physical and anthropogenic limitations (heavy metals and organic pollutants). 

Biochars are known as a significant solution to the problem of soils. In this review, we can conclude that 

the biochar amendment is not only an effective but also an affordable way for the improving physical, 

chemical and biological properties of salt-affected soils, and rice productivity under salinity conditions. 

Since worldwide there is a massive production of agricultural waste, it could have the potential to provide 

a great deal of feedstock for biochar pyrolysis. The present challenges are not the solution of biochar for 

the soil improvement, it's rather recommended to select the proper feedstocks and preparation methods to 

achieve biochar for specific purposes and soil's need. Future studies should elevate for better addressing 

biochar functionalities. Therefore, new approaches for modifying functional groups include improving 

biochar effectiveness in adsorption or complexation of the chemicals in the soil, are strongly needed. This 

might be explored for maximizing biochar's potential as soil conditioners for more effectively improving 

soil properties and rice productivity in various salinity conditions. 
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