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ABSTRACT  

Rice as a sensitive crop that usually affected by many harmful environmental stresses. Numerous 

policies are followed to increase plant growth-tolerance under abiotic-stresses in various plant species. 

The attempts to improve crop tolerance against abiotic stresses via common breeding method are 

needed to follow a long-term, and may also be non-affordable, these are due to the existing genetic 

variability of the plant. Current review analysis existing knowledge gaps, challenges, and opportunities 

in the biochar application as a beneficial and pyrogenic-C, material. Consequently, a review of the 

literature with a high focusing on the multiple beneficial effects of using biochar on tolerance and 

productivity of rice in abiotic stresses is needed. This review provides a summary of those efforts that 

would be beneficial in reducing inconvenienced abiotic-stresses, and also how using biochar could 

increase rice tolerance and production through the supporting of plant growth regulator's roles. 

Accordantly, present review findings showed that biochar is a great amendment and consisting of 

principally organic rich-C matter, which has multiple benefits on improving soil physicochemical and 

biological properties as well as increasing rice tolerance and its productivity through enhancing plant 

hormones roles under abiotic stressed conditions (heat/cold temperature, drought, salinity, heavy 

metal, and climate change stresses). Nevertheless, it is anticipated that further researches on the benefits 

of biochar will increase the comprehension of interactions between biochar and plant growth 

hormones, to accelerate our attempts for improving rice tolerance and productivity, under abiotic-

stress conditions. 
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1 Introduction  

Rice (Oryza sativa L.) is the second largest under 

cultivated area crops in the world, which 

consumes as a staple food by 50% world’s 

population.  According to the statistical report on 

rice intake globally from 2008 to 2017, 

approximately 47,563 million metric tons have 

been consumed. Based on the current population 

growth, many developing countries are facing 

challenges due to the high demand to have more 

rice production under raising environmental 

stresses. China and India have the biggest 

positions in rice production in the world. Only 

China has a 20% paddy-field and 31% of all world 

rice production. Many studies have been 

described that among other crops, rice is the most 

and ancient food source for people as well, [1]. 

Consequently, each kind of stress to this plant can 

have a dangerous impact on rice production and 

ultimately result in huge economic losses. While 

rice is a highly adaptable crop that can as result be 

grown in a wide variety of environmental and 

climatic conditions, which is commonly 

undesirable for the growth of other crops around 

the globe. Although there has been reported a 

great increase in rice production during recent 

years, it still needs to be developed and improved 

the yielding capacity of its through stress tolerance 

mechanisms [1, 2]. 

Biochar addition to effectiveness in soil ameliorate 

and plant productivity, it also by having a great 
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influence on abiotic stresses that can play a key 

role in adapting (acclimatize) rice crop through the 

promoting of plant growth regulators roles. These 

multiple beneficial effects in different conditions 

can assist rice plants via the establishment of 

proportional growth (mediating growth), 

development promptly and optimal allocation of 

nutrients (nutrient allocation) [3, 4]. Plant growth 

regulators move through specific channels in 

specific regions to achieve a very low 

concentration of plants in response to harmful- 

stresses. It should be noted that the whole 

biological activities of plants are directly or 

indirectly affected by different plant growth 

hormones[3]. To session rice agronomic needs, 

massive abiotic-stresses tolerance is required to 

develop for the majority of rice-growing areas. 

Abiotic-stresses such as cold and high-

temperatures, salinity, UV-radiations, and drought 

can be a very serious menace to the productivity 

of rice plants. Among the mentioned abiotic 

stresses, salinity and drought stresses are known as 

the biggest threat and worst rice productivity 

losses around the world. Rice same to other crops, 

is most exposed to multiple climatic-stresses that 

consequently in the combination of the 

concurrent or consecutive complex of sets 

stresses, for which the rice crop has developed 

abilities to respond in several unique ways [5].  

Moreover, biochar application as a helpful 

material that is known to have variable effects on 

crop production depending on the biochar types 

and properties, soil conditions and plant types. 

Several studies have reported the positive impact 

of biochars prepared from various feedstocks, 

with and without inorganic and organic fertilizers, 

on the crop yield both in acidic and alkaline soils. 

Analyses revealed that overall biochar application 

increased the crop yield by approximately 10 % 

under various soil conditions, but in another 

analysis is found a 25 % increase in crop yield in 

the tropics area [4]. Biochar by contributing and 

supporting plant growth hormones roles, which in 

response to environmental and genetic factors, 

they are the most important internal factors that 

regulating growth and development. Where in the 

process of source formation, the potential of 

storage and production plays a major role. Also 

improving rice performance under different 

stresses mainly related to the effects of biochar 

types, and plant growth regulators [6]. However, 

in figure1, it could be seen how biochar produced 

from Rice-residual to be returned, and it's used 

again as an affordable material in rice production, 

as an example [7]. 

 
Figure 1: indicates the returning and production of 

biochar (Rice-straw and Rice-husk) with multiple 

beneficial effects on rice productivity through the 

effectiveness of described such as (i) Foliar-

fertilizer and growth regulator, (ii) Biochar based 

fertilizer and soil amendment, (iii) Biochar based 

bio-organic fertilizer [7] 

Sine all kinds of abiotic stresses have different 

effects on the main performance of rice 

production. The impacts of abiotic stresses with 

appropriate and effective strategies such as 

increase rice resistance, and the reduction of the 

negative effects of various tensions, from biochar 

as a beneficial agent should be mainly used. But, 

still providing a clear view of, how multiple 

positive effects of biochar could be enhanced the 

effective role of plant growth regulators, how 

biochar and plant growth regulators may interact 

with each other, these are the important 

hypotheses and research questions should be 

addressed by further studies. 

According to previous studies, that the 

investigating studies on the multiple beneficial 

effects of biochar application on tolerance and 

productivity of rice under abiotic stresses have 

been largely ignored. The general objectives of this 

review are paying attention to have a deep 

overview of different environmental-stresses, 

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


42 
 

ISSN: 2456-4834 
Available online at Journals.aijr.in 

Anwari et al., J. Mod. Mater.; Vol. 6, Issue 1, pp: 40-51, 2019 

 

 

biochar application effects on rice tolerance and 

productivity through promoting plant growth 

hormones, as well as signaling pathways involved 

and plant’s response to them. In the specific 

objectives  present review, will be discussed to:(i) 

highlight the more dangerous  and serious type 

impacts of abiotic stresses in rice plants growth, 

(ii) addressing the multiple beneficial effects of 

biochar application on rice tolerance and 

productivity under abiotic-stresses (drought, 

salinity, high temperature, low temperature, heavy 

metals, and climate change), which widely have 

influence on growth and morphological changes 

of rice, and (iii) pointing some useful interaction 

roles between biochar and plants growth 

hormones for improving tolerance and rice 

production through the environmental stresses 

reduction.  

2 Abiotic stresses impact on rice growth 

and productivity  

Abiotic stresses are a package of environmental 

factors that include drought, salt, hate, low 

temperature, heavy metal, ozone, and UV stresses, 

etc. (figure 2), which are stimulated wider negative 

effects to plant responses for growth hormones 

[8]. These stresses have a major impact on plant 

growth and development through physiological 

and biochemical activities, consequently, reduce 

crop yield losses worldwide. Therefore, plant 

growth and performance ability under abiotic-

stresses depend on the amount of vegetative 

growth and plant reproduction [6]. It should 

mention that in the (figure 2), a summary of the 

more common impacts of abiotic stresses in rice 

growth, and its responses to stressed 

condonations are presented. 

2.1 Drought stress impact on rice growth 

and productivity 

Plant growth and development are recognized as 

a complicated issue to exchange amongst sources 

and extent of the association between the two 

main plant organs (root-framework and stem) and 

the balance of them. Plants are facing water 

shortages, seriously prevent its growth and 

development in comparison to some other 

ecological factors [9]. Whenever rice plants are 

exposed to agricultural drought, the amount of 

moisture needed to grow and develop into the 

supplementary life cycle is not provided to the 

rice. 

Figure 2: Common Abiotic Stresses Response in Rice [18] 

https://journals.aijr.in/index.php
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Similarly, agricultural droughts lead to biomass 

accumulation. Nevertheless, the  most severe 

effects of drought stress on rice are: (i) the speed 

of cell division and expansion, (ii) leaf size, stem 

elongation, and root proliferation, (iii) disorder on 

periods of opening and closing stomata,  

(iv) nutrients and water uptake by plants and their 

use efficiency (figure 2), [10]. With increasing 

water shortage and moisture in rice plants 

increase, the amount of abscisic acid (ABA) 

biosynthesis which decreases stomatal efficiency 

and leads by causing problems in the transpiration 

pathway [11]. However, the comprehension of the 

rice morphological and physiological 

compatibility under the impacts of the drought-

stress can be very crucial to overcoming that 

problem [6]. 

2.2 Salt stress impact on rice growth and 

productivity 

Salinity is a kind of the most dangerous abiotic-

stress that exists in a high concentration of salt 

content in the soil, which causes obstacle impact 

to plant growth and leads to finally death of plants 

[6]. On a global scale, and among abiotic stresses, 

no other toxin matter is as hazardous as salt for 

growing rice. Salinity is a concern situation 

because it reduces soil and plant productivity 

eventually reduces crop yield. It is supposed that 

20% of all cropland and almost 50% of all irrigated 

land areas affected by salinity-stress and reduced 

productivity less than genetic potential. [12]. 

There should be worrying that the increase in salt-

contaminated soil is due to the lack of irrigation 

water or its quality and the use of saline water. 

Influence of high salt stress on rice products can 

happen in various ways including ion toxicity, 

nutritional disorders, alteration of metabolic 

processes, oxidative stress, cytotoxicity, 

membrane irregularity, reduction of cell division 

and expansion, as well as water deficit stress 

(figure 2), [13]. 

2.3 High-temperature stress impact on 

rice growth and productivity 

Greenhouse gas emissions cause a constant 

increase in the temperature of the atmosphere. 

According to the Intergovernmental Panel on 

Climate Change report, temperatures have 

increased from 1.8 to 4 degrees Celsius during the 

21st century and averaging 0.2 degrees Celsius 

every 10 years [13]. Since rice is more susceptible 

to stress during the reproductive and adult stages, 

intensive stress may even lead to severe damage to 

the rice plant for several hours. On the other hand, 

high temperatures during maturity can reduce the 

quality of straw and seed filling and ultimately 

decrease crop production (figure 2). The stress of 

high-temperature and extreme tolerance cause 

immutably losses to rice performances like 

yielding, fertility, germination, and grain quality 

[14]. Therefore, one of the most serious high-

temperature stress sensibility in all rice specifically 

relates to the phonological stages, which have a 

significant impact on the yield of rice products, the 

heat- stress at night, in comparison with the day is 

more affected. High-temperature stress at night 

causes sudden instability and changes in the 

germplasm of rice and spike, where even flower 

buds are unable to absorb carbohydrates during 

such stress [5]. Though both temperatures 

extremely cause harm to the rice plant, high-

temperatures at the stages of flowering are more 

severe, thus affecting the fertility of the plant by 

increasing 1°C in the growing season has 

decreased rice yields by 15 %, [13, 15]. 

2.4 Low-temperature stress impact on rice 

productivity 

Cold temperature stress is one of the most 

common weather stress that can delay the growth 

of plants abnormally. There are two types of stress 

at cold temperatures, namely stress 

cooling/chilling and freezing/frost-stress [8]. 

Cold temperatures can have a serious effect on cell 

membrane structure and function, protein 

synthesis, and cell skeletal structure. In extremely 

cold temperature, it can result in the membrane 

phase shifting from a liquid crystalline phase to a 

solid phase of the gel. These changes can greatly 

affect membrane permeability [15]. Cold 

temperatures can also be an obstacle to 

photosynthesis in both reactions (light and dark). 

The electron pathways then face the perturbations 

and preparation of free radical species that can be 

hazardous to rice crops, causing the membranes 

to destroy (figure 2). And depending on the 

temperature, the plant's respiration rate can 
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increase or decrease, short-term stress at low 

temperatures leads to high respiration, but in long-

term stress, the cell is damaged and thus dies, this 

is due to the reduced rate breathing [6]. According 

to a report that protein produced under low 

temperatures can cause cell damage, even 

fluctuations in the structure of plasma layers and 

capacities during cooling are important features of 

plant resistance regulation [16]. 

2.5 Heavy metals impact on rice growth 

and productivity 

Heavy metals stresses are a major environmental 

stress that are naturally more than five metals with 

specific gravitational properties. At optimum 

concentrations, heavy metals play an important 

role in plant metabolism, growth, and productivity 

[17]. The response of rice proteins to stress and 

toxicity of metals affects related to the kinds and 

concentration of metals as well as the growth stage 

and tissue type. Protein studies affecting heavy 

metals have been performed in rice and other 

plants (figure 2). These five heavy metals are 

(Cadmium, Arsenic, Mercury, Copper, 

Aluminum), which the addressing whole details 

and the response of the rice plant to them, is out 

of the reach of this review because of a large 

amount of information they require to the 

separate articles [18]. As well, figure1 shows the 

main rice responses to abiotic stresses. The 

common reaction and defense systems that are 

created under conditions of major abnormal 

stresses (cold, heat, drought, salt, heavy metals, 

minerals, UV and ozone). All of these abiotic 

stresses produce ROS (reactive oxygen species). 

The abundance of ROS-inhibiting proteins and 

apparent roles of plant growth hormones helps 

stress plants to detoxify ROS and maintain redox 

homeostasis within the cell [18]. 

Overall, the main abiotic-stresses (salinity, 

drought, heat and cold and heavy) negatively 

affected in survival, yielding and biomass 

production of plants by as much as (70%) and 

threaten food safety around the world. Dryness is 

the major factor in plant growth, development, 

and productivity, mainly occurring due to salt, 

drought and heat stresses. So, when the rice plant 

is exposed to abiotic stresses, it can face a huge 

number of problems [19]. Since resistance and 

tolerance to this problem in plants are of great 

importance in nature. Although breeders face an 

enormous challenge in attempting to manipulate 

new genetic modification in plants to overcome 

the issue. Conventional plant breeding approaches 

have limited effectiveness in improving resistance 

and tolerance to these stresses, but in among the 

different ways of making tolerance, biochar 

application also can be a useful and suitable 

method to mitigate the negative effect of abiotic 

stresses [20].  Thus, for the approach to this goal, 

it is needed to use biochar that has a great 

potential to improve the positive roles of plant 

growth regulators and rice-producing through 

stressed reduction (Table 1). 

Table 1:  The application of different biochars type amendments effects on the increasing percentage (%) of 

rice growth and productivity under abiotic stresses. 

Abiotic stresses  Biochar Type Plant Growth/Yield Increases (%) Reference 

Acidity stress  Sewage sludge Rice 148.8-175.1 [37] 

Salinity stress  Bamboos  Rice 20 [38] 

Salinity stress  Rice husk Rice 12 [39] 

Nutrient deficient stress  Rice straw Rice 12.3 [40] 

Saline-sodic stress  Wheat straw Rice 13.4 [25] 

Saline–sodic stress  Peanut shell Rice 22.45-23.81 [22] 

Cold waterlogged stress  Bamboos Rice 8.5-10.7 [41] 

Nutrient deficient stress Rice residues Rice 16-35 [42] 

Cold waterlogged stress  Bamboo  Rice 8.51 [19] 

Nutrient deficient stress   Rice-husk Rice  4-10 [43] 

Tropical (heat- stress) Rice-husk Rice 5 [44] 

High-temperature stress Rice-husk Rice 7  [29] 

Cadmium stress Rice and maize residues  Rice   3.9 [45] 

Cd and Pb stresses Wheat straw Rice 16.6–18.3 [46] 
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3 Biochar application effects on rice 

tolerance and productivity under 

abiotic stresses 

3.1  Definition of Biochar based on 

production and use  

Biochars are a form of charcoal or carbon-rich 

materials that produced through exposing the 

organic waste matter (such as wood chips, crop 

residue, or manure) to heat or pyrolysis in a low-

oxygen environment, they are used especially as a 

soil amendment.  There are different kinds of 

biochar based on plant biomass and production 

methods. The substance, in the below (figure 3), 

could be indicated the biochar types as an 

example. 

 
Figure 3: shows the four types of biochar that were 

produced from (a) Corncob, (b) Straw of Rice, (c) 

Woods, and (d) Straw of Wheat.  These images have 

been taken by Assistant Professor Gulaqa Anwari 

on the day of the international conference “First 

International Conformance on Biochar Research 

and Application” on September 20, 2019, in 

Shenyang Liaoning China. 

However, biochar is thought to be the key 

component in a carbon-negative strategy to 

resolve several critical current ecological and 

energy challenges as well as it has many beneficial 

effects on soil and plant productivity [21]. 

3.2 Biochar application effects on 

tolerance and productivity of rice 

under drought-stress  

Plant development is a complex issue of exchange 

between resources and the limitations of the 

relationship between the two main parts of a plant 

(root framework and stem) and the balance 

between them. Water deficiency seriously 

damages plant growth compared to other 

ecological factors [9]. Many investigated results on 

the ameliorative effects of biochar on the growth 

of different plants under drought-stress 

conditions have shown that the biochars 

application were caused to improve products’ 

quality and crop productivity via tolerantly and 

water holding capacity [4]. As, vineyard field 

increased the vine yield, especially in the years 

receiving lowest rainfall, however, no significant 

effects were observed on the grape quality 

parameters such as brisk, total acidity and 

anthocyanin’s [22]. There is also compelling 

evidence that biochar could reduce drought stress 

when applied in combination with microbial 

inoculants under limited water availability. 

Similarly, there was found that biochar application 

influenced the potato leaf area, root biomass, 

water use efficiency (WUE) and soil pH. 

However, these effects vary with biochar type, soil 

characteristics, crop types, and climatic 

conditions. So biochar application has extensively 

been linked to increased water use efficiencies and 

improved water relations under drought stress 

[23]. This discussion may lead to the fact that 

biochar application with other bio-resources such 

as organic amendments and microbial inoculants 

may reduce drought stress to plants, whereas, 

these effects vary with biochar type as well, [4]. 

Agricultural drought-stress cause biomass 

accumulation. The general impacts of drought 

tensions on rice crops are summarized in the 

disturbing plant physiology process through 

damaging cell biology activities (figure 2), [10]. 

Therefore, many studies results have shown that 

the application of biochar positively affected on 

mitigation of drought stress, such as the rice husk 

biochar application had a positive impact on 

growth, water relation traits and yield of maize 

https://journals.aijr.in/index.php
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under drought conditions. Among the doses of 

rice husk biochar, the rate of 20 t ha-1 dose 

presented the best performance to enhance plant 

height, leaf water content, and yield of maize and 

rice [24]. Biochar addition can alter the resistance 

and resilience of soil microbial properties to 

drought tensions. This process is mediated by 

changes in the soil microbial and fungal 

communities. So biochar application can increase 

the resistance of both the bacterial and fungal 

networks to drought conditions [23]. Based on a 

report that the using of biochar in addition to 

recovery and increasing absorption withholding 

the capacity of water in the soil, it also can prompt 

water holding capacity in all parts of rice plants in 

comparing to zero biochar traits (Table1), [22, 25]. 

According to an updated study, it has been 

reported that biochar application increases plant 

growth and yield in drought conditions, as well as 

increased photosynthesis, nutrient uptake and 

modified gas exchange characteristics in plants 

under moisture stress. In drought stress, soil 

moisture, soil water holding capacity and water 

status of plants increased but decreased sodium 

absorption through increasing K uptake [26]. 

Biochar can be a good alternative for arid and 

semiarid areas because those areas are mostly 

faced with drought stress conditions. So, for more 

our understanding will be needed further 

investigations. 

3.3 Biochar application effects on rice 

tolerance and productivity under salt-

tress 

Salinity-stress is the most dangerous 

environmental stress, which the high 

concentration of salt content in the soil that results 

in obstacles in rice growth and leads to death in 

rice plants [12]. Since the leaching is known as a 

useful method for washing or removing salt from 

the field, but it is a doubtful issue that the 

increased salinity in the soil is due to irrigation 

water shortage, and may also relate to quality and 

saline water in the rice field [13]. 

From applied biochar amendment has been found 

useful in mitigating salt stress to plants modifying 

soil physical, chemical and biological properties, 

which directly linked to Na dynamics in the soil 

solution-phase [4]. The use of biochar for the 

reclamation of salt-affected lands has been 

reviewed, which biochar can reclaim salt-affected 

soils, but the effects are dependent on biochar 

properties, and interactions between biochar and 

soil properties need further evaluation. So in the 

sustainable and profitable use of salt-affected soils 

by applying biochar is emphasized, and should 

low-cost methods. For producing biochar are 

urgently searching, and also reviewed the 

extensive literature to conclude that biochar 

improved soil physicochemical and biological 

properties under salinity stress differential origin 

[27]. Studied the effects of poultry manure derived 

biochar compost on soil biological indicators 

found that biochar enhanced microbial biomass 

carbon and the activities of urea’s, inverters and 

phosphatase enzymes in saline soil under maize 

cultivation. Similarly, it also found varying, but 

positive effects biochar on soil enzyme activities 

in saline soil depending on the rate of biochar 

application and incubation conditions[20]. 

However, the data about the effects of biochar on 

soil properties under saline conditions is not 

consistent. For example, biochar the application 

rate of 30 gm2 increased soil EC but resulted in 

non-significant affects soil pH under salt stress. In 

another study, the application of biochar saline 

soil condition reduced soil pH and increased SOC 

contents, CEC and available P,[4]. Similar results 

were observed when composted biochar was 

applied to the saline soil, which improved soil 

organic matter and CEC but reduced the 

exchangeable Na and soil pH, and these 

investigations indicate that the biochar 

amendments can improve soil properties and 

plant growth under salinity stress [28]. 

Biochar has multiple binding sites due to the 

presence/or modification of various functional 

groups produced during the pyrolysis process 

depending on the type of feedstock and 

temperature. After the addition of biochar to salt-

affected soils, it was observed that sodium content 

and soil pH were significantly reduced compared 

with control treatments [27]. It was also observed 

that soil organic carbon and available phosphorus 

increased in biochar amended soils. There was 

suggested that biochar addition to salt-affected 

soils could be an alternative solution due to its 

high adsorption capacity of the Na cell through 

https://journals.aijr.in/index.php
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degrading proteins, enzymes, and nucleic acids 

[22]. While in parallel to this oxidative stress, the 

enzymatic [like SOD, CAT, glutathione reductase 

(GR), guaiacol peroxidase (GPX) and APX] and 

non-enzymatic [ascorbic acid (ASA) and 

dehydroascorbate reductase (DIIAR)] 

components in plants are also produced as 

defense mechanisms in plant's against heavy 

metals stress (HMs) stress, but the highest 

concentrations of these metals in soil suppressed 

the enzymatic activities in plants [4].  A result of 

biochar application of saline-sodic soil 

demonstrated that biochar can significantly 

mitigate salinity stress due to its high salt sorption 

capacity, by increasing K+ availability, rice tolerant, 

and reclamation saline-sodic paddy-soil, which 

ultimately improves growth, physiology, and yield 

of rice (Table1), [25]. 

3.4 Biochar application effects on rice 

tolerance and productivity high-

temperature Stress 

Heat-stress as a type of environmental stress, 

which has harmful impacts on plant growth and 

performance, but plants have resistance in primary 

stress levels. However, rice plants resistance to 

high-temperature stress can be categorized into 

three groups: (i) heat escape; this means that the 

plant completes its reproductive phase before the 

onset of severe heat stress, (ii) heat avoidance; 

plant maintain high water status by closing 

stomata, decreasing leaf area, senility of older 

leaves, and/or increasing root growth ; and (iii) 

heat tolerance: plant holds its functions during 

severe stress or recovers functioning after severe 

stress [8].  

Among abiotic stresses, heat stress is one of the 

most important stresses which have adverse 

effects on growth, productivity, and yield crops. 

Stress is not only affecting morphological, 

physiological and biochemical attributes but also 

reduced the nutritional quality of various cereal 

crops. It has been reported that global wheat 

production was declined by 6% for each degree 

Celsius rise in temperature [13]. Though high 

temperatures are also good for sustainable crop 

production in some cooler areas around the globe, 

the overall impacts on global food security are 

adverse. Rising high temperatures severely 

disturbed photosynthesis production, proteins, 

inactivate key enzymes, damage proteins and 

produced ROS. All these factors are responsible 

for the reduction of plant growth and favor 

oxidative damage. Moreover, under high-

temperature stress, during seed filling could also 

result in an accelerated filling, which will further 

result in poor quality and yield reduction [4]. 

However, the result of a study on a biochar 

application protects rice pollen from high-

temperature stress is shown that the high-

temperature stress significantly reduced spike 

fertility, pollen fertility, anther dehiscence, 

germination rate per stigma, pollen count per 

stigma and the rate of pollen germination, but the 

biochar application by having a good role, 

controlled negative effect, and caused to mitigate 

high-temperature stress (Table1), [29]. 

3.5 Biochar application effects on rice 

tolerance and productivity under low-

temperature stress 

Cold-stresses mainly impact on plant growth and 

development around the world, plants 

significantly vary in their capacities to manage 

freezing temperatures [16]. Plants grown under 

tropical and subtropical conditions (i.e., maize, 

cotton, soybean, rice, mango, tomato, etc.) are 

more sensitive to freezing. Plants grown in a 

temperate climate can tolerate low temperatures, 

although the degree of tolerance varies from 

species to species. According to a report that the 

amino acid was produced in the low-temperature 

effect could be harmful to the host cells [20].  

Based on the results of biochar leachate has a 

positive effect on rice seedling cold tolerance, 

organic molecules in biochar leachates enhance 

the cold resistance of plants when other 

interference factors are excluded [30] [19]. There 

is suggested that the positive impacts of bio-

fertilizers on cold tolerance in plants are due to 

surface organic molecules that may act by entering 

a plant and interacting with stress-related proteins, 

and the tensions are related proteins [30]. 

Meanwhile, it has been reported that a bowl of 

cold-watered rice refers to a type of low-yielding 

rice that is caused by relatively low soil 

temperatures (generally 3–5 °C lower than normal 

rice paddies in summer and autumn seasons), and 
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long-term saturated water on the soil surface [19]. 

Cold waterlogged paddies typically have a low and 

or average crop performance, this may due to high 

underground-water, poor drainage, a low 

proportion of soil temperature, poor aeration-

system, less availability of nutrient content, 

especially soil-available phosphorous (P), and 

massive amounts of soil reducing substances [14]. 

Similar, it is reported that the biochar 

amendments which were derived from Rice-straw 

and Bamboo-residual could regulate the daily 

fluctuations in soil temperature at a depth of 5cm 

in cold waterlogged paddy-fields. Both of these 

biochar amendments caused to decrease in an 

average of soil temperature fluctuations during the 

whole rice-growing season, especially in the 

tillering stage at the end of July.  It also has been 

said that the application of biochar and its practice 

in the cold waterlogged rice field could increase 

the amount of biomass and grain yields of rice 

(Table1), [19]. 

3.6 Biochar application effects on 

tolerance and productivity of rice 

under heavy-metal stress  

Heavy metal toxicity is the main universal threat 

to crops productivity especially rice plants. Rice-

field soils contaminated with heavy metal is a 

danger to food security, food safety, and the whole 

environment. Since the level of heavy metals or 

metalloids found in rice grains is increasing, and it 

can be a serious concern for human health [15].  

Hoverer, when heavy metal accumulations 

extremely increase, this issue leads to a high 

decrease in growth and rice performance by the 

reduction of photosynthesis activity[31]. This 

response is caused by disrupting cellular 

organelles, the synthesis of protein, the 

composition of lipid, and nutrient homeostasis 

owing to the enhanced ROS generation causing 

oxidative stress, up-and-down regulation of genes 

involved in antioxidant defenses [32]. Moreover, 

the use of biochar as a black carbon having 

exclusive attributes like a large surface area, 

porous structure, a high CEC, active functional 

groups and a mineral phase for adsorption of 

heavy metals. It also has a potential role in the 

immobilization of heavy metals in the soil [4]. 

Applying biochar to contaminated soils is 

remarked that it can alleviate the metal toxicity and 

add carbon inputs, improves the microbial 

activities and other factors like soil pH, CEC, and 

sorption mechanism are primary factors involved 

in this sorption process of heavy metals [33]. Also, 

biochar in the soil alleviates heavy metals toxicity 

via adsorption of heavy metals on surfaces of 

biochar (Table1). Heavy metal pollutants in soil 

negatively influence soil properties and 

functionality through disturbing soil biological 

and physiochemical attributes like poor soil health 

(structure and productivity) and low soil microbial 

activities [31]. 

Incorporation of a large amount of biochar in the 

soil improved the habitat for microbial population 

via increased porosity, biochar can donate or 

accept electrons in their environments via 

biological pathways. Biochar is the soil that also 

promotes microbial electron shuttling processes, 

analogous to soil organic matter with redox-active 

functional groups. However, the result of a study 

has been shown that the biochar of rice-straw can 

effectively immobilize heavy metals, thereby 

reducing their mobility and bioavailability in 

contaminated soils (Table1), [32]. Thus, we can 

say that the heavy metals contents can 

transmission to rice grains through agricultural 

practice and inputs (fertilizers, pesticides, 

irrigation water, etc.), that they in high 

concentration were causing seriously in health 

risks. As these metals have a high persistence, 

non-degradability, and toxicity[15]. Therefore, 

several other factors like pH, decreased the 

solubility of heavy metals, improved 

allochthonous microbial biomass, and available 

nutrients, as also contributing to the variation in 

soil microbial population [4]. Table1 also refers to 

it. 

3.7 Biochar application effects on 

tolerance and productivity of rice 

under climate-change tensions 

Climate changes from future speculation to the 

unpleasant reality of the present time have 

evolved. It has been shown an inseparable linkage 

in the climate-changes of the agriculture 

ecosystem, where the impacts of climate change 

on agriculture and food security have been in the 

forefront research and policy agenda in recent 

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


49 
 

ISSN: 2456-4834 
Available online at Journals.aijr.in 

Multiple Beneficial Effects of Using Biochar (as a Great Organic Material) on Tolerance and Productivity of Rice under Abiotic Stress 

years[15]. Climatic alteration in wider parts of the 

globe is becoming fairly perceptible. As a reason, 

climate change causing to create abiotic stress like 

high and low temperatures, droughts, salinity, 

osmotic stress, heavy rains, floods, and frost 

damages is posing serious threats to rice 

production and also are detrimental to farmers' 

earnings in the rice cultivation [34]. Although, rice 

plant is contributing to climate warming via 

greenhouse gas emissions like methane gas, by 

applying biochar on rice cultivation, such effects 

become decrease. Since the application of biochar 

as the main amendment can play an important role 

in increasing the tolerance of rice and having a 

great effect on water-holding capacities. It can 

reduce greenhouse gases, managing C-cycle, and 

increasing the microbial activity in the soil, which 

is also useful for rice under abiotic stresses [19]. 

The effectiveness of biochar in the reduction of 

climate change due to the greenhouse gas effect, 

which is greenhouse gas emission can be reduced 

by sequestering carbon, as biochar that stores 

carbon for hundreds of years or more.  With its 

relative recalcitrance against microbial decay and 

the slow return of carbon as carbon dioxide to the 

atmosphere. Biochar has the potential of reducing 

the carbon footprint of rice production strongly, 

but the pyrolysis of efficient- energy technique is 

an important matter [35]. 

 Moreover, some other results are indicated that 

instead of wasting or burning of crop residues in 

the field and using those residues for producing 

biochar in aim application into soils can reduce the 

climate change impacts in rice plants. This issue 

can be related to the level of impacts of biochar 

on CH4 emissions in the paddy-fields. Besides, the 

moderate reduction of CH4 in studies indicates a 

significant advantage in reducing CF of rice, which 

some doubt on the effect of CH4 on greenhouse 

gas emissions still exist [36]. Thus, being more 

certain of this hypothesis needs further study.  

4 Conclusion 

Abiotic-stresses are found all over the world, and 

the initial restriction on plant growth results in a 

significant reduction in rice yield, nonetheless, 

comprehension the biochemical, bio-

physiological and molecular responses of rice 

plants to abiotic stresses on one hand, and other 

the recognizing of stress regulation remains a big 

challenge for plant science researchers around the 

globe. Although significant advances have been 

made in identifying genetic function during 

environmental stresses, as a large number of 

transformed plants have been created (single 

genes or multiple genes) to alter metabolic 

pathways to make rice plants more resistant. But 

they cannot reach the level of production of 

excellent plants resistant to stress.  

Overall, biochar is known as a significant solution 

material to the problem of soil's ecosystem due to 

abiotic stresses. Consequently, we can say that this 

review could contribute to a better understanding 

of the biochar amendment benefits which is not 

only an effective but also an affordable substance 

for improving soil physicochemical and biological 

properties, rice tolerance and productivity through 

promoting plant growth hormones roles under 

abiotic stressed conditions. Future studies should 

be elevated for giving a better understanding of 

biochar functionalities and effectiveness. 

Additionally, new approaches in biochar beneficial 

including heavy metals adsorption, rice tolerance 

as well as its effect on plant hormones under 

environmental stresses, are strongly suggested for 

further researches. 

5 Declarations 

5.1 Study Limitations  

This review did not provide enough information 

about biochar interaction mechanisms with plant 

hormones as well as for each heavy metal 

pollutants as separately. This is due to the existing 

huge numbers of data and information that could 

be enough for writing several review articles or 

books. 
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