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ROLE OF ORGANIC AMENDMENTS ON MORPHO-PHYSIOLOGY 

OF RICE UNDER ARSENIC STRESS 

 

ABSTRACT 

Our study investigated the arsenic induced stress of morpho-physiology in rice plant and the 

role of organic amendments; cowdung, vermicompost, biochar to mitigate the damages. Rice 

seedling was grown in 18L pot with 4 arsenic treatment at 21DAT, 32DAT, 42DAT and 

52DAT. Sodium Arsenate (0.5Nm, Na2HAsO4) considered as As1 and Sodium (meta) arsenite 

(0.5Mm, NaAsO2) considered as As2 and 1.5kg cow-dung, 600g vermi-compost and 500g 

biochar used as protectant. Plant height, leaf number, leaf area, tiller no. hill-1, chlorophyll 

content data are collected from 35DAT to 49 DAT with 7 or 15days interval. Relative water 

content, shoot and root fresh weight and dry weight data are recorded at 42DAT. The highest 

plant height was found at control condition at 35DAT, 42DAT and 49DAT. In case of As1 at 

all the DAT, vermicompost shows the highest result of plant height and in As2 condition 

biochar shows the highest plant height. Also these amendments increased the fresh and dry 

weight of shoot and root of rice plants. All parameters decreased significantly at 0.5 mM of 

arsenic stress. For both As1 and As2 treated plants combined with vermicompost and biochar 

shows an increasing percentage at all the yield contributing data parameters compare to As1 

and As2 treated plant only. Our experiment concludes that rice plant under arsenic stress, 

vermicompost shows the better percentage of increasing result when plant expost to As1 (As1 

(0.5 mM; Sodium arsenate, Na2HAsO4) and in case of As2 (0.5 mM; Sodium meta arsenite, 

NaAsO2) biochar shows an increasing result compare to all the treatments. 
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CHAPTER Ⅰ 

INTRODUCTION 

Plants encounter various abiotic stresses due to their sessile nature which include heavy 

metals, salt, drought, nutrient deficiency, light intensity, pesticide contamination, as 

well as extreme temperatures. These stresses impose major constraints limiting crop 

production and food security worldwide. Most of the abiotic stresses reduce the 

availability of CO2 and hinder carbon fixation and contribute to successive reduction of 

molecular oxygen, which yields excess ROS and impairs the performance of 

chloroplasts, thus disturbing photosynthetic process (Gill and Tuteja, 2010). ROS 

damage molecular and cellular components due to the oxidation of biomolecules (lipid, 

carbohydrates, proteins, enzymes, DNA) and cause plant death (Maurya, 2020). To 

avert the damages, plants tightly regulate ROS production via the recruitment of 

enzymatic and non-enzymatic antioxidants. The enzymatic antioxidant system 

comprising superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX), 

glutathione reductase (GR), peroxidase (POX), etc. and non-enzymatic antioxidants 

such as vitamins, flavonoids, stilbenes, and carotenoids quench the excess ROS, 

thereby providing a shield against oxidative stress (Hasanuzzaman et al., 2020). 

Arsenic (As) is a ubiquitous metalloid contaminant. It enters the soil–plant system via 

natural (geochemical processes) and anthropogenic (mining activity, pesticides 

containing arsenic, and industrial waste) routes (Bhattacharyya et al., 2003). Inorganic 

As (iAs) is a recognized human carcinogen, and the intake of large amounts of iAs 

through rice consumption can pose a serious threat to human health. Unfortunately, 

arsenic is more readily accumulated in rice grains than in other cereal crops, because of 

the high mobility and bioavailability of As under submerged conditions such as in rice 

paddy fields (Su et al., 2010). In addition, the high concentrations of As existing in soils 

can result in phytotoxicity and reduction of grain yields (Syu et al., 2015). Arsenic (As) 

pollution in agricultural soils and waters which is rapidly increasing worldwide due to 

industrialization and urbanization, causes serious environmental issues and adversely 

influences crop yield and quality (Kim et al., 2016). In plants, As disturbs protein 

functions due to its high affinity to their sulfhydryl group. Moreover, it disrupts the cell 

membrane through intracellular lipid peroxidation by generating reactive oxygen 

species (ROS), such as superoxide anion radical (O2
•−), hydrogen peroxide (H2O2), and 
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hydroxyl radicals (OH•), leading to apoptosis (Farooq et al., 2016). The ROS generated 

by As toxicity accumulates in the plant cells. This can severely deteriorate the normal 

biological functions or processes not only by inducing a negative effect on the 

maintenance of redox homeostasis but also by impairing the biosynthesis of basic 

substances that support plant growth, such as carbohydrates, proteins, fats, and nucleic 

acids (Petrov et al., 2015). However, plants attempt to overcome As toxicity by 

activating antioxidant scavenging systems that can alleviate the oxidative stress caused 

by excessive absorption and accumulation of As (Sharma et al., 2017). The alleviation 

of As-induced oxidative stress and maintenance of redox homeostasis are mostly 

achieved by two biochemical scavenging systems. The first is an enzymatic antioxidant 

scavenging system based on several identified enzymes, including superoxide 

dismutase (SOD), catalase (CAT), peroxidase (POX), ascorbate (AsA) POX (APX), 

monodehydroascorbate reductase (MDHAR), dehydroascorbate (DHA) reductase 

(DHAR), and glutathione (GSH) reductase (GR). The second is a non-enzymatic 

antioxidant scavenging system, such as AsA and GSH, which is reactivated and 

regulated to scavenge excessive ROS accumulated in the cells.  

Rice (Oryza sativa L.) is an important cereal which is consumed as staple food by more 

than half of world’s population (Ma et al., 2008). The world population is increasing 

day by day but the crop production is decreasing at an alarming rate. Rice which is the 

largest cereal crop and staple food in Bangladesh is dominant over all other crops in 

respect of economic and social significance. Rice belongs to the poaceae family and 

acts as the main source of calories for almost 40% of the world population. Rice is the 

staple food for nearly half the world’s population, and its continued increased 

production to meet the enhanced demand due to ever-increasing population faces many 

challenges. Per capita availability of land and water is increasing at a fast rate, and there 

is worldwide mass rural-to-urban movement of youth in search of better livelihood 

reducing the availability of farm labor. Thus, efforts aimed at decreasing As 

bioavailability in paddy soils and reducing As uptake by rice plants have received much 

concern in recent years. It has been established that rice accumulates high 

concentrations of arsenic in its grain compared to other cereal crops (Williams et al., 

2007). The arsenic in rice grains is present primarily as inorganic arsenic (arsenite and 

arsenate) and dimethylarsinic acid (DMA) (Meharg et al., 2008). Traces of 

monomethylarsinic acid (MMA) and tetramethylarsonium have also been identified 
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(Hansen et al., 2011). The accumulation of inorganic arsenic is of concern as it is a 

nonthreshold, class 1 carcinogen (NRC, 2001). It has been proposed that rice 

accumulates higher concentrations of arsenic due to its cultivation in anaerobic 

conditions, where arsenic is more available (Xu et al., 2008). Not only is the 

accumulation of arsenic in rice grains a major concern, but rice growing in arsenic 

contaminated environments can have reduced yields (Panaullah et al., 2009). The 

addition of organic matter to soil has many important roles. For example, it can improve 

the soil structure as well as being a nutrient supply of key elements such as nitrogen, 

phosphorus and sulphur (Batey, 1988). 

Organic matter has a major role in the mobilisation of arsenic from paddy fields 

(Williams et al., 2011). This is because microbes utilising the organic matter consume 

oxygen that leads to a decrease in redox potential, which in turn leads to arsenic 

dissolution from FeOOH (Rowland et al., 2009). Organic matter may also have two 

other roles in arsenic availability in soils: by desorbing arsenic species from soil surface 

exchange sites (Weng et al., 2009), and dissolved organic matter (DOM) complexing 

arsenic species (Williams et al., 2011). In order to regain soil fertility by improving its 

texture and activities, the use of organic residues is being advocated.  

Cow dung is being used for different purposes from the ancient time and has a 

significant role in crop growth because of the content in humic compounds and 

fertilizing bio-elements available in it. The application of acidified cow dung slurry 

along with sulfur-oxidizing bacteria (SOB) and molasses led to a tremendous decline 

in antioxidant enzymes activities, and this might be due to the greater improvement in 

nutrient uptake under low pH conditions, which might have diluted the heavy metal 

stress to the plants, and relatively less activity of antioxidant enzymes was observed 

(Ashraf et al., 2022). The lower production of antioxidant enzymes is an index of less 

oxidative stress to the plant. 

Vermicompost is a product transformed by organic residues using earthworms (Blouin 

et al., 2019). A previous study showed that vermicompost is an excellent organic 

fertilizer, with physical, chemical, and biological properties that could improve soil 

fertility and control crop diseases (Patnaik et al., 2020). The study of (Fernandaez-

Gomez et al., 2011) showed that vermicompost has high microbial functional diversity 

and the potential to be used for the treatment of pesticide pollution in agricultural 
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production. Jahanbakhshi and Kheiralipour (2019), demonstrated that vermicompost 

was a good organic fertilizer with an appropriate carbon and nitrogen ratio, acidity, as 

well as salinity. Al Jaonui et al. (2019) also indicated that vermicompost can improve 

the chemical composition of jujube coconut fruit and increase the nutritional and 

medicinal value. In consideration of the multiple benefits of vermicompost on crop 

growth and development, we wonder whether the incorporation of vermicompost into 

rice cultivation can promote the rice seedlings’ performance to cope up against heavy 

metal stress such as arsenic stress. 

Biochar (BC) soil amendment has been widely reported for the reduction of As uptake 

and toxicity in plants. Under As stress, BC application increases plant growth, biomass, 

photosynthetic pigments, grain yield, and quality (Rizwan et al., 2016). Qiao et al. 

(2018) found that biochar can enhance As reduction and release in flooded paddy soils 

through stimulation of the active arsenate-respiring bacteria Geobacter species, which 

probably increases the bioavailability of As to rice plants Similarly, As-induced 

oxidative stress (generation of H2O2 and lipid peroxidation) in plants is reduced –

significantly by arbuscular mycorrhizal fungi (AMF) inoculation. The alleviation 

potential of AMF is more evident with the increase in severity of As stress. Colonization 

of AMF in food crops results in higher activity of the antioxidant enzymes [superoxide 

dismutase (SOD), CAT, and guaiacol peroxidase] and increases the concentrations of 

antioxidant molecules (carotenoids, proline, and α-tocopherol) (Sharma et al., 2017).  

Bangladesh has a long history of rice cultivation. Rice is the staple food for about 156 

million people of the country. The population growth rate is 2 million per year, and if 

the population increases at this rate, the total population will reach 238 million by 2050. 

An increase in total rice production is required to feed this ever-increasing population. 

According to WHO recommendation the permissible limit of arsenic in rice is 1mgkg-

1. The As contaminated areas in Bangladesh have shown as more than 20 mg Askg-1 

soil (Ali et al., 2003). A number of mitigation approaches have been tried to control 

arsenic accumulation in plants like phyto-remediation that the removal of contaminants 

with the help of green plants includes the mitigation of arsenic accumulation in plants 

which is eco-friendly and available to farmers. Incorporation of organic manures 

significantly reduced the arsenic uptake by different plant parts of rice is more 

pronounced and consistent with FYM (Sinha and Bhattacharyya, 2011). Therefore, the 

use of organic soil amendment such as cowdung, vermicompost and biochar could be 

https://www.frontiersin.org/articles/10.3389/fphys.2019.00193/full#B51
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an approach to alleviate the accumulation of As of rice plants. Considering these facts 

this study has been designed with the following objectives: 

I. To investigate the arsenic stress-induced morpho-physiological damages in rice 

plant. 

II. To know the role of organic amendments on rice to mitigate the arsenic stress. 
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CHAPTER Ⅱ 

REVIEW OF LITERATURE 

2.1 Rice  

Rice (Oryza sativa L.) is one of the most important basic foods on earth. It is the staple 

food of more than three and a half billion people worldwide. Rice belongs to the 

Poaceae family and acts as the main source of calories for almost 40% of the world 

population. Rice has been cultivated for centuries, even though it is very labor-intensive 

and requires substantial water and warm, humid weather conditions to grow. Most rice 

is produced in Asia, where some 90 per cent of the world's rice is grown on 140 million 

hectares of land-an area the size of South Africa. Rice is thus the main source of income 

for farmers in Asia. Worldwide, rice is the agricultural commodity with the third-

highest worldwide production, with about 761.5 million tons produced in 2018. Rice is 

produced in about 120 countries worldwide, but China (about 214 million tonnes) 

and India (about 173 million tonnes) together account for more than 50% of both rice 

production globally. Rice provides 21% of global human per capita energy and 15% of 

per capita protein (IRRI, 2012). Although rice protein ranks high in nutritional quality 

among cereals, protein content is modest. Rice is primarily composed of carbohydrate, 

which makes almost 80% Trusted Source of its total dry weight. Most of the 

carbohydrate in rice is starch. Rice also provides minerals, vitamins, and fiber, although 

all constituents except carbohydrates are reduced by milling. Rice (Oryza sativa L.) is 

considered as the staple food for more than half of the world’s population 

(Kosolsaksakul et al., 2014). There are three types of rice cultivars are grown in 

worldwide which are indica, japonica, and javanica classified on the basis of 

morphological characters of rice (Purseglove, 1985). Indica rice cultivars are generally 

adapted to the areas of tropical and sub-tropical monsoon climate. The rice cultivar 

which grown in Bangladesh is belongs to the sub-spices indica (Alim, 1982). Rice is 

the fundamental source of food for more than one third of the world’s population. It is 

the second most important crop in the world after wheat, more than 90 per cent of which 

is grown in Asia. 

 

 

https://worldpopulationreview.com/countries/china-population
https://worldpopulationreview.com/countries/india-population
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2.2 Abiotic Stress 

In agriculture, abiotic stress is one of the critical issues impacting the crop productivity 

and yield. World agriculture is facing a lot of challenges like producing 70% more food 

for an additional 9.7 billion people in world by 2050 while at the same time fighting 

with poverty and hunger, consuming scarce natural resources more efficiently and 

adapting to climate change (Wilmoth, 2015). However, the productivity of different 

crops is not increasing in collateral with the food requirement. The lower productivity 

in most of the cases is assigned to different abiotic stresses. A major area of concern to 

cope with the increasing food requirements is reducing crop losses due to various 

environmental stresses (Shanker and Venkateswarlu, 2011). Plants can feel various 

abiotic stress caused by higher concentrated toxic substances. Sometimes it caused by 

much water (flood), shortage of water (drought) also by using too much fertilizer. 

Abiotic stresses change the plant metabolisms which are affect plant growth, 

development and productivity. Due to higher stress condition intolerable metabolic 

activities occur in plant cells and reducing plant growth, at extreme cases plants may 

die (Hasanuzzaman et al., 2012).  

Plants encounter various abiotic stresses due to their sessile nature which include heavy 

metals, salt, drought, nutrient deficiency, light intensity, pesticide contamination, as 

well as extreme temperatures. These stresses impose major constraints limiting crop 

production and food security worldwide. Abiotic stresses primarily reduce the 

photosynthetic efficiency of plants, due to their negative consequences on chlorophyll 

biosynthesis, performance of the photosystems, electron transport mechanisms, gas 

exchange parameters, and many others. The extreme environmental conditions trigger 

excessive production of ROS. ROS damage molecular and cellular components due to 

the oxidation of biomolecules (lipid, carbohydrates, proteins, enzymes, DNA) and 

cause plant death (Bhuyan et al., 2020). To avert the damages, plants tightly regulate 

ROS production via the recruitment of enzymatic and non-enzymatic antioxidants. The 

enzymatic antioxidant system comprising superoxide dismutase (SOD), catalase 

(CAT), ascorbate peroxidase (APX), glutathione reductase (GR), peroxidase (POX), 

etc and non-enzymatic antioxidants such as vitamins, flavonoids, stilbenes, and 

carotenoids quench the excess ROS, thereby providing a shield against oxidative stress 

(Hasanuzzaman et al., 2020). 



8 
 

Over the year metalloids and heavy metals have received substantial consideration in 

multidisciplinary areas of environmental and geosciences due to their bio-

magnification, bioaccumulation along with negative ecological impacts (Shahid et al., 

2020). Plants have the capability to uptake and translocate toxic metals in different parts 

of their body as reported in several studies (Sofy et al., 2020). Uptake of HMs in plants 

not only inhibits the growth attributes of plants, but also induces toxic effects on 

consumer health (Peters et al., 2018). Various studies have revealed the harmful 

impacts of HMs on human health and plant growth and development (Farid et al., 

2018). High concentrations of harmful metals particularly in soil significantly affects 

physiological and morphological traits of the plants (Shanying et al., 2017). Under HM 

stress, plants showed evident symptoms of structural transformation and inhibition of 

the photosynthesis process (Khan et al.,2015). Different HMs such as zinc (Zn), 

cadmium (Cd), aluminum (Al), chromium (Cr), nickel (Ni) and metalloids like arsenic 

(As) diminish plant development and growth by producing a number of metabolic 

alterations in plants (Anjum et al., 2017). Most likely, heavy metal ions stay in the 

cytoplasm and cause oxidative stress through the excessive formation of reactive 

oxygen species (ROS), which ultimately restrict cell metabolism (Pongrac et al., 2009). 

All environmental stresses (biotic and abiotic) generate oxidative stress which can 

easily harm cell components and cause their dysfunction pursued by the uptake and 

over production of ROS at high rates. Enzyme complexes of nicotinamide adenine 

dinucleotide phosphate (NADPH) oxidases generally involved in the generation of 

ROS, which then usually accumulate in different organelles of cell especially 

cytoplasm, mitochondria and nucleus (Zaid and Wani, 2019). Uncontrolled production 

of ROS results in protein denaturation, carbohydrates oxidation, oxidation of RNA and 

DNA, lipid peroxidation in cellular compartments, and it severely affects enzymatic 

activity in plants (Noctor and Foyer, 1998). Heavy metals produce oxidative stress by 

disturbing the ROS stability in cells, and then induce the antioxidant mechanism of 

plants. For examples, excessive accumulation of Cr leads towards the generation of 

ROS and without doubt oxidative stress as well (Xu et al., 2018). Heavy metals at toxic 

levels obstructs normal metabolic processes in different ways including displacement 

and disturbance of protein building blocks (Hall, 2002), adversely altering and affecting 

the authenticity of the cytoplasmic membrane, repressing critical events in plants such 

as respiration, photosynthesis and enzymatic activities (Hossain et al., 2012). In plants, 

heavy metal stress starts diverse signaling paths including signaling of mitogen 
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activated protein kinase (MAPKs) are group of protein kinases that perform a vital role 

during signal transduction through modulating gene transcription in the nucleus as an 

appropriate response to changes occurs in the cellular environment, calcium dependent 

signaling, hormone signaling and signaling of ROS (Kumar and Trivedi, 2016). These 

signaling pathways increase the expression of responsive stress genes in plants (Tiwari 

and Lata, 2018). 

2.3 Arsenic Stress 

Arsenic (As), a potentially toxic metalloid released in the soil environment as a result 

of natural as well as anthropogenic processes, is subsequently taken up by crop plants. 

In rice grains, As has been reported in Asia, North America and Europe, suggesting a 

future threat to food security and crop production. Specific transporters mediate the 

transport of different species of As from roots to the aboveground parts of the plant 

body. Accumulation of As leads to toxic reactions in plants, affecting its growth and 

productivity. Increase in As uptake leads to oxidative stress and production of 

antioxidants to counteract this stress. Arsenic (As), a potentially toxic metalloid, is a 

naturally occurring element ubiquitous to all soils (Williams et al., 2005). It is the 20th 

most common element in the earth's crust (Mandal and Suzuki, 2002). Soil contains 

1.5–3.0 mg kg-1 As. As is present in inorganic forms in various minerals in soil, the 

important ones being realgar, arsenopyrite, etc. From the minerals, As in both inorganic 

and organic forms, gets mobilized due to natural and human activities, and becomes 

more readily available to living organisms. Among the natural sources of mobilization 

of As, weathering of As-containing minerals (Smedley, 2006) and the activities of 

microorganisms (Turpeinen et al., 2002) are prominent. On methylation by microbes, 

As is released as monomethyl arsenate (MMA) or dimethyl arsenate (DMA) (Bentley 

and Chasteen, 2002). Some microbes utilize As in their metabolism, and release the 

toxic trimethyl arsine oxide (TMAsO) gas which is subsequently released to the 

atmosphere (Mandal and Suzuki, 2002). Human activities that release more As in bio-

available forms include application of As pesticides, use of As in paints to be 

subsequently released by molds and bacteria, mining of metals and heavy extraction of 

groundwater. Insecticides [calcium arsenate (Ca3As2O8) and lead arsenate (PbHAsO4)], 

herbicide [sodium arsenite (NaAsO2)], rodenticides arsenious oxide (As2O3) and 

sodium arsenite (NaAsO2) contain As (ICAR, 2009). Their residues remain in the soil, 

get dissolved in the groundwater and become easily available to living organisms. As-

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/oxidative-stress
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0525
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0315
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/realgar
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/arsenopyrite
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0460
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0510
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0070
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0070
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0315
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rodenticide
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0215
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containing wallpaper paints, fed upon by molds and bacteria, led to release of the 

‘Gosio’ gas, which was identified to be trimethyl arsine (Woolson, 1977). Metal 

mining, processing of ores and related activities, has contributed to the release of As in 

the soil and groundwater (Smedley, 2006) in several countries including Thailand, 

Ghana, Turkey, England, Serbia, Bosnia, Poland, USA and Canada (Barringer and 

Reilly, 2013). 

A very significant means of mobilization of As is the extraction of groundwater from 

shallow aquifers in various countries, where surface water is contaminated by disease 

causing microorganisms. Groundwater is generally more vulnerable to As 

contamination than surface water because of the interaction of groundwater with aquifer 

minerals and the increased potential in aquifers for the generation of the physiochemical 

conditions favorable for As release (Smedley, 2006). As contaminated groundwater is 

found in many countries like Bangladesh, India, China, Argentina, Chile, Vietnam, 

Hungary and Mexico (Smedley, 2006; Chakraborti et al., 2008). Deep aquifers 

containing high As levels have also been reported in the Mekong Valley, Vietnam, 

where high amount of groundwater extraction has resulted in subsidence of the land 

level by almost 3cm per year as measured by satellite based radar images from 2007 to 

2010 (Erban et al., 2013), leading to speculations that similar deep aquifers of 

groundwater may not remain As free over the years to come.  

In soil, As exhibits a number of oxidation states, the common ones being As5+, As3+ and 

As3−. In aerobic soils, As is mainly present in the oxidized form as arsenate (As5+). 

While in anaerobic environments like paddy soil, it mainly exists in the reduced form 

as arsenite (As3+) (Takahashi et al., 2004). As3+ by dint of its availability, mobility 

and phytotoxicity, is the most harmful species of As for the rice crop. With the use of 

As-contaminated water in irrigation and due to the various processes of its mobilization, 

the levels of As in soils have escalated, affecting the agricultural system and resulting 

in the uptake of the element by crop plants. The translocation factor (TF) for As is 

higher in rice (0.8) compared to the other crops like wheat (0.1) and barley (0.2) (Xu et 

al., 2008). The amount of As in paddy soil and soil solution stand elevated (Brammer 

and Ravenscroft, 2009). The scenario is the worst in rice fields in affected areas such 

as Bangladesh, India, China and Thailand, where rice is the staple food for most of the 

people (Garnier et al., 2010). Humans also have been exposed to As through drinking 

of As-contaminated water and consumption of As-contaminated crops. The 

https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0535
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0460
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0060
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0060
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0460
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0460
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0105
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/groundwater-extraction
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0150
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/paddy-soils
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0495
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/phytotoxicity
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0555
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0555
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/paddy-soils
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0090
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0090
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/staple-food
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0165
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contaminated groundwater used to cultivate vegetables and rice for human consumption 

may be an important pathway of As ingestion and exposure to chronic As (Chakraborti 

et al., 2004). In July 2014, the WHO set worldwide guidelines for what it considers to 

be safe levels of As in rice, suggesting the maximum of 200 μgkg-1 for white rice and 

400 μgkg-1 for brown rice (Sohn, 2014). According to the US Environmental Protection 

Agency (EPA) and the International Agency for Research on Cancer (IARC), As and 

its compounds have been ranked as a Group 1 human carcinogen. As present in drinking 

water or contaminated crops can have severe impact on the health of human beings as 

well as other animals (Ng et al., 2003). As being taken up from soils, plant roots are the 

initial tissues to be exposed. The metalloid inhibits the extension and proliferation of 

roots. Upon its translocation to the shoot, As can inhibit plant growth severely by 

hindering the expansion and biomass accumulation as well as compromising the plant 

reproductive capacity through losses in fertility and yield (Rahman et al., 2008). At 

sufficiently high concentrations, As interferes with critical physiological and metabolic 

processes such as cellular membrane damage, and increase in antioxidant mechanisms, 

which can even lead to the death of the plant (Garg and Singla, 2011). 

The rice fields of Bangladesh are heavily irrigated with As contaminated water obtained 

from millions of shallow tube wells installed by the country's farmers. As a result, in 

several areas of the country, As content in rice grain has been found to rise to alarming 

levels which bears threat to food safety and also crop production in future (Rahman and 

Hasegawa, 2011). The highest mean As content in rice grains is found in Faridpur 

(0.95 μgg-1), followed by Rajbari (0.76 μgg-1), Golapganj (0.57 μgg-1), Dinajpur 

(0.54 μgg-1), Srinagar (0.48–0.53 μgg-1) and Sonargaon (0.46 μgg-1) districts of the 

country (Williams et al., 2006). Of the overall mean of 0.13 μg/g As in Bangladesh rice 

grains, about 80% is found to be inorganic, which is more toxic than the organic forms 

(Williams et al., 2006; Zavala et al., 2008). Organic As species are more easily 

transported to the shoots in rice plants than the inorganic species (Carey et al., 2010). 

The amount of As accumulated in different parts of rice plants follows the order: 

straw > husk > grain (Abedin et al., 2002; Bhattacharya et al., 2010). Abedin et al. 

(2002) also showed that the concentrations of As in root and straw do not vary too 

much, suggesting that translocation from roots to straw takes place readily. However, 

its concentration decreases considerably in husk and yet further in grains. Accumulation 

of As by rice plants results in various toxic reactions and affects the growth, 

https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0100
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0100
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0465
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0360
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0405
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0160
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0410
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0410
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0530
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0530
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0565
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0095
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0015
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0085
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0015
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0015
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morphological and physiological processes of the plant (Abbas et al., 2018). Increasing 

As content of growing medium or increased accumulation reduces chlorophyll content 

of the rice plants, the extent of reduction varying slightly among different varieties. 

This results in reduction in the rate of photosynthesis, leading to reduction in root and 

shoot growth and grain yield  (Halim et al., 2014). Yield reduction has also been 

observed with the increase in As content in soils in subsequent cropping years due to 

retention of As from previous years’ contaminated irrigation water in the soils 

(Panaullah et al., 2009). A physiological disease called straight head is also attributed 

to As toxicity (Rahman et al., 2008). The symptoms of this disease include reduction 

in the sterility of spikelets, decreased grain yield, and in severe cases, non- formation 

of the panicles or heads. The level of sensitivity to As toxicity varies in different rice 

genotypes (Chaturvedi, 2013). Moreover, all the As species cause dissimilar levels of 

toxicity in rice plants. It is well established that As accumulation leads to various toxic 

reactions in plants. However, some plants are tolerant to elevated levels of As and 

accumulate high levels of the metalloid in their bodies. 

 

2.4 Abiotic Stress Induced Oxidative Stress 

Plants are sessile organisms that normally grow under field conditions. Therefore, in 

most regions of the world, they face excess light (sunny hours) during the hot season. 

Besides, different environmental/abiotic stresses generated due to anthropogenic 

activities and harsh climate changes are contributing in inducing oxidative stress 

through over generation of ROS. It is well established that chloroplasts, mitochondria, 

peroxisomes, apoplast, and plasma membranes are the primary sites of cellular ROS 

generation but chloroplasts are the leading sites for ROS production (Singh et al., 

2019). Most of the abiotic stresses reduce the availability of CO2 and hinder carbon 

fixation and contribute to successive reduction of molecular oxygen, which yields 

excess ROS and impairs the performance of chloroplasts, thus disturbing 

photosynthetic processes (Gill and Tuteja, 2010). However, ROS generation greatly 

varies with plant species, genotypes, stress tolerance level, and duration of stress 

exposure. Redox reactions (transfer of electrons between a donor and an acceptor) are 

very common in living organisms, which is responsible for the production of ROS 

(Decros et al., 2019). In plant cells, redox homeostasis is developed in consequence of 

the equilibrium between the generation of ROS and the functioning of the antioxidant 

enzymes where efficient defense system in plants keeps the proper balance between 

https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0010
https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0185
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ROS generation and elimination (Paciolla et al., 2016). A basal level of ROS, which is 

maintained above cytostatic or below cytotoxic concentration is, therefore, 

indispensable for proper ROS or redox signaling in cells, and this level is maintained 

by the balance between ROS production and ROS scavenging (Hasanuzzaman et al., 

2019). Therefore, scientists used the term “redox biology” to refer to ROS as signaling 

molecules to control and uphold the usual physiological activities of plants (Schieber 

and Chandel, 2014). Redox signaling has been discerned as the equilibrium between 

low levels of ROS functioning as signals to activate signaling cascades that adjust usual 

plant functions and high levels of ROS causing oxidative cellular damage (Decros et 

al., 2019). Therefore, a steady balance between ROS generation and ROS scavenging 

systems is strongly synchronized over time and space, working together with the 

cellular redox-sensitive components to shape and finely adapt downstream signaling 

procedures in a cell-specific and context-specific approach (Panieri and Santoro, 2011). 

However, any disturbance in the equilibrium of ROS generation and ROS scavenging 

by antioxidants leads to ROS over accumulation resulting in oxidative stress under 

various abiotic stress conditions (Hasanuzzaman et al., 2012). Oxidative stress causes 

lipid peroxidation, damages nucleic acids and proteins, and alters carbohydrate 

metabolism, resulting in cell dysfunction and death (Hasanuzzaman et al., 2019). 

2.5 Effect of Arsenic on Rice 

Rice (Oryza sativa L.) grown under flooded conditions favor greater soil arsenic 

solubility and uptake into the plant. Movement of arsenic into rice is mediated by silicon 

transporters (Ma et al., 2008) that inadvertently transport arsenite due to its similarity 

to silicic acid. This makes rice a major dietary source of arsenic, especially for 

populations with relatively low drinking water concentrations of arsenic (Davis et al., 

2017). Thus, awareness of the human health risk posed by arsenic contaminated rice 

consumption has become a more widely recognized threat to food safety (Davis et al., 

2017). 

The most common rice cultivation practice is flooded irrigation, and in absence of rains, 

groundwater is used. The repeated use of As-laden groundwater has resulted in As 

build-up in soil through the years (Upadhyay et al., 2019). Rice can accumulate As in 

several-fold higher levels than other cereal crops such as wheat and maize (Upadhyay 

et al., 2019). In reducing conditions of flooded paddy fields, arsenite [As(III)] is present 

in higher concentrations than arsenate [As(V)] (Meharg and Jardine, 2003). Other As 
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forms also exist, which include organic methylated forms such as methylarsenate 

[MAs(V)], methylarsenite [MAs(III)], dimethylarsenate [DMAs(V)], dimethylarsenite 

[DMAs(III)], trimethylarsine [TMAs(III)] trimethylarsineoxide [TMAs(V)O] 

(Upadhyay et al., 2019b), and thio-arsenates (Kerl et al., 2019). Various factors such 

as pH, redox potential, dissolved organic carbon, organic matter, and biotic factors play 

a significant role in determining the bioavailability of various As species in the soil 

system (Majumdar and Bose, 2018). Rice plants release oxygen through their roots, and 

this leads to iron plaque formation on the root surface (Majumdar et al., 2020). Iron 

plaque can act as a major sink or source of As to rice plants (Tripathi et al., 2014). The 

adsorption of As by iron plaque increases the rhizospheric concentration of As around 

rice roots (Hu et al., 2019). Further, As itself affects iron plaque formation, and there 

are also varietal influences on iron plaque formation due to differences in root oxidation 

abilities of different varieties (Lee et al., 2013). The transporters involved in the uptake 

of As and translocation from root to shoot and grains play a crucial role in As build-up 

in plants. Significant progress has been made in understanding holistic biochemical, 

proteomic, and transcriptomic changes in response to As stress in plants (Srivastava et 

al., 2015). However, the development of low-As accumulating rice varieties through 

the use of genes/proteins by employing molecular techniques is not yet feasible. The 

As accumulation in rice grains varies significantly in different rice varieties (Norton et 

al., 2009). 

Rice is a semiaquatic plant, and sufficient water availability plays a key role in 

achieving proper rice growth and productivity (Islam et al., 2019). The As cycle is a 

complex phenomenon and is influenced by various factors. Owing to continued water 

stagnancy in rice fields, anaerobic conditions are generated, and As release from the 

dissolution of Fe oxy-hydroxides is promoted (Majumdar and Bose, 2018). As(III) 

tends to become attached to Fe oxides more frequently than As (V) and its concomitant 

release by microbial reduction, alteration in pH and redox coupling, and changes in 

organic matter results in increased bioavailability of more soluble As(III) (Majumdar 

and Banik, 2019). Water management must be practiced in such a way so as to reduce 

As loading in rice grains without affecting rice yields.  

Rahman et al. (2007) conducted a pot experiment by used sodium arsenate 

(Na2HAsO4.7 H2O) as the source of arsenic with five high yielding, popular and widely 

cultivated Boro rice varieties of Bangladesh, namely BRRI dhan28, BRRI dhan29, 
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BRRI dhan35, BRRI dhan36 and BRRI hybrid dhan1 and the result was increased soil 

arsenic concentrations drastically reduced rice yield in all varieties. The number of 

panicle was found to be decreased significantly (p < 0.05) with the increase of soil 

arsenic concentrations as well. True (filled) grain production was also found to be 

decreased significantly (p < 0.05). 

2.6 Organic Amendments and Crop Productivity 

Application of organic matter (OM) to soils can improve soil physical (soil structure 

and aeration), chemical (cation exchange capacity, nutrients, and pH buffer), and 

biological (microbial activity, nutrient mineralization and immobilization) properties, 

and is therefore a common agricultural practice. However, many studies have shown 

that the addition of OM to soils may affect the bioavailability and mobility of As 

through redox reactions, anions (phosphate, silicate, and DOC), competitive adsorption, 

and As–OM complexation (Wang and Mulligan, 2006). Soil organic matter affects soil 

physical, chemical and biological properties and is thus agronomically important 

because these factors affect crop yields. Organic amendments such as manures, 

composts and plant residues are frequently used in crop production systems as 

alternatives to inorganic fertilizers, to restore degraded soils and ameliorate 

physicochemical constraints. Soil organic matter is a critical component of productive 

soils. It influences a wide range of physical, chemical and biological attributes and 

processes, including the formation and stabilization of soil aggregates, nutrient cycling, 

water retention, disease suppression, pH buffering and cation exchange capacity 

(Murphy, 2015). Consequently, organic matter is important from an agronomic 

perspective because it has the potential to influence crop yields via any of these 

processes (Oelofse et al., 2015). Soil organic matter is a complex mixture of organic 

compounds such as plant residues, microbial products and rhizosphere inputs in various 

stages of decomposition (Kögel-Knabner and Rumpel, 2018). Soil organic matter 

contains around 50% carbon (C) (Pribyl, 2010), it also contains high levels of nitrogen 

(N), phosphorous (P) and sulfur (S) in fixed ratios (Kirkby et al., 2011) that are released 

to the plant as they mineralize. This CNPS stoichiometry has implications for building 

soil organic matter: every unit increase in C requires a fixed input of N, P and S (Kirkby 

et al., 2013). Increasing soil organic matter content can be achieved by the application 

of organic amendments, which contain C and other nutrients, or by the addition of 

inorganic fertilizers and a source of C such as in crop residues (Alvarez, 2005). Organic 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/soil-organic-matter
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/plant-residue
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amendments have been applied to soils in order to restore or maintain soil fertility, 

structure and productive capacity since the beginning of agriculture (Churchman and 

Landa, 2014). 

Additionally, organic amendments may be used to improve plant nutrient uptake, 

maximize nutrient-use efficiencies or reduce environmental impacts compared to 

inorganic fertilizers (Edmeades, 2003). Organic amendments can increase soil carbon 

and, by a series of interdependent processes, improve biological activity, soil structure, 

cation exchange, water holding capacity and so on (Lal, 2006). These changes can 

ultimately lead to an increase in crop yields (Diacono and Montemurro, 2010). 

However, organic amendments can also provide significant nutrients to the plant in 

mineral form, which directly improve crop yields via fertilization. Organic matter has 

a greater affinity for As adsorption due to the formation of an organo-As complex, 

thereby reducing As availability to plants (Mitra et al., 2017). 

 

2.7 Effect of organic amendments on rice under arsenic stressed condition 

Arsenic (As) is a toxic and carcinogenic metalloid that has received significant attention 

due to its geogenic release as a major source of groundwater As contamination globally, 

especially in South and Southeast Asian countries (Hussain et al., 2021). In paddy soils, 

irrigation to rice (Oryza sativa L.) crop with As-rich groundwater may increase As 

accumulation in rice grain causing potential risk for human food chain contamination 

(Chen et al., 2016). This is because approximately half of the world’s population 

consume rice grain as staple food (Islam et al., 2019). Rice plants possess high As 

uptake due to cultivation under reduced (paddy) soil conditions that favor As(V) 

transformation to As(III), and ultimately translocation to rice grain. Arsenic transfer to 

rice grain also depends on the presence of microbial species, redox potential, pH and 

organic or inorganic amendments (Majumder and Banik, 2019). For example, some 

researchers have reported that As concentration in rice tissue may increase up to 1 mg 

kg− 1 DW irrigated with As contaminated water (0.13 mg L−1) (Carrijo et al., 2019). 

Similarly, Irem et al. (2019) conducted a pot experiment using two different rice 

genotypes. The authors reported that application of different amendments (farmyard 

manure, phosphate and iron sulfate) reduced grain As concentration by 24% in Basmati-

385 and 14% in BR-1 genotype grown in As-contaminated soil from Punjab, Pakistan. 

In another study, Kang et al. (2018) reported that addition of the poultry manure, agri-

https://www.sciencedirect.com/science/article/pii/S1672630818300519#bib0335
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lime, steel slag and gypsum had significant effect on reducing soil As mobilization. The 

treatments having agri-lime increased As concentration by 32%, while steel slag and 

gypsum decreased As by 65% and 63%, respectively. In a recent study, Alam et al. 

(2020) observed 66–76% decrease in grain As content under the influence of biochar, 

arbuscular mycorrhizal fungi, silica gel, selenium and sulfur (S) amendments. 

Chlorophyll content is an important stress index as a significant reduction in leaf 

chlorophyll content is a common phenomenon under stressful conditions (Dehshiri and  

Paknyat, 2014). Similarly, proline and catalase (CAT) both are sensitive indicators of 

salt and other environmental stresses in different food crops (Gharsallah et al., 2016). 

These biochemical parameters change during salt and drought as well as arsenic (As) 

stress conditions in food crops (Swarnakar, 2014). Reactive oxygen species (ROS) are 

the by-products of aerobic metabolism, and these components are often confined to 

certain cellular compartments (Gill and Tuteja, 2010). Stress conditions trigger ROS 

production, leading to the occurrence of oxidative stress in plant cells. The antioxidant 

enzymes are a group of important defense compounds that actively participate in the 

detoxification of ROS such as superoxide and H2O2, especially under stress conditions 

(Esfandiari et al., 2007). For instance, CAT is involved in scavenging H2O2 (Horemans 

et al., 2000) and thus contributes to the plant defense mechanism against oxidative 

stress (Gill and Tuteja, 2010).  

Arsenic contamination is one of the main abiotic stresses that limit plant growth and 

leads to the deterioration of food quality by its entry into the food chain. Over the last 

several decades, the severity of As stress has increased to become a global problem for 

the cultivation of various food crops (Bailey-Serres et al., 2012). This metal has severe 

effects on seedling growth, root anatomy, lipid peroxidation, electrolyte leakage, 

H2O2 accumulation, root oxidizability, and the activities of antioxidant enzymes in rice. 

CAT activity decreases in response to As exposure and corresponds to the decrease of 

H2O2 content as well. Arsenic causes the reduction of root elongation in food crops due 

to the increase of lipid peroxidation (Singh et al., 2007). Arsenic-stressed plants show 

reduced growth and pigment content in food crops. Total chlorophyll, CAT, and 

ascorbic acid content are drastically reduced in food crops due to the imposition of 

excess metals or metalloids such as As, cadmium, and lead ( Srivastava and Sharma, 

2013). 
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Organic amendments influence plant growth and As accumulation in rice plants 

(Norton et al., 2013). Arsenic mobility is strongly dependent on redox potential (Eh). 

The Eh of soils can be decreased by amending with OMs, which leads to an increase in 

As dissolution from iron oxides and hydroxides and the transformation of the As species 

in soils (methylation and volatilization) (Jia et al., 2013). Some reports have shown that 

dissolved OM is able to mobilize As from the sorption sites of soil minerals by 

competition (Sharma et al., 2011). Bauer and Blodau (2006) also found that competition 

adsorption is more important than redox reactions for As from soil solid phases released 

by dissolved OM. Addition of amendments, possibly triggered antioxidants defense 

mechanism in rice plants producing high glutathione. Glutathione in rice plants can 

decrease As stress by conversion of As(III) to As(V) and it can improve photosynthetic 

activity (Irem et al., 2019).  

Application of organic amendments such as CD, FYM, and SCB to rice plants under 

As stress can provide essential macro- and micro-nutrients (e.g., N, P, K, Zn). Banik et 

al. (2006) reported that under inorganic fertilizer and CD application, CD improved 

annual grain yield by 3.47 t ha-1 compared to other amendments. Also, CD application 

enhanced soil organic carbon and total N contents (0.72% and 6.21 g kg− 1). Hence, CD 

application under As-contaminated irrigation water application could possibly enhance 

soil organic carbon that may help in immobilizing As in paddy soil and improving rice 

plant growth (Khaleda et al., 2018). In another study, Khaleda et al. (2018) indicated 

that application of Zn and CD separately to two rice genotypes increased grain yield 

significantly in a field experiment in Bangladesh. Arsenic accumulation by rice in 

paddy soil is controlled by many factors, including pH, Eh, organic matter content and 

nutrients (Hussain et al., 2021). The paddy soil under flooded conditions has dynamic 

redox conditions that may alter As speciation and mobility. Iron concentration in soil 

can lead to formation of Fe plaque on rice plant roots, and the presence of Fe-

hydro(oxide)s at root-soil interface bind As in paddy soils (Qiao et al., 2018). Microbes 

can play an important role in As speciation under reducing conditions. The CD contains 

methanogenic bacteria and As methylating bacteria (Islam et al., 2005). For instance, 

Rahman et al. (2014) reported that As(V) was transformed to As (III) form before As 

methylation in the presence of CD as an amendment that acts as the prime source for 

As(V) reduction. The authors reported that CD have the anaerobic bacteria that 
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remained in soil solution after the depletion of aerobic bacteria and as such converted 

As(V) to As(III) ending ultimately with methylated As species. 

Vermicompost characterized as an excellent nutrient-rich biological fertilizer that has 

good physical structure, is associated with high microbial activity, and has large 

amounts of humic substances (Doan et al., 2014). VC contains a mass of humic acids 

that have the capacity to alter the fraction distribution of heavy metals and possesses 

carboxylic acids on the molecular structure that responses to protons exchange 

processes between weak organic acids and heavy metal cations. Thus, VC may be 

identified as an environment friendly soil amendments (Durán et al., 2006). Shohel et 

al. (2020) conducted a pot experiment at which, arsenic toxicity adversely affects all 

the yield related attributes of BRRI dhan47 and the application of vermicompost with 

inorganic fertilizers decreased the adverse effects of high arsenic toxicity on rice plant 

and improved plant growth parameters. The use of organic soil amendment such as 

vermicompost could be an approach to alleviate the accumulation of As of rice plants. 

Biochar as a black carbon or a charcoal is produced from the pyrolysis of biomass 

process in the absence of oxygen or the presence of partial oxygen (Woolf et al., 2010). 

Biochar application to soils has multiple benefits on agriculture. The high cation 

exchange capacity (Thomas et al., 2013), specific surface area (Forján et al., 2018), and 

porosity (Nie et al., 2018) of biochar have increase the soil hydraulic conductivity 

(Chaganti and Crohn, 2015), water holding capacity (Cornelissen et al., 2013), organic 

matter content (Tang et al., 2020), bulk density (Huang et al., 2019). Moreover, adding 

the biochar to soils led to an increase in the soil cation exchange capacity (CEC) (Liang 

et al., 2006). Lehmann et al. (2003) also indicated that the application of charcoal to 

the soil improved the soil available potassium. Application of biochar also can improve 

nutrient cycles. In wheat culture, biochar addition at 10% in combination with urea 

improved agronomic efficiency of N by 63% (Abbas et al., 2017). Many studies have 

reported that biochar has the potential to mitigate plant stresses (Paneque et al., 2016; 

Kumar et al., 2018). Paneque et al. (2016) found that biochar dosed at 15 t ha-1 

significantly increased water-use efficiency of sunflower plants grown under water-

deficient conditions. Likewise, biochar can alleviate Zn uptake in Zn-contaminated soil 

and improve the growth of Ficus benjamina under metal stress conditions (Kumar et 

al., 2018). 
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CHAPTER Ⅲ 

MATERIALS AND METHODS 

This chapter shows a short description about experimental period, site description, 

climatic condition, crop or planting materials, treatments, experimental design and 

layout, crop growing procedure, fertilizer application, uprooting of seedlings, 

intercultural operations, data collection and statistical analysis. 

3.1 Location  

The experiment was conducted at the Experimental shed of the Department of 

Agronomy, Sher-e-Bangla Agricultural University, Dhaka during the period from 

January-May, 2021. The location of the experimental site has been shown in Appendix 

III. 

 3.2 Soil  

The soil of the experimental area belonged to the Modhupur tract (AEZ No. 28). It was 

a medium high land with non-calcarious dark grey soil. The pH value of the soil was 

5.7.  

3.3 Climate  

The experimental area was present under the subtropical climate and characterized by 

high temperature, high humidity and heavy precipitation with occasional a blast of 

winds during the period from March-April.  

3.4 Materials 

3.4.1 Plant materials  

BRRI dhan89 was used in the experiment. Features of this variety are given below:  

BRRI dhan89:  

BRRI dhan89 variety is grown in boro season. It released by Bangladesh Rice Research 

Institute (BRRI) in 2018. It completes its life cycle 154-158 DAS. It attains a plant 

height 106 cm. 1000-seed weight is 24.4g. Protein content is 28.5% and yield is 8-

9.7ton ha-1.  
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3.4.2 Earthen pot 

Empty earthen pots with 18inch depth were used for the experiment. Twelve kilogram 

sun-dried soils were put in each pot. After that, pots were prepared for seedling 

transplanting. 

3.5 Arsenic treatment 

Sodium Arsenate (0.5Nm, Na2HAsO4) as As1 and Sodium (meta) arsenite (0.5Mm, 

NaAsO2) considered as As2. The number of total treatment application doses was 4 

which is applied at 21DAT, 32DAT, 42DAT and 52DAT. 

3.6 Protectant treatment 

Cow-dung, Vermi-compost and Biochar used as protectant. 1.5kg cow-dung, 600g 

vermi-compost and 500g biochar mixed respectively to prepare the pot soil before 

transplanting of seedling. 

3.7 Treatments 

The experiment consisted of single factor as mentioned below:  

a. Total number of treatments: 12 

i. Control(C) +As0 (No arsenic) 

ii. Cowdung(CD)+ As0  

iii. Vermicompost (VC)+As0 

iv. Biochar (B)+As0 

v. As1 (0.5 mM; Sodium arsenate, Na2HAsO4) 

vi. As1+CD 

vii. As1+VC 

viii. As1+B 

ix. As2 (0.5 mM; Sodium meta arsenite, NaAsO2) 

x. As2 +CD 

xi. As2 +VC 

xii. As2+B 
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3.8 Design and layout 

The experiment was laid out in Randomized Completely Block Design (RCBD) with 

three replications. There were all together 36 pots in the experiment.  

The layout is given below: 

R1 R2 R3 

Control (C) Control (C) Control (C) 

Cowdung (CD), 1.5kg Cowdung (CD), 1.5kg Cowdung (CD), 1.5kg 

Vermicompost (VC), 

600g 

Vermicompost (VC), 600g Vermicompost (VC), 600g 

Biochar (B), 500 g Biochar (B), 500 g Biochar (B), 500 g 

As1 As1 As1 

As1+CD As1+CD As1+CD 

As1+VC As1+VC As1+VC 

As1+B As1+B As1+B 

As2 As2 As2 

As2+CD As2+CD As2+CD 

As2+VC As2+VC As2+VC 

As2+B As2+B As2+B 

 

3.9 Seed collection  

Seeds of BRRI dhan89 were collected from Bangladesh Rice Research Institute, 

Joydebpur, Gazipur. 

3.10 Pot Preparation  

The soil was collected from the field of Sher-e-Bangla Agricultural University was sun 

dried, crushed sand sieved. The soil, cowdung, vermicompost, biochar and other 

fertilizers were mixed well before placing the soils in the pots. Each pot was filled up 

with 12 kg soil. Pots were placed at the net house of Sher-e-Bangla Agricultural 

University. The pots were pre-label for each treatment. Finally, water was added to 

bring soil water level to field capacity.  
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3.11 Fertilizer Application  

The recommended dose of nitrogenous, phosphatic, potassic, sulphur fertilizer for rice 

is @ 250 kg/ha, 110 kgha-1, 140 kgha-1, 50 kgha-1in the form of urea, triple super 

phosphate, muriate of potash, gypsum respectively and cowdung @5tonha-1. For pot 

experiment per pot requires 350 g of urea, 180 g of triple super phosphate, 175 g of 

muriate of potash and 80 g of gypsum and 30 g of cowdung. One-third of urea and the 

whole amount of cowdung and other fertilizers were incorporated with soil at final pot 

preparation before transplanting. Rest of the urea were applied in two equal splits one 

at 30 days after transplanting (DAT) and second at 45 days after transplanting (DAT). 

3.12 Sowing of seeds in seedbed  

Previously collected seeds were soaked for 48 hours and then washed thoroughly in 

fresh water and incubated for sprouting. The sprouted seeds were sown in the wet 

seedbed.  

3.13 Uprooting and transplanting of seedlings  

Seedlings of 30 days old were uprooted carefully from the seedbed and transplanted in 

the respective pots at the rate of two seedlings hill-1 and one hill pot-1 on January 23, 

2021. 

3.14 Intercultural operations 

 3.14.1 Weeding and irrigation  

Sometimes there were some small aquatic weeds observed in pots that were uprooted 

by hand pulling. About 3-4 cm depth of water was maintained in the pot until the crop 

attained maturity. 

3.14.2 Plant protection measures 

Rice bug attacked at milking stage of grain and it was controlled by the application of 

Cypermathrin at 5 ml 10 L-1 water. From heading emergence, the pots were netted to 

protect the rice grain from the attack of birds. 
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3.15 General observation of the experimental pots 

Observations were made frequently and the plants looked normal green. No lodging 

was observed at any stage. The maximum tillering, panicle initiation, and flowering 

stages were not uniform. 

3.16 Detecting maximum tillering and panicle initiation stages  

Maximum tillering and panicle initiation stages were detected through field 

observations When the number of tillers hill-1 attained the highest number and thereafter 

had tendency to decrease the number, was indicated at maximum tillering stage. When 

a small growth at the top of upper most nodes of main stem was noted like a dome 

indicated the beginning of panicle initiation stage. These stages were not uniform. 

These were varied with arsenic and organic amendments treatments. 

3.17 Collection of data  

Data were recorded on the following parameters: 

• Plant height (cm)  

• Leaf number 

• Leaf area (cm2) 

• Shoot fresh weight (g) 

• Root fresh weight (g) 

• Shoot dry weight(g) 

• Root dry weight(g) 

• Tiller no. hill-1  

• SPAD value of leaf  

• Relative water content (RWC)   

• Panicle length 

• Number of rachis panicle-1 

3.18 Procedure of sampling for growth study during the crop growth period 

3.18.1 Plant height (cm) 

The height of the rice plants was recorded from 35 days after transplanting (DAT) at 

7days interval up to 49DAT, beginning from the ground level up to tip of the leaf was 

counted as height of the plant. 
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3.18.2 Leaf number 

The number of leaf was recorded manually at 35DAT and 49DAT at 15days interval.  

3.18.3 Leaf area (cm2) 

 Leaf area determined from K (L ✕ W) equation at 42DAT and 49DAT, where L is the 

leaf length, W is the maximum width of the leaf, and K is 0.75 for wet-season crops. 

This method is unbiased; estimates should have no more than 5% error. 

3.18.4 Shoot fresh weight (g) 

In order to measure fresh weight, at 42DAT, 3plants with root as sample are randomly 

collected from each pot. To get precise data excess water and whole root was removed 

from the plant and weight immediately and then averaged them. This process was done 

quickly to avoid the plant water losing. 

3.18.5 Root fresh weight (g) 

At the same date, at 42DAT, 3roots are separated from rice plant during measured shoot 

fresh weight and weight immediately and then averaged them. 

3.18.6 Shoot and root dry weight (g) 

After weighting the fresh weight, shoot and root of rice plants were kept in an electric 

oven maintaining 60°c for 24 hours. Then it was weighted in balance to take dry weight 

and then averaged them. 

3.18.7 Tiller no. hill-1  

Total tiller number was taken from 35 DAT, 42DAT and 49DAT at 7days interval. 

3.18.8 SPAD value  

Five leaves were randomly selected per pot. The top, middle and base of each leaf were 

measured with atLEAF as atLEAF value. Then it was averaged and total chlorophyll 

content was measured by the conversion of atLEAF value into SPAD units and then 

totals chlorophyll content.  
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3.18.9 Relative water content (%)  

Three leaves were randomly selected per pot and cut with scissors. Relative water 

content (RWC) of leaf was measured according to Barrs and Weatherley (1962). Fresh 

leaf laminas were weighed (fresh weight, FW), then placed immediately between two 

layers of filter paper, and immersed in distilled water in a petri dish for 24 h in a dark 

place. Turgid weight (TW) was measured after gently removing excess water with a 

paper towel. Dry weight (DW) of leaf laminas was measured after 48 h oven-drying at 

80°C. Finally, RWC was determined using the following formula: 

RWC (%) = 
𝐹𝑊 −𝐷𝑊 

𝑇𝑊−𝐷𝑊
 × 100. 

3.18.10 Panicle length (cm) 

Panicle length was recorded from the basal nodes of the rachis to apex of each panicle. 

3.18.11 Number of rachis panicle-1 

After harvesting, number of rachis/panicle was counted from 5 selected sample. 

3.19 

 Statistical analysis  

The data obtained for different parameters were statistically analyzed following 

computer based software Statistics 10.0 and mean separation was done by LSD at 5% 

level of significance. 
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CHAPTER Ⅳ 

RESULTS AND DISCUSSION 

4.1. Plant height 

At 35DAT, there is no significant difference in control condition. In case of As1 

condition cow-dung didn’t show any significant improvement in plant height. On the 

other hand, when vermicompost and biochar was applied plant height improve by 51% 

and 17% compared to As1condition. Similarly, when exposed to As2 condition 

cowdung had no significant improvement and when vermicompost and biochar was 

applied plant height increased by 23% and 50% respectively (Figure A). At 42 DAT, 

Control condition shows the highest plant height (62.28cm). In case of As1 and As2 

treated plants vermicompost and biochar shows significant improvement of 30% and 

22% compared to control conditions. For both treatment cow-dung shows the lowest 

plant height (37.45cm and 45.525cm) (Figure B). Similar result is found at 49DAT as 

well. Control condition shows the highest plant height where cow-dung shows the 

lowest plant height (Figure C). Lange et al. (2020) reported that As plays no biological 

functions in plants and exerts a negative impact on the growth, development, and yield 

of rice plants. Enhanced uptake of arsenic will influence plant growth negatively. 

Rekaby et al. (2020) reported, the application of organic amendments increased the 

plant height significantly. Accumulation of As in rice reduced plant growth and 

productivity, affects macro- and micro-nutrition and results in the generation of reactive 

oxygen species (ROS) (Panaullah et al., 2009). Ghorbani et al. (2019) indicated that As 

stress decreased the growth of rice by reducing stomatal conductance. Arsenic-induced 

oxidative stress hinders the seed germination and plant growth (Seneviratne et al., 

2019). Similar observations were reported by Chathurika et al. (2014) with some 

amendments, growth and yield parameters of barley plant were significantly improved 

with the organic amendments treatment. As stress not only reduces plant growth, and 

yield but also can result in the death of the rice plant by excessive generation of 

oxidative stress (Hasanuzzaman et al., 2012). 

 

https://www.sciencedirect.com/science/article/pii/S2667064X22000215#bib0080
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Here, C= Control, CD (cowdung), VC (vermicompost), B (biochar); As0 (Without arsenic), 

As1 (Sodium arsenate), As2 (Sodium meta arsenite); DAT (days after transplanting).  

 

Figure 1. Plant height at different stress conditions (A) 35DAT, (B) 42DAT, (C) 

49DAT. Mean (±SD) was   calculated from three replicates for each treatment. 

Values in a column with different letters are significantly different at p ≤ 0.05 

applying LSD test. 

 

4.2. Leaf numbers 

At 35DAT, control and biochar conditions shows the highest results. There is no 

significant different between them and they are statistically similar. Cow-dung shows 

a decrease result of 50% compared to control condition. In case of As1 conditions, 

Vermicompost shows the highest result of 96% compared its control condition. There 

is no significant difference between control and biochar condition. For As2 condition, 

biochar shows the highest result of 146% compared its control conditions. 

Vermicompost also shows an increasing result of 60% as well. For both As1 and As2 

conditions Cow-dung shows the lowest and decrease result of 48% and 29% 

respectively (Figure A). At 42DAT, we observe the similar result as 35DAT. In case of 

As0 control condition shows the highest result and cow-dung shows the lowest result. 

The result of vermicompost and biochar are statistically similar. For As1, after adding 

vermicompost and biochar it increases leaf number by 182% and 139% respectively 
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compared to As1 condition. Similarly, when exposed to As2 condition vermicompost 

and biochar shows a significant improvement by 131% and 196% respectively 

compared to control (As2) conditions (Figure B). At 49DAT, control shows the highest 

result as well. In case of As1, after adding vermicompost and biochar it improves leaf 

number by 106% and 76% compared to As1 condition. Similarly, when plant exposed 

to As2 condition vermicompost and biochar increase leaf number by 46% and 105% 

compared to control (As2) conditions (Figure C). At all the conditions 35DAT, 42DAT, 

49DAT for all treatment As0, As1 and As2, we observe that cow-dung shows a 

decreasing and lowest result. Arsenic exposure affects different morpho-physiological 

processes in plants leading to decrease in plant height, leaf number, root length and 

biomass (Farooq et al., 2016). 

 

Here, C= Control, CD (cowdung), VC (vermicompost), B (biochar); As0 (Without arsenic), As1 

(Sodium arsenate), As2 (Sodium meta arsenite); DAT (days after transplanting).  

 

Figure 2. Leaf number at different stress conditions (A) 35DAT, (B) 42DAT, (C) 

49DAT. Mean (±SD) was   calculated from three replicates for each treatment. 

Values in a column with different letters are significantly different at p ≤ 0.05 

applying LSD test. 
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4.3 Leaf area 

At 42DAT, in case of As0, control condition shows the highest result and cow-dung 

shows the lowest result. The result of vermicompost and biochar are statistically 

similar. For As1 condition, after adding vermicompost and biochar it increases leaf 

number by 39% and 25% respectively compared to control (As1) condition. Similarly, 

when exposed to As2 condition vermicompost and biochar shows a significant 

improvement by 20% and 28% respectively compared to control (As2) conditions 

(Figure A). At 49DAT, control conditions showed the highest result as well. In case of 

As1, after adding vermicompost and biochar it improves leaf number by 90% and 78% 

compared to As1 condition. Similarly, when plant exposed to As2 condition 

vermicompost and biochar increase leaf number by 33% and 49% compared to control 

(As2) conditions (Figure B). At all the conditions 42DAT, 49DAT for all treatment As0, 

As1 and As2, we observe that cow-dung shows a decreasing and lowest result by 19%, 

8%, 26% and 20%, 26%, 17% respectively. The number and size of the rice leaves vary 

with the different growth periods.  

 

Here, C= Control, CD (cowdung), VC (vermicompost), B (biochar); As0 (Without arsenic), As1 

(Sodium arsenate), As2 (Sodium meta arsenite); DAT (days after transplanting).  

 

Figure 3. Leaf area at different stress conditions (A) 42DAT, (B) 49DAT. Mean (±SD) 

was   calculated from three replicates for each treatment. Values in a column 

with different letters are significantly different at p ≤ 0.05 applying LSD test. 

 

Das et al., (2013) found that arsenic accumulation and translocation factors are same 

for rice grown in pot and on field. Arsenic gets accumulated and translocated first in 

the root, reaches the stem and finally spreads to the leaf and grains (Roychowdhury, 

2008a). An index of depression, calculated on the basis of morphological parameters 

(e.g. leaf area), showed a stimulation of plant growth in case of 15 mg kg-1 As in soil 

and depression of plant growth in case of 50 and 100 mg kg-1 As in soil (Miteva, 2002). 
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4.4 Tillers hill-1 

At 35DAT, in case of As0; control conditions showed the highest results and cow-dung 

shows the lowest results. There is no significant different between vermicompost and 

biochar, they are statistically similar. In case of As1 conditions, after adding 

vermicompost and biochar it increases tiller number by 95% and 66% respectively and 

vermicompost shows the highest result compared to control (As1) condition. Similarly, 

when exposed to As2 condition vermicompost and biochar shows a significant 

improvement by 97% and 142% respectively and biochar shows the highest results 

compared its control (As2) conditions (Figure A). At 42DAT, we observe the similar 

result as 35DAT. In case of As0, control condition shows the highest result and cow-

dung shows the lowest result. For As1, after adding vermicompost and biochar it 

increases tiller number by 122% and 65% respectively compared to As1 condition. 

Similarly, when plant exposed to As2 condition vermicompost and biochar shows a 

significant improvement by 93% and 107% respectively compared to control (As2) 

conditions (Figure B). At 49DAT, in case of As0; control and biochar shows the highest 

result as well. In case of As1, after adding vermicompost and biochar it improves tiller 

number by 128% and 58% compared to As1 condition. Similarly, when plant exposed 

to As2 condition vermicompost and biochar increase tiller number by 116% and 161% 

compared to control (As2) conditions (Figure C). At all the conditions 35DAT, 42DAT, 

49DAT for all treatment As0, As1 and As2, we observe that cow-dung shows a 

decreasing and lowest result compared with control conditions.  The reduction of rice 

plant growth, in terms of tillering was the ultimate result of arsenic phytotoxicity at 

high soil arsenic concentrations (Rahman et al., 2004). 
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Here, C= Control, CD (cowdung), VC (vermicompost), B (biochar); As0 (Without arsenic), As1 

(Sodium arsenate), As2 (Sodium meta arsenite); DAT (days after transplanting). 

Figure 4. Number of tiller hill-1 at different stress conditions (A) 35DAT, (B) 42DAT, 

(C) 49DAT. Mean (±SD) was   calculated from three replicates for each 

treatment. Values in a column with different letters are significantly different 

at p ≤ 0.05 applying LSD test. 

 

4.5 Shoot fresh weight 

A noticeable change had occurred in case of shoot fresh weight compared to control. In 

case of As0; control conditions showed the highest results. There is no significant 

different between vermicompost and biochar, they are statistically similar. In case of 

As1 conditions, after adding vermicompost and biochar it increases fresh weight by 

655% and 541% respectively and vermicompost (28.55g) shows the highest results 

compared to control (As1) condition. Similarly, when plants exposed to As2 condition 

vermicompost and biochar shows a significant improvement by 153% and 208% 

respectively and biochar (31.88g) shows the highest results compared its control (As2) 

conditions. At As0 and As2 cow-dung shows a decreased result by 25% ,32% 

respectively but in case of As1 conditions cow-dung shows an increasing result by 94% 

compared with control conditions (Figure A). A decrease in plants biomass with 

increasing As concentration in irrigation water has been reported by Pigna et al. (2008). 
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Here, C= Control, CD (cowdung), VC (vermicompost), B (biochar); As0 (Without arsenic), As1 

(Sodium arsenate), As2 (Sodium meta arsenite); DAT (days after transplanting). 

  

Figure 5. Shoot fresh weight at different stress conditions (A) 42DAT. Mean (±SD) was   

calculated from three replicates for each treatment. Values in a column with 

different letters are significantly different at p ≤ 0.05 applying LSD test. 

 

4.6 Root Fresh Weight 

A noticeable change had occurred in case of root dry weight compared to control. In 

case of As0; control conditions showed the highest results. There is no significant 

different between vermicompost and biochar, they are statistically similar. In case of 

As1 conditions, after adding vermicompost and biochar it increases fresh weight by 

323% and 315% respectively compared to control (As1) condition. Similarly, when 

plants exposed to As2 condition vermicompost and biochar shows a significant 

improvement by 63% and 112% respectively and biochar (15.33g) shows the highest 

results compared its control (As2) conditions. At As0 and As2 cowdung shows a 

decreased result by 39% ,23 % respectively but in case of As1 conditions cowdung 

shows an increasing result by 55% compared to control conditions (Figure A). There 

are several reports regarding the loss of fresh and dry biomass of roots as well as shoots, 

loss of yield and fruit production, morphological changes; when the plants are grown 

in As-treated soils (Shaibur et al., 2008; Srivastava et al., 2009). Liu et al. (2005) 

reported a significant decline in root biomass production in wheat seedlings with the 
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increase in As(III) and As(V) concentrations for all six varieties of Triticum aestivum 

studied. 

 

Here, C= Control, CD (cowdung), VC (vermicompost), B (biochar); As0 (Without arsenic), As1 

(Sodium arsenate), As2 (Sodium meta arsenite); DAT (days after transplanting).  

 

Figure 6. Root fresh weight at different stress conditions (A) 42DAT. Mean (±SD) was   

calculated from three replicates for each treatment. Values in a column with 

different letters are significantly different at p ≤ 0.05 applying LSD test. 

 

4.7 Shoot dry weight 

A noticeable change had occurred in case of shoot dry weight compared to control. In 

case of As0; control conditions showed the highest results. Shoot dry weight has been 

decreased by 40%, 35%, 24% in case of plants treated with cow-dung, vermicompost 

and biochar respectively compared to control conditions. There is no significant 

difference between vermicompost and biochar, they are statistically similar. In case of 

As1 conditions, after adding vermicompost and biochar it increases fresh weight by 

808% and 645% respectively and vermicompost (28.55g) shows the highest results 

compared to control (As1) condition. Similarly, when plants exposed to As2 condition 

vermicompost and biochar shows a significant improvement by 187% and 218% 

respectively and biochar (4.79g) shows the highest results compared its control (As2) 

conditions. When plants exposed to As2, cowdung shows a decreased result by 17%, 
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but in case of As1 conditions cowdung shows an increasing result by 145% compared 

with control conditions (Figure A). Arsenic in the growth medium negatively changed 

physiological conditions, including DW, RWC, Pro accumulation, chl content, and the 

glyoxalase system (Rahman et al., 2015). The reduction of shoot biomass production, 

was the ultimate result of arsenic phytotoxicity at high soil arsenic concentrations 

(Rahman et al., 2004). 

 

Here, C= Control, CD (cowdung), VC (vermicompost), B (biochar); As0 (Without arsenic), As1 

(Sodium arsenate), As2 (Sodium meta arsenite); DAT (days after transplanting).  

 

Figure 7. Shoot dry weight at different stress conditions (A) 42DAT. Mean (±SD) was   

calculated from three replicates for each treatment. Values in a column with 

different letters are significantly different at p ≤ 0.05 applying LSD test. 

 

4.8 Root dry weight 

A noticeable change had occurred in case of root dry weight compared to control. In 

case of As0; control conditions showed the highest results. Root dry weight has been 

decreased by 63%, 54%, 43% in case of plants treated with cow-dung, vermicompost 

and biochar respectively compared to control conditions. In case of As1 conditions, after 

adding vermicompost and biochar it increases dry weight by 533% and 403% 

respectively and vermicompost (2.59g), shows the highest results compared to control 

(As1) condition. Similarly, when plants exposed to As2 condition vermicompost and 

biochar shows a significant improvement by 101% and 183% respectively and biochar 
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(3.15g) shows the highest results compared its control (As2) conditions. When plants 

exposed to As2, cowdung shows a decreased result by 26%, but in case of As1 

conditions cowdung shows an increasing result by 65% compared with control 

conditions (Figure B).  

 

Here, C= Control, CD (cowdung), VC (vermicompost), B (biochar); As0 (Without arsenic), As1 

(Sodium arsenate), As2 (Sodium meta arsenite); DAT (days after transplanting). 

 

Figure 8. Root dry weight at different stress conditions (A) 42DAT. Mean (±SD) was   

calculated from three replicates for each treatment. Values in a column with 

different letters are significantly different at p ≤ 0.05 applying LSD test. 

 

Root fresh and dry weight increased with the application of organic amendments 

compared to inorganic amendments. With the application of organic amendments 

improvement in rice growth could possibly be attributed to supply of additional 

nutrients from these organic materials (Irem et al., 2019). The chlorophyll content of 

seedling leaves decreased with both arsenate(V) and arsenite(III). This observation 

explains the lower biomass and growth. Roots show decreased biomass and lower root 

vigor (Zhao et al., 2009). 

 

 

 

https://link.springer.com/chapter/10.1007/978-3-030-66530-2_9#ref-CR163
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4.9 SPAD value 

At 35DAT, in case of As0; Cow-dung shows the lowest result and decreased leaf 

chlorophyll content by 6% compared to control condition. There is no significant 

difference between control, vermicompost and biochar, they are statistically similar. In 

case of As1 conditions, after adding vermicompost and biochar it increases chlorophyll 

content by 95% and 66% respectively and biochar shows the highest result compared 

to control (As1) condition. Similarly, when exposed to As2 condition vermicompost 

shows a significant improvement by 97% compared to control (As2) Figure A). At 

49DAT; in case of As0, biochar shows the highest result by 8 % compared to control 

conditions. In case of As1, after adding vermicompost and biochar it improves 

chlorophyll content of leaf by 6% and 4% compared to control (As1) condition. 

Similarly, when plant exposed to As2 condition cow-dung, vermicompost and biochar 

increases chlorophyll content by 6%, 5% and 6% respectively compared to control 

(As2) conditions (Figure B).  

 

Here, C= Control, CD (cowdung), VC (vermicompost), B (biochar); As0 (Without arsenic), 

As1 (Sodium arsenate), As2 (Sodium meta arsenite); DAT (days after transplanting).  

 

Figure 9. SPAD value at different stress conditions (A) 35DAT, (B) 49DAT. Mean 

(±SD) was   calculated from three replicates for each treatment. Values in a 

column with different letters are significantly different at p ≤ 0.05 applying 

LSD test. 

Rahman et al. (2007) found that the chlorophyll a and b contents in rice leaves (Oryza 

sativa L.) decrease significantly (p < 0.05) with increasing soil arsenic content in a glass 

house experiment. Murugaiyan et al. (2019) reported that a concentration of As above 

9 mg kg− 1 leads to damage of photosynthetic pigment. Recently, Asgher et al. (2021) 

reported that As stress down regulated the photosynthesis process of the rice plant by 

inhibition of PS II activity. Arsenic has been reported to retard biosynthesis of 

chlorophyll in plants because As toxicity causes chlorophyll degradation, growth 
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retardation, nutrient deficiency, poor photosynthesis and membrane degradation in 

plants (Khalid et al., 2017).  

4.10 Relative Water Content 

In case of control (As0) condition, cow-dung, vermicompost and biochar showing an 

increasing result by 4%, 2% and 7% respectively and biochar showing the highest 

percentage of relative water content (92%) compare to control conditions. Similarly, 

when plants exposed to As1 conditions cow-dung had no significance improvement and 

when vermicompost and biochar was applied it increases relative water content by 6% 

and 14% respectively. Biochar showed the highest percentage of relative water content 

(92%) as well as As0 conditions. Different result was observed in case of As2 

conditions. Control condition showed the highest result and cow-dung, vermicompost 

and biochar showed a decreased result by 9%, 7% and 8% respectively compared to 

control conditions. Stoeva et al. (2004) reported a result of leaf water potential (w) and 

transpiration rate in the As-treated plants while the relative water content decreased 

slightly. 

 

Here, C= Control, CD (cowdung), VC (vermicompost), B (biochar); As0 (Without arsenic), As1 

(Sodium arsenate), As2 (Sodium meta arsenite); DAT (days after transplanting).  

 

Figure 10. Relative water content at 42DAT. Mean (±SD) was   calculated from three 

replicates for each treatment. Values in a column with different letters are 

significantly different at p ≤ 0.05 applying LSD test. 
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4.11 Panicle length 

Arsenic caused a significant reduction of panicle length compared to control and control 

combined with cow-dung, vermicompost and biochar. Number of panicle length has 

been increasing by 5%, 3% and 2% in case of cow-dung, vermicompost and biochar 

respectively compared to control As0 conditions. Under As1 conditions, panicle length 

has been significantly decreased compared to As0 conditions. Plant treated with 

vermicompost and biochar has been shown an increasing length of panicle by 10% and 

7% respectively compared to control As1 conditions. Similarly, when plant exposed to 

As2 conditions, cow-dung has been shown a decreasing result of panicle length by 5% 

and vermicompost and biochar has been shown an increasing result of panicle length 

by 8% and 14% respectively compared to control As2 conditions. 

 

Here, C= Control, CD (cow-dung), VC (vermicompost), B (biochar); As0 (Without arsenic), 

As1 (Sodium arsenate), As2 (Sodium meta arsenite); DAT (days after transplanting).  

 

Figure 11. Panicle length (at harvest) different stress conditions (. Mean (±SD) was   

calculated from three replicates for each treatment. Values in a column with 

different letters are significantly different at p ≤ 0.05 applying LSD test. 
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4.12 Number of rachis panicle-1 

Arsenic caused a significant reduction of rachis number per panicle compared to control 

and control combined with cow-dung, vermicompost and biochar. Number of rachis 

per panicle has been increasing by 7%, 11% and 9% respectively in case of cow-dung, 

vermicompost and biochar compared to control As0 conditions. Under As1 conditions, 

panicle length has been significantly decreased compared to As0 conditions. There is 

no significant difference between all the treatment combined with As1. Plant treated 

with vermicompost and biochar has been increased rachis number per panicle by 3% 

and 4% respectively comrpare to control As1 conditions. Similarly, when plant exposed 

to As2 conditions, cow-dung has been shown an increasing result of rachis number per 

panicle by 10% and vermicompost and biochar has been shown a decreasing result of 

rachis number per panicle 4% and 6% respectively compared to control As2 conditions. 

Rice yield was measured on the basis of panicle number, filled grain production and 

weight of total grain. Results imply that increasing soil arsenic concentrations 

drastically reduces rice yield in all varieties. The number of panicle was found to be 

decreased significantly (p < 0.05) with the increase of soil arsenic concentrations 

(Rahman et al., 2007). 
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Here, C= Control, CD (cowdung), VC (vermicompost), B (biochar); As0 (Without arsenic), As1 

(Sodium arsenate), As2 (Sodium meta arsenite); DAT (days after transplanting).  

 

Figure 12. Number of rachis panicle-1 at harvest at different stress conditions. Mean 

(±SD) was   calculated from three replicates for each treatment. Values in a 

column with different letters are significantly different at p ≤ 0.05 applying 

LSD test. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

This study was conducted to mitigate arsenic stress in boro rice by exogenous 

application of organic amendments (cowdung, vermicompost, biochar). BRRI dhan89 

was used for this experiment which was conducted at the Experimental shed of the 

Department of Agronomy, Sher-e-Bangla Agricultural University, in Dhaka during the 

period of January to May,2021. BRRI dhan89 was collected from Bangladesh Rice 

Research Institute (BRRI), Gazipur. The experiment was placed out in a Randomized 

Completely Block Design (RCBD) with three replications. There were 36 pots all 

together replication with the given factors. Empty earthen pots with 18inch depth were 

used for the experiment. There were 12 treatment combinations. The treatments were 

control (C), control+cowdung (C+CD), control+vermicompost (C+VC), 

control+biochar (C+BC); As1 (0.5 mM, Sodium arsenate), As1+CD, As1+VC, As1+BC; 

As2 (0.5 mM, Sodium meta arsenite), As2+CD, As2+VC, As2+BC. 

Different arsenic with or without organic amendment treatments had significant effect 

on crop growth parameters e.g. plant height and tillers hill-1 at different DAT. The 

highest plant height was found at control condition at 35DAT, 42DAT and 49DAT 

(44.185cm, 64.52cm, 75.4 cm respectively). In case of As1 at all the DAT, 

vermicompost shows the highest result of plant height (47.85cm, 60.08cm, 63.525cm 

respectively) and in As2 condition biochar shows the highest plant height (49.87cm, 

59.17cm, 64.733 cm respectively). For both leaf number at 35DAT, 42DAT and 

49DAT and leaf area at 42DAT and 49DAT vermicompost (21.8, 30.45, 38.86; 24.48, 

29.48) shows the highest result when plant exposed to As1 and biochar (20.65, 34.45, 

42.58; 24.77, 28.2) shows the highest result in case of As2 respectively. 

Arsenic treatments had significant effect on the physiological parameters viz. relative 

water content. For both control (92.802%) and As1 condition biochar (91.94%) shows 

the highest percentage of relative water content and in terms of As2 condition, As2 

(92.94%) shows the highest percentage of relative water content. 

Arsenic treatments had significant effect on the yield and yield contributing characters 

viz. plant height, effective and non-effective tillers hill-1, length of panicle, rachis 

panicle-1. For both As1 and As2 treated plants combined with vermicompost and biochar 
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shows an increasing percentage at all the data parameters compare to As1 and As2 

treated plant only. 

Based on result of the present experiment, together with results found in the available 

literature, we therefore concluded that exogenous organic amendments (cowdung, 

vermicompost, biochar) application is an effective way to overcome the adverse effects 

of arsenic stress on growth, physiology and yield components of rice effectively. Also 

these amendments increased the fresh and dry weight of shoot and root of rice plants. 

All parameters decreased significantly at 0.5 mM of arsenic stress. Exceptions were 

panicle length, non-effective tiller hill-1 which increased in response to arsenic stress.  

Considering these responses, we can conclude that vermicompost shows the better 

percentage of increasing result when plant exposed to As1 (0.5 mM; Sodium arsenate, 

Na2HAsO4) and in case of As2 (0.5 mM; Sodium meta arsenite, NaAsO2) biochar shows 

an increasing result compare to all the treatments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



44 
 

REFERENCES 

Abbas, A.M., Yaseen, M., Khalid, M., Naveed, M., Zahir, Y., Hamid, and Saleem, M. 

(2017). Effect of biochar amended urea on nitrogen economy of soil for 

improving the growth and yield of wheat (Triticum aestivum L.) under field 

condition. J. Plant Nutr. 40(16):2303–11. 

Abbas, G., Murtaza, B., Bibi, I., Shahid, M., Niazi, N.K., Khan, M.I., Amjad, M., 

Hussain, M., and Natasha. (2018). Arsenic uptake, toxicity, detoxification, and 

speciation in plants: Physiological, biochemical, and molecular aspects. Int. J. 

Environ. Res. Public Health. 15(1): 59. 

Abedin, M.J., Feldmann, J., and Meharg, A.A. (2002). Uptake kinetics of arsenic 

species in rice plants. Plant physiol. 128(3): 1120-1128. 

Ahmed, S., Nawata, E., Hosokawa, M., Domae, Y., and Sakuratani, T. (2002). 

Alterations in photosynthesis and some antioxidant enzymatic activities of 

mungbean subjected to waterlogging. Plant Sci. 163(1): 117-123. 

Afrin, W., Nafis, M.H., Hossain, M.A., Islam. M.M. and Hossain, M.A. (2018). 

Responses of rice (Oryza sativa L.) genotypes to different levels of 

submergence. Compt. Rend. Biol. 341(2): 85–96. 

Al Jaouni, S., Selim, S., Hassan, S.H., Mohamad, H.S., Wadaan, M.A., Hozzein, W.N., 

and AbdElgawad, H. (2019). Vermicompost supply modifies chemical 

composition and improves nutritive and medicinal properties of date palm 

fruits from Saudi Arabia. Front. Plant Sci. 10: 424. 

Alam, M.Z., Hoque, M.A., Ahammed, G.J., and Carpenter-Boggs, L. (2020). Effects 

of arbuscular mycorrhizal fungi, biochar, selenium, silica gel, and sulfur on 

arsenic uptake and biomass growth in Pisum sativum L. Emerg. Contam. 6: 

312-322. 

Ali, M.M., Ishiga, H., Wakatsuki, T (2003). Influence of soil type and properties on 

distribution and changes in arsenic contents of different paddy soils in 

Bangladesh. Soil Sci. Plant Nutr. 49(1): 111-123. 

Alim, A. (1982). Bangladesh Rice. Alim Production, 18, Garden Road, Dhaka. 

Alvarez, R. (2005). A review of nitrogen fertilizer and conservation tillage effects on 

soil organic carbon storage. Soil Use Manag. 21: 38–52. 

Anjum, S.A., Tanveer, M., Hussain, S., Ashraf, U., Khan, I., and Wang, L. (2017). 

Alteration in growth, leaf gas exchange, and photosynthetic pigments of maize 

plants under combined cadmium and arsenic stress. Water Air Soil Pollut. 228: 

1-12. 

Aroca, R., Vernieri, P., Irigoyen, J. J., Sancher-Diaz, M., Tognoni, F., and Pardossi, A. 

(2003). Involvement of abscisic acid in leaf and root of maize (Zea mays L.) in 

avoiding chilling-induced water stress. Plant Sci. 165: 671–679.  

Asgher, M., Ahmed, S., Sehar, Z., Gautam, H., Gandhi, S.G., and Khan, N.A. (2021). 

Hydrogen peroxide modulates activity and expression of antioxidant enzymes 

and protects photosynthetic activity from arsenic damage in rice (Oryza sativa 

L.). J. Hazard. Mater. 401: 123365. 



45 
 

Ashraf, M. (2009). Biotechnological approach of improving plant salt tolerance using 

antioxidants as markers. Biotechnol. Adv. 27(1): 84-93. 

Ashraf, S., Ahmad, S.R., Ali, Q., Ashraf, S., Majid, M., and Zahir, Z.A. (2022). 

Acidified Cow Dung-Assisted Phytoextraction of Heavy Metals by Ryegrass 

from Contaminated Soil as an Eco-Efficient Technique. Sustainability. 14(23): 

15879. 

Bailey-Serres, J., Fukao, T., Gibbs, D.J., Holdsworth, M.J., Lee, S.C., Licausi, F., and 

van Dongen, J.T. (2012). Making sense of low oxygen sensing. Trends Plant 

Sci. 17(3): 129-138. 

Banik, P., Ghosal, P.K., Sasmal, T.K., Bhattacharya, S., Sarkar, B.K., and Bagchi, D.K. 

(2006). Effect of organic and inorganic nutrients for soil quality conservation 

and yield of rainfed low land rice in sub-tropical plateau region. J. Agron. Crop 

Sci. 192: 331–343. 

Barringer, J.L., and Reilly, P.A. (2013). Arsenic in groundwater: A summary of sources 

and the biogeochemical and hydrogeologic factors affecting arsenic occurrence 

and mobility. Current perspectives in contaminant hydrology and water 

resources sustainability. 34: 83-116. 

Barrs, H.D., and Weatherley, P.E. (1962). A re-examination of the relative turgidity technique 

for estimating water deficits in leaves. Australian journal of biological sciences. 15(3): 

413-428. 

Batey, T. (1988). Soil Husbandry. A Practical Guide to the Use and Management of 

Soils. Soil and Land Use Consultants Limited, UK. 

Bauer, M., and Blodau, C. (2006). Mobilization of arsenic by dissolved organic matter 

from iron oxides, soils and sediments. Sci. Total Environ. 354: 179–190. 

Beebe, S.E. (2012). Common bean breeding in the tropics. Plant Breed. Rev. 36: 357– 

426. 

Beebe, S., Rao, I.M., Mukankusi, C. and Buruchara, R. (2013). Improving resource use 

efficiency and reducing risk of common bean production in Africa, Latin 

America and the Caribbean. In: Eco-Efficiency: From Vision to Reality. C. 

Hershey and P. Neate (ed.). CIAT, Cali, Colombia. pp. 117–134. 

Bentley, R., and Chasteen, T.G. (2002). Microbial methylation of metalloids: arsenic, 

antimony, and bismuth. Microbiol. Mol. Biol. Rev. 66(2): 250-271. 

Bhattacharyya, P., Ghosh, A.K., Chakraborty, A., Chakrabrti, K., Tripathy, S., and 

Powell, M.A. (2003). Arsenic uptake by rice and accumulation in soil amended 

with municipal solid waste compost. Comm. Soil Sci. Plant Anal. 34: 2779–

2790. 

Bhattacharya, P., Samal, A.C., Majumdar, J., and Santra, S.C. (2010). Uptake of arsenic 

in rice plant varieties cultivated with arsenic rich groundwater. Environment 

Asia. 3(2): 34-37. 

Bhuyan, M.B., Hasanuzzaman, M., Parvin, K., Mohsin, S.M., Al Mahmud, J., Nahar, 

K., and Fujita, M. (2020). Nitric oxide and hydrogen sulfide: Two intimate 

collaborators regulating plant defense against abiotic stress. Plant Growth 

Regul. 90: 409–424. 



46 
 

Blokhina, O., Virolainen, E., and Fagerstedt, K.V. (2003). Antioxidants, oxidative 

damage and oxygen deprivation stress: a review. Ann. Bot. 91(2): 179-194. 

Blouin, M., Barrere, J., Meyer, N., Lartigue, S., Barot, S., and Mathieu, J. (2019). 

Vermicompost significantly affects plant growth. A meta-analysis. Agron 

Sustain Dev. 39: 1-15. 

Brammer, H., and Ravenscroft, P. (2009). Arsenic in groundwater: a threat to 

sustainable agriculture in South and South-east Asia. Environ. Int. 35(3): 647-

654. 

Carey, A.M., Scheckel, K.G., Lombi, E., Newville, M., Choi, Y., Norton, G.J., and 

Meharg, A.A. (2010). Grain unloading of arsenic species in rice. Plant 

Physiol. 152(1): 309-319. 

Carrijo, D.R., Li, C., Parikh, S.J., and Linquist, B.A. (2019). Irrigation management for 

arsenic mitigation in rice grain: Timing and severity of a single soil 

drying. Sci. Total Environ. 649: 300-307. 

Chaganti, V.N., and Crohn, D.M. (2015). Evaluating the relative contribution of 

physiochemical and biological factors in ameliorating a saline–sodic soil 

amended with composts and biochar and leached with reclaimed 

water. Geoderma. 259: 45-55. 

Chakraborti, D., Sengupta, M.K., Rahman, M.M., Ahamed, S., Chowdhury, U.K., 

Hossain, M.A., and Quamruzzaman, Q. (2004). Groundwater arsenic 

contamination and its health effects in the Ganga-Meghna-Brahmaputra 

plain. J. Environ. Monit. 6(6): 74N-83N. 

Chakraborti, D., Singh, E.J., Das, B., Shah, B.A., Hossain, M.A., Nayak, B., and Singh, 

N.R. (2008). Groundwater arsenic contamination in Manipur, one of the seven 

North-Eastern hill states of India: a future danger. J. Environ. Geol. 56: 381-

390. 

Chaturvedi, I. (2013). Genotypic differences in effects of arsenic on growth, and 

concentration of As in rice (Oryza sativa) genotypes. Res. J. Recent Sci. 2(3): 

49–52. 

Chathurika, J.A.S., Indraratne, S.P., Dandeniya, W.S. and Kumaragamage, D. (2014). 

Use of amendments to improve soil properties in achieving high yield for 

maize (Zea maize). Proceedings of the Peradeniya University International 

Research Sessions, Sri Lanka, July 4–5. 

Chen, W., Guo, C., Hussain, S., Zhu, B., Deng, F., and Xue, Y. et al. (2016). Role of 

xylo-oligosaccharides in protection against salinity-induced adversities in 

Chinese cabbage. Environ. Sci. Pollut. Res. 23: 1254–1264.  

Churchman, G.J., and Landa, E.R. (Eds.). (2014). The soil underfoot: Infinite 

possibilities for a finite resource. CRC Press. 

Cornelissen, G., Martinsen, V., Shitumbanuma, V., Alling, V., Breedveld, G.D., 

Rutherford, D.W., Sparrevik, M., Hale, S.E., Obia, A., and Mulder, J. (2013). 

Biochar effect on maize yield and soil characteristics in five conservation 

farming sites in Zambia. Agronomy. 3(2): 256-274. 



47 
 

Dar, M.H., Chakravorty, R., Waza, S.A., Sharma, M., Zaidi, N.W., Singh, A.N., and 

Ismail, A.M. (2017). Transforming rice cultivation in flood prone coastal 

Odisha to ensure food and economic security. Food Secur. 9: 711-722. 

Das, I., Ghosh, K., Das, D.K., and Sanya, S.K. (2013) Assessment of arsenic toxicity 

in rice plants in areas of West Bengal. Chem. Speciat. Bioavailab. 25:201–208. 

Davis, M.A., Signes-Pastor, A.J., Argos, M., Slaughter, F., Pendergrast, C., Punshon, 

T. and Karagas, M. R. (2017). Assessment of human dietary exposure to 

arsenic through rice. Sci. Total Environ. 586: 1237-1244. 

Decros, G., Baldet, P., Beauvoit, B., Stevens, R., Flandin, A., Colombié, S., and 

Pétriacq, P. (2019). Get the balance right: ROS homeostasis and redox 

signalling in fruit. Front. Plant Sci. 10: 1091. 

Dehshiri, O. and Paknyat, H. (2014). Evaluation of oilseed rape genotypes (Brassica 

napus L.) based on chlorophyll and carotenoids contents and antioxidant 

enzymes under drought stress conditions. Isfahan University of Technology. 

"J. Crop Prod. 3(10): 69-77. 

Diacono, M., and Montemurro, F. (2010). Long-term effects of organic amendments 

on soil fertility. A review. Agron. Sustain. Dev. 30: 401–422. 

Doan, T. T., Bouvier, C., Bettarel, Y., Bouvier, T., Henry-des-Tureaux, T., Janeau, J. 

L., Lamballe, P., Van Nguyen, B., and Jouquet, P. (2014). Influence of buffalo 

manure, compost, vermicompost and biochar amendments on bacterial and 

viral communities in soil and adjacent aquatic systems. Appl. Soil Ecol. 73: 78-

86. 

Durán, A.C., Flores, I., Perozo, C., Pernalete, Z., (2006). Immobilization of lead by a 

vermicompost and its effect on white bean (Vigna sinenis var. Apure) uptake. 

Int. J. Environ. Sci. Technol. 3: 203–212. 

Edmeades, D.C. (2003). The long-term effects of manures and fertilisers on soil 

productivity and quality: a review. Nutr. Cycl. Agroecosyst. 66: 165–180. 

Erban, L.E., Gorelick, S.M., Zebker, H.A., and Fendorf, S. (2013). Release of arsenic 

to deep groundwater in the Mekong Delta, Vietnam, linked to pumping-

induced land subsidence. Proceedings of the National Academy of 

Sciences. 110(34): 13751-13756. 

Esfandiari, E., Shekari, F., Shekari, F., and Esfandiari, M. (2007). The effect of salt 

stress on antioxidant enzymes activity and lipid peroxidation on the wheat 

seedling. Notulae Botanicae Horti Agrobotanici Cluj Napoca. 35: 48–56. 

Farid, M., Ali, S., Rizwan, M., Ali, Q., Saeed, R., Nasir, T., and Ahmad, T. (2018). 

Phyto-management of chromium contaminated soils through sunflower under 

exogenously applied 5-aminolevulinic acid.  Ecotoxicol. Environ. Saf. 151: 

255-265. 

Farooq, M., Wahid, A., Kobayashi, N., Fujita, D., and Basra, S.M.A. (2009). Plant 

drought stress: effects, mechanisms and management. Agron. Sustain. Dev. 29: 

185–212. 

 



48 
 

Farooq, M.A., Islam, F., Ali, B., Najeeb, U., Mao, B., Gill, R.A., Yan, G., Siddique, 

K.H.M., and Zhou, W. (2016). Arsenic toxicity in plants: cellular and 

molecular mechanisms of its transport and metabolism. Environ. Exp. Bot. 132: 

42–52. 

Fernández-Gómez, M.J., Nogales, R., Insam, H., Romero, E., and Goberna, M. (2011). 

Role of vermicompost chemical composition, microbial functional diversity, 

and fungal community structure in their microbial respiratory response to three 

pesticides. Bioresour. Technol. 102(20): 9638-9645. 

Forján, R., Rodríguez-Vila, A., Pedrol, N., and Covelo, E.F. (2018). Application of 

compost and biochar with Brassica juncea L. to reduce phytoavailable 

concentrations in a settling pond mine soil. Waste biomass valorization. 9: 

821-834. 

Garnier, J.M., Travassac, F., Lenoble, V., Rose, J., Zheng, Y., Hossain, M.S., and van 

Geen, A. (2010). Temporal variations in arsenic uptake by rice plants in 

Bangladesh: The role of iron plaque in paddy fields irrigated with 

groundwater. Sci. Total Environ. 408(19): 4185-4193. 

Garg, N., and Singla, P. (2011). Arsenic toxicity in crop plants: Physiological effects 

and tolerance mechanisms. Environ. Chem. Lett. 9(3): 303–321. 

Gharsallah, C., Fakhfakh, H., Grubb, D., and Gorsane, F. (2016). Effect of salt stress 

on ion concentration, proline content, antioxidant enzyme activities and gene 

expression in tomato cultivars. AoB PLANTS. 8. 

Ghorbani, A., Omran, V.O.G., Razavi, S.M., Pirdashti, H., and Ranjbar, M. (2019). 

Piriformospora indica confers salinity tolerance on tomato (Lycopersicon 

esculentum Mill.) through amelioration of nutrient accumulation, K+/Na+ 

homeostasis and water status. Plant Cell Rep. 38: 1151-1163. 

Gill, S. S., and Tuteja, N. (2010). Reactive oxygen species and antioxidant machinery 

in abiotic stress tolerance in crop plants. Plant Physiol. Biochem. 48: 909–930. 

Halim, M.A., Nigar, M., Ghosh, M., Akhter, N., and Hossain, F. (2014). Interaction 

effects of arsenic and phosphorus on seedling growth, leaf pigments and leaf 

protein of rice cultivars under hydroponic culture. J. Asiat. Soc. Bangl. 40(1): 

141–150. 

Hall, J.Á. (2002). Cellular mechanisms for heavy metal detoxification and tolerance. J. 

Exp. Bot. 53(366): 1-11. 

Hansen, H.R., Raab, A., Price, A.H., Duan, G., Zhu, Y.G., Norton, G.J., Feldmann, J., 

and Meharg, A.A., (2011). Identification of tetramethylarsonium in rice grains 

with elevated arsenic content. J. Environ. Monit. 13: 32e34. 

Hasanuzzaman, M., Hossain, M.A., da Silva, J.A.T., and Fujita, M. (2012a). Plant 

response and tolerance to abiotic oxidative stress: antioxidant defense is a key 

factor. Crop stress and its management: perspectives and strategies. 261-315. 

Hasanuzzaman, M., Hossain, M.A., and Fujita, M. (2012b). Exogenous selenium 

pretreatment protects rapeseed seedlings from cadmium-induced oxidative 

stress by upregulating antioxidant defense and methylglyoxal detoxification 

systems. Biol. Trace Elem. Res. 149: 248-261. 



49 
 

Hasanuzzaman, M., Bhuyan, M.B., Anee, T.I., Parvin, K., Nahar, K., Mahmud, J.A., 

and Fujita, M. (2019). Regulation of ascorbate-glutathione pathway in 

mitigating oxidative damage in plants under abiotic stress. Antioxidants. 8(9): 

384. 

Hasanuzzaman, M., Alam, M.M., Nahar, K., Mohsin, S.M., Bhuyan, M.B., Parvin, K., 

Hawrylak-Nowak, B., and Fujita, M. (2019). Silicon-induced antioxidant 

defense and methylglyoxal detoxification works coordinately in alleviating 

nickel toxicity in Oryza sativa L. Ecotoxicology. 28: 261-276. 

Hasanuzzaman, M., Bhuyan, M.B., Zulfiqar, F., Raza, A., Mohsin, S.M., Mahmud, 

J.A., Fujita, M., and Fotopoulos, V. (2020). Reactive oxygen species and 

antioxidant defense in plants under abiotic stress: Revisiting the crucial role of 

a universal defense regulator. Antioxidants. 9(8): 681. 

Horemans, N., Foyer, C.H., Potters, G., and Asard, H. (2000). Ascorbate function and 

associated transport systems in plants. Plant Physiol. Biochem. 38: 531–540. 

Hossain, M.A., Piyatida, P., da Silva, J.A.T., and Fujita, M. (2012). Molecular 

mechanism of heavy metal toxicity and tolerance in plants: central role of 

glutathione in detoxification of reactive oxygen species and methylglyoxal and 

in heavy metal chelation. J. bot. 

Hossain, M.S. and Dietz, K.J. (2016). Tuning of redox regulatory mechanisms, reactive 

oxygen species and redox homeostasis under salinity stress. Front. Plant Sci. 

7: 548. 

Huang, M., Zhang, Z., Zhai, Y., Lu, P., and Zhu, C. (2019). Effect of straw biochar on 

soil properties and wheat production under saline water irrigation. Agron 

J. 9(8): 457. 

Hu, M., Sun, W., Krumins, V., and Li, F. (2019). Arsenic contamination influences 

microbial community structure and putative arsenic metabolism gene 

abundance in iron plaque on paddy rice root. Sci. Total Environ. 649: 405–412. 

Hussain, S., Khan, F., Cao, W., Wu, L., and Geng, M. (2016). Seed priming alters the 

production and detoxification of reactive oxygen intermediates in rice 

seedlings grown under sub-optimal temperature and nutrient supply. Front. 

Plant Sci. 7: 439.  

Hussain, M.M., Bibi, I., Niazi, N.K., Shahid, M., Iqbal, J., Shakoor, M.B., and Zhang, 

H. (2021). Arsenic biogeochemical cycling in paddy soil-rice system: 

Interaction with various factors, amendments and mineral nutrients. Sci. Total 

Environ. 773: 145040. 

Imran, M., Ashraf, M., and Awan, A.R. (2021). Growth, yield and arsenic accumulation 

by wheat grown in a pressmud amended salt-affected soil irrigated with arsenic 

contaminated water. Ecotoxicol. Environ. Saf. 224: 112692. 

Indian Council of Agricultural Research (ICAR), (2009). Classification of pesticides 

based on their chemical nature. Handbook Agric. 6: 716–719. 

Irem, S., Islam, E., Maathuis, F.J., Niazi, N.K., and Li, T. (2019). Assessment of 

potential dietary toxicity and arsenic accumulation in two contrasting rice 

genotypes: Effect of soil amendments. Chemosphere. 225: 104-114. 



50 
 

IRRI (International Rice Research Institute). (2012). Annu. Rept. 2012-13. 

Islam, S.A., Fukushi, K., and Yamamoto, K. (2005). Development of an enumeration 

method for arsenic methylating bacteria from mixed culture 

samples. Biotechnol. Lett. 27: 1885-1890. 

Islam, S., Rahman, M.M., and Naidu, R. (2019). Impact of water and fertilizer 

management on arsenic bioaccumulation and speciation in rice plants grown 

under greenhouse conditions. Chemosphere. 214: 606–613. 

Jahanbakhshi, A., and Kheiralipour, K. (2019). Influence of vermicompost and sheep 

manure on mechanical properties of tomato fruit. Food Sci. Nutr. 7(4): 1172-

1178. 

Jia, Y., Sun, G.X., Huang, H., and Zhu, Y.G. (2013): Biogas slurry application elevated 

arsenic accumulation in rice plant through increased arsenic release and 

methylation in paddy soil. Plant Soil. 365: 387–396 

Kang, D.W., Kim, D.Y., Yoo, J.H., Park, S.W., Oh, K.S., Kwon, O.K., and Kim, W.I. 

(2018). Effect of soil amendments on arsenic reduction of Brown Rice in Paddy 

fields. Korean J. Soil. Sci. Fert. 51(2): 101-110. 

Kerl, C.F., Rafferty, C., Clemens, S., and Planer-Friedrich, B. (2019). 

Monothioarsenate uptake, transformation, and translocation in rice plants. 

Environ. Sci. Technol. 52: 9154–9161. 

Khan, A., Khan, S., Khan, M.A., Qamar, Z., and Waqas, M. (2015). The uptake and 

bioaccumulation of heavy metals by food plants, their effects on plants 

nutrients, and associated health risk: a review. Environ. Sci. Pollut. Res. 22: 

13772-13799. 

Khaleda, K., Hasan, M., Rumi, M., Ayman, E.S., and Islam, M. (2018). Response of 

growth and yield attributes of aromatic rice to cow dung and zinc fertilization. 

Azarian J. Agric. 5: 151–159. 

Khalid, S., Shahid, M., Niazi, N.K., Rafiq, M., Bakhat, H.F., Imran, M., and Dumat, C. 

(2017). Arsenic behaviour in soil-plant system: biogeochemical reactions and 

chemical speciation influences. Enhancing Cleanup of Environmental 

Pollutants: Volume 2: Non-Biological Approaches: 97-140. 

Kim, S.M., Suh, J., Oh, S., Son, J., Hyun, C.U., Park, H.D., Shin, S.H. and Choi, Y. 

(2016). Assessing and prioritizing environmental hazards associated with 

abandoned mines in Gangwon-do, South Korea: the Total Mine Hazards 

Index. Environ. Earth Sci. 75: 1-14. 

Kirkby, C.A., Kirkegaard, J.A., Richardson, A.E., Wade, L.J., Blanchard, C., and 

Batten, G. (2011). Stable soil organic matter: a comparison of C:N:P:S ratios 

in Australian and other world soils. Geoderma. 163: 197–208. 

Kirkby, C.A., Richardson, A.E., Wade, L.J., Batten, G.D., Blanchard, C., and 

Kirkegaard, J.A. (2013). Carbon-nutrient stoichiometry to increase soil carbon 

sequestration. Soil Biol. Biochem. 60: 77-86. 

Kögel-Knabner, I., and Rumpel, C. (2018). Advances in molecular approaches for 

understanding soil organic matter composition, origin, and turnover: a 

historical overview. Adv. Agron. 149: 1–48. 



51 
 

Kosolsaksakul, P., Farmer, J.G., Oliver, I.W. and Graham, M.C. (2014). Geochemical 

associations and availability of cadmium (Cd) in a paddy field system, 

northwestern Thailand. Environ. Pollut. 187: 153–161. 

Kumar, S., and Trivedi, P.K. (2016). Heavy metal stress signaling in plants. In Plant 

metal interaction. Elsevier. Pp. 585-603. 

Kumar, A., Tsechansky, L., Lew, B., Raveh, E., Frenkel, O., and Graber, E. (2018). 

Biochar alleviates phytotoxicity in Ficus elastica grown in Zn-contaminated 

soil. Sci. Total Environ. 618: 188–98. 

Lal, R. (2006). Enhancing crop yields in the developing countries through restoration 

of the soil organic carbon pool in agricultural lands. Land Degrad Dev. 17(2): 

197-209. 

Lange, C.N., Pedron, T., Freire, B.M., Pereira, R.M., and Batista, B.L. (2020). Arsenic 

in Rice Grain. The Future of Rice Demand: Quality Beyond Productivity. 71-

91. 

Lee, Y., Park, J., Ryu, C., Gang, K.S., Yang, W., Park, Y.K., and Hyun, S. (2013). 

Comparison of biochar properties from biomass residues produced by slow 

pyrolysis at 500 C. Bioresour. Technol. 148: 196-201. 

Lehmann, J., Pereira da Silva, J., Steiner, C., Nehls, T., Zech, W., and Glaser, B. (2003). 

Nutrient availability and leaching in an archaeological Anthrosol and a 

Ferralsol of the Central Amazon basin: fertilizer, manure and charcoal 

amendments. Plant soil. 249: 343-357. 

Liang, B., Lehmann, J., Solomon, D., Kinyangi, J., Grossman, J., O’Neill, B.J.O., 

Skjemstad, J., Thies, F.J., Luizao, J., and Petersen, et al. (2006). Black carbon 

increases cation exchange capacity in soils. Soil Sci. Soc. Am. J. 70 (5):1719–

30. 

Liu, X., Zhang, S., Shan, X., and Zhu, Y.G. (2005). Toxicity of arsenate and arsenite 

on germination seedling growth and amylolytic activity of wheat. 

Chemosphere. 16: 293–301. 

Ma, J.F., Yamaji, N., Mitani, N., Xu, X.Y., Su, Y.H., McGrath, S.P., and Zhao, F.J. 

(2008). Transporters of arsenite in rice and their role in arsenic accumulation 

in rice grain. Proceedings of the National Academy of Sciences. 105(29): 

9931-9935. 

Mandal, B.K., and Suzuki, K.T. (2002). Arsenic round the world: A review. Talanta. 

58(1): 201–235. 

Majumdar, A., and Bose, S. (2018). “A glimpse on uptake kinetics and molecular 

responses of arsenic tolerance in rice plants,” in Mechanisms of Arsenic 

Toxicity and Tolerance in Plants, eds M. Hasanuzzaman, K. Nahar, and M. 

Fujita (Singapore: Springer): 299–315.  

Majumder, S., and Banik, P. (2019). Geographical variation of arsenic distribution in 

paddy soil, rice and rice-based products: a meta-analytic approach and 

implications to human health. J. Environ. Manage. 233: 184–199. 

 



52 
 

Majumdar, A., Kumar, J.S., Sheena, and Bose, S. (2020). “Agricultural water 

management practices and environmental influences on arsenic dynamics in 

rice field,” in Arsenic in Drinking Water and Food, ed S. Srivastava 

(Singapore: Springer): 425–443.  

Maurya, A.K. (2020). Oxidative stress in crop plants. Agronomic Crops: Volume 3: 

Stress Responses and Tolerance. 349-380. 

Meharg, A.A., and Jardine, L. (2003). Arsenite transport into paddy rice (Oryza sativa 

L.) roots. New phytol. 157: 39–44.  

Meharg, A.A., Lombi, E., Williams, P.N., Scheckel, K.G., Feldmann, J., Raab, A., Zhu, 

Y., and Islam, R., (2008). Speciation and localization of arsenic in white and 

brown rice grains. Environ. Sci. Technol. 42: 1051e1057. 

Miller, G.A.D., Suzuki, N., Ciftci‐Yilmaz, S.U.L.T.A.N., and Mittler, R.O.N. (2010). 

Reactive oxygen species homeostasis and signalling during drought and 

salinity stresses. Plant Cell Environ. 33(4): 453-467. 

Miteva, E. (2002). Accumulation and effect of arsenic on tomatoes. Comm. Soil Sci. 

Plant Anal. 33(11):1917–1926. 

Mitra, A., Chatterjee, S., Moogouei, R., Gupta, D.K. (2017). Arsenic accumulation in 

rice and probable mitigation approaches: A review. Agronomy. 7(4): 67. 

Murugaiyan, V., Ali, J., Mahender, A., Aslam, U.M., Jewel, Z.A., Pang, Y., and Li, Z. 

(2019). Mapping of genomic regions associated with arsenic toxicity stress in 

a backcross breeding populations of rice (Oryza sativa L.). Rice. 12: 1-14. 

Murphy, B.W. (2015). Impact of soil organic matter on soil properties–a review with 

emphasis on Australian soils. Soil Res. 53: 605–635. 

National Research Council (NRC), (2001). Arsenic in Drinking Water-2001 Update. 

National Academy Press, Washington, D.C. 

Negrao, S., Schmockel, S.M., and Tester, M. (2017). Evaluating physiological 

responses of plants to salinity stress. Ann. Bot. 119: 1–11. 

Ng, J.C., Wang, J.P., and Shraim, A. (2003). A global health problem caused by arsenic 

from natural sources. Chemosphere. 52(9): 1353–1359. 

Nie, C., Yang, X., Niazi, N.K., Xu, X., Wen, Y., Rinklebe, J., and Wang, H. (2018). 

Impact of sugarcane bagasse-derived biochar on heavy metal availability and 

microbial activity: a field study. Chemosphere. 200: 274-282. 

Noctor, G., and Foyer, C.H. (1998). Ascorbate and glutathione: keeping active oxygen 

under control. Annu. Rev. Plant Biol. 49(1): 249-279. 

Norton, G.J., Islam, M.R., Deacon, C.M., Zhao, F.J., Stroud, J.L., McGrath, S.P., and 

Meharg, A.A. (2009). Identification of low inorganic and total grain arsenic 

rice cultivars from Bangladesh. Sci. Total Environ. 43(15): 6070-6075. 

Norton, G.J., Adomako, E.E., Deacon, C.M., Carey, A.M., Price, A.H., and Meharg, 

A.A. (2013). Effect of organic matter amendment, arsenic amendment, and 

water management regime on rice grain arsenic species. Environ. Pollut. 177: 

38–47. 



53 
 

Oelofse, M., Markussen, B., Knudsen, L., Schelde, K., Olesen, J.E., Jensen, L.S., and 

Bruun, S. (2015). Do soil organic carbon levels affect potential yields and 

nitrogen use efficiency? An analysis of winter wheat and spring barley field 

trials. Eur. J. Agron. 66: 62–73. 

Paciolla, C., Paradiso, A., and De Pinto, M.C. (2016). Cellular redox homeostasis as 

central modulator in plant stress response. Redox state as a central regulator of 

plant-cell stress responses. 1-23. 

Panaullah, G.M., Alam, T., Hossain, M.B., Loeppert, R.H., Lauren, J.G., Meisner, C.A., 

Ahmed, Z.U., and Duxbury, J.M. (2009). Arsenic toxicity to rice (Oryza sativa 

L.) in Bangladesh. Plant soil. 317: 31-39. 

Paneque, M., De la Rosa, J.M., Franco-Navarro, J.D., Colmenero-Flores, J.M., and 

Knicker, H. (2016). Effect of biochar amendment on morphology, productivity 

and water relations of sunflower plants under non-irrigation conditions. 

CATENA. 147: 280–7. 

Panieri, E., and Santoro, M.M. (2015). ROS signaling and redox biology in endothelial 

cells. Cell. Mol. Life Sci. 72: 3281-3303. 

Patakas, A. (2012). Abiotic stress-induced morphological and anatomical changes in 

plants. Abiotic stress responses in plants: metabolism, productivity and 

sustainability. 21-39. 

Patnaik, P., Abbasi, T., and Abbasi, S.A. (2020). Vermicompost of the widespread and 

toxic xerophyte prosopis (Prosopis juliflora) is a benign organic 

fertilizer. J. Hazard. Mater. 399: 122864. 

Peters, D.E., Eebu, C., and Nkpaa, K.W. (2018). Potential human health risk assessment 

of heavy metals via consumption of root tubers from Ogoniland, Rivers State, 

Nigeria. Biol. Trace Elem. Res. 186: 568-578. 

Petrov, V., Hille, J., Mueller-Roeber, B., and Gechev, T.S. (2015). ROS-mediated 

abiotic stress-induced programmed cell death in plants. Front. Plant Sci. 6: 69. 

Pigna, M., Cozzolina, V., Violante, A., and Meharg, A.A. (2008). Influence of 

phosphate on the Arsenic uptake by Wheat (Triticum durum L.) irrigated with 

arsenic solutions at three different concentrations. Water Air Soil Pollut. 

197(1–4): 371–380. 

Pongrac, P., Zhao, F.J., Razinger, J., Zrimec, A., and Regvar, M. (2009). Physiological 

responses to Cd and Zn in two Cd/Zn hyper accumulating Thlaspi 

species. Environ. Exp. Bot. 66(3): 479-486. 

Pribyl, D.W. (2010). A critical review of the conventional SOC to SOM conversion 

factor. Geoderma. 156(3-4): 75-83. 

Purseglove, J.W. (1985). Tropical Crops: Monocotyledons. Vol 1 and 2 comb. English 

Language Book Society/Longman, England. p.168. 

Qadir, M., Quillerou, E., Nangia, V., and Noble, A.D. (2014). Economics of salt‐

induced land degradation and restoration. Nat. Resour. Forum. 38: 282–295. 

 



54 
 

Qiao, J.T., Li, X.M., Hu, M., Li, F.B., Young, L.Y., Sun, W.M., Huang, W., and Cui, 

J.H. (2018). Transcriptional activity of arsenic reducing bacteria and genes 

regulated by lactate and biochar during arsenic transformation in flooded 

paddy soil. Environ. Sci. Technol. 52: 61–70. 

Rahman, M.A., Rahman, M.M., Miah, M.A.M., and Khaled, H.M. (2004). Influence of 

soil arsenic concentrations in rice (Oryza sativa L.). J. Subtrop. Agri. Res. Dev. 

2: 24–31 

Rahman, M.A., Hasegawa, H., Rahman, M.M., Islam, M.N., Miah, M.M., and Tasmen, 

A. (2007). Effect of arsenic on photosynthesis, growth and yield of five widely 

cultivated rice (Oryza sativa L.) varieties in Bangladesh. Chemosphere. 67(6): 

1072-1079. 

Rahman, M.A., Hasegawa, H., Rahman, M.M., Miah, M.A.M., and Tasmin, A. (2008). 

Straighthead disease of rice (Oryza sativa L.) induced by arsenic 

toxicity. Environ. Exp. Bot. 62(1): 54-59. 

Rahman, M.A., and Hasegawa, H. (2011). High levels of inorganic arsenic in rice in 

areas where arsenic contaminated water is used for irrigation and cooking. Sci. 

Total Environ. 409(22): 4645–4655. 

Rahman, M.A., Jalil, M.A., and Ali, M.A. (2014). Transformation of arsenic in the 

presence of cow dung and arsenic sludge disposal and management strategy in 

Bangladesh. J. Hydrol. 518: 486-492. 

Rahman, A., Mostofa, M.G., Alam, M., Nahar, K., Hasanuzzaman, M., and Fujita, M. 

(2015). Calcium mitigates arsenic toxicity in rice seedlings by reducing arsenic 

uptake and modulating the antioxidant defense and glyoxalase systems and 

stress markers. Biomed Res. Int. 

Rao, K.P., Vani, G., and umar, K. et al. (2011). Arsenic stress activates MAP kinase in 

rice roots and leaves. Arch. Biochem. Biophys. 506: 73–82. 

Rekaby, S.A., Awad, M.Y., Hegab, S.A., and Eissa, M.A. (2020). Effect of some 

organic amendments on barley plants under saline condition. J. Plant 

Nutr. 43(12): 1840-1851. 

Rizwan, M., Ali, S., Qayyum, M.F., Ibrahim, M., Zia-ur-Rehman, M., Abbas, T., and 

Ok, Y.S. (2016). Mechanisms of biochar-mediated alleviation of toxicity of 

trace elements in plants: a critical review. Environ. Sci. Pollut. Res. 23: 2230-

2248. 

Rowland, H.A.L., Boothman, C., Pancost, R., Gault, G., Polya, D.A., and Lloyd, J.R. 

(2009). The role of indigenous microorganisms in the biodegradation of 

naturally occurring petroleum, the reduction of iron, and the mobilization of 

arsenite from West Bengal aquifer sediments. J. Environ. Qual. 38: 

1598e1607. 

Roychowdhury, T. (2008). Impact of sedimentary arsenic through irrigated 

groundwater on soil, plant, crops and human continuum from Bengal delta: 

Special reference to raw and cooked rice.  Food Chem. Toxicol. 46(8): 2856–

2864. 



55 
 

Sairam, R.K., and Srivastava, G.C. (2002) Changes in antioxidant activity in sub-

cellular fraction of tolerant and susceptible wheat genotypes in response to long 

term salt stress. Plant Sci. 162: 897–904. 

Schieber, M., and Chandel, N.S. (2014). ROS function in redox signaling and oxidative 

stress. Curr. Boil. 24(10): R453-R462. 

Seneviratne, M., Rajakaruna, N., Rizwan, M., Madawala, H.M.S.P., Ok, Y.S., and 

Vithanage, M. (2019). Heavy metal-induced oxidative stress on seed 

germination and seedling development: a critical review. Environ. Geochem. 

Health. 41(4): 1813–1831. 

Shahid, M.J., Ali, S., Shabir, G., Siddique, M., Rizwan, M., Seleiman, M.F., and Afzal, 

M. (2020). Comparing the performance of four macrophytes in bacterial 

assisted floating treatment wetlands for the removal of trace metals (Fe, Mn, 

Ni, Pb, and Cr) from polluted river water. Chemosphere. 243: 125353. 

Shanker, A., and Venkateswarlu, B. (Eds.). (2011). Abiotic stress in plants: 

mechanisms and adaptations. BoD–Books on Demand. 

Sharma, P., Rolle, M., Kocar, B., Fendorf, S., Kappler, A. (2011). Influence of natural 

organic matter on As transport and retention. Environ. Sci. Technol. 45: 546–

553. 

Sharma, S., Anand, G., Singh, N., and Kapoor, R. (2017). Arbuscular mycorrhiza 

augments arsenic tolerance in wheat (Triticum aestivum L.) by strengthening 

antioxidant defense system and thiol metabolism. Front. Plant Sci. 8: 906. 

Shaibur, M.R., Kitajima, N., Sugawara, R., Kondo, T., Huq, S.M.I., and Kawai, S. 

(2008). Physiological and mineralogical properties of arsenic induced 

chlorosis in rice seedlings grown hydroponically. Soil Sci Plant Nutr. 52: 691–

700 

Shanying, H.E., Xiaoe, Y.A.N.G., Zhenli, H.E., and Baligar, V.C. (2017). 

Morphological and physiological responses of plants to cadmium toxicity: a 

review. Pedosphere. 27(3): 421-438. 

Shohel, M.A.E., Razzaque, M.A., and Haque, M. (2020). Mitigation of Arsenic Stress 

by Vermicompost and Inorganic Fertilizers in Brri Dhan47. IOSR-JAVS. 13: 

7-14. 

Sinha, B., and Bhattacharyya, K. (2011). Retention and release isotherm of arsenic in 

arsenic-humic/fulvic equilibrium study. Biol. Fertil. Soils. 47: 815-822. 

Singh, H.P., Batish, D.R., Kohli, R.K., and Arora, K. (2007). Arsenic-induced root 

growth inhibition in mung bean (Phaseolus aureus Roxb.) is due to oxidative 

stress resulting from enhanced lipid peroxidation. Plant Growth Regul. 53: 65-

73. 

Singh, A.P., Dixit, G., Kumar, A., Mishra, S., Singh, P.K., and Dwivedi, S. et al. (2016). 

Nitric oxide alleviated arsenictoxicity by modulation of antioxidants and thiol 

metabolism in rice (Oryza sativa L.). Front. Plant Sci. 6: 1272.  

Singh, A., Kumar, A., Yadav, S., and Singh, I.K. (2019). Reactive oxygen species-

mediated signaling during abiotic stress. Plant Gene. 18: 100173. 



56 
 

Smedley, P.L. (2006). Sources and distribution of arsenic in groundwater and aquifers. 

In: Proceedings in Seminar: Arsenic in Groundwater: A World Problem. 

Utrecht. 

Sofy, M.R., Seleiman, M.F., Alhammad, B.A., Alharbi, B.M., and Mohamed, H.I. 

(2020). Minimizing adverse effects of pb on maize plants by combined 

treatment with jasmonic, salicylic acids and proline. J. Agron. 10(5): 699. 

Sohn, E. (2014). Contamination: The toxic side of rice. Nature. 514: 62–63. 

Srivastava, S., Srivastava, A.K., Suprasanna, P., and D’Souza, S.F. (2009). Comparitive 

biochemical and transcriptional profiling of two contrasting varities of 

Brassica juncea L. in response to arsenic exposure reveals mechanisms of 

stress perception and tolerance. J. Exp. Bot. 181: 1–13. 

Srivastava, S., and Sharma, Y.K. (2013). Altered growth, photosynthetic machinery 

and induced oxidative stress in spinach in response to arsenic stress. J. Plant 

Physiol. Pathol. 1, 4, 2. 

Srivastava, S., Srivastava, A.K., Sablok, G., Deshpande, T., and Suprasanna, P. (2015). 

Transcriptomics profiling of Indian mustard (Brassica juncea) under arsenate 

stress identifies key candidate genes and regulatory pathways. Front. Plant Sci. 

6: 646. 

Stoeva, N., Berova, M., and Zlatez, Z. (2004). Physiological response of maize to 

arsenic contamination. Biol. Planta. 47(3): 449–452. 

Su, Y.H., McGrath, S.P., and Zhao, F.J. (2010). Rice is more efficient in arsenite uptake 

and translocation than wheat and barley. Plant Soil.  328: 27–34. 

Swarnakar, A. (2014). Induction of oxidative stress and osmolyte accumulation in 

response to sodium arsenate toxicity in mungbean seedlings and its 

amelioration. Res. J. Chem. Environ. Sci. 2: 61–67. 

Syu, C.H., Huang, C.C., Jiang, P.Y., Lee, C.H., and Lee, D.Y. (2015). Arsenic 

accumulation and speciation in rice grains influenced by arsenic phytotoxicity 

and rice genotypes grown in arsenic-elevated paddy soils. J. Hazard. Mater. 

286: 179–186. 

Takahashi, Y., Minamikawa, R., Hattori, K.H., Kurishima, K., Kihou, N., and Yuita, 

K. (2004). Arsenic behavior in paddy fields during the cycle of flooded and 

non-flooded periods. Environ. Sci. Technol. 38(4): 1038-1044. 

Tang, J., Zhang, S., Zhang, X., Chen, J., He, X., and Zhang, Q. (2020). Effects of 

pyrolysis temperature on soil-plant-microbe responses to Solidago canadensis 

L.-derived biochar in coastal saline-alkali soil. Sci. Total Environ. 731: 

138938. 

Tarchoune, I., Sgherric, C., Izzo, R., Lachaal, M., Ouerghi, Z., and Navari-Izzo, F. 

(2010). Antioxidative response of Ocimum basilicum to sodium chloride and 

sodium sulphate salinization. Plant Physiol. Biochem. 48: 772–777.  

Thakur, P., Kumar, S., Malik, J.A., Berger, J.D., and Nayyar, H. (2010). Cold stress 

effects on reproductive development in grain crops: an overview. Environ. 

Exp. Bot. 67(3): 429-443. 



57 
 

Thomas, S.C., Frye, S., Gale, N., Garmon, M., Launchbury, R., Machado, N., and 

Winsborough, C. (2013). Biochar mitigates negative effects of salt additions 

on two herbaceous plant species. J. Environ. Manage. 129: 62-68. 

Tiwari, S., and Lata, C. (2018). Heavy metal stress, signaling, and tolerance due to 

plant-associated microbes: an overview. Front. in plant sci. 9: 452. 

Tripathi, R.D., Tripathi, P., Dwivedi, S., Kumar, A., Mishra, A., and Chauhan, P.S., et 

al. (2014). Roles for root iron plaque in sequestration and uptake of heavy 

metals and metalloids in aquatic and wetland plants. Metallomics. 6: 1789–

1800. 

Turpeinen, R., Pantsar-Kallio, M., and Kairesalo, T. (2002). Role of microbes in 

controlling the speciation of arsenic and production of arsines in contaminated 

soils. Sci Total Environ. 285: 133–145. 

Upadhyay, M.K., Shukla, A., Yadav, P., and Srivastava, S. (2019a). A review of arsenic 

in crops, vegetables, animals and food products. Food Chem. 276: 608–618. 

Upadhyay, M.K., Majumdar, A., Barla, A., Bose, S., and Srivastava, S. (2019b). An 

assessment of arsenic hazard in groundwater–soil–rice system in two villages 

of Nadia district, West Bengal, India. Environ. Geochem. Health. 41: 2381–

2395. 

Wang, S., and Mulligan, C.N. (2006). Effect of natural organic matter on arsenic release 

from soils and sediments into groundwater. Environ. Geochem. Health. 28: 

197–214. 

Weng, L.P., Van Riemsdijk, W.H., and Hiemstra, T., (2009). Effects of fulvic and 

humic acids on arsenate adsorption to goethite: experiments and modelling. 

Environ. Sci. Technol. 43: 7198e7204. 

Williams, P.N., Price, A.H., Raab, A., Hossain, S.A., Feldmann, J., and Meharg, A.A. 

(2005). Variation in arsenic speciation and concentration in paddy rice related 

to dietary exposure. Environ. Sci. Technol. 39(15): 5531-5540. 

Williams, P.N., Islam, M.R., Adomako, E.E., Raab, A., Hossain, S.A., Zhu, Y.G., 

Feldman, J., and Meharg, A.A. (2006). Increase in rice grain arsenic for regions 

of Bangladesh irrigating paddies with elevated arsenic in 

groundwaters. Environ. Sci. Technol. 40(16): 4903-4908. 

Williams, P.N., Villada, A., Deacon, C., Raab, A., Figuerola, J., Green, A.J., Feldmann, 

J., and Meharg, A.A. (2007). Greatly enhanced arsenic shoot assimilation in 

rice leads to elevated grain levels compared to wheat and barley. Environ. Sci. 

Technol. 41: 6854-6859. 

Williams, P.N., Zhang, H., Davison, W., Meharg, A.A., Sumon, M.H., Norton, G.J., 

Brammer, H., and Islam, M.R. (2011). Organic matter- solid phase interactions 

are critical for predicting arsenic release and plant uptake in Bangladesh paddy 

soils. Environ. Sci. Technol. 45: 6080-6087. 

Wilmoth, J. (2015). Global population projections by the United Nations. Joint 

Statistical Meetings Session 151: “Better demographic forecasts, better policy 

decisions”. 



58 
 

Woolson, E.A. (1977). Fate of arsenicals in different environmental substrates. 

Environ. Health Perspect. 19: 73–81. 

Woolf, D., Amonette, J.E., Street-Perrott, F.A., Lehmann, J., and Joseph, S. (2010). 

Sustainable biochar to mitigate global climate change. Nat. commun. 1(1): 56. 

Xu, X.Y., McGrath, S.P., Meharg, A.A., and Zhao, F.J. (2008). Growing rice 

aerobically markedly decreases arsenic accumulation. Environ. Sci. Technol. 

42(15): 5574–5579. 

Xu, J., Zhao, M., Pei, L., Zhang, R., Liu, X., Wei, L., and Xu, Q. (2018). Oxidative 

stress and DNA damage in a long-term hexavalent chromium-exposed 

population in North China: a cross-sectional study. BMJ open. 8(6): e021470. 

Yadav, S.K. (2010). Cold stress tolerance mechanisms in plants. A review. Agron. 

Sustain. Dev. 30: 515–527.  

Yang, Z., Rao, I.M. and Horst, W.J. (2013). Interaction of aluminium and drought stress 

on root growth and crop yield on acid soils. Plant Soil. 372: 3–25. 

Zaid, A., and Wani, S.H. (2019). Reactive oxygen species generation, scavenging and 

signaling in plant defense responses. In Bioactive Molecules in Plant Defense: 

Signaling in Growth and Stress (pp. 111-132). Cham: Springer International 

Publishing. 

Zavala, Y.J., Gerads, R., Gürleyük, H., and Duxbury, J.M. (2008). Arsenic in Rice: II. 

Arsenic speciation in USA grain and implications for human health. Environ. 

Sci. Technol. 42(10): 3861–3866. 

Zhao, F.J., Ma, J.F., Meharg, A.A., and McGrath, S.P. (2009). Arsenic uptake and 

metabolism in plants. New Phytol. 181: 777–794. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



59 
 

APPENDICES 

Appendix I. Phenotypic pictures of rice plant under arsenic stress treated with 

cowdung, vermicompost and biochar. 

 

 

Plate 1: Control condition of rice plant at 42 DAT. 

 

 

 

Plate 2: Rice plant under As1 stress treated with cowdung, vermicompost and biochar 

at 42 DAT. 
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Plate 3: Rice plant under As2 stress treated with cowdung, vermicompost and biochar 

at 42 DAT. 

 

 

 

Plate 4: As1 and As2 treated rice plant compare with control (As0) plant at 42 DAT. 
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Appendix II. Supervision of my experiment. 

 

Plate 5: Supervision of my experiment plot by SAURES at 8march, 2021 
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Appendix III. Map showing the location of the experiment 

 

 

 

  


