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CHAPTER-1 
 

INTRODUCTION 
 

 
 

India being an agriculture-dominant country produces more than 500 million tons of 

crop residues annually. The huge crop residues of rice, wheat, cotton, maize, millet, 

sugarcane, jute, rapeseed-mustard, groundnut, etc. are typically burnt on-farm across 

different states of the India. A large portion of unused crop residues are burnt every 

year in the fields primarily to clear the left-over straw and stubbles after the crop 

harvest. The problem is more severe in the irrigated paddy agriculture, particularly in 

the mechanized rice-wheat system of the north-west region of the country. Non 

availability of technically trained peoples, high cost of residue removal from the field 

and increasing use of combines in harvesting the crops, are main reasons behind 

burning of huge amount crop residues in the fields(Zhang et al., 2017). Burning of 

crop residues not only causes environmental pollution, hazardous to human health, 

produces greenhouse gases, but it also responsible for the loss of beneficial soil 

microbial community and abundance. Therefore, appropriate management strategies 

of crop residues to agricultural use may be assumed as a viable and  sustainable 

option. It is need of the hour to develop recent research efforts in conservation of 

agriculture-based crop management technologies which may be more resource- 

efficient than the conventional practices. 

The Food and Agriculture Organization (FAO) suggested that by the year 

2025, the world population (about 8.5 × 109 people), will require substantial 

enhancement in agricultural production to satisfy the food and energy demand 

(Timmusk et al., 2017). The soil fertility and agriculture productivity loss due to low 

precipitation, soil salinity, soil nutrient leaching and poor agricultural practices, 
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triggered interest to find out the ways for sustainable management of nutrient poor 

soils to enhance crop rather sustainable (Singh and Pandey, 2013)In general, the 

increase in crop productivity will lead to sustainable enhancement in the area of 

farming lands but also somewhat enriching the soil fertility of the existing agricultural 

land could be the viable option (Mekuria et al., 2017). Therefore, it seems that 

application of amendments such as farm yard manures (FYM), microbial inoculants 

and biochar (consist of inherent mineral constituents) prepared from various crop 

residues, to nutrient poor soils could be one of the potential options to enhance the 

soil nutrient status, microbial diversity and agriculture productivity (Xu et al., 2017). 

It is suggested that the plant residues based biochar (10-15 t ha-1), an alternative 

organic supplement to chemical fertilizers, could be a viable and sustainable way to 

enhance the crop yield (Agegnehua et al., 2017) in degraded nutrient poor soils 

(Kollah et al., 2015). From a long time, peoples were well interested in the use of 

plant residues derived biochar as soil conditioners to enhance the soil fertility and 

crop productivity (Zhang et al., 2017). It seems that the use of biochar in agriculture 

can reduced significantly the adverse impact of chemicalization on soil health (Kim et 

al., 2017), soil microbial biodiversity (Luoet al., 2017) and agriculture productivity 

(Agegnehua et al., 2017). However, information about the use of crop residues in 

agriculture use related to soil microbial aspects, soil fertility and crop productivity is 

insufficient. This work will provide some valuable information and will generate 

awareness about the use of rice crop residues in benefits of soil microbial aspects, soil 

physico-chemical properties and paddy agricultural productivity in disturbed nutrient 

poor soils. 

It has been reported that the incorporation of rice husk biochar (RHB) derived 

from rice husk into the soil could significantly improve the soil physico-chemical 

http://www.sciencedirect.com/science/article/pii/S0929139316308290?via%3Dihub&amp;!
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properties of paddy fields compared with direct application of rice husk (Knoblauch et 

al., 2011). Thus, RHB offers a good plant residues waste management to reduce air 

pollution due to on-site burning. As one of the crop residues in paddy field system, 

study shows clear evidences that biochar is highly effective for acidic and neutral soil, 

improve soil nutritional availability, plant growth and yield but not yet clearly know 

the effects of biochar amendment on nutrient poor tropical soils. 

The soil microbial biomass (SMB) is not only an important labile fraction of 

the soil organic matter, but also a source of plant nutrients (Singh et al., 2009; De 

Souza Silva and Fay, 2012). Microbial biomass may or may not be influenced by 

addition of biochar to soil (Rousk et al., 2013). Both decreases (Dempster et al.,  

2012) and increases (Zhou et al., 2015) in SMB have been associated with biochar 

application to soil. Changes in SMB levels may well have effects on nutrient cycles or 

soil structure and, thus, indirectly affect plant growth (Warnock et al., 2007). 

Although soil nutrient status, seasonality, soil conditions, temperature, and other 

factors, are important drivers to control functioning of agro-ecosystems, SMB could 

be one of the vital factors affecting crop productivity cultivated in the tropical nutrient 

poor soils (Singh et al., 2010a). Recent advances in our understanding of biochar 

warrant an evaluation of the relationship between its impacts on the soil micro-biota 

and biomass. The role of biochar in soil biological processes therefore, represents a 

frontier in soil science research, with many unexplained phenomena awaiting 

exploration. While extensive research has been carried out concerning the effects of 

biochar application derived from plant residues on crop yields (Zhang et al., 2010; 

Wang et al., 2012) conversely there is very limited information on the effect of RHB 

application on the methanotrophs, SMB dynamics and paddy yields in nutrient poor 

soils. More studies on RHB application in paddy soil are obviously needed to better 
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understand its effects. We found that the addition of RHB can induce positive effects 

on soil physico-chemical properties, SMB dynamics paddy productivity and 

methanotrophs diversity. The RHB amendment to the paddy soil may significantly 

increase the abundance and diversity of methanotrophs and improve the soil fertility 

via enhancing the availability of inorganic-N (by N mineralization) nutrients and 

SMB pools as well as nitrogen mineralization in nutrient poor and saline soils. 

Inorganic-N availability to crop plants is not only a primary step in soil organic 

N transformation, but is also, one of the most essential processes in soil N cycling 

(Zhang et al., 2017). During the paddy crop cycle more than 50% of N is absorbed by 

rice plants from the soil (Zhu, 1985). Inorganic-N release particularly ammonium-N, 

from the soil by mineralization is crucial to paddy crop N supply because  paddy 

plants prefer ammonium-N as inorganic-N requirement. Various studies have shown 

the relationship between nitrogen mineralization and soil properties such as soil 

organic carbon, total nitrogen, pH and texture can affects N-mineralization process 

(Bregliani et al., 2010). During the process of microbial mediated N-mineralization, 

the organic-N is transformed in to inorganic-N (Schulten and Schnitzer, 1997). The 

pH and texture of the soil are important factors which affect the microbial community 

composition in paddy soil (Groffman et al., 1996; Pietri and Brookes, 2009; 

Dessureault-Rompre et al., 2010). Microorganism and some plant species used 

soluble organic nitrogen as labile source of N for their growth. 

Increasing in loss of soil fertility and agriculture productivity due to low 

precipitation, soil salinity, soil nutrient leaching and poor agricultural practices has 

triggered the interest to find out the ways for sustainable management of nutrient poor 

soils to enhance crop productivity (Singh, 2018). In general the increase in 

agricultural yields should not be dependent on an increase in the cultivable surface 
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area but rather on enhanced production on existing agricultural land by enriching the 

soil productivity. In this context, the use of agriculture and animal based biochar may 

be one potential way of realizing this goal. Biochar being used as an alternative 

organic fertilizer additionally with chemical fertilizer for sustainable crop production 

in the agricultural sector have remarkable agronomic values and yield potential in 

degraded nutrient poor soils (Lashari et al., 2013). We have chosen biochar derived 

from rice husk to be used in this study. There is a growing interest in the use of RHB 

as a co-product produced from a controlled pyrolysis of dry rice husk, to enhance crop 

yields as well as soil conditioner (Lehmann and Rondon, 2006; Sohi et al., 2009; 

Kuppusamy et al., 2016). Therefore, in this way the use of chemical fertilizer can be 

reduced with the supplement application of biochar to reduce the need of chemical 

fertilizer due to bio-fortification and increases soil nutrient availability to crop plants. 

The soil disturbances may interferes with the agriculturally beneficial microbial 

community composition (Singh et al., 2016a; Singh et al., 2016b; Singh and Strong, 

2016c) and thus soil nutrient cycling might be affected (Singh et al., 2010a). 

Therefore, application of biochar and microbial inoculants amendments may cause 

primary changes in physico-chemical properties such as organic-C, -N -P, water 

holding capacity, bulk density, etc. of soil. For instance, an enhancement in crops 

yields, mainly in salinity holding soil having low soil organic matter level have been 

reported (Prommer et al., 2014). According to Prommer et al. (2014) biochar 

application increased total soil organic carbon but decreased the extractable organic C 

pool and soil nitrate. Although gross organic-N transformation rates were reduced by 

50–80 %, the gross N-mineralization process remains unaffected but Ball et al. (2010) 

reported that biochar application increases the ammonia-oxidizers microbial 

population in soil and subsequently more than two times higher inorganic-N rates was 
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observed. Biochar can enhance the rate of N-mineralization by nitrogen-mediated 

bacterial community as well as ammonia-oxidizing bacterial community composition 

in paddy soil (Ball et al., 2010). The higher doses of biochar application in soil 

accelerated also the increment of ammonium contents in soil (Singh et al., 2017a). 

Single or combined application of biochar in combination with any organic fertilizer 

may increase the soil organic-N which may enhance the soil C-sequestration and 

thereby, could play a significant role in future environmental management planning to 

reduce the effect of global warming due to less CH4 emission (Prommer et al., 2014). 

Based on the above arguments it seems that though, a number of investigations has 

been conducted with reference to the management of soil productivity by the 

application of various amendments. But impact of RHB use, generated from paddy 

rice husk biochar, on soil physico-chemical conditions in paddy field condition are 

lacking. 

Paddy is the world’s most important food crop as it feeds more than half the 

global population however its cultivation contributes a major share in national gross 

domestic product (GDP) and export rises the earning in several developing countries 

including India. India and china, both are major rice producing countries in the world 

therefore both are major contributors of global CH4 budget. The CH4 is one of the 

most widespread green house gas (GHG) emitted from several other sources instead 

of paddy fields such as wetlands, ruminants, coal mines as well as anthropogenic 

activities such as leakage from natural gas systems and the raising of livestock (IPCC, 

1995; Giria, 2007). In the early 19th century, the atmospheric concentration of CH4 

was 700 ppb, but the current concentration is 1750 ppb and has shown a 1% yr -1 

increase rate over a century (Tiwari et al., 2015). The concentration of CH4 in the 

atmosphere is increasing due to discrepancy in CH4 emanation and its removal (Singh, 
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2011). The lifetime of CH4 in the atmosphere is 8-12 years, but it is more efficient in 

trapping radiation and 23-30 times more potential than CO2 (Tiwari et al., 2015). The 

Global surface temperature has increased by 0.8 °C in the last 100 years and CH4 also 

contributed to this phenomenon as a potent GHG (Hanson et al., 1996). Recent Global 

estimates of CH4 emission rates from wetland rice fields ranged from 20 to 100 Tg yr- 

1
, which corresponds to 6-29% of the total annual anthropogenic CH4 emission (Neue 

et al., 1993). The CH4 affects the chemistry and oxidation capacity of the atmosphere 

by influencing concentrations of tropospheric ozone, hydroxyl radicals and carbon 

monoxide (Wahlen et al., 1989). The current burden of CH4 in the atmosphere is 

approximately 4700 Tg yr-1 (Neue et al., 1993). The CH4 is produced in flooded 

paddy soils by a group of bacteria called as methanogens (also called marshy soil 

bacteria) (Sass et al., 1990; Sass et al., 2009). According to Demisie et al. (2015) the 

processes of CH4 emission is affected by soil texture, inorganic electron acceptors, 

soil physico-chemical properties and methanogenic population. The flooding rice 

fields restricts the oxygen supply to the soil, which may results in the anaerobic 

fermentation of soil organic matter and consequently release of sufficient amount of 

CH4 to the atmosphere. From deeper layer of flooded soil CH4 reaches to the 

atmosphere by diffusion, ebullition and through arrenchyma conduits of paddy plant. 

Flooded paddy cultivation has been considered as a is greater CH4 producing practice 

due to anaerobic soil conditions because of unique anaerobic bacteria called as 

methanogens (Tiwari et al., 2015). About 10-12% of the total global anthropogenic 

emissions of GHGs in 2005 were due to flooded paddy cultivation as reported by 

Smith et al. (2007). Usually CH4 emission is based on soil conditions, which can be 

strongly managed by some improving soil management practices. More than 90% of 

the world's rice is produced in Asia however India stand in second position in a total 
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world rice production and share 21.4 % rice production and as well as cover 28.5 % 

area of total world area. Global CH4 emissions from flooded rice paddy soils are 

estimated to be 40-53 Tg yr-1, which account for 6-10% of the total CH4 emissions 

(Wassmann et al., 2000). The concentration of CH4 in 2013 has been increased 253% 

since pre-industrial times (World Meteorological Organization WMO), 2014). 

Agricultural lands cover about 40-50% of the Earth’s land surface and agriculture 

accounted for 10-12% of total Global anthropogenic emissions of GHG (IPCC, 2007). 

Significantly waterlogged paddy fields are produced considerable amount of CH4 due 

to several soil physico-chemicals as well as biological activity of methanogens (Yagi 

et al., 1997; Wassman et al., 2000; Yan et al., 2000; Zou et al., 2007). According to 

Linquist et al. (2012) the global warming potential (GWP) of GHG emissions in 

paddy-ecosystems was about four times higher than either wheat or maize. 

Nevertheless, paddy is the main food crops which are cultivated by more than 50% of 

the world’s farmers, and it is occupied almost 155 million ha of the world’s area 

(Kogel-Knabner et al., 2010). In last 3-4 decades it has been seen that the world 

population increased very explosively due to unrestrained growth. Therefore, it is  

very serious and worried full subject to satisfying the food demand to all growing 

population while cultivating the paddy crop. There is a big challenge to develop eco- 

friendly, sustainable and cost effective paddy agricultural cultivation technologies to 

reduce the CH4 emissions and satisfy the calorie demand by 1.29% annually fulfil 

growing population by the year 2025(Cassman et al., 2003). It is now well accepted 

that flooded paddy cultivation is the substantial source of CH4 emissions therefore, 

there is need to management of paddy soil due to application of suitable soil 

amendments that may enhance the crop productivity and minimise the emissions of 

CH4 to the atmosphere. 



9  

It has been well documented that biochar can be better substitute to 

minimizing CH4 emission from paddy soil. Although, various studies are presented 

contradictory results of biochar application in soil and not shown clear demonstration 

of biochar in soil such as the effects of biochar on GHG emissions has so far been 

inconsistent and the well developed mechanisms are still not clear. But several studies 

have been found that the application of biochar reduced the emission of GHG in 

comparison of without amended soil, resulting in biochar amended soil GHG (CH4, 

N2O and CO2) was measured less than un-amended soil. Moreover biochar 

functioning potential depends their type’s of feedstock, pyrolysis temperature and soil 

nature etc. Van Zwieten et al. (2009) and Smith et al. (2010) reported that the carbon 

of CO2 was measured in biochar treated soil found same as in biochar, and found that 

the level of CO2 was increased in biochar amended soil. Luo et al. (2011) suggested 

that biochar additions to soil have the potential to decompose the organic matter 

which is present in soil. However, this CO2 release pathway only represents a small 

fraction of the C contained with the biochar and does not involve in the phenomenon 

of carbon sequestration in soil. 

Moreover some poor agricultural practices and several human activities 

affecting environment in the form of climate change due to emission of GHG. Some 

studies have indicated that biochar can play a significant role to reducing GHG 

emissions directly by sequestering carbon and or indirectly by improving soil fertility 

and increasing methanotrophic diversity (Lehmann and Joseph, 2009; Sohi et al., 

2010; Lehmann et al., 2011). But the role of biochar on GHG is a very inconsistent in 

paddy field due to the several variable results was found by authors on biochar and 

GHG in field studies. However most of the literature and current field trail studies to 

indicate and support the positive effect of biochar in the agricultural soil and reducing 
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GHG emission and enhancing the grain yields in nutrient deprived soils. Application 

of biochar in soil can increase or reduce the emission of CO2 (Liu et al.,2011; Yoo 

and Kang, 2012; Wang et al.,2012. According to Feng et al.(2011) and Yoo and Kang 

(2012) the CH4 emissions were reduced after biochar application in soil compared to 

control. But Knoblauch et al. (2008) reported that no significant effect was observed 

on the emission of CH4 in treated soils (Zhang et al., 2010). According to Xiang et 

al.(2015) the earlier study based on wheat-derived biochar did not noticeably reduce 

N2O emission from paddy field. Majority of authors working in the area of biochar 

and GHG emissions found that biochar can reduced the emission of GHG in biochar 

amended paddy soils (Zhang et al., 2010; Wang et al.,2012; Zhang et al.,2012; Singla 

and Inubushi, 2014). The significant role of biochar in mitigation GHG has been 

revealed after studying the application in field condition (Knoblauch et al., 2008; 

Zhang et al., 2010; Wang et al., 2012; Feng et al., 2012). Biochar may reduce the  

N2O emission due to denitrification by increasing the aeration level in between soil 

particles and WHC (Van Zwieten et al., 2010a). So, these are important factors to 

change both the N2O/ (N2 + N2O) ratio and the total nitrogen (N) due to higher 

aeration in side soil particles as well as higher water absorbing capacity to improve 

the aeration of soil (Yanai et al., 2007; Quin et al., 2015). However, studies related to 

biochar and N2O emission not well clear, therefore, studies describing that the 

addition of biochar to soils are warranted in the field and lab conditions (Clough et  

al., 2010; Scheer et al., 2011). The application of biochar in soil changes the soil 

physical properties (soil pH, WHC, BD, moisture content of soil) and increases the 

soil aeration and soil N2O emissions however, further deep investigationsare required 

to analyse all these soil parameters. In this way, the effects of biochar amendment on 

CH4 fluxes are not properly clarify and several controversial reports are available on 
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CH4 fluxes (Knoblauch et al., 2011; Zhang et al., 2012b). Biochar can play vital role 

in soil carbon sequestration and improving soil physico-chemical characteristics 

(nutrient retention, nutrient availability, cation exchange capacity, etc.) and soil 

biological properties (increasing the soil microbial biomass and community 

compositions) therefore, all these parameters, contributing to the agronomic 

performance of plants growth and yield enhancement should be investigated in details 

(Lehmann, 2007; Roberts et al., 2010; Van Zwieten et al., 2010b). The considerable 

roles of biochar application however, depend on various others factors such as the soil 

nature and the water availability and the crop type. 

It has been reported that the high porosity and surface area of biochar is 

beneficial in enhancing the soil microbial biomass, microbial diversity, soil aeration 

and protect the microbes from soil predators (Chen et al., 2010; Liang et al., 2010). 

The application of biochar has been found to increase the level of soil nutrients and 

reduce the soil nutrients leaching (Liang et al., 2006; Laird et al., 2010b). Thus, the 

application of biochar will enhance the nutrient and water retention capacity of soil to 

improve the soil health (Glaser et al., 2001; Major et al., 2010; Van Zwieten et al., 

2010a). At present, several works has been carried out on the application of biochar 

with reference to GHG mitigation and soil health improvement, but some facts yet not 

clear.Therefore, comprehensive and systematic studies have to be done on soil GHG 

emissions/consumptions, soil improvements at different seasons with the use of 

different types of biochar produced fromdifferent types of feedstock. Now application 

of biochar, produced as a by-product of pyrolysis from the crop residues and animal 

waste has been proposed as a beneficial soil amendment practice for mitigating the 

climate change and increasing the yields of agriculture crops through long-term 

carbon (C) sequestration in agriculture soil (Lehmann, 2007; Laird, 2008; Roberts et 



12  

al., 2010). Therefore, biochar has been declared as potential by-product derived 

frompyrolized biomass, to reduce the CH4 emissions from agricultural soils through 

direct and indirect mechanisms. The soil amended by biochar produced less quantities 

of CH4 than without amended soil (Sass et al., 1990; Lehmann, 2007; Sass et al., 

2009). 

The upland paddy agro-ecosystems symbolize a crucial environment for the 

balance of GHGs by the process of CH4 consumption (Smith et al., 2008) due to 

methanotrophs (methane-oxidizing bacteria) which can oxidize CH4 as sole source of 

carbon and energy for their growth. Methanotrophs, an important group of unique 

bacteria that consume CH4 as carbon and energy source, for their growth and 

multiplication, can play an important role in removal of atmospheric CH4 load. 

Several of study has been conducted from agriculture to terrestrial ecosystems related 

to ecology of soil methanotrophs population dynamics. But, use of RHB, prepared 

from paddy plant residues on community composition and population dynamics of 

methane consuming bacteria from paddy field soils are scare. Therefore, this study 

was conducted to assess the impact of RHB application on soil methanotrophs 

abundance in paddy agriculture field conditions. It is assumed that biochar application 

in soil may improve the soil conditions, crops yieldand water holding capacity and all 

these will support the growth of CH4 consuming microorganisms (methanotrophs) in 

soils. 

Biochar can persist for long a time in soil due to presence of recalcitrant 

carbon which is not easily decomposed by the soil microbes due to the highly 

aromatic nature and hence, is considered as most important tools for carbon 

sequestration (Chan and Xu, 2009; Yadav et al., 2017). Therefore, incorporation of 

biochar in agriculture soil can improve physico-chemical as well as biological 
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properties of the soil. Biochar has lagerinternal surface area therefore; its greater 

surface area can work as soil microbial habitats for agriculturally beneficial 

microorganism. According to Xu et al. (2012) the application of biochar  

increasescrop growth yield, improved soil quality, water retention, reduced nutrient 

leaching and soil acidity due to their eco-friendly nature. Various studies have shown 

that the incorporation of biochar single and combination with organic fertilizers and 

microbial bio-formulations can increases the crops yields and SMB (Xu et al., 2012; 

Singh et al., 2017a). The level of SMB in soil has beenconsidered as a soil fertility 

index in agro-ecosystem as well as forest-ecosystem (Khodadad et al., 2011). So, the 

greater level of SMB in soil may be an indicator of a higher soil microbial diversity. 

The application of biochar in agricultural soil enhances the quantity of soil microbial 

biomass due to the large porosity as well as surface area of the biochar which may 

attract the beneficial microbial population as their shelters. A longer duration 

sustainability of biochar in soils can also promotes the microbes in soil to survive for 

a longer time because of sufficient nutrient levels of biochar in soil (Yadav et al., 

2017). It seems that biochar application in paddy soil can provide a multidimensional 

role in carbon sequestration, nutrient binding capacity of soil, highest nutrient 

availability to crop plants in soil and reduced the emission of GHGs in the 

atmosphere. 

Sustainable degraded agriculture land management approaches such as organic 

farming, novel microbial inoculation with suitable bio-inoculant carriers have been 

considered as key tools for combating the loss of soil fertility and crop productivity 

(Seneviratne et al., 2011). The inoculation of bio-filmed bio-fertilisers (BFBFs), 

developed from agriculturally important microbes, in combination with suitable 

amendments, has been demonstrated to speed up the restoration of degraded land soil 
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fertility within short period of time (Seneviratne and Kulasooriya, 2013; Singh et al., 

2016). Evidently, the direct inoculation of beneficial microbial consortia in 

combination with suitable supporting soil amendments/carrier material can be a viable 

and new efficient tool to contribute significantly in enhancement of microbial density 

and biomass, which can help considerably to agro-ecosystem sustainability and crop 

productivity (Seneviratne, 2012; Singh, 2015). Therefore, in this experiment, the 

CSR-BIO, a commercial bio-formulation consortia prepared from agriculturally 

beneficial microbes (Damodaran et al., 2013), was used with cow dung manure (as 

carrier material) and RHB as soil conditioner. We hypothesized that the addition of 

RHB with CSR-BIO mixture will have positive effects on soil physico-chemical 

properties, methanotrophs abundance, SMB levels and paddy productivity. It  may 

also be further assumed that the application of RHB in combination with novel 

microbial bio-formulation mixture (CSR-BIO) would increase synergistically the soil 

available inorganic-N nutrients to paddy plants in nutrient deprived soils. However, 

the experimental evidences and answers for the above raised arguments and questions 

in field conditions are still to be investigated. Therefore, this study focused on impact 

of RHB application in combination of microbial bio-formulation-CSR-BIO (consortia 

of Bacillus pumilus, Bacillus thurigensis, and Trichoderma harzianam) (Damodaran 

et al., 2013) on soil physico-chemical properties, paddy crop yields, SMB, and 

methanotrophs diversity and abundance in paddy field. 

Since, application of RHB in combination with suitable commercialized 

microbial bio-formulation (CSR-BIO) as supporting amendment, from agriculture 

paddy filed conditions are lacking therefore, to find out the answers of above raised 

questions, the present doctoral research work has been carried out with the following 

objectives: 
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1. To assess the impact of CSR-BIO and Biochar application on soil physico- 

chemical properties of saline paddy fields. 

2. To find out the influence of CSR-BIO and Biochar treatments on paddy yields. 

 
3. To study the microbial biomass-C, -N and -P variations as affected by CSR-BIO 

and biochar amendments. 

4. To assess the influence of CSR-BIO and Biochar amendments on methanotrophs 

abundance and diversity. 
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CHAPTER-2 
 
 

REVIEW OF LITERATURE 
 

 

The Earth surface temperature has been increased at the rate of 0.8 °C in the last one 

century (Hansen et al., 2010). The green house gases (GHGs) are the main culprits for 

increasing the temperature of our planet. For this serious Global problem, highest 

contribution of anthropogenic activities has been involved for the emission of GHGs 

(carbon dioxide (CO2), nitrous oxide (N2O) and CH4). Further increases in these 

GHGs are expected and may cause adverse effects on living beings and biodiversity 

(Parry et al., 2007). Therefore, effective and sustainable tools and technologiesshould 

be developingto reduce the further emissions of GHG. Mismanaged agricultural 

practices and land use changes are dominantly responsible for the increasing 

concentration of GHGsin the atmosphere (Solomon et al., 2007a). These GHGs are 

responsible forthe adsorption and emissions of solar radiation within the thermal 

infrared range (IPCC, 2007). Several other gases such as halogens, hydrocarbons and 

aerosols may also increase or decrease the warming effect of GHG (Pachauri and 

Reisinger, 2007). The current growing problemslike global warming, climate change, 

drought, biodiversity loss, etc. are due to the uncontrolled emissions of GHG 

therefore, it urgently needs to develop some viable technologies and agricultural 

practices that can contribute significantly in the reduction of GHGs emissions. At 

present the concentration of CO2 has reached at 396 ppm, compared to 280 ppm in 

pre‐industrial times (Tans and Keeling, 2012). Per year CO2 concentration is rising at 

the rate of 3 ppm (Tans and Keeling, 2012). Usually CO2 is produced by different 

anthropogenic activities including poor agricultural practices, fossil fuel burning and 

land use change, etc. (Guo and Gifford, 2002; Solomon et al., 2007a). The persistence 
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of second most effective GHG, N2O in the atmosphere is raised to 332 ppb in 

comparison to 270 ppb in pre-industrial times (EPA, 2012). It has been reported that 

the N2O contribute every year 6% radiation on the Earth because of anthropogenic 

sources (Davidson, 2009; Canfield et al., 2010). The atmospheric concentration has 

been increased compared to last few decades (approximately 0.8 ppb year-1) therefore, 

approximately 40% of emissions being caused by human being (Solomon et al., 

2007b). The CH4 is the most potent GHG and this is 25-30 times more powerful than 

CO2 to contribute in global warming problems. In 2005, the average atmospheric 

concentration of CH4 was measured 1.8 ppm (Le Mer and Roger, 2001; Solomon et 

al., 2007b). This trend is indicated to the imbalance between sources and sinks of CH4 

fluxes (Wuebbles and Hayhoe, 2002). 

Rising temperature around the Earth’s surface seems to be a Global threat to 

living beings at the moment. The problem is directly associated with the increasing 

atmospheric level of several GHGs, such as water vapour, CO2, CH4, N2O, etc (IPCC, 

2007). Among these GHGs, CH4 is the second largest GHG after CO2 (EPA, 2010; 

Krause et al., 2010; Li et al., 2013), present in the Earth’s atmosphere with mixing 

ratio ~1.8 ppm. Though, the atmospheric concentration of CH4 is extremely less than 

CO2 (IPCC, 2007) but it is more efficient in trapping the sun radiation than CO2.The 

Global warming potential (GWP) of CH4 is 23-30 times more than CO2, with a time 

horizon of 100 years (Solomon et al., 2007; Siljanen et al., 2011; Pandey et al., 2014). 

Further, it has been pointed out that it is 62 times potent that that of CO2 (Houghton et 

al. 1995; Phillips et al., 2001), accounting about 15-20% of the Global warming effect 

(Phillips et al., 2001; Wuebbles and Hayhoe, 2002; Jang et al., 2006; IPCC, 2007; 

Dalal and Allen,  2008;  Tiwari  et  al.,  2015).  Being  highly  reactive  in  nature, 

CH4 affects the chemistry and oxidation capacity of the environment by influencing 
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the level of CO, O- and tropospheric ozone, etc. (Cicerone and Oremland, 1998). 

Global atmospheric concentration of CH4 has almost tripled since pre-industrial times 

(Krause et al., 2010) and is about ~700 to ~1800 ppb, increasing at the rate of 0.5-1% 

year-1 (Tamai et al., 2007; Tiwari et al., 2015). The concentration of CH4 in the 

atmosphere is increasing due to an imbalance between CH4 production and 

consumption. The annual increment of CH4 into the atmosphere was 180 Tg yr–1 

estimated by analysing air trapped in polar ice during the 15th century and 200 Tg yr–1 

at the dawn of the 18th century (Khalil and Rasmussen, 1994; Mer and Roger, 2001). 

But the current estimates demonstrates that the concentration of CH4 was above 300 

Tg in the 20th century, and now it has been reached up to the level of 678 Tg (IPCC, 

2000; Mer and Roger, 2001; Hill et al., 2016). The CH4 is emanated into the 

environment by several natural (wetlands, termites, oceans, sediments, volcanoes, 

wildfires, etc.) and anthropogenic sources (rice fields, landfills, land use, 

eutrophication of lakes, leakage of gas, coal mines, fossil fuel combustion, petroleum 

industry, enteric fermentation, biomass burning, landfills, animal waste, domestic 

sewage, etc.) (Tiwari et al., 2015). 

2.1 Paddy production and CH4 emission 

 

Paddy rice, second world largest agricultural crops is feeding by 50 % population in 

the world. Globally, China and India are the two major paddy producing nations in the 

world. It has been pointed out that in India West Bengal, Bihar, Uttar Pradesh, Punjab 

Haryana are the leading rice producing state of India for a long time. The total 

harvested area of paddy has increased from 86 to 144 million hectare during the year 

1935-1985. Paddy is an annual or biannual crop of India and mainly grown at 25-30 

0
C in humid areasreceiving plenty amount of rainfall annually. Paddy cultivation is 

 

highly  water  demanding  crop  and  therefore,  flooded  paddy  cultivation  area  is 
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dominant in the country. However, some dry land rice varieties, which can be 

cultivated in dry regions and required very less amount of rains compared to flooded 

paddy varieties (Singh et al., 2010). In most part of the country, the paddy cultivation 

depends on natural rainfall, but it is also being cultivated through irrigation in those 

areas, receiving comparatively less amount of rainfall annually. Flooded paddy 

cultivation is one of the major anthropogenic sources of CH4 emission at global scale. 

Every CH4 budget assessment has shown that paddy fields are a significant fraction of 

the Globalemissions and an important contributor to the increasing concentration of 

atmospheric CH4 (Khalil and Shearer, 2006). Annual release rates of CH4 from 

paddies are estimated to range between 31 and 112 Tg per year, which contribute 

about 5-19% of the total Global CH4 emissions (IPCC, 2007). In flooded paddy 

cultivation a large amount of CH4 are produced via anaerobic soil conditions because 

of Archebacteria known as methanogens. Both environmental factors and soil 

conditions, such as organic matter content, pH, and moisture content, have an impact 

on CH4 production (Yang and Chang, 1998; Liu and Wu, 2004). CH4 production in 

soils can occur when organic matter is degraded anaerobically (Oremland, 1988; 

Conrad, 1989; Svensson and Sundh, 1992). Several bacteria that degrade organic 

material via a complex pathway are needed to demonstrate this phenomenon but the 

final step is performed by methanogens (CH4 producing bacteria). Methanogenic 

bacteria can use a limited number of substrates, of which acetate and hydrogen are 

considered the most important ones in fresh water systems (Lovley and Klug, 1983; 

Goodwin and Zeikus, 1987; Yavitt and Lang, 1990; Peters and Conrad, 1996). Other 

substrates have never been shown to be responsible for more than 5% of the CH4 

production. Acetate and hydrogen are formed by fermentation from hydrolysed 

organic matter (Dolfing, 1988). Alternative electron acceptors suppress CH4 
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production, which is most easily understood from thermodynamics (Zehnder and 

Stumm, 1988). 

Application of biochar in paddy agriculture fields can be a cost effective and 

sustainable practice that can reduce CH4 emission and mitigate the effect of Global 

warming and climate change (Singh et al., 2017). Biochar, namely biomass-derived 

char, refers to the highly aromatic substance remaining after thermal decomposition of 

biomass under complete or partial exclusion of oxygen. It has been reported that when 

biochar is applied to the soil, it acts against the decomposition process and creates 

aerobic soil conditions (Liang et al., 2006). Applying biochar to soil has been 

proposed as a means of long-term carbon (C) storage (Lehmann et al., 2006; Fowles, 

2007; Lehmann, 2007) and may be a promising and revolutionary approach for 

capturing and sequestering C worldwide. Published results suggest that biochar 

application in paddy soils can play a significant role in reducing GHGs emissions 

(Rondon et al., 2005; Renner, 2007; Yanai et al., 2007), minimising pesticide and 

nutrient leaching loss (Hua et al., 2009; Wang et al., 2010; Zhang et al., 2010b), 

improving soil fertility and boosting crop yield and plant growth (Glaser et al., 2000; 

Major et al., 2005; Steiner et al., 2007; McHenry, 2009). For example, CH4 emissions 

were almost completely suppressed in biochar-amended (20 g kg-1) acidic soils in the 

Eastern Colombian Plains (Rondon et al., 2005). During an experiment Knoblauch et 

al. (2008) reported no significant changes in CH4 production from a calcaric fluvisol 

soil amended with biochar. Another study showed that biochar amendment 

significantly reduced total indirect CO2 production while increasing CH4 emissions 

from paddy soil (Zhang et al., 2010a). To date, it appears that amounts of CH4 

emissions will depend on the physical and chemical properties of the biochar, type of 

the soils, microbiological circumstances, as well as water and fertilizer management 
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(Cai et al., 1997; Xiong et al., 2007; Zou et al., 2007; Zwieten et al., 2009). 

Therefore, the type and contents of soil organic matter, which directly affects the 

production of CH4 (Liu and Wu, 2004), can be managed by adding both biochar and 

other organic matter produced from crop residues. Furthermore, the structural and 

chemical properties of the biochar itself may be potential driving factors affecting 

methanogenic activity in paddy soils. Generally, the characteristics of biochar depend 

mainly on the type of the feedstock and pyrolysis conditions, such as temperature, 

time duration, and air supply. Biochar can be produced from a wide range of biomass 

sources, such as shrubs, crop residues (rice husk), green waste and livestock manures. 

With a 10–30% annual increase in biomass accumulation, bamboo can be selectively 

harvested and regenerated without replanting, making it an attractive feedstock for 

biochar production. In addition, large quantities of crop residues, such as rice and 

wheat straw, produced by China, India and other leading counties annually, can be 

exploited for the agriculture use. It has been observed that the decomposition of the 

crop residues when applied directly in flooded paddy field always results in an 

increase in CH4 and CO2 evolution by enhancing heterotrophic activities (Yagi and 

Minami, 1990; Neue et al., 1996). Hence, conversion of these crop residues waste to 

biochar prior to their direct addition to the rice paddy can be sustainable agriculture 

management practices that can potentially reduce the production of CH4. In order to 

provide both theoretical and practical information useful for supporting the use of 

biochar in agriculture, several laboratory based studies have been carried out on the 

effects of biochar on CH4 and CO2 emissions from a water logged paddy soil (Singh 

et al., 2017). It appears that biochar produced from crop resides could reduce GHGs 

emissions from a flooded paddy soil and invites the following research objectives (1) 

to compare the effects of different biochars produced from bamboo, rice and wheat 



22  

straw, rice husk and other crop residues chars, on CH4 emissions, soil physic-chemical 

properties, microbial aspects and crop productivity, (2) to investigate the potential 

mechanisms of biocharapplication in soils that effects soil and crop plant interactions 

in detail. 

2.2 Methanogens (CH4 producing bacteria) 

 

Methanogenic Archaea (methanogens) are strictly anaerobic microbes, plays a vital 

role in anoxic environments of paddy soil by performing the last step of the anaerobic 

decomposition of organic matter mineralization into CH4 and CO2 (Conard et al., 

1999). Methanogens utilize acetate (contributes about 80% to CH4 production) as a 

carbon substrate, but another substrate like H2/CO2 are also used and contributes to 

10-30% for CH4 production (Conard et al., 1995). According to Palmer et al. (1993) 

Methanobacteriales, Methanococcales and Methanomicrobialesare important order of 

methanogens which showed to fix molecular nitrogen into inorganic nitrogen because 

they have nif genes. Organic matter of flooded paddy soil mainly contains plant 

residues material which creates anaerobic layersto the paddy soil and consequently 

generation of CH4 by bacterial decomposition of organic matter (Danenberg et al., 

1999; Dubey, 2011). The anaerobic degradation of organic matter hydrolyzes 

polymers, initiates fermentations form simple organic compounds, and finally CH4 

formation from H2/CO2, acetate, methylated compounds or alcohols and CO2 (Yao et 

al., 2001). Methanogenesis from all these substrates requires some unique coenzymes, 

exclusively found in methanogens (Ludmila et al., 1998). At least nine methanogens- 

specific enzymes are involved in the pathway of CH4 formation from H2 and CO2 

(Shima, 1998). The acetate and H2 are the two main intermediate precursors for CH4 

formation in paddy soils by methanogens (Yao et al., 1999). 
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Keppler et al. (2006) demonstrated that significant amount CH4 produced from 

terrestrial plants and detached leaves under oxic conditions globally. According to 

experiments, they assumed that living plants and plant litter produce 62–236 Tg yr-1 

and 1–7 Tg yr-1 CH4, respectively. Natural sources are accountable for about 30% (up 

to160 Tg yr-1) of the CH4 flux; however the anthropogenic sources are responsible for 

contributing 70% (up to 375 Tg yr-1) (Mer and Roger, 2001). Mostly, the atmospheric 

CH4 produced biologically (70-80 %) (Mer and Roger, 2001).The CH4 is emitted in an 

anaerobic environment by methanogenic decomposition of organic matter. 

In global perspective, most of the atmospheric CH4 is removed from the 

environment through chemical reactions with hydroxyl radicals (OH-) in the 

troposphere (CH4 + OH- → CH3
- + H2O), and in stratosphere CH4 reacts with the 

chlorine originated from CFCs (Chlorofluorocarbons) (CH4 + Cl- → HCl + CH3
-.) 

which involve around 90% of the total Global CH4 sinks (Schlesinger, 1997; Hutsch, 

2001, Mer and Roger, 2001; Tiwari et al., 2015). Mer and Roger (2001) stated that if 

equilibrium between methanogens CH4 emission and methanotrophs CH4 oxidation in 

an ecosystem is positive, the systems may be a CH4 source and if the equilibrium is 

negative the systemsmay acts as a CH4 sink. 

2.3 Methanotrophs (methane-oxidizing bacteria) and CH4 consumption 

 

In the global CH4 cycle, CH4 is consumed by chemical and biological processes. 

About 90% chemical destruction of CH4 in the atmosphere occurs through reaction 

with free hydroxyl radicals (OH-1) (Kheshgi et al., 1999). The only known biological 

sink for atmospheric CH4 is its oxidation in aerobic soil by methanotrophic bacteria 

(Hutsch et al., 1994; Kolb et al., 2005). This sink activity in soil can contribute up to 

15% to the total CH4 destruction (Born et al., 1990). 
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Donald et al. (2005) studied the methanotrophic population in Newport bay 

Estuary, Southern California and concluded that this environment contains significant 

methanotrophic diversity. The recent advances in understanding the eco-physiological 

role and structure –function features of methanotrophic bacteria living in various cold 

ecosystems indicated that the occurrence of methanotrophs in a majority of 

psychrosphere site was detected (Trotsenko and Khmelenina, 2006). The study of 

Mohanty et al. (2006) from rice field and forest soils incubated in micro-cosmos and 

supplemented with different fertilizers and CH4 concentrations and concluded that in 

both the sites, the activity as well as growth rate of CH4-consumig bacteria was 

affected significantly. At present, a number of researchers have conducted molecular 

investigations on methanotrophs from different ecosystems (Bodelier et al., 2000; 

Eller and Frenzel, 2001; Heyer et al., 2002; Hasin et al., 2010). 

In India, very limited investigations have been carried out to monitor site- 

specific methanogenesis, CH4 consumption and the population abundance of related 

micro-flora from paddy agriculture soil and other terrestrial ecosystems. The concern 

of such studies was mainly driven by environmental aspects of estimation of CH4, 

which is highly potent greenhouse trace gas due to its absorption ability of infrared 

radiation from the sun. The investigation on CH4 flux measurement from dry tropical 

forest ecosystem indicated that the soil of these ecosystems acts as strong CH4 sink. 

Plant induced spatial variation in the size of methanotrophic population in dry and 

flooded rice fields was reported by Dubey and Singh (2001). Late Professor A.K. 

Kashyap, Department of Botany, BHU was actively involved to study the 

environmental problems related to ecology of methanotrophs from agro-ecosystems 

and published the data in various international journals of repute. 
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Our research group reported that pyrite and farm yard manure application 

significantly affected the population of methanotrophs in the soil of saline rice fields 

(Singh et al., 2010a). The research report suggested that the restoration of degraded 

forest ecosystems or unused degraded land may significantly contribute to the 

recovery of methanotrophic activity in the soil and thereby the soil CH4 sink potential 

(Singh and Singh, 2012). Our research group have emphasized the role of 

methanotrophic bacteria as only known biological sink of CH4 and promising bacteria 

for environmental remediation (Singh, 2011; Pandey et al., 2014). Further, in a study, 

it has been reported that some environmental factorsuch as climate change influence 

the methane oxidation by methanotrophic bacteria (Singh, 2013). 

Methanotrophs are Gram-negative bacteria that utilize CH4 as their sole source 

of carbon and energy, play a crucial role in reducing global CH4 load due to its CH4 

consumption characteristics. Studies on CH4 sink measurement from various agro and 

natural ecosystems showed that the soils of these ecosystems exhibited a significant 

variation in CH4 sink activity due to methanotrophic bacteria. Paddy soil 

methanotrophic communities exhibit the highest CH4 sink activity on a global scale 

(Tiwari et al., 2015). Based on physiology, phylogeny, biochemistry, resting stage, 

intracellular membrane, genetic characters, ultrastructure and phospholipid ester- 

linked fatty acid (PLFA) analyses of 14 culturable genera (Han et al., 2009) of aerobic 

proteobacterial methanotrophs are classified as type I belongs to 

Gammaproteobacteria group and contain genera Methylobacter, Methylomonas, 

Methylosphaera, Methylomicrobium, Methylothermus, Methylosarcina, 

Methylohalobius, and Methylosoma while type II belongs to Alphaproteobacteria 

group of CH4 oxidising bacteria and include genera Methylocystis, Methylosinus, 

Methylocapsa, Methylocella. Type-I group of methanotrophs are further subdivided 
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into type-Ia and type-Ib (Bodrossy et al., 2003; Krause et al., 2010). Type-I subgroup 

contain several culturable methanotrophs for example Methylomonas, 

Methylosarcina, Methylobacter, etc. However, Methylocaldum and 

Methylococcuscomes under the subgroup Type-I or rare type-X (Hanson and Hanson, 

1996; Graef et al., 2011; Giri et. al., 2014; Tiwari et al., 2015). Type-I methanotrophs 

also referred as 'high capacity-low affinity methanotrophs are adapted for high CH4 

concentrations and assimilate it through RuMP pathway whereas Type-II generally 

termed as 'low capacity-high affinity' methanotrophs capable of using trace quantity  

of CH4 from the environment and follow the serine pathway for CH4 oxidation 

(Hanson and Hanson, 1996; Tiwari et al., 2015). Verrucomicrobia, a new group of 

CH4 oxidiser discovered in recent past year (Siljanen et al., 2011; Luke et al., 2011; 

Graef et al.,2011; Tiwari et al., 2015). Singh. (2010) reported that the work of the last 

10 years has resulted in a doubling of the number of known genera and species. 

Currently, 18 genera of cultivated aerobic methanotrophs (Gammaproteobacteria)  

and 5 genera of Alphaproteobacteria represented approximately 60 different species 

(Singh, 2010). The CH4, a potent GHG, has been involved in a number of chemical 

and physical processes in the Earth’s atmosphere, including global warming. In the 

global CH4 cycle, a substantial amount of CH4 is consumed by biological processes. 

This biological CH4 consumption is only known biological sink for the atmospheric 

CH4 mediated by methanotrophs or methane-oxidizing bacteria (MOB) in aerobic 

soils, which can contribute up to 15% to the total Global CH4 destruction (Singh, 

2010). 

Aerobic soils are the important biological sink for CH4 due to the presence of 

unique methanotrophic bacteria. Methanotrophs (methane-oxidising bacteria, MOB) 

are the solely biogenic sink of CH4, play a vital function in the oxidation of significant 
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amount of CH4 (Singh, 2011; Tiwari et al., 2015). Methanotrophs utilise CH4 as their 

carbon and electron source from the surrounding environment. The estimated amount 

of CH4 consumed by methanotrophic bacteria is between 10 and 40 Tg yr-1 and 

comprises approximately 6-10% of the total CH4 oxidation of the atmosphere (Tiwari 

et al., 2015). Up to 95% of the CH4 emitted anoxically may be consumed before 

destine into the atmosphere (Frenzel et al., 1990; Graef et al., 2011). Therefore, even 

minute alteration in consumption capacity may have global significance if key regions 

such as the Arctic and Antarctica are concerned (Graef et al., 2011). It is assumed that 

10-30% of the CH4 emitted by methanogenic bacteria in submerged conditions of 

paddy fields oxidised by methanotrophs linked with the roots of rice crop (King, 

1997; Schlesinger, 1997; Mohanty et al., 2007; Tiwari et al., 2015). 

Most studies either have determined the number of culturable methanotrophic 

bacteria (MB) by most-probable-number (MPN) procedures or have used microscopic 

techniques such as fluorescence in-situ hybridization (FISH) (Dedysh et al., 2001). 

Only the latter method allows targeting of different groups within the MB by using 

specific DNA probes (Eller et al., 2001). In rice field soils, for example a recent study 

using phospholipid fatty acid (PFLA) analysis showed that both type-II and type-I 

methanotrophs were abundant in rice fields over the whole vegetation period, 

although only the abundance of type II MB was significantly correlated to soil pore 

water CH4 concentrations and rice growth (Macalady et al., 2002). However, the 

PLFA analysis and FISH cannot be applied to investigate the methanotrophic 

community in soils in more detail due to limited criteria for distinguishing subgroups 

or due to the great manual effort required (Henckel et al., 2000). Further, the 

quantitative studies of methanotrophic communities in soils are hampered by the lack 

of adequate methods (Kolb et al., 2003) and these bacteria belong to the uncultivated 
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fraction of soil microorganisms (Steinkamp et al., 2001). Therefore, molecular 

biology techniques such as PCR and DGGE offer some good opportunities to 

overcome the limitations for identification of non-cultivable CH4 oxidizers in aerobic 

soil environments including dry tropical forest soils (Kolb et al., 2003). 

Methanotrophs are cosmopolitan in their occurrence and are worldwide vital  

in oxidizing the most reduced compound- a potent greenhouse gas CH4 globally 

through methane monooxygenase (MMO) enzymatic activity. Soil MB, a unique 

group of bacteria, has been isolated from a wide variety of terrestrial environments 

including soils (Dedysh et al., 2001). Therefore, MB play a very crucial role in the 

reduction of the CH4 soil into atmosphere, and it is the only terrestrial sink to reduce 

CH4 in soil (McNamara et al., 2008). 

Natural forest ecosystems are gradually being converted into farming land due 

to population pressure. Removal of the forest, not only leads to loss of species 

diversity, but also has an intense effect on the global CH4 budget (Dorr et al., 2010). It 

has been suggested that changing forest composition and management practices result 

into alteration in the soil characteristics, which adversely affect the number of viable 

methanotrophic community (Singh et al., 2010a). Several workers have demonstrated 

that the anthropogenic activity on natural forests disturbs the CH4 sink attribute of the 

soil (Dorr et al., 2010). However, there is no information concerning the impact of 

land use changes and crop residues biochar additions for CH4 consuming bacterial 

abundance and diversity in paddy agriculture soils. 

According to current estimate, about 10% increase in the rate of soil CH4 

uptake would be required to stabilize the present level of atmospheric CH4 

concentration, which is a potent greenhouse gas in the environment (Singh, 2011). 

The largest natural sink for CH4 in the soil is due to MB, which can oxidize and 
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utilize the CH4 as a source of carbon and energy (Groffman and Pouyat, 2009). All  

the forest management related activities such as afforestation, improved forest 

management and reduced deforestation can go a long way in achieving the balance in 

global CH4 budget (Dorr et al., 2010). McNamara et al. (2008) have suggested that 

the afforestation is a potential tool for mitigation of CH4 emission from soils. Several 

study are indicative that the effect of anthropogenic disturbances (deforestation) is 

directly reflected on variation in net methanotrophic CH4 sink activity due to 

alterations and disturbances in forest soil characteristics (Singh et al., 2007; Dorr et 

al., 2010). However, experimental evidences regarding the CH4 consuming bacterial 

diversity of the soil due to land use changes and impact of crop residues biochars in 

India is still lacking. 

The upland agriculture aerobic soils exhibited high uptake rates of 

atmospheric CH4 at all measurement times throughout the period measured in natural 

forest soil (Kolb et al., 2005). Methane oxidation in forest soil has been intensively 

investigated (Knief and Dunfield, 2005), but study of CH4 consuming bacteria in the 

soils due to land use changes and crop residues biochar application is minute. 

Abundance and diversity of CH4 consuming bacteria in the changes of soil 

characteristics due to crop residues biochar amendments are relatively unclear, and 

subsequently investigations will be completed throughout this exertion. 

2.4 Crop residues problems and its management 

 

Every year India produces approximately 435.98 million tons of crop residues in 

which. These huge crop residues waste produced every year are burned out on field 

sites by the farmers and as a result air pollution has been experienced in Delhi and 

adjoining area. The crop residues waste generated every year are not managed and 

recycled properly because of many constrains (Murali et al., 2010). Agro-animal 

http://www.greenfacts.org/glossary/abc/afforestation.htm
http://www.greenfacts.org/glossary/def/deforestation.htm
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waste is a big challenge for the proper management and conversion into further use as 

soil amendment in agricultural fields. Crop residues in the fields can cause 

considerable crop management problems if they accumulate in excess amount. The 

major crop residues are produced in India such as rice husk, straws of paddy, wheat, 

millet, sorghum, pulses (pigeonpea), oilseed crops (castor, mustard), maize and cobs, 

cotton and jute sticks, sugarcane trash, leaves, fibrous materials, roots, branches and 

twigs of varying sizes, shapes, etc. (Sugumaran and Sheshadri, 2009). According to 

Koopmans and Koppejan, (1997) estimated that approximately 507,837 thousand tons 

of agricultural crop residues were produced by India in 1997 of which 43% was rice 

and 23% wheat. Venkataraman et al. (2006) reported that, about 116 million tons of 

crop residues were burnt in India in 2001 which is direct indication of air pollution by 

increasing concentration of GHG (Gupta, 2010). According to Ministry of New and 

Renewable Energy (MNRE, 2009), Government of India has estimated that every  

year India is produced 120-150 million ton biomass. Indian Agriculture Research 

Institute (IARI, 2012) reported that approximately 93 million tons of agro-waste (crop 

residue) is burned by farmers each year in fields. Out of whichthe highest crop residue 

is generated in Uttar Pradesh (60 million tons) followed by Punjab (51 million tons) 

and Maharashtra (46 million tons) (Srinivasarao et al., 2013). According to farmers 

the crop residue waste burning at field sites provides a fast way to remove the crop 

residue from agricultural fields and facilitating further land preparation and cropping 

(Srinivasarao et al., 2013). Thus, farmers support the burning of crop residues in the 

fields instead of eco-friendly recycling and conversion as soil fertility booster. Crop 

residue burning is a destructive phenomenon in the agricultural fields that can be 

harmful to soil health such as reduced the soil beneficial microbial population, 

imbalance the pH, lose the nutrients and many other physico-chemical and biological 
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properties also affected (Srinivasarao et al., 2013). Punia et al. (2008) suggested that 

Punjab annually is burned about 70 to 80 million tons of rice and wheat straw thereby 

releasing approximately 140 million tons of CO2 in the atmosphere and two another 

important GHG emissions from agro-residues in which, about three fourth of CH4 and 

the remaining one-fourth was N2O. During a burning process, wheat and paddy straws 

alone contributes major share (approximately 42%) of GHGs. On the other hand, if 

crop residues are remains in soil without burning that can be degraded by soil 

microbes, thus the resulting higher GHG emission through biodegradation pathway in 

soil. Hence agro-residue based biochar can play important role to maintaining soil 

nutrients for the desire of higher crop production and environmental sustainability 

development (Izaurralde et al., 2001; Srinivasarao et al., 2012). 

Biochar is a unique product, which can enhance availability of plant 

nutrients and significantly improves the crop yield. Biochar is produced by pyrolysis 

of biomass or organic materials and this practice is termed as thermal degradation of 

biomass such as rice straw, grass, wood, agricultural wastes and manure (which is 

mentioned in above paragraph) (Wu et al., 2015). In addition, biochar can 

significantly improve soil properties such as soil bulk density, pH, organic carbon, 

increasing available nutrients, removing heavy metals and increase soil microbial 

biomass and methanotrophic diversity and ultimately increasing crop yields (Milla et 

al., 2013). Thermal degradation process takes place in scarcity of oxygen at very high 

temperature (400-500 °C). Therefore Intense temperatures is required for the 

production of high-quality biochar which can be differentiated from charcoal due to 

its use in soil amendments for various purposes likely fertility enhancement, crop 

yield, to combat with pollution, etc. (Lehmann and Joseph, 2009; Johannes, 2007; 

Gaunt et al., 2008; Peter, 2007). 
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2.5 Biochar production and characterization 

 

Biochar production is a thermal degradation phenomenon of organic material and 

biomass, using a small-scale reactor and traditional drum at 400-500 ºC with the 

residence time of 1 hour. Table 2.1 showed different types of biochar produced from 

various sources (feedstock) (Gaunt et al., 2008; Peter, 2007). Ca, Si, Al and K are 

common elements in biochar but C, N, H and S are also determined by a dry oxidation 

using an elemental analyzer (Hmid et al., 2014). According to Gaunt et al. (2008) and 

Peter, (2007) the characterization of biochar can be completed by using following 

parameters such as scanning electron microscopy (SEM) equipped with an energy- 

dispersive X-ray spectroscopy (EDX), Fourier transform infrared spectroscopy 

(FTIR), volatile matter (VM), electrical conductivity (EC), total dissolved solids 

(TDS) analysis, water-holding  capacity  (WHC)  and  heavy  metal  assessment. 

Peter, (2007) and Milla et al. (2013) reported that, the sample powder is sprinkled as a 

thin layer on an adhesive tape placed on the brass sample holder. Excess amounts of 

the sample are removed with a small manual air blower. The adhered sample is then 

coated with gold powder using a sputtering device, FTIR spectrometer identified the 

sample to determine the organic functional groups present for each biomass, 

especially carbons. Volatile matter in biochar is determined following the ASTM D 

3175-07 standard test method. A Beckman Coulter SA 3100 BET analyzer containing 

approximately 0.1000 g to 0.2000 g of each biochar sample is then used at a 

temperature of 50 0C for 60 min. Electrical conductivity and total dissolved solid 

analysis are theoretically the best measure to indicate the actual salinity level 

experienced by the plant root (Corwin and Lesch, 2003; Peter, 2007). Hence, 

electrical conductivity and total dissolved solids are measured using a portable 

conductivity meter. 



 

 

 

 

 

Table 2.1: Physico-chemical properties of feedstocks for biochar production 

 

Components Woodchip 

 

(Yargicoglu et 

al., 2015) 

Grass 

 

(Jouiada et al. 

2015; 

Mohammed 

et al., 2015) 

Poultry litter 

 

(Jindo 

et al., 2012) 

Rice Husk 

 

(Shackley et 

al., 2012) 

Sugarcane 

bagasse 

(Carriea et 

al., 2012) 

Wheat straw 

 

(Bruun et al., 2012; 

Mahinpeye et al., 

2009) 

Soil C (%) 74.5 - - 71.47 - - - - - - 

Ash (%) 25.4 14.7 28.53 6.5 11.9-16.4 5.9 

pH 7.88 6.1 23.596 6.6 - - 6.76 

EC (mS cm-1) 0.14 - - 3.0 - - - - 2770 

CEC (c mol kg-1 ) - - - - - - 45-110 - - - - 

C (%) 51.9 42.5 38.6 41 60.4-65.3 43.7 

N (%) 0.4 1.9 1.37 1.4 0.8-1.0 0.9 

S (%) - - 5.3 - - 0.1 25.4-15.1 0.283 

Ca (ppm) 0.56 4.3 4 1.85 250 - - 0.18 

K (ppm) 0.21 64.80 0.99 2604 - - 0.15 

Mg (ppm) 0.04 2.3 4 0.19 827 - - - - 

Si (mg kg -1) - - 7.44 - - 5.8 - - 0.18 

P (ppm) 0.06 2.31 0.35 - - - - 0.05 
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2.5.1 Biochar types 

 

Currently varieties of feedstock being used as raw material for the making biochar, A 

variety of biochar from different feedstock described in Figure 2.1. 

2.5.1.1 Grass biochar 

 

Grass biochar is produced by a variety of grasses such as Switch grass (Panicum 

virgatum L.), Saw grass (Cladium jamaicense), etc. has been declared as a model bio- 

energy crops for the production of biochar. These are preferred due to its high-yield 

potential, low input requirements on marginal soils and potentially active in soil 

carbon sequestration and alleviation of GHGs (McLaughlin et al., 1998; Sadaka et al., 

2014; Mukherjee et al., 2013). The switchgrass has a gross calorific value between 

18-19MJ kg-1 as compared to hardwoods 20-21 MJ kg-1 (Sadaka et al., 2014). There 

were several barriers in the way of switch grass to be used as the sole source of fuel in 

combustors such as high moisture and ash contents in biomass, which cause ignition 

and combustion problems. It has been observed that, blending of biomass with coal 

would reduce flame stability problems and will also lead to significant reductions in 

CH4 emissions. Consequently, a multitude of studies has investigated about 

conversion of switch grass to biochar for the safe and eco-friendly cultivation of 

agriculture crops (Sadaka et al., 2014). 

2.5.1.2 Woodchip biochar 

 

Woodchips are a medium-sized solid material made by cutting, or chipping, larger 

pieces of wood. Today, woodchips are being used as a raw material for the production 

of biochar. It has a more carbon concentration as compared to other feedstock 

including the highest carbon sequestration potential. Woodchips feedstock is 

produced; a high quality biochar at 400-500 0C, its good residential time is 2-3 hours. 

Woodchips absorb moisture at 15-20 0C; therefore, it requires drying before the 

https://en.wikipedia.org/wiki/Wood
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pyrolysis (Milla et al., 2013; Lai et al., 2013; Spokaset al., 2009). The Camellia 

japonica (Japanese Cedar) waste wood chips are used for biochar production by 

pyrolysis at either 290 or 700 0C and called biochar 290 (BC290) and biochar 700 

(BC700), respectively (Lai et al., 2013). The percentage amount of C, N, H, and 

available K contents have been found about 59.1%, 0.35%, 5.73%, and 0.78 g/kg for 

woodchips biochar 290 (BC290) and 83.0%, 0.34%, 2.57%, and 3.90 g/kg for BC700, 

respectively (Lai et al., 2013). 

2.5.1.3 Rice husk biochar (RHB) 

 

Rice husk is the coating of rice seeds, protects the seed during the growing season, 

since it is formed from hard materials, including silica, carbon, magnesium and 

phosphorus. Today rice husk is being used as a raw material for the production of 

biochar in agricultural crops improvement. For making rice husk biochar, rice husk 

put in pyrolysis apparatus which consisted of a stainless reactor of 500 mm length 

with a 15 cm inside diameter. The rice husk is then heated externally by an electric 

furnace (5000 W) to a temperature of 600 0C obtained higher carbon and silica rich 

RHB (Zhanga et al., 2012). The application of RHB in agricultural fields, instead of 

synthetic fertilizers is became advantageous, because the synthetic fertilizers generate 

many harmful effects such as reduction of micro flora, crop yield, nutrient availability 

and water holding capacity, etc. (Zhanga et al., 2012). Current studies on cowpea, 

soybean and maize supported the application of biochar as a sustainable way to 

increase crop yields (Zhanga et al., 2012). In Asian region due to elevated production 

of rice, obtained up to 560 and 112 million tons of rice straw and rice husk 

respectively. These residues may be important source of biochar, bio-fuels and energy 

production (Masulili et al., 2010; Zhanga et al., 2012). Though number of study 

related to biochar application on crop yields have been done. However, use of RHB 

http://www.sciencedirect.com/science/article/pii/S0045653509007619
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derived from rice husk in agriculture soils is almost lacking from India. In this study 

we have used RHB in combination with commercialized bio-formulation to find out 

the variations in soil physico-chemical characteristics, methanotrophs population, soil 

microbial biomass and paddy yields in field conditions. 

2.5.1.4 Wheat straw biochar 

 

Wheat straw is contained by lignocelluloses biomass which is the most abundant 

organic raw material and is being used widely for biochar production. Wheat straw is 

collected by a cutting machine, then shipped to the production plant and air-dried 

there (Zhanga et al., 2012). Pyrolysis of wheat straw is performed in a vertical kiln at 

350-550 0C and after 1 hrs biomass of wheat straw converting into biochar. For the 

field study, the biochar mass originally in a particulate form is ground to pass through 

a 2 mm sieve, and mixed thoroughly to obtain fine granular consistency that would 

mix more uniformly with the soil mass (Zhanga et al., 2012; Wu et al., 2013). 

2.5.1.5 Poultry litter biochar 

 

Poultry litter biochar (PLB) is produced by the use of chicken manure (CM) as raw 

material, CM is unique type of feedstock, which reduced the plant-based feedstock 

such as rice husk, crop residue woodchip etc. and also characteristically different from 

others feedstock based biochar on the basis of elemental composition (Songa et al., 

2012; Demirbas, 2001). According to Songa et al., (2012) PL is a solid waste 

material, obtained from chicken rearing, is an alternative substitute for the production 

of PLB and bio-fuels, PL is a mixture of bedding materials of bird feather, hen’s 

excreta, feed spills etc. and pyrolised these at higher temperature by  thermo- 

chemical conversion technology whereby organic materials are heated in the absence 

of oxygen, PL can be readily transformed into biochar, bio-fuel for soil amendment 

and energy production respectively (Songa et al., 2012; Kim et al., 2009). 
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2.5.1.6 Sugarcane bagasse biochar (SBB) 

 

Sugarcane industries are produced huge quantities of waste material including, 

bagasse (crushed cane stalks), cane trash (leaves and stalk tips removed during 

harvest), and filter cake, a sludge that is removed via filtration after the juice 

clarification step.Sugarcane bagasse is used for many purposes such as biochar 

production, bio-fuels, paper making and burning purpose, etc. But currently bagasse  

is being used on large scale for the production of biochar. Before the production of 

Sugarcane Bagasse Biochar (SBB) raw material (feedstock) should be dry in wet 

season because moisture content creates difficulties during pyrolysis; because dry 

feedstock has a low residential time (approximately 1-2 hours) (Eykelbosh et al., 

2014). SBB has high concentration of carbon, silica, magnesium, etc, which is an 

important source of plant nutrients in saline soil (Eykelbosh et al., 2014). 

 

 
Figure2.1. Biochar production from different feed stocks (A) poultry litter, (B) rice 

husk, (C) grass, (D) sugarcane bagasse, (E) wood chipand (F) wheat straw. 
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2.5.2 Applications of biochar 

 

Biochar can increases crop productivity by improving physico-chemical and as well 

as biological properties of soils. These unique properties depend on the physical and 

chemical nature of biochar, soil conditions and the type of crop (Yamato et al., 2006; 

Zwieten et al., 2010). Zhanga et al. (2010) showed that the combined application of 

biochar at 10 t ha-1 and conventional N fertilizers at 300 kg ha-1 is increased the 9% 

yields. However, the single use of biochar at 40 t ha-1 is increased the 12% yields 

without amendment of N fertilization. In this case, the biochar effect on rice yield was 

not dependent on conventional N fertilizers (Zhanga et al., 2010). Zhanga et al. 

(2010) reported that, biochar application can increase 10 % rice yields even though 

theplots were sufficiently fertile to achieve high initial yields without any synthetic 

fertilizer.It has been well established that biochar amendments canincrease N 

availability to crops and thathigh levels of soil organic carbon accumulation can 

enhance N efficiency and increase rice productivity during long term field studies 

(Pan et al., 2009). Biochar amended soil has a significant advantages in regarding 

environmental management and sustainable agriculture development. The application 

of biochar in soil can play important role in major areas, such as climate change 

mitigation, energy production, soil amendment, waste management, carbon 

sequestration, microbial habitat, eco-friendly fertilizers, heavy metal reducer, crops 

yields enhancer, reduced chemical fertilizers input and protect soil microbes from 

other biota. 

2.5.2.1 Soil amendments and paddy productivity 

 

The incorporation of biochar in agricultural soils produces a considerable enrichment 

in organic matter content and hence significantly enhances the physico-chemical 

properties and resulting the higher fertility and crop productivity. Biochar is 
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introduced as carbon rich by-product that increases the soil organic carbon, cation 

exchange capacity (CEC) and pH level of soil which is essential to the all plant 

metabolism for huger crops yield (Sohi, 2012 Singh et al., 2017b; Shackley et al., 

2012). This makes the nutrients more usable for the plant growth and subsequently 

obtained nutrient rich higher crops yields. Application of biochar in soils contributes 

as carbon pool and at the same time act as eco-friendly fertilizers (Glaser et al., 2001; 

Marris, 2006). The treatment of biochar increases the total C, total N, available P, and 

exchangeable cation like Ca, Mg, Na, and increase K, and decreases Al in soil (Chan 

et al., 2007; Major et al., 2010) so plants are used these nutrients for their growth 

however various studies have been carried out on biochar application in agricultural 

soils and produced variable results (Major et al., 2010). According to Major et al. 

(2010) the nutrient uptake capacity of plants was increased in biochar treated soil. 

Table 2.2 showed that physico-chemical properties of soil after amendment of 

biochar) therefore, increases soil productivity with higher availability of Ca and Mg. 

Biochar increases the ability of soils to keeping hold of nutrients and plant available 

water and as well as reduces nutrient leaching from agricultural soil (Laird et al., 

2010) moreover, it is reduced the density of soil due to their low density nature (Laird 

et al., 2010) and in that way enhances water infiltration, plant root penetration, and 

better soil aeration, increase soil aggregate strength, etc. (Glaser et al., 2001). 
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Table 2.2. Physico-chemical properties of soil after biochar amendments. 

 

Parameter Unit Control Biochar 

pH (CaCl2)  7.5 7.4 

CaCO3 % 15.8 15.2 

Humus % 2.4 18.1 

Total N % 0.148 0.203 

P (CAL) mg kg -1 49 84 

Ptot (acid digest) g kg -1 5.46 5.54 

Sand % 18.3 Not determined 

Silt % 57.2 Not determined 

Clay % 24.5 Not determined 

CEC cmol kg -1 22.5 20.8 

Ca (CEC) cmol kg -1 20.7 18.2 

Mg (CEC) cmol kg -1 1.46 1.53 

K (CEC) cmol kg -1 0.36 0.99 

Na (CEC) cmol kg -1 <0.04 <0.04 

Al (CEC) cmol kg -1 <0.06 <0.06 

Fe (CEC) cmol kg -1 <0.01 <0.01 

Mn (CEC) cmol kg -1 <0.01 <0.01 

H (CEC) cmol kg -1 0.002 0.002 

Fe (EDTA) mg kg -1 40 67 

Mn (EDTA) mg kg-1 107 128 

Cu (EDTA) mg kg -1 7.2 7.1 

Zn (EDTA) mg kg -1 2.3 7.5 

Adapted from Prommer et al. (2014) 
 

Biochar application to soils is a considerable tool to transfer more easily 

decomposable organic matter in soil for plant utilisation (Krishnakumar et al., 2014). 

Biochar amended soils represent the significant impact on the improvement of root 

length, shoot biomass, panicle length, number of tiller per plant, crops yield and 

enhance the nutrient availability and carbon sequestration (Abdullah, 2009; Meyer 

2011; Milla et al., 2013). Biochar amended crop yields are increased up to 20 % than 
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non-amended crops. Yang et al. (2015) reported that optimum level of biochar is 

required for the best production of crop yield, demonstrated that 2 ton ha-1 or 1 ton ha- 

1 
could increase the yield by 5%–15% respectively, however 4 ton ha-1 may increase 

the 20% rice yield. 

 
 

Figure 2.2. Multidimensional role of biochar in agriculturesoil 

 

2.5.2.2 Biochar in climate change mitigation 

 

Climate change is giant challenge on world level in the perspective of global warning 

because increasing concentration of green house gases into atmosphere is indicating 

the future challenges for all living being on earth (Singh, 2013; Singh et al., 2016). 

Every year earth temperature is going up due to higher concentration of GHG 

emissions from various anthropogenic and natural sources. While anthropogenic 

sources are a major cause for the emission of green house gases, including wrong 

agricultural practices and coal mine etc. So there is the urgent need to develop 

sustainable and eco-friendly technique for the cultivation of agriculture all over the 

world, therefore the application of biochar in soil may be a strong management 
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practice in respect of climate change mitigation (Vantieghem, 2016; Singh et al., 

2017). Biochar can be used as a tool to offset greenhouse gas (GHG) emissions and as 

a soil conditioner. The study showed that biochar application increased rice 

productivity, soil pH, soil organic carbon, total nitrogen but decreased soil bulk 

density during rice cultivation. Recent studies have confirmed that the use of biochar 

in paddy agriculture has capability to minimize the CH4 production, but it’s essential 

mechanism has not yet to be clarified. The additions of biochar in agriculture soil 

showed higher CH4 consumption due to the improvement in soil aeration and porosity 

and also increasing the number of methanotrophs. However, further investigations are 

in need to evaluate the impact of biochar addition on the net CH4 emissions and 

consumptions respectively, by methanogens and methanotrophs. Furthermore the 

highest carbon sequestration potential of biochar can reduce the GHG emissions in to 

atmosphere. Plants store CO2 as organic carbon inside their tissue system by 

photosynthesis and during plant biomass decomposition, releases CO2 in to the 

atmosphere which is an important GHG and back into the atmosphere by microbial 

degradation (Figure 2.3). Biochar can change the global carbon cycle by pyrolysis of 

biomass, which is stabilized carbon in form of biochar its long time existence in soil 

due to the recalcitrant properties against microbial degradation (Sohi, 2012; Singh and 

Gupta, 2016). Besides CH4, CO2 and N2O also two main contributors to emission of 

green house gases from soil to atmosphere, especially in highly synthetic fertilizers 

used agriculture soil (Lehmann et al., 2006; Tiwari et al., 2015). Some authors 

reported, contradictory evidence to suggest that biochar amendment affects soil CH4 

emissions and most of the evidence that comes from studies in paddies soils (Zhang et 

al., 2010; Wang et al., 2011; Wang et al., 2012b). The CH4 emissions are generally 

significant in saturated soils such as rice paddies but not in other more aerobic crop 
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soils (Le Mer and Roger, 2001). Wang et al. (2012b) found that soil CH4 emissions 

were increased by 37% with biochar amendment in a rice paddy. Zhang et al., 2010; 

Zhang et al., 2012). Knoblauch et al. (2011) similarly observed an increase in soil 

CH4 emissions from the same land use. For other crop types, three studies reported no 

significant effect of biochar amendment on CH4 emissions in arable and pasture soils 

(Castaldi, 2011; Scheer et al., 2011; Wang et al., 2012b), whilst in Finnish 

agricultural soil a 96% CH4 uptake was increased in biochar‐mediated soil (Karhu et 

al., 2011; Lehmann et al., 2011). Increased availability of labile C substrates for 

methanogenic bacteria may explain increased CH4 emissions by the addition of 

biochar to soil (Wang et al., 2012b). Methanogens produce CH4 as a metabolic by‐

product of organic matter mineralisation in anaerobic conditions; the two primary 

pathways being via CO2 reduction by H2 or via acetotrophy (Le Mer and Roger, 

2001). Soil methanotrophs are the only known biological sink for atmospheric CH4, 

which oxidise CH4 and produce CO2 as a by‐product (Topp and Pattey, 1997). It has 

been observed that the addition of biochar to increase soil methanotrophic activity. 

Karhu et al. (2011) reported that, increasing soil aeration and CH4 uptake within an 

arable soil due to the biochar amendment, because methanotrophs require oxygen as a 

terminal electron acceptor and their activity is highest at around 60% in soil, so 

resulting higher CH4 oxidation (Castro et al., 1995; Karhu et al., 2011). As  

previously discussed, biochar addition to soil may decrease soil albedo therefore, it 

has been hypothesised that increasing soil temperature and typically high pH biochar 

increases the pH of the soil it is added to directly in soil (Lehmann et al., 2011; Meyer 

et al., 2012). Likewise methanogenic activity increases in the respect of temperature 

(up to 40°C) and is at a maximum at close‐to‐neutral pH (Topp and Pattey, 1997), 

while soil methanotrophy increases with temperature up until 10 °C, (Castro et al., 
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1995) and methanotrophic activity is at a maximum at a close‐to‐neutral pH (Topp 

and Pattey, 1997). However, the effect of biochar on soil temperature and soil pH has 

not been suggested as mechanisms to explain differences in overall soil CH4 

emissions. Additionally various studies have been exposed, the application of biochar 

in soils to reduce N2O emissions also (Singh et al., 2010) while many study results are 

more indistinct in perspective to green house gases emission (Liu et al., 2011; Zhang 

et al., 2010). But the well defines mechanisms between biochar and potential 

greenhouse gases are poorly understood therefore, the detail studies in this direction 

are warranted. 

 

 
Figure 2.3. Role of biochar in soil as amendment and carbon mitigation.Modified 

from Cooperman et al. (2016). 
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pyrolised biomass are very economically feasible due to commercial uses. Bio oil and 

synthetic gases can be used as alternative source of energy and electricity 

(Vantieghem, 2016). Gasification of any organic material is produced biochar 

including bio-oil and synthetic gases and the use of bio-oil and synthetic gases as bio- 

energy. Bio-oil can be used for the transportation of vehicles (Hofstrand, 2009). When 

biomass of organic material is pyrolised in limited supply of oxygen produce 

synthetic gases including carbon monoxide, hydrogen and sometimes CO2, all these 

are used with combination of various cooking gases. 

The focus on management of waste materials, produced from different sources 

including domestic, agriculture and industries is serious concern for environmental 

safety. The huge amount of waste material is produced from agricultural fields all 

over the world but due to inadequacy of awareness most of the farmers are burned 

these waste in the fields and caused the different type’s perilous exertion. Therefore, 

due to the inadequate management of these waste to leads the surface and ground 

water pollution but according to newly generated technology (pyrolysis) can convert 

the large amount of agricultural waste (biomass) in the precious form of biochar and 

can be used in agricultural field as soil conditioner (Vantieghem, 2016). The nutrient 

concentration of the biochar is increased due to the pyrolysis at above 350 °C, biochar 

production from waste material and application in soil is a carbon negative process. 

Biochar has highly aerometric and recalcitrant nature against microbial decomposition 

and hundreds to thousands of years can exist in the environment. Conversion of 

agricultural biomass in the form of biochar is a considerable method of carbon 

negative environment and waste management. Many studies have been reported that 

biochar can sequester approximately 50–80% of the carbon which is presented in the 
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biomass (feedstock) and provide pollution free environment (Mekuria and Noble, 

2013). 

2.5.2.4 Biochar in carbon (C) sequestration 

 

The application of biochar to the soil not only works like soil fertility enhancers, but 

also stores the soil carbon in the form of highly aromatic recalcitrant. The conversion 

of organic material and agricultural waste to biochar is considered as the most 

valuable and eco-friendly practice for the sequestration of carbon from different plant 

residues in soil. Carbon sequestration is a phenomenon in which storing soil carbon 

with soil organic matter and thus reducing GHG from atmosphere (Warnock et al., 

2010; Singh et al., 2017a). Soils are large reservoirs of carbon, which store three 

times more carbon. Plants absorb atmospheric carbon during photosynthesis, which is 

store inside their tissues and after completion of this practice, go back to soil as plant 

residue and contribute major role to maintain soil carbon balance. Hereby this carbon 

eventually returns to the atmosphereby soil microbial-mediated decomposition of 

plant biomass and release of CO2 (Cooperman, 2016). Biochar based carbon 

sequestration potential in soils can lead to climate change mitigation practices. The 

carbon amount in biochar is 70-80%, which is two times higher than the plant residue 

(40%). 

2.5.2.5 Biochar in heavy metals removal and alternatives of chemical fertilizers 

Soil has very complex composition including humus, organic and inorganic matterand 

soil biota and contains pore spaces filled with water and air. (Singh et al., 2017a) 

Organic matter serves as a binder for mineral particles which contributing to maintain 

soil structure. But due to excess use of various pesticides and synthetic fertilizers for 

the higher production of crop yields disturbed the natural composition of soil and 

increasing toxicity level. Application of biochar in heavy metal contaminated soil can 
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be helpful to reduced the toxicity of various heavy metals to the contaminated soil 

(Namgay and Singh, 2010; Park et al., 2011). Biochar may attract various heavy 

metals, present in soil including cadmium (II), lead (II), copper (II), zinc (II), etc. 

because previous studies have shown that biochar can adsorb various toxic 

compounds on their surfaces from contaminated soils. So, biochar has been evaluated 

as a potential adsorbent of heavy metal in metal-contaminated soils. (Komkiene and 

Baltrenaite, 2006). 

Poor agricultural practices are disturbing the natural cycles of C, N and P in 

agro-ecosystem (Someus, 2014). But biochar is being used to enhance the economical 

and ecological benefits, including soil fertility improvements, higher yields, grain 

quality and better soil structure and water retention. The quality or nutrients level of 

biochar depends on the nature of feedstock and pyrolysis temperature. Therefore, the 

biochar production and application strategies must be well designed. The low nutrient 

based feedstock-mediated biochar have inadequate potential to provide satisfactory 

and economical nutrient supply for reduction of synthetic fertilizers in agriculture soil 

(Someus, 2014). Therefore, the nutrient level of biochar is an important reservoir in 

soil to influencing soil fertility and crop yields. Hence, due to various beneficial 

properties of biochar in agriculture soil, farmers may be convinced toward the 

application of biochar for the improvement of barren soil and crop yields (Someus, 

2014). 

2.5.2.6 Soil microbial biomass and nutrient availability 

 

Soil microbial biomass (SMB) is a key indicator of soil fertility and microbial 

diversity. The SMB not only responsible for carrying the nutrient cycles in paddy- 

ecosystems, including carbon (C), nitrogen (N) and phosphorus (P), but also play 

significant role in soil nutrient transformations and acting as a labile nutrient pool that 
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offered to plants (Liu et al., 2010). The long term application of biochar in soil can 

enhance the SMB-C, N and P. But biochar application rates soil type and feedstock 

nature also affects the soil microbial biomass (Khodadad et al., 2011; Zhang et al., 

2014; Singh et al., 2017b). Soil microbial biomass increased due to enhancement of 

available soil nutrients in biochar amended soil such as dissolved organic matter, P, 

Ca and K etc. biochar can improve soil microbial activity, water holding capacity and 

pH level etc. Microbial biomass could be increased due to higher microbial diversity 

in biochar amended soil (Lehmann et al., 2011), greater surface area and porosity of 

biochar can be most important survival niche to soil microorganism and protect them 

to grazing from others soil predators, which are present in soil and store C substrates 

and mineral nutrients for their growth (Pietikäinen et al., 2000; Zhang et al., 2014) 

Zhang et al. (2014) was analysed soil microbial biomass carbon (SMB-C) and 

nitrogen (SMB-N) in a field experiment during a winter wheat growing season after 

four consecutive years cycle with the application of different treatment and resulting 

that biochar amendment was increased SMB-C significantly compared to the others 

treatment, and that the effect size increased with biochar application rate (Zhang et 

al., 2014) but further biochar application on soil SMB-N was less strong than SMB- 

C. However the treatment of biochar significantly increased the C/N ratio (Zhang et 

al., 2014). 

Nitrogen is one of the most essential nutrients for plant growth therefore 

organic and inorganic form of nitrogen can act an important role in soil nutrient cycle. 

Nitrogen scarcities in soil influence the crop yields and biological activity. The 

transformation of organic nitrogen into the plant usable form (inorganic nitrogen) by 

microorganism can be affected with the application of various synthetic fertilizers 

(Singh et al., 2017a; Singh et al., 2017b). While biochar is increased the microbial 
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population therefore the rate of microbes-mediated nitrogen transformation become 

high and reduced the NH4 
+ and NO3

- ions leaching in biochar amended soil (Rondon 

et al., 2007; Ball et al., 2010; Clough and Condron, 2010; Deenik et al., 2010). 

2.5.2.7 Biochar as soil conditioners 

 

Nitrogen (N2) is most abundant (approximately 78.09 %) gas in the environment 

which is found in gaseous form and this is the major nutrient source to plant growth 

but plant unable to consume directly from atmosphere as nutrient source. Hence, there 

is the required of conversion in usable form for the plant growth by complex 

biological pathway. Likewise certain groups of microorganisms are contributing 

major role in soil nitrogen fixation (Robertson and Groffman, 2007). Gaseous N2 can 

be fixed into reduced form of nitrogen (e.g. ammonia, ammonium, nitrite and nitrate) 

mainly by two soil bacterial species such as Nitrobacter and Nitrosomonas (Erisman 

et al., 2007; Moreira de Assumpçao, 2007). Moreover, fixed N is naturally produced 

by lightening and in fewer amounts from volcanoes and as well as natural fire (Levy 

et al., 1991; Galloway et al., 2004; Ward, 2012). However, in last few decades 

anthropogenic activity and wrong agricultural practices adversely affected N2 cycle 

due to increased amount of reactive N2 (e.g. ammonia, ammonium) in the atmosphere 

and oxidized forms N2 (e.g., NOx, HNO3, N2O, NO3, etc.) (Galloway et al., 2004). 

Hence, the application of biochar may be an effective and sustainable way in 

agricultural management for the enhancement of nitrogen fixation and mineralization. 

Mineralization is the conversion process of organic N2 into soluble inorganic forms 

that plants can uptake with help of nutrient pathway (Robertson and Groffman 2007). 

According to Schimel and Bennett (2004) and Nasholm et al. (2009) certain tree 

species such as Scots pine (Pinus sylvestris), Norway spruce (Picea abies)as well as 

certain crop plants can uptake organic forms of nitrogen (Gioseffi et al., 2012; 
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Paungfoo-Lonhienne et al., 2012). Biochar making and consequently assimilating into 

soil may provide carbon cultivation solutions to global climate change and increasing 

food requirement. Previous study showed that biochar amendment causes primary 

changes in soil nutrient cycles, commonly resulting in marked enhancement in crop 

yields, mostly in saline and unproductive soils having small soil organic contents 

(Prommer et al., 2014) However, comparable outcomes in temperate soils are 

changeable. Prommer et al. (2014) found that biochar application increased total soil 

organic carbon but decreased the extractable organic C pool and soil nitrate. Although 

gross organic N transformation rates were reduced by 50-80%, but the gross N 

mineralization process remain unaffected. Biochar increased ammonia-oxidizer 

microbial population in soil, which accelerated gross nitrification rates more than two 

times (Ball et al., 2010). Prommer et al. (2014) suggested that addition of any 

inorganic fertilizer with the combination of biochar may compensate the reduction in 

organic N mineralization, with plants and microbes drawing on fertilizer for growth, 

in turn fuelling the belowground build-up of organic Nitrogen. 

Biochar have significant effects on microbial-mediated transformation of 

nutrients in paddy soil. Nitrification was augmented by the addition of biochar in soil 

(Ball et al., 2010) and explained by sorption of phenolics that would otherwise inhibit 

nitrification and an increase in ammonia and CH4 oxidizing bacterial population (Ball 

et al., 2010). Whether observed the change in ammonia- and methane-oxidizing 

bacterial community composition (Ball et al., 2010). Changes in pH that can start 

similar responses in soil were not able to explain the observed changes in nitrification. 

Prommer et al. (2014) after applying biochar, ammonium level increased 0.001 mg 

kg-1 in the conventionally managed soils (about 88 mg kg-1 dry soils) compared with 

the organic soils (about 9 mg kg-1 dry soil). After increasing biochar application rate 
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ammonium contents became 66, 30 and 15 mg kg-1, respectively, but does not show 

significant reductions from the small initial ammonium contents in the organically 

managed soil. Initial nitrate contents of 5 mg kg-1 increased over the 60-days. Studies 

show that single and combined application of biochar with any inorganic fertilizer 

may increase soil organic N in turn enhancing soil carbon sequestration and thereby 

could play a significant role in future soil and environmental management planning 

(Prommer et al., 2014). 

2.5.2.8 Biochar application and soil mycorrhizal fungi 

 

Biochar and mycorrhizal associations, always seen in terrestrial and paddy 

ecosystems, they shows ubiquitous symbiosis because potential significant in a  

variety of ecosystem services provided by soils, contributing to sustainable crop 

production and productivity, ecosystem restoration, soil carbon sequestration and 

mitigation of CH4 emission (Warnock et al., 2007). As both biochar and mycorrhizal 

associations are subject to management, understanding and exploiting interactions 

between them may be valuable. Mycorrhizal fungi are ubiquitous key indicator in 

nearly all terrestrial vegetation and crop systems, showing a very high degree of 

specificity and mutualism, enhancing plant growth. Various type of arbuscular 

mycorrhizae (AM) and ectomycorrhizae (EM) are unique for their functional in 

different ecosystems. Biochar incorporation in soil has positive impact on mycorrhizal 

fungi (MF). The positive impact of biochar on mycorrhizal fungi increasesthe root 

colonisation in biochar amended soil (Ishii and Kadoya, 1994; Warnock et al. 2007). 

Biochar can also increase endomycorrhizal plant associations, enhancing P 

availability in soil (Atkinson et al., 2010). These potential mechanisms are nutrient 

availability is enhanced, or there are changes in soil physiochemical properties; 

alterations in other beneficial or detrimental soil microbes (e.g. mycorrhizal helper 
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bacteria (MHB) or phosphate solubilising bacteria (PSB); enhancement of the ability 

of MF to resist plant fungal pathogen infection, through enhanced root colonisation 

(Atkinson et al., 2010). After concluding variety of research papers, biochar influence 

the mycorrhizal population in terrestrial and paddy ecosystem (Warnock et al., 2007; 

Ishii and Kadoya, 1994). Biochar application in soil influence the diversity of 

mycorrhizal fungi but still not clear that, the mechanism of biochar in mycorrhizal 

fungi hence, there is need for further study. 

2.5.2.9 Biochar and soil methane emissions and consumptions 

 

Biochar amendment had little effect on methanogenic Archaeal community 

compositions in paddy soils. The methanogenic activity a little increasing at the 

booting stage and then reduced at the growing stage of paddy (Dong et al., 2013). 

According to Dong et al. (2013) there are no statistically significant differences in 

either methanogenic or CH4 mitigation activities in the rhizosphere of soil, between 

the biochar-amendment and un-amended (control) during the period of rice growing 

seasons.ButIn a field experiment, biochar addition, at the rate of 9 t ha-1, to an 

agricultural soil significantly decreased CH4 emission but made no difference to CO2 

and N2O emissions (Karhu et al., 2011). But in a laboratory incubation experiment, 

CH4 emission from paddy soil, after amendment with rice straw biochar at a high rate 

(2.5 % of the soil, w/w), was completely inhibited compared with the non-amendment 

control soil (Bosse and Frenzel, 1997; Liu et al., 2011). Feng et al. (2012) also 

reported that, amendment of wheat straw biochar, which had been pyrolysed at 300 

°C and 500 °C, could significantly reduce CH4 emission from paddy ecosystem. Liu  

et al. (2011) found that, CH4 emission from a rice paddy field was significantly 

increased (compared with the un-amended control soil) in the first year, after biochar 

amendment but was not  as distinct as in the next  year.  It has been observed that  soil 
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CH4 emission in response to the biochar amendment may vary with biochar types and 

properties. Most of the studies supported that, decreasing methanogenic activity in 

paddy soil amended with biochar and soil physico-chemical properties also improved 

in the response of biochar. Although use of rice straw instead of biochar in soil, the 

rate of methanogenesis can be enhance because readily degradable carbon in rice 

straw offered more substrates to methanogenesis to generate CH4 than that in rice 

straw biochar. In contrast, there was no significant increase in CH4 emissions 

associated with biochar amendment due to their resistance to decomposition (Liu et 

al., 2011; Liu et al., 2011). However, there is no considerable information about 

biochar with methanogenic activity a few research supported that, methanogenic 

activity affected by biochar such as methanogens diversity decrease with biochar 

amendments, while other researcher is not support. Hence there is need for detailed 

study in this direction. 

Currently, biochar is being used as environmental and agriculturally 

supportive agent; hence many parts of world, applying as strong soil conditioner for 

the production of higher crops yields. But most important aspect is that the mitigation 

of CH4 emission and stimulating the CH4 oxidation rate in paddy soils. Reddy et al. 

(2014) reported that variation in oxidation rates and kinetics of CH4 in soils depth was 

variable,therefore samples were taken from different depth of soils and examine that 

higher oxidation rate was found in upper layer of soil than lower depth of soil. Hence 

result is that higher numbers of methanotrophs communities exist in upper surface of 

soil after amendment of biochar. Biochar is increased the methanotrophic 

communities in amended soil (Feng et al., 2012). Methanotrophs are aerobic bacteria 

which are present in the upper layer of soil and tiny numbers are found in the deeper 

soil due to the less amount of oxygen. Oxidation rate is higher on the upper layer of 
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soil because methanotrophic communities exit there in large number (Feng et al., 

2012; Reddy et al., 2014) Biochar has a favourable growth condition and physico- 

chemical properties for the higher growth of methanotrophs in paddy soil, i.e. high 

porosity and aeration etc. According to Zhang et al. (2012) biochar play significant 

role in green house gases emissions in paddy soil mostly methane. Graph is showing 

the variable rates of green house gas emission after amendment of biochar. Optimum 

level of biochar exposure showed a positive response in CH4 mitigation but in excess 

amount the result is reciprocal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.4. Green house gases emissions from paddy field after biochar applications. 

 

Modified from Zhang et al. (2012) 
 

Although play significant role in CH4 mitigation with promoting the 

methanotrophs number and reducing diversity of methanogens. Paddy is one of the 

largest anthropogenic sources of CH4. Figure 2.4 showed green house gases emission 

rate at different doses of biochar applied in paddy soils (Neue et al., 1993). Mukherjee 

and Lal (2013) reported that biochar amendment in soil increase the aeration and 

porosity therefore production of CH4 decreases however oxidation rate increases and 
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later depends on both diffusion and methanotrophs activity in soil. Furthermore, the 

aerobic, well drained soils can be a sink for CH4 due to the CH4 diffusion and 

subsequent oxidation by methanotrophs (Fischer et al., 2009). Hence two mechanisms 

involve here: (i) decrease the CH4 production, and (ii) increase the CH4 oxidation by 

methanotrophs may be operational in the biochar amended soil (Zwieten et al., 2009; 

Fischer et al., 2009; Mukherjee and Lal, 2013). According to Jien et al. (2013) after 

the incorporation of biochar in soil, was observed increasing level of microbial 

nitrogen and phosphorus in soil microbes at 63 and 105 days. But highest contents of 

microbial carbon were found at 21 days for each treated soil, which were 3200 mg 

kg−1 for 5% biochar- amended soil (Jien et al., 2013) which is showing that the 

amendment of biochar in soil supports the soil microbial growth, mostly 

methanotrophs which play significant role in CH4 uptake. Therefore, an effective 

process to decrease CH4 emission in paddy soil may be complete by the application of 

biochar (Lehmann et al., 2007). Previous work has shown that CH4-oxidizing bacteria 

are readily enriched within landfill cover soil by exposure to the CH4, generated from 

the waste material (Reddy, 2014). 

2.6 CSR-BIO 

 

Agriculture is an important source of farmer’s income and foods it is contribute major 

share in Indian GDP (Approximately 15%), many anthropogenic factors are 

decreasing agricultural food production such as access use of chemical fertilizers, 

pesticide and insecticide, improper soil management and less irrigation etc. because 

food is a fundamental requirement to feeding human hunger, but increasing demand 

of higher food there is the need to accelerate the food production to satisfying the 

insistence hunger of human (Damodaran et al., 2011). Thus certain areas of India and 

world are facing various health challenges against inadequate and healthy food. 
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however many food agencies are working in this direction but due to lack of strong 

technology, food production ambulatory decreasing so all the problems are rising due 

to less agricultural crop production. Therefore, some sustainable and scientific 

technology based product (CSR-BIO, PGPR etc.) can enhance the productivity of soil 

and play constructive role in the higher crop production. The production of high value 

commercial crops is now being by all small farmers without any support of large land 

holders of developing countries including India (Dev and Chandrashekar, 2004). 

According to Damodaran et al. (2011) some small land holder with the desire of 

higher income are adopting cultivation of commercial crops using many categories of 

insecticide and synthetic fertilizers to get quick profit but they all are unaware from 

the harmful effect of its on soil health and increasing cost over the period of time. 

Therefore the cultivation practice of all commercial crops being by the poor and small 

land holder with the help of pesticide that is the environmentally harmful to all living 

being and also the cost of pesticides increasing the expenditure (Kamanula et al., 

2011). Damodaran et al. (2011) reported that keeping this concern in consideration an 

eco-friendly bio-growth enhancer was developed under a strategic research project 

funded by National Agricultural Innovation Project of Indian Council of Agricultural 

Research (ICAR) with the support of World Bank. This product is produced by using 

microbial consortium such as CSR-B-2 (Bacillus pumilus), CSR-B-3 (Bacillus 

thuringensis) and CSR-T-1 (Trichoderma harzianum) called dynamic eco-friendly 

patented media and play vital role in normal and alkaline soils (Damodaran et al., 

2013). CSR-BIO acts as a soil biomass enhancer, nutrient mobilize, soil vitalize,  

plant protectants against soil born diseases and growth enhancer for crops grown in 

normal and alkaline soils (Damodaran et al., 2013a). First time this technology was 

intervened in two blocks of Barabanki district in Uttar Pradesh, India to the small and 
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marginal farmers through training and demonstration (Manyong et al., 2001). This 

technology is based on low cost and as well as profitable to all farmers, therefore 

small farmer’s can gain high crop production with low expenditure (Offermann and 

Nieberg, 2000). According to Damodaran et al. (2013) that after field demonstration 

of CSR-BIO in different crops like banana and tomato was found high yield with low 

expenditure for all over the period. The main aim of this commercialized microbial 

inoculums product is to enhance the income of all small and marginal land holders 

with low expenditure and without the use of pesticide and fungicide for the  

production of commercial crops. 
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CHAPTER-3 
 

EXPERIMENTAL SITE AND DESIGN 
 

 

3.1 Description of study site and climatic conditions of the area 

 

A field experiment for two consecutive years (2015-2016) with paddy cultivation, was 

carried out at Agriculture Research Farm of Babasaheb Bhimrao Ambedkar 

University located in Lucknow, Uttar Pradesh (India) 260 46' 05.51'' N Lat. and 800 55' 

39.50'' E Long, with average altitude of 100-355 msl. The area experiences a marked 

seasonality i.e. rainy (June-September), winter (December-February) and summer 

(April-May). The study region had a hot sub-tropical climate with warm summers and 

cool dry winters. The May and June months of summer season are quite hot with a 

rise in temperature up to 45-48 0C. December and January months of winter season 

are extremely cool may goes as low as 4 0C or less. The normal period of onset of 

monsoon in this region is the 3rd to 4th week of June, which lasts up to end of 

September and receives average annual rainfall ranged from 900-1100 mm, most of 

which is received during the wet season of late June-October (Singh et al., 2011). 

Every year, the total rainfall (about 90%) is received during rainy months (monsoon 

season), however, from last few years it is highly erratic and unpredictable, causing 

drought spells of varying levels and durations. The soil of the experimental site is 

nutrient deprived (low organic C, N and P) having moderate water holding capacity, 

sandy and slightly saline in nature (Singh et al., 2011). 

The average monthly and yearly temperatureand rainfall of the experimental 

area during the study period (July-October, 2015 and 2016) has been presented in 

Table 3.1During the study years the highest monthly temperaturein the year 2015 

ranged from 26 to 31 0C and for 2016 it ranged from 31 to 37 0C. Likewise the 
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maximum average monthlyrainfall in 2015 ranged from was 0.05 to 6.43 mm, while 

in 2016 it ranged from 0.08 and 4.32 mm.It is clear from the data that the average 

monthly rainfall for both the study year was recorded for month of July. While the 

maximum monthly temperature was July (31 0C) for the year 2105 and August (37  

0
C) for 2016. 

Table 3.1.Variations in temperature and rainfall during the study year- 2015 and 

2016. 

 
   

 

 

 

 

 

 

 

 
 

3.2 Experimental design and field setup 

 

First of all the plant debris and concretes from the surface of land was removed 

manually on 25 June in 2015 and on 25 June during 2016. Total 12 experimental plots 

each having dimension of 3×2 meter was established in completely randomized block 

design (RBD) Figure 3.1 and 3.2. Four treatments i.e. rice husk biochar (RHB), CSR-

BIO, and RHB+CSR-BIO, including one control plot (without any treatment) was 

also established in triplicate. Except control plot, RHB and CSR-BIO were applied at 

a rate of 10 t ha−1 as described respectively, by Zhang et al. (2010) and Damodaran et 

al. (2013). Before application, the CSR-BIO (4 kg) was incubated with 50 kg cow 

dung manure at 30 0C for five days. The required quantity of RHB and CSR-BIO as 

mentioned above were mixed thoroughly using mattock and hoes and then was 

applied to each experimental plot. 

Months 
Temperature (0C) Rainfall (mm) 

Years 

 2015 2016 2015 2016 

July 31 37 6.43 4.32 

August 30 36 4.41 3.23 

September 30 34 0.19 1.21 

October 26 31 0.05 0.08 
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For this study, paddy (Oryza sativa)was selected as experimental crop. For  

this study the rice variety namely HUR 9-10 Hindu University Rice-9-10 was 

obtained from Department of Geneticsand Plant Breeding, Institute of Agriculture 

Sciences, Banaras Hindu University (South campus), Mirzapur, Uttar Pradesh. The 

nursery of rice cultivar was prepared on 20 June duringboththe years 2015 and 2016. 

After 25 days of nursery growth, thepaddy seedling was transfer to the experimental 

plots. Three hills (each with 2 seedlings) were transplanted on 25 July in both the 

years. Frequent irrigation (a water level of 6-12 cm) avoiding waterlogged condition, 

was provided throughout the crop cycle. At 105 day after transplantation (DAT), the 

matured paddy crop was harvested for the determination of selected paddy agronomic 

variables. The paddy agronomic variables such as panicle length (cm), tiller numbers 

(plant-1), rice grain yield (t ha-1) and paddy straw yield (t ha-1)was determined 

according to Mahamud et al. (2013) and Amanullah and Inamullah (2016). 

 

Figure 3.1. Experimental design for the cultivation of paddy crop during 2015 and 2016. 
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Figure 3.2. Experimental plots preparation for the transplantation of paddy seedlings 

(A) 2015 and (B) 2016. 

 

3.3 Rice husk biochar (RHB) preparation and characterization 

 

The rice husk was procured from rice mill for the preparation of RHB.The rice husk 

was properly dried in sun light radiation for 5-7 days to removethe moisture content. 

The production of RHB was carried out in limited supply of oxygen 

(controlledpyrolysis) in open environmental condition near the experimental site by 

drum method according to Srinivasaraoet al. (2013). A drum (50 liter capacity) was 

partially filled with the completely dried rice husk and burning process was continued 

for 40 minutes at 250-300 0C (proposed temperature) to obtain high quality biochar 

(Milla et al., 2013). Thereafter, drum was left for cooling and dark-black colour RHB 

was harvested in air tight plastic bags for further application in experimental fields 

(Figure 3.3). Sopreparation of RHB from the rice husk by this method may be eco- 

friendly and cost effective to all small and marginal farmers who cannot afford high- 

scale pyrolysis plants for the production ofbiochar. 
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Figure 3.3. Preparation of RHB from rice husk by traditional drum method. 

Preparation of biochar during low temperature RHB pyrolysis processfrom the rice 

husk by this method may be cost effective and of good quality. 

 
The surface morphology of rice husk (RH) and RHB was analysed to using 

scanning electron microscopy (SEM), with MODEL: JSM-6490LV, MAKE: JEOL, 

Japan). Dried sample was mounted on aluminium stub using double sided carbon tape 

and excess amounts of the sample were removed with a small manual air blower. The 

adhered sample was sputter-coated with palladium coater (auto fine coater JFC-1600 

JEOL, Japan) and then transferred into the JEOL sample chamber for analysis 

(Prakongkep et al., 2013). The accelerating voltage was set at 15 kV; 200 and 500 

times magnification were selected. The SEM image of RH (Figures 3.4A and B) was 

shown higher surface bulge than RHB (Figure 3.6) due to the higher volatile matter 

and tars but after the pyrolysis of RH at the higher temperature to remove the all 
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volatile matter, thus was obtained dark hollow RHB. Therefore, 20 µm pores size 

(Figure 3.6-D) was measured by the SEM analysis, which indicated that the large 

microbial community may attract inside the porous region of RHB.The porosity of 

RHB is depends on pyrolysis condition because during the pyrolysis, temperature was 

increased so at that time pores size also increased because micro pores were filled with 

tars ordecomposition products, which could easily be volatilizedwith increasing 

temperature. 

The elemental or mineralogical studies of RH and RHB were carried out by 

scanning electron microscopy equipped with energy dispersive X-ray spectroscopy 

(SEM-EDX) under the different charring conditions were obtained following 

elemental composition such as Si, O, C (Figure 3.5) and C, O, Mg, Si, K, Ca, Zr and 

Pt respectively (Figure3.7). The maximum content of Si was found in RH therefore, 

the biochar produced from rice husk has a bettersoil conditioner(Liu et al., 2016). 

 

Table 3.2: Nutrient analysis of RHB and cow dung manure of CSR-BIO applied as 

amendments to the paddy soil. 

 
Amendments Available mineral nutrients (mg kg-1)   

 Ash content (%) pH N P Mg Si Ca K S 

RHB 49.42 8.2 1.12 0.98 184 168 225 176 0.19 

Manure ND 5.9 0.98 0.56 0.08 ND 125 0.45 0.09 

ND = Not determined 
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Figure 3.4. SEM images of rice husk (RH) at different magnifications. 
 
 

 

Figure 3.5. Elemental analysis of RH by SEM-EDX. 
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Figure 3.6. SEM Images of RHB at different magnifications 
 
 

 
Figure 3.7. Elemental analysis of RHB by SEM-EDX. 

 

3.3.1 Fourier-Transform Infrared Spectroscopy (FTIR) analysis of RH and RHB 

The functional groups of RH and RHB compounds were categorized byFTIR. The 

FTIR is routinely used to determine the changesin various functional groups of 

molecule. Figure 3.8 and Figure 3.9 are depicting the FTIR spectra of the RH and 
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RHB respectively, producedfrom heating temperatures. In this study, we observed 

large number of functional groups in RH and RHB. All the functional groups were 

detected by vibration (stretching and bending) frequency of molecule with the 

absorption of infrared radiation therefore the study demonstrated a similar trend with  

a wavenumber/frequency, primarily RH functional groups were analysed (Figure 

3.8). The O-H Stretching frequency were ~3700-3100cm-1 (peak at 3832.7 cm-1), and 

similarly O-H stretching frequency ~3200-3550cm-1 (peak at 3427.7 cm-1), C-H 

stretching frequency ~2900-3000 cm-1 (peak at 2920.1cm-1), C-H stretching frequency 

were ~2850-3000 cm-1 (peak at 2854.0cm-1), C=O stretching frequency ~1620- 

1680cm-1 (peak at 1637.4 cm-1), N-O stretching frequency ~1515-1560cm-1 (peak at 

1515.0 cm-1), C=C stretching frequency ~1400-1600 cm-1 (peak at 1430.7 cm-1), C-  

N stretching frequency ~1340-1250 cm-1 (peak at 1366.5 cm-1) C-H stretching 

frequency ~1000-1300cm-1 (peak at 1161.4 cm-1), C-O stretching frequency ~1050- 

1150 cm-1 (peak at 1059.5 cm-1), C-H stretching frequency ~690-900cm-1 (peak at 

794.7 cm-1), C-Br stretching frequency ~750-500 cm-1 (peak at 592.6 cm-1), all the 

above functional groups were shown approximate absorption frequency by chemical 

compounds were presented in RH and similarly RHB also shown different functional 

groups by the absorption of infrared radiation (Figure 3.9) such as O-H stretching 

frequency ~3650-3200 cm-1 (peak at 3404.5 cm-1),and similarly,C-H group stretching 

frequency ~2960-2850 cm-1 (peak at 2949.5 cm-1), C=O stretching frequency ~1750- 

1680 (peak at 1699.2 cm-1), C=C bending frequency ~1700-1500 cm-1 (peak at 

1589.1 cm-1), N-H bending frequency ~1550-1640 cm-1(peak at 1509.7 cm-1), C=O 

stretching frequency ~1395-1440 cm-1 (peak at 1436.8 cm-1), CH-OH stretching 

frequency  ~1085-1125  cm-1(peak  at  1099.1  cm-1),  RCH=CR  stretching frequency 

~ 790-840 cm-1 (peak at 800.7 cm-1), R-Br stretching frequency ~ 500-680 cm-1 (peak 
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at 664.2 cm-1). Overall, the FTIR spectra displayed different functional groups among 

RH and RHB. Thus all the above functional groups were found in FTIR analysis of 

RH and RHB. 

 

 
Figure 3.8. FTIR analysis of RH for the detection of functional groups. 

 

 
 

 

Figure 3.9. FTIR analysis of RHB for the detection of functional groups. 
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3.4 CSR-BIO (a commercial microbial bio-formulation) 

 

A novel microbial bio-formulation known as CSR-BIO (Figure 3.10), developed by 

Central Soil Salinity Research Institute (CSSRI), Lucknow, India under a strategic 

research project funded by National Agricultural Innovation Project of Indian Council 

of Agricultural Research (ICAR) with the support of World Bank, was also used in 

this experiment. The CSR-BIO is prepared by using consortia of microbes and CSR- 

T-1 (Trichoderma harzianum), CSR-B-2 (Bacillus  pumilus),  and  CSR-B-3  

(Bacillus thuringiensis) cultured on dynamic eco-friendly patented culture media 

(Damodaran et al., 2013). The CSR-BIO is used as a nutrient mobilizer, soil 

conditioner; pathogen suppressor and growth promoters for crops cultivated in 

nutrient poor and disturbed soils. This is a low cost and profitable technology to all 

poor and marginal farmers, those cannot afford to high cost technology based product. 

CSR-BIO was produced in solid and liquid forms to improve the physico-chemical 

and as well as biological properties of normal and alkaline soil that gain higher crop 

production. This technology particularly dedicated to all small and poor landholders. 

They cannot generate high income with low expenditure (Damodaran et al., 2013).But 

we have used solid form,before the application of CSR-BIO in paddy field, properly 

incubated with cow dung at 30 °C for 7-8 days. Thus 4 Kg CSR-BIO was incubated 

with 50 Kg cow dung manure (Figure 3.11) at 30 0C for 7-8 days and after 

completion of incubation, 10 t ha-1 blend was applied in paddy soil (Damodaran et al., 

2013). 

https://www.google.co.in/search?rlz=1C1CHWA_enIN606IN606&amp;q=Bacillus%2Bthuringiensis&amp;spell=1&amp;sa=X&amp;ved=0ahUKEwi7xpqzh8jaAhVFvI8KHWN5CRYQkeECCCUoAA
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Figure 3.10.A packet of CSR-BIO procured from CSSRI, Lucknow. 
 
 

 

Figure 3.11. The CSR-BIO was mixed with the cow dung manure to enhance the 

viability and survivability of inoculants and was incubated at 30 °C for 7-8 days before 

application in the paddy fieldsas described by Damodaran et al. (2013). 
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CHAPTER- 4 
 

TO ASSESS THE IMPACT OF CSR-BIO AND BIOCHAR APPLICATION ON 

SOIL PHYSICO-CHEMICAL PROPERTIES OF SALINE PADDY FIELDS 

 

 

4.1 Introduction 

 

Soil salinity is a massive problem for the reduction of agriculture production (Singh et 

al., 2010). In the hot and dry regions of the world the soil salinityis one of major 

problems, responsiblefor soil stress environment and constrains the agriculture 

production. The salinity problems are due to the mismanagement of agricultural 

practices such as inadequate irrigation management and water logging, both are major 

factor to increase the salinity of normal soil and affects 20% of agricultural land 

worldwide (Glick et al., 2007). Therefore, application of sustainable and eco-friendly 

soil improving materials in the saline and disturbed soils can be helpful strategies for 

increasing the soil health and production of agricultural crops. 

In general, the increase in crop productivity will lead to sustainable 

enhancement in the area of farming lands but also somewhat enriching the soil 

fertility of the existing agricultural land could be the viable option (Mekuria et al., 

2017). Therefore, it seems that application of amendments such as farm yard manures 

(FYM), microbial inoculants and biochar (consist of inherent mineral constituents) 

prepared from various crop residues, to nutrient poor soils could be one of the 

potential options to enhance the soil nutrient status, microbial diversity and 

agriculture productivity (Xu et al., 2017). It is suggested that the plant residues based 

biochar (10-15 t ha-1), an alternative organic supplement to chemical fertilizers, could 

be a viable and sustainable way to enhance the crop yield (Agegnehua et al., 2017)in 

degraded nutrient poor soils (Kollah et al., 2015). From a long time, peoples were 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4336437/#b0115
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well interested in the use of plant residues derived biochar as soil conditioners to 

enhance the soil fertility and crop productivity (Zhang et al., 2017). It seems that the 

use of biochar in agriculture can reduced significantly the adverse impact of 

chemicalization on soil health (Kim et al., 2017), soil microbial biodiversity (Luoet 

al., 2017) and agriculture productivity (Agegnehua et al., 2017). However, information 

about the use of crop residues in agriculture use related to soil fertility improvements 

and its effects on crop healthare scare. This work will provide some valuable 

information and will generate awareness about the use of rice crop residues in benefits 

of soil physico-chemical properties and paddy agricultural productivity in disturbed 

nutrient poor saline soils. 

Many past studies have been carried out on the importance of biochar in 

different agricultural soils but significant results not found, such as nutrient status of 

the amended soils including CEC, pH, nutrient content, vegetative growth, C 

sequestration potential and as well as GHG emissions (Mukherjee and Lal, 2013). 

But, now biochar has been widely accepted as a soil fertility enhancer in all soils 

because many current studies are showing positiveeffects of biochar on soil nutrient 

status, C sequestration, GHG emissions and microbial community or soil biota  

(Glaser et al., 2002; Fowles, 2007; Lehmann et al., 2006; Lehmann et al., 2011; Singh 

et al., 2017), which are related to physico-chemical and as well as biological 

properties of soils (Berglund et al., 2011). But distinct feedstock mediated biochars do 

not have the same properties thus their characteristics are based on feedstock type, 

pyrolysis temperature, rate of heating slow versus fast pyrolysis) and duration of 

charring, etc. (Zimmerman et al., 2010; Mukherjee, 2011; Mukherjee et al., 2011; 

Zimmerman et al., 2011). Moreover the application of biochar as an amendment also 

depends on soil types. The characteristics feature of biochar are highest content of 

http://www.sciencedirect.com/science/article/pii/S0929139316308290?via%3Dihub&amp;!


72  

carbon, large elemental composition and essential plant nutrients, level, large surface 

area and microspore can play vital role to soil microorganism as shelter or habitat. 

Large surface area and porosity depends on the pyrolysis temperature and volatile 

matter, present in the feedstock. It has been reported that the volatile matter of 

feedstock can be removed at higher temperature; therefore, higher temperature can 

generate large surface area and porosity inside the biochar because lower temperature 

does not remove tars and volatile compounds which can block pore spaces resulting in 

lower surface area and porosity so this effect is diminished. However, biochar is 

produced at higher temperature (>650 °C) as the volatile matter is remove, thus found 

higher porosity and surface area (Braida et al., 2003; Rutherford et al., 2004; 

Mukherjee et al., 2011). These conditions of biochar can alters the soil physico- 

chemical and as well as biological properties of soil such as pore size distribution 

(PSD), bulk density (BD), water holding capacity (WHC), penetration resistance 

(PR), pH, electrical conductivity (EC), carbon, nitrogen, phosphorous, ammonium 

ions, nitrate ions, etc. According to Mukherjee and Lal (2013) biochar have different 

surface area even when it is produced from same feedstock due to differences in 

production conditions and more specifically the final pyrolysis temperature and time. 

Currently, various studies are conducting on application of biochar on physico- 

chemical and biological properties of soils (Glaser et al., 2002; Lehmann et al., 2011; 

Ding et al., 2016; Lu et al., 2014; Nelissen et al., 2015). Therefore, due to the 

improvement of soil properties the level of soil nutrients, water and crop productivity 

is increased. The physical and chemical properties of RHB can play key role to 

understand functions and mechanism of biochar in the improvement of soil’s fertility 

(Ding et al., 2016). Asai et al. (2009) reported that biochar has higher porosity, and it 

could retain water in small pores and thus increase water holding capacity to assist 
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water infiltrate from the ground surface to the top soil through the large pores after 

heavy rain. Peake et al. (2014) reported that biochar application could increase 

available water capacity by over 22 %. Moreover, the formation and stability of soil 

aggregates could increase the crop production and the prevention of soil erosion 

(Amezketa, 1999). The capacity of soil aggregation increased ranging from 8 to 36 % 

after the application of RHB (Lu et al., 2014). Peake et al. (2014) and Nelissen et al. 

(2015) reported that biochar can increase the soil compactness by ver 10 %, decrease 

bulk density from 1.47 to 1.44 mg m-3. Overall, the improved physico-chemical 

properties of soil such as bulk density, water holding capacity and aggregation ability, 

may increase the retention of both water and nutrients, which benefited to soil fertility 

directly and increases EC, pH, C, N, P, etc. (Ding et al., 2016). Soil pH is one of the 

important factors which decide the microbial mediated soil nutrients mobilization and 

can change the forms of soil nutrients (Ding et al., 2016). The ion exchange capacity 

is an important characteristic feature of soil which influences the soil structure 

stability, nutrient availability, soil pH, soil responses to fertilisers and other 

ameliorants (Hazleton and Murphy, 2007), retains water and nutrients in soils. Laird 

et al. (2010) found that the biochar amendments can significantly increased cation 

exchange capacity by 4 to 30 % in comparison to un-amended soils (Ding et al., 

2016). Biochar application can be a best agricultural soil management practice for all 

types of soils.So this could be a low expenditure strategy for poor and marginal 

farmers whocannot afford highly expensive agro-fertilizers for agriculture. 

Therefore,use of biochars will be beneficial for future to satisfy the high food demand 

against huge growing human population to enhance the agriculture yields. 

Furthermore, it has been reported that the incorporation of rice husk biochar 

(RHB) derived from rice husk into the soil could significantly improve the soil 
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physico-chemical properties of paddy fields compared with direct application of rice 

husk (Knoblauch et al., 2011). Thus, RHB offers a good plant residues waste 

management to reduce air pollution due to on-site burning. As one of the crop 

residues in paddy field system, study shows clear evidences that biochar is highly 

effective for acidic and neutral soil, improve soil nutritional availability, plant growth 

and yield but not yet clearly know the effects of biochar amendment on nutrient poor 

tropical saline soils. The RHB, a co-product produced from a controlled pyrolysis of 

dry rice husk, can be used as a crops productivity enhancer as well as soil conditioner 

in agriculture. The application of biochar in soils is based on its properties as it 

improves the physico-chemical and biological properties of soils such as water 

holding capacity, soil nutrients retention and plant growth, nitrogen transformations, 

carbon sequestration and reduced green house gases emissions, particularly methane 

(CH4) and nitrous oxide (N2O). Most of the study has been conducted on the soil 

organic nitrogen dynamics. However, application of rice husk biochar and its impact 

on N-mineralization in paddy field condition is still lacking. 

Nitrogen (N) mineralization is not only a primary step in soil organic N 

transformation, but is also, one of the most essential processes in soil N cycling. 

During the paddy crop cycle more than 50% of N is absorbed by rice plants from the 

soil.Inorganic-N release particularly ammonium-N, from the soil by mineralization is 

crucial to paddy crop N supply because paddy plants prefer ammonium-N as 

inorganic-N requirement. Various studies have shown the relationship between 

nitrogen mineralization and soil properties such as soil organic carbon, total nitrogen, 

pH and texture can affects N-mineralization process. During the process of microbial 

mediated N-mineralization, the organic-N is transformed in to inorganic-N. The pH 

and texture of the soil are important factors which affect the microbial community 
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composition in paddy soil. Microorganism and some plant species used soluble 

organic nitrogen as labile source of N for their growth. 

Biochar amendment causes primary changes in physico-chemical properties of 

soil. For instance, an enhancement in crops yields, mainly in saline soil having low 

soil organic matter level has been reported. Biochar application increased total soil 

organic carbon but decreased theextractable organic C pool and soil nitrate. Although 

gross organic-N transformationrates were reduced by 50–80 %, the gross N- 

mineralization process remains unaffected but biochar application increases the 

ammonia-oxidizers microbial population in soil and subsequently more than two times 

higher inorganic-N rates was observed. Biochar can enhance the rate of N- 

mineralization by nitrogen-mediated bacterial community as well as ammonia- 

oxidizing bacterial community composition in paddy soil. The higher doses of biochar 

applicationin soil accelerated also the increment of ammonium contents in soil. A 

number of studies have been conducted from agro-ecosystem to terrestrial and forest 

ecosystems regarding ecology of methanotrophs population dynamics. But to date, 

uses of rice husk biochar on community composition and population dynamics of 

methane consuming bacteria from paddy field soils are missing. Therefore, this study 

focuses on impact of RHB in combination of microbial bio-formulation-CSR-BIO on 

soil physico-chemical properties and N-mineralization in paddy agriculture field 

conditions. 

4.2 Material and methods 

 

The details of experimental design and field preparation, paddy nursery establishment 

and transplantation, RHB and CSR-BIO treatment application, have already been 

described in Chapter 3. 
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4.2.1 Soil physico-chemical analyses 

 

From each treatment plot soil samples (in triplicate) were collected and brought to 

laboratory for comparative analysis of soil physico-chemical properties. The soil 

samples were passed through a 2 mm mesh sieve and stored at 4 °C until analyses. 

The soil texture was analysed using sieves of different mesh sizes (Piper, 1944). Soil 

pH and EC was determined through a suspension sample with a soil (air-dried) to 

water ratio of 1:2.5 and measured with pH/conductivity meter (Model no: HI 5522; 

made in HANNA) according to Pansu and Gautheyrou, (2006) and Nigussie et al. 

(2012). Soil moisture was measured by oven-drying the soil samples at 105 0C for 48 

hours as described by Black (1965). The water holding capacity (WHC) and bulk 

density of soil were estimated according to Piper (1944). Total-C was analysed by 

Walkley and Black rapid titration method (Walkley, 1947). Total-N and -P were 

measured by the method of Jackson (1958) as well as the estimation of ammonium-N 

and nitrate-N by potassium chloride solution (ISO, 14256-1) method. 

For determination of inorganic-N contents (ammonium- and nitrate-N) and N- 

mineralization rates, soil samples were also collected in triplicates at 0, 35, 65 and  

105 days after transplantation (DAT) of paddy plants. The net N-mineralization was 

calculated as the differencebetween the concentration of soil inorganic-N 

(ammonium- and nitrate-N) values after and before the incubation of soil samples and 

expressed in g−1 dry soil day−1 as described by (Singh et al., 2011). 

4.2.2 Statistical analyses 

 

The data recorded on different parameters were subjected to the analysis of variance 

(ANOVA) to find out the difference between different treatments. In cases where 

differences were found significant, means were compared for differences using least 
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significant difference (LSD) test at < 0.05-0.001. Statistical computer software IBM 

SPSS Statistics Version 20 was applied for computing both the ANOVA and LSD. 

4.3 Results and discussion 

 

4.3.1 Soil physico-chemical properties 

 

Impact of rice husk biochar (RHB) and CSR-BIO treatments on physico-chemical 

properties of two consecutive years (2015-2016) paddy cultivation in nutrient poor 

soil have been given in Table 4.1. Compared to treated plots, maximum electrical 

conductivity (EC) (5.4 ± 0.15 and 5.7 ± 0.35 µmhoms-1 respectively, for 2015 and 

2016) and pH (8.4 ± 0.20 and 8.5 ± 0.37 respectively, for 2015 and 2016) was noted 

for untreated (control) plot. For 2015 and 2016, across different treatments 

thegravimetric soil moisture (GSM) and water holding capacity (WHC) were highest 

(25.21 ± 0.16 and 26. 23 ± 0.17 % and 76.6 ± 0.57 and 77.8 ± 0.58 %, respectively) in 

RHB + CSR-BIO treated plots. Compared to treated plots, bulk density (BD) was 

lowest in control plot (1.19 ± 0.06 and 1.25 ± 0.08 gm cm-3respectively, for 2015 and 

2016). During both the years, among different treated plots the values of total-N, -C 

and -P were lowest (0.05 ± 0.005 and 0.05 ± 0.008, 0.61 ± 0.02 and 0.61 ± 0.05,  0.12 

± 0.009-0.12 ± 0.009 g kg-1 dry soilrespectively, for 2015 and 2016) in control plot 

than the treated soils. ANOVA revealed that studied soil physico-chemical 

characteristics  such  as  EC  (F=40.77;  N=4;  P=  <0.001),  pH  (F=68.03;  N=4;  P= 

<0.001), SM (F=399.60; N=4; P= <0.001), WHC (F = 10.57; N= 12; P= < 0.005), BD 

(F=5.41; N=4; P= 0.025), total-N (F=116.25; N=4; P= <0.001), total-C (F=44.54; 

N=4; P= <0.001), and total-P (F=15.33; N=4; P= <0.01) varied significantly due to 

treatments (Table 4.1). 



 

 

 

 

 

Table 4.1. Impact of rice husk biochar (RHB) and CSR-BIO amendment on physico-chemical properties of soil. The values for the each 

parameter for each year are average means of three replicates ±SE. 

Parameters 

Treatments Year 
EC 

(µmho ms-1) 

 Gravimetric 

soil moisture 

(%) 

Bulk density 

(gm cm-3) 

 Total-N 

(g kg-1 dry 

soil) 

Total-C 

(g kg-1 dry 

soil) 

Total-P 

(g kg-1 dry 

soil) 

  pH WHC (%) 

Control 2015 

2016 

5.4 ± 0.15 

5.7 ± 0.35 

8.4 ± 0.20 

8.5 ± 0.37 

19.23 ± 0.04 

19.35 ± 0.09 

1.19 ± 0.06 

1.25 ± 0.08 

60.57 ± 1.00 

60.68 ± 1.00 

0.05 ± 0.005 

0.05 ± 0.008 

0.61 ± 0.02 

0.61 ± 0.05 

0.12 ± 0.009 

0.12 ± 0.009 

RHB 2015 

2016 

4.4 ± 0.20 

4.1 ± 0.19 

7.1 ± 0.05 

7.1± 0.02 

24.56 ± 0.11 

25.65 ± 0.12 

1.14 ± 0.01 

1.11 ± 0.01 

75.3 ± 0.57 

76.2 ± 0.64 

0.12 ± 0.025 

0.13 ± 0.027 

1.54 ± 0.26 

1.58 ± 0.27 

0.14 ± 0.008 

0.15 ± 0.007 

CSR- BIO 2015 

2016 

4.8 ± 0.13 

4.9 ± 0.14 

7.3 ± 0.20 

7.4 ± 0.24 

23.60 ± 0.33 

24.56 ± 0.34 

1.13 ± 0.05 

1.14 ± 0.06 

70.2 ± 1.06 

71.2 ± 1.07 

0.11 ± 0.015 

0.12 ± 0.016 

1.59 ± 0.04 

1.62 ± 0.05 

0.13 ± 0.012 

0.13 ± 0.015 

RHB + CSR- 2015 4.4 ± 0.15 7.2 ± 0.05 25.21 ± 0.16 1.12 ± 0.03 76.6 ± 0.57 0.13 ± 0.015 1.75 ± 0.03 0.15 ± 0.013 

BIO 2016 4.3 ± 0.16 7.1 ± 0.06 26. 23 ± 0.17 1.11 ± 0.02 77.8 ± 0.58 0. 14 ± 0.016 1.79 ± 0.03 0.15 ± 0.016 

One-way 2015 F=40.77 F=68.03 F=399.60 F=5.41 F=6.73 F=116.25 F=44.54 F=15.33 

ANOVA  N=12 N=4 N=4 N=4 N=4 N=4 N=4 N=4 

  P=<0.001 P=<0.001 P=<0.001 P= 0.025 P=0.014 P=<0.001 P=<0.001 P=<0.01 

 2016 F=35.12 F=69.05 F=406.63 F=6.03 F=7.05 F=118.21 F=46.53 F=17.21 

  N=12 N=4 N=4 N=4 N=4 N=4 N=4 N=4 

  P=<0.001 P=<0.001 P=<0.001 P=<0.001 P=<0.001 P=<0.001 P=<0.001 P=<0.001 
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Owing to the physical properties (large surface area and micro-pores) (Figure 

3.6, Chapter 3) and elemental composition (N, P, K, O, Si, Mg, etc.), the application of 

RHB had the potential to alter the soil physico-chemical properties of disturbed paddy 

agriculture soil. The application of biochar to the soil had been noted for changes in 

both physical and chemical soil properties such as BD, WHC, pH, and cation exchange 

capacity (Donget al., 2015; Joseph et al., 2009), soil aggregation (Majoret al., 2010), 

and soil compactness (Mukherjee et al., 2011 and Chintala et al., 2014). The addition of 

RHB to the paddy fields changes the soil properties due to intrinsic properties of 

biochar i.e. the surface charge, density, elemental composition and larger pore size 

distribution which are reliant on the nature of feedstock and low temperature pyrolysis 

conditions. Therefore, the chemical and physical properties of biochar applied to the 

soil directly influenced the microbial mediated available nutrient supply to crop plants 

(Luo et al., 2017). However, the relationship between biochar and the soil micro-biota, 

and their implications on different soil processes in relation to crop productivity has not 

been described adequately and the exact underlying mechanisms are not well 

understood yet. 

In this study, the occurrence of various opened pores on the rough and irregular 

surface of RHB is resulted due to evaporation of volatile substances during pyrolysis. 

The various pore shapes and sizes of RHB in present investigation ranged from 1.0 µm 

to > 20.0 µm, larger than the study of Dong et al. (2015) (>10.0 µm). As  RHB 

pyrolysis during present experiments was performed at low temperatures (250 to 

300˚C), higher ash content, elemental contents, pore size and surface area in RHB, 

might be expected (Majoret al., 2010). Owing to unique physical properties (large 

surface area and micro-pores) and elemental composition, application of RHB has the 

potential to alter the soil physico-chemical properties of paddy agriculture soil (Table 

http://www.sciencedirect.com/science/article/pii/S0929139316308290?via%3Dihub&amp;!
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4.1). The addition of biochar brings about changes to both soil physical and chemical 

properties such as soil BD, WHC and pH (Chintala et al., 2013), cation exchange 

capacity (Joseph et al., 2009), aggregation (Major et al., 2010) and soil compactness 

(Mukherjee et al., 2011; Chintala et al., 2014). The changes in soil properties due to 

addition of RHB in mediated by the inherent properties of biochar, e.g., the surface 

charge, density and pore size distribution, which are dependent on the nature of 

feedstock and pyrolysis conditions. Therefore, the soil which is directly influenced by 

the chemical and physical properties of biochar may ultimately affect soil-plant- 

microbe interactions (Quilliam et al., 2013; Vimal et al., 2017). The relationship 

between biochar and the soil biota, and their implications on different soil processes 

have yet not been adequately described. At the moment, there is a wide gap in our 

knowledge of interactions between the soil biota and biochar. This calls for systematic 

and strategic investigation of soil-biochar dynamics to evaluate the potential 

consequences of widespread application of a seemingly wonderful product. Biochar can 

act as a soil conditioner by improving the soil physical properties. However, the 

underlying mechanisms are not yet well understood. 

4.3.2 Soil ammonium-N, nitrate-N and N-mineralization 

 

Across different treatments, inorganic-N (ammonium- and nitrate-N) levels and N- 

mineralization were minimum in control plots and maximum in RHB +CSR-BIO 

treated plots in both the years (Table 4.2). Across different sampling dates, ammonium- 

N and nitrate-N levels were noted minimum on 35 DAT (tillering stage) and maximum 

on 105 DAT (maturity stage) in both the years (Figure 4.1 and Figure 4.2). Across 

different sampling dates, N-mineralization was noted minimum on 0 DAT and 

maximum on 105 DAT (maturity stage) in both the years (Figure 4.3). ANOVA 



81  

indicated significant difference in ammonium-N, nitrate-N and N-mineralization due to 

sampling dates for 2015 (P = < 0.001) and 2016 (P = < 0.001) (Table 4.3). 

Table 4.2. Average values of available inorganic–N (ammonium-and nitrate-N) and N- 

mineralization in rice husk biochar (RHB) and CSR-BIO treated paddy field across 

different treatments. The values are means of threereplicates ±SE derived from Figure 

4.1 and 4.2 for the two consecutive years 2015 and 2016. 
 
 

   Parameters  

Treatments Year Soil ammonium–N 

(µg g-1dry soil) 

Soil nitrate–N 

(µg g-1dry soil) 

N-mineralization 

(µg g-1dry soil) 

Control 2015 5.7 ± 0.20 4.43 ± 0.15 1.16 ± 0.09 

 2016 5.8 ± 0.42 4.46 ± 0.41 1.04 ± 0.05 

RHB 2015 4.2 ± 0.10 3.33 ± 0.15 1.55 ± 0.02 

 2016 4.3 ± 0.11 3.34 ± 0.19 1.71 ± 0.04 

CSR-BIO 2015 4.2 ± 0.10 3.23 ± 0.05 1.77 ± 0.08 

 2016 4.4 ± 0.18 3.25 ± 0.08 2.03 ± 0.07 

RHB + CSR- 2015 4.83 ± 0.05 3.5 ± 0.10 2.01 ± 0.05 

BIO 2016 5.84 ± 0.07 4.6 ± 0.14 2.45 ± 0.08 

One-way 2015 F=15.56 F=10.17 F=20.72 

ANOVA  N=12 N=12 N=12 

  P=<0.001 P=<0.002 P=<0.001 

 2016 F=23.76 F=11.23 F=23.87 

  N=12 N=12 N=12 

  P=<0.003 P=<0.001 P=<0.001 
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Figure 4.1. Variations in quantity of soil ammonium-N (µg g-1 dry soil) at different 

sampling dates after transplantation (DAT) during paddy crop cycle for the year 2015 

and 2016. Vertical line on each bar represents ± 1SE. ANOVA to find out impact of 

sampling dates on available soil ammonium–N across different treatments has been 

given in Table 4.3. 
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Figure 4.2. Variations in quantity of soil nitrate-N (µg g-1 dry soil) at different 

sampling dates after transplantation (DAT) during paddy crop cycle for the year 2015 

and 2016. Vertical line on each bar represents ± 1SE. ANOVA to assess the impact of 

sampling dates on available soil nitrate–N across different treatments has been given in 

Table 4.3. 

 
The higher level of available ammonium- and nitrate-N in soils of control plots 

compared to treated plots in present study could probably be due to reduced rates of N- 

mineralization, as biochar inhibits ammonification (DeLuca et al., 2009)and also 

nitrification (Granatstein et al., 2009). It has been also demonstrated that biochar 

application inhibits growth of soil micro-flora involved in soil mineralization and 
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nitrification soil N (Pratiwi and Shinogi, 2016) and therefore, low levels of inorganic-N 

in this study, might be expected. This could have occurred through some toxic agents 

present on the surface of the biochar (Kim et al., 2007) that inhibit the generation of 

available ammonium and nitrate-N, and also, the growth and multiplication of the 

concerned micro-flora (Singh et al., 2016; Singh, 2013; Singh 2014 and Singh, 2016). 

Since the paddy plants prefer inorganic-N (preferably ammonium-N) for N source, 

therefore, a greater demand for N-nutrients by effective paddy plant growth in RHB 

treated soils might have lower the ammonium-N, and perhaps this could be the reasons 

for the of negative relationship between paddy plant growth variables and inorganic-N 

values. As the data presented in this study, are based on short-term durations a more in- 

depth and long-term in-situ study are required to decipher the importance of various 

mechanisms responsible for low inorganic-N availability in RHB treated, nutrient poor 

paddy soils. 

The application of rice husk biochar treatment on nitrogen mineralization across 

different sampling dates and years has been given in Figure 4.3. Across different 

treatments and study days, the highest nitrogen mineralization rate in both the years  

was observed in RHB+CSR-BIO amended soil on 105 days (1.83± 0.05 µg g-1dry soil) 

in comparison to control showing lowest (1.26 ± 0.05 µg g-1 dry soil). ANOVA 

revealed significant variation in soil N-mineralization rate due to treatments. The higher 

rate of nitrogen mineralization in RHB+CSR-BIO amended soil could be due to 

improved soil conditions and CSR-BIO microbial consortium which was also applied in 

soil as a supporting amendment. Biochar also provides favourable conditions and space 

for the colonization of agriculturally beneficially micro-flora present in the soil. 

Microbial mediated N-mineralization of organic matter may depend on the amount and 

type of organic matter present in the. The microbial consortium of CSR-BIO applied in 

combination with biochar in this experiment may convert organic matter into 

ammonium-N and therefore, a higher rate of N-mineralization in such treatments might 
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be expected in paddy soils. Further, the porous characteristics of biochar not only 

provide a safe habitat for microbial growth and multiplication in soil but it also protects 

from soil predators such as protozoan’s and nematodes. The highest nitrogen 

mineralization on 105 days could be due to increase in numbers of N-mineralizing 

microbes at this stage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.3. Variations inN-mineralization (µg g -1dry soil) at different sampling 

dates after transplantation (DAT) during paddy crop cycle for the year 2015 and 

2016. Vertical line on each bar represents ± 1SE. ANOVA to assessthe impact 

of sampling dates on N-mineralization across different treatments has been given 

in Table 4.3. 
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Table 4.3. One-way ANOVA for the impact of sampling dates on available inorganic– 

N (µg g-1dry soil) and N-mineralization (µg g-1dry soil) across different treatments. 

Pooled data across different sampling dates, derived from Figure 4.1, 4.2 and 4.3 were 

considered for this analysis. Total number of samples analysed for each parameter was 

N=48 (4 treatments × 3 replicates × 4 sampling dates). 
 

Year Parameters F P 

 Ammonium – N 14.96 <0.001 

2015 Nitrate– N 08.79 <0.005 

 N-mineralization rate 03.79 <0.001 

2016 Ammonium – N 17.34 <0.001 

 Nitrate–N 11.23 <0.003 

 N–mineralization 07.56 <0.001 

For each parameter, results of one-way ANOVA are reported, showing the significance of 

sampling dates. 

 

 

4.4 Conclusions 

 

The results showed that compared to treated plots, maximum electrical conductivity 

(EC) and pH, respectively was noted for untreated (control) plot in both the years. 

Across different treatments gravimetric soil moisture (GSM) and water holding 

capacity (WHC) were highest in RHB + CSR-BIO treated plots and lowest in control 

plots for each year. Compared to treated plots, bulk density (BD) was lowest in control 

plot. During both the years, among different treated plots the values of total-N, total-C 

and total-P were lowest in control plot than the treated soils. ANOVA revealed that 

studied soil physico-chemical characteristics such as EC, pH, SM, WHC, BD, total-N, 

C and -P varied significantly due to treatments.Across different treatments, inorganic-N 

(ammonium- and nitrate-N) levels and N-mineralization were minimum in control plots 

and maximum in RHB + CSR-BIO treated plots in both the years. Across different 

sampling dates, ammonium-N and nitrate-N levels were noted minimum on 35 DAT 

(tillering stage) and maximum on 105 DAT (maturity stage) in both the years. Across 

different sampling dates, N-mineralization was noted minimum on 0 DAT and 
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maximum on 105 DAT (maturity stage) in both the years. ANOVA indicated 

significant difference in ammonium-N, nitrate-N and N-mineralization due to sampling 

dates for 2015 (P = < 0.001) and 2016 (P = < 0.001). 

This study demonstrates that RHB and CSR-BIO application improves the soil 

physico-chemical conditions that in turn enhance the availability of inorganic-N 

(ammonium- and nitrate-N) and rate of soil N-mineralization in paddy soil. The long 

term use of RHB may beneficial to enhance the soil nutrient status of nutrient deprived 

and saline soils. Thus, the plant residues after plant harvest such rice husk can be 

converted into RHB and in combination with CSR-BIO or other PGPR bio- 

formulations/amendments could be important strategies for enhancing the rate of soil N 

transformation and beneficial available N nutrients in poor paddy agriculture soil. This 

experiment was carried out only with the application of RHB and CSR-BIO, but 

othersuitable organic amendments, green manures, farm yard manure (FYM) derived 

from crops residues may be used for restoration of soil fertility of disturbed soils. 
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CHAPTER- 5 
 

TO FIND OUT THE INFLUENCE OF CSR-BIO AND BIOCHAR 

TREATMENTS ON PADDY YIELDS 

 

 

5.1 Introduction 

 

Paddy, the world’s third largest cereal crop after wheat and corn (Binod et al., 2010), is 

the basic food for nearly 50 % population on the Earth (Soest, 2006). Paddy is staple 

food crop of India and is cultivated on about 0.44 million hectare land, almost 

throughout the year. Annually approximately 1.1 million tons of rice is being produced 

and on the basis of production it occupies second position in the world. Almost 90% 

world rice cultivated and consumed in Asian countries (Hayashi, 2013). In these 

countries, paddy is the main food crop and is usually consumed two or three times a 

day, due to the good source of carbohydrates in medium and low-income countries (Lai 

et al., 2017). Fageria et al. (2003) reported that rice production must be increased 

almost 60 % up to 2025 which will be more than current productivity in order to fulfil 

the needs of an ever growing global population. The quantum of production has 

increased from 0.3 million ton in 1966 to nearly 1.1 million ton in recent years (Zhou et al., 

2014).Soil nutrients play important role in cropping system, in which N is an essential 

macro nutrient because it is required by paddy in large amount and is more needed than 

any other nutrients during vegetative growth (Samonte et al., 2006). The application of 

N based chemical fertilizers for paddy production is justified through high grain yield 

and profitable farming; however excessive application of chemical fertilizers is not only 

costly but could detrimentally affect our environment (Anonymous, 2000). The more 

application of N based chemical fertilizers caused serious environmental concerns such 

as emission of nitrogen oxides (NOx), ammonia volatilization, leaching of nitrate and 

other reactive N species in ground and surface water resulting in water pollution and 
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eutrophication of streams and lakes (Golloway et al., 2008; Gupta et al., 2008; 

Velmurugan et al., 2008; Weligama et al., 2010; Kumar et al., 2012). Therefore, the 

current survey in many state of India found that Haryana have been highly affected by 

nitrate pollution to the ground water (Handa, 1986; Rawat and Singh, 2010). 

As it has been demonstrated that the large application of N fertilizers cause a 

potentially alarming situation of environmental health hazards and indicates an urgent 

need to reduce excess use of these harmful fertilizers. There are many alternatives to 

adopted from last decades, e.g. organic and eco-friendly fertilizers. Hence, for the 

sustainable agriculture, the use of crop plant residues based biochar should be assessed 

not only for the higher agricultural production but also for climate change mitigation 

(Brentrup et al., 2008, Singh et al., 2017). The application of biochar single and along 

with microbial consortium in agricultural soil to improve physico-chemical as well as 

biological properties of soil and consequently contribute towards sustainable and higher 

productivity of paddy crops. Overall crop residue mediated biochar is a sustainable and 

profitableagriculture practice to all small farmers because after harvesting of paddy 

crops, huge quantity of crop residues are burnt on the field sites, resulting several 

problems of air pollution, loss of soil nutrients and beneficial microbial diversity (Lai et 

al., 2017). The conversion of rice husk and rice straws into biochar is well supported by 

the many researcher and beneficiaries because it is reduced the application of several 

chemical fertilizers as well as promotes the use of cost effective and recycled 

agricultural waste such as rice straw and rice husk (FAO, 2004). After pyrolysis of rice 

husk at 600 0C, formed Si-C bond and in this complex, C showed distinct chemical 

properties due to the higher Si content, therefore, C prevents from microbial 

degradation and exist for long time thus completing the carbon requirement of crops in 

soil (Parr et al., 2006; Guo and Chen, 2014; Jindo et al., 2014). According to Jaafar 

(2014) and Lone (2013) biochar application improves the physico-chemical and 
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biological properties of soil, suppressing soil-borne pathogens and acting as soil 

conditioner in nutrient poor soil. Liu et al. (2011) also reported that the rice straw 

biochar application altered the soil properties and decreased the CH4emissions. Further, 

Kamara et al. (2015) proposed that rice straw and rice husk mediated biochar can 

enhance the crops yield through early transplantation of seedling (Lai et al., 2017). 

However, Kyaw (2016) found significant differences in rice yield by the application of 

rice husk and rice straw biochar comparison of un-amended crops. 

The crop productivity loss due to low precipitation, soil salinity, soil nutrient 

leaching and poor agricultural practices, triggered interest to find out the ways to 

enhance crop rather sustainable (Singh and Pandey, 2013). In general, the increase in 

crop productivity will lead to sustainable enhancement in the area of farming lands 

(Mekuria et al., 2017). Therefore, it seems that application of biochar to nutrient poor 

soils could be one of the potential options to enhance paddy productivity (Xu et al., 

2017). The plant residue biochar (10-15 t ha-1), an alternative organic supplement to 

chemical fertilizers, could be the viable and sustainable way to enhance paddy yields 

(Agegnehua et al., 2017) in degraded nutrient poor soils (Kollah et al., 2015). From a 

long time, peoples were well interested in the use of biochar derived from plant 

residues, as soil conditioners to enhance soil physico-chemical properties and crop 

productivity (Zhang et al., 2017). The use of biochar in agriculture as the possible 

option to enhance agriculture soil fertility, the adverse impact of chemicalization on soil 

fertility (Kim et al., 2017) and agriculture productivity can be reduced significantly 

(Agegnehua et al., 2017). The role of biochar application in soil biological processes 

therefore, represents a frontier in soil science research, and needs detail investigations. 

It has been reported that compared to direct addition of rice husk, the incorporation of 

biochar derived from rice husk into soils could significantly improve the soil physico- 

chemical properties such as soil moisture content, WHC, BD, available-N nutrients, etc. 
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in the paddy fields (Knoblauch et al., 2011). Thus, generation of RHB from rice husk 

and other crop residues after crop harvesting, may be considered as the very viable crop 

residues waste management strategy to avoid the on-site burning of crop residues which 

has been considered as one of the key issues related to air pollution and the loss of soil 

microbial community and biomass. Study indicated that biochar application was good 

for acidic and neutral agriculture soil improvements (Agegnehua et al., 2017); however, 

the effect of biochar amendment to nutrient poor tropical soils is still not investigated. 

Though, investigations have been carried out concerning the application of several 

organic and inorganic amendments on the paddy crop yield (Zhang et al., 2010; Xu et 

al., 2017; Kim et al., 2017 and Luoet al., 2017), however, information is scare for the 

use of crop residue mediated RHB and microbial inoculants (CSR-BIO) on paddy 

yields in the field conditions. Therefore, in this study we investigated the impact of 

RHB derived from rice husk on paddy agronomic variables for two consecutive years 

2015 and 2016 in the disturbed soil of dry tropical farming land. 

5.2 Material and methods 
 

The details of experimental design and field preparation, paddy nursery establishment 

and transplantation and RHB + CSR-BIO treatment application, have already been 

described in Chapter 3. For this study the paddy (Oryza sativa, Hindu University Rice- 

9-10 variety) was used as the experimental crop. The dry land rice variety, selectedfor 

present experiment was obtained from Department of Geneticsand Plant Breeding, 

Institute of Agriculture Sciences, Banaras HinduUniversity (South campus), Mirzapur, 

Uttar Pradesh. 

Beside all the amendments (RHB and CSR-BIO), a blanket application of NPK 

fertilizer was also served as basal dose for paddy crop growth establishment. The 

experimental plots were given 30 kg K2O and 60 kg P2O5 ha-1 respectively, in the form 

of potassium chloride (KCl) and single super phosphate (CaH6O8P2). During the 

http://www.sciencedirect.com/science/article/pii/S0929139316308290?via%3Dihub&amp;!


92  

experiment, total nitrogen (N) in the form of urea (CH4N2O) was given 150 kg ha-1. 

During the crop cycle, this N was applied at three different times, i.e. 50 kg N ha -1 on 

transplanting day (July 15, 2015); 50 kg N ha-1 on 35th day after transplantation 

(tillering stage), and 50 kg N ha-1 on 65th day after transplantation (flowering stage). 

The paddy nursery was shown on 20 June for the years 2015 and 2016 and after 

25 days the seedling weretransferred to the experimental plots. Twenty-five-day-old 

seedlings (3 seedlings of equal heights per hill) of paddy were transplanted manually at 

a depth of 4-5 cm at a spacing of 12 cm 26 cm to three replicate plots. Frequent 

irrigation (a water level of 6-12 centimetres) avoiding waterlogged condition, was 

provided throughout the crop cycle. In both the years, at 105 day after transplantation 

(DAT), the matured rice plants were harvested, and then selected agronomic variables 

were determined. The paddy agronomic variables such as panicle length (cm), tiller 

numbers (plant-1) and rice grain yield (t ha-1) was determined according to Mahamud et 

al. (2013) and Amanullah and Inamullah (2016). 

5.2.1 Statistical analyses 
 

The data recorded on different paddy growth parameters were subjected to the analysis 

of variance (ANOVA) to find out the difference between different treatments. 

Statistical computer software IBM SPSS Statistics Version 20 was applied for present 

statistical analyses. 

5.3 Results and discussion 
 

Impact of RHB and CSR-BIO applications on paddy plant variables such as panicle 

length, tiller number, rice grain and paddy straw yield for two consecutive years (2015 

and 2016) are given in Table 5.1. All the selected paddy agronomic parameters were 

found greater in treated plots (maximum in RHB + CSR-BIO treatment) compared to 

untreated (control) plot (Figure 5.1 and 5.2). ANOVA showed significant difference 

(P=< 0.001) in paddy agronomic variables due to treatments. The percent increase in 



93  

panicle length, tiller number, rice grain yield and paddy straw yields in RHB + CSR- 

BIO treated plot was comparatively than other treatments for both the years (Table 

5.1). Further, it was interesting to note that among the various selected paddy 

agronomic variables the influence of RHB treatment was more efficient for rice grain 

yield (Figure 5.3 and 5.4). It has been well documented that biochar applications can 

increase availability of N nutrients to crops (Chan et al., 2008). The high levels of soil 

organic carbon accumulation in RHB amended plots (Table 4.1 Chapter 4) in present 

study can enhance N efficiency and increase paddy productivity in nutrient poor soils of 

tropical regions. The higher rice grain yield in present study is in conformity to the 

results of Dong et al. (2015) who also reported higher rice yields owing to RHB 

amendments. Though, the effect of biochar on the selected paddy agronomic variables 

(tiller numbers and panicle length) is difficult to elucidate because there is insufficient 

information based on the present experiment or previous studies (Pratiwi and Shinogi, 

2016). However, the positive effects of RHB treatments on paddy yields in present 

study may be attributed to the nutrients directly available to the paddy plants by the 

RHB because of having sufficient trace elements (Table 3.2 Chapter 3). Further, the 

increase in paddy yield witnessed is basically due to increase in nutrient mobilization to 

the paddy crop plants from the rhizosphere soil which has been enabled by the 

inoculated microbial consortia present in CSR-BIO to harness the available nutrients 

from the soil strata in field condition. 



 

 

 

 

 

Table 5.1. Impact of rice husk biochar (RHB) and CSR-BIO amendments on paddy plant growth variables (panicle length, tiller number) and 

productivity (rice grain and dry paddy straw yields) for two consecutive years. Total number of samples analysed for each year was N=12 (3 

replicates × 4 treatments). 

Treatments Year 
 Paddy agronomic variables  

Panicle length (cm) Tiller number plant-1 Rice grain yield (t ha-1) Paddy straw yields (t ha-1) 

Control 2015 

2016 

17.66 ± 0.57 

17.83 ± 0.28 

15.66 ± 0.57 

16.21 ± 0.21 

2.57 ± 0.05 

2.59 ± 0.05 

6.12 ± 0.33 

6.42 ± 66 

RHB 2015 

2016 

25.93 ± 0.40 (46.83 %) 

27 ± 1 (51.43%) 

27.66 ± 0.56 (76.63 %) 

28.66 ± 0.57 (79.13%) 

4.55 ± 0.05 (77.04 %) 

4.87 ± 0.07 (88.03%) 

8.15±1.11   (33.17 %) 

8.62 ± 1.09 (34.27 %) 

CSR-BIO 2015 

2016 

24.50 ± 0.86 (38.73 %) 

25.08 ± 1.01 (40.66%) 

25 ± 0.59 (59.64 %) 

26.66 ± 0.57 (66.63%) 

3.65 ± 0.15 (42.02 %) 

3.93 ± 0.05 (51.74%) 

6.88 ± 1.03 (12.42 %) 

7.41 ± 1.08 (15.42 %) 

RHB +CSR-BIO 2015 

2016 

26.66 ± 0.57 (50.96 %) 

29.33 ± 1.52 (64.50%) 

28.33 ± 0.53 (80.91 %) 

30.66 ± 0.57 (91.63%) 

5.68 ± 0.03 (121.01 %) 

5.91± 0.07 (128.19%) 

10.42±1.03 (70.26 %) 

10.95±1.06 (71.18 %) 

One-way 

ANOVA 

2015 

 

 

 
2016 

F=220.62; 

N=12; 

P=<0.001 

F=118.92; 

N=12; 

P=<0.007 

F=267.65; 

N=12; 

P=<0.005 

F=340.02; 

N=12; 

P=<0.003 

F=560.32; 

N=12; 

P=<0.001 

F=243.78; 

N=12; 

P=<0.001 

F=312.56; 

N=12; 

P=<0.001 

F=321.78; 

N=12; 

P=<0.001 

Values in parenthesis indicate % increase in agronomic parameters due to treatments over control. 

 

 

 

94 



95  

 
 

Figure 5.1.Variations in vegetative growth and agronomic variables of paddy plants due to 

different treatments. The photograph for each plot was taken almost from the same distance 

on October 05, 2015. The four treatments are: (A) Control (untreated), (B) Rice husk biochar 
(RHB), (C) CSR-BIO and (D) RHB + CSR-BIO. 

 

Figure 5.2. Variations in vegetative growth and agronomic variables of paddy plants due to 

different treatments. The photograph for each plot was taken almost from the same distance 

during October 2016. The four treatments are: (A) Control (untreated), (B) Rice husk biochar 

(RHB), (C) CSR-BIO and (D) RHB + CSR-BIO. 
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Figure 5.3. Differences in rice grain yields among the treatments for the study year 

2015. 

 

 
Figure 5.4. Differences in rice grain yields among the treatments for the study year 

2016. 
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5.4 Conclusions 

 

The results suggest that variation in paddy agronomic variables (variables such as 

panicle length, tiller number, rice grain and paddy straw yield) due to RHB and CSR- 

BIO treatments for two consecutive years (2015 and 2016) are statistically significant. 

All the selected paddy agronomic parameters were found greater in treated plots 

(maximum in RHB + CSR-BIO treatment) compared to untreated (control) plot. It 

was interesting to note that among the various selected paddy agronomic variables the 

influence of RHB treatment was more effective for rice grain yield.The paddy plant 

growth parameters (number of tillers and panicle length) and yields (rice grain and 

paddy straw) enhancement, following to RHB and CSR–BIO application, could be 

attributed to the synergistic effects of combined amendments on soil nutrients 

availability to paddy crop plants in nutrient poor soils. The RHB generation from 

paddy rice husk and its application with beneficial microbial inoculants may be a 

sustainable crop residues waste management option to enhance the nutrient status and 

paddy productivity of nutrient poor agriculture soils. 
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CHAPTER- 6 
 

TO STUDY THE MICROBIAL BIOMASS-C, -N AND -P VARIATIONS AS 

AFFECTED BY CSR-BIO AND BIOCHAR AMENDMENTS 
 

 

6.1 Introduction 

 

The soil microbial biomass (SMB) quantity and its turnover rate of an ecosystem are 

considered widely as the soil fertility index that governs the ecosystem functioning 

and plant productivity (Singh et al., 2016a). Apart from paddy yield reduction, soil 

disturbances may interferes with the beneficial microbial community composition 

(Singh et al., 2016a,b) and thus, SMB are also affected (Singh et al., 2010). The  

SMB, a living component of agro-ecosystems, soils also acts as available nutrients for 

plant uptake during nutrient release after death and decay of the microbial 

communities (Singh et al., 2009). Therefore, any changes in SMB values are 

recognised as an important indicator of soil nutrient dynamics and agro-ecosystems 

productivity (Warnock et al., 2010). Although, the soil nutrient status, seasonality, 

soil conditions, temperature and other factors are important drivers in controlling the 

functioning of an agro-ecosystems (Singh et al., 2016a), SMB could be  also one of 

the vital factors that may affect the crop productivity of nutrient poor soils (Singh et 

al., 2010). The reports related to the affects of biochar addition to the SMB levels are 

not very clear (Rousk et al., 2013). 

The application of rice husk biochar in agricultural soil is a sustainable and 

cost effective practisefor small and large scale agricultural cultivation. The key  

feature of biochar in agricultural soil, to maintain the efficiency of carbon content due 

to long term stable nature and displayed recalcitrant properties against microbial 

degradation (Lehmann and Joseph, 2009) because recalcitrant carbon is highly 

resistant to microbial attack and eventually less CO2 is released back to the 
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atmosphere (Shackley et al., 2009; Azeem et al., 2010). Biochar functioning and 

properties are affected by pyrolysis temperature and high stability of biochar arises 

from the change in the chemical structure of the cellulose, hemicelluloses and lignin 

which take place at > 300 0C hence these properties are provide long residential time 

(100-1000 of years) in soil (Verheijen et al., 2009). Several short and as well as long 

term field studies have been carried out on the useful effect of biochar including 

SMB, soil microbial diversity, nutrient retention (Liang et al., 2006) or change in soil 

pH (Rousk et al., 2010), soil water retention, reduction of greenhouse gases emission 

and nitrate leaching, adsorption of toxic metals and agrochemicals (Spokas et al., 

2009; Sohi et al., 2010) therefore most of the studies are supported and promoted the 

use of biochar in agricultural and environmental management which is ultimately 

leads to increasing the productivity of soil (Zwieten et al., 2010). Likewise RHB can 

improve soil biological properties viz. soil microbial biomass, abundance and 

communities composition may beincreased with the application of biochar 

(Pietikäinen et al., 2000; Yin et al., 2000; Kim et al., 2007; O’Neill et al., 2009; Liang 

et al., 2010; Grossman et al., 2010; Jin, 2010). Therefore these changes affects 

microbial community structures and nutrient cycling (Rillig and Mumme 2006; 

Steiner et al., 2008) and ultimately increase the soil microbial diversity and improve 

the plant growth (Warnock et al., 2007; Azeem et al., 2010). Application of RHB is 

increased the soil microbial biomass due to the presence of labile C fractions (Bruun 

et al., 2011; Zimmerman et al., 2011). Feedstock types and application rates of 

biochar can play significant role in improvement of soil microbialbiomass (Lehmann 

et al., 2011). SMB can be influence by the improvement in soil physico-chemical 

properties such asenhanced soil nutrients availability (C, N, and P), adsorption of 

toxic compounds, improve water holding capacity, maintain soil moisture and pH 
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level so all of these parameters influence the activity of microorganisms in biochar 

amended soil (Lehmann et al., 2011). RHB has porous nature that can attract highest 

soil microbial population and protect them from various soil predators such as 

nematodes,protozoa, etc. and provide shelter to all soil beneficial microorganisms. 

Therefore, higher numbers of microbial population can reside inside the RHB pores 

(Pietikäinen et al., 2000) for several soil nutrients on their surface (Saito and 

Muramoto, 2002; Warnock et al., 2007). 

Study indicated that RHB application is good for acidic and normal 

agriculture soil properties improvements (Agegnehua et al., 2017) likewise, ample 

investigations have been carried out concerning the application of plant derived 

biochar on crop yields (Zhang et al., 2010; Kim et al., 2017; Luo et al., 2017; Xu et 

al., 2017) but limited information is available on RHB application on SMB dynamics 

and paddy yields. Therefore, in this objective we investigated the impact of CSR-BIO 

and RHB derived from rice husk on SMB quantity in paddy soil. The RHB 

amendment to the paddy soil will significantly improve the soil fertility via enhancing 

the availability of inorganic-N nutrients and SMB pools in nutrient poor and saline 

soils. 

It has been proposed that SMB acts as a major source of plant nutrients in 

nutrient limited dry tropical deciduous forest soils (Singh and Gupta, 2017). Further, 

the quantity of SMB in agro-ecosystem can be considered as an index of soil fertility 

(Singh et al., 2007). It is noteworthy to mention that the SMB in natural and disturbed 

ecosystems acts as reservoir of important labile pools of C and mineral nutrients after 

their death and decay. Since, the soil of present agro-ecosystem is nutrient poor and 

disturbed in nature, addition of RHB to soil may provide better soil environment for 

the growth and multiplication of beneficial microbial abundance (SMB), present in 
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CSR-BIO (commercialized bio-formulation). The greater quantity of SMB in 

RHB+CSR-BIO treated soil, after their death and decay may be providing plenty 

amount of available nutrient pools to soils. Alterations in physico-chemical properties 

of paddy soils due to RHB and CSR-BIO application may correspond to variations in 

the SMB values. However, the experimental evidences for above arguments from 

filed conditions are lacking. Therefore, the main focus of this objective was to 

investigate the effect of biochar with or without microbial inoculants on SMB-C, -N 

and -P during two consecutive years 2015-2016during the paddy crop cycles. 

6.2 Material and methods 

 

The details of experimental design and field preparation, paddy nursery establishment 

and transplantation and RHB + CSR-BIO treatment application, have already been 

described in Chapter 3. 

The soil samples collected on days 0, 35, 65 and 105 after paddy seedling 

transplantation, were analyzed for the SMB-C, -N and -P. The SMB-C, -N and -P (μg 

g−1 dry soil basis) were determined by the chloroform (CHCl3) fumigation-extraction 

procedures as described by Brookes et al. (1985) and Vance et al. (1987). Liquid 

chloroform after purification was used for soil fumigation purpose (Srivastava and 

Singh, 1988). The 0.5 mol L−1 K2SO4 (1:4 soil: extract) was uses for the soil 

extraction for about 30 minutes. Similar extraction procedures were also adopted for 

no-fumigated soil samples. MB-C and MB-N in 0.5 mol L−1 K2SO4 soil extract was 

determined by dichromate digestion (Vance et al., 1987). The SMB-P was estimated 

as inorganic-P (Pi) in 0.5 mol L−1 NaHCO3 extract of fumigated and non-fumigated 

samples by ammonium molybdate-stannous chloride method according to Sparling et 

al. (1985). 
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6.2.1 Statistical analyses 

 

The data recorded on different parameters were subjected to the analysis of variance 

(ANOVA) to find out the difference between different treatments and sampling dates. 

Statistical computer software IBM SPSS Statistics Version 20 was applied for all the 

statistical analyses. 

6.3 Results and discussion 

 

The RHB and CSR-BIO applications to paddy soil in present investigation exhibited 

variations in soil physico-chemical properties (Table 4.1, Chapter 4), which 

correspond to strong differences in SMB-C, -N and -P due to treatments and sampling 

dates during two consecutive years (2015-2016) paddy cycle. Across the treatments 

highest quantity of SMB-C, -N and -P (410.68, 84.42and 27.86μg g−1 dry soil, 

respectively) was observed in RHB + CSR-BIO treated plots and variations in SMB- 

C, -N and-P due to treatments were significant (P = < 0.001) (Table 6.1). A 

significantly higher SMB-C, -N and -P in RHB and CSR-BIO treated soil could 

probably be due to the higher microbial multiplication rate or microbial abundance in 

biochar-amended soils (Steiner et al., 2008). However, little direct evidence is 

available for nutrient-related effects of biochar on microbial community compositions 

and biomass (Warnock et al., 2010). Warnock et al. (2007) suggested that biochar 

pores may act as a shelter place or microhabitat for microbial colonization, where they 

are protected from being grazed upon by their natural predators (microbial feeding 

biota). A greater microbial population, under nutrient limiting conditions, may be 

increased by slightly greater microbial nutrient availability, either due to biochar- 

driven improvements in nutrient retention on the RHB surface or due to nutrients that 

are released by the biochar (Lehmann et al., 2011). Though, the porous structure of 

biochar, its high internal surface area and its ability to adsorb soluble organic matter, 
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gases and inorganic nutrients are likely to provide a highly suitable habitat for 

microbes to colonize, grow and reproduce (Warnock et al., 2010) therefore, a higher 

microbial community and SMB in RHB treated soil (Table 6.1) resulted in this study. 

A greater microbial colonisable surface area due to biochar amendments may increase 

the microbial biomass is also shown for sediments and coarse-textured soils 

(Yamamoto and Lopez, 1985). Rillig et al. (2010) reported that biochar application in 

soils could stimulate the spore germination of fungi that may be another mechanism 

potentially leading to increased microbial populations and consequently higher SMB 

values. In RHB treated soils, the large biochar surface area (Figure 3.6, Chapter 3) 

(Liang et al., 2006; Downie et al., 2009) and greater WHC, biochar may retain moist 

pore spaces that provide favourable moisture levels for microbial communities in dry 

tropical soils of present study. 
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Table 6.1. Variations in quantity of soil microbial biomass-C, -N, -P in rice husk 

biochar (RHB) and CSR-BIO treated paddy field. The values for the each parameter 

are average means of three replicates ± SE. Total number of soil samples analysed for 

each parameter and year was N=12 (3 replicates × 4 sampling dates). 

   Parameters  

Treatments Year SMB – C 

(µg g-1dry soil) 

SMB – N 

(µg g-1dry soil) 

SMB – P 

(µg g-1dry soil) 

Control 2015 223.00 ± 1.00 13.66 ± 1.52 11.33 ± 0.54 

 2016 223.65 ± 14 13.81 ± 1.14 11.43 ± 0.41 

RHB 2015 307.33 ± 2.51 53.66 ± 1.52 25.66 ± 0.57 

 2016 309.56 ± 2.86 53.78 ± 1.89 25.75 ± 0.61 

CSR-BIO 2015 326.66 ± 1.52 55.66 ± 1.52 26.33 ± 2.08 

 2016 326.71 ± 1.52 55.94 ± 1.65 26.48 ± 2.09 

RHB + 2015 408.66 ± 0.57 83.33 ± 2.08 26.66 ± 1.52 

CSR-BIO 2016 410.68 ± 0.64 84.42 ± 2.09 27.86 ± 1.78 

One-way 2015 F=6969.72; F=24.32; F=19.82; 

ANOVA  N=12; N=12; N=12; 

  P=<0.001 P=<0.001 P=<0.001 

 2016 F=2536.54; F=36.54; F=56.25; 

  N=12; N=12; N=12; 

  P=<0.004 P=<0.001 P=<0.001 

 
 

Across different sampling dates, the SMB-C, -N and-P was recorded 

minimum on 65 DAT (tillering stage) and maximum on 105 DAT (maturity stage), 

respectively given in Figures 6.1, 6.2 and 6.3. ANOVA indicated significant 

differences (P = < 0.001) in SMB-C, -N and-P quantity due to treatments and 

sampling dates in both the years 2015 and 2016 (Table 6.2). 
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Table 6.2. One-way ANOVA to assess the impact of sampling dates on soil microbial 

biomass-C, -N and -P (µg g-1dry soil) across different treatments was applied. Pooled 

data across different sampling dates for each parameter from the respective Figure 

6.1, 6.2 and 6.3 were considered for this analysis. Total samples analysed for each 

parameter was N= 48 (4 Treatments × 4 sampling dates × 3 replicates). 

 

Year Parameters F P 

 SMB–C 05.08 <0.003 

2015 SMB–N 34.57 <0.001 

 SMB–P 44.10 <0.001 

2016 SMB–C 04.36 <0.001 

 SMB–N 32.25 <0.001 

 SMB–P 47.23 <0.005 

For each parameter, results of one-way ANOVA are reported, showing the significance of 

sampling dates. 

 

The low levels of SMB-C, -N, and -P in this study on 65 DAT (tillering stage) 

could be due to a greater demand of inorganic N nutrients by the paddy crop plants 

during the panicle and tiller initiation stage (active paddy crop growth period) that 

may limit the nutrient availability to soil microbes and consequently, lower SMB-C, - 

N and -P. This situation reflected a negative relationships between inorganic-N 

(ammonium and nitrate-N) and SMB-C, -N and-P (Table 6.3). 
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Table 6.3. Pearson’s correlation (2-tailed) between soil microbial biomass (SMB) and 

inorganic-N nutrients (data were taken from Table 4.2, Chapter 4) in RHB and CSR- 

BIO treated paddy agriculture soil. Total number of soil samples analysed was N = 12 

(4 treatments × 3 replicates). 
 

Parameters SMB-C SMB-N SMB-P Nitrate-N 

SMB–N (µg g-1dry soil) 0.989**    

SMB–P (µg g-1dry soil) 0.796** 0.851**   

Nitrate –N (µg g-1dry soil) -0.689* -0.754** -0.970**  

Ammonium –N (µg g-1dry soil) -0.498NS -0.596* -0.883** 0.925** 
 

 

NS= Not significant; *Significant at P = < 0.05; **Significant at = P < 0.001. 

 

The higher soil SMB-C, -N and -P on 105 DAT (crop maturity stage) values 

in present study could be due to the reduced demand of inorganic-N nutrients by the 

matured crop (less active paddy crop growth period) and so, nutrients might be easily 

available to microbes and consequently a higher SMB. Furthermore, the situation of 

higher SMB levels at paddy crop maturity sampling date (105 DAT) may arise 

because of the higher microbial N-immobilization, as available-N nutrients demand 

by matured plants probably be extremely reduced.These situations make easy 

availability of nutrients to micro-flora and consequently a higher SMB build-up. In 

view of the above arguments, when the pooled data across different sampling days 

were considered for correlation analysis, a negative relationship between SMB and 

inorganic nutrient parameters might be expected (Table 6.3). 
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Figure 6.1. Variations insoil microbial biomass-C (µg g -1dry soil) at different 

sampling dates after transplantation (DAT) during paddy crop cycle for the year 2015 

and 2016. Vertical line on each bar represent ± 1SE. ANOVA for impact of sampling 

dates on soil microbial biomass-C across different treatments has been given in Table 

6.2. 
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Figure 6.2. Variations insoil microbial biomass-N (µg g -1dry soil) at different 

sampling dates after transplantation (DAT) during paddy crop cycle for the year 2015 

and 2016. Vertical lines on each bar represent ± 1SE. ANOVA for impact of sampling 

dates on SMB-N across different treatments has been given in Table 6.2. 
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Figure 6.3. Variations insoil microbial biomass-P (µg g -1dry soil) at different 

sampling dates after transplantation (DAT) during paddy crop cycle for the year 

2015 and 2016. Vertical line on each bar represent ± 1SE. ANOVA for impact of 

sampling dates on soil microbial biomass-P across different treatments has been 

given in Table 6.2. 

0DAT (Transplanting 35DAT (Tillering stage) 65DAT (Flowering stage) 105DAT (Maturity stage) 
stage) 

Different growth stage of rice plant during paddy crop cycle 

10 
 

5 
 

0 

13 
11 

13 

16 
15 14 

13 

20 
 

15 

23 
22 25 

27 
26 26 

30 29 
30 

33 
35 

2016 
40 

40 RHB+CSR-BIO CSR-BIO RHB Control 
45 

0DAT (Transplanting 35DAT (Tillering stage) 65DAT (Flowering stage) 105DAT (Maturity stage) 
stage) 

10 
 

5 
 

0 

11 
10 

14 
12 

20 
 

15 

22 
21 

25 
25 

28 
24 25 25 

27 
29 

28 30 

32 35 

38  40 

Biochar+CSR-Bio CSR-Bio Biochar Control 
45 

S
o
il

 m
ic

ro
b

ia
l 

b
io

m
a
ss

-P
 (

µ
g
 g

-1
 d

ry
 s

o
il

) 
S

o
il

 m
ic

ro
b

ia
l 

b
io

m
a
ss

-P
 (

µ
g
 g

-1
 d

ry
 s

o
il

) 



110  

6.4 Conclusions 

 

In conclusion, present study indicated that RHB and CSR-BIO added alone or in 

combinations to the soil contributes significantly to the enhancement of soil physico- 

chemical properties and therefore, microbial biomass in nutrient poor paddy 

agriculture soils of tropical regions. The results also revealed that RHB and CSR– 

BIO amendments notably enhanced the SMB–C, –N and –P. The RHB, having large 

surface area, pore size and nutrient elements provide favourable soil conditions for 

the growth and multiplication of microbial communities and consequently higher 

SMB levels, in nutrient deprived paddy agriculture soil. The RHB generation from 

paddy rice husk and its application with beneficial microbial inoculants may be a 

sustainable crop residues waste management option to enhance the nutrient status, 

microbial community of nutrient poor agriculture soils. It is suggested that, use of 

chemical fertilizers could be reduced to enhance the economic benefits and 

agriculture soil health because of RHB and CSR–BIO application. Available N 

immobilization and its release by SMB is an adaptation to provide nutrients to plants 

in nutrient limited ecosystems. The results of this investigation are based on short- 

term duration so, larger scale paddy cultivation experiments under field conditions, 

are required to verify the mechanisms involved in RHB-microbes interactions for soil 

fertility improvement and microbial community compositions. 
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CHAPTER -7 
 

TO ASSESS THE INFLUENCE OF CSR-BIO AND BIOCHAR 

AMENDMENTS ON METHANOTROPHS ABUNDANCE AND DIVERSITY. 
 

 

7.1 Introduction 

 

Methane (CH4) is one of the most important greenhouse gasses, accounting for about 

15% of the global warming (IPCC, 2007). More than that, it seems that the overall 

contribution of CH4 to the global warming process has been underestimated, since 

some recent study just recently demonstrated that CH4 can be readily formed in-situ in 

terrestrial plants. This newly identified source may have important implications for 

the global CH4 budget and may call for a reconsideration of the role of natural CH4 

sources in the historical and the ongoing climate change. These new findings will only 

increase the importance of CH4 sinks to reduce its atmospheric concentration. Besides 

reaction with hydroxyl (OH-) radicals in the troposphere and stratosphere, CH4 

oxidation in soils removes about 30 Tg CH4 yr-1, accounting for about 5% of the total 

CH4 sink. Thus, the most plausible way to increase the sink for CH4 is increasing the 

performance of the soil CH4 oxidizers. Therefore, knowledge about the ecology and 

responses of the CH4 consuming bacterial diversity and abundance in relation to 

paddy agricultural practices are of particular interest. 

Paddy agriculture is one of the most important sources of Global CH4 

emissions, contributing about 33-40 Tg year-1 (Ciais et al., 2013).Moreover, as a 

greenhouse gas, CH4 is 25-30 times more potential than CO2 to capturing solar 

radiation and its effectiveness in the atmosphere is about 9 years (Hartmann et al., 

2013; Tiwari et al., 2015). Additionally, CH4 isproduced from several others sources 

such as biomass burning, biofuels landfills, waste degradation and livestock farming, 
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may contributing major share in global CH4 budget. However, with intervention of 

some eco-friendly agricultural practises such as application of suitable amendments in 

soils can be minimized the CH4 emission rate from agricultural fields. Biochar play 

important role to minimize the CH4 emissions by influencing the microbial oxidation 

of CH4 by methanotrophic bacteria, found in paddy soil (Singh, 2011). Methanotrophs 

are unique bacteria that utilize CH4 as sole source of carbon and energy (Glaser et al., 

2002; Fazliet al., 2013; Fazli et al., 2013; Abujabhah et al., 2016). Therefore, rice 

husk biochar (RHB) and microbial consortium (CSR-BIO) based agricultural 

cultivation can be a profitable and eco-friendly practice to achieve the higher paddy 

crop production and CH4 mitigation by enhancing the abundance of methanotrophs in 

paddy agriculture soils. 

Methanotrophs, a group of Gram-negative bacteria, utilize CH4 as their sole 

source of carbon and energy, thus reducing the concentration of atmospheric CH4 and 

contributing significantly as only known biological known CH4 sinkin mitigation of 

global warming (Trotsenko and Murrell, 2008). The capability to consume CH4 by 

methanotrophs for their carbon and energy requirements is because of unique methane 

monooxygenase (MMO) (Tiwari et al., 2015). In all known methanotrophs the MMO 

exits in two well known forms: i) the cytoplasmic soluble form (sMMO), and ii) the 

membrane-bound, particulate form (pMMO). All methanotrophs are equipped with 

either sMMO or pMMO while only few are reported to possess both the forms. Based 

on the literature available, two marker genes are fundamental in detecting the MMO: 

i) mmoX (a gene encoding a subunit of soluble methane monooxygenase), and ii) 

pmoA (a gene encoding a subunit of particulate methane monooxygenase) (Dong et 

al., 2015). 
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To date, several novel methanotrophic genera and species such as 

Methylogaea oryzae (Geymonat et al., 2011), Methyloglobulus morosus (Deutzmann 

et al., 2014), Methylomonas lenta (Hoefman et al., 2014b), Methylocaldum marinum 

(Takeuchi et al., 2014) Methylomarinovum caldicuralii (Hirayama et al., 2014). 

Methyloparacoccus murrellii (Hoefman et al., 2014a), Methyloprofundus sedimenti 

(Tavormina et al., 2015), Methylocapsa palsarum (Dedysh et al., 2015), etc. have 

been described by research scientist working in the area methanotrophic ecology for 

different natural ecosystems and laboratory throughout the world. The increase in the 

number of the novel methanotrophic strains could be attributed to the recent advances 

in molecular tools and techniques applied for isolation and identification from various 

unexplored agriculture and natural ecosystems. 

In general, methane-oxidizing bacteria are placed in the group of 

Proteobacteria and classified into three phylogenetically distinct groups: Type  I, 

Type II, and Type X. Type-I and Type-X methanotrophs belong to the 

Methylococcaceae family within the Gammaproteobacteria; Type-II methanotrophs 

belong to the family Methylocystaceae within the Alphaproteobacteria. All 

methanotrophs are capable to utilise CH4 as the sole source of carbon and energy, 

though some methanotrophs are also capable of using other C1 compounds, such as 

methanol or methylamine (Bowman, 2006). After molecular analysis of 

methanotrophs such as sequencing of 16S rRNA and pmoA genes was investigated 

that Type I and Type II methanotrophs commonly found in paddy soil and as well as 

inside the paddy roots (Macalady et al., 2002; Shrestha et al., 2008; Gilbert et al., 

1998; Eller and Frenzel, 2001; Kolb et al., 2003; Eller et al., 2005; Jia et al., 2007). 

All methanotrophs have the enzyme methane monoxygenase (MMO) to catalyze the 

oxidation of methane to methanol by serine and RuMp pathway, This enzyme exists 
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in two forms, the soluble form (sMMO) and the particulate form (pMMO) but pMMO 

enzyme is found predominantly in all group of methanotrophic bacteria (Bowman, 

2006; Semrau et al., 2010). 

A third class (Type-III) methanotrophs have also been reported 

asVerrucomicrobia, phylogenetically different from methanotrophsbelonging to 

Proteobacteria (Knief, 2015). Type-I methanotrophs are placed in 

Gammaproteobacteria and belong to the family Methylococcaceae and cover the 

following genera such as Methylomonas, Methylobacter, Methylomicrobium, 

Methylosphaera, Methylococcus, Methylocaldum, and Methylothermus (Stralis- 

Pavese et al., 2004; Bowman, 2006). Type-I methanotrophs have been reported 

predominantly throughout the environment and oxidizing CH4 at atmospheric 

concentrations (<12 ppm; (Le Mer and Roger, 2001). Likewise Type-II 

methanotrophs also placed in the group of alphaproteobacteria within the family 

Methylocystaceae including the genera for instance Methylosinus and Methylocystis 

(Bowman, 2006). Type-II methanotrophs are oxidised higher concentration of CH4 

(Le Mer and Roger, 2001) than Type-I methanotrophs. They also can oxidise non CH4 

volatile organic compounds by soluble form of methane monooxygenase enzyme 

(sMMO). Scheutz et al., 2004; Huber-Humer et al., 2008). Methanotrophs can be 

studied using either cultivation-based techniques or cultivation-independent 

techniques that target specific genetic sequences. In this objective we studied 

methanotrophic abundance and diversity by cultivation and cultivation independent 

techniques using MPN and DGGE, respectively (Amann et al., 1995; Suzuki and 

Giovannoni, 1996). The cultivation independent approach using the polymerase chain 

reaction followed by denaturing gradient gel electrophoresis (DGGE) (targeting 
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pMMO gene of MOB) was used to assess methanotrophs abundance and diversity 

were present in paddy soil (Yargicoglu et al., 2017). 

Methanotrophs can mitigate the effect of CH4 emission and certain species 

also contribute as bio-fertilizer in paddy soil (Feng et al., 2012; Zhanga et al., 2012; 

Tiwari et al., 2015). Agriculture supports a major share of national income and export 

of agro based products raise the earning in several developing countries. India and 

china, both are major rice producing countries thought to be major contributors of 

global CH4 budget. Synthetic fertilizers decrease the yield of crops including the soil 

fertility and microbial community as well as climate imbalance. However, CSR-BIO 

is an environmental supportive bio-formulations that can be added to the paddy 

agriculture crops in combination with biochar for greater paddy yields (Mukherjee 

and Lal, 2013; Damodaran et al., 2013; Gulet al., 2015). Biochar is known as soil 

conditioner to improve the plant growth directly with providing the suitable nutrients 

as well as eradicating the unwanted belongings indirectly, when compared to  

chemical fertilizers, insecticides and pesticides (Kuppusamy et al., 2016; Hussain et 

al., 2016). The application of biochar in soils is based on its properties such as: (i) 

agricultural value from enhanced soils nutrient maintenance, (ii) permanent carbon 

sequestration, and (iii) reduced GHG emissions, particularly CH4 and N2O (Lehmann 

et al., 2006). But, no information about the CH4 consuming bacterial diversity and 

abundance under different biochar amended paddy fields is available, which may act 

as a strong sink for CH4. It is also not known whether application of different biochar 

quantity and microbial formulation in combinations to paddy soils has similar of 

different CH4 consuming bacterial population. Further, we don’t know about their 

diversity in a given paddy agro-ecosystem treated with biochar and other 

amendments. It is expected that this research work would provide answer to some of 
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the questions raised here. The investigations on methanotrophs population dynamics 

from natural and upland paddy agro-ecosystems has indicated that dry tropical soils 

act as strong CH4 sink. 

A number of studies have been conducted from agro-ecosystem to terrestrial 

and forest ecosystems regarding ecology of methanotrophs population dynamics. But 

to date, uses of RHB on community composition and population dynamics of methane 

consuming bacteria from paddy field soils are missing. Needless to say that no 

attempt has been made to understand the diversity and abundance of methanotrophs in 

the paddy soils treated with RHB and microbial bio-formulations such as CSR-BIO. 

Therefore, this study investigated the impact of RHB in combination of microbial bio- 

formulation-CSR-BIO (consortia of Bacillus pumilus, Bacillusthuringensis, and 

Trichodermaharzianum) on methanotrophs abundance in paddy agriculture field 

conditions. 

7.2 Material and methods 

 

The details of experimental design and field preparation, RHB + CSR-BIO treatment 

application, paddy nursery establishment and transplantation, have already been 

described in Chapter 3. 

7.2.1 Methanotrophs abundance quantification 

 

The soil samples were collected at 0, 35, 65 and 105 day after transplanting (DAT) 

from 0-15 cm soil depth in triplicates for MPN quantification of methanotrophs 

abundance. The soil samples were immediately transported to laboratory and stored in 

polyethylene bags at 4 0C for the analysis of methanotrophic bacterial abundance and 

community. 
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7.2.2 Quantification of methanotrophs abundance by MPN method 

 

The number of methanotrophic bacteria was enumerated by the new Most Probable 

Number (MPN) technique according to Saitoh et al. (2002). This cultivation 

dependant experiment was carried out in50 mL serum bottle. Present modified MPN 

technique helps, not only in exact enumeration of small population densities of 

methanotrophs in paddy soil, but also it requires less equipments, labour, and is 

superior to conventional MPN methods (Roslev and King, 1994; Singh et al., 2010) 

however methanotrophic diversity was analysed by DGGE based molecular technique 

according to (Zheng et al., 2008). 

The serum vials used for the isolation, quantification and purification of 

methanotrophs are shown in Figure 7.1 and 7.2. The culturable methanotrophic 

community structure was identified using modified most probable number (MPN) 

(Saitoh, 2002) method. A modified nitrate mineral salt (NMS) media (Whittenbury et 

al., 1970) used for methanotrophs cultivation contains: MgSO4.7H2O, 1 g; KNO3, 1 g; 

Na2HPO4.12H2O, 0.71 g; ferric ammonium EDTA, 5 gm, chelated iron solution 02 

mL which contains ferric (III) ammonium citrate 0.01 g or ferric chloride 0.05 g, 

EDTA sodium salt 0.2 g, conc. HCl 0.3 mL, distilled deionised water 100 mL and 

Trace element solution 1 mL. The composition of trace element solution is DiSodium 

EDTA, 50 mg; FeSO4.7H2O; 20 mg; H3BO3, 3 mg; CoCl2.6H2O, 2 mg; CuSO4.5H2O; 

3 mg; ZnSO4.7H2O; MnCl2.4H2O, 3 mg; Na2MoO4.2H2O, 3 mg; NiCl2.6H2O, 2 mg. 

 

The pH of the medium was maintained at 6.8. The media was autoclaved at 121 oC for 

15 minutes for sterilization. The CH4 gas was injected with 1:1 ratio with air into 

serum vials and Petri plates as carbon source for the growth of methanotrophs.The 

serially diluted soil samples of different land use sites were spread on Petri plates 

containing NMS media for the enumeration of methanotrophs abundance and 
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purification of bacterial isolates. After the growth on NMS medium, the 

methanotrophic bacterial isolates from different soil samples were considered for 

biochemical characterization according to Chandra and Singh (2014). The 

methanotrophic growth was observed in serum vials. Serum vials containing 30 mL 

freshly prepared NMS media were taken and inoculated with 0.1 mL of log phage 

synchronized methanotrophic culture of collected soil samples in separate vials and 

incubated at 30 ºC for 28 days. 

 

 
 

Figure 7.1. Culture of methanotrophs grown in serum vials containing NMS medium 

for the quantification of methanotrophs abundance in paddy soil for the year 2015. 
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Figure 7.2. Culture of methanotrophs grown in serum vials containing NMS medium 

for the quantification of methanotrophs abundance in paddy soil for the year 2016. 

 
7.2.3 Biochemical tests 

 

The biochemical characterization of cultivated methanotrophs was carried out 

according to Smibert and Krieg (1981) and details are given in Figure 7.6 and Table 

7.2. 

7.2.4 Identification of methanotrophs community by molecular methods 

 

7.2.4.1 Genomic DNA extraction and purification from paddy soil 

 

The DNA was extracted from fresh soil (0.25 g) with the help of MoBio power soil® 

DNA isolation kit (MO-BIO Laboratories, USA US 7,459,548 B2, Cat. No. 12888-50 

and 12888-100) according to manufacturer’s instructions using a bead-beating 

extraction protocol. 
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7.2.4.2 Amplification of the pmoA geneand PCR-DGGE analysis of 

methanotrophic community structure 

The extracted DNA from paddy soils of different treatments was amplified by PCR– 

DGGE according to Dianou et al. (1999). The sequences of the universal forward and 

reverse primersin this experiment were A189F-GGTGACTGGGACTTCTGG and 

Mb661-CCGGMGCAACGTCYTTACC respectively, as used by Holmeset al.(1995). 

The GC clamp-A189f CCCCCCCCCCCCCGCCCCCCGCCCCCCCCCC 

CGCCGCCGGNGACTGGGACTTCTGG (Henckel, 1999). The GC clamp attached 

to the 5′ end of A139F primer andamplification of methanotrophic bacterial DNA was 

carried out by PCR. During PCR the requirements were: 2.0 μL of each primer, 2.0 

μL of deoxyribonucleoside triphosphate (dNTP), 0.7 μL of MgCl2, 2.5 μL PCR 

buffer, 0.05 unit/μL of Taq polymerase, 3.75 μL Betain, 0.5 μL BSA and 50 ng of 

template DNA. All these materials were combined with super purified H2O in a 0.5- 

mL tube. The PCR reaction was performed with the use of T-100 thermo cycler PCR 

and the initial denaturation was carried out for 5 minutes at 94 °C, followed by 20 

touchdown cycles (65 to 55°C).Further, 10 cycles were carried out at 55 °C for 1 

minute, followed by 72 °C for 1 minute and a final extension of 72°C for 5 minutes. 

Then after that the targeted DNA were separated and purified from products of PCR 

amplification. The purified DNA was loaded on 6% (vol/vol) 

acrylamide/bisacrylamide (37.5:1) gel, made with a denaturing gradient (urea: 

formamide-40: 60%) were run according to the procedures of Henckel et al. (1999) 

and Bourne et al. (2001) Figure 7.3. The potential DNA bands were excised from 

DGGE geland suspended in 100 mL of water overnight to elute the DNA. The bands 

were re-amplified and run again on the DGGE gel to check the quality and mobility of 

DNA for further analysis. 
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Figure 7.3. Equipments and experimental setup used for DGGE analyses of 

methanotrophs from paddy soils. 

 
7.2.4.3 Sequencing of the pmoA genes and phylogenetic analysis 

 

Theexcised DNA bands, sequencing was done by the sequencer Applied  

Biosystems® 3730/3730xl DNA Analyzer (Thermo Fisher Scientific, USA)  

according to manufacturer’s guidelines. The obtained DNA sequences were manually 

checked edited and aligned using BioEdit version 7.2. The collected sequences 

werealigned with the help of using pmoA gene sequences from the National Center for 

Biotechnology Information (NCBI) database using the BLAST version 2.7.0 

searching program and phylogeneticanalyses were conducted using MEGA 7 version 

7.0.26. 
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7.3 Results and discussion 

 

7.3.1 Methanotrophs abundance 

 

During the two consecutive years (2015-2016) of paddy crop cycle,the average 

methanotrophs populations were counted highest in the soil of RHB + CSR-BIO 

treated plots for both the study years 2015 (54.75± 0.98 × 10-5 cells g-1 dry soil) and 2016 

(57.25± 0.88(× 10-5 cells g-1 dry soil) (Table 7.1). Across different sampling dates the 

maximum methanotrophs abundance was noted at 65 DAT compared to control 

plotduring both the years (Figure 7.4A). At all the soil sampling days the RHB+CSR- 

BIO amended plot showed higher number of methanotrophs population compared to 

other treatments. The ANOVA showed that differences in methanotrophs population 

due to treatments were statistically significant (P=<0.001) (Table 7.1) for both the 

study years. The higher methanotrophic bacterial community in RHB+CSR-BIO 

treated soil could be due to the development favourable soil conditions because of 

higher organic contents and optimum soil moisture (Table 4.1, Chapter-4) that may 

support the growth and multiplication of methanotrophic bacteria (Wang et al., 1993; 

Quilliam et al., 2013; Tiwari et al., 2015; Singh and Gupta, 2016). The variations in 

soil physico-chemical properties (Table 4.1, Chapter-4) due to RHB and CSR-BIO 

amendments could be one of the major reasons for the variations in methanotrophic 

abundance across the treatments. While unfavourable soil in control plot may  

suppress the methanotrophs population growth. Beneficial microbial agents present in 

CSR-BIO formulation might create beneficial conditions to enrich the soil physico- 

chemical environment therefore; a higher number of methanotrophs might be build up 

in nutrient rich soil. The increase in methanotrophs abundance in RHB treated soil 

could be due to the improved soil physico-chemical properties as well as nutrient 

sources because of favourable soil conditions that supports the growth and 
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multiplication of methanotrophs. Further, the lager pore size of RHB could provide 

shelter to soil methanotrophs and protects them from soil microbes feeding (predator) 

such as protozoa, nematodes, etc. (Warnock et al., 2010). It is suggested that RHB 

may optimize the soil aeration and moisture conditions which favours the colonisation 

of methanotrophs (Zhong and Cai 2007; Henckel, 1999). It is expected that long term 

application of RHB in soil could promote activity, growth and community structure of 

methanotrophs (Bender and Conrad 1995; Henckel 1999). So, increasing 

methanotrophic abundance and diversity in paddy soils due to application of RHB can 

contribute toenhance the CH4 consumption. 

Table 7.1.Variations of methanotrophs abundance in rice husk biochar (RHB) and 

CSR-BIO treated paddy field. The values for the each parameter are average means of 

three replicates ± SE. Total number of soil samples analysed for each parameter and 

year was N=12 (3 replicates × 4 treatments). 

 
Treatments Year Methanotrophs number 

(× 105 cells g-1 dry soil) 

Control 2015 

2016 

18.75± 0.89 

20.00± 0.58 

RHB 2015 

2016 

46.00± 0.65 

48.00± 0.78 

CSR-BIO 2015 

2016 

25.25± 0.19 

26.75± 0.16 

RHB + CSR-BIO 2015 

2016 

54.75± 0.98 

57.25± 0.88 

One-way ANOVA 2015 

2016 

F=56.62;  N=12; P=<0.001 

F=36.24;  N=12; P=<0.001 
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Figure 7.4A. Influence of RHB and CSR-BIO treatments on methanotrophs 

abundance at different sampling days during paddy cycle for the two years 2015 and 

2016.Vertical lines on each bar represents means of three replicates ± SE. When the 

data were pooled across the treatments and sampling dates, one-way ANOVA 

indicated significant differences in methanotrophs abundance both the years 2015 

(F=15.55; N=48; P=<0.001) and 2016 (F=23.15; N=48; P=<0.001). 
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To find out the impact of different treatments in paddy soil, the correlation 

analysis was performed between methanotrophs number and some relevant soil 

properties such as soil moisture, WHC, soil pH, total-C, ammonium- and nitrate-N 

(Figure 7.4B). A positive significant correlation between methanotrophs number and 

soil moisture (N=12; R² = 0.6734; P=<0.001) showed that soil moisture is an 

important factor that regulates growth and multiplication of methanotrophs in dry 

tropical paddy soils. It has been also reported that methanotrophs are very sensitive 

microbes affected by soil moisture conditions (Singh et al., 2010a). This indicates that 

adequate soil moisture could be a necessary factor for the optimal functioning of 

methanotrophs in paddy soil. The information available about the impact of soil 

moisture on methanotrophs in RHB treated paddy soil indicate that soil moisture could 

be a very crucial parameter that may govern the community composition of these 

unique group of bacteria and their role in methane sink activity from upland paddy 

soil. 

A negative correlation of methanotrophs number with ammonium-N (N=12; 

R²  = -0.2162;  P=  < 0.001) and nitrate-N(N=12;  R²  =  -0.2682;  P = <0.001) across 

treatments indicating that the higher concentration of soil ammonium-N and nitrate- 

N significantly suppressed the number of methanotrophs in paddy soils (Figure 

7.4B). Additionally, the negative relationship between methanotrophs  abundance 

and inorganic-N contents in RHB treated paddy soil of present study can be 

explained with the results of Bender and Conrad, (1994), who confirms that 

ammonium-N, inhibits the methanotrophs population in paddy soil. Zheng et al. 

(2008)also showed that long term inorganic fertilizers applications negatively 

impacted on population dynamics and abundance soil methanotrophs in a Chinese 

paddy soil. Though, number of study with reference to effect of fertilizer application 
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on CH4 sink activity in paddy soil have been conducted, but the impact on the 

methanotrophs abundance and diversity have not been investigated in detail. 

Therefore, precise and extensive research work related to effect of inorganic 

fertilizers application on methanotrophic community composition in paddy  crop 

field conditions is required. 

 

 
Figure 7.4B. Relationship between methanotrophs abundance and some relevant soil 

physico-chemical soil properties across different treatments. Total number of soil 

samples use for this correlation analysis was N=12 (4 treatments × 3 replicates). 
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An appropriate dilution of liquid culture samples of methanotrophs was spread 

on NMS agar plates and placed at 30 0C inside the incubator and 5:5 mL ratio of CH4 

and air were transferred weekly. After 3 week of incubationpinkish to yellowish 

colour methanotrophs colonies were appeared on Petri plates containing NMS agar 

medium (Figure 7.5). 

 

 

Figure 7.5.Methanotrophs gown on NMS agar medium from the paddy soils. 

 

From these bacterial growth plates cells of methanotrophs was used for SEM 

and biochemical test. The biochemical kits (A) control (B) after addition of 0.5 mL of 

methanotrophs culture has been given in Figure 7.6. Results of biochemical test 

performed for methanotrophs isolated from soil samples are shown in Table 7.2. The 

results of biochemical test and SEM analysis of methanotrophs are in accordance with 

the results of Whittenbury et al. (1970). The bacterial cells were negative towards 
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Gram staining. The colony morphology of the methanotrophs growing on NMS agar 

plates was investigated visually. The strain exhibited a white, coccus and semi rod, 

entire colony with 3–4 mm in diameter after 15 days of incubation at 30 0C. 

 

 
Figure 7.6. Biochemical kits (A) control (B) after addition of 0.5 mL of methanotrophs 

culture. 

Table 7.2. Results of biochemical test performed for methanotrophs isolated from soil 

samples. 
 

SNo. Test Results 

1. Methyl red - 

2. Voges Proskaur’s - 

3. Ureas + 

4. H2S Production + 

- 
5. Citrate utilization 

6. Lysine utilization + 

7. ONPG - 

8. Lactose + 

9. Arabinose - 

10. Maltose + 

11. Sorbitol - 

12. Dulcitol - 

13. Oxidase + 

14. Gram staining - 
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The isolated methanotrophs on NMS medium were subjected to phase contrast 

and SEM analysis (Figure 7.7). The bacterial cell shape was rod shaped and pinkish in 

colour. 

 

 

Figure 7.7. Images of isolated methanotrophs. (A) and (B) are images of phase 

contrast and (C) and (D) are taken by scanning electron microscope (SEM). 

7.3.2 Methanotrophs community composition 

 

The objective of present study was to characterize the methanotrophic communities 

present in the paddy soil treated with RHB and CSR-BIO. The extracted genomic 

DNA from paddy was subjected to molecular biology techniques such as DGGE and 

pmoA gene sequencing. 
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7.3.3 PCR-DGGE amplification of the pmoA gene 

 

Methanotrophs use CH4 as their sole source of carbon and energy with the help of 

broad spectrum enzyme methane monooxygenase (MMO) (Singh and Singh, 2017). 

Two common forms of MMO are: i) the sMMO (encoded by mmoX gene) and ii) 

pMMO (encoded by pmoA gene). Since, in most of the study conducted earlier only 

the pMMO containing methanotrophic community has been reported as dominant 

group in upland soils. Therefore, it was of interest to investigate whether the extracted 

genomic DNA from paddy upland soil contains pmoA gene or not. To answer this 

question, PCR-amplification of pmoA marker gene which is essential in detecting 

pmoA (a gene encoding a subunit of particulate methane monooxygenase) (Dong et 

al., 2015) was carried out using the specific primers. Amplification of pmoA genes 

was performed with universal primers A189F/mb661R using the standard 

recommended PCR protocols resulted in a product of about ~ 500 bp lengths (4 

different bands) has been shown in Figure 7.7. The identified PCR-DGGE bands  

were further determined by sequence analyses as pmoA genes. 

7.3.4 Sequence analysis of the DGGE bands across the treatments 

 

During DGGE analysis of methanotrophic DNA total 4 bands (Figure 7.8). The 

band-1 represents the control soil, while the remainingthree 3 bands represents the 

RHB treated paddy soil.These DGGE bands were excised from the DGGE gel for 

PCR amplification and sequencing analyses. After sequencing analyses (aligning with 

the BLAST in NCBI database), the 4 sequences has been identified as 

pmoAgenefragments which is categorised astype-I methanotrophs 

(Gammaproterobacteria) (Figure 7.9 and Table 7.3). On the basis of distance metric 

analysis of phylogenetic tree,the CP1 band-5 (RHB soil) and CP2 band-1 (control 

soil) was much closed tothe Methylobacterand Methylosarcinasp., respectively. 
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However, CP1 band-1 and CP1 band-4 (RHB soil) was not classified in single 

bacterial species of methanotrophs due to the highest similarity from type I group of 

methanotrophs, therefore, both sequences were submitted as family uncultured 

Methylococcaceae bacterium, to the DNA Data Bank of Japan (DDBJ). Figure 7.9. 

 

 

Figure 7.8. DGGE profile of pmoA gene fragments of paddy soil. Total 4 bands were 

excised from the selected area for DNA sequencing analysis. 
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7.3.5 Obtained nucleotide sequences from methanotrophs of paddy soil 

 

Total 4sequences (3 sequences in RHB treated soil and 1 Sequence in control) were 

obtained after sequencing of pmoA gene of methanotrophs by DGGE analysis of 

paddy soil. 

CP1 Band 1 (RHB) 

TTTTTCACCCATTCAGACGTACTCAGGAACGCCGGTTATTAGGCAATACTAACCT 

ACGAAGGGAGCCAAGGGCATATGCATACCACTTTCTTCAATAGGAAAAAGGAAG 

GGAGCCATATGAGGCCACTTACCGGGGTGAAAACCGAAACCAAAAACCAAGCGG 

CCTCCAAACGCTTTTAACTAACATATTTTAGATACCAACAATACAAAATCCAATA 

CGATAGCCCCGGGAATTAGTTGTGATGGGAATATGAAATTAACGGGGAAGGATG 

TCCAGCCCCAAAAATTGAATTCCCGCTTGACCCCCTAGACCAAGCCCAACCCAAT 

GAATCAAAAGGTTAGACCAAAGCCGCTGCTATAATGCCGCCGTTAAACGGTTAA 

AACTGCCTCTGGGAAGGTAAGATCCCAACTCGATAAAAAGATTACCCGATAAAG 

TTGTACT 

CP1 Band 4 (RHB) 

CACATTGGGTTACTGACTCCCCAATGGTAACAATTACTTTCCCAACTGAGTGAAA 

AGCTATCTTCAGGCGAGTTTACACGTTTTCTTTTCGGGGAGTTCTTTTGCGTTCGG 

GGTTGCTTTAGGGCGAATGGGCCAACAGTGACCTGAAGTTCAGGGGTCGGACTTA 

CTTCCCCATTAAGTTCCCGTCCCCTCTGAACCTGGTCGCCGGCGCAACAGTTCGTT 

GCGTTGTCATGGAGTTGTGAAAAGCGAATGTATTGACTGCTCTTTCCGGCGGTTG 

GGGCTTCGGTCTGGTTTTTATCCCAGGCAACTGGTCAATCATTGCCCCAATTCATG 

TTCCTGTCGATCAAAACGGCATGATGCTGGCTTTGGCTGACTTCAAGGTTACCAA 

CTCCGTTTGAACTGGTACACCTGATGACCACAGAATGGTTGAAAAAGGTACATTG 

AGAACTTTCG 
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CP1 Band 5 (RHB) 

ACGTCTATGGGTAACTGTTACACCCTAGATTTTCAATCTCTTTCCCTGACGCTGTT 

CAAGTAAGATTCTGGCTGGCTTACCGTCTGACTTTCGCGTGGTAACTTTTGTCTTA 

GGTTTCCCCCCGGGTGGAGGGGTTAACCTTTACCTCAAACTTCGGGCATGGAGAG 

TTTTCCCTGCCACCTTCTGGCTTCCTTACAAACCTGATCCAGGGCGCTTTAGTTCA 

TTAAGTTCCATTCATGGAGTATAACAGCATGACGTTGACAGCGGTTGTTGGTGGT 

ATGGCTTGGGGTCTACGGTTCTACCTGGCAACTGGTCAAATTCACATTCCATTAC 

ACAATCCGGTTGAATGCAATGGCATGAGGTTTCCTCTGGGTGGGTTGCAAGGTTT 

CCTCTACGTAAGAACTGGTACTCCTGATAACATGAGAAGGGTTAAAAAAGGTTCA 

CTAAAAAG 

CP2 Band 1 (Control) 

CGACTGCTGTGGGAAACCGAATTGCCAATAGTTGGTATTACGTTCCCGGCCGCTC 

CCCAAGTAGTTCTCTGGAGGGCTTACCGTTTACCTTTAGGCGGGGTTCTTTCTCTA 

GTTGGGCTCCTCTTGGTCGAGTGGTTCATGGGTCAACAGATACTTCAACTTCGGG 

GAAATAGTTCAAATTTCCCTAAACTTCGAGAGCCCATCAAACTCAAAGCCAGGTC 

CTATCGTTATGGCAGTTATCCTGATGCCGTCTAACAGCATCAAGCGGACAGAGGT 

TACGGGCGCATTGGGTTTTCTTTTTTGTTCTACCCAGGTAAATGGCCTGCTCCATT 

TCCCTTGCCCACGCCTCTTGAAGACAACGGATTGGTAATGAATCTGGCTGCATTG 

CAAGGTTCCCACTATGTTGGAACCGGTACTCCTGCGTGCATCCGTAGGATTAAAA 

AAGGTACATTGATAACGTTCGGTAA 

 

7.3.6 Methanotrophic bacterial diversity in paddy soil 

 

The DGGE profile of the study soil samples showed variations in methanotrophic 

community composition in treated and control soils (Figure 7.9). It is clear from 

the occurrence of more diverse bands in RHB treated soil attributed toa greater 

methanotrophic community diversity compared to control soils. Since, all the 

methanotrophic genera in this study were identified as the type-I methanotrophs 
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(Gammaproteobacteria) it may be proposed that type-I methanotrophs are 

predominant in paddy soils. The CP1 band-1 and band-4 of RHB treated soil 

showedhighest similarity with the two methanotrophic genera of family 

Methylococcaceae. So, both these bands may belong to the methanotrophic 

genera such as Methylomonas, Methyloglobulus and Methylobacter. However, 

CP1 band-5 revealed highest closeness to the methanotrophic genera 

Methylobacter. Likewise in control soil CP 2 band 1 was closely related toonly 

single methanotrophic genera Methylosarcina. The pmoA gene sequences 

revealed that the strains were closely related to the above described 

methanotrophs genus with similarity ranged from 97-98%. In this study, the 

differences in banding patterns observed in the DGGE profile, suggesting that 

RHB treatments in paddy soil altered the methanotrophic community 

structure.Therefore, the long term application of RHB and other organic 

amendments in upland paddy soil could be a beneficial option to enhance the 

methanotrophic abundance and diversity in disturbed saline soils. This study 

revealed that the long term application of RHB in paddy fields could suppress the 

emission of CH4 due to increasing the diversity and abundance of methanotrophs 

in RHB amended soil. But the study related to RHB amendments and 

methanotrophs in paddy fields, regarding CH4 reduction and higher crop 

production is ambiguous so, there is the need of further investigations because 

paddy agriculture contribute major share in the production CH4 due to 

anthropogenic sources. 

https://en.wikipedia.org/wiki/Gammaproteobacteria
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Figure 7.9. Phylogenetic relationship of identified methanotrophs community,based 

on pmoA genes amplified from excised bands from methanotrophic DGGE gel of 

paddy soils. 
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Table 7.3. On the basis of evolutionary distance matrix of phylogenetic relationship 

based on Figure 7.9 the possible genera and family of methanotrophsidentified from 

paddy soils are mentioned below. 
 

Treatments Name and 

number of bands 

Category/Type Possible 

Methanotrophic 

genera/ family 

Control CP2- band 1 Type-I (Gammaproteobacteria) Methylosarcina sp. 

RHB CP1-band 1 Type-I (Gammaproteobacteria) Methylococcaceae 

 CP1- band 4 Type-I (Gammaproteobacteria) Methylococcaceae 

 CP1- band 5 Type-I (Gammaproteobacteria) Methylobacter sp. 

 
 

7.3.7 Nucleotide sequences and accession numbers of pmoA gene 

 

The obtained pmoA gene sequences of four bands have been deposited to the DNA 

Data Bank of Japan (DDBJ) under the following accession numbers. 

Submitted bands sequences Accession No 

CP1-Band 1 LC386857 

CP1-Band 4 LC386858 

CP1-Band 5 LC386859 

CP2-Band 1 LC386860 

 
 

7.4 Conclusions 

 

The present study showed a higher methanotrophic bacterial abundance and 

community in RHB treated soil compared to control plots of saline paddy soils. The 

variations in soil physico-chemical properties due to RHB amendments has been 

found as major reasons for the variations in methanotrophic abundance across the 

treatments. The unfavourable soil conditions in control plot suppressed the number of 

methanotrophs. The improved soil physico-chemical properties as well as nutrient 

sources in RHB treated soil supported the growth and multiplication of 

methanotrophs. The lager pore size of RHB provide shelter to soil methanotrophs and 
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protects them from soil microbes feeding (predator) such as protozoa, nematodes, etc. 

and therefore, a higher methanotrophs population build up. 

Our study demonstrated that the abundance and methanotrophic microbial 

community are apparently affected RHB treatments in paddy soils and hence that 

bacterial abundance and diversity has to be taken into account in the global 

biodiversity debate. Alteration in soil physico-chemical characteristics due RHB 

treatments are crucial factors that may provoke shifts in methanotrophs abundance 

and community compositions in paddy up land soils. Type-I methanotrophs has been 

found as the dominant bacterial group in the paddy soil of present study. However, to 

confirm this, extensive ecological experiments have to be carried out with pure 

cultures of methanotrophs isolated from upland paddy soils differing in 

methanotrophs abundance and diversity. The plant residues based biochar and 

fertilizer addition studies have to be carried out in paddy soil habitats with dominance 

of methanotrophs types (type-I, type-II, etc.) and of, where methane consumption has 

to be linked with diversity by using advanced tools and techniques. Finally it can be 

said that biodiversity conservation and land use policy makers should also consider 

methanotrophic abundance and diversity, which is apparently important for global 

green house gases particularly methane reduction in soils. 



 

 



138  

CHAPTER- 8 
 

SUMMARY 
 

 
 

India being an agriculture-dominant country produces more than 500 million tons of 

crop residues wastes annually. The huge crop residues of rice, wheat, cotton, maize, 

millet, sugarcane, jute, rapeseed-mustard, groundnut and other crops are typically 

burnt on agriculture farm sites across different states of the India. A large portion of 

unused crop residues are burnt every year in the fields primarily to clear the left-over 

straw and stubbles after the crop harvest. The problem is more severe in the irrigated 

paddy agriculture, particularly in the mechanized rice-wheat system of the north-west 

region of the country. Non availability of technically trained peoples, high cost of 

residue removal from the field and increasing use of combines in harvesting the crops, 

are main reasons behind burning of huge amount of crop residues at the fields. 

Burning of crop residues not only causes environmental pollution, but is also 

responsible for the loss of agriculturally important soil microbial community and 

abundance (Singh et al., 2017). Since, microbes are the crucial biological agents 

Therefore, appropriate management strategies of crop residues to agricultural use may 

assumed as a viable and sustainable option for enhancing the key beneficial microbial 

community in soils to agriculture and environment (Singh et al., 2011; Singh and 

Pandey, 2013; Singh, 2015). It is need of the hour to develop recent research efforts in 

conservation of agriculture-based crop management technologies which may be 

beneficial to enhance the beneficial soil microbial diversity and biomass (Singh and 

Gupta, 2018), agriculture soil fertility and crop productivity. 

Sustainable degraded agriculture land management approaches such as organic 

farming, novel microbial inoculation with suitable bio-inoculant carriers have been 
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considered as key tools for combating the loss of soil fertility and crop productivity. 

The inoculation of microbial bio-formulations, developed from agriculturally 

important microbes, in combination with suitable organic amendments has been 

demonstrated to speed up the restoration of degraded land soil fertility within short 

period of time (Singh et al., 2016). Evidently, the direct inoculation of beneficial 

microbial consortia in combination with suitable supporting soil amendments/carrier 

material can be a viable and new efficient tool to contribute significantly in 

enhancement of microbial density and biomass, which can help considerably to agro- 

ecosystem sustainability and crop productivity. Therefore, in this experiment, the 

CSR-BIO, a commercial bio-formulation consortia prepared from agriculturally 

beneficial microbes (Damodaran et al., 2013), was used with cow dung manure (as 

carrier material) and RHB as soil conditioner. We hypothesized that the addition of 

RHB with CSR-BIO mixture will have positive effects on soil physico-chemical 

properties, methanotrophs abundance, SMB levels and paddy productivity. It  may 

also be further assumed that the application of RHB in combination with novel 

microbial bio-formulation mixture (CSR-BIO developed by Damodaran et al., 2013, 

IISSR, Lucknow) would increase synergistically the soil available inorganic-N 

nutrients to paddy plants in nutrient deprived soils. However, the experimental 

evidences and answers for the above raised arguments and questions in field 

conditions are still to be investigated. Therefore, this study focused on impact of RHB 

application in combination of microbial bio-formulation-CSR-BIO (consortia of 

Bacillus pumilus, Bacillus thurigensis and Trichoderma harzianam) on soil physico- 

chemical properties, paddy crop yields, SMB, and methanotrophs diversity and 

abundance in paddy field. 
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Since, application of RHB in combination with suitable commercialized 

microbial bio-formulation (CSR-BIO) as supporting amendment, from agriculture 

paddy filed conditions are lacking therefore, to find out the answers of above raised 

questions, the present doctoral research work has been carried out with the following 

objectives: 

1. To assess the impact of CSR-BIO and Biochar application on soil physico- 

chemical properties of saline paddy fields. 

2. To find out the influence of CSR-BIO and Biochar treatments on paddy yields. 

 

3. To study the microbial biomass-C, -N and P variations as affected by CSR- 

BIO and biochar amendments. 

4. To assess the influence of CSR-BIO and Biochar amendments on 

methanotrophs abundance and diversity. 

Experimental design, treatments and paddy cultivation 

 

A field experiment for two consecutive years (2015-2016) with paddy cultivation was 

carried out at Agriculture Research Farm of Babasaheb Bhimrao Ambedkar 

University located in Lucknow, Uttar Pradesh (India). Total 12 experimental plots 

each having dimension of 3×2 meter was established in completely randomized block 

design (RBD). Four treatments i.e. rice husk biochar (RHB), CSR-BIO (a commercial 

microbial bio-formulation), and RHB+CSR-BIO, including one control plot (without 

any treatment) was also established in triplicate. Except control plot, RHB and CSR- 

BIO were applied at a rate of 10 t ha−1 as described, respectively by Zhang et al. 

(2010) and Damodaran et al. (2013). For this study, paddy (Oryza sativa) was 

selected as experimental crop. For the rice variety namely HUR 9-10 Hindu 

University Rice-9-10 was obtained from Department of Geneticsand Plant Breeding, 

Institute of Agriculture Sciences, Banaras HinduUniversity (South campus), 
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Mirzapur, Uttar Pradesh. The nursery of rice cultivar was prepared on 20 June during 

both the years 2015 and 2016. After 25 days of nursery growth, the paddy seedling 

was transfer to the experimental plots. Three hills (each with 2 seedlings) were 

transplanted on 25 July in both the years. Frequent irrigation (a water level of 6-12 

cm) avoiding waterlogged condition, was provided throughout the crop cycle. At 105 

day after transplantation (DAT), the matured paddy crop was harvested for the 

determination of selected paddy agronomic variables. The paddy agronomic variables 

such as panicle length (cm), tiller numbers (plant-1), rice grain yield (t ha-1) and paddy 

straw yield (t ha-1) was determined according to Mahamud et al. (2013) and 

Amanullah and Inamullah (2016). 

1. Impact of RHB and CSR-BIO and application on soil physico-chemical 

properties in paddy soils 

The results showed that compared to treated plots, maximum electrical conductivity 

(EC) and pH, respectively was noted for untreated (control) plot in both the years. 

Across different treatments gravimetric soil moisture (GSM) and water holding 

capacity (WHC) were highest in RHB + CSR-BIO treated plots and lowest in control 

plots for each year. Compared to treated plots, bulk density (BD) was lowest in 

control plot. During both the years, among different treated plots the values of total-N, 

total-C and total-P were lowest in control plot than the treated soils. ANOVA revealed 

that studied soil physico-chemical characteristics such as EC, pH, SM, WHC, BD, 

total-N, C and -P varied significantly due to treatments. Across different treatments, 

inorganic-N (ammonium- and nitrate-N) levels and N-mineralization were minimum 

in control plots and maximum in RHB + CSR-BIO treated plots in both the years. 

Across different sampling dates, ammonium-N and nitrate-N levels were noted 

minimum on 35 DAT (tillering stage) and maximum on 105 DAT (maturity stage) in 
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both the years. Across different sampling dates, N-mineralization was noted minimum 

on 0 DAT and maximum on 105 DAT (maturity stage) in both the years. ANOVA 

indicated significant difference in ammonium-N, nitrate-N and N-mineralization due 

to sampling dates for 2015 (P = < 0.001) and 2016 (P = < 0.001). 

This study demonstrates that RHB and CSR-BIO application improves the soil 

physico-chemical conditions that in turn enhance the availability of inorganic-N 

(ammonium- and nitrate-N) and rate of soil N-mineralization in paddy soil. The long 

term use of RHB may beneficial to enhance the soil nutrient status of nutrient 

deprived and saline soils. Thus, the plant residues after plant harvest such rice husk 

can be converted into RHB and in combination with CSR-BIO or other PGPR bio- 

formulations/amendments could be important strategies for enhancing the rate of soil 

N transformation and beneficial available N nutrients in poor paddy agriculture soil. 

This experiment was carried out only with the application of RHB and CSR-BIO, but 

other suitable organic amendments, green manures, farm yard manure (FYM) derived 

from crops residues may be used for restoration of soil fertility of disturbed soils. 

2. Influence of RHB and CSR-BIO treatments on paddy yields 

 

The results suggest that variation in paddy agronomic variables (variables such as 

panicle length, tiller number, rice grain and paddy straw yield) due to RHB and CSR- 

BIO treatments for two consecutive years (2015 and 2016) are statistically significant. 

All the selected paddy agronomic parameters were found greater in treated plots 

(maximum in RHB + CSR-BIO treatment) compared to untreated (control) plot. It 

was interesting to note that among the various selected paddy agronomic variables the 

influence of RHB treatment was more effective for rice grain yield. 

All the selected paddy agronomic parameters (panicle length, tiller number, 

rice grain and paddy straw yield) were found greater in treated plots (maximum in 
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RHB + CSR-BIO treatment) compared to untreated (control) plot. ANOVA showed 

significant difference (P = < 0.001) in paddy agronomic variables due to treatments. 

The percent increase in panicle length, tiller number, rice grain yield and paddy straw 

yields in RHB + CSR-BIO treated plot was comparatively than other treatments for 

both the years. Further, it was interesting to note that among the various selected 

paddy agronomic variables the influence of RHB treatment was more efficient for rice 

grain yield. The high levels of soil organic carbon accumulation in RHB amended 

plots in present study can enhance N efficiency and increase paddy productivity in 

nutrient poor paddy soils of tropical regions. Though, the effect of biochar on the 

selected paddy agronomic variables (tiller numbers and panicle length) is difficult to 

elucidate because there is insufficient information based on the present experiment or 

previous studies. However, the positive effects of RHB treatments on paddy yields in 

present study may be attributed to the nutrients directly available to the paddy plants 

by the RHB because of having sufficient trace elements (Table 3.2 Chapter 3). 

Further, the increase in paddy yield witnessed is basically due to increase in nutrient 

mobilization to the paddy crop plants from the rhizosphere soil which has been 

enabled by the inoculated microbial consortia present in CSR-BIO to harness the 

available nutrients from the soil strata in field condition. 

When the data were pooled across different treatments and sampling dates, the 

paddy agronomic variables showed negative relationship with inorganic-N 

(ammonium- and nitrate-N) contents and positive with SMB-C, -N and -Pas shown in 

the table given below. The results showed that SMB levels in the paddy soil were 

drastically reduced on 35 (tillering stage) and 65 (flowering stage) days after 

transplantation (DAT) (Figures 6.1, 6.2 and 6.3, Chapter 6). It is assumed that the 

paddy plant during these days (an active crop growth period) may possibly require a 
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greater amount of soil available nutrients to support the vegetative growth of crop 

plants. This could be the reason for a significant reduction in SMB quantity during 

active paddy growth periods (tillering and flowering stage). During active paddy 

growth period, a strong demand of soil nutrients by the crop plants may compete for 

available soil nutrients with microbial community and consequently led to a reduced 

SMB levels. The higher levels of SMB-C, -N and -P in this study on 105 DAT (crop 

maturity stage) could be due to a reduced demand of available soil nutrients by the 

inactive paddy crop growth conditions. Furthermore, the situation of higher SMB 

levels at the paddy crop maturity sampling date (105 DAT) could have also arisen 

because of greater microbial nutrient N-immobilization due to reduced available-N 

nutrients demand by matured paddy plants. These situations make easy availability of 

nutrients to micro-flora and consequently a higher SMB build-up. In view of the 

above arguments, when the pooled data across different sampling days were 

considered for correlation analysis, a positive relationship between SMB and paddy 

plant growth parameters might be expected as given in the Table 8.1. 
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Table 8.1. Linear regression parameters, correlation coefficient and significance 

levels for the relationships of paddy agronomic variables (Y) and soil variables (X) in 

rice husk biochar (RHB) and CSR-BIO treated agriculture soil. 

 
Y-variables X-variables 

(µg g-1dry soil) 

a b N R2 

Panicle length 

(cm) 

Ammonium-N -0.1454 8.208 12 -0.1454x 

+ 0.8407** 

 Nitrate-N -0.1063 6.2462 12 0.7653** 

 SMB-C 13.615 12.989 12 0.6544* 

 SMB-N 5.5753 83.341 12 0.7502** 

 SMB-P 1.5278 15.031 12 0.9547** 

Tiller number 

(plant-1) 

Ammonium-N -0.1137 7.4575 12 0.8381** 

 Nitrate-N -0.0823 5.6752 12 0.7464** 

 SMB-C 11.092 46.531 12 0.7077** 

 SMB-N 4.5389 58.888 12 0.8102** 

 SMB-P 1.2042 7.3682 12 0.9665** 

Rice grain yield (t 

ha-1) 

Ammonium-N -0.3997 6.335 12 0.551* 

 Nitrate-N -0.2177 4.5697 12 0.2782NS 

 SMB-C 52.819 99.208 12 0.8539** 

 SMB-N 20.592 33.135 12 0.8873** 

 SMB-P 4.3081 4.2099 12 0.6582* 

Paddy straw yield 

(t ha-1) 

Ammonium-N -0.2309 6.5405 12 0.3648 NS 

 Nitrate-N -0.1004 4.4786 12 0.1174 NS 

 SMB-C 35.667 30.733 12 0.7728** 

 SMB-N 13.656 57.838 12 0.7746** 

 SMB-P 2.5355 1.6155 12 0.4526 * 

* P = < 0.05; ** P < 0.001; NS= Not significant; SMB= soil microbial biomass 

 
The paddy plant growth parameters (number of tillers and panicle length) 

and yields (rice grain and paddy straw) enhancement, following to RHB and CSR– 

BIO application, could be attributed to the synergistic effects of combined 
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amendments on soil nutrients availability to paddy crop plants in nutrient poor soils. 

The RHB generation from paddy rice husk and its application with beneficial 

microbial inoculants may be a sustainable crop residues waste management option to 

enhance the nutrient status and paddy productivity of nutrient poor agriculture soils. 

3. Impact of RHB and CSR-BIO treatments on soil microbial biomass (SMB)-C, - 

N and -P in paddy field 

Across the treatments highest quantity of SMB-C, -N and -P was observed in 

RHB + CSR BIO treated plots compared to other treatments. Data showed that 

variations in SMB-C, -N and -P due to treatments were significant (P = < 0.001). 

Across different sampling dates, the SMB-C, -N and -P was recorded minimum on 65 

DAT (tillering stage) and maximum on 105 DAT (maturity stage). ANOVA indicated 

significant differences (P = < 0.001) in SMB-C, -N and -P quantity due to treatments 

and sampling dates in both the years 2015 and 2016. 

The result suggests that RHB and CSR-BIO added alone or in combinations to 

the soil contributes significantly to the enhancement of soil physico-chemical 

properties and therefore, microbial biomass in nutrient poor paddy agriculture soils of 

tropical regions. The results also revealed that RHB amendments notably enhanced 

the SMB. The RHB, having large surface area, pore size and nutrient elements 

provide favourable soil conditions for the growth and multiplication of microbial 

communities and consequently higher SMB levels, in nutrient deprived paddy 

agriculture soil. The RHB generation from paddy rice husk and its application with 

beneficial microbial inoculants may be a sustainable crop residues waste management 

option to enhance the nutrient status, microbial community of nutrient poor 

agriculture soils. It is suggested that, use of chemical fertilizers could be reduced to 

enhance the economic benefits and agriculture soil health because of RHB and CSR– 
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BIO application. Available N immobilization and its release by SMB is an adaptation 

to provide nutrients to plants in nutrient limited ecosystems. The results of this 

investigation are based on short-term duration so, larger scale paddy cultivation 

experiments under field conditions, are required to verify the mechanisms involved in 

RHB-microbes interactions for soil fertility improvement and microbial community 

compositions. 

4. Influence of CSR-BIO and RHB amendments on methanotrophs abundance 

and diversity 

During the two consecutive years (2015-2016) of paddy crop cycle, the average 

methanotrophs populations were counted highest in the soil of RHB + CSR-BIO 

treated plots for both the study years 2015 (54.75 ± 0.98 × 10-5 cells g-1 dry soil) and 

2016 (57.25 ± 0.88× 10-5 cells g-1 dry soil) (Table 7.1). Across different sampling dates 

the maximum methanotrophs abundance was noted at 65 DAT compared to control 

plot during both the years (Figure 7.4A). At all the soil sampling days the 

RHB+CSR-BIO amended plot showed higher number of methanotrophs population 

compared to other treatments. The ANOVA showed that differences in methanotrophs 

population due to treatments were statistically significant (P=<0.001) (Table 7.1) for 

both the study years. The higher methanotrophic bacterial community in RHB+CSR- 

BIO treated soil could be due to the development favourable soil conditions because 

of higher organic contents and optimum soil moisture (Table 4.1, Chapter-4) that 

may support the growth and multiplication of methanotrophic bacteria (Wang et al., 

1993; Quilliam et al., 2013; Tiwari et al., 2015; Singh and Gupta, 2016). The 

variations in soil physico-chemical properties (Table 4.1, Chapter-4) due to RHB 

and CSR-BIO amendments could be one of the major reasons for the variations in 

methanotrophic abundance across the treatments. While unfavourable soil in control 
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plot may suppress the methanotrophs population growth. Beneficial microbial agents 

present in CSR-BIO formulation might create beneficial conditions to enrich the soil 

physico-chemical environment therefore; a higher number of methanotrophs might be 

build up in nutrient rich soil. The increase in methanotrophs abundance in RHB 

treated soil could be due to the improved soil physico-chemical properties as well as 

nutrient sources because of favourable soil conditions that supports the growth and 

multiplication of methanotrophs. Further, the lager pore size of RHB could provide 

shelter to soil methanotrophs and protects them from soil microbes feeding (predator) 

such as protozoa, nematodes, etc (Warnock et al., 2010). It is suggested that RHB  

may optimize the soil aeration and moisture conditions which favours the colonisation 

of methanotrophs (Zhong and Cai 2007; Henckel, 1999). It is expected that long term 

application of RHB in soil could promote activity, growth and community structure of 

methanotrophs (Bender and Conrad 1995; Henckel, 1999). So, increasing 

methanotrophic abundance and diversity in paddy soils due to application of RHB can 

contribute to enhance the CH4 consumption. 

To find out the impact of different treatments in paddy soil, the correlation 

analysis was performed between methanotrophs number and some relevant soil 

properties such as soil moisture, WHC, soil pH, total-C, ammonium- and nitrate-N 

(Figure 7.4B). A positive significant correlation between methanotrophs number and 

soil moisture (N=12; R² = 0.6734; P=<0.001) showed that soil moisture is an 

important factor that regulates growth and multiplication of methanotrophs in dry 

tropical paddy soils. It has been also reported that methanotrophs are very sensitive 

microbes affected by soil moisture conditions (Singh et al., 2010a). This indicates that 

adequate soil moisture could be a necessary factor for the optimal functioning of 

methanotrophs in paddy soil. The information available about the impact of soil 
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moisture on methanotrophs in RHB treated paddy soil indicate that soil moisture 

could be a very crucial parameter that may govern the community composition of 

these unique group of bacteria and their role in methane sink activity from upland 

paddy soil. 

A negative correlation of methanotrophs number with ammonium-N (N=12; R² 

 

=  -0.2162;  P=  <  0.001)  and  nitrate-N  (N=12;  R²  =  -0.2682;  P  =  <0.001) across 

 

treatments indicating that the higher concentration of soil ammonium-N and nitrate-N 

significantly suppressed the number of methanotroph in paddy soils (Figure 7.4B). 

Additionally, the negative relationship between methanotroph abundance and 

inorganic-N contents in RHB treated paddy soil of present study can be explained 

with the results of Bender and Conrad (1994), who confirms that ammonium-N, 

inhibits the methanotrophs population in paddy soil. Zheng et al. (2008) also showed 

that long term inorganic fertilizers applications negatively impacted on population 

dynamics and abundance soil methanotrophs in a Chinese paddy soil. The DGGE 

profile of the study soil samples showed variations in methanotrophic community 

composition in treated and control soils (Figure 7.9). It is clear from the occurrence  

of more diverse bands in RHB treated soil attributed to a greater methanotrophic 

community diversity compared to control soils. Since, all the methanotrophic genera 

in this study were identified as the type-I methanotrophs (Gammaproteobacteria) it 

may be proposed that type-I methanotrophs are predominant in paddy soils. The CP1 

band-1 and band-4 of RHB treated soil showedhighest similarity with the two 

methanotrophic genera of family Methylococcaceae. So, both these bands may belong 

to the methanotrophic genera such as Methylomonas, Methyloglobulus and 

Methylobacter. However, CP1 band-5 revealed highest closeness to the 

methanotrophic genera Methylobacter. Likewise in control soil CP 2 band 1 was 

https://en.wikipedia.org/wiki/Gammaproteobacteria
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closely related to only single methanotrophic genera Methylosarcina. In  this study, 

the differences in banding patterns observed in the DGGE profile, suggesting that 

RHB treatments in paddy soil altered the methanotrophic community structure. 

Therefore, the long term application of RHB and other organic amendments in upland 

paddy soil could be a beneficial option to enhance the methanotrophic abundance and 

diversity in disturbed saline soils. This study revealed that the long term application of 

RHB in paddy fields could suppress the emission of CH4 due to increasing the 

diversity and abundance of methanotrophs in amended soil. But the study relating 

RHB and methanotrophs in paddy fields, regarding CH4 reduction and higher crop 

production is ambiguous so there is the need to further study because paddy 

agriculture is contribute major share in the production CH4 of total anthropogenic 

sources. 

The present study showed a higher methanotrophic bacterial abundance and 

community in RHB treated soil compared to control plots of saline paddy field. The 

variations in soil physico-chemical properties due to RHB amendments has been 

found as major reasons for the variations in methanotrophic abundance across the 

treatments. The unfavourable soil conditions in control plot suppressed the number of 

methanotrophs. The improved soil physico-chemical properties as well as nutrient 

sources in RHB treated soil supported the growth and multiplication of 

methanotrophs. The lager pore size of RHB provide shelter to soil methanotrophs and 

protects them from soil microbes feeding (predator) such as protozoa, nematodes, etc. 

and therefore, a higher methanotrophs population build up. 

Our study demonstrated that the abundance and methanotrophic microbial 

community are apparently affected RHB treatments in paddy soils and hence that 

bacterial abundance and diversity has to be taken into account in the global 
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biodiversity debate. Alteration in soil physico-chemical characteristics due RHB 

treatments are crucial factors that may provoke shifts in methanotrophs abundance 

and community compositions in paddy up land soils. Type-I methanotrophs has been 

found as the dominant bacterial group in the paddy soil of present study. However, to 

confirm this, extensive ecological experiments have to be carried out with pure 

cultures of methanotrophs isolated from upland paddy soils differing in 

methanotrophs abundance and diversity. The plant residues based biochar and 

fertilizer addition studies have to be carried out in paddy soil habitats with dominance 

of methanotrophs types (type-I, type-II, etc.) and of, where methane consumption has 

to be linked with diversity by using advanced tools and techniques. Finally it can be 

said that biodiversity conservation and land use policy makers should also consider 

methanotrophic abundance and diversity, which is apparently important for global 

green house gases particularly methane reduction in soils. 
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