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Abstract 

Soil organic carbon (SOC) plays a critical role in terrestrial carbon cycling and is central to preserving 

soil quality. The effects of bio-wastes on soil carbon storage were investigated. The SOC has different 

pools and fractions including microbial biomass carbon (MBC), readily mineralizable carbon (RMC), 

and water soluble carbon (WSC). Each has a varying degree of decomposition rate and stability. The rice 

straw + RDF treatment was more effective in increasing WSC, MBC, RMC concentrations than the RDF 

treatment alone. Therefore, it could be the best option for improving carbon storage and soil health while 

emerging as best bio-waste management technology in the rice–rice cropping system. 
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Introduction 

Soil organic carbon (SOC) is an important component for the functioning of agro-ecosystems, 

and its presence is central to the concept of sustainable maintenance of soil health. Soil 

represents the main and largest terrestrial stock of carbon with global carbon storage of 1550 

Pg (Batjes, 1996) [1], and it accounts approximately for two and three times more carbon than 

in the atmosphere and vegetation, respectively (Scharlemann et al., 2014). Hence, a minor 

change in the terrestrial carbon pool could have a significant impact on climate change and 

global warming (Zhang et al., 2016) [25]. 

The soil organic matter (SOM) is considered as the most complex and least understood 

component of soil, because it is comprised of plant, microbial, and animal bodies in various 

stages of disintegration and a mixture of heterogeneous organic substances closely associated 

with the inorganic constituents (Christensen, 1992) [7]. The SOM is a vital indicator of soil 

quality and, therefore, maintaining SOM quality and quantity is important for safeguarding 

long-term soil fertility (Ramesh et al., 2013; Tisdale et al., 1995; Zhao et al., 2015) [16, 19, 26]. It 

has beneficial effects on soil physical (soil structural stabilization), chemical (buffering and 

changes in soil pH), and biological properties (substrate and supply of nutrients for microbes), 

and thus it influences the productive capacity of the soil (Verma et al., 2013; Wang et al., 

2017a,b) [21-23]. Maintenance and improvement of SOM quality and quantity are the most 

essential criteria for sustainable soil management (Campbell and Paustian, 2015; Qin et al., 

2010) [6, 15]. 

There is a strong need to increase SOC density to improve the quality of natural resources for 

sustainable crop productivity and to mitigate global warming. However, with the rapid 

economic and social development, tropical paddy soils are subject to degradation as 

characterized by low organic carbon content and low crop productivity. 

Recently, a number of agricultural management strategies have been proposed, including the 

development of new rice varieties, as well as the selection of appropriate water management 

approaches, cultivation methods, and fertilisation schemes, in an attempt to boost up rice yield 

and soil health. Meanwhile, the application of bio/agricultural wastes, for example, rice straw 

incorporation and rice straw compost, is also a typical method of improving the soil quality of 

paddy fields. 

The application of straw in combination with inorganic fertilizer is an attractive alternative to 

burning because it can provide essential nutrients for crops (Edmeades, 2003) [8]. To realize the  
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vast SOC sequestration potential for national benefit, adoption 

of recommended management practices, including the 

integrated use of organic and inorganic fertilizer, is necessary. 

 

2. Materials and methods 

The study site is situated in the experimental farm of the 

Central Rice Research Institute, Cuttack (20o 25’ N, 85o 55’ 

E; 24 m above mean sea level) in the eastern part of India. 

The climate is basically tropical. The mean annual 

precipitation is around 1500 mm. The soil is an Aeric 

Endoaquept with sandy clay loam texture (28.7% clay, 17.5% 

silt, 53.8% sand). The experiment was started in the Kharif 

season, 2018 and soil of the experimental site had a bulk 

density 1.39 Mg m-3, pH (using 1:2.5, soil: water suspension) 

6.0 and soil organic carbon (SOC) 5.40 g Kg-1. 

The experimental setup was under lowland rice-rice system. 

The treatments in rice included: (i) RDF; 80:40:40 kg N: 

P2O5: K2O ha−1 (ii) RDF, Ammonium sulphate (replace Urea), 

(iii) RDF + Rice straw incorporation (5t/ha) (iv) RDF + Rice 

straw compost (5t/ha). 

Soil samples were collected at different crop growth stages of 

the rice crop by a sample probe from the depth of 0–15 cm. 

Individual soil cores were taken at five different growth 

stages: Active tillering, maximum tillering, panicle initiation, 

grain filling and Maturity. The fresh soil samples were kept in 

the refrigerator at 40C for biochemical analyses. 

Soil microbial biomass carbon (MBC) content of the soil 

samples was estimated by chloroform fumigation–extraction 

method with fumigation at atmospheric pressure with some 

modification (Witt et al., 2000) [24]. Readily mineralizable 

carbon (RMC) was measured after extraction with 0.5 M 

K2SO4 (Inubushi et al., 1991) [10] followed by wet digestion of 

the soil extract with dichromate (Vance et al., 1987) [20]. The 

water soluble carbohydrate carbon (WSC) was measured by 

the procedure as described by Haynes and Swift (1990) [9]. 

3. Results 

3.1 Microbial biomass carbon (MBC) 

Significant (p≤0.05) increase in the MBC content was 

observed under bio waste amended treatments throughout the 

crop growth stages in the wet season (Fig.1). The maximum 

MBC content was observed at the panicle initiation (PI) stage. 

Microbial biomass carbon content was ranged from 147.5– 

432.0 µg C g-1 during wet season of 2018 (Fig.1). Highest 

MBC content was found under RDF+RSI. The lowest MBC 

content was observed at the maturity (M) stage. The lowest 

MBC was found under RDF + AS. 

 

3.2. Readily Mineralizable Carbon (RMC) 

Significant (p≤0.05) increase in the RMC content was 

observed under bio waste amended treatments throughout the 

crop growth stages in the wet season (Fig.2). The maximum 

RMC content was observed at the panicle initiation (PI) stage. 

Microbial biomass carbon content was ranged from 68.1– 

265.4 µg C g-1 during wet season of 2018 (Fig.2). Highest 

RMC content was found under RDF+RSI. The lowest RMC 

content was observed at the maturity (M) stage. The lowest 

MBC was found under RDF. 

 

3.3. Water Soluble Carbon (WSC) 

Significant (p≤0.05) increase in the WSC content was 

observed under bio waste amended treatments throughout the 

crop growth stages in the wet season (Fig.3). The maximum 

WSC content was observed at the panicle initiation (PI) stage. 

Microbial biomass carbon content was ranged from 37.5 – 

117.5 µg C g-1 during wet season of 2018 (Fig.3). Highest 

WSC content was found under RDF+RSI. The lowest WSC 

content was observed at the maturity (M) stage. The lowest 

WSC was found under RDF. 

 

 

 
 

Fig 1: Microbial biomass carbon (MBC) content during various stages of plant growth under different treatments amended by bio waste 

amendments 
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Fig 2: Readily mineralizable carbon (RMC) content during various stages of plant growth under different treatments amended by bio waste 

amendments 

 

 
 

Fig 3: Water soluble carbon (WSC) content during various stages of plant growth under different treatments amended by bio waste amendments. 

 

4. Discussion 

4.1 Effect of bio waste amendments on soil carbon pool 

Application of bio wastes have been reported to significantly 

affect soil carbon pools due to addition of C input of varying 

turnover rate and balanced fertilizer application. The status of 

MBC indicates the rate of soil organic matter decomposition 

and nutrient cycling in soil. It could be used as mirror of 

labile C fraction of soils, which is sensitive to management 

intervention and climate change (Pandey et al. 2014) [14]. 

Balanced fertilizer application along with different organic 

and inorganic amendments affect the status of MBC in the 

lowland flooded soil (Dash et al., 2017; Bhattacharyya et al., 

2012a, 2013; Bhatt, 2017) [13, 5, 4, 2, 3]. But when rice straw 

incorporation is associated with recommended doses of 

fertilizer, the labile C and nitrogen source, supports the 

growth of microbial biomass, which in turn promotes the 

priming effect of soil organic matter resulting into higher 

decomposition (Dash et al., 2017) [13]. So soil received with 

this treatment would build up high labile carbon fractions in 

the soil, characterized by high mineralization potential. In this 

study also, labile C pools such as RMC, WSC and MBC in 

soil showed significantly higher values under bio-waste 

amendment treatments. The application of bio-waste 

amendments affect mineralization rates of soil organic matter 

and contribute to increase in soil organic C content by 

increasing residue input with increased crop production (Iqbal 

et al., 2009) [11]. In general, increase in C in lowland paddy 

was due to the low rate of C decomposition and higher net 

ecosystem production (Bhattacharyya et al., 2014). In some, 

though not all, situations this is likely to result in improved 

crop growth at a given level of fertilizer input. However, 

application of manures and other organic materials provides a 

means of recycling nutrients, which leads to a greater labile C 

pool in soil, could lead to increasing SOC. 

Different treatments showed significant difference in MBC 

content. Dash et al., (2017) [13] reported that the application of 

inorganic fertilizers along with combination of organic 

manure had significant effect on SOC and its fractions 

including MBC due to the significant increase in carbon input 

after application of manure. Soil MBC regulates both soil 

organic matter decomposition and nutrient cycling, and also 

due to its immediate response and high sensitivity to 

management practices and environmental changes (Rudrapa 

et al., 2007). Bio-waste amendments provide a potential 

source of labile carbon pool and thus significantly influenced 

soil C pools in the present study. Similar result was reported 

by Bhattacharyya et al., (2012) [5], where application of 

inorganic fertilizer itself or along with green manure and rice 

straw had higher amount of labile carbon pool.  
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5. Conclusion 

The application of inorganic fertilizers in combination with 

organic manures to a rice–rice ecosystem resulted in soil 

carbon build up and increase in crop productivity. However, 

carbon storage and carbon sequestration capacity were 

influenced by both the recalcitrant and labile nature of the 

inputs, varied significantly among the different treatments. 

Thus, the combination of an inorganic fertilizer along with 

bio-waste amendments resulted in a significant build-up of 

soil carbon and indirectly enhancement of crop yield. 
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