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CHAPTER 1 

Introduction 

1.1 Shifting cultivation practice: problems and prospects 

Shifting cultivation is one of the primitive agricultural practices believed to 

be as old as the history of any cropping in the world (Tripathi et al., 2017). 

Archaeological and radio-carbon dating evidences suggest that the origin of this 

cultivation could be traced back in the Neolithic period which resulted in remarkable 

change in the mode of food production practices (Conklin, 1961). As per the recent 

reports this form of cultivation can be traced back to about 8000 BC (Tiwari, 2018). 

Shifting cultivation is being carried out by about half a billion population in tropical 

moist forests of the world (Grogan et al., 2012). It is mainly confined to Sub-Saharan 

Africa, Southeast Asia and South America. In India, this practice continues to be a 

dominant mode of food production in hilly region of Northeast India. In Northeast 

India, shifting cultivation or jhum cultivation occupies about 85% area out of total 

cultivated land (Singh and Singh, 1992).  

Mizoram is one among the eight sister states of Northeast India. The state is 

characterized by highest forest cover on the hilly topography with steep slopes 

(Grogan et al., 2012). This area is a part of megadiversity hotspots of the world. 

Shifting agriculture is the chief source of living and economy for the rural people in 

Mizoram (Maithani, 2005). The term ‘Mizoram’ denotes ‘the land of highlanders’. 

The forefathers of Mizo people lived a nomadic life and were mainly based on 

shifting cultivation practices for their living which passed down from generations 

after generations (Tripathi et al., 2017). The practice of shifting cultivation called 

“Lo neih” in Mizo, which involves several cultural operations i.e., clearing of 

vegetation of an area (during December and January), allow it to dry (during 

February-March) and burn in situ (during March-April) followed by cropping for 1-2 

years (cropping phase) depending on the levels of soil fertility and abandoning the 

land as fallow for few years (fallow period) to recover soil productivity through 

natural re-growth (Grogan et al., 2012; Tripathi et al., 2017). In this farming, mixed 

crops are typically produced such as rice, maize, French bean, yam, chilly, brinjal, 

cucumber, pumpkin, bitter guard, tapioca, squash, bottle gourd, cow pea, tomato, and 
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flat beans (Sati and Rinawma, 2014). In past years, the cultivators were capable to 

abandon the land as fallow for more than 20 years which allowed the land to recover 

soil fertility and support high crop productivity. However, in recent years, increasing 

population densities has led to reduce the fallow period (less than 5 years) which 

substantially reduce the soil and crop productivity. This has posed a serious threat to 

local farmers for their livelihood generations.  

According to the Food and Agricultural Organization, shifting cultivation was 

described as the extreme hindrance not only to the instant increase in agricultural 

production, but also to the maintenance of making potential for the future, in the 

form of forests and soils (FAO, 1957). Since then, shifting cultivation has become an 

old and economically unproductive form of agriculture which caused soil erosion, 

watershed siltation and smoke problems in the atmosphere. This observation has 

triggered the land use management and policy advancement in many affected 

regions. 

In Northeast India, Mizoram has the highest burnt area under shifting cultivation 

and responsible for emitting highest amount of greenhouse gases in the environment 

(Chand and Badrinath, 2007). Shifting cultivation has also been criticized as 

economically unproductive and ecologically damaging practice by Government of 

Mizoram. The Government has introduced various land use policies to support the 

farmers to develop alternate of jhuming but all of them have failed because of either 

one or other reasons (Tripathi et al., 2017). In last one decade, the Government of 

Mizoram has launched a New Land Use Policy (NLUP) to provide financial support 

to jhumias. The main objectives of the NLUP were to wean away of jhum practice by 

developing alternate methods of livelihood options (i.e., dairy, piggery, poultry) for 

the farmers (Wapongnungsang et al., 2021). This has resulted in lessening of the area 

under shifting agriculture and converted some area into agroforestry systems. 

However, it is likely that when Government support will terminate, the area under 

shifting cultivation will increase again as has happened in the past (Tripathi et al., 

2017). Since this form of cultivation has been closely linked with the culture of the 

region and serving as major source of living option for the majority of rural people, it 

is difficult to transform this practice by other form of cultivation. 
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Therefore, there is a great scope for energizing this agricultural practice to be 

ecologically sound which can meet various human needs with great efficiency 

through understanding the organic matter dynamics of locally available resources 

(like forest litters and agricultural residues) by manipulating their decay rates 

considering the factors responsible for their decomposition (Wapongnungsang et al., 

2021). This will provide a potential tool to manipulate organic decay kinetics and 

nutrient release rates as well as to use forest litters and agricultural residues for 

optimizing fallow length and synchronizing nutrient availability with that of crop 

nutrient demand to sustain crop productivity in shifting cultivation sites of Mizoram. 

This may significantly contribute towards increasing societal value for a place like 

Mizoram in near future. 

1.2 Litter inputs in shifting cultivation 

The transfer of matter and energy maintains the ecosystem's integrity, and 

litterfall in the forest accounts for the majority of the annual gain of energy and 

matter (Xu and Hirata, 2005). The litters on the forest floor are the major source of 

minerals and nutrients for plant growth (Christensen, 1975). According to Bisht et 

al., (2014), leaf litters contribute 75-79% of total litter production. Litter production 

is primarily influenced by site fertility, although other elements including as air, 

temperature, soil, water, and nutrient availability all have an impact (Jorgensen et al., 

1975). According to Cornwell et al., (2008) chemical composition of litter depends 

on the length of the fallow land. There is a positive connection between the span of 

fallow land and the accumulation of litters on forest floor. The longer fallow land 

produce significantly higher quantity of litters compared to shorter fallow land 

(Saplalrinliana et al., 2016). In Northeast India, litterfall was reported to be 

concentrated during the cold dry season, and was substantially influenced by 

decreased temperature and soil moisture (Pandey et al., 2007). Similarly, in another 

study it is reported that the two-third of the litterfall occurred during December- 

March (Pandey et al., 2016). 

1.3 Decomposition of leaf litters 

The nutrients in the litter are recycled during the decomposition process 

which allows the release of inorganic nutrients to the soil which promotes plant 
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productivity and soil fertility (Aponte et al., 2010 and 2012). The availability of 

nutrients in the soil is thought to be regulated by litter formation and breakdown 

(Tripathi and Singh, 1992a; Fioretto et al., 2003; Chen et al., 2014; Gavazov et al., 

2014). 

Litter decomposition is a systematic process in which complex organic 

compounds are progressively decomposed into simpler molecules, releasing nutrients 

as a result of the breakdown (Yadav and Malanson, 2007). Litter decomposition 

involves two processes: a) the mineralization and humification of lignin, cellulose, 

and other compounds by a series of microbial actions, and b) the discharge of soluble 

compounds to the soil, where carbon and nitrogen are steadily mineralized 

(Anderson, 1988). The belowground litters have been reported as an important 

source for the supply of carbon and nitrogen, as well as critical mechanism for forest 

restoration (Pandey et al., 2016). Slow decomposition rates result in the 

accumulation of organic matter and nutrients in the soil, whereas fast breakdown 

speed up the enhanced availability of soil nutrients and consequently plant uptake 

(Isaac and Nair, 2005). Litter decomposition is carried out by three groups of factors; 

abiotic variables, litter quality or substrate quality and soil microorganisms (Swift et 

al., 1979; McClaugherty and Berg 1987; Tripathi and Singh, 1992a and b; Lalnunzira 

and Tripathi, 2018). These factors are listed below: 

1.3.1 Abiotic variables 

Various abiotic variables are responsible for decomposition process among 

them temperature, humidity, precipitation and soil properties strongly affect 

degeneration of living matter and nutrient mineralization in soil (Anderson, 1988). 

Temperature can be considered as the leading aspect for decomposition 

(Meentemeyer, 1978; Hobbie, 1996). There is exponential rise in microbial action 

with increase in temperature of soil (Kirschbaum, 1995) up to certain limit which 

favorably affects decomposition rate, however, after this limit it decreases the rate of 

decomposition. Litter decomposition is influenced by the physical and chemical 

qualities of the soil. The most important of them is texture, while other important 

chemical qualities include nutrients, organic matter content, pH, and cation exchange 
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capacity (Coleman et al., 1999). In the process of litter breakdown, soil moisture and 

temperature are inescapable elements (Esperschutz et al., 2011).  

1.3.2 Litter chemical properties or substrate quality 

Substrate quality (litter chemistry) is one of the main determinants of litter 

decomposition (Hoorman et al., 2003; Rawat et al., 2010) which critically affect the 

organic matter pool and nutrient availability in the soil. Decomposition of litters can 

be predicted from two types of initial litter quality; firstly, percentage of weight of 

different nutrients i.e., Nitrogen, Carbon, Phosphorus etc. and organic constituents 

specially lignin and; secondly, nutrient ratio like C:N, C:P and Lignin:N (Coulson 

and Butterfield, 1978; Berg and Staaf, 1980; Tripathi and Singh 1992a and b). Litter 

decay has been demonstrated to be regulated by following chemical features of 

litters, such as the litter nitrogen concentration or the C:N ratio (Coulson and 

Butterfield, 1978; Berg and Staaf, 1980; Taylor et al., 1989; Tian et al., 1992a), 

phosphorus concentration and/or C:P ratio (Coulson and Butterfield, 1978; 

Schlesinger and Hasey, 1981; Staaf and Berg, 1982; Berg et al., 1987; Vitousek et 

al., 1994) and lignin concentration and/or lignin to nutrients ratio (Berg and Staaf, 

1980; Melillo et al., 1982; Berg, 1984; Tian et al., 1992b; Van Vuuren et al., 1993; 

Aerts and De Caluwe, 1997). Lignin content varies from 15-40% in different litters 

depending on the amount of cellulose and hemicellulose concentrations (Esperschutz 

et al., 2013). The rate of decomposition differs between species (Cornalissen, 1996; 

Wardle et al., 1997), owing to leaf hardiness, lignin, nitrogen, polyphenol 

concentration, the C:N ratio, and the lignin:N ratio, among other factors (Berg et al., 

1993; Cadish and Giller, 1997; Perez-Herguindeguy et al., 2000). 

Litters with high N concentration and low C:N ratio were found to decompose 

more swiftly than those with high N concentration and low C:N ratio (Finzi et al., 

1998; Berg and Laskowski, 2006; Kamei et al., 2009). Also, according to Sjoberg et 

al., (2004) higher N content in litters promotes faster decomposition. Other studies 

showed that litters of higher altitude species are rich in P content and releases P in 

soil during decomposition (Upadhyay et al., 1989). 
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1.3.3  Soil microorganisms 

The decomposition of organic matter is introduced by a broad range of 

microorganisms (mostly bacteria, fungus, and actinomycetes) that live in the soil. 

The action of numerous microbes, which create a variety of enzymes that aid in the 

decomposition process, causes organic matter to decompose (Perez et al., 2002). 

Microorganisms are vital in the organizing and stabilizing of soil organic matter, as 

well as in the immobilizing of N and the preservation of organic C. Soil contains 

large number of bacteria, one tenth of actinomycetes and considerable number of 

fungi which is dominant in undisturbed soil (Hoorman, 2011). Microorganisms 

encompassing both fungi and bacteria have cellulolytic and lignolytic properties. 

These organisms produce enzymes in surrounding environment and ultimately results 

in decomposition. Bacteria are vital in the early phases of decomposition, but 

actinomycetes and fungi are important in the future phases (Ghosh and Tripathi, 

2021). There are a number of unknown microbes in soil that affects the rate of litter 

decomposition. Several studies revealed that 2/3rd of the decomposition was carried 

out by fungi (Kjoller and Struwe, 1992) and residual 1/3rd is generally by the action 

of bacteria and actinomycetes (Person, 1980; Kurihara and Kikkawa, 1986). During 

the first phases of breakdown of litter, starch and labile substances are degraded 

followed by hemicellulose and cellulose in next phase and lignin, pectin and 

polyphenols in final phases (Taylor et al., 1989; Tripathi and Singh, 1992 a and b). 

1.4  Litter decomposition and soil fertility 

Although litter decomposition is an important part of nutrient cycling, few 

researches have looked into how it affects soil fertility in Northeast India. Microbial 

decomposition of leaf litters can help to improve soil quality and solve problems 

related with acidic soil (Huang et al., 2007). This process is believed to make 

nutrients which available to plants, enhancing soil quality and contributing to 

nutrient and water retention in soil (Rodriguez et al., 2001). The amount of litter 

added to different soil layers impacts the soil's ability to absorb nutrients and water 

(Cadish and Giller, 1997; Chaubey et al., 1988). Through the process of nutrient 

cycling, litter breakdown integrates organic carbon into the soil. Decomposition of 

litters also enhances soil superiority by moving nutrients from above-ground biomass 
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to the soil (Vitousek and Sanford, 1986), growing the soil's cation exchange capacity 

and water retention capacity (Argao et al., 2009). The disintegration process also 

permits Ca, Mg, and K to be released into the soil (Parker, 1983; Villela and Proctor, 

2002; Ngoran et al., 2006). 

There is a high demand to conserve our ecosystems to benefit the rural 

population. The practice of shifting cultivation allows the burning of biomass which 

releases huge amount of carbon dioxide into the air and causes global warming. 

Present study presumed that the manipulation of litter decomposition may allow the 

availability of soil nutrients for crop productivity without burning of biomass. As 

decomposition depends on litter quality, manipulation of litter species can accelerate 

decomposition process and improve crop productivity in shifting cultivation sites. 

Further addition of decomposing microorganisms in soil can enhance the course of 

litter disintegration. The purpose of this research is to find out the combination of 

litter species and the decomposing microorganisms to produce bio-compost in future 

that can optimize the process of litter decomposition, soil nutrients and crop 

productivity in the jhum field.    
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1.5  Scope of study 

Shifting agriculture has a long history of being linked to the culture of 

Northeast India, notably Mizoram, and this type of agriculture is the primary source 

of income for the rural inhabitants. Increased human population has resulted in a 

substantial drop in soil fertility and crop productivity, raising concerns about soil 

erosion, food security, and pollution in the region. Therefore, technology 

interventions are required to energizes this form of cultivation to be ecologically 

sound and economically feasible that can meet various human need with great 

efficiency through understanding of the organic matter dynamics of locally available 

resources (like forest litter and agricultural residues) along with factors responsible 

for their decay. This will be possible through manipulation of organic decay kinetics 

and nutrient release rates as well as to use forest litter and agricultural residues for 

optimizing fallow length and synchronizing nutrient accessibility with that of crop 

nutrient demands to sustain crop production in shifting cultivation sites of Mizoram.  
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1.6  Objectives 

The present work focuses on decomposition of different litters and their 

associated microbes in shifting cultivation sites to attain the succeeding chief 

objectives:  

1) To determine litter decomposition rates in forest fallows and shifting cultivation 

sites and to identify the microbial community on decomposing litters. 

2) To assess the role of C/N and lignin/N ratio in decomposition kinetics of different 

litter types and mixed litter (high vs. low litter quality) decomposition and their 

nutrient release rates in the field as well as laboratory microcosm.    

3) To identify key factors influencing natural decomposition of litters in shifting 

cultivation and to isolate key microorganisms from decomposing litters to develop 

effective bio-compost. 
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CHAPTER 2 

Review of literature 

2.1  Shifting cultivation and its impact 

Shifting cultivation was known to be common in temperate zones of 

Mediterranean and Northern Europe, as well as in Southwestern and Northeastern 

pine woodlands of North America, during the nineteenth century (Dove, 1983; 

Warner, 1991; Brookfield, 1994). It was later practiced in Africa, Asia, and Latin 

America's tropics (Warner, 1989). Shifting cultivation can be found in a wide range 

of topographic environments, including tropical moist forests, dry tropical forests, 

savannas, and grasslands (Thrupp, 1997). Slash-and-burn cultivation, also known as 

'jhum' or 'jhuming' in Northeast India, is referred to as shifting cultivation. Rotational 

bush fallow agriculture, also known as swidden farming or slash and burn 

agriculture, is an old kind of agriculture that is still practiced in many places of the 

humid tropics (Raman, 2001). In Mizoram, agriculture is the primary source of 

income. Approximately 80% of the population partakes in this activity (Sati and 

Rinawma, 2014). Various indigenous populations in this region have been 

conducting shifting farming for millennia (Nath et al., 2020). According to the paper, 

shifting agriculture is inextricably linked to the indigenous people's cultural identity. 

As a result, its significance extended beyond purely economic considerations 

(Bhuyan, 2019). 

In the past, shifting cultivation was considered sustainable due to a longer fallow 

period; but, in recent years, this practice has proven unsustainable due to a shorter 

fallow period (Grogan et al., 2012; Nath et al., 2016; Tripathi et al., 2017). The 

population-driven reduction in the duration of fallow cycles (3–5 years) has also 

been noted as making this system obsolete and irrelevant (Tripathi and Barik, 2003; 

Sati and Rinawma, 2014; Nath et al., 2016; Ovung et al., 2021). The purpose of the 

fallow time in shifting cultivation is to restore soil fertility (which was reduced 

throughout the harvesting stage due to crop nutrient transfer and leaching) as well as 

to manage weeds (Nye and Greenland, 1960; de Rouw, 1995; Smith et al., 1999). 

Shorter cycle jhum fields, according to Sommer et al., (2004) are a soil-nutrient 

depleting style of cultivation that enhances nutrient losses through runoff and 

leaching.  
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This cultivation has been blamed for soil degradation and greenhouse gas 

emissions (Nath et al., 2020), depletion of soil organic C (Sarkar et al., 2015), 

climate alteration, biodiversity damage, reduced timber stock, flooding, siltation, and 

a shift in forest vegetation from primary to secondary and finally grassland (Nath et 

al., 2020). Deforestation is primarily caused by clearing forests and burning them for 

shifting agriculture (Monela and Abdallah, 2007; Zahabu, 2008). In Mizoram's steep 

parts, the loss of vegetation has increased the evidence of soil erosion (Sfeir – Younis 

and Draggun, 1993; Shoaib et al., 1998). According to Sati and Rinawa (2014), 

roughly 16.84 metric tons of soil are lost each year. Shifting cultivation has an 

impact on some chemical aspects of the soil, including pH, macro and micronutrient 

dynamics, CEC, and soil organic matter (Filho et al., 2013). Several other studies 

have found a negative impact on soil fecundity and an increase in destruction (Ewel 

et al., 1981; Kyuma et al., 1985; Andriesse and Schelhaar, 1987a and b; Brand and 

Pfund, 1998; Nagy and Proctor, 1999; McDonald et al., 2002). Due to shifting 

agriculture, soil physical and chemical characteristics ranged from 13.3 to 55.1 

percent (Junqueira et al., 2016). From above ground biomass, 97 percent and 94 

percent of C, 98 percent and 96 percent of N, 90 percent and 63 percent of P, and 45 

percent and 70 percent of K, Mg, and Ca were lost owing to burning in 3.5–7 years 

fallow land (Sommer et al., 2004). According to a similar nutrient loss study 

conducted in Northeast India, the annual loss (mg ha-1 year-1) of top soil, N, and K 

under shifting farmed areas were 58.9, 7.1, and 4 respectively (Nath et al., 2016). 

During the cropping phase of shifting agriculture, a reduction of 14–20 percent of 

SOC in top soil has been documented (Bahr et al., 2014), and it takes 35 years to 

restore the content comparable to that under primary forest (Palm et al., 1996). 

Further research into the biochemical and biological features of soil microorganisms 

in shifting cultivated soil revealed a reduced microbial population when compared to 

soil that had not been subjected to shifting cultivation (Miah et al., 2014). According 

to several empirical research, shifting agriculture with shorter fallow is the primary 

cause of poor soil quality (Ranjan and Upadhyay, 1999; Fox et al., 2000; Raman, 

2001; Nath et al., 2016; Mishra et al., 2017; Nath et al., 2020). Despite the fact that a 

variety of shifting agriculture options have been proposed and tested, little progress 

has been made in developing viable alternatives. As a result, understanding the 
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dynamics of commonly accessible organic matter, as well as the elements that cause 

decay, can be a viable alternative to shifting farming. Decomposition and addition of 

above-ground organic matter have an impact on many soil variables in diverse 

ecosystems around the world (Silver and Miya, 2001). 

2.2  Litter decomposition in soil fertility management 

 The primary source of land degradation in Northeast India has been identified 

as shifting farming (Tripathi et al., 2017). In degraded soils, the process of litter 

decomposition and nutrient release has been frequently reported as a way to control 

soil fertility and plant productivity (Wapongnungsang and Tripathi, 2017). Litter is 

an essential element in ecosystem dynamics because it is a good predictor of nutrient 

cycling and soil fertility (Ochoa-Hueso et al., 2019). The occurrence of a huge 

number of litters on the forest base has a major impact on the dynamics of the forest 

ecosystem (Olson, 1963).  The nutrient budget in a forest ecosystem is regulated by 

nutrient reprocessing of plant litters, and litter decomposition plays a central role in 

that (Vesterclal et al., 1999; Wedderburn and Carter, 1999).  

Nutrient release during litter decay is estimated to contribute for 67–87 percent of 

yearly forest plant requirement (Warning and Schteslnger, 1985). The decomposition 

of leaf litters produces a larger amount of dissolved organic C compounds in soil, 

according to Singh and Gupta (1977). Legumes have nitrogen-rich litters that release 

nitrogen quickly once they have been incorporated into the soil (Melillo et al., 1982; 

Hector et al., 2000; White et al., 2017). If N mineralization is not synced with 

growing crops, fast degradation of legume biomass could result in N loss (Crews and 

Peoples, 2005; Basche et al., 2014). Plants get very little orthophosphate from litter 

breakdown (Verhoef and Brussaard, 1990). Organic P is mineralized in most cases, 

according to Mattingly and Williams (1962). Although K and Mg are necessary 

minerals for higher plants, they hardly limit microbial activity and were swiftly 

eliminated from decaying litter (Anderson and Ingram, 1989). Guo and Sims (1999), 

did a similar investigation in a forest, where litter decomposition returned 140 kg ha-1 

year-1 of N and 8.2 kg ha-1 year-1 of P to the soil surface. As a result, litter breakdown 

is a significant method of recycling nutrients, particularly C and N, as well as other 

elements, in ecosystems (Krishna and Mohan, 2017). 
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Mixed litters were found to have a favorable effect on decomposition rates and 

promoted increased nutrient return to the soil in several studies (Guo and Sim, 1999; 

Hartemink and O'Sullivan, 2001; Sariyildiz and Anderson, 2003; Wang et al., 2007; 

Blesh and Ying, 2020). Despite the availability of numerous researches on 

decomposition and nutrient release (Okeke et al., 1992; Montagnini et al., 1993; 

Lehmann et al., 1995; Palm, 1995; Vanlauwe et al., 1995; Byard et al., 1996; 

Mugundi, 1997), efforts in Northeast India were restricted (Pandey and Singh, 1982; 

Upadhyay, 1988; Sharma et al., 1997). There is consistent evidence throughout the 

study that leaf litter decomposition can improve soil nutrients and, as a result, soil 

fertility. Litter decomposition control is divided into three tiers, which work in the 

following order: climate > litter substrate quality > soil microbes (Aerts, 1997).  

2.3  Abiotic factors and litter decomposition 

Soil characteristics such as pH, bulk density, and texture have been found to 

be closely linked to litter breakdown and thus affect soil nutrient fillings (Delgado-

Baquerizo et al., 2015; Pii et al., 2015; Pena-Pena and Irmler, 2016) because they can 

influence decomposer reproduction and growth (Mueller, et al., 2012; Fanin and 

Bertrand, 2016). Serna-Chaveza et al., (2013) for example, found that soil 

temperature and moisture level affect changes in soil microbial biomass and 

diversity, which affect litter decomposition. Other research has found that soil pH 

and bulk density influence not just microbial community dynamics and respiratory 

characteristics, but also soil enzyme activity, which influences litter degradation 

(Batty and Younger, 2007; Zhang et al., 2018). Furthermore, soil pH, temperature, 

and ammonia-N content all had a significant impact on decomposition (Giweta, 

2020). Changes in environmental conditions may also have an impact on the nutrient 

exchange between soil and plants (Pena-Pena and Irmler, 2016; Zhang et al., 2018). 

In addition, soil N concentration, soil C:N and C:P ratios, organic matter content of 

soil and fungal: bacterial ratio all slowed litter breakdown (Parson et al., 2014; Veen 

et al., 2015). 

Temperature, rainfall, and other microclimatic conditions could all influence the 

pace of litter decomposition. Several authors (Pant and Tiwari, 1992; Devi and 

Yadav, 2007; Tripathi et al., 2009) described that the decomposition rate was 
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deliberate in the winter and profligate during the rainy season, with the main reasons 

for the higher decomposition rate in the rainy season being the presence of suitable 

rainfall, suitable moisture, and a higher microbial population. There have been 

reports of a very increased litter decomposition rate during the wet season (Pant and 

Tiwari, 1992; Kumar et al., 2010). Despite the obviousness of this statement, the 

question of which climatic parameter best predicts decay rate is still contested. For 

example, climate variables are not necessarily a significant component for litter 

decomposition, according to Meentemeyer (1978), who found that as long as there is 

water existing in the soil, actual evo-transpiration is the most important factor for 

decomposition. Many scholars disagreed with this approach (Gillon et al., 1993; 

Joffre et al., 2001; Magid et al., 2002) and acknowledged that the relationship 

between evo-transpiration and litter disintegration did not give a trustworthy source 

of decay rates. 

2.4  Litter substrate quality and decomposition 

One of the most important elements determining litter decomposition, 

according to studies, is the quality of the litter substrate. While litter quantity and 

quality are important for soil C storage and the nutrient cycle (Aerts and Caluwe, 

1997; Hattenschwiler and Gasser, 2005), there is indication that litter substrate 

quality and decay rate (Mannez-Yrzar et al., 2007) have a significant impact on soil 

nutrients and forest productivity. Litter substrate quality is one of the primary 

elements that controls litter decomposition, according to several research from 

various regions (Swift et al., 1979; McClaugherty et al., 1985; Couteaux et al., 1995; 

Deng et al., 2016; Zhang et al., 2016). Plant litter's chemical composition is often 

used to determine its quality (Strickland et al., 2009). The quantity of nutrients (C, N, 

P, K, etc.) and complex cells (lignin, hemicellulose, and cellulose) existing in litter 

that regulate decay and nutrient exchange in soil were used to define litter quality 

(Swift et al., 1979). Since the litter nutrients were directly and correspondingly 

provided to the soil, variations in substrate quality are well documented to alter and 

alteration the soil C, N, and P content (Xu et al., 2013). The most important factors 

of litter breakdown rates are lignin and N (Miller et al., 1936; Minderman, 1968; 

Fogel and Cromack, 1977; Meentemeyer, 1978; Gartner and Cardon, 2004). The 
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amount of N in the litter influenced its breakdown. Litter chemical markers include 

the C:N ratio, P, Ca, lignin:N ratio, and other chemical indicators (Aber et al., 1990; 

Aerts, 1997). Researchers also discovered that the C:N and lignin:N ratios could 

predict the breakdown of leaf litters (Melillo et al., 1982). Litters with lower C:N and 

lignin:N ratios degraded at a faster rate in general (Ostertag and Hobbie, 1999; Wang 

et al., 2010; Esperschutz et al., 2013). However, a high lignin concentration had a 

substantial adverse impact on the rate of litter mass loss (Fogel and Cromack, 1977; 

Berg et al., 1982; Morphy et al., 1998; Osono and Takeda, 2004 and 2005). Lignin 

level fluctuates between 15 and 40% depending on the species, but owing to 

differences in syringyl and guaiacyl concentration in litters, lignin content can range 

from 5 to 50% in some circumstances (Espuschutz et al., 2013). It's also possible that 

the amount of cellulose and hemicellulose in the litter varies by species (Akpor et al., 

2006; Wegener et al., 1983). The rate of decomposition was greatly influenced by 

such changes in species. 

In general, high-quality leaf litters would disintegrate faster than low-quality 

litters initially. Several studies found differences in decomposition rates among 

species with varying litter quality (Adamas and Angradi, 1996; Cornelissen, 1996). 

2.5  Microorganisms and litter decomposition 

Microbial activity has been shown to change the chemical conformation of 

litter and influence C and N dynamics in soil (Berg and McClaugherty, 2008). 

Microorganisms' enzymatic activities serve a critical role in litter decomposition and 

soil formation (Aber and Mellillo, 2001). Algae, actinomycetes, bacteria, and fungi 

are among the principal soil fauna and microbes linked with litter breakdown 

(McCarthy, 1987; Schaefer and Schauermann, 1990), and the organization of these 

microorganisms influences the pace of litter decomposition (McCarthy, 1987; 

Crawford, 1988). The functional role and metabolic actions of microbial groups are 

directly related to litter breakdown, nutrient mineralization, and soil fertility (Swift et 

al., 1979; McCarthy, 1987). Furthermore, the composition of microorganisms has a 

significant impact on the litter decomposition process, including physical breakdown 

of litters, organic matter transfer to nutrients, and CO2 release into the atmosphere 

(McCarthy, 1987; Dilly et al., 2004; Schinner et al., 2012). Despite the fact that their 
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roles and mechanisms in the litter disintegration process differ (Giweta, 2020), 

fungus and bacteria are the primary motors in the process (Swift et al., 1979; 

McCarthy, 1987). 

During the breakdown phase, bacteria using a labile C supply appear to prefer the 

N-fixation approach (Treseder et al., 2011). Fungi, on the other hand, are important 

because they may degrade compounds formed from high lignin polymers and humus 

(Aponte et al., 2010a and b; 2012) and transmit N and C through litter levels via 

colonizing leaf litters (Vivanco and Austin, 2008; Laganiere et al., 2010). Fungi are 

also recognized for cellulose and hemicellulose breakdown (Berg and McClaugherty, 

2014). Cellulose degrading bacteria were less common, with a prevalence of 4% to 

5%. (Tlaskal et al., 2016). Actinomycetes have the ability to breakdown 

lignocellulose complexes in a variety of ways (Eriksson et al., 1990). Some 

decomposing microbes have a specific affinity with certain plant species and have 

evolved to break down their litter (Brown, 1995; Vivanco and Austin, 2008). Fungi 

decrease and bacteria increase as soil fertility rises, hence the bacterial community 

structure dictates the soil fertility gradient (Pennanen et al., 1999). 

Over the course of litter breakdown, the bacterial community displayed a 

succession of colonizers. Pseudomonadota, Actinomycetota, and Bacteroidota were 

the most prevalent species discovered throughout the succession (Urbanova et al., 

2015; Purahong et al., 2016; Tlaskal et al., 2016). Phyllosphere bacteria are only 

existing in the early stages of decomposition, and they are quickly replaced by taxa 

that produce proteolytic and cellulolytic enzymes (Purahong et al., 2016; Tlaskal et 

al., 2016). N-fixing bacteria, according to Purahong et al., (2016) and Tlaskal et al., 

(2016), can help to enhance N availability. The variety of the fungal community in 

litters increased from the early to intermediate phases (Voriskova and Baldrin, 2012; 

Purahong et al., 2016). In the second stage, fungi and phyllosphere are replaced by 

taxa that can utilize cellulose, as detailed in enzymatic characterization, where endo-

cellulase and endo-xylanases were the most abundant enzymes (Fioretto et al., 2000; 

Snajdr et al., 2011). In the late phase, a higher percentage of Basidiomycota is 

detected. These bacteria can break down lignin and humic acids (Voriskova and 

Baldrin, 2012; Purahong et al., 2016). Plant growth-promoting characteristics were 
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discovered in actinomycetes from a shifting cultivated area (Momin and Tripathi, 

2019). 

Microorganisms create a number of enzymes that aid in the breakdown process 

(Perez et al., 2002). Previous enzymatic studies on bacterial species revealed 

cellulase (Rajagopal et al., 2007; Sethi et al., 2013), catalase (Eisenberg et al., 2015; 

Babiker et al., 2016), and protease (Eisenberg et al., 2015; Babiker et al., 2016) 

activity (Eisenberg et al., 2015; Pant et al., 2015). Proteolytic enzyme activity was 

also observed in a number of fungus taxa (Giudice et al., 2012; Debi and Prakash, 

2017). As a result, the abundance and activity of decomposers dictate the rate at 

which leaf litter decomposes (Akpor et al., 2006; Perez et al., 2009; Glebelmann et 

al., 2011). 

2.6 Use of microbial inoculants in bio-compost preparation 

Microorganisms are said to decompose organic matter in soil, resulting in the 

creation of intermediate metabolites (Zucconi et al., 1981). Composting is thus a 

method of getting a stable product by biological oxidative change comparable to that 

which occurs naturally in soil (Bertoldi et al., 1982). Composting is divided into 

numerous stages, each of which is distinguished by the activity of various microbial 

communities (Gray et al., 1971; Gray and Biddlestone, 1974; Finstein and Morris, 

1975; Bertoldi et al., 1979). Compost is made by decaying plants and recycling 

organic materials in order to improve soil fertility and save farmers money on 

chemical fertilizers (USEPA 1971). Composting improves soil pH, EC, organic 

matter, Ca, Mg, K, and P, but the C:N ratio is reduced (Sarwar et al., 2003). 

Microbial inoculants allow for a faster and more efficient conversion of raw organic 

waste to compost. It also ensures that healthy bacteria are used to remediate organic 

waste (Ltibke, 2016). Bacillus sp. and Pseudomonas sp. microbial inoculants have 

been demonstrated to improve the composting process (Pan et al., 2012). Pretreated 

straw with microbial inoculants increases lignocellulose degradation and reduces 

cellulose and hemicellulose content by 8–18% and 20–23%, respectively, improving 

compost quality (Wu et al., 2019). 
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CHAPTER 3 

Materials and Methods 

3.1  Description of site 

Mizoram is one of the eight sister states of northeast India. Mizoram is 

extended between 21º 58’- 24º 35’ N and 92º 15’- 93º 29’ E and covered an area of 

21,087 km2. It lies in east part making international borders with Bangladesh in west 

and Myanmar in east Manipur in the northwest and Assam and Tripura in north and 

northwest bound it. The state is characterized by various climatic conditions due to 

variations in altitude and vegetation. Mean minimum and maximum annual air 

temperature varied from 12ºC - 30ºC and total annual rainfall was 2061 mm during 

the study period. The state of Mizoram has been reported to have about 86.27% of 

the area under forest cover (ISFR, 2017). 

 

Fig. 3.1 Monthly rainfall, maximum and minimum temperature during July 2019 – June 

2020 (Meteorological data of Mizoram 2019 and 2020, Directorate of Economics and 

Statistic, Government of Mizoram). 

 

The study was conducted in Tanhril, Mizoram on jhum fields and forest fallows. 

Two jhum fields with fallow periods 3 years (23º 39´ 55´´ N and 92º 33´ 24´´ E) 

(JF3) and 8 years (23º 43´ 55´´ N and 92º 40´ 4´´ E) (JF8) were selected. The ages of 

the fallow lands were identified by interrogating with the land owners. Similarly, two 
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forest fallows have also been selected, e.g., 3 years (23º 44´ 48´´ N, 92º 31´ 48´´E) 

(FF3) and 5 years (23º 44´ 55.25´´ N and 92º 38´ 36.68´´ E) (FF5) for the study and 

the ages of the forest fallows were determined by observing the growing of forests 

vegetation and interviewing the land owner. 

Tanhril is roughly 15 km from Aizawl, the capital city of the state. The climate of 

the area is subtropical, with significant seasonal differences (20-30 ºC in summer and 

11-21 ºC in winter). The soil at the research sites was acidic in reaction. The soil was 

classified as red belonging to the order inceptisols with light to medium texture 

having a slope of 35º-40º (Hauchhum and Tripathi, 2017). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.2 Geographical map of India and the state of Mizoram showing the Aizawl district 

and the study sites.  

3.2  Sampling and experimental design 

3.2.1  Field experiment design 

Senesced bamboo leaves, mixed forest leaves and mixed grasses were 

collected from two forest fallows (FF3 and FF5) and leaf litters of Tephrosia candida 

and Oryza sativa were collected after slashing of vegetation from JF3 and JF5 fields. 

All the litters were brought to the laboratory, air-dried and 10g of each litter type 

were enclosed in nylon net bags measuring 20 cm x 20 cm with 2 mm mesh size. 
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For forest fallows (FF3 and FF5), a total of 150 litter bags (50 bags for bamboo 

leaf, 50 bags for mixed forest litters and 50 bags for mixed grasses) were prepared. 

Out of total litter bags, 100 litter bags (50 for bamboo leaf litter and 50 mixed forest 

leaf litter) were placed in FF5 and remaining 50 litter bags of mixed grass litter were 

placed in FF3 at 4 random locations. On the other hand, for jhum fields leaf litter 

bags of T. candida, O. sativa alone and in combination (T. candida + O. sativa in 

equal proportions) were prepared. Overall, 50 litter bags of each litter type were 

positioned at 4 random locations on soil of two jhum fallow (i.e., JF3 and JF8). Litter 

bags on both forest fallows and jhum fallows were placed in July 2019. Every month 

four litter bags for each litter type from four sites (2 forest fallows and 2 jhum 

fallows) were recovered for one year period.  A total of 12 retrievals were made for 

each litter type at every site.  

Litter bags were carried to the laboratory and properly rinsed in running water to 

eliminate any soil particles that had adhered to them. Litters were dried individually 

for 24 h at 65°C in a hot-air oven to achieve a constant weight. The dried litters' 

weight was measured. Dry litter samples were crushed and sieved through a 1.5 mm 

mesh screen before being stored for subsequent analysis. 

3.2.2  Microcosm experiment design 

Soils were collected from jhum field and brought to the laboratory for setting 

pot experiment under laboratory condition. Microcosms were made from polybags 

(15 cm in diameter and 20 cm in height) with sealed bottom and pierced with 0.5 cm 

holes on sides of polybags for draining out the excess water. A total 300 microcosms 

(150 with JF3 soil and 150 with JF8 soil) were prepared with 3kg of soil from each 

jhum field. Similar leaf litter types were used as described in field experiment design 

on jhum field in section 3.2.1. In each microcosm, 10 g litter samples were directly 

placed on top soil of microcosm without any litter bags. Hand held mist sprayer was 

utilized for retaining soil moisture on alternate days with known volume of water. 

The replicated (4) litters were retrieved at monthly interval for one year. Sampling 

design was similar to that as explained in section 3.2.1 above. 

 

 



21 
 

 

3.3  Computation of litter decomposition rate  

The weight of dried litter samples was recorded at monthly interval and litter 

decomposition rate was calculated by comparing the difference in the weight of two 

retrieval dates. The relative decomposition rate (RDR) was calculated by using 

formula: 

RDR (g g-1 day-1) = ln (Wt-Wi)/ (t1 -ti)  

Where Wi = mass of litter present at time ti, Wt= mass of litter at time t1, and t1 -ti = 

sampling interval (days).  

The daily instantaneous decayed constant (k) of litter was calculated through the 

negative exponential decay model of Olson (1963): 

Wt/Wi = exp(-kt) 

Where Wi = initial mass of the litter, and Wt= mass remaining after time t. 

As suggested by Olson (1963), the time required for 50% mass loss was calculated 

as, t50 = 0.693/k and for 95% mass loss as t95 = 3/k. 

3.4  Analysis of carbon and nutrients in soil and litter samples 

Elements like Carbon, Nitrogen, Phosphorus, Potassium, Magnesium and 

Calcium were analyzed from collected soil and litter samples. The detail methods for 

the analysis of various elements are given below: 

3.4.1  Soil carbon and nutrient analysis  

Every month soil (0-10 cm) beneath the litter bags was recovered. Sampling 

design and replications were also similar to that of litter bags as described in section 

3.2.1. Further, soil samples were pooled in the group of 4 replicates per litter type for 

different plots. Soil samples were dried for 48 h in a hot-air oven at 80°C until they 

reached a consistent weight. For nutrient analysis, the samples were crushed, sieved 

(0.05 mm screen), and placed in zip lock bags. Soil pH, Organic Carbon (OC), Total 

Nitrogen (TN), Available Phosphorus (AP), Exchangeable Potassium (EP), 

Magnesium (Mg) and Calcium (Ca) were analyzed (Allen et al., 1989).  
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3.4.2  Litter carbon and nutrient analysis  

The elements were determined using dried and powdered litter samples. The 

loss on ignition method was used to determine the C content of litters (Mcbrayer and 

Cromack, 1980). Total nitrogen was identified by micro Kjeldahl method (Jackson, 

1973). Lignin content in litter sample was analyzed by acid detergent fiber method 

(Van Soest and Wine, 1968). Phosphorus, potassium, magnesium and calcium were 

analyzed by digestion in concentrated tri-acid mixture. Phosphorus was measured 

calorimetrically through ammonium molybdate blue color method using 

spectrophotometer and potassium, magnesium and calcium by Atomic Absorption 

Spectrophotometry (Allen et al., 1989). 

3.5  Sampling and analysis of decomposing litters for microbes 

Litter samples were collected and microbes were isolated and identified. 

3.5.1  Collection of litter samples 

Decomposing litters from jhum fields and microcosms were collected at 

monthly interval and brought to the laboratory. Litter samples were stored in 4ºC for 

further use (Kasa et al., 2015). The samples were used for microbial analysis within 

one month of collection. 

 

3.5.2  Sterilization of glass wares 

For 12 hours, all glass wares (Petri plate, test tubes, slides, conical flask, 

inoculum needle, measuring jar, and beaker) were immersed in a cleaning solution. 

They were then rinsed in soapy water and plain water. These were again washed with 

distilled water and dried. In an autoclave, the dried glass wares were sterilized at   

120 ºC for 15 minutes. The autoclave was used to sterilize all chemical media. 

3.5.3  Microbial population count 

Microorganisms were isolated from the decaying litters by serial dilution 

method. Six sterilized test tubes were taken and the first test tube was filled with 10 

ml of 0.9% NaCl and remaining test tubes were filled with 9 ml of saline solution. 

Crushed litter sample (1 g) was dissolved in first test tube and its dilution factor 
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becomes 10-1. Then 1 ml of the sample was moved from first test tube (10-1) to the 

second test tube and its dilution factor become 10-2. Similarly, samples were 

relocated to the remaining test tubes and dilution factor obtained as 10-3, 10-4,10-5, 

and 10-6 (Martin, 1950). Then aliquots of 0.1 ml (100 µl) from each dilution was 

taken and transported to distinct Nutrient Agar (NA) media plate, Potato Dextrose 

Agar (PDA) plate and Starch Casein Agar (SCA) plate and spread with a L-spreader 

cautiously which is then incubated at 37±2ºC, 24±2ºC and 28±2ºC for 24 h, 48 h and 

72 h for bacteria, fungi and actinomycetes respectively. 

Plates were observed after incubation and the number of colonies that had 

developed was counted under colony counter. The population of microbes was 

observed and expressed as CFU/g. 

Colony Forming Unit (CFU/g) = (Number of colonies X Dilution factor) / (Volume 

of culture plate) 

3.5.4  Isolation of microbial pure culture 

Using sterile toothpicks, representatives of bacteria, fungi, and actinomycetes 

were randomly selected from their growth plates and streaked on their respective 

media plates to generate pure microbe cultures. The isolates were incubated at their 

respective temperature and time as mentioned in section 3.5.3. For obtaining pure 

culture, NA plate was supplemented with Nystatin and Cycloheximide, PDA plates 

were supplemented with Rose Bengal, Amoxyline and SCA plates were 

supplemented with Nystatin, Nalidixic acid and Cycloheximide. All these antibiotics 

were used in amount of 50 µg/ml. 

3.5.5  Screening of microbes for enzyme activities 

Qualitative enzyme activities of isolated microbes were carried out by 

following standard method of Kumar et al., (2015). Five enzyme tests were done 

during the study. 

Catalase test: Catalase activity of microbes was identified by using 3% H2O2. Pure 

culture of microbial isolates was transferred by using a sterile loop from their 

respective growing media to a clean slide and 3% H2O2 was added over the culture 
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on the slide. Immediate and vigorous effervescence was presumptive confirmation of 

catalase activity in microbes. 

Amylase test: The production of amylase enzyme by isolated microbes was 

estimated by growing the pure microbial isolates on starch agar plates separately. 

After the microbial growth, the plates were flooded with Gram’s Iodine. The clear 

zone observed on starch agar plates after flooding indicated the confirmation of 

amylase activity as the microbes were capable of hydrolyzing and iodine does not 

stain in absence of starch. 

Protease test: Pure microbial isolates were inoculated on skim milk agar plates and 

incubated at different temperature as mentioned in section 3.5.3 for the growth of 

three different microorganisms. After incubation period, a clear zone around the 

colony indicated that the isolate was protease producer. 

Lipase test: Lipase production by microorganisms was determined by growing the 

pure microbial isolate on tributyrin agar. A clear region around the growing colony 

was the possible confirmation of lipase production by microbial isolates. 

Cellulase test: Qualitative cellulase activity of isolated microbes was determined by 

using 1% Congo red indicator. Pure microbial isolates were inoculated on Carboxy 

Methyl Cellulase (CMC) agar plates and incubated. After the microbial growth on 

CMC agar plates, it was flooded with 1% Congo red indicator for 1-2 mins and 

washed with 1 M NaCl solution. A halo zone around the colony was considered 

positive for cellulase production. 

3.5.6  Morphological and microscopical characterization 

Aerial mycelia, spore distinctiveness, colony color, and other morphological 

and microscopic properties of microorganisms with positive enzyme activity were 

investigated. Gram staining process was used for bacteria and actinomycetes whereas 

lactophenol and cotton blue was used for fungal staining. Bergey’s Manual of 

Determinative Bacteriology (2000) was used for recognizing bacteria and 

actinomycetes and Gliman’s Manual of Soil Fungi (1957) was used for identification 

of fungi up to genus level. 
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3.6  Bio-compost preparation 

Biofertilizer containing the isolated and identified decomposing microbes 

were applied in pot experiment to assess the effect of microbial population on litter 

decomposition process. 

3.7  Statistical analysis  

Data was recorded into a computer spreadsheet and thereafter imported into a 

statistical package. Mass loss of litters was correlated with various abiotic parameters 

(i.e., rainfall, temperature, humidity) for all sites separately. Regression equations 

were developed for the variables having significant correlation. Further, to 

understand the effect of different environmental variables (i.e., rainfall, humidity, air 

temperature, soil temperature, soil carbon, soil nitrogen and different microbes) on 

litter decomposition, stepwise multiple correlation (R) analysis was performed. The 

one-way analysis of variance (ANOVA) was performed between the number of days 

in decomposition and their nutrients (C, N, C/N, and AP) in soil followed by the 

Least Significant Difference (LSD, p<0.05) test using MS Excel.  
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CHAPTER 4 

Results 

4.1 Soil physico-chemical properties of forest and jhum fallows 

4.1.1  Forest fallows 

Soil pH (4.82), BD (0.95 g cm3), C (2.97%) and N (0.15%) concentrations 

were higher in FF5 as compared to FF3 (Table 4.1). Similarly, AP was higher (13.46 

µg/g) in FF5 compared to FF3 (12.39 µg/g).  In contrast, C/N ratio was higher in FF3 

(24.48) compared to FF5 (19.49) (Table 4.1). The mean annual soil temperature was 

23.06 ºC in FF3 and 19.6 ºC in FF5 (Fig 4.1).  

4.1.2  Jhum fallows 

Soil chemical characteristics like pH, C, N and AP were higher in JF8 

compared to JF3 (Table 4.1). However, soil C/N ratio was higher in JF3 (20.9) 

compared to JF8 (17.6) (Table 4.1). Mean annual soil temperature was 23.9 ºC in JF3 

and 21.5 ºC in JF8 (Fig. 4.1).  

 

Table 4.1 Soil physico-chemical properties of forest and jhum fallows before the start of the 

experiment. 

 

Site pH C (%) N (%) C/N ratio AP (µg/g) BD(g cm
3
) 

FF3 4.35±0.003 2.77±0.01 0.11±0.003 24.48±0.71 12.39±0.14 0.89±0.03 

FF5 4.82±0.06 2.97±0.03 0.15±0.008 19.49±0.91 13. 46±0.14 0.95±0.01 

JF3 4.37±0.02 1.17±0.01 0.056±0.003 20.9±18.6 11.8±0.14 1.11±0.03 

JF8 4.47±0.01 1.19±0.008 0.07±0.01 17.6±3.35 15.7±0.4 1.3±0.02 
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Fig. 4.1 Monthly variations in average temperature of soil in 3 years (FF3) and 8 years 

(FF8) forest fallows and 3 years (JF3) and 8 years (JF8) jhum fallows during study period 

(July 2019-June 2020).  

 

4.2  Litter substrate quality 

4.2.1 Initial litter nutrient concentrations 

In Jhum fallows, litter quality (C, N, C/N, lignin and other nutrients) in 

different litters (TC, OS and TC+OS) varied considerably (Fig 4.2).  The N 

concentration in different litter types varied from 1.56-4.18%. Carbon (41.6%) and 

lignin (21.9%) concentrations were significantly higher in OS litter as compared to 

TC litter (36.7% and 9.6%, respectively). Initial K concentration in TC+OS litter was 

significantly lower (0.26 mg/g) than OS litter (0.43 mg/g). However, P content 

ranged from 0.07 - 0.1 mg/g with maximum value in TC and minimum in OS. 

Maximum concentration of Mg and Ca was observed in TC (0.388 mg/g and 2.64 

mg/g) and minimum in TC+OS (0.288 mg/g and 2.43 mg/g, respectively). Maximum 

C/N and lignin /N was found in OS (26.6 and 14.03) followed by TC (8.77 and 2.29, 

respectively). 
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Fig. 4.2 Initial concentration of Nitrogen (N), Carbon (C), Potassium (K), Phosphorus (P), 

Magnesium (Mg), Calcium (Ca), Lignin, C/N and Lignin/N ratio in Tephrosia candida (TC), 

Oryza sativa (OS), Tephrosia candida + Oryza sativa (TC+OS) litters. Vertical lines on each 

bar show ±1SE. 

 

4.2.2 Litter and elements mass remaining during litter decomposition under 

field experiment 

Values of litter mass remaining in the field after every month till the end of 

the study is given in Fig. 4.3-4.5. In JF3 mass remaining for TC litters were 3.99%, 

however, TC litters decomposed completely at the end in JF8. Similarly, in JF8, OS 

litter also decomposed completely at the end, whereas, in JF3, mass remaining was 

12.97%.  For TC + OS litters 11.83% mass was remained in JF3 and 7.17% in JF8. 

Mass remaining of elements (C, N, K, P, Mg and Ca) during the one-year 

decomposition period in two fields JF3 and JF8 are provided in Fig. 4.6-4.11. At the 

end of the study, element mass remaining in TC in JF3 ranged from 5-9% (Fig. 4.6-

4.7). For example, C, N, K, P, Mg and Ca remains were: 9.29, 8.72, 5.50, 5.86, 8.99 

and 8.76, respectively at the end the year. However, in OS litter decomposition, 

percent mass remaining for different elements at the end of the study were: 11.80, 

12.93, 8.44, 9.63, 12.3 and 12.12, respectively for N, C, K, P, Mg and Ca (Fig. 4.8-

4.9). In TC+OS, percent mass remaining for various elements during the study were 

11.28 for N, 11.79 for C, 11.2 for K, 10.46 for P, 11.04 for Mg, 10.80 for Ca (Fig. 

4.10-4.11).  

In JF8, element mass remaining at the end of experiment in TC litter were: 4.9% 

for N, 1.54% for C, 1.54 for K, 1.4% for P, 5.08% for Mg and 4.9 for Ca (Fig. 4.6-
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4.7). During the decomposition of OS litters, the element mass remaining for N, C, 

K, P, Mg and Ca were 5.02, 5.97, 1.96, 3.44, 5.45 and 5.31 percent respectively (Fig. 

4.8-4.9). However, percent of element mass remaining at the end for TC+OS litter 

decomposition were: N (9.14), C (9.86), K (9.14), P (8.46), Mg (9.18) and Ca (8.97) 

(Fig. 4.10-4.11).  

 

 

 

 

 

 

Fig.4.3 Tephrosia candida (TC) litter mass remaining in 3 years (JF3) and 8 years (JF8) 

jhum fallows. Vertical lines show ±1SE. 
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Fig. 4.4 Oryza sativa (OS) litter mass remaining in 3 years (JF3) and 8 years (JF8) jhum 

fallows. Vertical lines show ±1SE. 

 

 

 

Fig. 4.5 Tephrosia candida + Oryza sativa (TC+OS) litter mass remaining in 3 years 

(JF3) and 8 years (JF8) jhum fallows. Vertical lines show ±1SE. 
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Fig.4.6 Changes in percent elements (C, N and K) mass remaining in Tephrosia candida 

litters during the course of decomposition in 3 years (JF3) and 8 years (JF8) jhum fallows. 

Vertical lines show ±1SE. 
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Fig.4.7 Changes in percent elements (P, Mg and Ca) mass remaining in Tephrosia candida 

litter during the course of decomposition in 3 years (JF3) and 8 years (JF8) jhum fallows. 

Vertical lines show ±1SE. 
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Fig.4.8 Changes in percent element (C, N and K) mass remaining in Oryza sativa litter 

during the course of decomposition in 3 years (JF3) and 8 years (JF8) jhum fallows. Vertical 

lines show ±1SE. 
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Fig.4.9 Changes in percent element (P, Mg and Ca) mass remaining in Oryza sativa litter 

during the course of decomposition in 3 years (JF3) and 8 years (JF8) jhum fallows. Vertical 

lines show ±1SE. 



35 
 

 

 

 

Fig.4.10 Changes in percent element (C, N and K) mass remaining in Tephrosia candida 

+Oryza sativa litter during the course of decomposition in 3 years (JF3) and 8 years (JF8) 

jhum fallows. Vertical lines show ±1SE. 
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Fig.4.11 Changes in percent element (P, Mg and Ca) mass remaining in Tephrosia candida 

+ Oryza sativa litter during the course of decomposition in 3 years (JF3) and 8 years (JF8) 

jhum fallows. Vertical lines show ±1SE. 
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4.2.3  Litter and element mass remaining during litter decomposition under 

microcosm 

Litter mass remaining in pot experiment for all litter types is shown in Fig. 

4.12 - 4.14. TC litter mass remaining was 33.7% in PJS3 and 15.8% in PJS8. OS 

litter mass remaining was 21.5% and 14.19%, respectively, in PJS3 and PJS8. 

However, mass remaining for TC + OS litters in PJS3 and PJS8 were 13.8% and 

9.9%, respectively. 

In PJS3, percent elements mass remaining after 12 months of decomposition in 

TC were: 32.15 for N, 33.63 for C, 22.51 for K, 20.26 for P, 32.64 for Mg and 

31.59for Ca. Corresponding values for these elements in PJS8 were 14.61, 15.73, 

8.51, 6.32, 14.92 and 14.62 (Fig. 4.15 - 4.16).  

In PJS3, percent elements mass remaining for OS litters were: 19.34 for N, 21.45 

for C, 12.03 for K, 17.24 for P, 20.22 for Mg and 20.05 for Ca. Corresponding values 

for these elements in PJS8 were: 12.56, 14.14, 5.94, 10.54, 13.18 and 12.63 (Fig. 

4.17 – 4.18). 

For TC+OS litter, percent element mass remaining after one year of decay were: 

12.99 for N, 13.80 for C, 13.15 for K, 11.93 for P, 13.03 for Mg and 12.59 for Ca in 

PJS3. Corresponding values for these elements in PJS8 were: 9.14, 9.86, 9.14, 8.46, 

9.18 and 8.97 (Fig. 4.19 – 4.20). 

 

Fig. 4.12 Tephrosia candida (TC) litter mass remaining in 3 years (PJS3) and 8 years 

(PJS8) jhum fallow soil in microcosm. Vertical lines show ±1SE. 
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Fig. 4.13 Oryza sativa (OS) litter mass remaining in 3 years (PJS3) and 8 years (PJS8) jhum 

fallow soil in microcosm. Vertical lines show ±1SE.  

 

 

Fig. 4.14 Tephrosia candida + Oryza sativa (TC+OS) litter mass remaining in 3 years 

(PJS3) and 8 years (PJS8) jhum fallow soil in microcosm. Vertical lines show ±1SE. 
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Fig.4.15 Changes in percent element (C, N and K) mass remaining in Tephrosia candida 

litter during the course of decomposition in 3 years (PJS3) and 8 years (PJS8) jhum fallow 

soil in microcosm. Vertical lines show ±1SE. 
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Fig.4.16 Changes in percent element (P, Mg and Ca) mass remaining in Tephrosia candida 

litter during the course of decomposition in 3 years (PJS3) and 8 years (PJS8) jhum fallow 

soil in microcosm. Vertical lines show ±1SE. 
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Fig.4.17 Changes in percent element (C, N and K) mass remaining in Oryza sativa litter 

during the course of decomposition in 3 years (PJS3) and 8 years (PJS8) jhum fallow soil in 

microcosm. Vertical lines show ±1SE. 
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Fig.4.18 Changes in percent element (P, Mg and Ca) mass remaining in Oryza sativa litter 

during the course of decomposition in3 years (PJS3) and 8 years (PJS8) jhum fallow soil in 

microcosm. Vertical lines show ±1SE. 
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Fig.4.19 Changes in percent element (C, N and K) mass remaining in Tephrosia candida + 

Oryza sativa litter during the course of decomposition in 3 years (PJS3) and 8 years (PJS8) 

jhum fallow soil in microcosm. Vertical lines show ±1SE. 
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Fig.4.20 Changes in percent element (P, Mg and Ca) mass remaining in Tephrosia candida 

+ Oryza sativa litter during the course of decomposition in 3 years (PJS3) and 8 years (PJS8) 

jhum fallow soil in microcosm. Vertical lines show ±1SE. 
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4.3  Leaf litter decomposition rate 

4.3.1  Forest fallows (FF3 and FF5) 

Litter mass remaining was significantly negatively correlated with days 

elapsed after litter placements in different fields (Fig. 4.21). In FF3 site, MGL 

decayed at a faster rate than BL and MFL in FF5. The daily instantaneous decay 

constant (k) in FF3 was 0.005946 for MGL. In FF5, it was 0.005908 for BL and 

0.005946 for MFL. Days required for 50% decomposition of MGL were 126 days in 

FF3.  However, in FF5, for BL and MFL the days required for 50% decomposition 

were 117 and 116, respectively. Similarly, time required for 95% decomposition in 

all three litter types varied from 504 – 540 days in two forest fallows (FF3 and FF5) 

(Table 4.2). 

 

Table 4.2 Daily instantaneous decay rate (k) and time required for 50% and 95% 

decomposition of different leaf litters in Forest fallows 

 

Forest 

fallows 

Leaf litter 

types 

Daily instantaneous 

decay rate (k) 

t50
 (days) t95 (days) 

FF5  BL 0.005908 117 507 

MFL 0.005946 116 504 

FF3 MGL 0.005592 126 540 

 

4.3.2  Jhum fallows (JF3 and JF8) 

Mass remaining of different litter types was significantly negatively 

correlated with days. The daily instantaneous decay constant along with time 

essential for 50% and 95% decomposition of various litters in jhum fallows is given 

in Table 4.3. 

     However, mass remaining percent was higher in JF3 as compared to JF8 for all 

litter types. Litter mass remaining expressed in negative simple linear equation in JF3 

and JF8 has been presented in Fig. 4.21. The daily instantaneous decay constant in 

JF3 were: 0.006001 for TC, 0.00587 for OS and 0.005933 for TC+OS. 

Corresponding values in JF8 were: 0.006116, 0.0068 and 0.006074. Similarly, in 
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JF3, the time required for 50% decomposition were: 115 days for TC, 118 days for 

OS and 117 days for TC+OS and time required for 95% decomposition were: 500 

days for TC, 511 days for OS and 505 days for TC + OS). However, in JF8 time 

required for 50% decomposition were: 113 days for TC, 114 days for OS and 114 

days for TC+OS days and 95% decomposition were 491 days for TC, 494 days for 

OS and 493 for days TC+OS (Table 4.3).  

 

Table 4.3 Daily instantaneous decay rates (k) and time required for 50% and 95% 

decomposition of different leaf litters in Jhum fallows 

 

Forest 

fallows 

Leaf litter types Daily instantaneous 

decay rate (k) 

t50 (days) t95
 (days) 

JF3 TC 0.006001 115 500 

JF3 OS 0.00587 118 511 

JF3 TC+OS 0.005933 117 505 

JF8 TC 0.006116 113 491 

JF8 OS 0.006074 114 494 

JF8 TC+OS 0.00608 114 493 

 

4.3.3  Microcosm (PJS3 and PJS8) 

Litter mass remaining was significantly negatively correlated with days for 

all litter types in two pot experiments (PJS3 and PJS8) (Fig. 4.21). Litter mass 

remaining was higher in PJS3 as compared to PJS8. The daily instantaneous decay 

constant (k) for different litter types varied from 0.005585 – 0.00587 in PJS3 and 

0.005798 – 0.005992 in PJS8 (Table 4.4). In PJS3, time required for 50% decay for 

different litter types varied from 118 – 124 days was comparatively higher (115 – 

120 days) in PJS8 for different litter categories. Similarly, time required for 95% 

decay was 511 – 537 days in PJS3 and 500 – 514 days in PJS8 for different litter 

types.  
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Table 4.4 Daily instantaneous decay rate (k) and time required for 50% and 95% 

decomposition of different leaf litters in Microcosm 

 

Forest 

fallows 

Leaf litter types Daily instantaneous 

decay rate (k) 

t50 (days) t95 (days) 

PJS3 TC 0.005798 120 517 

PJS3 OS 0.005585 124 537 

PJS3 TC+OS 0.00587 118 511 

PJS8 TC 0.005798 119 517 

PJS8 OS 0.005813 118 514 

PJS8 TC+OS 0.005992 115 500 
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Fig 4.21 Litter mass remaining and time elapsed in days for bamboo litter (BL), mixed 

forest (MFL) and mixed grass litter (MGL) in forest fallows. Also shown are litter mass 

remaining and time elapsed in days for Tephrosia candida (TC), Oryza sativa (OS), 

Tephrosia candida + Oryza sativa (TC+OS) in 3 years (JF3) and 8 years (JF8) jhum fallows 

and 3 years (PJS3) and 8 years (PJS8) soil microcosms.  
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4.4  Relationship between decomposition rate and abiotic factors 

Relationship between mass remaining of various litter types and abiotic 

factors was performed for Forest fallows (FF3 and FF5) and Jhum fallows (JF3 and 

JF8). Rainfall and humidity were negatively correlated with mass remaining of 

various litter types; however, temperature was positively correlated with mass 

remaining. In FF and JF rainfall was highly correlated with mass loss of various litter 

types (Table 4.5- Table 4.7). 

Stepwise multiple correlation analysis investigating the integrated effect of nine 

factors (e.g., rainfall, humidity, air temperature, soil temperature, soil carbon, soil 

nitrogen and the different microbes) showed significant (R2 97-98%) effect of 

rainfall and temperature in combination with soil carbon and nitrogen contents in 

JF3. In JF8 stand, soil carbon, soil temperature and actinomycetes together explained 

98% variability in the decomposition of OS litter. However, in TC litter none of the 

variable entered the equation except soil carbon which explained 96% variability in 

mass loss alone. In case of TC+OS, rainfall and bacterial population together 

explained 79% variability in mass loss rate. In case of FF, in all litter types rainfall 

alone explained 39-59% variability in mass loss rates and none of the variables were 

selected in the equation. Equations for the various jhum fields and litter types are 

given below:  

 

JF3: 

TC=31.54 - 0.0697 Temperature - 18.416 Carbon;    R2=98.6% 

OS=5.216 + 0.003226 Rainfall - 15.47 Nitrogen;    R2=97.3% 

TC+OS=14.740 + 0.001809 Rainfall - 8.940 Carbon;   R2=98.4% 

 

FF: 

BL=-0.470 + 0.00783 Rainfall;      R2=59.36% 

MFL=0.014 + 0.00441 Rainfall;      R2=38.64% 

MGL=-0.061 + 0.00478 Rainfall;      R2=45.75% 
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JF8: 

TC=7.319 - 3.193 Carbon;             R2=96.06% 

OS=6.952 - 2.526 Carbon - 0.02143 Soil Temperature - 0.00719 Actinomycetes;  

          R2=98.7% 

TC+OS=-1.549 + 0.002454 Rainfall + 0.00992 Bacteria;       R2=79.3% 

 

Table 4.5 Correlation of mass remaining and abiotic and biotic factors for bamboo litter 

(BL), mixed forest litter (MFL) and mixed grass litter (MGL) types in 3 years (FF3) and 5 

Years (FF5) forest fallows (n=11). 

 BL MFL MGL 

Rainfall 0.730* 0.600 0.658* 

Humidity 0.420 0.137 0.364 

Temperature 0.288 0.131 0.301 

Bacteria  0.213 0.043 0.188 

Fungi 0.438 0.258 0.325 

Actinomycetes 0.116 0.163 0.187 

 

 

 

 

 

 

 

 

 

* Correlation is significant at the 0.05 level.  
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Table 4.6 Correlation mass remaining and abiotic and biotic factors for Tephrosia candida 

(TC), OS-Oryza sativa (OS) and TC+OS-Tephrosia candida + Oryza sativa (TC + OS) litter 

types in 3 years jhum field, (n=11). 

 TC litters OS litters  TC + OS litters 

Rainfall 0.676* 0.933** 0.894** 

Humidity 0.097 0.190 0.138 

Temperature 0.405 0.020 0.095 

Bacteria  0.478 0.127 0.237 

Fungi 0.102 0.488 0.378 

Actinomycetes 0.146 0.103 0.084 

* Correlation is significant at the 0.05 level. 

** Correlation is significant at the 0.01 level. 

Table 4.7 Correlation mass remaining and abiotic and biotic factors for Tephrosia candida 

(TC), OS-Oryza sativa (OS) and TC+OS-Tephrosia candida + Oryza sativa (TC + OS) litter 

types in 8 years jhum field, (n=11). 

 TC litters OS litters  TC + OS litters 

Rainfall 0.984** 0.926** 0.800** 

Humidity 0.444 0.420 0.248 

Temperature 0.198 0.182 0.227 

Bacteria  0.051 0.174 0.282 

Fungi 0.123 0.498 0.351 

Actinomycetes 0.0176 0.368 0.296 

* Correlation is significant at 0.05 level.  

**Correlation is significant at 0.02 level. 
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4.5  Changes in C, N and C/N ratio in soil during the course of decomposition 

  In field experiment, C concentration in the soil beneath the litter bag 

increased from 28% - 121% over initial in different litter categories during the course 

of study period. In JF3, the increase in soil C concentration beneath was 45.3%, 

42.3% and 28% in TC, OS and TC+OS litters, respectively (Fig. 4.22). However, in 

JF8, increase in soil C concentration beneath TC, OS and TC+OS litters was 121%, 

73% and 31.2%, respectively (Fig. 4.23). In JF3, increase in soil N concentration 

beneath TC, OS and TC+OS litters was 26.6%, 17.12% and 29.2% (Fig. 4.22) and 

correspondingly in JF8 was 25.2%, 19.1% and 18.9%, respectively (Fig. 4.23). And 

decrease in concentration of C/N ratio in soil of JF3 beneath TC, OS and TC+OS 

was 170%, 247% and 95% (Fig. 4.22) and similarly in JF8 was 480%, 382% and 

163% (Fig. 4.23). 

In pot experiment, increase in soil C concentration during the course of study 

ranged from 14% - 75.2%. In PJS3, increase in soil C concentration beneath TC, OS 

and TC+OS litters was 23.023%, 44% and 14% and increase in soil N concentration 

beneath TC, OS and TC+OS litters was 31% 14.2% and 14.3% (Fig. 4.24). Increase 

in soil C concentration in PJS8 beneath TC, OS and TC+OS litters was 75.2% 71.3% 

and 21.8% and increase soil N content was 22.3%, 9.93% and TC+OS 13.15% 

respectively (Fig. 4.25). Decrease in C/N ratio concentration of soils beneath TC, OS 

and TC+OS was 74%, 309% and 97% in PJS3 (Fig. 4.24) and 337%, 718% and 

165% in PJS8 respectively (Fig. 4.25). 

Changes in C, N, and C/N ratio during the path of decay in field experiment were 

significant (p≤0.05) mostly. Similarly changes in C, N and C/N ratio during 

decomposition in pot experiment were also mostly significant (p≤0.05). 



53 
 

 

 

  

Fig 4.22 Changes in percent of C, N and C/N ratio in soil during decomposition in 3 years 

jhum field. Vertical lines show ±1SE. 
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Fig. 4.23 Changes in percent of C, N and C/N ratio in soil during decomposition in 8 years 

jhum field. Vertical lines show ±1SE. 
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Fig. 4.24 Changes in percent of C, N and C/N ratio in 3 years jhum soil in pot during 

decomposition. Vertical lines show ±1SE. 
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Fig. 4.25 Changes in percent of C, N and C/N ratio in 8 years jhum soil in pot during 

decomposition. Vertical lines show ±1SE. 
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4.6  Microbial population on decomposing litters 

4.6.1  Forest fallows 

In both the forest fallows (FF3 and FF5) microbial population showed an 

increasing trend up to seventh month of decomposition of different litter types. 

Microbial population was found to be less in FF3 (Fig. 4.26) as compared to FF5 

(Fig.4.27). Maximum was observed for decomposing MFL (2.73X106 CFU/g) 

followed by decomposing BL (2.62X106 CFU/g) in FF5. However, in FF3 

decomposing MGL showed (2.42X106 CFU/g) bacterial population. Similar trend 

was observed for fungal and actinomycetes population in both the fallows. 

 

 

 

 

 

Fig.4.26 Colony Forming Units (CFUs) of decomposing mixed grass litters (MGL) in 3 

years forest fallow (FF3). Vertical lines show ±1SE. 
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Fig.4.27 Colony Forming Units (CFUs) of decomposing mixed forest litters (MFL) and 

bamboo litters (BL) litters in 5 years forest fallow (FF5). Vertical lines show ±1SE. 
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4.6.2  Jhum fallows 

Litter microbial population showed consistent increase in CFUs for different 

litter types in both the Jhum fallows (JF3 and JF8). After sixth month of 

decomposition of TC and TC+OS litters in JF3 (Fig. 4.28) fungal and bacterial 

population was found to be maximum, however, for OS decomposition only bacterial 

population was found to be maximum after third month and fungal after seventh 

months. In JF8 (Fig. 4.29), fungal population was maximum after third month of 

decomposition of all litter types. Actinomycetal population was less as compared to 

bacterial and fungal population. During the study, microbial population was found in 

order: Bacteria > Fungi > Actinomycetes. 
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Fig.4.28 Colony Forming Units (CFUs) of decomposing Tephrosia candida (TC), Oryza 

sativa (OS) and Tephrosia candida + Oryza sativa (TC+OS) litters in 3 years jhum fallow 

(JF3). Vertical lines show ±1SE. 
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Fig.4.29 Colony Forming Units (CFUs) of decomposing Tephrosia candida (TC), Oryza 

sativa (OS) and Tephrosia candida + Oryza sativa (TC+OS) litters in 8 years jhum fallow 

(JF8). Vertical lines show ±1SE. 
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4.6.3  Microcosm 

Similar periodical changes in microbial population were observed in 

microcosm in relation to Jhum fallows. In PJS3 (Fig.4.30) microbial population 

reaches its peak after forth month of decomposition. However, in PJS8 (Fig. 4.31) 

bacterial population increases in early days of decomposition followed by 

actinomycetes and fungal population. Maximum microbial population was observed 

for TC litters followed by TC+OS litters and minimum in OS litters. 
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Fig.4.30 Colony Forming Units (CFUs) of decomposing Tephrosia candida (TC), Oryza 

sativa (OS) and Tephrosia candida + Oryza sativa (TC+OS) litters in 3 years jhum fallow 

soil (PJS3) in pot. Vertical lines show ±1SE. 
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Fig.4.31 Colony Forming Units (CFUs) of decomposing Tephrosia candida (TC), Oryza 

sativa (OS) and Tephrosia candida + Oryza sativa (TC+OS) litters in 8 years jhum fallow 

soil (PJS8) in pot. Vertical lines show ±1SE. 
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4.7 Screening of microbial enzyme activity 

Different representatives of bacteria, fungi and actinomycetes were isolated 

as single culture from microbial population plates. A total of sixty-six microbes were 

isolated from different litter types at different sites (FFs, JFs and PJSs). Out of total 

fifty-one microbes (Bacteria-20, Fungi-21 and Actinomycetes-10) were showing 

either one or more enzyme activity. 

4.7.1 Catalase test 

The ability of microbes to produce immediate or vigorous effervescences in 

presence of 3% H2O2 was tested (Fig. 4.32). Among sixty-six strains, fourteen 

bacterial strains (SKT060, SKT016, SKT020, SKT003, SKT061, SKT014, SKT008, 

SKT059, SKT004, SKT005, SKT010, SKT002, SKT009 and SKT017), eleven 

fungal strains (SKT034, SKT045, SKT033, SKT046, SKT043, SKT062, SKT042, 

SKT041, SKT036, SKT040 and SKT058) and eight actinomycetes strains (SKT059, 

SKT065, SKT050, SKT060, SKT052, SKT053, SKT55 and SKT030) strain were 

able to generate effervescences (Table 4.8).   

Fig 4.32 Catalase activity of isolates 
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4.7.2  Amylase test 

The isolated microbes were tested for the production of amylase enzyme. The 

isolates were grown in Starch Agar plates and stained with Gram’s iodine. Six 

bacterial strains (SKT020, SKT005, SKT010, SKT002, SKT009 and SKT019), nine 

fungal strains (SKT033, SKT043, SKT044, SKT042, SKT037, SKT040, SKT039, 

SKT045 and SKT035) and three actinomycetal strains (SKT051, SKT060 and 

SKT030) were capable of hydrolyzing the starch and produce clear zone (Fig. 4.33) 

on Starch Agar plates (Table 4.8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4.33 Amylase activity of isolates 
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4.7.3  Protease test 

The production of protease was examined by growing the isolates on skim 

milk agar plates. A clear zone around the colony indicated the production of protease 

(Fig. 4.34). According to the study, eight bacterial strains (SKT016, SKT020, 

SKT061, SKT013, SKT005, SKT010, SKT002 and SKT009) eight fungal strain 

(SKT036, SKT037, SKT038, SKT040, SKT039, SKT064, SKT063 and SKT045) 

and four actinomycetal strains (SKT048, SKT052, SKT053 and SKT030) were 

found to produce protease (Table 4.8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4.34 Protease activity of isolates 
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4.7.4  Lipase test 

The isolates were grown on tributyrin agar plates. The production of lipase 

was observed by the formation of clear zone around the growing colony (Fig. 4.35). 

Out of sixty-six strains, only one bacterial strain (SKT008) was positive for lipase 

activity (Table 4.8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4.35 Lipase activity of isolates 

 

 

 

 

 

 

 

 



69 
 

4.7.5  Cellulase test 

Among the total isolates, four bacterial strains (SKT061, SKT007, SKT002 

and SKT009), six fungal strain (SKT033, SKT037, SKT063, SKT045, SKT035 and 

SKT034) and nine actinomycetal strains (SKT059, SKT065, SKT050, SKT048, 

SKT051, SKT060, SKT052, SKT053 and SKT055) (Fig. 4.32) were found to be the 

cellulase producer (Table 4.8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4.36 Cellulase activity of isolates 
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Table 4.8 Enzyme action of microbial isolates 

Isolate code Catalase Amylase Protease Lipase Cellulase 

SKT060 + - - - - 

SKT016 + - +  - - 

SKT020 + + + - - 

SKT003 + - - - - 

SKT061 + - + - + 

SKT014 + - - - - 

SKT008 + - - + - 

SKT021 + - - - - 

SKT059 + - - - - 

SKT013 - - + - - 

SKT004 + - - - - 

SKT005 + + + - - 

SKT010 + + + - - 

SKT007 - - - - + 

SKT002 + + + - + 

SKT006 + - - - - 

SKT019 - + + - - 

SKT009 + - - - - 

SKT017 + - - - - 

SKT001 + - - - - 

SKT033 + + - - + 

SKT046 + - - - - 

SKT043 + + - - - 

SKT038 - - + - - 

SKT044 - + - - - 

SKT062 + - - - - 

SKT042 + + - - - 

SKT041 + - - - - 

SKT037 - + + - + 
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SKT036 + - + - - 

SKT040 + + + - - 

SKT032 + - - - - 

SKY039 - + + - - 

SKT064 - - + - - 

SKT057 + - - - - 

SKT058 + - - - - 

SKT056 + - - - - 

SKT063 - - + - + 

SKT045 + + + - + 

SKT035 - + - - + 

SKT034 + - - - + 

SKT059 + - - - + 

SKT065 + - - - + 

SKT050 + - - - + 

SKT048 - - + - + 

SKT051 - + - - + 

SKT060 + + - - + 

SKT052 + - + - + 

SKT053 + - + - + 

SKT030 + + + - - 

SKT055 + - - - + 

 

4.8 Morphological and microscopical characterization of microbes 

Microorganisms including bacteria, fungi and actinomycetes were classified 

by their colony appearances, pigment creation and development (Fig. 4.37). Bergey’s 

Manual of Determinative Bacteriology was used for classification of bacteria and 

actinomycetes, however, Gliman’s Manual of Soil Fungi was used for the 

identification of fungi. Microbial isolates showing three or more enzyme activities 

were examined morphologically with the help of their shape, size, margin, elevation, 

appearance, texture, pigmentation etc. (Table 4.9). In addition, microscopical 
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characteristic such as cellular morphology, shape, Gram staining was also observed 

in 100X magnification (Fig. 4.38). Based on colony and microscopical characteristics 

along with the enzyme activities, thirteen microorganisms were identified up to 

genus level. Among thirteen, four isolates were bacteria belonging to the genus 

Streptobacillus and Streptococcus, five were fungi belonging to the genus 

Microsporum, Rhizopus and Aspergillus and four were actinomycetes belonging to 

the genus Streptomycetes. 

       In the study, microorganisms were isolated from the decomposing litters of TC, 

OS and TC+OS in jhum fallows and microcosm. The microbial isolates were 

cultured on selective medium e.g., bacteria on NA, fungi on PDA and actinomycetes 

on SCA. Network of the colonies were observed when fully grown on agar surface. 
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Table 4.9 Morphological characterization of 13 isolated microbial strains      

Isolate code Nature of colony Color of colony Days of 

growth 

Media Identified microbe Litter type 

 Forms Elevation Margin AM SM     

SKT 002 Irregular Umbonate Undulate Dark cream, rough, colony 

with 0.8 cm in dia. 

Light 

cream 

1 day NA Streptobacillus sp. 

(Gram -ve) 

T. candida 

SKT 005 Irregular Raised Undulate Light cream, rough, colony 

with 0.5 cm in dia. 

Light 

cream 

1 day NA Streptobacillus sp. 

(Gram -ve) 

T. candida 

and O. sativa 

SKT 009 Circular Flat Undulate Dark cream, rough, colony 

with 1.4cm in dia. 

Cream 1 day NA Streptobacillus sp. 

(Gram -ve) 

T. candida + 

O. sativa 

SKT 020 Irregular Raised Undulate Dark cream, smooth, colony 

with 1cm in dia. 

Cream 1 day NA Bacillus sp. 

(Gram +ve)  

O. sativa 

SKT 033 Circular Raised Entire Greenish grey, rough, 

colony with 0.1 cm in dia. 

White 5 days PDA Microsporum sp. T. candida 

SKT 034 Circular Umbonate Filiform White, wrinkled, colony 

with 2cm in dia 

White 5days PDA Rhizopus sp. T. candida 

SKT 035 Circular Umbonate Filiform White margin and light 

yellow in center, wrinkled, 

colony with 1.3 cm in dia. 

White 5 days PDA Rhizopus sp. T. candida + 

O. sativa and 

O. sativa 

SKT 040 Circular Undulate Entire White, Rough, colony with 2 

cm in dia. 

Cream 7 days PDA Aspergillus sp. T. candida 
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SKT 045 Irregular Umbonate Curled White, rough, colony with 1.5 

cm in dia. 

White 2 days PDA Aspergillus sp. T. candida + 

O. sativa 

SKT 030 Irregular Raised Curled White, rough, colony with 0.3 

cm in dia. 

Light 

cream 

3 days SCA Streptomycetes sp. 

(Gram +ve) 

T. candida + 

O. sativa 

SKT 052 Irregular Flat Undulate Light grey, powdery, colony 

with 0.2cm in dia. 

Light 

cream 

2 days SCA Streptomycetes sp. 

(Gram +ve) 

O. sativa 

SKT 053 Irregular Flat Undulate White, powdery, colony with 

0.3 cm in dia. 

Light 

orange 

2 days SCA Streptomycetes sp. 

(Gram +ve) 

O. sativa 

SKT 060 Irregular Flat Undulate Light grey, powdery, colony 

with 0.5 cm in dia. 

Black 9 days SCA Streptomycetes sp. 

(Gram +ve) 

T. candida + 

O. sativa 
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Fig 4.37 Total 13 isolated microbial strains 
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Microsporum 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.38 Microscopical morphology of microbial isolates 
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4.9     Bio-compost management 

           Microbial strain namely, SKT002, SKT005, SKT009, SKT020, SKT033, 

SKT034, SKT035, SKT040, SKT045, SKT030, SKT052, SKT053 and SKT060 

isolated from different decomposing litters identified during the study. One ml of 

liquid microbial culture of above-mentioned microbial strains was mixed with 10 g 

of each litter types (TC, OS and TC+OS) in microcosm under controlled conditions. 

In addition to this, a mixture of all the microbial inoculum was made and added to 

the litters in a separate microcosm and decomposition rate was determined.  

  TC + OS litter with the mixture of microbial inoculum optimizes the process of 

litter decomposition and the pattern of nutrient release, and thus has better ability to 

produce compost as compared to TC and OS litter singly along with single microbial 

inoculum. 
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CHAPTER 5 

Discussion 

5.1 Soil fertility in shifting cultivation 

 Shifting cultivation has been reported to have negative consequences to the 

society, particularly because of the reduced fallow periods between two crop cycles 

as a result of increasing human population as did not allow enough time for the soil 

to recover fertility (Riessen, 2000). This has resulted in lowering crop productivity 

and caused a problem of food security for the farmers (Riessen, 2000). In the past, 

the fallow time was about 20-25 years which ensured enough time for the ecosystem 

to recover soil fertility and consequently greater crop yield. The decline in fallow 

length has resulted in a decrease in microbiological populations and increase in top 

soil loss and land degradation (Gafur, 2000). As a result, the Mizoram government 

has implemented number of land use policies in the past few decades to provide 

financial assistance to jhum farmers for their better livelihood options (Tripathi et al., 

2017). Jhumias, on the other hand, are used to this practice and as soon as the 

financial assistance is terminated from the government, they return to continue 

shifting cultivation.  

Shifting cultivation has been linked to land degradation, nutrient reduction, soil 

erosion, and ecosystem resilience in previous studies (Ewel et al., 1981; Kyuma et 

al., 1985; Andriesse et al., 1987; Ramakrishnan, 1992). According to studies, the 

primary cause of deforestation is the slash-and-burn farming technique (Sanchez, 

1995), which results in higher soil loss due to increased erosion and as a result, lower 

agricultural yield (Al-Kaisi, 2001). One of the main initiatives to increase soil 

fertility and crop yield in shifting cultivated regions would be to develop bio-

compost employing decomposing bacteria in left over litter after harvesting. As a 

result of this research, different decomposing microorganisms isolated from diverse 

litter types at shifting cultivated sites in Mizoram can be employed as bio-inoculants 

to generate bio-compost that can enhance soil fertility and crop productivity at 

shifting farming sites in Mizoram. 
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5.2 Litter decomposition and nutrient loss 

 Microorganisms are known to have a significant role in the breakdown of 

organic matter, nutrient cycling, maintaining structural and functional qualities of 

soil, and making nutrients available to plants through microbial succession during the 

decomposition process (Paul and Clark, 1989). Litter decomposition was shown to be 

faster in the first few months, then slower in the following months. Various authors 

from across the world have reported this phenomenon (Tripathi and Singh, 1992a 

and b; Pandey et al., 2007; Bohara et al., 2019). TC and corn litters have been shown 

to decompose quickly in the first few months (Wapongnungsang et al., 2017; Hou et 

al., 2019). Microbial degradation of easily analyzable labile compounds like sugar 

and starch, which provide sustenance for bacteria, regulates rapid disintegration in 

the early stages (Aerts and Chapin, 1999). The majority of studies have found that 

litter quality has a significant impact on the decomposition rate of leaf litter among 

species categories (Tripathi et al., 2006; Pandey et al., 2007). The high N and low 

lignin containing TC leaf litter degraded more quickly (k = 2.19 in JF3 and k = 2.23 

in JF8) than the other two litter treatments. TC litter completely decomposed within 

six months. Similar results were found in Sesbania sp., where shoot degradation took 

only four months (Singh et al., 2007). For all leaf litter types, the daily instantaneous 

decay constant (k), the number of days essential for 50%, and 95% breakdown were 

in the following order: T. candida > T. candida + O. sativa > O. sativa. Quideau et 

al., (2005) found that leaf litters with increased N content decompose faster in the 

Chaparrel ecosystem in Southern California. However, the C:N ratio in OS litters 

could be partly to blame for the slow rate of decomposition (Bauder, 2000 and Fosu, 

et al., 2007). Different litter types decompose faster in longer fallow land in the 

study, which was comparable to Saplalrinliana et al., (2016), who found that adding 

forest litters to a jhum plot changes soil properties as the length of the fallow period 

increases, which is due to the faster rate of decomposition in longer fallows. 

The breakdown rates of BL and MFL in FF5 and MGL in FF3 were not 

significantly different. Xuluc-Tolosa et al., (2003) and Oatertag et al., (2008) 

observed similar results for different litter successional (3, 13, >50 years) forests in 

Mexico. They also reported that litter decomposition rate did not vary with forest 

age. The annual decay constant of BL in FF5 was 2.18 at the end of the experiment. 
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When compared to dwarf bamboo leaf litters in young secondary forests in Northern 

Japan (Tripathi et al., 2006), the k value of the current study was significantly 

greater. Because rainfall and temperature are significant determinants for litter 

decomposition, higher decomposition rates were observed in the current study 

(Tripathi and Singh, 1992a and b). 

In both fallow fields, the decomposition rate of TC, OS, and TC+OS leaf litters 

revealed a similar trend (JF3 and JF8). When comparing JF8 to JF3, the rate of 

breakdown was faster. When compared to JF3, litters in JF8 lost their weight faster. 

Previous research has found that the decomposition rate of litter varies substantially 

depending on the length of time that the area has been abandoned (Cornwell et al., 

2008). In general, the rate of mass loss was much higher in the early months than in 

the later months. In JF8, differences in mass loss between litter types were not 

significant at first, but they became considerable as the decomposition of different 

litter types progressed. Similar results were found in the litter breakdown of two 

Tephrosia sp. species in Malawi, Africa (Munthali et al., 2013). 9–12% of litter mass 

remained in JF3 at the end of the study, but no litter mass remained in JF8 for TC 

litters since the majority of the litter mass was lost during the initial days of 

decomposition. Wapongnungsang and Tripathi (2017) found that 35–43 percent of 

TC litter mass remained after one year of decomposition in Mizoram. The rapid mass 

loss seen in this study could be attributed to large concentrations of labile compounds 

like sugars, amino acids, and soluble phenolics (Wang et al., 2004), as evidenced by 

the low C:N ratio in the litter (Wapongnungsang and Tripathi, 2017). 

The first N content varied from 1.56 to 4.18 percent, which was greater than 

previous findings for wheat (0.61 percent) and TC (2.86 percent) respectively (Singh 

et al., 2007; Wapongnungsang and Tripathi, 2017). The C concentration of various 

initial litter components ranged from 36% to 41%, which was significantly greater 

than the report of TC litters (30–37%) in different Mizoram fallow periods 

(Wapongnungsang and Tripathi, 2017). However, initially lignin concentrations 

ranged from 9 to 21%, which was lesser than Betula emanii (26.5%) and Sasa 

kurilensis (27.5%) from Northern Japan's secondary forest (Tripathi et al., 2006). In 

tropical dryland agroecosystems, similar reports are known for Sesbania sp. (9.6%) 

and wheat straw (21.2%) (Singh et al., 2007). The average initial C:N ratio ranged 
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from 17 to 26%, but it was significantly lower in TC (8.77%) than in other litter 

types. The C:N ratio of TC litters in this study was lower than that of TC litters in 

Mizoram (13–17%) (Wapongnungsang and Tripathi, 2017). The initial lignin:N ratio 

ranged from 2 to 14 percent, with the lowest in TC litters and the highest in OS 

litters. In the tropical dryland, similar reports are known for Sesbania sp. (3.2%) 

(Singh et al., 2007). Lower C:N and lignin:N ratios in early litters have been shown 

to speed up the decomposition process (Tripathi and Singh, 1992a and b; Singh et al., 

2007; Krishna and Mohan, 2017; Wapongnungsang and Tripathi, 2017). In the 

current investigation, a similar tendency was seen, with lower C:N and lignin:N 

ratios in TC litters showed faster breakdown than other litter treatments. 

In the current study, only a small quantity of carbon and nutrient mass of 

different litters remained at the end of one year. The carbon and nutrient contained in 

the litter material lost considerably during the course of decomposition and enriching 

their abundances in the soil to be taken up by the plant roots (Tripathi and Singh 

1992 a and b). The release of C and nutrients were faster in the first phase followed 

by their gradual release later (Wapongnungsang and Tripathi, 2017). The initial 

nutrient level has a significant impact on plant residue decomposition because it 

limits the proliferation and activity of soil microorganisms. The concentration of 

other key nutrients changes when litter decays, in addition to C and N (Osono and 

Takeda, 2004; Jacob et al., 2009; Manzoni et al., 2010). Depending on its mobility 

and microbial uptake, each nutrient has a unique set of dynamics. K mass loss was 

the fastest in this investigation, followed by P, Mg, and Ca. Similarly, faster K 

release was observed in leaf litters and rotting wood, which was attributed to 

microbial immobilization as well as leaching (Abbott and Crossley, 1982; Osono and 

Takeda, 2004; Jacob et al., 2009; Preston et al., 2009). Mg content is influenced by 

soil characteristics, and its dynamics revealed an early leaching phase followed by 

immobilization (Osono and Takeda, 2004; Preston et al., 2009). The behavior of P, 

as well as that of N, in decomposing litters had been extensively studied (Manzoni et 

al., 2010; Cleveland et al., 2013; He et al., 2016; Marklein et al., 2016). P 

mineralization is linked to N recycling and biomass. The nutrient release pattern of 

litters, like mass loss, was influenced by site circumstances and fallow age as longer 

fallows yield more nutrients than shorter fallows. According to Ostertag et al., (2008) 
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litter decomposition was faster in 60-year-old forests than in 10 and 30-year-old 

forests. Mayer (2008) also found that in old forests, litter decomposition and nutrient 

release are faster than in other successional phases. Nutrient mass loss was lower in 

the microcosm than in the field experiment, which could be attributable to less 

microbial activity because the experiment was conducted under controlled 

conditions. 

The amount of organic carbon and total nitrogen in the soil grew dramatically as 

the length of the fallow periods increased in the study. The nutrient mass loss of 

distinct litter types during decomposition was synchronized with the increase in soil 

nutrients in jhum fallows. Leaf litter degradation produces a large amount of 

dissolved organic carbon molecules (Singh and Gupta, 1977). Higher initial N 

concentration in litters favors N release in soil (Hoorman et al., 2011), as TC litters 

were high in N and released more N to the soil after decomposition (Hoorman et al., 

2011). The present study found that longer fallow land had higher soil N 

concentration than shorter fallow land, which was consistent with previous findings 

(Neff et al., 2005). The soil C/N ratio in mixed litter (TC+OS) type was seen to be 

less in a few months as a result of higher N release relative to C in the soil (Fig. 4.22 

-4.25). Due to faster decomposition of litters, older fallows were able to add more 

organic matter and nutrients to the soil, which could be related to the decomposition 

research of TC components in Mizoram (Wapongnungsang et al., 2017). Increased 

nutrient input through organic residue addition may be linked to improved soil 

nutrients during fallow recovery (Jiang et al., 2009; Lungmuana et al., 2017). As a 

result, nutrient loss from decomposing litters accumulates in the soil, increasing soil 

nutrient concentration. 

Leaf litter decomposition in microcosm experiment followed the similar pattern 

showing rapid decay during the first phase of decomposition followed by its slow 

release at later stages of decomposition. Decomposition of diverse litters has shown 

similar trends in other studies (Güsewell and Gessner, 2009; Munthali et al., 2013; 

Singh and Tripathi, 2020). The presence of a rapidly degradable labile material 

causes rapid mass loss in the early stages (Wang et al., 2004). Slow down of 

decomposition rates in the later stages has been reported to be the dominance of 

recalcitrant substances during the course of time, and it further slowdown at the stage 
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of completion of decomposition the significantly high dominance of recalcitrant 

substances such as lignin, pectin, polyphenols, and waxes (Pandey et al., 2007).  

The mass remaining and days elapsed during decomposition yielded highest R2 

value found in this study (0.98) which corresponds to the R2 value of decaying leaf 

litter in other tropical regions of India (Tripathi and Singh 1992 a and b). Mean 

annual decay constants (k values 2.09 and 2.13) in two pot experiments closely 

matched with the reports of microcosm study (2.09 – 2.13) carried out by Loria-

Naranjo et al., (2018) in seagrass meadow.  At the end of the pot trial experiment, the 

amount of nutrients in all litter types drastically reduced, whereas, the amount of C 

and N in the soil increased reflecting that the significant additions of C and nutrients 

from the litter to soil under pot experiment. 

5.3  Abiotic factors and litter decomposition 

Various abiotic factors like rainfall, humidity and temperature have been 

shown to have a substantial impact on litter decomposition and C and N release rates 

(Tripathi and Singh, 1992a and b, Pandey et al. 2007; Zhou et al., 2008; Paudel et al., 

2015). Similarly, decomposition rates were shown to be strongly and positively 

associated with temperature in this study. In other studies, temperature was found to 

be the most important element in determining the rate of litter decomposition by 

Meentemeyer (1978) and Kirschbaum (2000). With a specific moisture content, soil 

microbial activity increases as the temperature rises (Kirschbaum, 1995). The 

influence of temperature on soil microbial development and activities has an effect 

on litter decomposition (Kravchenko et al., 2019). In the forest ecosystem, however, 

temperature and soil moisture predict decomposition rate (Berg and Staaf, 1980; Mc 

Claugherty and Berg, 1987; Taylor et al., 1989; Tripathi and Singh, 1992 a; Uma et 

al., 2014). 

5.4 Microorganisms and litter decomposition 

In the current study, microbial diversity on decomposing litters revealed that 

bacterial populations were followed by fungal and actinomycetal populations. In 

general, it is reported that bacteria are the primary microorganisms taking part in the 

litter decomposition followed by fungi and actinomycetes (Swift et al., 1979; 
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Tripathi et al., 1992 a and b; Kjoller and Struwe, 1992).  Further, fungi and bacteria 

are thought to play a major role in litter and wood breakdown (Allmer et al., 2009; 

Bassler et al., 2010; Baldrin, 2016; Purahong et al., 2016; Tlaskal et al., 2016). The 

bacterial population was larger in both the jhum fallows and the microcosm than in 

other microorganisms (fungi and actinomycetes). Bridge and Spooner, (2001) found 

a similar trend in the microbial population. Bacteria were more active in breaking 

down labile chemicals in the early stages of decomposition; later, fungus play an 

important role in decaying complex molecules (Kjoller and Struwe, 1992). Research 

revealed that bacteria may degrade lignin and catabolize other metabolites resulting 

from partial fungal breakdown of litter (Bugg et al., 2011a and b). According to 

Hoorman, (2011), soil contains a considerable number of bacteria, one tenth of 

actinomycetes, and a tiny number of fungi, all of which are relevant to the study. 

According to the study, the microbial population was significantly greater in JF8 than 

in JF3 for all litter types. Lalnunzira and Tripathi, (2018), found that litter inputs on 

abandoned land increased soil organic matter, which in turn supported a large 

number of microorganisms through a feeding relationship. 

Microbial population on decomposing litters in microcosm was lower than in the 

field experiment, which could be related to differences in abiotic conditions such as 

temperature and moisture from jhum fallows to microcosm (Xuluc – Tolosa et al., 

2003; Pandey et al., 2007). The bigger section of interactable soil organic matter in 

the carbon pool of jhum fallows could explain the higher abundance of microbial 

groups in jhum fallow decomposing litters than in pots (Kramer and Gleixner, 2006, 

2008). In the current study, the microbial population in degrading litters follows a 

clear order of bacteria> fungus> actinomycetes. This trend was strikingly similar in 

all Jhum fallows and microcosms (Heijboer, 2018). 

5.5 Decomposing microbes and their microbial enzyme activity 

In the present study, out of total 66 microbes isolated from different 

decomposing litter types (TC, OS and TC+OS) on field experiment (JF3 and JF8) 

following shifting cultivation and microcosm (PJS3 and PJS8), comprehensive 

enzyme test revealed 51 (83.3%) microbes responsible for decomposition. Out of that 

only 13 microbes were sorted based on their active enzyme action for further bio-
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composting/bio-fertilizer development. Litter breakdown is influenced by 

microorganisms, which produce and optimize enzymatic dispersion (Ostaszewski 

and Nissen, 1988). Extracellular enzyme production is influenced by the type of 

microorganisms and their nutritional requirements, and it often follows litter 

decomposition dynamics. Catalase, amylase, protease, lipase, and cellulase enzyme 

tests were performed during the investigation because these enzymes are responsible 

for litter decomposition and are secreted by microorganisms. Various investigations 

have shown that bacterial populations can produce protease and cellulase enzymes 

during the early phases of decomposition (Purahong et al., 2016; Tlaskal et al., 

2016). In the intermediate phase of decomposition, the fungal community grows 

(Voriskova and Baldrin, 2013; Purahong et al., 2016), with cellulase and 

endoxylanase being the most abundant enzymes (Fioretto et al., 2000; Snajdr et al., 

2011). Lignin and humic acid degrading fungi become prevalent in the latter stages 

(Voriskova and Baldrin, 2013; Purahong et al., 2016). Finally, actinomycetes aid in 

the decomposition of cellulose, starch, and protein (Eida et al., 2012; Tiwari et al., 

2019). Several actinomycetes were also found to have catalase and amylase activity 

in prior research (Momin and Tripathi, 2019). In the intermediate stage of the litter 

decomposition process, catalase-producing bacteria were the most prevalent. Out of 

51 isolates, 13 isolates (SKT002, SKT005, SKT009, SKT020, SKT033, SKT034, 

SKT035, SKT040, SKT045, SKT030, SKT052, SKT053 and SKT060) were selected 

showing three or more enzyme activity. These isolates were grown separately as 

single culture. Bacteria were grown in NA plates (Sapkota, 2020), fungi in PDA 

plates (Aryal, 2015) and actinomycetes in SCA plates (Aryal, 2015). These isolates 

were further identified with respect to morphological characteristics and microscopic 

view. In the present study, maximum of the bacterial isolates were irregular in form 

with dark cream color aerial mycelium and light cream substrate mycelium. 

However, fungal isolates were mostly circular in form with white hairy aerial 

mycelium and white substrate mycelium. Actinomycetes isolates were mostly 

irregular with light grey to white in color with powdery aerial mycelium and black to 

orange substrate mycelium. The growth period of isolates varies from 1 day for 

bacteria followed by 5 – 7 days for fungi and 2 – 9 days for actinomycetes. 

Morphologically and microscopically 13 isolates were recognized up to genus level 
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following Bergey’s Manual of Determinative Bacteriology (2000) for bacteria and 

actinomycetes and Gliman’s Manual of Soil Fungi (1957) for fungi. In present study, 

mainly the bacterial genus was Streptobacillus sp. followed by Bacillus sp. 

Corresponding bacterial strains were also discovered in Northeast India's 

rhizospheric soil (Debi and Prakash, 2017). Previous enzymatic studies on these two 

bacterial taxa revealed the production of cellulase (Rajagopal et al., 2007; Sethi et al., 

2013), catalase (Eisenberg et al., 2015; Babiker et al., 2016), and protease (Babiker et 

al., 2016; Pant et al., 2015). Some soil fungi are in charge of breaking down plant 

litter and releasing nutrients into the soil for plant growth because they decompose 

cellulose and lignin through enzymatic processes (Hoorman, 2011; Raaijmakers et 

al., 2009). Three separate genera of fungi were recovered from three different litter 

types in the study: Microsporum sp., Rhizopus sp., and Aspergillus sp. Giudice et al., 

(2012) and Debi & Prakash, (2017) found similar fungal findings in soil, indicating 

proteolytic enzyme activities that further break down the refractory components of 

leaf litters, resulting in decomposition. During the research, only one genus of 

actinomycetes, Streptomycetes sp., was isolated. Recent studies on actinomycetes 

have found salt tolerant activity in Streptomycetes sp. collected from Mizoram's 

shifting cultivated area (Momin and Tripathi, 2019), implying that the presence of 

this species as a decomposing actinomycetal strain indicates the salt acceptance 

ability in shifting cultivated soil. Actinomycetes are well known for their ability to 

degrade cellulose (Eida et al., 2012). 

5.6 Bio-compost and soil fertility 

Microbial inoculants were used in composting to boost the microbial 

population of decaying waste and speed up the decomposition process. The number 

of naturally occurring bacteria has been harmed as a result of modern-day pollution. 

Bio-composting is a waste-management biological process that involves 

microorganisms like bacteria, fungus, and actinomycetes, and results in the 

decomposition and recycling of organic matter into fertilizers. Bio-composting 

enhances soil quality by adding nutrients such as organic matter, nitrogen, 

phosphorus, and magnesium, which improve the water holding capacity, structure, 

and texture of soil, allowing it to retain more nutrients and moisture for plant growth. 
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Composting was done in this work using several litter kinds (TC, OS, and TC+OS) 

under controlled settings, with correct mesophilic, thermophilic, and maturation 

states (Wu et al., 2010). Composting was done by utilizing the inoculum of a 

microbial strain that had been identified. The decomposition process was shown to 

be very active and rapid during composting, which could be related to the presence 

of microbial inoculum. Recent research has shown that microbial inoculants can 

increase composting performance by speeding up the breakdown process and 

reducing odor (In, 2019). Certain bacteria inoculation has been proven to improve 

the fungal disease suppressive properties of compost supplemented soils (Hoitink, 

2006). Different microbial inoculums were tested in this work, including bacterial 

inoculum (Streptobacillus sp. and Bacillus sp.), fungal inoculum (Microsporum sp., 

Rhizopus sp., and Aspergillus sp.), and actinomycetal inoculum (Streptomycetes sp.). 

These bacteria have been shown to produce extracellular cellulase, amylase, and 

protease, all of which are involved in the decomposition process (Umsakul et al., 

2010). According to Trautmann and Olynciw (2000), the bacterial genus Bacillus sp. 

and the fungal genus Aspergillus sp. are primarily responsible for rapid 

decomposition in composting, while actinomycetes are vital in degrading complex 

organics such as cellulase, lignin, chitin, and pectin. 

It was discovered that after 25 days, the texture of the litter types changes, 

followed by the appearance of black colored humus-like compounds after 70 days of 

decomposition. All of the litter categories in this study were converted to compost in 

under 80 days. A similar discovery was made on wheat straw that was transformed 

into compost in just 75 days (Pan et al., 2012). Controlled microbial composting 

(CMC), according to Ltibke (2016), can help with humus management and the faster 

and more efficient conversion of organic resources to compost. The CMC microbial 

inoculants produce high-quality compost with a large population of beneficial 

microorganisms that remain active after the compost is applied, improving soil 

quality and health, as well as crop development and production. Leguminous 

compost can improve the physico-chemical qualities of soil, particularly the 

availability of nutrients (Abdelfattah et al., 2021). Because TC is a member of the 

Leguminous family, it can be used alone or in combination with OS litters to 

generate high-quality compost. Furthermore, Leguminous organic materials in the 
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soil can help with microbial breakdown (Abdelfattah et al., 2021). According to 

Buragohain et al., (2017), bio-compost generates a significant number of 

microorganisms, which leads to an increase in soil organic matter and improved crop 

growth. According to Atkinson et al. (1996), adding microbial inoculum causes 

organic C to be reduced during composting. Composting results in a drop in the C:N 

ratio, which could be attributed to the transfer of organic C into CO2 (Chefetz et al., 

1998; Sanmanee et al., 2011). 

5.7  Future perspectives 

 The state of Mizoram is characterized by various agro-climatic zones due to 

varying climate, soil and vegetation types. Therefore, this study needs to be further 

extended to the other agro-climatic regions of the Mizoram by studying litter 

decomposition and associate microbes along with their enzyme activities and 

ribotyping with proper replication from different regions for developing a more 

versatile bio-compost/bio-fertilizer for the state.   
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CHAPTER 6 

Summary and Conclusion 

Shifting cultivation in Northeast region of India including Mizoram is widely 

distributed agricultural system. Shifting cultivation practices can be linked with 

ecological, socio-economic and cultural life of the people. Efforts to address jhum as 

destructive remained challenging task due to its shortening cycles and ecological 

threats. The current practice of shifting cultivation in this region followed 

extravagant and unscientific land use pattern. The damaging effect of shifting 

cultivation are devastating and far reaching in degradation of environment. The 

decrease in cycle period of shifting cultivation in recent years has resulted in large 

scale of deforestation, soil and nutrient loss. Shifting cultivation has led to various 

soil related constraints- low inherent soil fertility, high susceptibility to soil erosion, 

severe soil physical degradation and nutrient imbalance. Soil fertility is crucial for 

agricultural productivity and therefore food security. Good management of soil 

fertility help to reduce soil, water and air pollution, regulate water resource 

availability, support a diverse and active biotic community and increase vegetation 

cover. Maximum population in this region depends on shifting cultivation for their 

livelihood which in turn deplete the soil fertility. Using of synthetic chemicals in 

present agricultural practice for enhancing crop yield has largely affect the soil 

fertility and yielding capacity. Farmers can improve soil fertility by optimizing 

various soil fertility management techniques by minimizing soil nutrients loss and 

maximizing net returns. In this respect, decomposition of various plant litters enables 

to enhance various soil ecosystem functions by converting litter components into 

humus. In addition, these litters also provide nutrients to the microorganisms in the 

soil and also improve soil health.  

In the present study, three different litter types were used (TC, OS and TC+OS) 

with high, low and high + low substrate quality respectively, to improve soil fertility 

by the process of decomposition along with this active decomposing microbial 

strains were isolated and identified up to genus level. The results of the study 

revealed that TC litters decomposes faster followed by TC+OS and lastly OS litters 

in both field and microcosm. Additionally, the rate of decomposition was higher in 

longer fallow (JF8) as compared to the shorter fallow (JF3). In JF8 TC litters were 
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found to be fully decomposed by 240 days. The fast decomposition of TC litters may 

be due to high substrate quality. Initial substrate quality showed highest N content 

and lowest C:N and lignin:N ratio in TC, intermediate N content C:N and lignin:N 

ratio in TC+OS litters and lowest N content and highest C:N and lignin:N ratio in OS 

litters. This initial high N content favored the rapid release of N during initial stages 

of decomposition along with high concentration of labile substance as reflected by 

low C:N ratio in initial litter types. Slow decomposition of OS litters may be because 

of more stable polysaccharide which is reflected by high initial C content and high 

C:N ratio may also be responsible for this phenomenon. On the other hand, the rate 

of decomposition in microcosm was slower as compared to field experiment which 

may be due to various abiotic factors that influence decomposition process in field.  

The present study showed a positive correlation between temperature and 

decomposition days in field experiment (JF3 and JF8). Contrastingly, no such 

correlation was observed in microcosm as it was carried out under controlled 

conditions. The result suggested that the litter mass remaining at the end of the study 

followed the pattern of decomposition rate of different litter types. In JF8 no litter 

mass remained for TC litters at the end but about 7% mass was remaining for TC + 

OS litters and 11% for OS litters. However, in JF3 litter mass remaining was 9% 

(TC), 12% (OS) and 10% (TC+OS) respectively. In microcosm litter mass remaining 

was more for all litter types compared to field experiment. It was found to be about 

9% (TC), 15% (OS) and 14% (TC+OS) in PJS8 and 13% (TC), 33% (OS) and 21% 

(TC+OS) in PJS3respectively. The variation in litter mass remaining among the litter 

types is due to the difference in rate of decomposition which further dependent on 

substrate quality.  

The field experiment carried out in forest fallows (FF3 and FF5) during the study 

showed a slightly higher rate of decomposition than the rate of decomposition in 

microcosm but lower than Jhum fallows decomposition rate. In forest fallows, daily 

instantaneous decay rate varied from 2.04 – 2.17. However, in jhum fallows it varied 

from 2.14 – 2.23 and in microcosm it ranged from 2.03 to 2.18. The higher rate of 

decomposition in jhum fallows than the forest fallows may be due to the difference 

in fallow periods as longer fallows have more active decomposers as compared to 

shorter fallows and in the present study the forest fallows were 3 and 5 years where 
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as jhum fallows were 3 and 8 years. Along with the fallow period, substrate quality 

may also be responsible for slow rate of decomposition in forest fallows.  

In field experiment, for jhum fallows N mass remaining at the end of the litter 

recovery ranged from 0 – 11%, and C mass remaining ranged from 0 – 12%. The K, 

P, Mg and Ca mass remaining in different litters at the end were 0 – 11%, 0 – 10%, 0 

– 12% and 0 – 12% respectively. Accordingly, the C content in the soil increased up 

to 75% and N content up to 22% at the end of the study. It can be said that the major 

part of nutrient mass lost during the period of decomposition from various litter types 

were ultimately added to the soil and a minor portion is lost by leaching. However, 

litters of TC produce high biomass, dense vegetation cover and N2 fixing ability and 

show high potential in supplying C and nutrients to the soil. OS is the major crop 

plant in Northeast India. OS litters can also release ~34% of organic C in soil during 

decomposition and also affect soil C and N cycle. So, the decomposition of litters 

resulted in increasing soil nutrients.  

In present study, the microbial population in decomposing litters increased as the 

decomposition proceeded and reached its peak between fifth to seventh month of 

decomposition and gradually decreased during later stages. Microbial population was 

much greater in field experiment as compared to microcosm. Among the three 

groups of microorganisms, bacterial count was maximum throughout the study 

followed by fungal count and minimum was actinomycetal count for all litter types in 

field and microcosm. Tc litters in JF8 showed maximum bacterial count and 

actinomycetal count but maximum fungal count was observed in TC litters if JF3. In 

the present study, microbial population in different litter types were found to be in 

order TC > TC+OS > OS and maximum microbial population was observed in JF8. 

Results of microbial population in the study, revealed the similar pattern of 

decomposition rate with respect to litter types and fallow periods.  

Total 66 microbial strains were isolated from decomposing litters during the 

entire study period. Out of total 51 microbial isolates were found to be positive 

towards decomposing enzymes activities. Depending on the activity towards the 

enzyme test, 13 microbial isolates were identified up to genus level, of which 4 

(SKT002, SKT005, SKT009, SKT020) were bacteria, 5 (SKT033, SKT034, 

SKT035, SKT040, SKT045) were fungi and 4 (SKT030, SKT052, SKT053, 
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SKT060) were actinomycetes. Based on the colony morphology and microscopic 

view, bacteria were identified as Streptobacillus sp. and Bacillus sp., fungi as 

Microsporum sp., Rhizopus sp. and Aspergillus sp., and actinomycetes as 

Streptomycetes sp. These six identified microbial genera were further used as 

microbial inoculants in bio-compost preparation under controlled condition. The 

compost was prepared from the litters of TC, OS and TC +OS. It was observed that 

addition of microbial inoculants in litters boost up the decomposition process and 

ultimately resulted in fast compost formation. 

In conclusion, the findings of the study demonstrated the pattern of leaf litter 

decomposition with varying substrate quality in two different forest fallows (FF3 and 

FF5) and jhum Fallows (JF3 and JF8). Through litter decomposition, C, N and other 

macro and micro nutrients were recycled in Jhum fallows. Apart from field 

experiment, microcosm information on changing pattern of litter nutrients and 

microbial population. Both field and laboratory microcosm showed faster 

decomposition in JF8 (field) and PJS8 (microcosm) for TC litters followed by TC + 

OS and OS litters. This revealed that litter substrate quality and microbial diversity 

are important factors responsible for litter decomposition. The mixture of TC and OS 

litters (high + low quality) would have significant effect in soil fertility as their rate 

of decomposition was intermediate and nutrient loss followed a slow and steady 

pattern which help the growing plants to utilize it in long run and avoiding their loss 

through leaching. Changes in bacterial, fungal and actinomycetal population during 

different stages of decomposition and their role in decomposition has significant 

potential in regulating soil nutrients in Jhum fields. Among various factors of litter 

decomposition, microbial enzymes play a major role in breaking down of various 

litter components. Rate of decomposition also depends on certain microbial strains as 

it was observed by using the same strain in bio-compost preparation. Thus, the 

combination of high and low quality litters in shorter fallow land along with 

microbial inoculants would be recommended for soil fertility management in shifting 

cultivation of Mizoram. These microbes can accelerate the process of decomposition 

in shorter fallow that may enhance the productivity and meet crop demand of 

growing population. 

 



93 
 

BIBLOGRAPHY 

Aayog, N. I. T. I. (2018). Shifting Cultivation: Towards a Transformational 

Approach. Report of Working Group III, NITI Aayog, Government of India, 

30p. 

Abbott, D. T., & Crossley Jr, D. A. (1982). Woody litter decomposition following 

clear‐cutting. Ecology, 63(1), 35-42. 

Abdelfattah, M. A., Rady, M. M., Belal, H. E., Belal, E. E., Al-Qthanin, R., Al-Yasi, 

H. M., & Ali, E. F. (2021). Revitalizing Fertility of Nutrient-Deficient Virgin 

Sandy Soil Using Leguminous Biocompost Boosts Phaseolus vulgaris 

Performance. Plants, 10(8), 1637. 

Aber JD, Melillo JM (2001) Terrestrial ecosystems, 2nd edn. Academic Press, New 

York 

Aber, J. D., Melillo, J. M., &McClaugherty, C. A. (1990). Predicting long-term 

patterns of mass loss, nitrogen dynamics, and soil organic matter formation 

from initial fine litter chemistry in temperate forest ecosystems. Canadian 

Journal of Botany, 68(10), 2201-2208. 

Adams, M. B., &Angradi, T. R. (1996). Decomposition and nutrient dynamics of 

hardwood leaf litter in the Fernow Whole-Watershed Acidification 

Experiment. Forest Ecology and Management, 83(1-2), 61-69. 

Aerts, R. (1997). Climate, leaf litter chemistry and leaf litter decomposition in 

terrestrial ecosystems: a triangular relationship. Oikos, 439-449. 

Aerts, R., & de Caluwe, H. (1997). Initial litter respiration as indicator for long-term 

leaf litter decomposition of Carex species. Oikos, 353-361. 

Aerts, R., & Chapin III, F. S. (1999). The mineral nutrition of wild plants revisited: a 

re-evaluation of processes and patterns. In Advances in ecological 

research (Vol. 30, pp. 1-67). Academic Press. 

Akpor, B. O., Okoh, A. I., & Babalola, G. O. Culturable Microbial Population 

Dynamics During Decomposition of Cola nitida Leaf Litters in A Tropical 

Soil Setting. Akdeniz ÜniversitesiZiraatFakültesiDergisi, 18(3), 313-319. 

Akpor, O. B., Okoh, A. I., & Babalola, G. O. (2006). Culturable microbial population 

dynamics during decomposition of Theobroma cacao leaf litters in a tropical 

soil setting. Journal of Biological Sciences (Austria) v. 6 (4) p. 768-774. 



94 
 

Al-Kaisi, M. (2001). Soil erosion and crop productivity: topsoil thickness. 

Allen, S. E., Grimshaw, H. M., Parkinson, J. A., & Quarmby, C. (1974). Chemical 

analysis of ecological materials. Blackwell Scientific Publications. 

Allmer, J., Stenlid, J., & Dahlberg, A. (2009). Logging-residue extraction does not 

reduce the diversity of litter-layer saprotrophic fungi in three Swedish 

coniferous stands after 25 years. Canadian journal of forest research, 39(9), 

1737-1748. 

Anderson, J. M. (1988). Spatiotemporal effects of invertebrates on soil 

processes. Biology and fertility of soils, 6(3), 216-227. 

Andriesse, J. P., &Schelhaas, R. M. (1987). A monitoring study on nutrient cycles in 

soils used for shifting cultivation under various climatic conditions in tropical 

Asia. III. The effects of land clearing through burning on fertility 

level. Agriculture, Ecosystems & Environment, 19(4), 311-332. 

Andriesse, J. P., &Schelhaas, R. M. (1987). A monitoring study on nutrient cycles in 

soils used for shifting cultivation under various climatic conditions in tropical 

Asia. III. The effects of land clearing through burning on fertility 

level. Agriculture, Ecosystems & Environment, 19(4), 311-332. 

Aponte, C., García, L. V., & Maranon, T. (2012). Tree species effect on litter 

decomposition and nutrient release in mediterranean oak forests changes over 

time. Ecosystems, 15(7), 1204-1218. 

Aponte, C., Marañón, T., & García, L. V. (2010). Microbial C, N and P in soils of 

Mediterranean oak forests: influence of season, canopy cover and soil 

depth. Biogeochemistry, 101(1), 77-92. 

Aragão, L. E. O. C., Malhi, Y., Metcalfe, D. B., Silva-Espejo, J. E., Jiménez, E., 

Navarrete, D., Almeida, S., Costa, A.C.L., Salinas, N., Phillips, O.L. & 

Vásquez, R. (2009). Above-and below-ground net primary productivity 

across ten Amazonian forests on contrasting soils. Biogeosciences, 6(12), 

2759-2778. 

Aryal, S. (2015). Potato Dextrose Agar (PDA)—Principle, uses, composition, 

procedure and colony characteristics. Retrieved on February, 18, 2017. 



95 
 

Atkinson, C.F., Jones, D.D., and Gauthier, J.J., (1996) Biodegradability and 

microbial activities during composting of poultry litter. Poult Sci,75, 608–

617. 

Babiker, B. M., Ahmed, M. A. E., & Ibrahim, H. M. (2017). Isolation & 

Identification of Catalase Producing Bacillus spp: A Comparative Study. Int J 

Adv Res, 4, 1206-1211. 

Bahr, E., Zaragocin, D. C., &Makeschin, F. (2014). Soil nutrient stock dynamics and 

land-use management of annuals, perennials and pastures after slash-and-burn 

in the Southern Ecuadorian Andes. Agriculture, ecosystems & 

environment, 188, 275-288. 

Baldrian, P. (2017). Forest microbiome: diversity, complexity and dynamics. FEMS 

Microbiology reviews, 41(2), 109-130. 

Basche, A. D., Miguez, F. E., Kaspar, T. C., & Castellano, M. J. (2014). Do cover 

crops increase or decrease nitrous oxide emissions? A meta-analysis. Journal 

of Soil and Water Conservation, 69(6), 471-482. 

Bässler, C., Müller, J., Dziock, F., &Brandl, R. (2010). Effects of resource 

availability and climate on the diversity of wood‐decaying fungi. Journal of 

Ecology, 98(4), 822-832. 

Batty, L. C., & Younger, P. L. (2007). The effect of pH on plant litter decomposition 

and metal cycling in wetland mesocosms supplied with mine 

drainage. Chemosphere, 66(1), 158-164. 

Bauder, J. (2000). Decomposition rate of cereal straw as affected by soil 

placement. Cereal Crop Residues and Plant Nutrients, Montana State 

University Communications Services. 

Berg, B. (1984). Decomposition of mass litter in a mature scots pine 

forest. Pedobiologia (Jena), 26(5), 301-308. 

Berg, B., &McClaugherty, C. (2014). Does Humus Accumulate and Where? What 

Factors May Influence?. In Plant Litter (pp. 215-234). Springer, Berlin, 

Heidelberg. 

Berg, B., &Staaf, H. (1980). Decomposition rate and chemical changes of Scots pine 

needle litter. II. Influence of chemical composition. Ecological Bulletins, 

373-390. 



96 
 

Berg, B., Berg, M. P., Bottner, P., Box, E., Breymeyer, A., De Anta, R. C., R.C., 

Couteaux, M., Escudero, A., Gallardo, A., Kratz, W. & de Santo, A. V. 

(1993). Litter mass loss rates in pine forests of Europe and Eastern United 

States: some relationships with climate and litter 

quality. Biogeochemistry, 20(3), 127-159. 

Berg, B., Davey, M. P., De Marco, A., Emmett, B., Faituri, M., Hobbie, S. E., 

Johansson, M.B., Liu, C., McClaugherty, C., Norell, L. & De Santo, A. V. 

(2010). Factors influencing limit values for pine needle litter decomposition: 

a synthesis for boreal and temperate pine forest 

systems. Biogeochemistry, 100(1), 57-73. 

Berg, B., Hannus, K., Popoff, T., &Theander, O. (1982). Changes in organic 

chemical components of needle litter during decomposition. Long-term 

decomposition in a Scots pine forest. I. Canadian Journal of Botany, 60(8), 

1310-1319. 

Berg, B., Müller, M., &Wessén, B. (1987). Decomposition of red clover (Trifolium 

pratense) roots. Soil Biology and Biochemistry, 19(5), 589-593. 

Bergey, D. H., & Holt, J. G. (2000). Bergey’s Manual of Determinative 

Bacteriology, 9th Edn Philadelphia. 

Bhuyan, R. (2019). Review note on shifting cultivation in Northeast India amidst 

changing perceptions. Dhaulagiri Journal of Sociology and 

Anthropology, 13, 90-95. 

Bisht, V. K., Nautiyal, B. P., Kuniyal, C. P., Prasad, P., &Sundriyal, R. C. (2014). 

Litter production, decomposition, and nutrient release in subalpine forest 

communities of the Northwest Himalaya. Journal of Ecosystems, 2014. 

Blesh, J., & Ying, T. (2020). Soil fertility status controls the decomposition of litter 

mixture residues. Ecosphere, 11(8), e03237. 

Bohara, M., Yadav, R. K. P., Dong, W., Cao, J., & Hu, C. (2019). Nutrient and 

isotopic dynamics of litter decomposition from different land uses in 

naturally restoring Taihang Mountain, North China. Sustainability, 11(6), 

1752. 



97 
 

Brand, J., &Pfund, J. L. (1998). Site-and watershed-level assessment of nutrient 

dynamics under shifting cultivation in eastern Madagascar. Agriculture, 

Ecosystems & Environment, 71(1-3), 169-183. 

Bridge, P., & Spooner, B. (2001). Soil fungi: diversity and detection. Plant and 

soil, 232(1), 147-154. 

Brown, G. G. (1995). How do earthworms affect microfloral and faunal community 

diversity?. Plant and soil, 170(1), 209-231. 

Brookfield, H., &Padoch, C. (1994). Appreciating agrodiversity: a look at the 

dynamism and diversity of indigenous farming practices. Environment: 

Science and Policy for Sustainable Development, 36(5), 6-45. 

Bugg, T. D., Ahmad, M., Hardiman, E. M., &Rahmanpour, R. (2011a). Pathways for 

degradation of lignin in bacteria and fungi. Natural product reports, 28(12), 

1883-1896. 

Bugg, T. D., Ahmad, M., Hardiman, E. M., & Singh, R. (2011b). The emerging role 

for bacteria in lignin degradation and bio-product formation. Current opinion 

in biotechnology, 22(3), 394-400. 

Buragohain, S., Sarma, B., Nath, D. J., Gogoi, N., Meena, R. S., & Lal, R. (2017). 

Effect of 10 years of biofertiliser use on soil quality and rice yield on an 

Inceptisol in Assam, India. Soil Research, 56(1), 49-58. 

Byard, R., Lewis, K. C., &Montagnini, F. (1996). Leaf litter decomposition and 

mulch performance from mixed and monospecific plantations of native tree 

species in Costa Rica. Agriculture, ecosystems & environment, 58(2-3), 145-

155. 

Cadisch, G., &Giller, K. E. (1997). Driven by nature plant litter quality and 

decomposition (No. 631.4 I5). 

Chaubey, O. P., Prasad, R., & Mishra, G. P. (1988). Litter production and nutrient 

return in teak plantations and adjoining natural forests in Madhya 

Pradesh. Jour Trop For, 4, 242-55. 

Chefetz, B., Chen, Y., Hadar, Y., & Hatcher, P. G. (1998). Characterization of 

dissolved organic matter extracted from composted municipal solid 

waste. Soil Science Society of America Journal, 62(2), 326-332. 



98 
 

Chen, H., Gurmesa, G. A., Liu, L., Zhang, T., Fu, S., Liu, Z., ... & Mo, J. (2014). 

Effects of litter manipulation on litter decomposition in a successional 

gradient of tropical forests in southern China. PLoS One, 9(6), e99018. 

Christensen, O. (1975). Wood litter fall in relation to abscission, environmental 

factors, and the decomposition cycle in a Danish oak forest. Oikos, 187-195. 

Cleveland, C. C., Houlton, B. Z., Smith, W. K., Marklein, A. R., Reed, S. C., Parton, 

W., Del Grosso, S.J., & Running, S. W. (2013). Patterns of new versus 

recycled primary production in the terrestrial biosphere. Proceedings of the 

National Academy of Sciences, 110(31), 12733-12737. 

Coleman DC, Blair JM, Eliott ET, Freckman DW (1999) Soil invertebrates. In: 

Sollins P, Robertson GP, Bledsoe CS, Coleman DC (eds) Standard soil 

methods for long-term ecological research. Oxford University Press, New 

York, pp 349–377 

Conklin, H. C. (1961). The study of shifting cultivation. Current Anthropology, 2(1), 

27-61. 

Cornelissen, J. H. C. (1996). An experimental comparison of leaf decomposition 

rates in a wide range of temperate plant species and types. Journal of ecology, 

573-582. 

Cornelissen, J. H. C. (1996). An experimental comparison of leaf decomposition 

rates in a wide range of temperate plant species and types. Journal of ecology, 

573-582. 

Cornwell, W. K., Cornelissen, J. H., Amatangelo, K., Dorrepaal, E., Eviner, V. T., 

Godoy, O.,Hobbie, S.E., Hoorens, B., Kurokaw, H., Perez, H.H., Quested, 

H.M., Santiago, L.S., Wardle, D.A., Wright, I.J., Aerts, R., Allison, S., van 

Bodegom, P.M., Brovkin, V., Chatain, A., Callaghan, T.V., Diaz, S., Garnier, 

E., Gurvich, D.E., Kazakou, E., Klein, J., Read, J., Reich, P.B., 

Soudzilovskaia, N.A., Vaieretti, M.V. ... & Westoby, M. (2008). Plant species 

traits are the predominant control on litter decomposition rates within biomes 

worldwide. Ecology letters, 11(10), 1065-1071. 

Coulson, J. C., & Butterfield, J. (1978). An investigation of the biotic factors 

determining the rates of plant decomposition on blanket bog. The Journal of 

Ecology, 631-650. 



99 
 

Couteaux, M. M., Bottner, P., & Berg, B. (1995). Litter decomposition, climate and 

liter quality. Trends in ecology & evolution, 10(2), 63-66. 

Crawford, D. L. (1988). Biodegradation of agricultural and urban wastes. 

Crews, T. E., & Peoples, M. B. (2005). Can the synchrony of nitrogen supply and 

crop demand be improved in legume and fertilizer-based agroecosystems? A 

review. Nutrient cycling in Agroecosystems, 72(2), 101-120. 

De Bertoldi, M., Citerneci, U., &Greselli, M. (1979, February). Microbiological 

studies on sludge processing. In Treatment and Use of Sewage Sludge, 

Proceedings of CEC First European Symposium. CEC, Brussels, Belgium (p. 

77). 

De Bertoldi, M., Vallini, G., Pera, A., &Zucconi, F. (1982). Comparison of three 

windrow compost systems. BioCycle (USA). 

De Rouw, A. (1995). The fallow period as a weed-break in shifting cultivation 

(tropical wet forests). Agriculture, ecosystems & environment, 54(1-2), 31-43. 

Debi, C., & Parkash, V. (2017). Comparative Soil Nutrient Status and Microbiota 

Associated in the Rhizosphere of Oroxylum indicum growing in Different 

Natural Habitat in North East India. International Journal of Current 

Microbiology and Applied Sciences, 6(12), 2627-2640. 

Delgado-Baquerizo, M., García-Palacios, P., Milla, R., Gallardo, A., &Maestre, F. T. 

(2015). Soil characteristics determine soil carbon and nitrogen availability 

during leaf litter decomposition regardless of litter quality. Soil Biology and 

Biochemistry, 81, 134-142. 

Deng, Q., Cheng, X., Hui, D., Zhang, Q., Li, M., & Zhang, Q. (2016). Soil microbial 

community and its interaction with soil carbon and nitrogen dynamics 

following afforestation in central China. Science of the Total 

Environment, 541, 230-237. 

Dilly, O., Bloem, J., Vos, A., & Munch, J. C. (2004). Bacterial diversity in 

agricultural soils during litter decomposition. Applied and Environmental 

Microbiology, 70(1), 468-474. 

Dove, M. R. (1983). Theories of swidden agriculture, and the political economy of 

ignorance. Agroforestry systems, 1(2), 85-99. 



100 
 

Eida, M. F., Nagaoka, T., Wasaki, J., &Kouno, K. (2012). Phytate degradation by 

fungi and bacteria that inhabit sawdust and coffee residue 

composts. Microbes and environments, ME12083. 

Eisenberg, T., Nicklas, W., Mauder, N., Rau, J., Contzen, M., Semmler, T., 

Hofmann, N., Aledelbi, K., & Ewers, C. (2015). Phenotypic and genotypic 

characteristics of members of the genus Streptobacillus. PLoS One, 10(8), 

e0134312. 

Eriksson, K. E. L., Blanchette, R. A., & Ander, P. (2012). Microbial and enzymatic 

degradation of wood and wood components. Springer Science & Business 

Media. 

Esperschütz, J., Welzl, G., Schreiner, K., Buegger, F., Munch, J. C., &Schloter, M. 

(2011). Incorporation of carbon from decomposing litter of two pioneer plant 

species into microbial communities of the detritusphere. FEMS microbiology 

letters, 320(1), 48-55. 

Esperschütz, J., Zimmermann, C., Dümig, A., Welzl, G., Buegger, F., Elmer, M., 

Munch, J.C &Schloter, M. (2013). Dynamics of microbial communities 

during decomposition of litter from pioneering plants in initial soil 

ecosystems. Biogeosciences, 10(7), 5115-5124. 

Ewel, J., Berish, C., Brown, B., Price, N., & Raich, J. (1981). Slash and burn impacts 

on a Costa Rican wet forest site. Ecology, 62(3), 816-829. 

Fanin, N., & Bertrand, I. (2016). Aboveground litter quality is a better predictor than 

belowground microbial communities when estimating carbon mineralization 

along a land-use gradient. Soil Biology and Biochemistry, 94, 48-60. 

FAO. 1957. Protein requirements. FAO Nutrition Study No. 16. Food and 

Agriculture Organization, Rome. 

Finstein, M. S., & Morris, M. L. (1975). Microbiology of municipal solid waste 

composting. Advances in applied microbiology, 19, 113-151. 

Finzi, A,C., van Breemen, N. &Canham, C.D. (1998). Canopy tree– soil interactions 

within temperate forests: species effects on soil carbon and nitrogen. Ecol 

Appl. 8:440–446. 

Fioretto, A., Papa, S., &Fuggi, A. (2003). Litter-fall and litter decomposition in a low 

Mediterranean shrubland. Biology and Fertility of Soils, 39(1), 37-44. 



101 
 

Fioretto, A., Papa, S., Curcio, E., Sorrentino, G., &Fuggi, A. (2000). Enzyme 

dynamics on decomposing leaf litter of Cistus incanus and Myrtus communis 

in a Mediterranean ecosystem. Soil Biology and Biochemistry, 32(13), 1847-

1855. 

Fogel, R., &Cromack Jr, K. (1977). Effect of habitat and substrate quality on 

Douglas fir litter decomposition in western Oregon. Canadian Journal of 

Botany, 55(12), 1632-1640. 

Fosu, M., Kühne, R. F., &Vlek, P. L. G. (2007). Mineralization and microbial 

biomass dynamics during decomposition of four leguminous 

residues. Journal of biological sciences, 7(4), 632-637. 

Fox, J., Truong, D. M., Rambo, A. T., Tuyen, N. P., Cuc, L. T., &Leisz, S. (2000). 

Shifting cultivation: a new old paradigm for managing tropical 

forests. BioScience, 50(6), 521-528. 

Gafur, A., Borggaard, O. K., Jensen, J. R., & Petersen, L. (2000). Changes in soil 

nutrient content under shifting cultivation in the Chittagong Hill Tracts of 

Bangladesh. GeografiskTidsskrift-Danish Journal of Geography, 100(1), 37-

46. 

Gartner, T. B., & Cardon, Z. G. (2004). Decomposition dynamics in mixed‐species 

leaf litter. Oikos, 104(2), 230-246. 

Gavazov, K., Mills, R., Spiegelberger, T., Lenglet, J., &Buttler, A. (2014). Biotic and 

abiotic constraints on the decomposition of Fagus sylvatica leaf litter along an 

altitudinal gradient in contrasting land-use types. Ecosystems, 17(8), 1326-

1337. 

Ghosh, S., & Tripathi, S. K. (2021). Microbial succession and changes in carbon and 

nitrogen during decomposition of leaf litters of Tephrosia candida (Roxb.) 

DC. and Oryza sativa L. under shifting cultivation in Mizoram, northeast 

India. Journal of Applied and Natural Science, 13(3), 1032-1040. 

Gießelmann, U. C., Martins, K. G., Brändle, M., Schädler, M., Marques, R., 

&Brandl, R. (2011). Lack of home-field advantage in the decomposition of 

leaf litter in the Atlantic Rainforest of Brazil. Applied Soil Ecology, 49, 5-10. 



102 
 

Gillon, D., Joffre, R., &Ibrahima, A. (1994). Initial litter properties and decay rate: a 

microcosm experiment on Mediterranean species. Canadian Journal of 

Botany, 72(7), 946-954. 

Gilman, J. (1957). A manual of soil fungi. Soil Science, 84(2), 183. 

Giudice, M. C., Reis-Menezes, A. A., Rittner, G. M. G., Mota, A. J., &Gambale, W. 

(2012). Isolation of Microsporumgypseum in soil samples from different 

geographical regions of Brazil, evaluation of the extracellular proteolytic 

enzymes activities (keratinase and elastase) and molecular sequencing of 

selected strains. Brazilian Journal of Microbiology, 43, 895-902. 

Giweta, M. (2020). Role of litter production and its decomposition, and factors 

affecting the processes in a tropical forest ecosystem. 

Gray, K. R. (1971). A review of composting-part 1. Process Biochem., 6, 32-36. 

Gray, K. R., &Biddlestone, A. J. (1974). Decomposition of urban waste.  

 Biology of plant litter decomposition. 

Grogan, P., Lalnunmawia, F., & Tripathi, S. K. (2012). Shifting cultivation in steeply 

sloped regions: a review of management options and research priorities for 

Mizoram state, Northeast India. Agroforestry Systems, 84(2), 163-177. 

Guo, L. B., & Sims, R. E. H. (1999). Litter decomposition and nutrient release via 

litter decomposition in New Zealand eucalypt short rotation 

forests. Agriculture, ecosystems & environment, 75(1-2), 133-140. 

Güsewell, S., & Gessner, M. O. (2009). N: P ratios influence litter decomposition 

and colonization by fungi and bacteria in microcosms. Functional 

Ecology, 23(1), 211-219. 

Hartemink, A. E., &O'sullivan, J. N. (2001). Leaf litter decomposition of Piper 

aduncum, Gliricidiasepium and Imperata cylindrica in the humid lowlands of 

Papua New Guinea. Plant and Soil, 230(1), 115-124. 

Hättenschwiler, S., & Gasser, P. (2005). Soil animals alter plant litter diversity 

effects on decomposition. Proceedings of the National Academy of 

Sciences, 102(5), 1519-1524. 

Hauchhum, R., & Tripathi, S. K. (2017). Rhizosphere effects of Melocannabaccifera 

on soil microbial properties under different fallow phases following shifting 

cultivation. International Journal of Plant & Soil Science, 1-9. 



103 
 

He, P., Wan, S. Z., Fang, X. M., Wang, F. C., & Chen, F. S. (2016). Exogenous 

nutrients and carbon resource change the responses of soil organic matter 

decomposition and nitrogen immobilization to nitrogen deposition. Scientific 

reports, 6(1), 1-11. 

Hector, A., Beale, A. J., Minns, A., Otway, S. J., & Lawton, J. H. (2000). 

Consequences of the reduction of plant diversity for litter decomposition: 

effects through litter quality and microenvironment. Oikos, 90(2), 357-371. 

Heijboer, A., de Ruiter, P. C., Bodelier, P. L., &Kowalchuk, G. A. (2018). 

Modulation of litter decomposition by the soil microbial food web under 

influence of land use change. Frontiers in microbiology, 9, 2860. 

Hillel, D. (2008). Soil and water management. Soil in the Environment, 175-195 

Hobbie, S. E. (1996). Temperature and plant species control over litter 

decomposition in Alaskan tundra. Ecological monographs, 66(4), 503-522. 

Hoitink, H. A. J., Madden, L. V., & Dorrance, A. E. (2006). Systemic resistance 

induced by Trichoderma spp.: interactions between the host, the pathogen, the 

biocontrol agent, and soil organic matter quality. Phytopathology, 96(2), 186-

189. 

Holden, S. (2001). A century of technological change and deforestation in the 

miombo woodlands of northern Zambia. Agricultural technologies and 

tropical deforestation, 251-269. 

Hoorens, B., Aerts, R., &Stroetenga, M. (2003). Does initial litter chemistry explain 

litter mixture effects on decomposition?. Oecologia, 137(4), 578-586. 

Hoorman, J. J. (2011). The role of soil fungus. Factsheet-Agriculture and natural 

resources. The Ohio State University Extension. 

Hoorman, J. J. (2011). The role of soil fungus. Factsheet-Agriculture and natural 

resources. The Ohio State University Extension. 

Hou, S. L., Hättenschwiler, S., Yang, J. J., Sistla, S., Wei, H. W., Zhang, Z. W., Hu, 

Y.Y., Wang, R.Z., Cui, S.Y., Lü, X.T & Han, X. G. (2020). Increasing rates 

of long-term nitrogen deposition consistently increased litter decomposition 

in a semi-arid grassland. The New Phytologist. 



104 
 

Huang, J., Wang, X., & Yan, E. (2007). Leaf nutrient concentration, nutrient 

resorption and litter decomposition in an evergreen broad-leaved forest in 

eastern China. Forest Ecology and Management, 239(1-3), 150-158. 

In, E. O. O. (2019). Composting And Microbial Inoculants. BioCycle. 

Isaac, S. R., & Nair, M. A. (2005). Biodegradation of leaf litter in the warm humid 

tropics of Kerala, India. Soil Biology and Biochemistry, 37(9), 1656-1664. 

ISFR (2017) Indian State of Forest report 2017.  Forest Survey of  India, Ministry of 

Environment and Forests, GOI.  

Jackson, M. L. (1973).Soil Chemical Analysis. Prentice Hall of India Ltd, New Delhi. 

Jacob, M., Weland, N., Platner, C., Schaefer, M., Leuschner, C., & Thomas, F. M. 

(2009). Nutrient release from decomposing leaf litter of temperate deciduous 

forest trees along a gradient of increasing tree species diversity. Soil Biology 

and Biochemistry, 41(10), 2122-2130. 

Jiang, J. P., Xiong, Y. C., Jiang, H. M., De-You, Y. E., Ya-Jie, S. O. N. G., & Feng-

Min, L. I. (2009). Soil microbial activity during secondary vegetation 

succession in semiarid abandoned lands of Loess Plateau. Pedosphere, 19(6), 

735-747. 

Joffre, R., Ågren, G. I., Gillon, D., &Bosatta, E. (2001). Organic matter quality in 

ecological studies: theory meets experiment. Oikos, 93(3), 451-458. 

Jonna, S., Badrinath, K. V. S., Chandrasekhar, G., Amminedu, E., & Kiran Chand, T. 

R. (2007). Crop surface temperature estimation in irrigated command areas 

using MODIS satellite data. International Journal of Remote Sensing, 28(23), 

5195-5205. 

Jorgensen, J. R., Wells, C. G., & Metz, L. J. (1975). The nutrient cycle: key to 

continuous forest production. Journal of Forestry, 73(7), 400-403. 

Junqueira, A. B., Stomph, T. J., Clement, C. R., &Struik, P. C. (2016). Variation in 

soil fertility influences cycle dynamics and crop diversity in shifting 

cultivation systems. Agriculture, Ecosystems & Environment, 215, 122-132. 

Kamei, J., Pandey, H. N., & Barik, S. K. (2009). Tree species distribution and its 

impact on soil properties, and nitrogen and phosphorus mineralization in a 

humid subtropical forest ecosystem of northeastern India. Canadian journal 

of forest research, 39(1), 36-47. 



105 
 

Kasa, P., Modugaplem, H. and Battini, K. (2015). Isolation, screening, and molecular 

characterization of plant growth promoting rhizobacteria isolates of 

Azotobacter and Trichoderma and their beneficial activities. Journal of 

Natural Science, Biology and Medicine, 6(2): 360–363. 

Kirschbaum, M. U. (1995). The temperature dependence of soil organic matter 

decomposition, and the effect of global warming on soil organic C 

storage. Soil Biology and biochemistry, 27(6), 753-760. 

Kirschbaum, M. U. (1995). The temperature dependence of soil organic matter 

decomposition, and the effect of global warming on soil organic C 

storage. Soil Biology and biochemistry, 27(6), 753-760. 

Kirschbaum, M. U. (2000). Will changes in soil organic carbon act as a positive or 

negative feedback on global warming?. Biogeochemistry, 48(1), 21-51. 

Kjoller, A., &Struwe, S. (1992). Functional groups of microfungi in 

decomposition. Mycology series (USA). 

Kramer, C., &Gleixner, G. (2006). Variable use of plant-and soil-derived carbon by 

microorganisms in agricultural soils. Soil Biology and Biochemistry, 38(11), 

3267-3278. 

Kramer, C., &Gleixner, G. (2008). Soil organic matter in soil depth profiles: distinct 

carbon preferences of microbial groups during carbon transformation. Soil 

Biology and Biochemistry, 40(2), 425-433. 

Kravchenko Irina, K., Tikhonova Ekaterina, N., Ulanova Ruzalia, V., Menko 

Ekaterina, V., &Sukhacheva Marina, V. (2019). Effect of temperature on 

litter decomposition, soil microbial community structure and biomass in a 

mixed-wood forest in European Russia. Current Science (00113891), 116(5). 

Krishna, M. P., & Mohan, M. (2017). Litter decomposition in forest ecosystems: a 

review. Energy, Ecology and Environment, 2(4), 236-249. 

Kumar, B. S., Zothansanga, Senbagam, D., Kumar, N. S. &Gurusubramanian, G. 

(2015). Practical Microbiology A Laboratory Manual. Panima Publishing 

Corporation, India. 

Kumar, M., Joshi, M., &Todaria, N. P. (2010). Regeneration status of a sub-tropical 

Anogeissus latifolia forest in Garhwal Himalaya, India. Journal of Forestry 

Research, 21(4), 439-444. 



106 
 

Kurihara, Y., &Kikkawa, J. (1986). Trophic relations of decomposers. 

Kyuma, K., Tulaphitak, T., &Pairintra, C. (1985). Changes in soil fertility and tilth 

under shifting cultivation: I. General description of soil and effect of burning 

on the soil characteristics. Soil science and plant nutrition, 31(2), 227-238. 

Laganière, J., Pare, D., & Bradley, R. L. (2010). How does a tree species influence 

litter decomposition? Separating the relative contribution of litter quality, 

litter mixing, and forest floor conditions. Canadian Journal of Forest 

Research, 40(3), 465-475. 

Lalnunzira, C., & Tripathi, S. K. (2018). Leaf and root production, decomposition 

and carbon and nitrogen fluxes during stand development in tropical moist 

forests, north-east India. Soil Research, 56(3), 306-317. 

Lalnunzira, C., & Tripathi, S. K. (2018). Leaf and root production, decomposition 

and carbon and nitrogen fluxes during stand development in tropical moist 

forests, north-east India. Soil Research, 56(3), 306-317. 

Laskowski, R., & Berg, B. (2006). Litter decomposition: guide to carbon and 

nutrient turnover. Amsterdam. 

Lehmann, J., Schroth, G., &Zech, W. (1995). Decomposition and nutrient release 

from leaves, twigs and roots of three alley-cropped tree legumes in central 

Togo. Agroforestry Systems, 29(1), 21-36. 

Loría-Naranjo, M., Sibaja-Cordero, J. A., & Cortés, J. (2019). Mangrove leaf litter 

decomposition in a seasonal tropical environment. Journal of Coastal 

Research, 35(1), 122-129. 

Ltibke, U. (2016). Microbial inoculants for controlled composting of organic 

materials. 

Lungmuana, S. B., Vanthawmliana, S. S., &Rambuatsaiha, A. R. (2017). Impact of 

secondary forest fallow period on soil microbial biomass carbon and enzyme 

activity dynamics under shifting cultivation in North Eastern Hill region, 

India. 

Magid, J., Cadisch, G., &Giller, K. E. (2002). Short and medium term plant litter 

decomposition in a tropical Ultisol elucidated by physical fractionation in a 

dual 13C and 14C isotope study. Soil Biology and Biochemistry, 34(9), 1273-

1281. 



107 
 

Maithani, B. P. (2005). Shifting cultivation in north-east India: Policy issues and 

options. Mittal publications. 

Manpoong, C., De Mandal, S., Bangaruswamy, D. K., Perumal, R. C., Benny, J., 

Beena, P. S., Ghosh, A., Kumar, N.S. & Tripathi, S. K. (2020). Linking 

rhizosphere soil biochemical and microbial community characteristics across 

different land use systems in mountainous region in Northeast India. Meta 

Gene, 23, 100625. 

Manzoni, S., Trofymow, J. A., Jackson, R. B., &Porporato, A. (2010). Stoichiometric 

controls on carbon, nitrogen, and phosphorus dynamics in decomposing 

litter. Ecological monographs, 80(1), 89-106. 

Manzoni, S., Trofymow, J. A., Jackson, R. B., &Porporato, A. (2010). Stoichiometric 

controls on carbon, nitrogen, and phosphorus dynamics in decomposing 

litter. Ecological monographs, 80(1), 89-106. 

Marklein, A. R., Winbourne, J. B., Enders, S. K., Gonzalez, D. J., van Huysen, T. L., 

Izquierdo, J. E., & Houlton, B. Z. (2016). Mineralization ratios of nitrogen 

and phosphorus from decomposing litter in temperate versus tropical 

forests. Global Ecology and Biogeography, 25(3), 335-346. 

Martin, J. P. (1950). Use of acid, rose bengal, and streptomycin in the plate method 

for estimating soil fungi. Soil science, 69(3), 215-232. 

Martinez-Yrizar, A., Nuñez, S., &Burquez, A. (2007). Leaf litter decomposition in a 

southern Sonoran Desert ecosystem, northwestern Mexico: Effects of habitat 

and litter quality. Acta Oecologica, 32(3), 291-300. 

Mattingly, G. E. G., & Williams, R. J. B. (1962). A note on the chemical analysis of 

a soil buried since Roman times. Journal of Soil Science, 13(2), 254-258. 

Mayer, P. M. (2008). Ecosystem and decomposer effects on litter dynamics along an 

old field to old-growth forest successional gradient. Acta oecologica, 33(2), 

222-230. 

McBrayer, J. F., &CRoMACK Jr, K. E. R. M. I. T. (1980). Effect of snow-pack on 

oak-litter breakdown and nutrient release in a Minnesota forestº. 

McCarthy, A. J. (1987). Lignocellulose-degrading actinomycetes. FEMS 

Microbiology Reviews, 3(2), 145-163. 



108 
 

McClaugherty, C. A., Pastor, J., Aber, J. D., & Melillo, J. M. (1985). Forest litter 

decomposition in relation to soil nitrogen dynamics and litter 

quality. Ecology, 66(1), 266-275. 

McClaugherty, C., & Berg, B. (1987). Cellulose, lignin and nitrogen concentrations 

as rate regulating factors in late stages of forest litter 

decomposition. Pedobiologia (Jena), 30(2), 101-112. 

McDonald, M. A., Healey, J. R., & Stevens, P. A. (2002). The effects of secondary 

forest clearance and subsequent land-use on erosion losses and soil properties 

in the Blue Mountains of Jamaica. Agriculture, Ecosystems & 

Environment, 92(1), 1-19. 

Meentemeyer, V. (1978). Macroclimate and lignin control of litter decomposition 

rates. Ecology, 59(3), 465-472. 

Melillo, J. M., Aber, J. D., &Muratore, J. F. (1982). Nitrogen and lignin control of 

hardwood leaf litter decomposition dynamics. Ecology, 63(3), 621-626. 

Melillo, J. M., Aber, J. D., &Muratore, J. F. (1982). Nitrogen and lignin control of 

hardwood leaf litter decomposition dynamics. Ecology, 63(3), 621-626. 

Miah, S., Haque, S. S., Sumi, W., & Hossain, M. M. (2014). Effects of shifting 

cultivation on biological and biochemical characteristics of soil 

microorganisms in Khagrachari hill district, Bangladesh. Journal of forestry 

research, 25(3), 689-694. 

Minderman, G. (1968). Addition, decomposition and accumulation of organic matter 

in forests. The Journal of Ecology, 355-362. 

Mishra, G., Marzaioli, R., Giri, K., Borah, R., Dutta, A., &Jayaraj, R. S. C. (2017). 

Soil quality assessment under shifting cultivation and forests in Northeastern 

Himalaya of India. Archives of Agronomy and Soil Science, 63(10), 1355-

1368. 

Momin, M. D., & Tripathi, S. K. (2019). Actinomycetes from shifting cultivation 

(jhum) of Mizoram, Northeast India. Environment and Ecology, 37(3B), 

1081-1085. 

Monela, G. C., & Abdallah, J. M. (2007). 15 External Policy Impacts on Miombo 

Forest Development in Tanzania. Cross-sectoral Policy Developments in 

Forestry, 117. 



109 
 

Montagnini, F., Ramstad, K., & Sancho, F. (1993). Litterfall, litter decomposition 

and the use of mulch of four indigenous tree species in the Atlantic lowlands 

of Costa Rica. Agroforestry Systems, 23(1), 39-61. 

Mueller, K. E., Eissenstat, D. M., Hobbie, S. E., Oleksyn, J., Jagodzinski, A. M., 

Reich, P. B., ... &Chorover, J. (2012). Tree species effects on coupled cycles 

of carbon, nitrogen, and acidity in mineral soils at a common garden 

experiment. Biogeochemistry, 111(1), 601-614. 

Mugendi, D. N., & Nair, P. K. R. (1996). Predicting the decomposition patterns of 

tree biomass in tropical highland microregions of Kenya. Agroforestry 

systems, 35(2), 187-201. 

Munthali, M. G., Gachene, C. K. K., Karanja, N. K., & Sileshi, G. W. (2013). 

Decomposition rates and nutrient release patterns of Tephrosia vogelii and 

Tephrosia candida residues in Malawi. In Joint Proceedings of the 27th Soil 

Science Society of East Africa and the 6th African Soil Science Society 

Conference. 

Murphy, K. L., Klopatek, J. M., &Klopatek, C. C. (1998). The effects of litter quality 

and climate on decomposition along an elevational gradient. Ecological 

Applications, 8(4), 1061-1071. 

Nagy, L., & Proctor, J. (1999). Early secondary forest growth after shifting 

cultivation. Management of secondary and logged-over forest in Indonesia. 

Centre for International Forestry Research, Bogor, 1-12. 

Nath, A. J., Brahma, B., Lal, R., & Das, A. K. (2016). Soil and jhum 

cultivation. Encyclopedia of Soil Science, 1-9. 

Nath, A. J., Sahoo, U. K., Giri, K., Sileshi, G. W., & Das, A. K. (2020). Incentivizing 

hill farmers for promoting agroforestry as an alternative to shifting cultivation 

in Northeast India. In Agroforestry for Degraded Landscapes (pp. 425-444). 

Springer, Singapore. 

Neff, J. C., Harden, J. W., &Gleixner, G. (2005). Fire effects on soil organic matter 

content, composition, and nutrients in boreal interior Alaska. Canadian 

journal of forest research, 35(9), 2178-2187. 

Ngoran, A., Zakra, N., Ballo, K., Kouamé, C., Zapata, F., Hofman, G., & Van 

Cleemput, O. (2006). Litter decomposition of Acacia auriculiformisCunn. Ex 



110 
 

Benth. and Acacia mangiumWilld. under coconut trees on quaternary sandy 

soils in Ivory Coast. Biology and Fertility of Soils, 43(1), 102-106. 

Nye, P. H., & Greenland, D. J. (1960). The soil under shifting cultivation Technical 

Communication no. 51. Commonwealth Agricultural Bureaux, Harpenden, 

Royaume-Uni. 

Ochoa-Hueso, R., Delgado-Baquerizo, M., King, P. T. A., Benham, M., Arca, V., & 

Power, S. A. (2019). Ecosystem type and resource quality are more important 

than global change drivers in regulating early stages of litter 

decomposition. Soil Biology and Biochemistry, 129, 144-152. 

Okeke, A. I., &Omaliko, C. P. E. (1992). Leaf litter decomposition and carbon 

dioxide evolution of some agroforestry fallow species in southern 

Nigeria. Forest Ecology and Management, 50(1-2), 103-116. 

Olson, J. S. (1963). Energy storage and the balance of producers and decomposers in 

ecological systems. Ecology, 44(2), 322-331. 

Osono, T., & Takeda, H. (2004). Potassium, calcium, and magnesium dynamics 

during litter decomposition in a cool temperate forest. Journal of forest 

research, 9(1), 23-31. 

Osono, T., & Takeda, H. (2005). Decomposition of organic chemical components in 

relation to nitrogen dynamics in leaf litter of 14 tree species in a cool 

temperate forest. Ecological research, 20(1), 41-49. 

Ostaszewski, P., & Nissen, S. (1988). Effect of hyperglucagonemia on whole-body 

leucine metabolism in immature pigs before and during a meal. American 

Journal of Physiology-Endocrinology and Metabolism, 254(3), E372-E377. 

Ostertag, R., &Hobbie, S. E. (1999). Early stages of root and leaf decomposition in 

Hawaiian forests: effects of nutrient availability. Oecologia, 121(4), 564-573. 

Ostertag, R., Marín-Spiotta, E., Silver, W. L., &Schulten, J. (2008). Litterfall and 

decomposition in relation to soil carbon pools along a secondary forest 

chronosequence in Puerto Rico. Ecosystems, 11(5), 701-714. 

Palm, C. A. (1995). Contribution of agroforestry trees to nutrient requirements of 

intercropped plants. Agroforestry systems, 30(1-2), 105-124. 

Palm, C. A., Swift, M. J., &Woomer, P. L. (1996). Soil biological dynamics in slash-

and-burn agriculture. Agriculture, Ecosystems & Environment, 58(1), 61-74. 



111 
 

Pan, I., Dam, B., & Sen, S. K. (2012). Composting of common organic wastes using 

microbial inoculants. 3 Biotech, 2(2), 127-134. 

Pandey, R. R., Sharma, G., Tripathi, S. K., & Singh, A. K. (2007). Litterfall, litter 

decomposition and nutrient dynamics in a subtropical natural oak forest and 

managed plantation in northeastern India. Forest Ecology and 

Management, 240(1-3), 96-104. 

Pandey, S., Sheikh, G. A., & Bhat, A. H. (2016). Dynamics of litterfall in nutrient 

cycling and forest preservation. International Journal of Multidisciplinary 

Research, 2(5), 31-36. 

Pandey, U., & Singh, J. S. (1982). Leaf-litter decomposition in an oak-conifer forest 

in Himalaya: the effects of climate and chemical composition. Forestry: An 

International Journal of Forest Research, 55(1), 47-59. 

Pant, G., Prakash, A., Pavani, J. V. P., Bera, S., Deviram, G. V. N. S., Kumar, A., 

Panchpuri, M., &Prasuna, R. G. (2015). Production, optimization and partial 

purification of protease from Bacillus subtilis. Journal of Taibah University 

for Science, 9(1), 50-55. 

Pant, S. C., & Tiwari, S. C. (1992). Litterfall and litter decomposition in a montane 

oak forest of Garhwal Himalaya. Tropical Ecology, 33(1), 103-109. 

Parker, G. G. (1983). Throughfall and stemflow in the forest nutrient cycle. Advances 

in ecological research, 13, 57-133. 

Parsons, S. A., Valdez-Ramirez, V., Congdon, R. A., & Williams, S. E. (2014). 

Contrasting patterns of litterfall seasonality and seasonal changes in litter 

decomposability in a tropical rainforest region. Biogeosciences, 11(18), 5047-

5056. 

Paudel, E., Dossa, G. G., de Blécourt, M., Beckschäfer, P., Xu, J., & Harrison, R. D. 

(2015). Quantifying the factors affecting leaf litter decomposition across a 

tropical forest disturbance gradient. Ecosphere, 6(12), 1-20. 

Paul, E. A., and Clark, F. E., 1989. Soil Microbiology and Biochemistry, Academic 

Press, New York, 272. 

Peña-Peña, K., &Irmler, U. (2016). Moisture seasonality, soil fauna, litter quality and 

land use as drivers of decomposition in Cerrado soils in SE-Mato Grosso, 

Brazil. Applied soil ecology, 107, 124-133. 



112 
 

Pennanen, T., Liski, J., Bååth, E., Kitunen, V., Uotila, J., Westman, C. J., &Fritze, H. 

(1999). Structure of the microbial communities in coniferous forest soils in 

relation to site fertility and stand development stage. Microbial 

Ecology, 38(2), 168-179. 

Pérez, J., Munoz-Dorado, J., De la Rubia, T. D. L. R., & Martinez, J. (2002). 

Biodegradation and biological treatments of cellulose, hemicellulose and 

lignin: an overview. International microbiology, 5(2), 53-63. 

Pérez-Harguindeguy, N., Díaz, S., Cornelissen, J. H., Vendramini, F., Cabido, M., & 

Castellanos, A. (2000). Chemistry and toughness predict leaf litter 

decomposition rates over a wide spectrum of functional types and taxa in 

central Argentina. Plant and soil, 218(1), 21-30. 

Pérez-Suárez, M., Arredondo-Moreno, J. T., Huber-Sannwald, E., & Vargas-

Hernández, J. J. (2009). Production and quality of senesced and green 

litterfall in a pine–oak forest in central-northwest Mexico. Forest ecology and 

Management, 258(7), 1307-1315. 

Persson, H. (1980). Fine-root production, mortality and decomposition in forest 

ecosystems. Vegetatio, 41(2), 101-109. 

Pii, Y., Mimmo, T., Tomasi, N., Terzano, R., Cesco, S., &Crecchio, C. (2015). 

Microbial interactions in the rhizosphere: beneficial influences of plant 

growth-promoting rhizobacteria on nutrient acquisition process. A 

review. Biology and fertility of soils, 51(4), 403-415. 

Preston, C. M., Nault, J. R., Trofymow, J. A., & Smyth, C. (2009). Chemical changes 

during 6 years of decomposition of 11 litters in some Canadian forest sites. 

Part 1. Elemental composition, tannins, phenolics, and proximate 

fractions. Ecosystems, 12(7), 1053-1077. 

Purahong, W., Wubet, T., Lentendu, G., Schloter, M., Pecyna, M. J., Kapturska, D., 

Hofrichter, M., Krüger, D., &Buscot, F. (2016). Life in leaf litter: novel 

insights into community dynamics of bacteria and fungi during litter 

decomposition. Molecular ecology, 25(16), 4059-4074. 

Quideau, S. A., Graham, R. C., Oh, S. W., Hendrix, P. F., &Wasylishen, R. E. 

(2005). Leaf litter decomposition in a chaparral ecosystem, Southern 

California. Soil Biology and Biochemistry, 37(11), 1988-1998. 



113 
 

Raaijmakers, J. M., Paulitz, T. C., Steinberg, C., Alabouvette, C., &Moënne-Loccoz, 

Y. (2009). The rhizosphere: a playground and battlefield for soilborne 

pathogens and beneficial microorganisms. Plant and soil, 321(1), 341-361. 

Rajagopal, S. V., Kumar, K. S., & Sankar, A. U. (2007). Production and 

characterisation of cellulase by Streptobacillus species—APS 一 8. Journal 

of Pure and Applied Microbiology, 1(2), 231-236. 

Ramakrishnan, P. S. (1992). Shifting agriculture and sustainable development: an 

interdisciplinary study from north-eastern India. UNESCO. 

Raman, T. S. (2001). Effect of slash‐and‐burn shifting cultivation on rainforest birds 

in Mizoram, northeast India. Conservation Biology, 15(3), 685-698. 

Raman, T. S. (2001). Effect of slash‐and‐burn shifting cultivation on rainforest birds 

in Mizoram, northeast India. Conservation Biology, 15(3), 685-698. 

Ranjan, R., & Upadhyay, V. P. (1999). Ecological problems due to shifting 

cultivation. Current Science, 77(10), 1246-1250. 

Rawat, N., Nautiyal, B. P., &Nautiyal, M. C. (2010). Annual nutrients budget for the 

grazed and ungrazed sites of an alpine expanse in North-West Himalaya, 

India. The Environmentalist, 30(1), 54-66. 

Ribeiro Filho, A. A., Adams, C., & Murrieta, R. S. S. (2013). The impacts of shifting 

cultivation on tropical forest soil: a review. Boletim do 

MuseuParaenseEmílioGoeldi. CiênciasHumanas, 8, 693-727. 

Riessen, A. V. (2000). Chittagong Hill Tracts region development plan. Interim 

report-7, Sociology and Indigenous People. Published by Asian Development 

Bank. 

Rodríguez, P. C., Z. V. Duran, F. J. Muriel, & Franco, T. D.  (2011). Decomposition 

of litter and nitrogen cycling in tropical and subtropical fruit plantations 

cultivated in the coast of Granada (Spain). Comunicata Scientiae, 2,42–48. 

Sanchez, P. A. (1995). Science in agroforestry. Agroforestry systems, 30(1-2), 5-55. 

Sanmanee, N., Panishkan, K., Obsuwan, K., &Dharmvanij, S. (2011). Study of 

compost maturity during humification process using UV-

spectroscopy. International Journal of Agricultural and Biosystems 

Engineering, 5(8), 448-450. 



114 
 

Sapkota, A., Thapa, A., Budhathoki, A., Sainju, M., Shrestha, P., &Aryal, S. (2020). 

Isolation, characterization, and screening of antimicrobial-producing 

actinomycetes from soil samples. International journal of 

microbiology, 2020. 

Saplalrinliana, H., Thakuria, D., Changkija, S., & Hazarika, S. (2016). Impact of 

shifting cultivation on litter accumulation and properties of Jhum soils of 

North East India. Journal of the Indian Society of Soil Science, 64(4), 402-

413. 

Sariyildiz, T., & Anderson, J. M. (2003). Interactions between litter quality, 

decomposition and soil fertility: a laboratory study. Soil Biology and 

Biochemistry, 35(3), 391-399. 

Sarjubala Devi, A., & Yadava, P. S. (2007). Wood and leaf litter decomposition of 

Dipterocarpus tuberculatusRoxb. in a tropical deciduous forest of Manipur, 

Northeast India. Current Science (00113891), 93(2). 

Sarkar, D., Meitei, C. B., Baishya, L. K., Das, A., Ghosh, S., Chongloi, K. L., & 

Rajkhowa, D. (2015). Potential of fallow chronosequence in shifting 

cultivation to conserve soil organic carbon in northeast India. Catena, 135, 

321-327. 

Sarwar, G., Hussain, N., Mujeeb, F., Schmeisky, H., & Hassan, G. (2003). 

Biocompost application for the improvement of soil characteristics and dry 

matter yield of Lolium perenne (Grass). Asian J. Plant Sci, 2(2), 237-241. 

Sati, V. P., &Rinawma, P. (2014). Practices of shifting cultivation and its 

implications in Mizoram, North-East India: a review of existing 

research. Nature and Environment, 19(2), 179-187. 

Schaefer, M., &Schauermann, J. (1990). The soil fauna of beech forests: comparison 

between a mull and a moder soil. Pedobiologia, 34(5), 299-314. 

Schinner, F., Öhlinger, R., Kandeler, E., &Margesin, R. (Eds.). (2012). Methods in 

soil biology. Springer Science & Business Media. 

Schlesinger, W. H., &Hasey, M. M. (1981). Decomposition of chaparral shrub 

foliage: losses of organic and inorganic constituents from deciduous and 

evergreen leaves. Ecology, 62(3), 762-774. 



115 
 

Serna‐Chavez, H. M., Fierer, N., & Van Bodegom, P. M. (2013). Global drivers and 

patterns of microbial abundance in soil. Global Ecology and 

Biogeography, 22(10), 1162-1172. 

Sethi, S., Datta, A., Gupta, B. L., & Gupta, S. (2013). Optimization of cellulase 

production from bacteria isolated from soil. International Scholarly Research 

Notices, 2013. 

Sfeir-Younis, A., &Dragun, A. K. (2019). Land and soil management: Technology, 

economics, and institutions. CRC Press. 

Sharma, R., Sharma, E., & Purohit, A. N. (1996). Cardamom, mandarin and 

nitrogen-fixing trees in agroforestry systems in India's Himalayan region. I. 

Litterfall and decomposition. Agroforestry systems, 35(3), 239-253. 

Shoaib, J. U., Mostafa, G., & Rahman, M. (1998). Soil erosion hazard in Chittagong 

Hill Tracts: a case study. Annual report. 

Silver, W. L., & Miya, R. K. (2001). Global patterns in root decomposition: 

comparisons of climate and litter quality effects. Oecologia, 129(3), 407-419. 

Singh, J. S., & Gupta, S. R. (1977). Plant decomposition and soil respiration in 

terrestrial ecosystems. The botanical review, 43(4), 449-528. 

Singh, J. S., & Singh, S. P. (1992). Forests of Himalaya 

GyanodayaPrakashan. Nainital, India. 

Singh, N. S., & Tripathi, S. K. (2020). Litter mass loss rate changes as function of 

soil microbial diversity and litter chemical quality in tropical and sub-tropical 

forest of Mizoram: A microcosm study. Indian Journal of Ecology, 47(3), 

792-798. 

Singh, S., Ghoshal, N., & Singh, K. P. (2007). Variations in soil microbial biomass 

and crop roots due to differing resource quality inputs in a tropical dryland 

agroecosystem. Soil Biology and Biochemistry, 39(1), 76-86. 

Sjöberg, G., Nilsson, S. I., Persson, T., & Karlsson, P. (2004). Degradation of 

hemicellulose, cellulose and lignin in decomposing spruce needle litter in 

relation to N. Soil Biology and Biochemistry, 36(11), 1761-1768. 

Slik, J. F., Arroyo-Rodríguez, V., Aiba, S. I., Alvarez-Loayza, P., Alves, L. F., 

Ashton, P., Balvanera, P., Bastian, M.L., Bellingham, P.J., Van Den Berg, E. 

& Valencia, R. (2015). An estimate of the number of tropical tree 



116 
 

species. Proceedings of the National Academy of Sciences, 112(24), 7472-

7477. 

Smith, J., Van De Kop, P., Reategui, K., Lombardi, I., Sabogal, C., & Diaz, A. 

(1999). Dynamics of secondary forests in slash-and-burn farming: 

interactions among land use types in the Peruvian Amazon. Agriculture, 

ecosystems & environment, 76(2-3), 85-98. 

Šnajdr, J., Cajthaml, T., Valášková, V., Merhautová, V., Petránková, M., Spetz, P., 

Leppänen, K., &Baldrian, P. (2011). Transformation of Quercus petraea 

litter: successive changes in litter chemistry are reflected in differential 

enzyme activity and changes in the microbial community composition. FEMS 

microbiology ecology, 75(2), 291-303. 

SOeST, V. A. N. PJ &WINe, RH (1968). Determination of lignin and cellulose in 

acid detergent fiber with permanganate. Journal of Association of 

Agricultural Chemistry, 780-85. 

Sommer, R., Vlek, P. L., de Abreu Sá, T. D., Vielhauer, K., Coelho, R. D. F. R., 

&Fölster, H. (2004). Nutrient balance of shifting cultivation by burning or 

mulching in the Eastern Amazon–evidence for subsoil nutrient 

accumulation. Nutrient Cycling in Agroecosystems, 68(3), 257-271. 

Staaf, H. and Berg, B. 1982. Accumulation and release of plant nutrients in 

decomposing Scots pine needle litter. II. Long-term decomposition in a Scots 

pine forest. Can. J. Bot. 60: 1561-1568. 

Strickland, M. S., Osburn, E., Lauber, C., Fierer, N., & Bradford, M. A. (2009). 

Litter quality is in the eye of the beholder: initial decomposition rates as a 

function of inoculum characteristics. Functional Ecology, 23(3), 627-636. 

Swift, M. J., Heal, O. W., & Anderson, J. M. (1979). Decomposition in Terrestrial 

Ecosystems–Blackwell Scientific. 

Swift, M. J., Heal, O. W., Anderson, J. M., & Anderson, J. M. 

(1979). Decomposition in terrestrial ecosystems (Vol. 5). Univ of California 

Press. 

Swift, M. J., Heal, O. W., Anderson, J. M., & Anderson, J. M. 

(1979). Decomposition in terrestrial ecosystems (Vol. 5). Univ of California 

Press. 



117 
 

Takeda, H., Ishida, Y., &Tsutsumi, T. (1987). Decomposition of leaf litter in relation 

to litter quality and site conditions. 

Taylor, B. R., Parkinson, D., & Parsons, W. F. (1989). Nitrogen and lignin content as 

predictors of litter decay rates: a microcosm test. Ecology, 70(1), 97-104. 

Thrupp, L. A., Hecht, S., Browder, J. O., Lynch, O. J., Megateli, N., & O’Brien, W. 

(1997). The diversity and dynamics of shifting cultivation: Myths, realities, 

and policy implications (p. 1). Washington, DC: World Resources Institute. 

Tian, G., Kang, B. T., &Brussaard, L. (1992)a. Biological effects of plant residues 

with contrasting chemical compositions under humid tropical conditions—

decomposition and nutrient release. Soil biology and Biochemistry, 24(10), 

1051-1060. 

Tian, G., Kang, B. T., &Brussaard, L. (1992)b. Effects of chemical composition on 

N, Ca, and Mg release during incubation of leaves from selected agroforestry 

and fallow plant species. Biogeochemistry, 16(2), 103-119. 

Tiwari, S., Singh, C., Boudh, S., Rai, P. K., Gupta, V. K., & Singh, J. S. (2019). 

Land use change: A key ecological disturbance declines soil microbial 

biomass in dry tropical uplands. Journal of environmental management, 242, 

1-10. 

Tláskal, V., Voříšková, J., &Baldrian, P. (2016). Bacterial succession on 

decomposing leaf litter exhibits a specific occurrence pattern of cellulolytic 

taxa and potential decomposers of fungal mycelia. FEMS Microbiology 

Ecology, 92(11), fiw177. 

Tláskal, V., Voříšková, J., &Baldrian, P. (2016). Bacterial succession on 

decomposing leaf litter exhibits a specific occurrence pattern of cellulolytic 

taxa and potential decomposers of fungal mycelia. FEMS Microbiology 

Ecology, 92(11), fiw177. 

Trautmann, N., &Olynciw, E. (2000). Compost microorganisms. Cornell 

Composting University. Available from: http://www. cfe. cornell. 

edu/compost/microorg. html.(accessed 15 April 2007). 

Treseder, K. K., Kivlin, S. N., & Hawkes, C. V. (2011). Evolutionary trade‐offs 

among decomposers determine responses to nitrogen enrichment. Ecology 

letters, 14(9), 933-938. 



118 
 

Tripathi, O. P., & Tripathi, R. S. (2009). Litter production, decomposition and 

physico-chemical properties of soil in 3 developed agroforestry systems of 

Meghalaya, Northeast India. African Journal of Plant Science, 3(8), 160-167. 

Tripathi, R. S., & Barik, S. K. (2003). Shifting cultivation in north east 

India. Approaches for Increasing Agricultural Productivity in Hill and 

Mountain Ecosystems, 317-322. 

Tripathi, S. K., & Singh, K. P. (1992a). Abiotic and litter quality control during the 

decomposition of different plant parts in dry tropical bamboo savanna in 

India. Pedobiologia (Jena), 36(4), 241-256. 

Tripathi, S. K., & Singh, K. P. (1992b). Nutrient immobilization and release patterns 

during plant decomposition in a dry tropical bamboo savanna, India. Biology 

and Fertility of Soils, 14(3), 191-199. 

Tripathi, S. K., Sumida, A., Shibata, H., Ono, K., Uemura, S., Kodama, Y., & Hara, 

T. (2006). Leaf litterfall and decomposition of different above-and 

belowground parts of birch (Betula ermanii) trees and dwarf bamboo 

(Sasakurilensis) shrubs in a young secondary forest in Northern 

Japan. Biology and Fertility of Soils, 43(2), 237-246. 

Tripathi, S. K., Vanlalfakawma, D. C., &Lalnunmawia, F. (2017). Shifting 

cultivation on steep slopes of Mizoram, India. Shifting cultivation policies: 

balancing environmental and social sustainability. CAB International 

Wallingford, UK, 393-413. 

Uma, M., Saravanan, T. S., & Rajendran, K. (2014). Growth, litterfall and litter 

decomposition of Casuarina equisetifolia in a semiarid zone. Journal of 

Tropical Forest Science, 125-133. 

Umsakul, K., Dissara, Y., &Srimuang, N. (2010). Chemical, physical and 

microbiological changes during composting of the water hyacinth. Pakistan 

Journal of Biological Sciences, 13(20), 985-992. 

Upadhyay, V. P. (1988). Pattern of immobilization and release of nitrogen in 

decomposing leaf litter in Himalayan forests. Proceedings: Plant 

Sciences, 98(3), 215-226. 



119 
 

Upadhyay, V. P., Singh, J. S., &Meentemeyer, V. (1989). Dynamics and weight loss 

of leaf litter in Central Himalayan forests: abiotic versus litter quality 

influences. The Journal of Ecology, 147-161. 

USEPA, (1971). Composting of Municipal Solid Wastes in United States. 

Vanlauwe, B., Vanlangenhove, G., Merckx, R., &Vlassak, K. (1995). Impact of 

rainfall regime on the decomposition of leaf litter with contrasting quality 

under subhumid tropical conditions. Biology and Fertility of Soils, 20(1), 8-

16. 

Veen, G. F., Sundqvist, M. K., & Wardle, D. A. (2015). Environmental factors and 

traits that drive plant litter decomposition do not determine home‐field 

advantage effects. Functional Ecology, 29(7), 981-991. 

Verhoef, H. A., &Brussaard, L. (1990). Decomposition and nitrogen mineralization 

in natural and agroecosystems: the contribution of soil 

animals. Biogeochemistry, 11(3), 175-211. 

Vesterdal, L. (1999). Influence of soil type on mass loss and nutrient release from 

decomposing foliage litter of beech and Norway spruce. Canadian Journal of 

Forest Research, 29(1), 95-105. 

Villela, D. M., & Proctor, J. (2002). Leaf litter decomposition and monodominance 

in the Peltogyne forest of Maraci Island, Brazil1. Biotropica, 34(3), 334-347. 

Vitousek, P. M., & Sanford Jr, R. L. (1986). Nutrient cycling in moist tropical 

forest. Annual review of Ecology and Systematics, 17(1), 137-167. 

Vitousek, P. M., Turner, D. R., Parton, W. J., & Sanford, R. L. (1994). Litter 

decomposition on the Mauna Loa environmental matrix, Hawai'i: patterns, 

mechanisms, and models. Ecology, 75(2), 418-429. 

Vivanco, L., & Austin, A. T. (2008). Tree species identity alters forest litter 

decomposition through long‐term plant and soil interactions in Patagonia, 

Argentina. Journal of Ecology, 96(4), 727-736. 

Voříšková, J., &Baldrian, P. (2013). Fungal community on decomposing leaf litter 

undergoes rapid successional changes. The ISME journal, 7(3), 477-486. 

Voříšková, J., &Baldrian, P. (2013). Fungal community on decomposing leaf litter 

undergoes rapid successional changes. The ISME journal, 7(3), 477-486. 



120 
 

Vuuren, M. V., Berendse, F., & Visser, W. D. (1993). Species and site differences in 

the decomposition of litters and roots from wet heathlands. Canadian Journal 

of Botany, 71(1), 167-173. 

Wang, H., Liu, S., & Mo, J. (2010). Correlation between leaf litter and fine root 

decomposition among subtropical tree species. Plant and Soil, 335(1), 289-

298. 

Wang, Q., Wang, S., Fan, B., & Yu, X. (2007). Litter production, leaf litter 

decomposition and nutrient return in Cunninghamia lanceolata plantations in 

south China: effect of planting conifers with broadleaved species. Plant and 

Soil, 297(1), 201-211. 

Wang, W. J., Smith, C. J., & Chen, D. (2004). Predicting soil nitrogen mineralization 

dynamics with a modified double exponential model. Soil Science Society of 

America Journal, 68(4), 1256-1265. 

Wapongnungsang, H. R., & Tripathi, S. K. (2017). Litter decomposition Vis-a-Vis 

carbon and nitrogen dynamics of Tephrosia candida components in different 

fallow periods following shifting cultivation in Mizoram. Indian Journal of 

Ecology, 44(4), 791-796. 

Wapongnungsang, Ovung, E., Upadhyay, K. K., & Tripathi, S. K. (2021). Soil 

fertility and rice productivity in shifting cultivation: impact of fallow lengths 

and soil amendments in Lengpui, Mizoram northeast India. Heliyon, 7(4), 

e06834. 

Wardle, D. A., Bonner, K. I., & Nicholson, K. S. (1997). Biodiversity and plant 

litter: experimental evidence which does not support the view that enhanced 

species richness improves ecosystem function. Oikos, 247-258. 

Waring RH, Schlesinger WH. (1985). Forest ecosystems: concepts and management. 

Academic Press, Orlando, FL, USA, pp. 340. 

Warner, K. (1991). Shifting cultivators. LOCAL TECHNICAL KNOWLEDGE and 

Natural Resource Management in the Humid Tropics. Community Forestry 

Note, FAO, 8, 1-80. 

Wedderburn, M. E., & Carter, J. (1999). Litter decomposition by four functional tree 

types for use in silvopastoral systems. Soil Biology and Biochemistry, 31(3), 

455-461. 



121 
 

Wegener, G., Przyklenk, M., &Fengel, D. (1983). Hexafluoropropanol as valuable 

solvent for lignin in UV and IR spectroscopy. 

White, C. M., DuPont, S. T., Hautau, M., Hartman, D., Finney, D. M., Bradley, B., ... 

& Kaye, J. P. (2017). Managing the tradeoff between nitrogen supply and 

retention with cover crop mixtures. Agriculture, ecosystems & 

environment, 237, 121-133. 

Wu, Y., Chen, Y., Shaaban, M., Zhu, D., Hu, C., Chen, Z., & Wang, Y. (2019). 

Evaluation of microbial inoculants pretreatment in straw and manure co-

composting process enhancement. Journal of Cleaner Production, 239, 

118078. 

Xu, S., Liu, L. L., & Sayer, E. J. (2013). Variability of above-ground litter inputs 

alters soil physicochemical and biological processes: a meta-analysis of 

litterfall-manipulation experiments. Biogeosciences, 10(11), 7423-7433. 

Xu, X., & Hirata, E. (2005). Decomposition patterns of leaf litter of seven common 

canopy species in a subtropical forest: N and P dynamics. Plant and 

soil, 273(1), 279-289. 

Xuluc-Tolosa, F. J., Vester, H. F. M., Ramırez-Marcial, N., Castellanos-Albores, J., 

& Lawrence, D. (2003). Leaf litter decomposition of tree species in three 

successional phases of tropical dry secondary forest in Campeche, 

Mexico. Forest Ecology and Management, 174(1-3), 401-412. 

Yadav, V., &Malanson, G. (2007). Progress in soil organic matter research: litter 

decomposition, modelling, monitoring and sequestration. Progress in 

Physical Geography, 31(2), 131-154. 

Zahabu, E. (2008). Sinks and sources: a strategy to involve forest communities in 

Tanzania in global climate policy. 

Zhang, D., Hui, D., Luo, Y., & Zhou, G. (2008). Rates of litter decomposition in 

terrestrial ecosystems: global patterns and controlling factors. Journal of 

Plant Ecology, 1(2), 85-93. 

Zhang, W., Qiao, W., Gao, D., Dai, Y., Deng, J., Yang, G., ... & Ren, G. (2018). 

Relationship between soil nutrient properties and biological activities along a 

restoration chronosequence of Pinus tabulaeformis plantation forests in the 

Ziwuling Mountains, China. Catena, 161, 85-95. 



122 
 

Zhang, X., Liu, Z., Zhu, B., Bing, Y., Luc, N. T., Du, L., & Zhu, Z. (2016). Impacts 

of mixed litter decomposition from Robiniapseudoacacia and other tree 

species on C loss and nutrient release in the Loess Plateau of China. Journal 

of Forestry Research, 27(3), 525-532. 

Zhou, G., Guan, L., Wei, X., Tang, X., Liu, S., Liu, J., ... & Yan, J. (2008). Factors 

influencing leaf litter decomposition: an intersite decomposition experiment 

across China. Plant and Soil, 311(1), 61-72. 

Zucconi, F., & BERTOLDI, D. (1981). Biological evaluation of compost maturity. 



1 
 

ABSTRACT 

Shifting cultivation in Northeast region of India including Mizoram is widely 

distributed agricultural system. Shifting cultivation practices can be linked with 

ecological, socio-economic and cultural life of the people. Efforts to address jhum as 

destructive remained challenging task due to its shortening cycles and ecological 

threats. The current practice of shifting cultivation in this region followed extravagant 

and unscientific land use pattern. The damaging effect of shifting cultivation are 

devastating and far reaching in degradation of environment. The decrease in cycle 

period of shifting cultivation in recent years has resulted in large scale of deforestation, 

soil and nutrient loss. Shifting cultivation has led to various soil related constraints- 

low inherent soil fertility, high susceptibility to soil erosion, severe soil physical 

degradation and nutrient imbalance. Soil fertility is crucial for agricultural productivity 

and therefore food security. Good management of soil fertility help to reduce soil, 

water and air pollution, regulate water resource availability, support a diverse and 

active biotic community and increase vegetation cover. Maximum population in this 

region depends on shifting cultivation for their livelihood which in turn deplete the 

soil fertility. Using of synthetic chemicals in present agricultural practice for 

enhancing crop yield has largely affect the soil fertility and yielding capacity. Farmers 

can improve soil fertility by optimizing various soil fertility management techniques 

by minimizing soil nutrients loss and maximizing net returns. In this respect, 

decomposition of various plant litters enables to enhance various soil ecosystem 

functions by converting litter components into humus. In addition, these litters also 

provide nutrients to the microorganisms in the soil and also improves soil health.  

In the present study, three different litter types were used (TC, OS and TC+OS) 

with high, low and high + low substrate quality respectively, to improve soil fertility 

by the process of decomposition along with this active decomposing microbial strains 

were isolated and identified up to genus level. The results of the study revealed that 

TC litters decomposes faster followed by TC+OS and lastly OS litters in both field and 

microcosm. Additionally, the rate of decomposition was higher in longer fallow (JF8) 

as compared to the shorter fallow (JF3). In JF8 TC litters were found to be fully 

decomposed by 240 days. The fast decomposition of TC litters may be due to high 
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substrate quality. Initial substrate quality showed highest N content and lowest C:N 

and lignin:N ratio in TC, intermediate N content C:N and lignin:N ratio in TC+OS 

litters and lowest N content and highest C:N and lignin:N ratio in OS litters. This initial 

high N content favored the rapid release of N during initial stages of decomposition 

along with high concentration of labile substance as reflected by low C:N ratio in initial 

litter types. Slow decomposition of OS litters may be because of more stable 

polysaccharide which is reflected by high initial C content and high C:N ratio may also 

be responsible for this phenomenon. On the other hand, the rate of decomposition in 

microcosm was slower as compared to field experiment which may be due to various 

abiotic factors that influence decomposition process in field.  The present study 

showed a positive correlation between temperature and decomposition days in field 

experiment (JF3 and JF8). Contrastingly, no such correlation was observed in 

microcosm as it was carried out under controlled conditions. The result suggested that 

the litter mass remaining at the end of the study followed the pattern of decomposition 

rate of different litter types. In JF8 no litter mass remained for TC litters at the end but 

about 7% mass was remaining for TC + OS litters and 11% for OS litters. However, 

in JF3 litter mass remaining was 9% (TC), 12% (OS) and 10% (TC+OS) respectively. 

In microcosm litter mass remaining was more for all litter types compared to field 

experiment. It was found to be about 9% (TC), 15% (OS) and 14% (TC+OS) in PJS8 

and 13% (TC), 33% (OS) and 21% (TC+OS) in PJS3respectively. The variation in 

litter mass remaining among the litter types is due to the difference in rate of 

decomposition which further dependent on substrate quality.  

The field experiment carried out in forest fallows (FF3 and FF5) during the study 

showed a slightly higher rate of decomposition than the rate of decomposition in 

microcosm but lower than Jhum fallows decomposition rate. In forest fallows, daily 

instantaneous decay rate varied from 2.04 – 2.17. However, in jhum fallows it varied 

from 2.14 – 2.23 and in microcosm it ranged from 2.03 to 2.18. The higher rate of 

decomposition in jhum fallows than the forest fallows may be due to the difference in 

fallow periods as longer fallows have more active decomposers as compared to shorter 

fallows and in the present study the forest fallows were 3 and 5 years where as jhum 

fallows were 3 and 8 years. Along with the fallow period, substrate quality may also 

be responsible for slow rate of decomposition in forest fallows.  
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In field experiment, for jhum fallows N mass remaining at the end of the litter 

recovery ranged from 0 – 11%, and C mass remaining ranged from 0 – 12%. The K, 

P, Mg and Ca mass remaining in different litters at the end were 0 – 11%, 0 – 10%, 0 

– 12% and 0 – 12% respectively. Accordingly, the C content in the soil increased up 

to 75% and N content up to 22% at the end of the study. It can be said that the major 

part of nutrient mass lost during the period of decomposition from various litter types 

were ultimately added to the soil and a minor portion is lost by leaching. However, 

litters of TC produce high biomass, dense vegetation cover and N2 fixing ability and 

show high potential in supplying C and nutrients to the soil. OS is the major crop plant 

in Northeast India. OS litters can also release ~34% of organic C in soil during 

decomposition and also affect soil C and N cycle. So, the decomposition of litters 

resulted in increasing soil nutrients.  

In present study, the microbial population in decomposing litters increased as the 

decomposition proceeded and reached its peak between fifth to seventh month of 

decomposition and gradually decreased during later stages. Microbial population was 

much greater in field experiment as compared to microcosm. Among the three groups 

of microorganisms, bacterial count was maximum throughout the study followed by 

fungal count and minimum was actinomycetal count for all litter types in field and 

microcosm. Tc litters in JF8 showed maximum bacterial count (3.37 X 106 CFU/g) 

and actinomycetal count (46 X 103 CFU/g) but maximum fungal count was observed 

in TC litters if JF3. In the present study, microbial population in different litter types 

were found to be in order TC > TC+OS > OS and maximum microbial population was 

observed in JF8. Results of microbial population in the study, revealed the similar 

pattern of decomposition rate with respect to litter types and fallow periods.  

Total 66 microbial strains were isolated from decomposing litters during the entire 

study period. Out of total 51 microbial isolates were found to be positive towards 

decomposing enzymes activities. Depending on the activity towards the enzyme test, 

13 microbial isolates were identified up to genus level, of which 4 (SKT002, SKT005, 

SKT009, SKT020) were bacteria, 5 (SKT033, SKT034, SKT035, SKT040, SKT045) 

were fungi and 4 (SKT030, SKT052, SKT053, SKT060) were actinomycetes. Based 

on the colony morphology and microscopic view, bacteria were identified as 

Streptobacillus sp. and Bacillus sp., fungi as Microsporum sp., Rhizopus sp. and 
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Aspergillus sp., and actinomycetes as Streptomycetes sp. These six identified microbial 

genera were further used as microbial inoculants in bio-compost preparation under 

controlled condition. The compost was prepared from the litters of TC, OS and TC 

+OS. It was observed that addition of microbial inoculants in litters boost up the 

decomposition process and ultimately resulted in fast compost formation. 

In conclusion, the findings of the study demonstrated the pattern of leaf litter 

decomposition with varying substrate quality in two different forest fallows (FF3 and 

FF5) and jhum Fallows (JF3 and JF8). Through litter decomposition, C, N and other 

macro and micro nutrients were recycled in Jhum fallows. Apart from field 

experiment, microcosm information on changing pattern of litter nutrients and 

microbial population. Both field and laboratory microcosm showed faster 

decomposition in JF8 (field) and PJS8 (microcosm) for TC litters followed by TC + 

OS and OS litters. This revealed that litter substrate quality and microbial diversity are 

important factors responsible for litter decomposition. The mixture of TC and OS 

litters (high + low quality) would have significant effect in soil fertility as their rate of 

decomposition was intermediate and nutrient loss followed a slow and steady pattern 

which help the growing plants to utilize it in long run and avoiding their loss through 

leaching. Changes in bacterial, fungal and actinomycetal population during different 

stages of decomposition and their role in decomposition has significant potential in 

regulating soil nutrients in Jhum fields. Among various factors of litter decomposition, 

microbial enzymes play a major role in breaking down of various litter components. 

Rate of decomposition also depends on certain microbial strains as it was observed by 

using the same strain in bio-compost preparation. Thus, the combination of high and 

low quality litters in shorter fallow land along with microbial inoculants would be 

recommended for soil fertility management in shifting cultivation of Mizoram. These 

microbes can accelerate the process of decomposition in shorter fallow that may 

enhance the productivity and meet crop demand of growing population. 
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