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Preface

Jhum cultivation also known as slash and burn agriculture is a common
agricultural practice in tropical hilly areas of Southeast Asia, the Pacific, Latin America,
the Caribbean, and Africa for millennia. In India, jhum cultivation is mainly practice in
the tribal areas of the states of Bihar, Orissa, Madhya Pradesh, Maharashtra, Gujarat,
Rajasthan, Tamil Nadu, Kerala, Karnataka, Andhra Pradesh and North Eastern India
(NEI). In North Eastern India, jhum cultivation is not only the source of livelihood but
also has high cultural importance among the people. The extent of such cultivation is
highest in Nagaland, accounting for 38.18% of its geographical area, followed by

Mizoram and Manipur

In jhum cultivation fire is deliberately used to change soil physico-chemical
properties, and both the release of nutrients by fire and the value of ash have been
known to cause alteration in soil biochemical properties. In course of time, different
adverse effects emerge because of Jhum cultivation which has detrimental effect on the
soil nutrients status and biological properties due to deliberate slashing and burning of

vegetation involved in the process.

Phosphorus (P) which is an essential nutrient for the growth and development of
plants undergo large volatilization and convective losses during jhum cultivation. The
amount available P in soil for plant utilization is very low and the new sources to
replace the lost available P mainly comes from non-plant available P in soil and from
parent materials which needs to be solubilized through the action of enzymes known as
phosphatase. These enzymes are secreted by a group of microorganisms known as
Phosphate Solubilizing Microorganism (PSM), among which Phosphate Solubilizing
Bacteria (PSB) are predominant. These PSB(s) can be used for the rapid solubilization
of insoluble P, thereby supplementing the low available P level in soil. Hence these PSB
can be developed into location specific fertilizers to maintain the sustainability of jhum
cultivation. The study was undertaken to assess the diversity of PSB in different length
jhum fallow so as to developed into location specific biofertilizer which will serve as a

mean to ensure the sustainability of jhum cultivation in future.
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The thesis is broadly categorized into nine (9) chapters. Chapter 1 and 2 deals
with the general introduction and review of literature respectively. Chapter 3 deals with
the study of the soil physico- chemical properties of jhum and jhum fallow soils.
Chapter 4 deals with the study of soil biochemical properties including soil enzymes
and soil microbial biomass carbon and nitrogen of the study sites. Chapter 5 covers
metagenomic analysis of bacterial diversity in the study sites. Chapter 6 includes the
isolation and molecular characterization of phosphate solubilizing bacteria using
16Srrna gene sequencing. Chapter 7 deals with the biochemical characterization and
assessment of plant growth promoting characters of the isolated PSB. Chapter 8 deals
with the in vitro evaluation of selected psb to alleviate rice growth performance under
different treatments. lastly the findings of the thesis are summarised and concluded in
Chapter 9.
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Chapter 1

Introduction

Shifting cultivation also known as Jhum cultivation is a widely practiced
primitive agricultural land use believed to have originated around 7000 BC during
the Neolithic period (Borthakur, 1992). Jhum cultivation also known as slash and
burn agriculture has been a common agricultural practice in tropical hilly areas of
Southeast Asia, the Pacific, Latin America, the Caribbean, and Africa for millennia.
In Southeast Asia, jhum cultivation is mainly practice in Sri Lanka, Northern Burma,
Thailand, Sumatra, Borneo, Indonesia, Philippines, Korea, Vietnam and India.
(Ramakrishnan, 1992; Stromgaard, 1992; Craswell et al., 1997; Cairns and Garrity,
1999; Kato et al., 1999; Lawrence and Schlesinger, 2001; Eastmond and Faust, 2006
Thomaz, 2009).

The total estimated area under the shifting cultivation in India is about 0.9
million ha which includes both current jhum (53%) and abandon jhum (47%). In
India, jhum cultivation is mainly practice in the tribal areas of the states of Bihar,
Orissa, Madhya Pradesh, Maharashtra, Gujarat, Rajasthan, Tamil Nadu, Kerala,
Karnataka, Andhra Pradesh and North Eastern India (NEI). The NEI contributes 83%
of the total shifting cultivation in India. According to Waste Land Atlas of India
(2010), the area under jhum cultivation in North Eastern India is about 0.76 Mha. In
Northeast India, especially in the hilly regions comprising of the states of Arunachal
Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim and Tripura,
jhum cultivation is not only the source of livelihood but also has high cultural
importance among the people. The extent of such cultivation is highest in Nagaland,
accounting for 38.18% of its geographical area, followed by Mizoram and Manipur
(Das et al., 2017).



The state of Mizoram is one amongst the eight sister states of NEI. A
landlocked state, it extends between 21° 58' - 24° 35' N and 920 15' - 93 ° 29' E,
covering an area of 2,108,700 hectares. According to the Census of India 2011, total
population of Mizoram was 1,091,014. The term ‘Mizoram’ refers to the land of the
“Mizo(s)”, the ethnic tribe who settle in the area. The state economy is based upon
agriculture and mainly dependent on the traditionally cultivated crops. About 80%

people are engaged in agricultural practices.

Out of the total geographical area (2,108,700 hectares), total crop area
accounts for 188 hectares out of which 186 hectares are sown area. Fallow land other
than current fallow accounts 106 hectares while current fallow or current jhum
accounts for only 45 hectares. (Statistical hand book of Mizoram, 2018). The
principal crop sown in these jhum fields is paddy or rice (Oryza sativa L.) which
sometimes is mixed with other crops like maize, cucumber, beans, arum, ginger
mustard, sesame and cotton. Due to increase population and land pressure, the fallow
cycle under jhum cultivation in Mizoram has been decreased from 20-25 years to 2-3
years. Therefore, it has put excessive burden on the land thus, soil fertility has been
reduced. In Mizoram, the economic and cultural life of the people has always been
centered on shifting cultivation. The total consumption of rice in Mizoram is 1,
80,000 MT whereas, it produces only 44,950 MT rice (25%). These rice produce by
the state is mainly from the jhum cultivation for the past few decades (Sing et al.,
2017).

In jhum cultivation, a piece of forest land was cleared, left to dry and the
dried biomass is burned in situ followed by cropping phase. Once the fallow lands
regain its fertility, the farmers come back to the same piece of land for cultivation.
The shifting of jhum fields from one site to another result in a dynamic landscape
(Zimmermann and Eggenberg, 1994), consisting of a mosaic of jhum fields, different
aged fallows and mature forest which can be under constant change (Fox, 2000;
Metzger, 2003; Brown, 2006).



The process of Jhum cultivation consists of three basic phases such as
conversion, cultivation and fallow. Conversion involves the clearing of native
vegetation and the burning of the dried biomass. This slash and burn process
uncovered the soil for planting, eliminates competing plant cover and improves soil
fertility by altering pH and increase availability of nutrients due to ash deposition
(Kleinman et al., 1995). The cleared lands are cultivated for one or two years,
depending upon the region. The field is then abandoned or left fallow to restore soil
fertility through natural regeneration, and cultivation is shifted to other forested area
(Tawnenga, 1997; Grogan et al., 2012; Yadav, 2013). During the fallow period, the
abandoned field is colonized by native herbaceous, shrub or tree species or by
adventive species that find the ecological conditions favourable (Norman et al.,
1995). Jha (1997) noted that shifting cultivation is an agricultural practice which is
characterized by a rotation of fields rather than of crops, by a short period of
cropping alternating with long fallow periods (up to 10 and more years but often as
short as 6-8 years). The duration of the fallow period varies from 5 to more than 10
years or more but is always longer than the cultivated period (Eden and Andrade,
1987; Kleinman et al., 1995; Mertz et al., 2009). This intervening duration between
two successive slashing is termed as jhum cycle which is influenced by many factors
such as population pressure, terrain, angle slope, soil and average annual rainfall.
Jhum cultivation leads to the formation of mosaic landscape of cleared cultivated
land mix with secondary forests in different stages of regeneration, along with a
mature forest matrix that helps to sustain them (Conklin, 1961; Harris, 1971; Hiraoka
and Yamamoto, 1980; Egger, 1981; Altieri et al., 1987; McGrath, 1987). It is
hypothesise that the fallowing of jhum fields up to 10 years or more would allow the
recuperation of the soil fertility to such extend that the site can be cultivated again for
another jhum cycle without compromising its sustainability (Toky and Ramakrishnan
1981; Tawenga et al., 1997; Manjunatha and Singh, 2020)

The basic principles of sustainable jhum cultivation are that plant-available
nutrients lost during the cropping phase should be regained by new supply over the
full rotational cycle, and that all other components of soil quality (e.g. texture and

organic matter content that together determine water holding capacity) should be
S



restored. In other words, nutrient removal within the harvested crop plus nutrient
losses due to run-off, leaching and fire volatilization should not surpass plant-
available nutrient inputs from in situ soil biogeochemical transformations from non-
available forms such as phosphorus-containing compounds, soil carbon and nitrogen

etc. (Lawrence and Schlesinger, 2001).

In jhum cultivation fire is deliberately used to change soil physico-chemical
properties, and both the release of nutrients by fire and the value of ash have been
known to cause alteration in soil biochemical properties. Removal of natural
vegetation for cropping interrupts natural mineral cycling between soils and plants,
leaving the soil more vulnerable to wind erosion and water erosion. It loosens the
soils and caused an increased rate of oxidation of organic matter and weakens soil
structure (Matthews, 2003).

In course of time, different adverse effects emerge because of jhum
cultivation. With the increasing population, more stress is being exerted on the land
due to shorter jhum cycles. Short fallow periods are no longer capable to restore the
soil productive capacity. Therefore; as a result, there is decline in crops yield. The
main reason why the jhum cultivation persisted lies in its compatibility with the
physical environment. Total aboveground nutrient loss during slash-and-burn
clearing of forest land is among the highest of any disturbance known. Aboveground
nitrogen (N) can undergo large, nearly parallel losses with carbon (C) during biomass
burning (Raison et al., 1985), with release rates ranging from 30% to 90% of total
aboveground stock (Buschbacher et al., 1988; Kauffman et al., 1995a). Phosphorus
(P) in aboveground biomass can also undergo large volatilization and convective
losses during slash burning (Kauffman et al., 1995; Giardina et al., 2000). The new
sources of P to replace losses include non-plant available P in soil and in parent
material, low levels of atmospherically deposited P and fertilizer (Romanya et al.,
1994).

Phosphorus is the second most important macro nutrient required by the

plants, after nitrogen. It is a vital nutrient for plant growth and productivity. It



accounts for between 0.2 and 0.8% of the dry weight of plants and it is contained
within nucleic acids, enzymes, co-enzymes, nucleotides, and phospholipids. P is
essential in every aspect of plant growth and development, from the molecular level
to many physiological and biochemical plant activities including photosynthesis
(Sharma et al., 2013), development of roots, strengthening the stalks and stems,
formation of flowers and seeds, crop maturity and quality of crop, energy production,
storage and transfer reactions, root growth, cell division and enlargement, N fixation
in legumes, resistance to plant diseases, transformation of sugar to starch, and
transporting of the genetic traits (Khan et al., 2009; Satyaprakash et al., 2017; Kumar
etal., 2018).

Phosphate compounds present in soil can be classified into three groups, viz.
soluble orthophosphate, insoluble inorganic phosphate, and insoluble organic
phosphate. Orthophosphate is the only form that can be taken up by the plants. It
reacts with numerous inorganic and organic constituents of soil and therefore
becomes least mobile and unavailable for uptake by plants (Behera et al., 2014).
Inorganic P occurs in soil, mostly in insoluble mineral complexes, some of them
appearing after frequent application of chemical fertilizers. These insoluble,
precipitated forms cannot be absorbed by plants. Organic matter is also an important
reservoir of immobilized P that accounts for 20-80% of P in soils. Only 0.1% of the
total P exists in a soluble form available for plant uptake because of its fixation into

an unavailable form due to P fixation (Sharma et al., 2013).

In jhum cultivation, the burning of the plants affects the microbial population
and also the enzyme activities of the soil. Living microbial populations are the most
dynamic among soil components and they control the fertility and productivity of
soil ecosystems. Top soil is the most active zone of decomposition, nutrient cycling
and mycorrhizal formation and becomes the reservoir of bacterial and fungal spores
and other propagules of microbes. The physical and chemical properties of soils can
directly influence the structure, spatial distribution and activity of microbial
population and enzymes in soils, which are potential early indicator of soil health and
quality (Schnurer et al., 1985; Dick, 1994).
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According to DeBano and Conrad (1978) fire affects soil in several ways.
During clearing of jhum fields, upper soil is exposed to very high temperature and
even small rise in temperature of the soils significantly alters the soil physic-
chemical properties (Mukherjee, 1954). The jhum cultivators set fire to clear land
and this volatilizes nutrients and alters above and below ground composition of soil
micro-flora. Consequently, the soil microbial population is altered, which changes
the biochemical nature of soil and reduces productivity. Unfortunately, this
biological component has largely been ignored as an important aspect of ecosystem
functioning. Re-vegetation of fallow lands followed by shifting cultivation is usually
a slow process that does not restore soil microorganisms to their pre disturbance state
(Greipsson and EI-Mayas, 1999).

The differentiation between the different pools of enzyme activities in soils is
important, because enzyme activities can be used as indices of nutrient cycling and
the health of agricultural ecosystems (Klose and Tabatabai, 1999). Soil enzymes are
essential for catalyzing reactions necessary for organic matter decomposition (Ajwa
et al., 1999) and their activities are strongly influenced by organic matter content of
the soil (Speir, 1997). The enzyme activities have often been used as indices of
microbial activity and soil fertility (Dick and Tabatabai, 1992). Human activities that
minimize addition of the organic matter to the soil may reduce enzyme activities and

could alter the availability of nutrients for plant uptake (Dick et al., 1998).

Soil enzyme activity is the total sum activity of accumulated enzymes and
enzymatic activity of proliferating microorganisms (Kiss et al., 1975). They are
usually associated with viable proliferating cells, but enzymes can be excreted from a
living cell or released into the soil solution from dead cells. Study of soil enzymes
gives information about the release of nutrients in soil by means of organic matter
degradation and microbial activity as well as indicators of ecological change. Soil
enzymes analysis helps to establish correlation with soil fertilization, microbial
activity, biochemical cycling of various elements in soil, degree of pollution (heavy

metals) and to assess the succession stage of an ecosystem. So, measurements of



enzyme activity in degraded soils have useful in examining impacts of environmental

change or management on soil enzyme activities.

A large number of microbial organisms including bacteria, fungi,
actinomycetes, and algae exhibit P solubilization and mineralization ability, these
microbes are known as Phosphate solubilizing microorganisms (PSMs). PSMs are
beneficial microorganisms capable of hydrolyzing organic and inorganic phosphorus
compounds from insoluble compounds. Phosphate Solubilizing Microbes plays an
important role in plant nutrition through increase in phosphate uptake by plants and

used as biofertilizers of agricultural crops (Karpagam and Nagalakshmi, 2014).

Application of PSMs as biofetilizer in soil present to be a productive way to
convert the insoluble P compounds to soluble plant available P form, ensuing in
better plant growth, crop yield, and quality. Bacillus, Pseudomonas, Rhizobium,
Aspergillus, Penicillium, and arbuscular mycorrhizal fungi are the most efficient P
solubilizers for increasing bioavailability of P in soil (Kalayu, 2019). PSMs incite
immediate plant growth by providing easily absorbable soluble P and production of
plant growth hormones such as IAA and GA. Besides, PSM also acts as a biocontrol
against plant pathogens via production of antibiotics, hydrogen cyanate (HCN) and
antifungal metabolites (Ahemad and Kibret, 2014). PSMs represent potential
substitutes for inorganic phosphate fertilizers to meet the P demands of plants,
improving yield in sustainable agriculture. Their application is an ecologically and

economically sound approach (Alori et al., 2017).

Since bacteria are predominant amongst the phosphate solubilizing microbes
and proved more effective in phosphorus solubilization than fungi and other
microbes, they perform sustainably to enhance the productivity of crops in soil as
biofertilizer agents (Prabhu et al., 2018). Considering the immense potential of
Phosphate Solubilizing Bacteria (PSB), in future, performing a detailed study to
understand the ecology of phosphate-solubilizing microorganisms, especially under

jhum land is a must. Therefore, the present study is the first attempt to study



biodiversity of phosphate solubilizing bacteria inhabiting jhum and it fallow land of

Mizoram, in particular Hmuntha village, Serchhip District.

Therefore, it is crucial to explore the diversity of PSB in jhum and its fallow
soil to further investigate the presence of potent bacteria which can be developed into
biofertilizer which will serve as a mean to ensure the sustainability of jhum
cultivation in future. Hence the study was undertaken to achieve the following

aspects-

1. To isolate, screening and assessment of 16SrRNA gene profiling of
phosphate solubilizing bacteria from the study sites.

2. To perform biochemical characterisation and to study the efficacy of
phosphate solubilizing bacteria as potential biofertilizer.

3. To study biochemical and physico-chemical properties of soil from different

jhum lands.
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Chapter 2

Review of Literature

2.1. Jhum cultivation

Jhum cultivation has been a subject of research interest for several decades in
different parts of the world where it is being practiced. Major research contribution
on jhum cultivation was made by researchers like Conklin (1957), Spencer (1966),
Jordan (1989), Ramakrishnan (1993), and Fox et al. (2000) who made extensive
studies in parts of Africa and South East Asia. Jnum system of cultivation systems
and their impacts on soil physico-chemical properties as well as soil microbial
population have been widely studied by many researchers such as Juo and Manu
(1996); Palm et al. (1996); Nandwa and Bekunda (1998); Giardina et al. (2000);
Lawrence and Foster (2002); Bruun et al. (2009) and Mertz et al. (2009).

Greater part on the study of jhum cultivation in India is carried out in the
Northeast region as it is a biodiversity hotspot and jhum cultivation is the
predominant form of agricultural practice in the region. Significant pioneering
studies on shifting cultivation in northeast India were carried out by Borthakur and
his co-workers in Umaim and Meghalaya (Borthakur et al., 1978), Ramakrishnan
and his co-workers in parts of Meghalaya and Arunachal Pradesh (Ramakrishnan,
1993). Tawnenga and his co-workers in Mizoram (Tawnenga et al., 1996 and1997)
and Choudhury (1998) in parts of Meghalaya (West Garo Hills) and Nagaland
(Makokchung) also contributed to the studies of jhum cultivation in northeast India.
Apart from the abovementioned researchers’ such as Choudhury and Singh (1998);
Mokhopadhyay (2000); Darlong et al. (2001); Tiwari (2001); Cairns (2004);
Upadhyay and Jain (2004) have contributed to the study of jhum cultivation and its
impact on the agriculture, soil, forest cover and socio-economic condition of

Northeast India

In  Mizoram, the studies on ecological impact of shifting
cultivation have been carried out by Tawnenga (1990) and Tawnenga et al. (1997).
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Gogan et al. (2012) write a review on the management options and research priorities
for jhum cultivation in Mizoram state. Sapriliana et al. (2016) studied the impact of
jhum cultivation on litter accumulation, soil enzymes and soil properties of jhum
soils in Mizoram. Lungmuana et al. (2019) carried out the study on impact of
secondary forest fallow period and transformation of jhum to plantations on soil
microbial biomass carbon and enzyme activity dynamics. Sahoo et al. (2019) also
contribute to the study of jhum cultivation by highlighting the effect of jhum
cultivation on soil organic carbon pool in Mizoram. Apart from these researchers,

various workers such as

The sustainability of jhum cultivation is a current topic of discussion in
scientific as well as institutional communities; however, there is no present
agreement. According to Watters (1971) jhum cultivation is an ideal subsistence
agricultural practice in the humid tropics. Researchers such as Kleinman et al.
(1995), Johnson et al. (2001) and Pedroso-Junior (2009) noted that with low
population densities and long fallow periods enough to restore soil fertility jhum
cultivation can provide a sustainable agricultural practice for the tribal people. This
agricultural system is ecologically stable and meets a variety of human needs with
great efficiency, particularly with regard to labour and other agricultural inputs.
However, other researchers such as Altieri et al. (1987), Mertz (2002), Van Vliet et
al. (2012), and Bruun et al. (2009) called attention that in many areas where shifting
cultivation has been practiced successfully for centuries, a growing concern has
developed for the sustainability of Jhum cultivation and the food security of
subsistence farmers due to the rapid change in climatic, economic and political
condition that has occurred in recent decades. Sanchez (1977) communicated that
increase population leads to more pressure on the land use resulting in the reduction
of the fallow period, hence recovery of the nutrient lost is not sufficient for
sustainable agriculture. Eckholm (1976) also agreed that declining yields in jhum
agriculture are often caused by declining soil fertility and poor plant nutrition as
result of the fallow short fallow cycle. Unfortunately, no alternative agricultural
practices have yet been proven biologically and economically feasible for

replacement of jhum system in many areas of the tropics.
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2.2. Soil physico- chemical properties

As summarised by Conklin (1957) and Watters (1960) the phases of jhum
cultivation can be broadly divided into three viz. Conversion, cultivation and
fallowing. These different phases of jhum cultivation have different impact on the
soil physicochemical properties as well as biological properties. McGrath (1987) and
Ramakrishnan (1992) defined the conversion phase as the clearing of selected areas
of its native vegetation to space for the crops plants and the burning of the dried
vegetation to increase the productivity of the crop, for this phase the majority of the

impacts on the physical properties of the soil were negative.

This practice physically exposes the soil for planting, eliminates competing
plant cover, and improves soil fertility by leaving it less acidic and with a greater
availability of nutrients. However, Cunningham (1963) mentioned that until the first
crop is fully established on the cleared land, rapid organic decomposition and the
battering effect of raindrops on the soil can cause degradation of soil properties. Kato
et al. (1999) and Hattori et al. (2005) also reported that the clearing and burning of
vegetation has a detrimental effect on the soil temperature which affects texture,

structure and biota of the soil.

The soil chemical properties are also altered after the conversion phase of
jhum cultivation. However, in contrast to the impact on physical properties, the
effects on soil chemical properties are mainly positive. According to Pedroso-Junior
et al. (2009) and Bruun et al. (2009) these positive effects were expected due to the
release of nutrients in the dried vegetation through burning. Thus, a considerable
portion of the macronutrients stored in the burned biomass (vegetation) becomes
available for the cultivation phase. This ensures that the productivity of the
cultivation phase does not depend on external resources. Lessa et al. (1996) and
Béliveau et al. (2014) noted an in increase in pH due to alkalinisation from addition
ash from the burnt biomass. This improves the cation exchange capacity, nutrient
availability and the microbial community of the soil. Also they reported a significant
decline in the total soil nitrogen and carbon due to vitalization of these nutrients due
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to fire. Other researchers Obale-Ebanga et al. (2003) and Yemefack et al. (2006) are
also in agreement with these findings.

The exposure of the soil surface during the clearing and use of fire during the
conversion phase also has a profound impact on the soil microflora. Yemefack et al.
(2005) and Kendawang et al. (2005) report a negative effect on the soil microbial
community due to increase in temperature and removal of moisture during the

conversion phase of jhum cultivation.

During the cultivation phase, alteration in the soil physico-chemical and
biological properties is reported by many researchers. As cited by Hoélscher et al.
(1997) the growth of the cultivar i.e. Oryza sativa L. has a positive effect on the soil
physical characters such as soil texture, moisture content and temperature. There is
recuperation of the soil structure and texture with increase CEC and soil organic
matters. Soil temperature and moisture content are also positively impact due to the

plant coverage. Bhadauria and Ramakrishnan (1989) reported the same findings.

Roder et al. (1995) and Lawrence et al. (2005) reported decrease in nutrient
lost and progressive increase in nutrient availability due to coverage provided by the
crops. According to Sillitoe and Shiel (1999) there is up keep of the pH in the soil
changed by the ash, favouring the availability of nutrients. Throughout the
cultivation period, the pH returns to its original, more acidic condition which favours
the availability of nutrients. Christanty et al. (1986) cited the fallow period as a
period in which the land is prepared for the next shifting cultivation cycle by
controlled natural reforestation and forest enrichment which is important for re-

establishing soil fertility.

The removal of vegetation and exposure of the soil after harvest of cultivars
has a negative on the soil physico-chemical properties. There is compaction of the
soil structure and texture, decrease inthe absorption capacity and moisture content;
and increase in temperature leeching and erosion during the beginning of the fallow
phase as reported by Mapa and Kumaragamage (1996); Rerkasem et al. (2009) and
others. Roder et al. (1997) and Sakurai et al. (2005) report a loss of soil macro
nutrients and temporary decease in the amount of soil organic matter due to the
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increase surface runoff and leeching. Leeching also leads to the alteration of soil pH
as a result of cations being washed away as mentioned by Weisbach et al. (2002)

These adverse changes are compromised as the length of the fallow periods
increases. After 5 to 10 years or more of fallowing, the soil physico-chemical began
to recover along with microbial community. With the successional stages of fallow
period, there is an increase in the CEC and restoration of soil pH towards the climax
ecosystem. There is an overall increase in the soil fertility and organic matter
accumulation as well as increase availability of macro nutrients. These changes in the
soil dynamics are reported by various workers such as Neergaard et al. (2008) and
Mendoza-Vega and Messing (2005).

Similar patterns are observed for the soil microbial community. The adverse
alteration of the soil physico-chemical properties during the initial stage of the fallow
phase has a negative impact on the soil microbial community in terms of both
quantity and quality. Garcia-Oliva et al. (1999) observed that the diversity as well as
density of soil microbes is reduced due to alteration in nutrient availability and
alteration in abiotic factors. The succession of initial bush fallows (2 - 5 years’
fallow) to mature forest fallow increase the organic matter content of the soil and
creates abiotic condition favourable for the increase microbial biodata in terms of
diversity as well as biomass accumulation. Castellanos et al. (2001) and Okore et al.

(2007) reported the same pattern as observed in the past.
2.3. Soil microbial population

It is important to understand the impact of slash and burn on soil
microorganism as they are crucial to the stability, regulation and functioning of all
ecosystems (Reichle, 1997). Ewel et al. (1981) and Uhl (1987) reported that the
slashing and felling of native vegetation during jhum cultivation can disrupt the
populations of soil micro- and macro-fauna. After clearing, slash is usually allowed
to dry before burning. The investigation of microbial community changes following
slash and burn is particularly important for understanding the extent and duration of
community alterations. In jhum fields burning is an important event and it affects

microbes to a large extent. According to DeBano (1991) heating of soil directly
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affects microorganisms by either killing them directly or altering their reproductive
capabilities resulting in the decrease in microbial population and diversity
immediately after burning. Dunn et al. (1985) stated that microbial groups differ
significantly in their sensitivity to temperature. Immediate decrease in amounts and
diversity of microbes after the burning followed by a gradual recovery, which usually
occurs within days was reported by Sharma (1981); Deka and Mishra (1983) and
recovery within months was reported Ahlgren and Ahlgren (1965); Tiwari and Rai
(1977); Theodorou and Bowen (1982) and van Reenen et al. (1992).

Dkhar and Mishra (1987) observed that the soil microbial population was
lower in jhum cultivation as compared to permanent agricultural lands. Greipsson
and El-Mayas (1999) through their experiment reported that fallowing did not return
microbial communities to their pre disturbance state, although a shift in the
communities did occur with both short (3- month) and longer (15-month) term
fallowing which implies the change in soil microbial community dynamics with the
change in length of the fallowing period.

The isolation and identification of bacterial communities from jhum and jhum
fallow soil to assess the impact of jhum cultivation on the soil bacterial diversity was
carried by various workers. Adeduntan (2010) revealed the presence that Bacillus
cereus, Proteus vulgaris, Clostridium sporogenes, Aeromanas hydrophylla and
Vibrio anguillarum, in both the burn and un-burnt plots of jhum in Ondo State,
Nigeria. Three different genera of bacteria: Coccus, Bacillus and Streptococcus, were
identified from jhum cultivation in Bangladesh by Miah et al. (2010). Pandey et al.
(2011) reports the recovery of Bacillus and Pseudomonas spp. from the 'fired plots'
under shifting cultivation in northeast India. Zothansanga et al. (2016) also reported
the isolation of Bacillus thuringiensis from the jhum and jhum fallow soil of

Mizoram.
2.4. Soil enzyme dynamics

Soil is a living system where all biochemical activities proceed through
enzymatic process. Kiss et al. (1975) mentioned that soil enzymes play an important
role in soil mineralization processes and have been related to other soil biological
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properties. Alef and Nannipieri (1995) reported the potential use of enzyme activity
as an index of soil productivity or microbial activity. The enzyme activities have
often been used as indices of microbial activity and soil fertility (Kennedy and
Papendick, 1995). Among the different types of soil enzymes, oxidoreductase
(dehydrogenase) and hydrolases (phosphatase and urease) are thoroughly studied due
to their specific importance in organic matter transportation processes, phosphorus
cycle and agricultural practices. Several workers have studied dehydrogenase, urease
and phosphatase activities in different systems under different climate, land use and
soil conditions (Baruah and Mishra, 1984; Rao and Ghai, 1985; Tiwari et al., 1989).
Many workers such as Doran et al. (1996), Das and Verma (2010) and Alkorta et al.
(2013) and have highlighted the potential use of soil enzymes as a biological

indicator for soil health.

Dick et al. (1998) state that anthropogenic activities such as tillage and
agricultural land uses including jhum cultivation may reduce enzyme activities and
could alter the availability of nutrients for plant uptake. Pang and Kolenko (1986);
and Fox and Comerford (1992) from their experiments reported the adverse effect of
tillage, agricultural practices, removal of natural vegetation and application of
fertilizers especially p- fertilizers have decreased the enzymatic activity in
rhizosphere soils.

Jha et al. (1992) reported that in north-eastern India the activities of some soil
enzymes, including dehydrogenase, urease, and phosphatase, were higher in the less
degraded than in the more degraded forest soils based on the differences in the fungal
and bacterial population numbers between them. Reza et al. (2014) also observed a
decline in the soil enzymes activities of jhum cultivation but also stated that as the
vegetation regrows after abandonment of cultivation on jhum land, enzyme activity
gradually increased with age of the secondary successional communities on the jhum
fallow. The decline reduction in the phosphatase, dehydrogenase and urease enzyme
activities under jhum agriculture and horticultural practices in the hilly region of
Northeast India was also noted by Ralte et al. (2005).
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2.5. Soil microbial biomass

Soil microbial biomass is an important component in soil quality assessment
because of its important roles in nutrient dynamics, decomposition of natural and
organic amendments and physical stabilization of aggregates (Franzluebbers and
Dick, 1993 and Franzluebbers et al., 1999). Powlson et al. (1987) and Srivastava and
Singh (1991) had proposed the use of soil microbial biomass as tool for
understanding and predicting the long term effects of changes in soil microbial
biomass responds much more rapidly than the total organic matter to any change in

organic inputs.

Soil microbial biomass is the primary catalyst of biogeochemical processes
and also acts as an energy and nutrient reservoir (Bailey et al., 2002; Hargreaves et
al., 2003; Hoffman et al., 2003 and Moussa et al., 2007). Hence in relatively low
fertility soils like those of jhum cultivation systems, the study of soil microbial
biomass and the proportion of nutrients (N, C and P) immobilized in the biomass is
of prime importance. However, few studies are available on the effect of slash and
burning on the dynamics of soil microbial biomass in the tropical forest (Ayanaba et
al., 1976; Srivastava and Singh, 1991; Saranath and Singh, 1995).

Extensively study was carried out by Arunachalam and his co-workers (1994;
2002; 2003) on the dynamic of soil microbial biomass in jhum and jhum fallow soil.
Based on their research they reported that the process of jhum cultivation as a
detrimental effect on the soil microbial biomass, which gradually recuperate during
the fallow period. According to Borggaard et al. (2003) increased land use pressure
has resulted in shortened fallow periods which in turn led to reduction in microbial
biomass, nutrient depletion and low productivity. Yadava and Devi (2004) reported
that due to the addition of large amount of organic matter in the form of ash, the
higher values of microbial biomass C, N and P in the recent slash and burnt site than
that of the forest site. Binarani and Yadava (2010) also reported that slash and burn
cultivation has a detrimental effect on the soil microbial biomass which is
regenerated with increased in fallow period. Joshi et al. (2019) also carried out the

study on the impact of jhum cultivation on the soil microbial biomass and its
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implication. The impact of various land use system on soil microbial biomass was
also carried out by other workers such as Moore et al. (2000); Hargreaves (2003) and
Maharjan et al. (2017).

2.6. Soil phosphorous nutrient

Sharma et al. (2013) cited Phosphorus (P) as one of the major macronutrients
essentially required by plants. Major growth-limiting macronutrients required for
proper plant growth, particularly in tropical areas, due to its low availability in the
soil which accounts for between 0.2 and 0.8% of the dry weight of plants. After
uptake by plants, P plays a critical role in photosynthesis, energy transfer, signal
transduction, macromolecular biosynthesis, and respiration. It also stimulates root
development and facilitates flower formation and quality and quantity of fruits and
seed formation as reported by Ahmad et al. (2009). Also, Molla et al. (1984)
mentioned that, sufficient P concentration may increase the resistance ability of

plants to diseases and adverse conditions.

As noted by Alam et al. (2002) and Mehrvarz et al. (2008), P is the second
most important macronutrient required by the plants; next to nitrogen the availability
of soluble forms of P for plants in the soils is limited because of its fixation as
insoluble phosphates of iron, aluminium, and calcium in the soil. Most soils possess
considerable amounts of P, but a large proportion is bound to soil constituents.
According to Barber (1984) and Vassileva et al. (1988) Phosphorus contents of soil
vary from 0.02-0.5 %. However, a greater part of soil phosphorus, approximately 95-
99 % is present in the form of insoluble phosphates and hence cannot be utilized by
the plants. Behera et al. (2014) classified Phosphate compounds present in soil into
three groups, viz. soluble orthophosphate, insoluble inorganic phosphate, and
insoluble organic phosphate. Orthophosphate is the only form that can be taken up by
the plants. It reacts with numerousinorganic and organic constituents of soil and

therefore becomes least mobileand unavailable for uptake by plants.

Popenoe (1959) found that the available phosphorus level of a soil increases
upon clearing and burning as a result of the phosphorus content of the ash. Slight

increase of available phosphorus is shown immediately after the burn, but a markedly
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increased after a month is reported by Toky and Ramakrishnan (1981). Joachim and
Kandiah (1948) cited that supply of available phosphorus is augmented by addition
of ash after burning. Nye and Greenland (1964) estimated phosphorus as much as 27

kg ha! is provided by the ash of a 10-year forest fallow.

Sanchez (1977) considered that the decline in available phosphorus
conceivably could be one of the most important reasons for abandoning the field to
forest regrowth. Many workers such as Nye and Greenland (1964) along with Zinke
et al. (1978) stated that a decline in soil fertility during cropping is naturally expected
due to the net uptake of nutrients by growing crop may be responsible partly for
lowering the nutrient levels despite a continuous supply through mineralization. The
decrease in available phosphorus with cropping can also be attributed to the removal
in the harvested crop or phosphorous fixation due to a drop in pH particularly when

iron and aluminium oxides. Leaching losses are negligible.

According to Nye and Greenland (1960) total available phosphorus showed
marked and steady increase during the fallow period. This suggests that a longer
fallow period favours greater improvement in humus and some of these nutrients
inorder to sustain slash and burn agriculture, an observation also noted by others

wormers such as Toky and Ramakrishnan (1981).
2.7. Mechanism of P solubilization

According to Richardson (1994) there are two components of P in soil such
as organic and inorganic phosphates. A large proportionof soil P is present in
insoluble forms and therefore not available for plant nutrition. Insoluble forms of
inorganic P such as tricalcium phosphate [Ca3(POas)2], aluminium phosphate
(Al3POs), iron phosphate (FesPOa) etc. may be converted to soluble P by phosphate
solubilizing organisms in habiting different soil ecosystems as reported by Gupta et
al. (2007) and Song et al. (2008). Organic forms of P may constitute 30-50% of the
total phosphorus in most soils, although it may range from as low as 5% to as high as
95% as reported Paul and Clark (1988). Dalal (1977) and Anderson (1980) stated

that organic P in soil is largely in the form of inositol phosphate (soil phytate).
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As observed by Rodriguez and Fraga (1999), Sharma et al. (2013) and other
researchers, the principal mechanism in inorganic P solubilization is the production
of mineral dissolving compounds such as organic acids, siderophores, protons,
hydroxyl ions and COz. According to Kpomblekou and Tabatabai (1994) and
Stevenson (2005), inorganic P solubilization is mainly carried out by the action of
organic and inorganic acids secreted by phosphate solubilizing microbes.

Sharma et al. (2013) and Altori et al. (2017) suggested the release of H™ in
exchange for cation uptake or with the help of H* translocation ATPase as an
alternate mechanism to organic acid production for solubilization of mineral

phosphates.

Mineralization of soil organic P plays an important role in phosphorus
cycling of a farming system. Hilda and Fraga (2000) indicated that the principal
mechanism for mineralization of soil organic P is the production of acid
phosphatases. Most of these organic compounds are high molecular-weight materials
that are generally resistant to chemical hydrolysis and must therefore be bio-
converted to either soluble ionic phosphate (Pi, HPO4%, H2PO4) or low molecular-
weight organic phosphate to be assimilated by the cell as cited by Peix et al. (2001).
Release of organic anions, and production of siderophores and acid phosphatase by
plant roots and microbes or alkaline phosphatase enzymes hydrolyze the soil organic
P or split P from organic residues as reported by Tarafdar and Claasen (1988) and
Yadaf and Tarafdar (2001). As reported by Cosgrove (1967) and Tarafdar et al.
(1988) almost half of the microorganisms in soil and plant roots possess P
mineralization potential under the action of phosphatases. Alkaline and acid
phosphatases use organic phosphate as a substrate to convert it into inorganic form.
The largest portion of extracellular soil phosphatases is derived from the microbial
population as noted by Dodor and Tabatabai (2003). Kucey et al. (1989) reported
that mixed cultures of PSMs (Bacillus, Streptomyces, Pseudomonas etc.) are most

effective in mineralizing organic phosphate.
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2.8. Phosphate Solubilizing Bacteria

Almost all soils harboured phosphate-solubilizing microorganisms but the
population abundance varied with soil climate (Sperber, 1958; Katznelson and Bose,
1959; Banik and Dey, 1982; Kucey, 1983; Thomas et al, 1985). Khan et al. (2007)
reports naturally occurring rhizospheric PSMs dates back to 1903. Studies of Kucey
et al. (1989) revealed the occurrence and abundance of phosphate solubilizers in soil
Among the whole microbial population in soil, P solubilizing bacteria comprise 1
50% and P solubilizing fungi 0.1 to 0.5% of the total respective population (Chen et
al., 2006; Khan et al., 2009; Walpola and Yoon, 2012). According to Sharma et al.
(2013) in soil P solubilizing bacteria constitute 1-50% and fungi 0.1-0.5% of the total

respective population

Swaby and Sperber (1958) reported the solubilization of mineral phosphate
by rhizosphere microorganisms isolated from neutral and alkaline soils. The principal
genera were Pseudomonas, Arthrobacter, Xanthomonas, Achromobacter,
Flavobacterium, Streptomyces, Aspergillus and Penicillium. Sundara Rao and Sinha
(1963) isolated phosphate solubilizing microorganisms viz., Bacillus megaterium,
Escherichia freundii, Escherichia intermedia and Bacillus circulans from
rhizosphere of wheat and found that soil inoculation with pure cultures of these
organisms increased the acid extractable P,Os. Subbarao (1988) and Kucey et al.
(1989) mentioned Bacillus megaterium, B. circulans, B. subtilis, B. polymyxa, B.
sircalmous, Pseudomonas striata, and Enterobacter as the most important phosphate
solubilizing microbial strains. Tilak et al. (2005) based on their research report
Bacillus and Pseudomonas amongst bacteria and Aspergillus and Penicillium
amongst fungi as the most efficient phosphate-solubilizing microorganisms belong to
genera. Bacterial genera like Azotobacter, Bacillus, Beijerinckia, Burkholderia,
Enterobacter, Erwinia, Flavobacterium, Microbacterium, Pseudomonas, Rhizobium
and Serratia are reported as the most significant phosphate solubilizing bacteria
(Bhattacharyya and Jha, 2012). Whitelaw (2000) referred to strains from bacterial
genera Pseudomonas, Bacillus, Rhizobium and Enterobacter along with Penicillium
and Aspergillus fungi as the most powerful P solubilizers. Igual et al. (2001) and
Alam et al. (2002) cited that bacteria are more effective in phosphorus solubilization
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than fungi and among the soil bacterial communities, ectorhizospheric strains from
Pseudomonas and Bacilli, and endosymbiotic rhizobia have been described as
effective phosphate solubilizers. Genera able to solubilize phosphate include,
Rhizobium (Chabot et al. 1996), Bacillus (Sahin et al., 2004), Burkholderia (Tao et
al., 2008), Enterobacter (Sharma et al., 2005), Pseudomonas (Malboobi et al., 2009)
and Streptomyces (Chang and Yang, 2009)

The phosphate solubilizing ability of microorganisms has been demonstrated
through their growth on culture media supplemented with tricalcium phosphate,
dicalcium phosphate, hydroxyapatite, phosphoric rock and other minerals containing
insoluble P as sole phosphate source as stated by Igual et al. (2001). The phosphate-
solubilizing activity can be assessed by the formation solubilization halos (light
zones) around the microbial colonies (Mikanova and Novakovéa, 2002), when they
grow on plates of distinct culture media. Various growth mediums are being used for
isolation and characterization of PSM. The method given by Pikovskaya (1948) was
the most reliable approach for preliminary screening and isolation of potential PSM.
NBRIP medium (Nautiyal, 1999) and NBRIP-BPB medium (Mehta and Nautiyal,
2001) are also used by researchers for purpose of PSM identification and isolation.
The basic method used for the screening of PSM was determination of solubilization
index (SI) and solubilized P (Banik et al., 1989; Alam et al., 2002; Suliasih et al.,
2005; Fankem et al., 2006; El-Yazeid et al., 2007; Epsionosa - Victoria et al., 2009;
Chakkaravarthy et al., 2010; Nenwani et al., 2010; Prasanna et al., 2011)

The application of molecular biological methods to investigate the occurrence
and distribution of bacteria in the environment has the advantage of providing direct
information on community structure. The culture-based methods recover merely a
fraction of the natural population. Torsvik and Ovreas (2002) alluded that more than
99% of soil microorganisms have not been cultured successfully. Therefore, culture-
independent methods are required to study the function and ecology of microbes
involved in P cycling in soils Molecular approaches for such culture-independent
methods have been developed in the recent past. Vandamme et al. (1996) indicated
that polyphasic taxonomical studies, which include phenotypic, genetic and
phylogenetic information, have been widely used in microbial diversity studies.
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Eisen (1995) reported the used of molecular techniques such as gene sequencing for
genetic and phylogenetic characterization of microbes. Woese (1987) stated that the
concept of phylogenetic relationships among bacteria has revolutionizeddue to the
application of molecular techniques to microbial systematic andidentification of

ribosomal RNA as a premier molecule for evaluating evolutionaryrelationships.

Based on polyphasic taxonomical studies new PSB species have been
identified such as P. rhizospharae (Peix et al., 2003), P. lutea (Peix et al., 2004) and
Microbacterium ulmi (Rivas et al., 2004). Kumar et al. (2010) isolated and identified
six PSB from paddy fields of Eastern Uttar Pradesh Using 16SrRNA gene
sequencing. Valverde et al. (2003) also cited polyphasic characterization based on
molecular tools, of PSB from rhizospheric soil of the north-eastern region of
Portugal. Chen et al. (2006) reported the isolation, screening and characterization of
36 strains of phosphate solubilizing bacteria from Central Taiwan carried out using
16SrRNA sequencing. Khiangte and Lalfakzuala (2016) reported the isolation and
characterisation of 17 PSBs based on 16s rRNA gene profiling from the paddy field
of Mizoram, India which is the first report from the region. Based on 16S rRNA
Gene Sequencing Chawngthu et al. (2020) also characterised 44 PSBs from the

rhizosphere soil of wetland paddy field of Mizoram, India
2.9.1. PSB as potential Bio fertilizer

Goldstein (1986) and Sundara et al. (2002) has estimated that in some soil up
to 75% of applied phosphate fertilizer may become unavailable to the plantbecause
of mineral phase precipitation. This greatly reduced the efficiency of applied
phosphate fertilizers in agricultural field. Hence a need to develop alternate means to

supply the limited but essential P for plant utilization becomes necessary.

In the past few years, exploring the potential of beneficial microbes and the
use of PGPR for sustainable agriculture has drawn the attention of many researchers
from various parts of the world. According to Davies (1995) PGPR are group of
bacteria that actively colonize plant roots region and increase plant growth and yield.
Among PGPR, phosphate solubilizing bacteria (PSB) are considered as favourable
biofertilizers since they can supplyplants with phosphorus (P) from sources
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otherwise poorly available. Pichu (1989) and Glick (1995) reported various species
of bacteria like Pseudomonas, Azospirillum, Azotobacter, Klebsiella, Enterobacter,
Alcaligenes, Arthrobacter, Burkholderia, Bacillus and Serratiaas PGPR. Various
authors such as Antoun et al. (1998), Chabot et al. (1998), Pal (1998), Sarawgi et al.
(1999), Tomar et al. (1996) described the beneficial effects of the inoculation with
PSB tomany crop plants. Gulati et al. (2007) noted that the use of PSB as inoculants
to increase P uptake in several plants. The application of PSB by inoculating in soil
appears to be an efficient way to convert the insoluble P compounds to plant-
available P form as reported by Kalayu (2019), which result in better plant growth,
crop yield, and quality. Pseudomonas sp., Bacillus circulans, Acidithiobacillus
ferroxidans, B. mucilaginosus, Burkholderia sp. And Paenibacillus sp. are some
efficient microbes as reported by Liu et al. (2012), Verma et al. (2015) and Saiyad et
al. (2015).

23



Chapter 3

Soil Physico-Chemical Properties

3.1. Introduction

Soil is crucial to life on earth. Soil is a dynamic natural body, non-renewable
resource, composed of mineral and organic solids, gases, liquids, and living organism
which serve as medium for plant growth and monitoring its fertility is an important
objective in the sustainable development of agro-ecosystems The quality of soil
depends in part on its natural composition, and also on the changes caused by human
use and management (Larson and Pierce, 1993). Soil is the primary resource for land
use and contributes to principal functions within a landscape: nutrient cycling; water-
holding capacity; habitats and biodiversity; storing, filtering, buffering, and
transforming compounds; and provision of physical stability and support (Blum,
1993; Young and Crawford, 2004; Koch et al., 2013). It is a dynamic system and an
important component of the ecosystem. It contributes an ecological niche where
constant biological activity regulates the chemical nature of its parent material and

the type of plant growth it supports.

Soil quality has been defined as "the capacity of soil to function within the
land-use and ecosystem boundaries, to sustain biological productivity, maintain
environmental quality and promote plant, animal and human health (Doran and
Parkin, 1994 and 1996). Soil quality is a key factor for the growth of crop plants and
the deciding factor for the availability of plant nutrients. Soil quality depends on a
large number of physical, chemical, biological, microbiological and biochemical
properties. The undesirable changes in any of these properties lead to the degradation
of soil quality. Maintaining soil quality is a key determinant for ecosystem services
and benefits management and climate change mitigation (Lal, 1997 and 2010; Foley,
2005; Bringezu et al., 2014).
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Since soil is the base resource for about all land utilizes and the most
noteworthy constituent of sustainable agriculture (Nambiar et al., 2001; Bouma,
2002), appraisal of soil quality and its course of change with time are the perfect and
essential indicator of sustainable agrarian land management (Doran, 2002; Karlen et
al., 1997). Estimating the changes in soil physical, chemical and biological properties
could be utilized as markers to monitor agricultural land management (Hartemink,
1998; Wang and Gong, 1998; Arshad and Martin, 2002).

3.2. Study site and soil sampling

Soil sampling was carried out from jhum fields of Hmuntha village (23.4939°
N and 92.9419°E) which is situated in Serchhip District, Mizoram, India. Soil
samples were collected from current jhum field (Jh), 2 years jhum fallow land (2F), 5
years jhum fallow land (5F),10 years jhum fallow land (10F) and undisturbed forest
(UD) which was serving as reference (control). Soil sample was collected during in
the month of February, May, August and November representing the slash- unburnt,

post burnt, cultivation period and post-harvest period of the jhum field respectively.

Soils were collected randomly from five points (approximately 20 meters
distant) from each study sites from the surface (0-20 cm) layer. The collected soil
samples were mixed thoroughly to obtain one composite sample for each site.
Collected soil samples were kept in a sterile polybags and stored at 4°C till further
analysis. During collection of samples necessary measure were taken to avoid

contamination.
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Fig. 3.1. a) Map of Mizoram highlighting Serchhip district

b) Map of Serchhip district showing the location of Hmuntha village
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Fig 3.2. Phases of jhum cultivation of the study site

a. Dried slash native vegetation.

Burning of dried vegetation.

Burnt jhum field covered in ash and debris.
Rice cultivation in jhum field
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3.3. Methodology

3.3.1. Soil Moisture Content

Estimation of soil moisture content (SMC) was carried out following the
method given by Misra (1968). 20gm of soil samples were taken in moisture boxes
of known weight. The moisture boxes with soil samples were then oven dried to a
constant mass at 105°C for 24 hours. The soil moisture content was determined by
the following formula-

wl— w2
Soil Moisture content (%) = T x 10
Where, W = initial weight
W, = final weight

3.3.2 Soil Bulk Density

Soil bulk density was measured using the method described by Anderson and
Ingram (1993). After clearing the soil surface, metal tube of known weight and
volume was inserted into the soil surface. The soil was unearthed from around the
tube and the soil underneath the tube bottom was cut. The excess soil was removed
from the tube ends. The soil samples were dried at 105°C until constant weight. The

bulk density determined using the following formulae.

Soil Bulk Density (BD) _ Weight of oven-dried soil (g)

Volume of soil core (cm?2)
Where,
Volume of soil core =3.14r*h
r =inside radius of cylinder (cm)

h =height of cylinder

3.3.3 Soil Water Holding Capacity
Soil water holding capacity (WHC) was measured using the keen box method
described by Piper (1944). The bottom of a keen- box with a perforated hole
(approximately 0.75mm in diameter) was covered with Whatman No. 1 filter paper
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and the weight was recorded. 10 g of oven-dried soil (100-105°C) was taken and
placed on the bottom of keen box and weighed. The keen-box along with soil
samples were partially submerged in water (up to one fourth) overnight. The keen-
box along with the soil was taken out and allowed to stand to drain off the excess
water before mass was determined. Water holding capacity of a soil sample is
determined with the help of the following formula:

Soil Water Holding Capacity (%) = F-&+D) EC(S -IA_)D) x 100

Where,
A = Weight of empty Keen’s box
B = Weight of saturated soil + Keen’s box
C = Weight of oven dried soil + Keen’s box
D = Weight of wet filter paper

3.3.4 Soil pH

For measurement of soil pH method given by Schofeild and Taylor (1955) was
followed. 1:5 soil-water suspensions were prepared by taking about 20 g soil and
appropriate volume of distilled water in a beaker and shake vigorously for 5 minutes.
The mixture was allowed to stand for 1 hour and the pH reading was then taken. The
electrode was washed with a jet of distilled water and dried with the help of tissue

paper in between measurement of each sample.

3.3.5. Soil Temperature
For measuring the soil temperature of the study sites, a standard digital

thermometer is used.

3.3.6. Soil Organic Carbon

Organic carbon has been determined using titration method given by Walkey
and Black (1934). 1.0 g of dried soil sample was taken in a 500 ml dry conical flask
to which 10 ml of 1(N) K,Cr,O7 solution and 20 ml of concentrated H,SO, acid were
added. After swirling for 2 minutes, the mixture was allowed to stand for 30 minutes.

The contents were diluted to 200 ml with distilled water and then 10 ml of
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orthophosphoric acid and 1 ml of diphenylamine indicator were added. The color of
the solution turns blue-violet. The solution was titrated with 0.5 (N) ferrous
ammonium sulphate till the color changes to brilliant green. A blank titration was
also run simultaneously. The amount of organic carbon in percentage and the total
organic matter were calculated by using the following formulae:

10(B—-T)

100
Soil Organic Carbon (%) = — 5 %X 0.003 X -

Where,
B= Volume of ferrous ammonium sulphate required for blank titration in ml.

T= Volume of ferrous ammonium sulphate needed for soil sample in ml.

S= Weight of soil in gram.

3.3.7 Available Soil Nitrogen

Available nitrogen of the soil sample was determined by method given by
Subbiah and Asija, (1956). 20 g of soil sample was taken in a distillation flask and 20
ml water and 100 ml of 0.32% KMnO, solution were added. 20 ml of 0.02N H,SO,
was taken in a 250 ml conical flask and two to three drops of methyl red indicator
was added. Flask was placed below the receiver tube with the tip of the receiver tube
well dipped into the H,SO,4 solution. 100 ml 0.32% KMnO, and 100 ml of 2.5%
NaOH were added to the distillation flask containing soil and flask was immediately
connected with the distillation apparatus. Distillation flask was heated. H,SO,4
containing excess ammonia is titrated with 0.02N NaOH. The amount of available

nitrogen is calculated using the given formula and express as kgha™

Soil Available Nitrogen kg ha™= (X-Y) x 0.00028/20 x 2240000
or=(X-Y)x 28 x1.12 = (X-Y) x 31.36
X = Volume of N/50 H2SO4 taken in ml
Y = Volume of N\50 NaOH used in ml
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3.2.8 Available Soil Phosphorus

Available phosphorus is determined by ammonium molybdate method given
by Olsen et al., 1954. Soil sample of 2.5 g was taken in 100 ml conical flask and
activated charcoal and 50 ml of Olsen’s reagent (0.5M NaHCOs3; pH 8.5) was added.
The contents were shaken for 30 min on a mechanical shaker and then were filtered
through Whatman No.1 filter paper. 5 ml of the clear filtrate was taken in to a 25 ml
volumetric flask. To this solution, 5 ml of ammonium molybdate solution (containing
400 ml of 10N HCI per litre) was gradually added. The contents were shaken slowly
to drive out the CO2 released from the solution. Distilled water was added, washing
down the sides, to bring the volume to about 22 ml. 1 ml of freshly diluted SnCl,
solution was added and the contents were shaken a little and the volume was made
up to 25 ml with distilled water. The developed blue color intensity was read at 660
nm against a blank. Calculation for available phosphorous was done using the given

formula and expressed in terms of kg/ha.

) . Kg V 1 (224 x10°
Soil Available Phosphorus (—) = R X 5 X 3 X ———

ha 10¢
Where,
V = total volume of extractant (ml)
v = volume of aliquot taken for analysis (ml)
S = weight of soil (g)
R = weight of phosphorus in the aliquot in pug (from standard graph)

3.2.9 Exchangeable Soil Potassium

Exchangeable potassium content of soil sample was determined by the flame
photometer method described by Ghosh et al. (1983).) using flame photometer after
extracting with 1N ammonium acetate solution. 5 g of soil sample was shaken with
25 ml of 1N ammonium acetate solution for 5 minutes and filtered through Whatman
No. 1. The first few ml of the filtrate was rejected. The potassium concentration in

the extract was determined by flame photometer using K filter.
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Soil Exchangeable Potassium (%) =RX % X 224 X L0

106
Where,
R = ppm of K in the extract (obtained from standard graph)
V= Volume of the soil extract in ml
W = Weight of dry sample taken for extraction in gram

Statistical analysis

All the experiments were performed in triplicate and the mean values with
+SE were calculated. One-Way ANOVA and Correlation coefficient (r) were
calculated for each parameter by using SPSS16. Statistical significance at p < 0.05

was considered.

3.4. Results

3.4.1. Soil pH

The soil pH ranges from 4.7 in Jh field during February to 5.5 in UD site
during May were observed. Although there was no significant seasonal varaiation in
pH for the study sites except for Jh site which showed a marked increase from 4.7 in
February to 5.0 in May.
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Fig. 3.3. Soil pH of different soil samples such as current jhum (Jh), 2 years
jhum fallow (2F), 5 years jhum fallow (5F), 10 years jhum fallow
(10F) and undisturbed forest (UD).

Table 3.1. One-way analysis of variance (ANOVA) of pH among different soil
samples such as current jhum (Jh), 2 years jhum fallow (2F), 5 years
jhum fallow (5F), 10 years jhum fallow (10F) and undisturbed forest
(UD). Marked effects are significant at p < 0.05.

S.N. Source of variation F-value p-value
1. Jh x 2F x 5F x 10F x UD 1.132E3 0.000*
2. Jh x 2F 0.529 0.520

3. Jh x 5F 41.350 0.008*
4. Jh x 10F 30.546 0.012*
5. Jhx UD 131.760 0.001*
6. 2F x 5F 81.491 0.003*
7. 2F x 10F 74.506 0.003*
8. 2F x UD 293.390 0.000*
9. 5F x 10F 3.183 0.172

10. 5F x UD 30.128 0.012*
11. 10F x UD 81.767 0.003*
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3.4.2 Soil Moisture Content

The soil moisture content (SMC) showed seasonal variation as well as
variation between different study sites. The collected data indicate that moisture
percentage of soil at 10F and UD sites were always higher than the other sites.
Highest SMC percent was recorded at UD site during in the month of August
(32.63%) while lowest was recorded at the 2 years’ fallow (2F) site (12.5 %) during
in the month of February. SMC (%) was considerably lower at 2F site during the
whole study period. All study sites showed a gradual increase in SMC (%) from
February to August with a steep drop during November. Maximum SMC (%) for all
sites was recorded during August.

One-way ANOVA was performed to compare the variation between the mean
SMC of different study sites present that significant variation in SMC (%) was
observed between Current jhum and 2 years fallow (Jhx2F), Current jhum and
Undisturbed Forest (JhXUD), 2FX5F, 2Fx10F, 2FXUD and 5FXUD. While no
significant variation was observed between JhX5F, JhX10F, 5FX10F and 10FXUD.
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Fig 3.4.  Soil moisture content (%) of different soil samples such as current jhum
(Jh),2 years jhum fallow (2F), 5 years jhum fallow (5F), 10 years jhum

fallow (10F) and undisturbed forest (UD).
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Table 3.2 One-way analysis of variance (ANOVA) of soil moisture content (%)
among different soil samples such as current jhum (Jh), 2 years jhum
fallow (2F), 5 years jhum fallow (5F), 10 years jhum fallow (10F) and
undisturbed forest (UD). Marked effects are significant at p < 0.05.

S.N. Source of variation F-value p-value
1. Jh x 2F x 5F x 10F x UD 58.656 0.000*
2. Jh x 2F 134.363 0.000*
3. Jh x 5F 6.683 0.061
4, Jh x 10F 1412 0.300
5. Jhx UD 8.147 0.046*
6. 2F x 5F 43.645 0.003*
7. 2F x 10F 78.128 0.001*
8. 2F x UD 95.11 0.001*
9. 5F x 10F 7.501 0.052
10. 5F x UD 16.259 0.016*
11. 10F x UD 1.892 0.241

3.4.3 Bulk Density

Highest Bulk density of 1.37 gcm™ was recorded at the Jh site during the
month of May (i.e. after burning of current jhum field). The Jh site showed the
highest bulk density for all the sampling periods which gradually decline towards the
end of the sampling. The result for Bulk density showed a progressive decline as the
fallow site recovers and succession take place towards climax community.
Significant variation at p < 0.05 for one-way ANOVA was observed between all the

sampling sites for Bulk density.
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Fig 3.5. Soil bulk density (gcm™) of different soil samples such as current jhum
(Jh), 2 years jhum fallow (2F), 5 years jhum fallow (5F), 10 years jhum
fallow (10F) and undisturbed forest (UD).
Table 3.3. One-way analysis of variance (ANOVA) of soi bulk density among
different soil samples such as current jhum (Jh), 2 years jhum fallow
(2F), 5 years jhum fallow (5F), 10 years jhum fallow (10F) and
undisturbed forest (UD). Marked effects are significant at p < 0.05.
S.N. Source of variation F-value p-value
1. Jh x 2F x 5F x 10F x UD 61. 32E3 0.000*
2. Jh x 2F 306.934 0.000*
3. Jh x 5F 1.29E+03 0.000*
4. Jh x 10F 3.24E+03 0.000*
5. Jhx UD 2.15E+03 0.000*
6. 2F x 5F 141.028 0.000*
7. 2F x 10F 720.300 0.000*
8. 2F x UD 395.267 0.000*
9. 5F x 10F 465.327 0.000*
10. 5F x UD 121 0.000*
11. 10F x UD 101.769 0.001*
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3.4.4 Water holding capacity

The water holding capacity (%) showed variation among the study sites
ranging from 60.32% in 2F site to 73% in UD site. However, there was negligible
variation in the WHC (%) of the samples with respect to the sampling period i.e. the
WHC (%) remains relatively constant with the change in season for each sampling
site. However, WHC (%) of the sampling sites showed a constant increase with
increase in the fallowing period with the WHC (%) of 10F and UD being almost
equivalent. The Jh site showed a decrease in WHC (%) during May which gradually
increases as the cropping phase of jhum cultivation progress. One-way ANOVA (p <
0.05) performed for the obtained result confirmed the observation. Significant

variation was observed between all the sampling sites except for Tf x UD.

EJh m2F O5F O10F OUD

Soil water holding capacity (%)

May Aug Nov

Sampling Months

Fig 3.6. Soil water holding capacity (%) of different soil samples such as current
jhum (Jh), 2 years jhum fallow (2F), 5 years jhum fallow (5F), 10 years
jhum fallow (10F) and undisturbed forest (UD).
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Table 3.4. One-way analysis of variance (ANOVA) of soil water holding capacity
(%) of among different soil samples such as current jhum (Jh), 2 years
jhum fallow (2F), 5 years jhum fallow (5F), 10 years jhum fallow (10F)
and undisturbed forest (UD). Marked effects are significant at p < 0.05.

S.N. Source of variation F-value p-value
1. Jh x 2F x 5F x 10F x UD 1.132E3 0.000*
2. Jh x 2F 107.449 0.000*
3. Jh x 5F 340.434 0.000*
4. Jh x 10F 533.44 0.000*
5. Jhx UD 722.839 0.000*
6. 2F x 5F 266.041 0.000*
7. 2F x 10F 2.39E+03 0.000*
8. 2F x UD 6.06E+03 0.000*
9. 5F x 10F 1.222 0.002*
10. 5Fx UD 37.09 0.004*
11. 10F x UD 107.449 0.331

3.4.5. Soil Temperature (°C)

Variation in soil temperature was observed between different sampling sites as
well as sampling months. The soil temperature ranges from 12.07°C at UD site
during November to 26.11°C at 2F site during the month of August. Highest soil
temperature was shown by the 2F site followed by the Jh site for all sampling
seasons.

Test of significance using one-way ANOVA showed a significant variation in
mean soil temperature between all the study sites except between Jhx2F; Jhx5F;
2FX5Fand 10FxUD.
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(Jh), 2 years jhum fallow (2F), 5 years jhum fallow (5F), 10 years jhum
fallow (10F) and undisturbed forest (UD).

Table 3.5. One-way analysis of variance (ANOVA) of soil temperature (°C) of
among different soil samples such as current jhum (Jh), 2 years jhum
fallow (2F), 5 years jhum fallow (5F), 10 years jhum fallow (10F) and
undisturbed forest (UD). Marked effects are significant at p < 0.05.

S.N. Source of variation F-value p-value
1. Jh x 2F x 5F x 10F x UD 50.358 0.000*
2. Jh x 2F 1.943 0.258

3. Jh x 5F 5.508 0.101

4, Jhx10F 29.017 0.013*
5. Jhx UD 52.385 0.005*
6. 2F x 5F 9.634 0.503*
7. 2F x 10F 32.955 0.010*
8. 2F x UD 54.519 0.005*
9. 5F x 10F 9.415 0.050*
10. 5Fx UD 27.476 0.014*
11. 10F x UD 4.422 0.126
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3.4.6 Soil organic carbon content

Highest SOC of 4.793% was shown by the UD site during November while Jh
567% during February. The SOC of Jh, 2F

and 5F site were found to be comparatively lower than 10F and UD sites. UD site

site showed the lowest SOC reading of 2.

showed a much higher SOC reading as compared to all the other sites for all
sampling periods. In Jh site, there was a spike in the amount of soil SOC during May

which gradually falls as phases of jhum cultivation continues

Significant variation was observed between all the sampling sites while
performing one-way ANOVA taking significant level of p < 0.05. This implies that
the amount of SOC content of the sampling sites differ from one another at a

significant level which can affect the soil health
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Fig 3. 8.  Soil organic carbon content (%) of different soil samples such as current

jhum (Jh), 2 years jhum fallow (2F), 5 years jhum fallow (5F), 10 years

jhum fallow (10F) and undisturbed forest (UD).
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Table 3.6. One-way analysis of variance (ANOVA) of soil organic carbon content
(%) among different soil samples such as current jhum (Jh), 2 years
jhum fallow (2F), 5 years jhum fallow (5F), 10 years jhum fallow (10F)
and undisturbed forest (UD). Marked effects are significant at p < 0.05.

S.N. Source of variation F-value p-value
1. Jh x 2F x 5F x 10F x UD 2.63E+03 0.000*
2. Jh x 2F 19.018 0.012*
3. Jh x 5F 0.575 0.490*
4, Jh x 10F 311.444 0.000*
5. Jhx UD 4.03E+03 0.000*
6. 2F x 5F 17.144 0.014*
7. 2F x 10F 484.385 0.000*
8. 2F x UD 4.60E+03 0.000*
Q. 5F x 10F 167.114 0.000*
10. 5Fx UD 2.35E+03 0.000*
11. 10F x UD 2.10E+03 0.000*

3.4.7 Soil Available Nitrogen

Soil available nitrogen showed variation with respect to the length of the
fallowing period of the sampling sites. UD site and 10F showed the highest available
Nin soil without any significant variation at p < 0.05 between them. Lowest available
N was shown by 2F site for all sampling months. Jh site showed an increase level of
available N, from 158 mgha™ in Feb to 188 mgha™ which was subsequently followed

by decrease in the amount of available N.
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Fig 3.9. Soil available N (Kgha™) of different soil samples such as current jhum
(Jh), 2 years jhum fallow (2F), 5 years jhum fallow (5F), 10 years jhum
fallow (10F) and undisturbed forest (UD).

Table 3.7. One-way analysis of variance (ANOVA) of soil available N (Kgha™)
among different soil samples such as current jhum (Jh), 2 years jhum
fallow (2F), 5 years jhum fallow (5F), 10 years jhum fallow (10F) and
undisturbed forest (UD). Marked effects are significant at p < 0.05.

S.N. Source of variation F-value p-value
1. Jh x 2F x 5F x 10F x UD 1.132E3 0.000*
2. Jh x 2F 16.079 0.016*
3. Jh x 5F 16.764 0.015*
4. Jh x 10F 182.661 0.000*
5. Jhx UD 318.016 0.000*
6. 2F x 5F 96.113 0.001*
7. 2F x 10F 365.514 0.000*
8. 2F x UD 740.118 0.000*
9. 5F x 10F 120.204 0.000*
10. 5F x UD 239.469 0.000*
11. 10F x UD 1.441 0.296
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3.4.8 Soil Available Phosphorous

Soil available phosphorous showed a wide range of variation between different
sampling sites. Highest level of available P (15.7Kgha'1l) was recorded from UD site
during August while lowest level of available P (8.1 Kgha'l) was recorded from 2F
site during November. For all the sampling periods, 2F site showed a drastically low
available P level as compared to the other sampling sites. One-way ANOVA
performed for the obtained data revealed a significant level of variation at p<0.05,

between all the sampling sites except between 10F and UD sites.
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Fig3.9.1.  Soil available P (Kgha™) of different soil samples such as current jhum
(Jh), 2 years jhum fallow (2F), 5 years jhum fallow (5F), 10 years jhum
fallow (10F) and undisturbed forest (UD). Marked effects are
significant at p < 0.05.
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Table 3. 8. One-way analysis of variance (ANOVA) of soil available P (Kgha™)
among different soil samples such as current jhum (Jh), 2 years jhum
fallow (2F), 5 years jhum fallow (5F), 10 years jhum fallow (10F) and
undisturbed forest (UD). Marked effects are significant at p < 0.05.

S.N. Source of variation F-value p-value
1. Jh x 2F x 5F x 10F x UD 1.132E3 0.000*
2. Jh x 2F 16.079 0.016*
3. Jh x 5F 16.764 0.015*
4. Jh x 10F 182.661 0.000*
5. Jhx UD 318.016 0.000*
6. 2F x 5F 96.113 0.001*
7. 2F x 10F 365.514 0.000*
8. 2F x UD 740.118 0.000*
9. 5F x 10F 120.204 0.000*
10. 5Fx UD 239.469 0.000*
11. 10F x UD 1.441 0.296

3.4.9. Soil Available Potassium

Soil available K ranges from 144 kgha™ in 2F site during February to 234
kgha™ at UD site during August, indicating a wide range of variation both with sites
and sampling season. The Jh site showed an increase in the amount of available K
from 158 kgha™ in February to 216 kgha™ in May. Statistical analysis showed that
there was a signifcant variation in the amount of available K between the different
sites at the level of p<0.05.
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Fig.3.9.2.

Soil Available K (Kgha™) of among different soil samples such as
current jhum (Jh), 2 years jhum fallow (2F), 5 years jhum fallow (5F),
10 years jhum fallow (10F) and undisturbed forest (UD).

Table 3.9. One-way analysis of variance (ANOVA) of soil available K (Kgha™)

among different soil samples such as current jhum (Jh), 2 years jhum
fallow (2F), 5 years jhum fallow (5F), 10 years jhum fallow (10F) and
undisturbed forest (UD). Marked effects are significant at p < 0.05.

S.N. Source of variation F-value p-value
1. Jh x 2F x 5F x 10F x UD 156.33 0.000*
2. Jh x 2F 123.045 0.000*
3. Jh x 5F 25.279 0.007*
4. Jh x 10F 309.613 0.000*
5. Jhx UD 299.502 0.000*
6. 2F x 5F 166.511 0.000*
7. 2F x 10F 1.35E+03 0.000*
8. 2F x UD 740.808 0.000*
9. 5F x 10F 40.66 0.003*
10. SFxUD 91.377 0.001*
11. 10F x UD 36.962 0.004*
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3.5. Discussion

In the present study variation in the soil phsyico-chemical properties was
observed both in time and space. The status of the soil physico-chemical properteis
changes with cultivation of the jhum field length of the fallow period with the UD
site serving as a reference for the rate of nutrient recovery. Changes in the soil
physico- chemical properties was also observed with the change in the sampling
season/month. Also, in the Jh site dynamic changes in the soil physico-chemical

properties was obeserved during the different phases of cultivation.

A comparative account of different soil parameters across the different study
sites viz. Jh, 2F, 5F, 10F and UD, reveal that from 2 years fallow land (2F) towards
the 10 years fallow land (10F), there was a steady reestablishment of the initial
conditions of the forest ecosystem prior to crop management. This ecosystem
recuperation is caused by the natural ecological processes related to ecological
succession (Filho et al., 2013).

The soil physical properties such as Bulk density, SMC WHC and Soil
temperature showed a progressive improvement as the length of the fallow phase
increases. Bulk density is defined as the mass (weight) per unit volume of a dry soil
including pore space. There was a decrease in the soil bulk density from younger
fallow (2F) site to natural forest (UD) site due to less compaction of the soil particles
which could be attributed to more deposition of more organic matters and penetration
by fine plant roots. (Mendoza- vega and Messing, 2005).

WHC is defined the mass of water held per unit mass of soil. It represents the
amount of water in a soil when the drainage is restricted and the total pore space is
filled up with water. Under natural field conditions, only poorly drained soils are at
their maximum water holding capacity for long time. It is generally expressed as
percentage. Soil WHC is inversely correlated to the soil bulk density; hence there is
an increase in the WHC as the length of the fallow period increases reaching a record
maximum of 73% of the soil mass at the UD site (Archer and Smith, 1972)
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SMC represents the total amount of water content in the soil on its dry weight
basis. Soil water content affects the moisture and amount of nutrients available to
plants and soil aeration status. The SMC of the study sites also showed significant
variation between the different study sites as well as seasonal variation. Maximum
SMC was recorded during August during the monsoon season for all study sites.
Comparison of acquired data’s showed that between the different study sites UD
showed the highest SMC while 2F showed the least. According to Weisbach et al.
(2002) and Kendawang et al. (2004), low SMC of young fallow is due to the lack of
foliage cover and high SMC of older fallow and forest are due to plant cover which
impedes the soil exposure and moisture lost by increasing humidity. The exposure of
the young fallow soil and plant coverage of the older fallow soil and forest soil also
resulted in a significant variation in the Soil temperature. Exposed soil tends to have
higher temperature while foliage covered soil showed a relatively lower temperature
according to Hattori et al. (2005).

Analysis of the soil nutrient status and chemical properties of the study sites
also showed a wide range of variation some of which are quite significant in
determining the soil health and nutrient recovery in the fallow sites. The pH of the
soil samples were all found to be acid in nature ranging between 4.7 in the pre-bunt
Jh site to 5.2 in the UD site. The steady increase in the soil pH from current jhum
field to undisturbed forest is found to be caused by the deposition of organic matters

and the release of cations from decaying organic matters (Tanaka et al., 2010).

The soil nutrients dynamic also showed an increase in the amount of available
nutrients from 2F site to the UD site. The availability of N, P and K for plant
utilization increases as the amount of organic matter deposited to the soil increases.
This also increase the amount of soil organic carbon thereby leading to the recovery
of nutrients available for plant utilization soil covered by plants reduced the nutrient
lost as well as adding organic matters which increase nutrient availability (Mishra
and Ramakrishnan, 1983; Ketterings et al., 1999).
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Since 2F site is the youngest fallow it lacks plant cover and the soil is directly
exposure to the surrounding environments. Hence, the soil physico- chemical
properties showed a poor characteristic such as high bulk density, low SMC, low pH
and low available nutrients due to leeching, erosion and low organic matter input.
(Bhadauria and Ramakrishnan, 1983). 5F site represent the intermediate period of a
fallow length, its soil physico-chemical properties showed a slight improvement from
the 2F site. These improvements are brought about by the process of ecological
succession as the shrub vegetation is now being replaced by small trees and bushes,
which provide shades, increase deposit of organic matters and reduced erosion.
However, the 5 years fallowing period is still considered as a short fallow period as
the nutrient loss during the cultivation period are not restored in a balanced
condition. Hence, cultivation of a 5 years fallow land hinders the renewal of the soil
fertility thereby compromising its sustainability (Bruun et al., 2006). Although a
significant variation is observed between the 10 years fallow site and the undisturbed
forest with respect to the soil physico-chemical properties, 10 years fallow lands are
considered to have restored the soil fertility prior to cultivation. Therefore, it is
considered as being suitable for agricultural purpose without compromising its
productivity (Toky and Ramakrishnan, 1983; Are et al., 2009).

For the current jhum, alteration of the soil physico- chemical properties was
observed from the conversion phase i.e. the clearing of the native vegetation and
burning of the dried biomass throughout the cultivation phases till the jhum is
abandoned for fallowing. The clearing of the native vegetation and burning of the
dried biomass lead to the compaction of the soil particles thereby increasing erosion
and leeching of soil nutrients. This leads to the decrease in SMC and WHC while
increasing the bulk density and soil temperature thereby compromising the soil
physical condition as a whole (Kato et al., 1999; McDonald et al., 2002; Obale-
Ebanga et al., 2003). These soil physical properties slowly recuperate with the onset
of the cultivation phase. The growth of cultivars slowly restores the soil structure to
the condition prior to the conversion phase, therefore increase WHC and SMC is
overserved with decrease in soil temperature and bulk density. This process of

restoration of soil physical properties continues till the time of harvest. Then the
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abandonment of jhum site leaves the soil exposed again and the soil physical
conditions deteriorate again which is gradually restored during the fallow periods.

The soil chemical properties such as available N, P and K; SoC and pH also
exhibit the similar pattern as the soil physical properties. The clearing of the native
vegetation led to the acidification of the soil due increase decomposition and loss of
soil cations due to run-off (Ellingson et al., 2000; Neergaard et al., 2008).
Destruction of organic matter in burning has several consequences on micro
environmental conditions of the soil, particularly soil surface. While porosity,
aeration, field and water holding capacity, infiltration and surface moisture are
lowered, erosion losses of soil and nutrients through runoff are intensified (Ahn
1974; Jha et al., 1997) and solar radiation reaching the soil is increased. The burning
of dried biomass release ash to the soil leading alkalization and increase in pH which
improves the nutrient availability and other soil properties. The cultivation phase and
fallowing of the jhum field, there is upkeep and gradual change of the soil pH to
initial condition before the start of the jhumming process (Sillitoe and Shiel, 1999;
Tanaka et al., 2004).

According to Toky and Ramakrishnan (1983) the percentage carbon in the
surface soil was significantly higher (P = < 0.05) before burning the slash in a jhum
cycle and there is reduction in carbon content up to a period of 30 days to 90 days
depending upon the length of the fallow site which is being cultivated. This is due to
the volatization of the soil carbon during the burning process and the loss of organic
carbon due to leeching and runoff. After this period, the soil organic carbon began to
slowly increase due to deposition and decomposition of organic matters during the
cultivation period. As such, the current study reported a slight increase in the SoC
during the May which is approximately 90 days from the date of burning the jhum
field.

Nitrogen is an essential nutrient for plant growth, development and
reproduction. Despite nitrogen being one of the most abundant elements on earth,

nitrogen deficiency is probably the most common nutritional problem affecting
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plants. 95% to 99 % of the potentially available nitrogen in the soil is in organic
forms, either in plant and animal residues, in the relatively stable soil organic matter,
or in living soil organisms, mainly microbes such as bacteria. This nitrogen is not
directly available to plants, but some can be converted to available forms by
microorganisms. Available nitrogen is defined as nitrogen in a chemical form that
can be readily absorbed by plant roots. Plant available forms of nitrogen (N) are
inorganic and include nitrate (NOs), and ammonium, (NH4) (Saunders, 1957;
Bartholomew, 1965). Although burning of dried biomass is expected to increase total
N due intensified nitrification due to rise in pH and surface temperature (Jaiyebo and
Moore, 1963) or removal of chemical inhibitors (Smith et al.,1968; Rice, 1974),
decline in total N is often reported (Joachim and Kandiah, 1948; White et al.,1973;
Kumada et al.,1985). This reduction in total nitrogen is attributed to the conversion
of organic nitrogen to volatile forms during pyrolysis (Debell and Ralston, 1980).
However, the data collected that from the current study showed an increase in
available N, corresponding to short-term changes in N availability. This may be
attributed to the increase the N mineralization rates under the influence of slash and

burning as reported by Matson et al. (1987).

Soil available P is the fraction of total P in soil that is readily available for
absorption by plant roots. Orthophosphate (HPO, and H,PO%ons) are the dominant
form of inorganic phosphate that can be absorbed directly by plant and microbial
cells. Polyphosphates (including pyrophosphate) are another form of inorganic P of
biological origin that may be present in soils, and generally in low concentrations
relative to orthophosphate which are available for plant absorption (Condron et al.,
2005). The increase in soil temperature during burning between 170 and 300°C
results in the increase in plant-available inorganic P, as determined by pH dependent
extracts which is matched by declines in organic P as P is thermally mineralized
from soil organic matter (Kang and Sajjapongse, 1980; Giovannini et al., 1990;
Giardina et al., 2000). Also supply of available phosphorus is augmented by addition
of ash afterburning (Joachim and Kandiah, 1948). The results of the current study are
in agreement with these findings as there is an increase in available P from the pre-

burnt to post- burnt phase of the jhum cycle.
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Soil K may be divided into four fractions: soil solution K, exchangeable K,
non-exchangeable K and K in soil minerals. These fractions constitute a dynamic
system with reversible K transfer between the fractions (Sparks, 1987).
Exchangeable K is readily available K; which plants can easily absorb. The
proportion of the total potassium in soils held in soluble and exchangeable forms is
usually relatively small. The majority of this resides in K-bearing minerals. It is
found in equilibrium with the soil solution and is easily released when plants
absorb potassium from the soil solution. The increase in available K from pre-bunt to
post- burnt phase was reported in thus study as addition of ash dramatically increased
exchangeable cation concentrations which is in agreement with Toky and
Ramakrishnan (1981), Oya and Tokashiki (1984).

Soil organic carbon (SOC) refers to the carbon component of organic
compounds in soil. SOC is the basic indicator of soil quality and soil health (Doran
and Parkin, 1994). The quality can be defined as fitness of specific kinds of soil to
function within its capacity and within natural and managed ecosystem boundaries. It
is very much essential to sustain productivity, air and water purification, support
human health and habitation to various life forms (Arshad and Martin, 2002). SOC is
one of the most important indicators of soil fertility, productivity, quality and decline
in SOC adversely affects the land productivity (Vander Werf et al., 2009). Organic
carbon which decreases after slashing and burning, showed a slight increase after 90
days but decreased further during first cropping phase indicating a net loss after a
year of cropping. The available N, P and K which showed increment after the burnt
phase also decreased as the cultivation phase of the jhum continues. This may be
attributed to the net uptake of nutrients by growing crop which is responsible for
lowering the nutrient levels despite a continuous supply through mineralization,
resulting in the decline in soil fertility during cropping (Nye and Greenland, 1964;
Zinke et al., 1978; Toky and Ramakrishnan, 1981).
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Chapter 4

Soil Enzyme Activity and Microbial Biomass

4.1. Introduction

The structure, spatial distribution and activity of microbial population and
enzymes in soils are directly influence, by the physical and chemical properties of
soils; hence they may serve as potential early indicator of soil health and quality
(Schnurer et al., 1985; Dick et al, 1994). Microorganisms are the important sources
of available enzymes in soil. The factors that affect the activity of an enzyme include
substrate concentrations, pH, ionic strength and nature of salts present, and
temperature. It plays an important role in degradation of organic matter, releasing
nutrient in an available form to plants. The enzyme activities have often been used
as indices of microbial activity and soil fertility (Kennedy and Papendick, 1995;
Burns et al., 2013)

Soil enzymes are the key players in biochemical process of organic matter
recycling in the soil system and their activities are closely related to soil organic
matter (SOM), soil physical properties, and microbial activity (Rao, 2017). Soil
enzymes are essential for catalysing reactions necessary for organic matter
decomposition (Ajwa et al., 1999) and their activities are strongly influenced by
organic matter content of the soil (Speir, 1997). Soil enzymes play an important role
in maintenance of fertility in the soil. These enzymes exist in soil due to secretions or
excretion products of activities of microorganisms in soil or may be coming from
plant roots. Approximately 250 types of enzymes are found in soils (Kurehekar,
2005). Soil enzymes are the mediators and catalysts of important soil functions that
include: decomposition of organic inputs; transformation of native soil organic
matter; release of inorganic nutrients for plant growth; N, fixation; nitrification;
gentrification; and detoxification of xenobiotics (Dick, 1997). In addition, soil

enzymes have a crucial role in C (B-glycosidase and B-galactosidase), N (urease), P
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(phosphates) and S (sulphatase) cycle (Karaca et al., 2011). The types and quantity
of enzymes depend on the soil quality and environmental conditions; hence, enzyme
activities may be used as good indicators for soil fertility under different land use
system. The soil enzymes such as hydrolases (B-glucosidases, phosphatases, ureases)
and oxidoreductases (dehydrogenases) play an important role as indicator of soil
health, they catalyse many organic matter transformation process (Khan, 1970) and
all biochemical and physiochemical transformation dependent on, or related to the

presence of enzyme.

Soil microbial biomass (SMB) has been reported to be significantly more
sensitive indicator of changing soil conditions than the total soil organic matter
content (Powlson and Jenkinson, 1976). As an early indicator of change in soil
organic matter and soil quality status, assessment of SMB is a more useful parameter
than total soil organic matter and (Bremer et al., 1994; Gregorich et al., 1994,
Chilima et al., 2002; Li et al., 2004). Soil microbial biomass is also related to
climate (Dyer et al., 1990), soil moisture (Taylor et al., 1999), soil texture (Bauhas et
al., 1998, Hassink 1994, Wardle 1992), plant productivity (Zak et al., 1994) and
organic matter quality (Taylor et al., 1989, Zak et al., 1990). Soil with high organic
matter and easy available soil organic matter compound tend to have higher
microbial biomass content and activities due to high presence of desired energy
sources for microorganisms. Microbial biomass can be used for evaluating soil
perturbation and restoration (Ross et al., 1982; Smith and Paul, 1990) as well as for
assessing soil quality of different types of vegetation (Goffman et al., 2001; Zeng et
al., 2009).

4.2. Methodology

4.2.1. Dehydrogenase Activity (DHA)

To determine dehydrogenase activity of the soils, method given by Casida et
al. (1964) was followed. 1g of fresh soil was placed in a test tube (15 x 2 cm) and
0.1g of CaCO3 was added. 1 ml of 1% 2,3,5 Triphenyl Tetrazolium Chloride (TTC)

solution was added and swirled for a few seconds. The tubes were then plugged and
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incubated at 30°C for 24 hrs. The resulting slurry was filtered through Whatman
No.1 filter paper. Triphenyl formazan (TPF) was extracted with successive aliquots
of concentrated methanol in a 50 ml volumetric flask. The developed pink colour
was read out with the help of spectrophotometer (Dynamica Halo DB-20) at 485 nm
using methanol as blank (without soil). The enzyme activity was expressed in terms
of ugTPF mI™ 24 hrs™.

4.2.2. Acid Phosphatase (APase) Activity

Determination of soil acid phosphatase activity was done using the protocol
descrbied by Tabatabai and Bremner (1969). 0.1g of air-dried soil sample was
weight and 0.25 ml toluene was added and allowed to stand for 10 minutes. Then 4
ml of modified universal buffer (MUB pH-6.5) and 1 ml of 0.115M p-Nitrophenyl
Phosphate (p-NP) solution was added. The mixture was swirled for a few seconds
and plugged with cotton stopper and incubated for 1 hr at 37° C. Then, 1 ml of 0.5M
CaCl, and 4 ml of 0.5M NaOH solutions were added simultaneously into the mixture
before transferring into Whatman No.1 filter paper. The yellow colored filtrate of p-
nitrophenol phosphate (phosphoric acid) was read out with the help of
spectrophotometer (Dynamica Halo DB-20) at 410 nm. For blank, 1 ml p-NP was
added after CaCl, and NaOH were added into the mixture without soil just before
filtration. The enzyme activity was expressed in terms of pug p-NP mI™ hrt,

4.2.3. Urease Activity (URS)

Method given by McGarity and Myers (1967) was followed for
determination of soil urease activity. 1g of fresh soil was placed in a 100 ml
volumetric flask and 1 ml of toluene was added. The mixture was then allowed to
stand for 15 minutes for complete penetration of toluene into the soil. 10 ml of pH-7
Modified Universal Buffer (MuB) and 5 ml of 10 % urea solution (freshly prepared)
was added. After a thorough mixing, the flask was incubated for 3 hrs at 37° C.
Blank was prepared by replacing 5 ml of 10 % urea solution with 5 ml of sterile
distilled water. After incubation, the volume of the flask was made up to 100 ml with
distilled water and shaken thoroughly. The solution was then filtered through
Whatman No.5 filter paper. The filtrate was taken into a 25 ml volumetric flask and

5 ml of distilled water, 2 ml of phenolate solution and of 1.5 ml of sodium
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hypochlorite solution were added simultaneously. The final volume of the flask was
made up to 25 ml with distilled water and the blue color was read by using
spectrophotometer at 630 nm. The enzyme activity was expressed in terms of mg
NH,*-N mlI™ 3hrs™,

4.2.4. Arylsulfatase (ARS) activity

Soil arylsulfatase was determined using method given by Tabatabai and
Bremner, (1970). 1g (2 mm sieved) soil was taken in 50 ml conical flasks. 0.25 ml
toluene was added to the soil sample and allowed to stand for 10-15 minutes. 4 ml
of acetate buffer (pH 5.8) and 1 ml of 0.025M substrate, p-nitrophenyl sulfate
solution was added. The flask was swirled for few seconds to mix the contents and
incubated at 37°C for one hour. After incubation, 1 ml of 0.5M CaCl, and 4 ml of
0.5M NaOH were added and swirled for few seconds. The suspensions were filtered
through Whatman No.2 filter paper. The yellow color intensity of the filtrates was
measure spectrophotometrically at a wavelength of 410 nm.

4.2.5. B-Glucosidase (B-GSD) activity

For determination of soil B-Glucosidase (B-GSD) activity method described
Tabatabai and Bremner (1970) was followed using p-nitrophenyl - B —glucoside as
substrate. 1g of soil was taken in a 50-ml Erlenmeyer flask and treated with 0.25 ml
of toluene and allow to stand for 10-15 minutes. 4 ml of pH 6 Modified Universal
Buffer (MUB) and 1 ml of the 0.05M p-nitrophenyl - B —glucoside solution was
added. The flask was swirled or a few seconds, plugged and incubated at 37°C. After
1hour, of incubation 1 ml of 0.5M CaCl;, and 4 ml of 0.1M THAM was added. The
flask was swirled for a few seconds to mix the contents, and the soil suspension was
filtered through WhatmanNo.1. Absorbance of the colored filtrate was measured by

using spectrophotometer at 410 nm wavelength.

4.2.6. Estimation of soil microbial biomass Carbon and Nitrogen
Method given by Pothoff (2008) was followed for determination of soil
microbial biomass carbon and nitrogen. 10 g of fresh soil sample was collected in a

petridish and fumigated by adding 5ml chloroform. The sample was incubated in a
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dessicator at 25°C for 24 hours in the dark. Another batch of soil (10g) was collected
similarly without fumigation. Both the fumigated and non-fumigated samples were
placed in 100ml flasks, and extracted with 40ml of 0.5M K,SO, (extractant to soil
ratio of 4:1) for 30 min by oscillating shaking at 200 rpm. It was then filtered
through a folded filter paper. 0.6ml each of K;SO, soil extracts and blank were
collected in a test tube and 1.4ml citric acid buffer was added. Ninhydrin reagent
(Iml) was slowly added, mixed thoroughly, and closed with loose aluminium lids.
The test tubes were heated vigorously in a boiling water bath for 25 min to dissolve
any precipitate formed during the addition of the reagents. Finally, 4ml of ethanol-to-
water mixture (1:1) was added. The solution was mixed thoroughly and the

absorbance was read at 570nm in a spectrophotometer.

4.3. Results
4.3.1. Dehydrogenase Activity

Dehydrogenase activity (DHA) showed variation among different seasons; it
steadily increased from a minimum level during winter to maximum level during
autumn for all study sites. Highest activity was recorded in the UD site (0.9 mg TPF
g dry soil* 24hr) and lowest (0.22 mg TPF g dry soil™ 24hr™) in Jh site. On the
fallows sites DHA gradually increased from the 2F, 5F and then 10F sites. It varied
among the sites, with a sharp difference between the fallow sites and undisturbed
site. Significant (p<0.05) variation was observed among the different sampling sites
except between JhX2F and 2FX5F.
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Fig 4.1. Soil dehydrogenase enzyme activity (mg TPF g dry soil™ 24hr?) of
different soil samples such as current jhum (Jh), 2 years jhum fallow
(2F), 5 years jhum fallow (5F), 10 years jhum fallow (10F) and
undisturbed forest (UD).

Table 4.1. One-way analysis of variance (ANOVA) of DHA among different soil
samples such as current jhum (Jh), 2 years jhum fallow (2F), 5 years
jhum fallow (5F), 10 years jhum fallow (10F) and undisturbed forest
(UD). Marked effects are significant at p < 0.05.

S.N Source of variation F-value P-value
1. Jh x 2F x 5F x 10F x UD 1.33E+03 0.000*
2. Jh x 2F 0.792 0.424
3. Jh x 5F 28.735 0.006*
4. Jh x 10F 101.954 0.001*
5. Jhx UD 1.10E+03 0.000*
6. 2F x 5F 5.904 0.072
7. 2F x 10F 31.996 0.005*
8. 2F x UD 141.083 0.000*
9. 5F x 10F 15.649 0.017*
10. 5F x UD 142.222 0.000*
11. 10F x UD 38.529 0.003*

57




4.3.2. Acid Phosphatase Activity

Acid phosphatase (Apase) activity the undisturbed forest site showed a
significantly higher phosphatase activity as compared to the other sites. There was
gradually increase of phosphatase enzyme as the fallow length increase. Enzyme
activity ranges from 421.00 pug p-NP g dry soil h™ at the 2F site during February to
1495.66 pg p-NP g* dry soil h™ at the UD site during August. Seasonal variation
was observed with little or no significance among the study sites except for UD,
which showed a prominent variation in the enzyme activity with respect to change in

season.
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Fig4.2.  Soil acid phosphatase activity (g p-NPP g™ dry soil h™') of different
soil samples such as current jhum (Jh), 2 years jhum fallow (2F), 5
years jhum fallow (5F), 10 years jhum fallow (10F) and undisturbed
forest (UD).
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Table 4.2. One-way analysis of variance (ANOVA) of Apase among different
soil samples such as current jhum (Jh), 2 years jhum fallow (2F), 5
years jhum fallow (5F), 10 years jhum fallow (10F) and undisturbed
forest (UD). Marked effects are significant at p < 0.05.

S.N Source of variation F-value P-value
1. Jh x 2F x 5F x 10F x UD 2.456E+03 0.000*
2. Jh x 2F 96.479 0.001*
3. Jh x 5F 255.693 0.000*
4, Jh x 10F 3.38E+03 0.000*
5. Jhx UD 2.59E+04 0.000*
6. 2F x 5F 28.274 0.006*
7. 2F x 10F 2.29E+03 0.000*
8. 2F x UD 2.33E+04 0.000*
9. 5F x 10F 2.19E+03 0.000*
10. 5F x UD 2.47E+04 0.000*
11. 10F x UD 1.37E+04 0.000*

4.3.3. Urease Activity

Highest urease enzyme activity was recorded at UD site (34ug NH; g dry
soil™* 3hr™™ where lowest (10 mg NH,—N dry soil™* 3hr™ was recorded at the 2F site.
The 2 years fallow site showed a low enzyme activity which gradually increases as
the fallow length increases from 5 years to 10 years. The undisturbed forest (UD) has
the highest overall urease activity while the jhum (Jh) site has the lowest overall
urease enzyme during the sampling periods. Significant variation in the urease

enzyme activity was observed between the all the study sites.
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Fig 4.3. Soil urease activity (mg TPF g dry soil* 24hr™V °f different soil samples
such as current jhum (Jh), 2 years jhum fallow (2F), 5 years jhum
fallow (5F), 10 years jhum fallow (10F) and undisturbed forest (UD)
Table 4.3. One-way analysis of variance (ANOVA) of urease enzyme activity
among different soil samples such as current jhum (Jh), 2 years jhum
fallow (2F), 5 years jhum fallow (5F), 10 years jhum fallow (10F) and
undisturbed forest (UD). Marked effects are significant at p < 0.05.
S.N Source of variation F-value P-value
1. Jh x 2F x 5F x 10F x UD 115.5625 0.000*
2. Jh x 2F 10 0.034*
3. Jh x 5F 393.3902 0.000*
4. Jh x 10F 932.2581 0.000*
5. Jhx UD 1889.161 0.000*
6. 2F x 5F 457.96 0.000*
7. 2F x 10F 1500 0.000*
8. 2F x UD 3285.6 0.000*
9. 5F x 10F 115.5625 0.000*
10. 5Fx UD 115.5625 0.000*
11. 10F x UD 864 0.000*
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4.3.4. Arylsufatase Activity

The ARS activity of the study site ranges from 71 ug PNP dry soil™ hr'in 2F
soil during May to 320 pg PNP dry soil ™ hr* in UD soil during May and August. For
the Jh soil, the ARS activity drastically increases from 111 pg PNP dry soil* hrtin
Feb to 249 pg p-PNP dry soil™ hr! in May. The ARS enzyme activity showed a
significant variation between the different study sites.
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Fig 4.4. Soil arylsulfatase activity (ug PNP dry soil™ hr') of different soil
samples such as current jhum (Jh), 2 years jhum fallow (2F), 5 years
jhum fallow (5F), 10 years jhum fallow (10F) and undisturbed forest
(UD).
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Table 4.4. One-way analysis of variance (ANOVA) of ARS among different soil
samples such as current jhum (Jh), 2 years jhum fallow (2F), 5 years
jhum fallow (5F), 10 years jhum fallow (10F) and undisturbed forest
(UD). Marked effects are significant at p < 0.05.

Sl.no Source of variation F-value P-value
1. Jh x 2F x 5F x 10F x UD 2E+03 0.000*
2. Jh x 2F 4E+03 0.000*
3. Jh x 5F 2E+03 0.000*
4, Jh x 10F 2E+03 0.000*
5. Jhx UD 2E+03 0.000*
6. 2F x 5F 4E+02 0.000*
7. 2F X 10F 4E+02 0.000*
8. 2F x UD 1E+04 0.000*
9. 5F x 10F 1E+02 0.000*
10. 5Fx UD 9E+03 0.000*
11. 10F x UD 7E+03 0.000*

4.3.5. B - glucosidase Activity

Beta- glucosidase showed a significant variation between the different study
sites. Season variation was also observed among different study sites. Highest f -
glucosidase activity of 211.45 pg PNP dry soil™ hr' was recorded at UD site during
May while lowest reading of 58.29 g PNP dry soil™® hr* was recorded at the 2F site
during February. The enzymes activity increases significantly with the increase in
fallow length from 2 years fallow to 10 years’ fallow. The variation of B -
glucosidase activity was found to between significant between all the study site
except for 10F site which does not showed significant variation in § - glucosidase

activity when compared to the other study sites.
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Fig 45.  Soil B-Glucosidase activity (ug PNP dry soil™ hr') of different soil
samples such as current jhum (Jh), 2 years jhum fallow (2F), 5 years
jhum fallow (5F), 10 years jhum fallow (10F) and undisturbed forest
(UD). Marked effects are significant at p < 0.05.

Table 4.5. One-way analysis of variance (ANOVA) of B-Glucosidase activity
among different soil samples such as current jhum (Jh), 2 years jhum
fallow (2F), 5 years jhum fallow (5F), 10 years jhum fallow (10F) and
undisturbed forest (UD). Marked effects are significant at p < 0.05.

S.N Source of variation F-value P-value
1. Jh x 2F x 5F x 10F x UD 2.11E+03 0.000*
2. Jh x 2F 2.43E+03 0.000*
3. Jh x 5F 638.262 0.000*
4, Jh x 10F 0 0.987
5. Jhx UD 941.879 0.000
6. 2F x 5F 563.177 0.000*
7. 2F x 10F 6.354 0.065
8. 2F x UD 6.40E+03 0.000*
9. 5F x 10F 1.723 0.260
10. 5F x UD 3.11E+03 0.000*
11. 10F x UD 2.423 0.195
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4.3.6. Soil Microbial Biomass

The soil microbial biomass exhibits both variation in both time and space.
Among the study site highest Microbial Biomass Carbon (Cyic) content of 164 mgkg
! of soil was observed in the undisturbed site during August while lowest content of
34 mgkg™ of soil was recorded at the 2 years fallow site during February. Soil
Microbial Nitrogen (Npmic) showed the similar pattern of variation as to that of Cy;c.
The Cnic and Npic are positively correlated, hence the highest Nmic was observed at

UD site during August and lowest was observed in 2F site during February.

For both Cmic and N, there is significant variation between the different
sites, an increase in both Npic and Cpic was noted with increase length of the fallow
period. The undisturbed site showed significantly higher microbial biomass as
compared to the other study sites. For the current jhum, a drastic increase in
microbial biomass is observed in May, which declines with the progress of the

cropping phase.
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Fig 4.6. Microbial biomass carbon (Cp,c) content of different soil samples such
as current jhum (Jh), 2 years jhum fallow (2F), 5 years jhum fallow
(5F), 10 years jhum fallow (10F) and undisturbed forest (UD). sampling

period.

64



mJh m2F O5F Ol10F oUD
30
0~ T
3 25 A T
T
(@)
E 20 A — T
— 1
= 1
&J L
c
3
£
pd
%
()]
Feb May Aug Nov
Sampling Months
Fig 4.7. Microbial biomass nitrogen (Nmic) content of different soil samples

such as current jhum (Jh), 2 years jhum fallow (2F), 5 years jhum
fallow (5F), 10 years jhum fallow (10F) and undisturbed forest (UD).

Table 4.6. One-way analysis of variance (ANOVA) of Cp,ic among different soil
samples such as current jhum (Jh), 2 years jhum fallow (2F), 5 years
jhum fallow (5F), 10 years jhum fallow (10F) and undisturbed forest
(UD). Marked effects are significant at p < 0.05.

Cmic
S.N Source of variation F-value P-value
1. Jh x 2F x 5F x 10F x UD 356 0.000*
2. Jh x 2F 1.85E+03 0.000*
3. Jh x 5F 486 0.000*
4, Jh x 10F 2.34E+03 0.000*
5. Jhx UD 2.12E+04 0.000*
6. 2F x 5F 4.54E+03 0.000*
7. 2F x 10F 1.24E+04 0.000*
8. 2F x UD 3.83E+04 0.000*
9. 5F x 10F 470.206 0.000*
10. 5F x UD 1.58E+04 0.000*
11. 10F x UD 1.62E+04 0.000*
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Table 4.7.

One-way analysis of variance (ANOVA) of Npic among different soil
samples such as current jhum (Jh), 2 years jhum fallow (2F), 5 years
jhum fallow (5F), 10 years jhum fallow (10F) and undisturbed forest
(UD). Marked effects are significant at p < 0.05.

Nmic
S.N Source of variation F-value P-value
1. Jh x 2F x 5F x 10F x UD 3.13E+04 0.000*
2. Jh x 2F 14,912 0.018*
3. Jh x 5F 1.920 0.238
4, Jh x 10F 4.267 0.108
5. Jhx UD 138.720 0.000*
6. 2F x 5F 21.146 0.010*
7. 2F x 10F 21.689 0.010*
8. 2F x UD 161.634 0.000*
9. 5F x 10F 0.923 0.391
10. 5Fx UD 84.375 0.001*
11. 10F x UD 39.000 0.003*
Table 4.8. Correlation coefficient (r) between soil enzymes and microbial biomass
(Cmic and Npic) among different soil samples such as current jhum (Jh),
2 years jhum fallow (2F), 5 years jhum fallow (5F), 10 years jhum
fallow (10F) and undisturbed forest (UD). Marked (*) are significant at
p=0.05
Jh 2F 5F 10F uD
Cmic | Nmic | Cmic | Nmc | Cmc | Nmc | Cmic | Nmc | Cmic Nomic
0.971* | 0.993* | 0.999* | 0.999* | 0.541* | 0.999* | 0.993* | 0.993* | 0.961* | 0.923*
Aipase 0077 | 0.037 | 0013 | 0.013 | 0.318 | 0.015 | 0.037 | 0.037 | 0.089 | 0.126
0.817* | 0.737* | 1.000* | 1.000* | 1.000* | 0.500* | 0.500* | 0.500* | 0.500* | 0.596*
VRS 0.196 | 0.236 | 0.000 | 0.000 | 0.000 | 0.333 | 0.333 | 0.333 | 0.333 | 0.297
0.971* | 0.993* | 1.000* | 1.000* | 0.998* | 0.557* | 0.866* | 0.866* | 0.866* | 0.918*
PhA 0.077 | 0.037 | 0.000 | 0.000 | 0.021 | 0.312 | 0.166 | 0.166 | 0.167 | 0.130
0.998* | 0.998* | 0.998* | 0.998* | 1.000* | 0.500* | 0.582* | 0.582* | 0.311 | 0.418*
seta 0022 | 0018 | 0018 | 0.018 | 0.000 | 0.333 | 0.302 | 0.302 | 0.399 | 0.363
0.971* | 0.993* | 1.000* | 1.000* | 1.000* | 0.500* | 0.500* | 0.500* | 0.500% | 0.596*
ARS 0971 | 0.993 | 0.000 | 0.000 | 0.000 | 0.333 | 0.333 | 0.333 | 0.333 | 0.297
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Discussion

Lowest soil dehydrogenase enzyme activity was observed in the current jhum
(Jh) soil for all the sampling periods, while a significant increase in soil DHA
enzyme activity was observed with the increase in fallow length from 2F to 10F and
highest DHA activity was observed in the undisturbed forest (UD) soil. Since DHA
enzyme is considered to exist as an integral part of intact cells but does not
accumulate extra-cellular in the soil (Das and Varma, 2011), it can be assumed that
the DHA activity of the study sites were greatly influenced by the microbial activity
of the given site. Dehydrogenase is an enzyme that oxidizes soil organic matter by
transferring protons and electrons from substrates to acceptors and plays a significant
role in the biological oxidation of soil organic matter (Zhang et al., 2010). hence, it
maybe established that the site with the highest soil DHA activity will have the
highest microbial activity and highest nutrient turnover rate while the sites with
lower soil DHA activity will have lower nutrient turnover rate and lesser microbial

activity.

Undisturbed forest (UD) site showed the highest soil Apase enzyme activity
while 2 years fallow (2F) site have the lowest the Apase enzyme activity. A gradual
increase in the amount of soil Apase enzyme activity was observed with the increase
in fallow length from 2F to 10F, with a drastic increase in the undisturbed forest
(UD) soil. Since the amount of available P in soil is consider as an indicator of soil
health (Cardoso et al., 2013), the gradual increase in the Apase activity with increase
fallow length maybe considered a sign of regeneration of soil health. Phosphatase is
an oxidoreductase, an important enzyme in soil which plays a key role in P-cycle of
the environment as they catalyze the hydrolysis of ester—phosphate bonds, leading to
the release of phosphate (P), which can be taken up by plants or microorganisms
(Cosgrove, 1967; Halstead and McKercher, 1975; Quiquampoix and Mousain, 2005)
Hence with increase in soil Apase enzyme activity, increase in soil available P is
expected. Therefore, longer jhum fallows are expectect to be more fertile in interms

of available P as compared to shorter jhum fallow sites.

67



Urease activity showed a gradual increase with the increase fallow period and
is highest in the UD site. Since URS is a hydrolase enzyme responsible for
hydrolytic conversion of the substrate, urea into carbon dioxide and ammonia, the
amount of plant available N is expected to show a gradual increase with the length of
the fallow period. Reports have revealed that urease activity is directly related to
type of vegetation and quality of incorporated organic materials and with
fluctuations in nutrient levels due to associated changes in populations of urolytic
microbes in the soil (McGarity and Myers, 1967; Stott and Hagedon, 1980). The low
vegetation covers and absence of large trees in the 2F site may account for the low
urease enzyme activity in the site. The change in urease activity which showed an
increase from Feb to Aug a minor decrease in Nov for all study sites reflected
change in the vegetation cover and the quantity of organic matter incorporated into

the soil.

Highest soil ARS enzyme activity was observed in Jh site showed a drastic
increase after the burning of the dried vegetation; this may be due to the addition of
sulfur compound by the burning process which increases the available substrate for
the ARS producing microbes. The drop in the ARS activity in 2F, 5F and 10F may
attribute to leaching of sulfur compound thereby limiting the available substrate.
Although ester of sulfates is considered to be the most labile form of soil organic S,
they are unavailable to plants and must be hydrolyzed to inorganic SO,* before plant
uptake. Arylsulphatases are typically widespread in nature (Dodgson et al., 1982) as
well as in soils and are responsible for the hydrolysis of sulphate esters in the soil
and are secreted by bacteria into the external environment as a response to sulphur
limitation. The fluctuation in the soil ARS activity between the different sites

indicates the sulphur availability in the different sites.

Lowest soil B —glucosidase (B -GSD) enzyme activity was observed in the 2
years fallow (2F) site while highest B —GSD activity was recorded in undisturbed
forest (UD) site. A regular increase in the soil B —GSD activity was observed with
the increase in fallow length with no significant variation between the 10F and UD

site. Since B-Glucosidase enzyme activity give a reflection of past biological
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activity, the capacity of soil to stabilize the soil organic matter, and is very sensitive
to changes in pH, and soil management practices (Chen et al., 2018), the low level of
B -GSD activity in 2F site may result in limited degradation of plant debris and lower
soil organic matter, while in UD site rapid degradation of plant debris and higher soil
organic matter. Anthropogenic disturbance to the soils such as agricultural practice is

highly reflected on the level B-Glucosidase enzyme activity.

Overall, the sudden drop in soil enzyme activities in 2-years old jhum fallow
is due to accelerates the loss of organic matter and nutrients from the soil as a result
of removal of vegetal cover, Garcia et al. (1997). The relative increase in the enzyme
activities with the increase in fallow length can be attributed to the increase in
substrate availability for the microbes (Saha et al., 2011; Gispert et al., 2013).
O'Toole et al. (1985), Pancholy and Rice (1973) and Tiwari (1988) conveyed that
sites such as forest and older fallows with higher substrate availability for microbes
have higher enzyme activity. Palma and Conti (1990) reported that variation in in

enzyme activity is related to the type of vegetation and organic matter.

Soil microbial biomass carbon (Cmic) and nitrogen (Nmic), and enzyme
activities have been used as indicators of changes in soil organic matter status that
will occur in response to alterations in land use, cropping system, tillage practice and
soil pollution (Sparling et al., 1992). For the current jhum (Jh), a drastic increase in
microbial biomass was observed in May, which declines with the progress of the
cropping phase. This was attributed to the burning, by which large amounts of
nutrients from the microbes were released. Increase in soil Cpic and Npic was
observed with the increase in the fallow length from 2F to 10F with a drastic
increase in undisturbed forest (UD) soil. The higher microbial biomass in the older
fallows and UD sites may be attributed to dense growth of woody plants and to
greater availability of moisture and nutrients in soil on account of greater
accumulation of litter and fine roots during community regeneration (Arunachalam
et al. 1997b, 1999). The increase in soil Cnic and Npic with the increase length of

fallow period from 2F to UD was expected as soil Cnic and Npic had positive
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relationships with soil nutrients, organic matter, and soil enzyme activities, which

changed with different stages of revegetation (Shao-Shan et al., 2010).

High positive correlation between the microbial biomass (Cpic and Nmic) with
soil enzymes activities was observed both of which were directly correlated to the
length of the fallow period. The higher enzyme activities of the soil after re-
vegetation confirmed our first hypothesis, for which one possible reason should be
owing to the accumulated microbial biomass. Because the soil enzymes are mainly
excreted by microbes to mineralize soil carbon, nitrogen, and phosphorus from SOC,
the activities of enzymes could therefore be partially explained by the distribution of

soil microbial biomass.
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Chapter 5

Metagenomic Analysis of Bacterial Diversity

5.1. Introduction

Soil harbours the most complex and dynamic microbial communities in the
entire biosphere. It is a complex ecosystem which is composed of a variety of
microhabitats with different physicochemical and environmental conditions. These
ecological factors influence microbial activities and play very important roles in
determining the dynamics of micro-organisms in natural environments (Curtis et al.,
2002; Fenchel, 2006). The soil microbial communities are relatively diverse (Robe et
al., 2003), with prokaryotic diversity being the highest (Roesch et al., 2007). As
reported by Knietch et al. (2003), 1 gram of soil may contain up to 10 billion
microorganisms and belonging thousands of different species.

Soil microbiological characters are more sensitive to changes in management
and environmental conditions as compared to chemical and physical properties.
Changes in the composition of soil microflora are a crucial indicator of the functional
integrity of soil (Insam, 2001). Activity and growth of microorganisms is restricted
by soil environmental factors such as temperature, moisture, pore size, distribution
and nutrient availability and therefore, indirectly by cultivation practice. Microbial
populations can also provide an early indication of changes in soil long before it can
be measured by changes in organic matter (Powlson et al., 1987). Metagenomics is a
study of collective set of genetic materials extracted directly from environmental
samples, and does not rely on cultivation or prior knowledge of the microbial
communities (Riesenfeld et al., 2004). Thus, it is a powerful tool to unravel
environmental genetic diversity without potential biases resulting from culturing or
isolation. Metagenomics is also known by other names, such as environmental
genomics or community genomics, or microbial ecogenomics (Rastogi and Sani,

2011). The two major aim of metagenomics analysis are to determine the diversity of
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the microbes and the metabolic processes are being carried out in the community
(Allen and Banfield, 2005). The surveyed for microbial diversity was mainly based
on 16SrRNA gene profiling, the prevalent marker gene for identification of
prokaryotic species (Weisburg et al., 1991). Metagenomic investigations have been
conducted in several environments, ranging from the oceans to soil, the phyllosphere
and acid mine drainage, and have provided access to phylogenetic and functional

diversity of uncultured microorganisms (Handelsman, 2004).

Next-generation sequencing (NGS) also known as high-throughput sequencing,
is the term used to describe a number of different metagenomics sequencing
technologies. It is a powerful tool which can be employed for the study of structural
composition of the soil microbiome in details. There are a number of different NGS
platforms using different sequencing technologies such as sequencing which works
by simultaneously identifying DNA bases, as each base emits a unique fluorescent
signal, and adding them to a nucleic acid chain, Roche 454 sequencing based on
pyrosequencing, a technique which detects pyrophosphate release, again using
fluorescence, after nucleotides are incorporated by polymerase to a new strand of
DNA and lon Torrent: Proton / PGM sequencing which measures the direct release
of H+ (protons) from the incorporation of individual bases by DNA polymerase and
therefore differs from the previous two methods as it does not measure light. For this
study the lllumina (Solexa) Miseq was used due to its high genome coverage and low
error rate (0.4%) (Quail et al.,2012).

5.2. Methodology

5.2.1 Bacterial DNA extraction from Jhum and undisturbed soil samples

The extraction of metagenomic DNA from the Jhum and undisturbed soil
samples was performed using the FastDNA® SPIN soil Kit (Qbiogene, Inc., CA)
The DNA extraction was performed according to the manufacturer’s
recommendations for each kit with slight modification suggested by De Mandal et al.
(2015)
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200 mg of soil were put to Lysing Matrix A tube and 1.0 ml Cell Lysis
Solution (CLS) was added for homogenization. The mixture was homogenized in the
FastPrep® Instrument for 40 seconds at a speed setting of 6.0. The homogenized
mixture was the centrifuge at 14,000 x g for 5-10 minutes to pellet the debris. The
supernatant (600 — 700ul) were transfer to a 2.0 ml microcentrifuge tube and an
equal volume of Binding Matrix was added. The content of the tubes was thoroughly
mix by inverting the tubes and incubate with gentle agitation for 5 minutes at room
temperature on a rotator. The samples were then centrifuge at 14,000 x g for 10
seconds to pellet the Binding Matrix. Supernatant were discarded and 500ul prepared
SEWS-M was added and the pellets were gently suspended. Then suspended Binding
Matrix was transferred to a SPIN™ Filter and centrifuge at 14,000 x g for 1 minute.
The contents of Catch Tube were discarded and replaced. The content of the SPIN™
Filter were then centrifuge a second time at 14,000 x g for 1 minute. DNA was eluted
by gently suspending Binding Matrix above the SPIN filter in 100ul of DES. The
suspended DNA was then incubated for 5 minutes at 55°C in a water bath and
Centrifuge at 14,000 x g for 1 minute to bring eluted DNA into the clean catch tube.
The eluted DNA used for downstream applications and store at -20°C.

5.2.3. 16SrRNA gene amplification ()

The V3 hypervariable region of the 16SrRNA gene was amplified using F
341/R518  primer  combination  (5'-CCTACGGGAGGCAGCAG-3';  5'-
ATTACCGCGGCTGCTGG-3") as given by De Mandal et al. (2015). The
amplification was carried out using 10 pmol/ul of each forward and reverse primer
mix with PCR Master Mix containing 2 pL of each primer, 0.5 pL of 40 mM dNTP
(NEB, USA), 5 uL of 5X Phusion HF reaction buffer (NEB, USA), 0.2 uL of 2U/uL
F-540 Special Phusion HS DNA Polymerase (NEB, USA), 5 ng input DNA and
water in a total volume to 25 pL. The cycling conditions were 98°C for 30 seconds of
initial denaturing, 30 cycles of 98°C for 10 secs and 56°C for 30 sec, 72°C for 10 sec,
and Final extension 72°C for 10 minutes.
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5.2.4. 16SrRNA gene amplicon sequencing and library preparation

Gene amplicon sequencing and library preparation was carried out following
the method of De Mandal et al. (2015). The amplicons of 470 bp were gel purified
and proceed with library preparation using NEB Next Ultra DNA Library Prep Kit.
The libraries were sequenced in HiSeq 2500 for a 2x250 read length. The
metagenome sequencing was performed at AgriGenome Labs Pvt Ltd, Cochin.

Cutadapt was used to remove the barcode and primer sequences from the
sequenced amplicons after demultiplexing. The sequenced amplicons were the
analysed using DADA2 plugin of QIIME2 (version 2019.4) to denoise the forward
and reverse reads with quality filtering (Q > 25) and merged, which was followed by

removal of chimeric sequences. (Herlemann, et al., 2011; Martin 2011; Bolyen 2019)
5.2.4. Taxonomic and diversity analyses

Following the method given by Wang et al., (2007) and Segata et al. (2011),
the amplicon sequencing variants (ASVs) were assigned to the pre-trained
Greengenes (13_8 version) reference database, which was trimmed in the V3-V4
primer regions using the naive Bayesian taxonomic classifier. ASVs that matched
mitochondria, chloroplasts, and unassigned variants of a known taxon were excluded
from downstream analysis. Major classified phyla, families, and genera present in
>50% of the jhum and undisturbed samples were mainly evaluated in this study. The
alpha-diversity of each sample was examined for species richness, evenness,
phylogenetic diversity, Shannon’s index, and Simpson’s index based on rarefied
ASV tables using 78,006 sequences per sample.

Principal coordinates analysis (PCoA) was computed based on both the
unweighted and weighted UniFrac distance matrices to compare the dissimilarity of
prokaryotic microbiota among different marbling score groups. The linear
discriminant analysis effect size (LEfSe) method was used to identify differentially
abundant taxa between sample groups with a linear discriminant analysis score of 2
as the cutoff. The number of shared and exclusively identified taxa between jhum,
jhum fallows and undisturbed groups at the level of the collapsed phylum, family,

and genus was determined and visualized.
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5.3. Results
5.3.1 Read count and sequence count of illumina sequencing

Illumina paired end sequencing carried out to assess the bacterial community
composition in the soils samples gives a Raw read count ranging from 361709 to
654599. Sequence count and feature counts of the samples is given in tablel which
summarised the data used for downstream processes such as assessment of bacterial

diversity and community composition of the soil samples.

Table 5.1: Raw read statistics (number of read counts, read elgnth GC%
sequencing count and feature counts) by preprocessing raw
sequencing data from different soil samples such as current jhum (Jh),
2 years jhum fallow (2F), 5 years jhum fallow (5F), 10 years jhum
fallow (10F) and undisturbed forest (UD).

samples | Read count Read length GC% Sequence | Feature
(bp) count count
Jh R1 489893 57 489893 91426
Jh R2 489893 57
2F R1 398379 56
398379 74514
2F R2 398379 250 56
5F R1 361709 57
361709 54883
5F R2 361709 57
10F R1 654599 56
654599 113307
10F _R2 654599 56
UD R1 374525 56
- 374525 65358
UD R2 374525 56

5.3.2 Bacterial species diversity

At the kingdom level, representatives of Archaea are found in all samples
except 5F. The highest percentage of Archaea was observed in UD (1.98%).

Actinobacter are dominant Phylum in JF representing 37.198% of the total bacterial
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phyla while Proteobacteria are the dominant class in the others sites accounting for
33.777%, 30.078%, 33.978% and 31.917% of the bacterial population in 2F, 5F, 10F
and UD respectively.

The 10F site showed the highest number of unique bacterial species based on
the NGS data generated. 730 bacterial species belonging to 541 genera were
identified from the UD site. The 2F showed the second highest number of bacteria
species with 582 species from 446 different genera. UD and 5F sites the showed the
least number of bacterial species at 545 belonging to 406 genera and 408 genera

respectively
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Fig 5.1. Histogram of the soil bacterial community composition at kingdom

level among different soil samples such as current jhum (Jh), 2 years
jhum fallow (2F), 5 years jhum fallow (5F), 10 years jhum fallow
(10F) and undisturbed forest (UD).
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Fig 5.2. Histogram of the soil bacterial community composition at phylum level

among different soil samples such as current jhum (Jh), 2 years jhum
fallow (2F), 5 years jhum fallow (5F), 10 years jhum fallow (10F) and
undisturbed forest (UD).
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Fig 5.3.

Histogram of the soil bacterial community composition at the order

level among different soil samples such as current jhum (Jh), 2 years

jhum fallow (2F), 5 years jhum fallow (5F), 10 years jhum fallow (10F)
and undisturbed forest (UD).
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Table 5.2.  Number of different bacterial community in different study sites (from
Class to Genus) based on NGS data analysis among different soil
samples such as current jhum (Jh), 2 years jhum fallow (2F), 5 years
jhum fallow (5F), 10 years jhum fallow (10F) and undisturbed forest
(UD).

Jh 2F SF 10F ubD
Class 53 59 59 72 65
Order 112 169 156 187 152
Family 195 274 252 327 260
Genus 332 446 408 541 406
Species 452 582 545 730 545

5.3.3 Diversity Index

Observed Operational Taxonomic Unit (OTU) was found to be highest in 10F
and lowest in Jh sample. Marginal variation was observed between the 2F, 5F and
UD samples. The rarefaction curves for OTUs vs sequences in each sample showed

that with increase in the sequencing depth the observed OTUs also increase.

Comparison of alpha diversity metrics showed variation in bacterial diversity
between the different soil samples. 10F showed the highest Shanon diversity index.
(10.169) while lowest was observed in Jh site (9.048). Phylogenetic diversity

analysis based on Faith phylogenetic diversity index also follows the same

distribution as that of Shanon diversity index.
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Fig 5.4. Comparison of alpha diversity metrics between jhum and fallow soil
microbiome based on Observed OTU among different soil samples such as
current jhum (Jh), 2 years jhum fallow (2F), 5 years jhum fallow (5F), 10
years jhum fallow (10F) and undisturbed forest (UD).
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Fig 5.5. Comparison of alpha diversity between jhum and fallow soil microbiome

based on Shanon diversity indices among different soil samples such as
current jhum (Jh), 2 years jhum fallow (2F), 5 years jhum fallow (5F), 10
years jhum fallow (10F) and undisturbed forest (UD).

80



" asliiias == @ Jh

- e ol = O2F
. lEEe = @ 5F

Ly i = = © I0F
v;b:ﬁ'ﬁ:;:- = @ UD

faith_pd

0 T T T T T T T T T 1
-1000 0 1000 2000 3000 4000 5000 8000 7000 8000 9000
Sequencing Depth

Fig 5.6. Comparison of phylogenetic diversity between jhum and fallow soil
microbiome based on Faith’s phylogenetic diversity among different soil
samples such as current jhum (Jh), 2 years jhum fallow (2F), 5 years jhum
fallow (5F), 10 years jhum fallow (10F) and undisturbed forest (UD).

Bacteria beta- diversity between the study sites was analysed using Principal
Coordinates Analysis (PCoA). The PCoA plot of Jaccard similarity index showed
that there is no significant similarity between the bacterial diversity of all the sites.
The PCoA plot of Bray Crutis index also showed dissimilarity in the bacterial
diversity of the study sites.

Weighted-UniFrac takes into account the relative abundance of species/taxa
shared between samples, whereas unweighted-UniFrac only considers
presence/absence of species or taxa. According to the calculated Weighted-UniFrac
and unweighted-UniFrac distance generated using PCoA, 2F and 5F showed
similarity in terms of abundance was well as diversity of bacterial species while the

other sites showed no similarity in terms of abundance or diversity.
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Fig 5.7.

PCoA analysis of jhum and undisturbed soil microbiome samples. PCoA
plots of Jaccard distance among different soil samples such as current
jhum (Jh), 2 years jhum fallow (2F), 5 years jhum fallow (5F), 10 years
jhum fallow (10F) and undisturbed forest (UD).
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Fig 5.8. PCoA analysis of jhum and undisturbed soil microbiome samples based
on Bray- curtiss distance among different soil samples such as current
jhum (Jh), 2 years jhum fallow (2F), 5 years jhum fallow (5F), 10 years
jhum fallow (10F) and undisturbed forest (UD).
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Fig5.9. PCoA analysis of jhum and undisturbed soil microbiome samples based
on weighted_unifrac distance among different soil samples such as
current jhum (Jh), 2 years jhum fallow (2F), 5 years jhum fallow (5F), 10
years jhum fallow (10F) and undisturbed forest (UD).
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Fig 5.9.1 PCoA analysis of jhum and undisturbed soil microbiome samples

based on Unweighted_unifrac_distance among different soil samples
such as current jhum (Jh), 2 years jhum fallow (2F), 5 years jhum
fallow (5F), 10 years jhum fallow (10F) and undisturbed forest (UD).

5.4. Discussion

Studies of microbial diversity are important in order to understand the
microbial ecology in soil and other ecosystems) as they play an important role in
both natural and agroecosystems (Atlas, 1984; Reid, 1994). An estimate of microbial
diversity is a prerequisite for understanding the functional activities of
microorganisms in ecosystems (Garland and Mills, 1994; Zak et.al., 1994).

Analysis of metagenomic data revealed a total of 27 bacterial phyla across the
different study sites where  Proteobacteria, Acidobacteria, Actinobacteria,
Chloroflexi, Verrucomicrobia were the dominant phyla. Proteobacteria was found to

be the dominant bacteria phylum in all study sites except Jh where Actinobacter was
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found to be most dominant, indicating the response of bacterial community to jhum
system of cultivation.

Community composition of bacteria within above observed phyla was
significantly different for the different samples. In jhum (Jh) sample Actinobacteria
was the dominant order contributing 27.497% while Alphaproteobacteria was found
to be dominant in the other samples contributing approximately 20% of the observed
bacteria community. Rhizobiales, Frankiales, Ktedonobacterales and Solibacterales
were found to be the major class of bacteria in the samples. While Rhizobiales were
the major class in all fallow sites (2F, 5F and UD) along with UD, Ktedonobacterales
were found to be the dominant class in Jh sample.

Microbial community composition is related to soil biological and chemical
properties. The physical and chemical parameters of the soil influence the microbial
community and its activity. Bacterial species are highly sensitive to the change in the
soil physico-chemical properties and Soil bacterial community composition was
strongly linked to land use system (Furtak et al., 2019, Hemans et al., 2020). Hence
variation in the bacterial community composition was observed with the change in
soil physicochemical properties and the length of the fallow period. At the family
level Xanthobacteracaea, Acidothermaceae, Ktedonobacteracea, Solibacteraceae and
Micromonosporaceae were found to be most dominant in all the samples. However,
their level of abundance varied between the different soil samples.
Xanthobacteraceae which was the dominant bacterial family in jhum soil showed a
gradual increase in its percentage contribution as the length of the fallow increases
with marginal decease in the undisturbed (UD) sample. Micromonosporaceae
showed a high degree of variation between the Jh sample and samples collected from
the other. While it accounts for 11.419% of the total observed bacterial family in Jh
sample, its contribution falls to 1.115% in 10F and further to 0.710% in the UD
sample, showing that these bacterial families are highly sensitive to the change in the
soil physico-chemical properties.

At the genus and species level, many taxonomically unclassified sequences
were found to be present which indicates the presence of novel bacterial diversity.

Presence of these large numbers of unidentified OTU and variation in the observed
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bacterial community suggests that each soil sample has unique bacteria diversity
(Kumar et al., 2019)

Bacterial alpha-diversity indexes (OTU, Shanon diversity, and Faith
phylogenetic diversity) was found to be highest in the 10F site while the lowest alpha
diversity indices were observed in 2F site. 10F showed the highest Shanon diversity
index hence will comprised of highest bacterial community richness with high
evenness while the 2F site having the least Shanon diversity index will show the
lowest bacterial community richness. Based on the calculated Shanon diversity
index, it was observed that Jh, 5F and UD sites comprised of bacterial community
which were more or less similar in terms of richness and evenness.

Phylogenetic diversity based on Faith phylogenetic diversity index revealed
that the phylogenetic diversity was highest in 10F while it was lowest in 2F site.
Similar to Shanon- diversity index, Jh, 5F and UD showed similar bacterial
phylogenetic diversity. As the phylogenetic diversity represents the evolutionary
relations between species, higher number of distanced and unique bacterial sepcies
was observed in 10F site as compared to the other study sites (Lean and Maclaurin,
2016).

The Beta- diversity of bacterial community based on species abundance and
richness was analysed using Jaccard index and Bray- Curtiss index of the different
study sites. PCoA of Jaccard and Bray-Curtiss index of similarity showed the
bacterial species composition markedly varied across the different study sites.
Unifrac beta- diversity calculated using weighted and unweighted unifrac distance
showed that the phylogenetic beta- diversity of the different site also varied
significantly between the different sites except for 2F and 5F sites which showed an
almost similarity in terms of phylogenetic diversity of the bacterial community. The
similarity in the bacterial phylogenetic diversity between 2F and 5F may arise due to
the similarity of soil physic-chemical properties.

Bacterial diversity was associated with increased environmental
heterogeneity. Reflecting the pattern of soil heterogeneity and the difference in soil
physico-chemical properties among the study sites, the alpha and beta diversity
varied markedly among the different sites (Curb et al. 2018). Diversity can vary with

a number of factors such as disturbances and stress, in addition to ecological
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interactions (predator-prey interactions) (Atlas, 1984). Soil microbial communities
remain some of the most difficult communities to characterize, because of their

immense phenotypic and genotypic diversity.
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Chapter 6

Isolation, Screening and 16SrRNA Gene Profiling of
Phosphate Solubilizing Bacteria

6.1. Introduction

The traditional identification of bacteria on the basis of phenotypic
characteristics is generally not as accurate as identification based on genotypic
methods. Comparison of the bacterial 16SrRNA gene sequence has emerged as a
preferred genetic technique for bacterial identification. 16SrRNA gene sequence
analysis can better identify poorly described, rarely isolated or phenotypically
aberrant strains (Clarridge 111, 2004). The 16SrRNA gene sequence is about 1550-bp
long and is composed of both variable and conserved regions. The gene is large
enough, with sufficient interspecific polymorphisms of 16SrRNA gene, to provide
distinguishing and statistically valid measurements. The identification of new
bacterial isolates widely relies on the 16SrRNA gene sequence homology analysis by

comparison with existing sequences in the reference databases.

The characterization and differentiation of bacteria using 16SrRNA gene
sequencing is mostly subjected to comparisons against known sequences availaible
in public databases such as Greengenes, SILVA, RDP, GenBank and EZ-biocloud.
At present, the sequences of type strains of ~99% of prokaryotic species with validly
published names are accessible in these public databases (Chun and Rainey, 2014).
The identification of bacterial, reclassification of genera and species, classification of
uncultivable bacteria establishment of phylogenetic relationships and the discovery
and classification of novel bacterial species have been facilitated by the utilization of
16s rRNA gene profiling (Woo et al., 2008). Because of the experimental simplicity
and the availability of public databases of 16S rRNA gene sequences, the use of this

gene as a single marker for species circumscription has been well received.
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However, being a highly conserved molecule, the 16SrRNA gene does not always

provide sufficient resolution at species and strain level (Konstantinidis et al., 2006).

Soil bacteria are essential parts of soil ecosystems and are involved in
mineralizing organic matter, biogeochemical cycling of carbon and nitrogen and
many other soil processes. PSBs notably Bacillus, Pseudomonas, etc. secrete
phosphatase enzymes and organic acid which helps in the solubilization of insoluble
phosphate compounds thereby playing an important role in P- cycle (Bardgett, et al.,
2008, Burton et al., 2010). The analysis of the diversity of PSB using molecular
technique such as i16s rRNA gene profiling is important to understand pattern of
distribution and the role of these bacteria in the soil ecosystem and can be helpful in
the selection of potential PSB strains to be developed into location specific
biofertilizers (Cavigelli and Robertson, 2000; Torsvik et al., 2002, Sharma et al.,
2013).

6.2. Methodology
6.2.1. Screening of phosphate solubilizing bacteria

Phosphate solubilizing bacteria were screened using plate assay given by
Pikovskaya (1948). A serial dilution of 8 was prepare by suspending 1 g of soil
sample with 10ml of sterile distilled water and thoroughly mixed for 5 minutes on a
rotary vortex. 1 ml of the above solution was again transferred to 9 ml of sterile
distilled water to form 10-2 dilution. Similarly, serial dilution was performed till 8
dilutions. 0.2 ml of each dilution was taken using pipettes and spread on
Pikovskaya’s agar (PVK) medium and inoculated petriplates containing medium

were incubated in inverted position in incubator for up to 24 hours at 30° C.

Pure cultures of phosphate solubilizing bacterial was maintained by sub-
culturing positive isolates on fresh petriplates containing medium for plate assay.
Axenic cultures were isolated by incubating the plates in inverted position in

incubator for up to 24 h at 37°C.
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6.2.2. Determination of solubilization index (SI)

The phosphate solubilizing potential of the bacterial isolate was determined
by calculating their solubilisation index following the method given by Elias et al.
(2016). Bacterial isolates showing phosphate solubilizing activity were screened for
their TCP solubilizing efficacy on PKV plates. Isolates were spot inoculated on the
centre of PVK agar plate aseptically. All the plates were incubated at 28°C + 2°C for
7 days. A clear zone around a growing colony which indicates phosphate
solubilization was measured as phosphate solubilization index (SI). SI was
calculated as the ratio of the total diameter (colony + halo zone) to the colony

diameter
Solubilization Index (SI) = Colony diameter + Halo zone diameter
6.2.3. Bacterial Genomic DNA extraction

Extraction of bacterial genomic material was done using the phenol:
chloroform extraction method described by Kumar et al. (2010) with slight
modification. Purified PSB isolates were grown in 10ml of nutrient broth at 3°C for
24 hours. Bacterial cells were harvested by centrifuging 2 ml of the bacterial culture
at 8000 rpm for 5 minute. Pellet was washed with TE buffer pH 8.0 (Tris- EDTA
buffer) and centrifuged at 8000 rpm for 3 min. the supernatant was discarded and the
cell pellets were lysed using 250 ul TE buffer containing 2 mg/ml lysozyme. The
suspension was incubated at 37°C. After 30 mins of incubation, 20 pl proteinase K
(20 mg/ml) and 50 pl of 10 % SDS was added and incubated at 37 °C for another 1
hr. 100 pl of 5 M NaCl was added and mixed thoroughly. Pre-warmed 80 pl of cetyl
trimethyl ammonium bromide (CTAB, 10 %) was added to the mixture and then

incubated at 65°Cfor 10 minutes.

The samples were then allowed to cool down to room temperature
and equal volume of phenol/chloroform/isoamyl alcohol (25:24:1) was added and
vortexed gently. The mixture was subjected to centrifugation at 12,000 rpm for 10
minutes at 4 °C and the upper aqueous phase was aspirated out. Again, equal volume
of chloroform/isoamyl alcohol (24:1) was added to the aqueous phase and mixed
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properly. The samples were centrifuged at 12,000 rpm for 10 minutes at 4°C. The
clear aqueous phase was collected in a clean 2ml centrifuge tube and precipitated
using double volume of chilled ethanol and one tenth volume of 3 M sodium acetate
(pH 5.2).

Samples were left overnight at -20°C to allow DNA precipitation.
Precipitated DNA pellet was collected by centrifugation at 12,000 rpm for 10
minutes at 4°C. Pellet was washed with 70 % ethanol and air dried followed by
suspension in 50 ul of TE buffer (pH 8.0). The quality of the extracted genomic
DNA was checked by gel electrophoresis of 2 ul extracted DNA on 0.8% of agrose

gel stained with ethidium bromide 0.5 ug/ml.
6.2.4. PCR amplification

Amplification of the extracted bacterial genomic DNA was carried out using
the method given by Osbornet et al. (2005). The supernatant containing genomic
DNA was directly used as template in PCR reaction. PCR amplification of 16SrRNA
gene was carried out with specific PCR amplification of 16SrRNA gene using 27f
(5’-GAGTTTGATCCTGGCTCAG-3) and 1525r (5°-
AGAAAGGAGGTGTACCAGCC-3’) primers in 25 pL final volume of reaction
mixture containing 2 pl of template DNA (100 ng), 2.5 uL of 10X Buffer, 2.5 mM
dNTPs, 2.5 ul of 25 mM of MgCl,, 10 pmol of each primer and 2 U/ul Taqg DNA
polymerase. The thermocycling conditions consisted of initial denaturation at 95 °C
for 5 minutes, followed by 30 cycles of denaturation at 94 °C for 1 minute, annealing
at 57 °C for 40 second, extension at 72 °C for 1 minute 30 second and a final
extension of 10 minutes at 72 °C. Expected PCR product of around | .5 kb was
checked by electrophoresis of 5 pl of PCR product on 1% agarose gel in 1X TBE
buffer and stained with ethidium bromide 0.5 pg/ml.

6.2.5. Sequencing and Phylogenetic analysis

The amplified PCR products were out sourced to Scigenom Lab Pvt. Ltd.,
Cochin, Kerala, India for sequencing. The obtained sequenced strands were then
edited using the BioEdit software (Hall, 2013). The nucleotide sequences were
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compared with those in the NCBI databases using the Basic Local Alignment Search
Tool (BLAST, http:// www.ncbi.nlm.nih.gov/BLAST). The sequences obtained for
the bacterial isolates were aligned with each other by using Clustal W multiple
alignment programme of Molecular Evolutionary Genetics Analysis (MEGA) 7
software. From the aligned sequences, a phylogenetic tree was constructed. The
evolutionary models were selected based on lowest BIC (Bayesian Information
Criterion) value using MEGA 7. A neighbour joining phylogenetic tree was
constructed based on model Kimura-2 parameter (Saitou and Nei, 1987). The data

sets were subjected to 1000 bootstraps replicates.
6.3. Results
6.3.1. Screening and isolation of phosphate solubilizing bacteria

A total of 44 phosphate solubilizing bacteria were screened and isolated
from the different study sites based on their ability to solubilize TCP on PVK
medium. These isolates were designated as MZUR1, MZUR2, MZUR3, MZUR4,
MZUR5, MZUR6, MZUR7, MZUR8, MZUR9, MZUR10, MZUR11, MZUR12,
MZUR13, MZUR14, MZUR15, MZUR16, MZUR17, MZUR18, MZUR19,
MZUR20, MZUR21, MZUR22, MZUR24, MZUR25, MZUR26, MZUR27,
MZUR28, MZUR29, MZUR30, MZUR31l, MZUR32, MZUR33, MZUR34,
MZUR35, MZUR36, MZUR39, MZUR40, MZUR41, MZUR42, MZUR43 and
MZURA44.

The entire isolates exhibit the formation of halo-zone around their colonies
and which was used to determined their solubilization index. Highest solubilization
index was shown by the MZURG6 (3.45) and lowest was shown by MZUR4 (1.98)
while lowest SI was observed for MZUR4 (1.95).
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Table 6.1.  Solubilization index of potential PSB on PVK agar medium

S.N Strain Sl S.N Strain Sl

1. MZUR1 2.22+0.081 23. MZUR24 2.36+0.61
2. MZUR2 2.33+0.22 24, MZUR25 2.24+0.49
3. MZUR3 2.28+0.01 25. MZUR26 2.76+0.08
4, MZUR4 1.98+0.75 26. MZUR27 2.5440. 49
5. MZUR5 2.8+0.59 27. MZUR28 2.91+049
6. MZURG6 3.45+0.49 28. MZUR29 2.78+0.18
7. MZUR7 2.03+0.59 29. MZUR30 2.62+0.15
8. MZURS 2.22+0.06 30. MZUR31 2.45+0.08
9. MZUR9 2.45+0.57 31. MZUR32 3.01+0.09
10. MZUR10 2.28+0.49 32. MZUR33 2.89+0.38
11. MZUR11 2.96+0.08 33. MZUR34 2.84+0.08
12. MZUR12 2.21+0.22 34. MZUR35 3.12+0.17
13. MZUR13 2.7+£0.25 35. MZUR36 2.22+0.24
14, MZUR14 2.17+0.75 36. MZUR37 2.41+0.49
15. MZUR15 2.23+0.97 37. MZUR38 2.78+0.13
16. MZUR16 2.67+0.49 38. MZUR39 2.35+0.05
17. MZUR17 3.27+0.04 39. MZUR40 2.22+0.21
18. MZUR18 2.01+0.43 40. MZURA41 2.57+0.83
19. MZUR19 2.831£0.33 41. MZURA42 2.66+0.83
20. MZUR20 2.331£0.63 42. MZURA43 2.72+0.22
21. MZUR21 2.77+0.83 43. MZUR44 2.47+0.07
22. MZUR22 2.02+0.49 44, MZUR45 2.81+0.23

94



Fig 6.1. Potential PSB isolates on PVK agar medium showing Solubilization

zone.
a. MZURG6 (highest SI) b. MZUR11
c. MZUR32 (lowest Sl) d. MZUR18
e. MZUR35 f. MZUR18
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6.3.2. PCR amplification of isolated bacterial genomic DNA

The expected amplicon size of the bacterial genomic 16srRNA PCR product
was 1500-bp (1.5 kb). Visualization of the agarose gel after electrophoresis of the
PCR product showed a single band against the 1.5 kb position of the DNA ladder,
conforming that the genomic DNA of the bacterial isolates were successful amplified
in the 16SrRNA region.

Fig 6.2. Amplification 16SrRNA gene of potential PSB strain. L; low range
DNA Ladder (100bp — 1.5 kb)
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6.3.3. Identification of bacterial isolates based on sequence homology

The nucleotide sequences obtained were compared with existing 16SrRNA
sequences in the using NCBI databank using BLASTn for sequence homology.
Based on the sequence similarity the bacteria isolates were grouped into 4 genera
viz. Bacillus, Burkholderia, Pseuodomonas and Alcaligenes. The nucleotide
sequences were further compared with heir corresponding type strains retrieved from
(http://www.ezbiocloud.net/eztaxon). The

EzTaxon-database sequences were

assigned accession numbers after being deposited in NCBI Genbank database.

Table 6.2. List of the potential PSB strains with their strain and similarity isolates

name, accession number at NCBI and study site from which they were

isolated.

S.N Strain Similarity Isolates name Ncihifgzismn isSoiItaetioc:cn
1. MZUR1 Bacillus thuringensis MT086198 Jh
2. MZUR2 Bacillus cereus MT086199 Jh
3. MZUR3 Bacillus cereus MT086200 Jh
4. MZUR4 Bacillus cereus MT086201 Jh
5. MZURS5 Bacillus subtilis MT086202 Jh
6. MZURG6 Burkholderia glumae MT102411 Jh
7. MZUR7 Bacillus sp. MT102430 Jh
8. MZURS8 Bacillus sp. MT086203 Jh
9. MZUR9 | Pseudomonas bifermetnans MT086204 Jh
10.| MZUR10 Bacillus cereus MT086205 2F
11.| MZUR11 Burkholderia glumae MT102412 2F
12.| MZUR12 Alcaliegens faecalis MT086206 2F
13.| MZUR13 Bacillus sp. MT086207 2F
14.| MZUR14 Bacillus sp. MT086208 2F
15.| MZUR15 Bacillus cereus MT086209 2F
16.| MZUR16 Bacillus paramycoides MT086210 2F
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http://www.ezbiocloud.net/eztaxon

S.N Strain Similarity Isolates name | NCBI accession Site of
number isolation
17.| MZUR17 | Burkholderia vietnameses MT086211 2F
18.| MZUR18 Burkholderia gladioli MTQ096514 2F
19.| MZUR19 Pseudomonas putida MT102121 2F
20.| MZUR20 Pseudomonas sp. MT102439 SF
21.| MZUR21 Bacillus thuringiensis MT102133 5F
22.| MZUR22 Bacillus cereus MT102134 5F
23.| MZUR24 Bacillus nitratireducens MT102135 5F
24.| MZUR25 Bacillus sp. MT102136 5F
25.| MZUR26 Pseudomonas sp MT102440 5F
26.| MZUR27 Bacillus parmycoides MT102137 10F
27.| MZUR28 Alcaligenes faecalis MT102138 10F
28.| MZUR29 Burkholderia gladioli MT102441 10F
29.| MZUR30 Bacillus paramycoides MTO087561 10F
30.| MZUR31 Bacillus cereus MT087562 10F
31.| MZUR32 Pseudomonas sp. MT102122 10F
32.| MZUR33 Burkholderiasp. MT102123 10F
33.| MZUR34 Alcaligenes sp. MTO087563 10F
34.| MZUR35 Burkholderia cepacia MT102124 10F
35.| MZUR36 Bacillus cereus MT087564 10F
36.| MZUR37 Burkholderia gladioli MT102125 ubD
37.| MZUR38 | Pseudomonas oryzihabitans MT102126 ubD
38.| MZUR39 Bacillus cereus MT102442 ub
39.| MZUR40 Bacillus cereus MT102443 ub
40.| MZUR41 Alcaligenes sp. MT102433 ub
41.| MZURA42 Alcaligenes sp. MT102432 uD
42.| MZUR43 Alcaligenes sp. MT102431 ubD
43.| MZUR44 Bacillus cereus MT087567 ubD
44.| MZUR45 Burkholderia glumae MT102413 ub
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6.3.4. Phylogenetic analysis

The evolutionary history was inferred by using Neighbour joining
method based on Kimura 2- parameter model (K2+G) (Saitou and Nei, 1987).The
estimated transition/transversion bias (R) ratio is 1.15. The model was selected based
on the lowest Bayesian information criterion (8324.105) value. The phylogenetic tree
was divided two different clades (Clades | and Clades II). In Clade I, gram positive
Bacillus was grouped together with type strains from EzTaxon databases with
bootstrap value of 100%. In Clade Il, the gram negative bacteria are clustered under
two sub-clades, in Clade IIA Pseudomonas was clustered separately while
Alcaligenes and Burkholderia were clustered together under one sub-clade (Clade
11B) with bootstrap value of 100%.
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Fig 6.2. Constructed Phylogenetic tree based onl6SrRNA sequence using
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6.4. Discussion

Phosphorus (P) is the second limiting nutrient required for plant growth and
development involved in important metabolic pathways like nutrient uptake,
biological oxidation and energy metabolism (Nesme et al., 2018). The total P in soil
accounts roughly for 0.04-0.1% (w/w), only a very tiny proportion of P (soluble
H,PO, or HPO4*) can directly be assimilated by plants (Chen et al., 2008). The
large portion of P in soils exists in inorganic insoluble form [e.g., Cas (PO,).] and
organic insoluble/soluble form (e.g. phytate and nucleic acid) (Liu et al., 2015; Neal
etal., 2017).

Phosphate solubilizing bacteria (PSBs) convert unavailable P (both P; and P,)
into available P to satisfy the requirements of plants through dissolution and
absorption. P solubilizing activities were detected by the formation of clear halo (a
sign of solubilization) around their colonies when grown in PVK agar medium (Park
et al., 2010). All 44 isolates showed formation of halo zone around their colonies
when grown in PVK agar medium which showed their P solubilization actvitiy.
Highest solubilization index was shown by Burkholderia glumae MZURG6
(3.45%0.49) followed by Burkholderia viaetnamenses MZUR17 (3.27), Burkholderia
cepacia MZUR35 (3.12) and Pseudomonas sp. MZUR32 (3.01). High SI of
Burkholderia and Pseudomonas were also observed by Tripti et al. (2012) and
Walpola and Yoon (2013). The ability to form solubilization zone depends on the
production of organic acids and phosphatase enzyme which indicates that the isolates

are all potential P solubilizers (Sharma et al., 2013; Park et al., 2010).

From this study, we found that 7 out of 9 PSB isolated from the Jh soil
belongs to Bacillus genus, the others being Pseudomonas and Burkholderia. From
the 2F site 10 PSBs were isolated, where 5 of the isolates belong to Bacillus, 3
isolates belong to Burkholderia and 1 each isolate belongs to Pseudomonas and
Alcaligenes. Least number of PSB was isolated from the 5F site which was made up
of 3 Bacillus and 3 Pseudomonas. Most of the PSB isolated from 10F site were
found to be gram negative, with 3 isolates belonging to Burkholderia, 2 isolates

belonging to Alcaligenes and 1 isolate belonging to Pseudomonas. 3 isolates from
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10F were gram positive bacteria belonging to Bacillus. The PSB isolated from UD
site showed a consortium of bacteria composed of 3 Alcaligenes, 2 Burkholderia, 1
Pseudomonas and 3gram-positive Bacillus. Bacillus accounts for 52.23% of the total
isolates while Burkholderia, Pseduodmonas and Alclaligenes accounts for 22.73%,
12.66% and 11.36% respectively.

The diversity and richness of established PSB varies from soil to soil
depending upon the physicochemical properties. P solubilizing ability of PSB also
varies from organism to organism and even in different strains of the same species
(Kumar, 2016). Although the overall taxonomic composition of the P-solubilizing
community is affected by soil type, a core community of PSB (taxa present in all
samples) was identified. Numerically, these are dominated by Bacillus and
Burkholderia.

Soil nutrient availability, plant characteristics, soil properties and the
interaction of roots with microorganisms governs the diversity and distribution of
PSB. Soil rich in available nutrients such as 10F and UD site showed high number
of PSB. The large amount of available nutrients supports high bacterial counts which
are highly correlated to total number of PSB. This is because, the quantity of organic
matter was high, so number of macro- and micro faunal population exists to
accomplish their decomposition (Reza et al., 2014). In rejuvenating sites such as 2F,
the growth of new vegetation was much more dependent on efficient and positive
root-microbe interactions. Occurrence of high PSB indicated that under stressed
situation the root system of plant supports the proliferation of beneficial bacteria for
their growth (Mander et al., 2012). The transition from shrub vegetation to small
trees in 5F site along with poor nutrient available maybe accountable for the low
number of PSB isolated from the site (Deka et al, 2013). In Jh site, burning process
plays a critical role in determining the composition of total bacterial community and
PSB (Miah et al. 2014). The high temperature and addition of large number led to
the homogenous distribution of PSB which is mainly dominated by Bacillus

A phylogenetic tree is an estimate of the relationships among taxa (or

sequences) and their hypothetical common ancestors (Nei and Kumar
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2000; Felsenstein, 2004; Hall, 2011). Kumar et al. (2014) stated that phylogenetic
tree of bacteria must be divided into two clades, i.e., gram positive clade and gram
negative clade. Accordingly, the phylogenetic tree constructed based on neighbour
joining method using Kimura-2 model clustered the bacterial isolates into two major
clades. Clade I is constituted of the gram positive Baccili while Clade Il consist of
Pseudomonas, Burkholderia and Alcaligenes which were gram negative. The
constructed phylogenetic tree showed that all the isolates were clustered together
with their corresponding reference strains viz. Burkholderia glumae LMG 2196
Burkholderia cepacia ATCC 25416, Bacillus paramycoides NH 24A2,
Pseudomonas putida NBRC 14164, Bacillus cereus ATCC 14579, Bacillus
thuringiensis ATCC 10792 and Alcaligenes faecalis sub sp. Faecalis NBRC 13111

obtained from EzBioCloud.net.

One noticeable pattern observed from this study is that with the increase in
the length of the fallow period, the number of gram negative PSB isolated also
increases. Also the diversity of the PSB isolates also showed a positive relation with
the length of the fallow period. This is evident from the observation made that the Jh
site is mainly dominated by Bacillus while the diversity of PSB isolates from 10F
and UD site were more even. Also, the genus Alcaligenes were found to be more

regularly distributed in older fallows soil.
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Chapter 7

Biochemical = Characterisation of  Phosphate

Solubilizing Bacterial Isolate

7.1. Introduction

The identification and characterisation of bacteria can be carried out using
both the conventional and molecular methods. The convention methods often called
the classical methods of bacteria identification and classification relies on the
observation of bacterial samples under specific conditions. This conventional method
includes both morphological and biochemical characterisation and identification of
bacteria. Classical identification of individual bacterial species in environmental
samples typically involves isolation, laboratory culture and then taxonomic
characterization. The classification of bacteria into families, genera and species is
based on a wide range of phenotypic characteristics (Holt et al., 1994). These include
culture conditions, colony morphology, biochemical characteristics and detailed
morphology. Although many high-tech methods have been developed for the
identification of bacteria such as polymerase chain reaction (PCR), biochemical tests
are still widely applied as they are inexpensive, reliable, and easily applied in all

laboratories.

Biochemical tests are used for the identification of bacterial species based on
the differences in the biochemical activities of different bacteria. All bacteria have
unique biochemical characteristics which are governed by their cellular metabolism
which is responsible for the secretion of intra and extra cellular enzymes.
Intracellular enzymes include carbohydrate fermentation, nitrate reduction, catalase
reactions, urease test, oxidase test, litmus milk reaction, H,S production and IMViC
test (Cappucino and Sherman, 2014). Extracellular enzymes include starch

hydrolysis, lipid hydrolysis, casein hydrolysis and gelatine hydrolysis. As a result of
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activities of these enzymes, metabolic products are formed and excreted by the cell
into the environment. Assay of these end products can be used for the detection and

classification of bacteria.

Bacteria that colonize the rhizosphere and plant roots, and enhance plant
growth by any mechanism are referred to as PGPR. PGPR can exhibit a variety of
characteristics responsible for influencing plant growth. Plant growth-promoting
rhizobacteria (PGPR) have ability to colonize plant roots and increase plant growth
by wide range of mechanisms. Solubilization of phosphate and production of IAA
are the most common mechanisms of plant growth promoting rhizobacteria to
promote productivity and growth in plants (Datta et al., 2011).

PSB are considered to be PGPR as they as they play a major role in the
phosphorous cycle. They mediate the mineralization of organic phosphorous in soil
which is necessary for maintaining the level of soil available phosphorous (Greaves
and Webley, 1965; Tarafdar and Junk, 1987; Garcia et al., 1992; Gupta et al., 2015).
The production of enzyme phosphatase and organic acids by the bacteria is vital for
the mineralization and solubilization of phosphate in soil. The enzyme phosphatase
is the most commonly secreted enzymes that hydrolyze phosphoric acid into P ion

and a free OH group molecule; hence a special attention is given to its study.

Bacteria synthesize auxins in order to perturb host physiological processes
for their own benefit (Shih-Yung, 2010). Indole acetic acid (IAA) is one of the most
physiologically active auxins. IAA is a common product of L- tryptophan
metabolism produced by several microorganisms including Plant Growth-Promoting
Rhizobacteria (PGPR) (Lynch, 1985). Important plant growth stimulating hormone
is an Indole acetic acid, which increases root hair density, enhanced seed
germination and improvement in the growth of the rice plant (Vessey, 2003;
Ashrafuzzaman et al., 2009)

7.2. Methodology

Biochemical characterizations of PSB isolates was performed by using the

methods given by Bergey’s Manual of Determinative Bacteriology (1995). All tests
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were carried out in triplicates and a controlled blank (without bacteria) was carried
out alongside for all tests performed.

7.2.1. Gram staining

Thin smear of bacterial culture was made on clean glass slide, air dried and
heat fixed. The smear was covered with crystal violet for 30 seconds and the slide
was washed with distilled water. The smear was covered with Grams iodine solution
for 60 seconds and the slide was washed with 95% ethyl alcohol and then distilled
water. Again the smear was covered with safranin for 30 seconds and washed with
distilled water and blot dried and observed under microscope. Bacterial smears
retaining the crystal violet colour were scored as gram positive while those smears

retaining the red/pink safranin were scored as gram negative.

7.2.2. Carbohydrate fermentation

For carbohydrate fermentation test, Phenol red broth containing different
carbohydrate viz. sucrose or glucose was used as a fermentation media. After
autoclaving at 121°C for 15 minutes, the media was cooled down to room
temperature and inoculated with the test bacterial strains. The inoculated media were
then incubated at 35°C for 24 hours. Fermentation of sucrose or glucose was detected

by the change in colour of media to yellow from pink.
7.2.3. Nitrate reduction

Nutrient broth supplemented with 0.1% potassium nitrate (KNO3) was
inoculated with the bacterial strains and incubated at 35°C for 48 hours. After
incubation a few drops of Sulfanilic acid (Nitrate reagent A) and reagent B (alpha-
naphthylamine) was added to the culture. The development of red colour was
observed. If no change of coloration occurs, a pinch of zinc powder was added to the
cultures. The cultures which showed red coloration were scored as having nitrate
reducing potential while those with no colour change are scored as negative nitrate

reducing bacteria.
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7.2.4. Casein hydrolysis

Bacteria to be tested for casein hydrolysis were aseptically streaked
inoculated in Skim milk agar medium. After incubated at 35°C for 24 hours, the
development of clear halo zone around the bacterial colony was observed in culture

having proteolysis activity.
7.2.5. Catalase test

To test the catalase production, 24 hours old bacterial cultures were placed on
a clean, sterile glass slides and a few drops of 3% H,0, was added to it. The rapid

development of bubbles indicates the production of catalase enzymes.

7.2.6. Gelatin hydrolysis

Tubes containing sterile nutrient gelatin medium were stabbed inoculated
with the bacterial isolates and incubated at 35°C. After every 24 hours for 14 days,
the tubes were taken out and put in 4°C for 15 minutes to check for gelatin
liquefaction. The tubes were tilted to observe if gelatin has been hydrolysed. Total

or partial liquefaction of the medium recorded as positive gelatin hydrolysis.

7.2.7. Starch hydrolysis

Starch hydrolysis of bacteria was tested by making a single streak inoculation
of the bacteria to be tested was made into the centre of a starch agar plates. After
incubation at 35°C for 48 hours, the plates were flooded with lodine solution for 30
seconds and the excess iodine solution was removed. Positive starch hydrolysis was

indicated by the presence of a clear zone around the bacterial colony.
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7.3. Plant growth promoting activities
7.3.1. Acid phosphatase production

Bacterial acid phosphatase activity was measured using Tabatabai and
Bremner (1969). PSB were inoculated in NBRIP medium and incubated at 30°C for
24 hrs. To 3 ml of the culture, 1 ml of acetate buffer (pH 5.6) and 1ml 0.115 M p-
nitrophenyl phosphate were added. After incubation the mixture at 37°C for 1 hr, 20
ml 0.5 N NaOH was added to stopped the reaction. The mixture was then transferred
to a 50 ml volumetric flask and the volume was made to with distilled water. The

absorbance was then read in a spectrophotometer at 410 nm.
7.3.2. IAA production

IAA production was determined following the method described by Gutierrez
et al. (2009). 100 ml liquid nutrient medium supplemented with 1 ml of 0.2 % L-
tryptophan were inoculated with the bacterial strains and then incubated for 72 hrs
with continuous shaking at 30°C. After 72 hours of incubation, the cultures were
centrifuged for 10 minutes at 12,000 rpm. 1 ml of the clear supernatant was then
taken in a clean test tube and mixed with 4 ml of freshly prepared Salkowski’s
reagent. The mixture was incubated in the dark at 37°C for 30 minutes. Development
of pink colour indicates the IAA production and optical density was measured at 530

nm.

7.4. Results

7.4.1. Biochemical test

52 % of the PSB isolates were found to be gram positive which were
hypothetically identified as Bacillus. The remaining 48% was contributed by gram
negative bacteria hypothetically belonging to Burkholderia, Alcaligenes and

Pseudomonas.
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Out of the 44 isolates, 93% of the isolates showed catalase enzymes

production. 57% of the isolates were capable of performing starch hydrolysis, gelatin

hydrolysis test was positive for 80% of the isolates, while 60% of the isolate were

capable of casein hydrolysis. 95% of the isolates were capable of fermenting glucose

and sucrose while 2% of the isolates do not perform either scudoes or glucose

fermentation. 97% of the isolates were found to be capable of reducing nitrate to

nitrite.

Table 7.1. Qualitative biochemical screening of isolated potential phosphate

solubilizing bacteria.

S. Strain Gram Catalase Starch Gelatin Casein Sucrose Glucose Nitrate
N stain test hydrolysis hydrolysis hydrolysis reduction
1 MZURL1 + + + + + + +
2 MZUR2 + + + + + + + +
3 MZUR3 + + + + + + +
4 MZURA4 + + + + + + + +
5 MZUR5 + + + + + + + +
6 MZURG6 + + + +
7 MZUR7 + + + + + + + +
8 MZURS + + + + + + + +
9 MZUR9 + + + + + +
10 | MZUR10 + + + + + + + +
11 | MZUR11 + + + + + +
12 | MZUR12 + + + + +

13 | MZUR13 + + + + + + +
14 | MZUR14 + + + + + + +
15 | MZUR15 + + + + + + +
16 | MZUR16 + + + + + +
17 MZUR17 + + + + +
18 | MZURI18 + + + + + + +
19 | MZUR19 + + + + +
20 | MZUR20 + + + + +
21 | MZUR21 + + + + + + + +
22 | MZUR22 + + + + - + +
23 MZUR24 + + + + + + + +
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S. Strain Gram Catalase Starch Gelatin Casein Sucrose Glucose Nitrate
N stain test hydrolysis | hydrolysis hydrolysis reduction
24 | MZUR25 + + + + + + + +
25 MZUR26 + + + +
26 | MZUR27 + + + + + + +
27 MZUR28 + + + + + +
28 MZUR29 + + + + + +
29 MZUR30 + + + + - + +
30 MZUR31 + + + + + + + +
31 MZUR32 + + + + + +
32 MZUR33 + + + + +
33 MZUR34 + + + + +
34 | MZUR35 + + +

35 | MZUR36 + + + + + + +
36 | MZUR37 + + + + +
37 MZUR38 + + + + + +
38 | MZUR39 + + + + + + + +
39 MZUR40 + + + + + + + +
40 MZUR41 + + + T T T
41 MZUR42 + + + + +
42 MZURA43 + + + + +
44 MZUR44 + + + + T T
45 | MZURA45 + + + + + + + +

7.4.2. Acid phosphatase and 1AA production.

All bacterial isolates showed phosphatase production after 24 hours of

culturing on NBRIB medium. Quantitatively isolated bacteria showed phosphate
solubilization range between 0.271 to 37.604 pg/ml. MZUR22 showed highest P-

solubilization values, whereas MZUR35 the minimum.

All 44 isolates could produce IAA in the presence of externally provided L-

tryptophan in the broth medium. The highest IAA production was shown by
MZUR37 and least IAA was shown by MZUR35.
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Table 7.2.

Quantification

of acid phosphatase activity and IAA production of

isolated PSB
S.N Strain Apase IAA

(p- NPP pg*hr mI*hr™) (IAA ug ml™)
1. MZUR1 5.641+0.231 18.402+2.261
2. MZUR2 5.604+0.37 18.291+1.002
3. MZUR3 6.456+0.161 16.146+0.029
4, MZUR4 9.197+0.898 15.946+0.128
5. MZURS5 6.011+0.74 16.091+0.263
6. MZURG6 7.271+0.643 15.946+0.649
7. MZUR7 10.9+0.740 15.602+0.192
8. MZURS8 5.715+0.206 15.446+0.785
9. MZUR9 34.419+0.723 13.935+0.203
10 MZUR10 10.53+0.641 12.613+0517
11 MZUR11 6.382+0.225 12.024+3.334
12 MZUR12 13.382+0.37 11.724+0.414
13 MZUR13 32.123+1.397 11.524+0.222
14 MZUR14 11.234+0.89 11.091+0.495
15 MZUR15 22.234+3.121 10.957+1.113
16 MZUR16 5.53+0.64 11.035+0.353
17 MZUR17 12.493+0.185 10.679+0.029
18 MZUR18 6.197+0.557 9.968+0.656
19 MZUR19 21.715+0.481 8.046x0.656
20 MZUR20 21.641+0.78 8.113+0.495
21 MZUR21 7.049+0.98 7.879£0.124
22 MZUR22 37.604+0.64 6.302+0.426
23 MZUR24 8.011+0.76 6.291+0.422
24 MZUR25 10.021+0.64 4.264+0.45
25 MZUR26 9.382+0.234 4.613+0.235
26 MZUR27 6.086+0.64 4.124+0.319
27 MZUR28 16.197+0.643 4.079+0.095
28 MZUR29 6.493+0.334 4.068+0.084
29 MZUR30 5.382+0.303 4.046+0.078
30 MZUR31 12.123+0.234 2.946+1.473
31 MZUR32 0.937£0.243 1.757+0.228
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S.N Strain Apase IAA

(p- NPP ug*hr mithr?) (1AA pg mi™)
32 MZUR33 9.641+0.525 1.624+0.206
33 MZUR34 3.567+0.225 0.879x£0.472
34 MZUR35 0.271+0.316 0.502+0.135
35 MZUR36 7.9£0.392 7.787%£0.135
36 MZUR37 9.419+0.64 23.957+0.135
37 MZUR38 5.641+0.28 21.207+0.135
38 MZUR39 8.234+0.196 19.392+0.145
39 MZUR40 7.974+0.357 16.737%£0.135
40 MZUR41 20.826+0.98 19.866%0.165
41 MZURA42 8.271+098 18.091+0.164
42 MZURA43 6.493+0.365 16.861+0.135
43 MZUR44 2.493+0.376 20.645+0.35
44 MZURA45 1.764+0.224 1.275+0.786

7.5. Discussion

The ability of bacteria to form organic compounds by metabolizing certain
carbohydrates and related compounds is a widely used method for the identification
of microorganisms. Carbohydrate fermentation is the process microorganisms use to
produce energy. In this study all bacterial isolates except MZUR22 and MZUR30
were capable of fermenting both sucrose and glucose and hence can utilise both

carbohydrates as source of energy.

Bacterial species may be differentiated on the basis of their ability to reduce
nitrate to nitrite or nitrogenous gases. The nitrate reduction test is based on the
detection of nitrite in the medium after incubation with an organism. MZUR35 is the
sole isolate which is incapable of nitrate reduction while rest of the isolates can

reduce nitrate to nitrite.

Casein is a macromolecule composed of amino acids linked together by
peptide bonds, CO-NH. Some microorganism has the ability to degrade the casein
protein by producing proteolytic exoenzyme, called proteinase (caseinase).

Following inoculation and incubation of the agar plate enhanced with casein or milk,
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bacteria secreting proteases will exhibit a zone of proteolysis, which is demonstrated
by a clear area surrounding the bacterial colony (Brown, 2009). Out of the 44
isolates, 30 isolates were found to exhibit clear area around their colonies when
grown in Skim milk agar. Hence, it can be concluded that these bacterial isolates

produce caseinase enzymes for casein hydrolysis.

Catalase is an enzyme, which is produced by microorganisms that live in
oxygenated environments to neutralize toxic forms of reactive oxygen metabolites.
Catalase is capable of converting hydrogen peroxide to water and oxygen. The
presence of the enzyme in a bacterial isolate is evidenced when a small inoculum
introduced into hydrogen peroxide (H,O;) causes rapid elaboration of oxygen
bubbles (Willey et al., 2008). Among all the bacterial isolates except MZUR26,
MZUR35 and MZURA43 produce rapid elaboration of bubbles when introduce to
H.O,, hence it can be concluded that all isolates except these strains have a

protective mechanism against reactive oxygen metabolites.

Gelatin hydrolysis test is used to determine the ability of an organism to
produce extracellular proteolytic enzymes (gelatinases) that liquefy gelatin, a
component of vertebrate connective tissue. Therefore, all isolates found to produces
gelatinase, and liquefies the growth medium by hydrolysing gelatin present in the

medium will be capable of liquefying animal gelatins (Smith and Goodner, 1958).

The ability to degrade starch is used as a criterion for the determination of
amylase production by a microbe. Performing a starch hydrolysis test or starch test is
used to determine the presence or absence of an amylase enzyme. Bacterial isolates
grown on starch agar medium which produce clear halo zone around their colony
when flooded with iodine solution are considered to have amylolytic activity. The
clear zone indicates hydrolysis of starch into monosaccharides which cannot bind the

iodine molecule and appear as the clear zone around bacterial growth (Tille, 2014).

In both cultivated and natural soil environments, soil microbes play a key

role in improving soil health by promoting plant growth. These microbes improve
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plant growth through traits such as phosphate solubilization, auxin synthesis, and
siderophore production (Sharma et al., 2014). From the present study all 44 bacterial
isolates were found to be able to produce phosphatase enzyme and IAA during 72
hours of in vitro culture. Quantitatively, isolate MZUR22 showed the highest
phosphatase production (37.604+0.64 p- NPP ug*hr mI*hr') while MZUR37
MZUR35 (0.271 p- NPP pg*hr mI™*hr? ) showed the lowest phosphatase production
showed the highest IAA production (23.957+0.135 pugml™) during the culture period.
The highest IAA production was shown by MZUR37 (23.957+0.135 IAA pg ml™)
and least IAA was shown by MZUR35 0.502+0.135 IAA pg ml™).  during the
culture period.

The production of phosphatase enzyme and IAA by PGPB were reported by
many workers such as Gope (2006), Glick (2012) and Behera et al. (2017). The plant
growth promoters present in the soils of jhum and jhum fallow which are capable of
phosphate solubilization and IAA production, can be used as soil amendments for

eco-restoration and for increasing crop productivity (Chaiharn and Lumyong, 2010).

114



Chapter 8

In vitro Evaluation of Selected Phosphate
Solubilizing Bacteria to Alleviate Rice Growth
Performance

8.1 Introduction

Agriculture is one of the most crucial economic sectors for human and rice
(Oryza sativa L.) cultivation is one of the most important agricultural practices. It is
estimated that nearly 50% of the world population consumed rice as the main staple
food. In India, rice cultivation occupies about 23.3% of gross cropped area
contributing 43% of the total food grain production and 46% of the total cereal
production of the country. Owing to high nutritional value and main staple food of
half of the world population, rice production needs to be improved to meet the rapid
expanding world population. About 60% of the total workers in Mizoram are
engaged in agriculture of which rice cultivation is the main sector. Rice is grown
under varying eco-systems on a variety of soils under varying climatic and
hydrological conditions. Rain fed upland rice cultivation also called traditional
jhum/shifting rice cultivation is regular way of rice cultivation in Mizoram.
Although phosphorous is an essential macronutrient for plant growth and
development, 95-99% of it, present in the soil is insoluble and cannot be utilized by
plants (Vassileva et al., 2000). This unavailability is due to P-fixation, either it is
adsorbed on the soil minerals or get precipitated by free Al¥*and Fe3*in the soil
solution (Havlin et al., 1999). To increase the availability phosphorus to plants, a
large amount of phosphorous is quickly applied to soil, a large portion of which is
quickly transferred into insoluble form (Omar et al., 1998) and very little percentage
of applied phosphorus is available to plants making continuous application fertilizer
necessary (Abd-Alla et al., 1994).
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Approximately 52.3 billion tons of P-based fertilizers are applied annually to
maintain available P levels in soil-plant systems (FAO, 2017). Whereas, only, about
0.2%, i.e., <10 uM of this huge amount, is used by plants (Alori et al., 2017; Islam et
al., 2019) and the rest is precipitated by metal cations in soil such as Fe, Al, Mg, Ca,
etc. The extensive use of P may leads to inevitable depletion of world reserves of
rock phosphate (Leghari et al., 2016). This depletion will be concomitant with the
increase in the cost of these commercial fertilizer products. Recently, scientists from
all over the world have focused their attention on sustainable agriculture by
exploiting beneficial microbes in order to increase the contribution of biofertilizers
to food and fibre production (Khan et al., 2007; Granada et al., 2018; Yadav and
Sarkar, 2019).

Biofertilizers are commonly defined as “Preparation containing live microbes
which helps in enhancing the soil fertility either by fixing atmospheric nitrogen,
solubilizing phosphorus or decomposing organic wastes or by augmenting plant
growth by producing growth hormones with their biological activities” (Chaparro et
al., 2014; Okur, 2018). Many strains, some of which have interesting
biotechnological potential have been isolated from the extensive research programs
on plant-beneficial microorganisms (Sivasakthivelan and Saranraj, 2013; Umesha et
al., 2018; Nafis et al., 2019).

Thus, solubilization and mineralization of phosphorous by phosphate-
solubilizing microorganisms (PSMs) is one of the most important microbial
physiological traits in soil biogeochemical cycles (Jeffries et al., 2003) as well as in
plant growth promotion by PGPMs (Richardson, 2001). Most of the PSMs reported
so far include fungi, bacteria and soil yeasts, which were found to solubilize
unavailable inorganic phosphates both in culture media and soil through the
production of organic acids. The use of phosphate solubilizing bacteria (PSBs) as
inoculants simultaneously increases phosphorous uptake by the plant and crop yield.

The plant growth promoters present in these soils, capable of phosphate
solubilization and IAA can be used as soil amendments for eco-restoration and for

increasing crop productivity (Chaiharn and Lumyong, 2010). The present study
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aimed to identify PGPRs native to jhum agricultural fields and to explore their PGP
potential for the development of a possible bioinoculant consortium for the eco-

restoration of jhum fallows.
8.2 Experimental design

In order to assess the efficacy of PSB isolate on the growth of rice, an in vitro
pot culture experiment was conducted using selected PSB isolates as inoculants.
Two isolates such as Bacillus cereus MZUR22 and Burkholderia gladioli MZUR37
were selected based on their most efficient phosphatase activity and IAA production

respectively.

8.2.1. Preparation of soil seedbed

Soil samples were collected from pre-burnt jhum field. The soil samples were
divided into two sets; first set was autoclaved at 15psi for 15 minutes while the
second set was left autoclaved. 100g of soil of each set were kept in 6 sterile plastic
containers and triplicate of each soil samples were maintained. 10g of ash collected

from the jhum field was added to three triplicates of each set.

The sterilised soil was used in order to limit the interference of native
microbial community of the soil with action of the bacterial inoculants. Unsterilized
soil was used in the experiment so as to demonstrate the effect of the interaction
between the native microbial community and bacterial inoculants on the growth of
rice plants. Both sterilized and unsterilized soil were amended with ash obtain from
the burnt jhum field so as to observed the effect of ash addition on the growth of rice
along with the addition of bacterial inoculants. The unsterilized soil amended with

ash without bacterial inoculants will mimic the jhum field.
8.2.2. Preparation of bacterial inoculum

The selected bacterial strains were cultured in nutrient broth (NB) medium
(Difco manual, 1953) at 30°C for 24 hrs under constant agitation for biomass
propagation. The cultured bacterial strains were then used as inoculants in vitro

condition.
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8.2.3. Seed surface sterilization (Amin et al. 2004)

Rice seeds were first washed with sterilised distilled water and dried. The
dried seeds were t agitated in 70 % ethanol for 5 minutes and then washed in sodium
hypochlorite solution comprising 3 % ChloroxTM (2.6 % NaOCI). The seeds were
again rinsed with sterile distilled water followed by washing with 2% sodium
thiosulphate solution to neutralize chloramines residue. Finally, the seed were

washed again with sterile distilled water and dried on a sterile paper towel.
8.2.4. Inoculation and in vitro culture of rice seed

Surface sterilised rice seeds were soaked in nutrient broth media which
already contain selected PSB strains cultured overnight. The soaked seeds were then
transferred to the plastic containers. The rice plants were grown for 21 days in in
vitro condition. Shoot length and dried biomass were measured at 14 and 21 days

after sowing.
8.3. Methodology

Quantification of dry biomass, shoot and root length were carried out after 14
and 21 DAS. The dry biomass content of rice plant will be estimated by oven-drying
the plant samples freed of debris in an oven at 60 °C till constant weight was
obtained. The dried plants biomasses were weighted in an electronic balance and the
mean were expressed in grams (g) for each replicates. The shoot and root length
were measured for each replicates using a standard ruler and the mean were

expressed in cms.
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Fig 8.1. Experimental design for in- vitro test of selected Phosphate Solubilizing

Bacteria efficacy as potential bio fertilizer
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8.4. Results

The observed results from the in vitro growth of rice under different
treatments showed that the rice seeds treated with PSB inoculum showed better
growth performance in terms of root and shoot length as well as biomass
accumulation during the observed period. Soil amended with ash also showed a

positive effect on the growth of rice which are inoculated with PSB.

Rice seeds treated with bacteria inoculum MZUR22 Bacillus cereus grown
on unsterilized soil amended with ash showed the highest shoot and root length
along with highest biomass accumulation after 21 DAS, followed by rice seeds
treated with MZUR37 Burkholderia gladioli grown on unsterilized soil amended
with ash. Lowest growth performance of rice was observed in the control treatment
for sterilised soil. The detail results of the experiment were shown in the following
fig 8.3-8.5

One-way ANOVA performed considering significant level of p<0.05 showed
that significant variation exists among the different rice inoculated with PSBs which
were given different combination treatment with Ash. The rice inoculated with
MZUR22 in combination with ash treatment showed the most significant variation
for growth performance and biomass accumulation from the other treatments for
both sterilised and unsterilized soils. Inoculated rice seed with MZUR37 in
combination with ash also showed significant variation in growth performance and
biomass accumulations as well. Rice seed inoculated with PSBs which were not
amended with ash also showed variation from the control rice plants, however their

effect was found to less prominent as to those amended with ash.
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Fig 8.2. Shoot growth performance of rice treated with PSBs under different
treatments on sterilized and unsterilized soil at 14 DAS
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Fig 8.3. Shoot growth performance of rice treated with PSBs under different
treatments on sterilized and unsterilized soil at 21 DAS.
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Fig 8.4. Root growth performance of rice treated PSBs under different
treatments on sterilized and unsterilized soil at 14 DAS.
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Fig 8.5. Root growth performance of rice treated PSBs under different
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sterilized a soil at 21 DAS.
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Fig.8.7. Rice growth performance under different treatments with PSB isolates
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Table 8.1. One way analysis of variance (ANOVA) of rice shoot growth
between rice seeds inoculated with isolated potential PSB strains under
different treatment grown on sterilized soil at 21 DAS. Marked effects

are significant at p < 0.05.

S.N Source of variation F-value p-value
1. MZUR22 +Ash x MZUR37 + Ash 61.264 0.001*
2. MZUR22 + Ash x Ash 12.982 0.023*
3. MZUR22 + Ash x MZUR22 24.962 0.008*
4, MZUR22 + Ash x MZUR37 31.291 0.005*
5. MZUR22 + Ash x CONTROL 46.775 0.002*
6. MZUR37 + Ash x Ash 215.063 0.000*
1. MZUR31 + Ash x MZUR22 1.877 0.243
8. MZUR37 + Ash x MZUR37 4,612 0.098
9. MZUR37 x CONTROL 11.382 0.028*
10, MZUR22 x Ash 128.847 0.000*
11] MZUR22 x MZUR37 0.729 0.441
12] MZUR22 x CONTROL 4.328 0.106
13, MZUR37x CONTROL 103.380 0.001*
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Table 8.2. One way analysis of variance (ANOVA) of rice root growth
between rice seeds inoculated with isolated potential PSB strains
under different treatment grown on sterilized soil at 21 DAS.

Marked effects are significant at p < 0.05.

S.N Source of variation F-value p-value
1. MZUR22 +Ash x MZUR37 + Ash 42.025 0.003*
2. MZUR22 + Ash x Ash 6.000 0.070
3. MZUR22 + Ash x MZUR22 9.600 0.036*
4. MZUR22 + Ash x MZUR37 12.100 0.025*
S. MZUR22 + Ash x CONTROL 12.100 0.025*
6. MZURS37 + Ash x Ash 12.100 0.025*
7. MZUR31 + Ash x MZUR22 2.400 0.196
8. MZUR37 + Ash x MZUR37 2.500 0.189
9. MZUR37 x CONTROL 2.500 0.189
10. MZUR22 x Ash 2.500 0.189
11. MZUR22 x MZUR37 0.053 0.830
12. MZUR22 x CONTROL 0.053 0.830
13. MZUR37x CONTROL 25.350 0.007*
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Table 8.3.

One way analysis of variance (ANOVA) of rice shoot growth
between rice seeds inoculated with isolated potential PSB strains
under different treatment grown on unsterilized at 21 DAS. Marked

effects are significant at p < 0.05.

S.N Source of variation F-value p-value
1. MZUR22 +Ash x MZUR37 + Ash 23.562 0.008*
2. MZUR22 + Ash x Ash 2.765 0.172
3. MZUR22 + Ash x MZUR22 2.765 0.172
4. MZUR22 + Ash x MZUR37 5.524 0.078
S. MZUR22 + Ash x CONTROL 10.217 0.033*
6. MZUR37 + Ash x Ash 75.002 0.001*
7. MZUR31 + Ash x MZUR22 0.000 1.000
8. MZUR37 + Ash x MZUR37 0.116 0.751
9. MZUR37 x CONTROL 1.788 0.252
10. MZUR22 x Ash 37.875 0.004*
11. MZUR22 x MZUR37 0.116 0.751
12. MZUR22 x CONTROL 1.788 0.252
13. MZUR37x CONTROL 37.875 0.004*
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Table 8.4.

One way analysis of variance (ANOVA) of rice root growth

between rice seeds inoculated with isolated potential PSB strains

under different treatment grown on unsterilized at 21 DAS. Marked

effects are significant at p < 0.05.

S.N Source of variation F-value p-value
1. MZUR22 +Ash x MZUR37 + Ash 1.500 0.288
2. MZUR22 + Ash x Ash 6.000 0.070
3. MZUR22 + Ash x MZUR22 21.600 0.010*
4. MZUR22 + Ash x MZUR37 9.600 0.036*
5. MZUR22 + Ash x CONTROL 345.600 0.000*
6. MZURS37 + Ash x Ash 1.500 0.288
1. MZUR31 + Ash x MZUR22 15.000 0.018*
8. MZUR37 + Ash x MZUR37 5.400 0.081
9. MZUR37 x CONTROL 317.400 0.000*
10. MZUR22 x Ash 9.600 0.036
11. MZUR22 x MZUR37 2.400 0.196
12. MZUR22 x CONTROL 290.400 0.000*
13. MZUR37x CONTROL 1.500 0.288
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8.4. Discussion

From the experimental result and statistical analysis, it was observed that the
rice seed inoculated with PSB isolates showed better root and shoot growth as well
as biomass accumulation in the early stage of rice growth. MZUR22 + Ash treatment
showed the best growth performance in terms of shoot and root length along with
biomass accumulation followed by MZUR37 + Ash treatment. This was in
agreement with numbers of researchers such as Anand et al., (2016), Banerjee et al.,
(2017) etc. who demonstrated the used of native microbes from jhum cultivation as
bio-inoculant improves rice growth. The addition of ash to the soil greatly influence
the growth and biomass accumulation of the rice plant since supply of nutrients
especially available phosphorus is augmented by addition of ash (Joachim and
Kandiah 1948). Hence the combination of PSBs inoculum with soil amended with
ash showed the highest growth performance and biomass accumulation
(Ramakrishnan and Toky 1981; Tawnenga et al., 1997, Sapriliana et al., 2016)

The rice seeds inoculated with bacterial isolates exhibiting high phosphatase
(MZUR22) showed higher shoot and root growth as well as biomass accumulation as
compared to rice seed inoculated with bacteria having the highest IAA production
(MZUR37) under all treatment conditions. Since low available P in soil is one of the
main limiting factor for plant growth, the production of phosphatase which increase
the amount of available P in soil have greater influence on the growth of rice plant.
This was demonstrated by Kalayu (2019) who mentioned that using Bacillus and
Pseudomonas as bio-inoculant to be an efficient way to convert the insoluble P
compounds to plant-available P form, resulting in better plant growth, crop yield,
and quality ; Sharma et al. (2007) who reported the enhancement in seed germination
and seedling growth enhancement with the combined inoculation of Pseudomonas
fluorescens and Bacillus megateriumand Stephen et al. (2015) who state that the use
of Gluconacetobacter sp. strain MTCC 8368 and Burkholderiasp. strain MTCC
8369 as inoculants increased the growth, yield, phosphorus content and nutrient

uptake of rice (Oryza sativa) to name a few.
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The use of beneficial microbes such as PSBs as bio-fertilizers is a growing
trend in the field of agriculture and is necessary for its sustainability. Bacteria
isolated from jhum and jhum fallows with combined PGP properties (P-
solubilization and 1AA production) were obtained which were able to enhance plant
growth. The use of microbes as bio-fertilizers in jhum fields is not widely practice;
therefore, the use of native PGPB for improving crop productivity and aiding the

eco-restoration and sustainability of the degraded soil system is required.
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Chapter 9

Summary and conclusion

Jhum cultivation is one of the most ancient systems of farming which is a
common agricultural practice among the tribal people of South America, Africa, and
Southeast Asia. In India it is commonly practiced in the hilly areas of south, central, and
North-Eastern India. About 0.76 Mha of land is under jhum cultivation in North-Eastern
India. Among the seven North-Eastern states of India, the area under jhum cultivation is
highest in Nagaland, accounting for 38.18% of its geographical area, followed by

Mizoram and Manipur.

In jhum cultivation, a piece of forest land was cleared, left to dry and the dried
biomass is burned in situ followed by the cropping phase. Once the fallow lands regain
their fertility, the farmers come back to the same piece of land for cultivation. In jhum
cultivation fire is deliberately used to change soil physico-chemical properties, and both
the release of nutrients by fire and the value of ash have been known to cause alteration
in soil biochemical properties. In course of time, different adverse effects emerge
because of jhum cultivation which has a detrimental effect on the soil nutrients status
and biological properties due to deliberate slashing and burning of vegetation involved

in the process.

Phosphorus (P) which is an essential nutrient for the growth and development
of plants undergoes large volatilization and convective losses during jhum cultivation.
The amount available P in the soil for plant utilization is very low and the new sources
to replace the lost available P mainly comes from non-plant available P in soil and from
parent materials which needs to be solubilized through the action of enzymes known
as phosphatase. These enzymes are secreted by a group of microorganisms known as
Phosphate Solubilizing Microorganism (PSM), among which Phosphate Solubilizing
Bacteria (PSB) are predominant. These PSB(s) can be used for the rapid solubilization
of insoluble P, thereby supplementing the low available P level in the soil. Hence these
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PSB can be developed into location-specific fertilizers to maintain the sustainability of

jhum cultivation.

In this study soil samples were collected from the current jhum field, different
length jhum fallows viz. current jhum (Jh), 2 years jhum fallow (2F), 5 years jhum
fallow (5F), 10 years jhum fallow (10F) and an undisturbed forest (UD) of Hmuntha
village (23.4939° N and 92.9419°E), Serchhip district, Mizoram, India. Soil samples
were collected during February, May, August and November. The soil physico-
chemical properties such as soil temperature, bulk density (BD), soil moisture content
(SMC), water holding capacity (WHC), soil pH, soil organic carbon (SoC),
available nitrogen (AN), available phosphorous (AP) and available potassium (AK)
were analyzed. Soil enzymes assay for dehydrogenase, urease, phosphatase,
arylsulfatase, and B- glucosidase were also carried out. Analysis of soil microbial
biomass carbon (Cmic) and microbial biomass nitrogen (Nmic) was also done.
Estimation of soil bacterial diversity based on metagenomic sequencing and isolation

and molecular identification of PSB was carried out using 16s rRNA gene sequencing

Metagenomics diversity of soil bacteria was assessed by amplification of V3-
V4 hypervariable region of the 16SrRNA gene. The isolation of PSB was carried out
based on their ability to solubilize TCP on PVK medium and 16SrRNA gene
sequencing was also done for the potential isolates to assert their identity. Biochemical
characterization including assessment of PGP traits such as IAA and phosphatase
enzyme production was done to screen for potential bio-fertilizers. Based on their PGP
trait, the effect of selected bacterial isolates on rice growth performance as carried out
in in-vitro experiments under different treatments such as the addition of ash and

sterilization of soil.

Analysis of soil physico- chemical properties showed that UD site was the
most productive and fertile site while 2F was observed to be the poorest and least
fertile. Statistical analysis showed that there is significant variation among soil physico-
chemical properties of different sampling sites. Maximum soil temperature and BD
were found to highest in 2F soil, while UD recorded the lowest for both parameters. Soil
BD ranges from 1.05g cm? in 10F during November to 1.37 g cm® in Jh during May.
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Soil BD and WHC are inversely correlated hence lowest WHC% (60.32 %)
were observed in Jh during May and the highest WHC% (73%) was observed in UD
during May. The SMC was highest in August for all sampling sites where UD showed
the highest SMC of 32.63% while the Jh site showed the lowest SMC (12.58%) during
February.

The soil nutrients viz. SoC, AN, AP, and AK were found to be highest in UD
site and lowest in 2F site. The soil pH ranges from 4.7-5.5, highest soil temperature of
26°C was recorded in 2F during May and lowest of 12.07°C during November in Jh site
Highest SoC (4.793 % ) was observed at UD site during November while Jh site
showed the lowest SOC (2.567%) during February. Soil available nitrogen showed
variation with respect to the length of the fallowing period of the sampling sites. The
highest AN 236 kgha-1 was observed in UD site during November and the lowest AN
(148 kg ha') was observed in 2F during February. Soil AP showed a wide range of
variation between different sampling sites. The highest level of available P (15.7 kg ha’
1Y was recorded from UD site during August while the lowest level of available P (8.1
kg ha) was recorded from 2F site during November. Soil available K ranges from 144
kg hal in 2F site during February to 234 kg ha® at UD site during August, indicating a
wide range of variation both with sites and sampling season.

Soil biochemical properties such as enzymes dynamic and soil microbial
biomass carbon and nitrogen showed a significant variation between the samples site.
For soil enzyme dynamic, the highest DHA activity was recorded in the UD site (0.9 mg
TPF g dry soil’ 24hr?) and lowest (0.22 mg TPF g dry soil™ 24hr?) in Jh site. Acid
phosphatase (Apase) phosphatase enzyme activity ranges from 42.100 ug p-NP g-1 dry
soil hrt at 2F site in February to 149.566 pg p-NP g dry soil hr! at the UD site during
August. The highest urease (URS) enzyme activity was recorded at UD site (34 ug NH3
g dry soil™ 3hrt) where the lowest (10 pg NHs g dry soil* 3hrt) was recorded at the 2F
site. The ARS activity of the study site ranges from 71ug p-NP dry soil* hr! in 2F soil
during May to 320 pg p-NP dry soil hrt in UD soil during May and August and the
highest Beta- glucosidase activity of 211.45 ug p-NP dry soil’* hr' was recorded at UD
site during May while lowest reading of 58.29 pg p-NP dry soil™ hr! was recorded at
the 2F site during February.
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Metagenomics analysis of soil bacterial population using NGS revealed that at
kingdom level, archaea were found in all samples except 5F. The highest percentage of
Archaea was observed in UD (1.98%). Actinobacteria are the dominant Phylum in Jh
representing 37.198% of the total bacterial phyla while Proteobacteria are the dominant
class in the other sites accounting for 33.777%, 30.078%, 33.978%, and 31.917% of the
bacterial population in 2F, 5F, 10F, and UD respectively. The 10F site showed the
highest number of unique bacterial species based on the NGS data generated. 730
bacterial species belonging to 541 genera were identified from the UD site. The 2F
showed the second-highest numbers of bacteria species with 582 species from 446
different genera while from the Jh site 452 species genera belong to 332 genera were
recorded. UD and 5F sites showed the least number of bacterial species at 545

belonging to 406 genera and 408 genera respectively.

Alpha diversity analysis revealed that there was significant variation in the
bacterial composition between the sampling site. 10F showed the highest Shanon
diversity index (10.169) while the lowest was observed in Jh site (9.048). Phylogenetic
diversity analysis based on Faith phylogenetic diversity index also follows the same
distribution as that of Shanon diversity index with diversity index ranging from 57.8 for
Jh to 85.9 for 10F. PCoA of Beta-diversity analysis based on Bray-Curtis index and
Jaccard distance showed dissimilarity between the bacterial populations of the different
sites. While PCoA of weighted and unweighted infrac distance showed that there is
dissimilarity in the phylogenetic diversity of bacterial community shared between the
study sites except for 2F and 5F which showed an almost similar phylogenetic diversity

of bacteria.

Base on their ability to solubilized tri-calcium phosphate and formation of halo
zone on PVK medium, 44 bacteria were identified as having phosphate solubilizing
potential and were isolated and maintained in pure-culture. They were then designated
as MZUR1, MZUR2, MZUR3, MZUR4, MZUR5, MZUR6, MZUR7, MZURS,
MZUR9, MZUR10, MZUR11, MZUR12, MZUR13, MZUR14, MZUR15, MZUR1S6,
MZUR17, MZUR18, MZUR19, MZUR20, MZUR21, MZUR22, MZUR24, MZUR25,
MZUR26, MZUR27, MZUR28, MZUR29, MZUR30, MZUR31, MZUR32, MZUR33,
MZUR34, MZUR35, MZUR36, MZUR39, MZUR40, MZUR41, MZUR42, MZUR43
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and MZUR44. Their SI was calculated and the highest solubilization index was shown
by the MZURG6 (3.45) and the lowest was shown by MZUR4 (1.98) while the lowest SI
was observed for MZUR4 (1.95).

Genomic DNA and molecular characterization using 16srRNA gene profiling
were performed on all of the isolated PSBs. The 16SrRNA gene amplification was
performed by using the primer 27f and 1525r. The PCR products were sent for
sequencing commercially at AgriGenome Labs Pvt. Ltd. Kochi, Kerala, India. After
sequencing of the PCR purified product, the sequence data were compared for similarity
level with the reference strains of PSB from genomic database banks. The 16STRNA
nucleotide sequences were compared by BLASTn analysis tool to look for 16SrRNA
gene homology and based on the results the bacterial isolates placed under the
genera Burkholderia, Pseudomonas, Alcaligenes, and Bacillus. Bacillus accounts for
52.23% of  the total isolates  while Burkholderia, Pseduodmonas,
and Alclaligenes account for 22.73%, 12.66%, and 11.36% respectively. The 16s rRNA
nucleotide sequences nucleotide were deposited in NCBI Genbank database bearing the
accession MT086198- MT086211, MT087561- MT087567, MT096514, MT102121-
MT102138, MT102411- MT102443.

Based on the 16SrRNA sequence result, 7 out of 9 PSB isolated from the Jh
soil belongs to Bacillus genus, the others being Pseudomonas and Burkholderia. From
the 2F site 10 PSBs were isolated, where 5 of the isolates belong to Bacillus, 3
to Burkholderia and 1 each to Pseudomonas and Alcaligenes. The least number of PSB
were isolated from the 5F site which was made up of 3 Bacillus and 3 Pseudomonas.
Most of the PSB isolated from 10F site were found to be gram-negative, with 3 isolates
belonging to Burkholderia, 2 to Alcaligenes, and 1 to Pseudomonas. 3 isolates from 10F
were gram-positive bacteria belonging to Bacillus. The PSB isolated from UD site
showed a consortium of bacteria composed of 3 Alcaligenes, 2 Burkholderia,

1 Pseudomonasand 3-gram positive Bacillus.

The evolutionary history was inferred by using the Neighbor-joining method
based on Kimura 2- parameter model (K2+G). The estimated transition/transversion

bias (R) ratio is 1.15. The model was selected based on the lowest Bayesian information
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criterion (8324.105) value. The phylogenetic tree was divided into two different clades
(Clades | and Clades II). In Clade I, gram-positive Bacillus was grouped with type
strains from EzTaxon databases with a bootstrap value of 100%. In Clade Il, the gram-
negative bacteria are clustered under two sub-clades, in Clade 1A Pseudomonas was
clustered separately while Alcaligenes and Burkholderia were clustered together under
one sub-clade (Clade 11B) with a bootstrap value of 100%.

The biochemical characterization of the 44 bacterial isolates showed that Out
of the 44 isolates, 93% of the isolates showed catalase enzyme production. 57% of the
isolates were capable of performing starch hydrolysis, gelatin hydrolysis test was
positive for 80% of the isolates, while 60% of the isolate were capable of casein
hydrolysis. 95% of the isolates were capable of fermenting glucose and sucrose while
2% of the isolates do not perform either scudoes or glucose fermentation. 97% of the

isolates were found to be capable of reducing nitrate to nitrite.

All bacterial isolates showed phosphatase and IAA production after 24 hours of
culturing. Quantitatively, isolated bacteria showed a phosphate solubilization range
between 0.271 to 37.604 p- NPP pgthr mlthr-1. MZUR22 showed the highest P-
solubilization values, whereas MZUR35 the minimum. The highest IAA production was
shown by MZUR37 (23.957+0.135 IAA pg milt) and the least IAA was shown by
MZUR35 0.502+0.135 IAA ug miL).

The in vitro growth of rice under different treatments showed that the rice
seeds treated with PSB inoculum showed better growth performance in terms of root
and shoot length as well as biomass accumulation during the observed period. Soil
amended with ash also showed a positive effect on the growth of rice inoculated with
PSB. Rice seeds treated with bacteria inoculum MZUR22 -Bacillus cereus grown on
unsterilized soil amended with ash showed the highest shoot and root length along with
highest biomass accumulation after 21 DAS, followed by rice seeds treated with
MZUR37- Burkholderia gladioli grown on unfertilized soil amended with ash. The
lowest growth performance of rice was observed in the control treatment for sterilized
soil. One-way ANOVA performed considering a significant level of p<0.05 showed that

there was significant variation in the shoot and root growth as well as rate of biomass
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accumulation between rice inoculated with PSBs and rice which were not inoculated
with PSB. It was also observed that the addition of ash played an important role in the

early growth of rice plants.

From this study, it can be concluded that the deliberate and intentional use of
fire for land preparation during jhum cultivation has a long-term effect on the soil
physico-chemical, biochemical and biological properties. A fallowing period of at least
10 years is recommended for the rejuvenation of the soil property before it is being
cleared for another jhum cycle. However, due to the increase in population and increase
in land pressure the fallowing period has been reduced to around 4-5 years, hence
compromising the sustainability of the jhum cultivation. The use of native microbes as
bio-fertilizer has a huge potential. The isolated PSB which have PGP trait may be
developed as bio-fertilizers to help increase the rice production from jhum field, allow a
sustainable 2nd year cropping and help in the fast recuperation of soil nutrient
especially P during the fallowing period.
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Appendix — |
Media composition for PSB

1. Pikovskaya’s medium (Pikovskaya, 1948)

Glucose - 10.00 g
MgS0O4.7H20 - 10.00 ml
CaCl2 - 10.00 g
Tricalcium phosphate - 5.009g
(Ca3 (PO4)2)
Distilled water - 1000 ml
Agar - 18.00 g
pH - 7.00

2. Nutrient medium (Difco Manual, 1953)
Peptone — 5.00¢
Beef extract — 3.00g
Sodium chloride — 8.00¢g
Distilled water — 1000 ml
pH — 7.30

3. NBRIP medium (Nautiyal, 1999)
Glucose - 10.00 g
Ca3(P0O4)2 - 5.00¢g
MgCl2.6H20 - 5.00¢g
MgS0O4.7H20 - 0.25¢g
KCI - 0.20g
(NH4)2S04 - 0.10g
Distilled water — 1000 ml
pH — 7.00
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Appendix-11

Reagents prepared for soil physico-chemical and
biochemical properties

1% 2,3,5 triphenyl tetrazolium chloride (TTC)
TTC - 10g
Distilled water — 100 ml

0.115 M p-nitrophenyl phosphate (p-NPP)

p- NPP — 4.26 ¢
Distilled water — 100 ml

0.5 M p-nitrophenyl-B-glucoside (PNG)
PNG - 0.654g
MUB (pH 6) - 50 ml

0.25M p-nitrophenyl sulfate
Potassium p-nitrophenyl sulfate - 0.614g
Acetate buffer - 50 ml

Modified universal Buffer (MUB pH 6.5)

Tris (hydroxyaminomethane) — 2.429
Maleic acid — 239
Citric acid — 2.8¢
Boric acid — 1269
MilliQ water - 800 ml

Then adjusted to pH 6.5 with 10 M sodium hydroxide (NaOH)
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10 M NaOH

NaOH — 40 ¢

Distilled water — 100 ml
0.5 N NaOH

NaOH - 29

Distilled water — 100 ml

0.5 M CaCl2
CaCl?2 — 7.351¢g
Distilled water — 100 ml

10 % urea solution

Urea — 10.0g

Distilled water 100 ml

Phenolate solution preparation:

Solution A: Dissolve 62.5 g of phenol in 20 ml of methanol.
Then, add 18.5 ml of acetone to it and the mixture is

then made up to 100 ml with ethyl alcohol.

Solution B: Dissolve 27 g of NaOH in 100 ml of distilled water.

For phenolate solution, mix together 20 ml of solution
A and B and make up the whole volume to 100 ml with distilled

water. This has to be prepared fresh before use.

140



1N potassium dichromate solution

Potassium dichromate

Distilled water

0.5 N ferrous ammonium sulphate solution

Ferrous ammonium sulphate

Distilled water

0.32% KMnO4 solution

Potassium permanganate (KMnO4)
Distilled water

1% Boric acid
Boric acid
Distilled water

2.5 % NaOH

Sodium Hydroxide (NaOH)

Distilled water
0.05 M Sodium bicarbonate (NaHCO3)

NaHCO3
Distilled water
pH

0.02 N Sulphuric acid (H2S04)
Conc.H2504

Distilled water

Dickman’s and Bray’s reagent
Ammonium molybdate
Distilled water
10 N HCI
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29.418 g
100 ml

19.606 g
100 m

3.2¢0
1000

209
1000 ml

259
1000 ml

219
100 ml
8.5

1ml
18L

159
600 ml
400 mi



40 % stannous chloride (SnCI2.2H20)
SnClI2.2H20 - 10 g
Conc. HCI — 25 ml

Diluted Stannous chloride solution (Make a fresh solution)
40 % SnCl2.2H20 — 0.5 mil
Distilled water — 66 ml

1 M Ammonium acetate (NH40OACc)

NH40Ac — 77.09 g
Distilled water — 1000 ml
pH — 7.0

Neutral Ammonium acetate solution

99.5% Glacial acetic acid (CH3COOH) — 57 ml
Distilled water — 700 ml
Concentrated (NH40H) - 69 ml (Diluted upto
900 ml with dist.water)
pH (adjusted by 3 N NH40H or 3N CH3COOH) — 7.0
Appendix-111

Media and Reagents Used For Biochemical Screening of
Potential Phosphate Solubilizing Bacteria

Phenol red carbohydrate broth medium

Peptone - 5.00¢

Beef extract - 3.00g

Sodium chloride - 8.00¢g

Carbohydrate source - 10¢g

Distilled water - 1000 ml

pH - 7.310.1

Phenol red indicator - few drops till medium turn pink
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Starch agar medium

Beef extract - 39
Peptone - 59 2¢
Starch, soluble -

Agar - 15¢g
Distilled water - 1000 ml
pH - 7.24£0.1

Nutrient gelatin medium

Gelatin - 120g
Peptone - 5¢

Beef extract - 39
Distilled water - 1000 ml
pH - 7.240.1

Skim milk agar medium

Skim milk powder - 5g mixed with 50 ml distilled
water (stir until dissolved)

- 1 g mixed with 50 ml
distilled water. (stir until
dissolved). Add the mixture
and autoclave

Agar

Nitrate broth medium

Peptone - 59¢
Beef extract — 39
Potassium nitrate (KNO3) - 1g
Distilled water - 1000 ml
pH —  7.0420
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Appendix-1V

Reagents Used for Isolation and Phylogenetic Affiliation of
Phosphate Solubilizing Bacteria

TE Buffer (pH 8.0)

10mM Tris-HCI - 0.157 ¢
Distilled water - 100 ml
1ImM EDTA - 3.722 g
Distilled water - 10 mi

5M Sodium chloride
Sodium chloride - 29.22 ¢

Distilled water - 100 ml

3M Sodium acetate (pH 5.2)

Sodium acetate - 24.69 ¢
Distilled water - 100 ml
pH - 5.2

5x Tris- borate- EDTA (TBE) buffer

Tris - 549
0.5M EDTA - 3.722 g
Boric acid - 2750 ¢
Distilled water - 1000 ml
pH - 8.2
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1x TBE buffer (500 ml)
5x TBE

Distilled water

Composition of the PCR reaction mixture (25 pl tube)

10 x buffers

MgCI2 (25 mM)

dNTPs (2.5 mM)

Primers

Template DNA (100 ng)

Tagq DNA polymerase (2U/ul)
Nuclease free water

0.8% agarose gel (50 ml)

Agarose

1x TBE

Ethedium Bromide (EtBr) (10 mg/ml)
1.5% agarose gel (50 ml)

Agarose

1x TBE

Ethedium Bromide (EtBr) (10 mg/ml)
1.5% agarose gel (100 ml)

Agarose

1x TBE

Ethidium Bromide (EtBr) (10 mg/ml)
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100 ml

400 ml

2.5 ul
1.5 ul
2.0 ul
0.8 ul
1.0 ul
0.5 ul
15.9 pl

049

50 ml

2 ul

075

50 ml

2 ul



70% ethanol (100 ml)
Ethanol (99.9%) - 70 ml
Distilled water - 30 ml
10% Cetyl trimethyl ammonium bromide (CTAB)
CTAB - 10.0 g
Distilled water - 100 ml
10% Sodium dodecyl sulphate (SDS)
SDS - 10049
Distilled water - 100 ml

Lysozyme (2 mg/ml): Dissolve 2 mg of lysozyme in 1 ml of
1x TBE buffer (pH 8.0) and store at -20)C for further
use.

Proteinase K (20 mg/ml): Dissolve 20 mg of proteinase K in 1 ml
of sterile distilled water and store at -20'C for further use.

Ethidium Bromide (EtBr) (10 mg/ml): Dissolve 10 mg of
EtBr in 1 ml of sterile distilled water and store at 4:C for
further use.

Appendix-1V

Reagents used for estimation of bacterial acid phosphatase and IAA production

0.2% L-tryptophan
L-tryptophan — 0.200 g
Distilled water — 100 ml
Salkowski’s reagent

35% perchloric acid 50 mi

0.5 M FeCls - 1mi
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0.5 M Ferric chloride (FeCI3.6H20)
FeCls - 6.757 g
Distilled water - 50 ml
0.115 M p-nitrophenyl phosphate
p- nitrophenyl phosphate -4.629
Distilled water - 100 ml

0.5 N Sodium hydroxide (NaOH)
NaOh - 20 ¢

Distilled water - 1L
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Abstract

Jhum cultivation is an ancient agricultural land use system practiced widely
among the hill tribes of North-East India. In jhum cultivation, a piece of forest land was
cleared, left to dry and the dried biomass is burned in situ followed by the cropping
phase. Once the fallow lands regain their fertility, the farmers come back to the same
piece of land for cultivation. In jhum cultivation fire is deliberately used to change soil
physico-chemical properties, and both the release of nutrients by fire and the value of
ash have been known to cause alteration in soil biochemical properties. In course of
time, different adverse effects emerge because of jhum cultivation which has a
detrimental effect on the soil nutrients status and biological properties due to deliberate

slashing and burning of vegetation involved in the process.

Phosphorus (P) which is an essential nutrient for the growth and development
of plants undergoes large volatilization and convective losses during jhum cultivation.
The amount available P in soil for plant utilization is very low and the new sources to
replace the lost available P mainly comes from non-plant available P in soil and from
parent materials which needs to be solubilized through the action of enzymes known
as phosphatase. These enzymes are secreted by a group of microorganisms known as
Phosphate Solubilizing Microorganism (PSM), among which Phosphate Solubilizing
Bacteria (PSB) are predominant. These PSB(s) can be used for the rapid solubilization
of insoluble P, thereby supplementing the low available P level in the soil. Hence these
PSB can be developed into location-specific fertilizers to maintain the sustainability of

jhum cultivation.

In this study soil samples were collected from the current jhum field, different
length jhum fallows viz. current jhum (Jh), 2 years jhum fallow (2F), 5 years jhum
fallow (5F), 10 years jhum fallow (10F) and an undisturbed forest (UD) of Hmuntha
village (23.4939° N and 92.9419°E), Serchhip district, Mizoram, India. Soil samples
were collected during February, May, August, and November. The soil physico-

chemical properties such as soil temperature, bulk density (BD), soil moisture content
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(SMC), water holding capacity (WHC), soil pH, soil organic carbon (SoC),
available nitrogen (AN), available phosphorous (AP) and available potassium (AK)
were analyzed. Soil enzymes assay for dehydrogenase, urease, phosphatase,
arylsulfatase and B- glucosidase were also carried out. Analysis of soil microbial
biomass carbon (Cmic) and microbial biomass nitrogen (Nmic) were also done.
Estimation of soil bacterial diversity based on metagenomic sequencing and isolation

and molecular identification of PSB was carried out using 16s rRNA gene sequencing

Metagenomics diversity of soil bacteria was assessed by amplification of the
V3-V4 hypervariable region of the 16SrRNA gene. The isolation of PSB was carried
out based on their ability to solubilize TCP on PVK medium and 16SrRNA gene
sequencing was also done for the potential isolates to assert their identity. Biochemical
characterization including assessment of PGP traits such as IAA and phosphatase
enzyme production was done to screen for potential bio-fertilizers. Based on their PGP
trait, the effect of selected bacterial isolates on rice growth performance as carried out
in in-vitro experiments under different treatments such as the addition of ash and

sterilization of soil.

Analysis of soil physico- chemical properties showed that UD site was the
most productive and fertile site while 2F was observed to be the poorest and least
fertile. Statistical analysis showed that there is significant variation among soil physico-
chemical properties of different sampling sites. Maximum soil temperature and BD
were found to highest in 2F soil, while UD recorded the lowest for both parameters. Soil
BD ranges from 1.05g cm?® in 10F during November to 1.37 g cm® in Jh during May.
Soil BD and WHC are inversely correlated hence lowest WHC% (60.32 %) were
observed in Jh during May and the highest WHC% (73%) was observed in UD during
May. The SMC was highest in August for all sampling sites where UD showed the
highest SMC of 32.63% while the Jh site showed the lowest SMC (12.58%) during
February.

The soil nutrients viz. SoC, AN, AP, and AK were found to be highest in UD
site and lowest in 2F site. The soil pH ranges from 4.7-5.5, highest soil temperature of

26°C was recorded in 2F during May and lowest of 12.07°C during November in Jh site
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Highest SoC (4.793 % ) was observed at UD site during November while Jh site
showed the lowest SOC (2.567%) during February. Soil available nitrogen showed
variation with respect to the length of the fallowing period of the sampling sites. The
highest AN 236 kgha* was observed in UD site during November and the lowest AN
(148 kg ha) was observed in 2F during February. Soil AP showed a wide range of
variation between different sampling sites. The highest level of available P (15.7 kg ha-
1) was recorded from UD site during August while the lowest level of available P (8.1
kg ha') was recorded from 2F site during November. Soil available K ranges from 144
kg ha! in 2F site during February to 234 kg haat UD site during August, indicating a
wide range of variation both with sites and sampling season.

Soil biochemical properties such as enzymes dynamic and soil microbial
biomass carbon and nitrogen showed a significant variation between the samples site.
For soil enzyme dynamic, the highest DHA activity was recorded in the UD site (0.9 mg
TPF g dry soil 24hr?) and lowest (0.22 mg TPF g dry soil™* 24hr?) in Jh site. Acid
phosphatase (Apase) phosphatase enzyme activity ranges from 42.100 pg p-NP g dry
soil hrt at 2F site in February to 149.566 pg p-NP g dry soil hr! at the UD site during
August. The highest urease (URS) enzyme activity was recorded at the UD site (34 pg
NH3 g dry soil’? 3hrt) where the lowest (10 pg NHs g dry soil™ 3hr) was recorded at
the 2F site. The ARS activity of the study site ranges from 71pug p-NP dry soil-1 hr-1 in
2F soil during May to 320 pg p-NP dry soil™ hrt in UD soil during May and August
and the highest Beta- glucosidase activity of 211.45 pg p-NP dry soil* hr! was recorded
at UD site during May while lowest reading of 58.29 pg p-NP dry soil* hr? was

recorded at the 2F site during February.

Metagenomics analysis of soil bacterial population using NGS revealed that at
kingdom level, archaea were found in all samples except 5F. The highest percentage of
Archaea was observed in UD (1.98%). Actinobacteria are the dominant Phylum in JF
representing 37.198% of the total bacterial phyla while Proteobacteria are the dominant
class in the other sites accounting for 33.777%, 30.078%, 33.978%, and 31.917% of the
bacterial population in 2F, 5F, 10F, and UD respectively. The 10F site showed the
highest number of unique bacterial species based on the NGS data generated. 730
bacterial species belonging to 541 genera were identified from the UD site. The 2F
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showed the second-highest numbers of bacteria species with 582 species from 446
different genera while from the Jh site 452 species genera belong to 332 genera were
recorded. UD and 5F sites showed the least number of bacterial species at 545

belonging to 406 genera and 408 genera respectively.

Alpha diversity analysis revealed that there was significant variation in the
bacterial composition between the sampling sites. 10F showed the highest Shanon
diversity index (10.169) while the lowest was observed in JH site (9.048). Phylogenetic
diversity analysis based on Faith phylogenetic diversity index also follows the same
distribution as that of Shanon diversity index with diversity index ranging from 57.8 for
Jh to 85.9 for 10F. PCoA of Beta-diversity analysis based on Bray-Curtis index and
Jaccard distance showed dissimilarity between the bacterial population of the different
sites. While PCoA of weighted and unweighted infrac distance showed that there is
dissimilarity in the phylogenetic diversity of bacterial community shared between the
study sites except for 2F and 5F which showed an almost similar phylogenetic diversity

of bacteria.

Base on their ability to solubilized tri-calcium phosphate and formation of halo
zone on PVK medium, 44 bacteria were identified as having phosphate solubilizing
potential and were isolated and maintained in pure-culture. They were then designated
as MZUR1, MZUR2, MZUR3, MZUR4, MZUR5, MZUR6, MZUR7, MZURS,
MZUR9, MZUR10, MZUR11, MZUR12, MZUR13, MZUR14, MZUR15, MZUR1S6,
MZUR17, MZUR18, MZUR19, MZUR20, MZUR21, MZUR22, MZUR24, MZUR25,
MZUR26, MZUR27, MZUR28, MZUR29, MZUR30, MZUR31, MZUR32, MZUR33,
MZUR34, MZUR35, MZUR36, MZUR39, MZUR40, MZUR41, MZUR42, MZUR43
and MZUR44. Their SI was calculated and the highest solubilization index was shown
by the MZURG (3.45) and the lowest was shown by MZUR4 (1.98) while the lowest Sl
was observed for MZUR4 (1.95).

Isolated bacterial genomic DNA were amplified using 27f (5°-
GAGTTTGATCCTGGCTCAG-3’) and 1525r (5’-AGAAAGGAGGTGTACCAGCC-
3”) primers. After sequencing of the PCR purified product, the sequence data were

compared for similarity level with the reference strains of PSB from NCBI database
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banks. The 16SrRNA nucleotide sequences were compared by BLASTn analysis tool to
look for 16SrRNA gene homology and based on the results the bacterial isolates placed
under the genera Burkholderia, Pseudomonas, Alcaligenes,
and Bacillus. Bacillus accounts for 52.23% of the total isolates while Burkholderia,
Pseudomonas, and Alclaligenes account for 22.73%, 12.66%, and 11.36% respectively.
The 16s rRNA nucleotide sequences nucleotide were deposited in NCBI Genbank
database bearing the accession MT086198- MT086211, MT087561- MT087567,
MT096514, MT102121- MT102138, MT102411- MT102443.

Based on the 16SrRNA sequence result, 7 out of 9 PSB isolated from the Jh
soil belongs to Bacillus genus, the others being Pseudomonas and Burkholderia. From
the 2F site 10 PSBs were isolated, where 5 of the isolates belongs to Bacillus, 3
to Burkholderia and 1 each to Pseudomonas and Alcaligenes. Least number of PSB
were isolated from the 5F site which was made up of 3 Bacillus and 3 Pseudomonas.
Most of the PSB isolated from the 10F site were found to be gram-negative, with 3
isolates belonging to Burkholderia, 2 to Alcaligenes, and 1 to Pseudomonas. 3 isolates
from 10F were gram-positive bacteria belonging to Bacillus. The PSB isolated from UD
site showed a consortium of bacteria composed of 3 Alcaligenes, 2 Burkholderia,
1 Pseudomonas, and 3-gram positive Bacillus.

The biochemical characterization of the 44 bacterial isolates showed that Out
of the 44 isolates, 93% of the isolates showed catalase enzyme production. 57% of the
isolates were capable of performing starch hydrolysis, gelatin hydrolysis test was
positive for 80% of the isolates, while 60% of the isolate were capable of casein
hydrolysis. 95% of the isolates were capable of fermenting glucose and sucrose while
2% of the isolates do not perform either scudoes or glucose fermentation. 97% of the

isolates were found to be capable of reducing nitrate to nitrite.

All bacterial isolates showed phosphatase and IAA production after 24 hours of
culturing. Quantitatively, isolate MZUR22 showed the highest phosphatase production
(37.604+0.64 p- NPP pgthr mithrt) while MZUR37 MZUR35 (0.271 p- NPP pg*hr
ml*hr?) showed the lowest phosphatase production showed the highest IAA production
(23.957+0.135 pgml™Y) during the culture period. The highest IAA production was
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shown by MZUR37 (23.957+0.135 IAA pg ml?) and the least IAA was shown by
MZUR35 0.502+0.135 IAA ug miL).

The in vitro growth of rice under different treatments showed that the rice
seeds inoculated with selected PSBs (MZUR22 and MZUR37) showed better growth
performance in terms of root and shoot length as well as biomass accumulation during
the observed period. Rice seeds treated with bacteria inoculum MZUR22 -Bacillus
cereus grown on unsterilized soil amended with ash showed the highest shoot and root
length along with highest biomass accumulation after 21 DAS, followed by rice seeds
treated with MZUR37- Burkholderia gladioli grown on unfertilized soil amended with
ash. The lowest growth performance of rice was observed in the control treatment for
sterilized soil. One-way ANOVA performed considering a significant level of p<0.05
showed that there was significant variation in the shoot and root growth as well as rate
of biomass accumulation between rice inoculated with PSBs and rice which were not
inoculated with PSB. It was also observed that the addition of ash played an important

role in the early growth of rice plants.
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