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CHAPTER 1

INTRODUCTION

1.1. Shifting Cultivation

Shifting Cultivation, also known as "jhumming", is thought to be one of the oldest
farming systems, dating back to the Neolithic period around 7000 B.C. (Borthakur,
1992). It has been defined as a type of agricultural land use strategy in which areas are
temporarily cultivated and then left to revert to natural vegetation while the cropper
relocates to another location. In this farming system the fields are slashed, dried, and
burnt in situ in this traditional cultivation practice, which aids in the eradication of soil
surface dwelling micro-organisms such as pathogens and other pests, making the field
suitable for cultivation of various crops and thus increasing its potentiality for future
cultivation (Kuotsuo et al., 2014; Nath et al., 2016).

‘Jhum' as a system involves managing crops through their culture, custom, and
rituals, which have co-evolved with the associated ecosystem, and involves managing
forest, soil, biodiversity, and agro-ecosystems in the challenging topography of
tropical hill places. This method can offer invaluable vision into the countless varied
aspects of sustainability and climate resilient expansion, as well as the linked role of
native inhabits and their cultures, instead than posing a harm to the climate or the
environment (Bhagawati, 2015).

Assam, Meghalaya, Mizoram, Nagaland, Arunachal Pradesh, Tripura, and
Manipur are among the hilly regions of India where it is frequently practiced and
commonly known as 'jhum’. In isolated pockets of Orissa, Andhra Pradesh, Madhya
Pradesh, and Chattisgarh, shifting cultivation is also practiced but with a different
name. For example, Podu is the name given to it in Andhra Pradesh, whereas Dungar
chasa, koman, or bringa is the name given to it in Orissa (Acharyya et al., 2010).

When demand was low, shifting cultivation, one of the principal forest-based
farming systems, was socially and ecologically viable. It turns out to be unsustainable,
economically unviable, and causes damage to natural resources as population
pressures and demand rise (Srivastva, 1997). Even in the nineteenth century, it had a

negative impact on the promotion of Indian forests (The National Forest Policies,



1894). Shifting cultivation is an agricultural strategy that involves an extended period
of fallow time, allowing the soil's fertility to recuperate back after a year or two
(Conklin, 1961; Spencer, 1966). It has low nutrient levels in the soil, and takes years
for the land to recover from cultivation and become a sustainable or productive land
again (Richards, 1952). Many recent research have culminated that this approach is
both wasteful and unproductive at times (Borah and Goswami, 1977/1980; Bandy et
al., 1993; Lianzela, 1997; Ranjan and Upadhyay, 1999). Many experts have witnessed
it as one of the systems that assaults bio-diversity and its ecological purpose, raising
concerns about its potency as a production system (WRI, 1985; Bandy et al., 1993;
Kotto-Same et al., 1997; Sivakumar and Valentin, 1997; Ranjan and Upadhyay, 1999).

To overcome the negative impacts, excellent management of the system is
essential by developing realistic and appropriate instructions to encourage farmers to
use environmentally friendly and sustainable technologies. As a result, decreasing the
use of synthetic fertilizers and conserving natural resources while maintaining crop
production are key concerns at the moment, which can only be addressed by
implementing a nutrient supply system that incorporates organic nutrient sources
(Merentola et al., 2012). Balanced fertilization with organic nutrients sources help
farmers overcome the risks of nutrient depletion, nutrient loss and soil fertility mining
by allowing them to extend the cropping duration. In addition to sustaining soil health
and enhancing crop production, integrated nutrient management (INM) gives excellent
potential to overcome all of the imbalances. It also incorporates productivity, ecology,
and environmental goals, and is a key component of any long-term agricultural
production system (Chand, 2008).

After slashing and burning of vegetation the 'jhum' cultivators grow crop for one
year and abandon the land in search of a new area for cultivation, mainly due to
perceived decline in soil fertility and overall crop productivity. So, it is assumed that
if the cropping phase in 'jhum’ cultivation system is extended even for one more year
may reduce deforestation and land degradation in hilly region. However, maintaining
the soil fertility by replenishing the lost nutrients through the use of various soil
amendments is vital in order to have extended cropping phase with sustained

productivity.



1.2. Integrated Nutrient Management

According to Selim (2020), INM is the practice of using the smallest effective dose of
adequate and balanced amounts of organic and synthetic nutrients in conjunction with
particular micro-organisms to increase nutrient availability and make nutrients most
effective for sustaining high outputs without divulging soil innate nutrients or
contaminating the environment. Employing INM has a numerous advantages. INM
can act as catalysts, contributing in the transformation of unproductive marginal lands
into productive ones, fulfilling the strategic goal of expanding arable land.

With little negative influence on natural soil fertility and contamination, the
primary objective of INM is to sustain a profitable yield for an extended period of
time, as well as to raise farmer awareness of an environmentally friendly technique
(organic farming system) for producing healthy, contaminant-free food while ensuring
satisfactory economic returns (Selim, 2020). The basic goal of INM, according to
Mahajan et al. (2008), is to achieve an efficient use of conventional fertilizer in
synchrony with organic fertilizer application. To increase food production for the
growing population, utilizing both inorganic and organic sources of plant nutrients is
vital (Gupta and Sharma, 2006; Mahajan et al., 2007a; Mahajan et al., 2007b). INM
has an impact on the quality metric as well (Somasundaram et al., 2014). It anchored
on improving soil quality and modifying soil fertility for nutrient supply to plants in
order to sustain crop productive yield from all available nutrient sources in a holistic
way, as well as to obtain a prospective climate change consequences (Roy and Ange,
1991; Graham et al., 2017).

1.2.1. Inorganic Nutrient Sources

Plants require a range of basic nutrients to thrive which are typically found in soil and
the plants suffer when they are not readily available. Fertilizers were intended to
compensate for soil inadequacies, allowing plants to thrive in less-than-ideal
conditions. Fertilizers, on the other hand, mainly provide basic nutrients such as
nitrogen (N), phosphorus (P), and potassium (K). Inorganic fertilizers, also referred to
as synthetic fertilizers, are produced intentionally from minerals or synthetic
substances which provide nutrients to plants in a form that is ready for use and swiftly
releases them, enabling plants to captivate them as rapidly as possible. The likelihood

of the plant burning up, however, increases with the concentration of nutrients.
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Excessive usage of inorganic fertilizers can lead to a build-up of salts in the soil, which
can harm the plant. Chemical fertilizers do not improve soil quality and if inorganic
fertilizers are used incorrectly, they can even pollute ground water, deplete soil
nutrients, and cause plant and root burn. They also make minimal contribution to the
soil structure's health and vitality. Additionally, prolonged or continuous use of man-
made fertilizers depletes soil nutrients, contaminates food, and harms soil physio-
chemical properties by raising soil acidity, all of which have a quick negative impact
on soil health, productivity, stability, and sustainability (Kacar and Katkat, 2009;
Yadav and Meena, 2009; Suge et al., 2011; Yolcu et al., 2011; Gudugi, 2013; Nazli et
al., 2016; Rasool et al., 2015). Over time, the soil's resistance to pests and diseases is
also reduced, and natural microbial population is killed. To solve this issue, the soil
should regularly be amended with organic matter in the form of manure or compost
along with the application of inorganic fertilizers.

1.2.1.1. Nitrogenous fertilizers

Among various nitrogenous fertilizers, urea is one of the most widely used nitrogen
(N) fertilizers in the world, and its use has greatly increased in recent decades (Daigh
et al., 2014). The main goal of urea fertilizer is to provide nitrogen to plants, which
will encourage the growth of their green foliage and give the appearance of lushness.
Additionally, urea aids in photosynthesis in plants. Because urea fertilizer can only
provide nitrogen and neither phosphorus nor potassium, it is mostly used for bloom
growth. If its concentration in the soil is too high, however, urease quickly converts it
to NHz and CO., leading to the NH3 volatilization process, which causes nitrogen (N)
to be lost (Pan et al., 2016).

Sodium nitrate, also known as Chilean nitrate, is one of the oldest and best-
known nitrate fertilizers and it includes about 16% nitrogen in nitrate form and 27%
sodium. It is one of the other sources of nitrogenous fertilizers. Another nitrogenous
fertilizer that is easily soluble in water and readily available to crops is ammonium
sulphate nitrate. It contains one fourth of the nitrogen in nitrate form. These two
nitrogen fertilizers are both suitable for top and side dressing. Additionally, some of
the beneficial nitrogenous fertilizers for all crops and a range of soils are ammonium
sulphate and calcium ammonium nitrate. The ideal applications for these fertilizers are

for basal dressing and top dressing of crops, and it is advised to use them in conjunction

4



with bulky organic manure like compost and FYM (Kavita et al., 2021). Increased
yields were produced as a result of the application of theses nitrogenous fertilizers,
which also improved the colour and protein content of the grain grown as a result of
its presence in the soil (Davidson and Le Clerc, 1917).
1.2.1.2. Phosphatic Fertilizers
Single Super Phosphate (SSP) and Di-ammonium Phosphate (DAP) are common
phosphatic fertilizers. As an addition, SSP might increase the availability of
phosphorus and decrease nitrogen loss for composts (Wu et al., 2019). It also improves
soil aeration and increases the soil's water holding capacity, as well as root growth,
which increases crop output. It enhances plant nutrition and water uptake, which is
crucial for root growth and development. According to various studies, boosting the
proportion of phosphorus components that are readily accessible in composting
products by using a particular quantity of SSP additions might greatly increase plant
phosphorus uptake and utilization in soils (Jiang et al., 2014). However, direct
application of inorganic phosphorus fertilizers frequently has a low effectiveness for
plants owing to the immobilization of metal ions in the soil and may raise the risk of
phosphorus loss in runoff and leachate (Yang et al., 2015).

DAP is also one of the most often used phosphate fertilizer when compared to
the other phosphatic fertilizers. It is rich in nutrients and has granules that include 18%
nitrogen, 46% phosphorus pent-oxide (P20s), and no potassium oxide (K20).
According to Al-Fahdawi and Almehemdi (2017), DAP is crucial for the development
and production of agricultural crops. It is a vital nutrient for plants since it helps with
energy metabolism and is crucial for root formation in the early stages of growth. If it
is not applied deeply enough or quickly enough, plants develop deficiencies that result
in sharp drops in output and quality (Shukri, 2016).
1.2.1.3. Potassic Fertilizers
Man-made potassium fertilizers include potassium sulphate and potassium nitrate, but
the most often used synthetic potassium fertilizer is muriate of potash (MOP), also
referred to as potassium chloride. An excellent source of potassium that promotes
healthy plant development and disease resistance is potassium chloride. It increases
plant vitality, stiffens steams, and aids in the production of crops. MOP is beneficial

to roots and is necessary for the creation of proteins and sugars. Due of its capacity to
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provide salt tolerance, MOP might be employed as a good source of K for crops (Tariq
etal.,, 2011).

For plants to grow and develop, they need potassium sulphate, which is another
type of potassium fertilizer and contains 18% sulphur in the form of sulphate (Mesbah,
2009). Potassium sulphate is crucial for photosynthesis, stomata opening and closing,
tropisms, and enzyme activation. Stomata close as a result of its lack, which lowers
plants' capacity for photosynthesis (Golldack et al., 2003). It aids in maintaining the
osmotic adjustment in plants more so than Na* and CI- (Ashraf and Sarwar, 2002;
Kausar et al., 2014).

In addition, potassium nitrate is a crucial potassium nutrient for crop
productivity. It is crucial for accelerating the growth of the plant and raising output. It
makes sure there is a consistent, abundant, and high-quality product yield (Ali et al.,
2005). It also affects quality with aspects such as colour and smoothness. Protein
content, nutritional value, support quality, and excessive vegetative development are
all increased by its optimal supply (Hasan et al., 2020).

1.2.2. Organic Nutrient Sources

Organic fertilizers are nitrogen-rich fertilizers obtained from animal products and plant
residues. Organic fertilizers are produced using natural plant and animal resources,
mined rock minerals, and other materials. Among the other materials are manure,
guano-based manure made from cattle, worms, bats, and seabird droppings, desiccated
and pulverized blood, ground bone, crushed shells, finely pulverized fish, phosphate
rock, and wood. Organic manures not only provide macro, micro, and secondary
nutrients on a consistent basis, but they also improve soil physical characteristics and
biological health (Talathi et al., 2018). Organic fertilizers can boost soil quality and
crop yield while preventing pests and diseases. Organic fertilizers can help to shape
the microbial composition of the rhizosphere and attract beneficial micro-organisms
(Lin et al., 2019).

Manure is the organic material derived primarily from animal excreta, with the
exception of green manure, which is derived primarily from plants and can be used as
an organic source of nutrients in soil (Wu and Ma, 2015). These are relatively
inexpensive and environmentally beneficial inputs. These offer a lot of potential for

preserving nutrient supply and reducing farmers' reliance on chemical fertilizers.
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Farmyard manure is a fertilizer made out of waste products produced by farm
animals, most commonly cows, such as dung and urine. The waste products are rich
in nutrients, especially nitrogen, which is an essential ingredient for plants. Cow dung
increases the OC content of depleted soil, which may enhance the activity of helpful
soil micro-organisms and increase soil productiveness by making more nutrients
available to plants (Zaman et al., 2017). Cow manure improves plant growth and yield
substantially (Akande et al., 2008; Mehedi et al., 2012; Gudugi, 2013). It is an
excellent resource for keeping up productivity; cow manure composting is
environmentally friendly since it grazes greenhouse gas radiations by about a third
(https://www.gardeningknowhow.com).

Farmyard manure has been used as a nutrient source for agriculture for
generations. FYM aids in the improvement of soil structure and biomass (Dauda et al.,
2008). By boosting soil OC, accessible N, P, and K, it also aids in enhancing the soil's
physical and chemical characteristics (Bayu et al., 2006).

1.2.3. Bio-fertilizers

Bio-fertilizers are micro-organisms that enrich the soil's nutrient quality and promote
plant development (VVessey, 2003). The primary sources of bio-fertilizers are bacteria,
fungi, and cyanobacteria (BGA) to boost soil fertility and have been recognised as a
safe input that helps in safeguarding soil health and crop quality. Microbial additions
from species like Rhizobia or Azospirillum, bacteria that enhance biological N2
fixation, or Trichoderma, a fungus that promotes organic material decomposition
improves soil quality. Through natural progressions including nitrogen fixation,
phosphorus solubilization, and the stimulation of compounds that promote plant
development, bio-fertilizers provide nutrients to plants.

Bio-fertilizers aid in the improvement of soil's physical and chemical
properties. They aid in the expansion of agricultural products and their sustainability,
as well as lowering the chance of crop failure and improving crop production by 20 to
30%. Bio-fertilizers also have a longer shelf life and have no negative effects on the
environment (Bhardwaj et al., 2014). They make the soil environment nutrient-dense
by fixing nitrogen, solubilizing or mineralizing phosphate and potassium, releasing
compounds that control plant growth, producing antibiotics, and bio-degrading organic

resources (Sinha et al., 2010).



1.2.3.1. Nitrogen fixer - Azospirillum lipoferum

Azospirillum is a significant micro-organism that, as an associative symbiotic nitrogen-
fixing bacteria, fixes atmospheric nitrogen at a faster rate than other micro-organisms.
It has the ability to synthesize phyto-hormones, including indole-3-acetic acid (Fukami
et al., 2018), and make them available to plants (Bashan and de- Bashan, 2010), which
increase root growth, water and mineral adsorption, and ultimately generate larger and
more productive plants. Azospirillum inoculation alters root growth or morphology,
resulting in improved water and nutrient uptake, as well as enhanced production and
plant growth (Lin et al., 1983; Bottini et al., 2004; Ribaudo et al., 2006). These micro-
organisms also facilitate in efficient nutrient uptake, resulting in higher-quality plants,
making agriculture more productive and less detrimental to the environment (Naz et
al., 2016). By enhancing N uptake by plants and acting as a plant growth promoting
rhizobacteria (PGPR), nitrogen-fixing bacteria are crucial for plant nutrition (Babu et
al., 2017).

1.2.3.2. Phosphorus Solubilizing Bacteria (PSB) - Pseudomonas

A class of helpful micro-organisms known as PSBs (Phosphorus Solubilizing
Bacteria) have the ability to hydrolyze insoluble phosphorus compounds, both organic
and inorganic, into soluble P forms that plants can readily absorb. PSB offers an
environmentally friendly and cost-effective solution to the problem of P scarcity and
plant uptake (Kalayu, 2019). Higher agricultural yields have been linked to PSB like
Achromobacter, Agrobacterium, Bacillus, Erwinia, Flavobacterium, Micrococcus,
Pseudomonas, and Rhizobium as they help to upsurge fixed P solubilization
(Rodriguez and Fraga, 1999; Satyaprakash et al., 2017). Pseudomonas sp. are
phosphate solubilizers that enhance plant growth by raising the concentration of
accessible nutrients and antibiosis, either directly or indirectly.

PSB plays an important role in improving soil fertility by solubilizing insoluble
phosphate salts and sustaining soil nutrient status, structure, and sustainability (Haile
et al., 2016; Rathi and Gaur, 2016). Its potential to increase plant yields is an important
attribute in sustainable farming, and it also plays a role in boosting phosphate uptake
by plants. It increases the soil quality, which in turn improves plant growth and
development (Mondal et al., 2017). Its existence in the rhizosphere solubilizes

insoluble, inorganic, and organic phosphorous forms, allowing the plant root to
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retrieve soluble phosphate from the soil environment (Patel et al., 2015). It causes the
release of nutrients into the soil in a proportion that is naturally balanced (Blake, 1993)
and has a positive impact on plant development (Glick, 1995). Bargaz et al. (2018)
discuss on the significance of P solubilizing/mobilizing micro-organisms and their
relations with chemical P fertilization in boosting agricultural production and fertilizer
efficiency, as well as on the interactive and synergistic possessions that could ensue
within multi-trophic interfaces involving the two microbial groups and favourable
repercussions on plant mineral absorption, crop efficiency, and resistance to
environmental restrictions. Bargaz et al. (2018) added that it is crucial to continually
design, develop, and test pioneer integrated plant nutrient management systems based
on suitable biological resources (crops and micro-organisms) in order to give enhanced
yield and productivity in a sustainable manner.

1.2.3.3. Potassium Mobilizing Bacteria (KMB) — Frateuria aurentia
Micro-organisms can mobilize mineral nutrients in the soil, making them available to
plants for efficient uptake. The ability of micro-organisms to mobilize mineral
nutrients in soil is responsible for plant absorption efficiency. For example, one
method of utilizing feldspar, waste mica, or rock phosphate is to mobilize K through
helpful microbes, and unavailable K is converted to accessible nutrients to plant
through microbial activity (Parmar and Sindhu, 2013; Sessitsch et al., 2013). Potash
mobilising bacteria (KMB) is the name given to this category of helpful microbe
(Chandra and Greep, 2006).

KMB- Frateuria, also known as plant growth-promoting rhizobacteria, are
favourable free-living soil micro-organisms (bacteria) that have been isolated from the
rhizosphere of plants and have been shown to enhance plant health or increase
production (Kloepper et al., 1980). Frateuria, a potash mobilization bacterium, may
solubilize the fixed form of potash into a more easily absorbable form and then
mobilize the solubilized potash into the plants (Chandra et al., 2005). Living things all
other non-target species are tremendously safe and unaffected by it. It is not hazardous
to plants and is exempt from residue testing. It protects plants against saline injury by
enhancing stomatal conductance, electrolyte leakage, and lipid peroxidation, all of

which are growth-related physiology. Plants inoculated with KMB accumulate larger



types and numbers of soluble carbohydrates in leaves under salinity, as measured by
GC/MS analysis, assisting the plant in overcoming osmotic stress (Jha, 2017).
1.2.3.4. Zinc Solubilizing Bacteria (Zn-SB) - Pseudomonas spp.

Zinc is a crucial micro-nutrient for plants, as it serves a variety of activities throughout
their life cycle, and its adequate supply is considered indispensable for plant growth,
development, and regular functioning. The majority of agricultural soils are scarce in
zinc nutrients or contain it in a fixed form that is inaccessible to plants, which is a sign
that both plants and soils lack adequate zinc levels. Alternative and environmentally
approachable technologies, such as PGPR and organic farming techniques, are
required to improve zinc solubilization and make it convenience to plants in order to
address the aforementioned issue.

Long-term sustainability in agriculture can be achieved by using zinc-
solubilizing bacteria (Zn-SB). Acidification is one of the processes by which these
bacteria solubilize zinc. They are prospective zinc supplementation solutions that
transform applied inorganic zinc to usable forms. By populating the rhizosphere and
converting complex zinc compounds into easier-to-access forms, these bacteria aid in
the growth and development of plants (Kamran et al., 2017). pH of the surrounding
soil is lowered and zinc cations are sequestered by these micro-organisms' production
of organic acids in the soil (Alexander, 1997). These micro-organisms facilitate in
efficient nutrient uptake, resulting in superior-quality plants, making agriculture more
productive and less detrimental to the environment. The best solubilizer was
Pseudomonas, which dissolves both zinc oxide and zinc phosphate (Fasim et al.,
2002).
1.2.3.5. Arbuscular Mycorrhizal Fungi (AMF) - Glomus
In an arbuscular mycorrhiza, the symbiotic fungus (AM fungi, or AMF) enters the
cortical cells of the roots of vascular plants and produces arbuscules. These fungi
belong to a group of root- obligate biotrophs that share mutual benefits with roughly
80% of plants. The involvement of these fungi in plant growth and nutrition makes
them important in agriculture and forestry (Bagyaraj, 1989; Sadhana, 2014). Plants
may be able to adapt to altering environments more effectively as a result. It allows
host plants to withstand a variety of adverse and stressful conditions such as extreme

temperatures, metals, drought, salinity, and heat. AMF is a naturally occurring root
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symbiont that gives host plants essential plant inorganic nutrients, that however in
stressed or unstressed circumstances, enhances both production and productivity
(Begum et al., 2019).

Glomus is an arbuscular mycorrhizal fungus genus. Glomus' application on
agricultural fields boosts agriculture output by boosting nutrient availability to crops.
They improved salt tolerance, biomass production, and nutrient uptake, as well as root
system characteristics and photosynthetic efficiency (Begum et al., 2019).

1.3. Scope of the study

Shifting cultivation in Meghalaya was thought to be the principal forest-based
agricultural strategy that was shown to be socially, environmentally, and economically
sustainable under extremely low demand. However, with the span of time, it turns out
to be economically unviable, unsustainable, and potentially harmful to natural
resources as a result of increased population pressure and the resilience of the
ecosystem has been compromised by the significant decrease of the fallow period, and
the condition of the land is rapidly declining, especially in Ri-bhoi district of the state.
As a result, it appears that some management interventions are required to overcome
the opposing impacts. Farmers must be encouraged to use new eco-friendly and
environmentally sound technology by providing them with practical and appropriate
guidance and encourage them to cultivate in the same piece of land for two or more
continuous years which may result in the reduction of deforestation and land
degradation in the hilly region. Continuous cropping, however, may result in the
reduction of soil fertility and threatens the sustainability of crop production. Hence
incorporating INM into shifting cultivation can not only increase sustainable
production, as well as productive yield, but also overcomes the risks of nutrient
depletion, nutrient loss, and soil fertility mining, and even permit farmers to extend
cropping duration beyond a year, thereby increasing their economic income and
increasing the 'jhum’ cycle. In this study, to improve upland paddy farming practices,
FYM and bio-fertilizers were added to the standard fertilizer input requirements. By
extending the cropping phase for two years, this study seeks to assess the effects of
INM on soil characteristics, yield, economics, and energy efficiency of upland paddy

farming.

11



1.4. Research Hypothesis

The study tested the following hypotheses

1)

2)

3)

Integrated nutrient management influences soil properties under upland paddy
cultivation in 'jhum'-lands.

Integrated nutrient management boosts productivity and help maintaining
sustained yield of upland paddy under 'jhum’ cultivation.

Integrated nutrient management improves economics and energy efficiency under

upland paddy cultivation in 'jhum'-lands at high elevations.

1.5. Objectives

1)

2)
3)

To evaluate the impact of INM on the physical, chemical and biological properties
of soil.

To estimate the effect of INM on the crop growth, yield and harvest index.

To assess the impact of INM on economic and energy efficiency.

The investigation's findings are intended to close a knowledge gap on the

integration of multiple sources of nutrients, which is critical for sustaining the state's

upland paddy production. Furthermore, the current study will be able to give us with

knowledge of how integrated nutrient management can improve soil condition and

sustainability in upland, as well as how an upland 'jhum' farmer can employ the

knowledge for financial benefits.
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CHAPTER 2

REVIEW OF LITERATURE

India’s diverse geographical areas have their own unique style of agricultural practices.
Despite variations, these cultivation processes can be divided into two main categories:
(a) settled farming on permanent, developed land in plains and valley areas, and (b)
tribal agricultural practices, also known as shifting cultivation or "Jhumming", carried
out by the indigenous people of the nation on hill slopes or 'Jhum'-lands available in
the hill areas of different regions of the country. In the hilly terrain of India, Bihar,
Orissa, Andhra Pradesh, Madhya Pradesh, Tamil Nadu, Kerala, Karnataka, and
Maharashtra, shifting agriculture is still practiced.

(https://www.biologydiscussion.com/essay/shifting-cultivation/essay-on-shifting-

cultivation-agriculture/18229).

Shifting cultivation continues to be a significant part of North-East India's
forested landscapes and has a rich traditional ecological knowledge base. The
technique is still widely practiced among the indigenous tribes, and it continues to be
the mainstay of the North-eastern region's economy and the region's primary system
of land usage. It is a method of agriculture that has developed over centuries of trails
and battles with nature in response to the most challenging topography and terrain in
hostile regions (Sharma, 1976). 'Jhum' operations, which have been substantially
intensified in recent decades with the increase in human population, have a significant
impact on the vegetation and land characteristics of North-East India, severely

fragmenting formerly unbroken forest regions (Yadav and Kaneria, 2012).

Shifting agriculture is still regarded by the tribes of Meghalaya as a vital aspect
of their way of life, culture, and history in the state's interior. The four types of shifting
agricultural systems—traditional, distorted, innovative, and modified shifting
agriculture—were described by Tiwari (2007) after analysing the regional and
temporal differences in shifting farming in Meghalaya. Wherein upland paddy
cultivation is the major and common crop grown by the farmers. People of Meghalaya
who live in distant and inaccessible places have historically relied on this kind of

agriculture to ensure their year-round food security (Deb et al., 2013).
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Although many studies on shifting cultivation have been conducted in the past,
systematic research on nutrient management on 'jhum'-land's with a focus on
improving productivity and sustainability of the landuse system started recently. This
chapter has attempted to highlight the research findings on different aspects of shifting
cultivation, and soil nutrient management aspects with a focus on INM impacts on

crop productivity, sustainability and economics and energy efficiencies.
2.1. Shifting cultivation

‘Jhum’ is one of the elements of traditional agro-ecosystem for the protection and
sustainable use of natural resources for a livelihood, encompassing a wide collection
of knowledge and practices of indigenous and local populations expressing traditional
life-styles (Bhagawati, 2015). Food insecurity is a severe concern for the worldwide
society today, and certain societies, such as primitive tribal cultures lack even the most
basic facilities for sustenance, relying solely on shifting cultivation. Many studies, on
the other hand, have determined that tribal or shifting agriculture practitioners are
conservationists. Shifting agriculture is a technique for utilizing and developing
accessible or reclaimable land for cultivation under unfavourable geographical
conditions in its ideal state. It improves soil fertility by lowering its acidity, eliminates
invasive plant life and making more nutrients available while also preparing the ground
for planting, (Kleinman et al., 1995). It results in the production of mosaics of
secondary forests in various phases of regeneration, all of which are contained inside
a mature forest matrix that aids in their survival (Conklin, 1961; Harris, 1971; Hiraoka
and Yamamoto, 1980; Egger, 1981; Altieri et al., 1987; McGrath, 1987). This forest
management technique appears to preserve genetic variety in crops and secondary
forests in regeneration, as well as preventing soil degradation by limiting soil exposure

to erosive and drying factors.

Under some conditions, such as low demographic densities and the adoption
of low-input technology, shifting agriculture appears to be viable (Kleinman et al.,
1995; Johnson et al., 2001; Pedroso-Junior, 2009). However, in recent decades, rapid
and significant climatic and economic-political changes (Mertz, 2002; Pedroso-Junior
et al., 2009; Van Vliet et al., 2012) have raised concerns about the long-term viability
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of shifting agriculture and the food security of subsistence farmers (Altieri et al.,
1987).

There is little doubt that carbon dioxide and other GHGs are released during a
cycle of shifting agriculture because burning vegetation to make room for new growth
is a component of shifting cultivation. Burn and clear-cut land, following the loss of
the protective plant cover on sloppy terrain, may result in increased soil run-off. One
of the main elements preventing soil erosion is vegetation, while the main causes of
soil erosion are the removal of vegetation and exposure of top soil to the air.
Sedimentation run-off from steep slopes and higher elevations may result from heavy
rains in the north-eastern region of India. It is now obvious that ‘Jhum' agriculture
significantly contributes to the region's deforestation, soil degradation, and loss of
biodiversity. This is seen as further proof of the irresponsible environmental
destruction committed by the indigenous people (Yadav and Kaneria, 2012).

However, shifting cultivation is declining daily in the state of Meghalaya as a
result of the implementation of new policies, public awareness of its detrimental
effects on the environment, and the rollout of the Integrated Basin Development and
Livelihood Promotion Programme (IBDLPP) in the hilly areas. The state of Meghalaya
is largely covered in open forest, with plantations of betel nuts, strawberries, pine
apples, chestnuts, cashew nuts, strawberries, palm trees, tea estates, and rubber being
grown on gentle to moderately steep slopes. Shifting cultivation trends have been
slowed down by the movement in agricultural practices from traditional to plantation
crops. But in order to lessen shifting cultivation, it is important to promote terrace
cultivation, monitor moderately steep slopes, and take other proactive measures to
increase public awareness (Sarma et al., 2015).

2.2. Problems and Remedies

Contrarily, shifting agriculture is viewed as calamitous and harmful because it not only
harms the environment but also has a negative effect on the economy. The nature of
the impact is dependent on the shifting farming system phase, soil qualities (physical,
chemical, and biological), and crop productivity, according to this study. Soil quality

indicators are focused for evaluating this agricultural technique, and they can be

15



utilized as a basis for analysing the conservation and degradation tendencies of
impacted soils.

However, shifting agriculture is now considered to be an excessive and
unscientific manner of land usage in India's eastern and north eastern areas (Ranjan
and Upadhyay, 1999; Deka et al., 2010). Shifting agriculture on a specific piece of
land today takes only a year, as opposed to 15-20 years in the past (Ranjan and
Upadhyay, 1999). Due to this activity, there has been extensive deforestation, loss of
soil and nutrients, and infestations of weeds and other species, as well as a significant
reduction in indigenous biodiversity (Deka et al., 2010). On account of such issue and
trouble, the government has pushed to replace this system with other land uses, despite

the fact that shifting agriculture is a viable option (Teegalapalli and Datta, 2016).

Sustainable management necessitates finding answers to two major issues: the
shortening of fallow time, which degrades soil productivity, and unsustainable non-
prosperous subsistence shifting agriculture, which destroys the forest environment
(Nounamo and Yemefack, 1997). Future strategies should take into account the
community's cultural and socio-economic elements, as well as the landscapes' social-
ecological resilience, rather than relying on a one-size-fits-all approach (Teegalapalli
and Datta, 2016).

Different North-East Indian states' status of shifting agriculture demonstrates
their reliance on traditional agricultural methods for subsistence. It demonstrates the
necessity for policymakers, governments, and non-governmental groups to pay
attention to the need to innovate and implement better fallow management in order to
improve traditional shifting farming practices. This technique of formation might not
be effective since it lacks sufficient planning and scientific administration (Yadav and
Kaneria, 2012).

In order to restore ecological balance and sustainable development, as well as
to decrease environmental loss and provide other alternative livelihood for the local
community, an effort has been made to investigate the opportunities and concentrate
on the current scenario of the practice (Deka et al., 2010). But in order to create a

policy that can offer the Jhumias (those who practice shifting cultivation) high-quality
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food and financial security while also preserving the wealth of their traditional crop,
ensuring the sustainability of their production system, and protecting the environment,
it is necessary to intervene with a proper scientific approach. The farmer's entire
livelihood may be in jeopardy if such a move is not taken because the majority of the

peasants in this area are still secluded and inaccessible (Yadav and Kaneria, 2012).

The most promising approaches for improving shifting agriculture were
determined to include nutrient augmentation, crop selection optimization, site usage
lengthening, fallow retrieval rate enhancement, and limiting burning and its
environmental effects restriction (Grogan et al.,, 2012). Soil productivity and
conservation, as well as the transition from subsistence to income-generating farming,

are addressed in the form of recommendations (Nounamo and Yemefack, 1997).

In North-East India, there has been extensive deforestation as a result of
growing agricultural population pressure, which has led to the development of new
land uses like agriculture. Population pressure thus first has an effect on the extension
of marginal area under cultivation and to a certain extent on the shortening of the
fallow season, which in turn increases gross agricultural productivity. Given the
negative effects of shifting farming, which include the loss of priceless top soil,
nutrients, and forest biodiversity, as well as the instability of the slope and its low
productivity, sustainable forming alternatives must be devised and put into practice
right away (Yadav and Kaneria, 2012).

Overall, most approaches to the challenge of decreasing fallow periods in
shifting agriculture to abrupt slopes are likely to include clever and cautious use of
commercial fertilizer in combination with organic fertilizer applications (Grogan et
al., 2012). Adopting an integrated nutrient farming system model may be the most
environmentally friendly option. This environmentally disastrous method could
become less destructive by dispensing a credential as "organic like™ agriculture to
individuals who seek to engage in enhanced shifting cultivation with little influence
on the ecosystem so the meagre growers may be able to fetch a higher price for their

products than with conventional products (Kuotsuo et al., 2014).
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2.3. Integrated Nutrient Management (INM)

The implementation of INM -based technology is dependent on favourable socio-
economic, agro-ecological, and public policy circumstances, according to Meertens
(2003). Farmer investment in learning and a favourable policy environment are thus
no guarantees that these technologies will be adopted by farm households all over the

world.

According to Talathi et al. (2018), nutrient management has a critical role in
enhancing productivity and maintaining soil health. Organic fertilizers play a critical
role in agriculture, and there is no controversy about that. Organic fertilizers not only
provide macro, micro and secondary nutrients on a regular basis, but they also improve
the physico-chemical, and biological health of the soil. As a result, it was deemed
important to assess the impact of various organic fertilizers. In an intense cropping
system, unbalanced and continuous fertilizer application results in lower crop yields,
as well as nutrient imbalance in the soil, which has a negative impact on soil properties.
While an integrated plant nutrient supply system refers to the combined application of
organic and inorganic plant nutrients with the goal of maintaining optimal soil fertility

and plant nutrient supply for crop productivity.

Integrated nutrient management (INM), which combines organic, inorganic,
and biological nutrient sources, is increasingly recommended as a way to improve
fertilizer usage efficiency by aligning soil nutrient availability with crop demand.
Potential effects of climate change have rarely been taken into account, despite the
majority of previous INM research being centred on soil quality and yield. There may
be a significant environmental trade-off if INM results in higher or lower soil nitrous

oxide (N20) emissions analogized to organic nitrogen inputs (Graham et al., 2017).

Thorie et al. (2013) have reported on the positive effects of INM on various
crops, as well as how INM increases soil nutrients, organic matter, soil biological
characteristics and enzymes, crop growth and productivity, and environmental
contamination. In addition, plots treated with organic manures had a higher available
NPK status of the soil.
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Several scientists (Aulakh et al., 2010; Keshavaiah et al., 2012; Rahman et al.,
2012; Wayase et al., 2014; Alladi et al., 2017; Sachan et al., 2017) investigated effects
of integrated nutrient use on crop productivity, nutritive quality of produce,
economically viable sustainable production, minimizing pollution, and improving soil
health. And the findings clearly demonstrate that INM improves achievable crop yield
potential with suggested fertilizers, resulting in enhanced synchrony of crop nitrogen
requirements due to sluggard mineralization of organics, lessen the N losses from
denitrification and nitrate leaching, improved nutrient use efficiency and recovery by
crops, and enhancements in soil health and productivity. As a result, high crop yields
in a variety of cropping systems could be sustained, making it more certain for a long-

term sustainability.
2.3.1. Integrated Nutrient Management impact on the soil properties

Unrestricted usage of chemical fertilizer degrades soil health, soil microbial
population, and eventually soil reaction by causing contamination of the soil, water,
and air (Erisman et al., 2008). Chemical fertilizers cannot be totally evaded in general
agriculture, but well-adjusted fertilization is anticipated to reduce environmental
issues while maintaining a high capacity for food production (Wu and Ma, 2015). The
use of only organic nutrient sources in farming is a superior alternative for preserving
the health of the soil, but it has one disadvantage: low yield. Therefore, an INM appears
like a good strategy to preserve soil fertility and continue with a sustainable
agricultural output. Combining chemical and organic fertilizers provides an eccentric

opportunity to boost soil productivity and crop production (Wu and Ma, 2015).

The soil respiration, total porosity, microbial biomass carbon, microbial
biomass nitrogen, and possibly mineralizable nitrogen were all improved by the
organic source when combined with inorganic fertilizers. According to Dhaliwal et al.
(2021) study's on the impact of INM on the improvement of soil properties, INM
contribute to the accumulation of OC, microbial community, soil nutrient status, and
improvement in soil physical characteristics under the maize-wheat cropping system.
Under treatment with inorganic fertilizers + FY M, researchers Deshmukh et al. (2005)
and Chandel et al. (2017) recorded maximum N, P, and K availability. On an
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experimental filed based, Devi et al. (2018) noticed that the combination of NPK,
FYM, and VVC significantly increased the availability of N, P, K, and Devi et al. (2017)
assessed the biological characteristics of the soil and the uptake of nutrients by
cauliflower under NPK, FYM, and VC condition and reported that higher levels of N,
P, and K were obtained than the control treatment. Kumari et al. (2017a) investigated
how INM affected soil fertility in a rice-wheat system. They opined that maximum
OC, available N, P, and sulphur was obtained with the application RDF + FYM. In the
report published by Meena et al. (2017) to determine the impact of integrated soil
nutrient management on the soil fertility in barley production, they reported findings
that the highest levels of OC, microbial biomass carbon, available nitrogen,
phosphorus, and potassium content in soil were recorded when the soil was treated
with NPK+ FYM ha! + ZnSO, ha?, respectively, after harvest of crops. In addition,
Phullan et al. (2017) evaluated the influence of FYM on N, P, and K uptake in wheat
crops. They found that FYM application increased N, P, and K uptake. The study by
Rani et al. (2019) assessed the effectiveness of organic manures (farmyard manure,
vermicompost, and biogas slurry) with graded doses of chemical fertilizers and
microbial inoculations [Azotobacter chroococcum and Biomix (Azotobacter +
Azospirillum + PSB)] of soil N, P, and K and resulted to be significantly improved
over control and RDF. A clearly delineated significant impact on microbial count, soil
enzymes such as phosphatase and dehydrogenase activity, accessible phosphorous in
the soil, and plant nutrient uptake was reported by Stephen et al. (2015) when they
actualized PSB in soil. The same was also reported by Subhashini (2016), integration
of bio-fertilizers (PSB, AMF and KMB) in combination with chemical fertilizers in
the soil increases its nutrient availability. It was also observed by Kumar et al. (2018a)
that INM [NPK Zn + bio-fertilizer (PSB+BGA) + FYM] appears a noteworthy
significant increase in the soil OC, N, P, Kand S.

Datt et al. (2013) in his study on INM impact on the yield of french-beans and
soil properties, reported that soil physical properties such as moisture content and soil
water holding capacity were impacted through the application of integrated nutrients.
Additionally, with INM, soil biological properties such as soil microbial biomass and

soil dehydrogenase activity as well as soil chemical properties such as soil OC and soil
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accessible N, P, and K were also improved. Furthermore, after harvesting the corms
and cormels of Gladiolus cv. Arka Amar, Adhikari et al. (2018) recorded the maximum
accessible OC, available nitrogen, phosphorus, and potassium content in the soil using
a plot embedded with RDF + FYM + Azotobacter + Trichoderma harzianum. Gupta
et al. (2019) also reported that when organic, inorganic, and bio-fertilizers were
combined, the maximum microbial biomass was recorded. This could be because INM
plots have provided a steady source of OC to feed the microbial community, increased
the effect of organics in microbial activities, and conserved soil microbial populations
and activities, resulting in maximum soil microbial biomass. Additionally, the
application of bio-fertilizer and FYM together has greatly increased the production of
root biomass, which led to higher output of root exudates, which increased the number

of microbes in the soil (Banerjee et al., 2011).

INM significantly increases soil microbial biomass, soil organic carbon (SOC)
content, aggregate stability, moisture-retention capacity, and infiltration rate while
decreasing bulk density in acidic soils of Northeast India (Saha et al., 2010). In a field
study, Borah et al. (2019) examined the effects of chemical fertilizers, farm yard
manure (FYM), vermicompost (VC), bio-fertilizer, and their combinations on the soil
health of rain-fed upland rice in north-eastern India. In addition to establishing that
INM was beneficial for enhancing the soil quality of rain-fed uplands—a prerequisite
for sustainable productivity—this experiment also showed that INM improved the
physico-chemical characteristics of the experimental soil. Moreover the soil
microbiological properties, such as the soil microbial biomass, soil microbial
population, soil de-hydrogenase activity with soil pH, soil OC under different soil
integrated nutrients were found to be the most sustainable treatments in double rice-
cropping system of North-East India (Gogoi et al., 2021). Bharali et al. (2017) also
assessed how INM practices affected soil organic carbon (SOC) and its active soil
microbial biomass in a soil in northeast India and found that applying NPK through
inorganic fertilizer and in combination with organic amendments increased the
aforementioned soil properties. The total soil OC and soil microbial biomass carbon
was also enhanced through the integration of soil organic and inorganic fertilizers in

an experiment conducted by Yadav et al. (2017) at the Agronomy experimental farm
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of the ICAR, Research Complex for NEHR, Tripura Centre, to evaluate the effects of
agronomic modification of traditional farming practices on soil fertility, productivity
and sustainability of rice. There is also a significant build-up of OC in the soil after the
crop harvest with the application of chemical fertilizers + organic manure + bio-
fertilizers as reported by Lal Santosh and Kanaujia (2013) from a study on the effect
of INM on capsicum at Medziphema Campus, Nagaland. Baishya et al. (2015) studied
the long-term impacts of combining the effects of inorganic and organic sources of
nutrients on soil fertility in the rice (Oryza sativa L.) - rice cropping sequence in acid
soils of the north-east. When recommended NPK through chemical fertilizers were
administered along with N through Azolla, increased soil accessible Nitrogen,

Phosphate, and Potassium status was observed.

In their study about the impact of INM in the mountainous soils of Meghalaya,
Warjri et al. (2019) noted that balanced fertilization enhanced the availability of
nutrients, particularly Nitrogen, Phosphorus, and Potassium. Similarly, Wahlang et al.
(2017) showed, the NPK uptake was maximum when inorganic and organic fertilizers
were applied jointly. Additionally, Ramesh et al. (2014) explored how soil fertility
changes on Meghalaya's acidic soils under long-term INM strategies and found that
there were notable changes in the soil's pH, soil organic carbon (SOC), and accessible
N, P, and K contents. Finally, it was concluded that the judicious INM strategy had
shown that, if properly implemented, INM can result in a multi-fold increase in soil
fertility in terms of higher available N, P, K, OC, and exchangeable bases on the acidic
soils of Meghalaya and other north-eastern Indian states with similar soils. Moreover,
they found that when FYM and bio-fertilizers were applied together with the
recommended NPK, the amount of OC in the soil increased. The amount of
phosphorus was raised by adding FYM and lime to the recommended NPK. Similar to
this, the treatment that also included bio-fertilizer and FYM in addition to the advised
NPK had higher potassium content. The application of N ha™* through urea with Azolla
incorporation was found to be more effective in maintaining a steady pool of soil
available nitrogen, phosphorus, potassium, and OC as well as improving the temporal

soil nutrient availability as compared to sole application of organic manure or chemical
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fertilizers, according to Singh and Sanjay- Swami (2020) study in Inceptisol of
Meghalaya.

Several other scientists, for example, Bordoloi (2021) also conducted an
experiment in the Meghalayan district of Ri-Bhoi to examine the impact of INM with
vermicompost on capsicum (Capsicum annuum L.) yield enhancement and soil
nutrient status. The results of the experiment demonstrated a notable improvement in
the soil's nutritional quality. After the crop was harvested, a rise in the amount of OC,
readily available nitrogen, phosphate, and potassium was seen in the soil. In another
field trial conducted by Bordoloi and Islam (2020) claimed that the application of an
organic and inorganic combination greatly improved the soil fertility status under the
rain-fed conditions of Meghalaya. After the crop was harvested, the soil's status of OC,
available nitrogen, phosphorus, and potassium improved as a result of the application
of Azospirillum + PSB + cow dung coupled with the 50% recommended dose of
chemical fertilizers. It said that using both organic and inorganic sources together was
found to increase soil fertility more successfully. According to the study by Warjri and
Saha (2019), the soil treated with integrated nutrients accumulates the highest levels
of total N and OC, respectively. The presence of phosphate solubilizing bacteria (PSB)
in bio-fertilizer makes organic P accessible, increasing the amount of available P in
soil. By encouraging the growth of K mobilizing bacteria in soil, application of free
living N2 fixing bacteria and P- solubilizing bacteria enhanced the amount of
accessible K in soil. Furthermore, Yadav et al. (2014)'s study at the ICAR-CPRI-
Central Potato Research Institute, 5th Mile, Upper Shillong, Meghalaya, found that the
soil's fertility status was improved through the simultaneous application of the
recommended fertilizer dose through synthetic fertilizers and the recommended dose
through organic fertilizers, allowing for the sustainable production of seed tubers made

from true potato seed.

According to Sanjay-Swami and Konyak's (2020a) investigation on the impact
of INM in Meghalaya's acidic Inceptisol soil, organic fertilizers are superior at
preserving the soil's biological health following cabbage harvest. Additionally, Sanjay-
Swami and Konyak (2020b) carried out the same experiment to test the physical and

chemical properties of the soil. They came to the conclusion that the integration of soil
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nutrients maintained good soil physical, chemical, and biological health after harvest,

indicating the best suitable option for higher production of quality cabbage.
2.3.2. Integrated Nutrient Management impact on crop growth and yield

Several scientists such as Malik et al. (2011), Prativa and Bhattarai (2012), Ahmad et
al. (2014), Shree et al. (2014), Prabhakar et al. (2015), Kumar and Biradar (2017),
Chaudhary et al. (2018) and Mohanta et al. (2018) performed INM trials with FYM
(cow-dung), chemical fertilizers and bio-fertilizers for carrot, cabbage, broccoli, sweet
pepper, cauli-flower and tomato, respectively. Their study portrayed significant in
increment various growth and yield parameters with the utilization of FYM, along with
bio-fertilizers and inorganic fertilizers as soil nutrient source. For tomato
(Lycopersicon esculentum Mill. cv.), it was noted a remarkable increase in total uptake
of nutrients viz., N, P and K and yield in the treatment combination with RDF and
FYM (Tekale et al., 2017). Somasundaram et al. (2014) reported a nutrient
management with banana ie., combined application of cow based farm yard manure
with RDF and the result has been found to be an ideal option to improve vyield

parameters and quality of banana.

In North East India, Borah et al. (2019) conducted a field experiment to assess
the impact of chemical fertilizers, farm yard manure (FYM), vermicompost (VC), bio-
fertilizer, and their combinations on productivity of rain-fed upland rice. The results
showed that nutrient integration recorded the highest yield compared to other nutrient
management techniques. To determine how traditional agricultural methods could be
modified agronomically to increase rice output and sustainability, a study was
conducted at the ICAR's Research Complex for NEHR, Tripura Center's Agronomy
Experimental Farm by Yadav et al. (2017). Based on their findings, it was revealed
that both organic and inorganic fertilizers improved the crop's straw, root, and biomass
output. Another field experiment was set up at the ICAR-NEHR, Tripura Center by
Datta et al. (2014) to investigate the impact of integrated nutrient management on
groundnut (Arachis hypogaea L.). They found that the inoculation of bio-fertilizers
(Rhizobium culture) along with chemical fertilizers increased pod yield and seed

weight  plant™ compared to control. With FYM treatment, the greatest haulm yield
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was attained. Another field experiment conducted in north-eastern India, was
performed by Saha et al. (2010) on crop productivity under a maize (Zea mays)-
mustard (Brassica campestris) cropping sequence on acidic soils and reported that
integrated use of a balanced inorganic fertilizer in combination with lime and organic
manure is preferable for obtaining higher crop productivity under intensive cropping
systems in the mountainous ecosystem of north-eastern India. The impact of INM
strategies on grain productivity was examined in winter wheat (Triticum aestivum) in
northeast India. Wheat's photosynthetic rate during the reproductive growth stage was
greatly increased by the modifications. Comparing the application of NPK + Azolla
compost to the control (NPK), grain production was increased (Bharali et al., 2017).
In the experimental farm of School of Agricultural Science and Rural Development,
Nagaland University, Medziphema Campus a study conducted by Arenjungla et al.
(2020) found that organic and inorganic fertilizers together yielded the best and highest
results with regard to growth, including number of panicles m, panicle length,
number of filled grains panicle?, test weight of rice and number of pods plant?,
number of seeds pod?, and test weight of pea. Furthermore, the same treatment
combination is said to provide the highest yields for both the pod and stover yield of
peas as well as the grain and straw yield of rice. Baishya et al. (2015) conducted a field
trial to examine the long-term effects of combining inorganic and organic sources of
nutrients on crop productivity in acid soils of north-east India. They came to the
conclusion that the higher average grain and straw yields of the rice-rice sequence were
observed in cases where the recommended nitrogen, phosphorus, and potassium
(NPK) through chemical fertilizers along with N through the incorporation of crop
stubbles were embedded together. Furthermore, at Medziphema Campus in Nagaland,
Lal Santosh and Kanaujia (2013) conducted a field experiment to investigate the
impact of integrated nutrient management on the development, yield, and quality of
capsicum cv. California Wonder under low-cost poly-house conditions. They showed
that applying varying concentrations of synthetic fertilizers, organic manures, and bio-
fertilizers either separately or in combination markedly improved the growth, yield,
and quality of capsicum when compared to controls. The combined application of NPK

+ FYM + bio-fertilizers resulted in the maximum plant height, number of leaves plant’
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! leaf area, number of fruit plant, average fruit weight, fruit length, fruit diameter,
and yield as well as TSS (Total Dissolved Solids) and vitamin C.

In a field trial at the ICAR-Research Complex, Umiam, Meghalaya, the highest
seed yield and seed quality characteristics were observed with the application of both
organic and inorganic fertilizers. However, the treatment embedded with bio-fertilizers
(Rhizobium and phosphorus solubilizing bacteria) yielded the maximum seed yield and
seed quality. By using Rhizobium, phosphorus-solubilizing bacteria combined with
lime, FYM, and chemical fertilizers, the quality of the seed output was enhanced
(Singh et al., 2013). Bordoloi (2021) conducted an experiment to determine the impact
of INM on the improvement of capsicum (Capsicum annuum L.) yield at farmers'
fields in the Ri-Bhoi district of Meghalaya. He found that the integration of nutrients
led to a significant increase in fruit yield. Bordoloi and Islam (2020) carried out an
experiment in the Meghalayan district of Ri-bhoi at ten farmers' fields which showed
that the use of chemical fertilizers along with cow dung, Azospirillum, and PSB
resulted in a noticeably increased yield of paddy in rainfed condition. In a study
conducted by Sanjay-Swami and Konyak (2020b) under integrated nutrition
management system in acid Inceptisol of Meghalaya, head compactness, head shape
index, and the yield of cabbage were maximum in treatments embedded with organic
and inorganic fertilizers. An experiment by Wanniang and Singh (2017) at Umiam,
Meghalaya, to assess the impact of integrating green manuring, FYM, and fertilizers
as INM practices on growth and developmental behaviour of quality protein maize
cultivar QPML1 found that the integration of nutrients had a positive response on plant
height, CGR (Crop Growth Rate), RGR (Relative Growth Rate) leaf area, and dry
matter accumulation in the crop. Another experiment conducted in Meghalaya by
Wahlang et al. (2017) on lowland rice to assess the productivity of the crop in the
north-eastern region of India resulted in significantly greater growth and grain and
straw yield with the integrated nutrient application to soil. In a trial conducted by
Baishya et al. (2013) to investigate the impact of variety and nutrient management on
growth and productivity of rain-fed potato in Meghalaya hills, the application of dose
of fertilizers (RDF) through chemical fertilizers along with farm yard manure (FYM)

26



recorded higher values of the plant height, stem number and stem girth, LAI, DMA,
TBR, and tuber yield than other treatments.

As stated by Kumar et al. (2022), integrated fertilization in conjunction with
cultivar selection could help to achieve the long-term food and nutritional
sustainability targeted by the Sustainable Development Goals (SDGs). This was
demonstrated through his experiment taking into account the INM paradigm through
synthetic fertilizers, vermicomposting as an organic source, and foliar spray of ZnSO4
and FeSO4 which produced a higher seed yield of Lens culinaris Medik than the
control. Priyanka et al. (2013) demonstrated how INM affected rice. According to their
findings, FYM application led to the maximum N and K concentration in rice grain
and straw. The yield shows a significant increase with the integration of Azospirillum
with chemical means of fertilizers and also shows a significant increase in the root
surface area (Murali and Purushothaman, 1987). An INM experiment with farmyard
manure (FYM) on upland paddy was also conducted by Thorie et al. (2013) and
reported that it gives the highest plant dry weight, panicles and grains number, yield,
fertility percentage and 1000 seed weight. Furthermost, to improve the yield of paddy,
Nataraja et al. (2021) integrated different fertility levels as well as the microbe sources.
The results indicated maximum plant height, more tillers, an elevated total dry matter
accumulation and yields. Additionally, the application of RDF in conjunction with bio-
fertilizers (Azospirillum + Bacillus megatherium var. Phosphoticum + Frateuria +
Thiobacillus + VAM) improved nutrient uptake and productivity while also resulting
in enhanced growth and yield features. They further concluded that using RDF in
conjunction with bio-fertilizers improves yield and nutrient use efficiency while also
helping to increase the effectiveness of applied nutrients. Singh et al. (2015a) reported
maximum grain yield through the application of NPK with Azotobacter and PSB and
observed a significant improvement in yield attributes of rice due to application of
NPK with Azotobacter and PSB. To evaluate the beneficial effects of N- fixing bacteria
(Azotobacter and Azospirillum), FYM and NPK fertilizers on the production and
productivity of ladys' finger (Abelmoschus esculentus L. Moench) as well as the
availability status of N, P, and K in soil, Ray et al. (2007) conducted a field experiment

and depicted a result showing that integration of Azospirillum or Azotobacter
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supplemented with FYM and NPK was highly advantageous for raising the amount of
N, P, and K that was accessible in the soil as well as for promoting plant growth and
greater fruit output. Additionally, the combine application of chemical fertilizers and
vermi-compost had significantly increased the number of plant height, leaves plant,
and LAI and rhizome yield in the study conducted by Joshi et al. (2017) to investigate
the influence of organic and inorganic nutrients on growth, yield and economics of
tikhur (Curcuma aungustifolia Roxb.) as compared to control. Meena et al. (2017) also
recorded the impact of INM on the yield and growth of the barley crop and concluded
that under the application of NPK fertilizers in combination with FYM ha + ZnSO4
hal, respectively, barley's grain and straw yields, as well as its maximum plant height
at flowering stage, yield of dry matter at flowering stages, and number of tillers at
jointing stages, were all at their highest. Sharma et al. (2018) found that integrating
organic and inorganic fertilizers results in maximum growth of effective tillers, length
of panicle, filled spikelet panicle™, number of grains panicle™, and test weight as well
as maximum yield, including grain yield, straw yield, and harvest index in paddy.
According to the findings of Chaudhary et al. (2016) who sought to identify the best
INM strategy for growing black-gram, the application of soil test-based NPK+FYM +
Rhizobium + Sulphur + Molybdenum resulted in noticeably higher grain, stover, and
biological yields as well as a higher harvest index of black-gram than other treatments.
The study by Adhikari et al. (2018) revealed that in plots treated with RDF + FYM +
Azotobacter + Trichoderma harzianum, earlier spike emergence and first floret
opening, maximum days needed for spike to reach full bloom, spike length, rachis
length, spike weight, number of florets spike™, number of spike plant™ and plot? and
vase life, number of corms plant™* and corms plot™*were recorded. The Gladiolus cv.
Arka Amar had the highest number of cormels plant?, corm weight, and diameter
following the aforementioned treatment. The combination of RDF + Azotobacter +
PSB + KSB + MgSOs + micronutrient mixture produced the highest levels of
sprouting, plant height, number of leaves, plant spread, number of stems, and leaf area,
in a field experiment conducted by Shubha et al. (2019). The same treatment produced
the highest yields for metrics including the number of tubers per plot, tuber weight,

yield per hectare, and dry matter.
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To utilize Azotobacter sp. and Azospirillum sp. as plant growth promoting
rhizobacteria (PGPR) in tomato (Lycopersicon esculentum), Reddy et al. (2018)
conducted a field experiment, and observed a maximum growth of tomato in treatment
with NPK along with Azotobacter sp. and Azospirillum sp. A field experiment was
also carried out by Yashaswini et al. (2020) to examine the impact of INM on the
growth and yield of tulsi (Ocimum sanctum L.). Results from their study revealed that
application of chemical fertilizers + Vermicompost + Azospirillum + Azotobacter
recorded significantly the maximum plant height, branches number plant, LAI plant
! fresh and dry herbage yield compared to other treatments. Brassica napus grew more
quickly when seeds were inoculated with Azotobacter chroococcum, Azospirillum
brasilense, and Azospirillum lipoferum in conjunction with chemical fertilizers in a
rice-rapeseed cropping system (Yasari et al., 2009). The similar treatment combination
also increased the number of siliquae and seeds, and yield of seed and stover of Indian
mustard (Brassica juncea) (Singh et al., 2014a). The findings suggest that bio-fertilizer

has a considerable potential to improve soil fertility and plant development.

A field experiment was laid out by Laxminarayana (2001) through the
application of INM and the result depicted that increase in yield of maize was observed
with the bacterization of Azotobacter and Azospirillum along with the application N
and even the uptake of N by grains and stover recorded the highest, which was higher
than the application of N alone. Grain yield of sorghum shows the highest yield with
the integration of Azospirillum, FYM and chemical fertilizers compared to control
(Patil, 2014). Shanmugam and Panahaksharam (2017) also integrated Azospirillum
lipoferum with Glomus (AMF) to find out their influence on the growth and yield of
tomato and superior results were recorded in the combined inoculation and proved its
positive effect on tomato's yield parameters. Rani et al. (2019) examined the impact
of microbial inoculations, graded doses of chemical fertilizers, and organic manures
on wheat productivity. As a result, the wheat crop's growth metrics, grain and straw
yield, and biological yield significantly improved when compared to the control and
RDF treatments, hence, concluded that wheat could be grown profitably by
implementing INM strategies. Wayase et al. (2014) also conducted similar experiment,

but to assess on the productivity of sesame (Sesamum indicum L.). They also observed
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that integration of such fertilizers gives the highest seed number, capsule number and
weight, 1000 seed weight, seed and straw yield. To assess more on the impact of PSB,
a field experiment was carried out by Fazlullah et al. (2018) to assess how maize
responded to PSB and P2Os rates. In comparison to the un-inoculated control, PSB
inoculation significantly improved plant height, test weight, grain yield, and biological
yield. Output characteristics presented that the application of PSB can lessen the
requirement of chemical P when P is applied from SSP. In a study published by Afzal
and Bano (2008), looked at the effects of Rhizobium and PSB alone, together with and
without chemical fertilizer on wheat. The results demonstrated that single and dual
inoculations with synthetic fertilizer significantly increased growth, grain yield, seed
P content, leaf protein and sugar content, and improves grain yield, while single and
dual inoculations without fertilizer (P) improved yield in comparison to phosphorus
application. A combined inoculation of Rhizobium, PSB, and Trichoderma spp. was
carried out by Rudresh et al. (2005) to evaluate the growth, uptake of nutrients, and
yield of chickpea. With respect to the control as well as the yield criteria, the
aforementioned innoculation demonstrated improved germination, nutrient uptake,

growth, nodulation, yield, and total biomass of chickpea.

To evaluate how KMB affects development and yield, Chaudhary et al. (2019)
performed a field experiment and the results revealed that an application of chemical
fertilizer along with KMB i.e., Frateuria aurentia enhanced grade wise tuber yield,
total tuber yield as well as haulm yield of potato over rest of treatments. Badoni et al.
(2017) also evaluated the effect of KMB as seed treatment, on the total yield of potato.
The result depicted that seed treatment with KMB to boost the overall production of
potatoes. Singh et al. (2010) monitored a method for improving the soil nutrient
availability through bacterial inoculation and concluded that release of K content by
inoculated KMB in soil is the sole reason for increasing soil K and inoculation of maize
and wheat plants with KMB resulted in higher K mobilization. These microbes convert
potassium from inaccessible forms in the soil via a variety of biological mechanisms
(Patel et al., 2021). Ghadge and Murumkar (2020) also reported that highest
germination; shoot length, root length and plant vigour index; plant height; dry weight

of shoot and dry weight of root; branches, nodules and pods number; 1000 seed weight,
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NPK uptake and seed yield of soybean is due to the effect of seed inoculation with
consortium of Rhizobium, PSB and KMB. Additionally, the integration of bio-
fertilizers (PSB, AMF, and KMB) in conjunction with chemical fertilizers increased
plant growth, development and vigour and improved leaf quality indicators, supporting
the favourable use of PSB, AMF, and KMB as bio-fertilizers in obtaining sustainability
in the production of tobacco crop (Subhashini, 2016). Hussain et al. (2015a and 2017)
conducted a field experiment to study the effects of various INM treatments on the
growth and nutritional condition of leaves of tissue cultured Grand Naine banana. The
results showed that highest plant height, highest pseudostem girth, higher nitrogen
concentration in index leaf, higher phosphorus content in index leaf and higher
potassium content in index leaf were observed with the application of RDF +
Vermicompost + bio-fertilizers [Azospirillum, PSB and KMB (Frateuria aurantia)].
Also application of RDF + FYM + bio-fertilizers (Azospirillum, PSB and KMB)
recorded maximum retention of functional leaves and shooting along with the highest

leaf area and higher N, P and K content in index leaves at shooting.

To access the potential of ZnSB to increase the growth and Zn concentration
in wheat Javed et al. (2018), performed an experiment and depicted a result that ZnSB
had the ability to solubilize Zn and thus could be used as bio-fertilizer to improve
wheat growth and Zn accumulation. Also, Naz et al. (2016) established a field trial to
view the effect of (N-fixer), (Zn-SB) and Rhizobium on wheat crop. The results
revealed that wheat treated with these bio-fertilizers had considerably higher zinc
concentrations in various areas of the plant at various growth stages, and resulted the
highest shoot length, flag leaves, straw and grain yield. Kamalakannan et al. (2019)
conducted an experiment to study the effect of ZnSQO4, Zn-SB and VAM on growth
attributes of okra (Abelmoschus esculentus L. Moench.). The results revealed that the
maximum values for the growth attributes were recorded in the plots which received
the application of RDF+ FYM + ZnSB + VAM + ZnSO.. Vaid et al. (2014), used Zn
solubilizer and 1AA in rice and discovered that they were effective in increasing dry
matter, productive tillers, panicles and grains number, grain yield and straw yield over
the control. According to Goteti et al. (2013), bacterizing maize seeds with zinc

solubilizing bacteria (Pseudomonas spp. and Bacillus spp.) increased plant
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development. To identify and characterise the efficiency of zinc solubilizing bacteria
for improving growth of maize, in an experiment, Hussain et al. (2015b) found that
the zinc solubilizer considerably increased the development of maize seedlings. In
comparison to the un-inoculated control, it also demonstrated a beneficial effect on the

maize growth metrics of shoot and root length, fresh and dried shoot and root biomass.

To study the impact of Arbuscular mycorrhizal inoculation on uptake of soil
nutrients, production and productivity of cowpea (Vigna unguiculata) varieties,
Yaseen et al. (2011) piloted a field try-out and delineated the effects of the AMF
inoculation on cowpea which were substantial on productivity attributed to growth and
development, mycorrhizal dependency, and blossom count per plant.

In order to determine the impact of the treatments on the output and uptake of
micronutrients by soybean of a succeeding wheat crop, Dadhich and Somani (2007)
performed a field experiment employing different quantities of phosphorus, FYM, and
bio-fertilizers (PSB and VAM). The findings showed that applying higher doses of P,
FYM, and bio-fertilizers considerably boosted the seed/grain yield of soybean and
wheat. Furthermore, it considerably improved absorption of zinc, copper, manganese,
and iron by the crops. The integration of AMF with Azospirillum in SRI resulted in an
increase in the production and productivity of rice (Premkumari and Prabina, 2017).
According to a field experiment by Youpensuk et al. (2006), AMF are crucial for
preserving soil fertility and upland paddy productivity during shifting agriculture.
Additionally, Parewa and Yadav (2014) carried out a field experiment to investigate
the impact of fertilizer levels, FYM, and bio-inoculants (PGPR + VAM), on wheat
growth and yield. The findings revealed that utilization of NPK, FYM, and bio-
inoculants significantly increased productivity and quality parameters of wheat. Many
scientists viz., Lu et al. (2015), Sabia et al. (2015) and Hijri (2016) employed AMF in
a large-scale field production of maize, yam and potato, confirming with the results
that AMF have a great potential to increase agricultural output. These bio-fertilizers
can also increase the manufacture of beneficial phytochemicals in edible plants,
making them suitable for a chain of healthy food production (Shrana et al., 2014;
Rouphael et al., 2015). Rabie and Al-Humiany (2004) conducted a pot experiments to
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gaze at how single, dual, and triple N-fixer, PSB and VAM inoculants interact with
one another, on the growth and nutrition of cowpea plants. The results revealed that
plant growth and nutrient accumulation of cowpea plant is enhanced by making use of
bio-preparations, inoculation with mycorrhiza in the presence of mineral nitrogen

fertilizer in particular.

Under microbial fertilizers with RDF, auspicious results for seedling height,
leaves, root volume, and dry matter, enhancement in total uptake of N, P, K, Ca, Mg,
Fe, Mn, Cu and Zn by seedlings were noted. Integrated use of bio-fertilizers with RDF
depicted a considerable role in enhancing growth and uptake of soil nutrients of oil
palm (Suneetha and Ramachandrudu, 2017).

2.3.3. Integrated Nutrient Management impact on economics and energy
efficiency

2.3.3.1. Economics

INM practices displayed the highest gross and net return (Borah et al., 2016). All
fertility treatments outpaced those of the control plots that generated the lowest gross
and net return. It was reported by Apireddy et al. (2008) that, when evaluating the
effect of INM on yield potential of bell pepper (Capsicum annuum), INM treatments
yielded higher returns and BCRs than all other treatment combinations. Moreover,
Singh and Ahlawat (2015b) found that nutrient integration resulted in the highest BCR
and provided profitability over the long run. Likewise, Rani et al. (2019) in their study
on the effects of INM on wheat crop reported that INM plot recorded the highest gross
returns, net returns, and BCR and it was the most productive treatments. Rautaray et
al. (2017) demonstrated that paddy grown under INM on a rain-fed medium plot
yielded a higher net return compared to chemical fertilizer treatment. Similarly, Meena
et al. (2017) reported that the INM treatment of NPK + FYM ha + ZnSO4 ha on
barley production provided the highest net return with BCR. Additionally, Phonglosa
et al. (2022) also came to the conclusion that, in comparison to other nutrient
management treatments and the absolute control treatment, the combined application
of chemical fertilizers, Rhizobium, PSB, and lime, an integrated form of nutrients
treated plots yielded the highest gross returns, net returns, and benefit: cost ratios
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(BCR) of rain-fed pigeon-pea (Cajanus cajan L. Mill sp.) in an Alfisol of Eastern
India. In a study to ascertain the impact of INM on economic parameters of potato,
Shubha et al. (2019) also noted that the treatment with the combination of RDF +
Azotobacter + PSB + KSB + MgSO4 + micronutrient mixture produced the maximum
gross income, net income, and BCR. Furthermore, according to Sharma et al. (2018),
the integrated treatment's higher cultivation costs may be a result of the treatment's
extensive use of fertilizers compared to alternative fertility measures. The integrated
(organic + inorganic fertilizers) treatment for basmati rice produced the highest gross
income, net return, and BCR. However, the treatment receiving nutrients through solo
organic fertilization (FYM + Azotobacter + PSB) in basmati rice, the minimum gross

income, net return, and BCR were noted.

Maruthupandi and Jayanthi (2018) evaluated various INM treatment
combinations under rice-maize cropping system, and concluded that application of
(RDF + organic manure) significantly influenced the total cost of cultivation and net
returns under this combination. In a cereal-legume (Maize - Chickpea) cropping
system, the aforementioned treatment combination likewise revealed the highest gross
and net returns as well as the BCR (Meena et al., 2021). Net returns in cauliflower—
cauliflower—pea system recorded the highest through the application of chemical and
organic fertilizers in on-farm trials of Himachal Pradesh (Parmar, 2014).
Comparatively to other treatments, wheat returns also increased with the application
NPK + FYM + seed inoculation of Azotobacter + PSB + sulphur (through gypsum)
(Desai et al., 2015). Adhikari et al. (2018) found the plot treated with RDF + FYM +
Azotobacter + Trichoderma harzianum to be the most lucrative treatment in terms of
the economics of growing Gladiolus cv. Arka Amarwas and had the highest BCR.
Furthermore, a significant variations and maximum gross returns, net returns and BCR
of black-gram was discerned due to INM treatment combination of NPK + FYM +
Rhizobium + Sulphur + Molybdenum in the study conducted by Chaudhary et al.
(2016) to determine the suitability of INM package for successful black-gram
production. According to a study by Joshi et al. (2017), the interaction of inorganic
fertilizers with organic fertilizers was superior in terms of gross and net return;

nevertheless, the BCR was superior under the administration of solely chemical
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fertilizers. Analysis of the study's data by Sah et al. (2018) showed that, due to the
greater cost of purchasing organic amendments, the cost of cultivation was higher
when the nutrient was applied from organic sources. The impact of continuous
fertilizer and manure application (i.e., INM techniques) on the gross return was
significant in the rice-wheat continuous cropping system. When FYM + RDF through
inorganics was used, the net returns were noticeably higher, and the lowest net return
was provided by control. As a result, it was found that FYM, together with RDF
(inorganic), was an efficient substitute for N in INM techniques. Moreover, the
treatment N through FYM + the advised dose of nutrients using chemical fertilizers
had the highest BCR, which was also significantly higher than the other treatments.

The application of vermicompost in conjunction with NPK produced a
maximum gross and net returns and benefit cost ratio. However, when bio-fertilizers
enabled by Azotobacter and PSB were applied in conjuction with RDF, net return of
the system also improved due to increased nutrient solubility of maize under maize +
mung bean intercropping (YYadav et al., 2016). With an application of FYM along with
RDF and seed inoculation with Azotobacter and phosphate solubilizing bacteria (PSB),
net returns and the BCR were substantially greater for summer pearl millet (Thumar
et al., 2016). According to Gaikwad et al. (2018), application of RDF + organic
manure+ ZnSO4 made significant improvements in sorghum gross and net returns and
benefit cost ratio. Application of natural composts and inorganic fertilizers to evaluate
the growth and productivity of transplanted rice also resulted a maximum profit and
BCR (Hasanuzzaman et al., 2010). Supplement of FYM in sorghum productivity
recorded the highest net returns with BCR over no FYM (Jat et al., 2013). Co-
inoculation of Azotobacter + PSB in sorghum registered the highest economic returns
over no inoculation (Arbad et al., 2008). Maximum gross and net return and BCR were
detected under the combination of FYM + bio-fertilizer + zinc sulphate + borax + RDF
among various INM practices followed for sorghum cultivation (Roy et al., 2018). An
application of RDF along with organic manure resulted in maximum net, gross and
BCR in groundnut (Chaudhary et al., 2015), mustard (Thaneshwar et al., 2017) and
sunflower (Dambale et al., 2018) cultivation. The INM application through bio-

fertilizers along with chemical fertilizers increased the benefit-cost ratio in cauliflower
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cultivation (Narayanamma et al., 2005), comparatively to applying full NPK, it also
recorded the highest net return for growing maize (Jilani et al., 2007). In the soybean-
potato cropping system, the INM treatments of the aforementioned combinations
produced higher gross and net returns, and the BCR also increased (Munda et al.,
2018). According to the findings of Chaudhary et al. (2016) who sought to identify the
best INM package for a successful black-gram, the application of NPK + FYM +
Rhizobium + Sulphur + Molybdenum based on a soil test produced the highest gross

returns, net returns, and BCR compared to other nutritional treatments.

INM practice in potato crop cultivation where FYM, crop residues and bio-
fertilizers were combined with RDF enhanced the net returns (Venkatasalam et al.,
2012; Islam et al., 2013). Integrated application of FYM + NPK + dipping seedlings
in 1% Azotobacter + foliar spray of 20 ppm FAS in tomato cultivation increased the
BCR during kharif and rabi seasons (Pandey and Chandra, 2013). Sarkar et al. (2021)
also evaluated various INM treatments to observe the economics of red cabbage, and
reported that INM treatments with chemical and organic fertilizers showed the
maximum gross and net returns. The above mentioned treatment also achieved the
highest BCR. Integration of Azospirillum, PSB, and vermicompost equivalent to
recommended doses of nitrogen with 50% recommended NPK produced maximum
net returns and high BCR compared to control (Angadi, 2014) in garland
chrysanthemum. Higher net returns and BCR were recorded by Mohapatra and Dixit
(2010) when groundnut was treated with FYM + RDF + Rhizobium + Gypsum +
Boron. According to Pattanayak et al. (2011), applying the required NPK rate along
with lime and FYM boosted farmer revenue by around 75% compared to farmers'
practice in the Odisha condition. According to Patro et al. (2012), the application of
RDF as a base layer plus the recommended amount of fertilizer N together with FYM
recorded the highest net return and BCR in a field trial at OUAT, Bhubaneswar,
Odisha.

Arenjunglaetal. (2020) carried out a field experiment at School of Agricultural
Science and Rural Development, Nagaland University, Medziphema Campus, to
determine the economics of rice and pea. The integration of organic and inorganic soil

fertilizers was found to be the optimal treatment combination when the findings were
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examined from an economic perspective. The treatment combination mentioned above
had the highest gross return ha, net return ha, and benefit-cost ratio values. From
another field trial conducted at School of Agricultural Science and Rural Development,
Nagaland University, Medziphema Campus by Lal Santosh and Kanaujia (2013),
came to the conclusion that the application of NPK + FYM + bio-fertilizers together
provided the highest net return and the highest BCR. The highest BCR was noted in
the exhibited technology, which was INM, according to a study by Bordoloi and Islam
(2020), which was undertaken in rain-fed Meghalaya. Singh et al. (2013) revealed that
their research on ground nuts in Meghalaya's mid-hills altitude showed that treatments
embedded with Rhizobium+ PSB with lime+ FYM + chemical fertilizers had the
highest net return as well as the BCR. Moreover, Bordoloi (2021) revealed the results
of his study on how INM under hill agro-ecosystems of Meghalaya might increase
capsicum (Capsicum annuum L.) output, which included improvements to the BCR
and net income of capsicum as a result of the application of INM. He believed that
using both organic and inorganic fertilizers together may increase net returns. Yadav
et al. (2014) reported that the amount of soil fertilizers needed for a higher productivity
resulted in a higher cost of cultivation. As a result, treatments with larger proportions
of soil nutrients had higher cultivation costs. However, compared to the control, the
plot with the lowest cultivation costs, all nutrient treatment plots—that is, plots
embedded with all soil organic and inorganic fertilizers—provided greater net returns
and BCR. Even Datta et al. (2014) claimed that the control plot had the lowest cost of
cultivation. However, in a field trial at the ICAR Research Complex for NEHR,
Lembucherra, Tripura, considerably better total returns and net returns were seen when
groundnut seed inoculated with Rhizobium culture and chemical fertilizers were
applied to the soil. The plot that was integrated with Rhizobium culture had the highest
benefit cost ratio. According to Baishya et al. (2013), RDF through chemical fertilizers
with FYM delivers a greater profit from potato in the north-eastern hill region of India.
This is based on their analysis of the variety and nutrient management of rain-fed
potatoes in the Meghalaya hills. The findings of the study by Kumar et al. (2011)
highlighted the necessity of integrating the usage of inorganic fertilizers with organic
sources (FYM, PM, or VC) in order to increase the return on investment (ROI) for

potato farming in the Meghalaya hill region.
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2.3.3.2. Energy Efficiency

In the present day agriculture, there is a firm decline in the EUE (energy use
efficiency), and in return is an affair of countless concern. From the consumer point of
view, yield of the crop and food supply are linked directly with energy, which can
rather mean that the adequate energy is desired in the accurate form and at right time
for adequate output (Negi et al., 2016). As mentioned by Sharma and Thakur (1989)
and Mandal et al. (2002), in order to boost productivity, fertilizer intensity must be
increased as well as crop production’s energy use, which results in a loss of energy use

efficiency.

Therefore, for analysing the energy budgeting, several scientist viz., Rautaray
etal. (2017) conducted a field experiment using INM (organic and chemical fertilizers)
and showed that INM plots produced more net energy than the standard method of
implementing chemical fertilizers alone. The energy productivity of cropping systems
based on soybeans increased when organic and man-made fertilizers are combined, in
contrast to when chemical fertilizers are used exclusively (Billore et al., 2005). Highest
energy output and net energy were also registered under the above mentioned INM
treatments. Similarly, energy use efficiency and energy productivity were higher under
INM module (organic and chemical fertilizers) (Meena et al., 2021) under the cereal-
legume (Zea mays — Cicer arietinum) cropping system. Ghosh et al. (2021) similarly
came to the conclusion that using organic and mineral fertilizer together produced a
larger energy use efficiency and net energy, than the sole application of mineral

fertilizer.

Prajapat et al. (2018) noted that the unfertilized treatment had the lowest
energy production, whereas the implication of integrated nutrients had the maximum
output. As mentioned by Mandal et al. (2002), due to the increased productivity of the
majority of the crops in the cropping systems, nutrient sources combinations with
FYM and bio-fertilizers recorded the best energy production and energy usage
efficiency. It was also observed by Singh and Ahlawat (2015b), that higher energy
output is obtained with combined use of nutrient sources. Furthermost, Mohanty et al.
(2014) in his study on the yield, economics and energetics of rice (Oryza sativa L.)
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stated that the application of INM recorded the highest value of energy productivity
and energy ratio which was higher than RDF.

Sarkar et al. (2021) also evaluated various INM treatments to observe the
energy use efficiency of red cabbage, and reported that INM treatments with chemical
and bio-fertilizers showed the highest energy use efficiency. It was also documented
by Mihov and Tringovska (2010), that bio-fertilizer application in greenhouse tomato
cultivation augmented the total energy output, energy productivity, and energy output-
input ratio than the conventional fertilization. In a different study by Rautaray et al.
(2020) on the energy efficiency of rice farming at the Research Farm of ICAR-Indian
Institute of Water Management, Mendhasal, Odisha, found that the organic nutrient
management treatment and control resulted in a reduction in energy input when
compared to INM, but an increase in energy efficiency when compared to inorganic
nutrient management. According to a study by Samant et al. (2022) about the
energetics of the rice-groundnut cropping system, nutrient management and rice
establishment methods had an impact on the system's energy due to the differences in
input needs and component crops' yields. INM was more effective than organic
practice and inorganic management in terms of energy output, net energy, and energy
output efficiency. In comparison to INM, organic management of rice produced higher
energy efficiency and INM measured energy productivity at par with organic. The
largest energy input and production came from the combined utilization of organic and
inorganic materials in groundnut. INM was associated to the highest specific energy

and less energy was used as a result of the better energy use efficiency.

Paramesh et al. (2019) investigated how the arecanut-based intercropping
system’s energy balance and ecosystem services are affected by nutrient management
practices. They found that the INM and organic farming systems, respectively, saw the
maximum energy input and output. There was only a slight difference in the energy
output between the solo organic and INM systems, but the INM system's energy input
was found to be larger due to the application of various soil amendments. The least
energy input and output were observed in control systems, or no manuring, because no
fertilizers were administered. This demonstrates a system's reliance on non-renewable

resources. Due to nutrient management methods, the energy efficiency and net energy
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differed greatly. As levels of fertility grew, yield and economic parameters increased
linearly in the soybean (Glycine max)-wheat (Triticum aestivum) cropping system,
however Billore et al. (2005) found that energy-use efficiency, energy productivity,
and energy intensiveness showed a trend in the other direction. The integration of
organic and inorganic nutrients has also been associated with larger net energy gains,
according to Singh et al. (2017) and Jat et al. (2023). This is thought to be the cause
of the increased crop yields under the integrated treatment. Due to reduced energy
input in comparison to alternative treatments, farmers' practices had a higher energy
use efficiency. The sustainability of cropping systems depends heavily on the rational
and efficient use of input energy resources because doing so will reduce environmental

damage and preserve natural resources (Rafiee et al., 2010).

The lowest energy input was noted with the control. In a study by Datta et al.
(2014) on integrated nutrition management in groundnut production in north-east
India. However, when groundnut seeds were inoculated with Rhizobium cultures and
synthetic fertilizers were applied to the soil, a considerable increase in energy output
and net energy was seen. In addition, Das et al. (2014a) in their research on improving
the energy use efficiency through appropriate nutrient management in the mid-altitude
of North-east, India, concluded that among the nutrient management practices,
integrating organic and inorganic fertilizers recorded the highest energy input and
output, whereas energy productivity was the highest under the control. The control plot
produced more energy productivity with a lower energy input.

The above literature survey clearly reveals limited information on the effect of
INM to view the sustainability of upland paddy production, through improvement in
soil properties, and their economics and energy efficiency in the North-Eastern states
of India, and Meghalaya in particular. All the studies conducted on upland paddy in
the region either used lesser fertilizer doses or limited bio-fertilizer sources. Sufficient
data generated through intensive study using various nutrient doses and sources are
therefore needed for conclusive recommendation on nutrient management strategy for
the 'jhum' farmers cultivating upland paddy in order to meet their sustainable
production goal. So, the current study looks into the effects of various integrated

nutrient concentrations on upland paddy production in ‘jhum'- land, the soil
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characteristics that support the production, and the potential financial gain and energy
conservation for farmers from various treatment combinations. The study is important
not just in terms of closing the information gap, but it will also aid in the creation of
concepts for combining multiple nutrient sources for sustainable production in uplands

of India's North Eastern region.
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CHAPTER 3

MATERIALS AND METHODS

The present investigation entitled "Impact of Integrated Nutrient Management on
Upland Paddy Yield and Soil Properties in Jhum Land in Ri-bhoi District,
Meghalaya" was carried out during the year 2019 and 2020. Under the following topic,

specifics of the experiment's execution and methodology are discussed.
3.1. Study site

The study was conducted in Jirang Block, one of the Community and Rural

Development block in Ri-Bhoi District.
3.2. Meghalaya
3.2.1. Biogeography

Meghalaya is a state situated in Northeast India and created by dividing two districts,
the United Khasi Hills and Jaintia Hills, as well as the Garo Hills (Anonymous?, 2013),
as well as sections of southern Assam and a small portion of Nagaland surrounding
Dimapur (Anonymous?, 1997; Anonymous?, 2019). Geographically, the state spans an
area of 22,429 square kilometres and is located between 25°01'40.07" and
26°07'09.83" N latitudes and 89°49'52.27" and 92°48'10.44" E longitudes. In the north,
Meghalaya is bordered by the lower Assam plain, and in the south, the Surma Valley.
The state is bordered on the north by the Assamese Goalpara and Kamrup districts, by
North Cachar and Karbi Anglong in the east, and by Bangladesh in the west and south.
The international border between India and Bangladesh runs along the southern border.

It is an extensive boundary that stretches for 496 kilometres (Zimba, 1978).
3.2.2. Geology and Physical features

Meghalaya's geological formation is made up of rocks from the following rock types:
Archaean - Proterozoic Gneissic Complex, Khasi Basic - Ultrabasic intrusives of
Proterozoic age, Shillong Group of Meta-sediments of Meso - Proterozoic age, Granite

Plutons of Neo Proterozoic - Lower Palaeozoic age, Lower Gondwana sedimentary
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rocks of Carboniferous - Permian age, Cretaceous volcanic, Cretaceous - Tertiary shelf
sediments, Pleistocene to recent fluvial sediments (GSI, 2009).

Meghalaya is a plateau region in terms of physiography. The plateau's basic
elevation ranges from 300 to 1500 metres above sea level. This plateau has modest
slopes in the north and west, but the southern and eastern sides are very sheer, creating

canyons.

There are three physiographic regions in Meghalaya: namely, Garo Hills
(Western Meghalaya), Khasi Hills (Central Meghalaya) and Jaintia Hills (Eastern
Meghalaya).

3.2.3. Soils

The soil in the hills is 50 to 200 cm deep and is a dark brown to dark reddish-brown
colour. It is developed from previous gneissic complex minerals. These have a loamy
to fine loamy texture. The lowlands next to the northwest and southern plateaus are
composed of very deep alluvial, sandy-loam to silty-clay soils that range in colour
from dark to reddish brown. Organic matter that has been washed away by rainfall
enriches the soil in plains and hills, especially soil organic carbon, which is also a
gauge of the soil's ability to supply nitrogen. This soil has a phosphorus deficiency and
a potassium deficiency that ranges from mild to low (NRDM, Meghalaya

http://megagriculture.gov.in/PUBLIC/agri_scenario/soil.aspx).
3.2.4. Climate

The climate of Meghalaya is influenced by its altitude; the higher the altitude, the
cooler the climate. This explains why the Khasi and Jaintia hills have such a pleasant
climate. With the arrival of monsoon, the climate in Meghalaya changes. The average
annual rainfall in the western part of the north eastern state is roughly 2600
millimetres, while the northern Meghalaya receives between 2500 and 3000
millimetres. Annual rainfall in the south-eastern state of Meghalaya exceeds 4000
millimetres. Cherrapunji receives the most rain, roughly 12000 millimetres per year.
Meghalaya is India's wettest state, with an abundance of rainfall (Balasubramanian,
2017).
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In Meghalaya, summer lasts roughly 5 months, from May to September, and is
characterised by severe rains brought on by the South West Monsoon. Every location
and elevation experiences a different amount of rainfall. Amount of rain that falls in
Cherrapunjee and Mawsynram is the worlds highest. Mawsynram's rainfall ranged
from 10,689 mm to 13,802 mm over the past 20 years, whereas Cherrapunjee's rainfall
ranged from 11,995 mm to 14,189 mm.

3.2.5. Land Use
3.2.5.1. Forests and Vegetation

Forests cover almost one-third of the state's land area. The tropical lowland woods to
the north and south are distinct from the highland woods in it. The state is encompassed
by the Meghalaya subtropical forests eco-region. The state's biodiversity of mammals,
birds, and plants is what makes it stand out (Balasubramanian, 2017). Forests types
such as Tropical, Sub-Tropical, Sal, Temperate Forests, Grass and Savannas and
Sacred Groves can all be found in Meghalaya, according on altitude, rainfall and

dominating species composition (Kanjilal et al., 1934-40).
3.2.5.2. Agriculture

Meghalaya is largely an agricultural state; more than 81% of the state's population
makes their living exclusively from farming. The state's net cultivated land, however,
only makes up roughly 9.87% of its overall geographic area (Department of
Agriculture, Meghalaya http://megagriculture.gov.in/). Majority of the state's cropland
(60 %) is used for food grain cultivation. Meghalaya has experienced an upsurge in
production as a result of recent improvements in crop varieties and high yielding food
grain varieties. High yielding paddy varieties that support the multi-cropping strategy,
such as Mansuri, Pankaj IR 8, and other varieties like IR36 for the Rabi season, have
been supported and farmed in the majority of the state. In 1991-1992, the ICAR in
Meghalaya released the cold-tolerant rice varieties Megha | and Megha 11 for the state's
high-elevation regions (BSAP, 2004).
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3.2.5.2.1. The major agricultural systems and crops in Meghalaya
3.2.5.2.1.1. Settled paddy cultivation

The majority of the state's permanent wet rice growing area is privately owned. In
2005-06, 106.07 thousand acres were used for rice farming, making up 82.4% of the
entire area used for food grain sowing (Meghalaya Agriculture Profile, 2006).
Meghalaya has transformed 42 % of its paddy land to high-yielding types capable of
producing nearly 2300 kg ha™.

3.2.5.2.1.2. 'Jhum' cultivation

Almost 100 indigenous tribes in India's North Eastern regions practice slash and burn
cultivation, also known as 'jhum’ cultivation. Being a hilly state, 40% of Meghalaya's
land is used for shifting agriculture. 'Jhum' agriculture covers 227.52 km? in
Meghalaya. 'Jhum' agriculture supports roughly 52,290 families in Meghalaya alone
(Jeevaet al., 2006). Upland forests in the state are subject to shifting cultivation, much
of it on steep slopes, which causes severe soil erosion, a significant damage of fertile
top soil, and the eradication of local flora. 'Jhum' is a brilliant organic multiple
cropping technique that is perfectly suited for hill tracts with high rainfall zones
(Rathore et al., 2010). It has a higher economic and energy efficiency than other types

of agriculture, such as terrace and valley farming.

'Jhum' is responsible for a yearly loss of forest cover of roughly 77 km?. Every

year, however, almost 20 km? of 'jhum' is returned to natural forest (FSI, 1997).

‘Jhum’ is widely practiced in Meghalaya's West Khasi Hills and Ri-bhoi
Districts. This type of cultivation is called as 'Thang shyrti' or Thang bun' among the
Khasi people. The main crop farmed in 'Jhum' land is upland paddy (hill rice), which
is mixed with maize, millet, sorghum, tapioca, chilies, cotton, turmeric, pumpkin, and
other crops. In the Ri-bhoi district, broom grass (Thysanolaena maxima) is often
planted with other crops.

3.2.5.3. Horticulture

Horticultural crops yields the best benefits in the hilly state, forcing the Agriculture
Department to place a strong emphasis on them. Meghalaya's geo-climatic conditions
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also make it possible to grow a variety of high economic value horticultural crops like
as fruits, vegetables, spices, medicinal and aromatic plants. Mandarin orange,
pineapple, banana, lemon, guava, pear, plum, and other tropical, sub-tropical, and
temperate fruits are cultivated in Meghalaya. Additionally, several native and foreign
horticulture crops can be grown successfully in the state, particularly vegetables
(Meghalaya Agriculture Profile, 2006).

3.2.5.3.1. Plantation crops

Arecanut, cashewnut, and tea are three of the state's most important plantation crops.
Coconut has been introduced in recent years, however the area and production are still

insufficient.
3.2.5.3.2. Floriculture

Meghalaya's climate favorableness makes it a viable region for ornamental crop
growth. As a result, a variety of high-value, long-lasting, and out-of-season flowers,
including orchids, bulbous plants, bird of paradise, chrysanthemum, gerbera,
gladiolus, marigold, and carnations, can be grown at a cheap cost. On the other hand,
a significant barrier to floriculture in the state is the privation of a market prospective.
The government has built a Center of Excellence for Rose (Ri Bhoi District) and
Anthurium (East Garo Hills District) as an exemplification design to promote
floriculture, according to the Agricultural Department. With technical assistance and
government subsidies, these institutions have encouraged farmers to start floriculture

on their own (Meghalaya Agriculture Profile, 2006).
3.2.5.3.3. Other grains and cash crops

In Meghalaya, cereal grains account for a larger area and production share than pulses.
3426 ha and 2622 M.T., respectively, were the state's area and production (Meghalaya
Agricultural Profile, 2006). Along with other important cash crops, the state also
cultivates potatoes, ginger, turmeric, black pepper, arecanut, bay leaf, betel vine, short-
staple cotton, jute, mesta, mustard, rapeseed, and others. Except for cotton, the state's

fibre crops, including cotton, jute, and mesta, are exclusive Garo Hills traditional
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products, on the other hand, over the past 16 years, production of other fibre crops has
remained unchanging or even decreased (Meghalaya Agricultural Profile, 2006).

3.2.5.3.4. Vegetables

The vegetables in Meghalaya, in the Northeast India, are renowned. Vegetables can be
grown all year round in Meghalaya due to its favourable agro-climate. Over the
previous few decades, the acreage and production of vegetables have expanded.
Meghalaya exports vegetables like cabbage, cauliflower, radish, and squash on a
regular basis. In Meghalaya, vegetable revenue yields actually frequently outperform
grain income yields. Beans, carrots, peas, and tomatoes are among the state's other

major vegetables (Meghalaya Agricultural Profile, 2006).
3.2.5.3.5. Fruits

Meghalaya is fortunate to have temperate, tropical, and semi-tropical climates. A
variety of horticultural crops could be grown thanks to the different altitudes, types of
soil, and climatic circumstances. Bananas, oranges, pineapple, papaya, lemon, limes,
citrus (Mandarin orange), jackfruit, and litchi are among the horticultural crops being
farmed in the state, as are temperate fruits such plum, peach, and pear. Fruit processing
enterprises in the state have a lot of potential because the state produces a lot of
different kinds of fruits (Meghalaya Agricultural Profile, 2006).

3.2.5.4. Livestock

Agriculture and animal husbandry are linked to the general socio-economic
circumstances of Meghalaya's rural tribal population. Due to low cropping intensity,
mono-cropping, and subsistence farming, agriculture cannot sustain the population on
its own. Therefore, animal husbandry is important to the state's overall farming system
(Ri-Bhoi District, Inventory of Agriculture, 2015).

3.3. Ri-Bhoi District
3.3.1. Location

The Indian state of Meghalaya contains the administrative district of Ri-Bhoi. The

district head quarter is located in Nongpoh. The District is located between the
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latitudes of 25°37'45.73" and 26°07'09.86" N and between East longitudes 91°20'35.45"
and 92°16'29.59". Jaintia Hills and Karbi Anglong District of Assam, West Khasi Hills
District, and the Kamrup District form its eastern, western and northern borders,

respectively (Anonymous?, 2011).
3.3.2. Demography

It is Meghalaya's district with the second-lowest population, with a total area of 2,378
km? and a population of 2,58,840 out of which 1,32,531 are male and 1,26,309 are
female (as of 2011). It now occupies position 580 in India (out of a total of 640). The
population density of the area is 109 people km™ (280/sq mi). Its population increased
at a rate of 34.02% from 2001 to 2011. The literacy rate in Ri Bhoi is 77.22%, and
there are 951 females for every 1000 males. 88.89% of the population are members of
Scheduled Tribes (Anonymous*, 2011).

3.3.3. Geology

This district is a component of the Meghalaya plateau, which is made up of younger
sediments and the Archaean Basement Complex. The Shillong Group's Proterozoic
metasediments and the Archaean Basement Complex’'s NE-SW trending strike ridges
create pronounced valleys. High hills are made of quartzite and conglomerate, whereas
low lying valleys are made of phyllites, slate, and quaternary valley fills. A shallow
maritime environment is where the Shillong Group of rocks were formed (The District
Level Task Force, 2019).

3.3.4. Soil characteristics

The soils are generally deep to very deep, with a surface texture ranging from loamy
to clay loam/clay. Soils are naturally acidic. Except in lowland areas where the water
table fluctuates, soils are generally well drained. The majority of soils have high levels
of OC (>0.75%). Only 0.84% of the district's soils have medium levels of OC (0.5-
0.75%), while the remainder soils have low levels (0.5%).The district's soils have a
non-saline electrical conductivity of 1.68. In the soils of the Ri-Bhoi district, NPK
availability ranges from low to high. Most of the soils in the Ri-Bhoi district are rich

in micronutrients; more than 80% of the land is found to have adequate micro-nutrient
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levels (Das et al., 2020). However, the area is vulnerable to erosion due to its
moderately undulating terrain pattern and lack of good vegetation cover (The District
Level Task Force, 2019).

3.3.5. Climate

Ri-Bhoi District has a pleasant and temperate climate. In this region, summers are quite
rainy while winters are remarkably dry. Ri-bhoi district has an average yearly
temperature of 21.8° C. The district receives about 3200mm of rain every year. The
driest month is December, whereas the months of June and July receive the highest
rainfall. The month of August is the hottest in the district. In August, the temperature
ranges from 25°C to 26°C. The coldest month is January, with an average temperature
of 15°C (The District Level Task Force, 2019).
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3.3.6. Land Use
3.3.6.1. Vegetation and Forest

The East Khasi Hills area was further divided to create the Ri-Bhoi district. The Ri-
Bhoi area is well known for its pineapples and is the state's top pineapple grower (Ri-
Bhoi District, Inventory of Agriculture, 2015). The district has a mountainous
landscape and its geographic region is largely covered by forests in many places.
However, due to the widespread removal of trees for timber, fuel, and 'jhum'’ farming,
there is a  persistent risk of denudation and  deforestation

(https://csridentity.com/districts/ribhoi.asp).

3.3.6.2. Agriculture

The vast majority of Ri-Bhoi is covered in forests and farmland, where crops including
rice, wheat, maize, chillies, pine-apples, ginger, gourds, arecanuts, rubber, and Khasi
mandarins are grown, resulting in a wealthy agricultural region (Syngkli, 2022).

However, low productivity and limited application of modern methods in
agriculture define the region. As a result, despite the fact that the majority of the
population works in agriculture, little agricultural produce contributes to the state's
GDP, and the majority of those employed in agriculture continue to live in poverty.
The traditional shifting farming method, known locally as 'Jhum'’ cultivation, is used
in a sizeable percentage of the cultivated region (Ri-Bhoi District, Inventory of
Agriculture, 2015).

3.3.6.3. Livestock

15.51 lakhs and 28.20 lakhs of livestock and poultry are present in the state of
Meghalaya overall, respectively, with 1.12 lakhs and 3.52 lakhs of those present in the
Ri- Bhoi district. The district has access to a wide variety of livestock, including sheep,
goats, cattle, buffalo, chickens, and pigs. Despite the fact that the district has a sizable
quantity of cattle and poultry, their productivity is relatively low because of their
stunted growth, low production, and unscientific practices (Ri-Bhoi District, Inventory
of Agriculture, 2015).
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3.3.6.4. Fisheries

The topographical features in Meghalaya's Ri-Bhoi area are distinctive. As a result,
the district enjoys a wealth of water resources, including rivers, reservoirs, beels, lakes,
swamps, ponds, mini-barrages, and low-lying paddy. The district contributed the most
to the state's total area of ponds (20%), followed by 10.2%, 9.23%, and 2.46% for
reservoirs, rivers, beels, and lakes. However, the district made no contribution to paddy
cum fish culture, despite the fact that it is a tried-and-true technology and has a limited
scope and potential for ornamental fish (Puntius bartis sp.) (Ri-Bhoi District,

Inventory of Agriculture, 2015).
3.3.7. Jirang Block (Study site)

3.3.7.1. Location

In the Meghalayan district of Ri-bhoi, there are four Community and Rural

Development Blocks: namely Umsning, Jirang, Umling and Bhoirymbong.

Jirang Block, the area of study is one of the Community and Rural
Development block in Ri-Bhoi District. The area of study lies within 25°56'61" N
latitude and 91°45'90.3" E longitude with an elevation of 226 m above MSL and a
slope of 40° (Fig. 3.2).

3.3.7.2. Soil characteristics

In order to have preliminary information of soil characteristics of the study site, before
laying the experimental plots the soil samples were taken from three different parts
(sites) of the hill ie., hill top, mid hill and hill bottom. 10 cores from each part were
collected with the help of soil auger from the surface (0-15 cm) and sub-surface (15-
30 c¢cm) depths. The replicated soil samples were pooled site-wise forming three
composite soil samples, brought to the laboratory and sieved through 2 mm mesh
screen (Devi and Dkhar, 2014). Some of these samples were kept in a refrigerator at
4°C for biological analysis and sub-sample were air dried prior to subjecting them for
further physical and chemical analysis. The analysis revealed that the texture ranged
from sandy clay to clayey-loam. Various soil properties of the study site are
represented in Table 3.1.
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Table 3.1. Initial (after slash-burn) data of soil properties

Soil Properties Soil depth
(0-15) cm (15-30) cm

Moisture (%) 16.58+0.16 14.19+0.79
Water Holding Capacity (WHC) (%) 53.35+0.84 51.19+0.19
Bulk Density (BD) (g cc™) 1.18+0.02 1.21+0.01
Porosity (%) 52.20+0.41 50.27+0.14
pH 6.45+0.49 5.51+0.21
Electrical Conductivity (EC) (dS m) 0.29+0.03 0.23+0.01
Cation Exchange Capacity (CEC) (cmol p* kg™) 7.84+1.03 6.77+0.82
Auvailable Nitrogen (kg ha't) 670.68+3.27 517.51+2.44
Auvailable Phosphorus (kg ha't) 13.50+0.49 8.18+1.17
Auvailable Potassium (kg ha?) 690.83+0.65 370.24+0.72
Organic Carbon (OC) (%) 1.16£0.08 0.4520.03
Total Nitrogen (%) 0.08+0.01 0.050.01
Microbial Biomass Carbon (MBC) (ug g?) 225.07+0.89 127.12+0.93
Microbial Biomass Nitrogen (MBN) (ug g?) 12.34+0.96 10.48+0.90
Microbial Biomass Phosphorus (MBP) (ug g™) 8.47+0.51 6.86+0.34
De-hydrogenase Activity (DHA) (ug TPF
gl drysoil 24 h't) 27.65+1.17 12.04+0.66
Microbial Population

a) Bacteria (108) 0.10+0.005 0.08+0.004

b) Fungi (109 0.04+0.0079 0.17+0.02

c) Actinomycetes (10°) 2.91+0.41 1.331£0.15
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3.4. Methods

3.4.1. Experimental Details

In order to gather soil samples and plant growth and yield for study, the area was first
cut down and then burned. Pre- and post-burning soil samples were taken. Then, plots
with various treatment combinations and replications were created to prepare the land
for cultivation. The experiment consisted of 19 treatments and three replications (Table
3.2) and was set up using Randomised Block Design (RBD). In each replication,
different treatments were assigned. The details about the treatment plan and fertilizers

used are given in Table 3.3, 3.4, 3.5 and Fig. 3.3.

Table 3.2. Details of the experimental plan

Experimental Design

Plot Size 2x2=4m?
Guard area 0.5m
Number of Treatments 19

Number of Replications 3

Total number of plots 57

Crop Upland Paddy
Variety Mynnar variety
Seed rate 20 g

Method of sowing

Broad casting

Dates of sowing

06/06/2019 and 06/06/2020

Dates of harvesting

13/11/2019 and 13/11/2020

Method of fertilizers application

Basal application
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Table 3.3. Treatment Combinations

Treatments Concentrations
To Control
T1 100 % RDF (60:30:30)
T2 100 % RDF + FYM
Ts 100 % RDF + Azospirillum lipoferum
Ta 100 % RDF + Glomus
Ts 100 % RDF + Zn solubilizer
Te 100 % RDF + PSB
T7 100 % RDF + KMB
Ts 100 % RDF + FYM + Zn solubilizer
To 100 % RDF + Azospirillum lipoferum + Zn solubilizer
T 100 % RDF + Glomus + Zn solubilizer
Tu 100 % RDF + FYM + Glomus
T2 100 % RDF + FYM + Glomus + Zn solubilizer
T13 100 % RDF + FYM + A. lipoferum + PSB + KMB + Glomus
T4 100 % RDF + A. lipoferum + PSB + KMB + Glomus +Zn solubilizer
Tis 100 % RDF + FYM + A. lipoferum + PSB + KMB + Glomus + Zn solubilizer
Tis FYM + A. lipoferum + PSB + KMB + Glomus
T A. lipoferum + PSB + KMB + Glomus + Zn solubilizer
Tis FYM + A. lipoferum + PSB + KMB + Glomus + Zn solubilizer
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R1 R2 R3
To Ta Ts
T1 To T2
T2 T7 Ts
Ts Tis Tis
Ta Tia To
Ts Tio Taa
Ts Tie To
T7 T2 Ta
Ts To Tie
To Taz T
Tio Ts T3
T Tis Tis
T2 T2 Tu
T3 Ts Tz
T Ts T7
Tis T1 Ts
Tie Ts Ts
Ta7 T Tio
Tis Tis T2

Fig. 3.3. The layout plan of the experimental field
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Table 3.4. Schedule of fertilizer application

Modules Schedule

Chemical fertilizers Basal application before seed sowing

(Broad casting)

FYM Basal application before seed sowing
(Broad casting)

Bio-fertilizers Treated with seeds

(Broad casting)
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Table 3.5. Particulars of fertilizers

Modules Fertilizers name Source Doses of Fertilizers
Bio-fertilizers N-fixer- Azospirillum lipoferum Anand Agro Care 2.5 kg ha't
Phosphate Solubilizing Bacteria (PSB)- Pseudomonas 2.5 kg hat
Potassium Mobilizing Bacteria (KMB)- Frateuria aurentia 2.5 kg ha!
Zn-Solubilizer- Pseudomonas spp. 2.5 kg ha!
Arbuscular Mycorrhizal Fungi (AMF)- Glomus 18.75 kg ha*
Organic fertilizers Farm Yard Manure (FYM) Local purchase 15 tons ha'?
Chemical fertilizers Urea Local purchase 130.2 kg ha't
SSP (Single Super Phosphate) 187.5 kg ha't
MOP (Muriate of Potash) 51.6 kg ha*
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CHAPTER 4

EFFECT OF INM ON SOIL PROPERTIES OF UPLAND PADDY IN 'JHUM'-
LAND

4.1. Introduction

The usage of organic manures and bio-fertilizers has grown in significance as a result
of energy limitations, a decline in soil health, and sustainable concerns. Organic
fertilizers' role in plant nutrition is now capturing the attention of agriculturists and

soil scientists all over the world.

Growing focus is being placed on the integrated nutrient management (INM)
system, which is crucial for preserving soil health in light of diminishing production
levels (Meelu and Morris, 1984). It is the most effective method for maximising
resource utilization and producing crops while spending the least amount of money
(Aziz et al., 2019). Chemical fertilizers have undoubtedly increased crop growth and
yield, but they have also contributed to soil deterioration to a greater extent. The health
of the soil and crop growth are significantly impacted by intensive land usage and
continual application of larger dosages of inorganic fertilizers, and it does not support
soil productivity (Nambiar and Abrol, 1989). Concerns have been expressed regarding
possible long-term detrimental effects on the ecosystem and soil health as a result
(Sarkar and Singh, 1997), whereas organic fertilizer inclusion improves soil physical
properties (Swarup, 1987; Kumar and Tripathi, 1990) and biological status (Ghai et
al., 1988).

INM has substantially improved soil fertility content with the use of organic
and chemical fertilizers (Gupta et al., 2019; Borase et al., 2020). Furthermore, it is
stated that the use of INM improves soil biological characteristics, which is regarded
as one of the good indicators of high-quality soil. INM is one of the promising
approaches for establishing appropriate fertilization techniques by enhancing soil
characteristics (Mandal et al., 2007). The use of INM facilitated in the accumulation
of soil chemical qualities, which had a cumulative influence on soil biological
properties (Nath et al., 2015).
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According to Datt et al. (2013), integrated fertilizer application enhances soil
physical properties, stabilizes soil pH, and boosts soil enzyme activity. Implementing
such environmentally friendly inputs has enormous potential for supplying nutrients
to the soil, hence reducing reliance on artificial fertilizers. Organic nutrient supply,
along with chemical supply, has a microbial load and promoting substances that aid in

soil health improvement.

Combining organic and artificial fertilizers has long been viewed as a vital
agricultural strategy for achieving more advantages or at least comparable results to
using chemical fertilizers alone. Many long-term studies have shown that neither the
use of organic nor chemical fertilizers alone is helpful in preserving or improving soil
qualities. The restricted or sole use of fertilizers has depleted the soil's nutrient supply
while also deteriorating its health (Mallikarjun and Maity, 2018). The use of
unbalanced chemical fertilizers without an organic supply, according to Nath et al.
(2015), decreases the soil's fertility state. Consistent use of inorganic fertilizers
degrades the soil's physical structure and nutrient retention properties which has a

negative impact, reducing crop growth and production (Obi and Ebo, 1995).

Importantly, integrated nutrient management increases crop output and diverse
soil qualities while decreasing the usage of synthetic fertilizers, which decreases
pollution risk, saves energy, and increases fertiliser usage efficiency, lower farmer's
costs, and ensures ecosystem sustainability against soil resource degradation (Das et
al., 2017; Kravchenko et al., 2017). The present chapter highlights the impact of INM

on various soil properties under upland rice cultivation in 'jhum'-lands.
4.2. Materials and Methods
4.2.1. Soil sampling

After the crops were harvested, soil samples were taken from all the treated plots.
Using a soil auger, 5 cores were taken from every plot at the surface (0—15 cm) and
subsurface (15-30 cm). The replicated soil samples were pooled treatment wise
forming a composite soil sample, brought to the laboratory, sieved through 2 mm mesh

screen (Devi and Dkhar, 2014). Before undergoing additional physical and chemical
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soil analysis, some of these samples were air dried and some were maintained in a

refrigerator at 4°C for biological analysis.
4.2.2. Analytical procedure
4.2.2.1. Soil physical properties

4.2.2.1.1. Moisture: By drying 10 g of new soil in the oven, the gravimetric moisture
content of the soil was calculated (Tripathi et al., 2009).

Moisture content % = Wi—W-, X 100
W,

Where, W1 = Fresh weight of soil
W> = Oven dry weight of soil

4.2.2.1.2. Water Holding Capacity: The Keen's box method was used to calculate
water holding capacity (WHC) as outlined by Viji and Prasanna (2012).

Water Holding Capacity % = W2 — W3 X100
W3 -W1

Where, W1 = Keenbox weight
W> = (Keenbox + Soil + Water) weight
W3 = Dry (Keenbox + Soil) weight

4.2.2.1.3. Bulk Density: Bulk density was determined by tapping method (Amidon et
al., 2017).

Bulk Density (gcc?) = M
Vi

Where, M = mass in grams
Vs = the tapped volume in cc

4.2.2.1.4. Porosity: Using a 2.65 g cm™ particle density assumption, porosity was
determined from bulk density (Danielson and Sutherland, 1986).
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Porosity % = 1-— Bulk Density X 100
Particle Density

4.2.2.2. Soil chemical properties

4.2.2.2.1. pH and EC: Using a glass electrode with a pH metre and EC metre in a soil:
water (1:2.5) suspension, the pH and Electrical Conductivity (EC) of the soil were

electrochemically evaluated (Jackson, 1973).

4.2.2.2.2. Cation Exchange Capacity (CEC): The soil Cation Exchange Capacity
was evaluated using the NHsOAc (Ammonium Acetate) technique (Black, 1965;
Sankaram, 1996).

Cation Exchange Capacity (cmol p* kg™?) = R x Acid Strength x 100
S

Where, R = (Titer Reading — Blank Reading) ml
S = Sample weight (g)

4.2.2.2.3. Mineralizable Nitrogen: The Alkaline Permanganate Method was used to

estimate the mineralizable nitrogen (Subbiah and Asija, 1956).

Available Nitrogen (Kg ha) = R x Normality of acid x 0.014 x 2.24 x 10°

S
Where, R = (Titer Reading — Blank Reading) ml
N = Nitrogen
S = Sample weight (g)

4.2.2.2.4. Available Phosphorus: Utilizing the Bray I reagent (Bray and Kurtz, 1945),
available P was extracted and quantified using the blue colour technique.

Available Phosphorus (Kg ha) = Conc. of P x dilution factor x 2.24 x 10°
10°

Where, P = Phosphorus
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4.2.2.2.5. Available Potassium: The soil is extracted and shaken with "N neutral
ammonium acetate solution” to determine the amount of K that is present (Metson,

1956), determined using the flame photometer.

Available Potassium (Kg ha*) = Conc. of K x dilution factor x 2.24 x S

Where, K = Potassium
S = Sample weight (g)

4.2.2.2.6. Organic Carbon: The chromic acid wet oxidation method developed by

Walkley and Black (1934) provides the foundation for calculating soil organic carbon.

Organic Carbon % = (B-T) x N x 0.003 x 100 x 1.3

S
Where, N = Normality of K>Cr.0Oy7 solution
T = Volume of FAS consumed in sample titration (mL)
B = Volume of FAS consumed in blank titration (mL)
S = Sample weight (g)

4.2.2.2.7. Total Nitrogen: Total nitrogen was determined by semi-micro Kjeldahl

distillation (Bremner, 1960) and expressed as a percentage.

Total Nitrogen % = R x Normality of acid x 1.4007

S

Where, R = (Titer Reading — Blank Reading) ml
N = Nitrogen

S = Sample weight (g)
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4.2.2.3. Soil biological properties

4.2.2.3.1. Microbial Biomass Carbon (MBC): Using the chloroform fumigation-
extraction technique, the soil microbial biomass carbon was estimated (Silva et al.,
2016).

Actual Normality of FAS = Vol. of K.Cr207 x Normality of K>Cr,07
Vol. of FAS consumed by blank

Volume of K>Cr.0O7 consumed by FAS in any sample for both fumigated (F) and non-
fumigated (NF)

F or NF = Normality of FAS x Titrate value
Normality of K>Cr.O7
=Aml

Now, Vol. of K>Cr207 used for oxidizing easily mineralizable carbon
= Vol. of K2Cr207 (ml) - Aml
=B mil
1 ml of IM K2Cr207 oxidizes = 0.003 g C
=300 pg C
So, 1 ml of 0.2M K2Cr.07 =600 pg C
So, F or NF sample will contain = B X 600
=DpgC
In 10 ml extract= D pgml?
10
=E g ml?
Now, EOC for F and NF in pg g soil = E x Vs (ml)

Ms (9)

Vs = VVolume of moisture + VVolume of extractant
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Ms = Volume of oven dried soil

Now, MBC (ug g) = ECF— ECnr
Kec
Where, FAS = Ferrous Ammonium Sulphate

K>Cr,0O7 = Potassium Di-Chromate

ECr = Organic C extracted from fumigated soils
ECnr = Organic C extracted from non-fumigated soils
Kec = Extractable Carbon (= 0.25; Yadav, 2016)

4.2.2.3.2. Microbial Biomass Nitrogen (MBN): The soil "Microbial Biomass
Nitrogen Estimation Method" was determined using the Chloroform Fumigation-
Extraction (Brookes et al., 1985a).

MBN (ug g?) =R x 0.1 x 0.014 x 10°
S

Then, R x 10 ml extract

MBN (ug g1) = Ne- Nur
Ken

Where, R = (Titer Reading - Blank Reading) ml
Nr = Total N extracted from fumigated soils
Nur = Total N extracted from non-fumigated soils
Ken = Extractable Nitrogen (= 0.54; Brookes et al., 1985b).

4.2.2.3.3. Microbial Biomass Phosphorus (MBP): Chloroform fumigation-
extraction technique, followed by Bray-1 solution extraction were used to measure the

soil microbial biomass phosphorus (Logah et al., 2010)
P in pg gt = Conc. of P x dilution factor

Pr and Pur=P x Vs
Ms
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Vs = VVolume of moisture + VVolume of extractant
Ms = Volume of oven dried soil

MBP (ug gt) = Pe- Pue
Kep

Where, Pr = Phosphorus extracted from fumigated soils
Pur = Phosphorus extracted from fumigated soils
Kep = Extractable Phosphorus (= 0.40; Brookes et al., 1982).

4.2.2.3.4. De-Hydrogenase Activity (DHA): Using a modified 2,3,5-triphenyl
tetrazolium chloride (TTC) reduction method, the enzyme activity of dehydogenase
was assayed (Casida et al., 1964; Casida, 1977).

Dehydrogenase activity (ug TPF g dry soil 24 ht) = C x 50
w

Where, C = Corrected reading of pg TPF ml™* from the standard curve
50 = Extractant volume (ml)
W= Dry weight of soil

4.2.2.3.5. Microbial Population (Bacteria, Fungi and Actinomycetes): Soil
microbial population was determined by Spread - Plate Technique (Taylor et al.,
1983); and identification of microbial population was done as outlined by Zhang et al.
(2008).

CFU ml™ = (No. of colonies x dilution factor)

Volume of culture plate
4.3. Relative Changes (%0)

For all the soil properties, the relative change of soil properties due to fertility
treatments from the initial values (soil properties of after burnt experimental field) was

determined by the following formulae:
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Relative change (%) = Initial (after burn) values- Final (from each treated plots) X 100

Initial (after burn) values
4.4. Statistical Analysis

The data obtained from the laboratory analysis were further analysed statistically using
the OP-STAT (online statistical package- http://14.139.232.166/opstat/) using
standard procedure of randomized block design (RBD) and as per method of "Analysis
of Variance (ANOVA) ". Where the "F" test indicated a significant result, the treatment

means were compared using the least significant difference (LSD) method at a
probability threshold of 0.05. Critical Difference (CD) and Standard Error of Mean
(SEM) were calculated to determine the significance among treatment means.

Table 4.1. The skeleton of one-way-ANOVA table is presented in the table below

Source of Variance d.f. (SS) | (MSS) F (Cal.)

Due to Replication (r-1) SSR | MSSR=SSR/(r-1) Fr=MSSR/MSSE
Due to Treatment (t-1) SSt MSSt=SSt /(t-1) Fr=MSSt/MSSE
Due to Error (r-1) (t-1) | SSE | MSSE=SSE/(r-1) (t-1)

Total (rt-1) SST

Table 4.2. The skeleton of two-way-ANOVA table is presented in the table below

Source of Variance d.f. (SS) (MSS) F (Cal.)

Factor A (k-1) SSA | MSSA=SSA/(k - 1) FA=MSSA/MSSE

Factor B (1-1) SSB | MSSB=SSB/(I - 1) Fe=MSSB/MSSE

Interaction (A x B) (k-1)(1-1) | SSAB | MSSAB=SSABI/(k - 1) (I - | FAs=MSSAB/MSSE
1)

Error kl (m-1) SSE MSSE=SSE/{kl (m -1)}

Total kim-1 SST
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4.5. Results
4.5.1. Physical properties
4.5.1.1. Moisture content (%)

The control ie., To [16.04 % (0-15 cm) and 13.50 % (15-30 cm)] had the lowest
moisture content (%) while the integrated treatments had the highest. Fertilizer
applications have an impact on soil moisture content. T15[18.84 % (0-15 cm) and 16.08
% (15-30 cm)], T13 [18.80 % (0-15 cm) and 16.04 % (15-30 cm)], T12 [18.50 % (0-15
cm) and 15.97 % (15-30 cm)], T11[18.46 % (0-15 cm) and 15.72 % (15-30 cm)] and
Tg[18.44 % (0-15 cm) and 15.72 % (15-30 cm)] treatments had higher soil moisture
content than T [18.33 % (0-15 cm) and 15.31 % (15-30 cm)], i.e., integration of
organic manure and inorganic fertilizer, and was numerically highest in the organic
manure and bio-fertilizers treatments ie., T16 [20.15 % (0-15 cm) and 17.69 % (15-30
cm)] and T1g[20.78 % (0-15 cm) and 17.73 % (15-30 cm)], followed by T17 [19.04 %
(0-15 cm) and 16.21 % (15-30 cm)], than the rest of the integrated nutrient treatments
with chemical fertilizers applied treatments (Table 4.3). The accessible moisture
content in the unfertilized and chemical fertilizers applied treatments (solo RDF)
declined from the initial value (16.58 %), whereas the integration with organic and
bio-fertilizers treatments had a numerically greater available water value than the

starting status.

The soil moisture content after first year and second year cropping was at par
and hence shows a non-significant variation among the cropping years for both soil
depths (Fig. 4.1). However, a significant variation (p < 0.05) was observed among
treatments for both the soil depths. Furthermore, moisture content in the surface layer

was greater compared to the sub-subsurface layer.

When compared to the initial (after slash-burn) status, the soil fertility
treatments exhibited positive significant effects on the soil moisture content. T1g (FYM
+A. lipoferum + PSB + KMB + Glomus + Zn solubilizer) had the most relative changes
(25.33% at the surface and 24.96 % at the sub-surface soil depths), followed by Tis
(FYM + A. lipoferum + PSB + KMB + Glomus) with 21.56% at the surface which is

lower than that of the sub-surface layer with 24.68 %, while To (Control) had the lowest
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relative changes (-3.24% at the surface and -4.86 % at the sub-surface soil layer) (Fig.
4.2).

Table 4.3. Effect of INM on soil moisture content (%) (pooled for two consecutive

harvesting years)

Treatments Moisture (%)
(0-15) cm (15-30) cm

To 16.04 13.50
T 16.31 14.05
T2 18.33 15.31
Ts 17.48 14.79
Ts 17.47 14.77
Ts 17.42 14.81
Ts 17.46 14.74
T7 17.46 14.78
Ts 18.44 15.72
To 17.78 15.06
Tio 17.99 15.05
Tu 18.46 15.72
T2 18.50 15.97
Tis 18.80 16.04
Tia 18.30 15.12
Tis 18.84 16.08
T 20.15 17.69
Tz 19.04 16.21
Tis 20.78 17.73

SE(m) + 0.666 0.513
CD 1.918* 1.477*

*(P<0.05) significant at 0.05 level of probability
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Fig. 4.1. Effect on INM on soil moisture content (%) during thelst year and 2nd year of cropping at 2 soil depth (0-15) and (15-
30) cm
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4.5.1.2. Water Holding Capacity (%)

In the control, the minimum water holding capacity (%) was numerically recorded ie.,
To [51.37 % (0-15 cm) and 43.24 % (15-30 cm)]. Chemical fertilizer treatments had
higher water holding capacity, and was numerically highest in the organic manure and
bio-fertilizer treatments ie., T1g [70.42 % (0-15 cm) and 64.94 % (15-30 cm)] and
T16[70.21 % (0-15 cm) and 63.77 % (15-30 cm)] , followed by T17 [68.47 % (0-15 cm)
and 60.60 % (15-30 cm)] (Table 4.4). The water holding capacity in the control plots
diminished from its original level (53.35 %), but the organic manure and bio-fertilizer
treatments including the integrated plots produced numerically greater water holding
capacity values than the initial status. Solo chemical fertilizer treatments provided

quantitatively higher water retaining values than integrated treatments.

There was no significant difference in water holding capacity between the
cropping years for both soil depths (Fig. 4.3). However, it shows a significant variation
(p < 0.05) among treatments for both the soil depths. Furthermore, the water holding
capacity of the surface soil layer was found to be higher than the water holding capacity

of the subsurface layer.

The soil fertility treatments showed significant relative impacts on the soil
water holding capacity as compared to the initial (after slash-burn) level. To (Control)
had the lowest relative changes (-3.71% at the surface and -15.53% at the sub-surface
soil depths) while T1g (FYM + A. lipoferum + PSB + KMB + Glomus + Zn solubilizer)
had the highest relative changes (32.01 % at the surface and 26.86 % at the sub-surface
depths) (Fig. 4.4).
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Table 4.4. Effect of INM on soil water holding capacity (%) (pooled for two

consecutive harvesting years)

Treatments Water Holding Capacity (%)
(0-15) cm (15-30) cm
To 51.37 43.24
T 65.54 57.89
T2 59.83 55.72
Ts 56.46 52.56
Ta 56.32 52.35
Ts 56.24 52.33
Ts 55.90 48.76
T7 56.15 49.60
Ts 62.19 56.04
To 57.75 54.92
T1o 57.74 54.94
Tu 62.20 56.06
Ti2 62.87 56.89
Tis 63.21 57.48
Tua 57.83 55.22
Tis 63.92 57.77
T 70.21 63.77
T 68.47 60.60
Tis 70.42 64.94
SE(m) + 0.532 0.446
CD 1.532* 1.284*

*(P<0.05) significant at 0.05 level of probability
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Fig. 4.3. Effect on INM on soil WHC (%) during thelst year and 2nd year of cropping at 2 soil depth (0-15) and (15-30) cm
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4.5.1.3. Bulk Density (g cc?)

The use of inorganic fertilizer application alone had a distinct effect on bulk density
than the usage of both organic and inorganic fertilizers together. The bulk density in
the organic treated plots diminished from its original level (1.18 g cc), but the
chemical treatments produced numerically greater bulk density values than the initial
status. When compared to To [1.30 g cc (0-15 cm) and 1.35 g cct (15-30 cm)] and
T1 [1.29 g cc? (0-15 cm) and 1.33 g cct (15-30 cm)], the T2 (organic + inorganic
fertilizers) [1.18 g cc* (0-15 cm) and 1.24 g cc® (15-30 cm)] treatment had the lower
bulk density, followed by Tg[1.16 g cc? (0-15 cm) and 1.22 g cc? (15-30 cm)], Tu
[1.16 g cc? (0-15 cm) and 1.23 g cc? (15-30 cm)], T12[1.15 g cc? (0-15 cm) and 1.21
gcct (15-30 cm)], T1s[1.14 g cc (0-15 cm) and 1.19 g cc? (15-30 cm)] and T1s[1.12
g cct (0-15 cm) and 1.18 g cct (15-30 cm)] (organic manure + inorganic + bio-
fertilizers). T17[1.11 g cct (0-15 cm) and 1.16 g cc? (15-30 cm)] (bio-fertilizers treated
plots) showed a higher bulk density than T16 [1.06 g cc™ (0-15 cm) and 1.14 g cc™* (15-
30 cm)] and T1s [1.05 g cc? (0-15 cm) and 1.13 g cc? (15-30 cm)] (organic manure +
bio-fertilizers), which had the lowest bulk density values (Table 4.5). Organic manure,
and bio-fertilizer treatments had the lowest bulk density of all the treatment
combinations. In comparison to fertilizer and control treatments, manure plots had

lower bulk density.

Fig. 4.5 shows a significant difference (p < 0.05) among treatments and
cropping years on the soil bulk density at 0-15 cm soil depth, but at 15-30 cm soil
depth there existed a non-significant difference in bulk density between the cropping
years. However, among treatments it displayed a significant variation (p < 0.05).
Furthermore, the bulk density of the sub-surface soil layer was found to be higher than

the bulk density of the surface soil layer.

The considerable relative changes in the soil bulk density are seen among the
treatments when compared to the initial value (before sowing, after slash-burn) (Fig.
4.6.) The surface soil at To (Control) was noticed to have the highest relative change
by 10.30 %, which is lower than the subsurface layer at 11.57 %, followed by T1 (100%
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RDF) which was found to have the highest relative change (9.58 %) at the surface soil
layer, but was lower than the subsurface layer (10.33 %).

Table 4.5. Effect of INM on soil bulk density (g cct) (pooled for two consecutive
harvesting years)

Treatments Bulk Density (g cc?)
(0-15) cm (15-30) cm
To 1.30 1.35
T 1.29 1.33
T2 1.18 1.24
Ts 1.28 1.31
Ts 1.27 1.31
Ts 1.27 1.30
Ts 1.26 1.30
T7 1.27 1.30
Ts 1.16 1.22
To 1.23 1.28
T 1.25 1.27
Tu 1.16 1.23
T2 1.15 1.21
Tis 1.14 1.19
Tia 1.20 1.26
Tis 1.12 1.18
Tise 1.06 1.14
Tz 1.11 1.16
Tis 1.05 1.13
SE(m) + 0.012 0.013
CD 0.034* 0.037*

*(P<0.05) significant at 0.05 level of probability
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4.5.1.4. Porosity (%)

In comparison to the other treatment combinations, the increased porosity value in soil
samples after harvesting was recorded in T1g [53.39 % (0-15 cm) and 48.87 (15-30
cm)] and T16[52.93 % (0-15 cm) and 48.77 % (15-30 cm)], followed by T17[52.90 %
(0-15 cm) and 45.89 % (15-30 cm)], and the lowest was in the control ie., To [50.77 %
(0-15 cm) and 48.33 % (15-30 cm)]. T15[52.86 % (0-15 cm) and 48.60 % (15-30 cm)],
T13 [52.76 % (0-15 cm) and 48.67 % (15-30 cm)], T12 [52.65 % (0-15 cm) and 48.46
% (15-30 cm)], T11[52.27 % (0-15 cm) and 48.81 % (15-30 cm)] and Tg[52.18 % (O-
15 cm) and 48.65 % (15-30 cm)] treatments resulted in higher porosity than T, [52.10
% (0-15 cm) and 48.61 % (15-30 cm)] treatment (Table 4.6). Plots treated with organic
manure or with bio-fertilizers together increased from its original level (52.20%) in
comparison to the other fertility treatments.

Soil porosity did not show any variation among the treatments applied as well
as between the cropping years at both the soil depths (Fig. 4.7). In comparison to the
initial (after slash-burn) condition, soil porosity was found to be unaffected by the
treatments except in T17 where a significant reduction by more than 8% was recorded
at (15-30) cm soil depth (Fig. 4.8).
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Table 4.6. Effect of INM on soil porosity (%) (pooled for two consecutive
harvesting years)

Treatments Porosity (%0)
(0-15) cm (15-30) cm

To 50.77 48.33
T1 51.12 48.20
T2 52.10 48.61
Ts 51.15 48.43
Ts 51.20 48.52
Ts 51.66 49.08
Ts 51.76 48.43
T7 51.18 48.35
Ts 52.18 48.65
Te 51.76 49.01
T 51.63 49.07
Tu 52.27 48.81
Ti2 52.65 48.46
Tis 52.76 48.67
T 51.93 48.17
Tis 52.86 48.60
Tis 52.93 48.77
Ti7 52.90 45.89
Tis 53.39 48.87

SE(m) + 1.04 1.231
CD NS NS

*(P<0.05) significant at 0.05 level of probability
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4.5.2. Chemical properties
4.5.2.1. pH and Electical Conductivity (dS m)

Table- 4.7 shows a narrower range of variation across in soil pH in all treatments. pH
value (0-15 cm) in all treatments was reduced in comparison to its initial value (6.45).
To [6.35 (0-15 cm) and 7.48 (15-30 cm)] exhibits the maximum soil pH. T2 [5.89 (0-
15 cm) and 7.21 (15-30 cm)] (chemical with organic manure) had the maximum
decrease in soil pH, followed by Tig [5.81 (0-15 cm) and 7.20 (15-30 cm)] and T1e
[5.80 (0-15 cm) and 7.17 (15-30 cm)] (organic manure with bio-fertilizers) and higher
in Tg[5.92 (0-15 cm) and 7.25 (15-30 cm)], T11 [5.91 (0-15 cm) and 7.25 (15-30 cm),
T12[5.93 (0-15 cm) and 7.28 (15-30 cm)], T13[6.00 (0-15 cm) and 7.28 (15-30 cm)
and T15 [6.01 (0-15 cm) and 7.30 (15-30 cm)] (chemical with organic manure and bio-
fertilizers treatment) and tend to increase with depth (15-30 cm) (Table 4.7). The

research also shows that integrating FYM resulted in a greater reduction in soil pH.

Fig. 4.9 shows a significant difference (p < 0.05) among treatments but a non-
significant variation among the cropping year on the soil pH at 0-15 cm soil depth, but
at 15-30 cm soil depth there is a significant difference (p < 0.05) among the cropping
years and among treatments. Furthermore, the pH of the sub-surface soil layer was
found to be higher than the pH of the surface layer of soil.

The soil fertility treatments exhibit no favourable significant changes on the
soil pH as compared to the initial (after slash-burn) condition at (0-15) cm soil depth.
However the soil treatments significantly increased the soil pH by 30-36% at sub

surface depth and the highest increase was recorded in To (control) (Fig. 4.10).

Organic manure, inorganic fertilizers, and bio-fertilizers all produce increased
EC values at all depths. The EC value was lowest when inorganic fertilizers were
added alone ie., T1[0.26 dS m™ (0-15 cm) and 0.20 dS m™ (15-30) cm] but the least is
in To- control [0.22 dS m™ (0-15 cm) and 0.17 dS m™* (15-30) cm]. In comparison to
the other treatments, the plot that integrate FY M had the highest electrical conductivity
over initial values (0.29 dS m™) ie., T1s [0.59 dS m™ (0-15 cm) and 0.46 dS m™* (15-
30) cm], T16 [0.58 dS m™ (0-15 cm) and 0.45 dS m™ (15-30) cm] and T17 [0.55 dS m-
1(0-15 cm) and 0.41 dS m (15-30) cm] followed by the INM plots ie., Ts[0.47 dS m
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1 (0-15 cm) and 0.32 dS m™* (15-30) cm], T11 [0.46 dS m™ (0-15 cm) and 0.33 dS m™
(15-30) cm], T12[0.48 dS m™ (0-15 cm) and 0.35 dS m™ (15-30) cm], T13 [0.51 dS m-
1 (0-15 cm) and 0.38 dS m™ (15-30) cm] and T1s [0.52 dS m™ (0-15 cm) and 0.38 dS
m™ (15-30) cm] (Table 4.7). The combination treatment with organic fertilizers had

considerably greater EC in all depths than the control and RD of fertilizer treated plots.

Since the first and second years' data on soil EC were comparable, there was
no statistically significant difference between the cropping years for either soil depth
(Fig. 4.11). Nevertheless, it demonstrates a substantial difference (p < 0.05) across
treatments, for both soil depths. Additionally, it was found that the EC in the surface

layer was higher than that in the sub-subsurface layer.

In comparison to the initial condition, the soil EC shows favourable relative
significant changes following the soil fertility treatments with 102.41 % and 100 %
increase at the surface and the sub-surface soil layer, respectively for T1g (FYM + A.
lipoferum + PSB + KMB + Glomus + Zn zolubilizer), and the least with -25.17 % at
the surface and -22.61 % at the sub-surface soil layer for To (Control) (Fig. 4.12).
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Table 4.7. Effect of INM on soil pH and EC (dS m™) (pooled for two consecutive

harvesting years)

Treatments pH EC (dSm%)
(0-15) cm (15-30) cm (0-15) cm (15-30) cm
To 6.35 7.48 0.22 0.17
T 6.10 7.35 0.26 0.20
T2 5.89 7.21 0.45 0.31
T3 6.16 7.38 0.38 0.24
T4 6.16 7.38 0.38 0.23
Ts 6.16 7.40 0.38 0.23
Te 6.16 7.39 0.36 0.24
T7 6.16 7.38 0.37 0.24
Ts 5.92 7.25 0.47 0.32
To 6.18 7.41 0.41 0.26
T 6.19 741 0.40 0.26
Tu 5.91 7.25 0.46 0.33
T2 5.93 7.28 0.48 0.35
Tis 6.00 7.28 0.51 0.38
Tia 6.28 7.44 0.44 0.29
Tis 6.01 7.30 0.52 0.38
Tise 5.80 7.17 0.58 0.45
Tz 6.06 7.34 0.55 0.41
Tis 5.81 7.20 0.59 0.46
SE(m) 0.048 0.034 0.013 0.015
CD 0.139* 0.098* 0.038* 0.044*

*(P<0.05) significant at 0.05 level of probability
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Fig. 4.9. Effect on INM on soil pH during thelst year and 2nd year of cropping at 2 soil depth (0-15) and (15-30) cm
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4.5.2.2. Cation Exchange Capacity (cmol p* kg?)

The data pertaining to the effect of different treatment on CEC (cmol p* kg™) after
harvest have been presented in Table- 4.8. All fertility treatments increased from its
initial value (7.84 cmol p* kg*) compared to the unfertilized plot. The cation exchange
capacity increased in organic and chemical treatments, shoots up from 6.06 cmol p+
kg™ at the surface and 5.26 cmol p* kg™ at the sub-surface layer of the soil in control
(To) to 10.94 cmol p* kg™ at the surface and 7.52 cmol p* kg at the sub-surface layer
of the soil in organic and chemical treatments (Ts). T15 [15.98 cmol p* kg (0-15 cm)
and 9.05 cmol p* kg (15-30) cm)] had the highest CEC, which was on par with T13
[15.29 cmol p* kgt (0-15 cm) and 8.69 cmol p* kg? (15-30) cm)]. Integrated
treatments have greater CEC than organic treatments ie., T1g[10.49 cmol p* kg (0-15
cm) and 7.21 cmol p* kgt (15-30) cm)], T16[10.43 cmol p* kg? (0-15 cm) and 7.13
cmol p* kg (15-30) cm)] and Ti17 [10.18 cmol p* kg (0-15 cm) and 6.99 cmol p* kg
1 (15-30) cm)] (Table 5.8). Organic treatments had greater values than the control
treatments. With the use of bio-fertilizers, the CEC increases. Integrated nutrition
management had the highest CEC of all treatment combinations, followed by organic
and chemical fertilization. It was also observed that CEC is higher in the surface than

the sub-surface soil.

There was no statistically significant variation between the cropping years for
either soil depth since the results on soil CEC from the first and second years were
comparable (Fig. 4.13). Although it shows a significant difference (p < 0.05) across
treatments, on the soil CEC for both soil depths. The CEC in the surface layer was also
found to be higher than that in the sub-subsurface layer.

Following the application of soil fertility treatments, the soil CEC displays
favourable relative significant changes as compared to the initial (after burnt) status.
With 103.81 % at the surface and 33.68 % relative changes at the sub-surface depths
T15 (100% RDF + FYM + A. lipoferum + PSB + KMB + Glomus + Zn solubilizer)
recorded the maximum increase, and To (Control) had the lowest relative change with
values -22.70 % at the surface and -22.23 % at the sub-surface soil layer (Fig. 4.14).
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Table 4.8. Effect of INM on soil CEC (cmol p* kg™?) (pooled for two consecutive
harvesting years)

Treatments CEC (cmol p* kg?)
(0-15) cm (15-30) cm
To 6.06 5.26
T1 9.95 6.93
T2 12.16 8.26
Ts 10.98 7.59
Ta 10.96 7.54
Ts 10.97 7.53
Ts 10.94 7.52
T7 10.96 7.54
Ts 13.65 8.40
To 11.23 7.99
T1o 11.04 7.92
Tu 13.35 8.42
T2 14.60 8.58
Tis 15.29 8.69
T 11.73 8.18
Tis 15.98 9.05
T 10.43 7.13
Tz 10.18 6.99
Tis 10.49 7.21
SE(m) + 0.087 0.085
CD 0.251* 0.245*

*(P<0.05) significant at 0.05 level of probability
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Fig. 4.13. Effect on INM on soil CEC (cmol p* kg?) during thelst year and 2nd year of cropping at 2 soil depth (0-15) and (15-
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4.5.2.3. Available Nitrogen (Kg ha't)

Integrated nutrient management improves soil mineralizable nitrogen. The findings
clearly show that the INM assisted in increasing the soil's accessible nitrogen content.
The available N in the surface soil layer rose marginally from the initial value (670.68
kg ha) with the sole application of NPK. However, with INM and organic fertilizer,
the available nitrogen in the soil increased even more than the initial value. Table- 4.9
shows that the amount of accessible nitrogen in the soil varied. The available nitrogen
content was highly favourable in integrated plots T1s [974.15 kg ha® (0-15 c¢m) and
883.88 kg ha (15-30 cm)], T13 [963.86 kg ha™* (0-15 cm) and 880.86 kg ha* (15-30
cm)], T12 [958.78 kg ha® (0-15 cm) and 879.11 kg ha™* (15-30 cm)], T11[957.08 kg ha
1 (0-15 cm) and 843.59 kg ha? (15-30 cm)] and Ts [930.08 kg ha (0-15 cm) and
840.36 kg ha (15-30 cm)] and least in unfertilized plots ie., To - Control [640.40 kg
ha! (0-15 cm) and 530.94 kg ha* (15-30 cm)]. The amount of soil available nitrogen
in the other treatments increased, whereas it decreased from its initial value in the
control treatment. Chemical fertilizer applied treatment ie., T1 - 100 % RDF [786.49
kg ha (0-15 cm) and 611.65 kg ha* (15-30 cm)] had the minimum increase in the soil
available nitrogen, and maximum was in integrated nutrition treatments followed by

organic treatments (Table 4.9).

At (0-15) cm of soil depth, a significant difference (p < 0.05) between
treatments and cropping year on the soil accessible nitrogen was observed, whereas at
(15-30) cm of soil depth, there was no difference between cropping years but a
significant variation (p < 0.05) between treatments was recorded. Furthermore, it was
found that the surface soil layer's soil-available nitrogen was higher than that of the

sub-surface layer.

When compared to the initial (after burnt) status, the soil's accessible nitrogen
shows favourable relative significant changes after the application of soil fertility
treatments. To (Control) had the lowest relative change with -4.52 % at the surface and
2.60 % at the sub-surface soil depths. T15(100% RDF + FYM + A. lipoferum + PSB +
KMB + Glomus + Zn solubilizer) showed the highest relative changes (45.25 % at the
surface and 70.79 % at the sub-surface soil layer) (Fig. 4.16).
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Table 4.9. Effect of INM on soil available nitrogen (Kg ha?) (pooled for two

consecutive harvesting years)

Treatments Available N (Kg ha?)
(0-15) cm (15-30) cm
To 640.40 530.94
T1 786.49 611.65
T2 929.51 833.90
Ts 897.89 774.76
Ts 898.51 771.42
Ts 875.13 744.44
Ts 873.20 727.60
T7 874.91 704.43
Ts 930.08 840.36
To 905.84 802.99
Tio 904.19 802.30
Tu 957.08 843.59
T2 958.78 879.11
Tis 963.86 880.86
T 913.80 812.85
Tis 974.15 883.88
Tis 886.56 763.32
T 880.03 753.39
Tis 888.85 769.30
SE(m) + 5.532 5.818
CD 15.933* 16.755*

*(P<0.05) significant at 0.05 level of probability
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Fig. 4.15. Effect on INM on soil available nitrogen (Kg ha) during thelst year and 2nd year of cropping at 2 soil depth (0-15)
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4.5.2.4. Available Phosphorus (Kg hat)

The application of inorganic and organic fertilizers improved the soil's available P
level. The accessible phosphorus concentration was highest in T1s and T13, and least
in the unfertilized (control) treatment ie., To[13.09 kg ha® (0-15 cm) and 7.99 kg ha™*
(15-30 cm)]. The soil available phosphorus content in the control treatment decreased
from its initial level (13.50 kg hal), while the available phosphorus in the other
treatments increased. Organic applied fertilizer treatments ie., T1s [17.58 kg ha* (0-15
cm) and 12.23 kg ha* (15-30 cm)], T16 [17.57 kg ha* (0-15 cm) and 12.22 kg ha (15-
30 cm)] and Ti7 [16.82 kg ha® (0-15 cm) and 11.24 kg ha (15-30 cm)] had the
minimum increase, followed by solo chemical applied treatments ie., T1 [15.32 kg ha
1 (0-15 cm) and 10.08 kg ha (15-30 cm)]. Integrated treatments have more available
phosphorus ie., T1s [23.57 kg ha (0-15 cm) and 18.98 kg ha* (15-30 cm)], T13 [23.50
kg hal (0-15 cm) and 18.93 kg ha* (15-30 cm)], T12 [19.82 kg ha* (0-15 cm) and
14.94 kg ha (15-30 cm)], T11[19.80 kg ha* (0-15 cm) and 14.91 kg ha® (15-30 cm)]
and Tg [19.07 kg ha* (0-15 cm) and 14.88 kg ha* (15-30 cm)] than organic treatments.
The highest levels of accessible P have been seen in treatments including the use of
PSB (Table 4.10).

Soil accessible phosphorus after the first and second years cropping were
similar (Fig. 4.17). However, there was a significant difference (p < 0.05) between
treatments, on the amount of phosphorus that was available in the soil at both depths.
It was also found that the soil accessible phosphorus at the surface layer was higher

than that in the sub-subsurface layer.

The soil's available phosphorus exhibits favourable relative significant changes
following the application of soil fertility treatments when compared to the initial (after
burnt) status. To (Control) showed the lowest relative change, with -3.05 % at the
surface and -2.36 % at the sub-surface depths, whereas the maximum relative change
was shown by T15 (100% RDF + FYM + A. lipoferum + PSB + KMB + Glomus + Zn
solubilizer), with 74.60 % at the surface and 132.07 % in the subsurface soil layer (Fig.
4.18).
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Table 4.10. Effect of INM on soil available phosphorus (Kg ha?) (pooled for two

consecutive harvesting years)

Treatments Available P (Kg ha?)
(0-15) cm (15-30) cm

To 13.09 7.99
T1 15.32 10.08
T2 19.03 14.83
Ts 17.84 12.45
Ts 17.84 12.31
Ts 15.69 10.14
Ts 18.34 13.78
T7 15.72 10.09
Ts 19.07 14.88
To 17.94 12.61
T 17.95 12.49
Tu 19.80 14.91
T2 19.82 14.94
Tis 23.50 18.93
Tua 18.70 13.80
Tis 23.57 18.98
Tis 17.57 12.22
Tar 16.82 11.24
Tis 17.58 12.23

SE(m) + 1.017 0.926
CD 2.929* 2.667*

*(P<0.05) significant at 0.05 level of probability
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4.5.2.5. Available Potassium (Kg ha?)

The availability of potassium in soil differed, as evidenced by the results. T15 [973.37
kg hal (0-15cm) and 692.65 kg ha (15-30 cm)] had the highest available potassium
content, while the control treatment ie., To [671.57 kg ha* (0-15cm) and 309.47 kg ha®
1 (15-30 cm)] had the lowest, followed by conventional treatment ie., T1 [794.89 kg
ha! (0-15cm) and 415.11 kg ha* (15-30 cm)]. The available potassium content in the
unfertilized plot diminished from its initial status (690.83 kg ha*), while the available
potassium in the other treatments escalated. Organic treatments showed the smallest
rise ie., T1s [839.85 kg ha (0-15cm) and 531.80 kg ha (15-30 cm)], T16[838.79 kg
ha (0-15cm) and 526.49 kg ha (15-30 cm)] and Ti7 [837.52 kg ha* (0-15cm) and
526.23 kg ha! (15-30 cm)], in that order. Integrated treatments have more available
potassium than organic treatments (Table 4.11).

The considerable variation (p < 0.05) in treatments and crop year is seen in the
soil's available potassium at both soil depths (Fig. 4.19). Also, it was discovered that
soil potassium that was accessible was more abundant at the surface layer than it was

at the sub-subsurface layer.

When compared to the initial (after slash-burn) status, the soil's accessible
potassium shows favourable relative significant changes after the application of soil
fertility treatments. T1s (100% RDF + FYM + A. lipoferum + PSB + KMB + Glomus
+ Zn solubilizer) demonstrated the largest relative change, with 40.90 % and 87.08 %
increase in soil available K in the (0-15) cm and (15-30) cm soil depths, respectively
(Fig. 4.20).
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Table 4.11. Effect of INM on soil available potassium (Kg ha) (pooled for two

consecutive harvesting years)

Treatments Available K (Kg ha)
(0-15) cm (15-30) cm
To 671.57 309.47
T1 794.89 415.11
T2 861.00 571.50
Ts 845.18 559.15
Ts 845.45 536.15
Ts 836.03 523.60
Ts 835.29 521.41
T7 852.59 567.36
Ts 861.08 574.47
To 850.21 566.37
T 850.24 560.96
Tu 865.03 579.36
T 866.28 583.70
Tis 971.98 687.04
Tua 856.64 567.37
Tis 973.37 692.65
Tis 838.79 526.49
Ti7 837.52 526.23
Tis 839.85 531.80
SE(m) + 0.697 0.63

CD 2.006* 1.814*

*(P<0.05) significant at 0.05 level of probability
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4.5.2.6. Organic Carbon (%)

When compared to inorganic fertilizer treated plots, the soil organic carbon in other
fertility treatments increase from the initial value (1.16 %). In comparison to the other
treatments, T15[1.58 % (0-15) cm and 1.05 % (15-30) cm], T13[1.56 % (0-15) cm and
1.02 % (15-30) cm], T12[1.53 % (0-15) cm and 0.97 % (15-30) cm], T11[1.49 % (O-
15) cm and 0.88 % (15-30) cm] and Tg[1.48 % (0-15) cm and 0.93 % (15-30) cm]
recorded the highest organic carbon. T1 [1.15 % (0-15) cm and 0.43 % (15-30) cm]
treatments had increased soil organic carbon content compared to To ie., Control [1.11
% (0-15) cm and 0.39 % (15-30) cm] which recorded the least soil organic carbon %.
The application of FYM with the chemical fertilizers ie., T2 [1.45 % (0-15 cm) and
0.69 % (15-30 cm)] also increase the soil organic carbon compared to conventional
method (T1) and control (To) (Table 4.12). In comparison to the initial value, SOC

declined in treatments receiving only inorganic fertilizers and control.

Soil organic carbon was found to vary significantly (p < 0.05) among the
treatments and between the croppping years at a soil depth of 0 to 15 cm. Nevertheless,
at the soil depth of 15 to 30 cm, there was no significant difference between crop years,
but a significant variation was observed (p < 0.05) among the treatments. The amount
of soil-organic carbon in the surface soil layer was also found to be higher than in the

sub-surface layer.

The organic carbon content of the soil varied favourably and significantly after
the application of soil fertility treatments when compared to the initial (after slash-
burn) level. To (Control) showed the lowest relative change, with -4.61 % at the surface
and -13.78 % at the sub-surface depth, while T1s showed the highest relative change,
with 36.21 % at the surface and 132.22 % in the sub-surface depths (Fig. 4.22).
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Table 4.12. Effect of INM on soil organic carbon (%) (pooled for two consecutive
harvesting years)

Treatments Organic Carbon (%)
(0-15) cm (15-30) cm
To 111 0.39
T1 1.15 0.43
T2 1.45 0.69
Ts 1.38 0.59
Ta 1.36 0.54
Ts 1.34 0.54
Tse 1.37 0.57
T7 1.36 0.59
Ts 1.48 0.93
To 1.42 0.62
Two 1.40 0.62
Tu 1.49 0.88
T 1.53 0.97
Tis 1.56 1.02
Tia 1.44 0.67
Tis 1.58 1.05
Tis 1.31 0.51
T 1.26 0.49
Tis 1.32 0.51
SE(m) £ 0.025 0.016
CD 0.071* 0.046*

*(P<0.05) significant at 0.05 level of probability
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4.5.2.7. Total Nitrogen (%)

Different INM techniques had an impact on total soil nitrogen, as indicated in Table
4.13. When chemical fertilizers, FYM, and bio-fertilizers were used ie., in T15 [0.28 %
(0-15 cm) and 0.24 % (15-30 cm)] and T13[0.27 % (0-15 cm) and 0.21 % (15-30 cm)],
TN increased, followed by T12[0.25 % (0-15 cm) and 0.19 % (15-30 cm)], T11[0.24 %
(0-15 cm) and 0.19 % (15-30 cm)], Ts [0.24 % (0-15 cm) and 0.19 % (15-30 cm)] and
the use of manure and chemical fertilizers ie., T»[0.22 % (0-15 cm) and 0.17 % (15-
30 cm)], also increases the soil total nitrogen. T1 (solo chemical fertilizer application)
[0.11 % (0-15 cm) and 0.07 % (15-30 cm)] had the lowest value, but it had increased
from its initial value (0.08 %) followed by To - control [0.06 % (0-15 cm) and 0.03 %
(15-30 cm)], and showed a reduction with soil depth.

There was no statistically significant difference between the cropping years for
any soil depth since the data on soil total nitrogen from the first and second years were
at par (Fig. 4.23). However, there was a significant difference (p < 0.05) among the
treatments, at both soil depths. Also, it was found that the total nitrogen content of the

soil at the surface layer was higher than that in the sub-subsurface layer.

In contrast to the initial (after slash-burn) level, the total nitrogen content of
the soil changed significantly after the application of soil fertility treatments. To
(Control) had the lowest relative change (-25 % to -30 %), while T1s had the maximum
relative change (254.38 % to 377 % over the initial status) (Fig. 4.24).
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Table 4.13. Effect of INM on total nitrogen (%) (pooled for two consecutive
harvesting years)

Treatments Total Nitrogen (%0)
(0-15) cm (15-30) cm
To 0.06 0.03
T1 0.11 0.07
T2 0.22 0.17
Ts 0.18 0.11
T4 0.18 0.12
Ts 0.12 0.07
Te 0.13 0.08
T7 0.13 0.08
Ts 0.24 0.19
To 0.19 0.13
T1o 0.19 0.14
Tu 0.24 0.19
T2 0.25 0.19
Tis 0.27 0.21
T 0.21 0.14
Tis 0.28 0.24
Tis 0.16 0.10
Ti7 0.15 0.09
Tis 0.16 0.09
SE(m) + 0.015 0.015
CD 0.043* 0.044*

*(P<0.05) significant at 0.05 level of probability
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4.5.3. Biological properties
4.5.3.1. Microbial Biomass Carbon (pg g)

The contents of biomass carbon changed under different treatments, as evidenced by
the data in Table- 4.14. In both the control ie., To [102.97 pg g* (0-15 cm) and 86.77
ug g1 (15-30 cm)] and chemical fertilizers applied treatment ie., T1 [197.80 pg g (O-
15 cm) and 123.21 pg g (15-30 cm)], the contents of biomass carbon have decreased
from its initial status (225.07 pg g soil), although the drop was greater in the no
fertilizers treatment than in the man-made fertilizers applied treatment. The application
of graduated doses of NPK fertilizers resulted in higher MBC content in Ty than in To.
Organic treatments ie., T1 [494.69 ug g (0-15 cm) and 408.42 pg g (15-30 cm)],
T16 [494.32 ng g1 (0-15 cm) and 408.58 ng g (15-30 cm)]and Ti17 [471.33 pg g (O-
15 cm) and 396.96 pg g (15-30 cm)] had the highest soil MBC content, followed by
integrated nutrient management T1s [463.83 pg g (0-15 ¢cm) and 383.37 pg g (15-30
cm)], T13 [458.30 ug g (0-15 cm) and 374.91 pg gt (15-30 cm)], T12 [423.57 pg g™
(0-15 cm) and 359.23 ug g™ (15-30 cm)], T11 [403.75 ug g (0-15 cm) and 330.49 pg
g1 (15-30 cm)] and Ts [404.46 pg gt (0-15 cm) and 332.00 pg g* (15-30 cm)] and
other integrated treatments had greater soil MBC content than chemical fertilizer

treatments, with the control having the lowest overall level.

Fig. 4.25 indicates a significant variation (p < 0.05) in soil MBC among
treatments but had a non-significant variation across cropping years at (0-15) cm soil
depth, but a significant difference (p < 0.05) among cropping years and treatments at
(15-30) cm soil depth. In addition, the MBC of the surface soil layer was recorded to
be greater than the MBC of the subsurface soil layer.

After applying soil fertility treatments, the MBC content of the soil
significantly (p<0.05) and favourably changes in comparison to the initial (after slash-
burn) state. With a surface change of -54.25 % and a sub-surface change of -31.74 %,
To (Control) had the minimum relative change, while T1g had the maximum relative
change of 119.79 % and 221.28 % at (0-15) cm and (15-30) cm soil depths,
respectively (Fig. 4.26).
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Table 4.14. Effect of INM on soil Microbial Biomass Carbon (ug g™) (pooled for

two consecutive harvesting years)

Treatments MBC (ng g)
(0-15) cm (15-30) cm
To 102.97 86.77
T1 197.80 123.21
T2 387.42 319.33
Ts 355.97 278.01
Ts 315.82 221.05
Ts 283.41 147.85
Te 337.11 253.38
T7 294.69 193.60
Ts 404.46 332.00
To 360.45 302.70
T 359.76 293.77
Tu 403.75 330.49
T 423.57 359.23
Tis 458.30 374.91
Tia 385.67 315.62
Tis 463.83 383.37
Tise 494.32 408.58
Tz 471.33 396.96
Tis 494.69 408.42
SE(m) % 0.587 0.585
CD 1.692* 1.685*

*(P<0.05) significant at 0.05 level of probability
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Fig. 4.25. Effect on INM on soil MBC (pg g) during thelst year and 2nd year of cropping at 2 soil depth (0-15) and (15-30) cm
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4.5.3.2. Microbial Biomass Nitrogen (ug g?)

The nitrogen content of microbial biomass varied depending on the treatments, as
demonstrated by the data in Table- 4.15. The application of NPK chemical fertilizers
in progressive doses ie., T1[12.11 pg g (0-15 cm) and 8.17 pg g (15-30 cm)] resulted
in higher MBN content than the control ie., To [10.49 pg g™ (0-15 cm) and 6.80 ug g
1 (15-30 cm)], although these contents of biomass nitrogen have decreased from its
initial status (12.34 pg g* soil). Organic treatments ie., T15[16.85 pg g (0-15 cm) and
12.66 ng g1 (15-30 cm)], T16 [16.72 pg gt (0-15 cm) and 12.42 pg g (15-30 cm)] and
T17[16.51 pg gt (0-15 cm) and 12.21 pg g* (15-30 cm)] had the highest soil MBN
content, followed by integrated nutrient management ie., T15[16.07 pg g* (0-15 cm)
and 12.12 pg g1 (15-30 cm)], T13[15.83 pg g (0-15 cm) and 11.91 pg gt (15-30 cm)],
T12[15.73 pg gt (0-15 cm) and 11.84 pg g* (15-30 cm)], T11 [15.69 pg g (0-15 cm)
and 11.68 ug g (15-30 cm)] and Tg[15.55 pug gt (0-15 cm) and 11.48 pg g™ (15-30
cm)], and other integrated treatments had higher soil MBN content than chemical

fertilizer treatments (T1). The control (To) had the lowest overall level.

There was no significant variation among the cropping years for any of the soil
depths (Fig. 4.27). Also, it was found that the soil's MBN content was higher at the
surface layer than it was at the sub-subsurface soil layer.

The MBN content of the soil varied significantly (p<0.05) after the application
of soil fertility treatments, in comparison to the initial (after slash-burn) status. The
relative changes at (0-15) cm and (15-30) cm for To (Control) were the lowest (-14.96
% and -35.16 %, respectively), while the highest relative changes were recorded in T1g
with 36.52 % and 20.79 %, respectively.
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Table 4.15. Effect of INM on soil Microbial Biomass Nitrogen (ug g) (pooled for

two consecutive harvesting years)

Treatments MBN (ng g?)
(0-15) cm (15-30) cm

To 10.49 6.80
T 12.11 8.17
T2 15.29 11.35
Ts 14.29 10.35
Ta 14.38 10.50
Ts 13.78 9.64
Ts 14.19 10.17
T7 14.10 10.04
Ts 15.55 11.48
To 14.85 10.88
T 14.87 10.69
Tu 15.69 11.68
T2 15.73 11.84
Tis 15.83 11.91
T 15.17 11.22
Tis 16.07 12.12
T 16.72 12.42
Tz 16.51 12.21
Tis 16.85 12.66

SE(m) + 0.198 0.232
CD 0.571* 0.668*

*(P<0.05) significant at 0.05 level of probability
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Fig. 4.27. Effect on INM on soil MBN (ug g) during thelst year and 2nd year of cropping at 2 soil depth (0-15) and (15-30) cm
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4.5.3.3. Microbial Biomass Phosphorus (ug g)

Table- 4.16 shows the impact of integrated nutrient management on microbial biomass
phosphorus (MBP). The concentrations of biomass phosphorus have increased from
their initial status (8.47 ug g* soil) in both the control ie., To [9.37 pg g* (0-15 cm)
and 5.94 pg g’ (15-30 cm)] and chemical fertilizers applied treatment ie., T1 [10.32 pg
gt (0-15 cm) and 6.19 pg g (15-30 cm)]. Gradually applied NPK fertilizers resulted
in a larger MBN content in T1 than in To. Organic treatments had the highest soil MBN
content ie., T1 [15.13 pug g (0-15 cm) and 11.21 pg g1 (15-30 cm)], Tz [15.11 pg g
1(0-15 cm) and 11.14 pg g1 (15-30 cm)] and T16 [14.83 ug g* (0-15 cm) and 10.92 pg
gt (15-30 cm)], followed by integrated nutrient management ie., T1s [14.77 pg g (0-
15 cm) and 10.85 pg g1 (15-30 cm)], T13[14.73 pg gt (0-15 cm) and 10.76 pg g (15-
30 cm)], T12 [14.44 pg gt (0-15 cm) and 10.55 pg gt (15-30 cm)], T11 [14.37 pg g?
(0-15 cm) and 10.39 pg g (15-30 cm)] and Ts [14.39 ug g* (0-15 cm) and 10.44 pg
g! (15-30 cm)] had higher soil MBN content than chemical fertilizer treatments, with

the control having the lowest overall amount.

Fig. 4.29 depicts a significant difference (p < 0.05) in soil MBP among the
treatments but a non-significant variation between cropping years at a soil depth of 0
to 15 cm. However, at a soil depth of 15 to 30 cm, a significant difference (p < 0.05)
between cropping years and among the treatments was observed. Furthermore, it was
found that the MBP at (0-15) cm soil depth was lower than the MBP at (15-30) cm
depth.

In contrast to the initial (post-burn) state, the MBP content of the soil changes
significantly following the application of soil fertility treatments. To (Control) had the
minimum relative change, with a surface layer change of 10.57 % and a sub-surface
layer change of -13.43 %, while T1g had the maximum relative change, with a surface
layer change of 78.67 % and a sub-surface layer change of 63.34 %.
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Table 4.16. Effect of INM on soil Microbial Biomass Phosphorus (ng g) (pooled

for two consecutive harvesting years)

Treatments MBP (pg gl)
(0-15) cm (15-30) cm

To 9.37 5.94
T 10.32 6.19
T2 14.27 10.32
Ts 13.69 9.99
Ta 13.72 10.03
Ts 13.22 9.23
Ts 13.48 9.76
T7 13.37 9.38
Ts 14.39 10.44
To 14.12 10.18
Tio 14.08 10.12
Tu 14.37 10.39
T2 14.44 10.55
Tis 14.73 10.76
T 14.17 10.26
Tis 14.77 10.85
T 15.11 11.14
T 14.83 10.92
Tis 15.13 11.21

SE(m) * 0.236 0.193
CD 0.679* 0.556*

*(P<0.05) significant at 0.05 level of probability
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Fig. 4.29. Effect on INM on soil MBP (pg g) during thelst year and 2nd year of cropping at 2 soil depth (0-15) and (15-30) cm
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4.5.3.4. De-Hydrogenase Activity (ug TPF g dry soil 24 h)

The post-harvest soil de-hydrogenase activity was higher in organic (FYM and bio-
fertilizers) ie., T1s [38.75 pug TPF g dry soil 24 h (0-15 cm) and 29.54 pg TPF g?
dry soil 24 ht (15-30 cm)], T16 [38.45 ug TPF g? dry soil 24 h't (0-15 cm) and 28.44
ug TPF g dry soil 24 h*! (15-30 cm)]and T17[37.83 ug TPF g dry soil 24 h! (0-15
cm) and 26.69 pug TPF gt dry soil 24 h (15-30 cm)] treatments and integrated
treatments (FYM + bio-fertilizers + chemicals) ie., T15[36.54 ug TPF g dry soil 24
h? (0-15 cm) and 25.75 ug TPF g dry soil 24 h*! (15-30 cm)], T13[36.34 ug TPF g*
dry soil 24 h't (0-15 cm) and 25.33 pg TPF g dry soil 24 h™ (15-30 cm)], T12[34.46
ug TPF g dry soil 24 h't (0-15 cm) and 23.86 pg TPF g dry soil 24 h' (15-30 cm)],
T11 [32.89 ug TPF g? dry soil 24 h™ (0-15 cm) and 21.65 pg TPF g dry soil 24 h'
(15-30 cm)] and Ts [32.28 pg TPF g dry soil 24 h't (0-15 cm) and 21.24 pg TPF g
dry soil 24 ht (15-30 cm)] than in solo chemical fertilization, as shown in Table- 4.17.
The amount of DHA in the soil rose in all treatments except To (control) [21.17 pg
TPF gt dry soil 24 h't (0-15 ¢cm) and 10.04 pg TPF g dry soil 24 h' (15-30 cm)] and
T1 (chemical fertilizer) [25.87 pug TPF g dry soil 24 h (0-15 cm) and 14.93 ug TPF
gt dry soil 24 h't (15-30 cm)], that has decreased from its initial status (27.65 pg TPF
g-1 dry soil 24 h-1). The highest soil DHA was found in (T1s and Tag), followed by
(T17).

Although there was a significant variation (p < 0.05) among the treatments in
the amount of Dehydrogenase activity contained in the soil at both soil depths, it was
at par in both the first and the second year's cultivation (Fig. 4.31). Furthermore, as
soil depth increased, DHA levels decreased.

In contrast to the original (post-burn) status, the DHA content of the soil
changes significantly (p<0.05) after the application of soil fertility treatments. To
(Control) had the least relative decline of DHA with -23.42 % at soil surface depth and
with -16.58 % at the sub-surface depth while T1g had the most relative increase in
DHA level by 40.13 % and 145.35 % at surface and sub-surface soil depths,
respectively. (Fig. 4.32).
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Table 4.17. Effect of INM on soil De-Hydrogenase Activity (ug TPF g dry soil 24
h'1) (pooled for two consecutive harvesting years)

Treatments De-Hydrogenase Activity (ug TPF g dry soil 24 ht)
(0-15) cm (15-30) cm
To 21.17 10.04
T 25.87 14.93
T2 30.95 19.80
Ts 28.42 17.33
Ta 28.76 17.83
Ts 27.25 16.11
Ts 27.71 16.86
T7 27.62 16.43
Ts 32.28 21.24
To 29.49 18.48
T 29.56 18.81
Tu 32.89 21.65
T2 34.46 23.86
Tis 36.34 25.33
Tua 30.30 19.55
Tis 36.54 25.75
T 38.45 28.44
T 37.83 26.69
Tis 38.75 29.54
SE(m) = 0.361 0.249
CD 1.038* 0.716*

*(P<0.05) significant at 0.05 level of probability
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Fig. 4.31. Effect on INM on soil DHA (ng TPF g dry soil 24 h'!) during thelst year and 2nd year of cropping at 2 soil depth (0-
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4.5.3.5. Microbial Population

Under biological soil properties viable count of bacteria, fungi and actinomycetes was
calculated (Table 4.18). T1s [1.13 x 10® (0-15 cm) and 1.02 x 108 (15-30 cm) bacteria,
1.14 x 10° (0-15 cm) and 0.38 x 10° (15-30 cm) fungi, 3.55 x 10°® (0-15 cm) and 1.92
x 10° (15-30 cm) actinomycetes] and T16[1.08 x 108 (0-15 cm) and 1.00 x 10% (15-30
cm) bacteria, 1.06 x 10° (0-15 cm) and 0.37 x 10° (15-30 c¢m) fungi, 3.53 x 10° (0-15
cm) and 1.89 x 10° (15-30 cm) actinomycetes], the organic fertilizer-treated plots, had
the greatest microbial population of bacteria, fungus, and actinomycetes in this study,
followed by T17[1.07 x 108 (0-15 cm) and 0.99 x 108 (15-30 cm) bacteria, 0.99 x 10°
(0-15 cm) and 0.36 x 10° (15-30 cm) fungi, 3.49 x 10® (0-15 cm) and 1.86 x 10 (15-
30 cm) actinomycetes]. The integrated nutrient management plots ie., T1s[1.05 x 10®
(0-15 cm) and 0.97 x 108 (15-30 cm) bacteria, 0.96 x 10° (0-15 cm) and 0.31 x 10° (15-
30 cm) fungi, 3.41 x 10° (0-15 cm) and 1.82 x 10° (15-30 cm) actinomycetes], T13
[1.04 x 10® (0-15 cm) and 0.96 x 10® (15-30 cm) bacteria, 0.93 x 108 (0-15 cm) and
0.30 x 10° (15-30 cm) fungi, 3.38 x 10® (0-15 cm) and 1.78 x 10°® (15-30 cm)
actinomycetes], T12[1.02 x 108 (0-15 cm) and 0.94 x 10® (15-30 cm) bacteria, 0.88 x
10° (0-15 cm) and 0.26 x 10° (15-30 cm) fungi, 3.33 x 10° (0-15 cm) and 1.76 x 10°
(15-30 cm) actinomycetes], T11 [1.02 x 108 (0-15 cm) and 0.93 x 108 (15-30 cm)
bacteria, 0.83 x 108 (0-15 cm) and 0.24 x 10° (15-30 cm) fungi, 3.22 x 108 (0-15 cm)
and 1.72 x 10° (15-30 cm) actinomycetes] and Ts [1.01 x 108 (0-15 cm) and 0.91 x 108
(15-30 cm) bacteria, 0.81 x 10° (0-15 cm) and 0.25 x 10° (15-30 cm) fungi, 3.24 x 10°
(0-15 cm) and 1.72 x 10° (15-30 cm) actinomycetes] had a greater microbial population
after the organic treated plots. Due to a lack of nutrient availability, the chemical
fertilizer plot ie., T1 [0.87 x 108 (0-15 cm) and 0.77 x 108 (15-30 cm) bacteria, 0.12 x
108 (0-15 cm) and 0.03 x 10° (15-30 cm) fungi, 2.86 x 10° (0-15 cm) and 1.30 x 10°
(15-30 cm) actinomycetes] had the least amount of count, followed by the control ie.,
To [0.85 x 102 (0-15 cm) and 0.75 x 108 (15-30 cm) bacteria, 0.06 x 10° (0-15 cm) and
0.01 x 10° (15-30 cm) fungi, 2.69 x 10° (0-15 cm) and 1.13 x 10° (15-30 cm)
actinomycetes], but their population have increased from their initial status in all the

fertility plots except in the actinomycetes count.
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While soil microbial population varied significantly (p<0.05) among the
treatments in both the soil depths, no significant change in the microbe population was
recorded between the cropping years for any given soil depth (Fig. 4.33, Fig. 4.35, and
Fig. 4.37). Also, as soil depth (15-30 cm) increased, the microbial population
decreased.

The soil fertility treatments have a positive relative significant effect on the soil
microbial community as compared to the initial (after slash-burn) level. Tig (FYM +
A. lipoferum + PSB + KMB + Glomus + Zn solubilizer) exhibited the greatest relative
changes (1033 % at the surface soil layer and 1171.25 % at the sub-surface soil layer
for bacteria, 2750 % at the surface and 121.76 % at the sub-surface layer for fungi,
22.06 % at the surface and 44.10 % at the sub-surface soil layer for actinomycetes)
while To (Control) showed the lowest relative changes in soil microbial population
(746.50 % and 841.25 % at the surface and sub-surface layer, respectrively for
bacteria, 45 % at the surface and -94.12 % at the sub-surface soil layer for fungi, and
-7.39 % at the surface and -14.81 % at the sub-surface soil layer for actinomycetes)
(Fig. 4.34, Fig. 4.36, Fig. 4.38).
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Table 4.18. Effect of INM on soil microbial population (pooled for two consecutive
harvesting years)

Treatments Bacteria (108) Fungi (10%) Actinomycetes (10°)
(0-15) | (15-30) | (0-15) | (15-30) | (0-15) | (15-30)
cm cm cm cm cm cm
To 0.85 0.75 0.06 0.01 2.69 1.13
T 0.87 0.77 0.12 0.03 2.86 1.30
T2 0.99 0.89 0.73 0.17 3.12 1.68
Ts 0.94 0.83 0.29 0.08 2.94 1.43
Ta 0.93 0.81 0.29 0.06 2.96 1.42
Ts 0.90 0.79 0.26 0.05 2.92 1.40
Ts 0.92 0.80 0.28 0.06 2.89 1.42
T7 0.88 0.78 0.22 0.04 2.90 1.38
Ts 1.01 0.91 0.81 0.25 3.24 1.72
To 0.96 0.86 0.61 0.12 2.98 1.56
T 0.96 0.84 0.59 0.11 2.97 1.52
Tu 1.02 0.93 0.83 0.24 3.22 1.72
T2 1.02 0.94 0.88 0.26 3.33 1.76
Tis 1.04 0.96 0.93 0.30 3.38 1.78
Tu 0.97 0.88 0.69 0.14 3.02 1.64
Tis 1.05 0.97 0.96 0.31 341 1.82
Tis 1.08 1.00 1.06 0.37 3.53 1.89
T 1.07 0.99 0.99 0.36 3.49 1.86
Tis 1.13 1.02 1.14 0.38 3.55 1.92
SE(m) + 0.024 0.004 0.067 0.033 0.069 0.097
CD 0.068* 0.011* 0.193* 0.094* 0.199* 0.279*

*(P<0.05) significant at 0.05 level of probability
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Fig. 4.33. Effect on INM on soil bacterial population during thelst year and 2nd year of cropping at 2 soil depth (0-15) and (15-
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4.6. Discussion
4.6.1. Physical properties
4.6.1.1. Moisture content (%) and Water Holding capacity (%)

Improved stable soil aggregates, macro and micro pore spaces, and higher organic
matter content may have caused an increased unrestricted motion of water within the
soil and may have boosted the soil's accessible water content (Walia et al., 2010; Datt
et al., 2013). Furthermore, data analysis demonstrated that integrated nutrient
management lowered penetration resistance, particularly in the upper soil layers (0 to
15 cm). The decrease in soil penetration resistance is likely owing to the inclusion of
FYM and bio-fertilizers that results in improving the physical condition of the soil,
which reduced bulk density even further (Walia et al., 2010).

When organic fertilizers are integrated with all other fertilizers, the structural
state of the soil improves. Bhatnagar et al. (1992), Aggelides and Londra (2000) and
Walia et al. (2010) found similar findings. This permits water to flow freely inside the
soil, and it could be due to the organic matter content's contribution to the improvement
of soil macro and micro pores, as well as the stability of soil aggregates, resulting in
increase in soil water holding capacity, similar to the soil moisture content. The soil
WHC demonstrated that INM reduced penetration resistance (Walia et al., 2010), and

hence its content is higher in the surface soil layer.
4.6.1.2. Bulk Density (g cc?) and Porosity (%)

Because the microbial decomposition product is resistant to further decomposition, it
functions as a binding substance in the soil, lowering the soil bulk density.
Furthermore, lower soil BD was reported as a result of using FYM in an integrated
nutrient-management experiment (Schjonning et al., 1994; Aziz etal., 2019). This may
aid soil aggregation, resulting in decreased soil bulk density. However, BD is reduced
slightly in solo NPK treatments compared to control. Furthermore, according to
Bavaskar and Zende (1973) organic fertilizers inhibited the development of hardpan

in soil, lowering bulk density.
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Due to cultivation and the weight of the soil above, the top layer of the soil has
a larger concentration of soil organic matter and the sub-surface layer having less
organic content, could explain the higher bulk density in the sub-surface soil. Paul and
Clark (1996), Ghuman and Sur (2001) and Nyakatawa et al. (2001) all found similar
findings.

The addition of organic matter (FYM and bio-fertilizers) in Tis resulted in
better aggregation and decreased bulk density, resulting in crumb structure
development with higher soil porosity and improved aeration, however, treatments
showed non-significant variation. The findings of the current investigation are
consistent with those of Biswas et al. (1971) and Reddy and Reddy (1998). Organic
fertilization increases the total porosity of the soil, which improves its properties as
also reported by Aggelides and Londra (2000) and Marinari et al. (2000). High
porosity is measured in the topsoil (Celik et al., 2004) as sub-soils often restrict water

movement to depth and have a low porosity.
4.6.2. Chemical properties
4.6.2.1. pH and Electical Conductivity (dS m™)

The most significant reduction in soil pH was achieved by combining organic and
inorganic fertilizer treatments, followed by inorganic fertilizer treatments. This could
be due to the release of organic acid into the soil as organic manure decomposes,
resulting in a lower soil pH. Mishra et al. (2008), Madakemohekar et al. (2013) and
Mishra et al. (2019) found comparable results.

In terms of soil EC, data showed that combining organic and bio-fertilizers
resulted in the greatest EC value (Table 4.7). This might be due to an increase in
microbial population in the rhizosphere zone, which increased microbial
decomposition of organic matter and hence increased electrical conductivity. Similar
findings were reported by others (Babu et al., 2007). Because of the decomposition of
organic matter in the soil, the plot that receives FYM has the maximum electrical
conductivity (Sarwar et al., 2008; Aziz et al., 2019).
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4.6.2.2. Cation Exchange Capacity (cmol p* kg?)

CEC is higher in integrated nutrient plots due to cation release from organic matter
decomposition, which would have increased CEC. Similar findings were also reported
by Yagi et al. (2003). Organics application and coordinated nutrient management had
a better effect. High organic matter concentration can lead to high cation exchange
capacity, and low organic matter can lead to poor cation exchange capacity. The
increase in soil CEC can be attributed to the increased growth of root mass as well as
the upper part of the ground (Verma et al., 1990).

4.6.2.3. Available Nitrogen (Kg ha?)

The direct addition of nitrogen to the accessible pool of the soil by farmyard manure
application could explain the increase in available nitrogen (Sharma et al., 2005).
Organic manure and bio-fertilizer, in combination with inorganic fertilizer,
considerably boosted ammonia (NH4 * ™) and nitrate nitrogen (NOs™) content, and
subsequently mineral nitrogen in the soil. Application of INM and organic fertilizer,
increased the available nitrogen in the soil even more than the initial value. Yaduvanshi
et al. (2013) also reported similar reports. Tamilselvi et al. (2015) also found that the
available nitrogen in the soil was higher after harvesting than before cropping. The
increased nitrogen in the enriched compost could be owing to a faster rate of
ammonification and nitrification in contrast to the control, and the positive nitrogen
balance could be due to the gradual release of inorganic nitrogen from the compost
(Yadav et al., 2000; Bhandari et al., 2002). These findings support those of Ahrens
and Farkasdy (1969) and Kropisz and Russel (1978), who found that plots treated with
chemical fertilizers and control had lower nitrogen levels than plots treated with

enriched compost. .

Azospirillum, a free-living nitrogen-fixing bacteria, enhanced soil available
nitrogen content by fixing atmospheric nitrogen throughout the growing season (Sheth
et al., 2018), and AMF (Glomus) improves N availability in post-harvest soil (Barea
and Jeffries, 1995; Kumar et al., 2014; Thingujam et al., 2016). When chemical,
organic, and bio-fertilizers were combined, the mineralization increased due to a lower

C:N ratio than when organic fertilization was used alone (Singh et al., 2006). Little
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available nitrogen is induced by high mineralization and low organic matter in
chemical fertilizer treatments, resulting in nutrients mining. Due to slower organic
material release rates, reduced plant nutrient value is projected in plots receiving just
organic amendments (Liebhardt et al., 1989; MacRae et al., 1990). And, according to
Meena et al. (2012), soil accessible nitrogen tends to increase in the top soil rather than
the subsurface soil.

4.6.2.4. Available Phosphorus (Kg ha™)

The addition of FYM increased the available P because it provides both direct P
addition and native P solubilization through the release of different organic acids
(Gupta et al., 2019). Less fixation, higher solubilization of P under elevated microbial
activity could explain the increased P content in enriched compost addition plots.
Organic and inorganic acids generated during the breakdown of organic matter form

insoluble complexes with cations, increasing P availability (Sharma et al., 2001).

PSB application increased accessible phosphorus in the soil, possibly by
accelerated microbe mediated breakdown of unavailable soil P fractions (non-
exchangeable, adsorbed, etc) (Thingujam et al., 2016). PSB have the ability to
solubilize phosphorus that is insoluble (Sheth et al., 2018). Yousefi et al. (2011) also
found that applying biological fertilizer releases specific chemical molecules, which
increases phosphorus solubility. The availability of phosphorus was shown to be
higher with N-Fixers (Azospirillum), possibly because of the native soil organic
components were broken down by microbes into organic acids, increasing the amount
of accessible P in the soil (Choudhury et al., 2005). AMF (Glomus) also increases soil
P availability (Barea and Jeffries, 1995; Kumar et al., 2014). Walia et al. (2010) and
Patra et al. (2020) both found that available phosphorus decreases with soil depth,

which also conforms the findings of the present study.
4.6.2.5. Available Potassium (Kg ha?)

In FYM-treated plots, available K increases. The supplemental K applied through
FYM accumulates soil usable K, and its breakdown solubilizes certain organic acids,
resulting in a larger capacity to store K in the available form (Yaduvanshi et al., 2013).

Potash build-up in soil increased as a result of combining inorganic, organic, and bio-
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fertilizer treatments (Kumar and Yadav, 1995; Kumar et al., 2007). Inorganic or
organic fertilizers may be used to enhance the amount of K that is accessible since K
is extremely mobile in soil (Patra et al., 2020). The availability of potassium was
shown to be higher with N-Fixers (Azospirillum) and Potassium Mobilizing Bacteria
(KMB), because the amount of K that was made accessible in the soil by the organic
acids produced during microbial degradation of native soil organic components
(Choudhury et al., 2005; Ali et al., 2013). In addition, KMB has the ability to solubilize
insoluble potassium (Sheth et al., 2018). AMF (Glomus) increases the soil potassium
availability (Barea and Jeffries, 1995; Kumar et al., 2014). According to Patra et al.

(2020), available potassium diminishes with soil depth.

However, because the treatments were administered near the surface, the
impact was smaller in the lowest depth. As a result, their impact was greatest at the
surface and progressively diminished as one descended deeper, because movement of
available nitrogen, phosphorus and potassium in acid soil is relatively less (Patra et al.,
2020).

4.6.2.6. Organic Carbon (%o)

Due to an increase in the number and activity of micro-organisms and improved
management of organic carbon dynamics in soils, plots receiving FYM with NPK had
higher soil organic carbon (SOC) than plots getting only inorganic fertilizer
(Yaduvanshi et al., 2013). The addition of FYM and bio-fertilizers resulted in
favourable increases in soil organic carbon content as also reported by Dixit and Gupta
(2000), possibly because FYM promotes root growth (Kumar et al., 2018a). The
treatment combination RDF + FYM + bio-fertilizers produced the highest amount of
organic carbon. Similar findings was also reported by Sathyanarayana et al. (2018).
The incorporation of organic matter through the combination of organic and bio-
fertilizers resulted in better management of organic carbon in soil, which might be
linked to plant exudates generated by plant roots (Kumar et al., 2018a). Furthermore,
the soil's nutritional status is improved. Kumar et al. (2007) and Thind et al. (2007)
observed similar findings. The higher value owing to chemical fertilizer application
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compared to control can be attributed to a higher contribution of biomass through crop
residues and stables (Singh, 2007a).

The soil depth (0—15 cm) has the highest organic carbon concentration. Under
all of the treatments, organic matter content dropped as soil depth increased. This could
be attributed to the use of direct fertilizers, which was boosted by the use of root
exudates, rice root waste, and bio-fertilizers (Singh and Pathak, 2003; Banswasi and
Bajpai, 2006).

4.6.2.7. Total Nitrogen (%)

When comparing the application of farmyard manure to the application of chemical
fertilizers alone, the total nitrogen in the soil was increased. The highest total nitrogen
content of the soils is achieved by using organic manure in combination with graded
doses of NPK. In soils receiving NPK, FYM and Azospirillum, total nitrogen in post-
harvest soil increases. It's possible that the increased nitrogen content of the post-
harvest soil sample treated with bio-fertilizer and organic fertilizers is related to the
release of more nitrogenous substances into the soil. A similar set of findings was also
published by Saha et al. (2010), Katkar et al. (2011), Ladha et al. (2014) and
Thingujam et al. (2016). When NPK, FYM, and bio-fertilizers were used, there was
an increase in total nitrogen (Table 4.13). These data suggest that combining organic
manure, bio-fertilizers and chemical fertilizers in a consortia could be a better INM
method for boosting soil total nitrogen. Similar findings have been reported by Al-
Suhaibani et al. (2020). The considerable rise in total N in the surface soil is
attributable to the need for fertilizers remaining high due to additional N addition via

biological fixation in the upper layer (Thingujam et al., 2016).
4.6.3. Biological properties
4.6.3.1. Microbial Biomass Carbon (ug g)

Microbial biomass carbon (MBC) in the soil is the most active and dynamic pool of
soil organic matter, acting as transient nutrients sinks and releasing nutrients from

organic matter for plant use (Kumar et al., 2018Db).
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The presence of microbes in organic residues and bio-fertilizers, as well as the
addition of substrate carbon, which stimulates the indigenous soil micro-biota and the
availability of substrates for microbial population growth, are all factors that contribute
to a maximum soil MBC in organics and INM plots (Chakrabarti et al., 2000; Kumar
etal., 2017). According to Gupta et al. (2019), the highest MBC in INM plots may be
attributable to the fact that INM plots have supplied a consistent source of organic
carbon to feed the microbial community, as opposed to plots treated solely with
chemical fertilizers. Kumari et al. (2017b) also noticed an increase in soil MBC in

treatments that included balanced fertilization with organic amendments.

Soil MBC pools were greater in soils getting manure than in soils receiving
only chemical fertilizers (Islam and Weil, 2000). Manna et al. (1996) also reported on
the availability of substrate as carbon, intensive rooting activity, and improved soil
water status in soil from FYM application. Organic manure enhanced MBC, which is
related to the decomposition of these materials, which is vital for micro-organisms
proliferation in soil, which stimulates their growth, resulting in larger microbial
biomass carbon and its additional mineralizable and rapidly hydrolysable C (Ingle et
al., 2014a). The quickly metabolizable C and N in organic manure, along with
increased root biomass and root exudates, which leads to increased crop development,
may be the most important element contributing to microbial biomass increase.
Hopkins and Shiel (1996) found that soil microbial biomass was higher after inputs of
FYM in the presence of inorganic NPK than after additions of inorganic fertilizer or
FYM alone. Bio-fertilizers, in addition to their primary function, are known to produce
a variety of growth-promoting substances, which might have augmented microbial
growth and MBC (Nath et al., 2015). Without organics, continual cropping depletes
microbial biomass, averting nutrient conversions and availability for improving crop
yield (Saha et al., 2010). Also, an increase in soil MBC after harvest could be
attributable to a rise in temperature and enhanced soil air and moisture conditions,

which resulted in a larger microbial population (Gogoi et al., 2010).

In comparison to the remainder fertilized treatments, Kumari et al. (2017b)
found that using the solo conventional approach resulted in a considerable reduction

in soil MBC concentration. This could be owing to the acidifying effect of chemical
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fertilizers, which caused unfavourable circumstances for a variety of microbes to
emerge. Kowalenko (1978) and Vance et al. (1987) both found a negative effect of
chemical fertilizer alone owing to acidification on soil microbial biomass. Similarly,
Kaur et al. (2005) found that MBC is generally lower in unfertilized soils or soils

fertilized with chemical fertilizers than in soil altered with integrated nutrients.

The increased in soil microbial biomass carbon in the surface soil layer can be
attributed to the higher organic carbon build-up in the root zone, which may have
harboured more microbial population and hence resulted in higher biomass carbon and
the formation of root exudates, mucigel soughed off cells, and crop residue addition
(Goyal et al., 1992).

4.6.3.2. Microbial Biomass Nitrogen (ug g)

Organics and bio-fertilizers play an important role in soil management by increasing
soil microbial biomass nitrogen (Pankhurst et al., 1995). They are known to create a
variety of growth-promoting substances that may contribute intense proliferation
microbial growth; without them, continuous cropping depletes microbial biomass,
impeding nutrient conversions and availability for improved crop yield (Saha et al.,
2010).

The increased soil MBN is attributable to FYM's greater supply of nitrogen to
micro-organisms (Verma and Mathur, 2009). Farmyard manure, an organic source of
fertilizer, is not only rich in carbon but also in nitrogen and several other macro and
micronutrients, according to Selvi et al. (2004), which aids in the enhancement of soil
microbial biomass nitrogen. This could be due to FYM's catalytic impact in promoting
microbial growth, resulting in increased microbial biomass nitrogen (Bhatt et al.,
2015).

In the present study, MBN concentration increased when inorganic NPK
fertilizers were used in combination with FYM and bio-fertilizers (Saha et al., 2010).
It was also discovered that the combined use of farmyard manure and chemical
fertilizers increased the effect of organics in microbial activities and preserved soil

microbial communities and activities. In comparison to merely chemical fertilization,
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using farmyard manure and chemical fertilizers together enhanced microbial biomass
nitrogen. Chemical fertilizers alone have a significant impact on the abundance of soil
microbial populations (Allison and Martiny, 2008; Katkar et al., 2011; Sun et al., 2015;
Al-Suhaibani et al., 2020) and hence on MBN.

Overall, the highest levels of soil MBN were found in the organic treatment,
followed by integrated nutrient management, and the lowest levels in the control. This
could be owing to an unfavourable environment that lacks fertilization or manure
(Katkar et al., 2011).

4.6.3.3. Microbial Biomass Phosphorus (ug g)

Application of organic manure and bio-fertilizers, similar to MBC and MBN, resulted
in the most MBP build-up in the soil rhizosphere. As continuous planting reduces
microbial biomass, without them, impeding nutrient conversions and availability for
increased crop output (Saha et al., 2010). According to Li et al. (2017) and Chew et
al. (2019), the addition of micro-organisms improves the soil health and fertility status
by regulating soil biological characteristics and increasing the microbial community

structure.

A sufficient energy supply in terms of C and N is provided by decomposed
organic manure, resulting in increased proliferation and population growth of diverse
soil microbial biomass. In addition, when compared to the control treatment, the soil
microbial biomass community grows (Brown and Cotton, 2011). Furthermore, the
findings show that incorporating organic fertilizers (FYM and bio-fertilizers) to the
soil, either alone or in combination with chemical fertilizers, increased the variety and
activity of soil microbial biomass phosphorus (MBP), which was the lowest in the

control.

Taken together, these findings suggest that incorporating organic fertilization
with or without chemical fertilizer improved soil health by aggrandizing microbial
biomass populations, which are involved in the decomposition of complex organic
matter and the transformation of carbon, nitrogen, and phosphorus in the soil. In
addition, when farmyard manure and chemical fertilizers were used together, microbial

biomass phosphorus rose more than when chemical fertilization was used alone.
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Chemical fertilizers alone have a significant impact on the abundance of soil microbial
communities (Allison and Martiny, 2008; Sun et al., 2015).

Nonetheless, there was a significant positive correlation (p < 0.05; n = 114)
between soil microbial biomass carbon, nitrogen and phosphorus with the other
physico-chemical properties of the soil, however soil bulk density and pH showed to
be negative correlation with soil microbial biomass. It's possible that the incorporation
of various nutrients in INM plots improved the physico-chemical characteristics of the
soil, which led to an increase in the soil microbial biomass (Table 4.19).

4.6.3.4. De-Hydrogenase Activity (ug TPF g dry soil 24 h'1)

Soil dehydrogenase activity is a key measure of microbial activity in the soil, as it is
involved in oxidative phosphorylation (Kumar et al., 2018b). In the present study,
DHA was found to increase in plots treated with organic nutrient source. De-
hydrogenase activity shows a significant negative correlation with soil bulk density
and pH, whereas a significant positive correlation (p < 0.05; n = 114) with the other
soil physico-chemical properties. The integration of different nutrients in the INM
plots might have influenced in improving the physico-chemical soil properties
resulting in increasing soil de-hydrogenase activity (Table 4.19). Datt et al. (2013) too
found that organic plots had higher DHA levels than INM plots and solitary
conventional ones. As a result, organic inputs generally improved the development of
micro-flora and boosted soil microbial activity. Mallikarjun and Maity (2018) also
found that control and solo chemical fertilization plots had lower DHA levels than the
other plots.

Higher DHA levels in organic plots may be owing to the absorption of bulky
sources of potentially beneficial microbes and manure, an environmentally friendly
nutrient management method that may promote microbial diversity and activity, as
well as greater DHA levels (Nath et al., 2015; Kumar et al., 2018b). The addition of
organic manure increased DHA, in general short to medium term increase in DHA was
observed following the addition of organic matter (Nayak et al., 2007; Nayak et al.,
2012).
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Furthermore, the addition of bio-fertilizers, farmyard manure, and chemical
fertilizers increased the activity of the dehydrogenase enzyme, since FYM was the
primary source of carbon for soil microbes, it also increased the number of pores
(which is significant for the connection between soil, water, and plants), maintained
healthy soil structure, and boosted dehydrogenase activity (Marinari et al., 2000). In
addition, combining FYM with chemical fertilizer boosted this action (Verma and
Mathur, 2009; Liu et al., 2010). The increase in dehydrogenase activity in INM
treatments could be attributed to the generation of humic acids, which boosted the
activity of micro-organisms in the soil, ultimately resulting in an increase in

dehydrogenase activity (Bajpai et al., 2006).

Furthermore, according to Patra et al. (2020), DHA in INM decreased with soil
depth. This could be due to the decomposition of additional manure, which provides
intra and extracellular enzymes and increases microbial activity in the soil root zone
(Fontaine et al., 2003; Bhattacharyya et al., 2005; Zhong et al., 2009). In our study

too, we found a decreasing trend in DHA with soil depth.
4.6.3.5. Microbial Population

The effects of different types of chemical, organic, and micro-biological fertilizers on
soil microbial counts show that they can be employed for soil fertility (Kumari et al.,
2017b). Although there is a negative correlation between the soil microbial population
with soil bulk density and pH, but other soil physico-chemical characteristics were
found to have significant (p < 0.05; n = 114) positive influence in microbial count. It
Is possible that the incorporation of various nutrients in the INM plots improved the
physico-chemical characteristics of the soil, which led to an increase in the population
of soil microbes (Table 4.19). The plots with treatments T1g and T16 had the largest
microbial count, which could be owing to the bio-fertilizers' synergistic impact. Brar
et al. (2017) also found that treatments with bio-fertilizers had the highest microbial

population.

The findings showed that the majority of the beneficial impacts of raised and
reasonably maintained specific populations of bacteria, fungus, and actinomycetes

were linked to the addition of micro-organisms and the use of organic manure. These
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findings corroborated those of Nath et al. (2012) and Gupta et al. (2019). This could
be attributed to the organic manure, which provided a substantial amount of readily
available carbon, resulting in a microbial ecology that was more diversified and
dynamic than in inorganically treated soil. The physical environment of the soil is
improved by the addition of organic matter, making it more hospitable to micro-
organisms (Tejada et al., 2009).

According to Mohammad et al. (2017), for the soil to be able to provide energy
to the microbial community, carbonaceous materials and substrates like sugar, amino
acids, and organic acids that come from decaying organic components are crucial. This
is likely due to the fact that most soil micro-organisms are chemo-heterotrophs, which
necessitate organic sources of carbon as food, and oxidation of organic substances
provides energy, which could be the reason for improving soil micro-organism (Ingle
et al., 2014b; Gupta et al., 2019).

In comparison to applying chemical fertilizers alone, a significant amount of
easily available carbon was delivered in the soil by ongoing application of FYM in
conjunction with adequate chemical fertilizers, leading to a greater microbial
population (Bhatt et al., 2015). As a result, organic inputs generally improved micro-
flora development and boosted overall soil activity (Kumar et al., 2018b). The findings
suggest that using organics in conjunction with inorganics can help in augmentation
of beneficial microbial populations and activities like organic matter decomposition,
biological nitrogen fixation, phosphorous solubilization, and plant nutrient availability
(Ingle et al., 2014a).

Without organic source, a higher-than-optimal supply of inorganic nutrients
will not be able to support the microbial population in the soil. These findings are
consistent with those of Selvi et al. (2004) and Ingle et al. (2014a). In comparison to
INM treatments, Gudadhe et al. (2015) found that applying chemical fertilizers to soil
in treatment RDF resulted in low levels of bacteria, fungus, and actinomycetes.
Bacteria, fungi, and actinomycetes were found in the lowest numbers in the control
plots. Organics and integrated nutrient supply had the highest microbial population.

The use of organics in combination with chemical fertilizers resulted in an increase in
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microbial population compared to the control. These findings also corroborate those
of Krishnakumar et al. (2005) and Kumari et al. (2017b).

4.7. Correlation between the soil biological properties and soil physico-chemical

properties

Given that the soil biological properties and soil physico-chemical properties have a
significant (p < 0.05; n = 114) correlation coefficient, overall it is clear that the
incorporation of various soil amendments has a significant impact on enhancing the
soil physico-chemical properties, which in turn significantly enhances the soil

biological properties (Table 4.19).

Table 4.19. Correlation between soil biological properties and soil physico-

chemical properties

MBC MBN MBP DHA | Bacteria | Fungi Actinomycetes

Moisture 0.72* | 0.85* 0.82* 0.88* 0.70* 0.76* 0.80*
WHC 0.77* 0.75* 0.65* 0.85* 0.77* 0.74* 0.66*
Bulk Density -0.88* | -0.74* | -0.66* | -0.83* | -0.84* | -0.80* -0.57*
Porosity 0.36* | 0.63* 0.60* 0.58* 0.34* 0.45* 0.63*
pH -0.48* | -0.85* | -0.85* | -0.82* | -0.58* | -0.71* -0.95*
EC 0.90* | 0.89* 0.84* 0.94* 0.87* 0.87* 0.77*
CEC 0.62* | 0.83* 0.84* 0.77* 0.57* 0.71* 0.80*
Available N 0.80* 0.86* 0.87* 0.78* 0.66* 0.67* 0.69*
Available P 0.66* 0.77* 0.77* 0.74* 0.61* 0.66* 0.74*
Available K 0.61* 0.90* 0.91* 0.85* 0.61* 0.69* 0.92*
Organic

Carbon 0.55* 0.86* 0.86* 0.79* 0.58* 0.68* 0.90*
Total Nitrogen | 0.67* 0.65* 0.65* 0.62* 0.58* 0.62* 0.55*

*(P<0.05) significant at 0.05 level of probability
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4.8. Conclusion

The results shows a significant variation (p < 0.05) among all fertility treatments for
both soil depths in all the soil physical, chemical and biological properties except in
the soil porosity, it shows a non-significant variation among treatments. However,
since the first year soil physical, chemical and biological properties were mostly at par
with the second year data, hence shows a non-significant variation among the cropping
years for both soil depths, except for the soil available potassium that shows a
significant variation (p < 0.05) among the cropping years for both soil depths. The
surface soil of the soil bulk density, available nitrogen and organic carbon shows a
significant variation (p < 0.05) among the cropping years whereas the sub-surface soil
of the soil pH, microbial biomass carbon and microbial biomass phosphorus shows a
significant variation (p < 0.05) among the cropping years.

Overall, the study reveals that the combined application of chemical fertilizers,
organic manure and bio-fertilizers under upland paddy significantly influenced the soil
properties. From the present investigation, it can be concluded that INM practices can
be beneficial to the farmers as it helps in reduced application of chemical fertilizers
and also maintain the potentiality of the soil's ability for production for a longer period
of time. Due to their distinct contributions to the soil parameters, manure and bio-
fertilizers may be the cause of an improvement in the properties of the soil among the
different treatments. The problem of declining soil fertility status faced by upland
paddy farmers in the state of Meghalaya can somewhat be solved by the adoption of

INM practices.
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CHAPTER 5

EFFECT OF INM ON GROWTH AND YIELD OF UPLAND PADDY IN
‘JHUM'-LAND

5.1. Introduction

According to Farouque and Takeya (2007), integrated nutrient management (INM)
goals is the effective and prudent usage of all primary sources of plant nutrients in an
integrated manner. Chemical fertilizers, organic fertilizers (farmyard manure/compost,
green manure, crop residues/recyclable wastes) and bio fertilizers are the key
components of the INM system, resulting in an environmentally benign and
economically viable solution for a variety of problems (Sahu et al., 2015). Because
INM provides all of the needed nutrients when the plant requires them, it has proven
to be more advantageous than lone fertilization with chemical, organic, or bio-

fertilizers.

Organic and bio-fertilizers aid in achieving maximum plant development by
increasing nutrient availability, which is influenced by the solubilization effect and
microbial breakdown. Furthermore, INM has a considerable impact on crop
productivity due to increased nutrient uptake (Kumar et al., 2018a). Crop nutrition is
improved by integrated nutrient management, which helps to prevent nitrogen loss and
so extends nitrogen availability to the plant, resulting in increased plant development
(Upadhyaya et al., 2000; Trinath et al., 2014).

Because of the enhanced physical state of the soil in INM, it yields higher grain
and straw, by utilizing native and applied nutrients (Tiwari et al., 2017). Integrated
nutrition management also aids in the prevention of nutrient loss and the optimal
supply of nutrients in accordance with crop demand, which results in the increase of
rice yield components (Stoop et al., 2002; Kumari et al., 2010). It is of paramount
importance to utilize organic and chemical fertilizers in a balanced manner in order to
maintain productivity (Bhatt et al., 2015). Continuous use of integrated fertilizers can
be quite promising in determining a cropping system's long-term viability (Sahu et al.,
2015).
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In the past, organic fertilization was highly regarded and significant to long-
term productivity (Banik et al., 2006; Li et al., 2010). As a result, the best option for
increasing productivity and maintaining sustainability has been the appropriate
combination of organic and inorganic plant nutrients (Saleque et al., 2004;
Efthimiadou et al., 2010). A long-term increase in crop yield and profitability for small
and marginal farm-holders is seen to be possible with an INM approach. Integrated
nutrition management boosts plant growth and productivity due to its delayed
emancipation and continuous provision of nutrients in an equitable amount all through
the various growth phases. According to Choudhary and Suri (2014), a recent
agronomic intervention of direct-seeded upland rice combined with INM can increase
rice productivity. Improved crop nutrition via integrated nutrient management (INM)
aided in the growth of rice plants (Upadhyaya et al., 2000; Trinath et al., 2014).
Overall, the use of INM resulted in remarkable improvement in growth and yield
parameters of upland rice (Dass et al., 2009). Furthermost, improved plant nutrition

for rice plants might have resulted in increased rice yields (Singh et al., 2001).

Only chemical fertilization was insufficient to maintain the crop's need for
nutrients throughout the latter period in fragile upland soil, explicitly during the crucial
time of spikelet growth and grain filling, panicle and grain yield fell, in comparison to
INM, hence INM is responsible of improved growth characteristics and yield
components (Babu and Reddy, 2000). The use of manures, chemical fertilizers, or bio-
fertilizers in isolation may not sustain high crop productivity levels, but their combined
use may (Dass et al., 2009). The present chapter deals with the impact of integrated

nutrient management practices on the growth and yield of upland paddy in 'jhum'-land.
5.2. Materials and Methods

The details about the field preparation, establishment of experimental plots,
experimental materials and treatment plants pertaining to the chapter has been

discussed in chapter 3.
5.2.1. Biometric observation recorded

Due to large population of plants, it was not possible to record the observation of each

individual plant from every plot. Hence, a technique of random sampling was adopted
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for recording the various parameters of a plant. Five plants from each plot were
selected randomly and tagged for easy identification for recording different parameters

at successive stages of growth.
5.2.1.1. Growth parameters

5.2.1.1.1. Plant height: Five randomly chosen tagged plants from each replicated plot
were measured for its height in cm from the sub-structure of the plant to the tip of the
uppermost latest leaf, for calculating average plant height at 15, 30, 45, 60, 75 and 90
DAS.

5.2.1.1.2. Number of tillers hill’t: Number of tillers hill* at different growth stages
(45 and 60 DAS) was recorded from the tagged plants in each plot.

5.2.1.1.3. No. of panicles tiller': Number of panicles tiller? at 150 DAS was recorded
from the tagged plants in each plot.

5.2.1.1.4. Panicle length: Panicle length at different growth stages (150 DAS) was
recorded from the tagged plants in each plot.

5.2.1.1.5. Number of grains panicle: At the harvesting stage, the total number of

filled grains panicle™ from the five arbitrarily chosen tagged plants was recorded.

5.2.1.1.6. Test weight (1000 grain weight): From the harvested grains of every plot,
1000 bold grains were totalled, and the weight of each treatment was then taken

separately

Test Weight = Grain Weight  x 1000

Number of grains

5.2.1.2. Yield parameters

5.2.1.2.1. Grain Yield: The total yield obtained from the plant in each plot was
threshed, winnowed and cleaned and then weighed. Grain yield obtained from net plot

was converted into kg ha™.

5.2.1.2.2. Straw Yield: The plot wise straw yield of 4m? was recorded after separating

the grains by threshing and winnowing and converted into kg ha™.
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5.2.1.2.3. Harvest Index: The harvest index was computed as

Harvest Index % = Grain Weight x 100

(Grain + Straw) yield
5.3. Statistical Analysis

Nineteen treatments (To, T1, T2, T3, Ta, Ts, Ts, T7, Tg, To, T1o, T11, T12, T13, T4, T1s,
Tis, T17, T18) Were used in the experiment's Randomized Block Design, which had
three replications. The raw data obtained in the study were analysed statistically using
the OP-STAT (online statistical package- http://14.139.232.166/opstat/) procedure for
randomize block design (RBD) and as per method of “Analysis of Variance
(ANOVA)”. Where the "F" test indicated a significant result, the treatment means were
equated using the least significant difference (LSD) method at a probability level of
0.05. If the calculated value exceeded the table value, the effect was considered to be
significant. Critical Difference (CD) and Standard Error of Mean (SEM) were
calculated to determine the significance among treatment means. The skeleton of the
one-way and two-way ANOVA tables are presented in Table 5.1 and Table 5.2.

Table 5.1. The skeleton of one-way-ANOVA table is presented in the table below

Source of Variance d.f. (SS) (MSS) F (Cal))
Due to Replication (r-1) SSR MSSR=SSR/(r-1) FrR=MSSR/MSSE
Due to Treatment (t-1) SSt MSSt=SSt /(t-1) Fr=MSSt/MSSE
Due to Error (r-1) (t-1) SSE MSSE=SSE/(r-1) (t-1)

Total (rt-1) SST

Table 5.2. The skeleton of two-way-ANOVA table is presented in the table below

Source of d.f. (SS) (MSS) F (Cal))
Variance
Factor A (k-1) SSA | MSSA=SSA/(k - 1) FA=MSSA/MSSE
Factor B (I1-1) SSB | MSSB=SSB/(l - 1) Fs=MSSB/MSSE
Interaction (AxB) | (k- 1) (I - | SSAB | MSSAB=SSAB/(k - 1) (I - | FAs=MSSAB/MSSE
1) 1)
Error kl (m-1) SSE MSSE=SSE/{kl (m -1)}
Total kim-1 SST
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5.4. Results
5.4.1. Growth Parameters
5.4.1.1. Plant Height (cm)

Nutrient management strategies had a significant impact on rice plant height and other
growth metrics. The findings demonstrate that, under all treatments, the upland paddy
crop's plant height grew steadily as growth stages advanced until harvest. In compared
to the other treatment combinations, T1s (30.85 cm, 59.90 cm, 86.41 cm, 87.53 cm,
90.99 cm 94.48 cm at 15, 30, 45, 60, 75 and 90 DAS) showed the greatest increase in
plant height, followed by T13 (29.77 cm, 57.64 cm, 84.23 cm, 85.81 cm, 89.10 cm,
92.28 cm at 15, 30, 45, 60, 75 and 90 DAS). The least was recorded in control To
(15.05 cm, 39.49 cm, 63.29 cm, 70.21 cm, 74.24 cm, 77.01 cm at 15, 30, 45, 60, 75
and 90 DAS) (Table 5.3). Plant height was observed in the following order across all
treatments: (T1s, T13, T12, T11, Ts, T2, T14, T1o, To, T4, T3, Ts, T7, Ts, T1, T1g, T1e, T17,
To). When organic manure, chemical fertilizers, and bio-fertilizers were used together,
plant height was higher than when chemical fertilizers were used alone. INM had
numerically higher plant height in both years and increased significantly (p < 0.05)
from 1st year to 2nd year cropping (Fig. 5.1) as compared to conventional and organic
nutrient supply. Regardless of the effects of the treatment, the height of the rice plant
increased gradually up to 90 days after sowing (DAS), after which it remained constant
till maturity. Significant variations (p < 0.05) among treatments and cropping years in

plant height at different growth stages of paddy were also observed.
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Table 5.3. Effect of INM on plant height in cm (at 15, 30, 45, 60, 75 and 90 DAS
pooled for two consecutive harvesting years)

Treatments 15 DAS 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS
To 15.05 39.49 63.29 70.21 74.24 77.01
T1 19.61 45.54 74.33 75.25 78.16 80.59
T2 26.77 52.96 80.26 81.70 85.49 88.39
Ts 22.65 49.00 77.05 78.05 81.14 83.49
Ts 22.97 49.47 77.66 78.68 82.21 84.68
Ts 20.64 46.10 74.94 75.98 78.87 81.36
Ts 22.09 48.42 76.23 77.27 80.16 82.48
T7 21.21 46.96 75.45 76.41 79.44 81.98
Ts 27.97 54.24 81.31 82.60 86.45 89.35
To 24.05 50.34 78.56 79.82 83.18 85.76
Tao 24.26 51.03 78.92 80.10 83.61 86.30
Tu 28.33 54.97 81.67 83.04 87.04 89.81
T 28.78 56.96 82.56 83.65 87.60 90.48
Tis 29.77 57.64 84.23 85.81 89.10 92.28
T 25.44 51.89 79.52 80.92 84.71 87.39
Tis 30.85 59.90 86.41 87.53 90.99 94.48
Tis 18.25 43.77 72.36 73.22 76.62 79.06
Tz 18.04 42.78 71.60 72.60 75.90 78.25
Tis 18.72 44.25 73.55 74.46 77.49 80.01

SE(m) + 0.292 0.421 0.435 0.417 0.303 0.336
CD 0.842* 1.214* 1.253* 1.201* 0.872* 0.968*

*(P<0.05) significant at 0.05 level of probability
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1st year cropping

110.00
100.00
90.00
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15 DAS 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS
TO T1 T2 T3 T4 T5 T6 T7 T8 T9
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2nd year cropping
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80.00
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50.00
40.00
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0.00
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TO T1 T2 T3 T4 T5 T6 17 T8 T

T10 Ti1 T12 T13 Ti4 T15 Ti6 T17 T18

15 DAS 30 DAS 45 DAS 60 DAS 75 DAS 90 DAS
(2019-2020) (2019-2020) (2019-2020) (2019-2020) (2019-2020) (2019-2020)
C SEmt CD SEm: CD SEmt CD SEmt CD SE(m]t CD  SE(m):
Treatments(d)  0575* 0203 0831* 0294 0874* 031 0827* 0293 0591* 0209 0658* (.23
Croppingyears (B)  0.186* 0066 0270+ 0095 0284* 01  0268* 0095 0.192* 0068 0214* 0076
(AxB) NS 0288 NS 046 NS 0438 NS 0414 NS 0296 NS 033

Fig. 5.1. Effect on INM on plant height (cm) during thelst year and 2nd year of
cropping
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5.4.1.2. Number of tillers hill?

During field experiments, the number of tillers hill"* in paddy started to propagate at
45 DAS and showed a linear growth up to 60 DAS and thereafter the tiller count
stabilized irrespective of treatments.

INM generated the most tillers hill'* (Table 5.4). In the present study,
treatments imbedded with INM technology had the most tillers hill ™ (T1s, T1s, T12, T11,
Ts, T2, T1a, T1o, To, Ta, T3, Te, T7, Ts), followed by chemical fertilization alone (T1)
and organic fertilization (Tis, Tis, T17). In compared to the other treatment
combinations, T1s (4.63 and 6.07 at 45 and 60 DAS) showed the greatest number of
tillers hill%, followed by T13(4.27 and 5.43 at 45 and 60 DAS). The least was recorded
in control To (1.10 and 1.43 at 45 and 60 DAS) (Table 5.4). Chemical fertilizers, FYM,
and bio-fertilizers all produced more tillers hillt than the recommended fertilizer dose
and control. In comparison to all other fertility treatments in the study, the crop
receiving solely organic manure and bio-fertilizers (T, T1s, T17) produced fewer
tillers hill"t. Number of tillers hill* also increased significantly from 1st year to 2nd

year cropping (Fig. 5.2).
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Table 5.4. Effect of INM on the number of tillers hill* (at 45 and 60 DAS pooled

for two consecutive harvesting years)

Treatments 45 DAS 60 DAS
To 1.10 1.43
T1 2.13 2.63
T2 3.53 4.30
Ts 2.73 3.33
T4 2.90 3.57
Ts 2.20 2.77
Te 2.53 3.17
T7 2.40 3.00
Ts 3.70 4.67
Te 3.07 3.67
T 3.17 3.87
Tu 3.77 4.80
Ti2 3.97 5.07
Tis 4.27 5.43
Tia 3.40 4.07
Tis 4.63 6.07
Tie 1.80 2.17
Ti7 1.60 2.07
Tis 1.93 2.40

SE(m) £ 0.061 0.078
CD 0.176* 0.226*

*(P<0.05) significant at 0.05 level of probability
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Treatments (A) 0.145* 0.051 0.290" 0.103
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AxB 0.205* 0.072 N5 0.145

Fig. 5.2. Effect on INM on the number of tillers hill* during thelst year and 2nd year of cropping

164



5.4.1.3. Number of panicles tiller

At 150 DAS, panicles tiller? were recorded in upland paddy which differed
substantially with nutrient management treatments. During both years, the crops that
received integrated nutrient management produced more panicles tiller? than those
that received the other treatments. In INM, higher yield attribute were reported,
whereas control had the lowest. T15(10.40 at 150 DAS) showed the highest number of
panicles tiller?, followed by T13(9.50 at 150 DAS). The least was recorded in control
To (3.17 at 150 DAS). Furthermore, fertility treatments significantly enhanced the
amount of panicles compared to the control plot (Table 5.5). The control treatment,
devoid of any nutrients, had the fewest panicles tiller. Number of panicles tiller also
increased significantly from 1st year to 2nd year cropping (Fig. 5.3) in all the

treatments.
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Table 5.5. Effect of INM on the number of panicles tiller? (at 150 DAS pooled for

two consecutive harvesting years)

Treatments 150 DAS
To 3.17
T: 5.87
T2 8.33
Ts 7.07
Ta 7.33
Ts 6.23
Ts 6.83
T7 6.53
Ts 8.60
To 7.63
T 7.83
Tu 8.80
T 9.03
Tis 9.50
T 8.07
Tis 10.40
Tis 5.37
Tz 5.00
Tis 5.63

SE(m) + 0.128
CD 0.367*

*(P<0.05) significant at 0.05 level of probability
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150 DAS {2019-2020)
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Treatments (A) 0.334* 0.118

Cropping years(B) 0.109* 0.038

AxB N5 0.168

Fig. 5.3. Effect on INM on the number of panicles tiller? during thelst year and 2nd year of cropping
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5.4.1.4. Panicle length (cm)

Fertilizer treatments raised panicle length significantly compared to the control plots.
During both years, the crop receiving integrated nutrition treatments (T1s, T13, T12, T1a,
Ts, T2, T1a, T10, To, Ta, T3, Te, T7, Ts) produced longer panicles than the other
treatments. T15 (19.80 cm at 150 DAS) showed the longest panicle, followed by Ti3
(19.51 cm at 150 DAS), which were comparable to all other treatments with RDF
treatments and also in treatments with only organic source (T1s, T, T17), but the
lowest was reported with control To (14.83 cm at 150 DAS) (Table 5.6). Panicle length
also increased significantly from 1st year to 2nd year cropping (Fig. 5.4) in all the
treatments. Furthermore, when compared to upland paddy treated with INM, only
organic manuring, only chemical fertilization, and only bio-fertilizers were found to

be less effective in boosting the panicle length.
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Table 5.6. Effect of INM on panicle length in cm (at 150 DAS pooled for two

consecutive harvesting years)

Treatments 150 DAS
To 14.83
T: 16.19
T2 18.45
Ts 17.27
Ta 17.57
Ts 16.42
Ts 17.03
T7 16.77
Ts 18.87
To 17.79
T 18.06
Tu 18.95
T2 19.19
T 19.51
T 18.29
Tis 19.80
Tis 15.71
Tz 15.24
Tis 15.98

SE(m) + 0.082
CD 0.237*

*(P<0.05) significant at 0.05 level of probability
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Treatments (A) 0.166* 0.059
Cropping years(B) 0.054* 0.019
AxB NS 0.082

Fig. 5.4. Effect on INM on panicle length (cm) during thelst year and 2nd year of cropping
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5.4.1.5. Number of grains panicle™

The number of grains panicle varied significantly between nutrient management
treatments (Table 5.7), and it increased significantly due to fertilizer treatments
compared to the control. During both years, the combination application of RDF +
FYM + bio-fertilizers produced the most grains panicle™ ie., Tis (281.43 grains at
harvest) compared to the other treatments (Table 5.7). INM treatments (T1s, T13, T12,
Ta1, Ts, T2, T14, T1o, To, T4, T3, Te, T7, Ts) produced a higher number of grains panicle
! than RDF treatments (T1) and organic treatments (Tis, T1s, T17) and the lowest
number of grains panicle® was recorded in control To (227.70 grains at harvest).
Number of grains panicle™ resulted from INM (T3, T4, Ts, Te, T7) and chemical
treatments ie., T1 (242.33 grains at harvest) were at par. Number of grains panicle™
also increased significantly from 1st year to 2nd year cropping (Fig. 5.5) in all the
treatments. When compared to fertilizers applied through INM, solitary application of
the aforementioned fertilizers was found to be less effective in increasing the number
of grains panicle™? of upland rice. Plants that only received bio-fertilizers produced
fewer grains than those in chemical treatment plots. Number of grains panicle™
increased significantly from first year cropping to the second year cropping (Fig. 5.5).
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Table 5.7. Effect of INM on the number of grains panicle (at harvest pooled for

two consecutive harvesting years)

Treatments At harvest
To 227.70
T1 242.33
T2 263.03
Ts 249.57
Ta 252.90
Ts 243.80
Ts 248.27
T7 245.77
Ts 267.13
To 254.60
Tao 256.10
Tu 269.53
Ta 271.70
Tis 277.07
Tia 258.70
Tis 281.43
Tis 235.63
Tz 232.37
Tis 237.50

SE(m) + 0.673
CD 1.939*

*(P<0.05) significant at 0.05 level of probability
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Fig. 5.5. Effect on INM on the number of grains panicle* during thelst year and 2nd year of cropping
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5.4.1.6. Test weight (g)

The test weight or the weight of 1000 grains did not differ significantly amongst the
nutrient management approaches (Table 5.8). Fertilizer treatments increased test
weight marginally compared to the control plots. The control treatment, devoid of any
nutrient application, had the lowest 1000-seed weight (24.07 g), whereas T1s obtained
the maximum test weight (27.03 g). Test weight also increased significantly (p< 0.05)
from 1st year to 2nd year cropping (Fig. 5.6). A significant increase (p<0.05) in 1000
seed weight was recorded in the second year cropping compared to the first year (Fig.
5.6).
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Table 5.8. Effect of INM on test weight in g (at harvest pooled for two consecutive
harvesting years)

Treatments At harvest
To 24.07
T1 25.67
T2 26.02
Ts 25.80
Ts 25.80
Ts 25.70
Te 25.77
T7 25.73
Ts 26.10
To 25.83
T 25.87
Tu 26.12
T2 26.23
Tis 26.48
Tia 25.90
Tis 27.03
Tis 25.60
T 25.55
Tis 25.63

SE(m) + 0.706
CD NS

*(P<0.05) significant at 0.05 level of probability
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Fig. 5.6. Effect on INM on 1000 seed weight (g) during thelst year and 2nd year of cropping
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5.4.2. Yield parameters
5.4.2.1. Grain yield (kg ha), Straw yield (kg ha) and Harvest Index (%)

Upland rice production (grain vyield) was marginally influenced by nutrient
management (Table 4.9). However, the straw yield was significantly higher (p<0.05)
in INM treated plots. During both years, crops treated with INM produced relatively
higher grain and straw yields than crops treated with other fertility treatments (Fig.
5.7). In comparison to sole application of chemical fertilizers, bio-fertilizers, or
manure, higher grain yield and straw yield increased in the INM plots (T1s, T13, T12,
Ti1, Ts, T2, T1a, T1o, T, T4, T3, Ts, T7, Ts) compared to control (To). Rice yield
attributes improved in RDF plots (T1), and they improved even more when organic
sources were substituted and the maximum vyield was recorded in Tis (6875 kg of
grains hat and 18375 kg of straw ha!). Because of poor and fragile upland hill soils,
the control plots yielded the lowest grain (4379.17 kg of grains ha™) and straw
(13333.33 kg of straw ha!) yields. However, the maximum Harvest Index was found
in T15 (27.30 %) and the minimum was estimated in To (24.56 %) (Table 5.9), though
there was non-significant variation in Harvest Index among the treatments. Upland

paddy yield increased significantly (p < 0.05) from 1st year to 2nd year cropping.

In general, the nutrient treatments did not have any significant influence on rice
grain yield and harvest index, but a significant variation (p < 0.05) on rice straw yield
(Table 5.9 and Fig. 5.7 and 5.8) between the cropping years of grain yield and harvest
index showed a significant variation (p < 0.05), Rice yield also increased significantly
from 1st year to 2nd year cropping (Fig. 5.7).
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Table 5.9. Effect of INM on yield in kg ha! and harvest index in % (at harvest
pooled for two consecutive harvesting years)

Treatments Grain yield Straw yield Harvest Index
To 4379.17 13333.33 24.56
T1 5020.83 15208.33 23.97
T2 5975.00 16625.00 26.36
Ts 5366.67 15916.67 25.08
T4 5445.83 15958.33 25.41
Ts 5125.00 15500.00 24.46
Te 5266.67 15583.33 25.14
T7 5195.83 15541.67 24.90
Ts 6191.67 16958.33 26.40
Te 5562.50 16041.67 25.92
T 5658.33 16083.33 25.89
Tu 6329.17 17125.00 27.09
T 6508.33 17708.33 26.63
Tis 6620.83 18000.00 27.10
Tia 5800.00 16166.67 26.23
Tis 6875.00 18375.00 27.30
Tie 4845.83 14541.67 24.30
Tz 4745.83 14041.67 24.67
Tis 4933.33 14708.33 24.51

SE(m) £ 617.366 762.988 2.185
CD NS 2,197.28* NS

*(P<0.05) significant at 0.05 level of probability
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Fig. 5.7. Effect on INM on yield (kg ha') during thelst year and 2nd year of cropping
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5.5. Discussion
5.5.1. Growth Parameters
5.5.1.1. Plant Height (cm)

Because more nutrients are available when the crop is in need, integrated nutrient
management showed to be more helpful than a single application of organic, bio-
fertilizers, or chemical fertilizers. This assertion is in line with Roy et al. (2013), Virdia
et al. (2010) and Kumar et al. (2018a). Crop nutrition can be improved through
integrated nutrient management, which helps to reduce nitrogen loss, extend nitrogen
availability to rice plants, and increase plant height (Upadhyaya et al., 2000; Trinath
et al., 2014, Borah et al., 2016). This could be due to the INM soils having similar
accessible nitrogen levels. Similar findings were also reported by Apireddy et al.
(2008). The treatment involving the application of chemical, organic, and bio-
fertilizers resulted in greater plant height at all DAS (Jaisankar et al., 2014). Chemical
fertilizer and FYM application resulted in higher plants (Mohanty et al., 2013; Sahu et
al., 2015). As more nutrients are available due to the solubilization action and
microbial breakdown, adding organic manure with bio-fertilizers enhances plant
height (Kumar et al., 2018a). Panwar (2008), Ali et al. (2012a), Kannan et al. (2013)
and Wailare and Kesarwani (2017) also supported the aforesaid statement. FYM
performed substantially better than the other organic treatments. In inclusion to
supplementary macro and micronutrients required for plant growth and development,
the FYM supplied significant amounts of N, P, and K to the soil. FYM served as a soil
conditioner in addition to providing plant nutrients, resulting in increased plant height
at various phases of development (Prasad, 1994; Kannan et al., 2013). Many
researchers, such as Bumatay and De-la-Cruz (1988), Kusumakumari et al. (2002) and
Velmurugan and Shanmugam (2011), reported that higher fertilizer application
enhanced plant height. All plant development indicators were reduced in the organic
treatment compared to the conventional fertilizer treatments as recorded by Del Amor
(2006).
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5.5.1.2. Number of tillers hill?

Through integrated nutrient management, crop can receive a better nutrition that helps
when it comes to minimising N loss and extending its availability to rice plants and
helps in increasing tillering (Upadhyaya et al., 2000; Trinath et al., 2014; Borah et al.,
2016). However, after 60 days, there was a decrease in the number of tillers due to
ageing and senescence, which caused the secondary and tertiary tillers to die
(Choudhary and Suri, 2014; Singh et al., 2018). Tillers were reduced in the organic
treatment compared to the conventional treatment. A similar outcome was also
demonstrated by Del Amor (2006) and Kumar et al. (2018a). In addition, Subramani
et al. (2005) and Mondal et al. (2016) found that INM produces more tillers than
solitary applications of organic and bio-fertilizers. At the tillering stage of the crop, N,
P, and K concentrations in the mother stem are critical for the initiation and
development of tillers (Honya, 1961). Increased NPK fertilizer levels are projected to
boost nutritional content in rice plants at the tillering stage, resulting in more tillers.
These findings are very similar to those reported by Choudhary et al. (2004). The
conventional approach combined with FYM and bio-fertilizers produced more tillers
than chemical fertilizers alone, possibly due to a greater availability of nutrients during
growth phases (Satyanarayana et al., 2002). In this study, FYM application resulted in
more tillers when compared to its counterpart treatments with the same NPK levels
but devoid of FYM. According to Kumar et al. (2012a and 2012b), the use of
conventional and organic sources enhanced the number of rice tillers over control. As
a result, in direct-seeded upland rice, throughout the research period the unfertilized
plots produced the shortest plants with the least tillers hill™X. Similar findings were also
reported by Choudhary and Suri (2014). INM had a numerically increased number of

tillers in both years when compared to conventional and organic nutrient supplies.
5.5.1.3. Number of panicles tiller?

Distinct nutrition management strategies had different growth components, such as the
number of panicles tiller* (Mondal et al., 2016). The research demonstrates that while
fertility levels increased as a result of better plant nutrition for rice plants, the number

of rice panicles grew in consistently. Due to the gradual deliverance and constant
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supply of nutrients in balanced quantities during the various growth phases, through
the substitution of FYM in combination with RDF and bio-fertilizers, rice plants were
able to digest sufficient photosynthetic products, resulting in the formation of more
panicles with more viable grains (Dass et al., 2009; Acharya and Mondal, 2010). Singh
et al. (2018) also found similar results. Similarly, Pandey et al. (2007) established that
employing organic fertilizers together with conventional farming enhanced plant
growth and yield components in rice. Farmyard manure could have provided the
necessary minerals and influenced the efficient use of applied fertilizers in order to
increase the number of panicles tiller! (Choudhary et al., 2007; Ramakrishna et al.,
2007). The findings of Parihar (2004), Virdia and Mehta (2009), Kumar et al. (2012a
and 2012b) and Das et al. (2014b) also conforms the findings of this study.

When compared to those receiving INM, only organic manuring or bio-
fertilizers were found to be less effective at increasing the number of panicles in upland
rice. These treatments had the lowest number of panicles tiller?, indicating that these
were unable to provide plant nutrients in accordance with the crop's requirement.
Mondal et al. (2016) also come to similar conclusions. In vulnerable hill soils, a higher
proportion of organic manures, bio-fertilizers, and an acceptable amount of inorganic
fertilizers may aid to avoid nutrient loss and supply nutrients in optimal congruence
with crop demand, which helped to increase the number of rice panicles (Stoop et al.,
2002; Kumari et al., 2010; Borah et al., 2016).

5.5.1.4. Panicle length

Nutrient management strategies had a wide range on growth components (Borah et al.,
2016). Different nutrient management strategies affected growth components such as
panicle length (Mondal et al., 2016). The data showed that panicle length rose
consistently with increased fertility levels due to enhanced plant nutrition to rice
plants, with the greatest magnitude in plots supplied with INM, followed by plots using
conventional NPK, only conforming the findings of Singh et al. (2001) and Choudhary
and Suri (2014). The control plot had the shortest panicle length due to the lack of
fertilizer treatments. Solo application of organic fertilizers had shorter panicles,
indicating that it was unable to provide plant nutrients in accordance with the crop's
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needs. Higher availability of nutrients from chemical, organic, and bio-fertilizers may
be extrapolated from overall higher values of panicle length supplied with INM (Dass
et al., 2009).

When compared to each counterpart treatment with the identical NPK levels,
FYM resulted in greater panicle length (Choudhary et al., 2007; Choudhary and Suri,
2014). Farmyard manure could have provided essential minerals and utilized
efficiently all the applied nutrients to lengthen panicles (Ramakrishna et al., 2007,
Singh et al., 2018). Because of the constant availability of nutrients in a balanced
quantity throughout the various growth stages, panicle length was increased when
FYM was substituted in conjunction with RDF and bio-fertilizers (Singh et al., 2018).
Similarly, Pandey et al. (2007) found that using organic in combination with RDF
increased the efficiency of native and applied nutrient use at a faster pace, favouring
panicle length. Similar effects of FYM on rice were found by Parihar (2004) and Das
et al. (2014b).

5.5.1.5. Number of grains panicle™

It was also reported that INM improved soil qualities, resulting in greater plant growth
and improved rice growth components (Singh et al., 2018). The present findings are
in consistent with those of Virdia and Mehta (2009) and Das et al. (2014b). The
increased availability of nutrients was owing to the use of chemical fertilizers, which
resulted in greater values of plant growth attributes supplied through INM (Dass et al.,
2009). The filled grains panicle™ increased continuously with greater fertility levels as
a result of rice plants receiving better plant nutrition, as evidenced by the data, and this
finally resulted in consistent improvements in rice yields (Singh et al., 2001,
Choudhary et al., 2007). When compared to the required conventional fertilizer dose
and control, Mohanty et al. (2013) also found that chemical fertilizer, FYM, and bio-

fertilizer in integration generated the largest number of grains panicle™.

When organic fertilizers were substituted with the conventional approach, the
number of grains increased (Singh et al., 2018). The use of FYM in conjunction with
chemical fertilizers helps to deliver all of the balanced and high-quality nutrients

throughout the growth season, allowing rice plants to absorb enough photosynthetic
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products and produce more viable grains (Singh et al., 2018). FYM may have provided
minerals and used the essential nutrient that helps to improve viable grain formation
(Ramakrishna et al., 2007). Using the proper fertilizer proportions allows for the best
supply of all essential nutrients in optimal congruence with crop need, resulting in an
increase in the number of grains panicle (Borah et al., 2016). The control plots with
no fertility treatments appear to have the lowest grains number compared to the other
treatments as reported by other workers (Subramani et al., 2005; Choudhary and Suri,
2014; Mondal et al., 2016; Borah et al., 2016).

5.5.1.6. Test weight

The study demonstrated that 1000-seed weight grew in line with rising fertility levels
as a result of the crop's improved plant nutrition (Singh et al., 2001), with the greatest
amplitude in plots that are supplied with conventional method in conjunction with
organic and bio-fertilizers followed by their lone application, respectively (Choudhary
and Suri, 2014).

FYM provided all of the key minerals required by the crop for its yield
(Ramakrishna et al., 2007). When compared to each counterpart treatment with the
same NPK levels, FYM resulted in a higher number of 1000-grain weight in rice
(Choudhary et al., 2007; Choudhary and Suri, 2014). During the various growth
phases, nutrients required by the crop are continuously supplied in a balanced quantity,
so it enable the plant to digest sufficient photosynthetic products, resulting in increased
test weight (Singh et al., 2018). Similarly, the findings of Pandey et al. (2007), Virdia
and Mehta (2009) and Kumar et al. (2012a and 2012b), who found that FYM has a
comparable effect on rice. In the present study, a non-significant variation among
various treatments was observed in 1000 seed weight. Subramani et al. (2005), Mondal
et al. (2016) and Sahu et al. (2015) observed that test weight is a fairly consistent
varietal characteristic that does not fluctuate significantly among nutrient fertility

management approaches.

In conclusion, all the growth parameters of upland paddy except test weight
shows a significant variation (p < 0.05) among various treatments, and between the
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cropping years all parameters were significantly varied (p < 0.05) except for their
interaction that shows a non-significant difference.

5.5.2. Yield Parameters
5.5.2.1. Grain yield, Straw yield and Harvest index

INM is the fundamental reason for the rapid release of nutrients from inorganic
fertilization and the sluggish release of nutrients from organic and bio-fertilization
during the rice growing season by mitigating the nutrient demand of upland paddy
(Maeda and Hirai, 2002; Stoop et al., 2002; Efthimiadou et al., 2010). According to
Dass et al. (2009) improved yield qualities from integrated usage fertilizers resulted in
the highest grain and straw yield of upland rice, which was at par to conventional
methods but greater than the other treatments. Furthermore, INM plots absorbed more
nutrients, resulting in higher yields as a result of improved soil physical and chemical
features (Satyanarayana et al., 2002). Overall, rice growth characteristics and yield
qualities at various fertility levels were closely related to rice productivity (Choudhary
and Suri, 2014). Furthermore, using organic amendments in combination with RDF
increased the soil's physico-chemical and biological qualities, allowing for greater use
of native and applied nutrients at a faster rate, promoting better plant growth and
improving rice yield components (Pandey et al., 2007). The findings of Virdia and
Mehta (2009), Prakasha et al. (2010), Kumar et al. (2012a and 2012b), Sepehya et al.
(2012), Choudhary and Suri (2014) and Das et al. (2014b and 2014c) all supported this
study. Control plots had the lowest yield productivity as no nutrients were applied
(Choudhary and Suri, 2014).

FYM acts as a storehouse of macro and micro nutrients (Parihar, 2004),
because they enhance various metabolic activities, resulting in increased grain and
straw yields. It also supplies all essential minerals and acts as a catalyst for efficient
use of applied nutrients to increase yield attributes (Ramakrishna et al., 2007; Sowmya
and Ramana, 2021). According to Majumdar et al. (2007), integrated nutrient
management involving organic manures, bio-fertilizers, and chemical fertilizers is
necessary for long-term output. Sutaliya and Singh (2005) also noted that the treatment

without organic (just RDF) had a lower grain yield because organic fertilization
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improves nutrient delivery. FYM also aids in enhancing the activity of soil enzymes
that convert unavailable to available nutrients (Pandey and Tripathi, 1993; Salik and
Shah, 1999; Singh et al., 2006; Surekha, 2007). In comparison to conventional
fertilizers, organic sources of nutrients provide a balanced source of vital nutrients that
synchronizes with crop demands, uptake, and yield (Ghosh, 2007). Organic manure's
good effect on grain and straw yields could be attributed to an increased availability
of plant nutrients (Kumar et al., 2018a). According to Nath et al. (2015), the yield was
higher when chemical fertilizers and bio-fertilizers were used together rather to using
only bio-fertilizers or organic fertilization, emphasising the importance of combining
chemical fertilizers and bio-fertilizers to achieve higher productivity (Kumar et al.,
2018a). In their report, Virdia et al. (2010) and Mondal et al. (2016) discovered that
solitary fertilization was less efficient in increasing upland rice productivity and could
not boost up growth and yield than INM because of the sluggish release of plant
nutrients. Only chemical fertilization, however, was unable to maintain nutrient
availability in fragile upland soil as required by crops, leading to lower crop yields
than those of INM (Borah et al., 2016). The control of nutrients, however, had little
impact on the harvest index because fertility treatments shows a similar influenced on
grain and straw yields (Fig. 5.8) (Mondal et al., 2016; Borah et al., 2016).

Overall, the nutrient treatments had no discernible effect on the vyield
parameters of upland paddy, but there was a significant variation (p < 0.05) in the yield
of paddy straw. A significant difference between the cropping years in grain yield and
harvest index was also recorded. In contrast, there was a non-significant variation in

the yield of straw among the cropping years.
5.6. Correlation between the soil properties and plant parameters
5.6.1. Soil physical properties with plant parameters

All the soil physical properties showed a non-significant correlation with all the crop
growth and yield, however soil porosity exhibited a significant (p< 0.05; n= 19)
correlation with test weight of the crop (Table 5.10). This suggests that although soil
fertility treatments did influence most of the physical properties but not directly

impacted growth of the upland paddy in the studied area.
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Table 5.10. Correlation between soil physical properties and plant parameters

Plant Parameters Soil Physical Properties
Moisture WHC BD Porosity
Plant Height 0.17 0.01 -0.23 0.29
Tillers / hill 0.18 0.04 -0.23 0.31
Panicles/tiller 0.22 0.05 -0.22 0.31
Panicle length 0.15 -0.04 -0.17 0.24
Grains/panicle 0.15 0.01 -0.21 0.28
Test weight 0.41 0.33 -0.39 0.49*
Seed yield 0.22 0.08 -0.28 0.35
Straw yield 0.16 0.03 -0.19 0.28
Harvest index 0.20 -0.04 -0.27 0.32

*(P<0.05) significant at 0.05 level of probability

5.6.2. Soil chemical properties with plant parameters

All the soil chemical properties except pH and EC exhibited a significant (p< 0.05; n=

19) correlation with all the crop growth and yield parameters. However, EC showed a

significant (p< 0.05; n= 19) correlation with only test weight of the crop (Table 5.11).

This indicates that the fertility treatments improved the soil chemical propertied which

might have resulted in enhanced plant growth and output of upland paddy.

Table 5.11. Correlation between soil chemical properties and plant parameters

Plant Soil Chemical Properties

Parameters pH EC CEC | Avail. N | Avail. P | Avail. K ocC Total N
Plant Height -0.25 0.31 0.91* 0.76* 0.88* 0.78* 0.92* 0.93*
Tillers / hill -0.27 0.33 0.94* 0.78* 0.89* 0.81* 0.93* 0.93*
Panicles/tiller -0.28 0.36 0.94* 0.85* 0.89* 0.85* 0.94* 0.92*
Panicle length | -0.23 0.28 0.90* 0.78* 0.86* 0.77* 0.93* 0.92*
Grains/panicle | -0.27 0.30 0.93* 0.76* 0.88* 0.79* 0.92* 0.92*
Test weight -0.44 0.55* 0.95* 0.91* 0.88* 0.95* 0.87* 0.85*
Seed yield -0.32 0.36 0.94* 0.78* 0.89* 0.80* 0.93* 0.94*
Straw yield -0.29 0.30 0.95* 0.80* 0.87* 0.82* 0.92* 0.90*
Harvest index -0.20 0.33 0.83* 0.70* 0.84* 0.69* 0.89* 0.91*

*(P<0.05) significant at 0.05 level of probability
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.6.3. Soil biological properties with plant parameters

Among the soil biological properties, correlation with the plant parameters test weight

is the only plant parameter that showed a significant (p< 0.05; n= 19) correlation with

all the soil biological properties. The soil MBP exhibited a significant (p< 0.05; n=19)

correlation with almost all the plant parameters except with plant height and the

number of grains panicle?, whereas MBC and MBN both recorded a significant (p<

0.05; n= 19) correlation only with the number of panicles tiller? and test weight. The

rest of the parameters showed a non-significant correlation with soil biological

properties (Table 5.12). This suggests that the soil biological properties had no direct

influence on the growth and yield parameters of upland paddy.

Table 5.12. Correlation between soil biological properties and plant parameters

Plant Soil Biological Properties
Parameters MBC MBN MBP DHA | Bacteria | Fungi | Actinomycetes
Plant Height 0.41 0.40 0.45 0.30 0.29 0.39 0.26
Tillers / hill 0.43 0.42 0.47* 0.32 0.30 0.39 0.28
Panicles/tiller 0.48* 0.47* | 0.55* 0.34 0.31 0.39 0.27
Panicle length 0.40 0.39 0.47* 0.26 0.25 0.34 0.20
Grains/panicle 0.40 0.38 0.44 0.29 0.27 0.36 0.25
Test weight 0.65* 0.65* | 0.68* | 0.55* 0.46* 0.50* 0.47*
Seed yield 0.45 0.44 0.48* 0.36 0.33 0.43 0.32
Straw yield 0.41 0.40 0.46* 0.30 0.26 0.33 0.25
Harvest index 0.42 0.41 0.46* 0.31 0.33 0.44 0.27

*(P<0.05) significant at 0.05 level of probability
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5.7. Conclusion

The study reveals that all the growth parameters except test weight showed significant
variation among the treatments and between the cropping years, all the growth
parameters varied significantly. All the growth variables also increased significantly
from 1st year to 2nd year cropping. Grain yield and Harvest Index did not vary with
various treatments; however, straw yield was significantly (P<0.05) higher in T1s. On
the other hand, the grain yield increased from 1% year to 2" year crops in all the
treatments. Straw yield, however was at par between the two cropping years.
Furthermost, the study shows a non-significant interaction between various treatments
and cropping years in all the growth parameters except for the number of tillers hills™

in the 1% year cropping at 45 DAS.

In the light of results obtained from the findings, it is revealed that T1s
(100 % RDF + FYM + Azospirillum lipoferum + PSB + KMB + Glomus + ZnSB)
enhances the growth and yield attributes of upland paddy in both the years of cropping.
The INM module's use of bio-fertilizers and organic manure may have contributed to
a significant increase in upland paddy growth and production in the second cropping
over the first. So, it can be concluded that integrated nutrient management practices
despite of hill slope, help improving growth and productivity of upland paddy crop on
sustained basis by maintaining soil fertility in ‘jhum'-lands of North East hilly region

of India.
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CHAPTER 6

EFFECT OF INM ON THE ECONOMICS AND ENERGY EFFICIENCY OF
UPLAND PADDY IN 'JHUM'-LAND

6.1. Introduction
6.1.1. Economics

Agriculture is fraught with dangers due to low soil fertility and low crop yields. To
increase agricultural production, the majority of Indian farmers use fertilizers in an
indiscriminate manner. Such unbalanced treatments do not help to long-term crop
production improvement or economic sustainability (Srinivasarao et al., 2020). INM
is one such method that is both economically and environmentally sustainable
(Srinivasarao et al., 2020). Integrated Nutrient Management (INM) is a method of
feeding a crop that incorporates both organic and inorganic nutrients. Organic
manures, bio-fertilizers, and a lower dose of chemical fertilizers used in tandem help
to prevent pollution, increase yield and quality, and maintain soil health, resulting in
maximum yields and economics (Mounika et al., 2020; Srinivasarao et al., 2020). With
these factors in mind, the current research will look at how integrated nutrient
management affects the economics of upland paddy (Oryza sativa) in acidic
conditions. Farmers in our country are constantly confronted with a wide range of crop
production issues, and they have given considerable thought to the economics, from
which they might be benefitted (Bokhtiar et al., 2002).

6.1.2. Energy Efficiency

Agriculture operations can benefit from energy-saving technologies and techniques.
Agriculture and energy have a very close relationship. In the form of bio-energy, the
agricultural industry is both a consumer and a supplier of energy (Alam et al., 2005).
It makes extensive use of non-commercial energies (animate energy, farmyard manure,
and seed) as well as commercial energies (chemical fertilizers, diesel fuel, electricity,
farm machinery, irrigation water, and plant protections) both directly and indirectly
(Kizilaslan, 2009). With ever-increasing populations and a finite supply of fossil-

fueled energy, humanity faces a tremendous dilemma. As a result, there is a pressing
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need to develop agricultural methods that are less reliant on finite energy sources
(Smith et al., 2013).

When energy utilization is expressed as a unit of land, integrated nutrient
farming outperforms conventional farming for nearly all crop kinds. Integrated
fertilization, with its emphasis on sustainable production practices, can be a more
energy efficient alternative. Although there are some significant exceptions, most
organic farming systems have been proven to be more energy efficient than their

conventional counterparts.

Making optimum use of fertilizers and other nutrition sources is a significant
way for producers to save energy. Many researchers teach farmers to the principles of
fertilizer energy and efficient nutrient usage. As part of a soil fertility strategy, it helps
to optimize fertilizer use by fertilizer placement and application, as well as the use of
farm manures, bio-fertilizers, and cover crops. Farmers will save money and energy

by judiciously employing these management strategies.
6.2. Materials and Methods

6.2.1. Economics: The costs incurred from the preparation of the land through crop

harvest were used to determine the economics of each treatment.

The following formulae are used to estimate the different econometric parameters

Total Cost of Cultivation (Rs.) = {Total Input (Operational) Costs + Total Input
(Fertilizers) Costs + Seeds}

Gross Return (Seed) (Rs.) = Seed Yield ha! (kg) x Price kg* (Rs.)

Gross Return (Straw) (Rs.) = Straw Yield ha* (kg) x Price kg™ (Rs.)

Total Gross Return (Rs.) = Gross Return (Seed) + Gross Return (Straw)

Net Return (Rs.) = Total Gross Returns (Rs.) - Total Cost of Cultivation (Rs.)

BCR = Total Gross Returns (Rs.)

Total Cost of Cultivation (Rs.)
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Table 6.1. Input costs for integrated nutrient management in upland paddy

A. Operations

Rate

1. Slashing Rs. 203 labour?! (MGNREGA- Mahatma
2. Burning Gandhi  National Rural Employment
Guarantee Act, wage rate as per 2019)

3. Land preparation

4. Sowing

5. Weeding

6. Harvesting

7. Threshing

8. Winnowing
B. Seeds Rs. 33 kg (as per variety from the locals)
C. Fertilizers

1. Chemical fertilizers

a. Urea

b. Single Super Phosphate (SSP)
¢. Muriate of Potash (MOP)

Rs.6 kg (Tamil Nadu
Rs. 10 kg Agriculture
Rs. 20 kg University)

Organic fertilizers
Farm Yard Manure (FYM)

Rs. 2500 tonne!

2

a

3. Biofertilizers
a. Azospirillum lipoferum

b. Phosphorus Solubilizing Bacteria (PSB)
c. Potassium Mobilizing Bacteria (KMB)
d. Glomus (Arbuscular Mycorrhizal Fungi)

e. Zinc Solubilizing Bacteria (ZnSB)

Rs. 450 kg*
Rs. 470 kg!
Rs. 470 kg
Rs. 168 kg™
Rs. 460 kg

Anand Agro Care

Rupees per hectare per year (Rs. ha yr') was used as a measure of financial

flow, correspondingly. The entire amount invested served as the input component, and

the proceeds from sales provided the output for each treatments. All agricultural inputs

were calculated using the current daily market rate in order to analyse the monetary

input (Table 6.2). The market price for each item was used to determine the monetary

return.
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Table 6.2. Monetary input in a variety of integrated nutrient management

initiatives for upland rice

A. Operations

Monetary Input (Rs. hatyr?)

1. Slashing 26710.53
2. Burning 26710.53
3. Land preparation 17807.02
4. Sowing 17807.02
5. Weeding 17807.02
6. Harvesting 17807.02
7. Threshing 17807.02
8. Winnowing 17807.02
B. Seeds 1650.00
C. Fertilizers

1. Chemical fertilizers

a. Urea 781.20

b. Single Super Phosphate (SSP) 1875.00

c. Muriate of Potash (MOP) 1032.00
2. Organic fertilizers

a. Farm Yard Manure (FYM) 37500.00
3. Bio-fertilizers

a.  Azospirillum lipoferum 1125.00

b. Phosphorus Solubilizing Bacteria (PSB) 1175.00

c. Potassium Mobilizing Bacteria (KMB) 1175.00

d. Glomus (Arbuscular Mycorrhizal Fungi) 3150.00

e. Zinc Solubilizing Bacteria 1150.00
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6.2.2. Energy Efficiency: The goal of the energy efficiency aspects was to appraise
the correlation amongst total energy input use and output and production per hectare.
Energy efficiency of all treatments were calculated according to energy value incurred
from all the input and the outputs. Using the appropriate energy conversion factors, all
units of agricultural inputs were converted to energy units (Table 6.3). Direct energy
consumed differ from the indirect energy consumed. Human labour, fertilizers
(chemicals, bio-fertilizers) and farm yard manure and seeds that were used for the trial
were recorded as inputs, and rice (main product) and straw productivity were noted as
output. For the purpose of calculating the total human energy, the working hours of
the labour power were determined for each activity. One man hour = 0.679 MJ ha'

was used to calculate the overall amount of human energy required in each activity.

Energy indices for upland paddy have been calculated by using the following
equations, (Rafiee et al., 2010; Soni and Soe, 2016).

Energy Use Efficiency = Total Output Energy (MJ ha™)
Total Input Energy (MJ ha)
Energy productivity (Kg MJ1) = Paddy Yield (Kg ha?)
Total Input Energy (MJ ha?)

Specific Energy (MJ Kg™) = Total Input Energy (MJ ha?)

Paddy Yield (Kg ha?)
Net Energy (MJ hat) = Total Output Energy (MJ hat)-Total Input Energy (MJ ha®)

Energy Efficiency Ratio = Total Output Energy in Main Product (MJ ha't)

Total Input Energy (MJ ha)
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Table 6.3. Energy equivalents of major inputs for integrated nutrient

management in upland paddy production

Energy Source Unit Energy Equivalent Reference
(MJ unit?)
1.Direct energy input (Gopalan et al., 1978; Toky and
Ramakrishnan, 1982; Upadhyaya et
a. Human labour- Men ha 0.679 al., 2015)
2. Indirect energy input
a. Chemical fertilizers
i N Kg 60.60
(Singh et al., 2002; Gundogmus, 2006;
Alipour et al.,, 2012; Soni and Soe,
i P Kg 11.10 2016; Ghosh et al., 2021).
iii. K Kg 6.70
(West and Marland, 2002; Mandal et
b. FYM Kg 0.30 al., 2015; Ghosh et al., 2021).
c. Bio-fertilizers Kg 10.00 (Tsatsarelis et al., 1993; Ram and
Verma, 2015).
d. Seeds Kg 14.80 (Ozkan et al., 2004; Soni and Soe,
2016).
3. Energy output Kg 14.80
(Ozkan et al., 2004; Soni and Soe,
a. Paddy grains 2016).
b. Straw Kg 12.50
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6.3. Statistical Analysis

The data on economics and energy efficiency parameters were analysed statistically
using the OP-STAT (an online statistical analysis tool - http://14.139.232.166/opstat/)
following standard procedure of randomized block design (RBD) and as per method
of "Analysis of Variance (ANOVA) ". Where the "F" test indicated a significant result,
the treatment means were compared using the least significant difference (LSD)
method at a probability threshold of 0.05. Critical Difference (CD) and Standard Error
of Mean (SEM) were calculated to determine the significance among treatment means.
The skeleton of the one-way and two-way ANOVA tables are presented in Table 6.4
and Table 6.5.

Table 6.4. The skeleton of one-way-ANOVA table is presented in the table below

Source of Variance d.f. (SS) (MSS) F (Cal.)
Due to Replication (r-1) SSR MSSR=SSR/(r-1) Fr=MSSR/MSSE
Due to Treatment (t-1) SSt MSSt=SSt /(t-1) Fr=MSSt/MSSE
Due to Error (r-1) (t-1) SSE MSSE=SSE/(r-1) (t-1)

Total (rt-1) SST

Table 6.5. The skeleton of two-way-ANOVA table is presented in the table below

Source of Variance d.f. (SS) (MSS) F (Cal.)
Factor A (k-1) SSA | MSSA=SSA/(k - 1) FA=MSSA/MSSE
Factor B (1-1) SSB | MSSB=SSB/(I - 1) Fe=MSSB/MSSE
Interaction (Ax B) | (k-1)(I-1) | SSAB | MSSAB=SSAB/(k - 1) (I- 1) | FAs=MSSAB/MSSE
Error kIl (m-1) SSE MSSE=SSE/{kl (m -1)}

Total klm-1 SST
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6.4. Results
6.4.1. Economics
6.4.1.1. Cost of cultivation

The costs of the different materials used and the cost of their preparation were
compared per hectare basis. The findings demonstrated a very noticeable impact of
nutrient management strategies on upland paddy production costs. The cost of
cultivation increased with increase in quantity of organics, due to higher costs of
manure and bio-fertilizers. Over the course of both years, the fertility treatments had
greater cultivation costs than the control plots. Hence, the cost of cultivation was
maximum (Rs. 2,10,876.36) with INM treatments (T1s) and compared to control, the
cost is higher by Rs. 48,963.20 due mainly to higher cost of organic manures and bio-
fertilizers. Use of only chemical fertilizers (T1) or control (To), compared to other

fertility treatments, incurred lower expenses.

The number of labours (man days) involved in slashing and burning of each
treatment plot was 131.58 labours per operation per treatment, and the labour cost per
operation per treatment was 26,710.53 (Rs. ha), whereas the number of labours (man
days) involved in land preparation, sowing, weeding, harvesting, threshing and
winnowing of each treatment is 87.72 labours per operation per treatment, and the
labour cost per operation per treatment was 17,807.02 (Rs. hat). Hence the total labour
costs for each operations per treatment was 1,60,263.16 (Rs. ha*). The total seed and
fertilizers input costs and cost of cultivation of the study are presented in Table 6.6a,
6.6b, 6.7 and 6.8.
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Table 6.6a. Input (Seeds and Fertilizers) Cost (in Rs hal)

Treatments | Seeds ha? (Rs.33 kg?) | Urea (Rs.6 kg?) hat SSP (Rs.10 kgt) ha! | MOP (Rs.20 kg®) ha? | FYM (Rs.2500 tonne™) ha? Total
Qty. (Kg) | Rate (Rs.) | Qty. (Kg) | Rate (Rs.) | Qty. (Kg) | Rate (Rs.) | Qty. (Kg) | Rate (Rs.) | Qty. (tons) Rate (Rs.) (Rs.)
To 50 1,650 - - - - - - - - 1,650.00
T 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 - - 5,338.20
T2 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 15 37,500 42,838.20
Ts 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 - - 5,338.20
Ta 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 - - 5,338.20
Ts 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 - - 5,338.20
Ts 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 - - 5,338.20
T7 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 - - 5,338.20
Ts 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 15 37,500 42,838.20
To 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 - - 5,338.20
Tao 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 - - 5,338.20
Tu 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 15 37,500 42,838.20
T2 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 15 37,500 42,838.20
T 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 15 37,500 42,838.20
T 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 - - 5,338.20
Tis 50 1,650 130.2 781.2 187.5 1,875 51.6 1,032 15 37,500 42,838.20
T 50 1,650 - - - - - - 15 37,500 39,150.00
T 50 1,650 - - - - - - - - 1,650.00
Tis 50 1,650 - - - - - - 15 37,500 39,150.00
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Table 6.6b. Input (Bio-fertilizers) Cost (in Rs ha'')

Azospirillum (Rs.450 kg™?) ha! | PSB (Rs.470 kg') ha! | KMB (Rs.470 kg?) ha! | Glomus (Rs.168 kg*) ha' | Zn-SB (Rs.460 kg™) ha Total
Qty. (Kg) Rate (Rs.) Qty. (Kg) | Rate (Rs.) | Qty. (Kg) | Rate (Rs.) | Qty. (Kg) Rate (Rs.) Qty. (Kg) Rate (Rs.) (Rs.)

To - - - - - - - - - - -

T - - - - - - - - - - -

T2 - - - - - - - - - - -

Ts 25 1,125 - - - - - - - - 1,125.00
Ta - - - - - - 18.75 3,150 - - 3,150.00
Ts - - - - - - - - 25 1,150 1,150.00
Ts - - 2.5 1,175 - - - - - - 1,175.00
T7 - - - - 25 1,175 - - - - 1,175.00
Ts - - - - - - - - 25 1,150 1,150.00
To 25 1,125 - - - - - - 25 1,150 2,275.00
Tio - - - - - - 18.75 3,150 25 1,150 4,300.00
Tu - - - - - - 18.75 3,150 - - 3,150.00
T2 - - - - - - 18.75 3,150 25 1,150 4,300.00
T 25 1,125 2.5 1,175 25 1,175 18.75 3,150 - - 6,625.00
Tua 25 1,125 25 1,175 25 1,175 18.75 3,150 25 1,150 7,775.00
Tis 25 1,125 25 1,175 25 1,175 18.75 3,150 25 1,150 7,775.00
T 25 1,125 2.5 1,175 25 1,175 18.75 3,150 - - 6,625.00
T 25 1,125 25 1,175 25 1,175 18.75 3,150 25 1,150 7,775.00
Tis 25 1,125 25 1,175 25 1,175 18.75 3,150 2.5 1,150 7,775.00
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Table 6.7. Total Input (Materials) Costs (in Rs ha'')

Treatments Seeds + Chemical Fertilizers + Bio-fertilizers Total (Rs.)
Organic Manure (ha'l) (hat)
To 1,650.00 - 1,650.00
T1 5,338.20 - 5,338.20
T2 42,838.20 - 42,838.20
Ts 5,338.20 1,125.00 6,463.20
T4 5,338.20 3,150.00 8,488.20
Ts 5,338.20 1,150.00 6,488.20
Ts 5,338.20 1,175.00 6,513.20
T7 5,338.20 1,175.00 6,513.20
Ts 42,838.20 1,150.00 43,988.20
To 5,338.20 2,275.00 7,613.20
T 5,338.20 4,300.00 9,638.20
Tu 42,838.20 3,150.00 45,988.20
Ti2 42,838.20 4,300.00 47,138.20
Tis 42,838.20 6,625.00 49,463.20
Tia 5,338.20 7,775.00 13,113.20
Tis 42,838.20 7,775.00 50,613.20
Tis 39,150.00 6,625.00 45,775.00
T 1,650.00 7,775.00 9,425.00
Tis 39,150.00 7,775.00 46,925.00
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Table 6.8. Total Cost of Cultivation (in Rs ha?)

Total Labour Input Total Input (Materials) Costs Total (Rs.)
(Operational) Costs
To 1,60,263.16 1,650.00 1,61,913.16
T 1,60,263.16 5,338.20 1,65,601.36
T2 1,60,263.16 42,838.20 2,03,101.36
T3 1,60,263.16 6,463.20 1,66,726.36
T4 1,60,263.16 8,488.20 1,68,751.36
Ts 1,60,263.16 6,488.20 1,66,751.36
Te 1,60,263.16 6,513.20 1,66,776.36
Ty 1,60,263.16 6,513.20 1,66,776.36
Ts 1,60,263.16 43,988.20 2,04,251.36
To 1,60,263.16 7,613.20 1,67,876.36
T1o 1,60,263.16 9,638.20 1,69,901.36
Tu 1,60,263.16 45,988.20 2,06,251.36
T2 1,60,263.16 47,138.20 2,07,401.36
Tis 1,60,263.16 49,463.20 2,09,726.36
Tia 1,60,263.16 13,113.20 1,73,376.36
Tis 1,60,263.16 50,613.20 2,10,876.36
Tise 1,60,263.16 45,775.00 2,06,038.16
Tz 1,60,263.16 9,425.00 1,69,688.16
Tis 1,60,263.16 46,925.00 2,07,188.16
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6.4.1.2. Returns and Benefit Cost Ratio

The gross and net returns from upland paddy were impacted by nutrient management.
Fertility treatments resulted in much higher gross and net returns over that of the
control plots in spite of higher cost of cultivation due to added nutrients. The nutrient

management strategies showed a wide range of gross and net returns.

The INM plot Tis, which was followed by Ti3 in terms of grain and straw
production, had the highest yield of these two materials and hence resulted in the
highest gross and net return, whereas control To, the unfertilized plot with the lowest

yield, had the lowest returns.

T1s showed the highest gross return (Rs. 318750.00) and net return (Rs.
107873.64), followed by T13 (gross return Rs. 308487.50 and net return Rs. 98761.14).
The least returns was recorded in control To (gross return Rs. 211179.17 and net return
Rs. 49266.01). The highest gross (Rs. 305200.00), net return (Rs. 94323.64) and BCR
(1.45) were recorded from T1s for 1% year cropping, whereas in the 2" year cropping,
the highest gross return was recorded in T1s (Rs. 332300.00), net returns was recorded
in T1a (Rs. 124023.64) and BCR was recorded the highest in Tg and Tio (1.73)
respectively (Fig. 6.2 and 6.3). The Gross Return, Net return and BCR of the study are
presented in Table 6.9. INM had numerically higher gross return, net return and BCR
in both years and increased significantly (p < 0.05) from 1st year to 2nd year cropping
(Fig. 6.2 and 6.3).

A significant variation existed (p < 0.05) on gross return among treatments and
cropping year whereas the net return showed a significant variation (p < 0.05) only
among the cropping years (Fig. 6.2). Furthermore, a significant variation (p < 0.05)
was observed in Benefit cost ratio (BCR) only among the cropping years, but among
treatments there was a non-significant effect (Fig. 6.3).
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Table 6.9. Returns and BCR of different treatment combinations (pooled for two

consecutive harvesting years)

Treatments Grain Gross | Straw Gross | Total Gross | Net Return BCR
Return (Rs.) | Return (Rs.) | Return (Rs.) (Rs.)
To 144512.50 66666.67 211179.17 49266.01 1.30
T1 165687.50 76041.67 241729.17 76127.81 1.46
T2 197175.00 83125.00 280300.00 77198.64 1.38
T3 177100.00 79583.33 256683.33 89956.98 1.54
Ts 179712.50 79791.67 259504.17 90752.81 1.54
Ts 169125.00 77500.00 246625.00 79873.64 1.48
Ts 173800.00 77916.67 251716.67 84940.31 151
T7 171462.50 77708.33 249170.83 82394.48 1.49
Ts 204325.00 84791.67 289116.67 84865.31 142
To 183562.50 80208.33 263770.83 95894.48 1.57
Tio 186725.00 80416.67 267141.67 97240.31 1.57
Tu 208862.50 85625.00 294487.50 88236.14 1.43
Ti2 214775.00 88541.67 303316.67 95915.31 1.46
Tis 218487.50 90000.00 308487.50 98761.14 1.47
T 191400.00 80833.33 272233.33 98856.98 1.57
Tis 226875.00 91875.00 318750.00 107873.64 1.51
Tis 159912.50 72708.33 232620.83 26582.68 1.13
T 156612.50 70208.33 226820.83 57132.68 1.34
Tis 162800.00 73541.67 236341.67 29153.51 1.14
SE(m) 20,373.13 3,814.94 22,043.07 22,043.34 0.12
CD NS 10,986.41* NS NS NS

*(P<0.05) significant at 0.05 level of probability
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6.4.2. Energy Efficiency

6.4.2.1. Operational and non-operational (crop) energy requirement and energy

input-output

Both operational and non-operational energy were included in the energy inputs. In
contrast to non-operational (indirect) energy, which included seed, manure, bio-
fertilizers, and chemical fertilizer (NPK), whereas operational (direct) energy
consisted of labour energy involved in slashing, burning, land preparation, sowing,
weeding, harvesting, threshing, and winnowing. In Table 6.10a, the energy input for
different processes occurring throughout the field experiment is shown in the manner
in which the local farmers operate. The energy input needed for applying manure and
fertilizers is shown in Table 6.10b. Table 6.11 summarises the overall energy input
through various operations and illustrates the plots with the highest levels of integrated
nutrients (Tis) that produced the highest levels of energy input. Compared to
alternative fertility treatments and unfertilized plots, integrated plots produced more
energy overall output (Table 6.12). The energy input for T1s is 20698.84 MJ ha* and
its total energy output is 331437.50 MJ ha. The total energy input in Tis is notably
higher than all the other treatments, whereas To reported with the least energy input
(5028.42 MJ hal) and energy output (231478.33 MJ hal). Since inputs used for 1st
year and 2nd year cropping was same, there is no variation in the energy input across
both the years for respective treatments used. However, the additional energy input
investments in T1is have also been compensated with correspondingly larger energy
returns. INM had numerically higher energy output in both years and increased
significantly (p < 0.05) from 1st year to 2nd year cropping (Fig. 6.5). A significant
variation (p < 0.05) on the total output energy among treatments and between cropping

years was also recorded (Fig. 6.5).
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Table 6.10a. Energy input (labour used) through various operations (MJ ha?)

Slashing Burning Land Application of soil Sowing Weeding | Harvesting | Threshing | Winnowing Total Energy
preparation amendments Input (MJ hal)
To 714.737 714.737 476.491 - 476.491 476.491 476.491 476.491 476.491 4288.42
T 714.737 714.737 476.491 141.46 476.491 476.491 476.491 476.491 476.491 4429.88
T2 714.737 714.737 476.491 424.38 476.491 476.491 476.491 476.491 476.491 4712.80
Ts 714.737 714.737 476.491 226.33 476.491 476.491 476.491 476.491 476.491 4514.75
Ta 714.737 714.737 476.491 226.33 476.491 476.491 476.491 476.491 476.491 4514.75
Ts 714.737 714.737 476.491 226.33 476.491 476.491 476.491 476.491 476.491 4514.75
Ts 714.737 714.737 476.491 226.33 476.491 476.491 476.491 476.491 476.491 4514.75
T7 714.737 714.737 476.491 226.33 476.491 476.491 476.491 476.491 476.491 4514.75
Ts 714.737 714.737 476.491 509.25 476.491 476.491 476.491 476.491 476.491 4797.67
To 714.737 714.737 476.491 254.63 476.491 476.491 476.491 476.491 476.491 4543.05
Tao 714.737 714.737 476.491 254.63 476.491 476.491 476.491 476.491 476.491 4543.05
Tu 714.737 714.737 476.491 509.25 476.491 476.491 476.491 476.491 476.491 4797.67
T2 714.737 714.737 476.491 537.54 476.491 476.491 476.491 476.491 476.491 4825.96
T 714.737 714.737 476.491 565.83 476.491 476.491 476.491 476.491 476.491 4854.25
T 714.737 714.737 476.491 282.92 476.491 476.491 476.491 476.491 476.491 4571.34
Tis 714.737 714,737 476.491 565.83 476.491 476.491 476.491 476.491 476.491 4854.25
Tie 714.737 714.737 476.491 424.38 476.491 476.491 476.491 476.491 476.491 4712.80
Tz 714.737 714.737 476.491 141.46 476.491 476.491 476.491 476.491 476.491 4429.88
Tis 714.737 714.737 476.491 424.38 476.491 476.491 476.491 476.491 476.491 4712.80
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Table 6.10b. Energy input through various soil amendments (MJ hat)

N P K FYM Azospirillum PSB KMB Glomus ZnSB Total Energy
lipoferum Input (MJ hal)

To - - - - - - - - - -

T 7890.12 2081.25 345.72 - - - - - - 10317.09
T2 7890.12 2081.25 345.72 4500.00 - - - - - 14817.09
Ts 7890.12 2081.25 345.72 - 25.00 - - - - 10342.09
Ta 7890.12 2081.25 345.72 - - - - 187.50 - 10504.59
Ts 7890.12 2081.25 345.72 - - - - - 25.00 10342.09
Te 7890.12 2081.25 345.72 - - 25.00 - - - 10342.09
T7 7890.12 2081.25 345.72 - - - 25.00 - - 10342.09
Ts 7890.12 2081.25 345.72 4500.00 - - - - 25.00 14842.09
To 7890.12 2081.25 345.72 - 25.00 - - - 25.00 10367.09
T 7890.12 2081.25 345.72 - - - - 187.50 25.00 10529.59
Tu 7890.12 2081.25 345.72 4500.00 - - - 187.50 - 15004.59
T2 7890.12 2081.25 345.72 4500.00 - - - 187.50 25.00 15029.59
Tis 7890.12 2081.25 345.72 4500.00 25.00 25.00 25.00 187.50 - 15079.59
Tia 7890.12 2081.25 345.72 - 25.00 25.00 25.00 187.50 25.00 10604.59
Tis 7890.12 2081.25 345.72 4500.00 25.00 25.00 25.00 187.50 25.00 15104.59
Tie - - - 4500.00 25.00 25.00 25.00 187.50 - 4762.50
Tz - - - - 25.00 25.00 25.00 187.50 25.00 287.50
Tis - - - 4500.00 25.00 25.00 25.00 187.50 25.00 4787.50
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Table 6.11. Total input energy consumed (MJ hal)

Treatments Energy Input through Energy Input through Energy Input through Total Input
operations Seeds Soil Amendments Energy consumed
To 4288.42 740.00 - 5028.42
T 4429.88 740.00 10317.09 15486.97
T2 4712.80 740.00 14817.09 20269.89
Ts 4514.75 740.00 10342.09 15596.84
Ta 4514.75 740.00 10504.59 15759.34
Ts 4514.75 740.00 10342.09 15596.84
Ts 4514.75 740.00 10342.09 15596.84
T7 4514.75 740.00 10342.09 15596.84
Ts 4797.67 740.00 14842.09 20379.76
To 4543.05 740.00 10367.09 15650.14
T1o 4543.05 740.00 10529.59 15812.64
Tu 4797.67 740.00 15004.59 20542.26
Ti2 4825.96 740.00 15029.59 20595.55
Tis 4854.25 740.00 15079.59 20673.84
T 4571.34 740.00 10604.59 15915.93
Tis 4854.25 740.00 15104.59 20698.84
Tie 4712.80 740.00 4762.50 10215.30
Ti7 4429.88 740.00 287.50 5457.38
Tis 4712.80 740.00 4787.50 10240.30
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Table 6.12. Total output energy consumed (MJ ha) (pooled for two consecutive
harvesting years)

Treatments Energy Output through Energy Output through Total Energy
Grain Yield Straw Yield Output
To 64811.67 166666.67 231478.33
T1 74308.33 190104.17 264412.50
T2 88430.00 207812.50 296242.50
Ts 79426.67 198958.33 278385.00
Ts 80598.33 199479.17 280077.50
Ts 75850.00 193750.00 269600.00
Ts 77946.67 194791.67 272738.33
T7 76898.33 194270.83 271169.17
Ts 91636.67 211979.17 303615.83
To 82325.00 200520.83 282845.83
T1o 83743.33 201041.67 284785.00
Tu 93671.67 214062.50 307734.17
T 96323.33 221354.17 317677.50
Tis 97988.33 225000.00 322988.33
Tia 85840.00 202083.33 287923.33
Tis 101750.00 229687.50 331437.50
Tis 71718.33 181770.83 253489.17
Tuz 70238.33 175520.83 245759.17
Tis 73013.33 183854.17 256867.50
SE(m) + 9,137.02 9,537.93 15,412.36
CD NS 27,467.71* 44,385.11*

*(P<0.05) significant at 0.05 level of probability

212




250000.00

200000.00

KA

150000.00

100000.00

5000000Iil'iiiil"llll"ii
0.0
T2

Grain and Straw Energy Output (MJ ha?)

0
T10 T11 T12 Ti13 Ti4 Ti5 Ti6 T17 T18
_ Graln Energy Output _ Gram Energy Output —Straw Energy Output Straw Energy Output
2019 2020 2019 2020
Grain Energy Straw Energy
Output Output
(2019-2020) (2019-2020)
Cc.D. SE[(m) = C.D. SE[{m) £
Treatments [(A) NS 8,068.34 30828.965* 10,918.20
Cropping Season (B) 7391.461* 2,617.72 NS 3,542.33
AxB NS 11,410.36 NS 15,440.67

Fig. 6.4. Effect on INM on grain and straw energy output (MJ ha') during thelst year and 2nd year of cropping

213



400000.00

350000.00

300000.00

250000.00

200000.00

150000.00

100000.00

50000.00

Total Energy Output (MJ ha'?)

0.0

o

T10 Ti1 Ti12 Ti3 Ti4 Ti15 Ti6 T17
[ ] Total Output Energy 2019 ] Total Output Energy 2020

Total Energy

Output
{2019-2020)
C.D. SE[(m) *
Treatments [A) 42747.458% 15,139.19
Cropping Season (B) 13869.107%# 4,911.80
AxB NS 21,410.04

Fig. 6.5. Effect on INM on the total energy output (MJ ha) during thelst year and 2nd year of cropping

214



6.4.2.2. Energetics

For systematizing the various nutrient control modules (organic, inorganic and INM),
the energy budgeting have been gauged (Table 6.15). The highest energy use
efficiency is recorded in To after both the cropping years (44.55 after 1st year cropping
and 47.52 after 2nd year cropping) and energy efficiency ratio recorded the highest in
the organically treated plot T17 (14.92) after the second year cropping, whereas after
the first year cropping To recorded the maximum (11.41) energy efficiency ratio. The
energy efficiency ratio is generally high in lower energy input and low in higher energy
input. The maximum energy productivity after first year cropping was recorded in To
(0.77 Kg MJ™?) and after the second year cropping it was recorded in T17(1.01 Kg MJ-
1. Whereas, the highest specific energy after the first year cropping was recorded in
T1 (4.29 MJ Kg?!) and after the second year cropping it was recorded in T2 (3.22 MJ
Kg?). The net energy yield (303379.49 MJ ha? after the 1st year cropping and
318097.83 MJ ha'! after the 2nd year of cropping) was recorded maximum in T15 (100
% RDF + FYM + A. lipoferum + PSB + KMB + Glomus + Zn solubilizer) and the least
was recorded in control ie., To (218988.25 MJ ha* after the 1st year cropping and
233911.58 MJ ha'! after the 2nd year of cropping). All energy indices except specific
energy increased significantly (p < 0.05) from 1st year to 2nd year cropping (Fig. 6.6;
6.7; 6.8; 6.9 and 6.10).
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Table 6.13. Energy Use Efficiency (EUE %), Energy Productivity (Kg MJ?),
Specific Energy (MJ Kgt), Net Energy (MJ ha?') and Energy Efficiency Ratio

(EER) (pooled for two consecutive harvesting years)

Treatments EUE Energy Productivity | Specific Energy | Net Energy EER
To 46.03 0.87 1.32 226449.91 12.89
T1 17.07 0.32 3.66 248925.53 4.80
T2 14.61 0.29 3.54 275972.61 4.36
Ts 17.85 0.34 3.04 262788.16 5.09
Ts 17.77 0.35 3.05 264318.16 5.11
Ts 17.29 0.33 331 254003.16 4.86
Te 17.49 0.34 3.08 257141.49 5.00
T7 17.39 0.33 3.14 255572.33 4.93
Ts 14.90 0.30 3.48 283236.07 4.50
To 18.07 0.36 2.93 267195.69 5.26
T 18.01 0.36 2.92 268972.36 5.30
Tu 14.98 0.31 3.34 287191.91 4.56
T 15.42 0.32 331 297081.95 4.68
Tis 15.62 0.32 3.19 302314.49 4.74
T 18.09 0.36 2.89 272007.40 5.39
Tis 16.01 0.33 3.03 310738.66 4.92
Tise 24.81 0.47 2.62 243273.87 7.02
T 45.03 0.87 1.30 240301.79 12.87
Tis 25.08 0.48 2.40 246627.20 7.13

SE(m) + 1.317 0.067 0.393 15,413.62 0.982
CD 3.792* 0.193* 1.133* 44,388.74* 2.828*

*(P<0.05) significant at 0.05 level of probability
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6.5. Discussion
6.5.1. Economics
6.5.1.1. Cost of cultivation

In comparison to other treatments, using simply chemical fertilizers was very
inexpensive, as the cost of synthetic fertilizers are quite cheap compared to organic
sources of fertilizers. The high expense of integrated nutrients was mostly due to the
requirement for a large quantity of bulky fertilizers (Baishya et al., 2013). Organic
manuring's beneficial influence on the economics of rain-fed upland rice was
neutralized by its high cost (because to its huge volume) (Borah et al., 2016).
According to Mondal et al. (2016), the cost of cultivation grew continuously as the
rate of integrated nutrient application increased, and the highest cost associated with
the use of chemical, organic, and bio-fertilizers was more than all other fertility
treatments. The use of organic fertilizers and chemical fertilizers also resulted in
significantly higher production costs than the other fertility treatments. The high
expense of cultivation was due to the high cost of manure and bio-fertilizers. Mondal
et al. (2016) found that using 100% RDF (chemical fertilizers) and control plots had
the lowest cost of any of the other reproductive treatments. Apireddy et al. (2008)
support his findings, stating that the cost of cultivation was greater with organic
fertilization supplies, owing to the higher cost of organic fertilizers when compared to

chemical fertilizers.
6.5.1.2. Returns and Benefit Cost Ratio

When compared to organic nutrient supply, INM provided larger net returns and a
better BCR. These findings are in line with Hanson and Musser (2003) and Russo and
Taylor (2006). The pattern in return per rupee invested in the INM was interesting, as
it provides us with highest returns. In their study, Baishya et al. (2010) and Kumar et
al. (2013) found that crops with integrated nutrients generated a significantly greater
return on investment per rupee than other treatments. The crop with only organic
fertilization yielded a lower return per rupee invested. Their findings underscored the

importance of nutrient integration for high profit.
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In their study, Singh et al. (2014b), Desai et al. (2015) and Mondal et al. (2016)
found that the combined use of chemical, organic manure and bio-fertilizers is more
beneficial in terms of gross and net returns. It is possible that the larger gross and net
return in integrated fertilization is related to the higher grain and straw yield in the
integrated plots (Koch et al., 2004). In terms of economic feasibility, the integrated
treatments yielded the highest gross and net return, because of the enhanced yield of
the rice crop under integrated treatment, the returns and benefit cost ratio increased.
According to Swaroopa et al. (2016), enhanced technology, such as the use of high
yielding varieties, seed treatment, adequate supply of fertilizers and scientific methods
in plant protection and weed management practices, resulted in a higher returns than

traditional farming practices.

Due to weak growth and productivity, the control plots paid relatively low
gross and net returns. The agricultural output determines the economic return.
Balanced nutrition, as provided by INM, has been demonstrated to aid in growth and
productivity. As a result, the crop with the highest INM vyielded the best economic
return. Researchers such as Deb (2003), Laxminarayana and Patiram (2006) and Dass
et al. (2009) too found similar results. The findings revealed the importance of
balancing nutrition using INM in order to improve productivity and economics. Singh
et al. (2015a) concluded that, the conjoint use of fertilizer application is capable of

sustaining higher productivity and profitability on long term basis.

The BCR offered by INM was superior to that of organic nutrition supply.
These conclusions concur with those made by Hanson and Musser (2003) and Russo
and Taylor (2006). Furthermore, the cost-benefit analysis of this study reveals that T1s
(100 % RDF + FYM + A. lipoferum + PSB + KMB + Glomus + Zn solubilizer) and
T14 (100 % RDF + A. lipoferum + PSB + KMB + Glomus +Zn solubilizer) under better
nutrition control produced the greater BCR. Desai et al. (2015) and Srinivasarao et al.

(2020) also reported similar findings.
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6.5.2. Energy Efficiency

6.5.2.1. Operational and non-operational (crop) energy requirement and energy

input-output

The findings of the present study show that each operation under scrutiny relies mostly
on human labour. It is calculated that the larger energy intake also includes the energy
consumed by human labour to carry out the processes. Upadhyaya et al. (2015) also
reported similar findings. Additionally, the integrated plots with the highest energy
input are those that have applied different soil amendments. Similarly, Mandal et al.
(2002) provided an illustration of how much input energy is used during the
application of fertilizers. The study shows that, as modernization advances,
agricultural production needs increasing energy inputs as also observed by Freedman
(1980). The study also demonstrates that, while energy use efficiency is constantly
declining, energy consumption is rising steadily to enhance agricultural output. Pal et
al. (1985) and Sharma and Thakur (1989) too illustrated the same findings. Manures,
bio-fertilizers and chemical fertilizers accounted for the majority of the energy used in
the inputs for the various activities that were used on crops (Mandal et al., 2002).
Because of the efficient and balanced supply of nutrients, FYM treatment in the INM
module may have resulted to higher crop yields and consequently higher energy
outputs, resulting in healthier soil (Deike et al., 2008). The use of integrated nutrients
in the cultivation of upland paddy results in higher material and energy requirements
for bio-products, chemical and manure fertilizers, and labour. Khan et al. (2009) had
found results that are similar, indicating that a greater energy input was required to
grow rice owing to fertilizer use. Comparing bio-fertilizers to synthetic and organic
fertilizers, they have extremely low energy equivalents and very low overall energy
inputs. Organic farming is often thought to require less energy inputs than farming that
uses fertilizers, however this is not always true (Tuomisto et al., 2012). Furthermore,
there is no need for chemical fertilizers in the organic system, which demand a lot of
energy for their production (Sarauskis et al., 2019). However, from a different
perspective, integrated nutrient management helps to significantly boost the energy
production with the yield. The same was also reported by Mihov and Tringovska

(2010). In contrast to other treatments under the research, fertility management had the
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highest grain energy output at the maximum energy input, most likely due to the high
grain productivity, as seen in his findings, and that of Mandal et al. (2002). When a
system consumes less energy while producing higher output (Babu et al., 2020), it
contributes to the development of sustainable agriculture in clean environment
(Alluvione et al., 2011). Previous studies have also noted a larger proportion of energy
input from integrated nutrients in overall energy consumption (Tuomisto et al., 2012;
Bos et al., 2014). As a result, the INM modules may be a viable solution for improving

upland paddy cultivation's energy indicators.
6.5.2.2. Energetics

The energy output, energy use efficiency, energy productivity, specific energy, net
energy, and energy efficiency ratio indices, which are based on energy use and system
productivity, assist in identifying energy efficient nutrition management strategies. For
systematizing the various nutrient control modules (organic, inorganic and INM), the
energy budgeting have been gauged. The energy use efficiency values in all of the
integrated nutrient plots were comparable, with the exception of the control and
organically treated plots, which had the highest energy use efficiency. Contrarily, in
the treatment where organic fertilization was supplemented with nitrogen doses,
Ghosh et al. (2021) found that the increase in EUE was more pronounced. Energy use
efficiency was shown to be significantly greater in the plots with no fertilizers, but
efficiency varied significantly owing to nutrient management systems. The reports by
Pal et al. (1985) and Sharma and Thakur (1989) conforms the present findings.
Increasing fertilizer intensity for increased productivity is proportional to the energy
consumed in production, but it also decreases the EUE (Sharma and Thakur, 1989;
Mandal et al., 2002). This could be as a result of the advantages of employing organic
fertilizers (Doran and Parkin, 1994; Das et al., 2014c). The increased productivity
under balanced fertilization was responsible for the improvement in energy use under
INM modules (Deike et al., 2008). The research of Sharma and Thakur (1989) and
Mandal et al. (2002) appears to report the same conclusions. The study also
demonstrates that the higher energy usage efficiency in terms of output-input produced
was connected to economics and is inversely proportional to the cost of cultivation.

The same conclusions were corroborated by Mandal et al. (2002).
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Because of the higher system productivity, the INM module had higher net
energy and energy output. The findings of this study confirms the results obtained by
Alluvione et al. (2011) and Tuomisto et al. (2012). The study illustrated that the net
energy was considerably influenced by the various treatments, with INM application
producing higher net energy and no fertilizer application producing lower net energy.
This is a result of an increase in gross output relative to input energy. These
conclusions are similar to the findings described by Harika et al. (2020). Furthermore,
the lower energy usage in the system is primarily responsible for the greater energy
efficiency ratio in the no fertilizer plots. Similar results were also reported by Garcia-
Martinez et al. (2009) and Lewandowska-Czarnecka et al. (2019). Additionally, the
energy efficiency ratio tends to be low for larger energy input and high for lower

energy input.

Overall, the study reveals that integrated use of various soil amendments under
INM farming produced higher energy input, energy output, and cost of cultivation with
a higher net return in investment and benefit cost ratio but lower energy indices. This
suggests that, compared to other farming systems, INM farming has a far higher
dependence on non-renewable energy sources, mostly for fertilizers. Furthermore, it
emphasised how crucial nutritional integration is for high profit. Besides, INM also
helps in maintaining sustainable production as indicated by the increased production

and improved energy indices in second year cropping compared to first year cropping.

Overall, the nutrient treatments had no discernible effect on the econometric
parameters of upland paddy, but there was a significant variation (p < 0.05) in the total
gross returns. Between the cropping years total net returns, total gross returns and
benefit cost ratios varied significantly (p<0.05); however, their interaction had no
discernible impact on these parameters. Furthermore, the nutrient treatments and the
cropping years showed a significant variation (p < 0.05) on the energy use efficiency,
energy productivity, specific energy, net energy and energy efficiency ratio but their
interaction had no marked impact on these energy indices.
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CHAPTER 7

GENERAL DISCUSSION

In Meghalaya, India 'jhum’ cultivation has long been a traditional practice (Panda et
al., 2017). Essentially, the 'jhum'’ system is an integrated strategy for establishing agro-
ecosystems in challenging terrains that involve forest, soil management that coevolved
with related ecosystems (Bhagawati et al., 2015). The system's existence matched the
individual socio-economic circumstances. Though the tribes are also aware of this
system's benefits and drawbacks, as it is cited as a cause of a number of environmental

issues despite their being little actual information about it (Lombi et al., 2016).

It is well known now that shifting cultivation harms the soil system and speeds
up soil erosion, which is one of the most significant adverse effects on the
environment. Moreover, it is thought to be the cause of the loss of beneficial soil flora
and micro-organisms, which results in decreased crop output (Panda et al., 2017). So,
rather than posing a threat, the system can offer deeper understanding of the numerous
facets of sustainable development and the interconnected roles of local peoples and
their traditions (Bhagawati et al., 2015). Hence, it is necessary to tap into the
knowledge underlying indigenous communities’ cultures and beliefs in ‘jhum'’
cultivation and use it to complement contemporary technology and regulations for

better and more sustainable use of a variety of resources.

For increasing soil fertility, agricultural productivity, and profitability on a
sustainable basis, an INM strategy is regarded as one of the most effective tools
available. As farming conditions in North-east India are rain-fed, it becomes vital and
inevitable to use INM technology. Integrated Nutrient Management (INM) seeks to
boost crop yield while preserving soil productivity for future generations by
integrating a balanced supply of organic and inorganic fertilizers into the soil (FAO,
1995). The main objective of INM is to find the most efficient and homogeneous
combination that could result in good management, effective fertilizer targeting,
adequate and balanced use of fertilizer quantity and quality, and direct uptake of
fertilizer by plants for increased yield without endangering native soil nutrients or

polluting the environment. The smart application of integrated nutrition management
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(INM), which is recognised as a balanced blend of organic, inorganic, and bio-organic
micro-organisms in combinations in varied activities, can ultimately attain such a goal
(Janssen, 1993; Selim et al., 2020). A number of researches also came to the view that
the best strategy to maximise the benefits from fertilizer application, particularly in
places where nutrients are poor or limited or in unavailable form, is to combine the
management of organic and inorganic sources with bio-fertilizers; otherwise, certain
difficulties would develop regarding the nutrient uptakes to sustain higher yield and
maintain soil health (Selim et al., 2020).

The specific objectives of this study were to assess (1) INM effect on the crop
growth, yield, and harvest index and (2) INM effect on the physical, chemical, and
biological properties of soil, and (3) INM effect on economic and energy efficiency,
in direct seeded upland paddy in 'jhum’'-land The results obtain from the investigation

have been discussed below.
7.1. Soil parameters
7.1.1. Physical properties

Significant differences in soil moisture, soil water holding capacity, and soil bulk
density were seen among different treatment combinations (P< 0.05) among the soil's
physical attributes. On the other hand, with the exception of soil bulk density on the
surface soil, did not vary with different cropping years, and the interaction between
the two parameters shows a non-significant fluctuation. At both soil depths, soil
porosity exhibits non-significant variation across various treatments, cropping years,

and their interaction.

In light of the tight relationship between soil physical characteristics and soil
organic matter (OM), any soil management strategy that increases soil OM has a direct
impact on soil physical characteristics. Accordingly, using both organic and inorganic
nutrient sources simultaneously may be the best proposition for these soils, primarily
to improve the physical health of the soil. Numerous investigations found that the soil's
physical qualities significantly improved when organic and inorganic fertilizers were
integrated together (Aggelides and Londra, 2000; Walia et al., 2010). While

decreasing bulk density, the addition of NPK fertilizers, organic manure, and bio-
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fertilizers improved soil moisture-retention capacity, infiltration rate, and macro and
micro-pores. The bulk density of agricultural soils, soil aggregation, soil structure, soil
moisture retention capacity, and infiltration rate are all significantly impacted by the
incorporation of organic matter, whether it takes the form of crop residue, organic

manure, or amendment (Nakade et al., 2021).

By stabilizing soil aggregates, soil macro and micro pore spaces, and soil
structural health, integrated nutrient management enhances the structural state of the
soil. According to Walia et al. (2010) and Datt et al. (2013), the integrated nutrients'
higher organic matter content allows water to flow easily inside the soil, which in turn
increased the amount of water that is readily available (Bhatnagar et al., 1992;
Aggelides and Londra, 2000). Integration of organic fertilizers increases worm
populations, in return maximizes the soil porosity and, as a result of the worms'
burrowing activity, increases soil macro-pores (Reddy and Reddy, 1998). However,
because it promotes soil aggregation, the incorporation of organic fertilization lowers
bulk density even more (Walia et al., 2010). Additionally, organic and bio-fertilizers
work as a binding agent that prevents the soil from further decomposing (Schjonning
etal., 1994; Aziz et al., 2019).

7.1.2. Chemical properties

Significant differences in soil pH, electrical conductivity, and soil cation exchange
capacity were identified among the chemical characteristics of the soil among different
treatment combinations (P< 0.05). On the other hand, other than soil pH on the sub-
surface soil, did not change with different cropping years, and the interaction between
the two components demonstrates a non-significant fluctuation. Furthermore,
substantial variation was found for the nutrients that are accessible in the soil across
different treatment combinations and between crop years (P< 0.05), with the exception
of the phosphorus that is available in the soil, which exhibits non-significant variation
between crop years. Additionally, there is no non-significant difference in how they
interact. Different treatments indicate a significant difference in soil organic carbon
and total nitrogen (P< 0.05), but crop years show a non-significant variation in total
nitrogen and their interaction. However, the pooled effect of various treatments
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showed significant variation in soil chemical properties (Table 4.7, 4.8, 4.9, 4.10, 4.11,
4.12 and 4.13).

When organic manures (particularly FYM) and bio-fertilizers were applied
alongside inorganic fertilizers in the treatment groups, the soil's organic carbon
content, cation exchange and fertility status increased. In comparison to micro-
aggregates, the accumulation of organic carbon in soil was considerably higher in
macro-aggregates (Nakade et al., 2021). On the other hand, mixing organic and
inorganic fertilizer treatments results in a lower pH because organic acid is released
into the soil as organic manure breaks down (Mishra et al., 2008; Madakemohekar et
al., 2013) whereas enhancing the soil cation exchange (Yagi et al., 2003). In contrast,
incorporated nutrients boosted microbial breakdown of organic materials, which in
turn increased electrical conductivity in the soil (Babu et al., 2007).

When organic manure and RDF were applied together, the soil's SOC rose, and
the resulting effect on crop development, growth, and productivity was significant.
When compared to other treatment combinations, judicious application of mineral
fertilizers, organic manure, bio-fertilizers, and micronutrients resulted in the highest
levels of NPK in the soil compared to other treatment combinations (Nakade et al.,
2021).

Increased soil nutrient availability has been demonstrated to be a benefit of
using organic manure and bio-fertilizer. According to Yadav et al. (2000) and
Bhandari et al. (2002), the combination of organic and bio-fertilizers with mineral
fertilizers increased the levels of ammonia and nitrated nitrogen because enriched
compost has a higher rate of nitrification and ammonification, which in turn increases
the amount of soil mineralizable nitrogen. Additionally, the addition of nutrients also
had an impact on the soil's accessible phosphorus because organic nutrients release
organic acids and contribute to the addition of P and native P-solubilization (Gupta et
al., 2019). In contrast, applying organic fertilizer also causes the release of inorganic
acids, which raises the availability of P as a result of the formation of insoluble
complexes with cations (Nyakatawa et al., 2001). Additionally, INM increases the

soil's capacity to hold potassium in the accessible form by solubilizing some organic
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acids, which increases the soil's potassium availability as well as the nutrients
breakdown (Yaduvanshi et al., 2013). As was already established, the addition of FYM
and bio-fertilizers positively increased the amount of soil organic carbon. This may be
due to the increased macro-aggregates that result from the accumulation of organic
carbon in soil (Nakade et al., 2021), which in turn encourages root growth and
improves the management of organic carbon in soil. This may be related to the plant
exudates produced by plant roots (Kumar et al., 2018a). Moreover, there was an
increase in the total nitrogen in the soil when NPK, FYM, and bio-fertilizers were
employed. The potential of this could be because of the integrated nutrients, as organic
fertilizers release more nitrogenous chemicals into the soil, infer Ladha et al. (2014).

The results have now made it evident how important organic and bio-fertilizers
are to integrated nutrition management. Because micro-organisms are not always as
effective as one might think in their natural habitats, artificially created cultures of
effective micro-organisms play a significant role in accelerating microbial activity in
soil. One of the key elements of INM is the use of bio-fertilizers, which are an
affordable and sustainable source of plant nutrients that can be used in place of
chemical fertilizers to promote sustainable agriculture. In order to create bio-fertilizers,
a variety of micro-organisms and their association are being exploited. Numerous
micro-organisms are utilised as bio-fertilizers in agriculture because they are thought
to be advantageous (Nakade et al., 2021). In this study, bio-fertilizers, including N-
fixer - Azospirillum lipoferum, phosphate-solubilizing bacteria (PSB) - Pseudomonas,
potassium-mobilizing bacteria (PMB) - Frateuria aurentia, zinc-solubilizer (ZnS) -
Pseudomonas spp., and arbuscular mycorrhizal fungi (AMF) - Glomus, have shown to

be beneficial.

Azospirillum, a free-living nitrogen-fixing bacterium, enhanced the amount of
nitrogen that was accessible in the soil by fixing atmospheric nitrogen throughout the
growth season (Sheth et al., 2018). Furthermore, N-fixers have been shown to be
efficient in boosting soil available phosphorous and available potassium because the
organic acids produced during microbial decomposition of native soil organic
components enhanced soil available phosphorus and available potassium. (Choudhury

et al., 2005). By presumably accelerating the breakdown of inaccessible soil
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phosphorus and potassium fractions (non-exchangeable, adsorbed, etc.) by microbes,
PSB and KMB treatment enhanced the amount of phosphorus and potassium that was
readily available in the soil (Thingujam et al., 2016). The pH of the surrounding soil
is lowered and zinc cations are sequestered by organic acids produced by zinc
solubilizers in the soil (Alexander, 1997). They also aid in effective nutrient
absorption. Additionally, Glomus increases soil phosphorus availability, soil
potassium availability, and soil nitrogen availability in post-harvest soil (Barea and
Jeffries, 1995).

7.1.3. Biological properties

Significant differences between various treatment combinations (P<0.05) were seen in
the soil's biological properties, including the soil's microbial biomass carbon,
microbial biomass nitrogen, microbial biomass phosphorus, soil de-hydrogenase
activity, and the soil's microbial population (bacteria, fungi, and actinomycetes). The
soil biological properties, on the other hand, did not change with different cropping
years with the exception of the carbon and phosphorus content of the soil's microbial
biomass in the sub-surface soil, and the interaction between the two components
exhibits a non-significant variation. On the other hand, the pooled data of both the
cropping years indicate a significant (p < 0.05) among the treatments (Table 4.14, 4.15,
4.16, 4.17 and 4.18)

Any soil management practices that increases soil organic matter has a direct
impact on soil microbial biomass and overall the soil biological properties. For this
reason, combined use of organic and inorganic nutrient sources may be the right
proposition for these soils, primarily for the improvement of soil biological health.
Maximum soil microbial biomass results from a combination of variables, including
the presence of micro-organisms in organic residues and bio-fertilizers, as well as the
addition of substrate carbon, which stimulates the native soil micro-biota and makes
substrates available for microbial population expansion. They are known to create a
variety of growth-promoting substances that encourage development, which may
contribute to the rapid expansion of micro-organisms (Chakrabarti et al., 2000; Saha
et al., 2010; Kumar et al., 2017). When considered as a whole, these results show that
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incorporating organic fertilization, whether it be combined with or without chemical
fertilizer, enhanced soil health by boosting microbial biomass populations, which are
crucial for the breakdown of complex organic matter and the transformation of carbon,
nitrogen, and phosphorus in the soil. A sufficient energy source in terms of C and N is
provided by decomposed organic manure, resulting in increased proliferation and
population growth of diverse soil microbial biomass. Larger microbial biomass was
produced by using organic manure, which is related to the decomposition of these
materials, which is essential for the growth and proliferation of micro-organisms in
soil (Ingle et al., 2014a). According to Selvi et al. (2004), farmyard manure is rich not
only in carbon but also in nitrogen as well as a number of other macro and
micronutrients, which contribute to the development of soil microbial biomass. In
addition to serving their primary purpose, bio-fertilizers are known to produce a
variety of growth-promoting substances, which may accelerate the growth of microbial
biomass (Nath et al., 2015). Continuous cropping depletes microbial biomass without
organics, which prevents nutrient conversions and availability for increased crop
output (Saha et al., 2010).

Farmyard manure (FYM) was the main carbon source for soil micro-
organisms, so the addition of bio-fertilizers, chemical fertilizers, and FYM increased
the activity of the dehydrogenase enzyme, increased the number of pores (which is
significant in the relationship between soil, water, and plants), and maintained good
soil structure with improved dehydrogenase activity (Marinari et al., 2000). The
production of humic acids, which increased the activity of soil micro-organisms and,
eventually, increased dehydrogenase activity, may be responsible for the rise in

dehydrogenase activity in INM treatments (Bajpai et al., 2006).

The results demonstrated that the utilization of organic manure and the addition
of micro-organisms were largely responsible for the favourable effects of raised and
reasonably maintained particular populations of bacteria, fungi, and actinomycetes
(Nath et al., 2012; Gupta et al., 2019). This might be explained by the fact that the
organic manure provided a significant amount of readily available carbon, leading to
a microbial ecology that was more diverse and dynamic than in soil that had been

treated with inorganic materials. The physical environment of the soil is improved by
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the addition of organic matter, making it more favourable for micro-organisms (Tejada
etal., 2009). The findings imply that combining organics and inorganics fertilizers can
enhance the populations of helpful microbes and activities such as organic matter
breakdown, biological nitrogen fixation, phosphorous solubilization, and plant nutrient
availability (Ingle et al., 2014a). Chemical fertilizers were applied to sole in treatment
RDF, and Gudadhe et al. (2015) discovered that this produced low amounts of bacteria,
fungus, and actinomycetes in compared to INM treatments. The least amount of

bacteria, fungus, and actinomycetes were recorded in the control plots.
7.2. Plant parameters
7.2.1. Plant growth

Among the growth parameters, significant variation was observed in plant height,
number of tiller hill’2, panicles tiller?, panicle length, grains panicle™ and test weight
of various treatment combinations and even varies significantly between the cropping
years (P<0.05). All the growth variables also increased significantly from 1% year to
2" year cropping. The addition of integrated nutrients in Tis, T13, T12, T11 and Ts
resulted in the maximum growth of upland paddy. Lone et al. (2013) opined that the
cultivation of crops benefits from being carried out under ideal nutrient input
circumstances, which will support the poor agricultural community's ability to support
themselves. INM views soils as reservoirs of plant nutrients that are essential for

vegetative and reproductive growth (Meena and Reddy, 2021).

Numerous experts have also noted that fertility treatment is the primary factor
behind the outcomes in noticeably higher plant growth at all stages of growth. By
preventing nutrient loss and supplying nutrients in an amount that is optimally aligned
with crop demand, upland soils may be improved by using a higher proportion of
organic fertilization and a smaller quantity of inorganic fertilization, which helped rice
develop more quickly (Borah et al., 2016). According to Banik and Bejbaruah (2004),
organic fertilization controls later growth because of its gradual release of nutrients,

while inorganic fertilizers may enhance initial growth.

Agriculturists have been interested in the role of organic farming in crop

production and the advantages of its integration with inorganic fertilizers for a long
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time. When it comes to cropping systems, particularly those based on cereal, organic
recycling has gained even more significance (Pathak et al., 2002). The key element of
the INM is organic manures. Along with other macro- and micronutrients necessary
for plant growth, the FYM significantly increased the soil's levels of N, P, and K.
According to Smith and Read (1997) and Safrianto et al. (2015), bio-fertilizers actively
aid plants in absorbing nutrients and water from places that root hairs cannot get. The
improvement in growth characteristics may be attributable to increased microbial
activity in the rhizosphere following the application of organic manure and bio-
fertilizer in tandem, which produced balanced nutrient supply, good microbial activity,
and optimal moisture availability, as well as anti-pathogenic activity that boosted
growth (Reddy et al., 2011). N-fixers, PSB, and KMB are examples of bio-fertilizers
that solubilize applied and native inaccessible nutrients into usable forms to promote
growth (Suri and Choudhary, 2013). In light of the fact that organic fertilizer is a
crucial component of soil (Allison, 1973; Thakur et al., 1995), it is possible that
improvements in soil characteristics facilitated the growth and development of plants
under the INM treatment (Choudhary et al., 2005). According to Singh et al. (2008),
Pandey et al. (2009), Mubarak and Singh (2011) and Ali et al. (2012b), the addition
of FYM and bio-fertilizers in combination with essential nutrients like N, P, and K and
their reception by the crop affects their translocation in plant sections that favour
growth metrics. According to several researchers, increased plant growth under INM
is primarily attributable to the adequate availability of all necessary nutrients during
growth phases. This boosted cell division and elongation as well as numerous
metabolic processes ultimately increased the plant growth through better root
penetration that improved nutrition and moisture absorption (Barik et al., 2006;
Krishna et al., 2008; Dutta and Chauhan, 2010; Murthy, 2012). Due to the availability
of nutrients impacted by the solubilization effect and microbial decomposition, organic
manure combined with bio-fertilizers maximises plant development (Satyanarayana et
al.,, 2002; Kumar et al., 2012b). However, it has been noted that using the
aforementioned fertilizers alone did not improve plant development as much,
indicating that they were unable to meet the plants' nutrient needs (Mondal et al.,
2016).
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7.2.2. Yield

Grain yield did not vary with various treatments. However, straw yield was
significantly (P<0.05) higher in T15 (100 % RDF + FYM + A. lipoferum + PSB + KMB
+ Glomus + Zn solubilizer). On the other hand, the grain yield increased from 1% year
to 2" year crops in all the treatments. Straw yield, however was at par between the
two cropping years. Moreover, nutrient management had no effect on HI as both grain
and straw yields influenced similarly by fertility treatments (Borah et al., 2016). The
addition of integrated nutrients in Tis, T13, T12, T11 and Tgresulted in the maximum
yield of upland paddy. According to Lone et al. (2013), the increased yield brought on
by the combination of organic and inorganic nutrient sources can be attributed to a
balanced carbon-nitrogen ratio, increased organic matter build-up, improved root
proliferation, sustained nutrient availability, quicker transport, and greater
concentrations of plant nutrients. These could have aided in the effective transfer of
photosynthetates from source to sink and improved photosynthetate assimilation,

ultimately increasing yield.

Rice productivity may initially increase with lone fertilization application
(Ghosh et al., 2008). This has led to reports of a gradual but consistent drop in fertilizer
efficiency (Dobermann and Cassman, 2005; Singh et al., 2006). The sluggish release
of plant nutrients means that only organic fertilization was unable to increase
production in comparison to those of INM as evidenced from the growth. Contrarily,
only chemical fertilization, which failed to maintain nutrient delivery in vulnerable
upland soil in accordance with the crop's needs, resulted in a loss in production as
compared to that of INM (Borah et al., 2016). Additionally, the fact that the production
was much higher when chemical fertilizers and bio-fertilizers were used together
rather than either one alone highlighted the need of integrating both.

The technology for crop production based on chemical fertilizers should be
restricted due to these unfavourable effects. By considering both organic sources and
chemical fertilizer, a better knowledge of these problems could encourage balanced
nutrient management (Sharma and Ghosh, 2000). Integrated nutrient management

outperformed single applications of chemical fertilizers or bio-fertilizers and manure
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in terms of yield. Due to increased nutrient uptake caused by enhanced physical and
chemical properties of the soil, higher yield in treatments containing INM was seen
(Satyanarayana et al., 2002). According to research by Majumdar et al. (2007), Singh
et al. (2011) and Sowmya and Ramana (2021), integrated nutrient management that
includes organic manures/residue, bio-fertilizers, and chemical fertilizer is crucial for
a sustained output in intercropping systems as well. Additionally, Nambiar (1997)
noted that combining organic and inorganic nutrient sources showed considerable
promise for improving production stability. Balanced nutrition due to sufficient
nutrient absorption after INM significantly boosted yield development attributes
appreciably (Ghosh, 2002). Panda et al. (2004) viewed that integrated nutrient
management (INM) promoted sustainable development and Jesus (1995) viewed this
an additional benefit derived out of INM, aside from realization of sustainable
productivity. According to the findings of Feller and Fink (2005) and Ranwat et al.
(2014), the solubilizing and chelating effects of nutrients and bio-fertilizers may both
contribute to an increase in yield by increasing the availability of vital nutrients. In
addition, Hegde (1998), Sharma and Gupta (1998) and Singh et al. (1999) reported in
their findings that organic fertilization to the crop resulted in greater expression of
yield when nutrients from organic sources had been substituted. Bio-fertilizers provide
an alternative to chemical fertilizers, which are known to boost production in a variety
of crops and have the potential to mobilize nutritionally significant materials from
inaccessible form to usable form through chemical processes (Purakayastha et al.,
1998). The key to improving the effective utilization of both native and additional
fertilizer nutrients that maintain a balance between growth and yield is to use organic

sources.

Due to the potential function of Azospirillum in atmospheric nitrogen fixation,
better root proliferation, nutrient uptake, and water uptake, the use of bio-fertilizers
also increases yield (Vermaetal., 2011). For increased yield, PSB and KMB solubilize
applied and native inaccessible nutrients into available forms (Suri and Choudhary,
2013). Greater food build-up was made possible by increased photosynthesis, which
may have also improved growth and raised the output per hectare. According to Rao

et al. (1996), applying both inorganic and organic sources of nutrients together
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produced a yield that was comparable to using only inorganic sources. According to
Saad and Harnimad (1998), bio-fertilizer inoculation produced the highest yield.
Together with chemical fertilizers and organic manure, bio-fertilizers significantly
increased yield. This rise in yield may be the consequence of providing the crop with
sufficient amounts and a balance of plant nutrients as needed during the growing phase,
which led to favourable changes in yield-attributing traits that ultimately increased
economic yield (Afzal et al., 2005). Due to its nature of providing a balanced supply
of all the essential nutrients, which synchronises with crop needs and uptake and
results in a significantly higher grain yield over inorganic fertilizers, organic fertilizers
have been shown to produce relatively higher yields when used in sufficient quantities
(Ghosh, 2007). In addition, Prasad (1995) noted that fertilizer N applied in

combination with manure resulted in greater yields than fertilizer N applied alone.

An increase in sink capacity was achieved through enhanced nutrient uptake
by crops due to the synergistic effects of the careful application of inorganic nutrients,
organic manure, and bio-fertilizers on the availability of applied nutrients in soluble
form. The results of Singh (2012), Shobana and Imyavaramban (2008) and Rathod et
al. (2018), are in agreement with the findings. In addition to other advantages such soil
aggregation, which facilitates higher infiltration and retention of precipitation in the
soil profile, higher availability of nutrients from chemical fertilizers can be deduced as

the cause of the overall higher values of yield attributes of plants given INM.
7.3. Economics and Energy Efficiency
7.3.1. Economics

With the exception of Gross Return, non-significant variation was seen among the
various treatments, but significant variation was seen in the Gross Return, Net Return,
and Benefit Cost Ratio among different cropping years (P< 0.05). Eventually, their

interaction also revealed non-significant variation.

Our soils' fertility condition has decreased due to centuries of exploitative
agriculture to the point where any future increases in yield cannot be attributed to the
soil's original fertility. Therefore, in the future, increases in output levels will result

from productivity improvements, which inevitably result in a rise in the demand for
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fertile soil. Although chemical fertilizers would continue to play a crucial role, there
will be a significant demand for organic forms of fertilizers in the enrichment of soils

and subsequently the level of crop production and economic viability

The adoption of any technology in modern agriculture can only be possible and
acceptable to farmers if it is economically viable, according to many researchers.
According to the results of the experiment, using INM; chemical, organic, and bio-
fertilizers in combination produced the highest return and benefit. According to Singh
et al. (2007b)'s findings, the synergistic effect of organic and bio-fertilizer inoculums
on grain production was responsible for the rise in returns, cost benefit ratio, and
percentage return to fertilizer by application of INM. According to Mohapatra et al.
(2013), nutritional integration led to higher returns. Furthermore, the present study's
cost-benefit analysis reveals that enhanced nutrient management produced the highest
BCR. Desai et al. (2015) also reported similar results, while Srinivasarao et al. (2020)
suggested that this may be because these treatments produced larger yields of grain

and straw.

However, compared to alternative fertility practices, the usage of chemical and
organic fertilizers also led to much higher production costs. The high cost of manure
and bio-fertilizers was a contributing factor in the high cost of farming. Apireddy et
al. (2008), supports his findings by stating that, the cost of agriculture was higher when
using organic fertilization supplies as they were more expensive than chemical
fertilizers. The integrated treatments, however, with the highest cost of production
produced the highest gross and net returns in terms of economic viability since the
yield of the rice crop was raised under the integrated treatment, increasing returns and
benefit-cost ratios. Swaroopa et al. (2016) found that improved technology—including
the use of high yielding cultivars, seed treatment, a sufficient supply of fertilizers, and
scientific techniques for plant protection and weed management—produced higher
returns than traditional farmer approaches. INM therefore produced bigger gains in
terms of raising economic productivity (Chander et al., 2013). The research
demonstrated the significance of adopting INM to balance nutrition in order to increase

productivity and economics.
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7.3.2. Energy Efficiency

Significantly, the application of 100% RDF with organic and bio-fertilizers resulted in
the maximum energy input and output, whereas the use of no fertilizer, or the control,
resulted in the lowest energy input and energy output. All the energy indices viz.,
Energy Use Efficiency, Energy Productivity, Specific Energy, Net Energy, and Energy
Efficiency Ratio all exhibit significant variation between various treatments and

cropping years (P< 0.05), although their interaction exhibits non-significant variation.

The INM incurred the highest energy input and output. However, the
application of chemical and biological fertilizers has been demonstrated to increase
the energy intake in the INM system. The control plots had the lowest energy input
and production since no fertilizers or manure were incorporated. Paramesh et al.
(2019) also reported similar findings. According to Harika et al. (2020), the application
of the most fertilizers produced the highest energy input and production when
compared to other methods. The increased energy production is a result of the INM
treatments' better grain and straw yields, which were strongly influenced by various

treatments.

Energy Use Efficiency was shown to be significantly greater in the plots with
no fertilizers, but efficiency varied significantly owing to nutrient management
systems. Net energy was considerably influenced by the various treatments, with INM
application producing higher net energy and no fertilizer application producing lower
net energy. This is a result of an increase in gross output relative to input energy
(Harika et al., 2020).

In order to use less external inputs, Garcia-Martinez et al. (2009) and
Lewandowska-Czarnecka et al. (2019) recommended diversifying the use of inputs
and management approaches. The lower energy input in the system is primarily
responsible for the greater energy efficiency ratio in the no fertilizer plot. The findings
showed that INM farming had the highest value of this indicator, demonstrating their
greater reliance on these farms' use of non-renewable resources. This suggests that,

compared to other farming systems, INM farming has a far higher dependence on non-
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renewable energy sources, mostly for fertilizers, but results in higher yield and

productivity.

Overall, it is revealed that the first year's application of INM might have some
residual effects resulting in higher soil nutrient availability for the consecutive year,
thereby enhancing growth and production of upland paddy in the second year of
cropping. Manure and bio-fertilizers may be the reason for an improvement in the soil's
characteristics among the various treatments because of their varied contributions to
the soil parameters. Additionally, higher yield in the second year helped to boost the
returns and benefit cost ratio when compared to the first year's cropping. INM also
enhanced the energy output and energy indices in second year cropping compared to
first year cropping suggesting the overall positive impact of INM on sustainable
production of upland paddy in 'jhum'-land of Meghalaya, India.
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CHAPTER 8

SUMMARY AND CONCLUSION

8.1. Summary

A detailed study was carried out on the impact of INM on soil properties, growth and
productivity, and economics and energy efficiency of upland paddy cultivation in

‘thum’-lands at high elevations of Meghalaya.

The field experiment involved planting direct-seeded rain-fed upland rice
(Oryza sativa) in a sandy clay to clayey-loam in Lai-lad village, Jirang Development
Block of Ri-Bhoi district of Meghalaya, India (25°56'61" N latitude and 91°45'90.3"
E longitude with an elevation of 226 m above mean sea level and a slope of 40°) under
randomized block design, replicated three times with nineteen treatments (To - Control;
T1-100 % RDF; T2 - 100 % RDF + FYM; T3 - 100 % RDF + Azospirillum lipoferum;
T4 - 100 % RDF + Glomus; Ts - 100 % RDF + Zn solubilizer; Te - 100 % RDF + PSB;
T7-100 % RDF + KMB; Tg - 100 % RDF + FYM + Zn solubilizer; Ty - 100 % RDF
+ Azospirillum lipoferum + Zn solubilizer; T - 100 % RDF + Glomus + Zn
solubilizer; T11 - 100 % RDF + FYM + Glomus; T12 - 100 % RDF + FYM + Glomus
+ Zn solubilizer; T13 - 100 % RDF + FYM + A. lipoferum + PSB + KMB + Glomus;
T14 - 100 % RDF + A. lipoferum + PSB + KMB + Glomus +Zn solubilizer; T1s - 100
% RDF + FYM + A. lipoferum + PSB + KMB + Glomus + Zn solubilizer; Tis - FYM
+ A. lipoferum + PSB + KMB + Glomus; T17 - A. lipoferum + PSB + KMB + Glomus
+ Zn solubilizer; Tig- FYM + A. lipoferum + PSB + KMB + Glomus + Zn solubilizer).
Direct seeding was done with the rice variety Mynnar, which is excellent for rain-fed
upland conditions. According to the treatment schedule, baseline applications of bio-
fertilizers such as Azospirillum lipoferum, PSB, KMB, Glomus, and ZnSB as well as
complete dosages of N, P, and K through urea, single superphosphate, muriate of

potash and FYM were made to rice as per the treatment plan.

Five randomly tagged selected plants from the net plot were chosen and
counted in order to record the progressive growth and development of the crop.
Various growth parameters recorded were: plant height, number of tiller hill"*, number
of panicles tiller?, panicle length and number of grains panicle™. Rice yield was
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calculated using standard methods, along with yield-contributing characteristics, kg

ha! was used to represent the grain and straw yield. Further a laboratory analysis was

also conducted to investigate the INM effect on the soil physical, chemical and

biological properties. Following crop harvest, standard methods were used to calculate

econometric parameters such as input costs, gross returns (grains and straw), total

gross returns, net return, and BCR. Standard methods were also used to calculate

energetic parameters such as energy input, energy output, energy use efficiency,

energy productivity, specific energy, net energy, and energy efficiency ratio in order

to determine the impact of INM.

The major findings of the study have been summarized as below:

1) Soil physical properties

Control - To[16.04 % (0-15 cm) and 13.50 % (15-30 cm)] had the lowest while
the organic treatment Tig [20.78 % (0-15 cm) and 17.73 % (15-30 cm)]
recorded the highest moisture content (%). The first year soil moisture content
were mostly at par with the second year data hence displayed a non-significant
variation between the cropping years but among the fertility treatments shows
a significant variation (p< 0.05).

Water holding capacity exhibited the highest in the organic manure and bio-
fertilizer treatment ie., T1g [70.42 % (0-15 cm) and 64.94 % (15-30 cm)] and
the minimum was numerically recorded in To [51.37 % (0-15 cm) and 43.24 %
(15-30 cm)]. The first year soil water holding capacity were mostly at par with
the second year data hence presented a non-significant variation between the
cropping years but among the fertility treatments shows a significant variation
(p< 0.05).

To [1.30 g cc? (0-15 cm) and 1.35 g cc? (15-30 cm)] produced numerically
greater bulk density. Organic manure, and bio-fertilizer treatments had the
lowest bulk density ie., T1s [1.05 g cc™ (0-15 cm) and 1.13 g cc™® (15-30 cm)].
Bulk density increased significantly (p< 0.05) from 1st year to 2nd year
cropping in the first soil depth and also showed a significant variation (p< 0.05)

among the fertility treatments.
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2)

Increased soil porosity was noted in T1g [53.39 % (0-15 cm) and 48.87 (15-30
cm)] and the lowest was in the control ie., To [50.77 % (0-15 cm) and 48.33 %
(15-30 cm)]. The first year soil porosity were mostly at par with the second
year data hence exhibited a non-significant variation between the cropping
years, the fertility treatments also shows a non-significant variation.

Soil chemical properties

To [6.35 (0-15 cm) and 7.48 (15-30 cm)] exhibited the maximum soil pH.
Decrease in soil pH was recorded in T13[5.81 (0-15 cm) and 7.20 (15-30 cm)].
Soil pH increased significantly (p< 0.05) from 1st year to 2nd year cropping in
the second soil depth and also unveiled a significant variation (p< 0.05) among
the fertility treatments.

The plot that integrate FYM had the highest electrical conductivity ie., Tis
[0.59 dS m™? (0-15 cm) and 0.46 dS m™ (15-30) cm] but the least is in To-
control [0.22 dS m™ (0-15 cm) and 0.17 dS m™ (15-30) cm]. The first year soil
EC were mostly at par with the second year data hence displayed a non-
significant variation between the cropping years but among the fertility
treatments shows a significant variation (p< 0.05).

T15 [15.98 cmol p+ kg™ (0-15 cm) and 9.05 cmol p+ kg (15-30) cm)] had the
highest CEC, but the least is in To- control (6.06 cmol p+ kg™ at the surface
and 5.26 cmol p+ kg at the sub-surface layer). Soil CEC from the first and
second years were virtually comparable hence revealed a non-significant
variation between the cropping years but among the fertility treatments shows
a significant variation (p< 0.05).

The available nitrogen content was highly favourable in integrated plot Tis
[974.15 kg hal (0-15 cm) and 883.88 kg ha (15-30 cm)], and least in
unfertilized plots ie., To— Control [640.40 kg ha* (0-15 cm) and 530.94 kg ha"
1(15-30 cm)]. Soil available nitrogen increased significantly (p< 0.05) from 1st
year to 2nd year cropping in the first soil depth and also displayed a significant
variation (p< 0.05) among the fertility treatments.

Integrated treatment have more available phosphorus ie., T1s [23.57 kg ha™* (0-
15 cm) and 18.98 kg ha* (15-30 cm)], and least in the unfertilized (control)
treatment ie., To[13.09 kg ha? (0-15 cm) and 7.99 kg ha! (15-30 cm)]. The
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Vii.

viii.

3)

data on soil accessible phosphorus from the first and second years were almost
same hence showed a non-significant variation between the cropping years but
among the fertility treatments shows a significant variation (p< 0.05).

T15 [973.37 kg ha (0-15cm) and 692.65 kg ha™* (15-30 cm)] had the highest
available potassium content, while the control treatment ie., To [671.57 kg ha
1 (0-15cm) and 309.47 kg ha?l (15-30 cm)] had the lowest. Soil available
potassium increased significantly (p< 0.05) from 1st year to 2nd year cropping
and also recorded a significant variation (p< 0.05) among the fertility
treatments.

T15[1.58 % (0-15) cm and 1.05 % (15-30) cm] recorded the highest organic
carbon. To ie., Control [1.11 % (0-15) cm and 0.39 % (15-30) cm] displayed
the least soil organic carbon. Soil organic carbon increased significantly (p<
0.05) from 1st year to 2nd year cropping in the first soil depth and also
exhibited a significant variation (p< 0.05) among the fertility treatments.

T15 [0.28 % (0-15 cm) and 0.24 % (15-30 cm)] recorded the highest total
nitrogen. To - control [0.06 % (0-15 cm) and 0.03 % (15-30 cm)] had the lowest
value. Soil total nitrogen from the first and second years were practically
identical hence revealed a non-significant variation between the cropping years
but among the fertility treatments shows a significant variation (p< 0.05).

Soil biological properties

Organic treatment ie., T1s [494.69 pg g (0-15 cm) and 408.42 pg g (15-30
cm)], had the highest soil MBC content, the control ie., To [102.97 pg g (0-
15 cm) and 86.77 pg g* (15-30 cm)] had the lowest. Soil MBC increased
significantly (p< 0.05) from 1st year to 2nd year cropping in the second soil
depth and also showed a significant variation (p< 0.05) among the fertility
treatments.

Organic treatment ie., T15[16.85 pg g (0-15 cm) and 12.66 ug g* (15-30 cm)],
had the highest soil MBN content, To [10.49 ug g (0-15 cm) and 6.80 pg g
(15-30 cm)] had the lowest. Soil MBN from the first and second years were
nearly comparable hence presented a non-significant variation between the
cropping years but among the fertility treatments showed a significant variation
(p< 0.05).
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Organic treatments had the highest soil MBP content ie., T1g [15.13 pg gt (0-
15 cm) and 11.21 pg g1 (15-30 cm)], To [9.37 pug g* (0-15 cm) and 5.94 pug g
1 (15-30 cm)] had the lowest. Soil MBP increased significantly (p< 0.05) from
1st year to 2nd year cropping in the second soil depth and also unveiled a
significant variation (p< 0.05) among the fertility treatments.

T1s [38.75 pg TPF gt dry soil 24 ht (0-15 cm) and 29.54 pg TPF g dry soil
24 h (15-30 cm)], noted the highest soil DHA. To (control) [21.17 pug TPF g
L dry soil 24 h*? (0-15 cm) and 10.04 pg TPF g dry soil 24 h™! (15-30 cm)]
recorded the least. Soil DHA data from the first and second years were virtually
equal hence showed a non-significant variation between the cropping years but
among the fertility treatments shows a significant variation (p< 0.05).

T1g [1.13 x 108 (0-15 cm) and 1.02 x 108 (15-30 cm) bacteria, 1.14 x 10° (0-15
cm) and 0.38 x 10° (15-30 cm) fungi, 3.55 x 108 (0-15 cm) and 1.92 x 10° (15-
30 cm) actinomycetes], had the greatest microbial population of bacteria,
fungus, and actinomycetes in this study. But the least amount was counted in
To [0.85 x 108 (0-15 cm) and 0.75 x 10® (15-30 cm) bacteria, 0.06 x 10° (0-15
cm) and 0.01 x 10° (15-30 cm) fungi, 2.69 x 10° (0-15 cm) and 1.13 x 10° (15-
30 c¢cm) actinomycetes]. Soil microbial population statistics from the first and
second years were nearly identical hence displayed a non-significant variation
between the cropping years but among the fertility treatments displayed a
significant variation (p< 0.05).

Crop growth and development

In the current study, regardless of treatment effects, plant height up to 90 DAS
steadily grew and then remained constant till maturity. T1s (30.85 cm, 59.90
cm, 86.41 cm, 87.53 cm, 90.99 cm 94.48 cm at 15, 30, 45, 60, 75 and 90 DAS)
showed the greatest increase in plant height. The least was recorded in control
To (15.05 cm, 39.49 cm, 63.29 cm, 70.21 cm, 74.24 cm, 77.01 cm at 15, 30,
45, 60, 75 and 90 DAS). INM had numerically higher plant height in both years
and increased significantly (p < 0.05) from 1st year to 2nd year cropping and
also exhibited a significant variation (p< 0.05) among the fertility treatments.
Tillers hill"* began to multiply at 45 DAS and showed a linear growth up to 60
DAS. T15(4.63 and 6.07 at 45 and 60 DAS) recorded the greatest number of

246



Vi.

tillers hillX. The least was recorded in control To (1.10 and 1.43 at 45 and 60
DAS). Number of tillers hill* increased significantly (p< 0.05) from 1st year
to 2nd year cropping and also unveiled a significant variation (p< 0.05) among
the fertility treatments.

At 150 DAS, panicles tiller were recorded in upland paddy. T1s(10.40 at 150
DAS) showed the highest number of panicles tiller. The least was recorded in
control To (3.17 at 150 DAS). Number of panicles tiller! increased
significantly (p< 0.05) from 1st year to 2nd year cropping and also exhibited a
significant variation (p< 0.05) among the fertility treatments.

At 150 DAS, panicle length were noted in upland paddy. T15(19.80 cm at 150
DAS) showed the longest panicle, lowest was reported with control To (14.83
cm at 150 DAS). Panicle length increased significantly (p< 0.05) from 1st year
to 2nd year cropping and also showed a significant variation (p< 0.05) among
the fertility treatments.

At harvest, the number of grains panicle™ were recorded in upland paddy. T1s
(281.43 grains at harvest) showed the highest number of grains panicle™ and
the lowest was recorded in control To (227.70 grains at harvest). Number of
grains panicle? increased significantly (p< 0.05) from 1st year to 2nd year
cropping and also displayed a significant variation (p< 0.05) among the fertility
treatments.

Test weight was recorded at harvest, T1s obtained the maximum test weight
(27.03 g) whereas control treatment had the lowest 1000-seed weight (24.07 g)
and it also increased significantly (p< 0.05) from 1st year to 2nd year cropping

but exhibited a non-significant variation among the fertility treatments.

5) Crop Yield

T1s (6875 kg of grains ha® and 18375 kg of straw ha®) recorded the highest
grain and straw yield whereas the control plots yielded the lowest grain (4379.17
kg of grains hal) and straw (13333.33 kg of straw ha) yields. Grain yield
increased significantly (p< 0.05) from 1st year to 2nd year cropping, but
displayed a non-significant variation among the fertility treatments. The first

year straw yield were mostly at par with the second year data hence showed a
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non-significant variation between the cropping years but among the fertility
treatments exhibited a significant (p< 0.05) variation.

Maximum harvest index was founded in T1s (27.30 %) and the minimum was
estimated in To (24.56 %) and increased significantly (p< 0.05) from 1st year to
2nd year cropping, but unveiled a non-significant variation among the fertility

treatments.

6) Economics

The cost of cultivation was maximum with INM treatments (Tis) (RS.
2,10,876.36), mainly due to higher cost of organic manures and bio-fertilizers
and least was in control (To) (Rs. 1,61,913.16).

T1s noted the highest gross return (Rs. 318750.00) and net return (Rs.
107873.64). The least returns was recorded in control To (gross return Rs.
211179.17 and net return Rs. 49266.01). The first year gross return (straw) were
mostly at par with the second year data hence showed a non-significant variation
between the cropping years, whereas gross return (seed) increased significantly
(p< 0.05) from 1st year to 2nd year cropping, and so does the total gross and net
returns. But among the fertility treatments, gross return (straw) and total gross
returns exhibited a significant (p< 0.05) variation, whereas gross return (seed)
and net returns exhibited a non-significant variation among the fertility
treatments.

The highest BCR (1.45) was recorded from T1s for 1 year cropping, whereas
in the 2" year cropping, the highest was recorded in To and T1o (1.73) and it
increased significantly (p< 0.05) from 1st year to 2nd year cropping but

displayed a non-significant variation among the fertility treatments.

7) Energy Efficiency

The energy input for T1s is 20698.84 MJ hal and its total energy output is
331437.50 MJ ha! which reported the highest, the least is recorded in To
5028.42 MJ ha! energy input and 231478.33 MJ ha energy output. Total
energy output increased significantly (p< 0.05) from 1st year to 2nd year
cropping and also showed a significant variation (p< 0.05) among the fertility

treatments.
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ii.  The highest energy use efficiency is recorded in To (46.03), the least is recorded
in T2 (14.61). It increased significantly (p< 0.05) from 1st year to 2nd year
cropping and also displayed a significant variation (p< 0.05) among the fertility
treatments.

iii.  The maximum energy productivity is recorded in To and T17 (0.87 Kg MJ) and
least in T2 (0.29 Kg MJ™), and increased significantly (p< 0.05) from 1st year
to 2nd year cropping and also exhibited a significant variation (p< 0.05) among
the fertility treatments.

iv.  Highest specific energy is recorded in T, (3.66 MJ Kg) and least is recorded
in T17 (1.30 MJ Kg™?), and noted a significant (p< 0.05) variation among the
fertility treatment.

v.  The net energy yield (310738.66 MJ ha*) was recorded maximum in T1s and
least in To (226449.91 MJ hal), and increased significantly (p< 0.05) from 1st
year to 2nd year cropping and also unveiled a significant variation (p< 0.05)
among the fertility treatments.

vi.  Energy ratio recorded the highest in To (12.89), least is recorded in T2 (4.36),
and increased significantly (p< 0.05) from 1st year to 2nd year cropping and
also showed a significant variation (p< 0.05) among the fertility treatments.

8.2. Conclusion

Therefore, it can be inferred that INM techniques contributed to the long-term
improvement of upland paddy crop productivity by preserving soil fertility in ‘jhum’-
lands. The study also shows that the soil properties under upland paddy were
significantly influenced by the combined application of chemical fertilizers, organic
manure, and bio-fertilizers, as it aids traditional farming practices in minimising the
use of synthetic fertilizers and also maintains the potentiality of the soil's ability for
production for a longer period of time. By implementing INM measures, upland paddy
farmers can partially address the issue of deteriorating soil fertility status.
Additionally, upland paddy's economics and energy efficiency were both enhanced
through the adoption of INM technology. It is also revealed that INM farming is highly
dependent on non-renewable sources of energy and that this technology can generate

high profits for conventional farming methods.

249



Overall, it can be concluded that INM technology is well suited to rain-fed
upland paddy farming because it improves plant growth and development, crop
productivity, and soil fertility as well as economics and energy efficiency and also
helps maintaining sustainable production. It is, therefore, strongly advised to upland
paddy growers to adopt INM technology in the 'jhum'-lands of Meghalaya and other
states of North-East India as well.
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