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Abstract

Soil is the most valued natural resource, which needs to be used until the
existence of the world for our food production. There is a limited option to
bring new land under crop cultivation. The finite land resource is decreasing
continuously due to a new settlement, industrial, and other development
activities. Intensive agriculture ensured food security, which, however, exerts
huge pressure on arable land through increased frequency of crop cultivation,
repeated tillage, and indiscriminate use of unbalanced agrochemicals. The resul-
tant effects of long-term intensive agriculture are the depletion of organic matter
(OM) and degradation of soils, which attributes to lower use efficiencies of
agricultural inputs. It is anticipated that 60%more yields of cereals will be needed
by 2050 contrasted with the current level. Because of poor soil health, it has
become a great challenge to keep increased food production onwards. If the
productive capacity of soils could not be maintained, the present civilization
must be collapsed. Therefore, the soil needs to be kept alive by adding locally
available organic amendments and adopting conservation tillage practices. Soil
carbon (C) is the fuel and driving force of ecosystem functions. Application of
organic amendments increases soil C, builds soil structure, enriches biological
diversity, and contributes to reducing inorganic fertilizers in crop production.
Rice straw is the most available residue in many countries of the world, which
increases soil aggregate stability, organic C, and cation exchange capacity by
27.8, 45.5, and 27.2%, respectively, compared to sole inorganic fertilizer appli-
cation. Poultry manure and cow dung were found effective to reduce soil acidity,
which depends on the rates and frequency of their application. Conservation
tillage like no-till, reduced tillage, and strip-tillage, etc. diminishes mineralization
of OM and increases C accumulation in soil. No-till with residue retention has
global demand, which is one of the best options of increasing soil C. No-till
system alone can save about 70% energy and fuel consumption compared to
traditional tillage. Rotation of crops, retention of residues, and adoption of other
suitable resource conservation strategies further ensure good soil health and its
productive capacity. The combined adoption of organic amendments and conser-
vation tillage can revitalize degraded soils and bring multiple benefits including
agricultural sustainability and mitigation of climate change.
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Abbreviations

AEC Anion exchange capacity
Al Aluminum
AMF Arbuscular mycorrhizal fungi
B Boron
BNF Biological nitrogen fixation
BSMRAU Bangabandhu Sheikh Mujibur Rahman Agricultural University
C Carbon
Ca Calcium
CA Conservation agriculture
CaCO3 Calcium carbonate
cc Cubic centimetre
CD Cow dung
CEC Cation exchange capacity
CFU Colony forming units
CH4 Methane
Cl Chlorine
Co Cobalt
CO2 Carbon dioxide
CP Compost
Cu Copper
FAO Food and Agriculture Organization
Fe Iron
FRG Fertilizer recommendation guide
FYM Farmyard manure
g cc�1 Grams per cubic centimetre
g kg�1 Grams per kilogram
GHG Greenhouse gas
GM Green manure
H Hydrogen
H2PO4

� Phosphate
HCO3

� Bicarbonate
K Potassium
mg kg�1 Milligrams per kilogram
Mg Magnesium
mm Millimetre
Mn Manganese
Mo Molybdenum
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MT Minimum tillage
N Nitrogen
N2O Nitrous oxide
Na Sodium
NH4

+ Ammonium
Ni Nickel
NO2

� Nitrite
NO3

2 Nitrate
NUE Nitrogen use efficiency
O Oxygen
OC Organic carbon
OH� Hydroxide
OM Organic matter
P Phosphorus
Pg Peta gram
PGPF Plant growth promoting fungi
PGPM Plant growth promoting microbes
PGPR Plant growth promoting rhizobacteria
PM Poultry manure
RHB Rice husk biochar
RS Rice straw
RT Reduced tillage
S Sulphur
SDGs Sustainable development goals
Si Silicon
SO4

22 Sulphate
SOC Soil organic carbon
SOM Soil organic matter
ST Strip tillage
t ha�1 Ton per hectare
TT Traditional tillage
UN United Nations
Va Vanadium
VC Vermicompost
WHC Water holding capacity
Zn Zinc

9.1 Introduction

Soil is not only our existence, it is the harbour of entire lives including flora and
fauna in the earth. It feeds the global population including all the living beings
through producing foods, while the future food production for the ever-burgeoning
population depends on soil health (Fan et al. 2011; FAO 2015; Gannett et al. 2019).
Kibblewhite et al. (2007) described soil health as an outcome of integrated
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management of soil and crops, which reveals the ability of soil to restore and
replenish fertility and productive capacity on a sustained basis. Nowadays, degrada-
tion of soil health is one of the burning issues in agriculture globally. Farmers and
commercial entrepreneurs follow traditional tillage (TT) practice and apply an
excess amount of inorganic fertilizers. The necessity of organic fertilizers in sustain-
ing soil fertility and crop productivity is ignored in many cases. Sole application of
inorganic fertilizers degrades soil health and ultimately soil becomes less productive
(Rahman 2014; Drakopoulos et al. 2016). Moreover, our agricultural land is annu-
ally decreasing by 1% due to anthropogenic activities like human settlement,
industrialization, brickfields, roads construction, etc. (Rahman et al. 2020). World
population is increasing in one hand, while the land resource is decreasing in other
hand. Of the total global land area, the global agricultural land is 37.431%, and most
of the best land is already taken under agriculture practices, therefore, the expansion
of new land for agriculture is almost impossible (World Bank 2016). FAO (2009)
reported that for an increment of 2.3 billion peoples by 2050, only cereal demand
(both for man and animal) will be increased from 2.1 billion tons to 3 billion tons. It
will be needed to produce 60% more yields of cereal crops by 2050 then the present
yields (FAO 2015; Rosenstock et al. 2016). Climate change increases soil erosion
and atmospheric temperature and lowers water tables, which further make difficult to
produce more foods and feed the world. In this situation, it is really a great challenge
to produce increased foods keeping our soil alive and productive for the future
generation. Protection and conservation of soil, land, and water resources and
efficient utilization of production inputs should receive high priority to meet our
food requirements (Gupta and Sayre 2007).

Factor productivity of different agricultural inputs like land, fertilizers, irrigation
water, etc. decreases and ultimately attributed to lower resource use efficiency
(Rahman 2013; Alam et al. 2019). The global cereal production vs nitrogen use
efficiency (NUE) described by Tilman et al. (2002) is depicted in Fig. 9.1. The cereal
production increases almost in a linear fashion from 1960 to 1995 (Fig. 9.1a), while
NUE radically decreases from 1960 until 1980 (Fig. 9.1b). After 1980, NUE follows
almost stable state, which reveals that the further increment only in nitrogen
(N) fertilizer application may not increase cereal production unless attention is
paid towards soil health management adopting resource conservation strategies.
This has been further endorsed by Alam et al. (2019), where it was reported that
rice (Oryza sativa L.) yields and carbon (C) sequestration increased due to different
management practices. On the other hand, raising N fertilizer application from 100 to
150 kg ha�1, rice yield was not increased, while C sequestration decreased by 25%.

Application of different amendments and adoption of conservation tillage
practices may bring a radical change in soil health restoration. Reduced tillage
(RT) and addition of different organic amendments like cow dung (CD), poultry
manure (PM), rice straw (RS), compost (CP), farmyard manure (FYM), green
manure (GM), etc. are practised globally to increase soil microbial abundance and
their diversity, improve soil properties, and ensure a healthy soil, which contributes
in sustaining crop yield (Beare et al. 1994; Rahman et al. 2016; Wang et al. 2016). It
is reported that addition of organic matter (OM) to the soil promotes soil structural
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stability, microbial diversity, and nutrient supplying capacity of the soil (Trinsoutrot
et al. 2000; Manzoni and Porparato 2009; Roy et al. 2019).

Tillage operation is a turmoil of soil and has long-term effects of conventional or
traditional tillage (TT) to soil environment can be compared with the effects of the
earthquake, hurricane tornadoes, etc. Long-term practice of conventional tillage
substantially degrades soil health, reduces soil nutrients and crop yields, and finally
appears as a threat to agricultural and environmental sustainability (Hafeez-ur-
Rehman et al. 2015). Conversely, conservation tillage like no-till, reduced tillage
(RT), minimum tillage (MT), strip-tillage (ST), etc. decreases OM decomposition
and soil gain more C, thus conserving soil fertility and agricultural sustainability (Six
et al. 2002).

Carbon contents in soils of the tropical and subtropical regions are inherently low
(Mandal et al. 2007). This is because of favourable climatic conditions for the faster
microbial decomposition of organic materials. In such a fragile production system
application of organic amendments to crop fields makes worthy use of natural
resources. Application of organic fertilizers shrinks the requirement of mineral
fertilizers and improves nutrient use efficiency in crop production (Rahman 2013;
Antonious 2016; Rahman et al. 2020). Resource use efficiency of agricultural inputs
must be increased through proper and modern soil and crop management practices.
Results from the different investigation revealed that use of C-based amendments in
crop fields improves soil aggregates, moisture contents, NUE, and microbiological
diversity and their activities, which ultimately influences soil fertility and productiv-
ity (Antonious 2016; Roy et al. 2019). Organic amendments slowly release nutrients
to soils for crops being grown in several crop seasons. Organic fertilizers contain
sugars and amino acids, which enhance the microbiological activity, and thereafter,
associated soil fertility.

Fig. 9.1 Trends of global cereal production (a), and nitrogen use efficiency (b). (Adopted,
Redrawn from Tilman et al. 2002)
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9.2 Soil Under Intensive Agriculture

Intensive agriculture is an option to get maximum crop yields from a unit area of land
using a higher amount of chemical fertilizers and synthetic pesticides creating
environmental hazards (Scotti et al. 2015). Such exposures on agricultural land
change soil quality in terms of fertility reduction and biodiversity loss in the
agroecosystems. It is stated that since the previous 60 years, the worldwide usage
of N fertilizers increased by seven-folds, while the usages of phosphorus
(P) fertilizers increased by 3.5 folds, which indicates that the traditional or extensive
agriculture moving fast towards intensive agriculture (Tilman et al. 2002). Intensive
agriculture is a capital- and a labor-intensive system, where the frequency of
cultivation is high and the land is subject to deterioration of physicochemical and
biological properties (Greenland 1977). About 2–3 crops and even four crops are
grown in the same land in a yearly sequence to increase cropping intensity. Four-
crops cropping pattern like rice-rice-rice-mustard is practised in Bangladesh to
increase crop productivity. Such intensification in agricultural production systems
contributed to a large increase in crop yields and ensured food and nutrition security
of the global population. However, agricultural intensification caused for severe
ecological damages like soil structural degradation, water shortages, fertilizers, and
pesticide pollution in the surface and underground water, eutrophication of surface
water of lakes, streams, rivers etc., loss of soil microbes, and increasing costs of
production (Hunke et al. 2015). Because of the intensive tillage, soils have become
physically disturbed. This caused the disintegration of soil aggregates, faster decom-
position of soil organic matter (SOM), and finally, soil health and crop quality
deteriorated (Paustian et al. 2000; Schiesari et al. 2013). It is reported that the shared
effect of intensive agriculture and climate change can severely degrade fertility of
soils, and reduce yields of many crops and disrupt the ecosystem functions (Paustian
et al. 2000; Rahman et al. 2017). Reduction in crop yields because of soil and land
degradation is evinced in Africa, Asia, and Latin America (Kaiser 2004).

9.3 Sustainable Soil Management

Intensive agriculture certainly ensured food security of the global population (Norris
and Congreves 2018). A higher amount of fertilizers, more tillage and frequent
supply of irrigation water are needed to produce high crop yields under intensive
agriculture. Such injudicious agricultural activities seriously degraded soil and
environment, thus the ecosystem has lost its capacity to function properly (Norris
and Congreves 2018; Meena et al. 2020a). Sustainable management of soils is a
great challenge in agriculture of the twenty-first century (Meena and Lal 2018). The
key challenge of sustainable agriculture is to conserve soil and land for fostering
ecosystem services while ensuring a healthy soil. Agricultural sustainability depends
on soil quality, which is defined as the ability of soil to perform its function
effectively within ecosystem boundary that maintain plant and animal productivity,
protect air and water attributes, care human health, and conserve their habitats
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(Karlen et al. 1997). Adoption of conservation agriculture (CA) is essential to
increase and maintain soil quality. Sustainable agriculture is synonymous with
CA, which relies on appropriate management activities of soils and crops. In
sustainable or conservation agriculture, there are three pillars viz., no-till/zero till,
continuous crop residue retention/cover crops, and legume-based crop rotations.
Conservation agriculture greatly depends on soil organic carbon (OC) as OM. Soil
OM is one of the vital components that govern soil physical, chemical, and
microbiological properties. Lal (2004) reported that the global soil contains 2500
Peta gram (Pg) of C, which is four times higher than that of the biotic pool and three
times that of atmospheric C pool. Global soils annually release about 68–80 Pg of C
to the atmosphere because of OM decomposition and plant root respiration, which is
ten times higher emission compared to fossil fuel burning (Raich et al. 2002;
Powlson et al. 2011). Alam et al. (2019) found that C sequestration potential of
different organic amendments is highly variable, which depends mainly on its
mineralization stage, while such amendments sustain crop yield (Table 9.1). There-
fore, if soil and crop management practices can bring a small increment in soil C it
would have a hugely positive effect on soil health and environmental sustainability.

Soil OM is a hub for regulating different functions of soil and dealing with
CA. Soil health is reliant on the performance of C transformations, nutrient dynam-
ics, soil structural development, and microbial diversity and their abundance, which
further largely depends on conservation tillage, and organic amendments (Fig. 9.2).
There are several actions and interactions and multiple benefits of adoption of no-till/
RT and supply of organic materials to the soil. Such approaches are playing signifi-
cant roles in developing soil aggregates, conserving nutrients, and increasing micro-
bial diversity for improving soil health, and ultimately driving agriculture towards a
sustainable production system (Fig. 9.3).

Table 9.1 Rice yield and carbon sequestration as affected by different organic materials (Adapted,
Alam et al. 2019)

Treatments
Rice grain
(t ha�1)

Initial soil C
(%)

C at crop harvest
(%)

C sequestration
(t ha�1)

RS 5.66bc 0.77ab 0.85a 1.30ab

VC 5.89ab 0.80a 0.86a 1.02b

RHB 5.24c 0.75ab 0.81ab 1.23ab

CD 5.69abc 0.70c 0.77b 1.45a

PM 6.32a 0.71bc 0.76b 1.13ab

CV (%) 9.02 8.03 6.40 25.87

RS rice straw, VC vermicompost, RHB rice husk biochar, CD cow dung, PM poultry manure,
C carbon, Seq. sequestration
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9.4 Soil Properties

Soil can be considered fertile when its physical makeup, chemical dynamics, and
biological properties are conducive for the healthier growth of plants (Abbott and
Murphy 2007). Unbalanced fertilization, intensive tillage operations, repeated crop
cultivation, soil erosion, and luxury irrigation in agricultural systems push to wors-
ening of soil health (Wander 2004; Diacono et al. 2012; Liang et al. 2013).
Therefore, it is necessary to sustain soil health through best management practices
and resource conservation strategies.

9.4.1 Physical Properties

Physical features of soil play a key determinant role for viable soil management and
agricultural farming. Physical properties have immense effects on soil chemical
reactions and biological functions, and thus nutrient dynamics in soil–plant systems.
Soil as a medium of plant growth, its physical properties like soil texture, structure,
compaction, density, hydraulic characteristics, etc. ensure the supporting capability
of the soil, ease of root penetration, thermal diffusion, airflow, water and nutrient
dynamics for better growth, and yields of crops.

9.4.1.1 Soil Texture
It is considered as one of the most prominent physical qualities due to its versatile
imperious effects on numerous soil functions. In a brief, soil environment is closely
interlinked with soil texture. It refers to the comparative percentage of the distinct

Fig. 9.2 Soil health attributes
for better ecosystem
performance
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size range of soil mineral particles such as sand, silt, and clay. Minerals having 2 mm
(millimetre) and/or <2 mm in size is called soil particle. Particle size over 2 mm
although may have a slight impact on water retention associated properties but not
included in soil texture. Soil texture is a static and inherent soil property derived
from the weathered rocks and minerals that cannot be changed easily by adopting
different farming practices. Soil texture is considered as the leading factor for proper
soil management and determining land use capability.

9.4.1.2 Soil Structure and Aggregates
It is considered as a major functioning aspect that regulates solute, liquid, gaseous
and heat flows, root penetration, and nutrient holding capacity of soils. Formation of
soil structure is an interactive process of environment, soil–plant management, soil
texture, OM, microbial activities, different forms of nutrient reserves, and moisture

Fig. 9.3 Schematic illustration of roles of tillage and organic amendments on soil properties and
agricultural sustainability
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availability in soils (Kay 1998). A group of soil separates fix together to make a
larger structural unit of soil aggregate, which is usually termed as a secondary
particle. When such aggregation happened in the natural condition with a relatively
stable form is called peds, whereas loose, irregular shaped coherent soil mass formed
during tillage operation is called a clod. Thus, soil structure and aggregate are
subjected to the spatio-temporal association of soil particles and pore spaces due
to natural processes and anthropogenic activities of soil and crop management
practices.

Soil aggregate stability states the capacity of aggregates to resists against exter-
nally imposed disruptive forces like rain flash, surface runoff, and erosion. It is a
strong factor for sustaining soil physical health, which greatly affects various soil
properties like improvement of porosity enhances the suitability of gas exchange,
water holding capacity (WHC), and microbial activities of soil (Diacono and
Mantemurro 2010). Soil with vegetation, higher clay, and OM content provides
higher aggregate stability. Conservation agriculture with surface residue retention
promotes soil aggregation and sustainable soil health. Disruption of aggregate
stability guides to surface sealing and crust formation, which decreases the vertical
entry of water through the soil profile and increase erosion risk and soil loss through
runoff (Franzluebbers 2002). Higher siltation and low OM accelerate the aggregate
breakdown and crusting formation (Ramos et al. 2003).

9.4.1.3 Soil Compaction and Density
Soil structural degradation due to externally or internally applied pressure is termed
as soil compaction. Compaction reduces macro-pores and increases dry mass in per
unit volume of soil, and thereby increases the soil bulk density. It adversely affects
numerous physicochemical properties and microbial functions of soil (Whalley et al.
1995). Compaction is a complex interlinked process of soil, crops, weather, and
imposed pressure. Sometimes compaction creates an impermeable layer that restricts
water movement and nutrient cycling in the soil system. Some key indicators,
e.g. soil pores (macro and micro), sizes of pores, bulk density, consistency and
penetration capability of roots quantify the soil compaction (Hiel et al. 2016). The
degree of compaction depends on the types and nature of clay, exchangeable cations,
water content, and applied energy and soil management.

Bulk density is an important property for computing weight of soil considering
the depth of interest. The bulk density is always lower than the particle density. In an
ideal porosity (50% volume), bulk density of soil ranges from 1.30 to 1.35 g cc�1

(grams per cubic centimetre). In the case of coarse-textured soil, it varies from 1.40
to 1.75 g cc�1, while in fine-textured one ranges from 1.10 to 1.40 g cc�1 (Phogat
et al. 2015). Soil bulk density varied according to the soil texture, structure,
moisture, OM content, and management practices. The lower bulk density indicates
the higher OM and clay content of the soil. Different management practices like
irrigation management, C sequestration, and nutrient dynamics depends upon the
bulk density of soil.
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9.4.1.4 Soil Hydraulic Properties
The soil permeability is a measure of the capacity or ease of soil to allow fluids to
pass through it. Soil permeability is a very important feature to determine the
movement and retention of water, nutrients, and air in the soil. It is affected by
particle size, water content, void ratio, degree of saturation entrapped air, organic
amendments, and tillage practices. Application of organic amendments makes soil
porous and permeable, while intensive and more tillage make soil compacted and
impermeable.

Soil water-holding capacity (WHC) depends on soil and crop management
practices. Maximum WHC of soil is reached in field capacity when the soil contains
more OM. Many soil physical characteristics like porosity, pore numbers, resistance
potential, the specific surface areas, crust formation, shrinkage, and swelling ability
are closely linked with the WHC of a soil. Climatic factors (rainfall and tempera-
ture), OM, texture, and structure play a major role in WHC of soil. Infiltration and
evaporation are the most dominant processes that regulate WHC of soils.

Infiltration refers to the process of the downward entrance of water into the soil
through the topsoil. It is the first phase that allows the transmission of water into
different horizons through the soil profile. It permits the soil to provisionally stock
water and keeps available for the usage of plants and microorganisms. An ample
amount of water must pass through the soil profile for growth and development of
plants is necessary. Gravity and soil water tension or soil matric potential control
flow of soil water, which is guided by soil types and crop cultivation practices. When
the amount of rainwater is more than the infiltration rate, water accumulates on soil
and runoff begins.

Hydraulic conductivity accredits the easiness of water movement via the pore
space. It is a computable measurement of the ability of saturated soil to transfer
water. Water transmits ability through soil is controlled by the soil pores and their
size and geometry (Connolly 1998). Saturated soil hydraulic conductivity is
influenced by texture, clay, OM, soil aggregation, bioturbation, shrinkage, swelling
and aggregate stability (Lim et al. 2016).

9.4.2 Biological Properties

Soil biology comprises the functions of flora (bacteria, archaea, and fungi) and fauna
(protozoa, mites, nematodes, and earthworms). The relationship between these
organisms and soil characteristics is incredibly vital on the way to maintain soil
health for better agricultural production. It is well known that micro-organisms
mineralize different organic materials, thus nutrients become available for crops
and microbial immobilization. The nutrients immobilized by organisms restrict the
nutrient loss and upon the death of microbes and subsequent mineralization,
nutrients are added to the soil. Activities of soil organisms are largely responsible
for improving physical and chemical properties, e.g. aeration, pH, SOM, and
nutrient dynamics. Similarly, the activity of earthworm increases the infiltration
rate, while the microbial activity decreases the content of SOM due to
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mineralization. Soil biological property can change the whole soil environment by
increasing or decreasing the concentrations of nutrients through the decomposition
of OM.

9.4.2.1 Nutrient Cycling
Soil microorganisms exert significant influence in controlling the quantities of
different nutrients and elements in the soil like C, N, sulphur (S), and P. The
mineralization of bio-degradable substances is carried out by the soil microbes that
release available inorganic forms of plant nutrients including nitrate (NO3

2), ammo-
nium (NH4

+), sulphate (SO4
22), etc. (Rani et al. 2019; Meena et al. 2018; Kumar

et al. 2020). Assimilation of these inorganic nutrients by soil organisms and trans-
formation into organic compounds is termed as immobilization. Microbes are the
keys for the remobilization of these nutrients. Nutrient cycling is done as a result of
activities of different soil organisms like bacteria (Bacillus, Pseudomonas,
Cellulomonas, Vibrio, and Achromobacter), fungi (Aspergillus, Penicillium, and
Trichoderma). Protozoa, nematodes, earthworms, mites, soil insects, etc. Nitrifica-
tion is a process of converting the NH4

+ form of N to nitrite (NO2
�) and then to

NO3
�, which is mediated by Nitrosomonas and Nitrobacter, respectively.

9.4.2.2 Biological Nitrogen Fixation
The atmosphere contains about 78% N2 (volume basis), which is practically unavail-
able for the plant uptake. But some microorganisms (especially, bacteria and
cyanobacteria) can capture and convert the atmospheric dinitrogen (N2) as plant-
available forms, the process is termed as biological nitrogen fixation (BNF) (Jangir
et al. 2016). The BNF is accomplished by free-living bacteria (Azotobacter,
Beijerinckia, Clostridium, etc.) or by symbiotic bacteria (Rhizobium,
Bradyrhizobium, etc. with leguminous plants, and Azospirillum species with
non-legume plants). Blue-green algae (Anabaena, Nostoc, Cylindrospermum,
Scytonema, Calothrix, Anabaenopsis, Mastigocladus, Fishcherella, Tolypothrix,
Aulosira, Stigonema, etc.) also fix the atmospheric N2.

9.4.2.3 Plant Growth Promotion
Use of inorganic fertilizers and pesticides in agriculture has increased dramatically to
produce more food for the growing population. Increased use of agrochemicals
results reduced biodiversity, ill soil health, and degraded environment (Hole et al.
2005; Aktar et al. 2009). Plant growth-promoting microbes (PGPM) comprise
rhizobacteria (PGPR) and fungi (PGPF) that might play vital roles to ensure agricul-
tural and environmental sustainability. The PGPM regulates the plant growth pro-
motion through several processes including BNF, solubilization of inorganic fixed
phosphorus, production of siderophore, phytohormone and antibiotic, biocontrol of
the disease-causing pathogens, nutrient uptake, etc. The important PGPR includes
Rhizobium, Pseudomonas, Azospirillum, Azotobacter, Erwinia, Enterobacter,
Flavobacterium, Klebsiella, Alcaligenes, Bacillus, Arthrobacter, Burkholderia,
and Serratia. The species of Aspergillus, Phoma, Fusarium, Trichoderma, Penicil-
lium, and arbuscular mycorrhizal fungi (AMF) are the most important PGPF.
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9.4.2.4 Bioremediation
Industrial effluent discharge is an immoral anthropogenic activity that degrades soil
health, air, and water quality. With the rapid urbanization and industrialization, there
has been a considerable increase in the discharge of different types of wastewater to
the environment. A good number of technologies have been established to handle the
waste materials derived from various sources. The technological processes mainly
include physical remediation, chemical remediation, phytoremediation, and micro-
bial remediation. Many of the toxic elements embedded in waste materials could be
degraded through bacterial and fungal metabolisms. The genera of Bacillus, Strep-
tomyces, Pseudomonas, Thiobacillus, Achromobacter, Acinetobacter, Nitrobacter,
Alcaligenes, Flavobacterium, and Micrococcus are important bacterial community
participating in the bioremediation process of waste materials. Among the fungi,
Fusarium, Penicillium, Mucor, Pleurotus, Aspergillus, Trichoderma, white rot
mushrooms, AMF are recognized as efficient agents for bioremediation.

9.4.3 Chemical Properties

Soil is an environmental hub, where inherent compounds or elements and added
inputs like fertilizers, pesticides undergo through a series of chemical transforma-
tion. Thus, nutrients are released to soil solution as available forms, which plants can
absorb. Soil chemistry plays a pivotal role in nutrient dynamics in soil and crop
productivity. All of the concepts of the soil ecology are largely controlled by its
chemistry. The chemical phenomenon of soils includes nutrient elements and their
compounds, OM, colloidal properties, soil reactions (pH), cation exchange capacity
(CEC), buffering activity, etc.

9.4.3.1 Nutrient Elements
Solid fraction of soil is constituted by mineral and OM, which have a significant role
on the source and availability of nutrient elements. Both primary and secondary
minerals of the soil are the reservoir of nutrient elements. Feldspar, micas, illite are
the main source of potassium (K) in soil. They also release a significant amount of
calcium (Ca), magnesium (Mg), sodium (Na), iron (Fe), silicon (Si), copper (Cu),
manganese (Mn), and several micronutrients. Amphiboles and pyroxene are the vital
sinks of Mg, Fe, Ca, Si, and several other micronutrients. Phosphorus is released in
soil from mineral apatite. Nitrogen comes in soil from organic sources such as
protein, peptides, and amino acid. Nutrient elements are release in soil solution
from the minerals through physical, chemical, and biological weathering process.
All higher plants require 17 essential nutrient elements for completion of their life
spans and metabolism (Havlin et al. 2005). Among which nine included as
macronutrients (C, hydrogen (H), oxygen (O), N, P, K, Ca, Mg, and S) and rest
eight comprised as micronutrients (chlorine (Cl), Fe, boron (B), zinc (Zn), Cu,
molybdenum (Mo), and nickel (Ni). Additional four elements (Si, Na, cobalt (Co),
and vanadium (Va), whose specific functions are not confirmed yet but their
presence provide better yields in some plants. The structural elements C, H, O
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come from atmosphere and soil water, while all other elements derive from the soil
as mineral nutrients (Parikh and James 2012).

9.4.3.2 Soil Organic Matter
Soil organic fractions consist of various stages of decomposed plant or animal tissue,
microbial cells and tissues. Soil OM regulates the functions and quality of the soil.
Soil OM governs all of its properties, and thus supports soil functions (Brady and
Weil 1999). It provides numerous beneficial functions in the soil ecosystem. It
improves soil aggregates, conserves water, increases biodiversity, reduces soil
compaction, increases infiltration rate, buffering capacity, and nutrient dynamics.
Soil organic matter improves soil fertility by providing exchangeable sites and acts
as a major source of plant nutrients especially N, P, and S (Jangir et al. 2019). Soil
OM is a major source and sink of OC and essence of soils. Fertility status of soil
largely depends on OM content, while it acts as a revolving nutrient fund. Through
the biochemical transformation and successive decomposition of OM, different
nutrients are released to soil and finally the most reactive and stable product
humus is derived. Humus is a colloidal particle, which plays an enormous role in
the CEC and soil fertility. Peat is developed from un-decomposed plant tissue, while
highly decomposed OM is known as muck. Soil OM contents in most of the topsoils
range from 1 to 5%, which, however, decreases because of intensive agriculture with
higher inorganic fertilizers and smaller amount or no organic fertilizer (Rahman et al.
2016; FRG 2018).

9.4.3.3 Soil Colloidal Properties
The most active part of the soil is its colloids, which takes part as a determinant of
numerous physicochemical features. Soil consists of two types of colloids viz.,
inorganic (clay) and organic (humus). Predominantly most colloidal particles are
negatively charged and these are active sites for chemical reactions and CEC of soil.
The clay fractions of soil contain both non-colloidal and colloidal particles. Gener-
ally, clay minerals are hydrous aluminosilicates along with a noticeable amount of
Fe, Ca, Mg, and Na. Clay colloid has higher water absorption and nutrient holding
capacity, while humus has higher nutrient adsorptive capacity than clay colloids.
Soil inherits clay colloid, while humus contents depend on soil and crop manage-
ment activities. Conservation tillage coupled with residue retention and organic
fertilizer addition increases humus colloid in soils.

9.4.3.4 Cation and Anion Exchange Capacity
The CEC of a soil is the measure of readily interchangeable cations that neutralize
anions in the soil. It is the sum of total cations in the soil adsorption site. Soil
colloidal particles clay and humus are negatively charged, which are developed
during the soil formation process. They can attract or hold positively charged
particles or cations. Replacement of one cation by another cation is termed as cation
exchange, which makes soils capable of holding nutrients and preventing loss. The
more CEC of a soil indicates the higher fertility level. Exchangeable cations in the
soil maintain equilibrium between the exchange sites and soil solution (Osman
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2013). The CEC varies with the type and size of ion, valance, concentration, and
degree of hydration. The cation exchange in the exchange sites of a soil maintains
the following order: Al3+ (aluminium) > H+ > Ca2+ > Mg2+ > NH4

+ > K+ > Na+.
The texture, OM, clay type, and pH of soils affect the CEC. Clay soil has higher CEC
than the sandy soil and 2:1 type clay mineral has higher CEC than that of 1:1 type
clay mineral.

Like cation exchange, soil also shows anion exchange capacity (AEC). Replace-
ment of adsorbed anions such as SO4

�2, NO3
�, Cl�, HCO3

� (bicarbonate), and
H2PO4

� (phosphate) by suitable anion is termed as anion exchange. The AEC in the
exchangeable site maintains the relative order: OH� (hydrox-
ide) > H2PO4

� > SO4
�2 > NO3

� > Cl� > HCO3
�. Soil colloidal site is the

place, where the anion exchange happened. Measurement of AEC is very important
for proper management of problem soils such as acidic, saline and or alkaline soil.

9.4.3.5 Soil pH
Soil reaction or pH is termed as a master variable of chemistry due to its manifold
impacts on soil properties (Hillel and Hatfield 2005). Acidity and alkalinity of soil
are defined based on H+ concentration in soil solution. Soil nutrient release, nutrient
uptake, ionic toxicity, and microbial mobility are remarkably inclined to soil pH
(Heggelund et al. 2014). The pH of agricultural soil ranges 6.0–7.5, which indicates
that slightly acidic, neutral and slightly alkaline conditions are good for optimal
nutrient availability, and thereby crop productivity. The solubility of macronutrients
(N, P, K, Ca, Mg, S) plus Mo is restricted at low pH. In contrast, micronutrient
availability (Cl, Fe, Zn, Cu) minus Mo is higher in low pH. Soil pH either lower
(<5.5) or higher (>8.5) poses a great threat to global crop productivity due to
providing a nutrient imbalance and ionic toxic atmosphere for the plant. Soil parent
materials, weathering reaction, rainfall, irrigation water quality, OM, vegetation, and
fertilization are considered as the major sources of variation of soil pH
(Heggenstaller 2012).

9.4.3.6 Buffering Capacity
Acidification and alkalization pose a great threat to sustainable soil management and
agricultural productivity. The extreme variation in soil pH can be minimized by
increasing the buffering capacity of soils. The capacity of soil to neutralize pH
change is termed as the buffering capacity of the soil. Organic matter and clay
contents are the major agents responsible for such safeguarding capacity (Magdoff
et al. 1987). Protonation and de-protonation of buffering agents reduce the pH
change. Dissolution of aluminosilicate at low pH is considered as acid buffer
mechanism, while at high pH calcium carbonate (CaCO3) dissolution activates the
buffering capacity of soils. Exchangeable sites of minerals and OM take part in
buffering activity, as they are the source and sink of H+ and OH� ions. Organic
matter displays buffering activity by releasing weak carboxylic and phenolic group,
while such buffering depends on soil C contents and tillage practices (Weaver et al.
2004).
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9.5 Effects of Amendments on Soil Properties

Organic amendments are a good source of nutrients, which further can improve soil
aggregates, enhance nutrient dynamics, harbour microbial diversity and their activity
(Antonious 2016). Organic amendments contain a significant amount of C, N, P, and
K (Table 9.2). Application of such amendments to crop fields ensures the best use of
available natural resources, which slowly release different nutrients to the soil and
thus improve soil environment and reduce the requirement of inorganic fertilizers for
crop production (Wilhelm et al. 2007).

Retention of crop residues in fields is an important resource conservation strategy,
which enhances the physicochemical as well as biological parameters of soil health
improvement. In several Asian countries, more especially in the south Asian region,
crop residues are utilizing for different purposes such as fuel for cooking, animal
fodder, and housing for the animal, fencing, etc. In the intensive production system,
farmers remove crop residues from the harvested fields so that the fields become
clear and suitable for the growing of next crop. Even the farmers burn the crop
residues. However, the crop residue is a large source of OM that replenishes OC and
nutrients in soils. Retention of crop residues in crop fields of Asia, Latin America,
and Africa revealed that it improves soil quality, increases SOM and C stock, soil
moisture content, improves nutrient transformation and decreased soil erosion
(Turmel et al. 2015).

Soil is overwhelmingly the greatest natural resource, which is degraded as a result
of various anthropogenic and natural activities all over the world. Depletion of soil
fertility is considered as one of the vital factors that restrict increased crop production
to feed the increasing population. Greater dependency on chemical fertilizers and

Table 9.2 Organic carbon, nitrogen, phosphorus, and potassium contents of different organic
amendments

Amendment/manure
OC
(%) N (%) P (%) K (%) References

Rice straw – 0.5–0.8 0.07–0.12 1.16–1.66 Dobermann and
Fairhurst (2002)

36.2 – – – Alam et al. (2019)

Cow dung
(decomposed)

– 1.00 0.30 0.46 FRG (2018)

13.8 – – – Alam et al. (2019)

Poultry manure
(decomposed)

– 1.25 0.70 0.95 FRG (2018)

8.4 – – – Alam et al. (2019)

Farmyard manure – 1.60 0.83 1.70 FRG (2018)

Compost (rural) – 0.75 0.60 1.00 FRG (2018)

Compost (urban) – 1.5 0.60 1.50 FRG (2018)

Vermicompost – 1.1 0.11 0.42 Akter et al. (2017)

12.2 – – – Alam et al. (2019)

Trichocompost – 2.42 1.26 1.42 Akter et al. (2017)

Household waste
compost

– 3.32 0.61 1.59 Smith and Jasim (2009)

9 Organic Sources and Tillage Practices for Soil Management 299



imbalanced nutrient management practices without replenishment of OM for inten-
sive crop cultivation, use of high biomass producing crops (e.g. maize), utilization of
high yielding crop varieties, removal of crop residues from crop fields, use of less or
no organic fertilizers, lack of crop rotation, etc. have created remarkable influences
on soil nutrient removal and thus led to the deterioration of soil health and fertility
and impaired the productivity of soils (Rahman 2013; Kumar et al. 2017; Sharma
et al. 2019). As soil fertility is considered as an essential element for better crop
cultivation, therefore, the improvement of fertility status is a must for crop produc-
tivity sustainably. Crop residues, CD, PM, farmyard manure, compost, and other
manures available in the farm household could be considered as a good source of
manure that can be applied to soils (Channabasavanna 2003) for achieving good soil
properties to facilitate profitable crop production (Somani and Totawat 1996).
Therefore, it is necessary to ensure the application of organic manures in combina-
tion with inorganic fertilizers in agriculture for sustainable soil health as well as
better crop production. The effects of different organic amendments on soil
properties are provided in Table 9.3.

9.5.1 Rice Straw

In a sustainable agricultural system, recycling of nutrients is the key to nutrient
management (King 1990). Among different types of organic materials, the availabil-
ity of rice straw is considerably high in almost all agricultural farms that can be
added into the soil as a source of organic manure. It has been reported that rice straw
contains different nutrients such as N (0.5–0.8%), P2O5 (0.16–0.27%), K2O
(1.4–2.0%), S (0.05–0.1%), and Si (4–7%) (Dobermann and Fairhurst 2002).
Being good source plant nutrients, rice straw addition in the soil increases the
yield as compared to the burning or removal of straw (around 0.4 t ha�1 per season),
and the yield increases gradually due to the builds up of soil fertility with time
(Ponnamperuma 1984).

It is noteworthy that considerable amount of nutrients up taken by the rice plant
remains in vegetative plant parts (N 40%, P 30–35%, K 80–85%, and S 40–50%) at
the maturity stage of the crop (Dobermann and Fairhurst 2002). Rice straw is also
considered a significant source of micronutrients like Zn and Si. In many countries of
the world, it is very common to remove the straw from the harvested field, which
consequences the depletion of nutrients especially K and Si from the soil. Straw is
removed from the field for different purposes such as cooking, animal fodder, animal
bedding, the raw material for industry (for instance, paper making), etc. It is an
efficient way to return most of the plant nutrients into the soil through the
incorporation of straw and stubbles, which will ensure the conservation of soil
nutrient reserves in the long term. Application of synthetic chemical fertilizers
along with straw incorporation, the status of soil nutrients particularly N, K, P, and
Si are maintained and may even be improved. So, it is revealed that RS is the best
alternative to increase OM contents and decrease the bulk density of soil as well as to
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Table 9.3 Effect of organic amendments on soil properties

Amendments Soil properties References

Rice straw It decreases soil bulk density by 0.12 g cc�1, and
increases total porosity by 4%

Wen-Wei et al. (2011);
Gui-mei et al. (2015)

Rice straw incorporation in soil increases OM
content by 1.18 g kg�1, while N, P and K by 25.7,
25.7, and 3.7 mg kg�1, respectively

Cow dung Application of 10 t ha�1 cow dung significantly
increased OM, N, P, Ca, and Mg in soil as compared
to the application of NPK fertilizers

Ewulo et al. (2007)

Soil pH increased by 6.12, 8.16, and 10.20% with
the addition of CD at the rate of 5, 7.5, and 10 t ha�1,
respectively, as compared to the control treatment

Zaman et al. (2017a)

Poultry
manure

It increases the availability of Fe, Cu, Mn, Zn, and B
in soils

Ghosh et al. (2004)

Soil OM, total N, available P, and moisture content
were increased but bulk density was decreased with
the application of increasing rate of PM

Ewulo et al. (2008)

After five rice growing season, soil pH increased by
15.34% because of application of PM at the rate of
2 t C ha�1 season�1 compared to the control
treatment

Rahman et al. (2016)

Soil pH increased by 8.16, 12.26, and 18.36% with
the addition of CD at the rate of 5, 7.5, and 10 t ha�1,
respectively, as compared to the control treatment

Zaman et al. (2017b)

Poultry manure contributed to increase
macroaggregates in soil by 4–6% as compared to
inorganic fertilizer treatment

Hoover et al. (2019)

Farmyard
manure

Application of FYM + NPK for three consecutive
years increased soil OC by 41% compared to the
initial value of 4.4 g kg�1

Hati et al. (2006)

Integrated use of FYM + NPK significantly
decreased soil bulk density (9.3%), soil penetration
resistance (42.6%), while increased hydraulic
conductivity (95.8%), water-stable aggregates
(13.8%), and OC (45.2%) compared to the control

Bandyopadhyay et al.
(2010)

Compost Continuous addition of compost for 5 years
increased soil C and N by 2.02 and 0.24 t ha�1,
respectively

Whalen et al. (2008)

The highest bacterial population was enumerated in
vermicompost amended soil (55.19 � 105 CFU g�1

dry soil) followed by farmyard manure (54.26 � 105

CFU g�1 dry soil), whereas the lowest number was
recorded in the control treatment
(30.89 � 105 CFU g�1 dry soil)

Das and Dkhar (2011)

CFU Colony forming unit
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sustain soil fertility (Table 9.3). Figure 9.4 shows RS retention (Fig. 9.4a), removal
(Fig. 9.4b), and mulch (Fig. 9.4c) in different locations of Bangladesh.

Rice straw is considered as a vital source that improves the fertility status of soil
by increasing organic matter content and improving soil moisture condition
(Ruensuk et al. 2008). Moreover, incorporation of rice straw consequences better
soil nutrient status increases soil biological activities, as well as soil fertility. It has
been demonstrated that RS incorporation in soil could effectively improve the soil
fertility and increase the OM content by 1.18 g kg�1 and N, P, and K by 25.7, 25.7,
and 3.7 mg kg�1, respectively (Gui-mei et al. 2015). Rice straw addition could also
improve the physical properties of the soil. Rice straw significantly improved soil
physical properties by reducing the soil bulk density by 0.12 g cc�1, increasing total
porosity and ventilation porosity by 4 and 6.8%, respectively (Wen-Wei et al. 2011).

Binte (2020) reported from a 5 years long field experiment that rice straw addition
increases the porosity and decreases the bulk density of soil (Fig. 9.5). A long-term
ongoing study using rice straw and other organic materials, which commenced in
1988 at BSMRAU research field of Bangladesh reveals that soil physicochemical
properties greatly improves due to the addition of organic materials as compared to

Fig. 9.4 Rice straw retention (a), removal (b), and mulch (c) in crop fields of Bangladesh (Photo
courtesy (a & b): Dr. Alam, BARI, Bangladesh, and (c) Prof. Rahman, BSMRAU, Bangladesh)
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the sole inorganic fertilizer (NPK) and the control treatments in rice-wheat cropping
pattern (Table 9.4). Data presented in Table 9.4 reveals that RS increases soil
aggregate stability, OC, CEC, and P by 27.8, 45.5, 27.2, and 74.7%, respectively,
compared to only inorganic fertilizer treatment.

Soil microbes play a crucial role in maintaining the soil fertility through
participating in various soil processes including nutrient cycling, N fixation, and
nitrification process. Better soil microbial diversity is considered as an indicator of
healthy soil (Watts et al. 2010; Tautges et al. 2016). It has been demonstrated that
addition of RS in the soil increases the number of microbes especially bacteria,
actinomycetes, and bacteria/fungi more than two-fold, while the fungal population
decreased approximately by 50% (Zhang et al. 2018). Moreover, RS addition had
positive effects on soil OC, dehydrogenase activity, microbial biomass C as well as

Fig. 9.5 Effects of rice straw on bulk density and porosity of soil (Adapted, Binte 2020)

Table 9.4 Effect of seasonal application of NPK and different organic fertilizers on soil (0–15 cm)
chemical properties after 30 years (1988–2017) of cultivation (Unpublished data)

Treatments Bd (g cc�1) AS (%) OC (%) pH CEC (cmol kg�1) P (mg kg�1)

NPK 1.43 43.2 0.77 5.5 99.9 10.1

CD 1.38 55.9 1.14 5.8 119.8 17.5

CP 1.37 56.1 1.15 5.7 132.1 16.8

GM 1.39 53.8 1.08 5.7 135.0 17.2

RS 1.41 55.2 1.12 5.7 127.0 17.6

Control 1.45 42.1 0.84 5.5 94.6 7.7

LSD 0.03 3.75 0.24 0.3 13.96 2.84

CV (%) 1.2 4.0 12.7 2.9 6.5 10.7

CD cow dung, CP compost, GM green manure, RS rice straw, Bd bulk density, AS aggregates
stability of 0.25 mm sized soils, CEC cation exchange capacity, cmol kg�1 centimole per kilogram,
mg kg�1 milligrams per kilogram, different letters indicate significant differences among the values
within a column
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diversity (Goyal et al. 2009; Zhang et al. 2018). Straw is rich in readily available C
(Zhang et al. 2018) which might be utilized by the microbes as an energy source.
Therefore, straw incorporation enhances the microbial population in the soil.

9.5.2 Cow Dung

The application of organic manures including different animal manures in the soil is
the prime need for maintaining soil fertility status for sustainable agriculture. Cow
dung is an important resource that has tremendous beneficial effects for improving
the soil properties. Cow dung is a traditional source of crop nutrients all over the
world more specifically in the Asian and African countries, which not only increase
the crop production but also ensure better soil quality. It is a mixture of faeces and
urine of herbivorous bovine animals, which consist of lignin, cellulose, and
hemicelluloses as major components. It contains most of the plant nutrients, for
example, N, P, S, Fe, Mg, Cu, Co, and Mn (Gupta et al. 2016). It has been
demonstrated that the CD derived from indigenous Indian cow contains a higher
amount of P, Ca, Zn, and Cu compared to the cross-breed cow manure (Randhawa
and Kullar 2011).

Experimental results indicated that application of CD in combination with NPK
fertilizer improved soil organic matter, available phosphorus, exchangeable cations,
CEC and base saturation (Stanley 2010). Application of CD increases soil pH,
OM, N, P, Ca, and Mg contents in soil (Table 9.3). Results also show that the
application of CD increases porosity, moisture content, and decreases the bulk
density, temperature, and dispersion ratio of soil compared to no manure application
(Adekiya et al. 2016). Hydraulic conductivity and aggregate stability could also be
increased significantly with the application of CD in soil (Nweke and Nsoanya
2015). It has been reported that CD increases soil aggregate stability, OC, CEC,
and P by 29.4, 48.1, 20.0, and 74.0%, respectively, compared to only inorganic
fertilizer treatment (Table 9.4). Addition of CD considerably improved soil respira-
tion indicating higher microbial activity (Adebola et al. 2017; Meena et al. 2020c).
Cow dung addition also increased the microbial biomass C. This suggests that OC
derived from CD were utilized by the soil microorganisms and thus promotes the
microbial growth.

Cow dung harbours a greater extent of microbial diversity including different
species of bacteria and fungi. Experimental results demonstrated broad ranges of
microorganisms in CD such as Bacillus, Acinetobacter, Serratia, Pseudomonas, and
Alcaligenes spp., which are very effective to improve the polluted soils through the
degradation of pollutants (Adebusoye et al. 2007; Umanu et al. 2013). Furthermore,
bacterial isolates such as Bacillus, Pseudomonas, Citrobacter, Vibrio,Micrococcus,
Flavobacterium, etc., and fungal isolates such as Aspergillus, Fusarium, Rhizopus,
Penicillium, Mucor, etc. isolated from CD dramatically improved the petroleum
polluted mangrove soil (Orji et al. 2012). Hence, the CDmight play a vital role in the
improvement of polluted soils. It implies that CD is a valuable natural resource that
can significantly improve soil properties. A significant portion of the produced dung
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is not added to the soil due to use in other purposes like burning for cooking purpose.
However, the scenario might be changed through increasing awareness of the rural
farmers regarding the importance of soil health as well as providing alternate fuel
source to the rural women.

9.5.3 Poultry Manure

Poultry manure is also a vital organic fertilizer that has been using traditionally in
crop field for maintaining soil fertility and better crop production all over the world.
This manure is originated mainly from the faeces along with urine and bedding
material of the poultry birds (Rahman et al. 2020). Globally, the poultry sector is
growing rapidly to fulfil the increasing requirement of the growing population.
Therefore, a huge quantity of poultry litter is generated every year from a large
number of poultry birds. Poultry litter may cause health and environmental hazards
due to the lacking of proper management techniques. Utilization of the poultry litter
as organic manure in agriculture is profitable as well as environmentally friendly.

Poultry manure is a good source of OM that contains a substantial amount of
primary essential nutrients like 1.25% N, 0.7% P, and 0.95% K (FRG 2018), and
other essential plant nutrients that are highly available for plant utilization in
comparison with other organic fertilizers (Garg and Bahla 2008; Mohamed et al.
2010). Information provided in Table 9.3 revealed that PM could increase the
availability of micronutrients Fe, Cu, Mn, Zn, and B, and soil pH (Ghosh et al.
2004; Rahman et al. 2016), and soil macroaggregates by 4–6% as compared to
inorganic fertilizer treatment (Hoover et al. 2019). Availability of nutrients in the soil
is largely dependent on soil pH. It has been demonstrated that pH value varying from
5.5 to 7.0 is comparatively satisfactory for the availability of most of the plant
nutrients (Brady and Weil 2014). Long-term application of inorganic fertilizers
decreases the pH value in comparison with the combined application of organic
manures and inorganic fertilizers (Ge et al. 2018). On the contrary, PM has a liming
effect as it increases the soil pH (Mullens et al. 2002; Rahman et al. 2016), which
might be due to the presence of a significant amount of liming materials like CaCO3

in poultry feed. Therefore, in acid soil, PM is a good source of organic manure for
the correction of soil acidity as well as to improve the fertility status of the soil.

Poultry manure contributes a significant amount of OC in the soil, thus improve
the soil properties through the improvement of soil structure, aggregate stability,
WHC, soil aeration, buffering against sudden change of the soil pH, CEC as well as
soil microbial activities (Bauer and Black 1992). Organic matter that derived from
various sources of organic materials is a rich pool of supplying essential plant
nutrients to the soil (FAO 2005). Nutrient availability in soil is basically reliant on
its better physicochemical and biological properties. Application of PM enhances
chemical properties of soil, for example, it increases OC, N, K, P, Mg, and Ca
contents in soil (Agbede et al. 2008; Soremi et al. 2017). Similarly, physical
properties of soil were improved with the addition of PM in the soil, for instance,
it reduces bulk density, increases porosity & moisture status of soil, decreases soil
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temperature (Ewulo et al. 2008; Agbede et al. 2008), increases infiltration rate at clay
loam soil, while decreases the infiltration rate at sandy clay loam textured soil
(Adeyemo et al. 2019). Poultry manure not only improves the physicochemical
properties but also contributes to soil biological characteristics. Research findings
documented that application of PM as organic waste increases microbial biomass,
enzyme activities, and microbial quotients in soil (Kaur et al. 2005; Tejada et al.
2006). Poultry manure increases the bacterial population in the soil, which may
enhance the fertility status of soil (Maguire et al. 2006). Bacterial diversity based on
species richness and evenness was considerably better in soils that received PM in
comparison with the sole application of inorganic fertilizers (Jangid et al. 2008).
Therefore, the addition of PM in the soil as an organic fertilizer has great
potentialities to enhance the fertility status of soil through the improvement of soil
biological as well as physical and chemical properties.

9.5.4 Farmyard Manure

It is one of the important as well as older organic manures applied by the farmers
traditionally to the agricultural fields to grow crops especially the horticultural crops
due to its higher availability and nutrient supply ability to the crops. Farmyard
manure comprises the solid and liquid animal excreta (animal dung and urine), the
residual part of the animal fodder and the used bedding material of the animals
(Rahman et al. 2020). As organic manure, FYM has the great potentialities to
provide all essential primary and secondary plant nutrients, i.e., N, K, P, Mg, Ca,
and S as well as some essential micronutrients like Mn, Cu, Fe, and Zn (Meena et al.
2018). Amendment of FYM in the soil increases its nutrient status (N, P, K) (Meena
et al. 2018), and therefore, fertility status of the soil improves. The SOC indicates the
soil quality, which is directly associated with cycling plant nutrients and improve-
ment of soil properties. Addition of FYM along with a recommended dose of
synthetic NPK fertilizers (NPK + FYM) for three successive years improved the
soil OC content from the original value of 4.4 g kg�1 to 6.2 g kg�1 (Hati et al. 2006).
Soil OC content directly administers the structural stability of the soil. Soil
amendments with FYM manure ensure the improvement of OM, pH, and hydraulic
conductivity that provides a better soil environment (Table 9.3).

Sole amendment of FYM in soil or amended with synthetic fertilizers ensure a
higher percentage of water-stable aggregates enhanced saturated hydraulic conduc-
tivity, improved soil porosity, decreased soil bulk density and soil penetration
resistance (Hati et al. 2006; Bandyopadhyay et al. 2010; Meena et al. 2018).
Increased porosity of the surface layer of the soil provides better aeration and thereby
promotes healthier root growth in soil. Addition of FYM also favour the physical
properties of problem soils, for instance, bulk density, porosity, void ratio, water
permeability, and hydraulic conductivity of a saline-sodic soil was considerably
improved when farmyard manure at a rate of 10 t ha�1 was added in conjunction
with chemical amendments (Hussain et al. 2001). Soil amendment with FYM
improves the soil biological properties as FYM provide a higher amount of OC,
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which favour increased microbial activity. Experimental results reveal that applica-
tion of FYM significantly increases microbial biomass, dehydrogenase activity,
earthworm community composition, and earthworm cast production in the soil as
compared to the soil that received no FYM (Zaller and Kopke 2004).

9.5.5 Compost

Compost is ecologically sound organic manure that improves soil quality as well as
reduces the environmental hazards arising from different waste materials generated
in both rural and urban areas. Compost is prepared through the decomposition of
different organic residues including household waste materials, any plant residues,
animal waste, wood waste, industrial waste, municipal waste, etc. Waste materials
should be selected carefully for the preparation of compost so that toxic elements
remain below the allowable limits. Application of compost in soil favourably
enhances the physicochemical as well as biological properties of soil (Table 9.3).
Compost application significantly increases the amount of soil OC (Whalen et al.
2008), which directly enhances the soil properties. Organic matter ensures better soil
structure through its binding effect as well as enhanced root development and
biological activity (Farrell and Jones 2009; Gao et al. 2010). Compost derived
from various sources improves soil water retention ability, thus increasing the
availability of water to the plants (Farrell and Jones 2009). Results obtained from
a field experiment demonstrated 58–86% increase of available soil water content due
to the application of cattle manure compost (Celik et al. 2004), which might be due
to the improvement of macro and microporosity of the soil. Therefore, the applica-
tion of organic manure, especially the composted manure in arid and semi-arid areas
could be vital to conserve water over the crop growing season. Moreover, compost
application could improve the drainage capacity, aeration, and aggregate stability of
soil (Avnimelech et al. 1990; Duong et al. 2012). Compost application significantly
alters the bulk density of soil. Soil bulk density decreases gradually by the applica-
tion of an increasing amount of compost (Brown and Cotton 2011). Lower soil bulk
density might be due to the increased pore space, which indicates the improvement
in soil tilth.

Compost not only provide a considerable amount of plant nutrients but also
decreases the leaching loss of nutrients (Hepperly et al. 2009), reduces erosion,
and evaporation. Soil amendments of compost appreciably increase the nutrient
status of soil, even after several years of application (Butler et al. 2008). Compost
increases soil pH, aggregate stability, OC, and P by 13, 29.9, 49.4, 32.2, and 66.5%,
respectively, and decreases soil bulk density by 13.4% compared to sole fertilizer
treatment (Table 9.5). Effects of compost on soil pH rely on the raw material from,
which the manure has been prepared. Application of chicken litter compost results in
an increase of soil pH (Hubbard et al. 2008), which might be due to the basic cations
associated with the poultry feed. Decrease of soil pH was also reported with the
addition of compost prepared from rice straw and waste materials derived from
various agro-industries, which might be as a result of the release of different organic
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acids and release of H+ during nitrification process (Bolan and Hedley 2003; Rashad
et al. 2011). Cation exchange capacity is closely related to the nutrient retention
capacity of the soil, and thus play a vital role in the evaluation of soil fertility. The
higher CEC prevents the leaching loss of cations into the groundwater. It has been
reported that compost application increases the CEC of soil (Agegnehu et al. 2014),
which might be attributed as good quality composts provide stabilized organic
matter in the soil, which includes various functional groups.

Soil organisms perform a considerable role in preserving soil fertility by
regulating the physicochemical properties of soil. Soil microbes like fungi, bacteria,
algae, and actinomycetes demonstrate significant contribution in OM decomposi-
tion, nutrient cycling and important chemical transformations in soil (Murphy et al.
2007). Biological functioning of soil largely depends on available C content in the
soil. The activities of the microbes in soil increase due to the application of
composted material. Microbial activity was more than two times higher in compost

Table 9.5 Tillage operations and their effects on soil properties and crop yields

Tillage Effects on soil properties and crop yields References

No-till In a study of maize (Zea mays) and maize with soybean
(Glycine max) in the USA it was found that no-till system
reduces N2O emission by 40, and 57% compared to
moldboard and chisel plough, respectively

Omonode et al.
(2011)

About 70% of energy and fuel can be saved in the no-till
system compared to TT

Friedrich and
Kassam (2012)

A 41-year study in France indicated that no-till system did
not increase soil C stock

Dimassi et al.
(2014)

No-till with residue holding increased N2O emission by
82.1% from paddy fields in China

Zhao et al. (2016)

In a four-year study in Bangladesh, it was found that total C
stock in soil increased by 28 and 27% in no-till under wheat
(Triticum aestivum)-dhaincha (Sesbania grandiflora)-rice
and wheat-mungbean (Vigna radiata)-rice, respectively

Alam et al.
(2017)

Reduced
tillage

In Australia, wheat yields were found 7.9 and 8.0 t ha�1

under RT and TT, respectively
Akbarnia et al.
(2010)

Reduced wheat yield by 67% compared to TT in Germany Zikeli and Gruber
(2017)

Strip tillage Soil saturated hydraulic conductivity was found 23–138%
higher in strip tillage compared to TT

Jabro et al. (2011)

After 6 years of strip tillage, bacteria and fungi in soil
increased by 27 and 37%, respectively compared to TT

Leskovar et al.
(2016)

Ridge
tillage

A 29-year study unveiled that ridge tillage contributed to
higher soil C in the crests and lower in the inter-rows
compared to no-till

Shi et al. (2012)

Traditional
tillage

From a total of 78 studies comprising no-till and TT across
the world, 40 studies showed lower C stock in TT

Govaerts et al.
(2009)

A 10-year study in Inner Mongolia indicated that soil OC,
total N and Olsen P decreased by 19, 27 and 21%,
respectively in TT compared to no-till with straw cover

He et al. (2009)
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applied soils as compared to the un-amended soils (Brown and Cotton 2011).
Compost amendment results in higher earthworm and microbial biomass, increased
mycorrhizal root colonization and higher microbial diversity in soil (Paul 2003).
Long-term compost amendment improves soil biological characteristics such as
several microbes, biomass C and nitrogen, soil respiration, and enzymatic activities
(Chang et al. 2014). Thus, compost amendment in the soil might play an important
role in improving soil fertility as well as soil health.

9.6 Tillage Practices and Soil Properties

Soil tillage is widely used traditional cultivation practice employed before sowing
seeds or planting saplings. It is done to make the soil suitable for seed germination,
crop production and used to mix crop residues and fertilizers in soils, and control
weeds in crop fields. However, tillage impacts the soil quality through physical
disruption, which brings changes in soil C and water contents, soil structure,
diversity of the microbial population, and nutrient dynamics (Wang et al. 2016;
He et al. 2019; Meena et al. 2020b). Traditional tillage greatly disturbs soils through
more and deep ploughing, which caused for deterioration in soil quality through
nutrient depletion and erosion, increasing cost of production and energy use, and
contributing to greenhouse gases (GHGs) emissions (Hobbs 2007). On the other
hand, conservation tillage viz. no-till, reduced tillage (RT), etc. develops soil
structure, improves soil health, and sustains its quality. No-till and reduced tillage
reduces GHGs emissions and C footprint of a crop and mitigates the negative effects
of climate change (Van den Putte et al. 2010; He et al. 2019). Effects of different
types of tillage practices on soil properties and crop yields are shown in Table 9.5.

9.6.1 No-Till/Zero Tillage

No-till or direct seeding is an approach of cultivating crops or grassland without
ploughing down the soil using tillage equipment. In the no-till system of crop
cultivation, seeds are sown directly into the soil, where the residue is spread over
the land surface that has not been tilled (MDA 2011). The previous year’s crops or
residues are cut down and spread on the topsoil before sowing seeds. After spreading
of crop residues on the soil surface, a no-till planter is used that slightly punctures the
soil to sow seeds. The no-till cultivation system is commonly used in a big commer-
cial farm using larger implements. Small scale farmers usually go for the no-till
system by hand. Under the no-till farming system, incorporation of crop residues
into the soil by tools/machinery is avoided but distributed evenly on the soil of the
crop field (Kakraliya et al. 2018; Meena et al. 2018). No-till is one of the forms of
CA that encompasses least soil distraction, residue mulch, and crop rotation
(Campbell-Nelson 2019). Such farming is a win-win technology that reduces labour,
irrigation, fuel, and machinery costs, while reduces soil erosion, increases soil C
sequestration, reduces GHGs emission, improves soil health, and finally attributed to
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higher crop yields (Derpsch et al. 2010). A longer time is obligatory to get the
positive results of no-till on yields of crops in wetter condition, however, in moisture
limiting drier areas its effect is quick and obvious (Kimble et al. 2007).

A viable and sustainable cropping system comprises no-till, MT, crop rotation,
and residue retention. Such a system increases microbial biomass, their abundance
and activities in soils compared with traditional agricultural practices. After 4-years
of cropping with tillage and crop rotation, Alam et al. (2017) identified a higher
amount of OC and biomass C in zero tillage (Fig. 9.6). Contradiction also exists that
no-till system may or may not increase C stock in soil, but it is confirmed that it
reduces fuel and energy costs (Table 9.5). Adoption of no-till coupled with residue
retention and cover crops makes situations promising for the progress of ecological
stability and agricultural sustainability. It is stated that practising no-till or reduced
tillage devoid of crop residue retention and cover crops long time may result in
degraded soil with ill health that pushes the agricultural production and environment
towards vulnerable conditions (Govaerts et al. 2007).

No-till alone increased soil aggregates, bulk density, C, and other nutrients in
soils than that of TT, while no-till coupled with cover crops and residue retention
provides further benefits to soil health management (Valpassos et al. 2001; Mitchell
et al. 2017). Valpassos et al. (2001) conveyed that 8 years old no-till with continuous
crop rotation with bean, corn, soybean, and dark-oat increased soil OM, biomass C,
pH, and P content compared to 10-years old conventional cultivation with crop
residue application and crop rotation in Brazil (Table 9.6).

It is evinced that adoption of only one novel technology would not enough to
sustain the long-term agricultural production. Location-specific a set of synergistic
viable technologies should be selected and recommended for better soil management
and higher crop productivity. Adoption of no-till cropping system may offer a huge
economic, environmental, and social benefit. Therefore, no-till technology along
with other suitable technologies is gaining popularity across the globe. The area

Fig. 9.6 Tillage and cropping patterns on total soil organic carbon (SOC) and microbial biomass C
after 4 years of cropping (ZT zero tillage, CT conventional tillage, DT deep tillage, WFT wheat-
fallow-T. aman, WMT wheat-mungbean-T. aman, WDT wheat-dhaincha-T. aman) (Adapted, Alam
et al. 2017)
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under the no-till method is increasing globally with the advancement of time.
Derpsch et al. (2010) reported that the no-till farming area was 45, 75, and 111 mil-
lion ha in 1999, 2003, and 2009, respectively, with a corresponding growth rate of
six million ha year�1. The maximum adoption rates of no-till technology have been
observed in different South American countries, where some countries have been
using the technology on roughly 70% of the total agricultural land (Derpsch et al.
2010). It has been reported that about 62–92% of farmers in Australia practiced
no-till farming on 73–96% of their crop fields (Kirkegaard et al. 2014). Such
encouraging spreading of the promising no-till practice in agriculture indicates the
great compliance of the systems to all climatic and edaphic conditions of the world.

No-till practice emits generally less carbon dioxide (CO2) due to less disturbance
in soil and slower mineralization of OM and fertilizers. Jia et al. (2016) conducted a
study in China using maize-corn rotation and found that overall CO2 emissions
under no-till were about 7.8% lower compared to moldboard plough. Regarding
N2O emission, such a statement is not straightforward, where denitrification is more
pronounced in the no-till system compared to the tilled system. However, N2O
emission from croplands depends on different cropping systems, soil types, soil
and crop management practices. Rochette (2008) stated that average nitrous oxide
(N2O) emissions from a no-till system of well-drained soil were 0.06 kg N ha�1

lower than that of tilled soil, while in medium and poorly drained soils were 0.12 and
2.00 kg N ha�1 higher, respectively. In a long-term study of maize and maize with
soybean in the USA established that no-till system reduces N2O emission by 40, and
57% compared to moldboard and chisel plough, respectively (Omonode et al. 2011).
Likewise, no-till with residue holding increased N2O emission by 82.1% from paddy
fields in China, while no-till with residue removal decreased methane (CH4) emis-
sion by 30% than that of traditional tillage practice (Zhao et al. 2016). Tillage in
some cases is also found unresponsive to release N2O from crop fields (Elmi et al.
2003).

The no-till practice may increase soil C sequestration through reducing CO2

emission, reduce synthetic nitrogen fertilizer application, irrigation water, and fossil
fuel for crop production. Therefore, the cost of crop production under no-till reduces,
and so farmers will be economically benefitted. The no-till practice saves time,
improves soil health, which leads to additional economic and environmental

Table 9.6 Physical, chemical, and microbial properties of soil under different management
options

Soil
management

Soil properties under different management

Bulk density
(g cc�1)

Organic matter
(g kg�1) pH

Phosphorus
(mg kg�1)

Biomass C
(mg kg�1)

No-tillage 1.32b 42.52a 5.31 35.26a 469.14a

Cerrado 1.18d 30.57b 3.98 6.86c 347.91ab

Conventional 1.26c 24.15c 5.13 16.18a 315.47ab

Pasture 1.60a 22.86c 5.07 10.16b 213.03b

Bd bulk density, OM organic matter, P phosphorus (Adapted, Valpassos et al. 2001)
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benefits. Continuous adoption of no-till farming for several years makes the soil
capable to hold more water than conventionally ploughed croplands mostly in
drought-prone areas. No-till implementation decreases soil loss because of wind
and rain actions. Once more, it improves soil aggregation and increases C seques-
tration thus lessen the effects of warming of our planet (Grandy et al. 2006).

The main constraints to adopting no-till practice are unavailability of know-how
including equipment and machines, traditional mindset of farmers, inadequate
government policy, and unavailability of suitable weedicides for weed management
(Gattinger et al. 2011; Jat et al. 2014; Farooq and Siddique 2014). The weed
management under the no-till system is a concern and challenge. A longer time is
needed to get the stabilized action of no-till on crop harvest and health improvement
of the submerged soil, which is another drawback for the adoption of this technol-
ogy. However, all these barriers can be removed locally mainly creating awareness
among stakeholders and changing government policy. It is positive that many
international and national organizations including Food and Agriculture Organiza-
tion (FAO), International Fund for Agricultural Development, World Bank,
European Union, French Agricultural Research Centre for International Develop-
ment, Consultative Group on International Agricultural Research, Government and
Non-Government Organizations are working and advocating in favour of no-till CA.

9.6.2 Minimum/Reduced Tillage

It is a resource conservation strategy in agriculture, where at least 30% of the field
surface is covered by crop residues after planting. Reduced tillage (RT) contributes
to reducing erosion of soil by water and wind (Laryea et al. 1991). In this crop
cultivation practice, the soil is conserved allowing minimum disturbance and
keeping residues spread on the ground instead of removing or incorporating into
the soil. Reduced tillage is synonymous with minimum-till, strip-till, zone-till, ridge-
till, no-till or permanent-bed systems (Campbell-Nelson 2019). Reduced tillage can
be implemented on farms swapping from moldboard ploughs, disk-harrows, and
rototillers to using less impactful tools like chisel ploughs, s-tine cultivators, and
spaders. Practicing RT several years may progress towards zero tillage. Reduced
tillage is a suitable tool in the conventional farming system that prevents soil
degradation, improves soil structures, increases ecosystem services, and decreases
production costs (Derpsch et al. 2010). It has a huge prospect to increase and sustain
crop yields, improve soil fertility and increase C stock in soils (Zikeli et al. 2013).
Researchers also reported reduced yields of several crops under RT compared to TT
(Tables 9.5 and 9.7). Reduced tillage improves biodiversity and ecosystems and thus
it has immense environmental benefits. It improves soil bio-physicochemical
characteristics, restores soil health, and resolves the problems associated with excess
tillage and finally mitigates negative effects of climate change.

Reduced tillage was found effective in preventing faster mineralization of SOM,
which contributed to more C accumulation in soil and lower the rates of CO2 and
other GHGs emissions (Hafeez-ur-Rehman et al. 2015; Rahman et al. 2017). A study
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of RT (2 times ploughing) and traditional tillage (TT) (4 times ploughing by a
country plough), which was conducted in Bangladesh by Rahman et al. (2017) in
four consecutive rice seasons revealed that RT contributed to less CO2 emission,
higher C accumulation, higher soil bulk density, and less rice yield compared to TT
(Table 9.7). Reduced tillage is important from the perspective of environmentally
safe gourd because crop residues help to prevent soil erosion caused by water and air
and thus conserves fertile agricultural soils. Reduced tillage reduces field preparation
time by 66% and reduces energy use when compared with conventional tillage
(Jarvis and Woolford 2017). Thus, it provides benefits through energy-saving and
soil conservation, which may attract farmers’ interest in implementing RT.

The RT is getting popularity around the globe because of higher factor produc-
tivity of production inputs, increased outputs, lower production costs, better profit-
ability, greater resilience to stresses, minimum land degradation, soil health
improvement, climate change adaptation and mitigation. It is reported that over
180 million ha of croplands are under CA and RT across the globe (Fig. 9.7). It is
evinced from Fig. 9.7 that America and Australia are the pioneers in adopting CA
and RT, while shares of Asia, Africa, and Europe are minimal. In the Indo-Gangetic

Table 9.7 Results of reduced (RT) and traditional tillage (TT) practices on CO2 emission, soil
properties and rice yield

Treatment

Tillage practices on CO2 emission, soil bulk density and rice yield

CO2 emission
(kg ha�1 day�1)

C accumulation
(kg ha�1)

Bulk density
(g cc�1)

Grain yield
(t ha�1)

RT 33.92b 3813a 1.35a 5.83

TT 64.77a 1980b 1.31b 6.05

S.E. (�) 0.95 320 0.014 0.19

(Adapted, Rahman et al. 2017)

Fig. 9.7 Estimated use of
conservation agriculture
(CA) and by implication
reduced tillage across the
region during 2015–16
(Modified, Kassam et al.
2019)
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Plains, the area under CA is about five million ha, which is insignificant about world
coverage (Hafeez-ur-Rehman et al. 2015).

The main barrier of adoption of RT in crop cultivation is the mindset of farmers,
where they believe that more tillage, i.e. traditional tillage provides more crop
yields. Moreover, RT increases the abundance of diseases, pest and weed
infestations in crops (Carr et al. 2012; Lehnhoff et al. 2017). Hofmeijer et al.
(2019) reported that RT increases weed infestation by 15–18%. Suitable seeding
and planting equipment are lacking in the South Asian countries, which also acts as
barriers of RT adoption. Farmers’ motivation through training, education, social
campaign, etc. are suggested to change their mindset in adopting RT. Establishment
of industries for manufacturing of seeding and planting equipment and better
solution of pest control measures may help in the adoption of RT. The greater
weed pressure especially perennial weeds under RT demands effective know-how
to get rid of weeds. Selective biodegradable herbicides and organisms are
recommended for a wider practice of RT in crop production. Technical and financial
supports from governments, donor agencies, and international organizations are
needed especially in Asia and Africa for the adoption of RT.

9.6.3 Strip Tillage

Strip tillage is one of the types of soil conservation approaches combined with zero-
tillage and full-width tillage. It maintains lesser till than the full-width tillage and
performs parallel to the row direction. One-fourth of the plough layer is generally
being disturbed by this tillage practice. In strip-tillage soil is loosened in the tilled
strips leaving the remaining area undisturbed. In this technique, narrow space
cultivated and seeds are sown and fertilization is done simultaneously. In strip-
tillage technique, 25–30% surface area is tilled in strip maintaining strip wide range
10–30 cm and leaving the undisturbed area between the strips varies 40–100 cm
based on plant type (Al-kaisi and Yin 2005; ASAE 2013). This tillage technique is
suitable for row-crops such as corn, and sunflower. By lowering the equipment and
number of tillage frequency, it can conserve the soil. Strip tillage may conserve a
relatively higher amount of crop residue within the strip that helps to reduce soil
erosion loss (Licht and Al-Kaisi 2005). This tillage technique increases OM and
nutrients in the soil and effectively control soil erosion. The soil in the strip-tillage is
comparatively warmer and softer as well as less compacted than that of no-till (Cruse
2002).

Strips tilling conserve the soil water by increasing the infiltration rate of dryland
agricultural soil. Organic residue in the undisturbed strip spaces reduces evaporation
rate and rain flash impact. Compared to conventional tillage, strip tillage activity
reduces the surface runoff approximately by 81% (Bosch et al. 2005). Strip tillage
has been associated with partial soil coverage by different residual mulch, and thus
preserves soil moisture. With an increase of strip width soil moisture content
decreases and temperature of surface soil (5 cm depth) increases by 1–1.4 �C
(Celik et al. 2013). The insulating capacity of organic residue of the strip space
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has significant effects on soil temperature and reduces soil dryness in spring. Strip
tillage shows comparatively higher thermal conductivity due to lowering soil alter-
ation and creating less air pocket (Licht and Al-Kaisi 2005).

Cultivation practices may considerably affect the soil structure, consistency, clod,
plough pan formation, aeration, bulk density, resistance, and ground coverage
(Simmons 1992). Compared to no-till and MT, strip-tillage gives lower root pene-
tration resistant (Trevini et al. 2013). Strip tillage provides more lager size clods than
that of MT due to the slow pass of strip-tiller. Strip tillage results in comparatively
lower bulk density at different depth of soils due to higher OM accumulation.
Moreover, compared to TT, strip-tillage provides less soil compaction by lesser
frequency of traffic pass probably facilitate higher porosity, higher aggregation and
WHC, and lower bulk density (Licht and Al-Kaisi 2005; Jabro et al. 2009).

Soil aggregation and its stability are affected by strip tillage. Juskulska (2019)
reported that five-year intensive strip-tillage showed 57.5 and 26.7% more water-
stable aggregates compared to conventional plough and plough-less cultivation,
respectively. Lesser excavation, limited agricultural machinery use and greater
protection of plant of residue technique of strip tillage help to augment soil aggrega-
tion (Laufer et al. 2016). Jabro et al. (2009) conveyed the message that strip-tillage
ensures 23–138% higher saturated hydraulic conductivity than conventional one at
0–15 cm soil depth (Table 9.5). Strip tillage produces a greater volume of
macrospore with more vertical pore connectivity, resulting in lesser bulk density
and soil compaction and higher porosity indicate more saturated hydraulic conduc-
tivity (Lipiec et al. 2005; Jabro et al. 2009).

According to Juskulska (2019) five-year strip-tillage empirical data also ascribed
that compared to conventional plough, strip-till technology increased OC, P, K, Mg
in soils by 6.2, 11.7, 4.6, and 4.9%, respectively. Strip tillage helps to accumulate
more OM in the surface soil (Awale et al. 2013). Mineralization of OM is affected by
different tillage practices. Strip tillage is considered as eco-friendly soil management
practice as it reduces CO2 emission from soil (Reicosky 1998). Strip tillage reduces
19–41% CO2 emission from agricultural soil to the atmosphere compared to mold-
board tillage (Al-kaisi and Yin 2005).

Biological activity of soil is also greatly affected by the strip-tillage due to higher
OM accumulation (Table 9.5). Data from a 6-year study elucidates that strip-tillage
significantly increases the bacteria, fungi, and nematode population by 49, 37, and
275%, respectively, in a watermelon field (Leskovar et al. 2016). Lower alteration of
topsoil helps to accelerate the microbial population microbial abundance in soil
under strip tillage compared to conventional and plough-less cultivation. The long-
term strip-till vegetable field also in strip-tillage (Sengupta and Dick 2015).
Juskulska (2019) reported an increased number of nematode and earthworm than
that of conventional moldboard plough cultivation (Overstreet et al. 2010).
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9.6.4 Ridge Tillage

Ridge tillage was introduced in the early 1980s and widely accepted throughout the
world with several modifications. The ridge tillage technique is a transitional
development of moldboard plough tillage (MP) and no-tillage. Ridge tillage is
characterized by permanent row-inter-row alignment, in which ridge is built above
the planted row by cultivation (Gregorich et al. 2001). Ridge is raised above the
mean land surface level and the technique has included three distinct zonal cultiva-
tion systems such as ridge centres, ridge shoulders, and inter-rows. Ridge inter-rows
are maintained in the same locations every year.

Numerous empirical data summarizes that compared to no-till and MP, ridge
tillage provides more soil fertility, water retention, and pest management control
option (Jiang and De-Ti 2009), reduces soil erosion, decreases GHGs (Patino-
Zuniga et al. 2009), increases SOC and temperature (Shao et al. 2009; He et al.
2010). Conversely, ridge tillage enhances higher P loss and soil bulk density in the
surface soil compared to MP (Pikul Jr et al. 2001). Shi et al. (2012) found that Ridge
tillage stimulates higher accumulation of soil C in ridges than that of furrows
(Table 9.5). Soil pH is also affected by the ridge tillage practice, where continuous
ridge tillage increases the soil acidity (Mloza-Banda et al. 2014).

9.6.5 Traditional/Conventional Tillage

Tillage is the mechanical manipulation or alteration of soils to make it suitable for
growing crops. Tillage affects all types of soil characteristics, e.g. hydrology, nutri-
ent dynamics, soil density, porosity, aggregation, infiltration, temperature, GHGs
emissions, and OM contents (Busari et al. 2015). Traditional tillage is also known as
conventional or intensive tillage practice, which involves multiple operations and
leaves <15% crop residue cover. It is a form of crop cultivation technique, where
farmers loosen the soil by turning it over either manually with spade/hoes or
repeatedly with animal-driven ploughs or mechanical power-driven different types
of discs. The modern intensive agriculture is accompanied by primary and secondary
tillage with heavy machinery like tractors, rotavators, power tillers, etc. (Fig. 9.8).
Such tillage practice shows considerable effects in altering the soil ecology, chang-
ing the habitats and functions of soil microorganisms, and nutrient transformation
and dynamics in soil-plant systems (Schimel and Schaeffer 2012).

Traditional tillage enhances microbial decomposition of OM and shows signifi-
cant negative effects on C accumulation in soils compared to RT (Alam et al. 2017;
Rahman et al. 2017). It breaks down soil aggregates, enhances nutrient transforma-
tion, and increases CO2 and N2O emission from soils, and thus contributes to global
warming through increasing temperature (Rahman et al. 2017; He et al. 2019). Li
et al. (2007) reported that TT alone and with residue removal caused for the
destruction of soil structure, degradation of soil health, and ecological disruption.
As soil becomes more disturbed by frequent and deep ploughing, TT encourages soil
erosion, which has the potential to pollute the environment. In an ongoing study
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commenced in 2017 at Bangabandhu Sheikh Mujibur Rahman Agricultural Univer-
sity (BSMRAU) of Bangladesh comprising RT and TT with and without RS
application found higher C accumulation in RT compared to TT in paddy field
(Fig. 9.9). During the study period, a total of 6 t C ha�1 was applied using RS
considering a C rate of 2 t ha�1 in a crop season. After 3 years it was found that
without RS addition, RT contributed 20.42% higher C in soil, while with RS it
increased 32.73% more C compared to TT. The inefficiency of TT in terms of C and
other nutrient enrichment and biomass C was also attributed as presented in
Tables 9.5 and 9.6. Data presented in Table 9.6 revealed that OM and biomass C
in soils under TT reduced by 43, and 33%, respectively, compared to no-till.

Soil acts as a habitat of soil microorganisms and also many other animals more
specifically earthworms. Tillage practices homogenize soils and exert impacts on

Fig. 9.8 Intensive cultivation system through traditional tillage practices in a rice field at
BSMRAU research field of Bangladesh: (a) Secondary ploughing by rotavator, (b) Application
of cow dung

Fig. 9.9 Effects of reduced (RT) and traditional tillage (TT) on soil C accumulation with and
without rice straw (RS) application in the paddy field of Bangladesh (Unpublished data)
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soil biota. Through mechanical breaking down and mixing of soil, tillage practice
disturbs the unique habitat of soil organisms. Many species of microorganisms are
reported to be disappeared because of mechanical turmoil of soil by TT and few
species becomes dominant (Sengupta and Dick 2015). It is reported that TT can also
decrease earthworm populations by 2–9 times as well as their diversity in soils (Chan
2001). Soil organisms are known as soil engine, which drives the soil functions,
i.e. ecosystem services.

9.7 Conclusions

It is a never-ending challenge to sustain soil health maintaining fertility and produc-
tive capacity, especially in intensive agriculture. Rational use of organic
amendments and tillage practices might recover degraded and exhausted soils
through increasing soil aggregates, acting as a sink of C and nutrients and harbouring
soil microbes. Crop production for the days ahead needs to be increased many folds
like double, triple, quadruple, and so on using the land area today we have subject to
a substantial reduction in future. There are no alternatives but to improve and
maintain soil health through the collective use of organic and inorganic fertilizers,
adopting a need-based tillage system and other soil and crop management practices
until the existence of the world.

9.8 Future Perspectives

Vienna Soil Deceleration ‘Soil matters for humans and ecosystems’ emphasized on
sustainable soil management. The sensible use of organic amendments and conser-
vation tillage practices must ensure a healthy soil and has huge potential towards
achieving UN Sustainable Development Goals (SDGs). Retention of crop residues in
the fields needs to be practiced to promote long-term soil health. Replenishment of
OM and nutrients to crop fields using available resources increase C sequestration in
soil. Combined application of fertilizers using organic and inorganic sources ensures
a continuous and steady supply of nutrients to plants and reduce environmental
pollution. No-till along with cover crops and crop rotation is found to be the most
effective in conserving soil C and the environment. Conservation tillage like no-till,
reduced tillage, and strip-tillage, etc. cause minimum damage to the environment,
therefore, are recommended for farmers’ practice across the world wherever possi-
ble. Soil and crop management practices that are conducive for C sequestration
might contribute to reduce CO2 emission from soil to the atmosphere. Wider
adoption of such technologies will certainly secure soil health, mitigate global
warming, and climate change.

318 M. M. Rahman et al.



References

Abbott LK, Murphy DV (2007) Biological soil fertility: a key to sustainable land use in agriculture.
Springer, London, p 254

Adebola AE, Ewulo BS, Arije DN (2017) Effects of different animal manures on soil physical and
microbial properties. Appl Trop Agric 22(1):128–133

Adebusoye SA, Ilori MO, Amund OO, Teniola OD, Olatope SO (2007) Microbial degradation of
petroleum hydrocarbons in a polluted tropical stream. World J Microbiol Biotechnol 23
(8):1149–1159

Adekiya AO, Ojeniyi SO, Owonifari OE (2016) Effect of cow dung on soil physical properties,
growth and yield of maize (Zea mays) in a tropical Alfisol. Sci Agric 15(2):374–379

Adeyemo AJ, Akingbola OO, Ojeniyi SO (2019) Effects of poultry manure on soil infiltration,
organic matter contents and maize performance on two contrasting degraded alfisols in south-
western Nigeria. Int J Recycl Org Waste Agric 1:1–8

Agbede TM, Ojeniyi SO, Adeyemo AJ (2008) Effect of poultry manure on soil physical and
chemical properties, growth and grain yield of sorghum in southwest, Nigeria. Am Eurasian J
Sustain Agric 2(1):72–77

Agegnehu G, Vanbeek C, Bird MI (2014) Influence of integrated soil fertility management in wheat
and tef productivity and soil chemical properties in the highland tropical environment. J Soil Sci
Plant Nutr 14(3):532–545

Akbarnia A, Alimardani R, Baharloeyan S (2010) Performance comparison of three tillage systems
in wheat farms. Australian J Crop Sci 4(8):586–589

Aktar MW, Sengupta D, Chowdhury A (2009) Impact of pesticides use in agriculture: their benefits
and hazards. Interdisc Toxicol 2:1–12

Akter N, Ara KA, Akand MH, Alam MK (2017) Vermicompost and trichocompost in combination
with inorganic fertilizers increased growth, flowering and yield of gladiolus cultivar (GL-031)
(Gladiolus grandiflorus L.). Adv Res 12(3):1–11

Alam MK, Salahin N, Islam S, Begum RA, Hasanuzzaman M, Islam MS, Rahman MM (2017)
Patterns of change in soil organic matter, physical properties and crop productivity under tillage
practices and cropping systems in Bangladesh. J Agric Sci 155(2):216–238. https://doi.org/10.
1017/S0021859616000265

Alam MA, Rahman MM, Biswas JC, Akhter S, Maniruzzaman M, Choudhury AK, Jahan ABMS,
Miah MMU, Sen R, Kamal MZU, Mannan MA, Shiragi MHK, Kabir W, Kalra N (2019)
Nitrogen transformation and carbon sequestration in wetland paddy field of Bangladesh. Paddy
Water Environ 17:677–688. https://doi.org/10.1007/s10333-019-00693-7

Al-Kaisi MM, Yin X (2005) Tillage and crop residue effects on soil carbon and carbon dioxide
emission in corn-soyabean rotations. J Environ Qual 34(2):437–445

Antonious GF (2016) Soil amendments for agricultural production. In: Larramendy ML, Soloneski
S (eds) Organic fertilizers: from basic concepts to applied outcomes. Intech, Rijeka, pp 157–187

ASAE (2013) Terminology and definitions for soil tillage and soil-tool relationships. ASAE
EP191.3, February 2005 (R2013). American Society of Agricultural Engineers, St Joseph, MI

Avnimelech Y, Cohen A, Shkedi D (1990) The effect of municipal solid waste compost on the
fertility of clay souls. Soil Technol 3(3):275–284

Awale R, Chatterjee A, Franzen D (2013) Tillage and N-fertilizer influences on selected organic
carbon fractions in a North Dakota silty clay soil. Soil Till Res 134:213–222

Bandyopadhyay KK, Misra AK, Ghosh PK, Hati KM (2010) Effect of integrated use of farmyard
manure and chemical fertilizers on soil physical properties and productivity of soybean. Soil Till
Res 110(1):115–125

Bauer A, Black AL (1992) Organic carbon effects on available water capacity of three soil textural
groups. Soil Sci Soc Am J 56(1):248–254

Beare MH, Hendrix PF, Coleman DC (1994) Water-stable aggregates and organic matter fractions
in conventional-and no-tillage soils. Soil Sci Soc Am J 58(3):777–786

9 Organic Sources and Tillage Practices for Soil Management 319

https://doi.org/10.1017/S0021859616000265
https://doi.org/10.1017/S0021859616000265
https://doi.org/10.1007/s10333-019-00693-7


Binte BI (2020) Effect of long term rice straw application on soil health. MS thesis, Winter 2019
term. Department of Soil Science, Bangabandhu Sheikh Mujibur Rahman Agricultural Univer-
sity, Gazipur, Bangladesh

Bolan NS, Hedley MJ (2003) Role of carbon, nitrogen, and sulphur cycles in soil acidification. In:
Rengel Z (ed) Handbook of soil acidity. Marcel Dekker, New York, pp 29–56

Bosch DD, Potter TL, Truman CC, Bednarz CW, Strickland TC (2005) Surface runoff and lateral
surface flow as response to conventional tillage and soil-water conditions. Trans ASAE 48
(6):2137–2144

Brady NC, Weil RR (1999) The nature and properties of soils. Prentice Hall, Upper Saddle River
Brady NC, Weil RR (2014) The nature and properties of soils, 14th edn. Pearson Education, Upper

Saddle River
Brown S, Cotton M (2011) Changes in soil properties and carbon content following compost

application: results of on-farm sampling. Compost Sci Util 19(2):87–96
Busari MA, Kukal SS, Kaur A, Bhatt R, Dulazi AA (2015) Conservation tillage impacts on soil,

crop and the environment. Int Soil Water Conserv Res 3(2):119–129
Butler TJ, Han KJ, Muir JP, Weindorf DC, Lastly L (2008) Dairy manure compost effects on corn

silage production and soil properties. Agron J 100(6):1541–1545
Campbell-Nelson K (2019) New England vegetable management guide. https://ag.umass.edu/

vegetable/news/2018-2019-new-england-vegetable-management-guide-available-now
Carr PM, Mader P, Creamer NG, Beeby JS (2012) Overview and comparison of conservation tillage

practices and organic farming in Europe and North America. Renew Agric Food Syst 27:2–6
Celik I, Ortas I, Kilic S (2004) Effects of compost, mycorrhiza, manure and fertilizer on some

physical properties of a Chromoxerert soil. Soil Till Res 78(1):59–67
Celik A, Altikat S, Way T (2013) Strip tillage width effects on sunflower seed emergence and yield.

Soil Till Res 131:20–27
Chan KY (2001) An overview of some tillage impacts on earthworm population abundance and

diversity—implications for functioning in soils. Soil Till Res 57(4):179–191
Chang EH, Wang CH, Chen CL, Chung RS (2014) Effects of long-term treatments of different

organic fertilizers complemented with chemical N fertilizer on the chemical and biological
properties of soils. Soil Sci Plant Nutr 60(4):499–511

Channabasavanna AS (2003) Efficient utilization of poultry manure with inorganic fertilizers in wet
land rice. J Maharashtra Agric Univ 27(3):237–238

Connolly RD (1998) Modelling effects of soil structure on the water balance of soil-crop systems: a
review. Soil Till Res 48:1–19

Cruse RM (2002) Strip tillage effects on crop production, crop year 2001. Department of Agron-
omy, Lowa State Univ, Ames, IA

Das BB, Dkhar MS (2011) Rhizosphere microbial populations and physico chemical properties as
affected by organic and inorganic farming practices. Am-Euras J Agric Environ Sci 10:140–150

Derpsch R, Friedrich T, Kassam A, Hongwen L (2010) Current status of adoption of no-till farming
in the world and some of its main benefits. Int J Agric Biol Eng 3:1–25

Diacono M, Mantemurro F (2010) Long-term effects of organic amendments on soil fertility. A
review. Agron Sustain Dev 30:401–422

Diacono M, Castrignanò A, Troccoli A, Benedetto DD, Basso B, Rubino P (2012) Spatial and
temporal variability of wheat grain yield and quality in a Mediterranean environment: a
multivariate geostatistical approach. Field Crop Res 131:49–62

Dimassi B, Mary B, Wylleman R, Labreuche J, Couture D, Piraux F, Cohan JP (2014) Long-term
effect of contrasted tillage and crop management on soil carbon dynamics during 41 years. Agric
Ecosyst Environ 188:134–146

Dobermann A, Fairhurst TH (2002) Rice straw management. Better Crop Int Spec Suppl 16:7–11
Drakopoulos D, Scholberg JM, Lantinga EA, Tittonell PA (2016) Influence of reduced tillage and

fertilization regime on crop performance and nitrogen utilization of organic potato. Org Agric 6
(2):75–87

320 M. M. Rahman et al.

https://ag.umass.edu/vegetable/news/2018-2019-new-england-vegetable-management-guide-available-now
https://ag.umass.edu/vegetable/news/2018-2019-new-england-vegetable-management-guide-available-now


Duong TT, Penfold C, Marschner P (2012) Amending soils of different texture with six compost
types: impact on soil nutrient availability, plant growth and nutrient uptake. Plant Soil 354
(1–2):197–209

Elmi AA, Madramootoo C, Hamel C, Liu A (2003) Denitrification and nitrous oxide to nitrous
oxide plus dinitrogen ratios in the soil profile under three tillage systems. Biol Fertil Soils
38:340–348

Ewulo BS, Hassan KO, Ojeniyi SO (2007) Comparative effect of cow dung manure on soil and leaf
nutrient and yield of pepper. Int J Agric Res 2(12):1043–1048

Ewulo BS, Ojeniyi SO, Akanni DA (2008) Effect of poultry manure on selected soil physical and
chemical properties, growth, yield and nutrient status of tomato. Afr J Agric Res 3(9):612–616

Fan M, Shen J, Yuan L, Jiang R, Chen X, Davies WJ, Zhang F (2011) Improving crop productivity
and resource use efficiency to ensure food security and environmental quality in China. J Exp
Bot 63(1):13–24

FAO (2005) The importance of soil organic matter: key to drought-resistant soil and sustained food
production. FAO soils bulletin 80. FAO, Rome

FAO (2009) Global agriculture towards 2050. High level expert forum – how to feed to world in
2050. http://www.fao.org/fileadmin/templates/wsfs/docs/Issues_papers/HLEF2050_Global_
Agriculture.pdf

FAO (2015) Healthy soils are the basis for healthy food production. Food and Agriculture Organi-
zation of the United Nations. www.fao.org/soils-2015/news/news-detail/en/c/277682

Farooq M, Siddique KHM (eds) (2014) Conservation agriculture. Springer International, Cham.
https://www.springer.com/gp/book/9783319116198

Farrell M, Jones DL (2009) Critical evaluation of municipal solid waste composting and potential
compost markets. Bioresour Technol 100(19):4301–4310

Franzluebbers AJ (2002) Water infiltration and soil structure related to organic matter and its
stratification with depth. Soil Till Res 66(2):197–205

FRG (2018) Fertilizer recommendation guide. Bangladesh Agricultural Research Council (BARC)
Farmgate, Dhaka, p 223

Friedrich T, Kassam A (2012) No-till farming and the environment: do no-till systems require more
chemicals? Outlooks Pest Manag 23(4):153–157. https://doi.org/10.1564/23aug02

Gannett M, Pritts MP, Lehmann J (2019) Soil amendments affect soil health indicators and crop
yield in perennial strawberry. Hort Tech 29(2):179–188

Gao M, Liang F, Yu A, Li B, Yang L (2010) Evaluation of stability and maturity during forced-
aeration composting of chicken manure and sawdust at different C/N ratios. Chemosphere 78
(5):614–619

Garg S, Bahla GS (2008) Phosphorus availability to maize as influenced by organic manures and
fertilizer P associated phosphatase activity in soils. Bioresour Technol 99(13):5773–5777

Gattinger A, Jawtusch J, Muller A, Mader P (2011) No-till agriculture – a climate smart solution?
Bischofliches Hilfswerk MISEREOR e.V. Mozartstrabe, Aachen

Ge S, Zhu Z, Jiang Y (2018) Long-term impact of fertilization on soil pH and fertility in an apple
production system. J Soil Sci Plant Nutr 18(1):282–293

Ghosh PK, Ramesh P, Bandyopadhyay KK, Tripathi AK, Hati KM, Misra AK, Acharya CL (2004)
Comparative effectiveness of cattle manure, phosphocompost and fertilizer-NPK on three
cropping systems in vertisols of semi-arid tropics. I. Crop yields and system performance. J
Bioresour Technol 95:77–83

Govaerts B, Mezzalama M, Unno Y, Sayre KD, Luna-Guido M, Vanherck K, Dendooven L,
Deckers J (2007) Influence of tillage, residue management, and crop rotation on soil microbial
biomass and catabolic diversity. Appl Soil Ecol 37(1–2):18–30

Govaerts B, Verhulst N, Castellanos-Navarrete A, Sayre KD, Dixon J, Dendooven L (2009)
Conservation agriculture and soil carbon sequestration: between myth and famer reality. Crit
Rev Plant Sci 28:97–122

Goyal S, Singh D, Suneja S, Kapoor KK (2009) Effect of rice straw compost on soil
microbiological properties and yield of rice. Indian J Agric Res 43(4):263–268

9 Organic Sources and Tillage Practices for Soil Management 321

http://www.fao.org/fileadmin/templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf
http://www.fao.org/fileadmin/templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf
http://www.fao.org/soils-2015/news/news-detail/en/c/277682
https://www.springer.com/gp/book/9783319116198
https://doi.org/10.1564/23aug02


Grandy AS, Loecke TD, Parr S, Robertson GP (2006) Long-term trends in nitrous oxide emissions,
soil nitrogen, and crop yields of till and no-till cropping systems. J Environ Qual 35
(4):1487–1495. https://doi.org/10.2134/jeq2005.0166

Greenland DJ (1977) Soil damage by intensive arable cultivation: temporary or permanent? Philos
T R Soc B 281(980):193–208

Gregorich EG, Turchenek LW, Carter MR, Angers DA (eds) (2001) Soil and environmental science
dictionary. Can Soc Soil Sci 8:372

Gui-mei Z, Xiang-yong L, Min WU (2015) Effect of straw incorporation on soil fertility and yield
of rice after tobacco. Fujian Agricultural Science and Technology, Fujian

Gupta R, Sayre KD (2007) Conservation agriculture in South Asia. J Agric Sci 145(3):207–214
Gupta KK, Aneja KR, Rana D (2016) Current status of cow dung as a bioresource for sustainable

development. Bioresour Bioprocess 3(1):1–11
Hafeez-ur-Rehman AN, Wakeel A, Saharawat YS, Farooq M, Siddique KH (eds) (2015) Conser-

vation agriculture in South Asia. Conservation agriculture. Springer, Cham
Hati KM, Mandal KG, Misra AK, Ghosh PK, Bandyopadhyay KK (2006) Effect of inorganic

fertilizer and farmyard manure on soil physical properties, root distribution, and water-use
efficiency of soybean in Vertisols of central India. Bioresour Technol 97(16):2182–2188

Havlin JL, Beaton JD, Tisdale SL, Nelson WL (2005) Soil fertility and fertilizers: an introduction to
nutrient management (no. 631.422/H388). Pearson Prentice Hall, Upper Saddle River

He J, Kuhn NJ, Zhang XM, Zhang XR, Li HW (2009) Effects of 10 years of conservation tillage on
soil properties and productivity in the farming–pastoral ecotone of Inner Mongolia, China. Soil
Use Manag 25(2):201–209

He J, Li H, Kuhn NJ, Wang Q, Zhang X (2010) Effect of ridge tillage, no-tillage, and conventional
tillage on soil temperature, water use, and crop performance in cold and semi-arid areas in
Northeast China. Soil Res 48(8):737–744

He L, Zhang A, Wang X, Li J, Hussain Q (2019) Effects of different tillage practices on the carbon
footprint of wheat and maize production in the loess plateau of China. J Clean Prod 23:297–305

Heggelund LR, Diez-Ortiz M, Lofts S, Lahive E, Jurkschat K, Wojnarowicz J, Svendsen C (2014)
Soil pH effects on the comparative toxicity of dissolved zinc, non-nano and nano ZnO to the
earthworm Eisenia fetida. Nanotoxicology 8(5):559–572

Heggenstaller A (2012) Managing soil pH for crop production. Crop Insights 22:1–4
Hepperly P, Lotter D, Ulsh CZ, Seidel R, Reider C (2009) Compost, manure and synthetic fertilizer

influences crop yields, soil properties, nitrate leaching and crop nutrient content. Compost Sci
Util 17(2):117–126

Hiel MP, Chelin M, Parvin N, Barbieux S, Degrune F, Lemtiri A, Colinet G, Degre A, Bodson B,
Garre S (2016) Crop residue management in arable cropping systems under temperate climate,
part 2: soil physical properties and crop production. Biotechnol Agron Soc Environ 20:245–256

Hillel D, Hatfield JL (eds) (2005) Encyclopedia of soils in the environment, vol 3. Elsevier,
Amsterdam

Hobbs PR (2007) Conservation agriculture: what is it and why is it important for future sustainable
food production? J Agric Sci 145:127–137

Hofmeijer MA, Krauss M, Berner A, Peigne J, Mäder P, Armengot L (2019) Effects of reduced
tillage on weed pressure, nitrogen availability and winter wheat yields under organic manage-
ment. Agronomy 9(4):180

Hole DG, Perkins AJ, Wilson JD, Alexander IH, Grice PV, Evans AD (2005) Does organic farming
benefit biodiversity? Biol Conserv 122:113–130

Hoover NL, Law JY, Long LAM, Kanwar RS, Soupir ML (2019) Long-term impact of poultry
manure on crop yield, soil and water quality, and crop revenue. J Environ Manag 252:109582

Hubbard RK, Bosch DD, Marshall LK, Strickland TC, Rowland D, Griffin TS, Wienhold BJ (2008)
Nitrogen mineralization from broiler litter applied to southeastern coastal plain soils. J Soil
Water Conserv 63(4):182–192

322 M. M. Rahman et al.

https://doi.org/10.2134/jeq2005.0166


Hunke P, Mueller EN, Schroder B, Zeilhofer P (2015) The Brazilian Cerrado: assessment of water
and soil degradation in catchments under intensive agricultural use. Ecohydrology 8
(6):1154–1180

Hussain N, Hassan G, Arshadullah M, Mujeeb F (2001) Evaluation of amendments for the
improvement of physical properties of sodic soil. Int J Agric Biol 3:319–322

Jabro JD, Stevens WB, Evans RG, Iversen WM (2009) Tillage effects on physical properties in two
soils of the northern great plains. Am Soc Agric Biol Eng 25(3):377–382

Jabro JD, Stevens WB, Iversen WM, Evans RG (2011) Bulk density, water content, and hydraulic
properties of a sandy loam soil following conventional or strip tillage. Appl Eng Agric 27
(5):765–768

Jangid K, Williams MA, Franzluebbers AJ, Sanderlin JS, Reeves JH, Jenkins MB, Endale DM,
Coleman DC, Whitman WB (2008) Relative impacts of land-use, management intensity and
fertilization upon soil microbial community structure in agricultural systems. Soil Biol Biochem
40:2843–2853

Jangir CK, Singh D, Kumar S (2016) Yield and economic response of biofertilizer and fertility
levels on black gram (Vigna mungo L.). Prog Res 11(Special-VIII):5252–5254

Jangir CK, Kumar S, Meena RS (2019) Significance of soil organic matter to soil quality and
evaluation of sustainability. In: Meena RS (ed) Sustainable agriculture. Scientific Publisher,
Jodhpur, pp 357–381

Jarvis PE, Woolford AR (2017) Economic and ecological benefits of reduced tillage. Frank
Parkinson Agricultural Trust and Game & Wildlife Conservation Trust. https://www.
agricology.co.uk/sites/default/files/Economic%20and%20ecological%20benefits%20of%
20reduced%20tillage%20in%20the%20Uk%20-%20Final.pdf

Jat RA, Sahrawat KL, Kassam AH (eds) (2014) Conservation agriculture: global prospects and
challenges. CABI, Wallingford, 393 pp

Jia S, Zhang X, Chen X, McLaughlin NB, Zhang S, Wei S, Sun B, Liang A (2016) Long-term
conservation tillage influences the soil microbial community and its contribution to soil CO2

emissions in a Mollisol in Northeast China. J Soils Sediments 16(1):1–12
Jiang XJ, De-Ti XIE (2009) Combining ridge with no-tillage in lowland rice-based cropping

system: Long-term effect on soil and rice yield. Pedosphere 19(4):515–522
Juskulska I (2019) Change in soil properties after 5 years of using strip-till technology. Int Scient J

Mech Agric Conserv Resour 6:193–195
Kaiser J (2004) Wounding earth’s fragile skin. Science 304:1616–1618
Kakraliya SK, Kumar S, Kakraliya SS, Choudhary KK, Singh LK (2018) Remedial options for the

sustainability of rice-wheat cropping system. J Pharmacogn Phytochem 7(2):163–171
Karlen DL, Mausbach MJ, Doran JW, Cline RG (1997) Soil quality: a concept, definition, and

framework for evaluation. Soil Sci Soc Am J 61:4–10
Kassam A, Friedrich T, Derpsch R (2019) Global spread of conservation agriculture. Int J Environ

Stud 76(1):29–51
Kaur K, Kapoor KK, Gupta AP (2005) Impact of organic manures with and without mineral

fertilizers on soil chemical and biological properties under tropical conditions. J Plant Nutr
Soil Sci 168(1):117–122

Kay BD (1998) Soil structure and organic carbon: a review. In: Lal R, Kimble JM, Follett RF,
Stewart BA (eds) Soil processes and carbon cycle. CRC Press, Boca Raton

Kibblewhite MG, Ritz K, Swift MJ (2007) Soil health in agricultural systems. Philos T R Soc B Biol
Sci 363(1492):685–701

Kimble JM, Rice CW, Reed D, Mooney S, Follett RF, Lal R (2007) Soil carbon management,
economic, environmental and social benefits. CRC Press, Boca Raton

King LD (1990) Soil nutrient management in the United States. Sustainable agricultural systems. St
Lucie Press, Boca Raton, pp 89–106

Kirkegaard JA, Conyers MK, Hunt JR, Kirkby CA, Watt M, Rebetzke GJ (2014) Sense and
nonsense in conservation agriculture: principles, pragmatism and productivity in Australian

9 Organic Sources and Tillage Practices for Soil Management 323

https://www.agricology.co.uk/sites/default/files/Economic%20and%20ecological%20benefits%20of%20reduced%20tillage%20in%20the%20Uk%20-%20Final.pdf
https://www.agricology.co.uk/sites/default/files/Economic%20and%20ecological%20benefits%20of%20reduced%20tillage%20in%20the%20Uk%20-%20Final.pdf
https://www.agricology.co.uk/sites/default/files/Economic%20and%20ecological%20benefits%20of%20reduced%20tillage%20in%20the%20Uk%20-%20Final.pdf


mixed farming systems. Agric Ecosyst Environ 187:133–145. https://doi.org/10.1016/j.agee.
2013.08.011

Kumar S, Karaliya SK, Chaudhary S (2017) Precision farming technologies towards enhancing
productivity and sustainability of rice-wheat cropping system. J Curr Microbiol Appl Sci 6
(3):142–151

Kumar S, Meena RS, Datta R, Verma SK, Yadav GS, Pradhan G, Molaei A, Mustafizur Rahman
GKM, Mashuk HA (2020) Legumes for carbon and nitrogen cycling: an organic approach. In:
Datta R, Meena RS, Pathan SI, Ceccherini MT (eds) Carbon and nitrogen cycling in soil.
Springer, Singapore, pp 337–375. https://doi.org/10.1007/978-981-13-7264-3_10

Lal R (2004) Soil carbon sequestration to mitigate climate change. Geoderma 123:1–22
Laryea KB, Pathak P, Klaij MC (1991) Tillage systems and soils in the semi-arid tropics. Soil Till

Res 20:201–218
Laufer DB, Loibl B, Koch MH-J (2016) Soil erosion and surface runoff under strip tillage for sugar

beat (Beta vulgaris L.) in central Europe. Soil Till Res 262:1–7
Lehnhoff E, Miller Z, Miller P, Johnson S, Scott T, Hatfield P, Menalled F (2017) Organic

agriculture and the quest for the holy grail in water-limited ecosystems: managing weeds and
reducing tillage intensity. Agriculture 7(4):33

Leskovar D, Othman Y, Dong X (2016) Strip tillage improves soil biological activity, fruit yield
and sugar content of triploid watermelon. Soil Till Res 163:266–273

Li H, Gao H, Wu H, Li W, Wang X, He J (2007) Effects of 15 years of conservation tillage on soil
structure and productivity of wheat cultivation in northern China. Soil Res 45(5):344–350

Liang Y, Lin X, Yamada S, Inoue M, Inosako K (2013) Soil degradation and prevention in green
house production. Springerplus 2(Suppl 1):S10

Licht MA, Al-Kaisi M (2005) Strip-tillage effect on seedbed soil temperature and other soil physical
properties. Soil Till Res 80(1–2):233–249

Lim TJ, Spokas KA, Feyereisen G, Novak JM (2016) Predicting the impact of biochar additions on
soil hydraulic properties. Chemosphare 142:136–144

Lipiec L, Kus J, Slowinska-Jurkiewicz A, Nosalewicz A (2005) Soil porosity and water infiltration
as influenced by tillage methods. Soil Till Res 89(2):210–220

Magdoff FR, Bartlett RJ, Ross DS (1987) Acidification and pH buffering of forest soils. Soil Sci
Soc Am J 51(5):1384–1386

Maguire RO, Hesterberg D, Gernat A, Anderson K, Wineland M, Grimes J (2006) Liming poultry
manures to decrease soluble phosphorus and suppress the bacteria population. J Environ Qual
35(3):849–857

Mandal B, Majumder B, Bandyopadhyay PK, Hazra GC, Gangopadhyay A, Samantaray RN,
Mishra AK, Chaudhury J, Saha MN, Kundu S (2007) The potential of cropping systems and
soil amendments for carbon sequestration in soils under long-term experiments in subtropical
India. Glob Chang Biol 13(2):357–369. https://doi.org/10.1111/j.1365-2486.2006.01309.x

Manzoni S, Porparato A (2009) Soil carbon and nitrogen mineralization: theory and models across
scales. Soil Biol Biochem 41(7):1355–1379

MDA (2011) Conservation practices, Minnesota conservation funding guide. Minnesota Depart-
ment of Agriculture, St Paul, MN. http://www.mda.state.mn.us/protecting/conservation/
practices/constillage

Meena RS, Lal R (2018) Legumes and sustainable use of soils. In: Meena RS et al (eds) Legumes
for soil health and sustainable management. Springer, Singapore, pp 1–31. https://doi.org/10.
1007/978-981-13-0253-4_1

Meena RS, Kumar V, Yadav GS, Mitran T (2018) Response and interaction of Bradyrhizobium
japonicum and Arbuscular mycorrhizal fungi in the soybean rhizosphere: a review. Plant
Growth Regul 84:207–223

Meena RS, Kumar S, Yadav GS (2020a) Soil carbon sequestration in crop production. In: Meena
RS (ed) Nutrient dynamics for sustainable crop production. Springer, Singapore, pp 1–39.
https://doi.org/10.1007/978-981-13-8660-2_1

324 M. M. Rahman et al.

https://doi.org/10.1016/j.agee.2013.08.011
https://doi.org/10.1016/j.agee.2013.08.011
https://doi.org/10.1007/978-981-13-7264-3_10
https://doi.org/10.1111/j.1365-2486.2006.01309.x
http://www.mda.state.mn.us/protecting/conservation/practices/constillage.aspx
http://www.mda.state.mn.us/protecting/conservation/practices/constillage.aspx
https://doi.org/10.1007/978-981-13-0253-4_1
https://doi.org/10.1007/978-981-13-0253-4_1
https://doi.org/10.1007/978-981-13-8660-2_1


Meena RS, Lal R, Yadav GS (2020b) Long term impacts of topsoil depth and amendments on soil
physical and hydrological properties of an Alfisol in Central Ohio, USA. Geoderma
363:1141164

Meena RS, Kumar S, Datta R, Lal R, Vijayakumar V, Brtnicky M, Sharma MP, Yadav GS, Jhariya
MK, Jangir CK, Pathan SI, Dokulilova T, Pecina V, Marfo TD (2020c) Impact of agrochemicals
on soil microbiota and management: a review. Land 9(34):1–22. https://doi.org/10.3390/
land9020034

Mitchell JP, Shrestha A, Mathesius K, Scow KM, Southard RJ, Haney RL, Schmidt R, Munk DS,
Horwath WR (2017) Cover cropping and no-tillage improve soil health in an arid irrigated
cropping system in California’s San Joaquin Valley, USA. Soil Till Res 165:325–335

Mloza-banda ML, Cornelis W, Mloza-banda HR, Makwiza CN, Verbist K (2014) Soil properties
after change to conservation agriculture from ridge tillage in sandy clay loams of mid-altitude
Central Malawi. Soil Use Manag 30:569–578

Mohamed AM, Sekar S, Muthukrishnan P (2010) Prospects and potential of poultry manure. Asian
J Plant Sci 9:172–182

Mullens BA, Szijj CE, Hinkle NC (2002) Oviposition and development of Fannia spp. (Diptera:
Muscidae) on poultry manure of low moisture levels. Environ Entomol 31(4):588–593

Murphy DV, Stockdale EA, Brookes PC, Goulding KWT (2007) Impact of microorganisms on
chemical transformation in soil. In: Abbott LK, Murphy DV (eds) Soil biological fertility – a key
to sustainable land use in agriculture. Springer, Dordrecht, pp 37–59

Norris CE, Congreves KA (2018) Alternative management practices improve soil health indices in
intensive vegetable cropping systems: a review. Front Environ Sci 6:50

Nweke IA, Nsoanya LN (2015) Effect of cow dung and urea fertilization on soil properties, growth
and yield of cucumber (Cucumis sativus L.). J Agric Ecol Res 3(2):81–88

Omonode RA, Smith DR, Gal A, Vyn TJ (2011) Soil nitrous oxide emissions in corn following
three decades of tillage and rotation treatments. Soil Sci Soc Am J 75(1):152–163

Orji FA, Ibiene AA, Dike EN (2012) Laboratory scale bioremediation of petroleum hydrocarbon–
polluted mangrove swamps in the Niger Delta using cow dung. Malay J Microbiol 8(4):219–228

Osman KT (2013) Chemical properties of soil. In: Soils. Springer, Dordrecht, pp 97–111
Overstreet L, Hoyt G, Imbriani J (2010) Comparing nematode and earthworm communities under

combinations of conventional and conservation vegetable production practices. Soil Till Res
110:42–50

Parikh SJ, James BR (2012) Soil: the foundation of agriculture. Nat Educ Knowl 3(10):2
Patino-Zuniga L, Ceja-Navarro JA, Govaerts B, Luna-Guido M, Sayre KD, Dendooven L (2009)

The effect of different tillage and residue management practices on soil characteristics, inorganic
N dynamics and emissions of N2O, CO2 and CH4 in the central highlands of Mexico: a
laboratory study. Plant Soil 314(1–2):231–241

Paul M (2003) Long-term effects of manure compost and mineral fertilizers on soil biological
activity as related to soil structure and crop yield. In: Amlinger F, Nortcliff S, Weinfurtner K,
Dreher P (eds) Applying compost – benefits and needs, proc. of a seminar 22–23 November
2001, BMLFUW. European Commission, Brussels

Paustian K, Six J, Elliott ET, Hunt HW (2000) Management options for reducing CO2 emissions
from agricultural soils. Biogeochemistry 48(1):147–163

Phogat VK, Tomar VS, Dahiya R (2015) Soil physical properties, chapter 6. In: Soil science: an
introduction. Indian Society of Soil Science, New Delhi, pp 135–171

Pikul JL Jr, Carpenter-Boggs L, Vigil M, Schumacher TE, Lindstrom MJ, Riedell WE (2001) Crop
yield and soil condition under ridge and chisel-plow tillage in the northern Corn Belt, USA. Soil
Till Res 60(1–2):21–33

Ponnamperuma FN (1984) Straw as a source of nutrients for wet land rice. Org Matter Rice 117:136
Powlson DS, Whitmore AP, Goulding WT (2011) Soil carbon sequestration to mitigate climate

change: a critical re-examination to identify the true and the false. Eur J Soil Sci 62:42–55
Rahman MM (2013) Nutrient use and carbon sequestration efficiencies in soils from different

organic wastes in rice and tomato cultivation. Commun Soil Sci Plant Anal 44(9):1457–1471

9 Organic Sources and Tillage Practices for Soil Management 325

https://doi.org/10.3390/land9020034
https://doi.org/10.3390/land9020034


Rahman MM (2014) Carbon and nitrogen dynamics and carbon sequestration in soils under
different residue management. The Agriculturists 12(2):48–55

Rahman F, Rahman MM, Rahman GKMM, Saleque A, Hossain ATS, Miah MG (2016) Effect of
organic and inorganic fertilizers and rice straw on carbon sequestration and soil fertility under
rice-rice cropping pattern. Carbon Manag 7(1–2):41–53

Rahman MM, Biswas JC, Maniruzzaman M, Choudhury AK, Ahmed F (2017) Effect of tillage
practices and rice straw management on soil environment and carbon dioxide emission. The
Agriculturists 15(1):127–142

Rahman GKM, Rahman MM, Alam MS, Kamal MZ, Mashuk HA, Datta R, Meena RS (2020)
Biochar and organic amendments for sustainable soil carbon and soil health. In: Datta R et al
(eds) Carbon nitrogen cycling in soil. Springer, Singapore, pp 45–85. https://doi.org/10.1007/
978-981-13-7264-3

Raich JW, Potter CS, Bhagawati D (2002) Inter-annual variability in global soil respiration,
1980–94. Glob Chang Biol 8:800–812

Ramos MC, Nacci S, Pla I (2003) Effect of raindrop impact and its relationship with aggregate
stability to different disaggregate forces. Catena 53(4):365–376

Randhawa GK, Kullar JS (2011) Bioremediation of pharmaceuticals, pesticides, and
petrochemicals with gomeya/cow dung. ISRN Pharmacol 2011:362459. https://doi.org/10.
5402/2011/362459

Rani K, Sharma P, Kumar S, Wati L, Kumar R, Gurjar DS, Kumar D, Kumar R (2019) Legumes for
sustainable soil and crop management. In: Meena RS, Kumar S, Bohra JS, Jat ML (eds)
Sustainable management of soil and environment. Springer, Singapore, pp 193–215. https://
doi.org/10.1007/978-981-13-8832-3_6

Rashad FM, Kesba HH, Saleh WD, Moselhy MA (2011) Impact of rice straw composts on
microbial population, plant growth, nutrient uptake and root-knot nematode under greenhouse
conditions. Afr J Agric Res 6(5):1188–1203

Reicosky D (1998) Strip tillage methods: impact on soil and air quality. In: ASSSI national soils
conference, Brisbane-Australia. Australian Society of Soil Science, Brisbane, pp 56–60

Rochette P (2008) No-till only increases N2O emissions in poorly-aerated soils. Soil Till Res 101
(1–2):97–100

Rosenstock TS, Lamanna C, Chesterman S, Bell P, Arslan A, Richards M, Rioux J, Akinleye AO,
Champalle C, Cheng Z, Corner-Dolloff C, Dohn J, English W, Eyrich AS, Girvetz EH, Kerr A,
Lizarazo M, Madalinska A, McFatridge S, Morris KS, Namoi N, Poultouchidou N, Ravina da
Silva M, Rayess S, Ström H, Tully KL, Zhou W (2016) The scientific basis of climate-smart
agriculture: a systematic review protocol. CCAFS working paper no 138. CGIAR Research
Program on Climate Change, Agriculture and Food Security (CCAFS), Copenhagen

Roy S, Rahman MM, Rahman GKMM, Miah MG, Kamal MZU (2019) Soil structural stability
under different organic fertilizer management practices. Annals Bangladesh Agril 23(1):15–24

Ruensuk N, Mongkonbunjong P, Leuchikam C, InthalaengW (2008) Rice straw management in the
area of continuous rice planting. Rice Res J 2:35–46

Schiesari L, Waichman A, Brock T, Adams C, Grillitsch B (2013) Pesticide use and biodiversity
conservation in the Amazonian agricultural frontier. Philos Trans R Soc B Biol Sci 368
(1619):20120378

Schimel JP, Schaeffer SM (2012) Microbial control over carbon cycling in soil. Front Microbiol
3:1–11

Scotti R, Bonanomi G, Scelza R, Zoina A, Rao MA (2015) Organic amendments as sustainable tool
to recovery fertility in intensive agricultural systems. J Soil Sci Plant Nutr 15(2):333–352

Sengupta A, Dick WA (2015) Bacterial community diversity in soil under two tillage practices as
determined by pyrosequencing. Microb Ecol 70(3):853–859

Shao JA, Li YB, Wei CF, Xie DT (2009) Effects of land management practices on labile organic
carbon fractions in rice cultivation. Chin Geogr Sci 19:241–248

326 M. M. Rahman et al.

https://doi.org/10.1007/978-981-13-7264-3
https://doi.org/10.1007/978-981-13-7264-3
https://doi.org/10.5402/2011/362459
https://doi.org/10.5402/2011/362459
https://doi.org/10.1007/978-981-13-8832-3_6
https://doi.org/10.1007/978-981-13-8832-3_6


Sharma P, Meena RS, Kumar S, Gurjar DS, Yadav GS, Kumar S (2019) Growth, yield and quality
of cluster bean (Cyamopsis tetragonoloba) as influenced by integrated nutrient management
under alley cropping system. Indian J Agric Sci 89(11):1876–1880

Shi XH, Yang XM, Drury CF, Reynolds WD, McLaughlin NB, Zhang XP (2012) Impact of ridge
tillage on soil organic carbon and selected physical properties of a clay loam in southwestern
Ontario. Soil Till Res 120:1–7

Simmons FW (1992) Tillage and compaction effects on root distribution. In: Reetz HF Jr (ed) Proc.
of roots of plant nutrition conference. Chamaign, Illinois, GA. Potash and Phosphate Institute,
Manhattan, pp 61–68

Six J, Conant RT, Paul EA, Paustian K (2002) Stabilization mechanisms of soil organic matter:
implications for C-saturation of soils. Plant Soil 241(2):155–176

Smith SR, Jasim S (2009) Small-scale home composting of biodegradable household waste:
overview of key results from a 3-year research programme in West London. Waste Manag
Res 27(10):941–950

Somani LL, Totawat KL (1996) Soil conditioners and amendments, vol 1. Agrotech Publishing
Academy, Udaipur, pp 28–160

Soremi AO, Adetunji MT, Adejuyigbe CO, Bodunde JG, Azeez JO (2017) Effects of poultry
manure on some soil chemical properties and nutrient bioavailability to soybean. J Agric Ecol
Res Int 11(3):1–10

Stanley UO (2010) Effectiveness of cow dung and mineral fertilizer on soil properties, nutrient
uptake and yield of sweet potato (Ipomoea batatas) in southeastern Nigeria. Asian Agric Res
4:148–154

Tautges NE, Sullivan TS, Reardon CL, Burke IC (2016) Soil microbial diversity and activity linked
to cropyield and quality in a dryland organic wheat production system. Appl Soil Ecol
108:258–268

Tejada M, Hernandez MT, Garcia C (2006) Application of two organic amendments on soil
restoration: effects on the soil biological properties. J Environ Qual 35(4):1010–1017

Tilman D, Cassman KG, Matson PA, Naylor R, Polasky S (2002) Agricultural sustainability and
intensive production practices. Nature 418(6898):671–677

Trevini M, Benincasa P, Guiducci M (2013) Strip tillage effect on seedbed tilth and maize
production in Northern Italy as case-study for the Southern Europe environment. Eur J Agron
48:50–56

Trinsoutrot I, Recous S, Mary B, Nicolardot B (2000) C and N fluxes of decomposing 13C and 15N
Brassica napus L. effects of residue composition and N content. Soil Biol Biochem 32
(11–12):1717–1730

Turmel MS, Speratti A, Baudron F, Verhulst N, Govaerts B (2015) Crop residue management and
soil health: a systems analysis. Agric Sys 134:6–16

Umanu G, Nwachukwu SCU, Olasode OK (2013) Effects of cow dung on microbial degradation of
motor oil in lagoon water. GJBB 2:542–548

Valpassos MAR, Cavalcante EGS, Cassiolato AMR, Alves MC (2001) Effects of soil management
systems on soil microbial activity, bulk density and chemical properties. Pesq Agropec Bras 36
(12):1539–1545

Van den Putte A, Govers G, Diels J, Gillijns K, Demuzere M (2010) Assessing the effect of soil
tillage on crop growth: a meta-regression analysis on European crop yields under conservation
agriculture. Eur J Agron 33:231–241

Wander M (2004) Soil organic matter fractions and their relevance to soil function. In: Magdoff F,
Weil RR (eds) Soil organic matter in sustainable agriculture. CRC Press, Boca Raton

Wang Z, Liu L, Chen Q, Wen X, Liao Y (2016) Conservation tillage increases soil bacterial
diversity in the dryland of northern China. Agron Sustain Dev 36:28. https://doi.org/10.1007/
s13593-016-0366-x

Watts DB, Torbert HA, Feng YC, Prior SA (2010) Soil microbial community dynamics as
influenced bycomposted dairy manure, soil properties, and landscape position. Soil Sci
175:474–486

9 Organic Sources and Tillage Practices for Soil Management 327

https://doi.org/10.1007/s13593-016-0366-x
https://doi.org/10.1007/s13593-016-0366-x


Weaver AR, Kissel DE, Chen F, West LT, Adkins W, Rickman D, Luvall JC (2004) Mapping soil
pH buffering capacity of selected fields in the coastal plain. Soil Sci Soc Am J 68(2):662–668

Wen-Wei Z, Xiao-Jiang S, Li-Hong Z, Yue-Cai S (2011) Effects of rice straw backed to soil in
double rice cropping production. Crop Res 3:10

Whalen JK, Benslim H, Jiao Y, Sey BK (2008) Soil organic carbon and nitrogen pools as affected
by compost applications to a sandy-loam soil in Quebec. Can J Soil Sci 88(4):443–450

Whalley WR, Dumitru E, Dexter AR (1995) Biological effects of soil compaction. Soil Till Res
35:53–68

Wilhelm WW, Johnson JMF, Karlen DL, Lightle DT (2007) Corn Stover to sustain soil organic
carbon further constrains biomass supply. Agron J 99:1665–1667

World Bank (2016) Agricultural land percent of land area. https://data.worldbank.org/indicator/AG.
LND.AGRI.ZS

Zaller JG, Kopke U (2004) Effects of traditional and biodynamic farmyard manure amendment on
yields, soil chemical, biochemical and biological properties in a long-term field experiment. Biol
Fertil Soil 40(4):222–229

Zaman MM, Chowdhury T, Nahar K, Chowdhury MAH (2017a) Effect of cow dung as organic
manure on the growth, leaf biomass yield of Stevia rebaudiana and post-harvest soil fertility. J
Bangladesh Agric Univ 15(2):206–211

Zaman MM, Nahar K, Chowdhury T, Chowdhury MAH (2017b) Growth, leaf biomass yield of
stevia and post-harvest soil fertility as influenced by different levels of poultry manure. J
Bangladesh Agric Univ 15(2):212–218

Zhang Y, Liu Y, Zhang G, Guo X, Sun Z, Li T (2018) The effects of rice straw and biochar
applications on the microbial community in a soil with a history of continuous tomato planting
history. Agronomy 8(5):65

Zhao X, Liu SL, Pu C, Zhang XQ, Xue JF, Zhang R, Wang YQ, Lal R, Zhang HL, Chen F (2016)
Methane and nitrous oxide emissions under no–till farming in China: a meta–analysis. Glob
Chang Biol 22(4):1372–1384

Zikeli S, Gruber S (2017) Reduced tillage and no-till in organic farming systems, Germany— status
quo, potentials and challenges. Agriculture 7(35):1–17. https://doi.org/10.3390/
agriculture7040035

Zikeli S, Gruber S, Teufel C-F, Hartung K, Claupein W (2013) Effects of reduced tillage on crop
yield, plant available nutrients and soil organic matter in a 12-year long-term trial under organic
management. Sustainability 5:3876–3894. https://doi.org/10.3390/su5093876

328 M. M. Rahman et al.

https://data.worldbank.org/indicator/AG.LND.AGRI.ZS
https://data.worldbank.org/indicator/AG.LND.AGRI.ZS
https://doi.org/10.3390/agriculture7040035
https://doi.org/10.3390/agriculture7040035
https://doi.org/10.3390/su5093876

	9: Organic Sources and Tillage Practices for Soil Management
	9.1 Introduction
	9.2 Soil Under Intensive Agriculture
	9.3 Sustainable Soil Management
	9.4 Soil Properties
	9.4.1 Physical Properties
	9.4.1.1 Soil Texture
	9.4.1.2 Soil Structure and Aggregates
	9.4.1.3 Soil Compaction and Density
	9.4.1.4 Soil Hydraulic Properties

	9.4.2 Biological Properties
	9.4.2.1 Nutrient Cycling
	9.4.2.2 Biological Nitrogen Fixation
	9.4.2.3 Plant Growth Promotion
	9.4.2.4 Bioremediation

	9.4.3 Chemical Properties
	9.4.3.1 Nutrient Elements
	9.4.3.2 Soil Organic Matter
	9.4.3.3 Soil Colloidal Properties
	9.4.3.4 Cation and Anion Exchange Capacity
	9.4.3.5 Soil pH
	9.4.3.6 Buffering Capacity


	9.5 Effects of Amendments on Soil Properties
	9.5.1 Rice Straw
	9.5.2 Cow Dung
	9.5.3 Poultry Manure
	9.5.4 Farmyard Manure
	9.5.5 Compost

	9.6 Tillage Practices and Soil Properties
	9.6.1 No-Till/Zero Tillage
	9.6.2 Minimum/Reduced Tillage
	9.6.3 Strip Tillage
	9.6.4 Ridge Tillage
	9.6.5 Traditional/Conventional Tillage

	9.7 Conclusions
	9.8 Future Perspectives
	References


