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PREFACE 

Climate change is one of the most pressing challenges of our time, and its impact on 

agriculture and food security cannot be overstated. As we stand at the crossroads of 

environmental and agricultural crises, the need for innovative, sustainable solutions 

has never been more critical. "Climate Smart Agriculture and Food Security" seeks 

to address this urgent issue by delving into the intricate relationship between 

agriculture, climate change, and the quest for food security. This book is a 

comprehensive exploration of climate-smart agriculture, a concept that aims to 

harness the power of innovation, technology, and sustainable practices to adapt to 

climate change while mitigating its impact. It provides a roadmap for creating 

resilient agricultural systems that can thrive in the face of adversity, reduce 

greenhouse gas emissions, and contribute to the broader goal of achieving food 

security for a growing global population. Within these pages, you will find a wealth 

of knowledge and insights from leading experts in the fields of agriculture, climate 

science, and policy. They will guide you through the key principles of climate-smart 

agriculture, from the integration of traditional and modern farming practices to the 

adoption of cutting-edge technologies such as precision agriculture, agroforestry, 

and climate-resilient crop varieties. But this book is not just about theory; it is also 

about action. It showcases real-world examples of climate-smart agriculture in 

practice, highlighting success stories from around the world where farmers, 

scientists, and policymakers have come together to implement innovative solutions. 

These stories serve as both inspiration and a call to action, illustrating what can be 

achieved when we work collaboratively to address the challenges of our changing 

climate. We hope that this book will serve as a valuable resource for researchers, 

policymakers, farmers, students, and anyone who is passionate about creating a 

more resilient and sustainable future. It is our collective responsibility to confront 

the challenges of climate change head-on and to ensure that no one goes hungry in 

a world where the climate is changing faster than our agriculture practices. "Climate 

Smart Agriculture and Food Security" is a step in that direction, offering knowledge, 

inspiration, and a roadmap for a more sustainable and secure future.
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1. Climate Smart Agriculture: Technology and 

Impact 

Osman Ali, Sunil Kr. Gunri, Biswapriya Mallick 

Department of Agronomy,  

Bidhan Chandra Krishi Viswavidyalaya (SAU), Mohanpur,  

Nadia, West Bengal, India. 

Abstract: 

The text discusses Climate Smart Agriculture (CSA), which is an integrated approach to 

landscape management. CSA aims to adapt farming methods, livestock, and crops to the 
current anthropogenic climate change. Additionally, it aims to reduce greenhouse gas 

emissions and ensure food security while considering the growth of the world's population. 

The emphasis is on enhancing agricultural productivity alongside sustainable agriculture. 

Climate smart agriculture (CSA) is an approach that aims to transform and reorient 
agricultural systems to support development and ensure food security in a changing climate. 

The goals of CSA include enhancing agricultural productivity and income sustainability, 

fostering resilience to climate change, and minimizing greenhouse gas emissions. The CSA 
proposes examining three objectives across various levels and timeframes while 

considering regional and national differences and preferences. These goals encompass the 

farm-to-landscape continuum and range from local to global perspectives. CSA is context-

specific and involves a range of integrated elements rather than universal practices. CSA 
involves the integration of various technologies, policies, institutions, and investments to 

address both on-farm and off-farm actions. 

1.1 Introduction: 

Education is an unquestionable privilege. It helps to form opinions and makes people less 
The agricultural sector in India is highly susceptible to weather and climate conditions, 

which are exacerbated by extreme weather events and distinctive meteorological factors. 

Consequently, the country has encountered a substantial decline in crop yield.  

The Global Circulation Model Climate Change experiments predict that future agricultural 

production in the nation will be significantly affected by variations in weather and climatic 
characteristics. According to the assessment conducted by the Food and Agriculture 

Organization (FAO) and the Intergovernmental Panel on Climate Change (IPCC), it is 

projected that there will be a significant reduction in agricultural productivity in India in the 
coming years. Specifically, it is estimated that by 2020, there will be a reduction of 2.5-

10%, and by 2050, a reduction of 5-30%. The country's food security may be jeopardized 

due to the effects of a shifting climate. In order to enhance resilience to climate change, 

crops must adapt to heightened weather variability, extreme occurrences, and shifting 
climate patterns that occur during the entirety of the growth period. Therefore, it is now 

more crucial than ever to implement integrated adaptation and mitigation interventions that 

comprehensively address the numerous challenges confronting agriculture.  
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The implementation of "climate-smart agriculture" is a pragmatic approach to ensuring food 
security amidst a dynamic environmental landscape. The implementation of adaptation 

strategies based on the principles of climate-smart agriculture, including the advocacy of 

conservation agriculture, sustainable resource management, and climate-smart crops, can 

serve as a means of alleviating the impacts of climate change. 

Climate-smart agriculture (CSA) has been implemented with the aim of supporting 

smallholder farmers in adapting to the effects of climate change through the improvement 

or expansion of their livelihood strategies. The concept of climate-smart agriculture was 

introduced by the Food and Agriculture Organization (FAO) during the Hague Conference 
on Agriculture, Food Security, and Climate Change in 2010. It pertains to agricultural 

practices that promote sustainable production, enhances resilience, mitigates greenhouse 

gas emissions, and facilitate the attainment of national food security goals. This approach 
is considered a viable means of achieving sustainable development objectives. The 

simultaneous addressing of food security and climate concerns serves to integrate the three 

fundamental components of sustainable development, namely the economic, social, and 

environmental dimensions. The construct comprises three primary pillars. 

a. Sustainability: Sustainably increasing and intensifying agricultural productivity and 
incomes; 

b. Adoption: Adapting and building resilience to climate change; 

c. Mitigation: Reduction and/or mitigation of greenhouse gases emissions, where and 

when possible; 

 

Figure 1.1: Climate-Smart Agriculture (CSA) 



Climate Smart Agriculture: Technology and Impact 

3 

 

Overall, Climate-smart agriculture primarily focuses on addressing both nutrition security 
and food security as well for rural and smallholder farmers. In addition, CSA uses a 

comprehensive strategy to safeguard or replenish the resource base.  

1.2 Technology for Climate-Smart Agriculture: 

Natural resource management requires coordinated, scientific, multidisciplinary, and varied 

approaches. It is the main paradigm shift that will modernize conventional agriculture under 
CSA. Thus, climate-smart agriculture requires multiple interventions in the land, water, soil, 

energy, cattle, etc. The time has come to adopt these approaches holistically and with site-

specific resources. 

1.2.1 Land Use Management: 

In addition to its extraordinary function in the cycling of substances between the ground 
and the air, the land also serves as a repository for greenhouse gases. In varying degrees, 

land bio-networks are the most vulnerable to the effects of ongoing Climate Change (CC) 

and Extreme Weather Events (EWE). This necessitates environmentally sustainable land 
management, which helps lessen the negative consequences of CC and unpredictability. The 

following are a few examples of actions that will aid in sustainable productivity increases 

and also contribute to CC mitigation and adaptation: 

• The practice of carbon sequestration (CS) in soil or vegetation, along with the 

moderating influence of climate change (CC), is reinforced by various land use 

management alternatives. These include afforestation, agroforestry, reforestation, soil 
organic carbon (SOC) management, and the introduction of biochar into the soil. 

• The preservation and rehabilitation of natural ecosystems, such as wetlands and coastal 

regions, is of paramount importance. The implementation of sustainable land use 

management practices such as green manuring, cover crop production, crop residue 
retention, minimum/zero tillage, and enhanced grazing management can effectively 

mitigate soil degradation resulting from agricultural activities. These practices also 

offer supplementary advantages for climate change adaptation. The cultivation of 
forage legumes such as lablab, cowpea, pigeon pea, lucerne, and sesbania on a large 

scale to enhance feed conversion efficiency resulted in a reduction of methane 

emissions by 25-33%.  

• The implementation of diverse forest and crop systems, coupled with appropriately 

diversified crop rotations and effective range and pasture management, has the potential 
to maintain or even improve forest carbon stocks. This approach can effectively 

mitigate greenhouse gas emissions and contribute to climate change adaptation efforts. 

The consumption of a diverse range of foods can enhance the nutritional value of one's 
diet.  

• Incorporating soil organic matter (SOM), implementing measures to prevent soil 

erosion, utilizing enhanced fertilizers, adopting crop management techniques such as 

fallow rice management, cultivating drought- and flood-tolerant varieties, and other 
similar farming practices are widely recognized as effective strategies for achieving 

both climate change adaptation and mitigation. Spatial and interdisciplinary 

methodologies hold significant importance. 
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• Mitigating the hazards of climate change on agroecosystems can be facilitated through 

alterations in land use practices, including adjustments to cropping patterns, animal 
production, and the relocation of crop or livestock production from vulnerable areas, as 

well as modifications to the frequency of application of inorganic fertilizers and 

chemical pesticides, as well as the allocation of capital and labour. The planting of trees 
in fields for purposes such as windbreaks, live fences, fodder banks, alley cropping, or 

enhanced fallows has the potential to sequester carbon dioxide from the atmosphere in 

both biomass and soil. Additionally, this practice can provide a source of firewood and 

other forest-based products. According to Awazi and Tchamba (2019), the preservation 
of natural forests is supported by this, and it also facilitates adaptation and mitigation 

efforts under CC. 

1.2.2 Crop Production Management: 

In order to achieve sustainability in CC scenarios, agricultural crop production (ACP) that 

is managed effectively is crucial. In this respect, SCPI (sustainable crop production 
intensification) is crucial. SCPI is a type of ACP that makes use of natural biological inputs 

and processes to preserve and improve natural resources while lessening their negative 

effects on the environment. It helps make agricultural systems less vulnerable to the effects 
of climate change. Maintaining healthy soil, avoiding monoculture, and growing high-

yielding, well-adapted varieties through the use of high-quality seeds and planting materials, 

integrated pest, weed, and disease management, and careful water management are the 
foundation of the Sustainable Crop Production System (SCPI). As a result, climate-smart 

ACP refers to the sustainable cultivation of crops in the face of CC, with the goal of making 

them more resistant to Climate Variability (CV).  

• Adopting the tenets of conservation agriculture (CA), such as reduced tillage, crop 

rotation, and residue retention, is strongly recommended. With zero tillage, farmers can 

plant wheat immediately after reaping other crops like rice or cotton. In the final stages 
of grain development, this method protects the wheat crop from fatal heat stress (Pathak, 

2009). GHG emissions are cut and soil organic carbon is stored when farmers practise 

no-till. Techniques that improve the efficiency with which resources are managed or 
inputs are applied are examples of resource conservation technologies (RCTs), which 

have direct, measurable, and all-encompassing economic benefits like lower production 

costs, less need for energy, labour, and water, and better seeding timing, which leads to 

higher crop yields (Amin et al., 2015). 

• Physical, chemical, and biological methods, including biocontrol agents, traps, 
mulches, soil sterilisation, pesticides, resistant cultivars, etc., should be used in the 

context of integrated pest management. 

• Integrated weed management is a strategy for controlling weeds that makes use of 

cultural, mechanical, biological, and chemical techniques to lessen the impact of 
weedicides on the environment and boost CSA. 

• Sprinkler or drip irrigation should be used to efficiently manage water and irrigation, 

eliminate water conveyance losses, reduce water losses due to evaporation, runoff, and 

drainage, apply water based on crop needs, and so on. 

• Organic farming is another option because it forgoes the use of synthetic fertilisers and 
pesticides in favour of natural methods of crop nutrition. 
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• Nutrient-use-efficient crop varieties should be grown to reduce the amount of fertilisers 

used on farms and, by extension, greenhouse gas emissions. 

• A preferable choice for CSA and livelihood sustainability, especially for small and 
marginal farmers, is an integrated farming system that includes crops, poultry, dairy 

animals, and fishing. This method of farming is crucial to ensuring people have access 

to adequate nutrition because it utilises a wide variety of food sources. 

• The cultivation of energy crops necessary for the development of biofuels tends to 
eliminate the need for Fossil Fuels (FF). 

• Reducing fuel use in agricultural machinery operations is an effective strategy for 

lowering greenhouse gas emissions. 

1.2.3 Soil Management: 

The utilisation of soil as a fundamental natural resource is essential in attaining 

sustainability via CSA. The soil functions as a substrate for the growth of plants, facilitating 
the absorption of essential nutrients and water. The aforementioned phenomenon aids in the 

sustenance of soil biodiversity and the regulation of various nutrient cycles, including 

carbon and oxygen. Effective soil management is an essential practice within the context of 

Community Supported Agriculture (CSA).  

The soil management techniques for Climate Smart Agriculture (CSA) may include the 

following approaches: 

• Prior to implementing any CSA soil management technique, it is imperative to evaluate 
the physical, chemical, and biological attributes of the soil that have an impact on soil 

health and the sequestration of soil organic carbon (SOC). This can be accomplished 

through an in-situ examination using soil testing kits or by obtaining soil samples and 
conducting laboratory analyses. The utilization of CSA is recommended for the 

incorporation of these attributes, as suggested by Faurès et al. (2013). 

• Minimum or no-tillage reduces runoff, enhances soil water infiltration, and prevents 

subsurface plough pans. CA increases SOM and inhibits SOC mineralization, which 
aids SOC sequestration. Thus, CA reduces GHG emissions.  

• Soil erosion can be prevented by planting vegetation across steep slopes or by building 

soil and water conservation structures like tied ridges, bunds, terraces, trenches, etc. 

Grassed rivers, chute spillways, drop-inlet spillways, etc. can securely dispose of runoff 

water on slopes. 

• The implementation of agroforestry, mixed cropping, cover cropping, contouring, strip 
cropping, and other similar practices have been shown to effectively mitigate soil 

erosion and enhance the sequestration of soil organic carbon (SOC). 

• The phenomenon of wind erosion in arid and semi-arid regions has the potential to cause 

the depletion of nutrient-rich topsoil or the formation of sand dunes on agriculturally 
productive land. The implementation of drought-resistant plant species, rotational 

grazing practices, and perpendicular windbreaks in relation to the prevailing wind 

direction can effectively mitigate this issue. The practice of mulching with crop residues 

has been found to have several benefits for soil management. These include the 
buffering of soil temperature, reduction of soil water evaporation and nutrient loss, and 

an increase in soil organic matter (SOM). The resulting improvement in soil moisture 
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content, biodiversity, structure, and infiltration are also noteworthy. Preventing soil 
erosion can be achieved by avoiding runoff and rainfall. According to Faurès et al. 

(2013), it has been observed to decrease soil salinity and alleviate waterlogging. 

• Improper agricultural nutrient management increases soil GHG emissions, making it 

crucial in CSA. Nitrogenous fertiliser can convert to nitrous oxide gas under anaerobic 
conditions, which has a global warming potential of 300. Nitrogenous fertiliser 

mineralization releases nitrate ions into soil water, which promotes drainage. Nitrous 

oxide emissions are lowered by nitrogenous fertilisers in the reduced zone. Apply these 

fertilisers to the root zone. To maximise crop efficiency and minimise waste in CSA, 
fertilisers and manures should be administered at the right time and amount. 

• Integrated soil fertility management is a crucial component of CSA, which aims to 

deliver optimal levels of nutrients to plants through a combination of compost, organic 

manure, green manure, crop rotations, intercropping, and inorganic fertilisers. This 
approach is designed to minimise nutrient losses, soil erosion, greenhouse gas 

emissions, and enhance nutrient use efficiency, while simultaneously preserving soil 

and water resources. 

• Applying fertilisers in the right form, amount, timing, and position can improve 
fertiliser use efficiency. Leaf Colour Charts, chlorophyll metres, and optical sensors 

like Green Seeker can help farmers manage nitrogenous fertilisers precisely (Purba et 

al., 2015). Computer or Android-based decision support systems like Nutrient Expert 

and Crop Manager can also help.  

• Leguminous agroforestry can also be used. Site-specific and integrated nutrient 
management minimise GHG emissions and stores SOC. Preventing input waste 

enhances soil and water quality. 

1.2.4 Water Management: 

Water is a limited resource that is being used up too quickly due to reckless and dishonest 

use patterns. The ever-increasing demand placed on the world's water supply by a growing 
human population highlights the importance of conserving this precious commodity. At the 

present time, 70% of all removed water is used by agriculture, mostly for irrigation. 

Inadequate access to water supplies makes irrigation impossible. Reducing losses due to 
percolation, evaporation, seepage, etc. is essential for irrigation development, especially in 

water-scarce countries. Climate change is expected to affect agricultural water in the form 

of more extreme weather events (EWE) including floods and droughts, as well as higher 
average temperatures. In this case, sustainable water management is crucial for reducing the 

effects of climate change. Improved irrigation scheduling, precision irrigation, effective 

drainage systems, in-situ moisture conservation, and rainfall harvesting structures are 

prioritised as water management practices that support the three pillars of CSA. The 

following are the CC adaption options for efficient water management:  

• Micro-irrigation systems (micro-sprayer, trickle, or drip irrigation) are effective ways 
to water crops since water is supplied to the roots rather than the soil. In addition to 

increasing ACP by 20–38 per cent, micro-irrigation systems reduce irrigation water use 

by 20–48%, energy use by 10–17%, labour cost by 30–40%, and fertiliser use by 11–
19 %. 
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• The utilization of pressurized micro-irrigation systems with sensor-based irrigation 

scheduling can significantly assist in the maintenance of soil moisture content at field 
capacity within the crop root zone, as well as in the resolution of challenges related to 

manual irrigation.  

• Recent advancements in information and communication technology (ICT) have 

facilitated the development of irrigation scheduling and soil water balance software 
tools such as BEWARE (Chartzoulakis et al., 2008), IrriSatSMS (John et al., 2009), 

PILOTE (Khaledian et al., 2009), etc. These software tools are designed to aid in the 

irrigation scheduling of various crops. Furthermore, Regulated Deficit Irrigation (RDI) 

and Sub Surface Irrigation (SSI) are feasible alternatives that can be implemented in 
water-scarce regions under a climate change scenario. 

• In CSA, cutting-edge technology like telemetry systems, RS, and GIS are crucial for 

reducing water loss across the supply chain. 

• If in a region where groundwater is readily available at a shallow depth, solar pumps 

may be a great way to get the most out of this resource while reducing the carbon 
footprint. However, there is another option for reducing diesel use and carbon 

emissions: micro-irrigation systems that use solar power to pump water from the 

ground. 

• The utilization of remote sensing and geographic information systems (GIS) has proven 
to be advantageous in multiple aspects of water management. These include command 

area planning and management, crop mapping and yield projection, flood monitoring 

and hazard mapping, and environmental impact assessment in the interlinking river 

project. 

• The modern method of surveying is remote sensing, which may also be used to learn 
about groundwater's presence, growth, storage, and flow direction. This method is also 

useful for mapping aquifers and pinpointing places where groundwater could be 

refilled. Farmers can also benefit from automated irrigation systems, crop and agro-
meteorology alerts, and insurances for crops and animals that are enabled by 

information and communication technologies (ICTs) (Altieri and Nicholls, 2017; 

Mittal, 2012) to help mitigate the negative impacts of CC and CV. 

• The implementation of various agricultural techniques such as land levelling, minimum 
or no tillage, System of Rice Intensification (SRI), direct-seeded rice, crop 

diversification, appropriate irrigation scheduling, rainwater harvesting, site-specific soil 

and water conservation structures, and improved agronomic practises have been 

identified as potential measures to enhance the efficiency of on-farm irrigation and 
mitigate the depletion of groundwater resources. 

• Rainwater collecting is a great way to prevent drought and should be encouraged in 

rainfed areas. Alternative adaptation strategies for reducing CC include integrated 

watershed management and the development of artificial recharge infrastructure. 

• Many high-pressure drip irrigation systems use more energy to deliver the same amount 
of water as gravity-based systems. Therefore, changes must be made to strike a balance 

between enhanced energy efficiency and water efficiency if sustainability is to be 

achieved.  
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1.2.5 Livestock Management:  

 

Figure 1.2: Livestock Management 

Both livestock producers and consumers are affected by climate change (FAO, 2006). 

Livestock accounts for 18% of greenhouse gas emissions (Steinfeld et al., 2006). Methane 

gas, produced primarily from enteric fermentation in livestock, has a heat-trapping potential 
25 times greater than carbon dioxides. Changing the diets of animals is one way to reduce 

their methane emissions. Feeding high-digestibility feeds instead of low-digestibility feeds 

and adding high-quality feed additives can both improve the diet. Adaptation and mitigation 

to CC can be aided by including more fats and proteins in the livestock feed and 
supplementing with antioxidants, vitamins, and minerals (Hristov et al., 2013; Havlik et al., 

2013). Restoration of degraded grasslands, better soil health, and increased climate 

resilience are all benefits of rotational grazing as a method of managing livestock. Cattle 
grazing on grasslands necessitates the cultivation of improved pasture variety. Vaccines 

against methanogens found in the rumen of livestock are now in development, which might 

eventually reduce methane gas emissions (Wright and Klieve, 2011). Greenhouse gases are 
also released into the air from manure. As a result, composting and other improved methods 

of manure management should be implemented. Thornton and Herrero (2010) and Herrero 

et al. (2016) estimate a total mitigation potential of 417,000 Gg CO2 eq from the 

implementation of these strategies. 

The CSA practice of livestock diversification has been shown to increase tolerance to pests 
and diseases linked to climate change (Batima et al., 2005). Rearing should focus on breeds 

with improved heat and humidity tolerance, disease resistance, and adaptability to low-input 

environments (Pankaj et al., 2013). There are a variety of management practices that can 
aid in the development of livestock's capacity to adjust to CC (Pankaj et al., 2013). One 

such method is providing animals with a steady supply of fresh, chilled water. Reducing 

heat stress in animals during hot periods can be as simple as splashing them with cool water 
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at regular intervals. During the warm season, it's best to keep fewer animals in a given space. 
Animals should be housed in areas with adequate shade since this can lower the heat burden 

by as much as 30–40 per cent. Cattle shelters with roofs made of hay or corrugated steel 

sheets provide welcome shade. Fans and open housing systems, or taller buildings, can be 
used to improve ventilation and air circulation in animal shelters. Long-term cooling can be 

provided by planting trees around livestock sheds (Das, 2017). 

1.2.6 Climate Resilience through Genetic Approaches: 

The crop’s genetic composition plays a crucial role in determining its response to external 

environmental factors and its ability to withstand various abiotic and biotic stresses, such as 
extreme temperatures, floods, droughts, pest and disease attacks, among others. The crop's 

Length of growing period (LGP) and phenology are regulated by its genetic makeup, which 

also impacts its ability to efficiently utilize inputs such as fertilizers and water. The 

preservation of genetic resources across multiple crop varieties is crucial in facilitating their 
potential to enhance the breeding of crops that exhibit greater adaptability in the face of 

climate change. According to Faurès et al. (2013), in order to adapt to climate change, crops 

must possess certain traits, including tolerance to water and temperature stress, resistance 
to pests and diseases, efficient utilization of limited nutrient supply, and the ability to grow 

in unfavourable soil conditions. 

• Phenotypic plasticity is a phenomenon that refers to the ability of an organism to alter 

its physical and behavioural traits in response to changes 

• The preservation of genetic resources can be achieved through in-situ and ex-situ 

methods. On the other hand, the utilization of gene banks and botanical gardens for ex-
situ conservation purposes is deemed to be a more economically viable and readily 

available option for its users. The process of creating genetically modified organisms 

involves the introduction of foreign genes or the removal of existing genes through the 

use of targeted enzymes. 

• According to Nagargade et al. (2017), the emission of methane gas from rice cultivation 
can be reduced by cultivating varieties with increased root oxidative activity, fewer 

unproductive tillers, and a higher harvest index. 

• It is imperative to cultivate crop varieties that possess the ability to mitigate greenhouse 

gas (GHG) emissions, as suggested by Barfoot and Brookes in 2014. According to 
Nagargade et al. (2017), the implementation of genetically modified crops has the 

potential to mitigate greenhouse gas emissions through the reduction of fuel 

consumption during farming activities and the enhancement of atmospheric CO2 

absorption and conversion into oxygen. The Nitrogen Use Efficiency (NUE) of crops 
can be enhanced through the application of genetic engineering techniques or traditional 

breeding methods. Improving the nitrogen use efficiency of crops can lead to a 

reduction in the application of nitrogenous fertilizers, resulting in a decrease in 
greenhouse gas emissions. The objective of enhancing nitrogen use efficiency (NUE) 

in crops for breeding purposes involves targeting the alanine aminotransferase gene, 

which has been identified in barley by Shrawat and Good (2008). Certain plant genes, 
such as those found in Brachiaria humidicola and Leymus racemosus, have been 

observed to produce compounds that impede the nitrification process in soil by 

suppressing the activity of Nitrosomonas bacteria, as noted by Subbarao et al. (2007). 
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According to Lutz's (2013) research findings, the transfer of nitrogen-fixing genes from 
leguminous plants that fix atmospheric nitrogen to non-nitrogenous fixing plants has 

the potential to facilitate autonomous nitrogen fixation without the need for synthetic 

nitrogenous fertilizers. 

1.2.7 Energy Management:  

The agriculture sector is heavily reliant on energy, with non-renewable sources such as 
fossil fuels being a primary contributor to greenhouse gas emissions, which are closely 

linked to climate change. Consequently, it is imperative to tackle these obstacles through 

the implementation of sustainable energy alternatives. The significant need and extensive 
utilization of energy within the agricultural sector necessitate the careful administration of 

both sustainable and non-sustainable energy resources. The primary objective of energy 

management is to optimize energy usage while considering the principles of sustainability. 

Energy management primarily centres on the optimization of energy conservation and 
energy efficiency. The following activities are recommended for effectively managing 

energy in a sustainable manner within the context of climate change: 

• There exists a necessity to augment the stock of bio-derived commodities as a substitute 

for those derived from petroleum, with the aim of mitigating greenhouse gas emissions. 

Anaerobic microorganisms can decompose biomass such as wood, animal dung, and 
agricultural waste to generate biogas. The biogas has the potential to be utilized for both 

heating and lighting applications. The residual substance resulting from biogas 

production, commonly referred to as slurry, is a valuable source of nitrogen and 
phosphorous that can be utilized as a fertilizer for crops. Additionally, laser-assisted 

land levelling has demonstrated potential as an effective method for addressing climate 

change. This technology has been shown to conserve water resources by up to 40%, 

optimize the utilization of fertilizers, and increase crop productivity. This methodology 
reduces greenhouse gas (GHG) emissions across various agricultural activities, 

primarily by mitigating the requirement for irrigation water, thereby decreasing the 

energy consumption for water pumping. 

• The promotion of micro-irrigation systems, which have been shown to decrease the 
amount of energy required for pumping, is recommended as a means of conserving 

energy. It is advisable to refrain from irrigating during days characterized by high 

temperatures, intense sunlight, and strong winds. 

• The promotion of conservation agriculture (CA) machinery, such as zero till, raised bed 

planter, seed-cum fertilizer drill, happy seeder, and laser-guided land leveller, is crucial 
as they have demonstrated their efficacy in conserving energy during diverse farming 

operations. 

• Selecting the appropriate pump capacity and corresponding pump sets that align with 

the water source, whether it be a canal or well, is imperative for energy conservation in 
a climate change context. 

• The implementation of variable speed drives (VSDs) on pumps is a significant energy-

conservation strategy that enables pumps to function at the most efficient rate by 

offering variable speeds. According to reports, a reduction in motor speed by a mere 
20% can result in a significant energy conservation of up to 50%. 
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• Performing routine maintenance on pumps not only extends their lifespan but also 

maximizes the energy efficiency of the pumping apparatus. 

• The implementation of an Internet of Things (IoT) enabled smart irrigation system has 
the potential to facilitate optimal irrigation of fields, while also serving as a beneficial 

measure for climate change adaptation. 

• The implementation of on-site renewable energy generation has the potential to 

facilitate sustainable income growth for farmers through the sale of solar power to 
electricity grids or biogas to regional markets while minimizing reliance on fossil fuels. 

• The on-site production of biogas has the potential to facilitate the utilization of its 

resulting substances as a form of fluid organic fertilizer, thereby enhancing agricultural 

productivity while mitigating ecological harm. 

• Considering the context of Creative Commons licensing, it is imperative to foster the 

adoption of energy-efficient technologies that can effectively curtail energy 

consumption in agricultural practices and mitigate crop water demands. 

Impact:  

Considering the diverse circumstances of climate fluctuations and their consequences on 

agricultural output, sustenance, and dietary welfare at the domestic level, it is apparent that 
climate change will significantly impact food production. The impact of climate change 

extends beyond the availability of food and nutrition for human consumption and 

encompasses the sustainability of crop production, livestock production standards, and 

socioeconomic stability.  

The imperative of enhancing agricultural production, productivity, and profitability in the 
future cannot be overstated, as it is crucial for fostering harmonious relationships among 

diverse stakeholders at the village, district, state, national, and international levels. In 

consideration of the sustainability of food production, several strategies can be 
recommended. These include the efficient and prudent utilization of resources, as well as 

the judicious application of pesticides, herbicides, and fertilizers.  

Additionally, adapting to climate change through ecological, genetic, and socioeconomic 

approaches is crucial. Furthermore, minimizing the emission of greenhouse gases such as 

methane, nitrous oxide, and carbon dioxide (CO2) is essential. Strengthening resilience, 
reducing environmental impact, and protecting soil moisture and natural enemies of pests 

are also important measures to be taken. By implementing appropriate strategies, 

regulations, and financial resources, the agricultural industry can transition towards 
Climate-Smart Agriculture (CSA) approaches. This shift can lead to a reduction in 

immediate food insecurity and poverty, while also contributing to the mitigation of climate 

change as a potential threat to food security in the long run. 

1.3 Conclusion:  

Climate-smart agriculture has the potential to mitigate the effects of climate change and 
contribute to global sustainability efforts. According to the Food and Agriculture 

Organization (FAO), meeting the food requirements of the global population would 

necessitate a 60% increase in agricultural production by 2050, assuming present production 
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and consumption patterns persist. In order to achieve the objectives of food security and 
agricultural development while adapting to climate change, it will be imperative to reduce 

emission intensities per production. Improving food safety can be achieved by 

implementing a slight shift in climate conditions, responsibly utilizing natural resources, 
enhancing the efficiency of resource utilization, and reducing production variability while 

maintaining consistency. To enhance productivity and adaptability in agriculture, a 

substantial transformation in the management of genetic resources, soil nutrients, water 

consumption, and land use is imperative. Diverse intelligent motivators, such as the 
implementation of organic farming and zero-budget natural farming, ought to be given due 

consideration. The utilization of renewable energy sources has the potential to serve as a 

more optimal approach for implementing climate-smart farming practices. The adoption of 
an integrated farming system model may prove to be a suitable option for the 

implementation of climate smart agriculture. The implementation of precision agriculture 

and its recent advancements have the potential to significantly impact the practice of 

Climate Smart Agriculture. 
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Abstract: 

Soil health ties agricultural and soil science to policy, stakeholder demands, and long-term 
supply-chain management. Soil health is the ability of soil to continue to operate as a vital 

living ecosystem that sustains plants, animals, and humans. While crop production has 

traditionally been the main emphasis of soil evaluations, soil health now also takes into 
account how the soil affects water quality, climate change, and human health. Despite rising 

acknowledgement of the significance of soil biodiversity, chemical markers continue to 

dominate efforts to measure soil health due to a lack of practical understanding and efficient 
techniques. This viewpoint discusses the definition and history of soil health as well as 

similarities to other soil ideas. We go over the ecosystem services that soils give, the tools 

used to evaluate the functionality of soils, and how they are incorporated into practical soil-

health indices. Instead of only being a quantitative attribute, soil health should be viewed 
by scientists as an overarching principle that supports long-term sustainability goals. As a 

living system, the soil's health and quality preserve not just its biological products but also 

the environment and human health. A healthy environment based on plant inputs and soil 
interactions is known as "soil health." Negative impacts on soil health, soil pollutants, and 

soil loss strategies are becoming less common in developing nations. 

2.1 Introduction: 

A healthy soil performs as a living, dynamic system that offers a range of ecosystem 

services, including preserving water quality and plant production, managing the 
decomposition of recycled nutrients, and eliminating greenhouse gases from the 
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environment. The diversity and activity of soil microorganisms are essential to the health of 
the soil and are therefore strongly related to sustainable agriculture. For soil and water, the 

scenario for improving soil quality evolves over time. Because of soil processes, the earth 

was regarded the domain's environment rather than a part of it. At the same time, globally 

accepted canons, indications, and requirements for pleasant air and water quality.  

Soil quality, a notion related to soil health, is expanding, with soil quality rules in some 

countries having been successful to date (Filip, 2002; Nortcliff, 2002). Industrial 

agriculture, or so-called green revolution technology, increased agriculture's dependence on 

outside inputs, damaged the environment, depleted natural resources, harmed people's 
health, and presented sustainability problems for the industry as a whole. Numerous facts 

show that agrochemical-based, external input-heavy agriculture is not long-term viable due 

to a progressive decline in productivity factor and adverse effects on the health and quality 

of the soil, including soil organic carbon.  

The foundation of organic farming is the management of soil organic matter, which protects 

the physical, chemical, and biological properties of the soil. In comparison to conventionally 

managed soil, organically managed soil has higher soil organic carbon and total nitrogen, 

decreased nitrate leaching, and higher biological soil quality. Research over a long period 
of time has shown that organic management generates more carbon from soil microbial 

biomass than conventional management. Organic agricultural practises have also been 

associated with increased soil ecosystem quality and long-term sustainability at the farm 
level. The nutrients in the soil, water, sunlight, and carbon dioxide (CO2) are all used by 

plants for photosynthesis and to generate food for people and other animals. In addition, 

soils hold onto rainwater and irrigation water before releasing it to support plant growth and 
reproduction. Through processes like precipitation and clay surface adsorption, which 

maintain the soil environment's chemical balance, soils also act as a filter for hazardous and 

nonhazardous metals. Most of the aforementioned soil functions are advantageous to both 

people and animals (Palm et al. 2007).  

Excessive tillage activities result in the physical breakup of aggregates, which leads to 
surface crusting and compaction, which decreases infiltration and increases surface water 

runoff and soil erosion. The bulk of soil processes that are mediated by soil microbes are 

impacted by the loss of soil organic matter (SOM). Soil quality (SQ) deterioration harms 

ecosystem processes by bringing about unfavourable changes in soil properties.  

Soil health refers to the soil's continuous capacity to perform as a crucial biological system. 

Within land-use limits, biological components are crucial for ecosystem function because 

they can preserve both the biological productivity of the soil and the quality of the 

surrounding environment. The soil is the main source of mineral nutrients for the bulk of 
living creatures. The right mineral elements reach the food chain thanks to soil management, 

which prevents mineral elements from being depleted or toxic to plants. Crop productivity, 

environmental sustainability, and human health are all directly and indirectly impacted by 
soil management. Soil management will be more and more important in the years to come 

due to the anticipated increase in world population and the associated demand for higher 

food production. The goal will be to manage soils sustainably through proper nutrient 

management and useful soil conservation practises in order to achieve future food security. 
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2.2 Soil Health: 

Long-term agricultural production depends on the health of the soil, a valuable natural 

resource. According to Doran and Zeiss (2000, p. 20), "soil health" is "the capacity of soil 

to function within ecosystem boundaries to sustain biological activity, maintain 

environmental quality, and promote plant and animal health." The increased soil water 
retention and availability, soil aggregation, nutrient cycling and storage, and microbial 

diversity and function are only a few of the ecological services that soils provide. Assessing 

the soil's fitness to carry out planned functions and its capacity to withstand degradation are 
both parts of the process of assessing the soil's health. Land managers, producers, and 

researchers use a number of qualitative and quantitative markers to evaluate the relative 

worth of soil health. The following features should be found in a healthy soil: 

• High organic content 

• Good soil structure and tilth 

• Enhanced water retention and penetration 

• Compaction resistance 

• High biological activity in the soil 

• Availability and recycle of plant nutrient 

• Resistance to erosion  

• Absence of dangerous substances 

2.2.1 Significance of Soil Health and Soil Quality: 

Soil quality must be maintained in order to preserve animal and plant productivity, keep 

water or beautify the air, and ensure human habitation and fitness (Karlen et al., 1997; 
Arshad and Martin, 2002). Soil disease resistance has been understood for decades thanks 

to the application of soil health crops in recent years (Janvier et al., 2007). Soil health was 

defined by Van Bruggen and Semenov as the soil's tolerance to shocks and pressures (Van 
Bruggen and Semenov, 2000). It is sometimes difficult to distinguish between soil quality 

and soil health because the latter emphasises biotic soil inputs (Anderson et al., 2003). The 

health of the soil influences the health of the ecosystem, which affects the wellbeing of 

people, animals, and plants (Habberen, 1992; Doran, 2002). 

2.3 Components of Soil Health for Sustainable Agriculture: 

In the scientific literature, the phrases "soil health" and "soil quality" are frequently used 

interchangeably, and some people believe they are functionally equivalent.  Farmers prefer 

the term "soil health," whereas scientists prefer the term "soil quality." 183 biotic indicators 

were created and tested by Ritz et al. (2009) for soil monitoring. Candidates for biological 
indicators that were most prevalent included: (1) Soil respiration and carbon cycling from 

multiple substrate-induced respiration; (2) Soil microbial taxa and community structure 

using terminal restriction fragment length polymorphism techniques; (3) Soil microbial 
community structure and biomass using extracted lipids, particularly phospholipid fatty 

acids; (4) Soil biochemical processes from multi-enzyme profiling; and (5) Nematodes, 

including (6) microarthropod; and (7) Visual recording of soil flora. (8) pitfall traps for 
invertebrates that live in the soil and on the ground, as well as (9) microbial biomass, the 
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overall amount of life underground. However, they came to the conclusion that more 
research was required to understand how these biological indicators are affected by 

management changes, how they connect to soil functions, and how they may be used to 

highlight particular ecological processes. For the long-term growth of our agricultural 
systems and the appropriate use of national and international agricultural monitoring 

systems (ground truth data), it is essential to determine the components of soil health. 

Healthy soil has been shown to prevent infections, maintain biological activity, break down 

organic matter, neutralise dangerous chemicals, and recycle nutrients, energy, and water. 

Karlen et al. (2003) defined soil quality as "the capacity of a specific type of soil to function, 
within natural or managed ecosystem boundaries, to sustain plant and animal productivity, 

maintain or improve water and air quality, and support human health and habitation." 

Additionally, soil quality was described by Bouma et al. (2017) as "the intrinsic capacity of 
a soil to contribute to ecosystem services, including biomass production." A deeper 

comprehension of soil quality can help targeted ecosystem services. The idea of soil quality 

is evolving to incorporate biological characteristics and processes that interact with 

chemical and physical components. The terms "soil quality" and "soil health" are frequently 
used interchangeably in the literature, as was already mentioned. In terms of timeline, they 

can be distinguished; "soil health" refers to the state of the soil over a brief period, whereas 

"soil quality" relates to the state of an individual over a long period (quality of life). Terms 
for soil state include "soil health" and "soil quality," and measuring these will help 

determine how past, present, and future land uses may affect the viability of agriculture.  

2.3.1 The Distribution of Soil Microbes: 

For microorganisms, soil aggregates offer a physical environment and play a significant role 

in regulating their overall population. In humic rendzina (heavy loam calcareous soil), 
aggregates 1-3 mm contained more bacteria, actinomycetes, and fungus than aggregates 5-

7 mm. The population density of soil bacteria can also be influenced by the climate, 

vegetation, total organic carbon, and pH. When environmental and management parameters 
were considered in relation to the diversity and abundance of rhizosphere microorganisms, 

it became clear that soil type had a substantial impact on the microbial population. While 

modifications to soil pH, P, and K levels and root length indirectly increased bacterial 

population, fungal biomass was associated with an increase in above-ground plant output. 

2.3.2 Element of Farming Methods to Enhance Soil Health: 

Crop management practises that significantly affect soil quality include tillage, water and 

fertiliser management, cropping techniques, and land-use conversion. 

A. Effect of Tillage: One of the most crucial land management techniques is tillage, which 

improves soil aeration and infiltration rates, prepares seedbeds, conserves soil and moisture, 

exposes soil-borne illnesses and insects to light, and controls weeds. To lessen the negative 
effects of tillage on soil quality, modern tillage concepts including no tillage, minimum 

tillage, stubble-mulch tillage, and conservation tillage practises have been created. In 

semiarid regions with rainfed conditions, zero tillage or conservation tillage techniques 
combined with crop residue integration increase the chance of crop production sustainability 
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(Sharma et al. 2005). Conservation tillage increased soil accessible P in the topsoil (0–20 
cm) by 3.8%, K by 13.6%, and soil organic matter by 0.17% when compared to conventional 

tillage practises (Shao et al., 2016). Reduced soil erosion and improved soil moisture 

content are benefits of keeping crop residues on the top soil surface layer (full cover, no till; 
partial cover, strip tillage) (Celik et al., 2013; Mullins et al., 1998). Cereal rotations and 

legume cover crops increase soil SOC reserves (Fortuna et al. 2008). 

B. Effect of Cropping Systems: In general, methods based on annual crop production such 

as agroforestry and tree plantations keep soil quality better. In comparison to cereal 

cropping systems without pulses, cereal farming systems with pulses improve soil quality 
better (Wienhold et al. 2006). In systems where rice is the primary crop, ploughing 

(puddling) causes the breakdown of capillary pores, a decreased void ratio, poor soil 

aggregates, dispersed fine clay particles, and low soil strength, as well as the formation of 
surface crusts and cracks after drying (Masto et al. 2008). According to Weerasekara et al. 

(2017), farming practises focused on pulse crops and cover crops prevent soil erosion and 

nitrogen loss. Utilising cover crops in crop rotation has numerous benefits, including a 

reduction in weeds, carbon sequestration, soil moisture conservation, and nonpoint source 
pollution. By fixing atmospheric nitrogen, legume cover crops increase soil nitrogen and 

decrease the demand for external N fertiliser. 

C. Nutrient Management: According to Mandal et al. (2007), the INM ensures that crops 

receive appropriate nutrition while reducing the negative effects of hidden shortfalls and 
nutritional imbalance. Long-term INM practises considerably improved soil aggregation 

stability and physical quality as well as the yield of the maize-wheat system (Dutta et al. 

2015). on contrast to irrigated production, the impact of INM is more notable on output 
from rainfed systems. Inceptisols in a tropical Indian soil under pearl millet farming have 

increased aggregation stability, labile carbon, and dehydrogenase activity due to long-term 

INM practises (Sharma et al. 2014). The SOC content, available nutrients, MBC, and the 

enzymes dehydrogenase and alkaline phosphatase in the topsoil of vertisols under soybean-
wheat cropping systems were improved by using organic manures like cattle dung manure, 

vermicompost, and poultry manure in combination with mineral fertilisers based on N 

equivalents and crop nutrient requirements (Ramesh et al. 2009). In light-textured soil, farm 
compost application increases SOC content, earthworm population, and MBC while 

lowering BD, providing a favourable environment for crop growth and increasing yield in 

maize-based cropping systems (D' Hose et al. 2012). 

D. Organic Farming: In order to increase physical, biological, and environmental resources 

such soil nutrient mineralization, microbial activity, abundance, and variety as well as yield 
and product quality, organic farming is gaining favour as the most sustainable agricultural 

method. When compared to mineral fertilisation, organic farming has been demonstrated to 

increase soil organic matter, N supply capability, and soil N sequestration by about 50% 
(Sesbania rostrata yielded 16.8 tonnes ha-1 dry matter in 13 weeks) (Gong et al., 2011 and 

Matoh et al., 2008). The organic systems with compost and peat sources had higher 

microbial populations and enzyme activity than conventional systems, according to a 12-
year research of the rice (Oryza sativa) and maize (Zea mays) crops (Chang et al., 2014). 

The physical and chemical properties of the soil can be enhanced by organic farming. In 

comparison to conventional systems, organic systems in clay soil, for instance, increased 

soil water content by 15%, retention capacity by 10%, and bulk density by 8% in the top 20 
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cm of soil (Bassouny et al., 2016). Organic farming is less productive than conventional 
farming, however after 10–13 years of cropping, organic productivity can match 

conventional yield (Schrama et al., 2018). In general, the best way to enhance the quality of 

the land and the crops is through organic farming. 

2.3.3 Impact of Organic Farming on Soil Health: 

Impact on soil physical qualities: Soil physical attributes include structure, texture, bulk 
density, porosity, and water-holding capacity, among other things. It has been demonstrated 

that organic farming enhances the physical properties of the soil, including its structure, 

water-holding capacity, aeration, and temperature. Papadopoulos et al. (2014) claim that 
organic management can improve soil structure, organic matter content, and porosity. Crop 

rotation is a crucial part of organic farming since it alters the soil's physical composition 

both directly and indirectly. Changes in soil structure are directly influenced by the buildup 

of organic matter in the soil during the lean phase. In addition, crop rotation alters the 
architectural design of the diverse root systems of many different crops. Since organic 

farming absorbs more water and has less run-off, it is preferable in regions with significant 

rainfall, claim Lotter et al. (2003). 

Impact on chemical properties of soil: Contrary to conventional agriculture, organic 
agriculture adds essential nutrients for quality improvement by following the natural cycle. 

While simultaneously boosting the amount of organic carbon in the soil, organic farming 

has the ability to maintain soil fertility. The sustainability of soil organic carbon and the 
availability of nutrients to plants are both guaranteed by the use of diverse organic inputs, 

such as FYM, vermicompost, green manuring, and so forth. High-quality FYM application 

enhances soil total nitrogen and organic matter, which is "a crucial substrate of cationic 

exchange and the warehouse of most available nitrogen, phosphorus, and sulphur; the 
primary energy source for microorganisms; and a key determinant of soil structure." 

Phosphorus is released more readily from decaying matter and its fixation in soil is reduced 

by organic acids and the humus they contain. Micronutrient availability for the plant is also 

guaranteed by organic nutrient input. 

Organic inputs' effects on the biological characteristics of soil: While many academics 

restrict the idea of soil quality to physical and chemical characteristics, others believe that 

biological criteria are important and should be considered when evaluating soil quality. 

Since the flora and fauna in the soil have a significant impact on soil quality, these biological 
characteristics are essential for determining soil quality. The living components of soil 

organic matter are soil microbes. For soil to be produced, microbial biomass and activity in 

the soil are essential. It has been demonstrated that switching to organic farming increases 
microbial activity and biomass by 20–30% and 30–100%, respectively. In comparison to 

soil with a low organic matter concentration (which is treated inorganically), soil with a 

high organic matter content exhibits greater microbial activity and provides more soil N. 
Arbuscular mycorrizal fungi are a special type of fungus that collaborates with the plant's 

root system to increase water and nutrient intake. This mutualistic relationship helps plants 

absorb more phosphorus from the soil and shields them from many diseases. Increased 

microbial activity, which increases competition, parasitism, and predation in the 

rhizosphere, reduces the likelihood of plant disease infestation in organic farming. 
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Natural resources and biodiversity: The term "soil biodiversity" describes the diversity of 
taxonomic groupings found in soil, including nematodes, earthworms, fungi, bacteria, and 

worms. Numerous studies show that during the past 40 years, the quantity and diversity of 

a variety of plant and invertebrate species have decreased as a result of modern agriculture's 
intensification and expansion, posing a threat to biodiversity globally. Contrarily, organic 

farming supports the preservation of biodiversity.  

The agro-economic and agro-ecological performance of biodynamic, bioorganic, and 

conventional farming systems in Central Europe were compared over a 21-year period, and 

the results showed that organic farming produced greater biodiversity and increased soil 
fertility. Recent studies, however, found no difference in any of the evaluated soil and 

microbial properties between conventional and organic farms, despite the fact that N 

mineralization was higher in organic farms. They also found no effect of landscape 

heterogeneity.  

2.4 Soil Quality: 

For optimum input allocation to increase the output of food and fibre, Warkentin and 

Fletcher (1977) established the idea of soil quality. Soil quality, according to Karlen et al. 

(1997), is "the capacity of a specific type of soil to function within a natural or managed 
ecosystem to sustain plant and animal productivity, maintain or improve water and air 

quality, and support human health." 

  

Figure 2.1: Elements that influence soil quality and some of the methods used. [Source: 

Antonio de Vicente, Diversity (2012), Institute for Horticultural Mediterranean and 

Subtropical Horticulture "La Mayora" (UMACSIC), Malaga, Spain]. 
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2.4.1 Soil Quality Assessment: 

The adverse impacts on soil functions caused by improper management and other natural 

variables are the main reason why soil quality assessment is necessary. By measuring 

changes in soil qualities brought on by management, shifting land uses, deforestation, and 

other causes, soil quality evaluation is a process. 

 

Figure 2.2: Factors influencing soil quality. (Modified from Arshad and Coen 1992) 

2.4.2 Soil Quality Indicators: 

More (2010) classifies soil quality indicators into four categories: 

•  Visual indicators 

•  Physical indicators 

•  Chemical indicators 

•  Biological indicatssors 

A. Visual Indicators:  

Visual indicators are obtained from field observations of qualitative soil characteristics such 

as soil depth, colour, erosion, gully formation, salt deposition, drainage, surface ponding, 

soil structure, consistency, mottles, rooting depth, root development, earthworm population, 
rat activity, and so on. Visual SQ indicators have the main benefit of being immediately 

examined without the requirement for time-consuming laboratory analysis (Bunemann et 

al. 2018). One of the numerous visible markers of soil quality that has lately attracted 

attention in the literature is soil structure (Emmet-Booth et al. 2016).  
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B. Physical Indicators: 

Texture, structure, hydraulic conductivity, infiltration, porosity, bulk density, and aggregate 
stability are examples of physical SQ indicators. They are associated to seedling emergence, 

root growth, water movement, water holding capacity, penetration resistance, and other 

parameters, and they are used to evaluate physical SQ. Physical factors have a key role in 
controlling soil erodibility and the interactions between soil, plants, water, and the 

atmosphere (More 2010). 

C. Chemical Indicators: 

Important soil chemical processes include ionic diffusion, leaching, acidification, 

alkalinization, salinization, mineralization, and others. A desirable nutrient concentration 

must be maintained for the chemical quality of the soil. Chemical markers of SQ include 
pH, EC, salinity, sodicity, organic carbon, nitrogen fractions, phosphorus concentration, 

cation exchange capacity (CEC), and concentrations of heavy metals. Due to their ability to 

detect the bulk of nutrient-related changes in soil, soil pH and available P are the chemical 
indicators used in SQ evaluation most frequently. The pH of the soil is used to determine 

the activity of hydrogen ions in the soil solution. Indicators of plant nutrition are also 

present. 

D. Biological Indicators: 

Mineralizable nitrogen, soil organic matter, respiration, and microbial biomass (total 

bacteria and fungus) are biological markers of soil quality. Microorganisms play a 
significant role in organic matter decomposition and nutrient recycling. Key indicators of 

soil quality include earthworms, nematodes, termites, microorganisms, and their behaviour. 

Microbial biomass is a vital part of the soil's "active ingredient," which breaks down organic 

pollutants and circulates nutrients (Stenberg et al. 1998).  

Enzymes including dehydrogenase, urease, phosphatases, and glucosidase are used to 
measure nutrient mineralization in soil and can give an early warning of potential risks to 

soil quality (Comino et al. 2018). The most reliable indicator of the soil's structural, 

microclimatic, nutritional, and hazardous status is the amount of earthworms present. By 
recycling soil nutrients, aiding in the gradual mixing of soil layers, and creating a better 

aeration and drainage system, earthworms play a crucial part in the conservation and 

improvement of soil. Earthworms are indicators of the water and nutrient cycles. 

2.5 Critical Issues and Needs for Sustainable Management: 

On the second day of the session, critical concerns for sustainable management were 
highlighted in a large group format. Small groups determined high priority research needs 

for identifying sustainable agricultural land management and management "strategies" to 

ensure long-term sustainability after identifying the primary concerns. 

• An ecological strategy to managing diverse land uses in a sustainable manner. 

• Consideration of farm size when developing sustainable agricultural method. 
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• Explain the crucial relevance of soil in terms of the environment, society, and 

economics. 

• Prescriptive and descriptive assessment of agricultural system sustainability for land 

managers and scientists. 

2.6 Conclusion: 

W3The essential prerequisite for achieving sustainable agricultural and livestock 

production is the preservation of soil fertility and soil health. Organic farming methods, 

which are extremely complex and integrated biological processes, may be a viable 
technology alternative for maintaining good soil health. Because organic practises affect 

more than one component of the system at the same time, they have both direct and indirect 

effects on soil properties. Previous research on the impact of organic practises on several 
aspects of crop productivity, soil health, and the environment suggests that organic farming 

has the capacity to sustain soil health and fertility. Utilising an organic system enhances soil 

physical characteristics, microbial population and diversity, and nutrient mineralization. 

Surprisingly, the source of organic fertiliser (plant or animal-based) can influence microbe 
abundance and crop productivity. While plant fertiliser increases soil microbial abundance, 

animal fertiliser increases crop yield while decreasing the number of microorganisms. 

Organic cultural practises, on the other hand, are more expensive due to high labour costs 
and the lack of uniformity and stability of organic fertilisers. Accepting the appropriate 

crops and cropping practises that insulate more carbon will improve soil health. As a result, 

assessing soil health biological markers is critical. Despite the fact that numerous soil health 
and soil quality indices and measures have been introduced around the world, they are 

acceptable and appropriate specifications, descriptions, and methods for soil health and soil 

quality evaluation are no longer in situ. 
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Abstract: 

Climate change poses significant challenges to agricultural systems, impacting food 

security, livelihoods, and environmental sustainability. Climate-smart agriculture (CSA) 

has emerged as a holistic approach to address these challenges by integrating climate 
change adaptation, mitigation, and sustainable agricultural practices. Innovative water 

irrigation techniques are revolutionizing water management in agriculture by 

incorporating advanced sensors, automation, precision delivery systems, and renewable 

energy sources, these techniques optimize water efficiency, minimize water waste, and 
contribute to sustainable agricultural practices. The advent of sensor-based irrigation 

systems, such as soil moisture sensors and weather-based controllers, enables precise and 

real-time monitoring of soil moisture levels and weather conditions. This data-driven 
approach facilitates targeted and optimized irrigation, minimizing water wastage and 

improving water use efficiency. Implementing these innovative irrigation technologies can 

help farmers adapt to water scarcity, increase productivity, and mitigate the environmental 
impact of irrigation in a changing world. Efficient and sustainable irrigation practices are 

crucial for optimizing water use in agriculture and mitigating the environmental impact of 

water-intensive farming. This abstract highlight some of the key innovative irrigation 

techniques that are being developed and implemented to enhance water efficiency and 

sustainability in agricultural systems. 

Keywords:  

Water, Irrigation, Water Use Efficiency, Climate Smart Agriculture, Sensor 

3.1 Introduction: 

In the face of climate change and increasing water scarcity, sustainable agriculture practices 

are crucial for ensuring food security and preserving the environment. Climate-smart 
agriculture focuses on adapting to and mitigating the effects of climate change while 

maintaining productivity and promoting resilience. One key aspect of climate-smart 

agriculture is the adoption of innovative irrigation techniques that optimize water use 

efficiency in agricultural systems. This article explores the importance of innovative 
irrigation techniques and their potential to advance water use efficiency and sustainability 

in agriculture.  
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Innovative irrigation techniques play a pivotal role in advancing water use efficiency and 
sustainability in agriculture under the principles of climate-smart agriculture. Drip 

irrigation, precision sprinklers, soil moisture sensors, rainwater harvesting, and smart 

irrigation management systems are just a few examples of technologies that can 
significantly improve water management practices on farms. By adopting these innovative 

techniques, farmers can optimize water use, conserve resources, and ensure the long-term 

viability of agricultural systems in the face of climate change and water scarcity challenges. 

Innovative irrigation technique under climate smart agriculture: One innovative irrigation 
technique in climate-smart agriculture is known as precision irrigation. Precision irrigation 

involves using advanced technologies to precisely deliver water to crops in the right amount, 

at the right time, and in the right location. This technique aims to optimize water use 
efficiency, reduce water wastage, and enhance crop productivity while minimizing 

environmental impact. Here are some key components and methods used in precision 

irrigation: 

A. Drip Irrigation: Drip irrigation is a highly efficient irrigation method that delivers water 

directly to the plant's root zone, minimizing water loss through evaporation or runoff. 
By providing water directly to the plants in controlled amounts, drip irrigation reduces 

water wastage and allows for precise application tailored to the crop's needs. This 

technique not only conserves water but also improves crop yield and quality, making it 
a valuable tool for sustainable agriculture. 

B. Precision Sprinklers: Precision sprinkler systems utilize advanced technologies to 

optimize water distribution. These systems are designed to deliver water uniformly, 
reducing overspray and runoff. By adjusting the application rate based on factors such 

as crop type, soil moisture levels, and weather conditions, precision sprinklers ensure 

that plants receive the right amount of water at the right time. This targeted approach 

minimizes water loss and enhances water use efficiency, supporting sustainable 
agricultural practices. 

C. Soil Moisture Sensors: Soil moisture sensors are invaluable tools for efficient irrigation 

management. These sensors measure the moisture content in the soil and provide real-
time data to farmers. By monitoring soil moisture levels, farmers can determine when 

and how much water to apply, avoiding under or over-irrigation. This data-driven 

approach enables precise irrigation scheduling, reducing water waste and optimizing 
plant health. Incorporating soil moisture sensors into irrigation systems promotes water 

conservation and sustainability in agriculture. 

D. Rainwater Harvesting: Rainwater harvesting is a sustainable practice that involves 

collecting and storing rainwater for later use in irrigation. Capturing rainwater through 
techniques such as rooftop harvesting or surface runoff collection provides an additional 

water source for agriculture, reducing reliance on freshwater resources. By integrating 

rainwater harvesting systems with irrigation infrastructure, farmers can supplement 
their water supply during dry periods, enhancing water availability and sustainability. 

E. Smart Irrigation Management: The emergence of digital technologies has enabled the 

development of smart irrigation management systems. These systems utilize weather 

data, soil moisture readings, and crop water requirements to optimize irrigation 
schedules and amounts automatically. By integrating data-driven decision-making into 

irrigation practices, smart management systems minimize water waste and enhance 

water use efficiency. Additionally, these systems often allow remote monitoring and 

control, empowering farmers to manage irrigation operations efficiently. 
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• Soil Moisture Sensors: These sensors are placed in the root zone of the plants to 

measure the moisture content of the soil. They provide real-time data that helps farmers 
determine the exact irrigation requirements of the crops, allowing them to irrigate only 

when necessary. 

• Weather-based Irrigation Controllers: These controllers use weather data such as 

temperature, humidity, solar radiation, and wind speed to adjust irrigation schedules. 
By considering current and forecasted weather conditions, farmers can avoid 

unnecessary irrigation during periods of rainfall or high humidity, reducing water waste. 

• Drip Irrigation: Drip irrigation involves delivering water directly to the roots of the 

plants through a system of tubes or pipes with emitters. This method ensures that water 

is applied precisely where it is needed, minimizing evaporation and runoff. Drip 
irrigation can significantly improve water use efficiency compared to traditional 

sprinkler systems. 

• Micro-Irrigation: Micro-irrigation refers to the use of small amounts of water to 

irrigate individual plants or small groups of plants. Techniques such as micro-sprinklers 
or micro-jets can deliver water precisely to the plant's root zone, reducing water loss 

due to evaporation or wind drift. 

• Variable Rate Irrigation: Variable rate irrigation involves adjusting the amount of 

water applied based on variations in soil type, crop type, topography, or other factors 
within a field. This technique allows farmers to apply more water to areas with higher 

water requirements and less water to areas with lower requirements, optimizing water 

distribution and crop yield. 

• Mobile Applications and Remote Monitoring: Mobile applications and remote 

monitoring systems enable farmers to remotely monitor and control irrigation systems. 
These tools provide real-time information on soil moisture levels, weather conditions, 

and irrigation schedules, allowing farmers to make informed decisions and adjust 

irrigation practices as needed.  

By adopting precision irrigation techniques, farmers can optimize water use, reduce water 
stress on crops, improve crop yields, and minimize the environmental impact associated 

with irrigation. This approach supports climate-smart agriculture by promoting sustainable 

water management practices in the face of changing climatic conditions. 

3.2 What is Climate Smart Agriculture and How it is Important in Agriculture 

Production?  
 

Climate-smart agriculture (CSA) refers to agricultural practices and systems that 
sustainably increase productivity, enhance resilience to climate change, and reduce 

greenhouse gas emissions. It is an approach that recognizes the challenges posed by climate 

change and seeks to address them through integrated and holistic strategies. 

3.2.1 Importance of Climate-Smart Agriculture in Agriculture: 

Adaptation to Climate Change: Climate change poses significant challenges to agricultural 
productivity and food security. CSA practices help farmers adapt to changing climatic 

conditions by improving soil and water management, promoting drought-tolerant crop 

varieties, implementing agroforestry, and adopting climate-resilient farming systems.  
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These measures enhance the ability of agriculture to withstand climate-related stresses such 

as extreme temperatures, droughts, and floods. 

Mitigation of Greenhouse Gas Emissions: Agriculture is a significant contributor to 

greenhouse gas emissions, primarily through methane from livestock and nitrous oxide from 

fertilizers. CSA approaches aim to reduce these emissions by promoting sustainable land 
and water management practices, optimizing fertilizer use, adopting agroecological 

approaches, and implementing livestock management techniques that reduce methane 

production. By mitigating greenhouse gas emissions, CSA contributes to climate change 

mitigation efforts. Sustainable Resource Management: CSA practices prioritize the efficient 
and sustainable use of natural resources such as land, water, and biodiversity. They promote 

practices such as conservation agriculture, precision farming, and integrated pest 

management that minimize soil erosion, conserve water, protect biodiversity, and enhance 
ecosystem services. By ensuring the long-term viability of agricultural systems, CSA helps 

preserve natural resources for future generations. 

Increased Productivity and Food Security: Climate-smart practices aim to enhance 

agricultural productivity while minimizing negative environmental impacts. By adopting 

CSA techniques, farmers can improve yields, optimize resource use, and increase the 
resilience of their farming systems. This leads to increased food production and improved 

food security, especially in the face of climate uncertainties and changing weather patterns. 

Economic Resilience and Rural Development: Climate-smart agriculture practices can 

improve the economic resilience of farmers and rural communities. By diversifying 
agricultural production, adopting climate-resilient crops, and integrating livestock and crop 

systems, farmers can reduce risks and enhance their income-generating potential.  

CSA also supports rural development by creating employment opportunities, improving 

market access, and fostering sustainable livelihoods in agricultural communities.  

 
Knowledge and Innovation: Implementing CSA requires knowledge sharing, capacity 

building, and innovation. It encourages collaboration among researchers, extension 

services, farmers, and policymakers to develop and disseminate climate-smart practices and 
technologies. This collaborative approach fosters innovation and promotes the exchange of 

experiences and best practices, leading to continuous improvement in agricultural systems. 

Sustainable Development Goals (SDGs): Climate-smart agriculture aligns with several of 

the United Nations' Sustainable Development Goals. It contributes to goals such as zero 

hunger, poverty eradication, climate action, sustainable cities and communities, and 
responsible consumption and production. By integrating climate and development 

objectives, CSA contributes to the broader sustainability agenda. In summary, climate-

smart agriculture is important in agriculture because it helps farmers adapt to climate 
change, mitigate greenhouse gas emissions, promote sustainable resource management, 

enhance productivity and food security, foster economic resilience and rural development, 

stimulate knowledge sharing and innovation, and contribute to achieving sustainable 
development goals. By adopting climate-smart practices, agriculture can become more 

resilient, sustainable, and capable of addressing the challenges posed by climate change. 



Climate-Smart Agriculture and Food Security 

30 

 

3.3 Innovative Irrigation Techniques: 

In addition to precision irrigation mentioned earlier, there are several other innovative 

irrigation techniques that are being developed and implemented to improve water efficiency 

and sustainability in agriculture. Here are a few examples: 

• Aeroponics: Aeroponics is a soilless irrigation technique that involves growing plants 

in an air or mist environment. The plants' roots are suspended in a chamber where a 

nutrient-rich mist is sprayed directly onto them. This method reduces water usage 
significantly compared to traditional irrigation systems, as water is delivered in a highly 

efficient manner, with minimal wastage. 

• Hydroponics: Hydroponics is another soilless irrigation technique where plants are 

grown in a nutrient-rich water solution without soil. The roots are submerged in the 
nutrient solution, which is recirculated, reducing water usage compared to conventional 

farming. Hydroponics can be combined with techniques such as drip irrigation or 

nutrient film technique (NFT) to further optimize water use. 

• Subsurface Drip Irrigation (SDI): SDI involves placing drip irrigation lines below 

the soil surface, delivering water directly to the plant roots. This method reduces 
evaporation losses and ensures precise water delivery to the root zone, improving water 

use efficiency and crop yield. It is particularly effective in areas with high evaporation 

rates or saline soils. 

• Fogging Systems: Fogging systems create a fine mist or fog of water that envelops the 
crop area, providing a humid microclimate. This technique is particularly useful in arid 

regions or for high-value crops that require specific humidity levels. Fogging systems 

use less water compared to traditional sprinklers and can also help control pests and 
diseases. 

• Rainwater Harvesting: Rainwater harvesting involves collecting and storing rainwater 

runoff for later use in irrigation. It can be done using various techniques such as rooftop 

collection systems, storage tanks, or underground reservoirs. Rainwater harvesting 

helps conserve freshwater resources and provides an alternative water source during dry 
periods. 

• Solar-Powered Irrigation: Solar-powered irrigation systems utilize solar energy to 

power water pumps, eliminating the need for grid electricity or fossil fuels. These 

systems can be used with various irrigation techniques, such as drip irrigation or 
sprinklers, reducing both operational costs and environmental impact. 

• Wastewater Reuse: Treating and reusing wastewater for irrigation purposes is an 

innovative approach that helps conserve freshwater resources. Treated wastewater can 

be used for non-edible crops or after additional treatment for food crops. This technique 

reduces the demand for freshwater sources and provides a sustainable irrigation option. 

These innovative irrigation techniques offer opportunities to optimize water use, reduce 

water stress, and improve agricultural sustainability.  

By implementing these techniques, farmers can enhance crop productivity, reduce water 

waste, and mitigate the environmental impact associated with irrigation practices. 
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3.4 New Technologies for Innovative Irrigation Purpose: 

Several new technologies are emerging in the field of innovative irrigation that aim to 

improve water efficiency, reduce water waste, and enhance crop productivity. Here are 

some notable examples: 

• Sensor-Based Irrigation Systems: Advanced sensor technologies are being used to 

monitor soil moisture levels, weather conditions, and plant water needs in real-time. 

These sensors provide accurate data that helps farmers determine the precise irrigation 
requirements of their crops. By integrating sensor data with automated irrigation 

systems, water can be applied only when and where it is needed, optimizing water use 

efficiency. 

• Internet of Things (IoT) and Smart Irrigation Controllers: IoT devices and smart 
irrigation controllers allow for remote monitoring and control of irrigation systems. 

These systems use data from sensors, weather forecasts, and plant-based algorithms to 

automatically adjust irrigation schedules. Farmers can monitor and control their 

irrigation systems through mobile applications, ensuring efficient water use and 
reducing manual labour. 

• Cloud Computing and Data Analytics: Cloud computing and data analytics 

technologies enable the collection, storage, and analysis of large-scale agricultural data. 

By analyzing historical and real-time data related to soil moisture, weather patterns, 
crop growth, and water usage, farmers can gain valuable insights to optimize irrigation 

strategies, improve crop yields, and conserve water resources. 

• Precision Sprinklers and Micro-Sprinklers: Innovative sprinkler technologies such 

as precision sprinklers and micro-sprinklers deliver water more accurately and 
efficiently. These systems use specialized nozzles and control mechanisms to distribute 

water in a targeted manner, reducing water loss due to evaporation and wind drift. 

Precision sprinklers can be designed to match specific crop requirements and field 

conditions. 

• Mobile Applications and Decision Support Tools: Mobile applications and decision 
support tools provide farmers with real-time information and recommendations for 

irrigation management. These tools integrate data from various sources, including 

weather forecasts, soil moisture sensors, and crop models, to help farmers make 
informed decisions on when and how much to irrigate. They often provide user-friendly 

interfaces and actionable insights for efficient irrigation management. 

• Automated Drip and Micro-Irrigation Systems: Automated drip and micro-

irrigation systems combine precision irrigation techniques with automation technology. 
These systems deliver water directly to the root zone of plants through a network of 

tubes or pipes with emitters. Automation features such as timers, sensors, and flow 

controllers ensure precise and efficient water delivery, minimizing water waste and 

optimizing resource use. 

• Solar-Powered Irrigation Systems: Solar-powered irrigation systems utilize solar 
energy to power water pumps, eliminating the need for grid electricity or fossil fuels. 

Solar panels can be installed to generate electricity for irrigation purposes, reducing 

operational costs and carbon emissions. These systems are particularly useful in remote 
areas with limited access to electricity. 
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• Fogging and Mist Systems: Fogging and misting systems create a fine mist or fog that 

envelops the crop area. These systems are designed to provide localized humidity 
control and cooling, reducing water consumption compared to traditional sprinklers. 

Fogging and misting systems are beneficial in arid or high-temperature regions, 

promoting water-efficient irrigation.  

These new technologies in innovative irrigation offer opportunities to enhance water 
management, increase crop productivity, and promote sustainable agricultural practices. By 

adopting these technologies, farmers can improve water use efficiency, reduce 

environmental impact, and ensure the long-term sustainability of agricultural systems. 

3.5 Food Security by Innovative Irrigation Techniques: 

Innovative irrigation techniques play a significant role in ensuring food security by 
improving water availability and efficiency in agriculture. Here's how these techniques 

contribute to food security: 

Innovative irrigation techniques, such as precision irrigation, drip irrigation, and micro-

irrigation, deliver water directly to the root zone of crops, minimizing water losses through 

evaporation and runoff. By optimizing water use efficiency, these techniques ensure that 
the available water resources are utilized effectively, increasing crop productivity and 

overall food production. 

• Water Conservation: Innovative irrigation practices reduce water wastage and 

promote water conservation in agriculture. Technologies like soil moisture sensors, 

weather-based controllers, and automated irrigation systems enable farmers to apply the 
right amount of water at the right time, based on crop needs and environmental 

conditions. Conserving water resources through innovative irrigation techniques helps 

sustain agricultural production in water-scarce regions and during drought conditions. 

• Expansion of Cultivable Land: In some cases, innovative irrigation techniques like 

aeroponics, hydroponics, or vertical farming enable cultivation in areas with limited 
arable land or adverse environmental conditions. By utilizing soilless cultivation 

methods and efficient water delivery systems, these techniques allow for food 

production in urban areas or regions where traditional farming practices may be 
challenging. 

• Climate Change Adaptation: Innovative irrigation techniques help farmers adapt to 

the impacts of climate change, such as increased temperatures, changing rainfall 

patterns, and water scarcity. By utilizing technologies that optimize water use and 
reduce reliance on rainfall, farmers can mitigate the negative effects of climate change 

on crop production. This adaptation contributes to stable food production and 

availability, reducing the vulnerability of communities to food insecurity. 

• Enhanced Crop Productivity: Efficient and targeted water delivery through 

innovative irrigation techniques ensures that crops receive adequate water throughout 
their growth stages. This promotes healthy plant development, minimizes water stress, 

and maximizes crop yields. Higher crop productivity contributes to increased food 

availability, addressing food security challenges at the local and global levels. 
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• Extension of Growing Seasons: Some innovative irrigation techniques, such as 

greenhouse irrigation systems or protected cultivation methods, enable year-round food 
production by creating controlled growing environments. This extension of growing 

seasons allows for continuous crop cultivation, reducing seasonal variations in food 

availability and enhancing food security. By incorporating innovative irrigation 
techniques, farmers can optimize water use, improve crop productivity, and adapt to 

climate change impacts, ultimately contributing to enhanced food security. These 

techniques provide opportunities for sustainable and efficient agricultural practices, 

ensuring a stable and sufficient food supply for communities. 

3.6 How Innovative Irrigation Revolutionizes Water Management in 

Agriculture: 

Innovative irrigation techniques have revolutionized water management in agriculture by 

improving water use efficiency, reducing water wastage, and optimizing irrigation practices. 
These advancements have significant benefits for agricultural productivity, water 

conservation, and sustainability. Here are some ways in which innovative irrigation has 

transformed water management in agriculture: 

Precision Irrigation: Precision irrigation technologies, such as drip irrigation, micro-
sprinklers, and precision sprinklers, enable precise and targeted application of water to 

crops. These systems deliver water directly to the root zone of plants, minimizing water loss 

through evaporation or runoff. By providing water in the right amount, at the right time, and 

in the right place, precision irrigation significantly improves water use efficiency and 

reduces overall water consumption. 

Sensor-Based Irrigation Management: Sensor technologies, including soil moisture sensors, 

weather stations, and evapotranspiration (ET) sensors, provide real-time data on soil 

moisture levels, weather conditions, and crop water requirements. Farmers can use this 
information to make informed decisions about irrigation scheduling, ensuring that water is 

applied only when needed. Sensor-based irrigation management helps prevent over-

irrigation and under-irrigation, leading to optimized water use and improved crop 

performance. Irrigation Scheduling Tools: Innovative irrigation scheduling tools, often 
based on advanced algorithms and models, assist farmers in determining the optimal timing 

and amount of water required for their crops. These tools consider various factors such as 

crop type, growth stage, weather conditions, soil characteristics, and water availability. By 
integrating multiple variables, irrigation scheduling tools help farmers make data-driven 

decisions, reducing water waste and enhancing water productivity. 

Remote Monitoring and Control Systems: Remote monitoring and control systems enable 

farmers to monitor and manage irrigation systems from a distance. These systems use 

wireless sensors, telemetry, and internet connectivity to provide real-time information on 
water flow, system performance, and irrigation events. Farmers can remotely adjust 

irrigation settings, detect leaks or malfunctions, and optimize water use efficiency without 

physically being present in the field. Remote monitoring and control systems enhance 

convenience, save time, and prevent water losses due to system failures or human error. 
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Smart Irrigation Management Platforms: Smart irrigation management platforms leverage 
the power of data analytics, machine learning, and artificial intelligence to optimize 

irrigation practices. These platforms collect and analyze data from various sources, 

including weather forecasts, soil moisture sensors, crop models, and historical data. They 
provide farmers with actionable insights, recommendations, and automated irrigation 

control algorithms to optimize water application and improve crop water productivity. 

Water-Efficient Irrigation Techniques: Innovative irrigation techniques, such as alternate 

wetting and drying (AWD), subsurface irrigation, and vertical farming, promote water 

conservation and efficiency. AWD, for example, involves periodically drying the field 
between irrigation events, which reduces water use without compromising crop yields. 

Subsurface irrigation delivers water directly to the root zone through buried pipes or drip 

lines, minimizing evaporation losses. Vertical farming systems utilize hydroponics or 
aeroponics, where crops are grown in vertically stacked layers with a recirculating water 

system, reducing water requirements compared to traditional field-based agriculture. 

By adopting these innovative irrigation approaches, farmers can optimize water use, 

minimize water waste, improve crop water productivity, and reduce the strain on water 

resources. These advancements in water management contribute to sustainable agriculture, 
support food security, and mitigate the environmental impacts associated with excessive 

water consumption in agriculture. 

3.7 Conclusion: 

The innovative irrigation techniques play a crucial role in advancing climate-smart 

agriculture by improving water efficiency, reducing water waste, and promoting 
sustainability. These techniques leverage cutting-edge technologies and approaches to 

optimize irrigation practices and mitigate the environmental impact of water-intensive 

farming. By adopting precision irrigation methods, such as sensor-based systems and smart 
controllers, farmers can monitor and adjust water delivery in real-time based on crop needs, 

soil moisture levels, and weather conditions. This targeted approach minimizes water 

wastage, enhances water use efficiency, and ensures that crops receive the right amount of 

water at the right time. 

Innovative sprinkler systems, such as precision sprinklers and micro-sprinklers, enable 

accurate water distribution, reducing evaporation and wind drift. This not only conserves 

water but also improves the effectiveness of irrigation, leading to better crop yields and 

resource optimization. Soilless cultivation techniques like aeroponics and hydroponics offer 
water-saving alternatives that deliver water directly to plant roots, minimizing water 

consumption while maintaining crop productivity. These techniques are particularly 

relevant in regions facing water scarcity or where traditional soil-based cultivation is 
challenging. Integration of renewable energy sources, such as solar-powered irrigation 

systems, reduces dependence on fossil fuels and contributes to climate change mitigation. 

By harnessing solar energy, farmers can power irrigation pumps and reduce greenhouse gas 

emissions associated with conventional energy sources. Overall, innovative irrigation 
techniques in climate-smart agriculture provide sustainable solutions to the challenges 

posed by water scarcity, climate change, and the need for resource-efficient farming.  
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By implementing these techniques, farmers can enhance water management, increase 
productivity, conserve natural resources, and contribute to a more resilient and sustainable 

agricultural sector. Continued research, development, and adoption of these innovative 

practices are crucial for building climate resilience and ensuring food security in the face of 

a changing climate. 
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Abstract: 

The productivity, biodiversity as well as ecosystem of forests are vulnerable to climate 

change. If it continues like this some of the valuable goods and services provided by forests 
may be compromised. Amongst the different weather parameters the temperature and 

rainfall are the main contributing factors of climate change that harms the whole ecosystem 

of forest. Forest fire, deforestation, increasing pollution level in air are other devastating 

affects to forests. The outbreak of disease, pests etc can also devastate the forests by 
defoliating, weakening, and killing the trees. As the insects can complete 4-5 life cycles 

within a short period of time with increase in temperature there may be severe infestation 

due to climate change. Forest fires can also release CO2 to the atmosphere that contributes 
towards climate change. Therefore, to protect the forests from these losses its management 

is essential to increase forest ecosystem services and reduce vulnerability to climate change. 

Keywords:  

Weather, Productivity, Ecosystem, Deforestations 

4.1 Introduction: 

Climate change is the long term conspicuous deviation from normal weather patterns in 

terms of temperature and rainfall. Now a day’s the general people without any scientific 
knowledge can understand the reality of climate change by feeling the implications and 

changes in day to day life. Although natural causes like volcanic eruption, variation on solar 

cycle etc. are there manmade causes like burning of fossil fuel and coal, deforestation etc 
are the main drivers of climate change. Burning of fossil fuels causes combustion and 

increases the temperature of earth that leads to green house effect. Amongst the green house 

gases carbon di oxide is the highest contributor towards global warming. So the mitigation 
of CO2 seems to be to good approach to reduce carbon concentration in the atmosphere. 

The trees absorb carbon dioxide when they are grown and release greenhouse gases if they 

are cut down and are burned or left to rot. From this point of view, projects involving 

reforestation and intensive planting of new forests have been emerging all over the world 
as they are presented as simple measures to implement [1,2,3]. Lots of mega projects in 

Africa or India are being carried out to eradicate the increasing level of CO2 [4-8]. For 

example, the green wall that is erected in Africa, that is made of trees, to prevent the advance 
greenhouse gases another process or tool that contributes to CO2 removal from the 

atmosphere and to store for a certain period of time.  



Climate Change Impacts On Forest And Its Management Options 

37 

 

This storage occurs mainly in oceans, seas, soils, forest where organisms capture carbon 
and release oxygen into the atmosphere. The balance between CO2 captured by forest 

through photosynthesis is 14.1 PgCyr-1 and CO2 released through respiration and forest 

fire is 11.6 PgCyr-1 that represents a positive balance of capture and storage.[9]. Forests 
sequester large quantities of carbon; of the 450–650 Pg of carbon stored in vegetation 

(IPCC, 2013), over 360 Pg is in forest vegetation [10]. Globally, forest loss not only releases 

a large amount of carbon to the atmosphere, but it also significantly diminishes a major 

pathway for carbon removal long into the future [11]. Tropical forests, which hold the 
greatest amount of above ground biomass and have one of the fastest carbon sequestration 

rates per unit land area [12], face the greatest deforestation pressure (FAO, 2020). 

4.2 Climate Change Impacts on Forest: 

Climate change has profound implications for people and the natural world.  In case of 

forests, the extreme weather events has a direct consequence to forest environments by 
increasing the occurrence of rural fires and changing environmental conditions that lead to 

the proliferation of exotic forest species that could present in an invasive behavior due to a 

faster adaptation to the new climatic parameters [13–16]. Plant growth is inhibited because 
of changes in weather patterns in terms of temperature, rainfall etc. Development of land, 

suppression of natural periodic forest fire and air pollution together has also impact on 

forests. If these are likely to continue in the decades ahead, some of the valuable goods and 
services provided by forests may be compromised. Climate change can also alter the 

frequency and intensity of forest disturbances such as insect outbreaks, invasive species, 

wildfires, and storms. Although in some cases, forests can recover from a disturbance but 

these acts can reduce forest productivity and change the distribution of tree species.  

Along with the different weather parameters like temperature, precipitation, the carbon-di-
oxide have effect on overall growth and development of forest species. Because of warming 

temperature some forest species have a tendency to shift their habitat but some species are 

at risk as they cannot adapt to a changed habitat as temperature passes the threshold level. 
On the other hand in Antarctica and Greenland, because of higher air temperatures huge 

‘ice sheets’ on land are melting which run off into the oceans. The warming planet is also 

causing an expansion of sea water, increasing its volume. Both of these factors are driving 

an increase in global sea-levels and the global sea-level has risen by around 20 cm since the 
start of the 20th century. This has made storm surges – the rise in sea level that occurs during 

intense storms – more likely to exceed existing sea defences and cause flooding. As many 

densely-packed cities are in low-lying coastal regions around the world, this hazard can 
affect large numbers of people. This is particularly true in developing countries such as 

Bangladesh, but cities like Venice and Miami are also low lying and will be affected too. In 

the UK, rising sea levels have contributed to recent decisions to abandon areas of coastline, 

such as the village of Fairbourne on the Welsh coast.    

Again, because of increase in temperature, the warmer air holds more water, making heavier 

downpours. This increased heavy rainfall may lead to increased flooding, damaging 

property and threatening lives. Again, because of change in precipitation pattern some areas 

will face drought and some areas will be flooded. Plants have a maximum limit of tolerating 

scarcity of water. It crosses that threshold level some plants in forest may die.  
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There is also a risk of forest fire because of drought situation. In UK, there is evidence that 
some specific weather events, such as the heavy rainfall in the winter of 2014/15, have been 

made more likely by climate change.[17] Similar impacts are occurring elsewhere in the 

world. The record amount of rain that fell on Houston during Hurricane Harvey in 2017 
helped make it the second most costly hurricane to hit the USA since 1900.  Climate change 

has made a damaging downpour like this around three times more likely.  

If we study effect of CO2 on forest, increase in CO2 concentration have a positive effect if 

water and nutrient are not limiting factors, with good productivity in plants. Overall growth 

of the plants in forest ecosystem will be good with good fertility in non limiting condition 
of water and plants will have wider spreadibility. Along with these weather events, forests 

ecosystem can be disturbed by diseases and pests outbreak and forest fire etc. Although in 

some cases forest trees recovers but in most of the time productivity of forest decreases. 
The outbreak of insects often defoliate, weaken, and kill trees. In Colorado in 2007, pine 

beetles had damaged more than 650,000 acres of forest area and spruce beetles had damaged 

more than 3.7 million acres in southern Alaska and western Canada.[18] Some insects like 

hemlock woolly adelgid change its habitat to northern climate with the warming of climate 
as it is very sensitive to cold weather.[19] Moreover, due to lack of natural controls, such 

as predators or pathogens, as well as inadequate defenses in trees, can allow insects to 

spread. As the insects can complete 4-5 life cycles within a short period of time with 
increase in temperature there may be severe infestation due to climate change. The native 

vegetation may be replaced by invasive plant species as they are more tolerant to change in 

climatic condition.[18][20]  

4.3 Deforestation and Climate Change: 

Approximately 30% of the Earth’s land mass is covered by forests [21]. Existance of these 
forests provide social, economic, ecological and aesthetic benefits to natural systems and 

people. Moreover, presence of forest acts a hub for biodiversity, it supplies food, have 

medicinal and economic value, help in hydrological cycle regulation, protect soil cover, and 
serve as aesthetic and recreational sites. In addition exchanges of water, carbon dioxide, 

energy and other chemical species with the atmosphere are because of influence of forest 

[22], [23].  

But sometimes these forest trees are removed or cleared off for farm use or some other 

purposes. There has been a significant decrease in primary forest area by 300 million ha 
since 1990. Between 2000 and 2010, around 13 million hectares of forest were converted 

to other uses or naturally lost, compared to 16 million hectares per year during the earlier 

decade [22]. As a result atmosphere as well as soil is disturbed. In soil, flux of carbon is 
disturbed. It also results in soil degradation, carbon emission as a result of plant 

decomposition left on forest floor, albedo effect, and intensification of hydro-

meteorological hazards. Another consequence of deforestation is increasing risk of 
landslides, slope destabilization, floods, increased surface runoff and soil erosion. After the 

Kashmir earthquake (2005) an increased risk of landslides and debris flow was encountered 

due to exploitation of forests. In 2010 Pakistan experienced the worst flood of its history. 

Scientists termed the unprecedented rate of monsoon rains as impacts of climate change in 

the region. 
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Moreover, wildfire causes huge loss to forests. In U.S wildfires consumed more than 8 
million acres of forest in the year 2011 (an area roughly the size of Maryland), that causes 

15 deaths and more than $1.9 billion damages. Rise in temperature and drought conditions 

during the early summer contributed towards this loss [24]. Climate change is projected to 
increase the extent, intensity, and frequency of wildfires in certain areas of the country. 

Warmer spring and summer temperatures, coupled with decreases in water availability, dry 

out woody materials in forests and increase the risk of wildfire. As fires releases CO2 to the 

atmosphere it contributes towards climate change. 

4.4 Management of Forest in Changing Climate: 

By realizing the impact of climate change the priority should be given on management 

options. In management aspects productivity as well as sustainability of resources should 

be given importance. Management of ecosystem is another concern where capturing of 

carbon and carbon sequestration is done. According to Seidl et al. [25]) sustainable forest 
management is prerequisite for management of sustainable forest. It is seen that forest 

species are damaged by invasive species that increases the load of forest ultimately leading 

to forest fire. Based on the scenario in which climate changes lead to an expected increase 
in temperature, maintaining the structure and functions of Mediterranean forests has become 

a challenge for forest managers. Vila-Cabrera et al. [26] showed that research is focused 

mainly on strategies to decrease risk and promote resistance in the short term, rather than 
on enhancing long-term resistance. On the other hand, as expected in economic activities, 

management strategies seek to obtain benefits in the short term and frequently have 

unintended consequences on other adaptation objectives and untargeted ecosystem 

components that are so important in Mediterranean-type climate regions. 

There is an another attempt to reflect the environmental and social as well as economic 
benefits provided by forests which is called Sustainable forest management (SFM). As 

adopted by FAO, SFM is the stewardship and use of forests and forest lands in a way, and 

at a rate, that maintains their biodiversity, productivity, regeneration capacity, vitality and 
their potential to fulfil, now and in the future, relevant ecological, economic and social 

functions, at local, national, and global levels, and that does not cause damage to other 

ecosystems [27]. It becomes widely accepted after the UN Conference on Environment and 

Development in 1992 (the ‘Earth Summit’ in Rio de Janeiro), which first saw international 

commitment to the concept of sustainable development more broadly.  

More precise definitions of SFM inevitably vary from region to region, since the types of 

forests, the needs of the populations who live in and around them, and the social, economic, 

environmental and political contexts in which their protection and management are set also 
vary regionally. Although it is undoubtedly true that the concept of SFM may be appealed 

to more frequently than it is implemented in reality, it has had a major impact on policy-

making and practices relevant to the world’s forests. Active forest management enhances 
carbon uptake, both because the rate of carbon uptake slows as forests mature, net primary 

productivity declines and natural mortality increases, and also because unmanaged forests 

increase the chance of massive carbon losses from disturbances such as fire, insects or 

disease infestations[28]. Harvesting mature trees and replanting should therefore increase 

the rate of carbon uptake, as well as generating timber for wood products.    
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4.5 Conclusion: 

Climate change is a global issue with many implications. It has many consequences on 

forest and on other hand forests helps in mitigating the impact of climate change. It protects 

the biodiversity, act as a protective layer to the soil, and maintains atmospheric temperature 

too. But due to deforestation the natural atmosphere is disrupted leading to change in climate 
and we face devastations. Globally, forest loss releases a large amount of carbon to the 

atmosphere. So management of forest is a effective tool to cope up with the impact of 

climate change. Through management options productivity of forests as well as 

sustainability of resources can be maintained as well as ecosystem can also be restored.    
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Abstract: 

Climate change is a major worldwide issue that poses serious dangers to agricultural 
systems, particularly fruit crops. The influence of climate change on fruit crops is examined 

in this abstract, with an emphasis on phenology, quality, and disease and pest dynamics. 

Fruit crop phenological variations have been reported in response to changing climatic 
circumstances. Warmer temperatures and shifting precipitation patterns can all have an 

impact on when flowers bloom, buds break, and fruits mature. These alterations can upset 

the delicate balance between the plant and its environment, resulting in decreased fruit set, 
changed growth patterns, and lower yields. Such phenological variations can have a 

domino impact on the ecological interactions within fruit crop ecosystems. Climate 

variation also has an impact on the quality of fruit harvests. Fruit size, colour, flavour, and 

nutritional content can all be affected by rising temperatures. Furthermore, changes in 
temperature can impact the sugar-to-acid ratio, affecting the flavour and general appeal of 

fruits. These quality variations can have serious consequences for both producers and 

consumers, resulting in economic losses as well as possible effects on human health and 
nutrition. Climate change also has an impact on the dynamics of pests and illnesses in fruit 

crops. Pest populations can grow as temperatures rise, causing greater agricultural 

damage. Similarly, changed precipitation patterns can foster the spread of fungal and 

bacterial infections. These variables not only cause direct output losses, but they also 
increase reliance on chemical pesticides, posing environmental and health problems. 

Assessment of adaptation and mitigation techniques is required. This chapter addresses the 

effects of climate change has an impact on a various fruit crops, as well as strategies for 

dealing with these potential issues. 

5.1 Introduction: 

Long-term changes in global weather patterns and temperatures caused by human activities, 

particularly the use of fossil fuels and deforestation, are referred to as climate change. The 
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Earth's temperature has always varied naturally throughout time, but the current fast 
warming is primarily due to greenhouse gas emissions caused by humans. According to the 

Intergovernmental Panel on Climate Change (IPCC), the Earth's temperature might rise by 

up to 4°C by the end of the century, causing sea-level rise, extreme weather events, and 
other consequences that would have far-reaching consequences for human civilizations and 

ecosystems. According to NASA statistics from October 2020, the CO2 concentration in 

the atmosphere grew quickly to 400 ppm in 2014, with a recent record of 415 ppm (Source-

https://climate.nasa.gov/vital-signs/). Between 1906 and 2005, air temperature rose by 
0.74°C (IPCC 2007a). In 2019, the most recent annual average anomaly was 0.99°C. By 

2100, global temperatures are forecast to rise by up to 6°C, while CO2 concentrations are 

likely to rise by 550 to 850 ppm [21]. Depending on future development, the average 
temperature in the Indian subcontinent will rise by 0.5 to 1.2°C by 2020, 0.88 to 3.16°C by 

2050, and 1.56 to 5.44°C by 2080, according to the IPCC [59]. The principal drivers of 

climate change are unpredictable rainfall patterns and unexpectedly high or low temperature 
regimes, both of which have far-reaching consequences for agriculture in general and 

horticulture in particular. 

5.2 Climate Change and Fruit Crop Production: 

Climate, an essential environmental element, has a substantial influence on fruit crop 

production. Plant physical characteristics such as vigour, canopy development, and 
reproductive traits such as fruiting ability and fruit size reduction, as well as quality 

characteristics such as less colour development, low juice content, decreased shelf-life, and 

increased pest attack, all contributed to poor fruit quality and low fruit production [25]. 

Temperate crops' ability to adapt to unexpected weather changes over a specific time of the 
growing season in any historically inhabited temperate crop region is jeopardised, 

potentially resulting in serious production issues in the near future [4]. The spread of 

existing pests, diseases, and weeds, as well as the increased likelihood of incursions into 
new crops, as well as the appearance of minor pests, illnesses, and physiological problems 

such as sunburn, fruit cracking, and tip burn. Appropriate cooling hours are critical for 

optimal vegetative development and fruiting in temperate fruit species. In temperate fruit 
orchards, a lack of chilling hours leads to inconsistency in bud break and fruiting [66]. In 

the Shimla district's central hills, the trend is to abandon potato and apple production 

entirely. In this regard, the snowfall pattern and apple output in Himachal Pradesh have 

been confirmed. Apple production per acre decreased from 10.8 to 5.8 tonnes. This is only 
one instance of climate change. As a result of climate change, various abiotic factors are 

arising, which has an influence on several horticultural fruit crops and their physiological, 

anatomical, morphological, and biochemical features. Temperature, drought, salinity, 
floods, CO2 concentration rise, and insect-pest outbreak have the greatest influence on fruit 

output [17]. 

5.2.1 Climate Change's Impact on Fruit Crop Phenology:  

One of the well-known effects of climate change is a shift in the period of plant growth 

activity, known as phenology. Climate change has affected the vegetative and reproductive 
phases of fruit plants. Flowering is an important stage in fruit development that influences 

yield and productivity. Pome fruit flower buds may wholly or partially abscise in mild 
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winters, resulting in smaller flower bud clusters that resemble leafy spurs. Climate change 
has influenced flowering, fruiting, and, eventually, yield [60]. In the case of apples, a 

shortage of chilling time resulted in incomplete flowers and poor fruit set [24]. Chilling 

hours had an impact on both the quality and quantity of flowering and fruit set. An rise in 
early spring temperature of 0.45°C/decade (1973-2009) resulted in a 1.6-day/decade 

advance in apple and pear blossoming [18]. The following crops saw comparable results in 

various areas throughout the world. In France, a rise in average growing temperature of 2-
3°C (1964-2009) increased blooming, veraison, and harvest by 13-19 days in grapes [64]. 

Veraison for the cultivars "Riesling" and "Gewurtztraminer" will be advanced by up to 23 

days by 2100 [13]. Due to temperature changes in February and March, the peak blooming 

period of the cherry tree has migrated earlier by 5.5 days in the last 25 years. Temperature 
has risen by 1.8°C in the last 25 years [39]. In apple, insufficient cooling needs during warm 

seasons produce various phenological disruptions such as late blooming, extended 

flowering durations, and a longer interval between flowering and harvest [14]. A significant 
relationship was discovered between blooming development and changes in maximum and 

lowest temperature throughout time in numerous locations around Iran (Kerman, Shiraz) 

[16]. In citrus fruits, flowering progresses at rates of 3.15-3.39 days/°C for Kerman and 4.3-
4.47 days/°C for Shiraz. Hermaphrodite flowers were more closely associated with greater 

temperatures following bloom initiation [52]. The warm (15.9°C) temperature, which is 3-

5°C above than normal, resulted in undeveloped pistils [53]. 

5.2.2 The Influences of Climate Change on Fruit Crop Physiology: 

A. Temperature Effect:  

The physiological activities of plants are regulated by temperature. Imbalanced 
temperatures have the following consequences. For example, 1. Heat stress, 2. Inadequate 

chilling for temperate crops 3. Pollination activity disruption. Heat stress promotes 

evaporation, which causes stomatal closure and a decrease in CO2 inflow, eventually 
driving respiration and reducing photosynthesis. Chilling hours will be reduced by 30 to 

60% by 2050 and up to 80% by 2100, according to the National Climate Assessment 2014. 

The Warmer climatic circumstances were found to have a substantial impact on flowering, 

fruit set, yield, and quality in peach cultivars. In mild winter years, flower abortion occurs, 
resulting in a decreased fruit output [3]. Temperature stress has a significant impact on 

pollination activity, which contributes for 35 percent of global food supply [31]. Plant-

pollinator interactions are hampered by temporal (phenological) and geographic 
(distributional) misalignments. Temporal changes are already visible, as Apis mellifera 

increased their activity time before the flowering maxima of their preferred feed species. 

Areas in developing countries are altering geographically [18]. Crop plants that are 
incompatible with themselves, pollinator restricted, or pollinator specialised are more 

sensitive to this hazard. A flower bud can become vegetative in warm night time 

temperature [12]. Because of their prolonged flowering time, fruit crops are more vulnerable 

to climate change. The hormones required for tree growth and development are altered by 
temperature. Mango and litchi have already shown early flowering and crop harvesting. In 

January, low temperatures (11.5 °C), high humidity (>80%), and gloomy weather all delay 

panicle emergence, although low temperatures during panicle development diminish 
hermaphrodite flowers [10]. Mango malformation is common in locations with harsh 

winters and may benefit from a warmer temperature. Mango, banana, papaya and sapota 
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output and productivity stayed found to be negatively connected to temperature and rainfall 

during a ten-year period (2007-2017) in Navasari district in Gujarat (India). [63].  

• Drought: Drought is a common occurrence in dry and semi-arid areas with irregular 
precipitation, and it is defined as a absence of precipitation [32]. Water stress may be 

particularly vital to yield response throughout phenological stages and is critical in 

planning irrigation within large limited water zones [27]. Stress affects perennial fruit 
tree yields by diminishing the amount of fruits and the cell size of surviving fruit before 

to or during the flowering and post-blooming seasons [48;49]. Drought reduces banana 

growth, yield, and productivity by reducing the plants' capacity to photosynthesize. 

Lack of adequate water at the finger growth stage leads bunches to shorten [62]. African 
banana production losses are mostly caused by an inadequate supply of water, which 

has a detrimental influence on nutritional intake [65]. Drought stress lowers finger 

numbers during floral initiation in bananas, whereas it correlates to poor filling 
following emergence [37]. Moisture stress has been shown to reduce the size and 

quantity of tomatoes. The occurrence of blossom end rot and sunscald was greater in 

the very stressed plants. Irrigation treatments had a substantial impact on TSS content, 

which increased with stress level as fruit water content dropped [7]. Long-term water 
stress causes fruit and flower drop in avocado during blooming and fruit development. 

Plants cultivated on sandy soils with low irrigation capacity are more vulnerable to 

drought stress than plants planted in clay soils. Freshly planted orchards are particularly 
sensitive to drought stress due to poor root system development and fast growth of 

foliage in the early stages [32]. 

B. Rainfall: 

Rainfall is another significant aspect that has arisen as a result of climate change. Crop 

output is reduced by uneven or no rainfall, particularly in rainfed areas. Heavy rainfall in 
locations with inadequate drainage reduces soil oxygen availability, which kills the growth 

of helpful microorganisms, and water-logged conditions promote the spread of insect-pests 

and illnesses, reducing crop output. Rainfall during the flowering period reduces fruit set, 
growth, and production. Inadequate rainfall influences pests, resulting in low fruit output 

[38]. Fruits in heavy rainfall areas are susceptible to illnesses such as anthracnose in mango 

fruit during the maturity stage [47]. Rain during flowering washed off the pollen from the 

flower's stigma, As a result, fruit setting is poor or non-existent. In Gujarat, unseasonal rain 
followed by a heavy dew assault reduced fruit setting, increased fruit drop, and increased 

the frequency of sooty mould and powdery mildew by 80-90 percent. [52]. Extended water 

stress cycles result in yield losses ranging from 10% to 40%. Water-logging cycles lasting 
more than two days are beginning to limit Cape gooseberry leaf area. After four days of 

exposure, the stem diameter decreases, as do bud initiation, fruits, and flowers [2]. 

C. CO2 Effect: 

The physiological status of a plant is affected by increased CO2 concentration. It is essential 

for photosynthesis, which creates the plant's biomass. In response to increased CO2, raising 
net photosynthetic proportion in grapes while reducing stomatal conductance enhances 

innate water usage efficiency in Portugal. In general, they observed that increasing ambient 
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CO2 levels increases yield irrespective of any positive or negative effects on grape maturity. 
Even though they were well into reproductive maturity (17 years), sour orange trees were 

more susceptible to increasing CO2 levels. At the time of harvest the trees cultivated with 

CO2 enrichment (350-650 ppm CO2) exhibited significantly higher root biomass, leaf 
biomass, branch biomass, fruit biomass, and total biomass than the trees grown in natural 

circumstances [29]. The heat generated by CO2-related global warming in open habitats, as 

well as soil water evaporation, are anticipated to offset the benefits of enriched CO2 for 
plant biomass production, resulting in shorter growth periods, reduced yield, and more yield 

variance [57]. 

5.2.3 Climate Change Impact on Quality of Fruits: 

Quality requirements are critical in order to obtain a profitable price in the export market. 

Changing climatic circumstances have an influence on the optimal conditions for 
appropriate pigmentation and secondary metabolite formation, both of which are required 

to yield excellent fruits. Temperature fluctuation may also contribute to perfect growth 

conditions. 'Kent' strawberries have higher antioxidant activity during warm days (25°C) 

and mild nights (18-22°C) [67]. Climate change has also been demonstrated to have 
negative consequences, such as earlier ripening in California near the end of the century, 

which may result in lower quality grapes in the region [20]. Due to browning and berry 

burn, incidental heat shocks (over 35°C) resulted in the loss of 50% of the berries [30]. In 
terms of quality, simulated climate change scenarios had a greater influence on technical 

(primary metabolism) maturity than phenolic (secondary metabolism) [28], Rising 

temperatures reduce the quality of grape wine production by hastening the maturation 
period of the grapes and decreasing acidity and colour. Fruit availability may be shortened 

as a result of quicker maturation and ripening [34] Mandarin oranges grown in direct 

sunlight (35°C) were 2.5 times firmer than those grown in shadow (20°C) because direct 

sunlight reduces the activity of cell wall enzymes (cellulase and polygalacturonase) during 

growth, which slows ripening [69].  

Grapes are a well-known example, with bunches exposed to direct sunlight ripening before 

those matured in shaded positions inside the canopy [68]. High temperatures have also been 

reported to hinder the development of the fruit's colour. When the temperature rises and 
unseasonal rains fall, downy mildew damage ensues. When fruits produced at higher 

temperatures were stored at 3°C, there was a breakdown incidence, which is attributable to 

the lower calcium content in the fruits grown at higher temperatures [5]. Sunburn may occur 

when fruits, such as litchi, are exposed to excessively high temperatures for a lengthy period 

of time or even for a short period of time during their growth and development [40].  

Greater watering requirements owing to increased evaporation, as well as speedier tree 

development due to faster heat unit accumulation, are the causes of the reduced fruit sizes 

and anthocyanin content in litchi [42]. Apple fruit marketing relies heavily on the red hue 
of the fruit. One of the most important factors affecting the development of apple fruits' red 

hue is temperature. In discs treated at 20 and 25 degrees Celsius compared to 30 degrees 

Celsius, the red colour density was higher [45]. Due to extreme temperature and moisture 

stress, sunburn and fruit breaking are becoming increasingly prevalent in apples, which has 
drastically decreased fruit quality [50]. High temperatures has tens water core incidence in 

pear [55]. 
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Table 5.1: Impact of Climate Change on the Nutritiousness of Fruit 

Fruit 

crop 

Climate 

variable 

Nutritional quality 

variables 

observations 

Apple  Humidity, 

Temperature and 

solar radiation 

Sugar-acid ratio, 

Anthocyanin and 

Vitamin-C content 

Apples now have higher anthocyanin 

concentrations, vitamin C contents, and 

sugar-acid ratios thanks to rising 

temperatures and decreased sunshine. 

banana Rainfall, 

Temperature 
and solar 

radiation 

Carbohydrate 

content and 
concentrations of 

micro-nutrient 

The average fruit weight and content 

decreased whereas P, Mg, and Ca levels 
increased as the average daily temperature 

increased. The impacts of temperature, 

rainfall, and soil type on quality variables 

were all different. 

Grape  UV and 

Sunlight 

exposure 

Anthocyanin, total 

phenolic and tannin 

content 

As grapes are exposed to more UV rays 

and sunshine, the anthocyanin, total 

phenolic, and tannin content of wine 

likewise rises. 

Grape  Rainfall and 

Temperature 

Phenolic and 

Anthocyanin 

content 

Temperature increases were adversely 

linked with grape anthocyanin and phenol 

levels. Temperature affects phenolic 

content more when rainfall is below 

normal. 

Citrus 
(orange) 

Soil salinity Content of micro-
nutrients in leaves 

As soil salinity increased, the 
micronutrient composition of sour orange 

leaves on different rootstocks changed. 

Ca2+, K+, and Mg2+ concentrations 

decreased, P concentrations stayed 

constant, while Na+ and N concentrations 

increased. 

Citrus 

(orange) 

Frost Proteomic and 

metabolic profiles 

The cold has impacted protein levels as 

well as primary and secondary 

metabolites. Some fruit constituents were 

expressed more fully as a result of the 

frost, whereas others were expressed less 

fully. 

5.2.4 Fruit crop Climate variable Nutritional quality variables observations: 

Apple  Humidity, Temperature and solar radiation Sugar-acid ratio, Anthocyanin and 
Vitamin-C content Apples now have higher anthocyanin concentrations, vitamin C 

contents, and sugar-acid ratios thanks to rising temperatures and decreased sunshine. 

Banana Rainfall, Temperature and solar radiation Carbohydrate content and concentrations 
of micro-nutrient The average fruit weight and content decreased whereas P, Mg, and Ca 

levels increased as the average daily temperature increased. The impacts of temperature, 

rainfall, and soil type on quality variables were all different.  

Grape  UV and Sunlight exposure Anthocyanin, total phenolic and tannin content As grapes 
are exposed to more UV rays and sunshine, the anthocyanin, total phenolic, and tannin 

content of wine likewise rises. 
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Grape  Rainfall and Temperature Phenolic and Anthocyanin content Temperature 
increases were adversely linked with grape anthocyanin and phenol levels. Temperature 

affects phenolic content more when rainfall is below normal. 

Citrus (orange) Soil salinity Content of micro-nutrients in leaves As soil salinity increased, 

the micronutrient composition of sour orange leaves on different rootstocks changed. Ca2+, 
K+, and Mg2+ concentrations decreased, P concentrations stayed constant, while Na+ and 

N concentrations increased. 

Citrus (orange) Frost Proteomic and metabolic profiles The cold has impacted protein 

levels as well as primary and secondary metabolites. Some fruit constituents were expressed 

more fully as a result of the frost, whereas others were expressed less fully. 

5.2.5 Climate Change's Impact on Fruit Crop Area Suitability: 

The yield, flowering, and quality of tropical fruits vary from year to year due to changes in 

the rainfall distribution pattern [52]. Warming has enlarged the tropical zone during the last 

several decades, [36], emphasising the need of additional areas for tropical foods. A 1°C 

rise in temperature can drastically affect the region suitable for tropical fruits. Several fruit 
crop favourable areas may become somewhat suitable, and new suitable ones may emerge. 

Temperature rises are likely to have a greater impact on the reproductive systems of these 

crops. A 0.7-1.0°C temperature increase may modify the current zone suitable for quality 
production of Dushehari and Alphonso mango cultivars [51]. The best environment for a 

mango variety Dushehari suffers greatly with a 1°C increase in temperature, but Alphonso 

(a mango cultivar) is most likely restricted to the Ratnagiri area because to its resilience to 
shifting environmental conditions [9]. Certain findings were drawn from a research of 

worldwide banana production and its appropriateness under climate change scenarios, such 

as an increase in suitable regions owing to temperature rise, mostly in areas with an average 

temperature of 24°C [1]. According to studies of 24 places throughout the world, all of the 
sites indicate a linear rise in temperature, making climate change a problem for civilization 

It is expected that the region with tropical growth climate would rise, whilst present tropical 

zones will experience serious climatic challenges [11]. 

5.2.6 Climate Change's Influence on Pest and Disease Incidence in Fruit Crops: 

Pest and disease incidence in fruit crops has increased as a result of climate change. Changes 
in flowering time and temperature can result in the introduction of novel pests, minor pests 

becoming severe pest status, and the breakdown of resistance. According to the National 

Research Centre for Banana annual report 2012, Sigatoka disease has reached dangerous 
levels in Maharashtra, where it was never considered a problem before, as a result of climate 

change. Stormy weather increases the likelihood of bacterial gummosis in pome and stone 

fruits. Climate change has the ability to alter pathogen development stages and rates, as well 
as host resistance and pathogen-host interaction physiology. Tropical insects (physiological 

optima) are more sensitive to warming than higher latitude insects [17]. A decrease in the 

number of specific vector insects in tropical climates might reduce the occurrence of 

specific viruses such as citrus leprosy (mealy bug), papaya ring spot (aphid), pineapple wilt 

(mealy bug), and others [15].  
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Temperature and rainfall patterns, for example, have a direct impact on the lifecycle of 
many insect pests. Climate change might have an impact on regional distribution, 

population growth rates, generation numbers, overwintering, developmental seasons, crop-

pest phenology synchrony, pest invasion by migratory pests, and interspecific interactions 
[46]. When the temperature was raised from 20 to 35°C, fruit fly development increased in 

mango cv. Chausa. With the possibility of a third generation of codling moth, preventive 

measures (e.g., pesticides) would need to be strengthened and extended in order to manage 

this additional generation, meaning an increased risk of chemical residual effects on fruits 
[21]. Climate change has increased disease incidence, water consumption, and insect 

infestation, resulting in a rise in input costs in Pakistan's Punjab plains citrus orchards [44]. 

5.3 Adaptation Strategy to Mitigate Ill Effects of Climate Change Fruit crops: 

Adaptation is vital, but mitigation is also required since even if all emissions were halted, 

temperatures would continue to rise for decades before stabilising. If the rate of rise is not 
slowed, it will reach several disastrous tipping points, hastening climate change to the point 

where adaptation may become scarce [61]. Integrating adaptation and mitigation is the most 

effective method for increasing both adaptation and mitigation [23]. There is enough room 
in agriculture, land use, and forestry to address adaptation and mitigation at the same time, 

since each give’s chance for the other. Soil organic carbon amplification is the most 

important adaptation and mitigation strategy in tropical production systems because it not 
only has the biggest agriculture-based mitigation potential but also provides resistance to 

climate change  

A. Change of Crop and Varieties: 

One of the most important adaptation measures is crop and variety change in response to 

climate change. Crop cultivars that can survive both biotic and abiotic stressors provide 
increased climate resilience. Identifying more adaptable cultivars as well as a variety of 

cultural practises may assist producers in maintaining current output. Drought-tolerant 

cultivars and types that may avoid stressful periods by having a shorter fruiting season must 

be developed/identified. Drought-tolerant Pomegranate hybrid Ruby, Annona hybrid Arka 
Sahan, and Grape root stock Dogridge (Vitis champine) have all been discovered to be 

promising. Different races and genetic bases must be investigated and tested [43]. The origin 

of fruits should be investigated for climatic adaptability. For example, mono-embryonic 
type mango might be studied for a land-logged environment in northern India with a well-

defined winter, whereas poly embryonic type mango could be evaluated for a coastal 

climate for adaptation to changing climate [36].  

B. Canopy Management: 

Canopy management improves yields and fruit quality by increasing leaf and fruit exposure 
[33]. When done correctly, it reduces resource competition and enhances crop physiological 

processes. It is critical in several situations, like Litchi. The primary goal of training in 

younger plants is to form the canopy and establish a sturdy structure that provides increased 
resistance against heavy winds. Training and trimming mature plants seeks to maintain 

desired form and maximise tolerable surface area.  
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Pruning helps retain the vitality of aged plants/orchards that might otherwise acquire 
senility. Pruning has been shown to stimulate shoot start. Rising CO2 levels in the 

atmosphere are anticipated to promote canopy development, which may provide a more 

favourable micro-climate, more sensitive tissue, more inoculum interception, more potential 
for infection, more polycyclic infection, and a radiation shield for inoculums. If all leaves 

removed during training or pruning are integrated into the soil, and 50% of hard biomass is 

utilised as lumber with a life of more than 30 years, pruning and training are predicted to 
have a net mitigating impact. [56], By removing 25% of the canopy, researchers discovered 

an improvement in light utilisation in mango. 

C. Efficient Water Management: 

Coconut has had the highest rate of drip system adoption among crops, followed by banana, 

grape, papaya, pomegranate, mango, and sapota [10]. Even though rain fall has increased 
slightly, water availability is expected to be limited as more intense rain produces more 

runoff. An effective irrigation method, such as drip irrigation, will save substantial water 

that may be utilised to extend the watered area. More favourable soil moisture combined 

with increasing CO2 levels may induce increased biomass production and soil-carbon 

enrichment [16]. 

D. High Density Planting (HDP): 

Tropical fruits have high adaptability and mitigation potential since they not only produce 

more but also collect biomass and soil carbon per unit area. Terrestrial carbon uptake in a 

well-managed high-density perennial planting can be up to 1.5 times that of regular planting 
in one life cycle. HDP is already being used selectively in mango, guava, banana, citrus, 

pineapple, pomegranate, papaya, cashew, and coconut. These successes should be replicated 

for other tropical fruits such as litchi, longan, and so on. Mango, guava, and citrus trees can 
be planted at 2.5 m x 2.5 m, 3 m x 3 m, and 1.8 m x 1.8 m instead of 10 m x 10 m, 6 m x 

6m, and 6 m x 6 m. Canopy control is critical to success, but future high-density plantings 

must use dwarfing rootstock, inter-stock, and scion varieties. HDP success necessitates a 

combination of canopy management and growth regulators [32]. 

E. Protected Cultivation: 

Protected cultivation with net houses or poly houses offers the benefit of modifying the 

microclimate and exposing the crop to fewer weather extremes. Increased CO2 levels in the 

growth environment can also help to improve photosynthesis [29]. Protected farming has 
the extra benefit of reducing insect and disease damage as well as wild animal harm [30]. 

In India, over 40,000 hectares of protected agriculture are employed, largely for annuals or 

as a nursery for perennial crops. 

5.4 Conclusion: 

Climate change has had an important role on fruit crop phenology, quality, and 
susceptibility to diseases and pests. Temperature changes, rainfall patterns, and extreme 

weather events have thrown off the timing of blooming, fruit ripening, and overall crop 
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growth, resulting in decreased yields and poor fruit quality. Furthermore, rising 
temperatures and changed precipitation patterns foster the development of diseases and 

pests, creating further difficulties to fruit production. Implementing adaptive strategies such 

as breeding resilient crop varieties, improving irrigation and water management, 
implementing integrated pest management practises, and adopting sustainable farming 

techniques can help mitigate the adverse effects of climate change and ensure the long-term 

sustainability of fruit crop production. 
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Abstract: 

Carbon (C) is a vital element and found in all life forms, and is regulated by the exchange 

between oceanic, geologic, pedologic, biotic and atmospheric pools largely in the form of 

CO2. Among this, the C stored in the upper part of the terrestrial are susceptible to 
anthropogenic activities and can act as a source as well as sink of C. As a C sink, soils have 

the potential to sequester 0.45 to 0.90 Pg C per year. This storage may be through soil 

inorganic carbon (SIC) and soil organic carbon (SOC), although the mechanism and extend 

of sequestration though SIC is largely unknown. Both the SIC and SOC storage can be 
affected by a wide number of factors, including climate, soil characteristics, and other 

management factors. Soil C stabilization is necessary for soils to act as a C sink, and occurs 

mainly through three mechanisms of soil C stabilization: physical, chemical, and biological. 
Theoretically, there exists a soil C saturation level, beyond which additional C input will 

only accumulate in labile soil C pools that have a relatively faster turnover. Saturation 

deficit is the difference between a soil’s theoretical saturation level and the current C 
content. The proportion of C stabilized would be greater in soils with larger C saturation 

deficits, and the relative stabilization efficiency would decrease as C input level increased. 

Keywords:  

Carbon stock, storage, organic carbon, inorganic carbon, sequestration, saturation 

6.1 Introduction: 

Long-term changes in global weather patterns and temperatures caused by human activities, 

Carbon (C) is a vital element present in all living cells and is the major building block for 
life on Earth. It also occurs in numerous minerals found in soils and geological strata, rocks, 

ocean, fossil fuels, sedimentary deposits, terrestrial biosphere, and atmosphere [1]. The 

global C cycle is regulated by five main reservoirs, and there is an exchange of C mainly in 
the form of CO2 from one reservoir to another: oceanic (~39000 Pg of C, 1 Pg = 1015 g), 

geologic (~5000 Pg C), pedologic (soil) (~2500 Pg C), biotic (~560 Pg C) and the 

atmospheric reservoir (~750 Pg C) [2]. The stored C in terrestrial biosphere (soil, 

vegetation), atmosphere, and upper layers of ocean are active in nature and are susceptible 
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to anthropogenic activities whereas those in the sedimentary rocks are relatively inert, and 

change over a scale of millions of years [1]. 

 

 

 

 

 

 

  

Figure 6.1: Principal carbon reservoirs on the earth [1]. 

6.2 Soil Carbon Pools: 

Soil C pools can be broadly divided into soil inorganic carbon (SIC) and soil organic carbon 

(SOC). Upto 100 cm soil depth, the SOC is predicted to be 1200-1600 Pg, whereas SIC is 

estimated to be about 695-940 Pg [3]. In most regions, SOC is the major contributor to total 

soil C except in dryer regions such as arid, semiarid and/or semi-humid areas where SIC, 
mainly in the form of Ca and Mg carbonates forms the dominant pool [4]. In arid and 

semiarid areas, the SIC might be 2 to 10 times higher than that of SOC [5].  

The SIC is further divided into primary carbonate, also known as lithogenic inorganic 

carbon (LIC), and secondary deposited carbonate known as pedogenic inorganic carbon 
(PIC). The LIC are inherited from parent materials whereas PIC is formed through 

dissolution and precipitation of carbonates in parent materials and derived from the 

weathering of CaSiO3 [6]. 

Compared to SIC, the SOC gained more attention because the SOC pool is more reactive, 

highly dynamic, played vital role in soil quality, fertility, productivity, climate change 
mitigation, and reflect the soil and ecosystem processes [1]. The SOC is divided into 

different pools depending on their mean residence time (MRT) in the soil. The labile C have 

the quickest turnover among the different SOC pools and its MRT ranged a few days only. 
It may consist of simple sugars, simple organic acids and microbial metabolites that can be 

easily mineralized. The slow or intermediate consists of structural plant residues and 

physically stabilized C that turnovers in decades whereas the resistant fraction are the inert 

fraction largely resistant to decomposition by soil microbes with MRT of thousand years 
[7]. The labile SOC is subjected to rapid mineralization by soil microbes while the stable 

and recalcitrant remains chemically inert and microbial transformation [8]. 
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6.3 SIC As A Net C Sink: 

Soil serve as an important C sink with the ability to sequester 0.45 to 0.90 Pg C per year 
[2]. Soil can sequester C either by direct or indirect sequestration. Direct soil C sequestration 

occurs by inorganic chemical reactions that convert CO2 into SIC compounds such as Ca 

and Mg carbonates, while indirect C sequestration takes place when CO2 in the atmosphere 
is removed through photosynthesis and stored in the soil after decomposition. During the 

formation of LIC and PIC, one mole of carbonate requires two moles of carbonic acid and 

liberate one mole of CO2 to the atmosphere (Eq (1)) [9]: 

 Ca2+ + 2HCO3
− ↔ CaCO3 + H2O + CO2 ↑     

 (1) 

This reaction will act as a net C sink if the source of CO2 in the HCO3
− is respiration of soil 

microbes or decomposition of organic matters in soil. However, this reaction will become a 

source of atmospheric CO2 if the HCO3
− is from irrigation water [10]. During the formation 

of secondary carbonate from CaSiO3 weathering, two moles of atmospheric CO2 are 
converted to bicarbonate (HCO3

−) (Eq (2)). This can lead to the sequestration of atmospheric 

CO2 in soils [11]. 

 CaSiO3 + 2CO2↓ + 3H2O→ HCO3
−+ Ca2+ + H4SiO4    

 (2) 

However, the rate of this reaction in soil is extremely slow and are typically on the order of 

50–500 mol Ca2+ ha−1 yr−1 [12]. Even if soil management practices could hasten the speed 
of the reaction to twice or thrice, only 0.001–0.01 t C-CO2 ha−1 yr−1 will be consumed which 

suggest that this reaction is of minor importance as the global C sink [9]. As a result, many 

studies do not consider SIC as a C sink, probably due to the longer time needed for changes 
in carbonates compared to SOC. However, recent studies have demonstrated soil organisms 

to be an important component in the formation of secondary carbonate and may quicken the 

turnover of the SIC too [13]. 

6.3.1 Factors Affecting SIC As a Net C Sink: 

The ability of the soil to store C as carbonates depends on factors such as climate, soil 

characteristics and other management factors.  

A. Climatic Factors: Climatic factors such as precipitation and temperature significantly 

affect the processes of evaporation and leaching, which in turn influence the dissolution 

and re-precipitation of carbonates [14]. At high temperature and low precipitation, such 

as arid and semi-arid areas, there is accumulation of PIC due to slow carbonate 
dissolution and leaching [10]. Increasing aridity also encourages formation of 

petrocalcic and calcic strata as there is little water to leached down the accumulated 

carbonates [15]. The quantity and depth of carbonate accumulation is also affected by 
the amount and frequency of precipitation received in the region. Thus, the time taken 

to store the same quantity of SIC will be longer in arid areas and shorter in humid area 

[16]. 
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B. Topography and Landscape: The topography and position of the soil affects the 
amount, rate and depth of carbonate accumulation in soil. In general, carbonates may 

or may not be present in the upper parts of a hillslope, while thick calcretes may be 

formed at toeslope [17]. Stability of a landscape also influences the amount and depth 
of carbonate accumulation in the profile. Unstable soil surfaces prone to erosion and 

water movement leads to less carbonate accumulation and their deeper localization [10]. 

C. Vegetation and Soil Organisms: The presence of roots and microbes in soil modulates 

the concentration of CO2 and pH in soil. At the vicinity of the roots, the CO2 increases 
a hundred-fold accompanied by lower pH [18]. This increase protons and carboxyl 

groups released by the roots carbonate dissolution five to ten-fold [10]. Carbonate 

solubility increases near the roots because the CO2 concentration is almost 100 times 
higher in the rhizosphere. Soil microorganisms can also produce a visible accumulation 

of carbonates within a few days if Ca2+ ions are available in solution, bacteria. 

Extracellular polymers such as polysaccharides and amino acids may also control the 
formation and morphology of CaCO3 [20].  

D. Land Cover and Land Use Change: The characteristics of vegetation and changes in 

land use also affects the SIC deposition in soil. Among the different natural vegetation, 

desert has the highest SIC, followed by grassland, farmland, marsh, shrubland, meadow, 
and forest [21]. Conversion of natural vegetation to agricultural use was found to 

increase not only the loss of even the most recalcitrant SIC, but also redistributes it in 

the profile [22]. In China, losses of SIC from 51% of total cultivated soil was estimated 
at about 0.5–4.0 kg C m–2 [11]. 

E. Soil acidification through fertilizers: Acidification of soil due to long-term application 

of acidic fertilizers or other soil acidifying agents also could affect the SIC sequestration 

in soil. The decrease in soil pH aid the dissolution in the carbonates thereby resulting in 
lower SIC accumulation in the surface soil [23]. 

F. Soil Characteristics: Soil physicochemical properties such as by soil texture, structure, 

pH, ion strength and soluble Ca2+ and Mg2+ affects the accumulation of carbonates. The 
texture and structure of a particular soil affects the infiltration, percolation, translocation 

and the quantity of water it can absorbed which thereby influenced the amount and 

depth of carbonate accumulation in soil [24].  The soil pH influences the size of the 
carbonate crystal, morphology and bicarbonate/carbonate ratio in soil [25]. As the soil 

pH increases above 7, there is lower bicarbonate/carbonate which favours carbonate 

crystal formation and precipitation of smaller crystals into bigger ones [25].  The ionic 

strength of different salts also affect the rate of carbonate dissolution and precipitation, 
and as a result, carbonate dissolution in saline soils takes longer and occurs earlier 

compared to salt-free soils. The pattern of carbonate distribution in soil is similar to the 

pattern of the Ca2+ and Mg2+ present in soil, but the relation is stronger with soluble 
Ca2+ Also, higher concentration of soluble Ca2+ and Mg2+ in soil favours carbonate 

precipitation [26]. 

6.4 SOC As a Net C Sink: 

For the SOC to act as a net C sink, atmospheric CO2 must be transferred into plant biomass 

and its conversion into long-lived stable and recalcitrant SOC through humification that is 
resistant to changes [27]. This process primarily relies on removal of atmospheric CO2 and 

storage in the plant biomass through photosynthesis, decomposition of the pant biomass in 

the soil and storage as stable and protected fraction SOM [28].  
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Thus, SOC sequestration could be achieved by increasing above and below-ground 
vegetation in a unit land area, retaining the biomass to be converted into SOC, protection 

and stabilization of the SOC against decomposition and erosion [27]. 

6.4.1 Factors Affecting SOC Sequestration: 

SOC sequestration depends on many factors including climate, soil depth, soil texture and 

mineral present, nutrient content, topography and aspects, and the initial content of SOC 

[27]. 

A. Climate: Climatic factors such as temperature and precipitation enormously affect soil 

C sink capacity through its effects on C inputs through biomass production and C losses 

through decomposition. Temperature directly affects SOC sequestration by increasing 
the rate of organic matter decomposition whereas presence of moisture slows down the 

decomposition thereby facilitating in the accumulation and stabilization of SOC [29]. 

As a result, decomposition of SOC is more rapid in tropical regions than in temperature 
regions. Also, soils of humid regions generally have higher SOC content that those from 

dry regions which could be attributed to higher biomass production in humid regions 

[27]. It is estimated that the decrease in SOC with per degree increase in mean annual 

temperature is 1896 kg ha-1 [30]. Soils of humid regions are often richer in SOC than 
soils of dry regions and this can be due to a greater production of biomass and lesser 

decomposition in humid regions [31]. 

B. Soil Properties: Soil texture, mineralogical compositions, depth and types, pH, bulk 
density and porosity determine the amount of C sequestered. Soil texture (amount and 

type) is key soil property that govern the potential of the soil to sequester SOC in soils. 

Soils with more clays could sequester more C, and among the different types of clay; 

smectitic clays are more potent in C accumulation and sequestration [32]. Irrespective 
of soil types, higher SOC are found at the surface soil and decreases with increasing 

depth of profile except in some vertisols due to natural mixing of soil [33]. Among the 

different soil orders, soils with low organic matter content such as aridisols have lowest 
SOC whereas highest SOC is found in histosols [34]. Soil mineral composition 

determine the quantity of SOC stored in soil, its turnover time, and atmosphere-

ecosystem C fluxes. The presence of multivalent cations such as Ca2+, Al3+ or Fe3+ leads 
to accumulations of SOC in comparison to other cation types [35]. Soil pH affects 

microbial enzymatic efficiency, and mineralization of SOM is most rapid at neutral pH, 

suggesting that both extremely alkaline and acidic condition are detrimental for the 

growth of microbes in soil [36]. Soil porosity affects the movement and availability of 
water and air in soil thereby affecting the decomposition and accumulation of SOC [37]. 

C. Management Factors: The change of forestland to cultivated land destroys the soil 

aggregate structure, which enhances SOM mineralization and CO2 emissions that 
subsequently reduce the soil C sink capacity. It has been estimated that 303 t C ha−1 is 

retained in tropical forests [38], 66 t C ha−1 and 44 t C ha−1 in temperate and boreal 

forests, respectively [39]. Clearance of forests for cultivation or other uses as result of 
urbanization in the past one and half century was estimated to result in losses of about 

136 (±55) Gt C in to the atmosphere [40]. Cropping and their management practices 

that increase C input and reduce the release of CO2 to the atmosphere will aid in building 

up the SOC content of soils. Thus, suitable management practices under different land-

use and agro-climatic conditions is important to sequester C in the soil [41]. 



Climate-Smart Agriculture and Food Security 

62 

 

6.5 Crop Management Practices for Improving Soil C Sink Capacity: 

Adoption of improved practices can increase the C sequestration in soil. Some of these 

practices discussed in brief. 

A. Adoption of Conservation Agriculture CA): According to the FAO, conservation 

agriculture (CA) system combines minimum soil disturbance, maintaining a permanent 

soil cover with crop residues and/or cover crops, and diversification of plant species 
through varied crop sequences and associations involving at least one legume crop. 

Excessive tillage is responsible for disrupting soil aggregate, and exposes particulate 

organic matters (POM) protected within soil macroaggregates to microbial decay [42]. 
When the number of tillage is reduced through the adoption of reduced tillage or no-

till, SOC exposure to decomposition by microbes is reduced thereby reducing the loss 

of SOC from the soil [43].  

Adoption of reduce tillage or no-till have been considered an important C sequestration 
tool. In the US, SOC sequestration under no-till widely varies from 0.45 Mg C ha−1 y−1 

[44] to 0.27 Mg C ha−1 y−1 in the South-East, from 0.27 to 0.40 Mg C ha−1y−1in the North 

West and between 0.30 and −0.07 Mg C ha−1year−1 in the North [45]. The worldwide C 
sequestration potential under no-till system is projected to be around 0.57 Mg C ha−1y−1 

[46]. Data from 69 paired conventional tillage and no-till showed that adoption of no-

till increased soil C by 3.15 (± 2.42) t ha−1 in the surface soil, but declined by 
3.30 (± 1.61) t ha−1 in the 20–40 cm soil layer [47].  

Overall, adopting NT did not enhance soil total C stock down to 40 cm. in vertisol of 

Central India, no-till (4.22 ± 0.133 Mg C ha−1) resulted in significant increase of SOC 

content in soil as compared to reduced tillage (3.84 ± 0.123 Mg C ha−1) and conventional 
tillage (3.65 ± 0.04 Mg C ha−1) in the surface 5 cm layer [48]. It is estimated that, CA 

could increase SOC stock by 1.8 t C ha−1 yr−1 in the first 10-years of adoption [31]. 

Returning crop residue back to the soil is done either through incorporation or retention 
which provide large inputs of C to soils and enhance SOC. Maintaining a permanent 

soil cover through addition of crop residue accompanied by no-tillage improve the soil 

physical, chemical and biological properties with reduced greenhouse gas emission 
especially CO2 [25]. Meta-analysis results indicated that residue return in China 

increased SOC storage by 11.3% compared to residue removal [49]. It can sequester 

about 14 to 30 t CO2e ha−1 in European Union [50]. One of the main disadvantages of 

improving C sequestration through crop residue return is the potential of elevated N2O 
emission that offset the benefits from C sequestration [51]. In soils with very low 

fertility, the soil may not be able to produce sufficient crop biomass to significantly 

increase the C sequestration in the soil [52].  
Transitioning from conventional agriculture to no-till or minimum tillage could also 

possibly result in yield penalty thereby affecting the quantity of crop residue available 

for retention or incorporation with very less or no C sequestration [53]. Diversifying the 

cropping system with legumes is important to improve SOC content in soil. Inclusion 
of suitable crop species such as legumes which have more root systems in the rotation 

rather than a monoculture system can add more biomass into the system and is often 

accompanied by enhancing the soil C sequestration [54, 55]. Biomass addition into the 
soil through roots of a cover crop in no-till system was found to have a close relationship 

with the increase in SOC stocks over the years [55]. Meta analyses of 139 plots at 37 
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different sites showed higher SOC sequestration under cover crop than in the reference 
croplands [56]. 

B. Organic Manures: Composts and farmyard manures are a good source of organic 

matter  and their application to soil could be an effective way of enhancing the SOC 
contents of soil, both by virtue of the added C in the amendment itself and through 

improvement of soil properties such as nutrient transformation and supply, soil–water 

balance control or buffering of pollutants. Both single addition of large dose and 
multiple addition of smaller dose of stable compost showed similar rates in SOC 

sequestration but the response was highest in the first thirty years in case of single 

addition but build up continued for over a century in the stable and recalcitrant pools 

[57].  Meta analyses of 101 research findings encompassing over 592 treatments 
disclosed that application of organic manures could improve the SOC stock by 

10.7 Mg C ha−1, which is 35.4% from the control [58].  

C. Mulching: Mulching is one of the most sustainable approaches in sequestering C. Not 
only this, organic mulching using crop residues also keep the soil thermal regime at 

moderate level, reduce evaporation and erosion, improve soil health and nutrient 

availability. Saroa and Lal [59] reported that the rate of mulch application had a 
significant positive effect on the SOC concentration in 0–5 cm depth and was highest 

when soil received 16 Mg C ha–1.  

D. Organic Agriculture: Farming practices affect both input and turnover rates of 

SOM. Organic farming systems is a farming system devoid of the use of any chemical 
inputs such as chemical fertilizers and pesticides to improve ecosystem functions, 

animal and human health. It relies on the use of organic products instead of harmful 

chemical to protect crops and increase productivity. Many studies have reported the 
positive effects of organic agriculture [60], while inconsistent or unreliable conclusions 

have also been reported [61]. Analysis of 68 datasets revealed that after conversion of 

conventional system to organic system, the mean increase in SOC content was 2.2% 

per year [62]. Another analysis of datasets from 74 studies found that SOC stocks were 
3.50±1.08 Mg C ha−1 higher in organically managed soils than in inorganically managed 

soils [63]. 

E. Agroforestry: Association of trees with crops on the same land-unit could improve soil 
C sequestration compared with pastures or field crops and is affected by the number of 

site-specific biological, climatic, soil, and other management factors. Many authors 

believed that agroforestry systems have a higher potential to sequester C in soil. This 
inference can be drawn from the huge amount of atmospheric CO2 captured by trees 

during photosynthesis and storage of C in their biomass and acts a potent C 

sequestration tool. It is estimated that the C sequestration potential in agroforestry 

system can range from 1.25 to as high as 173 Mg C ha–1 y–1 [64]. 
F. Integrated Nutrient Management (INM): Integrated nutrient management (INM) is 

the judicious use of both organic and chemical inputs to enhance farm productivity and 

production. These chemical and biological inputs acts in synergy to improve crop 
protection, nutrient availability, soil properties and health, and thus the crop 

productivity. INM has been established as an efficient management practice that can 

enhance SOC [65]. In an inceptisol, long term application of recommended dose of 

primary nutrients with farm yard manure for over four decades resulted in maximum 
increase SOC and organic matter compared with the unfertilized one [66]. An increase 

of 17% SOC in the top 15 cm layer was observed when 20 t ha–1 of farm yard manure 

was along with mineral fertilizers after 32 years in the upper Indo-Gangetic Plains [67]. 
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Compared with the use of chemical fertilizers alone, INM was found to improves the 
soil C sequestration by 2.3 Mg C ha−1 [68]. 

G. Restoration Of Degraded Lands: Restoring degraded and abandoned lands could be an 

important tool for sequestering C in soil through ecological succession [2]. Restoration 
of degraded land can promote soil and vegetation health thereby increasing C stocks 

both in soil and in biomass. Lal and Bruce [69] estimated that 100 M ha of degraded 

land worldwide are unfit for cultivation. If the C sequestration rate of these land to be 

around 0.25 t C ha–1, it may be estimated that this degraded land can be used to sequester 
about 0.025 Gt C year–1. In India, it has been projected that restoration of degraded soils 

could effectively sequester 9.8–13.9 Tg C ha–1 [52]. Meena et al. [70] reported that 

creation of agricultural ecosystem models on degraded land increase the C sequestration 
potential; and highest CO2 sequestration (Mg C ha−1) was found in the forest land 

system (115.1) followed by karonda (Carissa carandas) cultivation land (41.1), guava 

+ green gram cultivation land (38.9), mono-cropping wheat cultivated land (22.0), 
mono-cropping rice cultivation land (17.6), pasture land (9.40) and lowest in seasonal 

pond area (0.87).  

H. Biochar Application: Biochar is a stable C compound produced as a byproduct of 

pyrolysis of biowaste. Due to its inertness, biochar application is another way of 
increasing soil refractory organic C pool. Meta analysis showed that biochar derived 

from crop residue increased SOC stock and contributes largely to the stable pool [71]. 

Result from 64 studies with 736 individual treatments showed a mean increase in SOC 
stocks by 13.0 Mg C ha−1 [72]. However, there are also some reports that biochar 

application may accelerate degradation of both native SOC and biochar C, and may not 

an effective tool for C sequestration. The effect of biochar in increasing the SOC 

contents of soils were higher in soils with higher clay contents than those with lower 
clay contents [72]. Recently, the potential of biochar in the restoration of degraded lands 

(e.g., saline soils and mine tailings) has been confirmed [73]. 

6.6 Assessment of Soil C Sequestration:  

Assessment on soil C stock requires data on soil bulk density (Mg m−3), concentration of 
soil SIC or SOC expressed as % (w/w) basis and soil depth (in m). The C sequestration is 

usually calculated in terms of increase in C stock in soil.  

 SOC (Mg ha–1) = SOC (%) × Bulk density (Mg m−3) × Depth (cm)                              (3) 

Total soil C is determined by high temperature combustion in CN analyser [74] while SOC 

is determined by [75], and SIC is the difference between total and organic C.  

6.7 Soil C Stabilization: 

For soils to sequester and act as a C sink, soil C needs to be stored in stable C pools. Soil C 

stabilization is critical for the determination of the soil C sink capacity under different 
climatic and management regimes. Soil C stabilization that retards the decomposition of 

SOM by reducing the C mineralization rate through three main mechanisms: (a) physical, 

(b) chemical, and (c) biological (biochemical) [76]. 



Soil as A Net Carbon Sink 

65 

 

A. Physical Protection: In physical stabilization, stabilization of soil C is due to physical 
protection of the soil C within the macro (>250 μm) and micro-aggregates (<250 μm) 

through their intimate association with clay and amorphous minerals in soil. This type 

of protection limits the accessibility of soil microbes and their enzyme from 
mineralizing it. It also obstructs movement of oxygen, water and other substrates 

necessary for microbes.  

B. Chemical Stabilization: Chemical stabilization refers to C associated with the 
formation of primary organomineral complexes that are chemically inert from 

mineralization or inherently recalcitrant such as that of lignin. This is the dominant 

mechanism controlling the soil C stabilization and is central to soil C sequestration [77]. 

Chemical stabilization in soil is greatly influenced by amorphous and poorly crystalline 
Fe/Al mineral components in soil, and is the main mechanism leading to soil aggregate 

formation [78]. 

C. Biological Stabilization: Biological stabilization of SOC refers to the complex 
inherence chemical structure of the biomolecule, which is a function of intra- and inter-

structural bond strength, their degree of regularity in occurrence and aromaticity [42].  

6.8 Soil C Saturation: 

Soil C Saturation is a concept that suggests that soils C capacity is not unlimited and this is 

determined by the reactive mineral surface area available for retaining SOC. Beyond the 
maximum limit, the soil will not further sequester any C [79]. Many SOC models assume 

that their soil C sequestration increase linearly with increase in C added to the soil 

irrespective the antecedent SOC content [42]. Practically, this was observed to be true in 
many cultivated soils that have low and moderate SOC status. In contrast, soil inherently 

high in SOC status did not show any rise in the SOC content following continued exogenous 

C input that suggest that the SOC have eventually reach equilibrium known as soil C 

saturation level. This phenomenon is also visible from some long-term studies that shows 
signs of C saturation as evident from the non-responsive nature of SOC status to continuous 

input of C sources. This suggests that with increasing C supply, the SOC stock will reach 

the upper limit beyond which the SOC accumulation rate will start decreasing. Beyond this 
level, additional C input will only accumulate in labile soil C pools that have a relatively 

faster turnover and will not add to the stable C pools in soil. The difference in SOC levels 

between the SOC saturation level and present SOC level is known as SOC saturation deficit 

[79]. The larger the deficit, the higher will be the proportion of SOC stabilized in soil. 

6.9 Conclusion: 

Soil plays a crucial role as a net C sink, actively sequestering and storing C from the 

atmosphere after its stabilization into inert and recalcitrant forms. Through the accumulation 

of SOC and SIC, soils have the potential to mitigate climate change by reducing atmospheric 
CO2 levels. The quantity of C sequestered in soil is affected by climate, soil site 

characteristics and management factors. Among the various agricultural practices, practices 

that improve soil C sink capacity includes conservation agriculture, retention of crop 

residues, organic farming, crop rotation, mulching, restoration of degraded land, 
agroforestry, etc. The ability of the soil to sequester C is not unlimited. It is mainly affected 

by initial soil C status and proportion of C stabilized will be greater when the deficit is 

higher.  
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Abstract: 

Carbon emission is a major threat to the ecosystem as it triggers the global warming 

resulting in rise of the atmospheric temperature, contributing towards climate change. 
IPCC explains five key sectors as industry, buildings, energy, transportation, and AFOLU 

responsible for maximum release of carbon emission. Agroforestry is a critical component 

in mitigating the negative effects of changes in the climate. Agroforestry offers a unique 
chance to meet the mitigation as well as adaptation goals for climate change. Agroforestry 

systems lower greenhouse gas emissions from soils by storing carbon in soils and woody 

biomass. Recent research in various agroforestry systems in various ecological conditions 

has highlighted the need of agroforestry in restoring carbon stocks in biomass above ground 
and soil, as well as enhancing economic stability and diminishing vulnerability to climate 

change. 

Keywords:  
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7.1 Introduction: 

Agroforestry is an integrated approach to growing trees with agricultural practices. It is the 
cultivation and utilization of forest trees with crops, including livestock rearing, in an 

agricultural system. American economic geographer J. Russell Smith first formally 

described agroforestry in his book entitled “Tree Crops: A Permanent 

Agriculture”(1929)[1]which he saw as a solution to the destructive erosion that frequently 
followed the cultivation of sloping lands[2] It is a dynamic, ecologically oriented bio-

resource management strategy that diversifies and maintains productivity while also 

building social institutions via the inclusion of woody perennials within farms and 
agricultural landscapes [3]. Carbon Emissions for a specific duration represent the total 

carbon equivalent greenhouse gas emissions associated with the consumption of energy 

during that period, represented in metric tonnes of equivalent carbon dioxide. 
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Carbon emissions are the most significant contributors to greenhouse gas (GHG) emissions, 
which trigger environmental degradation [4]. They are frequently assigned to the five 

primary sectors defined by the IPCC as industry, buildings, energy, transportation, and 

AFOLU [5]. 

7.2 Current Scenario Under Agroforestry: 

Agroforestry has been utilized in India as a means of existence and a source of income from 
time immemorial. Boosted agricultural forestry in the entire nation can help to solve certain 

of the most serious difficulties brought on by climate change (Dhyanietal 2016, CAFRI 

Vision 2015) [6][7]. Aside from its environmental benefits, crop forest cultivation meets 
around fifty percent of the necessities for fuel wood, 65 percent for small timbers, 70-80 

percent for plywood, 60 percent raw material for paper pulping and 9-11 percent for green 

fodder for cattle (NRCAF 2013) [8].  

The ultimate objective of agroforestry for climate change is to enhance and sustain the 
standard of living of impoverished rural economy of farmers. Tree-crop integration can 

benefit the farming community by providing consistent revenues, diversifying land use and 

local skills, increasing nutritional and livestock security, and improving ecological health 

[9]. In the Haridwar and Yamuna Nagar areas of North India, agri-silviculture exhibited a 
B: C ratio of 3.85 with a net return of 1.97 lakhs ha-1[10]. In the coastal states of the 

country, Casuarina equisitifolia has become a significant fast-growing tree species that is 

highly suitable for agroforestry. Groundnut + Casuarina-based system generated 

around 89,000 net annual returns per hectare, (Saravanan and Vijayaraghavan 2014)[11].  

The versatile Melia azedarach tree species is well-known for its insecticidal and curative 

properties and is frequently grown along bunds and canals in irrigated areas, and the leaves 

are fed to goats. Melia azedarach grown with a soybean crop generated a net return that was 

19% greater than that of a soybean crop alone [12][13]. Likely, sorts of agroforestry systems 
are improving farmer livelihoods, particularly in rainfed areas. Agroforestry systems 

can improve farmers' socioeconomic scenario while also contributing to the region's overall 

expansion. This is evident in terms of higher revenue and the creation of new job 
possibilities (Dhyani et al 2003) [14]. Agroforestry provides a unique opportunity to fulfil 

both climate change and mitigation as well as adaptation aims. Agroforestry systems 

minimize greenhouse gas emissions from soils by storing carbon in soils and woody 
biomass [15]. Recent investigation regarding different agroforestry activity systems in 

multiple ecological conditions has drawn attention to the significance of agroforestry 

systems for generating and storing carbon stocks in aboveground biomass and soil, as well 

as in boosting income and reducing risk to climate change. Agroforestry has the largest 

potential of any land use assessed for reducing carbon from the earth's atmosphere.  

India recently declared voluntary commitments to the United Nations Framework 

Convention on Climate Change (UNFCCC) for climate change mitigation measures in the 

form of Intended Nationally Determined Contributions (INDCs). India plans to reduce GDP 
emissions by 33-35% by 2030 compared to 2005 levels. The aim will be met by expanding 

forest cover through afforestation and agroforestry, along with increasing the share of 

sources of renewable energy such as biodiesel, bioenergy, and solar energy [16]. 
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7.3 Impact of Carbon Emission on Agriculture and Forestry: 

A direct significant adverse impact of carbon emission has been observed on agriculture 

and forestry worldwide. Global CO2 emissions from fossil fuel burning are higher than 

ever, having grown 1000 times over the previous two centuries. Approximately 270 (30) Pg 

C was emitted towards the earth's atmosphere as carbon dioxide in an outcome of 

combustion of fossil fuels and cement manufacturing from 1858 to 1998.  

Land-use change, including as forest loss, biomass burning, and soil cultivation, on the other 

hand, has emitted around 136 (55) PgC [17]. The CO2 emissions generated by land-use 

change include soil and biotic pool depletion. With roughly 1550 Pg of SOC as well as 750 
Pg of soil inorganic carbon (SIC) to a depth of one meter , global soils are the third largest 

of the 5 global C pools (after oceanic and geologic pools)[18].Thus, at a one-meter depth, 

the total soil C pool is 2300 Pg, representing 41 times the amount of the biotic pool (560 

Pg) and threefold the atmospheric pool (760 Pg). The SOC pool is highly reactive, acts as 
the primary site of action for the bulk of pedological and edaphological operations, and is 

susceptible to both natural and human perturbations. As a result, the transformation of 

ecosystems to agricultural habitats reduces the SOC pool. The drop is driven by disruptions 
in C and other element cycles (for example, N, P, S), as well as components of hydrologic 

and energy budgets. A drop in energy restored to the soil, an increase in mineralization rate 

due to modifications to moisture in the soil and temperature regimes, as well as an elevation 
in losses due to leaching and erosion all contribute to a rapid decline in the SOC pool within 

agricultural ecosystems. The majority of farming soils have reduced by 50% to two-thirds 

of their original SOC pool. Soils with high antecedent pools lose more than soils with low 

antecedent pools, and soils in warm and dry climates lose more than soils in cool and moist 
climates, and practices of low-input subsistence agriculture lead to soil fertility mining 

rather than science-based or commercial agricultural systems that maintain a positive 

nutrient balance in soil. Soil erosion is responsible for 19-32 Pg (26 9 Pg) of the 
anthropogenic depletion from the soil C pool[19]. SOC pools in the majority of agricultural 

soils are now lower than their maximum capacity due to historic loss induced by historical 

agricultural practices and soil management practices. The process of taking CO2 from the 
atmosphere and preserving it in long-lasting carbon reservoirs is known as carbon 

sequestration. Chemical reactions underpin abiotic C sequestration methods such as 

chemical scrubbing, capture and injection into geological formations and deep oceans, and 

natural creation of secondary carbonates (Halmannand Steinberg, 1999; DOE, 1999) 
[20][21]. The biotic C sequestration methods are biological reactions that collect 

atmospheric C and store it in long-lived pools (e.g., biotic, soil, and oceanic). The primary 

biotic mechanism that finally transports C into the biotic, soil, and marine pools is 
photosynthesis. Photosynthate and biosolids are transferred into the soil C pool by 

humification, aggregation, and eluviation into the subsoil, where they are shielded from 

human disruption. The exchange of organic C into humus through metabolic and physical 

mechanisms in the pedosphere is known as soil C sequestration.  

The aim is to restore greater biomass to the soil that can be mineralized, to transfer C to the 
subsoil away from the region of disturbance, and to encourage the formation of organometal 

aggregates or solid micro and macro aggregates. Enhancing the SOC pool in farm and 

damaged soils can boost soil health and crop yield while also being environmentally 

friendly.  
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When the SOC pool in a soil has been depleted by prior land uses, the SOC pool typically 
responds linearly to carbon restoration [22][23][24][25]. Carbon storage in soil is a win-win 

method that boosts productivity, improves environmental management, and reduces global 

warming[26]. 

7.4 Sustainable Measures to Mitigate Carbon Emission: 

Optimum utilization of available resources with a minimal disturbance to the ecosystem 

should be carried out to mitigate the carbon emission including the following-  

A. Afforestation and reforestation: A component of a forest restoration and afforestation 

programme is the planting of forest trees in agricultural areas. As a result, by 

accumulating carbon in trees as they develop (carbon stock), the effort serves to lower 
the concentration of green house gases in the environment. 

B. Reducing the use of Nitrogenous fertilizers: To increase crop yields, food industry 

depends on N fertilizer, yet this practice is unsustainable. The synthetic N fertilizer 
supply chain was predicted to emit 1.13 GtCO2e in 2018, making up 10.6% of crop-

related emissions and 2.1% of overall emissions. N fertilizer manufacturing generated 

38.8% of the overall synthetic N fertilizer-related emissions, with field emissions 

accounting for 58.6% and transportation accounting for 2.6%. 62% of worldwide 
emissions were attributed to India, China, the US, & the European Union. In regional 

food production, historical trends demonstrate a large disparity in general and individual 

N consumption. Reducing total N fertilizer output and usage, as well as changing to 
organic crop production, provides enormous reduction potential as well as in many 

cases, achievable emission reduction potential [27]. 

C. Shifting to Battery Electric Vehicles (BEV): Modern automobiles are significant 

contributors to carbon emissions. The pollution emitted by motor vehicles hurts the 
global ecology. According to researchers, BEVs are a vital technology for lowering 

GHG emissions and fulfilling the goal of reducing the carbon content of the energy 

sector [28]. 
D. Maximum utilization of renewable energy: In both the immediate and long-term, 

renewable energy cuts CO2 emissions. However, the combustion of petroleum and 

natural gas increases CO2 emissions. The usage of renewable energy improves 
environmental quality significantly by lowering CO2. The optimal use of renewable 

energies such as wind power, solar power, water energy, and so on over petroleum and 

coal has become crucial for lowering carbon emissions since they generate less 

pollution and so contribute to enhancing climatic quality by lowering pollution. In both 
the immediate and long-term, renewable energy cuts CO2 emissions. However, the 

combustion of petroleum and natural gas increases CO2 emissions. The usage of 

renewable energy improves environmental quality significantly by lowering CO2. The 
optimal use of renewable energies such as wind power, solar power, water energy, and 

so on over petroleum and coal has become crucial for lowering carbon emissions since 

they generate less pollution and so contribute to enhancing climatic quality by lowering 
pollution [29][30]. 

E. Recycle and reuse: Natural aggregates produce the most CO2 due to the petroleum 

that's used in their distribution. By substituting 68% of all natural aggregate with 

recycled aggregates, CO2 emissions can be reduced by 53%. Construction is one of the 
commercial sectors that has the greatest environmental impact and contributes to 
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warming temperatures because it consumes a large number of substances, supplies, and 
energy, almost all of which come from non-renewable sources. In this sense, the 

production of building materials accounts for about 10% of global energy consumption. 

Establishment and destruction phases contribute approximately 40% of solid waste 
generated in industrialized nations, while the construction goods operation phase emits 

roughly 40% of global glasshouse gases (GHG), establishing building manufacturing 

as one of the commercial sectors with the highest global energy consumption[31].Thus, 

recycling and reusing resources can help to reduce carbon emissions to a large extent. 

 

7.5 Capturing Carbon in Tree Biomass: 

The rate of biomass carbon stored in the silvi-pastoral system was 6.72 t C/ha/yr in 8 years, 

which is two times more than the rate of 3.14 tC/ha/yr from natural grassland, according to 

comparative studies conducted by NRCAF [32] on the generation of biomass from natural 
grassland and silvi-pastoral system composed of Albizia amara, Dichrostachys cinerea, and 

Leucaena leucocephala as woody perennial. Approximately 16,400 t/yr of carbon is stored 

annually in agricultural forestry, which includes species like Eucalyptus sp., Populus 

deltoides, Tectona grandis, and Anthocephalus chinensis trees [33].  

In a natural grassland in semi-arid Uttar Pradesh, introduced species of Albizia procera, 

Eucalyptus tereticornis, Albizia lebbeck, Embilica officinalis, and Dalbergia sissoo 

accumulated 8.6, 6.92, 6.52, 6.25, and 5.41 t/ha/yr of biomass [34]. Here, silvipasture held 

1.89–3.45 tC/ha of the system's carbon while pure pasture held 3.94 t C/ha of it. 

7.6 Potential of Carbon Sequestration at The Agro-Forestrial Scenario in 

India: 

Only through switching from lower biomass land uses (such as grasslands, crop fallows, 

etc.) to tree-based systems like agroforestry, forests, and plantation forests will the 

atmosphere's CO2 levels be reduced [35]. 

There is sufficient evidence that an agroforestry system has a greater overall potential for 

(biomass) productivity, soil fertility to be enhanced, soil conservation, nutrient cycling, 

microclimate regulation, and carbon sequestration than an annual system[36].In Indian 
agro-forests, carbon sequestration ranges from 19.56 Mg C/ha/yr in Uttar Pradesh in the 

north to a carbon pool of 23.46–47.36 Mg C/ha/yr in Rajasthan's tree-bearing desert agro-

ecosystems[37]. 

The biomass of above-ground plants, such as wood and fuel-wood, as well as the biomass 

of below-ground plants, such as roots and soil microbes, as well as all the forms of inorganic 
as well as organic C in soils, including the deep root zone, all contribute to the sequestration 

of carbon in terrestrial pools. Trees and crops are the two key elements in agro-forestry 

systems that primarily sequester CO2. The overall amount sequestered in each component 
varies widely and is largely influenced by a number of variables, such as the system type 

(and its components' nature and plant age), site quality, and historical land-use [38]. 
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7.7 Carbon Sequestration Through Crops: 

Although trees sequester more carbon in agro-forestry systems, crops also fix and store a 

sizeable quantity of carbon. Crops enhance the soil's organic matter, a key contributor to the 

terrestrial C pool [39]. Adoption of suitable crop rotations, integrated soil fertility 
management [40], careful use of fertilizers and organic amendments [41], and the 

implementation of conservation agriculture can all result in an increase in the soil's carbon 

pool. One of the key characteristics of Indian agriculture is the diversity of agricultural 

systems. The variety of soil and climatic factors that affect the total agro-ecological 

conditions for the growing of a crop or group of crops identified the cropping system.  

There is numerous researches on CSP of crops and cropping systems accessible in published 

literature. However, there is a significant impact on soil organic carbon stocks due to the 

selection of crop species, cropping system, the timing of fallowing, and both the quantity 
and quality of residue returned to the soil [42]. There are reportedly more than 250 double 

cropping systems in use across the nation. However, 30 significant cropping systems were 

recognized in each district of the nation based on the rational distribution of crops. In an 

experiment at the ICAR-Indian Institute of Soil Science in Bhopal, evaluated the ability of 
various crops to store carbon [43]. They found that maize, sorghum, and pearl millet were 

more capable of doing so than rice, finger millet, and soybean.  

The potential for carbon sequestration of various cropping systems in Indian agriculture was 

examined through various long-term experiments (LTEs) in various agroclimatic zones of 
India. The C-sequestration rate ranged from 0.02 Mg C/ha/yr (in NPK treatment for 

soybean-wheat cropping systems over the 28-year period at Jabalpur in Madhya Pradesh) 

to 1.2 Mg C/ha/yr [44]. 

This review unequivocally shows that long rotation agro-forestry systems, including 

windbreaks, shelterbelts, woodlots, boundary plantations, agri-horticulture, silvi-pasture, 
home landscapes, and multi-storied systems, have a significant capacity to store carbon in 

biomass. (ii) The potential for soil carbon sequestration is great in short rotation systems 

(agri-silviculture). (iii) Tropical bamboos and fast-growing hardwoods like Eucalyptus, 
Poplar, Melia, Casuarina, and Leucaena have a greater potential for biomass than slow-

growing species. (iv) the potential for soil carbon sequestration is comparable for both types 

(long as well as short rotation AFS). 

As a result, there is strong evidence that agro-forestry is advantageous for maintaining farm 

revenue as well as for its positive effects on climate change adaptation and mitigation. 
Along with providing food, fuel, fodder, and lumber, crops combined with trees help keep 

atmospheric CO2 levels within tolerable ranges. Except for forests, agro-forestry systems 

have the highest potential for sequestering carbon. However, the CSP of an agro-forestry 
system varies depending on factors like tree species, system age, crop/variety, type of agro-

climate, etc. Different agro-forestry systems are represented by the various agro-climatic 

zones in India, and their aboveground and belowground (soil) CSP range from 0.25 to 19.14 
Mg C/ha/yr and 0.003 to 3.98 Mg C/ha/yr, respectively. Agro-forestry systems have the 

capacity to store and sequester carbon, but they also provide the one-of-a-kind chance to 

boost India's tree cover to a level of 33%. 
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7.8 Future Prospects: 

Nature-based solutions are the only long-term answers to ecological concerns. Only 

sustainable practices, such as agroforestry has the potential to reverse man-made ecological 

problems. Agroforestry implies more revenue and less danger from unpredictable weather 

conditions for farmers since trees have very high climatic resilience. It also frees up the 

farmer's time off the farm to pursue related or alternative work for additional revenue.  

The farmer might start small rural processing businesses using wood and other tree raw 

materials. By storing emissions in soil and biomass, lowering fossil fuel use via fewer field 

equipment runs, enhancing the conservation of energy surrounding farm buildings, and 
boosting nitrogen fertilizer efficiency, agroforestry practices can decrease net greenhouse 

gas budgets. As a result, agro-forestry will plays vital role in supporting the environment in 

the future. 

7.9 Conclusion: 

In terms of emissions of carbon, agroforestry is vital to strengthening farmers' rural 
economy and ensuring global security. It can aid in preparing for and mitigating climate 

change by decreasing risks and enhancing agricultural landscape adaptability, as well as 

promoting species migration to more favorable circumstances, carbon sequestration, and 

glasshouse gas emissions reduction. Due to it being a greenwood-plant-based method that 
increases useful variety at many scales, agroforestry as stands out as an agricultural 

management substitute under climate change. By establishing microclimates, perennial 

components can benefit crops and livestock. It may be used to make forest corridors or paths 
in agricultural areas, which would improve habitat connectivity. It offers comprehensive 

and synergistic mitigation and adaptation benefits. By conserving emissions in soil and 

biomass, lowering fossil fuel use via reducing field equipment runs, enhancing energy 
savings near farm buildings, and boosting nitrogen fertilizer efficiency, agroforestry 

practices can decrease net greenhouse gas budgets. Agroforestry may give significant 

advantages from mitigation in exchange for the quantity of land utilized in the processes.  

It provides an amazing chance to achieve the mitigation as well as adaptation goals for 

climate change. The release of carbon is among the more significant factor contributing to 
greenhouse gas (GHG) emissions, which promote environmental degradation, and 

agroforestry is one of the most important global warming remedies. 
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Abstract: 

Biochar is a carbon-rich material produced through the process of pyrolysis, which involves 

heating biomass in the absence of oxygen. In recent years, biochar has gained significant 

attention due to its potential benefits in improving soil fertility, mitigating greenhouse gas 
emissions and promoting sustainable agricultural practices. It improves soil structure and 

porosity, enhancing water-holding capacity and reducing erosion. Biochar’s permeable 

structure creates a favourable environment helpful for microorganisms in the soil, 
enhancing the cycling of nutrients and boosting soil fertility. Furthermore, biochar 

contributes to climate change mitigation by sequestering carbon in the soil for extended 

periods. This carbon sequestration potential helps to reduce greenhouse gas emissions and 

mitigate climate change impacts. So, biochar holds significant promise as a sustainable 
agricultural tool. Its ability to improve soil fertility, reduce greenhouse gas emissions and 

enhance crop productivity makes it a valuable resource for achieving sustainable farming 

practices. Implementing biochar-based strategies requires careful consideration of 
production methods, application rates and long-term effects, paving the way for a more 

sustainable and resilient agricultural future. 

Keywords:  

Sustainable, Greenhouse, Farming, Biochar, Stability. 

8.1 Introduction: 

As the global population continues to grow, it has become increasingly important to 

implement sustainable agriculture practices. ‘Sustainable agriculture’ involves the 
integration of various sciences, including biology, ecology, chemistry, physics, economics 

and social sciences (Lichtfouse et al., 2009) to develop agricultural practices that are 

environmentally friendly, socially just and economically viable. These practices aim to 
produce crops sustainably while minimizing the negative impacts of intensive land use 

(Hester and Harrison, 2005). In essence, sustainable agriculture is about farming profitably 

while reducing harm to the environment. 
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Regardless of being largely seen as unsustainable, environmentally harmful, and unlikely 
to keep up with rising demand, the green revolution has been successful in feeding the 

world's population over the past five decades (Barrow, 2012). Conventional farming 

methods, including conventional tillage and the indiscriminate use of agrochemicals, have 
degraded natural resources. This has led to an increase in soil degradation and a reduction 

in their capacity for growing crops. The burning of crop residues further contributes to 

greenhouse gas emissions, which warm the atmosphere, jeopardise global food security and 

ultimately lead to climate change. 

The adverse effects of the green revolution paved the way for sustainable farming. The 

utilisation of naturally derived ecologically friendly materials has been a hot subject of 

investigation in recent years. A recent breakthrough is the creation of biochar from crop 

residue, which may prove to be a vital and useful element of sustainable agriculture. 
Biomass is heated with little to no oxygen to form biochar. It has a high percentage of 

carbon, a chemical structure that is stable and resistant to decay, high porosity and a large 

specific surface area. Due to its characteristics, it has the potential to effectively store large 
amounts of carbon in the soil over the long term, improving soil fertility and crop 

productivity under various biotic and abiotic stresses (Akhtar et al., 2014; Barrow, 2012), 

reducing global warming, and moving towards achieving global food security. 

8.2 Biochar: 

Biochar is a carbon-rich, porous solid that is produced when organic materials such as 
agricultural waste, wood, and manure are heated at high temperatures (between 200 and 

800°C) in an oxygen-deprived environment through a process called pyrolysis (Lehmann 

et al., 2006). Various organic materials, including animal manure, municipal sewage 

sludge, crop and forestry waste products, urban yard waste, industrial biomass byproducts, 
and crop residues can be used to create biochar. Biochar is composed of ash, labile carbon 

and recalcitrant carbon. Any nutrients present in biochar are found in the ash, which is the 

inorganic component. Labile carbon is the fraction of biochar that can be decomposed by 
soil microorganisms and is lost through respiration as CO2. Recalcitrant carbon, on the other 

hand, resists degradation by soil organisms and is incredibly stable and long-lasting. 

8.3 Properties of Biochar: 

The physicochemical characteristics are essential for governing biochar's biogeochemical 

interactions in soil environments as well as for determining their agronomic and 
environmental effects. The two key variables affecting the qualities of biochar are the 

pyrolysis process's temperature and the initial feedstock's characteristics (Cantrell et al., 

2012).  

A. Specific Surface Area:  

The specific surface area of biochar typically ranges from 1.5 to 500 m2 g-1 (Li et al., 2018). 
The pyrolysis temperature can affect the specific surface area and the formation of 

micropores in biochar. At lower temperatures, the interior pore structure of biochar is filled 

with tars, volatiles and other products formed as a result of thermal degradation of biomass, 
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reducing the specific surface area. With the increase in temperature, these compounds break 
down into volatile gases and escape, leading to the formation of more microporous 

structures and a larger specific surface area (Bansal et al., 1988). However, when the 

temperature reaches a critical value, the specific surface area decreases due to the 
degradation of the microporous structure and the widening of the micropores (Brown et al., 

2006). The specific surface area of biochar is important because it affects its adsorption 

capacity. 

B. pH: 

Biochar is generally alkaline due to the presence of carbonates, phosphates and ash formed 
during the process of pyrolysis (Yuan et al., 2011). The pH of biochar can also be affected 

by the feedstock materials and pyrolysis temperature used. For example, biochar made from 

legumes has a higher pH than biochar made from non-leguminous materials under the same 

pyrolysis conditions. As the temperature increases, the pH of biochar increases due to the 
breakdown of acidic functional groups such as carboxyl and phenolic hydroxyl and the 

volatilization of organic acids (Chintala et al., 2014). 

C. Surface functional groups: 

The specific surface area of biochar is an important characteristic because it affects its 

ability to adsorb metal ions and organic molecules. Increasing the pyrolysis temperature can 
increase the development of micropores and the specific surface area of biochar. Biochar 

contains several functional groups, including carboxyl, carbonyl and hydroxyl groups. 

According to Anton-Herrero et al. (2018), most of these functional groups are oxygen or 
alkaline containing and give biochar good  hydrophobicity or hydrophilicity, ion exchange 

and buffering capabilities.  

The number of functional groups on the surface of biochar is closely related to the 

carbonization temperature. As the carbonization temperature increases, the concentration of 
C-O, C-H, and O-H bonds in biochar decreases, along with the number of hydroxyl and 

carboxyl groups and acid groups, while the number of alkaline groups increases. Overall, 

the number and density of functional groups decrease as the carbonization temperature 

increases (Gul et al., 2015; Wang, 2015). 

D. Cation exchange capacity (CEC): 

During the process of carbonization, certain oxygen containing functional groups such as 

carboxyl, hydroxyl and carbonyl are preserved due to the partial degradation of cellulose, 

increasing the CEC of biochar. The preservation of these functional groups depends on the 

type of biomass, pyrolysis temperature and carbonization technique used (Lee et al., 2010).  

Within a specific temperature range, increasing the temperature reduces the negative charge 
on the surface of biochar due to the destruction of oxygen-containing functional groups (Lee 

et al., 2010; Suliman et al., 2017). However, the content of alkali metals such as Ca, K and 

Mg in biochar increases with temperature, which can increase CEC (Kalinke et al., 2017). 
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E. Stability: 

Biochar is characterized by its high carbon content, low solubility, high boiling point, and 

structure that includes a high degree of carboxylate esterification and aromatization. A 

fraction of aromatic C in the biochar rises as the pyrolysis temperature increases as a result 
of the H/C and O/C ratios decline, and it is thought that the lower the ratio, the more 

aromaticity and stability there will be (Baldock and Smernik, 2002). 

8.4 Effect of Biochar on Soil:  

Biochar has unique physical and chemical properties that can improve soil quality and 

fertility by enhancing nutrient cycling, reducing nutrient loss and increasing soil microbial 

activity.  

8.4.1 Physical Properties: 

Biochar’s larger surface area and micropores can affect the soil’s surface area, pore size 

distribution, bulk density, water and nutrient holding capacity, and penetration resistance 

(Chintala et al., 2014). Since biochar often has a higher surface area than sand and is 
comparable to or higher than clay, adding it to the soil as an amendment can increase the 

soil’s total specific surface area. The high porosity of biochar due to its numerous 

micropores can improve the physical quality of the soil where it is incorporated. Over time, 

the interaction of biochar with clay and soil organic matter can lead to the formation of 
micro aggregates, increasing the soil’s porosity (Cheng et al., 2006). This increased porosity 

and surface area can allow the soil to retain more moisture and nutrients, reduce its bulk 

density and decrease penetration resistance. 

8.4.2 Chemical Properties: 

Due to the combination of its high surface area and porosity, biochar can retain and absorb 
plant nutrients, hence enhancing soil fertility. Increased cation exchange capacity (CEC), 

lowered nitrogen leaching, liming and other beneficial effects of biochar amendment to the 

chemical properties of soil. Biochar can boost soils' CEC, especially for sandy, highly 
weathered soils that are deficient in nutrients due to the presence of oxidised functional 

groups (such as carboxyl groups) on the surface of biochar, as well as the exposed organic 

acids adsorbed by the biochar, contributes to the biochar's negative surface charge, are likely 

to be responsible for the increase in CEC in biochar amended soil (Liang et al., 2006).  

However, this depends on the qualities of biochar and how long it has been in the soil after 

being applied. Ageing increases the amount of acidic functional groups in biochar, 

particularly carboxylic groups (Cheng et al., 2006). It has been found that biochar can hinder 

both nitrification and ammonification (DeLuca et al., 2009). It further decreases nitrate 

leaching caused by NO3
- adsorption on the anion exchange surface of the material which 

might be the result of slower rates of nitrification (Dempster et al., 2012). Due to the 

biochar's pH and improved cation retention in the soil (such as Ca2+, Mg2+ and K+), the 
application of biochar can improve soil pH (Novak et al., 2009; Sohi et al., 2010). This way, 

by giving plants nutrients, biochar can contribute directly to soil fertility. 
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8.4.3 Biological Properties: 

The composition of flora and fauna in the soil is constantly changing in response to soil 

conditions and management practices, including the addition of biochar. Biochar can alter 

the physio-chemical properties of soil, favourably influencing microbial activity and 

affecting soil microbiological properties.  

Soil is home to a complex community of organisms, and biochar has been shown to change 
the composition of microbial communities while also improving the soil’s bulk density, pH, 

water and nutrient availability (Gul et al., 2015; Khodadad et al., 2011). 

Biochar’s high surface area and ability to adsorb nutrients make it an ideal environment for 

microorganisms such as bacteria, actinomycetes and arbuscular mycorrhizal fungi to 

colonize, thrive and reproduce (Pietikainen et al., 2000).  

Its unique pore size properties may also protect these microorganisms from predators such 

as protozoa and nematodes. Biochar can also significantly influence diazotrophs (N2-fixing 

bacteria), leading to increased biological N-fixation (Thies and Rilling, 2009). 

Table 1. Effect of Biochar on different soil properties 

Parameter  Findings  Reference  

Cation exchange capacity  50% increase  Glaser et al., 2002  

Fertilizer use efficiency  10-30% increase  Gaunt and Cowie, 2009  

Liming agent  1 unit pH increase  Lehman and Rondon, 2006  

Biological nitrogen fixation  50-72% increase  Lehman and Rondon, 2006  

Soil moisture retention  Up to 18% increase  Srinivasarao et al., 2012  

Bulk density  Soil dependent  Laird, 2008  

Methane emission  100% decrease  Rondon et al., 2005  

Nitrous oxide emissions  50% decrease  Yanai et al., 2007  

Mycorrhizal fungi  40% increase Warnock et al., 2007  

(Bhinda et al., 2022) 

8.5 Effect of Biochar on Climate Change Mitigation: 

Agriculture contributes significantly to anthropogenic global warming. So, lowering 

agricultural emissions, primarily methane (CH4) and nitrous oxide (N2O), could be a vital 

component of the effort to slow down climate change.  
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8.5.1 Carbon Sequestration: 

Crop residue and soil organic matter microbiological decomposition or burning are the 

primary sources of carbon dioxide emissions (Smith et al., 2008). Through photosynthesis, 

sequestering carbon in the form of crop growth is a very effective approach for reducing 
atmospheric CO2. However, the effectiveness of this method for long-term carbon 

sequestration is severely constrained since a significant amount of the collected carbon is 

unstable and will quickly (within months to years) return to the atmosphere as CO2 through 

breakdown and respiration. To decrease carbon in the atmosphere and considerably increase 
long-term C sequestration, moving it into a passive pool is necessary and can be achieved 

through biomass pyrolysis. Biomass can be pyrolyzed to create a passive pool of stable or 

inert carbon, which can be used to transport carbon out of the atmosphere and significantly 
boost long-term C sequestration.  A portion of the biomass is converted into a more stable 

form of carbon called biochar during pyrolysis, which also releases bio-energy. This allows 

for an easy movement of carbon from the active to the passive pool. The pyrolysis process 

produces significantly more energy than it uses, resulting in highly positive net energy. By 
combining the pyrolysis process with the application of biochar in soil, it is possible to 

sequester atmospheric CO2 since more carbon is stored than is released. The pyrolysis 

process has a very positive net energy because substantially more energy is produced than 
is used.  As recalcitrant carbon in biochar is exceptionally stable and long-lasting due to its 

resistance to microbial breakdown, its application will slow down the return of terrestrial 

organic carbon as CO2 to the atmosphere and so reduce climate change. 

In North western part of India, deliberate burying of crop residue i.e., stubble burning is 
practised in order to remove agricultural crop residue from the field as a short period is 

available between the harvesting of kharif crop and preparing the land for the next winter 

crop. In India, it has been estimated that 93 million tonnes of crop waste are burned 

annually. Burning of the stubble not only resulted in the loss of a significant amount of 
biomass, or organic carbon and plant nutrients, but also had a negative impact on the 

chemical, biological, physical, and flora and fauna of the soil (Kannoj et al. 2023). Burning 

rice straw is estimated to produce 0.05% of India's overall greenhouse gas emissions (Gadde 
et al., 2009). According to Lal (2005), India could generate almost 310 million tons of 

biochar per year from various sources, including crop residues, which could counterbalance 

about 50 per cent of carbon emissions from fossil fuels. 

8.5.2 Greenhouse Gas Emissions: 

Soil act as a significant source of nitrous oxide (N2O) while both a source and sink of 
methane (CH4). These gases absorb and emit radiant energy at thermal infrared wavelength, 

bringing a greenhouse effect. They are responsible for the greenhouse effect as they have a 

global warming potential of approximately 25 and 300 times more than CO2. The 
contribution of agriculture to the overall amount of GHGs produced by anthropogenic 

actions was about 24% (Smith et al., 2007).  

Heterotrophic denitrifying bacteria that thrive in anaerobic environments and chemotrophic 

bacteria that transform ammonium through mineralization processes into soluble NO3
- are 

the principal sources of N2O emission from soil. In the acidic soil of eastern Colombian 
plains, Rondon et al. (2005) reported a 50 per cent reduction in N2O emissions and an almost 
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complete reduction in CH4 emissions from soybean plots with biochar application. The 
possible reason behind the decline of N2O emission with the application of biochar might 

be due to slower N cycling, possibly as a result of an increase in the C: N ratio; an increase 

in soil pH enhances N2O reductase activity and hence favours completion of NO3
- reduction 

to N2 (DeLuca et al., 2009). Increased soil aeration and adsorption of NH4
+ from biochar 

addition reduce nitrification and denitrification and increase sink capacity for CH4. Because 

N2O and CH4 have significantly higher potential for global warming than CO2, reducing 

their emissions through biochar is of great interest. The effect of adding biochar on CH4 and 
N2O, however, was erratic and differed depending on the kind of crop and soil, the site and 

the source of the biochar. (Karhu et al., 2011; Kimetu and Lehmann, 2010). 

8.6 Improvement of Crop Growth and Yield by Biochar Application: 

The impact of biochar on crop yield, seed germination and crop growth depend on the type 

of soil and the amount of biochar used. Improvements in soil quality due to the use of 
biochar have often led to improved seed emergence and plant establishment (Solaiman et 

al., 2012; Van Zwieten et al., 2010). The plant’s root system and the interface between 

biochar and soil (the rhizosphere) are crucial for crop growth due to their role in nutrient 
and water uptake, storage, and regulation. The rhizosphere is often larger in soils containing 

biochar (Zheng et al., 2013). 

The benefits of biochar on yield and crop biomass have been observed to increase over time. 

In a multi-year experiment on a maize-soybean rotation system, Major et al. (2010) found 
that applying biochar at a rate of 20 t ha-1 did not increase maize yield in the first year, but 

a significant increase in yield was observed in the following three years compared to the 

control. Biochar-induced increases in soil specific surface area, CEC, porosity, water 

holding capacity, nutrient retention, and liming effect are key factors influencing improved 
crop growth and productivity, in addition to composts and fertilizers (Glaser et al., 2002; 

Lehmann et al., 2006). In a study on chickpea under rainfed conditions, Tomar et al. (2022) 

found that biochar application (supported by fertilizer) significantly improved the total 

nitrogen, phosphorus, and potassium uptake of chickpea compared to the control. 

Biochar has been shown to increase the growth of maize plants in poor sandy soils by 

improving soil-plant water relations and photosynthesis (Haider et al., 2015). According to 

El-Naggar et al. (2019), biochar is generally more effective when applied to soils with low 

to medium fertility or degraded soils. 

8.7 Remediation of Contaminated Soils: 

Soil contamination with organic and inorganic toxins is a well-known problem, and there is 

an urgent need for sustainable, economically feasible, and environmentally friendly 

remediation methods.  

Biochar has the potential to be an environmentally friendly and relatively cost-effective 

solution for treating contaminated soils due to its high sorption capacity, which can be 10-

100 times greater than that of normal soil organic matter (Cornelissen et al., 2005). 
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 Biochar through chemisorption and physisorption can alter the bioavailability of heavy 
metals in the soil. Its high aromatization and porosity allow it to generate a modest electric 

force when heavy metal ions are nearby, promoting their physisorption (Gomez-Eyles and 

Ghosh, 2018). The presence of surface functional groups such as carboxylic, alcohol, and 
hydroxyl groups on biochar allows it to chemisorb heavy metals and form complexes that 

reduce their bioavailability (Tang et al., 2013).  

The alkaline properties of biochar can increase soil pH when added to soil, reducing zeta 

potential and increasing cation exchange capacity. This increases the negative charge on the 
soil surface, reducing the bioavailability of heavy metals and strengthening the electrostatic 

attraction between positively charged heavy metals and soil (Peng et al., 2011; Chintala et 

al., 2013). Biochar can also affect the soil’s redox potential, moisture content, and aeration, 

altering the toxicity of some charge-sensitive toxic heavy metals such as cadmium (Bogusz 
et al. 2017). However, not all heavy metals are affected by biochar’s ability to reduce their 

bioavailability. 

Biochar can also adsorb several organic contaminants, including phenols, polychlorinated 

biphenyls, naphthalenes, and polycyclic aromatic hydrocarbons. Its ability to adsorb organic 
pollutants is influenced by factors such as its carbonaceous components, degree of 

aromatization, elemental composition, pH, pore structure, and surface chemistry (Chen et 

al., 2019). However, the mechanism by which biochar reduces the bioavailability of organic 

contaminants in soil is complex and involves intricate microbial metabolic activities (Zhu 
et al., 2017). In the present times, there is a lack of in situ or long-term experiments 

examining the role of biochar in the remediation of inorganic or organic pollutants. 

8.8 Conclusion: 

Biochar can have a variety of positive effects on crop growth, productivity and soil 

characteristics. These effects include increased growth and yield, adsorption of heavy 
metals, improved water holding capacity, and positive plant physiological responses. 

Biochar has great potential for use in large-scale agricultural production. Initial studies 

suggest that using biochar can increase crop productivity and soil fertility while mitigating 
the effects of climate change. However, further research, development, and demonstration 

of biochar production and use are essential to promote its use as a soil amendment and as a 

potential solution to combat climate change. Multidisciplinary and site-specific research is 
needed to better understand the long-term effects of biochar application on soil physical 

properties, nutrient availability, soil microbial activity, carbon sequestration capacity, crop 

production and greenhouse gas mitigation. 
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Abstract: 

Around the world, 5% of all energy is utilized in agriculture. Agriculture consumes 5% of 

global energy, primarily for irrigation, machinery, and food processing. To reduce 
environmental impact and ensure long-term food security, sustainable practices and 

energy-efficient technologies are crucial. Thus, there must be a significant change in the 

agricultural production process. Currently, any agricultural growth must prioritize the 
sustainable use of water. Agricultural production effects freshwater wetlands and water 

quality and quantity. For agricultural production to be sustainable, it is essential to 

consider the carbon, and water footprints. In order to have the least possible impact on 

climate change, agricultural systems are crucial for lowering large inputs of greenhouse 
gas emissions, as well as for improving water use. Carbon emissions and water footprint 

can be used to analyze the production of agricultural systems. 

Keywords:  

Agriculture, Carbon footprint, Greenhouse gas, Water, Sustainable 

9.1 Introduction: 

The consumption of freshwater and global warming, both are severely affected by the food 
industry. The food industry has a significant impact on both freshwater consumption and 

global warming. The extensive use of water by the food industry for livestock production, 

processing, irrigation, and other purposes adds significantly to the use of freshwater 
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resources. Additionally, the practices used in the food industry, such as methane emissions 
from livestock and deforestation for agricultural purposes, add to global warming. The 

urgent need for sustainable practices in the food industry to lessen its negative effects on 

freshwater resources and climate change is highlighted by these interconnected effects.  

The sizeable contribution of AFOLU activities to greenhouse gas emissions worldwide. 
Deforestation, the raising of livestock, and agricultural soil management techniques are the 

main causes of these emissions. Water is crucial for crop growth and productivity in 

irrigation practices, which account for a large portion of agriculture's high water demand. 
Although it highlights the need for effective irrigation methods and conservation measures, 

this heavy reliance on freshwater resources poses significant challenges for sustainable 

water management.   

India's population growth presents the country with the dual problem of boosting food 

production while reducing accompanying GHG emissions and giving the country's limited 

water resources.  

Studies reveal the impact of India's crop production on greenhouse gas emissions. Accurate 

and trustworthy estimates require gathering primary data from the field and identifying 

regional variations and farming methods influencing emissions. Residue burning is a 

significant research gap in India, contributing to air pollution and greenhouse gas emissions.  

Conducting an LCA-based study on CF accounting and assessing the environmental impact 
of residue burning could provide valuable insights for sustainable agricultural management. 

Agroclimatic zones and farm sizes significantly impact crop yields and agricultural 

practices. Understanding variations in CF across these factors is crucial for policymakers, 
farm can greatly and res to develop targeted interventions and strategies for sustainable 

agriculture in India.  

Studies emphasize the need for specialized environmental interventions and policies 

considering regional farming methods and cultural contexts, emphasizing the importance of 

understanding these factors for effective environmental impact. Scallop crops like rice and 
wheat are grown in large quantities, significantly impacting global food security and 

livelihoods. This farming raises concerns about environmental sustainability and resource 

depletion, posing a significant threat to global food security. 

Rice and wheat are the two crops with the largest blue water footprints (Mekonnen and 
Hoekstra, 2011). Rice is water-intensive due to its preference for flooded fields, while wheat 

requires significant irrigation in low-rainfall areas. Both crops contribute significantly to 

the ocean's water resources. Promoting effective irrigation methods and sustainable water 
management techniques like rainwater collection and recycling can reduce water use and 

GHG emissions.  

Rice farming has expanded into porous and coarse soils, increasing food production and 

food security in areas with common soils. Irrigation enables farmers to grow rice year-

round, even in regions with limited rainfall, enabling them to grow this crucial crop year-

round.  



Climate-Smart Agriculture and Food Security 

90 

 

As a result, CF and WF assessment based on farmer inputs can simultaneously provide 
significant insights like the discrepancy between theoretical and actual water use. This can 

aid in locating opportunities to increase water use efficiency and serve as a decision-making 

framework for sustainable water management techniques. Additionally, CF and WF 
assessments can offer insightful data on how agricultural activities generally affect the 

environment, enabling targeted interventions to lower carbon emissions and water pollution. 

Research on tomato and pumpkin yielded crucial information on the CF and WF of crop 

production. Expanding the analysis to other crops is essential for a comprehensive 

understanding of environmental impact.  

Policymakers can develop targeted strategies to reduce GHG emissions and water use in 

agriculture by understanding CF variations across agroclimatic zones and farm sizes. 

Evaluating inputs and identifying successful mitigation strategies can help reduce 
environmental effects and support a more environmentally friendly and sustainable 

agricultural sector. 

9.2 Environmental Footprint Indicators: 

Relevant indicators of the environmental effects of agriculture and FSs are variables that 

depict both direct and indirect measurements of resource use as well as unfavourable 
changes in the quality and functionality of limited, important, and vulnerable natural 

resources.  

The quality of the soil, water, air, and atmosphere are some of the crucial ecological 

indicators. Natural resources might be viewed as limited, fragile, and non-renewable instead 

of as a factor of production. Wiek and Tkacz (2013), proposed the term "ecological 
indicator" or EFP to denote ecological assets that a community requires, as well as the 

natural resources it uses to produce the necessary goods and services, and also to absorb or 

dispose of the waste or byproduct. This concept was based on life cycle analyses for a 

variety of products and services.  

Therefore, EFP, which includes all components, including water and biodiversity, is a 

measure of GHG emissions during the production of products or services in relation to 

global warming and anthropogenic emissions.  

The term "carbon footprint" or CFP refers to this indication, which is transformed to a 

carbon (C) equivalent for goods and services over their full life cycle, from conception to 
final disposition. The latter is frequently employed among the general public to highlight 

the danger posed by human-caused climate change (Chen et al., 2021).  

As the primary element of EFP, CFP may account for more than half of the EFP of an 

agricultural commodity (Balogh, 2019). The EFP, however, consists of a variety of 
elements, including resources (RFP), food (FFP), nitrogen (NFP), biodiversity (BFP), and 

land (LFP) (Figure 9.1). The word CFP refers to a total numerical value expressed in terms 

of carbon dioxide equivalent for all EFP components (e.g., LFP, WFP, BFP, RFP, FFP, 
etc.). CFP is so commonly utilised in the context of identifying strategies for mitigating and 

coping with global climate change. 
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Figure 9.1: Environmental footprint indicators 

9.3 Concept of Carbon and Water Footprint:  

Farmers can optimize water use by implementing Conservation Farming (CF) techniques 
like crop rotation and cover cropping. Water Footprint Management (WF) focuses on 

analyzing and reducing water usage during production stages, including supply chain 

operations and irrigation systems. These methods enhance resource efficiency and promote 

sustainable water management in agricultural practices. 

CF and WF are essential metrics for evaluating a product's environmental impact, with WF 

focusing on the water footprint and CF on greenhouse gas emissions. These metrics aid in 

making environmentally friendly decisions and understanding product sustainability. WF 

consists of green, blue, and grey footprints, with green referring to water stored in soil 
moisture and blue referring to surface or subsurface water used during manufacturing. Grey 

represents contamination of water during agricultural operations, as highlighted by 

Hoekstra (2017). This is a sign that agricultural practices have caused pollutants or other 

impurities to enter the water supply.  

The CO2-equivalent is a crucial metric for comparing greenhouse gases and their impact on 

climate change. It accounts for gases like methane and nitrous oxide, as well as CO2's 

warming potential. This standardized unit helps researchers understand the impact of 
emissions and develop effective mitigation plans. Crop yield, demand, quality, and 

meteorological conditions are the main factors determining the cost of production (CF) and 

weight loss (WF) of agricultural products. These factors help farmers allocate resources 

effectively and minimize their environmental impact. Considering inputs like fertilizer and 
pesticides and meteorological factors like temperature and rainfall helps farmers understand 

crop production variability and adjust farming practices accordingly. The CF and WF 

evaluation of a product provides context for inputs and water usage.  



Climate-Smart Agriculture and Food Security 

92 

 

Consumers, dealers, and the food industry can contribute to the logical management of 
inputs, resulting in more environmentally friendly production techniques and a smaller 

negative impact. This knowledge helps consumers make informed decisions, selecting 

goods that align with their values and support water conservation efforts. The environmental 
impact of a product is significantly impacted by its water and carbon footprints. Sustainable 

cultivation methods like organic farming and precision agriculture can reduce these 

footprints. Efficient transportation strategies and improved distribution networks can also 

reduce energy usage and environmental impacts. Businesses must consider these factors to 

maximize input management and minimize product environmental impact. 

9.3.1 Agriculture and Carbon Footprint:  

Greenhouse gas emissions are crucial metrics for evaluating agricultural 

sustainability, as they significantly impact ecosystems and contribute to 

climate change. Monitoring and reducing greenhouse gas emissions is 
essential for achieving global sustainability goals and minimizing the 

negative impact of agriculture on the environment. The term "carbon 

footprint" is defined and used in their analysis based on two methods for 
calculating the effects.: (a) the total greenhouse gas emissions per unit of 

farmland, measuring the overall emissions from crop production with an 

emphasis on environmental health, and (b) the amount of greenhouse gas emissions 
associated with each kilogram of grain produced, emphasizing both the products (i.e., grain 

yield) associated with each unit of emission as well as emissions during crop production. 

The latter strategy focuses on increasing crop production while reducing greenhouse gas 

emissions using sustainable farming techniques like organic and precision agriculture. It 

maximizes resource use and reduces chemical inputs, preserving the environment. 

 It is commonly acknowledged that humanity's current EFP cannot last. Humanity has 

significantly changed the earth's landscape, dramatically increased resource use, and 

produced a significant amount of garbage as a result of land conversion for agriculture and 
other anthropogenic activities. According to Hoekstra and Wiedmann (2014), the actual vs 

sustainable EFP of humanity was 10.5 vs. 8.0 Mg/capita of material footprint, 1000-1700 

vs. 1100-4500 B m3 of blue water, and 18.2 vs. 12 B ha of land. In addition, Hoekstra and 

Wiedmann noted that the WFP for humanity (measured in B m3 year) was 1400 for grey 
water and 6700 for green water. The foundation of civilization, which started with the 

introduction of agriculture around 8000 BC, is food and agriculture. The majority of cultures 

and religion’s view soil and agriculture as integral to their legacy. In fact, establishing global 
peace and stability depends on sustainable soil and agricultural management (Lal, 2015). 

Natural resources are also heavily consumed by agriculture and FSs. Currently, 3.75 billion 

hectares (3.75 billion acres) of the ice-free area are used for agriculture, of which 1.5 billion 

hectares (3.50 billion acres) are used for crop cultivation. 

 Furthermore, irrigation uses 70% of all fresh water withdrawals. Despite being a problem 

that, according to a wide range of religions and cultures hunger and malnutrition are the 

unattractive sides of both agriculture and FSs that need to be addressed. The latter includes 

the effects of agriculture and FSs on the environment (such as soil, water, air, and 
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biodiversity) as well as the maintenance of famine and hidden hunger. Agriculture and FSs 

account for a sizable portion of the total CFP, particularly in emerging nations.  

For instance, five pillars for reducing CFP were identified at COP-26 in Glasgow (2021): 

(1) eliminate waste; (2) intelligently use power; (3) use bioenergy for circular economy; (4) 

employ hydrogen; and (5) sequester carbon (C). Agriculture, the majority of which have 
significantly depleted terrestrial carbon stores (Lal, 2018), rely on the final pillar of carbon 

sequestration since they have a high ability to store atmospheric CO2 in biomass. The CFP 

of agricultural production is influenced by a variety of agricultural factors.  

According to Balogh (2019), agricultural output factors including arable land, agricultural 

machinery, fertiliser use, irrigation, and other inputs which are dependent on economic 
growth. In order to reduce CFP of FSs, it is therefore necessary to identify factors affecting 

agricultural productivity and use-efficiency as well as site-specific technological options 

based on advised and scientifically supported best practises that can lower CFP of food 

products and other related commodities. 

9.3.2 Agriculture's Water and Carbon Footprint:  

Determining Crop Footprint (CF) and Water Footprint (WF) involves 

analyzing each crop species' life cycle within a region. This helps 

estimate the resources needed for growth and production, such as water 
and carbon. This analysis helps in determining CF and WF, aiding in 

sustainable agricultural practices, and reducing the environmental 

impacts of crops. Lower carbon and water footprint (CF) and water 
footprint (WF) products offer numerous advantages for consumers and the manufacturing 

process. These products reduce environmental impact, reduce climate change, and promote 

sustainable resource management. Traditional systems lack water efficiency compared to 

organic and integrated production methods, which prioritize effective irrigation and water 
conservation techniques. These methods, like rainwater collection and drip irrigation 

systems, aim to reduce water waste.  

A combination of production system and farm site can reduce in and production costs, 

resulting in energy savproductivity. Strategically planning these elements maximizes 
resource utilization and minimizes waste, leading to higher profits and enterprise 

sustainability. Combination promotes nutritious food production, enabling consumers to 

measure and record the CF and WF of food.: (a) Choose items that genuinely fight climate 

change (b) Identify the product's competitive advantage versus other products and (c) By 
highlighting the use of products with lower CF and WF, promote the overall environmental 

advantages. 

 Producers should reduce inputs like fertilizers, gasoline, and irrigation equipment to reduce 

their carbon footprint. These compounds limit both N2O emissions into the environment 
and leaching into deeper soil layers (Akiyama et al., 2010). Reduced input losses and 

sensible water management in cultivation procedures may make crops more tolerant of dry 

regions. In conclusion, agricultural production must employ environmentally friendly 

farming techniques that lower CF and WF.  
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Agricultural products' enhanced flavour, nutritional value, and desirability provide added 

value, giving farmers a competitive advantage and enabling higher market prices. 

9.4 Conclusion: 

Environmental indicators assess agricultural systems based on yield and water use, 

providing crucial information on their effectiveness and sustainability. These indicators 

enable informed decisions to support sustainable farming practices by considering both 
yield and water consumption. Implementing environmentally friendly farming methods like 

organic farming, crop rotation, and integrated pest management can reduce soil erosion, 

increase biodiversity, and reduce the use of synthetic fertilizers and pesticides in agriculture.  

A sufficient number of farms can enable comparisons between farming methods, species, 
and environments, providing insights into efficiency and sustainability. Considering factors 

like soil quality, climatic conditions, and economic viability enhances the precision and 

applicability of these comparisons.  

This strategy improves input rationalization by offering lower carbon footprint (CF) and 

water footprint (WF) products, meeting consumer preferences while using less energy. It 
encourages producers to innovate and create environmentally friendly production 

techniques, reducing waste and resource utilization. This not only benefits the environment 

but also encourages responsible energy use in the supply chain. 

To stabilize agricultural production's resilience to climate change, farmers can adopt less 
intensive farming methods like crop rotation, agroforestry, and integrated pest management. 

These practices promote biodiversity and reduce chemical inputs. Precision agriculture 

methods like soil mapping and remote sensing maximize resource use and reduce 

environmental effects.  

Agro-environmental indices are valuable for decision-makers seeking to balance 
agricultural productivity and climate change. These indices provide insights into the impact 

of agricultural practices on the environment, enabling sustainable farming practices. By 

considering these indices, decision-makers can make informed decisions that support 

productivity and environmental preservation in the face of climate change challenges. 
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Abstract: 

Millets, known as coarse cereals, belong to the grass family (Gramineae/Paniceae) and 
encompass a range of 13 diverse varieties. These include Job's tears, fonio, pearl millet, 

finger millet, sorghum, little millet, proso millet, barnyard millet, brown top millet, foxtail 

millet, Guinea millet, and Kodo millet. These millet varieties originate from semi-arid 
tropical regions in Asia and Africa and offer various medicinal and nutritional benefits. 

Despite their rich content of vitamins, fiber, minerals, and phytochemicals, millets remain 

underutilized in many developed countries. However, their cultivation is relatively 

uncomplicated, and they have a short growth cycle, allowing farmers to obtain multiple 

harvests within a year. 

Keywords:  

Millets, food security, farmers, nutrition 

10.1 Introduction: 

Millets, commonly known as minor millets, belong to a category of cereal crops cultivated 

for their small-sized grains obtained from grassy plants in the Poaceae family. These millets 
hold great significance owing to their nutritional value, medicinal benefits, and utilization 

as animal feed, despite being categorized as minor crops. Moreover, they have historically 

served as crucial food sources during periods of food scarcity. (Kumar et al., 2021). 

Millets encompass a wide range of varieties originating from Asia and Africa, making them 

suitable for the challenging semi-arid tropical climates of these regions. In these areas, 
where other crops struggle to thrive, millets have historically served as a primary food 

source for the local populations. With approximately 6,000 different millet varieties 

currently cultivated worldwide, these crops have been domesticated since ancient times. 
Despite their nutritional advantages and adaptability, millets remain underutilized in many 

developed countries, failing to reach their full potential. (Karuppasamy 2015). 
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Millet holds a significant position among cereal grains, with over a third of the global 
population including it in their diets. It stands as the sixth most important cereal crop 

worldwide in terms of production. The millet family includes several varieties such as Jowar 

(sorghum), Sama (little millet), Ragi (finger millet), Korra (foxtail millet), and Variga 
(proso millet). Among them, Ragi has the lowest fat content, while Bajra and Sama contain 

higher-than-average amounts. Millets are predominantly consumed as food in rural areas 

and primarily cultivated for that purpose. (Kimeera Ambati and Sucharitha K.V.V, 2019). 

Millets have gained the reputation of being "super grains" owing to their remarkable 

nutritional profile, making them highly beneficial for individuals dealing with obesity, 
diabetes, and cardiovascular diseases. These crops are not only considered intelligent due 

to their photo-insensitivity, drought tolerance, and resilience to various climates but are also 

regarded as intelligent foods due to their rich content of vitamins, fiber, and minerals.  

Recognizing their importance, the FAO designated 2023 as the International Year of 
Millets, while India declared 2018 as the National Year of Millets. Despite their 

significance, millet production currently represents only 2 percent of the global cereal 

production, with Asia accounting for 40 percent of it. (Gutha et al., 2021). 

Millets offer not only fiber, minerals, and vitamin B complex but also serve as a rich source 

of phytochemicals. These organic compounds possess antioxidant and detoxifying 
properties, adding to the nutritional value of millets. For instance, finger millet (ragi) stands 

out for its high calcium content, a vital mineral for maintaining strong bones and teeth. With 

their diverse phytochemical composition, millets make an excellent inclusion in a well-
rounded diet, providing additional health benefits beyond their basic nutritional 

components. (Raju et al., 2018). 

Millets play a significant role as a prominent source of essential nutrients and rank as the 

sixth-largest producer of cereal grains globally. They continue to be a staple in many 

regions, offering the added advantage of addressing nutrient deficiencies in developing 

nations. As a health food, millets boast several desirable qualities.  

They feature gluten-free proteins, a substantial amount of fiber, a low glycemic index, and 

bioactive compounds that match or even surpass those found in major cereal grains in terms 

of nutritional value. Carbohydrate content in millets typically ranges from 56.88 to 72.97 g 
per 100 g, with barnyard millet displaying the lowest levels. Except for finger millet, which 

varies between 4.76 and 11.70 g/100 g across different studies, the protein contents of 

millets are generally comparable, averaging around 10 to 11%. (Ashwani et al., 2018). 

10.2 Types of millets: 

Millets, a diverse group of small-seeded grasses, are cultivated and consumed worldwide. 
There are 13 known types of millets, including sorghum, finger millet, kodo millet, barnyard 

millet, brown top millet, foxtail millet, Guinea millet, Job's tears, fonio, and teff.  

Among these, only Job's tears, fonio, and teff are not commonly grown in India. The 

remaining ten varieties of millets are widely available and consumed throughout India. 
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A. Sorghum or Jowar: 

Sorghum (Sorghum bicolor) holds the position of being the fifth-most important cereal crop 

globally. It is primarily cultivated as a rain-fed crop across more than 42 million hectares of 

land by subsistence farmers in the semi-arid tropics (SAT) of Africa, Asia, and Latin 

America. 

Sorghum serves as an excellent alternative for individuals with celiac disease, as it is a 
gluten-free ancient cereal grain that serves as a staple food in India and Africa, offering 

excellent gastrointestinal safety. India, in particular, witnessed a significant cultivation area 

dedicated to sorghum, exceeding 16 million hectares in 1981. However, this area gradually 
decreased to 7.8 million hectares by 2007-2008. Nonetheless, it still accounted for 

approximately 20% of the global sorghum cultivation area in recent years (Pragya et al., 

2021). 

B. Finger Millet: 

As highlighted by Pragya Singh and Rita Singh (2011), millets, known as coarse cereals, 
constitute a diverse group of small edible grasses belonging to the grass family 

(Gramineae/Paniceae). Among the various millet varieties, finger millet stands out as a 

highly nutritious cereal. It is rich in essential nutrients such as iron, calcium, fiber, protein, 
and the amino acid methionine. Finger millet proves particularly beneficial for individuals 

who have experienced multi-generational deficiencies in these crucial nutrients due to heavy 

reliance on starchy staples. Recent research emphasizes the significance of finger millet in 

combating malnutrition and addressing food insecurity in several regions worldwide. 

 C. Pearl millet: 

Pearl millet (Pennisetum glaucum) is a versatile cereal crop widely cultivated in African 

and Asian countries for various purposes, including food, feed, and forages. It possesses 

remarkable resilience to drought and high temperatures, making it well-suited for regions 

where other cereal crops like wheat and maize face challenges. With a cultivation area 
exceeding 29 million hectares globally, pearl millet holds the largest share among millet 

varieties. While it is primarily concentrated in Africa, covering around 15 million hectares, 

it also holds significant cultivation area in Asia, accounting for approximately 11 million 

hectares. (Savita et al., 2017). 

D. Foxtail millet: 

Foxtail millet (S. italica) serves as a significant crop in various regions worldwide. It is a 

staple food in arid and semi-arid areas of China, certain parts of India, and Japan. 

Additionally, foxtail millet is cultivated in North and South America for purposes such as 
hay and silage production. Foxtail millet is rich in essential nutrients including iron, 

calcium, potassium, zinc, magnesium, and vitamins. It also contains raw edible fibers. 

Notably, foxtail millet has a low glycemic index (GI) and is gluten-free, making it an 
excellent dietary choice for individuals with specific nutritional requirements or health 

conditions. (Roshan et al., 2017). 
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E. Kodo millet: 

Kodo millet, known for its origins in India, is believed to have been domesticated around 

3000 years ago. It is scientifically known as Paspalum scrobiculatum L. and is extensively 

found in arid and semi-arid regions of India and various African countries. One of the 

notable characteristics of Kodo millet is its ability to thrive in less fertile soils, making it 

suitable for cultivation in subpar agricultural conditions. (Durga et al., 2021). 

F. Barnyard Millet: 

Barnyard millet, scientifically known as Echinochloa crusgalli (L.) P. Beauvois, is a 

versatile crop cultivated for both food and fodder purposes. It is referred to by various 

names, including Japanese barnyard millet, ooda, oodalu, sawan, sanwa, and sanwank. 
Nutritionally, barnyard millet is a valuable source of highly digestible protein and dietary 

fiber, offering a balanced combination of soluble and insoluble fractions. Its low and slow 

digestible carbohydrate content makes it particularly beneficial for modern individuals 
leading sedentary lifestyles. Barnyard millet is thus considered a valuable natural resource 

in terms of its nutritional composition. (Dayakar et al., 2017). 

G. Proso millet: 

Proso millet, scientifically known as Panicum miliaceum L., is believed to have been 

domesticated approximately 10,000 years ago in China. The domestication of proso millet 
is associated with the beginning of the Holocene period, a time characterized by rising 

temperatures and the interaction of hunter-gatherers with new plant species and 

environments, as suggested by current archaeological theories (Cedric et al., 2017). Over 

time, proso millet has become a vital source of nutrition for populations worldwide. 

H. Little millet: 

Little millet, scientifically known as Panicum sumatrense, originated in India as a 

domesticated cereal crop. It is primarily cultivated in specific regions of India up to an 

altitude of 2100 meters and holds lesser significance in other parts of the world. Little millet 
is characterized by its smaller seeds compared to common millet and shares visual 

similarities with proso millet. This annual herbaceous plant grows upright or with folded 

blades, reaching heights ranging from 30 cm to 1 m. The linear leaves of little millet 

occasionally feature hairy lamina and membranous hairy ligules. The panicles of the plant 
bear awns measuring 2 to 3.5 mm in length and range from 4 to 15 cm in size. The grain of 

little millet is round and smooth, typically measuring 1.8 to 1.9 mm in length. (Dayakar et 

al., 2017).  

10.3 Millets Production and Consumption: 

According to FAOSTAT (2021), global millet production in 2019-20 reached 84.17 million 
metric tonnes, cultivated on an area of 70.75 million hectares. India contributed 

approximately 20.50% of the total production. Millet consumption is significant in Africa 

and Asia, with around 90 million people in these regions relying on millet as a staple food. 
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Africa holds the majority share, producing over 55% of the world's millet, while Asia 
accounts for nearly 40%. Europe, on the other hand, constitutes only about 3% of the global 

millet market. (Alam and Reddy, 2023). 

The primary producers of millet crops in India were the southern states of Karnataka, 

Maharashtra, Gujarat, and Tamil Nadu. Among these states, Karnataka was the leading 
producer, followed by Maharashtra, Gujarat, and Tamil Nadu. In terms of consumption, 

Karnataka and Maharashtra had relatively higher consumption rates, with urban consumers 

typically consuming millet crops "once or twice a week." In Gujarat, despite being the 
largest producer of pearl millet, the consumption of these crops was comparatively lower, 

suggesting that the high production had limited impact on urban consumption patterns. In 

Delhi, where production levels were modest, millet crops were consumed moderately, 

typically once a month. (Joanna et al., 2021). 

The production and consumption of millets are predominantly concentrated in developing 
countries, accounting for over 97% of the global total. However, the global area dedicated 

to millet cultivation has decreased by approximately 25.71% between 1961 and 2018 across 

all continents. Despite this, the overall productivity of millets has increased worldwide, with 

yields rising from 575 kg/ha in 1961 to 900 kg/ha in 2018. 

While millet production has significantly increased in Africa, experiencing substantial 

growth, most other regions have witnessed a decline over the past 58 years. West Africa, in 

particular, has observed the largest increase, with production nearly doubling in the 1960s. 

In Asia, although the land area allocated for millet cultivation has reduced, productivity has 

steadily improved, leading to increased production. 

India, with a significant share of 37.5% in global millet production, holds the top position, 

followed by Sudan and Nigeria. However, millet production in India reached its peak in the 

1980s and has gradually declined as cultivated land has diminished. (Meena et al., 2021). 

Minor millets, also known as coarse grains, are crucial sources of nutrition for tribal 

communities in areas with low yields of primary cereals. They contain high concentrations 
of micronutrients like vitamin B complex, calcium, iron, and sulfur, offering higher 

nutritional value than cereals. Despite being less expensive sources of dietary calories, their 

consumption has declined. Promoting the inclusion of minor millets in diets can address 

nutritional needs and improve overall health. (Junaid et al., 2022). 

Millet crops are predominantly cultivated in semi-arid regions of Asia and Africa, covering 

approximately 32.12 million hectares and yielding 28.76 million tonnes in 2013. These 

crops possess a short growth cycle of 60 to 90 days, making them well-suited to thrive in 
environments with limited moisture, high temperatures, and nutrient-depleted soils. Millets 

play a vital role in subsistence farming, particularly in areas with unpredictable rainfall and 

poor soil fertility, as they exhibit adaptability to such challenging environmental conditions.  

Moreover, millets are cost-effective for small-scale farmers as they require minimal inputs. 

Additionally, millets offer excellent nutritional value due to their high protein, mineral, and 

dietary fiber content. (Umanath et al., 2018). 
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Studies have revealed that the consumption of millet protein, particularly UCE and UCEE 
FM protein, can have beneficial effects on weight loss and liver health. Furthermore, 

research indicates that the inclusion of millet protein, specifically UCE and UCEE millet 

protein, can mitigate the increased impact of D-galactosamine on certain liver enzymes in 

the bloodstream, such as AST, ALT, and LDH.  

Additionally, the intake of UCE and UCEE millet protein has been associated with reduced 

levels of plasma TC, TG, and LDL-C, as well as TC and TG in the liver. Interestingly, it 

also leads to increased levels of HDL-C, which may contribute to improved cardiovascular 

well-being. (Ashfak et al., 2023). 

 

(Source: FAOSTAT, 2021)  

10.4 Nutritional Importance and Health Benefits of Millets: 

A. Sorghum: 

Sorghum, a nutrient-rich cereal crop, offers a wide range of vitamins and minerals, 
predominantly present in the aleurone layer and germ. It is notably abundant in various B 

vitamins, except for B12. Yellow sorghum grain, in particular, exhibits high levels of beta-

carotene, lutein, and zeaxanthin, although this can vary based on genetics and environmental 
factors. While sorghum is not a significant source of vitamin C, it can be produced through 

soaking and germination. Sorghum grain also contains detectable amounts of vitamins E, 

K, and D. Research suggests that sorghum may have potential health benefits for conditions 

such as celiac disease, obesity, diabetes, and coronary heart disease, as indicated by a study 

conducted by Dayakar et al. in 2017. 
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B. Finger Millet: 

Finger millet is a highly nutritious cereal grain with a protein content ranging from 5-8%, 

ether extractives of 1-2%, carbohydrates of 65-75%, dietary fiber of 15-20%, and minerals 

of 2.5-3.5%. It stands out with its exceptional calcium content of 344 mg per 100 grams, 
surpassing other cereals. Previously labeled as "anti-nutrients," finger millet contains 

substances like phytates (0.48%), polyphenols, tannins (0.61%), and trypsin inhibitory 

factors, which possess metal-chelating and enzyme-inhibiting properties, as reported in a 

study by Palanisamy et al. in 2011. 

Finger millet has shown potential health benefits due to its anti-mutagenic, anti-estrogenic, 
anti-carcinogenic, anti-inflammatory, and antiviral properties. These findings, derived from 

various studies, establish finger millet as a beneficial addition to a nutritious diet, as 

highlighted by (Palanisamy et al., 2011). 

C. Pearl millet: 

According to a study conducted by Ragaee et al. in 2006, pearl millet is a highly nutritious 
grain with abundant resistant starch, soluble and insoluble dietary fibers, minerals, and 

antioxidants. It contains approximately 2.1% ash, 2.8% crude fiber, 7.8% crude fat, 13.6% 

crude protein, and 63.2% starch, making up about 92.5% of its dry matter content. The 
energy value of pearl millet is reported to be 361 Kcal per 100g, as stated by (Patni and 

Agrawal 2017). 

Multiple epidemiological studies have indicated that diets rich in plant-based foods can 

contribute to the prevention of various degenerative diseases, including cancer, heart 

conditions, diabetes, metabolic syndrome, and Parkinson's disease. These findings were 

presented in the study conducted by Patni and Agrawal (2017) in their study. 

D. Foxtail millet: 

Foxtail millet is a highly nutritious grain known for its low glycemic index (GI) and high 

fiber content. Compared to other cereals, it has a higher protein content and more fiber. A 

study has shown that foxtail millet contains glucans, which can enhance the metabolism of 
sugar and cholesterol. As a result, foxtail millet has hypoglycemic and hypocholesterolemic 

effects, making it beneficial for preventing diabetes and cardiovascular diseases. This 

research finding highlights the potential of foxtail millet as an ingredient for low-GI foods. 

(Hariprasanna 2016). 

E. Kodo millet: 

Kodo millet is a nutritious grain known for its protein content of 8%. Glutelin is the 

predominant protein fraction in kodo millet. It is also an excellent source of dietary fiber, 

with a high content of 9%, surpassing wheat (1.2%) and rice (0.2%). The carbohydrate 
content in kodo millet is 66.6g per 100g, providing 353 kcal. It contains minerals at a level 

of 2.6% and fat at 1.4%. Kodo millet is also notable for its iron concentration, ranging from 

25.86 to 39.60 ppm. (Deshpande et al., 2015). 
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Scientific studies have suggested that incorporating millet into one's diet can provide several 
health benefits. These benefits include the prevention and management of conditions such 

as heart attacks, atherosclerosis, migraines, high blood pressure, and diabetic heart disease. 

Additionally, the high fiber content of millet has been associated with a reduced risk of 

gallstone formation. (Deshpande et al., 2015). 

F. Barnyard Millet: 

Grains are recognized for their nutritional value due to their rich content of protein, 

carbohydrates, fiber, and essential micronutrients such as iron (Fe) and zinc (Zn). Compared 

to commonly consumed cereals like rice, wheat, and maize, grains are often more 
affordable, making them a cost-effective and beneficial option for meeting dietary needs. 

(Vellaichamy et al., 2020). 

Barnyard millet has been associated with various medicinal benefits, including its anti-

inflammatory, anti-carcinogenic, antioxidant, and antimicrobial properties. It also possesses 

wound-healing properties and has shown effectiveness in managing biliousness and 

constipation-related ailments. (Vellaichamy et al., 2020). 

G. Proso millet: 

Proso millet is rich in essential amino acids such as methionine, phenylalanine, tryptophan, 

and valine. However, it has a relatively lower content of lysine, which is considered a 

limiting amino acid. Despite this, Proso millet has a higher essential amino acid index (51%) 
compared to wheat (45%). It is a nutritious grain, similar to other popular cereals like rice 

and wheat, containing significant amounts of protein, carbohydrates, and energy. With 

approximately 11% protein content per 100g, Proso millet provides essential micronutrients 
like iron, zinc, and copper. Additionally, due to its lower glycemic index (GI), Proso millet 

is suitable for individuals with type-2 diabetes and cardiovascular disease. Products made 

entirely from Proso millet have a GI of 50-65, which is notably lower than refined corn- and 

wheat-based products (Saurav et al., 2019). 

H. Little millet: 

Little millet is a nutritious grain known for its high fiber content and can be a healthy 

alternative to rice in various dishes such as pongal and kheer. It not only provides ample 

fiber but also contains significant amounts of phosphorus (220 mg/100g) and iron (9.3 
mg/100g). Ankita et al. (2020) state that little millet can be particularly beneficial for 

individuals with low body mass and those dealing with conditions like cancer, diarrhea, and 

cardiovascular diseases. It is considered a wholesome grain with potential health 

advantages. 

10.5 Millet and Food Security: 

Millet, a highly nutritious and drought-resistant crop, has been cultivated for centuries in 

various regions of the world. It belongs to the Poaceae family, which includes major food 

crops like wheat, rice, and maize. Millet serves as a vital source of food and livelihood for 
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millions of people in arid and semi-arid regions of Africa and Asia. This versatile crop has 
multiple uses, including ethanol production, animal feed, and as a staple food. It can be 

consumed as porridge, flatbread, or ground into flour for baking.  

Millet stands out for its high protein, dietary fiber, vitamins (such as magnesium, 

phosphorus, and potassium), and essential amino acids like lysine and tryptophan, which 
are often deficient in other cereal grains like wheat and rice. It is also gluten-free, making it 

suitable for individuals with celiac disease or gluten intolerance. Millet plays a crucial role 

in food security, providing a reliable food source and income for farmers in regions prone 
to drought and challenging conditions. Despite its advantages, millet has often been 

overlooked due to the dominance of other crops and limited awareness of its nutritional 

value and versatility. However, there is a growing interest in promoting millet as a 

sustainable and nutritious food crop, with various initiatives underway to support its 

cultivation and consumption. 

10.6 Challenges and Opportunities: 

Small millets, including finger millet, foxtail millet, proso millet, barnyard millet, kodo 

millet, little millet, teff, fonio, job's tears, guinea millet, and browntop millet, are coarse 

cereal grains that serve as staple foods in various regions. They belong to the Poaceae 
family, which also includes major cereals like rice, wheat, maize, and sorghum. However, 

small millets offer several advantages over large cereals. 

One significant advantage is their agroecological adaptability. Small millets can thrive in 

diverse agroecological conditions, including drylands and low-fertility soils, where other 
crops may struggle to grow. They require less water and fertilizer, making them more 

environmentally friendly and sustainable compared to major cereals. 

In terms of nutrition, small millets have a superior profile. They are rich in protein, fiber, 

and essential micronutrients such as calcium, iron, and zinc. This makes them a valuable 

dietary choice for individuals seeking a nutrient-dense food source. Moreover, small millets 

are gluten-free, making them suitable for individuals with gluten intolerance. 

Overall, small millets offer a combination of adaptability, sustainability, and nutritional 

value, making them a promising option for food security and sustainable agriculture. Their 

cultivation and consumption can contribute to diverse and resilient food systems reduce the 

plagarism. 

Small millets have additional benefits when it comes to addressing immediate food security 

needs. One advantage is their ability to provide multiple harvests within a single year. Due 

to their fast maturation and short growth cycles, small millets can be harvested more 

frequently compared to major cereals. This characteristic makes them a valuable resource 

for meeting immediate food requirements. 

Furthermore, small millets exhibit resilience in challenging environmental conditions. They 

are well adapted to withstand drought, low-fertility soils, and other harsh conditions. This 

resilience ensures a stable food supply even during periods of environmental stress. 
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Their capacity to provide multiple harvests and withstand adverse conditions makes them 
valuable for ensuring food availability and resilience in communities. However, there are 

various challenges that affect millet food security.  

These challenges include inadequate investment in research and development, limited 

market access, the impact of climate change, and insufficient awareness of millet's 
nutritional benefits. Insufficient investment in developing new millet varieties and 

protecting against pests, diseases, and extreme weather leads to low yields and crop failures 

in regions prone to drought and flooding. Additionally, small-scale farmers often face 

difficulties in obtaining fair prices and accessing markets, which discourages them from 
investing in millet production. Climate change further exacerbates these challenges by 

causing unpredictable weather patterns and crop failures. Furthermore, the underutilization 

of millet beyond traditional production regions limits its market potential, despite its high 
nutritional value. Addressing these challenges is crucial for promoting millet's role in food 

security (Source: Fetene et al., 2011). 

There are various strategies that can be employed to enhance the food security of millet. 

One key aspect is the increasing demand for nutritious and sustainable food among health-

conscious consumers, which provides farmers with new markets and income opportunities. 
Implementing new technologies and innovations, such as improved seeds, precision farming 

techniques, and efficient irrigation systems, can increase millet yields and mitigate the risks 

posed by climate change. Governments and non-governmental organizations (NGOs) can 
support millet farmers by implementing policy interventions such as facilitating access to 

credit, providing training, and disseminating market information. 

Furthermore, there is potential to transform millet into high-value products like millet flour, 

which could drive demand and create additional income streams for farmers. By investing 

in research and development, expanding market access, and implementing supportive 
policies, it is possible to ensure that millet remains a significant source of food and nutrition 

for communities worldwide. These measures can contribute to improving the overall food 

security of millet and the well-being of millet farmers. (Source: Adapted from Fetene et al., 

2011). 

10.7 Conclusion: 

Millet continues to be a prevalent staple food in numerous regions, particularly in 

developing countries, and it holds great potential in combating malnutrition. The versatility 

of millet is noteworthy, as it can be utilized for various purposes such as ethanol production 
and animal feed. Its resilience to adverse conditions and ease of cultivation make it a reliable 

source of both food and income for farmers. Millet's nutritional value and sustainability 

further enhance its appeal as a crop.  

Recognizing its significance, several initiatives have been established to support the 
cultivation and consumption of millet. These initiatives aim to capitalize on its nutritional 

benefits, sustainability, and ability to address immediate food security needs. The 

cultivation and consumption of millet are being promoted as a means to improve nutrition 

and enhance food security.  
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Abstract: 

Food production in India between 1947 and 1960 was not sufficient. During this time, Dr. 

M.S. Swaminathan, the main architect of India's Green Revolution, brought India out of the 
status of beggar's bowl. As the green revolution continues, there are some weaknesses. One 

of them is the large amount of agricultural waste associated with crop production. In India, 

farmers destroy crops by burning to prepare the soil for the next crop. The consequences of 

burning crops are now felt in the lungs of the people of Delhi.  

Therefore, proper management of crop residue has become most important. Earning income 

from this waste is a good option to prevent farmers from burning the waste. There are many 

ways to use crop residues for sustainable agriculture and income. Different assets can be 

created from waste to generate income, making it an essential part of mixed farming. Thus, 
while the income increases, the agricultural waste problem is also solved. Plant-based 

fibres have the potential for commercial use in the manufacture of tissue, textiles, pulp and 

paper, building materials and other composite materials. It has become important to raise 
awareness among the farming community regarding the importance of crop residues for 

conservation agriculture and to generate income by adding value. There is no waste in the 

world unless we treat it as waste. 

Keywords:  

Crop residue, Surface retention, Mulch, Residue incorporation, Livestock feed, Soil less 

planting media, Mushroom Cultivation, Sustainable Agriculture. 
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11.1 Introduction: 

The global population is anticipated to reach 8.5 billion by 2030, 9.7 billion by 2050, and 

over 11 billion by the end of the century [1]. Population growth has led to increased demand 

for food [2, 3], which has placed enormous pressure on agriculture. In India, food grain 

production was inadequate in the post-independence era. Dr. M.S. Swaminathan led the 
Green Revolution during this time [4]. It began in the 1960s and contributed to a rise in the 

country's food production. The fundamental goal of the Green Revolution was to develop 

high-yielding cereal varieties (HYVs) to combat poverty and malnutrition [5].  

Not to be denied, the Green Revolution was able to alleviate hunger and malnutrition in 
short term [6]. However, there are also some weaknesses after the green revolution. The 

most significant of them is the massive production of agricultural waste along with crop 

production. 

Agricultural wastes are waste materials generated from various agricultural operations. 

Agricultural waste typically includes harvest waste, other farm manure, hazardous waste 
such as pesticides and insecticides, and processing waste such as packaging material [7]. 

Crop residues comprise both field residues left in an agricultural field or orchard after 

harvesting a crop and process residues remaining after the crop has been processed into a 
marketable resource. Field residues include things like stalks and stubble (stems), leaves, 

and seed pods. Process residues include sugarcane bagasse and molasses, to name a few [8]. 

Crop leftovers are produced in vast quantities during crop cultivation. Crop residue 

recycling offers the advantage of transforming agricultural waste into a usable product that 

may be used to meet the fertiliser requirements of future crops. Crop residues include a 
substantial amount of plant nutrients, and their appropriate use will benefit the nutrient 

management system. Because of the scarcity of plant nutrients in crop fields, the high cost 

of synthetic fertilisers, and the low efficiency of chemical fertilisers, recycling crop wastes 
to supply plant nutrients is becoming increasingly important in order to replenish plant 

nutrients, maintain soil health, and reduce pollution [9]. 

To maintain sustainable agricultural productivity, it is essential to recycle nutrients from 

crop residues after harvest. Adoption of effective crop residue management practices is a 

necessity today. 

11.2 Generation of Crop Residues: 

According to the Indian Ministry of New and Renewable Energy (MNRE), India produces 

500 million tonnes (Mt) of crop leftovers each year on average. According to the National 

Policy for Management of Crop Residues (NPMCR), the state of Uttar Pradesh produces 
the most crop residues (60 Mt), followed by Punjab (51 Mt), and Maharashtra (46 Mt), for 

a total of 500 Mt every year. Cereals (352 Mt) produce the most residues, followed by fibres 

(66 Mt), oilseeds (29 Mt), pulses (13 Mt), and sugarcane (12 Mt). Cereals (rice, wheat, 

maize, millet) account for 70% of crop wastes, with rice alone accounting for 34%. The 
accumulation of massive amounts of agricultural waste is becoming a problem as a result 

of ineffective crop residue management. 
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11.3 On Farm Burning of Crop Residues: 

Around 93 Mt of plant residues are burned on-farm in the country out of 500 MT of residues 

produced [10]. According to the IPCC, over 25% of total crop residues were burned on the 

farm. Paddy fields in Kuttanad, Kerala's rice bowl, are dark today, with some spewing 
plumes of smoke. In many parts of the world, burning agricultural residues is the most 

common practice in preparing land for growing another crop [11]. 

A large amount of crop residues after the harvest of the first crop remained in the field for 

a long time, and their management is a big challenge for farmers. Therefore, it is very 

important to look for alternative management practices to use discarded crop residues in a 

way that does not affect the environment or soil fertility [12]. 

Crop residue burning is a cause for worry, because it causes air pollution, greenhouse gas 

emissions, negative health consequences, nutrient loss, increased soil erosion and runoff, 

negative effects on soil quality, and depletion of soil organic carbon [13]. 

Burning plant residues on the soil surface degrades the physical, chemical, and biological 

aspects of the soil, resulting in a deterioration of the soil nutrient budget. They are necessary 

nutrients for long-term soil fertility.  

During the formulation of the National Policy for Crop Residue Management (NPMCR) in 

2014, it was anticipated that burning one tonne of rice straw would result in the loss of 5.5 

kg of nitrogen (N), 2.3 kg of phosphorus (P), 25 kg of potassium (K), and 1.2 kg of sulphur 

(S) in addition to organic carbon. 

In general, crop residue combustion consumes 80 percent of the N, 25 percent of the P, 50 

percent of the S, and 20 percent of the K present in crop residues. The burning of rice, wheat, 

and sugarcane crop leftovers alone resulted in a loss of around 0.4 MT of nitrogen, 0.01 MT 

of phosphate, and 0.3 MT of potassium, according to India's main policy-making agency, 
NITI Aayog. Paddy residue includes 6.1 kg N, 0.8 kg P, and 11.4 kg K per tonne. The intact 

loss from burning paddy straw is approximately 79.38 kg ha-1 N, 183.71 kg ha-1 P, and 

108.86 kg ha-1 K [14]. Crop leftovers must therefore be managed in a sustainable manner to 

prevent farmers from incurring financial losses. 

11.4 Management of Crop Residues: 

Crop residue management is possible either by on-farm (in-situ) residue management or 

off-farm (ex-situ) residue management. 

11.4.1 On Farm Residue Management: 

In this situation, farm residues are managed directly in the farm field by residue retention, 
residue integration, or by the use of machinery such as the happy seeder and turbo happy 

seeder [15]. All of these are in-situ residue management techniques that will improve soil 

structure, reduce weed intensity, and increase production over farmer methods [16]. 
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A. Surface Retention as Mulch: 

Mulching is the practice of covering the soil surface with organic or inorganic materials [17, 

18]. This provides a longer time for surface water to be retained, reducing leaching and 

evapotranspiration. Mulching with organic materials adds organic matter to the soil and will 

also reduce nutrient losses [19, 20]. Covering topsoil positively regulates soil temperature 
and thereby increases crop production. After using rice straw as mulch, 15-20% of direct 

fertilizers can be saved in the subsequent crop [21].  

Zero tillage and crop residue mulching were found to reduce input costs with slight yield 

improvements [22]. 1 kg m-2 of organic mulch with a thickness of 10 to 15 cm is sufficient 
to cover the soil and reduce weed density [23]. The retention of residues in the field will 

support the organic matter present in the soil and improve the physical properties of the soil 

[24]. 

B. Residue Incorporation: 

Here, crop residues are completely or partially incorporated into the soil. The above-ground 
part can be chopped into small pieces and can also be incorporated using machines. Crop 

residue incorporation increased 1000-grain weight, grain yield, straw yield, harvest index, 

and benefit cost ratio in the following rice crop [25]. Incorporating plant residues 

strengthens the soil, helps in nutrient recycling and also improves soil health by increasing 
soil organic matter [26]. Similarly, residual effect of forage cowpea grown in summer 

improved the yield of succeeding rice [27]. Rice straw incorporation along with N treatment 

considerably increased rice and wheat grain production in sandy loam soil in a rice-wheat 

cropping system. [28] 

C. Pusa Decomposer: 

Recently, a team of scientists from IARI led by Dr. Livleen Shukhar has developed a bio-

degradable capsule called "Pusa decomposer" that has the ability to turn crop stubble into 

compost in less than one month. These capsules contain crop-friendly fungi that can be 
dissolved in water before spraying. It is a cost-effective, achievable and practical method to 

prevent farmers from stubble burning. The capsules cost around Rs. 5, which is feasible for 

the common man. No negative effects caused by this fungus have been reported yet. It will 
improve soil fertility, soil productivity and also reduce the need for fertilizer for the 

succeeding crop. This potential decomposer is being tested in Punjab and Uttar Pradesh. It 

is an environmentally friendly and beneficial technology that can help to achieve a clean 

environment [29]. 

The effect of four residue management practices, viz. residue burning, residue removal, 
residue treated with PUSA Decomposer and residue treated with Trichoderma along with 

five weed control options namely , two hand weedings @ 30 & 45 DAS, sulfosulfuron @ 

25 gm a.i. ha-1, fenoxaprop-p-ethyl + metsulfuron methyl @ 100 g + 4 g a.i. ha-1 and brown 
fertilization fb chlodinofop @ 60 g a.i. ha-1 were evaluated on the weed dynamics of late-

sown wheat. They reported that the application of PUSA decomposer significantly 

suppressed the weed flora at 60 DAS and at 90 DAS in the wheat stand.[30] 
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11.4.2 Off-Farm Residue Management: 

Here crop residues are taken off the farm for safe disposal. Packaging and transporting crop 

residues from the field for safe disposal is only feasible if alternative, efficient and 

economically viable uses are identified. Off-farm residue management will only be cost-

effective, if transported residues can be converted into items that are more profitable. 

A. Livestock Feed: 

Livestock is essential to poor farmers' livelihoods because it provides economic, social, and 

food security. In India, plant residues are traditionally used as animal feed. Using these 

alternative feed sources, replacing part of conventional feed ingredients is a wise way for 

sustainable animal production. Some of these potential feeds are discussed. 

During processing, potato pulp, peels, culls, chips, and pieces, among other things, are 

created. During processing, around 35% of the total processed potato crop is discarded as 

waste. The total annual global potato waste is estimated to be 12 million tonnes. In India, 

around 2 million tonnes of potato waste are produced. The feasibility of using this potato 
waste to create cow feed combinations were evaluated [31]. A feed made from waste potato 

chips and pulp was compared to feed available locally. It was shown to have the lowest 

moisture content (10.07 percent) and could be preserved for a longer amount of time. The 
feed also has a high pellet durability index because the potato is also used as a binder which 

identifies the possibility of potato processing waste to partially replace the grain component 

in feed pellets. In areas where arecanut is grown, the sheaths are usually left unused. Due to 

their higher lignin content, they will take some time to decompose. The potential of using 
areca pods as dry fodder for farm animals were evaluated [32]. The dried areca sheaths were 

cut up and used along with the concentrated mixture as a total mixed ration. It has been 

found that areca sheaths can completely replace paddy straw because the nutritional value 

is higher and can improve milk yield. 

Cassava peels are a waste product of the tapioca flour industry that is usually thrown away 

during processing. Supplementing these discarded cassava husks with feed, cattle 

population were grouped and fed a discarded cassava peel-based feed and milk quality was 
evaluated [33]. The control group was fed grass and a commercial  ration dietary. The results 

of the study showed significant positive effects for the treatment group in terms of percent 

protein (2.87%), lactose (4.40%), fat-free dry matter (8.49%) and total dry matter (12.23%) 

versus control. Therefore, they have a high potential as a feed source to reduce production 

costs and thereby increase the income of farmers. 

Pineapple is a commercially important fruit crop, and its waste disposal is a serious concern 

because of its high moisture and sugar content, which makes it susceptible to fungus 

development and deterioration. Converting them into silage can successfully solve this 
problem. The lactation performance in cows and lambs after feeding pineapple and maize 

silage were evaluated [34]. The nutritional value of pine apple silage in terms of energy and 

minerals was found to be superior to maize silage. Milk yield and quality were also found 

to be improved with pineapple silage, indicating the potential of converting crop residues 

into silage. 
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B. Bedding Material: 

In Western countries, crop residues are generally not fed to livestock, but are used as 

bedding, especially wheat straw. While in developing countries, these carbohydrate-rich 

straws are a valuable resource for farmers as cheap animal feed because there is a shortage 

of fodder [35]. 

C. Production of Mushrooms: 

Mushroom cultivation is an important source of protein and income for rural meat. 

ICAR-CIRCOT has discovered a method for producing oyster mushrooms (Pleurotus 

florida and P. ostreatus) on cotton stalks. In thirty days, one kilogramme of dry cotton stalks 

can yield around 300 g of fresh oyster mushrooms. In general, two to three mushroom 

harvests occur each year [36]. 

A low-cost system for growing oyster mushrooms has been devised using coconut debris 
such as leaves, stems, bunch waste, leaflets, and so on. Coconut waste is cut into 5-7 cm 

pieces and steeped in water overnight. The surplus water is drained away, and the substrates 

are disinfected by steam pasteurisation before being placed in polybags and inoculated with 
spawn at a rate of 100 g per bag containing 3-3.5 kg of substrate. As an organic supplement, 

5 percent sterilised rice bran is added. For 15-20 days, the bags are incubated for spawn run 

in a mushroom house. After spawning, the plastic cover is ripped and the compact cylinder 

bed is sprinkled with water two to three times every day. The initial flush of mushroom 
fruiting bodies appears 5-10 days after opening the bag. Each bed can yield three to four 

crops. This technology provides work and revenue to many women's self-help groups, 

unemployed youngsters, and rural residents [37]. 

The effect of different substrates on the yield of Pleurotus florida were reported a high 
potential for mushroom production using different agricultural plant wastes as substrate 

material [38]. Oyster mushroom could grow on all substrates used for different treatments. 

The highest yield (1037.72 g) was achieved with mushrooms grown from sesame crop 

residue substrates. So, in areas where sesame plant residues are generated in large quantities 
and pose a threat to the environment, they can be converted as a food source by using them 

for oyster mushroom production. 

D. Biochar from Agricultural Waste Material: 

The pyrolysis method is used to create biochar from agricultural waste and weeds. Using a 
customised portable metal furnace, agricultural biomass may be turned to biochar in two 

hours with a conversion efficiency of 25-35 percent depending on the kind of biomass. They 

have the ability to improve soil fertility and agricultural productivity, as well as the 

efficiency of fertiliser application, water retention, aeration, and soil slope. It also has a 
large and favourable effect on soil pH. The influence of biochar on bunch yield and bunch 

features of banana were studied and discovered that biochar application greatly increased 

banana growth and yield. Biochar @ 10 kg plant-1 leads in higher bunch weight, number of 

hands per bunch, and number of fingers per bunch [39]. 
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E. Banana Fiber from Pseudostem Sheath: 

Banana pseudostem is waste material after harvest. Banana cultivation produces 30 million 

tons of biomass annually, from which 1.5 million tons of fiber can be extracted. Banana 

pseudostem is the main proportion of banana waste biomass and provides high-quality fiber. 
The waste generated in the banana pulp extraction plant can be used in hand-made paper 

production, which will alleviate the problem of pollution along with creating employment 

opportunities in rural areas [40]. 

Additionally, it has the potential to be used industrially in the manufacture of food, textiles, 

pulp and paper, sanitary napkins, reinforced composite materials for automobiles, structural 
materials for the aerospace industry, and other composite materials [41]. Banana 

pseudostem fiber had the highest tensile strength, flexural strength and lowest elongation 

percentage among various natural fibres [42]. 

F. Bio-Brick: 

Rice straw can also be used to make lightweight cement bricks called biobricks that can be 
used in building construction. Biobricks are an alternative and sustainable building material 

made from agricultural waste. Biobricks have the potential to generate a new economic 

model for farmers and contribute to the growth of agriculture-based companies. The 
biobricks are a carbon-negative, sustainable, and economically viable construction material 

[43].  

G. Soilless Planting Media: 

The effect of different growth media on yield and yield characteristics of bhindi  were 

evaluated and reported that different soil less growth media had significant effect on growth 
and yield characteristics of bhindi. Coirpith compost + FYM (2:1) recorded maximum yield 

and B:C ratio for bhindi.[44] A similar study was conducted on the effect of different growth 

media on tomato and coir pith compost + FYM (2:1) reported maximum fruits per plant 

(23.41), fruit weight (35.43 g) and yield per plant. (883.46 g) [45]. Press mud, a by-product 
of the sugar industry that is commonly accessible at 2% crushed cane, has physical qualities 

similar to soil and gives good root anchoring. Because composted press mud supplies 

critical nutrients to plants, mixing composted and powdered press mud makes a soilless 
planting media. This soilless planting medium is composed of 50% composted press mud, 

25% coirpith, and 25% dry cow dung powder. Dolomite is added to the mixture to balance 

off its acidity, and neem cake and biocontrol chemicals are also used. Soilless planting 

media are regularly produced at the ICAR-Krisi Vigyan Kendra in Ernakulam.  

H. Briquets: 

It is a process in which harvested crop residues are densely compacted, allowing for the 

replacement of wood as a fuel. Agricultural residues can be managed by converting them 

into thickened solid biofuels using briquetting technology. By briquetting plant residues, it 

will be easier for agricultural waste to be transported, stored and used as biofuel [12]. 
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 The possibilities of using agricultural waste in the production of briquettes were evaluated. 
The major generated wastes were used as treatments, viz. rice husks, ground nut shells, 

cotton husks, coconut husks, coir pith, sunflower stalk, soybean husks, sugarcane bagasse, 

paddy straw and tea waste for energy production in the form of briquettes. The results show 
that the calorific value of the briquettes is higher than the calorific value of the raw 

materials. The input-output ratio was observed to be cost-effective and profitable for the 

farmers in all parameters.[46] 

I. Bio-Waste Utilization for Crop Production: 

Kerala Agricultural University has developed feasible technologies for waste utilization. 
Suchita, created at the College of Agriculture, Vellayani, and Bio-bin, developed at the 

College of Agriculture, Vellanikkara, have both been established as commercially viable 

methods for converting bio-waste into bio-manure. These technologies can help manage 

garbage at its source. 

• Suchitha- Thermochemical Organic Fertilizer: 

"Suchitha" technology is a thermochemical process that can convert biodegradable waste 

into organic fertilizer. This patented technology of rapid thermochemical processing of 
biowaste [47] enables the processing of solid waste into organic fertilizer in less than one 

day in an environmentally friendly manner. 

The effect of 'Suchitha' in combination with various organic and inorganic fertilizers on 

growth and yield of vegetables, viz. tomatoes and okra were evaluated and it was found that 

regardless of the organic nitrogen source used, the enriched thermochemical organic 
fertilizer imparted a high total organic carbon status to the growing medium. It was found 

that irrespective of the organic source of nitrogen used, the fortified thermochemical organic 

fertilizer imparted a high status of total organic carbon to the growing media. Container 
grown okra in a growing media with ‘Suchitha’ fortified with farmyard manure out yielded 

urea-based fortification by 55.96%. Tomatoes grown in growing medium enriched with 

coirpith compost increased yield by 27.37 percent compared to growing medium enriched 

with peanut cake.[48] 

11.5 Conclusion: 

Crop wastes are highly valuable economically as fuel, animal feed, and industrial raw 

materials. However, crop residue issues vary by region and are linked to socioeconomic 

requirements. Crop residues are essential for improving soil quality and crop productivity. 
They contain a large amount of nutrients, so returning plant residues to the soil can save a 

significant amount of fertilizer. Using plant residues as an important resource for better 

productivity is a good solution to challenges. The remainder of the crop should be partially 

or fully used in conservation agriculture to ensure food security in the country, make 
agriculture sustainable and improve soil quality. Using conservation agriculture practices 

such as zero tillage and crop residue management such as biochar, incorporating crop 

residues into the soil and using crop residues as mulch will improve soil quality. In this case, 
it will increase the productivity of these inputs and help maintain agricultural production 
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levels. A lot of technologies are available for creating wealth from agricultural waste which 
is generated during agricultural activities, crop harvesting, crop processing, product 

synthesis etc. The need of the hour is to raise awareness among agricultural communities 

so that they comprehend the value of crop leftovers in conservation agriculture for the 

resilience and sustainability of Indian agriculture. 
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Abstract: 

In India's Gangetic Plain, 44 million hectares are predominantly cereal crops. Rice-wheat 
and rice-crop systems are the main cropping systems, with rice-wheat rotations accounting 

for about 10 million ha. Legumes are grown on about 5 million ha, accounting for about 

14% of the country's total area. This region has wide spatial variation in rainfall patterns 
(268 mm in the far north to 1600 mm in the far east) and is largely dominated by Inceptisol 

soils. There are also large differences in other agroclimatic characteristics such as 

temperature regime, length of growing season, and evapotranspiration. Despite these major 
differences, chickpea, lentils, and pigeon pea are the main legumes grown throughout the 

region. Their production is severely affected by many diseases, pests, and abiotic stresses 

in this diverse part of the country. Socioeconomic constraints are also a major reason 

hindering cultivation. The Indian government has increased research spending to develop 
improved technologies to increase legume production in the country. The results of 

government investments have been promising, and some improved varieties and 

technological options have been developed to mitigate biotic and abiotic constraints. The 
government also initiated several policy measures to alleviate socioeconomic constraints 

to increase legume production. Available trends show that the area under legumes is 

gradually increasing in some regions. The region has tremendous potential for legume 
production (either as an intercrop, summer crop, or sole crop in a variety of cropping 

systems), provided that appropriate crop varieties/technologies reach farmers' fields. 

Keywords:  

cropping system, food security, Indo-gangetic plains, intercropping, Pulse. 

12.1 Introduction: 

The backbone of our Indian economy is Agriculture. The first prime minister of India Pandit 

Jawaharlal Nehru said, "If agriculture in this country fails, we fail, the government fails and 
the nation fails, there is no help for us but to succeed in agriculture". Our world faces the 
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tough challenges of climate change, which makes life difficult on our planet.  Millions of 
people are suffering from severe hunger and malnutrition. The economic systems of many 

developed countries where agriculture contributes a considerable share of the economy are 

directly influenced by climate change, population explosion, and food insecurity. The world 
is longing for a solution that can tackle the situation. The solution should be inexpensive, 

easy to access, requires minimum input and management practices that have a high amount 

of nutritive valuable food. Pulses are the best source of all these requirements. Pulses have 

a prominent and very good source of protein in human beings. It has qualities like a low 
glycemic index (FAO, 2016), is gluten-free, and even acts as a functional food (Rao, 2002). 

The diet of Type 2 diabetes patients can be included pulses in their regular diet because of 

having a low glycemic index and pulses are gluten-free so including it in the diet will not 
cause chances of Celiac disease. Pulses have important and cheap sources of plant dietary 

proteins having various amino acids. These are consumed in split form and prepared as a 

curry called ‘dhal’ or ‘dal' which is an important source of dietary proteins for Indian 
masses. These superfoods have double the protein in wheat and three-fold in rice. Besides, 

they are also rich in complex carbohydrates, micro-nutrients, protein, and vitamins B and 

minerals like calcium, iron, magnesium, zinc potassium, and folate. Long shelf life without 

loss of nutritional value, low prices coupled with wider availability make pulses an 
affordable source of protein and minerals and contribute to food security at all levels of 

society in India. Besides adding to human nutrition, pulse crops serve as a source of fodder 

and fuel for farm families.  

Several pulse crops are grown in India and all over the world. Among the crops, the major 
ones are Gram, Pigeonpea, Lentil, Fieldpeas, etc. According to history, the origin of Gram 

is in South West Asia probably Afghanistan and Persia, Pigeonpea in Africa, Lentil in 

Turkey to South Iran and Field peas in the Mediterranean Region of Southern Europe and 

Western Asia. Pulse crops are cultivated in the Kharif, Rabi and Zaid seasons of the 
Agricultural year. Rabi crops require a mild cold climate during the sowing period, the 

vegetative stage to pod development stage requires a cold climate and the maturity stage 

requires a warm climate. Similarly, Kharif pulse crops require a warm climate throughout 
their cropping seasons from the sowing to the harvesting stage. Summer pulses crops are 

habitants of hot climate. Seed is required to pass many stages to produce seed like 

germination, seedling, vegetative, flowering, fruit setting, pod development and grain 

maturity or harvesting. 

The Indo-Gangetic Plains of India, spreading about 44 million ha area, is over 185 districts 
in the states of Punjab, Haryana, Uttar Pradesh, Bihar and West Bengal. The IGP in India 

can be divided into four major sub-regions, viz. Trans-Gangetic Plains (Punjab, Haryana, 

Chandigarh and Delhi), Upper-Gangetic Plains (Western and Central Uttar Pradesh) 
Middle-Gangetic Plains (Eastern Uttar Pradesh and Bihar) Lower-Gangetic Plains (West 

Bengal).  

The Indo-Gangetic Plains also known as the North Indian River Plain is a 700-thousand 

km2 (172-million-acre) fertile plain encompassing northern regions of the Indian 
subcontinent, including most of northern and eastern India, around half of Pakistan, virtually 

all of Bangladesh and southern plains of  Nepal. The region is named after the Indus and 

the Ganges rivers and encompasses several large urban areas. The plain is bound on the 

north by the Himalayas, which feed its numerous rivers and are the source of the fertile 
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alluvium deposited across the region by the two river systems. The southern edge of the 
plain is marked by the Deccan Plateau. On the west rises the Iranian Plateau. Many 

developed cities like Delhi, Dhaka, Kolkata, Lahore and Karachi are located in the Indo-

Gangetic Plains. Pulse crops are part of the legume family, with common varieties including 
a diversity of species such as fava beans, lentils, field peas and common bean. Corteva 

Agriscience is seeking new cropping systems that incorporate a pulse crop to increase the 

amount of protein-rich food grown on existing farmland while reducing agricultural inputs. 
Crop Diversification refers to a shift from the regional dominance of one crop to the regional 

production of many crops, to meet the ever-increasing demand for cereals, pulses, 

vegetables, fruits, oilseeds, fibers, fodder, grasses etc. The importance of crop 

diversification lies in the fact that it effectively increases soil fertility and controls pest 
incidences. The boost in rural employment impacts the overall economy of the nation, as 

agriculture in India falls into the primary sector of the country. A shift in crop preferences 

is visible since the 1990s. The farmers of the Indo-Gangetic belt who grew pulses earlier, 
have shifted to wheat where yields range from 3,000 to 4,000 kg per hectare compared to 

only about 800 kg in the case of pulses. Over the past two decades the production of pulses 

has largely shifted from northern India to central and southern parts. Today, >90% of total 
pulses production is realized in 10 states namely, MP, MS, Rajasthan, UP, Karnataka, AP, 

Gujarat, Jharkhand, CG and Telangana. Both area and productivity of chickpea significantly 

increased over decades.  

12.2 Area and Distribution of Pulse Crops in India: 

From 1980–1981 to 2020–2021, the total cropped area under pulses in India increased from 
22.46 to 28.83 m ha with a peak of 26.40 m ha in 2010–2011. Due to stagnant production 

and an increase in population, the per capita availability of pulses has declined in the range 

of 35.4 g to 47.2 g/capita/day during 2009–2020. The total world acreage under pulses is 

about 93.18 (Mha) with the production of 89.82 (Mt) at a 964 kg/ha yield level. India, with 
>28 Mha pulses cultivation area, is the largest pulse producing country in the world. It ranks 

first in area and production with 31 percent and 28 percent respectively. In India pulses 

covers an area of 28.78 m ha with production of 25.46 m t. Among the pulses, chickpea 
contributed 48 percent and then comes pigeon pea, black gram, green gram and other pulses 

(GOI, 2016). During 2020-21 our productivity at 885 kg/ha, has also increased significantly 

over the last five years. Under the pro-active pulse program implementation strategies and 

robust monitoring mechanism of the government of India, significant growth in the area, 
production and productivity of pulses has been recorded. More visible and significant 

increasing trends during 2016-17, 2017-18 and 2020-21, whereby the pulses production 

reached 23.13 Mt, 25.42 and 25.46 Mt respectively, is a grand success story in itself. The 
productivity of pulses has increased by 13 percent at 885 kg/ha during 2020-21 and 9 

percent at 853 kg/ha during 2017-18 from the level of 786 kg/ha during 2016-17. The 

production growth has been 10 percent highest over 2016-17. Major pulses producing states 
in India are Rajasthan, Madhya Pradesh, Maharashtra, Uttar Pradesh and Karnataka. 

Rajasthan was a leading producer of pulse in India with a production of 4821.84 tonnes in 

2020-21. India is the grower of pulses in huge quantities. Some government programs like 

National Food Security Mission (NFSM) - Pulses program are highly useful to make it ever-
increasing. The government of India has initiated an NFSM-Pulses program to support the 

production of different types of pulses in India. The program is being initiated in around 

644 districts across 28 States and the Union Territories of Jammu & Kashmir and Ladakh. 
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Under the NFSM-Pulses program, the government focuses on: 

• Distribution of incentives to farmers. 

• Distribution of high-yielding varieties of seeds (HYVs). 

• And, Production of certified seeds. 

• Distribution of efficient farm machinery/tools. 

• Distribution of water-saving devices, plant protection chemicals, and soil 

ameliorants (substances that helps improve/grow the physical condition of the soil). 

• Training is also given to farmers to improve crop production and yield. 

• And Central seed agencies get assistance to produce certified and latest seed 
varieties. 

• Free of cost, mini kits of various pulses are distributed to farmers. 

12.3 Importance of Pulses in India: 

The Pulses crops belong to the family Fabaceae or Leguminosae, which is the world's third 

largest group of plant life after Orchidaceae and Asteraceae. The word ‘pulse’ has its origin 

from the Latin word ‘Puls’ meaning thick soup or potage (FAO, 2016). According to FAO, 
pulses are annual leguminous crops yielding, one to twelve grains or seeds of variable size, 

shape and color within a pod. Only legumes harvested for dry grain are classified as pulses. 

Legume species used for oil extraction (e.g. soybean and groundnut) and sowing purposes 
(e.g. clover and alfalfa) are not considered as pulses. Likewise, legume species are not 

considered pulses when they are used as vegetables (e.g. green peas and green beans) (FAO, 

1994). Therefore, all pulses are legumes, but not all legumes are pulses. 

Pulses are part of traditional offerings in many temples e.g. Green gram powder as Prasada 

in Mookambika Temple, boiled cowpea in Parassini Muthappan Temple and ‘Chana 
sundal’, a special preparation during Ganesh Puja. Pulses are an important component of 

diets in many countries and can help to provide balanced nutrition. They can also be grown 

as a palatable and nutritious feed for animals, as a green manure crop, as a fuel source, or 
even for medicinal use. Pulses are sources of high-quality protein. They act as a good fodder 

crop. Due to its drought-tolerant properties, it can be grown on marginal and wastelands. It 

even finds a suitable crop of summer fallows of cereals and areas where rain-fed agriculture 
is practiced. It has a comparatively short duration than other crops, so it can fit into the gap 

between the two main crops. It fixes atmospheric nitrogen efficiently through its root 

nodules. Thus, it not only reduces the fertilizer input of it but also reduces the fertilizer input 

of the succeeding crop to an extent of 25 to 30 percent. It is also a good green manuring 
crop. Thus, it enhances the physical, chemical and biological properties of the soil. As it 

requires less input, less management practices and less labor requirements the cost of 

cultivation of pulses is very less. Pulses also play a key role in soil and water conservation. 
They are important crops for food security, combating malnutrition, alleviating poverty, 

improving human health and enhancing agricultural sustainability. Despite its importance 

to man, pulses are usually regarded as 'orphan crops'. 'Orphan crops' are crops that are not 

part of the main crops that are traded internationally and are often considered staple crops, 
such as rice, wheat or maize. However, the Food and Agriculture Organization of UN (FAO) 

identified these orphan crops as a solution to global food system risks and an investment 

opportunity for future agricultural research (GPC, 2016). 
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12.4 Different Cropping Systems in Indo-Gangetic Regions: 

Crop diversification refers to the addition of new crops or cropping systems to agricultural 

production on a particular farm taking into account the different returns from value-added crops 

with complementary marketing opportunities. The major cropping systems in western IGP are 
rice-wheat, maize-wheat, sugarcane-wheat, pearl millet-mustard, rice-chickpea, cotton-wheat, 

pigeon pea-wheat, rice/maize-potato/mustard-urban/mungbean and rice wheat-mungbean. In the 

eastern IGP, rice-wheat, rice-chickpea/lentil, rice rice, maize-wheat, sugarcane-wheat, rice-

mustard, groundnut-wheat, rice-mustard/potato-urdbean/mungbean and rice-mustard-
jute/vegetables are important cropping systems. However, rice-wheat is the predominant 

cropping system occupying about 10.5 million ha. The main crops are grown in IGP cereals - 

rice, maize, pearl millet, sorghum, wheat and barley, pulses- chickpea, lentil, fieldpea, pigeonpea, 
urdbean and mungbean, oilseeds- rapeseed and mustard, soybean, groundnut, sunflower and 

linseed and cash crops like cotton, sugarcane and potato among. Crop rotations with pulses 

enhance the productivity of systems. We should focus on the cropping system approach for 

increasing pulse production by giving more emphasis to increased production per unit of time 
and space. Reddy and Reddy (2013), the Cropping system consists of a "pattern of crops taken 

up for a given piece of land or order in which the crops are cultivated on a piece of land over a 

fixed period and their interaction with farm resources". The advantages of cropping systems 
include using resources more efficiently, enhancing crop growth, increasing the soil cover of the 

cultivated area, maintaining and enhancing soil fertility, minimizing the spread of pests and 

diseases, controlling weeds and reducing the risk of crop failure. 

12.5 Deterioration of Natural Resources in Indo-Gangetic Regions: 

Pulses in crop rotations increase the systems' production. Continuous use of the rice-wheat 
or rice-rice cropping systems in IGP resulted in a noticeable depletion of natural resources. 

According to the National Bureau of Soil Survey and Land Use Planning, the IGP contains 

22,84 million ha of degraded land. The main concerns for improved and sustainable 
agricultural production are growing salt dangers, lowering water table due to over-

exploitation of groundwater, particularly in the western region, poor soil health, pest 

outbreaks, weed threat, and diminishing Total Factor Productivity. Ramesh Chand and T. 

Haque (1998) expressed that the apprehension emergence of rice-wheat rotation crop system in 
Indo- Gangetic plains as a post-green revolution phenomenon has resulted in waterlogging, soil 

salinity and over-exploitation of the natural resource base. Moreover, it is argued that the short 

time duration between rice-wheat crop rotation has led to sub-optimal land preparation and sub-

optimal use of other inputs, causing a reduction in the yield of rice and wheat.  

12.5.1 Crop management:  

Generally, pulses are grown under low input management and therefore, the yield is realized only 

60-65 %. The yield of the pulse crop is a 30-35 % increase with better management practices 

attainable. Some of the major practices for increasing the pulse crops yields under IGP's are given 

below: 

A. Plant population: For ensuring optimum plant stand, the seed rate should be worked out 

with due consideration to seed viability and purity, seed size, no. of plants required per sq m 
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area, soil moisture status, planting time and planting method. Raise bed/ ridge-furrow 
planting is a must for kharif pulses, especially in eastern IGP where water stagnation/poor 

drainage often leads to the mortality of plants. Seed treatment with fungicides like 

carbendazim protects young plants against seed-borne diseases and therefore should 
invariably be followed.  

B. Nutrient management: Pulses have an intrinsic ability to trap atmospheric nitrogen to meet 

their requirements and also leave some amount for succeeding crops. To augment the 

process, seed inoculation with appropriate Rhizobium culture should be done. Similarly, PSB 
inoculation enhances the availability of soil phosphorus. Besides biofertilizers, soil 

placement of N, P, K, S, and Zn as per soil nutrient status should be done. Foliar application 

of 2 % urea at flower bud formation and 15 days thereafter is quite beneficial for late-planted 
and rainfed crops.  

C. Integrated pest management: For containing diseases, resistant/ tolerant varieties should 

be chosen. Seed dressing with appropriate fungicides, crop rotation, soil solarization and soil 
application of Trichoderma contributes to reducing the spread of disease. IPM, which uses a 

combination of plant-based insecticides, biopesticides, cultural methods, and a little quantity 

of chemical insecticides, should be used to control insect pests. Spraying pre-emergence 

herbicides like pendimethalin and postemergence herbicides like imazethapyr, as well as 
cultural measures, can effectively manage weeds that may reduce crop output by 15–30%. 

Nematodes also significantly reduce yield in light-textured soils. Neem cake or phorate 

granules applied to the soil efficiently reduce plant nematodes connected to pulse crops.  
D. Soil and water management: Pulses are typically farmed in rainfed environments, where 

insufficient soil moisture and unpredictable rainfall frequently cause intermittent droughts 

that cause significant crop loss. The soil moisture status is improved via laser leveling, field 

bundling, in-situ moisture conservation, mulching, etc. It is advised to collect water in 
agricultural ponds and community reservoirs for come-up irrigation and life-saving purposes. 

Pulses are chronically lacking in the Indo-Gangetic Plains, which contribute more than 50% 

of the food grains to the national food basket. IGP only produces 3.30 million tonnes of pulse 
compared to the 10.62 million tonnes total required. Pulses' area under cultivation shrank 

dramatically from 7.10 million ha in 1970–1975 to 3.37 million ha in 2010–14, posing a 

severe danger to the region's ability to produce crops sustainably.  

12.6 Conclusion:  

Pulses are sources of high-quality protein. India is the largest pulses producer globally, 
accounting for 27-28% of the world's total production. Moreover, India imports 14% of 

pulses globally. In India, total food grain production only accounts for pulses 7-10%. 

Pulses are well suited to grow well in both Rabi and Kharif seasons. The problem of 
malnutrition and inadequate supply of protein poses an enormous task to increase pulse 

production in many countries. This comprehensive book chapter has been designed to 

provide sequential development and generation of information in the science and 

technology of growing pulse crops. It aims to equip the students and researchers with the 
knowledge of research results to put those into practice for higher crop production in Indo- 

Gangetic Plains. 

Sustainable efforts are needed to end hunger and provide food security. However, one 

concrete, promising, sustainable and cost-effective opportunity lies within the tiniest of 
seeds found in a multitude of plants: Pulses-Seeds for a sustainable future (FAO, 2016). 
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Pulses are the most efficient primary producers of proteins harnessing natural elements like 
sunlight, soil nutrients and water. While pulses are already relatively climate-hardy, they 

are being developed. These specific roles of pulses in the cropping system are of greater 

importance and thus contribute to the cropping system's productivity. to be more tolerant to 
these conditions. Pulses contribute towards sustainability by mitigating and adapting 

climate change, reducing poverty and hunger, improving health by providing nutrition and 

helping to promote economic stability. Pulses are an important component to sustain 
agriculture production as the pulse crops possess wide adaptability to fit into various 

cropping systems, improve the soil fertility being leguminous in nature and physical health 

of soil while making the soil more porous due to the tap root system. Introducing pulses 

into farm production can be a key to increasing resilience to climate change. It is clear that 
pulses are an incredible food and deserve greater attention in both our consumption and 

production. Thus, due attention is required to enhance the production of pulses not only to 

meet the dietary requirement of protein but also to raise awareness about pulses for 
achieving nutritional, food security and environmental sustainability. Pulses are good for 

people, good for soils and good for the planet. 

During the Green Revolution period, Indo-Gangetic Plains witnessed a sea change in 

cropping pattern, with rice-wheat covering over 10 million ha As a consequence of this, 

pulses were marginalized. Whereas wheat area increased by 58.6 % during 1970-75 to 2010-
14, the pulse area decreased by 52.4% during the same period. The share of pulses in food 

grain acreage of IGP decreased from 16.7% to 7.0 %. This is posing a serious threat to 

nutritional security and sustainable crop production. The low yield of pulses coupled with 
high instability in production led to the gradual decline in its area which is alarming and 

needs to be reversed. Three-pronged strategies (a) expanding area under pulses through 

intercropping, catch cropping and introduction in rice fallows, (b) improving genetic yield 
potential through widening the genetic base and employing transgenic technology and (c) 

improving crop management practices need to be adopted to address the emerging 

challenges. 
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Abstract: 

Conservation agriculture (CA) has emerged as a sustainable approach to address the 

challenges of modern agriculture, such as soil degradation, erosion, and declining soil 

fertility. This abstract explores various soil management practices within the framework of 
conservation agriculture. The primary focus is on techniques that promote the enhancement 

and preservation of soil health, while simultaneously improving agricultural productivity 

and minimizing environmental impacts. Key soil management practices discussed include 

minimum tillage, cover cropping, and crop rotation. These practices contribute to reduced 
soil disturbance, maintenance of organic matter content, and the prevention of soil erosion. 

The adoption of minimum soil disturbance practices, such as no-till or reduced tillage, is a 

cornerstone of conservation agriculture. These practices help preserve soil structure, 
minimize soil erosion, and maintain organic matter content. Cover cropping, another 

integral component of CA, involves planting cover crops between cash crop cycles to 

prevent soil erosion, enhance nutrient cycling, and suppress weeds. Cover crops contribute 

to increased soil organic matter, microbial diversity, and overall soil fertility. 



Soil Management Practices in Conservation Agriculture 

129 

 

13.1 Introduction: 

Conservation agriculture is an innovative farming approach aimed at preventing the 

depletion of arable land and revitalizing degraded lands. It revolves around three key 

principles: the maintenance of a continuous soil cover, minimal disturbance of the soil, and 
the diversification of plant species. By adhering to these principles, conservation agriculture 

contributes to sustainable farming practices and the preservation of the environment. 

Conservation agriculture principles are universally applicable to all agricultural landscapes 

and land uses, with locally adopted practices. The aim is to minimize or completely avoid 

mechanical soil disturbance and optimize the application of external inputs, including 
agrochemicals and plant nutrients of mineral or organic origin, so as not to disrupt biological 

processes. The soil is a vital repository of nutrients essential for plant growth, animal life, 

and millions of microorganisms. However, its life cycle is compromised if it becomes 
unhealthy due to various factors and techniques. Committed individuals dedicated to soil 

conservation play a crucial role in maintaining soil fertility and productivity while 

safeguarding it from erosion and degradation. 

13.2 Soil Conservation (Management):  

Soil conservation, also known as soil management, encompasses a range of strategies aimed 
at safeguarding soil from degradation. The fundamental principle of soil conservation lies 

in viewing soil as a thriving ecosystem, wherein various organisms play vital roles in 

maintaining a fertile and healthy environment. These organisms contribute to the 

decomposition of organic matter, nutrient release, and facilitation of air and water 
circulation. By adopting these practices, we ensure the sustainable preservation of soil 

health and productivity. 

 

Figure 13.1: Soil Conservation (Management) 

As a crucial aspect of soil conservation, the sustenance of various organisms within the soil 

heavily relies on the presence of deceased plant and animal materials, serving as their 

primary source of sustenance and energy. Therefore, to ensure effective soil conservation, 
it becomes imperative to consistently reintroduce organic matter back into the soil. This 

organic matter plays a vital role in establishing favorable soil structure and enhancing water 

retention capacity. Moreover, it facilitates efficient water infiltration while shielding the soil 

from erosion and compaction threats.  
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Besides safeguarding soil life and organic matter, soil conservation is guided by several 

other principles, which include:  

• Ensure effective surface runoff management by implementing appropriate strategies to 
prevent erosion and sedimentation. 

•  Protect bare exposed soil areas, especially on steep slopes and highly vulnerable sites. 

•  Additionally, take measures to protect downstream watercourses from potential 

pollution and sedimentation issues. 

Soil conservation is an ongoing and dynamic process that requires unwavering dedication 

from practitioners. The initial and essential step is acquiring a comprehensive understanding 
of the land resource. This entails identifying areas where the soil is highly permeable and at 

risk of groundwater contamination due to excessive pesticide use, as well as recognizing 

regions prone to water erosion due to a combination of slope and soil texture.  

This crucial knowledge forms the foundation for devising an effective and tailored 

conservation strategy. Without such insight, developing an appropriate plan for soil 

conservation becomes unattainable.  

The subsequent stages involve the identification or anticipation of problematic areas, 

selection, and application of soil conservation methods, along with the maintenance of 

control structures. The ultimate phase revolves around consistently monitoring the plan's 

efficacy and making appropriate adjustments when needed. 

13.3 Good Reasons to Practice Soil Conservation: 

• The primary objective is to maintain an optimal level of organic matter and biological 
activity within the soil. These fundamental components contribute significantly, 

accounting for 90 to 95 percent of the overall soil productivity. 

• Another crucial goal is to secure a stable food supply at reasonable prices. Soil 

conservation has been scientifically proven to enhance both the quality and quantity of 
crop yields in the long run by preserving topsoil and sustaining the soil's productivity 

over time. 

• Additionally, the aim is to produce enough food not only to meet our own needs but 

also to address food shortages in third-world countries. 

• Lastly, promoting soil conservation serves to save farmers money. The detrimental 

effects of erosion currently lead to an annual loss of over $90 million in farmers' income 
due to decreased crop yields and nutrient depletion from the soil. By implementing soil 

conservation practices, farmers can mitigate these financial losses and ensure more 

sustainable agricultural practices. 

• Soil conservation efforts aim to save citizens money by addressing the costly impact of 
soil erosion, which currently amounts to an additional $9.1 million annually. Recent 

research suggests that the actual cost might be even higher, making soil conservation 

all the more vital for financial savings. 

• One of the critical goals is to enhance water quality. Clean water is essential for all 
forms of life to thrive. Soil erosion from agricultural and urban areas contributes 
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significantly to sedimentation and water contamination, making soil conservation 
crucial for safeguarding water supplies. 

• Soil conservation practices play a crucial role in improving wildlife habitat. By 

implementing measures such as buffer strips, windbreaks, and restoring soil organic 

matter, the overall environment becomes more favorable for various wildlife species. 

• Soil conservation efforts are also motivated by aesthetic reasons, as they contribute to 
the creation of more attractive and picturesque landscapes. Preserving and restoring 

healthy soils can enhance the visual appeal of the surroundings. 

• An important objective is to establish an environment free of pollution, providing a safe 

and healthy place for human habitation. Soil conservation contributes to overall 
environmental protection, ensuring cleaner air, water, and surroundings. 

• Protecting and conserving soil resources is essential for the future of our children. By 

maintaining healthy soil, we secure a foundation that can sustain life for generations to 

come. As the saying goes, the land is not solely inherited from our forefathers; instead, 

it is borrowed from our children, emphasizing the responsibility to preserve it for their 

benefit. 

13.4 Soil Management Techniques: 

Soil serves as the foundation for agriculture, making its proper management crucial for 

maintaining long-term agricultural productivity. Regrettably, soil erosion often goes 

unnoticed until it reaches severe levels, where deep channels impede cultivation practices.  

However, the reality is that soil erosion starts to occur at unsustainable levels even when 

small rills become visible in the fields.  

Identifying and addressing erosion at its early stages is essential to safeguard this valuable 

resource and ensure the sustainable growth of agriculture.  

Indeed, soil stands as the fundamental resource upon which agriculture relies. To ensure 

sustainable long-term agricultural productivity, it is imperative to exercise proper 
management of this invaluable asset. Regrettably, soil erosion often comes to attention only 

when its impact becomes visibly drastic, such as channels cutting deeply through fields, 

impeding cultivation practices. However, it is crucial to recognize that soil erosion reaches 

unsustainable levels even when small rills become noticeable in the fields.  

Thus, proactive measures and early identification are essential to effectively combat soil 
erosion and preserve the productivity of agricultural lands. By addressing erosion concerns 

at their early stages, we can safeguard the health and resilience of the soil, promoting a 

more sustainable and prosperous agricultural future. 

There are two distinct approaches to soil conservation, namely mechanical measures and 
biological measures. Mechanical measures encompass the construction of enduring or 

semi-permanent structures, such as terracing, bunding, trenching, and check dams. On the 

other hand, biological measures consist of vegetative strategies, including forestry, 

agroforestry, horticulture, and agricultural or agronomic practices. 
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13.4.1 Biological Measures (Agronomic/Agricultural and Agroforestry): 

Agronomic measures are applicable in the landscape of ≤2% slope. Agronomic measures 

reduce the impact of raindrops through the covering of soil surface and increasing 

infiltration rate and water absorption capacity of the soil which results in reduced runoff 

and soil loss through erosion. These measures are cheaper, sustainable, and may be more 

effective than structural measures. Important agronomic measures are described below. 

A. Contour Farming: 

Contour farming is a highly effective agronomic measure for soil and water conservation, 

particularly in hilly and sloping landscapes. It involves carrying out all agricultural 

operations, such as plowing, sowing, and inter-culturing, along the contour lines of the land. 
The formation of ridges and furrows across the slope creates a series of small barriers that 

slow down the flow of water, reducing the velocity of runoff and minimizing soil erosion 

and nutrient loss. The benefits of contour farming are significant and vary depending on the 

specific environmental conditions of a particular area: 

• Reduced soil erosion: By slowing down runoff, contour farming prevents the rapid 
removal of soil particles, reducing erosion and conserving the fertile topsoil. 

• Enhanced infiltration: The ridges and furrows improve water infiltration by increasing 

the time of concentration, allowing water to seep into the soil rather than running off 

the surface. This is particularly valuable in regions with low rainfall, as it helps conserve 
soil moisture and improves plant water availability. 

• Improved soil moisture retention: In low rainfall areas, contour farming helps to trap 

and store rainwater, making it available for plant uptake over an extended period. 

• Minimized nutrient loss: As the soil is better retained on the field, the loss of valuable 

nutrients, such as nitrogen and phosphorus, is reduced, benefiting crop productivity. 

• Increased crop productivity: Conserving soil fertility, moisture, and nutrients 

ultimately improves overall crop productivity. 

Contour farming is a valuable agronomic measure that offers numerous benefits for soil and 
water conservation in hilly agro-ecosystems and sloping lands. Proper implementation and 

adaptation to local conditions can greatly enhance its effectiveness and contribute to 

sustainable agriculture and improved crop productivity. 

B. Choice of Crops: 

Choosing the appropriate crop plays a vital role in soil conservation. Several factors should 
be taken into account, including the intensity and critical period of rainfall, market demand, 

climate, and the farmer's available resources. Opting for a crop with excellent biomass, 

ample canopy cover, and an extensive root system is crucial as it aids in safeguarding the 
soil against erosive rainfall impact and obstructing runoff, ultimately reducing soil and 

nutrient loss. Certain crops, like sorghum, maize, and pearl millet, which grow in rows or 

tall structures, may promote erosion by exposing the soil and facilitating the erosion process. 

On the other hand, crops that grow closely together, with a dense canopy cover and vigorous 
root system, such as cowpea, green gram, black gram, and groundnut, are better suited for 
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mitigating soil erosion. To maximize canopy density, it is advisable to use a higher seed 
rate while planting the chosen crop. This practice encourages a more comprehensive 

coverage, further enhancing soil protection and erosion reduction. 

 

Figure 13.2: Choice of Crops 

F. Crop Rotation: 

 

Figure 13.3: Crop Rotation 

Crop rotation is a beneficial agricultural practice that involves cultivating different types of 

crops successively on the same field. The primary aim is to maximize profits with minimal 
investment while preserving soil fertility. In contrast, monocropping, which involves 

planting the same crop repeatedly, can lead to soil nutrient depletion and reduced fertility 

over time. Incorporating legume crops into the crop rotation brings several advantages, such 
as reducing soil erosion, restoring soil fertility, and conserving soil and water resources. 

Additionally, when crop residues are integrated into the soil after harvest, it enhances the 

organic matter content, overall soil health, and helps in reducing water pollution. 
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An appropriately planned crop rotation that includes high canopy cover crops can 
significantly contribute to sustaining soil fertility. These rotations effectively suppress weed 

growth, decrease pests and disease infestation, improve the efficiency of resource 

utilization, and enhance overall system productivity while simultaneously reducing soil 
erosion. By adopting crop rotation practices, farmers can achieve sustainable and profitable 

agricultural production while safeguarding the long-term health and productivity of their 

soil. 

D. Cover Crops: 

 

Figure 13.4: Cover Crops 

Cover crops, also known as close-growing crops with high canopy density, play a crucial 

role in protecting the soil from erosion. Among cover crops, legume crops are particularly 

effective in safeguarding soil health due to their good biomass and dense canopy. The 
success of cover crops in erosion control depends on their crop geometry and the 

development of a robust canopy, which helps intercept raindrops and minimize soil surface 

exposure to erosion. 

Studies have indicated that legume cover crops outperform other options like cultivated 

fallow and sorghum in providing better cover and protection against runoff and soil loss.  

Among the legume cover crops, cowpea, green gram, black gram, and groundnut have been 
found to be particularly effective in reducing erosion and preserving soil integrity. By 

strategically incorporating these cover crops into crop rotations or leaving them on the field 

during periods of fallow, farmers can greatly enhance soil conservation efforts, reduce 

erosion-related issues, and promote sustainable agricultural practices. 

Advantages: 

Cover crops offer a range of valuable benefits that contribute to soil conservation and 

agricultural productivity 
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• Protection from Erosion: Cover crops shield the soil surface from the erosive impact of 

raindrops and the forces of wind, reducing soil erosion. 

• Obstacle to Water Flow: They act as barriers in water flow, slowing down its velocity, 
which helps in decreasing runoff and soil loss during heavy rainfall events. 

• Increased Organic Matter: Cover crops contribute to soil organic matter content through 

the incorporation of their residues into the soil. This enhances soil fertility and overall 

soil health. 

• Biological Nitrogen Fixation: Legume cover crops have the unique ability to fix 
atmospheric nitrogen through symbiotic relationships with nitrogen-fixing bacteria in 

their root nodules. This process enriches the soil with available nitrogen, benefiting not 

only the cover crop but also subsequent crops in the rotation. 

• Improved Water Holding Capacity: The presence of cover crops helps improve the soil's 
ability to retain moisture, reducing water loss through evaporation and ensuring better 

water availability for the crops. 

• Enhanced Soil Properties: Cover crops can positively influence soil structure, aeration, 

and nutrient availability, leading to improved overall soil properties. 

• Weed Suppression: A well-established cover crop can effectively suppress weed 

growth, reducing competition for resources and promoting the growth of desired crops. 

• Increased Crop Productivity: By providing a favorable environment for the main crop 
and subsequent crops, cover crops can lead to increased agricultural productivity. 

• Overall, incorporating cover crops into agricultural practices can bring multiple 

advantages, making them a valuable tool for sustainable soil conservation and farming. 

Protection of soil from the erosive impact of raindrops, runoff, and wind. 

• Act as an obstacle in water flow, reduce flow velocity, and thereby reduce runoff and 
soil loss. 

• Increase soil organic matter by residue incorporation and deep root system. 

• Improve nutrients availability to the component crop and succeeding crops through 

biological nitrogen fixation. 

• Improve water holding capacity of the soil. 

• Improve soil properties, suppress weed growth, and increase crop productivity. 

E.  Intercropping: 

 

Figure 13.5: Intercropping 
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Intercropping refers to the practice of cultivating two or more crops simultaneously in the 
same field, often arranged in definite or alternate row patterns. The classification of 

intercropping can be based on the types of crops used, soil type, topography, and prevailing 

climatic conditions. Common types of intercropping include row intercropping, strip 
intercropping, and relay intercropping, each offering specific benefits based on its 

configuration.  

The primary goal of intercropping is to make efficient use of resources, space, and time 

dimensions. By combining erosion-permitting and erosion-resisting crops, farmers can 

optimize soil conservation efforts. Selecting crops with different rooting patterns is essential 
to ensure effective soil coverage, which reduces the direct impact of raindrops and 

minimizes soil erosion. 

Overall, intercropping provides significant advantages in terms of better soil coverage, 

reduced soil erosion from the direct impact of raindrops, and improved soil protection. By 
strategically planning and implementing intercropping practices, farmers can enhance soil 

health, maximize productivity, and promote sustainable agricultural practices. 

F.  Strip Cropping: 

 

Figure 13.6: 

Strip cropping is a farming practice that involves growing alternating strips of erosion-
permitting and erosion-resistant crops in the same field. This technique is employed to 

reduce soil erosion, control runoff, and maintain soil fertility. The erosion-resistant crops, 

which typically have deep root systems and high canopy density, act as natural barriers, 
protecting the soil from the impact of raindrops and slowing down the velocity of runoff. 

By implementing strip cropping, the runoff velocity is reduced, which allows more time for 

water to infiltrate into the soil, resulting in increased soil moisture. This additional soil 

moisture can enhance crop production, as it provides a more favorable environment for plant 
growth. In addition to mitigating soil erosion and nutrient loss, strip cropping can also be 

beneficial in preserving soil structure, preventing sedimentation in water bodies, and 

supporting biodiversity in the agricultural landscape. Overall, it is a sustainable practice that 

contributes to the long-term health and productivity of the soil. 
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Types of Strip Cropping:  

Contour strip cropping:  Contour strip cropping is indeed a farming practice where 

alternating strips of erosion-permitting and erosion-resistant crops are grown along the 

contour lines of the sloping land. 

The main objectives of contour strip cropping include: 

A. Reducing the direct impact of raindrops on the soil surface: By growing erosion-
resistant crops in alternate strips, the force of raindrops hitting the soil is reduced, 

minimizing soil detachment and erosion. 

B. Reducing the length of the slope: The contour strips act as barriers to slow down the 
flow of water down the slope, effectively dividing the long slope into shorter segments. 

This reduces the potential for concentrated flow, which can lead to soil erosion. 

C. Slowing down runoff flow: Contour strip cropping helps to control and disperse runoff 

water, preventing it from gaining high velocity and causing erosion. 
D. Enhancing rainwater absorption into the soil profile: By slowing down the flow of 

water and reducing surface runoff, more water can infiltrate into the soil, increasing soil 

moisture and promoting better plant growth. 

Overall, contour strip cropping is an effective soil conservation practice, especially on 
sloping terrains, as it helps to minimize soil erosion, retain soil fertility, and improve water 

availability for crops. It is a sustainable agricultural approach that contributes to the long-

term health and productivity of the land. 

 

Figure 13.7: Strip Cropping 
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• Field strip cropping - The specialized strip cropping you described, where crops are 

planted in parallel bands across a slope but do not follow contour lines, with alternating 
bands of grass or other close-growing species and cultivated crops, is known as "alley 

cropping" or "agroforestry strip cropping.". 

 

Figure 13.8: Field Strip Cropping 

• Wind strip cropping: Wind strip cropping is a conservation technique used to control 

soil erosion caused by wind., it involves planting tall-growing row crops (like maize, 

pearl millet, and sorghum) along with close or short growing crops in alternating strips 

across the direction of the prevailing wind, without regard to the contour of the land. 

 

Figure 13.9: Wind Strip Cropping 

• Permanent or temporary buffer strip cropping: It is the growing of permanent strips 
of grasses or legume or a mixture of grass and legume in highly eroded areas or in areas 

that do not fit into regular rotation, i.e. steep or highly eroded, slopes in fields under 

contour strip cropping. These strips are not practiced in normal strip cropping and 

generally planted permanent or temporary basis. 

 

Figure 13.10: Permanent or Temporary Buffer Strip Cropping 
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Purposes: 

• Reduce soil erosion from water and wind. 

• Strip Cropping reduces the rate of soil erosion and the runoff velocity. 

• Increasing the infiltration rate of the soil under cover condition. 

• Reduce the transport of sediment and other waterborne contaminants. 

• Protect growing crops from damage by windborne soil particles. 

• Improve water quality. 

G. Mulching: 

 

Figure 13.11: Mulching 

Mulch is any organic or non-organic material that is used to cover the soil surface to protect 

the soil from being eroded away, reduce evaporation, increase infiltration, regulate soil 

temperature, improve soil structure, and thereby conserve soil moisture.  

Mulching prevents the formation of hard crust after each rain. The use of blade harrows 
between rows or inter-culture operations creates “dust mulch” on the soil surface by 

breaking the continuity of capillary tubes of soil moisture and reduces evaporation losses. 

Mulching also reduces the weed infestation along with the benefits of moisture conservation 

and soil fertility improvement.  

Hence, it can be used in high rainfall regions for decreasing soil and water loss, and in low 

rainfall regions for soil moisture conservation. Organic mulches improve organic matter and 

consecutively improving the water holding capacity, macro and micro fauna biodiversity, 

their activity, and fertility of the soil .Inorganic mulches have a longer life span than organic 
mulches and can reduce soil erosion, water evaporation losses, suppress weeds but cannot 

improve soil health.  

This practice is costly and labor intensive therefore, suitable for cash crops such as fruits 

and vegetables. Polyethylene mulch is commonly used for the conservation of soil and water 

resources to increase crop productivity. 
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H. Conservation tillage: 

Conservation tillage is an important agricultural practice that involves leaving a significant 

amount of crop residue on the soil surface before and after planting the next crop. The main 

goal is to reduce soil erosion and promote other beneficial effects, such as carbon 

sequestration and improved soil health. 

 Benefits of Conservation Tillage: 

• Reduced soil erosion: Crop residue cover protects the soil from water and wind 
erosion. 

• Carbon sequestration: The presence of crop residues contributes to increased soil 

organic carbon   content. 

• Improved infiltration: Conservation tillage improves water infiltration into the soil, 

reducing runoff. 

• Soil moisture conservation: Crop residue cover reduces evaporation losses and helps 

retain soil moisture. 

• Enhanced soil health: Conservation tillage improves soil structure, organic matter 
content, and nutrient cycling. 

• Increased productivity: Better soil health and fertility lead to improved crop yields. 

• Soil compaction reduction: Reduced soil disturbance can alleviate compaction issues. 

 

Figure 13.12: Soil Compaction Reduction 

I. Organic Farming: 

Organic farming in relation to soil erosion and overall environmental friendliness. Organic 

farming practices focus on enhancing soil health and fertility through the use of natural, 
organic sources for plant nutrient supply, such as farmyard manure (FYM), compost, 

vermicompost, green manure, and residue mulching. These practices lead to several positive 

effects on soil erosion: 

• Continuous soil surface cover: Organic farmers often use cover crops, green manure, 

and residue mulch, which help maintain a protective cover on the soil surface. This 
cover acts as a barrier against raindrop impact and water runoff, reducing the erosive 

forces that lead to soil erosion. 
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• High organic matter content: Organic farming relies on the addition of organic 

materials, which increase the organic matter content in the soil. Higher organic matter 
content improves soil structure and stability, reducing the disintegration of soil particles 

and making the soil less susceptible to erosion. 

• Improved water infiltration: Organic matter-rich soils have better water retention 

capacity and improved water infiltration. This helps prevent surface runoff and allows 
rainwater to penetrate the soil, reducing the potential for erosion. 

• Enhanced soil aggregation: The presence of organic matter fosters the development 

of soil binding agents, such as polysaccharides. These agents help stabilize and 

strengthen soil aggregates, which further contributes to erosion reduction. 

• Reduced soil erodibility: By improving soil structure, organic farming reduces soil 
erodibility, which refers to the soil's susceptibility to erosion under specific conditions. 

• organic farming practices can significantly reduce soil erosion rates compared to 

conventional farming methods. The use of synthetic fertilizers and pesticides in 

conventional agriculture can lead to adverse environmental impacts, including soil 

degradation and erosion. On the other hand, organic farming focuses on sustainable and 
eco-friendly practices, which prioritize soil health and long-term crop productivity 

while minimizing negative environmental consequences. 

J. Land Configuration Techniques: 

Adoption of appropriate land configuration and planting techniques according to crops, 

cropping systems, soil type, topography, rainfall, etc. help in better crop establishment, 
intercultural operations, reduce runofff, soil and nutrient loss, conserve water, efficient 

utilization of resources and result in higher productivity and profitability. Ridge and furrow, 

raised bed and furrow, broad bed and furrow, and ridging the land between the rows are 

important land configuration techniques. 

• Ridge and furrow system:  Raising rainy season crops on ridges and rabi season crops 
in furrows reduces the soil crusting and ensures good crop stand over sowing on flat 

beds. Moreover, inter-row rainwater can be drain out properly during the monsoon 

period and collected in farm ponds, for life-saving irrigations and profile recharging for 
the establishment of rabi crops. It leads to the increased moisture content in soil profile 

which reduces moisture stress on plants during the drought period. This method is most 

suitable for wide-spaced crops viz. cotton, maize, vegetables, etc. 

 

Figure 13.13: Ridge and Furrow System 
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• Broad bed and furrow system: This system has been developed by the ICRISAT in 

India. It is primarily advocated for high rainfall areas (>750 mm) having black cotton 
soils (Vertisols). Beds of 90–120 cm width are formed, separated by sunken furrows of 

about 50–60 cm wide and 15 cm depth. The preferred slope along the furrow is between 

0.4 and 0.8% on Vertisols. Two to four rows of the crop can be grown on the bed, and 
the width and crop geometry can be adjusted to suit the cultivation and planting 

equipment. 

 

Figure 13.14: Broad Bed and Furrow System 

 Advantages: 

• Increase in-situ soil moisture conservation 

• Safely dispose of excess runoff without causing erosion 

• Improved soil aeration for plant growth and development 

• Easier for weeding and mechanical harvesting 

• It can accommodate a wide range of crop geometry. 

13.5 Agroforestry Measures: 

 

Figure 13.15: Agroforestry Measures 
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Agroforestry is indeed a sustainable land management system that integrates the cultivation 
of trees or shrubs with agricultural crops and livestock on the same piece of land. This 

practice has gained attention for its numerous benefits, including effective soil conservation 

and sustainable agricultural production.  

A. Soil conservation: Agroforestry systems help control soil erosion by providing a 
protective layer through the addition of leaf litter and organic matter from tree and shrub 

canopy. The leaf litter acts as a mulch, reducing the impact of raindrops on the soil 

surface and minimizing surface runoff, thus protecting against erosion. 
B. Soil health and moisture retention: The incorporation of trees and shrubs in 

agroforestry systems improves soil health by enhancing organic matter content and 

microbial activity. This, in turn, enhances the soil's moisture retention capacity, 

reducing the risk of drought stress on crops. 
C. Crop productivity: Agroforestry practices can positively impact crop productivity due 

to improved soil health, reduced erosion, and better water availability. The interaction 

between trees and crops can also create beneficial microclimates for certain crops, 
providing shade or wind protection. 

D. Environmental benefits: Agroforestry helps mitigate environmental pollution by 

reducing the need for synthetic fertilizers and pesticides, thereby promoting a more 

sustainable and eco-friendly agricultural system. 
E. Economic benefits: Apart from its environmental advantages, agroforestry also offers 

economic benefits to farmers. Trees in agroforestry systems can produce marketable 

products like fruits, nuts, timber, medicinal plants, and other non-timber forest products, 
contributing to farm income diversification. 

F. Soil erosion reduction: Studies have shown that various agroforestry practices can 

reduce soil erosion rates by up to 10% compared to conventional agriculture. This is an 
essential contribution to land conservation and protection of natural resources. 

agroforestry is a multifaceted approach that offers a range of benefits, including soil 

conservation, improved soil health, increased crop productivity, and economic 

diversification through the production of marketable tree-based products. Its potential 
to reduce soil erosion and its positive impact on the environment and farm economy 

make it an attractive and sustainable land management system. 

Types of Agroforestry Systems: 

A. Agri- Silviculture: It is the growing of agricultural crops as a primary component with 

the secondary component of multipurpose trees (MPTs) on the same managed land unit. 
The tree species bind soil particles in the root zone and increase water infiltration, and 

reduce runoff. 

B. Agri-Horticulture: Growing of agricultural crops and fruit trees on the same managed 
land unit is known as agri-horticulture. Fruit tree species like lemon (Citrus limon), 

mango (Mangifera indica), ber (Ziziphus mauritiana), and aonla (Phyllanthus emblica) 

can be successfully planted in agricultural fields and on degraded and low fertile lands 
with some restoration measures. 

C. Alley Cropping: Growing of agricultural crops in the alley formed between the hedge 

rows of leguminous nitrogen-fixing tree species. This system is one of the effective 

measures for soil and water conservation in hilly areas. 
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D. Silvi -Pasture System: Raising grasses or livestock with MPTs on the same managed 
land unit is known as silvi-pasture system. This system has the potential to reclaim 

eroded and degraded lands. Mechanical measures combined with grass species 

cultivation are more effective for controlling soil erosion processes. The grass species 
such as, Dichanthium annulatum (marvelgrass), Panicumantidotale (bluepanicgrass), 

Panicummaximum (Guineagrass), Brachiariamutica (para grass) and Pennisetum 

purpureum (elephant grass) are important in ravine restoration. 

13.6 Mechanical Measures: 

Mechanical measures or engineering structures are designed to modify the land slope, to 
convey runoff water safely to the waterways, to reduce sedimentation and runoff velocity, 

and to improve water quality. These measures are either used alone or integrated with 

biological measures to improve the performance and sustainability of the control measures. 

In highly eroded and sloppy landscape biological measures should be supplemented by 
mechanical structures. A number of permanent and temporary mechanical measures are 

available such as terraces, contour bunding, check dams. The mechanical measures are 

preferred based on the severity of erosion, soil type, topography, and climate. 

A. Bunding: 

• Contour bunding:  Contour bunding is used to conserve soil moisture and reduce 

erosion in the areas having 2–6% slope and mean annual precipitation of <600 mm with 
permeable soils. The vertical interval between two bunds is known as the spacing of 

bunds. The spacing of bund is dependent on the erosive velocity of runoff, length of the 

slope, slope steepness, rainfall intensity, type of crops, and conservation practices. 

 

Figure 13.16: Contour Bunding 

• Graded bunding: Graded bunds are made to draining out of excess runoff water safely 
in areas having 6–10% land slope and receiving rainfall of >750 mm with the soils 

having infiltration rate < 8 mm/h. 
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• Peripheral bunds: Peripheral bunds are constructed around the gully head to check the 

entry of runoff into the gully. It protects the gully head from being eroded away through 
erosion processes. It creates a favorable condition for the execution of vegetative 

measures on gully heads, slopes, and beds. 

B. Contour trenching: 

Trenches are constructed at the contour line to reduce the runoff velocity for soil moisture 

conservation in the areas having <30% slope. Bunds are formed on the downstream side of 

trenches for the conservation of rainwater. Trenches are of two types: 

 

Figure 13.17: Contour Trenching 

• Continuous contour trenches: Continuous contour trenches are constructed based on 
the size of the field in the low rainfall areas with the 10–20 cm trench length and 20–

25 cm equalizer width without any discontinuity in trench length (10–20 m). 

• Staggered contour trenches (STCs) Generally, these trenches are constructed in 

alternate rows directly beneath one another in a staggered manner in the high rainfall 

areas, where the risk of overflow is prominent. SCTs are 2–3 m long with 3–5 m spacing 
between the rows. Planting of tree species is done based on the land slope. It is highly 

effective in forestalling extension of gully head, soil loss, and arrest the overflow. 

C.  Terracing: 

 

Figure 13.18: Terracing 
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Terraces are earthen embankments built across the dominant slope partitioning the field in 
uniform and parallel segments. Generally, these structures are combined with channels to 

convey runoff into the main outlet at reduced velocities. It reduces the degree and length of 

slope and thus reduced runoff velocity, soil erosion and improves water infiltration. It is 
recommended for the lands having a slope of up to 33%, but can be adopted for lands having 

up to 50–60% slope, based on socio-economic conditions of a particular region. Where 

plenty of good-quality stones are available, stone bench terracing is recommended. 

Sometimes, semi-circular type terraces are built at the downstream side of the plants, known 
as half-moon terraces. Based on the slope of benches, the bench terraces are classified into 

the following categories: 

• Bench terraces sloping outward: These types of terraces are used in low rainfall areas 

having permeable soils. A shoulder bund is provided for stability of the edge of the 

terrace and thus has more time for rainwater soaking into the soil. 

• Bench terraces sloping inward (hill-type terraces): These types of bench terraces are 
suitable for heavy rainfall areas where a higher portion of rainfall is to be drained as 

runoff. For this, a suitable drain should be provided at the inward end of each terrace to 

drain the runoff. These are also known as hill-type terraces. 

• Bench terraces with level top: These types of terraces are suitable for uniformly 
distributed medium rainfall areas having deep and highly permeable soils. These are 

also known as irrigated bench terraces because of their use in irrigated areas. 

D. Conservation Bench Terrace:  

In the conservation bench terrace system, the land is divided into 2:1 ratio along the slope 

in which the upper 2/3 area (Donor area) contributes runoff to the lower 1/3 runoff collecting 
area (recipient area). The donor area is left in its natural slope condition. It is also known as 

the zing terrace and developed by Zing and Hauser in 1959. The runoff contributing area is 

used for cultivation of   kharif   while the lower 1/3 area with conserved soil moisture is 

used to cultivate rabi zcrops. This mechanical measure can be successfully applied in a 
semi-arid climate on mild sloppy lands (2–5%) for erosion control, water conservation, and 

improvement of crop productivity. This system can be used in silty loam to silty clay loam 

soils. CBT system resulted in the reduction of runoff from 36.3 to 7.4% and soil loss from 
10.1 to 1.19 Mg ha−1 as compared to the conventional system of sloping border. An average 

reduction of 78.9 and 88.0% in runoff and soil loss, respectively reported in the CBT system 

over the conventional system. 

13.7 Conclusion: 

The land is finite and diminishing gradually due to the increasing rate of varied kinds of 
degradation and thus there is no alternative to expend cultivable land area. The only way is 

either increasing agricultural productivity per unit resource available or restoring the 

degraded lands. Healthy soil and availability of water are vital for productivity in all kinds 
of terrestrial ecosystems because plants require fertile soil with improved Biological-

Physical-Chemical properties and good quality of water for their growth and development. 

Use of soil and water conservation measures including biological (agroforestry and 

agricultural) and mechanical measures (terracing, bunding, trenching, check dams, etc.) is 
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imperative to reduce runoff, soil erosion and to improve soil quality, water quality, moisture 
conservation, and overall crop productivity in a sustainable way. Biological measures are 

economically feasible and environmental friendly; also improve soil properties along with 

the conservation of soil and water resources. Further, the combined use of biological and 

mechanical measures will help in improving and sustaining agricultural productivity. 

Future Perspectives for Soil Conservation: 

The burgeoning world population, food insecurity and natural resource degradation are the 

major issues in the present era of climate change. It has been projected that the world 

population will be ~10 billion in 2050. Further, the rapid industrial growth and intensive 
farming practices are expected to increase the pressure on land and water resources in near 

future. Therefore, a paradigm shift in soil and water conservation, and its management is 

needed for agricultural sustainability. The some of the future concern for soil and water 

conservation and sustainable agriculture are the following: 

• Formulation of new policies and development of new technologies based on social, 
economic and cultural aspect of a particular regional. 

• Implementation and adoption of effective conservation measures for sustaining 

agricultural productivity. 

• Existing soil and water conservation practices should be improved and developed based 

on the level of natural resources degradation. 

• Greater emphasis should be given on participatory approach for effective soil and water 

conservation. 

• Post impact assessment and monitoring of soil and water conservation measures should 
be done to evaluate their efficacy in increasing productivity, monetary returns, and 

livelihood of the stakeholders. 

• Development of cost effective conservation practices to restore the degraded lands and 

to sustain agricultural productivity. 

• The efficient technologies for soil and water conservation should be demonstrated on 
farmers’ fields with their active participation. 

• Emphasis on research, education and extension of soil and water conservation effective 

technologies to the stakeholders. 

• Adoption of efficient management practices and judicious use of soil and water 

resources. 
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14. Conservation Agriculture in India, History, 

Status, Implications and Sustainability Uses 

Buriga Teja Swaroop, Kobagapu Mani Ratnam,  

Palli Susan Grace, Yalamala Prasanghi 

Abstract: 

Conservation agriculture (CA) technologies involve minimal soil disturbance, permanent 

soil cover through crop residues or cover crops, and crop rotations to increase productivity. 

Efforts in India to develop, refine, and disseminate conservation-based agricultural 

technologies have been ongoing for nearly two decades and have made significant progress 
since then, despite several constraints that impede CA adoption. In particular, tremendous 

efforts have been made in the Indo-Gangetic plains to achieve no-till wheat under a rice-

wheat rotation. There are more payoffs than tradeoffs for CA adoption, but the balance 

between the two was understood by both adopters and promoters.  

CA technologies offer opportunities to reduce production costs, save water and nutrients, 

increase yields, diversify crop production, improve resource efficiency, and benefit the 

environment. However, there are still barriers to CA technology promotion, such as a lack 

of appropriate seeders, particularly for small and medium-scale farmers, crop residue 
competition between CA use and livestock feeding, crop residue burning, the availability of 

skilled and scientific manpower, and overcoming the bias or mindset about tillage.  

To promote CA in the region, it is critical to develop a policy framework and strategies. 

This article examines the emerging concerns caused by the continued adoption of 
conventional agriculture systems, as well as the constraints, prospects, policy issues, and 

research needs for conservation agriculture in India. 

Keywords:  

Conservation agriculture, Conventional agriculture, Principles, Constraints, Prospects, 

Implications and Sustainability uses. 

14.1 Introduction: 

The concept of conservation agriculture is relatively using of new and modern cultivation 
practices. Conventional agricultural practices promote the extensive soil tillage, burning of 

crop residues and external inputs. Such practices lead to soil degradation through loss of 

organic matter, soil erosion and compaction.  

In India more than 70-75% farmers are small land holding farmer they are still using 
traditional farm practices and are major contributor in total food production. Yet, for many, 

farming is a struggle often with only rudimentary tools and implements available. 
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Conservation Agriculture is a method of planning and managing sustainable and resource-
conserving agricultural systems (CA). It aims to improve, preserve, and make better use of 

natural resources through integrated management of soil, water, crops, and other biological 

resources in conjunction with selected external inputs. Agriculture could be resource-saving 
and effective, while also improving production in a sustainable manner, with such a 

technological setup.  

Conservation agriculture includes direct planting through crop residue, minimum tillage, 

organic soil cover, improved on-farm water management, and appropriate crop rotations to 

prevent disease and pest issues. Burning crop wastes (as in the rice-wheat cropping system) 
contributes to pollution, greenhouse gas emissions, and the loss of important plant nutrients. 

Initiating processes that improve soil quality and boost resource quality when crop residues 

are left on the soil surface and no tillage is used. In order to fulfil the goals of sustainable 
agriculture production, Conservation agriculture has evolved as a new approach. It's a 

significant step in the direction of sustainable agriculture.  

Therefore, there are major benefits to Conservation agriculture. Direct advantages to 

farmers include i) lower cultivation costs due to manpower, (ii) time, and farm power 

savings, and (iii) increased input usage efficiency. More importantly, CA techniques stop 
the depletion of resources. By increasing nitrogen balance and availability, soil infiltration 

and retention, lowering water loss due to evaporation, and enhancing the quality and 

availability of ground and surface water, CA results in long-term gains in the effective use 

of water and nutrients. 

14.2 Conservation Agriculture Definition and Goals:  

Conservation agriculture is a management system that maintains a soil cover through 

surface retention of crop residues with no till/zero and reduced tillage. 

It is described as a concept for resource saving agricultural crop production which is based 

on enhancing the natural and biological processes above and below the ground. 
Conservation agriculture (CA), is not "business as usual," based on optimizing yields while 

utilizing the resources of the land and agro-ecosystem. A balance of agricultural, economic, 

and environmental benefits is achieved by CA by optimizing yields and profitability. It 
argues that the social and economic benefits of both production and environmental 

preservation-including lower input and labour costs—are larger than those of production 

alone. By using pesticides, fossil fuels, and other harmful substances, as well as by 

preserving the integrity of the environment and its services, farming communities may 

provide a wider population with better hygienic living conditions.  

As per FAO definition CA is to ⅰ) achieve acceptable profits ⅱ) high and sustained 

production levels, and ⅲ) conserve the environment. It aims at reversing the process of 

degradation inherent to the conventional agricultural practices like intensive agriculture, 
burning/removal of crop residues. Hence, it aims to conserve, improve and make more 

efficient use of natural resources through integrated management of available soil, water 

and biological resources combined with external inputs. It can also be referred to as resource 

efficient or resource effective agriculture. 
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Table 1:  Distinguishing features of conventional and conservation agriculture systems 

Sr. 

No 

Parameters Conventional Agriculture 

(CT) 

Conservation Agriculture 

(CA) 

1. Practice Disturbs the soil and leaves 

at a bare surface 

Minimal soil disturbance and 

soil surface is permanently 

coverd 

2. Cropping 

system  

Monocropping / less 

efficient rotations 

Diversified farming / more 

efficient rotations 

3. Residue 

management 

Burning or removal Retention on the soil surface 

4. Erosion  Maximum wind and water 

erosion  

Less erosion 

5. Soil health Poor  Good  

6. Water 

infiltration  

Infiltration will be lowest 

after soil pores clogged 

Good infiltration 

7. Organic matter 

content 

Low  High  

8. Weeds  Control weeds and also 

produce more weed seeds 

to germinate 

Weeds are problem only during 

early stages of adoption, later 

good control of weeds 

9. Timeliness  Operations can be delayed Optimal timeliness 

10. Yield  Lower due to delayed 

operation 

More yield when timely 

planting done 

How is conservation agriculture different from sustainable intensification? 

Sustainable intensification is a process to increase agriculture yields without adverse 

impacts on the environment, taking the whole ecosystem into consideration. It aims for the 

same goals as conservation agriculture. 

Conservation agriculture practices lead to or enable sustainable intensification. 

How is conservation agriculture differing from organic agriculture? 

Conservation agriculture and organic farming both use crop rotation to maintain a balance 

between agriculture and resources and to protect the organic matter in the soil. The main 
distinction between these two types of farming is that organic farmers use soil tillage, 

whereas conservation farmers use natural principles and do not till the soil. Tillage is used 

by organic farmers to remove weeds without the use of inorganic fertilisers. 

Farmers who practise conservation agriculture use a permanent soil cover and plant seeds 
through it. They may initially use inorganic fertilisers to control weeds, particularly in low 

fertility soils. Agrichemical use may be reduced or phased out gradually over time. 
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How is conservation agriculture differing from climate-smart agriculture? 

While conservation agriculture and climate-smart agriculture are similar, their goals are not. 
Conservation agriculture seeks to use natural processes to sustainably intensify smallholder 

farming systems while also having a positive impact on the environment. It enables farmers 

to adapt to and increase profits in the face of climate risks. Climate-smart agriculture aims 
to adapt to and mitigate the effects of climate change by sequestering soil carbon and 

reducing greenhouse gas emissions, and finally to increase the productivity and profitability 

of farming systems to ensure farmers' livelihoods and food security in a changing climate. 

Conservation agriculture systems can be considered climate-smart because they meet the 

goals of climate-smart agriculture. 

14.2.1 Principles of Conservation Agriculture: 

Conservation agriculture practices used in many parts of the world are built on ecological 

principles making land use more sustainable. Adoption of Conservation Agriculture for 

enhancing Resource use efficiency (RUE) and crop productivity is the need of the hour as 
a powerful tool for management of natural resources and to achieve sustainability in 

agriculture. Conservation agriculture basically follows 3 principles, which must be 

considered together for appropriate design, planning and implementation processes. These 

are: 

A. Minimal Mechanical Soil Disturbance:  

The biological activity of the soil creates very solid soil aggregates and holes of different 

sizes that enable the infiltration of air and water. This method, which is sometimes referred 

to as "biological tillage," is incompatible with mechanical tillage. The biological health and 

life processes of the soil will be destroyed by mechanical soil disturbance. A minimum 
amount of soil disturbance promotes/maintains ideal levels of respiration gases in the 

rooting zone, moderate organic matter oxidation, porosity for water transport, retention, and 

release, and restricts re-exposure of weed seeds and their germination. 

B. Permanent Organic Soil Cover:  

It is imperative in conservation agriculture to protect the soil from harmful effects resulting 
from exposure to rain and sun; to provide constant food supply to the soil; micro and macro 

-organisms, together with the plant roots. Soil cover is attained with biomass obtained from 

crop residues and cover crops. 

C. Diversified Crop Rotations:  

Crop rotation is essential not just to provide a variety of "food" for soil microorganisms, but 

also to search through different soil levels for nutrients that have leached to deeper layers 
and can be "recycled" by the crops in rotation. Rotation produces a variety of soil flora and 

fauna. By disruption of life cycles, biological nitrogen fixing, reduction of off-site pollution, 

and enhancement of biodiversity, the sequence and rotation of cropping with legumes 

contributes to the lowest rates of population build-up of pest species. 
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Figure 14.1: Principles of Conservation Agriculture 

14.2.2 History and Status of Conservation Agriculture in India and World: 

The term “conservation agriculture” was coined in the 1990s, but the idea to minimize soil 
disturbance has its origins in the 1930s, during the Dust Bowl in the United States of 

America. CIMMYT began work with conservation agriculture in Latin America and South 

Asia in the 1990s and in Africa in the early 2000s. Today, these efforts have been scaled up 

and conservation agriculture principles have been incorporated into projects such 
as CSISA, FACASI, MasAgro, SIMLESA, and SRFSI. Farmers worldwide are 

increasingly adopting conservation agriculture. In the 2015/16 season, conservation 

agriculture was practiced on about 180 mega hectares of cropland globally, about 12.5% of 
the total global cropland — 69% more than in the 2008/2009 season. In approximately 125 

million ha. of high-potential environments worldwide, CA is used. USA (26.5 M ha), Brazil 

(25.5 M ha), Argentina (25.5 M ha), Canada (13.5 M ha), and Australia are the top CA-
practicing nations (17.0 M ha). The adoption of CA is still in its early stages in India. Over 

1.5 million hectares have adopted zero tillage and CA over the past few years (Jat et al., 

2012; www.fao.org/ag/ca/6c.html). In the rice-wheat (RW) system of the Indo-Gangetic 

plains, zero-till (ZT) wheat is one of the main CA-based technologies being used (IGP).In 
other crops and cropping systems, the conventional agriculture based crop management 

systems are gradually undergoing a paradigm shift from intensive tillage to reduced/zero-

tillage operations. In addition to ZT, other concept of CA needs to be infused in the system 
to further enhance and sustain the productivity as well as to tap new sources of growth in 

agricultural productivity. The CA adoption also offers avenues for much needed 

diversification through crop intensification, relay cropping of sugarcane, pulses, vegetables 

etc. as intercrop with wheat and maize and to intensify and diversify the RW system. The 
CA based resource conservation technologies (RCTs) also help in integrating crop, 

livestock, land and water management research in both low-and high-potential 
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environments. Spread of these technologies is taking place in the irrigated regions of the 
Indo-Gangetic plains where the rice-wheat cropping system dominates. Zero-till seed-cum 

fertiliser drills for sowing wheat in rice-wheat systems have received the majority of 

attention in the development and promotion of conservation technologies. Additional 
interventions include alternatives to the rice-wheat system, raised bed planting techniques, 

land levelling assisted by laser technology, residue management techniques, etc.  

According to reports, the amount of wheat planted with the zero-till drill has been growing 

quickly (Sangar et al., 2005), and 25% to 30% of the wheat grown in rice-wheat-growing 

regions of the Indo-Gangetic plains of India is currently zero-tilled. The farmers in the 
northwest are also progressively implementing raised-bed farming and laser ground 

levelling. 

14.2.3 Benefits of Conservation Agriculture: 

Conservation farming seems to be the ideal solution for global problems. It improves crop 

productivity, the environment, and biodiversity. Farmers are increasingly using this farming 

method for its effectiveness: 

• Improve soil structuring. 

• Increasing soil’s organic matter. 

• Enhance soil infiltration. 

• Improve soil nutrients. 

• Protection against soil erosion. 

• Decrease weed population. 

• Organic crop protection saves biodiversity. 

• Reduce farm finance. 

A. Economic Benefits: 

The introduction of conservation agriculture has three important economic benefits: 

• Save time and reduce labor cost. 

• Reduce technical cost., fuel, machinery, etc. 

• High efficiency lower input, high output. 

B. Agronomic Benefits: 

The introduction of conservation farming leads to an increase in soil productivity: 

• Increase soil organic matter. 

• Increase conservation of soil water. 

• Improve soil structure. 

• Improve crop root anchoring. 



Conservation Agriculture in India, History, Status, Implications and Sustainability Uses 

155 

 

C. Environmental Benefits: 

Adaptation of conservation agriculture improves environment and biodiversity: 

• Reduce soil erosion. 

• Reduce infrastructure maintenance cost, roads, dams, power plants. 

• Improve water quality. 

• Filter atmosphere and improve air quality. 

• Increase soil bio-diversity. 

• Restore soil carbon content. 

14.2.4 Prospects of Conservation Agriculture:  

Now a days different countries do so many things to meet the food and energy needs for 
coming decades which will have great impact on natural resources bases, global climate 

change and energy security for India and world. A shift to no-till conservation agriculture 

is perceived to be of much fundamental value in meeting these challenges. Asian 
farmers/researchers will continue to need assistance to reorient their agriculture and 

practices for producing more with less cost through adoption of less vulnerable choices and 

pathways. Therefore, business as usual with conventional agriculture practices does not 
seem a sustainable option for sustainable gains in food-grain production, and hence CA-

based crop management solutions adapted to local needs will have to play a critical role in 

most ecological and socio-economic settings of Asian Agriculture. The promotion of CA 

under Indian/Asian context has the following prospects:   

A. Reduction in cost of cultivation – it is the key factor contributing to rapid adoption of 
zero-till technology. Cost reduction is to save money in accounts of diesel, labour and 

input costs, especially herbicides.   

B. Reduction incidence of weeds – due to adoption of zero tillage it reduces weed 
incidence and it reduce herbicides. 

C. Saving in water and nutrients – It shows that significant fertiliser and water savings are 

made possible by zero-till planting, especially for crops that are laser levelled and 

planted in beds. These savings can range from 20% to 30%. No-till soils had higher soil 
water contents than conventionally tilled soils, which suggested that less water had 

evaporated during the earlier period. Also, they discovered that the soil water content 

under no-till was around 20% higher than under conventional tillage over the course of 
growing seasons. 

D. Increased yields were consistently higher in properly maintained zero-till planted crops 

than in traditionally prepared fields for identical planting dates. Due to concomitant 
effects like the prevention of soil degradation, improved soil fertility, improved soil 

moisture regime (due to increased rain water infiltration, water holding capacity, and 

reduced evaporation loss), and the advantages of crop rotation, CA has been reported 

to increase the yield level of crops. Nevertheless, during the early stages of adoption, 
there are no yield gains and potentially a yield decline. 

E. Environmental benefits – Crop residue burning, which produces significant amounts of 

greenhouse gases including CO2, CH4, and N2O, can be completely eliminated by 
conservation agricultural practises like zero-till and surface managed crop residue 
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systems. Burning crop leftovers causes a significant loss of plant nutrients that, with 
good management, might be recycled. Crop residue burning on a large scale is also a 

severe health risk. 

F. Crop diversification opportunities – Adopting Conservation Agriculture systems offers 
opportunities for crop diversification. Cropping sequences/rotations and agroforestry 

systems when adopted in appropriate spatial and temporal patterns can further enhance 

natural ecological processes. 

G. Resource improvement – No tillage when combined with surface management of crop 
residues begins the processes where by slow decomposition of residues results in soil 

structural improvement and increased recycling and availability of plant nutrients. 

Surface residues acting as mulch, moderate soil temperatures, reduce evaporation, and 

improve biological activity. 

14.2.5 Constraints in Adoption of Conservation Agriculture: 

Farmers in a country or region, where CA is not practiced, face a number of problems which 

make adoption difficult. These problems are of diverse nature, such as intellectual, social, 

biophysical and technical, financial, infrastructural and policy. Most farmers are facing, 
several of these problems, if not all, at the same time to the effect that only very few bold 

pioneer farmers adopt CA. Farmers are not in the position to start with a blank sheet and to 

weigh objectively the merits and disadvantages of CA against conventional tillage farming. 

A. Intellectual Constraints to Adoption: 

New technologies that are quickly adopted often have obvious advantages, resulting in rapid 
acceptance and enthusiasm. In many cases, this enthusiasm fades once the new technology 

is understood and the drawbacks become apparent. CA works in the opposite direction: it 

contradicts so much of what a farmer has learned and been told that the benefits of CA are 
not immediately apparent. However, once the gradual adoption process begins, CA's 

performance improves over time. The more experience producers have with CA, the more 

convinced and positive they are about it. The less practical experience people have with CA, 

the more critical and negative their attitude towards it. A study carried out with European 
and American no-till farmers and agricultural experts came to similar conclusions. It was 

found that the experts, mostly without practical experience in CA, anticipated many 

problems for its adoption. In their opinion, the problems outweighed the benefits, resulting 
in an overall negative attitude. Farmers who were actually practising CA and had experience 

with the system, on the other hand, had an overall positive perception, with the benefits 

clearly outweighing the problems (Tebrugge and Bohrnsen 2000). CA has two intellectual 
barriers to overcome: the first is that the CA concept and principles are counterintuitive and 

contradict the common tillage-based farming experience, which has worked for generations 

and has frequently created cultural values and rural traditions; the second is a lack of 

experiential knowledge about CA and the mechanism to acquire it.  Soil tillage, and 
particularly the plough, has in most countries become part of the culture of crop production. 

Ploughing, cultivation and tillage are often synonyms for growing a crop. Cropland is 

referred to as "arable" land, which is Latin for "plough able" land. The plough was part of 
the very early developments of agriculture and has the character of a brand symbol for what 

is 'correct'. People find it difficult to accept that the plough is suddenly dangerous and that 
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crops can grow without tilling the land. Overcoming this "mental compaction" is frequently 
much more difficult than actually beginning no-till farming (Landers 2001). It's difficult to 

imagine a soil becoming softer and more structured without being tilled unless you've seen 

it happen. The second intellectual impediment to adoption is simply a lack of sufficient 

experiential knowledge about it and the means of acquiring it. 

CA covers about 7% of agricultural land worldwide. Adoption is concentrated in a few 

countries, eventually exceeding 50%, while adoption in the rest of the world is less than 

2%. This explains why most people have never seen a CA system in action. CA is rarely 
mentioned in the media because it is not yet represented in any labels or certification 

schemes and has no direct relevance to consumers. CA is also not included in university 

curricula, even at prestigious agricultural universities. This explains why, despite having 

more than twice the adoption rate of organic farming, public awareness of CA is much 
lower. Even most agricultural professionals and many farmers have never heard of CA, or 

have only vague ideas about it. Permanent no-tillage farming and CA are frequently 

unfamiliar to farmers and thus do not appear on their radar. For actual CA adoption, the 
farmer would need to know not only about CA elements in general, but also how to 

implement CA elements under the specific conditions of an individual farm. This 

knowledge is not typically available as an off-the-shelf technology package. Worse, CA is 

a complex and labor-intensive farming concept in which crop management must be planned 
ahead of time and is mostly proactive rather than reactive, as in traditional tillage-based 

systems. In tillage-based systems, soil compaction or uneven surfaces are corrected with 

tillage; in no-till systems, they must be avoided from the start. Weed and pest management 
in conventional tillage systems is frequently based on chemical or mechanical control as a 

response to the incidence, whereas in CA, the incidence of weeds and other pests is reduced 

through crop rotation planning. This increased complexity necessitates the acquisition of 
experience and knowledge. This learning process and experiential knowledge has thus 

involved a lot of trial and error for early adopters until sufficient local experience and 

knowledge has been accumulated to make the adoption easier. However, farmers, not 

scientists, are best suited to develop solutions to these practical problems. Farmers' own 
adaptive "research and development" process typically produces more timely and applicable 

results than the so-called "Green Revolution" approach of leaving the development of a 

standard technology package "ready for adoption" to the scientific community. 

B. Social Constraints to Adoption: 

Farmers in developing countries are mostly conservative and risk opposition to this 
adoption. If any farmer doing different method of agriculture from others will therefore risk 

being excluded from the community. This leads to social isolation and even to mocking, 

only very strong farmers can take a step forward. Even after seeing the success in individual 
farmer fields due to aversion created in their mind and due peer pressure other farmers not 

following. The pressure can be so bad that the community gets jealous of the success and 

instead of also adopting it, it leads to boycott including using ‘black magic’ and placing bad 
spells on the fields. For adoption of this process no need of any progressive farmer who can 

prove the success, but the farmers should socialize and integrated in the community. Other 

issues include traditional land tenure systems, in which no individual owns land, which 

makes it difficult for farmers to invest in long-term soil health and productivity 
improvement. Furthermore, communal grazing rights, which frequently include the right to 
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graze on crop residues or cover crops after the harvest of the main crop, create conflicts that 
make the adoption of CA practises difficult. These issues can be significant barriers to CA 

adoption, and conflicts arising, for example, from alternative uses of crop residues as mulch 

or animal feed cannot be resolved through orders or directives. Physical barriers, such as 
fences, may not be the best solution if they contradict the traditional social values of the 

respective cultures. Much more important in the process is that the entire community first 

understands the issues, as well as the changes and benefits associated with adopting CA, 

and then works together to find solutions. 

C. Input Constraints: 

Access to equipment, seeds, fertilisers, and herbicides is a major barrier to expanding CA 

in Africa. CA does not always necessitate more equipment than traditional agriculture, but 

some of the equipment is unique and not always available. The most notable differences are 

found in land preparation and seeding. In silty or clayey soils, the soil surface is only 
penetrated in precisely targeted seeding lines or pits. Seeds are then deposited or inserted 

directly into the ground through the mulch or ground cover layer. Some conventional 

agriculture tools (e.g., certain weeding tools) can also be used for CA, while others can be 
modified for CA (e.g., hand hoes can be made narrower to dig CA planting basins). 

Equipment costs are relatively low for nonmechanized CA involving simple hand tools (if 

the requisite equipment is available at all). When using animal- or tractor-powered 
implements, costs skyrocket. Access to (or affordability of) inorganic fertilisers, pesticides, 

and herbicides may also be a barrier to practising CA in the most productive way. However, 

one of the primary benefits of CA is that it can increase yields in situations where 

agrochemicals are unavailable or prohibitively expensive by encouraging biological 
processes and management practises that improve soil fertility, pest control, and weed 

control. Nitrogen-fixing plants, which can include shrubs, annual herbaceous plants, or trees 

like Faidherbia albida, are an essential component of most CA systems. Intercropping with 
these species boosts yields, soil health, and soil chemical and biological properties while 

decreasing weed and pest problems. Despite these advantages, spontaneous adoption of 

cover crops for soil fertility enhancement is uncommon; instead, the plants must provide 

some direct benefit, such as human food or animal fodder. 

D. Biophysical and Technical Constraints: 

Although the concept of CA is universal, this does not imply that techniques and practises 

for every condition are readily available. Depending on the specific farming situation and 

agro-ecological conditions, the actual CA practise must be developed locally in most cases. 
Farmers in each location must discover and decide on crop rotations, cover crop selections, 

and crop-livestock integration issues. A wide range of issues arise, frequently involving 

weed management, residue management, equipment handling and settings, and planting 

parameters such as timing and depth, all of which must be discovered for the first time. As 
a result, when CA is first introduced in a region, extension agents and advisors are unable 

to provide specific advice on practises and must instead develop these practises in 

collaboration with farmers. On the other hand, if properly applied, such an approach is much 
faster and more sustainable than the development of specific practises by scientists, because 

it taps into the vast pool of experience and innovation potential of the farmer community. 
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Some cover crops have been developed from weeds, and farmers have developed practises 
such as growing paddy rice or potatoes under no-till in CA without scientists even 

considering such innovations. CA with higher levels of fertilizer than conventional maize 

production has the potential to raise yields, but cash constraints are a barrier to widespread 
fertilizer use (regardless of tillage method). Most farmers in Mozambique grow maize 

without fertilizer (Bias & Donovan, 2003). The benefits from fertilizer use depend on soil 

conditions. Fertilizer use in Africa is generally low because of both demand side and supply 
side factors. Demand is often weak because of “the low -levels and high variability of crop 

yields on the one hand and the high level of fertilizer prices relative to crop prices on the 

other.”  

Aside from financial or other constraints, another technical constraint is the simple lack of 

certain technologies or inputs. There are no cover crop seeds available in many countries 
where farmers begin with CA. The availability of equipment, particularly notill direct 

seeding equipment, is also frequently an issue. Most situations now have technologies 

available somewhere in the world. However, in some areas, farmers may be unaware of 
these technologies or may not have access to them. This is usually where external assistance, 

such as knowledge sharing, or even the introduction of specific technologies, such as direct 

seeding equipment, is required. 

E. Financial Constraints: 

Although CA is typically more profitable than conventional farming practises, there are still 
financial barriers to adoption, depending on the availability of capital to invest in this change 

of production system. These constraints exist at all farm size levels, albeit to varying degrees 

and for various purposes. Converting a manufacturing system to CA is a long-term 

investment. In many cases, the change is motivated by the degradation of natural resources, 
particularly soil and water, as a result of previous tillage-based agriculture. To begin with 

CA and successfully restore soil life and health, some initial investment in the land may be 

required, such as ripping existing compactions, correcting soil pH or extreme nutrient 
deficiencies, levelling and shaping the soil surface for the cropping system envisaged under 

CA. The capital for this type of investment is not available, particularly for small 

subsistence farmers. Furthermore, the farmer requires new equipment, as most of the 
existing equipment is becoming obsolete and will most likely not find an attractive second 

-hand market. The larger the farmer, the more important this barrier, because a no-till seed 

drill, for example, is significantly more expensive than a conventional one. This conflict 

between the potential improved profit margin on one hand and the very concrete and actual 
investment requirements on the other often leads to farmers deciding not to switch to CA, 

even if they are convinced of the benefits. 

In general, CA is longer-term more profitable than traditional farming. Nevertheless, 

obtaining these long-term advantages could necessitate an upfront investment, which is 
frequently too costly or dangerous for small farmers to make on their own. Due to worries 

about household food security, vulnerable farmers are extremely risk conservative, and 

there is limited space for error. However, while many farmers experience benefits in the 

first year of using CA, others take three to seven years to see a boost in yields or profitability. 
Farmers occasionally decide to stop using CA at this time, thus long-term adoption is more 

likely when CA offers large benefits in the first or second year. When CA is promoted along 
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with sound agronomic procedures, improved seeds, and occasionally inorganic fertilisers, 
the likelihood of such an immediate benefit increases. Credit facilities are one solution in 

these cases, but sometimes the availability of contractor services or technical advice on how 

to adapt and modify existing equipment as a low-cost intermediate solution to begin with 
can also be beneficial. Modification of existing equipment has, for example, provided an 

entry point for some farmers in Brazil and Kazakhstan to begin with CA and then, after 

benefiting from higher profitability, invest in proper equipment at a later stage. Homemade 

solutions for simple CA farm tools, particularly for small farmers, are an important 

component of CA adoption in Paraguay (Lange and Meza, 2004). 

F. Infrastructural Constraints: 

Conservation agriculture also necessitates some exogenous inputs in order to achieve high 

output levels. CA improves crop growth conditions and increases the efficiency of natural 

resources and input use, but it is not a 'perpetual motion' process that would allow crop 
intensification from endogenous resources. In order to increase production intensity, inputs 

should be available near the production area, processing units, and markets where produce 

is sold. Conservation agriculture produces better results than conventional agriculture even 
when no external inputs are used, but the difference is not significant. Some inputs, such as 

fertiliser types, will differ only marginally from the requirements of conventional tillage-

based farming. Herbicides, seeds for cover- and rotational crops, and especially equipment 
for direct seeding, planting, and residue management, on the other hand, are frequently 

completely different from those used in the past and must be introduced into markets. This 

necessitates not only a good input supply infrastructure, but also a proactive attitude on the 

part of the supply sector, such as dealers and manufacturers. It necessitates collaboration 

between the farming and input supply sectors, as well as some supportive policies. 

G. Policy Constraints: 

CA adoption can occur spontaneously, but it usually takes a long time to reach significant   

levels. Adequate policies can significantly shorten the adoption process, primarily by 

removing the previously mentioned constraints. This can be accomplished through 
information and training campaigns, appropriate legislation and regulatory frameworks, 

research and development, incentive and credit programmes, and other means. However, in 

most cases, policymakers are also unaware of CA, and many existing policies work against 
CA adoption. Commodity subsidies, which reduce farmers' incentives to use diversified 

crop rotations, mandatory prescription for soil tillage by law, or a lack of coordination 

between different government sectors are typical examples. In some cases, countries have 
legislation in place that supports CA as part of a sustainable agriculture programme. If those 

countries have a programme to modernise and mechanise agriculture, the first items 

introduced under such a mechanisation programme are usually tractors with ploughs or disc 

harrows. This not only sends the wrong signal, but it also works directly against the 
introduction and promotion of CA, while also passing up an opportunity to introduce 

tractors with no-till seeders instead of ploughs, assisting in overcoming this technological 

constraint. Even in countries where many farmers practise CA, policymakers frequently 
lack awareness of the practise, and in some cases, existing policies work against it. 

Countries with their own agricultural machinery manufacturing sector frequently levy high 
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import taxes on agricultural machinery to protect their own industry. This industry 
frequently lacks suitable CA equipment in the short term, but due to high import taxes, 

farmers who want to adopt CA are unable to import equipment from abroad. In other cases, 

the import tax on raw materials may be so high that local manufacturing of CA equipment 
becomes impossible. To avoid such contradictory policies, policymakers and legislators 

must be made aware of CA and its ramifications. Where farmers do not farm their own land 

but rent land from others, there are additional issues with CA implementation: the 
accumulation of soil organic matter under CA is an investment in soil fertility and carbon 

stocks, which is currently not recognised by policymakers but is increasingly recognised by 

other farmers. Farmers who still plough know that the mineralization of organic matter acts 

as a source of plant nutrients, allowing them to "mine" these lands with lower fertiliser costs. 
This allows them to pay a higher rent for CA land than the CA farmer can. Such cases can 

be found in both "developing" African and "developed" European countries. To avoid this, 

some policy instruments are required to hold landowners responsible for maintaining soil 
fertility and carbon stock in the soil, which is difficult to achieve in the absence of 

agricultural carbon markets. 

14.3 Conservation Agriculture's Challenges: 

Challenges in conservation agriculture Conservation agriculture as an upcoming paradigm 

for raising crops will require an innovative system perspective to deal with diverse, flexible 
and context specific needs of technologies and their management. Conservation agriculture 

R&D (Research and Development), thus will call for several innovative features to address 

the challenge.  

A. Understanding the system – Unlike to conventional methods, conservation agriculture 
is far more difficult. The fundamental barrier to the adoption of CA systems has been 

site-specific expertise. Understanding the fundamental processes and component 

interactions that affect how well the system as a whole performs will be crucial to 

managing these systems effectively. For instance, crop leftovers that are kept on the 
surface operate as mulch, reducing the amount of water that evaporates from the soil 

and preserving a stable soil temperature regime. Crop leftovers can be a simple source 

of organic matter for decomposition, but they can also harbour pest populations that are 
undesirable or otherwise change the ecology of the system. No-tillage systems will 

influence depth of penetration and distribution of the root system which, in turn, will 

influence water and nutrient uptake and mineral cycling. Thus, the need is to recognize 
conservation agriculture as a system and develop management strategies. 

B. Building a system and farming system perspective – A system perspective is built 

working in partnership with farmers. A core group of scientists, farmers, extension 
workers and other stakeholders working in partnership mode will therefore be critical 

in developing and promoting new technologies. This is somewhat different than in 

conventional agricultural R&D, the system is to set research priorities and allocate 

resources within a framework, and little attention is given to build relationships and 
seek linkages with partners working in complementary fields. 

C. Technological challenges - While the basic principles that underpin conservation 

agriculture practises, such as no tillage and surface managed crop residues, are well 
understood, the key challenge is implementing these practises in a variety of farming 

situations. These difficulties are related to the development, standardisation, and 
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adoption of farm machinery for seeding with minimal soil disturbance, as well as the 
development of crop harvesting and management systems. 

D. Site specificity - Although adaptation strategies for conservation agriculture systems 

will be highly site specific, learning across sites will be a powerful way of understanding 
why certain technologies or practises are effective in one set of situations but not in 

another. This learning process will hasten the development of a knowledge base for 

sustainable resource management. 

E. Long-term research perspective - Conservation agriculture practises, such as no-tillage 

and surface-maintained crop residues, result in resource improvement gradually, with 

benefits accruing over time. Indeed, benefits in terms of yield increase may not be 
realised in many cases during the early stages of evaluating the impact of conservation 

agriculture practises. Understanding the dynamics of change and the interactions 

between physical, chemical, and biological processes is essential for developing better 

soil-water and nutrient management strategies (Abrol and Sangar, 2006). As a result, 

conservation agriculture research must have a longer time horizon. 

14.4 Implications and Sustainability uses: 

 Conservation agriculture entails a significant departure from traditional farming practises. 

Policy analysis is required to understand how CA technologies integrate with other 

technologies, as well as how policy instruments and institutional arrangements encourage 

or discourage CA (Raina et al., 2005).  

CA provides a means of halting and reversing the downward spiral of resource depletion by 

decreasing factor productivity, lowering cultivation costs, and making agriculture more 

resource-efficient, competitive, and sustainable.  

While R&D efforts over the last decade have aided in increasing farmer acceptance of zero 
tillage for wheat in rice-wheat cropping systems, this has raised a number of institutional, 

technological, and policy issues that must be addressed if CA practises are to be adopted on 

a large scale in the region on a sustained basis. 

• CA technologies affect the plant growing microenvironment significantly. Changes in 

moisture regimes, root environment, the appearance of novel diseases, and a shift in the 

insect-pest situation are just a few examples. Plant types that are suitable for the new 
environment and meet specific mechanisation needs may differ. Complementary crop 

development programmes aimed at generating cultivars better suited to new systems 

are required. Farmers' participation in research appears promise for finding and 
producing crop types that are suited to a specific environment or place. 

• Support for the adaptation and validation of CA technologies in local environments: 

Adaptive research is necessary to match CA concepts and practises to local situations. 

This should be done in partnership with local communities and other stakeholders. Crop 
species, crop and cover crop selection and management, rotations, soil cover 

maintenance, and CA equipment should all be considered. In India, resource-poor and 

small-holder farmers lack economic access to new seeds, herbicides, and sowing 

machinery, among other things (Sharma et al., 2012). This necessitates a policy 
framework that makes crucial inputs readily available. 
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• There is a need for generating a good resource database with agencies involved 

complementing each others’ work. Besides resources, systematic monitoring of the 
socio-economic, environmental and institutional changes should become an integral 

part of the major projects on CA. 

• Credit and subsidies: Another critical factor in the successful implementation of CA is 

the availability of financing to farmers to purchase equipment, machinery, and inputs 
at affordable interest rates from banks and credit agencies. At the same time, the 

government should provide a subsidy for farmers to purchase such equipment. For 

example, the Chinese government has recently undertaken a number of regulatory and 
economic measures to promote CA practises in the Yellow River Basin, including a 

subsidy on CA machinery and effective farmer training (Yan et al., 2009). This resulted 

in a significant increase in CA area. Presently, over 80% of the area under maize 

production in Shanxi, Shandong, and Henan provinces is dependent on no-till seeder. 

• Promote payments for environmental services (PES) and fines for faulty practices: 
Adopters of CA improve the environment through carbon sequestration, prevention of 

soil erosion or the encouragement of groundwater recharge. It provides ecosystem 

services, thus, farmers could be rewarded for such services, which have a great impact 
on the quality of life for all. 

• Scaling up conservation agriculture practises: Attempts to adapt CA concepts and 

technological components to the region's different agro-ecological, socio-economic, 

and farming systems began a few decades ago. More support from stakeholders, 
especially policymakers and decision-makers at the local, national, and regional levels, 

will facilitate CA expansion and let farmers to reap additional benefits from the 

technology. For more than a decade, substantial CA research has been undertaken in 

India, primarily at the Indian Agricultural Research Institute. Unfortunately, its reach 
among farmers is extremely restricted. There is a need to consider the challenges 

encountered during implementation and design a strategy that involves all parties 

involved. The majority of cases where reforms in favour of CA have happened have 
had limited success. According to FAO (2001), this is due in part to unfavorable policy 

conditions. One of the causes for the slow adoption of technology among farmers was 

the majority of farmers' previous inclination or mindset towards tillage (Hobbs and 

Govaerts, 2010). 

• CA allows for diverse cropping systems in various agro-ecoregions. Developing, 
upgrading, and standardizing equipment for planting, fertilizer placement, and 

harvesting while ensuring minimal soil disturbance in residue management for varied 

edaphic situations will be critical to CA's success. Bullock hauled equipment will be 
more useful for small landholders in various scenarios, such as in steep stretches. 

Ensuring quality and availability of equipment through appropriate incentives will be 

important. In these situations, the subsidy support from national or local government to 

firms for developing low cost machines will help in the promotion of CA technologies. 

Conservation agriculture technologies are the future of sustainable agriculture. There 

are potential benefits of conservation agriculture across different agro-eco-regions and 

farmers groups. The benefits range from nano-level (improving soil properties) to 

micro-level (saving inputs, reducing cost of production, increasing farm income), and 
macro-level by reducing poverty, improving food security, alleviating global warming. 

There is a need for a global movement for promoting conservation agriculture. In India, 

the concept of conservation agriculture may be integrated with various government 
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programs by sensitizing policy advisors, professionals and financial institutions. The 
benefits of conservation agriculture need to be effectively communicated to all the 

stakeholders for its widespread adoption by the farming community. Failing that the 

sustainability of agriculture would be under threat and adversely affect natural resources 
and agricultural production. The most affected would be the under privileged and poor 

farmers in unfavorable and marginal areas. So it can be concluded that conservation 

agriculture is most need for Indian agricultural land for longer utilization and effective 

crop production 

14.5 Conclusion: 

Conservation agriculture represents a new paradigm for agricultural research and 

development that differs from the traditional one, which was primarily focused on meeting 

specific food grain production targets in India. A paradigm shift has become necessary in 

light of widespread resource degradation issues that have accompanied previous strategies 
to boost production with little regard for resource integrity. Integrating productivity, 

resource conservation, soil quality, and environmental concerns is now critical to long-term 

productivity growth. In terms of knowledge base, developing and promoting CA systems 

will be extremely difficult. 

The traditional approach to agricultural research and development in India has been 

replaced by a new approach that promotes conservation agriculture. It is becoming 

increasingly important to incorporate issues of productivity, resource conservation, soil 
quality, and the environment into continuous productivity increases. It will be difficult to 

develop and promote CA systems without a solid knowledge base. Conservation agriculture 

provides a chance to prevent and reverse the downward spiral of resource degradation by 

lowering cultivation costs and increasing resource use efficiency, competitiveness, and 
sustainability in agriculture. The new mission must emphasise resource conservation while 

increasing output. 

Despite the obvious productivity, economic, environmental, and social benefits of CA, 

adoption does not occur on its own. Individual farmers have valid reasons not to implement 
CA in their specific farm situation. The obstacles range in origin from intellectual, social, 

financial, biophysical and technical, infrastructural, to policy issues. Knowing the 

bottlenecks and problems allows for the development of strategies to overcome them. Crisis 

and emergency situations, which appear to be becoming more common in a climate change 
scenario, as well as political pressures for more sustainable use of natural resources and 

environmental protection on the one hand, and improving and eventually attaining food 

security on the other, provide opportunities to harness these pressures for supporting the 
adoption and spread of CA and assisting in overcoming existing adoption barriers. As a 

result, the growing challenges confronting the world, ranging from the recent sudden global 

crisis caused by soaring food prices, high energy and input costs, rising environmental 
concerns, and climate change issues, provide policymakers with justification to implement 

supportive policies and institutional services, even including direct payments to farmers for 

environmental services from agricultural land use, which could be linked to the introduction 

of sustainable farming methods such as CA. In this way the actual global challenges are 
providing at the same time opportunities to accelerate the adoption process of CA and to 
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shorten the initial slow uptake phase. Conservation agriculture could decrease soil 
detachment and increase water infiltration that implies a decrease of water runoff; 

consequently, soil erosion would be reduced. Effects of conservation agriculture on 

reducing erosion were mainly caused by crop residues retained on the soil surface. 
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Abstract: 

Water is considered as the most critical resource for sustainable agricultural development 

worldwide. Irrigated areas are increasing day-by-day, while fresh water supplies are 
diverted from agriculture to meet the increasing demand of domestic use and industry. 

Furthermore, the irrigation use efficiency is very low as less than 65 % of the applied water 

is actually used by the crops. Application of proper water management practices is a 

priority for agriculture in arid areas. So, under climate change and water scarcity 
conditions extra effort should be given over time to introduce policies aiming to increase 

water use efficiency through better water management practices. Better management 

usually refers to improvement of water allocation and efficiency of irrigation water. The 
former is related to adequate pricing, while the latter one depends on the type of irrigation 

method, scheduling of water application and weather condition. Different agricultural 

practices, such as soil management, irrigation application and disease-pest control are 

related with the sustainable water management in agriculture. The adoption of sustainable 
water management is not only a technological problem but involves many other 

considerations related to social behavior of rural communities, the economic constrains, 

legal and institutional framework. Sustainable water management in agriculture can be 
achieved by adopting different management practices, such as improvements in irrigation 

application, water pricing, reuse of wastewater, soil and plant practices, farmers’ 

participation in water management and capacity building. 

Keywords:  

Irrigation, Water efficiency, Water reuse, Innovation, Capacity building. 

15.1 Introduction: 

Water is one of the most essential natural resources of the planet. Water is also the most 

critical resource for sustainable development in most of the developing countries. The 

quantities that are needed for drinking and sanitation purpose of humans are relatively small, 

and much larger quantities of water are required for many other purposes. It is essential not 
only for agriculture, industry and economic growth of a country, but also it is the most 

important component of the environment and ecosystem, with significant impact on overall 

wealth and nature conservation. Agricultural and industrial activities critically depend on a 
sufficient amount of fresh water that is withdrawn from rivers, lakes and groundwater 

aquifers.  
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Currently, the rapid growth of world population along with the extension of irrigation 
dependent agriculture, development of industrial sector and climate change are stressing the 

quantity and quality of the natural water systems. Due to the increasing problems, human 

have begun to realize that they can no longer follow "use and discard" methodology either 
with water resources or any other natural resources. As a result, the need for water 

management has become evident. Climate change has already started to affect the 

hydrological cycle and the availability of freshwater for agriculture. So, proper water 

management practices play crucial roles in the food production and the management of 
ecosystems. Over the last century global irrigated area has increased more than six fold from 

approximately 40 million hectares in 1900 to more than 260 million hectares in 2000. Today 

more than 40% of the world’s food comes from the irrigated cropland which is 18% of the 
total cultivated crop land. Irrigated area is increased by almost 1% every year and the 

demand for irrigation water will increase by 13.6% by 2025 (Jensen, 1993). On the other 

hand about 8-15% of fresh water supply will be diverted from agricultural sector to meet 
the increased demand of domestic and industrial use. On the other hand the efficiency of 

irrigation is very low, only 65% of the applied water is used by the crop (Figure 15.1). So, 

to overcome shortage of irrigation water for agriculture, it is essential to increase the water 

use efficiency in the crop field and to use marginal water for irrigation.   

 

Figure 15.1: Water Losses in Agriculture 

15.2 Water Management and Climate Change: 

According to the Intergovernmental Panel on Climate Change (IPCC, 2007), climate change 

is a significant threat to all nations, in particular, developing nations that are dependent on 

agriculture for subsistence.  Climate change appears as an additional threat to water security 
because changes in rainfall and other climatic variables due to climate change leads to 

significant changes in fresh water supply in many regions (6–11). However, the effect of 

climate change on water resources is uncertain for different reasons. Observed data and a 

number of climate projections show that changes in water quantity and quality due to 
climate change are expected to impact negative affect on food security and increase the 

vulnerability of poor farmers, especially in arid and semi-arid regions. In many countries, 
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agricultural production is already being adversely affected by climate change (FAO, 2016a). 
Higher temperature, less supply of water, more frequent occurrence of droughts and floods 

are likely to reduce yields in many areas. However, there are many non-climatic factors 

such as expanding population and urbanization, increasing competition for natural 
resources, improvement in agronomic management practices, technological innovations, 

global economic growth, trade and food prices that strongly influence agricultural 

production. These non-climatic factors have more instant impacts on water resources than 
those caused by climate change (Bates et al., 2008). For this reason, it is more important to 

understand the current status of water management before assessing the impacts of climate 

change. From agricultural water supplies to flood management and ecosystem protection, 

climate change is affecting all aspects of water resource management. Rising average air 
temperature, loss of snowpack, frequency of flood events and rising sea level are some of 

the impacts of climate change that have broad implication for water resource management.  

15.3 Water and Agricultural Production: 

Currently about 70% of the total water used in agriculture is mainly applied for irrigation. 

Although irrigation has been practiced from the ancient era, most of the irrigated lands were 
introduced in the 20th century. In the 1980s, the global rate of increase in irrigated area 

slowed considerably due to high cost of irrigation system construction, depletion of 

irrigation water, soil salinization and the problems of environmental protection. However, 
as the world population is increasing at a rapid rate, irrigation has an important role in 

increasing land use efficiency. Thus in the future, irrigated farming is expected to expand 

rapidly with subsequent increase of water demand for irrigation.   

Irrigation is not sustainable if water supply is not reliable, especially in the areas where 

water scarcity is the major problem for development of irrigation. So, extra Effort is needed 
to find economically suitable crops which can grow using minimal water, to use 

management practices that can minimize losses of water by evaporation from the soil and 

percolation of water beyond the depth of root zone and also to minimize losses of water 
from storage and delivery systems. Nowadays, during a period of dramatic changes in 

uncertainty of the water resources there is a need to provide encouragement and support to 

farmers to move from their traditional high-water demand cropping system and irrigation 

practices to modern technologies, less water demanded cropping systems.   

Under scarcity of available water considerable efforts have been devoted over time to 

introduce different policies aiming to increase water use efficiency based on the assertion 

that can be achieved using less water through better management practices. Better 

management practices usually refer to improvement of allocate and irrigation water 
efficiency. The former is related to adequate pricing, while the latter depends on the type of 

irrigation method, timing of water application and prevailing weather condition. The yield 

response curve of any specific crop depends on various factors, such as weather condition, 
soil type and the reduction in the agricultural inputs like fertilizers and pesticides (Figure 

15.2). Therefore, it is difficult for a farmer to tell whether the yield loss is due to water 

deficit or not. Over-irrigation can cause water-logging condition for the crop, loss of 

nutrients due to leaching or deep percolation, contamination of the aquifers from washout 
agrochemicals, favourable environment for development of diseases, reduction of crop 

yield, increase in production cost also can create temporal water shortage to other farmers. 
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Figure 15.2: Plant Yield Response to Water 

15.4 Water Management in Agriculture: 

Water management in agriculture aims to match water needs and water availability in 

quality and quantity, in space and time, at reasonable cost and with acceptable 

environmental impact. Its adoption depends on social behaviour and economic constrains 
of rural communities, legal and institutional framework, agricultural practices and 

technological problems.   

Under water management practices most attention is given to irrigation scheduling (when 

to irrigate and how much water to apply) giving minor importance to irrigation method (how 

to apply the water in the field). Many parameters like climatic condition, water availability 
in the soil, crop growth stage and its sensitivity to water stress determine irrigation 

frequency (when to irrigate). However, the frequency depends on the irrigation method and 

both irrigation scheduling and irrigation method are inter-related. 

15.4.1 Localized Irrigation: 

Localized irrigation is widely used as one of the most efficient methods of irrigation (Keller 
and Blienser, 1990). Localized irrigation systems such as trickle or drip irrigation, micro-

sprayers apply the water to individual plants by plastic pipes usually laid on the ground 

surface. With drip irrigation system water is applied through small emitter openings from 
plastic pipes with a slow discharge rate of ≤ 12 l/h). With micro-sprayer or micro-sprinkler 

irrigation system water is sprayed over the crop plants with a discharge rate 12 to 200 l/h. 

The aims behind the localized irrigation are mainly the application of water directly into the 
root zone under the condition of low water availability, the avoidance of water losses during 

or after water application and the reduction of the water application cost because of less 

labour requirement.  

Studies in diverse countries like India, United States, Israel and Spain have shown that drip 

irrigation can reduce water use by 30 to 70% and raises crop yield almost by 20 to 90% 

(Postel et al., 2001).  
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Combination of water saving and higher yield typically increases the water use efficiency 
at least by 50% that makes drip irrigation system a leading technology in the global 

challenge of increasing crop production in the face of climate change and serious water 

scarcity.  

Although the area under localized irrigation has expanded 50 times over the last two 
decades, it still represents less than 6% of the world’s total irrigated area. The main reasons 

to its less expansion are the initial high investment cost (ranging from 1500 to 2500 € per 

hectare) and the high sensitivity to clogging.   

Improvements in localized irrigation aiming to reduce the volume of water applied and 

increase the water use efficiency, the use of micro-sprayers in the soils having high 
infiltration rate, the adjustment of timing and duration of water application according to the 

soil and crop characteristics, the control of pressure and discharge variations, the use of 

appropriate filters and emitters, the adoption of proper maintenance, automation, 
chemigation (easy control of weeds and soil borne diseases) and fertigation (efficient 

fertilizer application). 

15.4.2 Irrigation Scheduling: 

Irrigation scheduling is a decision making process for deciding when to irrigate the crops 

and how much water to apply. It forms the sole means for conserving water and it is the key 
to improve the performance and sustainability of the irrigation systems. It requires good 

knowledge about the water requirements of the crops and the characteristics of soil and 

crops that determines when to irrigate and how much water to apply (Figure 15.3).  

In most of the cases, the farmer’s skill determines the effectiveness of the irrigation 
scheduling at the field level. By adopting appropriate irrigation scheduling runoff, deep 

percolation and leaching out of fertilizers out of the crop root zone can be controlled, water 

logging can be avoided, water and energy saving can be done as less water is used, higher 

yield can be obtained and rising of saline water table can also be avoided. Irrigation 
scheduling is more important in water scarce regions than under condition of abundant 

water, since any excess use of water is a potential cause for deficit for other uses or users. 

Irrigation techniques and tools vary greatly and have different characteristics relative to 

their applicability and effectiveness. Timing and depth of irrigation scheduling can be 
decided by using several approaches based on measurement of soil water, soil water balance 

and plant stress indicators in combination with different models. 

However, many of these models need further developments before they can be used in 

practice. Most of them require technical support by extension programmes, extension 

workers and technological expertise of the farmers. However, still in most of the countries 
these programmes do not exist because they are expensive, trained extension workers are 

lacking, farmer’s knowledge and awareness of water saving in irrigation is not enough and 

the institutional mechanisms developed for irrigation management give low priority to the 
actual farming systems. Therefore, large limitations occur for their use in the farmers’ 

practices. A brief description of irrigation scheduling techniques is reported below. 
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Figure 15.3: Irrigation Scheduling Components 

A. Soil water estimates and measurements: 

Soil water affects plant growth directly through its controlling effect on plant water status. 

There are two ways to measure the availability of soil water for the plants: by measuring 
the soil water content and soil water potential (how strongly soil water is retained in the 

soil). The accuracy of the information depends on the sampling methods and to the selection 

of location. Soil water estimates and measurements used for irrigation scheduling include: 
measurement of soil water content and soil water potential with tensiometers, soil 

spectrometers or pressure transducers, soil appearance and feel, remotely sensed soil 

moisture. 

B. Crop Stress Parameters:  

Instead of estimating or measuring the soil water parameters, it is possible to receive a signal 
from the plants itself indicating the time of irrigation. This message can either come from 

an individual plant tissue (where a correct sampling is required) or from the whole canopy.  

Crop stress parameters include canopy temperature, leaf water content and leaf water 

potential, sap flow measurement, changes in stem or fruit diameter and crop stress identified 

by remote sensing (Deumier et al., 1996; Itier et al., 1993). 

C. Weather Parameters: 

Local or regional weather parameters are widely used for scheduling irrigation. Weather 

data and empirical equations that are locally calibrated are used to estimate accurate 

reference evapotranspiration (ETo) for a given area and then crop evapotranspiration (ETc) 
is estimated using appropriate crop coefficient according to the crop growth stage for a 

particular crop. On the basis of the crop evapotranspiration rate irrigation scheduling is 

done. This technique reduces the excess use of water.  
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D. Soil – Water Balance: 

The aim of soil water balance approach is to measure the water content in the crop root zone 

by water conservation equation:  Δ (AWC × Root depth) = Balance of entering + outgoing 

water fluxes, where AWC is the available water content. Climate data, soil and crop 
characteristics are used to produce typical irrigation scheduling calendars by sophisticated 

models.  

This approach can be applied for individual farms and also for large regional irrigation 

schemes. However, it needs expert persons, support by extension services and link with 

information systems. Its effectiveness is high and depends on technological development 
and support services of the farm. Some examples of commercial software based on soil-

water balance approach for irrigation scheduling are IMS (Hess, 1996), SIMIS (FAO, 

1999b). MARKVAND, SALTMED (Ragab, 2002). 

E. Effective Irrigation Scheduling: 

It is proved that appropriate irrigation scheduling can lead to improvement in irrigation 
water use efficiency, especially at farm level. The farmers should control the timing and the 

depth of irrigation. However, the practical application of the irrigation methods has been far 

below expectation.  

The main constrains to effective implementation of crop-based and water-saving irrigation 
scheduling are the lack of flexibility either due to rigid scheduling or the system limitations, 

the high cost of irrigation scheduling (cost for technology and labour covers more than 30% 

of the total), the lack of education and training about the irrigation management among the 

farmers, the lack of interactive communication between researchers, extension workers and 
farmers and finally the lack of demonstration and technology transfer. One of the major 

obstacles to effective irrigation scheduling is the inability of delivery systems to deliver 

water at the farm with the flexibility and reliability required. In modern irrigation networks, 
water is available only on demand basis, although discharge may be limited due to technical 

or economic reasons. The farmers are free to select and adopt the irrigation methods which 

they consider more appropriate to their crops and farm conditions. However, in case of 
limited water supply or drought, proper effective irrigation scheduling must be minted to 

check excess water use. Finally, government and different agencies are making effort to 

disseminate knowledge, upgrade training at all levels, transfer technology, incite decision-

makers to changes.  

14.4.3 Fertigation: 

The application of fertilizers through irrigation water is called fertigation which has become 

a common practice in modern agriculture. Localized irrigation systems which are highly 

efficient for water application, are also quite suitable for fertigation. The soluble fertilizers 

at required concentrations are applied through the irrigation system to the soil. But there are 
some disadvantages which include the non-uniform chemical distribution when irrigation 

designs are not adequate and the over-fertilization when irrigation is not based on actual 

crop requirement. 
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15.4.4 Deficit Irrigation Practices: 

In the past, irrigation scheduling did not consider limitations of the water supplies. Then 

irrigation scheduling was done based on covering the full water requirements of the crops. 

However, in arid and semi-arid regions especially in the developing areas increasing 

demands for water for municipal and industrial use reduce steadily water allocation to 
agriculture. Thus, water availability for crops is usually becoming limited and certainly not 

enough to get maximum crop yields. So, irrigation strategies not based on full water 

requirements of crops should be adopted for more effective use of available water. Such 
irrigation management practices include deficit irrigation, partial root drying and subsurface 

irrigation. 

A. Regulated Deficit Irrigation: 

Regulated deficit irrigation (RDI) is a strategy under which crops are allowed to sustain 

some water deficit and yield reduction. Under regulated deficit irrigation system the crop 
plants are exposed to certain degree of water stress either during a particular growth phase 

or throughout the growing period. The main objectives of RDI are to increase water use 

efficiency (WUE) of the crop by eliminating irrigation schedules that have little impact on 
crop yield and to improve control on vegetative growth for improving fruit size and quality. 

The resulting reduction of yield may be small compared with the benefits obtained through 

diverting the saved water to irrigate other crops for which water would be insufficient under 

conventional irrigation practices. 

The adoption of deficit irrigation needs appropriate knowledge on crop ET, crop response 
to water deficit including identification of critical crop growth stages and the economic 

impact of yield reduction strategies. Before implementing RDI it is necessary to know the 

crop yield response to water deficit during a particular growth stage or whole period. Crop 
yield response to deficit irrigation is explained by the equation Y/Ym = 1-Ky [1-ETa/ETm] 

(Stewart et al., 1977), where Y and Ym are the expected and maximum crop yield, ETa and 

ETm are the actual and maximum ET, and Ky is the crop response factor. Ky gives an 

indication of whether the crop is tolerant to water stress and it depends on crop species, 
variety, growth stage and irrigation method. High yielding varieties are more sensitive to 

water stress. Crops or varieties with short growing periods are more suitable for RDI. 

Furthermore, to ensure successful RDI, the water retention capacity of the soil should also 
be considered. RDI must be applied during the period when shoot growth is rapid and fruit 

growth is slow. RDI can be applied successfully for row crops like potato, maize, soybean, 

sugar beet, sunflower and tree crops like grapevines, citrus, peaches, olives etc. 

B. Partial Root Drying: 

Partial root drying (PRD), first applied to grapevines, is a new irrigation technique that 
allows one half of the crop’s root system to dry while the other half is irrigated. Wet and 

dry sides of the root system alternate on a 7-14 day cycle. During water stress grapevine’s 

first line of defence is to close its stomata to reduce transpiration. The principal compound 
that regulates this response is abscisic acid (ABA). As soil water availability falls, the drying 

roots starts to synthesize ABA and transported it to the leaves through the transpiration 
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stream (Loveys et al., 1999). Stomata respond by reducing aperture, thereby restricting 
water loss. Improvement of WUE results from partial closure of stomata. Switching of the 

wet and dry sectors of root zone on regular basis is necessary. PRD can be successfully 

applied with drip irrigation and even with subsurface irrigation in grapevines and with 

furrow irrigation in citrus and pear.  

15.4.5 Subsurface Drip Irrigation: 

Subsurface drip irrigation is a low-pressure, low volume irrigation system that uses buried 

tubes to supply water. The water moves out of the tubes by the soil matrix suction force. 

Wetting occurs around the tubes and then water moves out in the soil in all directions. The 
potential advantages of subsurface drip irrigation are: a) conservation of water, b) 

enhancement in fertilizer use efficiency, c) uniform and highly efficient application of 

irrigation water, d) elimination of surface infiltration problem and evaporation losses, e) 
flexibility in providing frequent and light irrigation, f) less weeds infestation, g) low 

pressure requirement for operation. The main disadvantages are: a) high cost of initial 

installation and b) increased possibility for clogging especially when poor quality water is 

used. Subsurface drip irrigation system is especially suitable for high value fruit and 
vegetable crops, turfs and landscapes. The tubes are installed below the soil surface either 

by digging the ditches or by special device pulled by the tractor. The depth of installation 

depends on soil characteristics and crop species ranging from 15-20 cm for vegetable crops 

and 30-50 cm for fruit crops. 

15.4.6 Agricultural Practices: 

Different agricultural practices such as soil management, fertilizer application and disease 

and pest control are related with the water management in a sustainable way to reduce water 

losses without hampering the environment. Today agricultural practices are characterized 
by the abuse of fertilizers. Farmers very rarely carry out soil and plant analysis to clarify the 

proper quantity and type of fertilizer needed for each crop because this process increases 

the cost of agricultural production. Agrochemicals, such as herbicides and pesticides are 
also excessively used endangering the quality of the surface water and negatively affecting 

the environment. There are a large number of traditional and modern soil and crop 

management practices for water conservation (like runoff control, improvement of soil 

infiltration, increase water holding capacity of soil, control of soil water evaporation) and 

erosion control in agriculture. The soil management practices consist of: 

a. Soil surface tillage:  Shallow tillage practices are done to produce a rough soil surface 

which permits short time storage of the rainfall in excess to the infiltration. 

b. Contour tillage: Soil cultivation is done and small furrows and ridges are made along 
the land contour that prevents runoff. This technique is also effective to control erosion 

and may be applied to row crops and also to small grains where field slopes are low. 

c. Conservation tillage: No-tillage or reduced tillage is done where residues of the 

previous crop are kept on the soil. The crop residues act as mulch which protects the 
soil from direct impact of raindrops controlling crusting and sealing processes. 

Conservation tillage helps to maintain high organic matter level in the soil. It is also 

highly effective in improving soil infiltration rate and controlling soil erosion.  
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d. Mulching: Mulching with crop residues on soil surface slowdowns water flow over the 
field, reduces evaporation losses, improves infiltration rate and also contributes to weed 

control. 

e. Organic matter: Increasing or maintaining the amount of organic matter in the upper 
layer of the soils provides better soil aggregation, increases water retention capacity of 

the soils and reduces crusting or sealing on soil surface.  

f. Fine material or hydrophilic chemicals: Addition of fine material or hydrophilic 

chemicals to the coarse soils increases the water retention capacity of the soils and also 
controls deep percolation. Thus, water availability in the soils which have low water 

holding capacity is increased. 

g. Acidity control: Acidity control of the soils by the application of lime and similarly 
application of gypsum to the soils with high pH favour more intensive and deep rooting, 

better crop development and improve soil aggregation, thus some increase in soil water 

availability.  
h. Weed control: Adoption of appropriate weed control techniques is done to alleviate 

competition for available soil water and transpiration losses by weeds. 

15.5 Recommendations for Best Irrigation Practices: 

The supply of water for irrigating the crops is decreasing steadily due to competition with 

demands of municipal and industrial sectors. Therefore, human resources management, 
technology and policy innovation are needed to increase the use efficiency of the available 

water. Sustainable water management in agriculture can be achieved by: 

a. Reduction of water losses: Water leakages from the water reserves should be detected 

via advanced technologies like telemetry systems, remote sensing, GIS etc. Old water 

projects experiencing water losses should be modernized and rehabilitated. 
b. Improve the efficiency of irrigation system: Improvements in sprinkler irrigation 

system (efficiency up to 85%) include the correction of sprinkler spacing, use of 

pressure regulators, monitoring and adjustment of pressure equipment, the design for 
pressure variation not exceeding 20% of the average sprinkler pressure, application of 

irrigation during no windy periods, use of smaller spacing and large sprinkler drops, 

adoption of application rates smaller than the infiltration rate of the soil and proper 

maintenance of the system. Improvements in localized irrigation systems include 
reduction of the volume of water applied by using a single drip line for a double row 

crop to increase the water productivity, use of micro-sprayers in soils with high 

infiltration rate, adjustment of duration and timing of water application to soil and crop, 
control of pressure and discharge variations, use of appropriate filters to the water 

quality, adoption of automation and careful maintenance. 

c. Increase water use efficiency: Increase in water use efficiency can be achieved with 
the use of localized irrigation systems by the farmers with or without subsidies, proper 

irrigation scheduling according to actual requirements of the crops, introduction of 

appropriate agronomical practices according to the climate and the application of 

salinity and acidity management techniques. 
d. Adoption of innovative irrigation techniques:  In regions with water scarcity, 

irrigation techniques not necessarily based on full crop water requirements like 

subsurface irrigation or regulated deficit irrigation must be adopted. Fertigation 



Water Management Practices Under Climate Change 

179 

 

(efficient application of fertilizers) and chemigation (easy control of weeds and soil 
borne diseases) should also be promoted among the rural farmers. 

e. Water pricing policy: An increasing block tariff charging system, that discourages 

water use levels exceeding critical water requirements of the crops, must be introduced. 
It will be the basis for promoting water conservation, reducing water losses and 

mobilizing water resources. But it could affect cropping patterns, efficiency of water 

management, income distribution and generation of additional revenue for operating 
and maintenance of water projects. 

f. Reuse of marginal waters (reclaimed or brackish) for irrigation: Reclaimed waters 

can be used under some restrictions for irrigation of trees and fodder crops. Treated 

sewage should be looked upon with skepticism by the farmers. They instead prefer to 
use surface or groundwater for irrigation. Special effort is needed for educating farmers 

to accept treated sewage. In addition the tariff for these sources of water should be lower 

than the tariff of the primary sources. This may not be difficult to achieve because the 
primary and secondary levels of treatment are regarded as sunk costs since they are 

required by the new WFD. When using low quality irrigation water like brackish or 

saline water an integrating approach for crop (salt tolerant varieties) field management 
(suitable tillage practices) and suitable irrigation system should be adopted. 

g. Wider and effective participation of the public: Need wider and more effective 

participation of Government sectors and NGOs in decision-making and the preparation 

of water management plans, monitoring the implementation and generally in the 
management of water. The participation of these groups raises support on the part of 

the body politics and also promotes success in possible conflict resolutions. 

h. Capacity building: The existing “capacity building” is under poor condition. It needs 
appropriate competent personnel, advance technologically based devices and facilities, 

legal guidelines, efficient administrative and effective processes for the sustainable 

management of the water resources. It includes:  

• Education and training of professionals, technical staffs, decision makers and others 

including non-public organizations is necessary for sustainable water management.  

• Institutions should be staffed with qualified manpower like managers, engineers, 
technicians etc. 

• Water authorities should apply updated technologies, advanced devices and programs 

e.g.  GIS, remote sensing etc. These advanced techniques help water managers in their 

decision- making.  

• Water authorities should participate in the formulation of agricultural policies because 
the development of water and land should be fully integrated. In practice, agricultural 

decisions are water decisions and vice versa. 

15.6 Conclusion:  

Climate change already starts to hamper agriculture, especially in the areas under arid and 

semiarid climatic regions. Thus the reduction in rainfall and the increase in temperature 
cause reductions in yield and profit, as crops are impacted by water and heat stress. Under 

this perspective, implementation of appropriate adaptation and mitigation strategies will 

help to reduce these negative impacts ensuring the economic and environmental 
sustainability of the current agricultural system. Correct water management strategies or 

soil management practices of conservation agriculture are some of the measures 

recommended.  
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To identify those management strategies more suitable for each crop and location, a correct 
characterization of the agricultural systems will be critical. Thus crop phenology and its 

sensitivity to water or heat stress, soil characteristics, availability of water resources are 

some knowledge requirements that must be considered for implementation of water 

management practices under climate change.  
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Abstract: 

Sustainable crop production is necessary for both environmental and global food security. 

Due to its sustainable practices, including scheduled crop rotations, permanent soil cover, 

and integrated weed management, conservation agriculture (CA) is becoming more and 
more popular all over the world. Additionally, CA can promote soil water retention and 

lessen erosion, which will improve water quality and decrease runoff. Adopting CA methods 

can also support biodiversity and improve soil carbon sequestration, aiding in the fight 

against climate change.  

The use of more herbicides has been associated with weed control in conservation 

agriculture in other nations, but problems with chemical access, herbicide resistance, and 

environmental consequences, there is the need for more effective weed elimination methods 

that may be used by smallholder farmers. Climate, soil type, and the availability of 
resources were taken into account while evaluating the regional applicability of these weed 

management tactics. The analysis also took into account the unique difficulties encountered 

by rainfed smallholder farmers, such as their limited access to inputs and shortages of 

labour.  

There are still several solutions lacking in this chapter which are necessary for smallholder 

farmers. This combination expected to reduce weed competition while also being financially 

sensible and long-lasting. To ensure correct use and continuous success of these strategies, 

it is also necessary to offer farmers support and training. 
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16.1 Introduction: 

Over the upcoming years, a confluence of challenges, increasing migration and population 

growth, labour shortages, decreased food scarcity, climate change, and agricultural output, 

will affect agriculture, especially smallholder agriculture in emerging nations. In terms of 
putting into practice sustainable farming methods. This entails using practices that improve 

soil health and minimize chemical inputs, such as crop rotation, conservation tillage, and 

organic farming techniques. In order to increase knowledge of the value of sustainable 

agriculture and inspire farmers to adopt such techniques for long-term food security, it is 
also important to participate in research and education. Crop production is a crucial part of 

agriculture, which ensures the global food supply. The first and most important agronomic 

element that results in optimal crop production is effective soil management. The term 
"conventional tillage," has been described as a system that includes primary deep cultivation 

and secondary agriculture operations, is firmly connected with modern agriculture (Holland, 

2004). Agriculture's use of tillage dates back thousands of years, when it was primarily used 
to benefit animals and productive areas near rivers. (Hillel, 1992). Tillage is the process of 

modifying the soil to improve the aggregates for the development and also for suitable well-

prepared seed bed before planting. It serves a variety of purposes and promote appropriate 

emergence of seeds due to optimal positioning that provides sufficient nutrition, light, and 
water (Reicosky and Allmaras, 2003). Further, through tillage, additionally the soil gets 

modified with a number of substances.. Moreover, it helps to prevent and treat diseases and 

pests that propagate from soil (Owens, 2001) and play crucial role in conventional 

agriculture. 

Several scenarios available in which farmers have benefited from the employment of this 

technology, including (i) decreased manufacturing costs (Malik et al., 2005); (ii) improved 

soil quality, or soil physical, chemical, and biological conditions (Kaschuk et al., 2010); (iii) 

higher carbon sequestration and the accumulation of soil organic matter (Saharawat et al., 
2012); (iv) a decrease in the occurrence of weeds (Malik et al., 2005); (v) enhanced the 

nutrient and water utilization efficiency (Kaschuk et al., 2010). The management of weeds 

has been established as an essential CA component and calls for specific treatment. 
Moreover, weeds serve as a heaven for insects and other pests that spread disease, which 

lowers crop quality and raises the possibility of crop failure. The various natural and 

artificial habitats that tillage offers to weeds are both varied and diverse. From ancient times, 
tillage has been utilized as an efficient tool and plays a significant part in weed management. 

Tillage techniques are still quite successful, and numerous modern agriculturalists and 

weeders have rendered mechanical weed control easier. (Wallace and Bellinder, 1992). 

According to FAO (2002), Low mechanical soil disturbance, continuing organic soil cover, 
and species diversification through rotation of crops and integrating are the three tenets of 

CA. CA offers recommendations for crop-growing that is environmentally friendly manner 

rather than a rigid set of standards, and these recommendations can be adjusted to match 
particular local conditions and requirements. These recommendations enable farmers to 

modify CA techniques in accordance with local factors, like the variety of soil, rainfall 
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patterns, and the resources that are obtainable (Wall, 2007). Furthermore, CA urges 
biodiversity and aids in the preservation of natural resources like water and nutrients. 

Additionally, it can help to mitigate climate change by lowering the release of greenhouse 

gases by retaining carbon in the soil. (Thierfelder et al, 2015). 

CA needs sustained efforts to manage weed infestations at first, but after a particular 
threshold level is maintained, it becomes simpler to do so. To effectively control weeds, 

integrated measures must be considered and optimized. It is critical to investigate the 

environmental, natural, and social components of herbicides. Also, a methodical strategy is 
required to maximize various management alternatives depending on the Agro-ecosystem's 

ecological and geographical aspects. That helps in the identification of new routes for long-

term control and site-specific weed management. Future work in this area must be targeted 

on providing all-encompassing answers while keeping an eye on the disparities. 

16.2 Weed Control in Sustainable Farming: A Challenge: 

Although CA is becoming more well-known for its beneficial impact on soil conservation, 

many farmers around the world are still unaware of it. For those who are familiar with the 

idea, managing weeds presents a significant problem. In the long run, literature on minimal 

or zero-tillage crop production systems may not apply to well-managed CA systems. It is 
critical to plan for these challenges, especially in the early years, until the soil seed bank is 

depleted. Minimal and no-tillage encourages the growth of perennial weeds, which leads to 

for a long time weed problems. (Thierfelder et al., 2018). Moreover, Even in the early years 
of CA implementation, small-seeded weeds that require light to emerge from dormancy 

would probably take over as the leading species of weeds in limited and no-tillage systems. 

As a result, successful weed control is regarded as a significant issue that determines the 

success of systems based on minimum and zero cultivation as well as CA (Giller et al., 
2009). According to various publications, Herbicides serve for suppressing weeds, reduce 

innate output loss, and deal with manpower shortages in majority countries has been 

credited with the success of the implementation of a minimum and minimal cultivation 
system (Nakamoto et al., 2006). In fact, herbicides are usually seen as a replacement for the 

main type of tillage performed in tillage-based systems for pre-planting control of weeds in 

minimum and no-tillage systems (Scopel et al., 2013). The use of burn-down herbicides to 
eradicate the vegetation prior to planting is common, even if cover crops are grown for 

plowing and control of weeds. Herbicides such as fluometuron, glyphosate, and paraquat 

are frequently utilized for controlling weeds as an alternative to main tillage. Several of the 

herbicides on the following list, such as those that are slightly or moderately toxic and may 
be detrimental to human health and the natural world, are still unidentified. Indeed, the 

difficulty in applying herbicides for weed control within minimum and zero-tillage systems 

in California is made more difficult by the fact that minimal cultivation or ridge-till 
platforms cannot physically incorporate herbicides into the soil, hindering herbicide options 

to only post-emergence usages. Herbicide use has resulted in various weed species 

developing resistance in affluent and minimal cultivation systems, as well as documented 
instances of the same weed species developing multiple resistance to different herbicides 

(Binimelis et al., 2009). For instance, cutleaf evening primose (Oenothera laciniate Hill) 

has developed resistance to glyphosate and paraquat (Anderson, 2005). Thus, it is important 

to offer alternatives to herbicides in order to encourage the use of CA in agriculture where 
herbicide resistance has already developed. The commercialization of glyphosate-resistant 
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crops has made it easier the removal of weeds and, in certain regions, led to the widespread 
use of minimum and minimal cultivation farming; however, the drawback is that numerous 

application of the weed killer are now common in spite of other weed management 

techniques (including those sprayed prior to crop emergence as well as in-season therapies 
for controlling weeds that might grow after crop planting). The usage of a single herbicide 

resulted in such a strong selection pressure that glyphosate-resistant weeds appeared very 

quickly (Johnson et al., 2009). However, there is a conundrum for farmers that employ CA 

in a climate where glyphosate resistance has arisen, decreasing the use of herbicides. Weed 
pressure will be minimized in CA systems because of their focus on crop rotation. Clearly, 

the pressure of weeds, plant resilience, or intrinsic production losses might discourage 

farmers from accepting conservation tactics such as seeding directly unless the control of 
weeds is handled sustainably in CA, especially in the initial stages. Degradation of soil and 

erosion, in reality, threaten biodiversity, agricultural sustainability, and long-term global 

security of food. (Montgomery  and Dirt, 2007). CA seems to be a suitable strategy to 
prevent Erosion and deterioration of soil and to enhance soil health (Conservation 

Agriculture, 2018). 

16.3 Weed Management Strategies: 

 

Figure 16.1: Various Strategies for Weed Management 

16.3.1 Manual Weeding: 

The most popular weed control methods used by smallholder 

farmers are manual and mechanical (sometimes including 

animal traction) (Gianessi et al. 2009). For smallholder farmers, 

hand cultivating or hand hauling is a common controlling 
instrument for mechanical weed control (Mashingaidze et al., 

2012). Because to increased weed pressure in the early years of 

CA adoption, manpower requirements for mechanical control 
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of weed in CA platform may rise (Nyamangara et al., 2014). Depending on the weed 
management approach employed, these labor requirements often vary greatly. Farmers that 

use hand hoes for controlling weeds must use the implement to shallowly wipe the soil 

surface rather than a digging action, which may take more time. For smallholder farmers 
adopting CA technology, is a major obstacle due to lack of labor to control weed populations 

(Giller et al., 2009). Avoiding weeding can have a significant adverse effect on yields of 

crops due to weeds competing with the main crop for nutrients, light, and water. By timely 
weeding fields, farmers with a sufficient labor supply can increase the advantages of manual 

or automated weed management (Vogel, 1994). As an instance, high-intensity weeding was 

carried out four times during the growing season in a semi-arid region of Zimbabwe: a week 

prior planting, one week after planting, five weeks after planting, and shortly prior harvest. 
The results showed that the early season weed densities of the moldboard-plow and minimal 

tillage systems were comparable (Mashingaidze et al., 2012). Weeding at a high intensity is 

difficult for farmers with limited resources and manpower, though. The higher labor 
requirements for weeding disproportionately affect women and children (Giller et al., 2009). 

Furthermore, compared to traditional tillage systems, higher weed densities are occasionally 

observed in CA systems even when high-intensity weeding tactics are used, and 
emphasizing the necessity for alternate weed management methods (Mashingaidze et al., 

2012). 

16.3.2 Mechanical Control via Animal Traction: 

Where draft animals are available, appropriate mechanical 

cultivators for weed management are frequently used in place 
of conventional tillage (Riches et al., 1997). While cultivators 

are not as efficient compared to conventional tillage techniques 

for determining weed-free planting beds, they are able 

minimize weed pressure. Smallholder farmers might profit 
from animal-drawn cultivators like soil rippers, which are 

equipment fixed on a frame that has multiple tines. They are capable of mechanically 

disturbing small and emerging weeds, which can be an efficient method of mechanical weed 
management (Mafongoya et al., 2016). Mechanical cultivators have the disadvantage that 

they are ineffective and impracticable when there are significant amounts of plant leftovers 

present (Erenstein, 2003). As a result, they are only appropriate when there is little residue 

cover, which is frequently the case of semi-arid regions(Mazvimavi et al., 2010). 
Smallholder farmers may be given access to mechanical cultivators by Cooperatives, 

agricultural agencies, and vendors of services. Small-scale cultivators would not be able to 

make the necessary large-scale investments without this strategy. Also, it would shorten the 
time that farmers in a community would have to wait to use weeding tools (Najafi and 

Torabi Dastgerduei, 2015).  As weed populations are increasing, the timing of seedbed 

preparation is critical for decreasing crop-weed conflict are heavily influenced by the timing 
of crop planting (Mhlanga et al., 2016). Given the fact that a lot of small-scale farmers have 

farms of fewer than five acres, restricted shared ownership or service provision of low-

powered or draught-powered devices that disturbs the soil as little as feasible may be the 

most practical way to offer farmers with access to automated planting and weed 
management technologies. (Baudron et al., 2015). Government and non-profit organizations 

(NGOs)-led initiatives might boost access to small-scale machinery by improving regional 

industry.  
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As an example, FAO fieldwork in Tanzania and Kenya sought to create relationships with 
markets and a local manufacturing sector for other CA products, like the hand jab planter 

(Sims et al., 2012). 

16.3.3 Chemical Control: 

The accessibility of chemical weed management techniques has 

been primarily credited for the CA system's achievement (Swenson 
and Moore, 2009). However, evaluating the potential long-term 

consequences of based entirely on herbicides is essential as 

excessive reliance may result in the development greater resistant to 
herbicides in weed populations. In addition, with integrated weed 

management strategies that include chemical, mechanical, and cultural control techniques 

may minimize the harmful effects of herbicide use while maintaining effective control of 

weeds. (Gianessi et al., 2009). The major issues of the next part are the use of herbicides 
and seed coatings for weed control, as well as how they could be used effectively without 

harming local agro ecosystems. 

A Herbicides: 

For CA systems to be successful throughout the Americas and Australia, herbicide 

application has been essential (Llewellyn et al., 2012). Herbicide usage should be governed 
by an integrated weed management strategy, which includes optimal application rates and 

timing for herbicide applications (Norsworthy et al., 2012). With training, extension agents 

and researchers must address barriers to herbicide application and access, including as 

geographic accessibility, and safe chemical handling. The authors also noted that paraquat 
or glyphosate alone were less successful than interaction and permanent herbicide 

arrangements, such as atrazine, against annual grasses and broadleaf plants. Yet only some 

crops can employ residual herbicides, therefore their usage must be carefully studied. When 
creating an herbicide treatment program, factors including Weed density, the most prevalent 

species, and producer expertise would all need to be considered. Moreover some studies 

suggest utilizing cover crops to help in herbicide application (Chauhan et al. 2012). The 
cover crop is killed and used as cover when a non-selective herbicide like glyphosate is 

used, lowering weed growth and germination.Also, governments could promote the 

production of generic forms of non-patented herbicides such as glyphosate, which might 

improve access and possibly result in cheaper prices (Little,  2010). To be effective, 
herbicide quality and safety would need to be guaranteed through the setup of testing 

infrastructure and the implementation of quality standards. Many application techniques, 

such as weed wipers, can increase the effectiveness of an herbicide. 

B Seed Coating: 

Herbicide use may be facilitated by the adoption of herbicide-resistant seeds, but 
smallholder farmers must first have access to this technology (Kanampiu et al., 2003). 

Additionally, the subsequent growing seasons revealed no lingering impacts on maize seeds 

that were not herbicide-resistant. Hence, seed coatings seem to be a more focused and 

efficient strategy to attack some parasitic weed species, Although research into the effects 
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of seed coverings on other important weed and used for farming species would be 
advantageous. Maize resistant to imazapyr was created via traditional breeding techniques, 

as opposed to genetic editing, which makes this strategy farmers and governments are going 

to consider it more appropriate that are unwilling or unable to use crops that have been 
modified. In short, chemically controlling weeds is an important tool for many farmers using 

CA, but smallholders' access to seed coating and pesticide technologies needs to be 

extended. Nonetheless, herbicides can effectively reduce weeds, particularly those that are 
resistant to manual or mechanical methods of weed control (e.g., couch grass). To minimize 

inappropriate application that could harm crops, lessen herbicide resistance, and prevent 

adverse environmental effects, farmers must be instructed in their safe usage 

(Mtambanengwe et al., 2015). Despite knowing that they are inefficient against non-
parasitic weeds, herbicide seed coatings can help manage parasitic weed species like Striga 

spp. 

16.3.4 Cultural Control:  

Cropping systems are used in cultural weed management to 

lessen weed pressure. In many cases, cultural management 
techniques cost less than chemical techniques and benefit the 

soil more by incorporating biological material and nitrogen that 

has been organically fixed (Norsworthy et al., 2012). Crop 
rotations, enhanced crop rivalry by means of the use of growing 

and the fertilization process schedules, residue from agriculture 

preservation for controlling emerging invasive plants, intercropping strategies to increase 
crop productivity, and their harvest weed seed control for minimizing species-specific weed 

pressures will be addressed in the following chapter. For smallholder farmers who lack 

access to herbicides or do not generate enough biomass to retain Crop waste as a weed-

control agent, crop competition is an affordable weed management technique (Mhlanga et 
al., 2016). When population growth is feasible, crop competition can be increased. Planting 

and fertilization schedules can also help smallholder farmers in using management 

techniques when crop and weed varieties are most actively competing (Kumar et al., 2013). 
Research on the impact of fertilization on crop competitiveness are conflicting, and the 

outcome is heavily influenced by The agricultural product and the most prevalent weed 

species (Walker and Buchanan, 1982). It was discovered that earlier planting and N-

fertilizer application at the winter wheat stem elongation stage reduced In comparison to N-
fertilizer application at the tillering stage, Veronica hederifolia L. biomass has risen while 

crop biomass yield was improved. (Liebman and Davis, 2000). A study on weed 

interference with hybrid maize, on the other hand, observed that less N fertilization led in 
higher crop yields of maize with fewer weed interference. (Tollenaar et al., 1994). As a 

result, additional investigation and observation of weed population patterns in relation to 

planting and fertilization date adjustments are required prior to making recommendations 

to landowners. 

A. Crop Rotations: 

The competition of weeds with crops can be decreased and weed development made harder 

by maintaining live soil cover via rotations of crops (Blackshaw et al., 2008). In addition to 

biological nitrogen fixation, Rotating cover crops with leguminous plants promotes food 
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diversity (for both people and animals) (Govaerts et al., 2009). Crop rotation gazes like it's 
extremely advantageous in areas that are semi-arid, while the literature shows that its 

effectiveness as a weed control approach fluctuates. The limited growing season in semi-

arid areas (often from November to April) makes it difficult to implement certain rotation 
of crops strategies (Mupangwa et al., 2016), therefore, crops might be rotated annually. Yet, 

if farmers see the changes to their soils, the advantages of  rotation of crop as a device for 

 control and soil improvement might exceed anticipated hazards from implementing a 

rotating system. Crops must be rotated annually because the short growing season in semi-

arid regions (typically from November to April) makes it challenging to use various crop 
rotation schemes. Yet, if farmers see the changes to their soils, the advantages of rotation of 

crop as a tool for control of weed and Sand enhancement could be greater than the risks 

associated with putting a rotating system into place (Thierfelder and Wall, 2010). Many 
research have been done to investigate the impact of these agricultural methods on weed 

populations, which involve intercropping, as rotation of crops, and residue from crops 

preservation. The dearth of research in the regions emphasizes the significance of this field 

even more, since it will aid farmers in more effectively implementing these tactics in their 

particular environments. 

16.4 Conclusion: 

Controlling weeds is one of the most important obstacles to successful crop production, 

especially in CA system applications. Successful implementation of CA in smallholder 
agricultural systems is improbable without efficient weed management and control 

techniques. Weed management in massive agricultural systems is not suitable for small-

scale farmers due to a lack of financial resources, knowledge of, and accessibility to 

herbicides. While control of weeds is an important obstacle in the beginning stages of CA 
conversion, which is managed by small-scale producers. The scope and breadth of their 

implementation, as well as the selection of weed control methods used, are dictated by the 

farming circumstances of the farmers to whom all of the options have to be tailored. Weed 
pressure typically decreases when the first weed-related difficulties of converting to CA are 

under control, making it simpler for smallholder farmers to continue. Farmers still need to 

stick to CA guidelines and procedures throughout the years in order to successfully eradicate 

weeds. Farmers must modify their long-standing practices and how they handle their land 
in order to adopt CA, otherwise, the benefits will not be realized. Therefore, it is important 

to assist farmers in implementing effective weed control techniques, such as preventing 

weeds from establishing seed, preserving crop residue cover, and routinely adopting 
rotations or intercropping with crop species that are competitive. Farmers will be able to 

benefit from CA if they can find appropriate weed control techniques and boost their 

adoption, which may increase their long-term resilience to various stresses. 
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Abstract: 

Digital technology helps the farms to become more resilient and sustainable while satisfying 

global food demand. The adoption of new technology in agriculture, such as the Internet of 

Things (IoT), Artificial Intelligence (AI), robotic systems, RS (Remote Sensing), and drones, 
which operate automatically and semi-automatically performing operations and gathering 

data aimed at increasing the efficiency and predictability in agriculture thus digital farming 

is the key to meet the growing food demand and farm resource availability.  

Digital agriculture offers enormous potential to advance agricultural growth by lowering 

the amount of labor needed to raise crops and managing more effectively. The study 
provided evidence of the successful application of digital technology, such as AI, drones, 

and RS technology in agriculture, which can help to reinvent and reshape farming to fulfil 

the world's food need. Many farmers across the world, particularly in industrialized 
nations, rely on the application and management of smart agriculture.  To end hunger in 

the current circumstances, digital farming has to be expanded. 

Keywords:  

Digital farming, agriculture and food security.  

17.1 Introduction: 

Global connectivity has increased significantly. One of the most potent technologies that 

has significantly accelerated globalisation and changed the global industries is digital tools. 
However, according to United Nation Department of Economic and Social Affairs there 

will be a huge increase in the demand for food as the world's population approaches 7.5 

billion and projected to reach over 9.6 billion in 2050. Over 2 billion people still lack of an 
adequate nutrition, including 8% people living in Northern America and Europe (FAO, 

2019). A large portion of the world's undernourished people live in Asia (381 million) and 

Africa (more than 250 million), where the number of malnourished people is increasing at 

a quicker rate than in any other region of the world, according to FAO's report (2020).  

Increasing agricultural productivity, networking, and sharing agricultural information with 

farmers are ways to address the present food crisis by reducing farmers’ risk. Digital 

farming can act as a strength in the agriculture to achieve significant development and meet 

the food need of the global population. 
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Digital connectivity and data are key components of a new agricultural revolution. Artificial 
intelligence, analytics, networked sensors, and other cutting-edge technologies have the 

potential to increase agricultural yields and enhance the efficiency of farm input 

management. Digital technology helps the farms to become more resilient and sustainable 
while satisfying global food demand. "Digital agriculture" refers to the use of digital 

technology to manage crops, animals, and other farm tasks related to developing and 

maintaining agricultural resources. For farmers to receive timely information that will 

improve agricultural output, promote food security, and improve rural livelihoods.  

Digital farming contributes towards social connection, farmer empowerment, and 

involvement. The following benefits of digital advancements in agriculture are highlighted: 

• Cost-effective, wide-scale transmission of relevant data is made possible by digital 
technology.  

• Farmers can use digital technologies to plan and track the use of their farm equipment 

as well as to locate buyers and sellers for the goods they use and generate.  

• Pests and diseases can be located remotely (using digital imagery from drones and 

satellites), and soil monitors allow for effective water management. Mobile applications 
also aid in farm management. 

• Digital tools assist farmers in understanding and implementing best practices in 

agriculture, including those related to crop selection, input management, land 

preparation and selection, finance, transportation, packaging, and marketing of 

agricultural products.  

• It provides a global network for the agricultural industry, bringing together farmers, 
scientists, researchers, and administrators to work towards a shared objective and 

fostering the growth of agricultural activities. 

The adoption of new technology in agriculture, such as the Internet of Things (IoT), 

Artificial Intelligence (AI), robotic systems, RS (Remote Sensing), and drones, which 
operate automatically and semi-automatically performing operations and gathering data 

aimed at increasing the efficiency and predictability in agriculture thus digital farming is 

the key to meet the growing food demand and farm resource availability. 

17.2 Artificial Intelligence (AI) in Agriculture: 

John McCarthy first used the term "artificial intelligence" (AI) in 1956, and since then, it 
has been given many different definitions. However, it is defined in the rational approach 

as a system that automates intelligent behavior or acquires intelligence over time using 

computational programming and produces rational outputs to carry out specific tasks 

without human engagement (Bhagat et al. 2022).  

The agriculture sector is evolving as a result of encouraging the usage of artificial 
intelligence. Due to advances in technology innovations, AI is already replacing the 

majority of manual which could simplify even the most challenging tasks to routine work 

and improve our quality of life. With the use of artificial intelligence (AI), we can collect 
and analyses enormous amounts of data on a digital platform. Using this real-time data, 

farmers can identify crops that require fertilizer, irrigation, or pesticides. 
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In India, the Saagu Baagu pilot partnership with the Government of Telangana through the 
World Economic Forum's Artificial Intelligence for Agriculture Innovation (AI4AI) 

initiative has made as first Indian state to implement a framework for scaling up emerging 

technologies and improving productivity, efficiency, and sustainability in the agriculture 
sector. By January 2023, over 7,000 farmers had signed up for the trial programmed, which 

mostly targeted growers of chili (World Economic Forum, 2023). AI can evaluate satellite 

and drone images to assist farmers in managing their livestock and agricultural crops. 
Farmers won't need to constantly check their crops because AI technology will inform as 

soon as something appears out of the norm. Using aerial imaging can also increase the 

efficacy and accuracy of pesticide application. By integrating AI into farming design and 

operation, several aspects of agriculture can improve. The following agricultural processes 

can benefit from artificial intelligence: 

• Soil management: AI may be used to develop soil maps which show the interactions 
between the soil landscape and the quantities of soil sub surface. It is frequently 

employed in identifying and modifying soil factors that offer a favourable environment 

for the crop.  

• Market information: AI can simplify crop selection and help farmers choose the most 
profitable commodity. It enables farmers to be informed about current market trends, 

yearly results, and customer wants, enabling them to efficiently maximise crop returns.  

• Risk management: Farmers may lessen the risk of operational errors and crop failure 

with the use of AI forecasting and prediction. The probability of plant diseases is 

reduced by obtaining data as early as possible. Farmers can automate to detect the plant 
diseases and pests.  

• Plant protection and management: AI technology assisted in choosing the most 

superior crop varieties and have even enhanced the selection of hybrid seed options that 

are most suited for farmers' requirements. AI is capable of finding and eliminating 
weeds, detecting and even foreseeing ailments in plants, and recommending effective 

pest control techniques. 

• Plant irrigation and monitoring: We can irrigate crops more intelligently through AI, 

which boosts farmer output. AI is helpful for predicting the best combination of 
different agronomic factors, determining the best irrigation schedules and fertiliser 

application times. 

17.3 Drones in Agriculture: 

Unmanned Aerial Vehicles (UAVs) known as drones is one of the latest technologies, 

guided autonomously by remote control offering substantially greater range and endurance 
than equivalent manned systems. Drone is an aircraft with no human pilot on-board 

controlled by remote system (FAO and ITU, 2018). Drone are available with different 

camera sensors to provide detail information on what to observe in the human eye.  Sensors 

available in this technology are RGB (red, green blue), NIR (infra-red near), RE (red edge), 
Thermal infrared (Aydoğan, 2018). This technology has a huge potential in agriculture in 

supporting evidence-based planning and in spatial data collection. In agricultural sectors 

UAVs can be used in crop monitoring, agricultural development site photography, variable 
rate applications and livestock management. It works by scanning with different sensors in 

a vast area at low cost to provide a wide range of information.  
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Drone is used for assessment of plant health, monitoring for plant and livestock’s, mapping 
for crop identification, irrigation scheduling, spraying pesticides and fertilizers. It is a cheap 

and economical way to manage farming, it helps to reduce human labour and time 

consumption of the farm task. Drone provides a high technologies makeover to agriculture 
industry that drones marketplace may reach $200 billion by year 2023.  Due to rapid growth 

of technology, it is reported that growth of Drones technology is increasing 25-32% every 

year especially in the area of Agriculture (Rana and Mahima, 2020).  

Drone allow farmers to monitor crop with special imaging equipment called Normalized 

Difference Vegetation Index (NDVI). It give detailed colour information to indicate plant 
health, it helps farmers to take decision fast enough to save the plants. Drone can plant more 

efficiently by planting 400,000 trees a day with a team of two operators. South- east Asia 

with South Korea already used drones for approximately 30% to apply spray treatment in 
agriculture. Another report said that agriculture drones can spray 40-60% faster than manual 

spraying with saving 30-50% in chemicals and able to conserve up to 90% of water usage 

for agriculture (McNabb, 2020). Drones also successfully manage the seed planting process 

in the soil. The system of drone allows farmers to75% rooting, reducing 85% of planting 
costs and increasing sustainability (Food and Society, 2018). Utilization of drone in 

agriculture avoids the significant labor costs traditionally associated with planting activities. 

According to Sense Fly (a drone manufacturer specializing in agriculture) the utilization of 
drones by the Ocealia group resulted in a 10% average increase in crop yields. Drones with 

the equipment's like LiDAR (Light Image Detection and Ranging) and RADER (Radio 

Detection and Ranging) make them well-suited for crop spraying and some experts argue 
that crop spraying by drones may be up to five times faster than with regular machinery 

(Probst et al. 2018).  

UAV has a huge potential in the improvement of sustainable agriculture. Drone use in the 

agricultural sector is expanding as part of an efficient strategy for managing agriculture 

sustainably. UAV technology enhanceed the cultivation and reduce the human energy 
requirement as the technology can perform monitoring, spraying missions, collecting 

information and planting thereby optimizing the efficiency of the pesticides and detecting 

pests and diseases (Radoglou-Grammatikis et al. 2020).   

In India, Dahanu-Palghar tribal villages of Maharashtra have learned to use drones for 
organic farming, fish farming, crop rotation, bio-control, hydroponics, bio-waste 

management, beside also using drone-based technologies on their orchards and farms 

(Pathak et al. 2020). There are many organizations have been working continuously in order 

to integrate smart technology that enable transforming agriculture with cost efficient, time 
saving, support farmers decision and provide on demand information to the farmers and the 

stakeholders. Therefore, smart farming has a real potential to deliver more productive and 

sustainable agriculture.  

17.4 Application of Drones in Farming: 

• Drones assists farmers with providing an accurate real-time images and data, enabling 

massive crop monitoring. Additionally, it can help farmers detect issues like drought 
stress, nutritional deficiencies, pests, and illnesses early on. 

https://en.wikipedia.org/wiki/Normalized_difference_vegetation_index
https://www.standard.co.uk/news/world/treeplanting-drones-could-help-restore-world-s-forests-a4116376.html
https://sprayers101.com/challenges-drone/
https://dronelife.com/author/miriam-mcnabb/
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• Drones reduce the amount of labour and time needed for farm operations by spraying 

pesticides, herbicides, or fertilisers to crops. This method is especially useful if the top
ography or soil make it difficult to use conventional planting techniques. 

• Since drones can fly close to the ground and can apply pesticides more precisely than 

traditional methods, they cut the amount of chemicals needed and limit runoff and drift. 

• As a result of their multispectral or hyperspectral sensors, drones assist farmers identify 

damaged and pest plants more rapidly than they could by eye. 

• Drones with thermal cameras can collect data on field moisture, and farmers may use 

this data to alter irrigation practises to improve crop water efficiency. 

The following are a few advantages of deploying drones in farming: 

• Drones save farmers time by providing real-time data and covering large areas in a 
single flight. 

• Reduced costs for investment, early identification of pest diseases and other dangers 

enables farmers to take preventative measures and thus cost lower on pesticide 

purchases. Spot treatments on specific areas are also possible. 

• Drones offer precise data and detailed, high-resolution imagery. 

• Since drones can execute tasks that humans find challenging, they lower risk for 
farmers. 

• Drones produce digital data that is simple to store and examine. 

• Drones can contribute to an overall improvement in the health of crops by making crop 

monitoring and management more effective and accurate. 

17.5 Satellite and Remote Sensing:  

The development of remote sensing makes possible to collect data and analyse a phenomena or 

item without being in contact. According to Union of Concerned Scientists (UCS), there are 
2,666 satellites actively satellites orbiting the Earth, out of this 1211 satellites are used for 

communications, 884 for earth observation, 312 for technology demonstration, 148 for 

navigation, 93 for space observation, and 18 for earth science. Satellite data might be quite 

helpful since it can be utilized to learn new, insightful information about several aspects of 
agriculture. Satellite data and photographs can be used for farm planning, evaluating crop 

production or field condition, whether management, mapping irrigated and non-irrigated 

vegetation sections. Remote sensing (RS) is a field of study that uses electromagnetic 
radiation as a medium of interaction to identify earth surface objects and estimate the geo-

biophysical attributes (Roy et al. 2017). RS tool provide a valuable information about crop 

growth monitoring, land use pattern and changes in land cover, water resources mapping 
and water status under field condition, monitoring of diseases and pest infestation, 

forecasting of harvesting date and yield estimation, precision farming and weather 

forecasting purposes along with field observations. Images captured by remote sensing are 

used to identify weed infestations, hail damage, wind damage, pesticide harm, and plant 
populations. In India, Ministry of Agriculture and Farmers' Welfare effectively uses satellite 

remote sensing to gather crop statistics information required for the planning and decision-

making of agricultural inputs. RS provides data on crop acreage estimation, crop yield and 
production estimation, crop condition estimation, data collection on soil parameters, 

cropping system research, experimental crop insurance, and other areas of agricultural 
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production. In four distinct states-Haryana, Karnataka, Maharashtra, and Madhya Pradesh-
about 250 Crop Cutting Experiences (CCEs) were completed. These initiatives give farmers 

an ability to make important choices during the growing season, practically prior to crop 

harvest (Solomom, 2020). Several applications, including automatic irrigation and 
greenhouse farming, are controlled with the help of these sensors technologies that are put 

in the fields. Through a variety of sensors, plant illnesses are identified and soil quality is 

tested. Farmers may produce the crop more efficiently from the information receive. 

According to Anilkumar et al. (2020), an image processing approach using MATLAB is 
used, for instance, to identify weedy patches and plant illnesses and users can obtain the 

information base on the requirement. 

The following are advantages of using remote sensing for farming: 

• Crop categorization, crop acreage calculation, and yield evaluation are all crucial fields 

in which remote sensing is highly effective.  

• With the use of remote sensing, scientists and farmers can anticipate crop output in a 

certain area and calculate how much crop can be obtained in an area. 

• By offering timely spectral information to monitor crop status, damage, and progress, 
remote sensing can play a significant role in agriculture.  

• Crop yield estimate and modelling, which enables farmers and professionals to forecast 

the anticipated crop output from specific field. 

• Remote sensing is now a crucial technique for assessing crop stress and for detecting 

pest and disease infestations. 

• Farmers may obtain soil moisture data through soil mapping and soil moisture 

estimation, which helps them evaluate the amount of moisture in the soil and the sort of 
crop that can be planted there. 

• The weather patterns in a certain area may be tracked using remote sensing equipment. 

It keeps track of the drought and monitors it. 

17.6 Conclusion: 

Digital agriculture offers enormous potential to advance agricultural growth by lowering 
the amount of labor needed to raise crops and managing more effectively. The study 

provided evidence of the successful application of digital technology, such as AI, drones, 

and RS technology in agriculture, which can help to reinvent and reshape farming to fulfil 

the world's food need. Many farmers across the world, particularly in industrialized nations, 
rely on the application and management of smart agriculture. Drone and remote sensing 

technology for agriculture are effectively utilized to boost farmer revenue and cut down on 

agricultural inputs. To end hunger in the current circumstances, digital farming has to be 
expanded. In addition, there are significant limitations on how to use, buy, and operate 

digital technology. Farmers have successfully accepted this technology, but there are also 

rules and license requirements, as well as a high initial cost.  There are many significant 

obstacles to implementing digital technologies, including their high initial costs and the 
need for legislative changes to make them more user- and farmer-friendly. In contrast to 

farmers in industrialized nations, those in underdeveloped countries are less likely to favor 

such technology due to minimal landownership and poor economic conditions of the 

framers.  
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And such technologies are mostly used by the professional, big landholder farmer and 
experts for data collection, crop mapping, crop monitoring and spraying. Use of AI, RS and 

drone are required skills and demonstration on how to use the technology. 
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