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Abstract: Agricultural wastes are described as leftovers from agricultural activities which 

includes waste created by farming, planting, harvesting, fertilizer run off from fields, 

pesticides go to fields, slaughterhouse, livestock waste, post-harvest waste. Agricultural 

waste has the ability to harm the environment and expose personnel to biohazards, which 

are dangerous biological materials. Every year India produces a vast amount of 

agricultural waste. That abundance creates both an environmental problem (production of 

harmful gases during burning) and an economic opportunity (bioenergy, compost, animal 

feed, industrial feedstock). This review comprises the scale and sources of agricultural 

waste in India, the main challenges governments face in handling the waste, the preventive 

measures taken so far, observed rifts and problems in execution, and practical advices to 

ameliorate outcomes. 

1.Introduction: - 

Agricultural wastes are described as remnants from agricultural operations, which include 

waste created by farming. Manure and other waste from farms, poultry houses, and 

slaughterhouses, harvest waste, fertilizer runoff from fields, pesticides that go into soils, 

water, or the air, and silt that drains from fields are all considered agricultural waste. 

Agriculture waste, also referred to as agri-waste or agricultural garbage, is any leftover 

material created during agricultural operations as well as any by-products [58]. Planting, 

harvesting, handling, and post-harvest processing are some of the agricultural production 

operations that generate a variety of organic and inorganic wastes [101]. Among the waste 

products from different agricultural processes are jute fibres, sugarcane bags, crop stalks, 

vegetables, wheat husk and straw, and food and vegetable waste [94]. According to 

estimations, 998 million tons of residual agricultural trash are produced each year [51]. The 

generation of garbage in agriculture is a major contributor to pollution and many forms of 

environmental contamination. Waste materials' properties have changed over time, 

presenting hazards to public health and safety [58, 109]. Approximately two tons of agri-

waste are produced daily by farmers in rural areas. An abundance of fertilizers and manures, 

cow house waste, on average, the sugar industry generated about 20 million metric tons of 

waste [84]. The bulk of agricultural waste is composed of crop leftovers, which are a 

significant source of plant nutrients and high in organic carbon. Keeping agricultural 

residues after harvesting lowers soil erosion. Even though 75% of the waste is produced 

after harvesting by combine harvester machinery, animals are unable to eat it because of its 

high silica concentration [104]. Crop residues decompose physically, chemically, and 

biologically, which weakens the lingo-cellulose bonds and raises the nutritional value of 

the soil. The primary and most effective mode of decomposition is biological, in which 

waste products decompose more quickly in both anaerobic and aerobic conditions because 

of the spores of bacteria and fungi. To increase the quantity of nutrients in a finished 

product, microbial decomposition fixes nitrogen, phosphorous solubilizes, and breaks down 

cellulose [8]. Any organic substance obtained directly or indirectly through photosynthesis 

is referred to as biomass. Biomass and feedstock differ from each other in terms of origin, 

variety, and traits. They contain manure, straw, sewage, wood, rice husks, sugarcane, 
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municipal solid waste and sugar beets among other things [63]. According to India's 

Ministry of New and Renewable Energy (MNRE), the nation produces an average of 500 

million tons (Mt) of agricultural residue every year [63]. Almost majority of this crop 

residue is actually used as feed and fuel for houses and businesses, according to the same 

research. Nonetheless, 140 Mt of excess remains, of which 92 Mt are burned each year [23]. 

A selection of Asian countries' agricultural waste production in Mt/year is compared in 

Table 1. Significantly, India burns a considerably larger amount of agricultural waste than 

other nations in the region [63]. 

Table 1. India's production of agricultural waste in comparison to a few other 
countries in the same region [63].  

 

There are four main types of organic materials from which biomass resources can be 

extracted. Crop plants are one kind of first-generation biomass feedstock. However, the 

attention has shifted to the production of bioenergy from second-generation feedstock, such 

as biomass, which is composed of lignocellulosic materials, due to disruptions to the food 

web and supply [59]. The exploitation of the third and fourth generation feedstock from 

biomass that exploits the microbial community came after the drawbacks of the second 

generation [8]. Numerous analytical techniques can be used to study biomass, providing a 

wealth of information about its characteristics that can be used to improve production and 

recovery [44]. It is still challenging to locate and identify the mechanism that performs the 

conversion. The technology's inability to evaluate and identify the components of biomass 

that are pertinent to the production of energy from biological sources and value-added 

products makes it difficult to comprehend the outcomes of pre-treating biomass production 

and the factors influencing the chosen approach [59]. It is possible to use biomass from 

agricultural areas as a feedstock to produce commodities with additional value. This include 

biomass from crops, cultivated crops, fruits, and vegetables in addition to biomass from 

fisheries and animals [140]. Agricultural waste can be efficiently utilized in a variety of 

agro-based applications and industrial operations. However, the cost of delivery, 

processing, and collection may sometimes be far more than the income from the useful use 

of such garbage [138]. Farmers who burn their agricultural waste or leave it in the fields 

significantly pollute the air and soil. Farmers then start burning the leftovers, however this 

process produces 8.77 Mt CO2, 141.15 Mt CO2, 0.23 Mt NOx, and 0.12 Mt N2O, which 

contributes to air pollution and the loss of organic material, which is roughly 80–90% N, 

25% P, and 20% K [63]. As a result, managing rice straw is a difficult problem in areas that 

grow rice. To transform this garbage into a form that may be used, an efficient waste 

disposal method is required. New approaches to more effectively managing agricultural 

waste have been made possible by recent technological developments and a growing focus 

on sustainable practices. Waste can be turned into useful resources like fertilizers, 

bioenergy, and animal feed using cutting-edge techniques like composting, anaerobic 

digestion, and bioconversion. Furthermore, by offering real-time data, optimizing resource 

allocation, and promoting improved decision-making, the integration of information and 

communication technologies (ICT) can improve waste management procedures [91]. The 

purpose of this article is to examine the difficulties in managing agricultural waste and to 

offer creative solutions and industry best practices for dealing with these problems. We will 

demonstrate the possibilities of contemporary technologies and sustainable practices in 

turning agricultural waste into useful resources by looking at case studies and successful 

Country Agricultural Waste Generated (Million Tons/Year) 

India                  500 

Indonesia                   55 

Bangladesh                   72 

Myanmar                   19 
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examples from different geo-graphical areas. Agricultural waste has the potential to harm 

the environment and expose personnel to biohazards, which are dangerous biological 

materials. Because agricultural waste can release toxic gasses that are bad for your health, 

storing it can increase the risks involved [62].  

     
                                         Fig 1. Agricultural Waste Types [63]. 

 

2.Production of Agricultural Waste: - 

 

 

As was previously said, waste from the illogical use of intensive farming techniques and 

inappropriate chemical use in cultivation typically accompany agricultural expansion, 

having a significant impact on rural areas in particular and the environment globally in 

general. The kinds of agricultural operations that are conducted determine the trash that is 

produced.  

 

2.1 Wastes from Cultivation: Although a tropical climate is ideal for agricultural growth, 

it also encourages the growth and development of weeds and insects. In order to eradicate 

those insects and weeds and prevent the development of epidemic diseases, this 

circumstance generates a high demand for pesticides, which frequently leads to farmers 

abusing them. Following application, the majority of pesticide bottles and packaging are 

dumped into ponds or fields. The Plant Protection Department (PPD) estimates that 1.8% 

of the chemicals are still in their packaging. Because of their potentially hazardous and 

long-lasting compounds, these wastes have the potential to have unforeseen environmental 

effects like food illness, poor food hygiene, and contaminated farmland. High production 

and low cost are characteristics of inorganic fertilizer. Nevertheless, a lot of farmers fertilize 

their crops with more fertilizer than the plants require. The properties of the land or yield, 

the kinds of plants, and the fertilization technique all affect how quickly fertilizer chemicals 

like nitrogen, phosphorous, potassium, etc. are absorbed. Some of the excess fertilizer is 

retained in the soil, some enters ponds, lakes, and/or rivers due to surface runoff or the 

irrigation system used, causing surface water to become contaminated; some enters ground 

water, and some evaporates or de-nitrates, causing air pollution [113]. 

2.2 Waste from Livestock Production:  Every year, more than 3 million tonnes of animal 

waste, including urine and dung, are produced in India. According to FAO (2020), methane 

plays a major role in the yearly emissions of greenhouse gases from animal manure, which 

Agricultural Waste 
Types

Crop Residue

wheat,Rice,Barley 
Straw.

Maize Stover 

Livestock Waste 

cattle, swine 
manure

poultry waste 

animal fat

Agro-Industrial 
Waste

sugarcane bagasse

rice bran and husk

de-oiled seed cake

fruit peel and pulp

Aqua-Culture 
Waste 

metabolic waste

fish waste 

sea weed and 
algae                    

Post Harvest loss

storage loss

spoilage 

https://doi.org/10.71058/jodac.v10i01003


 

 
 

https://doi.org/10.71058/jodac.v10i01003 

VOLUME 10 ISSUE 01 2026 
PAGE NO: 42 

totalled over 1.4 billion tons of CO2 equivalent in 2018. One of the biggest global polluters 

is the cattle sector [45]. Brazil is the world's fifth-largest producer of methane, one of the 

primary greenhouse gases, which is generated in significant quantities. The country's 

agricultural sector emits the most methane, with 14.54 Mt in 2020, accounting for 71.8% 

of the total, according to SEEG (System of Estimates of Emissions and Removals of 

Greenhouse Gases) data. The management of animal waste accounts for the remaining 5.8% 

(0.85 Mt CH4). According to the Climate Observatory, animal emission levels will increase 

by 5.6% if emission mitigation efforts are delayed until 2030 at the current rate of crop and 

livestock production. Brazil promised at COP26 in Glasgow, Scotland in 2021 to cut global 

methane emissions by 30% by 2030 compared to 2020 levels, which would be in conflict 

with this [45]. Trash management from an energy-use viewpoint is essential to supply chain 

sustainability because of the sector's yearly emissions and waste production. Therefore, the 

development of waste management technologies within a circular economy is being driven 

by the global incentive for the adoption of anaerobic digestion technology through legal 

measures [125]. 

Solid waste from farm animal activities, such as manure and organic materials in the 

slaughterhouse; wastewater from animal showering and cage washing; air pollutants, such 

as hydrogen sulphide (H2S) and methane (CH4), and odours are examples of waste from 

livestock production. Since most of them are usually built around residential areas, the 

pollution that comes from raising cattle is a major drawback. Odours from cages that result 

from the process of breaking down animal excrement are one type of air pollution. 

Temperature, humidity, ventilation, and animal density all affect how strong the odour is. 

The amounts of ammonia (NH3), H2S, and CH4 change as the digestive process progresses 

and are also influenced by organic materials, food ingredients, microbes, and the health of 

the animal. This source of unprocessed and non-reusable garbage will produce greenhouse 

gasses in addition to harming soil fertility and causing pollution. Water makes about 75% 

to 95% of the total volume of livestock waste, with the remainder consisting of organic and 

inorganic debris as well as numerous microorganism species. These microorganisms and 

materials will spread illnesses to people and harm the environment in a number of ways 

[91]. 

2.3 Aquaculture Waste: As cultivation has expanded, more feeds are being used to 

increase production. The most important factor influencing how much trash is produced in 

a system is the quantity of feed used. Metabolic waste, which can be suspended or 

dissolved, is one of the main wastes produced during cultivation. The temperature of the 

surrounding environment affects feeding rates. A rise in temperature causes more people to 

feed, which increases the amount of garbage produced. Because proper flow can reduce the 

fragmentation of fish body waste and allow for quick sinking and concentration of the 

settleable particles, water flow patterns in production units are essential for waste 

management. This is crucial because a large percentage of non-fragmented bodily waste 

may be promptly collected, thus lowering the amount of dissolved organic waste. 

Aquaculture waste is classified into four categories: gases (H2S), liquid (effluents), 

semisolids and solids (particulate fraction), and the latter two are called sludge or sediments 

[28]. There are two categories of solid waste, or sludge: suspended materials and settleable 

solids. In aquaculture systems, sulphur (S) is a residual chemical element that is derived 

from the metabolic waste that farmed species create [39]. Since S oxidizes to sulphate 

(SO₄2−) and breaks down as sulfide (S2−) when suspended in aerobic sedimentary conditions, 

it primarily occurs as a sulfate ion. In most aquaculture systems, the food supply is the main 

source of water contamination and degradation [28]. The remaining nutrients must be 

removed and are usually discharged into the environment as effluents, which are fluids that 

contain liquid, gaseous, or solid waste; only 30% of the nutrients that are delivered are 

transformed into products. Change is brought about by suspended particles because they 

block light from passing through water, which prevents photosynthesis in phytoplankton 

and marine grasses and increases their mortality. The ensuing oxygen consumption in the 
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water brought on by the bacterial breakdown of dead plants has a negative impact on aquatic 

species farming. The aquatic food web at its base may be impacted by the transformation 

of aquatic creature profiles into sediment-tolerant species under harsh circumstances [47]. 

Additionally, the particle component in ponds and cultivated areas tends to biologically 

disintegrate as it falls to the bottom due to its organic matter concentration, making the 

bottom anaerobic [47]. 

2.4 Crop Residue: - The states that generate the most crop waste, According to National 

policy for management of crop residues(NPMCR), are Maharashtra (46 Mt), Punjab (51 

Mt), and Uttar Pradesh (60 Mt). Out of the 500 Mt produced annually, 92 Mt are burned 

[74]. Combine harvesters are mainly used to harvest and thresh coarse rice, leaving behind 

leftover leftovers in the form of gluts or thin strips. This is particularly true if the harvesters 

do not have spreaders installed [57]. There is a comparatively short window for using or 

disposing of rice trash between the harvest of rice and the rabi season (October to 

November), when crops like potatoes, wheat, or vegetables are seeded [121]. Farmers 

consequently burn all or a portion of the 80% of rice leftovers generated each year. Crop 

residue burning causes a lot of environmental issues [57]. Burning crop residue has several 

negative effects, including raising greenhouse gas emissions that exacerbate global 

warming, raising smog and particulate matter levels that are bad for human health, 

destroying the biodiversity of agricultural lands, and lowering soil fertility [69]. Burning 

crop residue significantly increases air pollutants such as non-methane hydrocarbons 

(NMHC), volatile organic compounds (VOCs), semi-volatile organic compounds 

(SVOCs), carbon dioxide (CO2), and NH3 (Reddy et.al, 2023). This basically explains why 

nutrients that would have stayed in the soil, like organic carbon and nitrogen, have vanished 

[61,63]. About 8.57 Mt of carbon monoxide, 141.15 Mt of carbon dioxide, 0.23 Mt of 

nitrogen oxides (NO), 0.12 Mt of NH3, 1.46 Mt of NMVOC, 0.65 Mt of NMHC, and 1.21 

Mt of PM were released in 2008–2009 as a result of burning 98.4 Mt of crop residue. Of 

these emissions, CO2 accounted for 91.6%. 

 

Table.2 Top 5 CO2 Equivalent Emitting Countries by Crop Residues with 
average values during 2010-2017 [42,63] 

S.no. Country  Gigagram 

1. China mainland 4500 

2. India 3500 

3.                       USA 3000 

4. Brazil 1500 

5. Russian Federation 1000 

 

 

2.5 Post-harvest losses: Define post-harvest losses as the losses in agricultural produce, 

both quantitative and qualitative, that occur between harvest and processing or consumption 

[79]. These losses can be caused by a variety of factors, including as inadequate storage 

facilities, negligent handling, transportation issues, pests, diseases, and natural calamities. 

In "Advancements and Challenges in Agriculture Waste Management, reducing post-

harvest losses is crucial to boosting agricultural productivity, ensuring food security, and 

reducing financial losses for farmers and other stakeholders [129]. Effective management 

initiatives include enhancing transportation systems, implementing proper storage 

protocols, adopting state-of-the-art technology such as cold storage and drying processes, 

promoting better handling practices throughout the supply chain, and improving 
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infrastructure. Reducing post-harvest losses promotes sustainable agriculture, preserves 

food for human consumption, and lessens the impact on the environment by producing less 

trash [81]. 

The following is a list of factors that influence food loss generally, from harvest to 

consumer. 

 

2.5.1 Gathering phase: A successful harvest in agriculture is the consequence of 

meticulous planning, a great deal of labour, and a significant financial investment [49].  

Nevertheless, despite these efforts, the quantity and quality of the harvested produce can be 

significantly influenced by two primary factors: inadequate environmental conditions and 

industrial methods. Subpar production methods encompass a broad range of agricultural 

practices that do not adhere to the optimal standards for crop growing [72]. Using inferior 

seed varieties, improper irrigation techniques, insufficient fertilization, or inadequate soil 

preparation are a few examples of these practices. When production methods do not adhere 

to best standards, crops are more vulnerable to diseases, insect infestations, and nutrient 

shortages. All of these elements may have a detrimental effect on the crops' capacity to 

develop, grow, and yield the most food possible [63]. Additionally, employing suboptimal 

production methods may result in premature senescence or uneven ripening, thus 

diminishing the quality and market value of the harvested food. Environmental factors also 

have a big influence on crop yield and post-harvest outcomes. In addition to extreme 

weather events like storms, floods, droughts, and frosts, these variables encompass a broad 

variety of meteorological phenomena, including changes in temperature, precipitation, 

humidity, and exposure to sunlight [30]. By physically damaging tissues, stressing plants, 

and interfering with physiological processes, unfavourable environmental conditions can 

directly affect crop health and yield [39]. Additionally, environmental stressors might 

hasten degradation, promote the spread of pests and diseases, or impede harvesting due to 

adverse weather conditions [56,63]. Post-harvest losses could result indirectly from each of 

these variables. Addressing the problems caused by subpar production methods and 

environmental factors is necessary to improve agricultural waste management and lower 

post-harvest losses [43]. This necessitates the implementation of comprehensive strategies 

that include improved agronomic practices, increased resilience to environmental shocks, 

and the application of cutting-edge technologies along the entire agricultural value chain 

[22]. By promoting sustainable production systems, optimizing resource utilization, and 

enhancing crop resilience, stakeholders can minimize post-harvest losses, maximize 

agricultural activity efficiency, and help create a more resilient and environmentally 

friendly food system [127].  

2.5.2 Throughout the Food storage phase: - The quantity and quality of agricultural 

products during this critical storage period can be significantly impacted by a wide range 

of factors, which also impacts the overall effectiveness of agricultural waste management 

programs [27]. Temperature and humidity are two of the most important factors in 

determining how quickly stored goods decay and perish. Inappropriate storage conditions 

with excessive humidity levels can lead to decay and rot in crops by creating the perfect 

environment for the growth of mould and fungus [55]. Conversely, abnormally low 

humidity levels can cause perishable goods to dry out and lose their flavour or suitability 

for human eating. Because temperature changes can accelerate physiological processes like 

respiration and ethylene production, which can result in the early phases of senescence and 

degradation, they can also pose a serious risk to stored crops [102]. Temperature variations, 

which are exacerbated by inadequate insulation and ventilation in storage facilities, can 

potentially compromise the integrity of the product that has been stored. Inappropriate 

handling practices can raise the risk of bruising, physical damage, and mechanical injury 

when agricultural commodities are being transported and stored. These occurrences not 

only reduce the produce's visual attractiveness but also act as entry routes for 
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microbiological infectious agents and spoiling organisms [9]. Additionally, improper 

palletization and stacking techniques can result in compression damage and air circulation 

restrictions, which can create hotspots and uneven ripening in storage batches [63]. Insect 

infestations and microbial attacks are significant risks during the food storage period. By 

consuming or contaminating preserved crops, pests including weevils, caterpillars, and 

mites can result in significant losses [32]. In a similar vein, bacterial and fungal diseases 

can proliferate rapidly under optimal storage conditions, leading to quality deterioration 

and mycotoxin accumulation, both of which pose a major risk to consumer health. A 

complete approach that includes state-of-the-art storage technology, stringent quality 

control protocols, and efficient pest management strategies is required for agricultural waste 

management because of these complicated concerns [76]. The use of airtight storage 

systems, controlled atmosphere preservation, and altered atmosphere packaging may 

successfully control temperature and humidity levels, thereby increasing the shelf life of 

preserved product and lowering post-harvest losses [61,63]. Furthermore, at every point of 

the chain of custody, the integrity and safety of stored commodities can be ensured by 

putting in place stringent sanitation protocols, employee training initiatives, and good 

agricultural practices, all of which can help lower the risk of contamination [87]. By 

proactively addressing the various factors that impact crops throughout the food storage 

stage, stakeholders can increase the efficacy and sustainability of agricultural waste 

management projects [68]. Eventually, this will result in a more robust and secure food 

system. 

2.5.3 During Food Processing Stage: - Food loss at the food processing stage is mostly 

caused by the disposal of mechanically damaged food, inferior food products, items rejected 

only for their appearance, etc. [65]. Food that has been physically damaged throughout the 

harvesting, processing, and shipping processes may not be suitable for commerce or human 

consumption. This type of harm is known as mechanical damage. Inadequate packing, 

rough handling equipment, or incorrect handling can all lead to produce that is bruised, 

crushed, or broken (Verma et.al,2022). In a similar vein, discarding inferior food products 

is a significant contributor to food loss in the agricultural supply chain. Crops may fail to 

meet quality standards due to irregularities in form, size, or color, or they may have minor 

defects or anomalies that do not compromise their safety or nutritional value [63]. These 

products are usually rejected by retailers, distributors, or customers based solely on 

appearance criteria, even when they are entirely edible and healthful. The practice of 

discarding food based solely on appearance leads to significant food loss and waste across 

the agricultural value chain [43]. Food that does not meet the strict visual standards set by 

retailers may be deemed unsellable and thrown out, even when it still contains flavour and 

nutritional value. Both producers and vendors suffer large financial losses as a result of the 

waste of vital resources used in production, including as land, energy, and water, which 

also worsens hunger and environmental degradation [20]. The issue of food loss requires a 

multifaceted approach that includes improved harvesting and processing techniques, 

enhanced supply chain effectiveness, consumer education, and policy intervention [6]. By 

implementing strategies to prevent mechanical damage, optimize packing and storage 

conditions, and reduce rejection of produce based solely on aesthetics, stakeholders can 

reduce food waste, improve resource utilization, and advance a more equitable and 

environmentally friendly food system. Campaigns to alter consumer views about faulty 

product and raise awareness of the importance of preventing food waste can also mitigate 

the economic and environmental costs of food loss [137]. 

2.5.4 During the Packaging Phase: The two primary causes of inefficiency and potential 

food loss in the agriculture supply chain during the packaging stage of agricultural goods 

are inadequate packing services and packaging errors [7]. Poor Packaging Services: poor 

or insufficient packaging services can lead to a variety of issues that compromise the 

integrity and calibre of the packed items. This could entail using packing materials that 

aren't suitable for the product's specific requirements, like ones that don't provide enough 
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protection against moisture, oxygen, or physical damage. Using outdated, poorly 

maintained packing equipment that cannot efficiently handle the volume or variety of 

commodities is another example of inappropriate packaging help [80]. Inadequate 

packaging services can also lead to delays, errors, or inconsistencies in the packaging 

process, which can produce less-than-ideal packing outcomes and increase the risk of food 

contamination or rotting during storage and transit [33]. Packaging blunders are faults or 

omissions made during the packing process that compromise the quality, safety, or 

commercial viability of the items. Product separation, portioning, sealing, labelling, 

palletizing, and other packaging production processes can all result in these mistakes [89]. 

Misaligned packing materials, incorrect labelling or barcoding, improper sealing or closure 

of packaging containers, and wrong portion sizes are examples of common packaging errors 

[15]. Packaging errors can be caused by human error, equipment failure, inadequate 

supervision or training, or inadequate quality control processes [90]. Regardless of the 

cause, packaging mistakes can have major consequences, including product recalls, 

consumer complaints, monetary losses, and damage to a brand's reputation [61]. a plan that 

allocates funds for infrastructure, technology, training, and quality control methods, this 

could mean updating packaging equipment and infrastructure, implementing best practices 

and standardized packaging processes, providing continuous training and support to 

packaging employees, and establishing quality control systems to detect and prevent 

packaging issues [112]. Furthermore, to ensure that packaging criteria are understood and 

consistently met, collaboration and communication among supply chain actors are essential. 

By addressing these challenges, stakeholders may minimize food loss, enhance the efficacy 

and sustainability of farmed waste management programs, and maximize each packaging 

phase of the agricultural supply chain [70].  

2.5.5 Throughout the Marketing Stage: Food loss due to poor marketing is brought on 

by damaged cans, improper portioning, and overextending. During the marketing stage of 

the supply chain for agriculture, a variety of problems, including improper division, 

overextending, and dented cans, can have a detrimental effect on consumer perceptions and 

purchase decisions and lead to food loss. Inappropriate Portioning: LIMO 2023 defines 

improper portioning as when food is packaged or served in larger amounts than what 

patrons need or expect. Customers may find it difficult to consume the entire amount before 

it spoils due to improper portioning, which could lead to food waste [41]. Customers may 

find it challenging to consume the entire quantity before it spoils, for example, if perishable 

foods are packaged in bulk or family-sized portions but are intended for single or smaller 

households. Large portions can also result in excess and food waste if patrons are unable to 

consume the entire meal or properly preserve the leftovers. Giving clients larger-than-

average portions or package sizes, usually as part of special deals or value meals, is known 

as supersizing (Ali, 2023). In addition to tempting consumers searching for better offers, 

supersizing may inadvertently encourage overindulgence and food waste. Larger portions 

may exceed what a person needs to consume or what their appetite can sustain, which may 

lead to leftovers that spoil and are discarded [9]. Supersized portions may also normalize 

the practice of consuming excessive amounts of food and promote unsustainable eating 

habits (Kumar et.al,2024). Dented Cans: Dented cans pose a unique marketing challenge 

since consumers may perceive them as broken or of inferior quality. Even minor flaws in 

food packaging might make consumers doubt the product's safety and freshness and make 

them avoid purchasing or ingesting the affected items. Food waste may result from 

defective cans being left unsold on store shelves or marked down for a quick sale if they 

are not sold before they expire [63]. Deteriorated packaging can also shorten canned food's 

shelf life and eventually lead to contamination or spoiling. 

2.5.6 During Consumption Phase: - Food waste at the consumer level is caused by 

impulsive purchases, leftovers, infrequent market outings, and other factors at the 

consuming stage. Several factors can contribute to food waste at the consumer level during 

the eating stage, such as: a) Leftovers: People sometimes prepare or serve more food than 
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they can consume, which leads to leftovers. Improper usage or storage of these leftovers 

before they spoil can result in waste [61,62,63].  

b) Impulsive Buying: Making impulsive purchases, especially when grocery shopping, can 

lead to the acquisition of items that might not be used before they expire. Food waste may 

result if these items are stored unused and then discarded [75].  

c) Regular Market Visits: People who visit the market or grocery shop infrequently may 

buy more food than they actually need in an attempt to keep their supplies longer. Perishable 

goods, such as fruits, vegetables, and dairy products, may spoil before they are consumed 

as a result [75].  

d) Inadequate Meal Preparation: People who overestimate their meal needs and disregard 

portion sizes may end up cooking too much food and wasting it [63,78]. 

e) Misinterpretation of Expiration Dates: Even when food is still safe to eat, consumers may 

discard it too soon based on its expiration date. This could lead to unnecessary food waste 

that should be avoided [63,78]. 

f) Lack of Knowledge or Awareness: Some patrons may not understand how to use leftovers 

or store food appropriately, which could lead to waste that could have been avoided [9]. 
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                                       Fig.1 Post Harvest Losses [63]. 

 

3. Challenges in the Handling of Agricultural Waste: 
 

3.1 Waste Composition Variability: Agricultural waste includes a variety of materials, 
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unpredictable nature of waste composition hinders the development of standardized waste 

management methods and technology that can effectively handle a range of waste types 

[86].  

3.2 Storage and Handling Issues: Agricultural waste needs to be handled and stored 

correctly to prevent environmental contamination, odours, and health hazards [10]. Since 

many farms lack the necessary infrastructure and storage space, improper waste 

management practices like open burning and negligent dumping that might damage the air 

and water are encouraged [119].  

3.3 Variations by Season: The process of producing agricultural waste usually shows 

seasonal patterns, peaking during harvest seasons or periods of intensive farming [29]. 

Managing massive amounts of waste during these busy periods can strain the infrastructure 

and waste management systems currently in place, causing logistical problems and 

potentially endangering the environment if waste is not managed properly [60,61].  

3.4 Limited Technology and Resource Access: The small-scale and resource-constrained 

farmers may lack the technology, resources, or instruments necessary for effective waste 

management [59]. This includes having access to facilities for composting, garbage 

collection products or services, and recycling infrastructure. To ensure equitable and 

sustainable waste management practices among various farming communities, these 

disparities must be addressed [102]. 

 

3.5 Hazards of Pollution and Contamination: Inappropriate management and disposal of 

agricultural waste can release harmful metals, pesticides, and viruses into the air, water, and 

soil [73]. Contaminated trash poses a threat to human health, environmental integrity, and 

food safety, underscoring the importance of implementing suitable waste management 

practices and assessment methods [1]. 

 

3.6 Regulatory Compliance and Enforcement: Farmers and agricultural enterprises may 

find it challenging to adhere to waste management standards due to complex regulatory 

frameworks, burdensome administrative requirements, and enforcement issues [35].  

Uncertain legislation, inconsistent enforcement, and a lack of resources for compliance 

monitoring may hinder efforts to improve waste management practices and achieve 

environmental goals [60,61]. 

 

3.7 Incentives and Economic Viability: Because ecological waste management 

techniques sometimes require upfront investments in infrastructure, equipment, and 

training, farmers—especially those with small profit margins—may encounter financial 

challenges when putting them into practice [123]. The lack of financial incentives or market 

opportunities for recycled or reused agricultural waste may further deter investment in 

waste management solutions [64]. 

3.8 Cultural and Social Aspects: The following elements may influence the adoption of 

novel waste management practices: community norms, customs, and sociocultural attitudes 

on rubbish management [36]. It is necessary to remove cultural barriers, dispel myths, and 

include local communities in decision-making processes in order to promote acceptability 

and participation in farm waste management initiatives [111].  

3.9 Impacts of Climate Change: Climate change alters weather patterns, increases the 

frequency of extreme events, and impacts crop yields, all of which exacerbate problems 

with agricultural waste management [86]. In addition to enhancing the systems' resistance 

to climate change hazards, adaptation methods are required to lessen the effects of climate 

change on waste generation, storage, and treatment [4]. 
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3.10 Knowledge and Data Gaps: Lack of data, research gaps, and barriers to information 

dissemination hinder the development and implementation of evidence-based waste 

management techniques [38]. Funds for research, data collection, and knowledge-sharing 

initiatives can be provided in order to bridge these gaps and enhance decision-making for 

more successful and sustainable agricultural waste management [88]. 

 

4. Technological Conversion for Ecological Crop Residue 

Management: 

 
Future population expansion will require more food production, which increases the 

possibility that crop residue development may occur soon [139]. In addition to a number of 

other environmental issues, the extensive usage of fossil fuels in modern times is producing 

massive greenhouse gas emissions. Bioenergy is becoming more and more popular as a 

substitute for fossil fuels in the creation of sustainable energy since it is seen as a renewable 

energy source [108]. Biomass is the source of bioenergy. Biofuels, which may be produced 

from consumable food crops including potatoes, sunflower, sugarcane, barley, and maize, 

are the primary sources of bioenergy [124]. However, the generation of biofuel from 

agricultural waste, particularly crop leftovers, has recently attracted attention in an effort to 

facilitate residue recovery and the development of renewable energy sources from diverse 

conversion processes [59,60]. Crop residues that are high in lignocellulosic materials are 

cheap, simple to incorporate into the food chain, and excellent sources of energy [61]. For 

instance, power is produced from only 12.2% of India's 500 Mt of agricultural waste 

annually [56]. 

4.1 Changes through Thermochemistry: - 

Thermochemical conversion involves three steps: liquefaction, pyrolysis, and gasification. 

[59]. The method selection is influenced by a number of factors, including the type and 

quantity of leftovers, energy preferences, financial limitations, and environmental 

requirements [82]. 

 

4.1.1 Solidification: - This process creates a mixture of combustible gases by heating the 

biomass without oxygen to 500–1400 °C while maintaining an air pressure of 33 bar. The 

carbonaceous wastes are converted into syngas, a blend of hydrocarbons, methane, carbon 

dioxide, and hydrogen, by adding gasification agents during this process [118]. This syngas 

contains the gas hydrogen, biofuel, and biomethane as gas. Reports state that gasification 

is a more efficient method of producing hydrogen gas than liquefaction or pyrolysis [5]. 

Gasification produces large volumes of CO and CO2, while agricultural waste has higher 

levels of CO2 and CO. A gasifier with a fluidized bed is used to gasify rice straw [67]. 

Among the metallic elements used as catalysts to boost the production of hydrogen and 

methane are Ni, Ru, Cu, and Co [135].  

4.1.2 Method of pyrolysis: - A further method for the thermal breakdown of biomass is 

pyrolysis, which occurs in anoxic environments at temperatures between 350 and 550 

degrees Celsius. The process that converts organic waste into a mixture of solids, liquids, 

and gases is called pyrolysis. More specifically, gasification produces combustible fuel gas, 

whereas pyrolysis produces liquid fuel, sometimes known as bio-oil or py-oil. Three types 

of pyrolysis can be identified based on the operational conditions: flash, rapid, and slow 

pyrolysis. Because this process is cost-effective, energy-efficient, and environmentally 

safe. The fastest pyrolysis process is becoming more and more popular as a way to make 

biofuel, even if it may yield a high percentage of fuel oil (75 weight percent) [12]. 

4.2. Transformation Based on Biochemistry: - In order to convert the leftovers into 

useable energy, some bacteria and yeast are involved in this process. In order to generate 
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sustainable energy, three biochemical transformation methods have been developed: 

anaerobic breakdown, alcoholic fermentation, and photobiological approaches [78]. 

4.2.1. Anaerobic digestion: - It is a technique that generates biogas using residual biomass 

and a range of microorganisms. Methane and CO2 make up the majority of the biogas, 

which accounts for 20–40% of the biomass's total energy and has a poor heating value 

[117]. Wet biomass up to 90% in moisture content can still be used for this procedure. The 

three main stages of anaerobic digestion are hydrolysis, fermentation, and methanogenesis 

(Hou and Zhu, 2024). These simple biomolecules undergo fermentation to yield alcohol, 

fatty acids, acetic acids, H2, and CO2 after hydrolysing from complicated biomolecules. 

These gas combinations are broken down by methanogenesis to produce biogas, which is 

composed of 30–40% CO2 and 60–70% CH4 [110]. The process of anaerobic digestion 

functions as a biological mechanism. It decomposes complex organic materials such as 

sewage sludge, wastewater, organic waste from animals, and plant biomass. Without 

oxygen, this process produces digested matter and biogas. Anaerobic bacteria of several 

kinds carry out this function. Anaerobic digestion has been used for years to stabilize 

sewage sludge. This technique has become more popular recently for treating and 

recovering energy from various wastes. These consist of wastewater from factories, 

industrial organic waste, and animal waste that has been segregated from home rubbish 

[107]. There are numerous benefits to producing and using biogas through anaerobic 

fermentation. Both the participating farmers and society at large gain from it. Renewable 

energy sources, lower greenhouse gas emissions and less global warming, compliance with 

EU energy and environmental protection standards for agriculture, fewer smells from 

livestock and other organic waste, and a sizable boost in revenue for the agricultural sector 

are just a few of these social, economic, and environmental advantages. 

There are two limited environmental effects of anaerobic digestion that are related to the 

production of biogas itself: the risk of odours, which can be mitigated by burning odorous 

materials in exhaust air or using other odour treatment methods, and the risk of explosion, 

which can be mitigated by using equipment that is explosion-proof. 
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                                   Fig 2. Anaerobic digestion process [132].   

4.2.2. Fermentation of Alcohol: - With the help of bacteria or yeast, the fermentable sugars 

in the leftovers can be utilized to ferment alcohol and produce bioethanol [26]. Before 

feeding, the hydrolysis process is used to break down complex polysaccharides into simple 

carbohydrates. Crude alcohol, which has an ethanol level of 10% to 15%, is then produced 

using drawn-out distillation procedures [130]. The residual materials are transformed into 

useful products through the processes of pyrolysis, gasification, and liquefaction [37].  

 

4.2.3. Photobiological Techniques: - Plant growth and development are entirely dependent 

on light. Plants respond differently to different wavelengths [120]. In plants, various 

physiological, physical, and biological activities are regulated by distinct wavelengths 

[114]. Plants commonly use this method to control a variety of physiological and biological 

functions. Additionally, it aids in controlling the growth and development of plants [83]. 

4.3 Producing Bioelectric power from crop residues: - The leftover lignocellulosic crop 

wastes can produce bioelectricity. Burning generates heat, CO2, and H2O when biomass 

and oxygen (O2) are combined at a high temperature [136]. During the process, chemical 

energy is transformed into radiation, heat, and light energy. Char and volatiles from the 

biomass combine with oxygen to produce heat [47]. The stream produced by this heating 

process subsequently powers the turbine that generates the steam required to generate 

energy. Recently, a promising new technology called microbial fuel cells (MFCs) was 

developed to use electrogenic bacteria to produce bioelectricity from organic waste without 

the need for an oxygen source [44]. The bioelectricity generated from agricultural waste 

significantly decreased greenhouse gas emissions, offsetting Australia's overall emissions 

by 28% and its electrical emissions by 9% [13]. Bioelectricity produced from agricultural 

waste is anticipated to produce 10–20% of future electricity and cut carbon dioxide 

emissions by around 27 million tons over a fifteen-year period. Additionally, MFC has a 

lot of promise for environmentally responsible and sustainable high-density energy 

generation. 

 
 

                       Fig 3. MFC (Microbial cell technology) [44]. 
 

4.4 Crop Residues Improve the Fertility and Productivity of The Soil: - 

The importance of crop residue in international agriculture is growing. It is regarded as an 

excellent source of organic matter and improves soil carbon stock, water conservation, 
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nutrient recycling, and soil qualities. Furthermore, it reduces the likelihood of burned 

residue and the environmental risks associated with its retention. Cereals make up 74% of 

all agricultural wastes, with tubers accounting for 5%, sugar crops for 10%, oil seeds for 

3%, and legumes for 8% of the total [105]. Crop residue may contain a variety of minerals 

in addition to C, depending on the crop and soil conditions [126]. It is widely acknowledged 

that crop residues first immobilize the soil's accessible nitrogen by using a high C: N ratio. 

As a result, it is challenging to predict how much nutrient will become available to the crops 

throughout the crop residue absorption period [93]. But over an extended period of time, 

this approach seems to be rather successful in producing better organic matter and supplying 

nutrients for succeeding crops, both of which raise the output of food crops. Cereals are 

second to legumes in terms of agricultural residue output [24]. Legume residues are known 

as high-quality residues rather than high-quantity residues because they provide a 

significant amount of soil carbon over an extended period of time. 

4.5 Agro-Waste Recycling and Composting: -  

The two most common conventional methods of managing agricultural wastes are flushing 

them out of fields soon after harvest or tilling them into the ground for disposal [73]. The 

chemical makeup of crop wastes can determine whether they are beneficial or harmful to 

an agroecosystem. The leftovers may include toxic substances or infectious 

microorganisms that could endanger human health. derived from a crop cultivated in 

polluted soil [131]. Nonetheless, there are several benefits to leaving leftovers in the field, 

such as improved nutrient absorption and mineralization efficiency and the release of 

minerals into soils [34]. Burning or trashing of agricultural leftovers is a common practice 

after harvesting in developing countries. Approximately 35, 85, and 45% of the nitrogen, 

phosphorus, and potassium that rice plants ingest remain in the vegetative sections where 

they can be recycled to improve the soil and support subsequent crops [48]. A microbial 

process that speeds up the biological breakdown, bioconversion, and disintegration of 

complicated elements into more easily soluble inorganic and organic components is 

required before agricultural waste may be composted [18]. The type of agricultural waste, 

its C: N ratio, and environmental factors like pH, aeration, moisture content, temperature, 

etc. are the primary factors affecting this process. In general, the composting process must 

be initiated by adding bacteria that promote plant growth or an important chemical fertilizer 

(NPK) [48]. It is also known as the aerobic fermentation, is a popular and practical strategy 

to deal with organic waste by turning it into compost for farms. Composting is widely 

regarded as the best way to handle organic waste. Clean organic waste from gardens and 

parks can now be composted in open spaces without the need for additional air. To expedite 

the process and prevent unpleasant odors, you can also perform it in enclosed areas. In this 

instance, the waste is first ground, sieved, and combined. Composting reduces the amount 

of garbage that ends up in landfills, which benefits the environment and helps to prevent 

environmental hazards. Because it lessens the likelihood that bacteria in trash can survive 

and spread, it is also beneficial to health [11]. The following are examples of composting 

technology: 

1.It guarantees environmental preservation in the vicinity of cattle rearing as well as 

throughout the entire region where it is implemented. 

2. A concentrated product that is easy to transport, odourless, pathogen-free, and easy to 

store takes the place of a bulky product with high humidity.  

3. One product that might lessen the lack of organic matter and micronutrients in 

agricultural soils is compost. 

4. There are major environmental advantages to using compost as a growing medium or 

fertilizer for agricultural land. Compost biodegradable waste no longer reaches the 

ecological deposit, in addition to reintegrating nutrients in the soil, which reduces the 

preference for chemical fertilizers. Since composting is still a relatively new activity, its 
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greenhouse gas emissions contribute little to global warming. Odour emissions are 

eliminated by a bio-filter in enclosed composting facilities (Montgomery,2007).  

 

          Figure 3. compost mineralization after application [48,105]. 

 

4.6 Integration of Information and Communication Technologies: By offering real-time 

data, enhancing resource allocation, and promoting improved decision-making, information 

and communication technologies (ICT) can be extremely helpful in streamlining 

agricultural waste management procedures. improves waste management operations' 

efficacy and efficiency by using data to inform decisions. enhances trash creation, 

collection, and processing tracking and monitoring. improves resource allocation and 

decision-making by facilitating coordination and communication among stakeholders, such 

as farmers, waste processors, and policymakers using real-time data [92,93].  

4.7 Policy Support and Community engagement: - Support from policymakers and active 

community involvement are essential for efficient agricultural waste management because 

they guarantee the uptake and sustainability of creative solutions [92]. fosters the use of 

environmentally friendly garbage management techniques. promotes cooperation and 

community involvement in garbage management projects. increases the impact and 

scalability of waste management systems. 

 

4.8 Production of Biogas and Bioenergy: The multi-step biological process of anaerobic 

digestion (AD) primarily converts organic material into the gases carbon dioxide and 

methane, with trace amounts of nitrogen, ammonia, hydrogen sulphide, and hydrogen vapor 

also being produced [96]. The AD process is a proven technique that may meet energy 

demands for fuel, heating, power, and other applications using cheap feedstock or even 

organic waste from industry and municipalities [54]. This proves that it is financially 

possible. Numerous studies have been carried out to look into the feasibility of producing 

bio-methane from different agricultural wastes, as shown in Table 3 Rice straw has an 

organic value of about 82%, while maize and sugarcane can have up to 92% organic content 

[77]. They are ideal for producing biogas due to their high content of organic matter and 

carbohydrates, which results in an average methane generation rate of 50–55% [140]. 

Because they are easily broken down, the bacteria involved in fermentation prefer the 

carbohydrates. Moreover, the bacteria that produce methane may use hydrogen and other 

intermediate products such lactic and acetic acids [99]. 
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                     Table 3. Bio Methane Potential of Various Crop Residues 

Crop residue Bio- methane potential Source 

sugarcane 460 [63] 

Potato crop 280 [63] 

Cassava tuber 660 [63] 

Cotton stalk hull 200 [3] 

Corn waste 307 [63] 

Rice straw 390 [77] 

 

In addition to organic matter, other parameters that affect the production of biogas from 

various agricultural wastes include trace metals and the C/N ratio. It is evident that higher 

methane concentrations in maize, rice straw, and sugar cane are associated with trace metals 

such as calcium, iron, and chromium [106]. A 25:1 ratio has been proposed for the C/N 

component. Crop wastes from rice, maize, and sugarcane are particularly advantageous for 

the production of biogas since they naturally contain more carbon than nitrogen [50]. 

 

5. Implications for Policy and Socioeconomics: - 
 

The socio-economic and policy outcomes of agriculture waste management are the broader 

societal and economic repercussions of strategies and policies which are meant to reduce 

waste generated from agricultural activities [31]. Social justice, environmental 

sustainability, economic sustainability, and regulatory frameworks are just a few of the 

many themes covered here. In effect Agricultural waste management can have a big impact 

on society and the economy. 

5.1. Environmental Sustainability: Effective waste management practices help to reduce 

environmental deterioration by lowering pollutants, greenhouse gas emissions, and the 

utilization of natural resources. This promotes sustainable farming practices and the 

protection of the environment and biodiversity [134]. 

5.2. Prospects for Finance: Opportunities for business can develop because waste products 

can be turned profitable through effective waste management. For instance, composting 

organic waste can produce beneficial soil nutrients, and turning agricultural waste into 

bioenergy can help reduce dependency on fossil fuels and improve the availability of 

renewable energy sources [40]. 

5.3. Resource Efficiency: Implementing waste management strategies that prioritize 

recycling, reuse, and resource recovery can boost resource efficiency in agriculture [95]. 

This means improving nutrient cycling, reducing input costs, and increasing overall 

productivity.  

5.4. Public health and Safety: - Proper waste management practices lessen the health risks 

associated with agricultural waste, including as exposure to dangerous chemicals, the 

spread of illness, and contaminating water supplies [61]. This protects agricultural workers 

and neighbouring communities [103]. 
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5.5. Social Justice: - Policies related to waste management should consider social justice 

by considering potential impacts on small-scale farmers or marginalized communities 

living near agricultural areas, for instance. Fair access to resources and involvement in 

decision-making processes are essential for advancing social justice [17]. 

 

6. Policy Implications: 

6.1. Regulatory Frameworks: Governments play a crucial role in developing and 

enforcing regulations and policies for the handling of agricultural waste [62]. These 

frameworks may include guidelines for trash disposal, strategies for lowering pollutants, 

and financial incentives for adopting sustainable behaviours [70]. 

6.2. Mechanisms of Incentive: Policy incentives such as grants, tax credits, and subsidies 

can be used to encourage farmers to adopt waste management practices that promote 

environmental objectives. Financial incentives can be used to promote the use of 

sustainable technology and partially offset the costs of initial investments [61,62]. 

6.3. Research and Innovation: Policies should support research and innovation in farm 

waste management to foster the development of new technologies, practices, and economic 

opportunities [14]. Public-private collaborations and research funding initiatives can 

promote innovation and information exchange [102]. 

 

6.4. Stakeholder Engagement: To execute efficient waste management plans, farmers, 

corporate representatives, political entities, and community organizations must collaborate 

[16]. Stakeholder engagement processes ensure that policies are influenced by a range of 

perspectives and tailored for particular communities [128]. 

 

7. Issues brought on by Agricultural Waste: -   

 
 

7.1. Health Issues: When pesticides, ammonia, heavy metals, fertilizers, and oils from 

farms and farm equipment get up in drinking water, they can have a major negative effect 

on people's health. Drinking this contaminated water exposes people to these dangerous 

chemicals, which can result in serious health problems or even early death. According to 

reports, nitrates from tainted water cause blue baby syndrome, which can lead to infant 

deaths. Other harmful substances, such as heavy metals, can impair the neurological system, 

erode the immune system, and damage important organs. Additionally, farm waste can 

contaminate water with germs and parasites, which increases the risk of illness and death 

[122]. 

 

7.2. Decrease in long-term Agricultural Yields: To combat pests, weeds, and illnesses, 

farmers continue to use pesticides, herbicides, and other agricultural chemicals. However, 

many are unaware of the long-term effects these harsh chemicals have on their land. These 

potent substances remain in the soil for many years. They can destroy beneficial insects and 

microscopic organisms in the soil, as well as contaminate water and plants.  

This affects the quality of the crops, the soil's fertility, and the natural equilibrium of the 

environment. It may eventually result in decreased crop yields. Perhaps this is the reason 

why some farmers are returning to organic farming practices and traditional manure [58]. 

 

7.3. Impact on aquatic life: Groundwater and water systems are significantly impacted by 

agricultural pollution, which has a detrimental effect on aquatic life. The health and 

reproductive potential of fish and other aquatic animals are impacted by the absorption of 
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agricultural chemicals, herbicides, and fertilizers. Eutrophication occurs when fertilizers, 

manure, and animal waste contribute significant amounts of nitrogen and phosphorus to 

surface waters. Fish and other aquatic life are killed by this process, which depletes 

dissolved oxygen. Ammonia and heavy metals are two other chemical substances that can 

harm aquatic life and kill fish [122].  

7.4. Eutrophication: When nitrogen and phosphorus from fertilizers and manure are 

washed into adjacent surface waters by irrigation or rainfall, eutrophication results. The 

dense growth of algae and plants on the water's surface, known as eutrophication, causes 

numerous algal blooms. Because eutrophication lowers dissolved oxygen, fish and other 

aquatic life may perish. Additionally, it has been connected to an increase in fatal incidences 

of paralytic shellfish poisoning in humans. 

7.5. Depletion of soil Fertility and Soil Pollution: Chemical pesticides, herbicides, and 

agrochemicals used to eradicate weeds, diseases, and pests frequently contaminate the soil 

and can persist for years. Over time, this affects soil chemistry and microbial activity, 

decreasing soil fertility by eliminating soil microorganisms. According to studies, synthetic 

fertilizers, pesticides, herbicides, and other farming practices cause the annual loss of 

millions of productive soils [11].  

7.6. Water Pollution: Surface runoff from farming practices, such as inadequate irrigation 

and management, pollutes both surface and ground water. The use of weed killers, 

fertilizers, pesticides, manure, and other agricultural chemicals degrades water quality and 

causes extensive contamination of groundwater and streams. Additionally, sedimentation 

and soil erosion contaminate the water, making it murky and unclean. As a result, there are 

adverse effects on humans, animals, plants, wildlife, and aquatic life. 

 

7.7. Air Pollution: Fertilized fields and farm animals can emit a lot of pollutants into the 

atmosphere. These gases, which include ammonia and nitrogen oxides, contain nitrogen 

and carbon and may be involved in the greenhouse effect. Fossil fuels are used by farmers 

when they plough, harvest, or operate equipment like tractors. Greenhouse gas 

concentrations are affected by this. Additionally, a number of greenhouse gases are released 

by some natural soil processes [59,61,63]. 

 

7.8. Biodiversity Destruction: Soils, animals, plants, waters, and wildlife are all negatively 

impacted and destroyed by the continuous use of chemical products in farming. The 

ecosystems that sustain biodiversity are altered as a result. Additionally, beneficial insects, 

birds, soil microbes, and some rare tiny species, such as butterflies, can all be killed by 

pesticides. The impact on biodiversity is extensive. These substances have long-term effects 

on biodiversity because they remain in the soils [107]. 

  

8. Multifaceted Strategies as a Remedy: -  
 

8.1. Watershed efforts: Reducing nutrient contamination requires the cooperation of 

numerous individuals and groups within a watershed. Successful initiatives to improve 

water quality involve participation from state governments, agricultural associations, nature 

conservation groups, educational institutions, non-profits, and neighbourhood clubs. 

 

8.2. Management of Nutrients: Pollution can be greatly decreased by applying fertilizers 

in the right amounts, at the right times of year, and with the right technique.  

 

8.3. Buffers: By absorbing or filtering out nutrients before they reach a water body, planting 

grass, trees, and bushes around fields—especially those that border water bodies—can aid.  

 

8.4. Cover Crops: By recycling surplus nitrogen and preventing soil erosion, planting 

specific grasses, grains, or clovers can help keep nutrients out of the water. 
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8.5. Conservation Tillage: Reducing the frequency of field tilling improves soil organic 

matter, decreases runoff, and lessens erosion and compaction.  

 

8.6. Managing Livestock Waste: Restoring stream banks and preventing nitrogen and 

phosphorus from entering waterways by keeping animals and their excrement out of lakes, 

rivers,  and  streams. 

 

8.7. Management of the Drainage Water: Water deterioration in nearby streams and lakes 

can be avoided by lowering nitrogen loadings that flow from agricultural fields [10].  

 

9. Future Prospects and Challenges: -  

Although agricultural waste management has a bright future ahead of it in terms of 

sustainability and resource efficiency, there are also major obstacles that need to be 

overcome. We can overcome these obstacles and build a more sustainable future for 

agriculture and the environment by embracing technological advancements, incorporating 

the principles of the circular economy, giving climate resilience top priority, fortifying 

policy frameworks, raising public awareness, and encouraging cross-sector cooperation. 

Anticipating future directions and the issues that accompany them is essential. Sustainable 

farming practices, environmental preservation, and resource optimization all depend on the 

handling of agricultural waste. However, a number of crucial sectors become focus points 

for upcoming developments and problems as agricultural techniques and technology grow: 

 

9.1. Technical Innovations: The management of agricultural waste will depend more on 

technical developments in the future. Future developments are anticipated to include 

robotics for effective collection and processing, bioreactors for the conversion of organic 

waste, and smart sensors for tracking trash levels. The affordability and availability of these 

technologies for small-scale farmers, as well as the need for ongoing research and 

development to increase their scalability and efficacy, are obstacles.  

 

9.2. Bioenergy Production: Growing the production of bioenergy is a key future trend in 

agricultural waste management. Reducing greenhouse gas emissions and dependency on 

fossil fuels can be achieved by using agricultural residues, such as food waste, animal dung, 

and crop remnants, to produce biofuel. Nonetheless, issues like the requirement for 

sustainable feedstock management and the competition for land use between the production 

of food and fuel must be resolved. 

9.3. Integration of the Circular Economy: One of the main goals for agricultural waste 

management in the future will be to transition to a circular economy model. Reusing, 

recycling, and repurposing agricultural waste to produce goods with added value is part of 

closing the loop. Developing effective trash collection and recycling systems, establishing 

markets for recycled goods, and guaranteeing the financial sustainability of circular 

economy projects are some of the challenges. 

9.4. Climate Resilience Strategies: As the effects of climate change worsen, climate 

resilience will need to be prioritized in farm waste management programs moving forward. 

This involves implementing conservation tillage, cover crops, and agroforestry to improve 

soil health and water retention, which reduces the quantity of agricultural waste generated. 

The difficulties are in adapting these methods to a range of agroecological conditions and 

ensuring their long-term sustainability in the face of changing climatic trends. 

 

9.5. Policy and Regulatory Frameworks: Improving agricultural waste management 

techniques will require strengthening policy and regulatory frameworks. Future directions 

can involve creating rules, incentives, and subsidies to promote recycling, proper disposal, 
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and trash minimization. Among the difficulties are coordinating policies at various 

governmental levels and resolving socioeconomic inequalities that could make it more 

difficult for people to follow waste management laws [97].  

 

9.6. Public Education and Awareness: Increasing public awareness of the importance of 

managing agricultural waste will be essential to bringing about change. Future initiatives 

should concentrate on informing farmers, consumers, legislators, and the public at large 

about the benefits of sustainable waste management practices for the economy, society, and 

environment. Overcoming misunderstandings regarding trash management and making 

sure that educational initiatives are both accessible and culturally appropriate are 

challenges.  

 

9.7. Cross-Sector Collaboration: To effectively handle the intricate problems associated 

with agricultural waste management, cooperation between sectors will be crucial. Future 

directions might entail establishing partnerships to share best practices and resources 

among government agencies, academic institutions, non-governmental organizations, and 

commercial sector stakeholders. Overcoming institutional obstacles, fostering trust among 

many stakeholders, and guaranteeing fair involvement in decision-making processes are 

among the difficulties [97].  

 

 

 

 

10. Conclusion: -  
 

Developments in agricultural waste management offer encouraging alternatives for 

lowering environmental impact, boosting resource efficiency, and promoting sustainable 

farming methods. However, before these advancements can realize their full potential, a 

number of issues must be resolved, such as financial constraints, infrastructure limitations, 

and behavioural factors. To solve these issues and accomplish the worldwide sustainable 

agricultural waste management targets, more research, collaboration, and policy support 

are essential. 
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