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ABSTRACT

The growing pressure on agricultural land to produce food, feed, fibre and industrial raw materials has led to an
intensive use of soil, water, fertilizers and other external inputs. Because of continuous cultivation, unbalanced
fertilization, the burning of crop residues, a decline in soil organic matter and the improper management of
agricultural and food-processing wastes, serious problems have arisen for the sustainability of present-day
agricultural systems. At the same time, large amounts of crop residues, livestock manure, poultry litter, wastes
from fruit and vegetables, by-products from food processing and other biodegradable materials are produced each
year. These materials contain large amounts of organic carbon and essential plant nutrients and so can be turned
from waste into valuable resources by means of circular agricultural practices. Circular agriculture offers a
resource-efficient approach in which nutrients, carbon, water and energy are recovered and re-introduced into
productive systems rather than being lost through disposal. By recycling organic wastes through methods such as
composting, vermicomposting, anaerobic digestion, biochar production, incorporating residues, managing manure
and using an integrated system of organic and mineral nutrients, it is possible to improve the physical, chemical
and biological characteristics of the soil and to help achieve sustainable crop production. Organic amendments
can raise the level of soil organic carbon, enhance aggregate stability, increase the cation exchange capacity,
improve the water-holding capacity, boost microbial biomass and make nutrients more available. They can also
reduce the need for synthetic fertilizers, cut down on residue burning, improve nutrient-use efficiency and help
with soil carbon sequestration. Yet, the uncontrolled application of untreated organic wastes can result in
environmental and food-safety risks due to pathogens, heavy metals, salinity, losses of nutrients, emissions of
greenhouse gases, microplastics and emerging contaminants. As a result, effective circular agriculture depends on
source segregation, proper treatment, quality assessment, application based on nutrient content, monitoring and
life-cycle evaluation. This review examines the principles of circular agriculture, the main organic-waste
resources, the recycling technologies, the effects on soil fertility and crop productivity, carbon sequestration,
environmental implications, risks, economic opportunities, technological advances and future research needs. The
review concludes that scientifically managed recycling of organic wastes can play a major role in building
resilient, resource-efficient and environmentally sustainable agricultural systems.

KEYWORDS: circular agriculture, organic waste recycling, compost, vermicompost, biochar, digestate, soil
fertility, soil organic carbon, nutrient cycling, sustainable crop production, circular bioeconomy

1. INTRODUCTION

Agriculture relies basically on the presence of fertile soil, sufficient water, nutrients and suitable climatic
conditions. In the past few decades’ agricultural intensification has greatly increased crop production and as a
result has helped to ensure global food security. At the same time the intensive use of agricultural resources has
led to a number of environmental and soil-health problems. The practice of continuous cropping, over-tilling,
unbalanced use of fertilizers, the removal or burning of crop residues and the inadequate return of organic
materials to the soil have all been responsible for the decrease in soil organic matter in many areas of agriculture.
The decline in soil organic matter is of particular importance since organic matter is closely linked to soil
aggregation, nutrient retention, water-holding capacity, microbial activity and the overall productivity of the soil,
(Selvan et al., 2023).
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Meanwhile, agricultural and food systems produce huge amounts of organic waste. Crop farming yields straw,
stalks, leaves, husks, cobs, roots and other forms of biomass. Livestock operations produce dung, urine, bedding
and manure, and poultry production creates large volumes of poultry litter. Horticultural activities generate a
significant amount of fruit peels, vegetable residues, unsaleable fruit and vegetables, pruning waste and processing
by-products. The food-processing industry also produces various residues, such as rice bran, sugarcane bagasse,
press mud, fruit pomace, oilcakes and other biodegradable by-products. Environmental pollution and the release
of greenhouse gases can result if these materials are not handled properly, (Sharma et al., 2019).

Agricultural systems have always been based on a fairly linear method of production. Nutrients are taken from
natural resources, turned into fertilizers, spread on crops and then either removed when the crops are harvested or
lost by leaching, erosion, volatilization and other means. Organic residues are often seen as undesirable materials
and are therefore burned, dumped or got rid of in some other inefficient way. The result of this linear system is
both the loss of valuable nutrients and the build-up of waste, (Bhunja et al., 2021)

Circular agriculture offers an alternative model in which agricultural production is based on the recovery and
reuse of biological resources. In this system, organic residues are seen as valuable sources of carbon, nitrogen,
phosphorus, potassium, sulphur and the micronutrients (Ye, et al., 2020). Rather than being thrown away, they
are gathered, treated and then sent back into agricultural production by means of appropriate recycling methods.
The aim of circular agriculture is therefore to close the nutrient and carbon cycles and to decrease the reliance of
agricultural systems on finite external resources, (Oueld lhaj et al., 2024).

For many decades now it has been known that organic matter is important for keeping soil fertile. It functions as
a store of nutrients and helps in the formation of stable soil aggregates. Moreover, it supplies energy and substrates
for soil micro-organisms, which are in charge of various nutrient transformation processes. It therefore follows
that the addition of organic residues can affect soil fertility by both direct and indirect means, (Mia and Zzaman
2025).

Modern technologies for recycling organic waste offer a number of ways of recovering these resources.
Composting achieves this by means of controlled aerobic decomposition which turns biodegradable waste into a
stable organic amendment (Mdller, 2015). In vermicomposting, earthworms and microorganisms are used to
convert organic waste into a vermicompost that is rich in nutrients. Anaerobic digestion converts organic materials
into biogas and into a digestate that is rich in nutrients. Pyrolysis turns biomass into biochar and into energy-rich
products. As for direct incorporation of the residue and mulching, these constitute low-cost methods of returning
carbon and nutrients to the soil, (Nobre et al., 2026).

The significance of these technologies is growing since agriculture is having to deal at the same time with soil
degradation, climate change, rising input costs and greater pressure to cut down on environmental pollution
(Brichi, et al., 2023). Recycling organic wastes has the potential to deal with several of these problems at the same
time; organic amendments can enhance soil structure and nutrient availability, while the recovery of nutrients
from wastes can lessen the demand for fertilizers that are obtained from outside. Moreover, anaerobic digestion
can produce renewable energy and biochar can offer relatively stable carbon storage, (Sohi et al., 2009).

The advantages of recycling organic waste are very much dependent on the quality of the material and on how it
is processed and applied. Raw manure can contain pathogens, and municipal organic waste that is not well
managed may contain plastics, heavy metals and other contaminants. If nutrient-rich organic materials are applied
in excess, this can result in the accumulation of nutrients, leaching of nitrates, losses of phosphorus and emissions
of greenhouse gases. Circular agriculture should therefore not be understood merely as the return of all organic
waste to agricultural land; instead it demands a system which is managed on the basis of waste characterization,
suitable treatment, quality control and application according to nutrient content (Kominko, H., & Izydorczyk, G.
(2026). This review aims to give a thorough evaluation of the role of organic-waste recycling in circular
agriculture, with a special focus on soil fertility, nutrient cycling, crop productivity, soil biological health, carbon
sequestration, environmental sustainability and the future of circular nutrient management.

Table 1. Major agricultural organic wastes and their nutrient composition

Organic Major characteristics Organic | Total | P (%) | K Major recycling
waste/resource C (%) N (%) (%) | options
Rice straw High cellulose and | 3545 0.4- 0.05—- | 1.0— | Residue
silica; relatively high 0.8 0.15 2.0 incorporation,
C:N ratio compost, biochar,
mulch
Wheat straw Carbon-rich 35-45 0.4— 0.05—- | 0.8— | Compost, mulch,
lignocellulosic material 0.8 0.15 1.5 biochar, incorporation
Maize stover Rich in cellulose, | 35-45 0.5- 0.1- 1.0— | Compost, biochar,
hemicellulose and 1.0 0.3 2.0 livestock feed,
carbon incorporation
Sugarcane High carbon and | 35-50 0.3— 0.05- | 0.5— | Compost,  biochar,
trash/bagasse lignocellulosic content 0.8 0.20 1.5 mulch, energy
recovery
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Rice husk High silica and carbon; | 30-45 0.3— 0.05— | 0.5- | Biochar, compost,
slow decomposition 0.8 0.20 1.5 soil amendment

Cattle manure Nutrient-rich and | 20-30 1.0- 0.3— 0.5— | Compost,
relatively readily 2.0 0.8 1.5 vermicompost, biogas
decomposable

Farmyard manure | Mixture of dung, urine, | 20-30 0.5— 0.2— 0.5— | Direct  application,
bedding and residues 1.5 0.6 1.5 compost

Poultry High N and P;|20-30 2.0- 1.0- 1.0— | Compost, fertilizer,

manure/litter comparatively rapid 4.0 2.0 2.0 biogas
mineralization

Sheep/goat Relatively concentrated | 25-35 1.0- 0.3— 0.8— | Compost,

manure nutrient source 2.5 0.8 1.5 vermicompost

Pig manure Moist and nutrient-rich | 15-30 1.0- 0.5— 0.5— | Anaerobic digestion,
organic material 2.5 1.5 1.5 compost

Fruit-processing | High  moisture and | 30-50 1.0- 0.2— 1.0—- | Compost,

waste readily degradable 3.0 0.8 3.0 vermicompost, biogas
organic matter

Vegetable waste | Easily  decomposable | 25-45 1.0- 0.2— 1.0— | Compost,
and nutrient-rich 3.0 0.8 3.0 vermicompost, biogas

Sugarcane press | Organic-rich by-product | 20-30 1.0- 1.0- 0.5— | Compost, soil

mud of sugar industry 2.5 3.0 2.0 amendment

Oilcakes Nutrient-rich processing | 35-50 3-7 0.5— 1.0- | Organic fertilizer,
residues 1.5 2.0 compost

Kitchen/food High moisture and | 30-50 1.5- 0.3- 1.0—- | Compost, anaerobic

waste rapidly degradable 3.5 1.0 3.0 digestion

Aquatic weeds High moisture and | 25-40 1.0- 0.2— 1.0~ | Compost, biogas
relatively high N 3.0 0.8 3.0

Pruning residues | Woody, carbon-rich and | 40-55 0.3— 0.05— | 0.5— | Chipping, compost,
slowly decomposable 1.0 0.3 1.5 biochar

Digestate Nutrient-rich ~ residue | Variable 1-4 0.2— 0.5— | Fertilizer, soil
after anaerobic digestion 1.0 3.0 amendment

Biochar Stable carbon-rich | 50-80+ 0.2— 0.1- 0.5—- | Soil amendment,
material; nutrient 3.0 2.0 5.0 carbon sequestration
content varies widely

2. Concept and Principles of Circular Agriculture

Circular agriculture is a farming system that focuses on reusing resources. It aims to reduce waste and make the
most of everything produced on the farm. Farmers use crop leftovers, animal manure, and other by-products to
feed animals, make compost, or improve the soil. This approach can lower costs and lessen the impact on the
environment, (De Boer et al., 2018).

The main principles of circular agriculture include recycling materials, closing nutrient cycles, and reducing
outside inputs. Farmers try to keep nutrients, like nitrogen and phosphorus, on the farm instead of letting them
wash away. They use mixed cropping, crop rotation, and animal integration to keep the soil healthy and
productive. Circular agriculture also encourages using local resources and cutting back on chemical fertilizers and
pesticides. By following these principles, farms can be more sustainable and efficient, (Kotyal, 2023).

Circular agriculture is an approach to agricultural production which is intended to reduce resource losses and to
maximize the recovery and reuse of biological materials. It is closely linked to the general idea of a circular
economy, since in that system materials are kept within productive processes rather than being extracted, used
and then discarded, (Sreekumar et al., 2024).

In traditional agriculture, the main way in which nutrients get onto the farm is by means of fertilizers, feed and
other external inputs. The crops take up nutrients from the soil and a part of these nutrients is taken out of the farm
when the crops are harvested. The left-over crop residues can be burned or taken away, and animal manure might
be inadequately managed. As a result, there is an open nutrient cycle with nutrients being continuously lost
(Marinova, and Bogueva, 2022).

The aim of circular agriculture is to turn this open system into a more closed one. The residues from crops can be
replanted in the soil, animals can eat the by-products of crops, and the manure can then be either composted or
digested and fed back onto farmland. Residues from food processing can be turned into compost, biochar or
biogas. Thus, the materials circulate continuously within the agricultural system, (Rodino et al., 2023).

The principle of circularity can be expressed as:

The production of biomass leads to the generation of residue, which is then collected, processed, and used to
recover resources before being applied to the soil for the purpose of growing crops, thus resulting in the generation
of residue again.
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A more integrated farm-level cycle can be described as:

Crops are used as livestock feed, which then produces animal manure that is turned into compost or biogas and
subsequently returned to the soil to grow more crops. Similarly, an agro-industrial circular pathway can be
represented as:

The residues from food processing are subjected to anaerobic digestion to produce biogas and digestate, which in
turn yield energy and fertilizer for use in crop production.

The key aspects of circular agriculture are resource conservation, the recovery of nutrients, the recycling of
organic matter, the production of renewable energy, the reduction of the amount of waste generated, soil
restoration, the efficient use of water and energy, and the minimization of environmental pollution, (Kumari and
Biswas 2025).

Circular agriculture also stresses the idea of cascade utilization. It is best to use the biomass first for high-value
purposes such as food, feed or bioproducts, then to recover the energy and nutrients from the left-over residues.
Applying this principle helps to maximize both the economic and environmental value of biological resources,
(Andriuskevicius 2026).

3. Organic wastes as resources for sustainable agriculture

The organic waste produced by agricultural and food systems contains a large amount of nutrients and carbon; the
chemical make-up of this waste depends on the source, the type of crop, the animal species, the processing
technology, the storage conditions and the extent of decomposition, (Sharma et al., 2019).

Crop residues usually contain a large amount of carbon since their structural elements are mainly made up of
cellulose, hemicellulose and lignin. Although the nitrogen content is generally less than that in animal manure,
residues from legumes can have relatively high nitrogen contents, (Chew et al., 2019).

Generally, animal manure contains more nutrients which can be mineralized than crop residues. It includes
nitrogen, phosphorus, potassium, calcium, magnesium and micronutrients; poultry manure is especially rich in
nitrogen and phosphorus and as a result has a relatively high fertilizer value, (Ai Suhaibani et al., 2020). Fruit and
vegetable leftovers contain organic compounds and nutrients which are easy to degrade and so can be quickly
composted or digested. The problem is that their high moisture content makes it expensive to transport and store
them.

Residues from the agricultural and industrial sectors, such as sugarcane bagasse, rice husk, press mud and waste
from fruit processing, can be used as raw materials in composting, pyrolysis and anaerobic digestion. Using these
materials will reduce the environmental impact connected with the disposal of industrial waste and at the same
time produce useful agricultural products. Organic wastes must be assessed not merely on the basis of their
physical appearance but also in relation to their potential for resource recovery, (Polprasert, 2007).

4. Crop Residue Recycling

Crop residues are one of the major sources of biomass found in agricultural areas, and materials such as rice straw,
wheat straw, maize stalks, sugarcane trash, cotton stalks, the residues of pulses and those of vegetables contain
large amounts of carbon and nutrients which the crops had previously absorbed. When all the residue is removed
from the fields, large amounts of nutrients and organic carbon are taken out of the soil; it follows that the
continuous removal of residue can lead to a decrease in soil organic matter, (Devi et al., 2017).

Burning the residue is an even more inefficient method since the carbon is quickly turned into gases and particulate
matter and a large amount of the nutrients is lost. Moreover, burning leads to air pollution and has a negative
impact on soil biological activity, (Kumar et al., 2026).

Residue incorporation offers an alternative method. Upon being returned to the soil, the microorganisms break
down the residues and then slowly release the nutrients. The process also contributes organic carbon to the soil,
(Meena et al., 2020).

Residues having a high ratio of carbon to nitrogen may temporarily tie up mineral nitrogen, since microorganisms
need nitrogen in order to break down carbon-rich materials; it follows that the timing of incorporating the residue
and applying nitrogen fertilizer should be carefully managed. Residue mulching is also a possibility. The surface
residues protect the soil from the direct effects of rain and solar radiation, reduce evaporation and erosion, stabilize
the soil temperature, and act as a slow-release source of organic carbon, (Mohite et al., 2022).

It is therefore possible to improve soil quality through the retention of residue over the long term, provided that
suitable crop rotations and a reduction in soil disturbance are carried out.

5. The composting of organic waste as a means of recycling

Composting is one of the most commonly used biological methods for recycling organic waste and this process
consists of the microorganisms carrying out the controlled aerobic decomposition of biodegradable materials,
(Biederman, and Harpole, 2013). In the process of composting, easily degradable organic compounds are at first
broken down quickly, which causes the formation of heat and raises the temperature of the composting material.
Thermophilic microorganisms then take over and help in the decomposition of the organic matter as well as in the
reduction of many pathogens and weed seeds. Later on, the material cools down and enters a maturation stage,
(Sayara et al., 2020).
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The compost's quality is influenced by a number of factors such as the carbon-to-nitrogen ratio, moisture content,
the amount of oxygen available, particle size, temperature, pH and the length of time it is composting. It is
necessary to have proper aeration in order to ensure aerobic decomposition and to reduce unpleasant odours and
the production of methane. Mature compost usually includes stabilized organic material and plant nutrients, and
when it is applied to agricultural soil it leads to an increase in the soil's organic carbon content and enhances the
soil's physical properties, (Rashid, and Shahzad, 2021).

Compost also offers a vital way of recycling the nutrients which would otherwise be lost as a result of waste
disposal; the nitrogen, phosphorus, potassium and the micronutrients found in the original material are retained in
different proportions during the composting process. Applying compost over a long period of time can lead to
better soil aggregation, an increased ability of the soil to hold water, and a greater level of microbial activity,
(Ahmad, et al., 2007). On the other hand, compost usually releases its nutrients more slowly than mineral
fertilizers which are readily soluble. It is therefore necessary to take into account both the immediate and the
residual nutrient contributions of compost, (Adekunle, et al., 2011).

6. Vermicomposting and Vermicompost Application

Vermicomposting is a biological process whereby earthworms and the microorganisms associated with them turn
organic materials into a stable, finely divided and biologically active substance known as vermicompost, (Sharma
et al., 2019).

Earthworms break up organic matter, increase its surface area and thus aid in the process of microbial
decomposition; their digestion also alters the chemical and physical characteristics of the organic material, and
the vermicompost that results usually contains stabilized organic matter as well as the available forms of various
plant nutrients, (Kaur, 2020). Vermicompost may be made using cattle manure, crop residues, vegetable waste,
fruit waste and a number of other biodegradable materials. Earthworms such as Eisenia fetida are generally used
since they are able to tolerate a wide range of environmental conditions, (Ducasse, et al., 2022).

Using vermicompost can improve the structure of the soil, increase the availability of nutrients and boost
biological activity. It can moreover stimulate root development and plant growth as a result of the presence of
biologically active substances and microbial populations (Blouin, et al., 2019). A meta-analysis showed that
vermicompost had substantial positive effects on plant growth and productivity, the extent of the response,
however, varying according to the crop, the soil conditions, the characteristics of the vermicompost and the
application rate (Yatoo et al., 2020). Vermicomposting is very appealing to small-scale and peri-urban agriculture
since it only requires a fairly simple set of infrastructure. However, it is essential to keep the moisture, temperature
and feedstock quality at suitable levels if successful production is to be achieved, (Nagavallemma, et al., 2004).

7. Animal Manure Recycling

Animal manure is an essential element of circular agriculture since it establishes a direct link between the
production of livestock and that of crops. Livestock eat crops and agricultural by-products and turn them into
animal products and manure; the manure contains nutrients which were present in the feed and can therefore be
returned to farmland. When manure is properly managed it can boost the amount of organic carbon in the soil and
provide nitrogen, phosphorus, potassium, sulphur and the micronutrients. Applying manure over a long period of
time has been linked to better soil fertility and higher crop productivity, (Sommer et al., 2013).

Manure that has just been applied might contain pathogens, weed seeds, and nitrogen compounds which are easy
to break down. Applying large amounts of it directly can also lead to an increase in ammonia volatilization and
to losses of nutrients. By composting the manure before using it, the risks from pathogens can be reduced and the
organic matter can be stabilized, (Petersen et al., 2007). It is also able to improve the physical properties of the
manure and make transporting and applying it easier. The use of manure should be guided by the nutrient needs
of the soil and the results of soil tests. If manure is applied only on the basis of the nutrients it contains, this can
lead to a build-up of nutrients, especially phosphorus, (Gémez-Brandoén, 2013).

Mohite, A. S., Jagtap, A. R., Avhad, M. S., & More, A. P. (2022). Recycling of major agriculture crop residues
and its application in polymer industry: A review in the context of waste to energy nexus. Energy Nexus, 7,
100134.

8. Poultry Litter Recycling

Poultry litter is an organic substance high in nutrients and made up of manure, bedding material, feathers, and
feed residues. Since it contains relatively high amounts of nitrogen and phosphorus, it has considerable fertilizer
value. Poultry litter can be composted prior to being applied; proper composting has the effect of reducing
moisture, stabilizing the organic matter and thereby decreasing the risks associated with pathogens and weed
seeds, (Ayub et al., 2022).

Poultry litter must be applied with care since over-application can lead to higher levels of phosphorus and soluble
nutrients in the soil. Moreover, as it has a relatively high nitrogen content, it can cause ammonia to be lost to the
atmosphere if it is not incorporated or otherwise properly managed. It is for this reason that nutrient budgeting is
especially important when poultry litter is applied repeatedly to the same field, (Kalinichenko et al., 2015).
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9. Anaerobic Digestion and Digestate Recycling

Anaerobic digestion is one of the most promising technologies for recovering both energy and nutrients from
organic waste. In anaerobic digestion micro-organisms break down organic material without oxygen being
present. The process takes place in four stages: hydrolysis, acidogenesis, acetogenesis and methanogenesis. The
main products are biogas and digestate. Biogas consists of methane and carbon dioxide and may be used to
produce heat or electricity or served as a renewable fuel once it has been properly purified, (Dutta et al., 2021).
Digestate has within it mineral nutrients as well as some residual organic matter; the nitrogen it contains is usually
in forms that are more available to plants than the nitrogen found in raw manure. As a result, it can be used as a
fertilizer if applied in the right way. The fact that renewable energy is produced together with the recovery of
nutrients means that anaerobic digestion is especially important in the context of circular agriculture, (Nges, et
al., 2015). Nitrate losses must be carefully addressed when managing digestate. Applying it under inappropriate
weather conditions or at too high a rate can lead to greater ammonia volatilization and nitrate losses. Applying it
near times when the crop needs nutrients and then incorporating it into the soil will increase the efficiency of
nutrient use, (Ai et al., 2020).

10. The production of biochar and its use in agriculture

Biochar is a material high in carbon which is obtained through the thermochemical conversion of biomass when
oxygen is limited. The process most frequently referred to in connection with the production of biochar is
pyrolysis. Biochar may be made from rice husks, maize stalks, woody biomass, coconut shells, sugarcane residues,
poultry litter and other organic materials, (Panwar et al., 2019).

Compared with fresh plant residues, biochar has a carbon structure that is relatively stable. As a result, some of
the carbon present in biomass is able to stay in the soil for a great deal longer after biochar has been applied.
Biochar is also able to alter the physical and chemical properties of the soil; its porous structure offers habitat for
micro-organisms and helps in the retention of nutrients and water, (Allohverdi et al., 2021).

The impact of biochar varies according to the type of feedstock, the pyrolysis temperature, the particle size, the
application rate, and the properties of the soil. Biochar made from different feedstocks may have quite different
pH levels, nutrient content, ash content, and surface characteristics. Biochar should not be regarded as a standard
agricultural product and its properties must be assessed before it is used, (Ok et al., 2015).

11. Compost—Biochar Combinations

It has become an important strategy to combine compost with biochar in order to achieve a quick supply of
nutrients together with a more stable addition of carbon. Compost has nutrients and biologically active organic
matter, while biochar generally has more stable carbon and has a porous structure which can hold on to nutrients
and water, (Hussain et al., 2017).

If biochar is added to composting systems, then the nutrients given off during decomposition might be held on to
the surface of the biochar. The resulting substance could have better nutrient-retention properties than either
material when used on its own, (Ayaz, etal., 2021). It is therefore possible for the use of both compost and biochar
to enhance soil organic carbon, the availability of nutrients, microbial activity, water retention and crop
productivity. The effectiveness of the combination is nevertheless determined by the properties of both the
materials and the soil environment, (Jha et al., 2010).

12. The impact of recycling organic waste on the physical properties of soil

The physical state of the soil has a strong effect on root growth, on the movement of water, on aeration and on the
absorption of nutrients. One of the most important factors affecting the physical quality of the soil is organic
matter. Organic amendments are able to lower the bulk density of the soil by introducing low-density organic
material and also contribute to better aggregate formation as a result of the activity of microorganisms and the
production of organic binding agents, (Eden et al., 2017).

The proportion of stable soil pores is increased as a result of better aggregation, which in turn leads to improved
infiltration and a reduction in surface runoff. Moreover, organic matter can increase the water-holding capacity,
especially in sandy soils (Almendro-Candel, et al.,2018). In soils made of clay, organic amendments are able to
enhance aggregation and lessen compaction; in sandy soils they can improve the capacity for water and nutrient
retention. The physical benefits of using organic amendments may be more noticeable when applications are
repeated since soil organic carbon builds up over time, (Khaleel et al., 1981).

13. The impact on the chemical properties of the soil

The recycling of organic waste can have an effect on soil pH, organic carbon, cation exchange capacity and the
availability of nutrients. Adding organic matter usually leads to an increase in the amount of soil organic carbon,
and as decomposition takes place the organic compounds are turned into more stable forms of soil organic matter,
(Delgado and Gomez, 2024).

Since humified organic matter has functional groups that carry a negative charge and can therefore hold onto
nutrient cations, an increase in organic matter will lead to a higher cation exchange capacity and lower nutrient
losses. Organic amendments are a source of nitrogen, phosphorus, potassium, calcium, magnesium and the trace
nutrients. But the way in which the nutrients are released depends on the rate of decomposition and on the chemical
composition (Ferlian, et al., 2020). Compost and manure usually offer nutrients in a slow-releasing form, whereas
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digestates may contain a relatively large amount of mineral nitrogen. Biochar increases the way in which nutrients
are retained by means of adsorption and ion-exchange processes and, in acidic soils, can also raise the pH due to
the alkaline components of its ash, (Hossain et al., 2020).

Table 2. Comparison of compost, vermicompost, manure, digestate and biochar

Parameter Compost Vermicompost | Animal Digestate Biochar
manure
Production Controlled Earthworm- Animal Anaerobic Thermochemical
process aerobic mediated excreta with | digestion conversion/pyrolysis
decomposition | decomposition | or without
bedding
Main function | Soil organic | Soil biological | Organic Nutrient and | Carbon stabilization
matter and | enhancement matter and | energy recovery | and soil conditioning
nutrient and nutrient | nutrient
recycling supply supply
Organic matter | Moderate— Moderate—high | Low— Low—moderate High
stability high moderate
when fresh;
higher after
composting
Nutrient Slow— Moderate Moderate Relatively rapid, | Generally slow
release moderate especially N
Nitrogen Moderate Moderate Moderate High mineral-N | Usually low
availability fraction
Phosphorus Moderate Moderate Moderate— | Moderate—high | Variable
availability high
Potassium Moderate— Moderate-high | Moderate— | High in many | Variable
availability high high feedstocks
Carbon Moderate Moderate Moderate Low-moderate | High
sequestration
potential
Effect on | Generally Strongly Positive Positive/variable | Positive/variable
microbial positive positive after
activity stabilization
Effect on water | Generally Positive Positive Positive/variable | Often positive
retention positive
Main Stable organic | Biologically Readily Nutrient + | Stable carbon and
advantage amendment active available renewable nutrient retention
amendment farm energy recovery
resource
Main Requires time | Requires Pathogens Ammonia and | Variable quality and
limitation and space careful and nutrient | nitrate losses | nutrient content
management losses if | possible
untreated
Pathogen Low after | Generally low | Relatively Reduced but | Generally low after
concern proper after proper | high when | feedstock appropriate
composting processing fresh dependent processing
Heavy-metal Feedstock Feedstock Usually Feedstock Feedstock dependent
concern dependent dependent low— dependent
moderate
Transport Moderate Moderate High High water | Relatively lower per
issue because of | content unit C
bulk
Recommended | Field crops, | Nursery, Field crops, | Crops requiring | Degraded soils,
use horticultural vegetables, orchards readily available | carbon management
crops horticultural nutrients
crops
Circular- Nutrient and | Biological Crop— Energy—nutrient | Carbon—nutrient
agriculture carbon resource livestock coupling cycling
role recycling recovery integration
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14. The impact on soil biological properties

Soil microorganisms play a fundamental role in nutrient cycling since they break down organic matter and convert
nutrients between their organic and inorganic forms. Adding organic residues to the soil supplies carbon substrates
which in turn promote microbial growth, (Galvez, et al., 2012). The greater the microbial biomass the more
enzymatic activity there is and the faster nutrient cycling takes place. Organic amendments have an effect on
bacterial and fungal communities and changes in microbial diversity can enhance the functional capacity and
resilience of the soil ecosystem, (Szara Bak et al., 2023).

Earthworm activity can also increase in soils where there is greater availability of organic matter, thus enhancing
soil aggregation and nutrient cycling. Biochar can offer porous microsites which may allow microbial
colonization, whereas compost supplies readily decomposable carbon and nutrients. Therefore, the recycling of
organic waste can help in the restoration of the biological functions of the soil which are frequently weakened as
a result of intensive cultivation, (De Luca et al., 2024).

15. The recycling of organic waste and soil organic carbon

Soil organic carbon is a key measure of soil health and has a significant role in nutrient cycling, in the formation
of soil aggregates, in the soil's ability to retain water and in climate regulation. Because of intensive cultivation,
the removal of crop residues, erosion and faster decomposition, agricultural soils can lose their organic carbon,
(Jiang, et al., 2018). Giving organic residues back to the soil offers a direct method of restoring carbon stores. Yet
not all of the carbon added to the soil is kept there permanently; some of it is quickly broken down and released
back into the atmosphere as carbon dioxide, (Insam et al., 2018).

Biochar is different from fresh organic matter since its carbon structure is relatively resistant to microbial
decomposition and this therefore offers an extra pathway for stabilizing carbon, (Kimetu, etal., 2010). Applying
manure, compost and residue over a long period of time can lead to an increase in the amount of organic carbon
in the soil. But the extent to which carbon is stored in the soil will vary according to the climate, the type of soil,
the characteristics of the amendment, the application rate and the length of time the amendments are applied,
(Sharma et al., 2019).

16. The recycling of organic waste and nutrient cycling

The key function of circular agriculture is to close nutrient cycles. Nitrogen, phosphorus and potassium are
necessary for the growth of crops, but poor management of them can lead to considerable environmental losses
(Hidalgo, et al., 2021). The nitrogen in organic residues is in an organic form, and microbial decomposition turns
this form into ammonium, after which nitrification takes place and the plants take up the nitrogen. Phosphorus
may also be released into the soil via microbial mineralization of organic matter. Yet, phosphorus can build up in
the soil when nutrient-rich manures are applied in excess on a repeated basis. Potassium is usually found in
relatively soluble forms in a great deal of crop residues and can become available quickly once decomposition has
taken place. Circular nutrient management should therefore aim at matching the nutrient supply from recycled
materials with the demand of the crops, (Ceglie, and Abdelrahman, 2014).

17. The combination of organic and mineral fertilizers

It is not always the case that reliance on either organic or mineral fertilizers leads to the best results, since organic
improvements release nutrients rather slowly and mineral fertilizers usually supply nutrients that are readily
available. The combination of these complementary characteristics is what integrated nutrient management entails
(Roba 2018). For instance, compost can supply organic matter and nutrients that are available slowly, while
mineral nitrogen can meet the crop's high demand during certain periods. At the same time, biochar helps to
improve nutrient retention and compost offers microbial substrates. It is therefore possible to improve nutrient-
use efficiency through integrated nutrient management without compromising crop productivity, (Yang, et al.,
2020). It is especially important to adopt this method in cases of intensive cropping since the crops require a large
amount of nutrients and the organic resources by themselves might not provide enough of all the nutrients, (Luo
et al., 2024).

18. The impact on crop growth and yield

The main aim of circular agriculture is to keep up or enhance agricultural productivity at the same time as reducing
resource losses. Organic amendments can lead to better crop growth by means of a number of mechanisms; they
help to improve soil structure, increase the soil's water-holding capacity to reduce moisture stress and enhance the
availability of nutrients to support plant growth, (De Boer, et al., 2028). Microbial stimulation has the effect of
enhancing nutrient cycling and the interactions between roots and microbes, (Helgason, et al., 2021). Compost
and manure can also supply the micronutrients which are not always sufficiently provided by conventional NPK
fertilization.

Crop reactions, on the other hand, are very variable. Using too much immature compost can prevent germination,
and high-salt additions can lead to decreased plant growth. Also, the release of nutrients might be so slow as to
fail to meet the needs of crops that are growing rapidly. Organic amendments ought to be incorporated into
nutrient-management programmes that are specific to crops, (Fatima, and Ying, 2025).
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19. Effects on Crop Quality

The influence of organic-waste recycling extends beyond crop yield. Soil organic matter and balanced nutrient
availability can influence crop nutritional quality, (Bhunia, et al., 2021). Adequate supply of micronutrients such
as zinc, iron and boron can improve plant nutritional status. Organic amendments can also influence the
availability of these elements by modifying soil pH and microbial activity. In horticultural crops, organic
amendments may improve fruit size, total soluble solids, vitamin content and other quality characteristics under
appropriate conditions, (Kominko and Izydorczyk, 2026).

Ceglie, F. G., & Abdelrahman, H. M. (2014). Ecological intensification through nutrients recycling and
composting in organic farming. In Composting for sustainable agriculture (pp. 1-22). Cham: Springer
International Publishing.

However, food safety is a critical consideration. Contaminated organic materials can introduce undesirable
substances into agricultural soils and potentially into food crops. Therefore, quality assurance of recycled
materials is essential.

20. Organic Waste Recycling and Water Management

Organic inputs can help in increasing water-use efficiency by improving soil structure and water holding capacity,
(Otterpohl, et al., 1997). On sandy soils, the addition of more organic matter helps in increasing water-holding
capacity and reducing the rate of drainage. On clay soils, it increases infiltration and prevents soil waterlogging,
(Eden et al., 2017).

Using mulch of crop residue reduces direct evaporation of soil moisture. It prevents formation of soil crust and
soil erosion due to rain. Use of biochar can improve water holding capacity in some soils, depending on soil type
and properties of biochar. Therefore, circular agriculture can help in managing climatically resilient water
resources in agriculture through better water holding and availability in soils, (Razzaghi et al., 2020).

21. Organic Waste Recycling and Climate Change Mitigation

There are several ways that circular agriculture can contribute towards climate change mitigation. Recycling of
crop residues reduces open burning in the field. Composting and anaerobic digestion prevent decomposition of
biodegradable waste under uncontrolled conditions, (Rama, et al., 2025). Methane gas released in anaerobic
digestion can be captured and used as renewable energy. Biochar production converts a portion of biomass carbon
into a more stable carbon that stays in the soil for longer time periods.

Improved soil organic carbon management can also contribute to carbon sequestration. However, climate benefits
must be assessed across the entire life cycle. Transporting bulky organic materials over long distances can
consume substantial energy, (Elbasiouny, et al., 2019). Composting can produce nitrous oxide and ammonia if
poorly managed. Manure application can also generate greenhouse-gas emissions. Therefore, the most sustainable
circular systems are generally those that use locally available organic resources and minimize transportation and
processing requirements, (Rashwan, et al., 2023).

22. Environmental Risks Inherent in Organics Recycling

While organics recycling presents many advantages, misuse of it leads to environmental risks. The first one is that
of nutrient pollution, including excessive leaching of nitrates and emission of nitrous oxide due to the excessive
addition of nitrogen. Over-application of phosphorus will lead to soil build-up of phosphorus and its entry into
surface waters, (Smith, 2009).

Another risk is the ammonia emissions, especially related to the use of manure and digestate rich in ammonium
nitrogen. Heavy metals may be present in certain municipal, industrial and sewage-based organics. Repeated
addition of such materials may cause gradual heavy metal accumulation in soils. Pathogens are another type of
risk associated with raw manure and waste. Special thermal or biological treatment must be applied. Micro plastics
and other pollutants are emerging risks related to the use of municipal organics. Therefore, source separation and
quality testing are the key aspects of circular agriculture, (Alvarenga et al., 2017).

Table 3. Environmental benefits and potential risks of organic-waste recycling

Recycling Major environmental | Potential environmental | Recommended

practice benefits risks mitigation

Crop-residue Reduces residue burning; | N immobilization; methane | Appropriate C:N

retention increases soil C; reduces | under flooded conditions management and residue
erosion placement

Composting Reduces uncontrolled | NHs, CH4 and N>O emissions | Adequate aeration,
decomposition; recycles | if poorly managed moisture and C:N ratio
nutrients; improves soil C

Vermicomposting | Converts organic waste | Pathogen/contaminant  risk | Use clean feedstock and
into stable amendment; | from unsuitable feedstock mature vermicompost
reduces waste volume
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Manure recycling

Nutrient recycling;
improves soil C; reduces

NHs, N20, nitrate leaching
and P accumulation

Nutrient-based
application and proper

fertilizer demand storage
Poultry-litter Recovers N and P; reduces | High P loading; ammonia | P-based nutrient
recycling waste accumulation emissions planning and controlled
application
Anaerobic Renewable energy | NHs emissions, digestate | Covered storage and
digestion production; methane | storage emissions and nutrient | precision application
recovery; nutrient | losses
recycling
Digestate Recovers plant-available N | Nitrate leaching and ammonia | Apply according to crop
application and P volatilization demand and incorporate
appropriately
Biochar production | Carbon stabilization; | Feedstock contaminants; | Controlled pyrolysis and

reduced biomass burning;
potential GHG mitigation

energy use; variable quality feedstock screening

Compost + biochar | Carbon storage; nutrient | Increased Locally available
retention; soil restoration production/handling cost feedstocks and optimized
mixtures
Municipal organic | Reduces landfill pressure | Plastics, heavy  metals, | Source segregation and
waste and recovers nutrients pathogens and emerging | quality testing
contaminants
Biosolid recycling | Recovers N, P and organic | Heavy metals, | Regulatory standards and

matter pharmaceuticals and PFAS contaminant monitoring
Food-waste Energy recovery and | Odour and emissions if poorly | Closed digestion and
digestion nutrient recycling managed controlled digestate
storage

23. Quality Control of Recycled Organic Materials

Quality control should begin at the point of waste generation. Organic materials should be separated from plastics,
metals, glass, chemicals, and hazardous materials before processing. After treatment, recycled materials should
be characterized for pH, electrical conductivity, organic carbon, total nitrogen, phosphorus, potassium, moisture
and carbon-to-nitrogen ratio. Compost maturity should be assessed to ensure that unstable organic materials are
not applied to crops. Pathogen testing may be necessary where materials originate from animal or municipal
wastes, (Vilaplana, and Karlsson, 2008)

Heavy-metal analysis is particularly important for biosolids and municipal waste-derived products. The
establishment and enforcement of quality standards can increase farmer confidence and reduce environmental
risks, (Tandy et al., 2009).

24. Precision Management of Organic Amendments

Precision farming can greatly increase the efficiency of circular nutrient management. Soil testing will help to
determine nutrient deficiency and accumulation in the soil. The farmers can compare the needs for nutrients in
crops with the nutrient content of the organic amendments available. GPS-equipped machinery will allow for
accurate application, while the variable rate technology will allow for adjusting the rate depending on field
variability. Remote sensing will allow determining nutrient stress of the crop and vegetation variability. Soil
sensors will provide information about moisture, electrical conductivity of soil, and other soil characteristics. In
the future, the farmers might use the Al and machine learning systems that will integrate all the above information
and suggest optimized rates and timing of application. The point is to transition from conventional organic manure
application to site-specific circular nutrient management, (Wang et al., 2025).

25. Economic Significance of Circular Farming

Organic-waste recycling may decrease the cost of fertilizers when organic sources available on farms are used.
The farmers may earn additional incomes by producing compost, vermicompost, biochar and biogas. Local
processing centers will create jobs in rural communities because of collecting residues, processing them,
delivering to consumers and selling the products. Anaerobic digestion can reduce household or farm energy
expenditures by providing renewable biogas. However, the economics depend on feedstock availability,
processing costs, labour, transportation distance, product quality and market demand. For bulky organic materials,
local or decentralized processing is often more economically attractive than transporting untreated materials over
long distances.

26. Circular Agriculture and Smallholdings

Circular agriculture has a special relevance to small and marginal farmers as small farms already have a partially
circular system. The residues of crops can be fed to livestock, the manure of livestock can be applied to the field
again, and the organic residues from households can be composted.
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By optimizing the processes through efficient composting, proper management of nutrients, and proper residue
handling, the use of resources can be made more efficient without making substantial external investment. Farmer
groups, cooperatives, self-help groups, and local firms can set up community-based composting,
vermicomposting, or biogas units. These decentralized methods will lower transportation costs and help in
providing organic fertilizers easily.

27. Importance of Microorganisms and Biofertilizers

Microorganisms are extremely important for organic-waste decomposition and nutrient cycling. The decomposer
microorganisms breakdown the complex organic compounds and release the nutrients. The nitrogen-fixing
bacteria will provide the biological available form of nitrogen, while phosphate solubilizing microorganisms will
increase the amount of phosphorus. In addition, the combination of compost or other organic material with
microorganisms will help to improve the nutrient cycling. Thus, biofertilizers will have an important place in
future circular agriculture, (Bhatia, and Sindhu, 2024).

28. Emerging Technologies for Circular Nutrient Recovery

Technological development is expanding the range of possible nutrient-recovery pathways. Nutrients can be
recovered from wastewater and other organic streams in concentrated forms. Phosphorus can be recovered as
struvite, while nitrogen can be recovered through processes that produce ammonium-rich fertilizers. Hydrothermal
carbonization offers opportunities for processing wet biomass into carbon-rich materials without the extensive
drying required for conventional pyrolysis. Biorefineries can separate organic wastes into multiple products,
including biofuels, organic acids, proteins, fertilizers and soil amendments. Such technologies can increase the
economic value obtained from organic wastes.

29. Digital Technologies and Artificial Intelligence in Circular Agriculture

There are possibilities that digital technologies will help circular nutrient management. Digital databases may be
utilized to document information about the source, chemistry, and treatment process of organic ameliorants.
Sensors are helpful in monitoring compost temperature, moisture, and oxygen levels. Artificial intelligence could
be used to predict the release of nutrients from organic ameliorants by taking into account the ameliorant's
chemistry and environment. Machine learning algorithms could also combine soil test results, plant nutrient
requirements, weather conditions, and ameliorant properties to provide site-specific advice. A digital traceability
system could also help farmers in determining the source and quality of compost, digestate, and biochar available
commercially.

30. Life-Cycle Assessment for Circular Agriculture

The environmental sustainability of organic-waste recycling needs to be considered from the life-cycle point of
view. A recycling process has to take into account:

Waste creation — collection — transportation — treatment — storage — application — crops production —
environmental impacts.

For example, transportation of wet organic waste over great distances may result in substantial emissions of fuel
combustion products. Composting may also cause methane and nitrous oxide emissions if not managed
appropriately. Thus, life-cycle assessment can identify which recycling process would provide more
environmental benefits for a specific area. The best technology for each case depends on regional feedstock
availability, climatic conditions, infrastructure, energy and agricultural requirements.

31. Major Challenges in Organic-Waste Recycling

Despite its potential, circular agriculture faces several technical, economic and institutional challenges. The first
challenge is the heterogeneous composition of organic wastes. Nutrient concentrations can vary considerably
between batches, making standardized application difficult.

The second challenge is transportation. Organic wastes often contain large amounts of water and therefore have
relatively high transportation costs.

The third challenge is contamination. Municipal and industrial waste streams may contain plastics, heavy metals
and organic pollutants.

The fourth challenge is farmer awareness. Farmers require information regarding appropriate application rates,
compost maturity, nutrient content and potential risks.

The fifth challenge is the lack of adequate processing infrastructure in many rural areas.

The sixth challenge is the absence or inconsistent implementation of quality standards for some recycled organic
products.

The seventh challenge concerns economic incentives. Farmers may be reluctant to adopt recycling technologies
when the initial investment is high or when the economic value of the final product is uncertain.

33. Future Perspectives
The future development of circular agriculture is likely to be more focused on using biological, thermochemical
and digital technologies.
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Farming practices in the future might use crop residues in several different ways before the remaining nutrients
are returned to the soil. Livestock manure could be used in anaerobic digestion systems to produce energy, while
the remaining materials would be turned into standardized fertilizers.
Food-processing residues could be made into compost, biochar, animal feed or bioproducts depending on the type

of residue.

Artificial intelligence technologies could help determine the most suitable route for recycling of residues based
on their chemical characteristics and agricultural requirements.
Precision technologies could ensure that the nutrient recycling is done on demand of particular crops.

Local circular agricultural hubs would be of great importance for future agricultural systems. Local hubs could
gather agricultural residues, recycle them to produce compost, biochar or digestate and provide farmers with
standardized products.

Table 4. Major research gaps and future research priorities

Research area | Existing knowledge Major research gap Future research priority

Long-term soil | Organic = amendments | Limited long-duration studies | Establish 10-20 year multi-

fertility generally improve soil | under diverse climates location experiments
properties

Soil carbon | Compost, manure and | Persistence and stabilization | Quantify stable and mineral-

sequestration biochar can increase soil | mechanisms vary associated C fractions
C

Nutrient-use Recycling improves | Nutrient release is difficult to | Develop amendment-specific

efficiency nutrient availability predict nutrient-release models

Organic Basic chemical | Large  variation = among | Develop standardized

amendment characterization is | products national/international quality

quality common protocols

Microplastics Increasing evidence of | Long-term soil and crop | Monitor microplastic fate and
contamination effects remain uncertain food-chain transfer

Heavy metals Risk is recognized in | Long-term accumulation | Develop soil-plant transfer
some waste streams varies models

Emerging Pharmaceuticals and | Fate during | Evaluate degradation,

contaminants PFAS are increasingly | composting/digestion is | persistence and crop uptake
recognized uncertain

Greenhouse Recycling can reduce | N2O and NHs responses vary | Conduct  full  life-cycle

gases some emissions greenhouse-gas assessments

Biochar Potential for carbon | Responses vary with | Develop feedstock-specific
storage and soil | feedstock and pyrolysis biochar standards
improvement

Digestate Provides plant-available | Nitrogen-loss pathways | Develop precision digestate
nutrients require better management application strategies

Microbial Organic  amendments | Functional mechanisms | Use metagenomics,

ecology stimulate microbial | remain incompletely | metabolomics and
communities understood microbiome analysis

Crop quality Yield  benefits are | Effects on nutritional quality | Evaluate nutritional,
frequently reported are inconsistent biochemical and food-safety

traits
Precision Sensors and remote | Organic amendments are | Develop Al-based nutrient-
agriculture sensing are available rarely integrated into digital | recycling decision tools
systems

Economics Organic recycling can | Farm-level profitability varies | Conduct region-specific cost—
reduce input costs widely benefit analyses

Smallholder Local  recycling is | Labour, infrastructure and | Develop low-cost

adoption technically feasible knowledge constraints decentralized recycling

systems

Policy Several countries | Standards and incentives | Develop coherent circular-
promote nutrient | remain fragmented agriculture policies
recycling

Life-cycle Individual technologies | Whole-system  assessments | Compare complete circular

assessment have been evaluated are limited pathways from waste to crop

Climate Organic matter improves | Response  under extreme | Evaluate recycling under

resilience soil water relations climate events needs study drought, heat and flooding

Circular nutrient | Concept is established Farm-scale nutrient flows are | Develop digital farm nutrient-

accounting poorly quantified budgeting systems
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CONCLUSION

The concept of circular agriculture is fundamentally different from the traditional linear approach of agricultural
production. It involves a resource-efficient approach in which nutrients, carbon and energy are repeatedly recycled
and reused. Waste generated from agricultural and food sources contains useful organic matter and nutrients,
which are potential sources of enriching the soil and maintaining crop production.

Recycling of the agricultural waste, manure, poultry litter, horticulture waste and food processing waste through
composting, vermicomposting, anaerobic digestion and biochar production processes can play a vital role in soil
regeneration. They can lead to enhanced soil organic carbon, increased aggregation, better water retention
capacity, enhanced nutrient availability and higher microbial activity.

Organic waste recycling can also help minimize dependence on fertilizer inputs from outside sources. It can also
help in reducing environmental issues linked to waste burning and waste disposal. The process of anaerobic
digestion has an added advantage of renewable energy production, and the biochar process helps in carbon
sequestration.

However, the success of circular agriculture requires scientific management. The organic amendments need to be
analyzed, prepared and used in accordance with the requirements of the soil and crops. Raw or adulterated
amendments may result in various risks associated with pathogens, heavy metals, salinity, nutrient loss,
greenhouse gas emissions and emerging contaminants.

Circular agriculture of the future should therefore concentrate on the efficient and safe recovery of resources from
wastes rather than their mere recycling. The integration of organic amendments and mineral fertilizers, precision
agriculture, microbial technologies, digital technologies, nutrient-recovery technologies and life-cycle assessment
would offer a more holistic approach.

On the whole, circular agriculture seems to be a good way of overcoming soil degradation, waste accumulation,
nutrient scarcity, climate change and sustainable agriculture. Circular agriculture can be successfully implemented
only by collaborative efforts of farmers, scientists, industries, policy-makers and communities. With the help of
modern technologies, standards and incentives, organic waste recycling can become a major component of
sustainable agricultural systems.
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