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Abstract
Mulberry (Morus alba L.) is the primary host plant for the silkworm Bombyx mori and forms the foundation of the global sericulture industry. Sustainable mulberry cultivation has become increasingly important due to declining soil fertility, soil degradation, and the growing need to mitigate climate change. Soil organic carbon (SOC) plays a vital role in maintaining soil fertility, improving soil structure, enhancing microbial activity, and supporting long-term agricultural sustainability. Intercultural operations practiced in mulberry cultivation—including tillage, weed management, mulching, pruning, irrigation management, organic manure application, and integrated nutrient management—significantly influence soil carbon dynamics and ecosystem stability. These practices regulate biomass production, residue incorporation, root turnover, and microbial activity, which are key processes responsible for soil carbon sequestration. Mulberry plantations, owing to their perennial growth habit and continuous biomass production, contribute substantial organic residues to the soil through leaf litter, root biomass, and pruning materials. Sustainable management practices such as conservation tillage, organic mulching, residue recycling, and organic nutrient management enhance soil organic carbon accumulation and promote soil aggregation and microbial diversity. Mulberry-based agroforestry and intercropping systems further improve carbon storage by increasing biomass input and strengthening nutrient cycling processes. Long-term adoption of these intercultural practices improves soil physical, chemical, and biological properties, enhances carbon sequestration potential, and supports climate change mitigation. This review summarizes the mechanisms of soil carbon sequestration in mulberry ecosystems and evaluates the role of intercultural operations in improving soil health, productivity, and sustainability of mulberry-based sericulture systems.
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1. Introduction
Mulberry (Morus spp.) is a perennial woody plant belonging to the family Moraceae and serves as the exclusive host plant for the silkworm Bombyx mori L. The success of sericulture largely depends on the availability of high-quality mulberry leaves, which serve as the sole food source for silkworm larvae. Consequently, the productivity and sustainability of sericulture systems are closely linked to efficient mulberry cultivation practices. In many countries, particularly India, China, Japan, and Thailand, mulberry cultivation forms the foundation of rural livelihoods and contributes significantly to agricultural economies. India is one of the leading silk-producing countries in the world, where mulberry is cultivated in diverse agro-climatic regions under irrigated and rainfed conditions. Sustainable mulberry production is therefore essential not only for ensuring consistent leaf yield and quality but also for maintaining long-term soil health and environmental stability (1).
  Soil organic carbon (SOC) is widely acknowledged as a fundamental indicator of soil fertility and the long-term sustainability of terrestrial ecosystems. It plays a pivotal role in enhancing soil structure, improving aggregate stability, and facilitating greater nutrient availability for plant uptake. Furthermore, SOC contributes significantly to increasing the soil’s water-holding capacity and supports diverse and active microbial communities, which are essential for biogeochemical cycling and overall soil health.

Within agricultural systems, soil carbon sequestration denotes the process through which atmospheric carbon dioxide (CO₂) is assimilated by plants via photosynthesis and subsequently incorporated into plant biomass and soil organic matter pools. This mechanism not only aids in mitigating climate change by lowering atmospheric greenhouse gas concentrations but also enhances soil quality and productivity. Consequently, the maintenance and augmentation of SOC stocks are integral to sustainable land management practices, offering dual benefits for environmental regulation and agricultural resilience. (2).
[bookmark: _GoBack] Mulberry plantations exhibit substantial potential for soil carbon sequestration, largely attributable to their perennial growth characteristics, well-developed root architecture, and sustained biomass production. In contrast to annual cropping systems, mulberry plants remain productive over extended periods, thereby contributing considerable quantities of organic matter to the soil in the form of leaf litter, root residues, and pruning-derived biomass.

These organic inputs undergo progressive decomposition mediated by soil microbial communities and are subsequently incorporated into soil organic matter pools, leading to an increase in soil carbon stocks. Empirical evidence indicates that appropriately managed mulberry cultivation systems can markedly enhance soil organic carbon concentrations and improve overall soil fertility when compared with degraded or uncultivated land systems. (3).
In addition to carbon sequestration, mulberry cultivation contributes to several ecological benefits. The deep and widespread root system of mulberry plants helps stabilize soil particles, reduce soil erosion, and improve soil structure. Mulberry leaf litter and organic residues enhance microbial biomass and stimulate beneficial microbial processes such as nutrient mineralization and humus formation. These processes play an important role in maintaining soil fertility and supporting sustainable agricultural production systems (4).
Intercultural operations are essential management practices carried out during the growth of mulberry crops to maintain soil productivity and ensure optimal plant growth. These operations include tillage, weeding, pruning, mulching, irrigation management, and nutrient application. Each of these practices influences soil physical, chemical, and biological properties, thereby affecting soil carbon dynamics and long-term ecosystem sustainability. For example, conservation tillage can help retain soil organic carbon by reducing soil disturbance, while organic mulching and residue incorporation increase organic matter input to the soil. Similarly, integrated nutrient management involving organic manures and biofertilizers improves soil microbial activity and enhances carbon stabilization in the soil (5).
Understanding the long-term effects of intercultural operations on soil carbon sequestration is therefore crucial for developing sustainable mulberry cultivation systems. Improved soil carbon storage not only enhances soil fertility and crop productivity but also contributes to climate change mitigation and environmental conservation. Hence, evaluating the impact of different intercultural practices on soil carbon dynamics can provide valuable insights for improving sustainability in mulberry ecosystems and ensuring the long-term viability of sericulture production systems.
2. Soil Carbon Sequestration in Mulberry Ecosystems
Soil carbon sequestration refers to the process of capturing atmospheric carbon dioxide (CO₂) through plant photosynthesis and storing it in soil organic matter and plant biomass. During photosynthesis, plants absorb carbon dioxide from the atmosphere and convert it into organic compounds such as carbohydrates, which are used for plant growth and development. A portion of this carbon is stored in plant tissues including leaves, stems, and roots, while another portion enters the soil through leaf litter, root exudates, and decomposed plant residues. These organic materials are gradually transformed by soil microorganisms into stable soil organic matter, thereby contributing to long-term carbon storage in soils (6).
In agricultural ecosystems, soil carbon sequestration plays a crucial role in improving soil fertility, enhancing soil structure, and mitigating climate change. Soil organic carbon (SOC) improves soil aggregation, increases water holding capacity, and enhances nutrient availability for plant growth. It also supports microbial activity, which is essential for nutrient cycling and organic matter decomposition. Therefore, increasing SOC levels is considered one of the key strategies for sustainable agricultural management and environmental conservation.
Mulberry plantations have considerable potential for soil carbon sequestration due to their perennial growth habit and continuous biomass production. Unlike annual crops, mulberry plants remain productive for many years and contribute substantial amounts of organic residues to the soil. Leaf litter, fallen branches, and pruning residues serve as important sources of organic carbon. In addition, mulberry roots continuously release root exudates and undergo root turnover, which further adds organic matter to the soil. These inputs enhance soil organic carbon levels and contribute to the formation of stable humus in the soil profile.
Studies have reported that mulberry cultivation significantly increases soil organic carbon compared with degraded or uncultivated lands. The continuous addition of organic residues from leaf litter and root biomass contributes to a steady buildup of soil organic matter. Research findings indicate that mulberry plantations can increase soil organic carbon levels by more than 20–25% over time due to enhanced biomass production and organic residue accumulation (7). The improvement in soil carbon content not only enhances soil fertility but also promotes better soil structure and water retention capacity.
Mulberry-based agroforestry systems further enhance carbon sequestration potential by integrating mulberry with other crops or tree species. Agroforestry systems increase total biomass production and improve organic matter inputs into the soil through leaf litter and root residues from multiple plant species. The presence of diverse vegetation also improves nutrient cycling, microbial activity, and soil biological diversity. As a result, these systems can store higher amounts of carbon both aboveground and belowground compared with monocropping systems (8).
Furthermore, mulberry ecosystems contribute to carbon stabilization through the interaction between plant residues and soil microorganisms. Soil microbes decompose organic matter and convert it into stable humic substances that remain in the soil for longer periods. This process enhances long-term carbon storage and reduces the release of carbon dioxide into the atmosphere. Thus, mulberry cultivation not only supports sericulture production but also plays an important role in climate change mitigation and sustainable land management.



Overall, soil carbon sequestration in mulberry ecosystems is influenced by several factors including biomass production, root turnover, residue management, soil microbial activity, and intercultural practices such as mulching, organic manure application, and reduced tillage. Adoption of sustainable mulberry management practices can therefore 




Table 1. Components of Carbon Sequestration in Mulberry Ecosystems
	Component
	Description
	Contribution to Carbon Sequestration

	Aboveground biomass
	Includes leaves, stems, branches, and pruning residues produced by mulberry plants during growth.
	Acts as a major carbon sink through photosynthesis by converting atmospheric CO₂ into plant biomass; litter fall and pruning residues contribute organic carbon to soil (1,3).

	Root biomass
	Consists of root systems, root hairs, and root exudates released into the soil during plant growth and root turnover.
	Decomposition of roots and rhizodeposition contributes to long-term carbon storage in the soil (2,6).

	Soil Organic carbon (SOC)
	Organic carbon present in soil in the form of humus, decomposed plant residues, and organic matter.
	Forms a stable carbon pool that improves soil fertility, soil structure, water retention, and nutrient availability (2,7).

	Microbial biomass
	Includes bacteria, fungi, actinomycetes, and other soil microorganisms present in the rhizosphere.
	Responsible for decomposition of plant residues and transformation of organic matter into stable humus through nutrient cycling (6,8).








3. Intercultural Operations in Mulberry Cultivation 
Intercultural operations refer to the various agronomic practices carried out in mulberry gardens during the crop growth period to maintain soil fertility, improve plant growth, and ensure optimum leaf yield and quality. These operations are generally performed between the rows of mulberry plants and play a crucial role in maintaining soil health, controlling weeds, conserving soil moisture, and improving nutrient availability. In perennial crops like mulberry, intercultural practices are particularly important because the crop remains in the field for several years and requires continuous management to sustain productivity and soil fertility (9).
Proper intercultural operations not only improve mulberry growth but also influence soil physical, chemical, and biological properties. These practices regulate soil aeration, microbial activity, organic matter accumulation, and nutrient cycling, all of which are closely linked with soil carbon sequestration and long-term ecosystem sustainability.
Tillage
Tillage is one of the primary intercultural operations in mulberry cultivation and involves loosening the soil around the plants using tools or machinery. It improves soil aeration, enhances root penetration, and facilitates better water infiltration. Proper tillage also helps in controlling weeds and incorporating organic residues into the soil. However, excessive or frequent tillage may accelerate the decomposition of soil organic matter and lead to carbon loss through increased oxidation. Therefore, conservation tillage or minimum tillage practices are often recommended to maintain soil organic carbon and improve soil structure (10).
Weeding
Weeding is an essential intercultural practice that removes unwanted plants growing in mulberry fields. Weeds compete with mulberry plants for nutrients, water, and sunlight, thereby reducing mulberry growth and leaf yield. Effective weed management ensures efficient utilization of available resources by mulberry plants. In some cases, weed biomass can be incorporated into the soil as green manure, which contributes organic matter and enhances soil carbon content. Regular weeding also improves soil aeration and prevents the spread of pests and diseases (11).
Mulching
 Mulching refers to the practice of covering the soil surface with organic or inorganic materials in order to conserve soil moisture, suppress weed proliferation, and improve overall soil conditions. In mulberry-based systems, organic mulches—such as crop residues, straw, fallen leaves, and composted materials—are widely employed due to their multiple agronomic and ecological benefits.

As these organic materials undergo gradual decomposition, they contribute to the accumulation of soil organic matter, thereby enhancing soil organic carbon (SOC) content. In addition to carbon enrichment, mulching plays a critical role in moderating soil temperature fluctuations, reducing evaporative water losses, and minimising soil erosion caused by wind and water. Furthermore, the addition of organic substrates stimulates soil microbial activity, which is essential for nutrient cycling and the maintenance of soil biological health.

Consequently, mulching is recognised as an effective and sustainable management practice for promoting soil carbon sequestration, improving soil fertility, and supporting the long-term ecological stability of mulberry cultivation systems. (12).
Pruning and Training
Pruning is a routine intercultural operation in mulberry cultivation aimed at maintaining plant shape, stimulating new shoot growth, and improving leaf production. Regular pruning removes old and unproductive branches, encouraging the growth of young shoots that produce tender and nutritious leaves suitable for silkworm feeding. The pruned biomass, when incorporated into the soil or used as mulch, contributes organic matter and increases soil carbon content. Training of mulberry plants also ensures proper canopy structure, improved light penetration, and efficient nutrient utilization (3).
Irrigation Management
Mulberry is a highly responsive crop to irrigation, and proper water management is essential for maintaining continuous leaf production. Efficient irrigation practices ensure adequate soil moisture, which supports microbial activity and organic matter decomposition. Adequate moisture levels also promote root growth and nutrient uptake. In addition, proper irrigation management reduces soil degradation and enhances the stability of soil organic carbon by maintaining favorable soil conditions for microbial processes (13).
Organic Manure Application
Application of organic manures such as farmyard manure, compost, vermicompost, and poultry manure is widely recommended in mulberry cultivation. These organic inputs supply essential nutrients, improve soil structure, and increase soil organic carbon levels. Organic manures also stimulate microbial activity, which plays a key role in decomposing organic residues and transforming them into stable soil organic matter. Continuous application of organic amendments is therefore an important strategy for improving soil fertility and enhancing carbon sequestration in mulberry soils (14).
Integrated Nutrient Management
Integrated Nutrient Management (INM) involves the combined use of organic manures, chemical fertilizers, and biofertilizers to maintain soil fertility and crop productivity. This approach ensures balanced nutrient supply while minimizing the negative effects of excessive chemical fertilizer use. INM practices improve soil organic matter content, enhance microbial diversity, and promote efficient nutrient cycling. As a result, they contribute to increased soil carbon storage and sustainable mulberry production systems (15).
Overall, intercultural operations play a vital role in maintaining soil productivity and ecological balance in mulberry cultivation. Adoption of sustainable management practices such as organic mulching, residue incorporation, and integrated nutrient management can significantly improve soil carbon sequestration while enhancing mulberry growth and productivity.
4. Effect of Intercultural Operations on Soil Carbon Sequestration (Elaborated)
Intercultural operations play a crucial role in regulating soil carbon dynamics in mulberry cultivation systems. These practices influence soil physical structure, organic matter decomposition, microbial activity, and nutrient cycling. Since soil organic carbon (SOC) is largely derived from plant residues and organic inputs, management practices that affect biomass production, residue incorporation, and soil disturbance directly influence the amount of carbon stored in the soil. Sustainable intercultural operations can therefore enhance carbon sequestration, improve soil fertility, and maintain long-term productivity in mulberry ecosystems.
4.1 Tillage Practices
Tillage is a fundamental intercultural operation used to prepare and maintain soil conditions suitable for mulberry growth. It helps in loosening the soil, improving aeration, facilitating root penetration, and enhancing water infiltration. In mulberry cultivation, periodic tillage is often practiced to control weeds and incorporate organic residues such as leaf litter and pruning biomass into the soil.
However, the intensity and frequency of tillage significantly influence soil carbon dynamics. Conventional or intensive tillage exposes soil organic matter to oxygen, which accelerates microbial decomposition and leads to the release of carbon dioxide into the atmosphere. This process results in a gradual decline in soil organic carbon levels over time. Excessive soil disturbance also disrupts soil aggregates that protect organic carbon from decomposition.
In contrast, conservation tillage or reduced tillage practices minimize soil disturbance and help retain soil organic carbon. These practices maintain soil structure, improve soil aggregation, and reduce carbon losses through oxidation. Residues left on the soil surface also serve as a protective layer that reduces erosion and increases organic matter input. Studies have shown that conservation tillage systems can significantly enhance soil carbon storage and improve soil health compared with conventional tillage systems (10).
In mulberry ecosystems, adopting minimum tillage practices along with organic residue incorporation can help maintain soil organic carbon while supporting sustainable mulberry production.
4.2 Weed Management
Weed management is another important intercultural operation in mulberry cultivation. Weeds compete with mulberry plants for essential resources such as nutrients, water, light, and space. When weeds are not properly controlled, they can significantly reduce mulberry leaf yield and plant growth. Weeds may also act as alternate hosts for pests and diseases, thereby affecting overall crop productivity.
Uncontrolled weed growth leads to considerable nutrient depletion in mulberry fields. Weeds absorb large amounts of soil nutrients including nitrogen, phosphorus, and potassium, which otherwise would be available for mulberry plants. This competition not only reduces mulberry productivity but also affects soil nutrient balance and long-term soil fertility (11).
Despite their negative impact, weeds can also contribute to soil carbon sequestration when managed appropriately. When weed biomass is incorporated into the soil as green manure or organic residue, it serves as a valuable source of organic matter. Decomposition of weed residues by soil microorganisms adds organic carbon to the soil and improves soil structure and microbial activity. This process enhances soil organic carbon levels and contributes to the formation of stable soil organic matter (12).
Furthermore, mulberry fields with controlled weed incorporation can benefit from improved soil moisture retention, increased microbial diversity, and enhanced nutrient cycling. Therefore, integrated weed management practices that combine mechanical, cultural, and biological methods are recommended for sustainable mulberry cultivation. Such practices not only reduce weed competition but also utilize weed biomass as an additional source of organic carbon, thereby improving soil carbon sequestration and soil fertility.
Overall, appropriate management of tillage and weed control practices can significantly influence soil carbon storage in mulberry ecosystems. Adoption of conservation-oriented practices such as reduced tillage and organic residue incorporation can enhance soil organic carbon levels while maintaining productivity and sustainability in mulberry cultivation systems.
Table 2. Nutrient Loss due to Weed Competition in Mulberry
	Parameter
	Quantity

	Weed biomass
	8369 kg ha⁻¹

	Water depletion
	5472 L

	Nitrogen removal
	39.5 kg ha⁻¹

	Phosphorus removal
	27 kg ha⁻¹

	Potassium removal
	71.79 kg ha⁻¹


Weed infestation in mulberry gardens can lead to significant depletion of soil nutrients and moisture. Studies conducted in mulberry cultivation systems have reported that uncontrolled weeds can produce up to 8369 kg ha⁻¹ of biomass, resulting in substantial removal of essential nutrients such as nitrogen, phosphorus, and potassium from the soil. Additionally, weeds consume large quantities of water, reducing the availability of soil moisture for mulberry plants. Effective weed management is therefore essential to prevent nutrient loss and maintain soil fertility in mulberry ecosystems (11,13).
4.3 Mulching
Mulching is an important soil management practice widely adopted in mulberry cultivation to conserve soil moisture, regulate soil temperature, and suppress weed growth. It involves covering the soil surface with organic or inorganic materials such as straw, crop residues, dry leaves, compost, plastic sheets, or farmyard manure. In mulberry ecosystems, organic mulching is particularly beneficial because it contributes directly to soil organic matter and enhances soil fertility.
Mulching reduces evaporation losses from the soil surface and helps maintain adequate soil moisture for mulberry growth. This is especially important in rainfed or semi-arid regions where soil moisture conservation plays a critical role in sustaining mulberry productivity. By covering the soil surface, mulches also protect the soil from erosion caused by rainfall or wind and reduce fluctuations in soil temperature. These conditions create a favorable environment for root growth and microbial activity in the soil (13).
Organic mulches such as crop residues, straw, green leaves, and farmyard manure gradually decompose over time and contribute organic carbon to the soil. The decomposition process is mediated by soil microorganisms including bacteria, fungi, and actinomycetes. As these materials break down, they release nutrients and form humus, which improves soil structure, enhances soil aggregation, and increases the water holding capacity of the soil. Improved soil structure facilitates better aeration and root penetration, thereby promoting healthier mulberry plant growth (14).
Furthermore, mulching helps suppress weed growth by blocking sunlight and reducing the germination of weed seeds. Reduced weed competition ensures that nutrients and moisture remain available for mulberry plants. As a result, mulching not only improves soil carbon storage but also enhances overall soil health and sustainability in mulberry cultivation systems.
4.4 Organic Manure Application
The application of organic manures is a key practice for improving soil fertility and increasing soil organic carbon in mulberry cultivation. Organic fertilizers such as farmyard manure (FYM), compost, vermicompost, poultry manure, and green manure are widely used to supply essential nutrients and improve soil physical and biological properties. These organic inputs serve as a major source of organic matter, which is essential for maintaining soil productivity in perennial cropping systems like mulberry.
Organic manures improve soil organic carbon levels by adding decomposable organic materials to the soil. When these materials are incorporated into the soil, they undergo microbial decomposition and gradually transform into stable soil organic matter. This process contributes to long-term carbon sequestration and enhances soil fertility (15).
In addition to improving soil carbon storage, organic manure application stimulates soil microbial activity and increases microbial biomass. Soil microorganisms play a crucial role in nutrient cycling by decomposing organic residues and releasing nutrients such as nitrogen, phosphorus, and potassium in forms that are available to plants. Increased microbial activity also enhances the formation of humus, which helps stabilize soil carbon and improve soil structure.
Organic nutrient management practices are therefore considered essential for sustainable mulberry production. Continuous application of organic amendments improves soil fertility, promotes beneficial microbial populations, and enhances nutrient availability, thereby supporting both mulberry growth and soil carbon sequestration (16).
4.5 Pruning and Biomass Recycling
Pruning is a routine cultural operation in mulberry cultivation aimed at maintaining plant shape, encouraging the growth of new shoots, and improving leaf production for silkworm feeding. Regular pruning removes old, unproductive branches and stimulates the development of young shoots that produce tender and nutritious leaves.
An important aspect of pruning is the generation of significant amounts of plant biomass in the form of branches, twigs, and leaves. Instead of discarding this biomass, it can be recycled within the mulberry field as an organic resource. Incorporation of pruning residues into the soil or their use as mulch contributes additional organic matter and enhances soil carbon accumulation.
The decomposition of pruning residues provides a steady supply of organic carbon to the soil. Soil microorganisms break down these residues and convert them into humus, which is a stable form of soil organic matter. This process not only increases soil organic carbon but also improves soil structure, nutrient availability, and microbial diversity.
Biomass recycling through pruning residues also reduces the need for external organic inputs and promotes sustainable nutrient management in mulberry ecosystems. By returning plant residues to the soil, mulberry cultivation systems can maintain nutrient balance and enhance long-term soil productivity. Therefore, pruning and biomass recycling play a significant role in improving soil carbon sequestration and maintaining soil health in mulberry-based sericulture systems (17).
5. Soil Carbon Dynamics in Mulberry Systems
Soil carbon dynamics in mulberry ecosystems involve the continuous movement, transformation, and storage of carbon within plant biomass, soil organic matter, and microbial communities. The carbon cycle in mulberry plantations is mainly regulated by processes such as photosynthesis, litter fall, root turnover, organic residue decomposition, and microbial mineralization. These processes determine the balance between carbon inputs and carbon losses in the soil, ultimately influencing the amount of soil organic carbon (SOC) stored in mulberry fields (18).
Photosynthesis is the primary process through which carbon enters the mulberry ecosystem. During photosynthesis, mulberry plants absorb atmospheric carbon dioxide (CO₂) and convert it into organic compounds such as carbohydrates, which are used for plant growth and biomass production. A significant portion of this fixed carbon is stored in plant tissues including leaves, stems, and roots. Over time, some of this carbon is transferred to the soil through plant residues such as fallen leaves, pruned branches, and root exudates.
Litter decomposition is another important component of soil carbon dynamics. Mulberry plants regularly shed leaves and small branches, which accumulate on the soil surface as litter. These residues are gradually decomposed by soil microorganisms such as bacteria and fungi. During decomposition, complex organic compounds are broken down into simpler substances, some of which are incorporated into soil organic matter while others are released as carbon dioxide through microbial respiration.
Root turnover also contributes significantly to soil carbon input in mulberry ecosystems. Roots continuously grow, die, and decompose in the soil, releasing organic carbon and nutrients into the soil environment. Root exudates, which are organic compounds released by living roots, further stimulate microbial activity and contribute to the formation of stable soil organic matter.
Microbial mineralization is another key process regulating soil carbon dynamics. Soil microorganisms decompose organic residues and convert them into inorganic nutrients that can be utilized by plants. During this process, part of the organic carbon is stabilized in the soil as humus, while another portion is released into the atmosphere as carbon dioxide. The balance between carbon stabilization and carbon loss determines the overall carbon sequestration potential of the soil.
In mulberry plantations, continuous biomass production and regular intercultural operations such as mulching, organic manure application, and residue incorporation increase the amount of organic matter entering the soil. Over time, these inputs lead to a gradual increase in soil organic carbon levels. Long-term mulberry cultivation systems therefore act as effective carbon sinks that store carbon both aboveground and belowground. Proper soil management practices can further enhance this carbon storage capacity and contribute to sustainable agricultural production systems.
5.1 Carbon Cycle in Mulberry Ecosystems
The carbon cycle in mulberry ecosystems represents the continuous exchange of carbon between the atmosphere, plant biomass, soil organic matter, and soil microorganisms. Carbon enters the system primarily through photosynthesis, where mulberry plants absorb atmospheric carbon dioxide (CO₂) and convert it into organic compounds. These compounds are incorporated into plant tissues such as leaves, stems, branches, and roots, forming the primary biomass of the mulberry plant.
A portion of the carbon fixed during photosynthesis remains stored in plant biomass, while another portion is transferred to the soil through litter fall, pruning residues, root turnover, and root exudation. Fallen leaves, twigs, and pruned branches accumulate on the soil surface and gradually decompose. Soil microorganisms such as bacteria, fungi, and actinomycetes break down these organic residues into simpler compounds. During this decomposition process, part of the carbon is released back into the atmosphere as carbon dioxide through microbial respiration, while another portion is incorporated into soil organic matter.
Root systems also play a critical role in the carbon cycle. Roots continuously release organic compounds into the soil in the form of root exudates, which provide energy sources for soil microorganisms. Dead roots and root fragments further contribute organic carbon to the soil as they decompose. These root-derived carbon inputs are particularly important because they contribute to carbon storage in deeper soil layers, where carbon tends to remain more stable.
Over time, decomposed organic matter is transformed into stable humic substances, which constitute soil organic carbon (SOC). SOC acts as a long-term carbon reservoir and improves soil fertility, structure, and water retention capacity. The balance between carbon inputs (plant residues, roots, and organic amendments) and carbon outputs (respiration and decomposition losses) determines the overall carbon sequestration potential of mulberry ecosystems.
Intercultural operations such as mulching, residue recycling, reduced tillage, and organic manure application further enhance the carbon cycle by increasing organic matter inputs and reducing carbon losses from the soil. Therefore, well-managed mulberry plantations can function as efficient carbon sinks, contributing to both agricultural sustainability and climate change mitigation.
6. Sustainability Benefits of Carbon Sequestration
Carbon sequestration in mulberry ecosystems provides multiple environmental and agricultural benefits that contribute to long-term sustainability. Mulberry plantations act as important carbon sinks because they capture atmospheric carbon dioxide through photosynthesis and store it in plant biomass and soil organic matter. This process helps reduce the concentration of greenhouse gases in the atmosphere and contributes to climate change mitigation. Perennial cropping systems such as mulberry are particularly effective in storing carbon because they produce continuous biomass and accumulate organic residues in the soil over long periods (19).
One of the major benefits of increased soil carbon is the improvement of soil fertility and structure. Soil organic carbon enhances soil aggregation, increases cation exchange capacity, and improves the availability of essential nutrients such as nitrogen, phosphorus, and potassium. Improved soil structure promotes better root growth, aeration, and water infiltration, which are essential for sustainable mulberry cultivation. Higher organic carbon levels also increase the water holding capacity of soil, helping plants withstand drought conditions and improving overall crop productivity (20).
Another important sustainability benefit is the enhancement of soil biodiversity and microbial activity. Soil microorganisms such as bacteria, fungi, and actinomycetes play a critical role in decomposing organic residues and transforming them into stable soil organic matter. Increased microbial biomass improves nutrient cycling, supports soil enzymatic activity, and enhances soil biological fertility. Mulberry ecosystems with higher organic carbon levels tend to support diverse microbial communities that contribute to soil health and ecosystem stability (21).
Carbon sequestration in mulberry systems also contributes to soil conservation and prevention of land degradation. The extensive root system of mulberry plants helps bind soil particles together, reducing the risk of soil erosion caused by wind and water. In addition, mulberry plantations provide continuous ground cover through leaf litter and organic residues, which protect the soil surface from erosion and maintain soil moisture. These characteristics make mulberry cultivation an effective strategy for restoring degraded lands and maintaining sustainable agricultural landscapes (22).
Overall, the integration of sustainable mulberry management practices such as organic manure application, mulching, and residue recycling enhances soil carbon sequestration and improves ecosystem resilience. These practices not only support mulberry productivity and sericulture development but also contribute to environmental sustainability and climate change mitigation.
Table 3. Sustainability Indicators in Mulberry Ecosystems
	Indicator
	Impact

	Soil organic carbon
	Improves soil fertility, nutrient availability, and soil structure (20)

	Microbial biomass
	Enhances decomposition, nutrient cycling, and soil biological activity (21)

	Soil structure
	Improves water infiltration, aeration, and root growth (20,21)

	Carbon storage
	Contributes to climate change mitigation by storing atmospheric CO₂ (19)

	Biodiversity
	Promotes ecological balance and resilience of agroecosystems (21,22)



7. Mechanisms of Carbon Sequestration in Mulberry Systems 
Carbon sequestration in mulberry ecosystems involves a series of interconnected biological, chemical, and ecological processes that lead to the capture of atmospheric carbon dioxide (CO₂) and its storage in plant biomass and soil organic matter. Mulberry (Morus spp.) plantations, being perennial cropping systems with continuous biomass production, contribute significantly to long-term soil carbon storage. Carbon enters the mulberry ecosystem primarily through photosynthesis and is subsequently transferred to the soil through plant residues, root turnover, and microbial processes. These mechanisms collectively contribute to the accumulation and stabilization of soil organic carbon (SOC).
7.1 Carbon Capture through Photosynthesis
The process of carbon sequestration begins with photosynthesis. Mulberry plants absorb atmospheric carbon dioxide through their leaves and convert it into organic compounds such as carbohydrates using solar energy. These compounds are used to build plant tissues including leaves, stems, branches, and roots. A portion of the fixed carbon is stored in plant biomass, while another portion eventually enters the soil through leaf litter, root exudates, and plant residues. Since mulberry is a perennial crop with continuous growth and pruning cycles, the amount of biomass produced annually is relatively high, contributing to sustained carbon input into the soil system.
7.2 Aboveground Biomass Deposition
Mulberry plants produce significant quantities of aboveground biomass in the form of leaves, stems, and pruning residues. During routine sericultural practices such as leaf harvesting and pruning, a large amount of organic material remains in the field. These plant residues accumulate on the soil surface as litter. Over time, this litter decomposes and contributes organic carbon to the soil. Regular biomass addition improves soil organic matter content and enhances long-term carbon sequestration.
7.3 Root Biomass and Root Turnover
Mulberry plants possess a deep and extensive root system that penetrates multiple soil layers. Roots continuously grow, die, and regenerate through a process known as root turnover. Dead roots decompose within the soil profile and release organic carbon compounds that contribute to soil organic matter (12). In addition, living roots release root exudates such as sugars, amino acids, and organic acids that serve as energy sources for soil microorganisms. These root-derived carbon inputs are particularly important because carbon deposited in deeper soil layers is more stable and less susceptible to rapid decomposition.
7.4 Microbial Decomposition and Transformation
Soil microorganisms including bacteria, fungi, and actinomycetes play a central role in carbon cycling within mulberry ecosystems. These microorganisms decompose plant residues such as leaf litter, pruning materials, and root biomass. During decomposition, complex organic compounds are broken down into simpler substances (14).  Part of the carbon is released as carbon dioxide through microbial respiration, while another portion is converted into microbial biomass and stable soil organic matter. Microbial by-products and residues eventually form humus, which is a highly stable form of organic carbon that can remain in the soil for many years.
7.5 Soil Aggregation and Carbon Stabilization
Organic matter and microbial secretions contribute to the formation of soil aggregates. Soil aggregates are clusters of soil particles bound together by organic compounds and microbial polysaccharides. These aggregates physically protect organic carbon from rapid microbial decomposition by enclosing it within soil particles. As a result, carbon becomes stabilized and stored in the soil for longer periods. Improved soil aggregation also enhances soil structure, aeration, water infiltration, and root growth, further supporting sustainable mulberry cultivation.
7.6 Role of Intercultural Practices in Carbon Sequestration
Intercultural operations such as mulching, organic manure application, reduced tillage, and pruning residue recycling significantly influence the carbon sequestration process. Organic mulching and residue incorporation increase organic matter inputs into the soil. Reduced tillage minimizes soil disturbance and prevents the rapid oxidation of soil organic carbon. Organic manures such as farmyard manure and compost add additional carbon sources that support microbial activity and humus formation. These management practices enhance the efficiency of carbon sequestration and improve soil fertility in mulberry ecosystems.
8. Long-Term Effects of Intercultural Operations
The long-term adoption of sustainable intercultural operations plays a vital role in improving soil carbon sequestration and maintaining soil health in mulberry ecosystems. Practices such as intercropping, mulching, reduced tillage, and the application of organic manures contribute to the continuous addition of organic matter to the soil, which enhances soil organic carbon (SOC) levels over time.
Continuous mulberry cultivation combined with conservation practices has been reported to significantly improve soil organic carbon content and overall soil quality. Higher SOC levels improve soil physical properties such as bulk density, porosity, and water-holding capacity, which support better root growth and nutrient availability for plants (11). Improved soil structure also helps reduce soil erosion and enhances soil stability.
Intercropping systems practiced in mulberry fields also contribute to long-term sustainability. The presence of diverse crops increases plant biodiversity and promotes greater microbial diversity in the soil. Soil microorganisms play an essential role in decomposing plant residues and stabilizing organic carbon in the soil. Increased microbial activity improves nutrient cycling and enhances soil fertility.
Over time, these intercultural practices lead to improved soil productivity, better nutrient availability, and enhanced ecosystem stability. Therefore, the long-term implementation of sustainable intercultural operations in mulberry cultivation not only increases soil carbon sequestration but also supports the sustainability of mulberry-based agroecosystems.
9. Sustainability of Mulberry Ecosystems
Mulberry ecosystems play an important role in promoting sustainable agriculture, particularly in regions where sericulture is practiced extensively. Sustainable mulberry cultivation practices contribute to maintaining soil fertility, conserving natural resources, and improving overall ecosystem stability. The continuous addition of plant residues such as leaf litter, pruning materials, and root biomass enhances soil organic matter and supports long-term soil productivity.
Mulberry plantations also contribute to environmental sustainability by enhancing biodiversity within agricultural systems. The integration of intercrops and organic management practices in mulberry fields supports a wide range of soil microorganisms, insects, and other beneficial organisms. This biological diversity improves nutrient cycling, soil structure, and overall ecosystem resilience.
Another important environmental benefit of mulberry ecosystems is their role in climate change mitigation. Mulberry plantations act as carbon sinks by capturing atmospheric carbon dioxide through photosynthesis and storing it in plant biomass and soil organic matter (13). The perennial nature of mulberry plants allows continuous carbon accumulation both above and below the ground, making mulberry cultivation an effective system for carbon sequestration.
In addition to environmental benefits, mulberry-based farming systems also contribute to economic sustainability. Diversified cropping systems practiced in mulberry fields provide additional sources of income for farmers while improving land-use efficiency. These systems also help in controlling soil erosion, improving soil fertility, and maintaining balanced nutrient cycling. Therefore, sustainable management of mulberry ecosystems plays a crucial role in supporting both ecological stability and the long-term viability of sericulture-based farming systems.
11. Conclusion
This review synthesizes existing research on the role of intercultural operations in influencing soil carbon sequestration and sustainability in mulberry ecosystems. The analysis indicates that management practices such as intercropping, mulching, reduced tillage, organic manure application, pruning residue recycling, and integrated nutrient management significantly contribute to the accumulation of soil organic carbon (SOC). These practices enhance organic matter inputs through plant residues, root biomass, and microbial activity, thereby improving soil structure, nutrient availability, water-holding capacity, and overall soil biological activity.
The findings highlight that sustainable intercultural practices not only enhance SOC storage but also improve soil fertility and productivity in mulberry plantations. Increased SOC promotes better root growth, efficient nutrient cycling, and improved soil moisture retention, which collectively support higher mulberry leaf yield and quality. This is particularly important for sustaining sericulture production, as healthy mulberry plants ensure consistent and nutritious leaf supply for silkworm rearing. Therefore, the integration of sustainable soil management practices in mulberry cultivation can strengthen the resilience and long-term viability of mulberry-based agroecosystems.
In addition to improving agricultural productivity, enhanced carbon sequestration in mulberry ecosystems contributes to broader environmental benefits such as climate change mitigation, biodiversity conservation, and soil degradation control. Perennial mulberry plantations have significant potential to act as carbon sinks due to their continuous biomass production and residue recycling processes.
Future research should focus on quantifying the carbon sequestration potential of different mulberry cultivation systems under diverse agro-climatic conditions. Long-term field studies are also needed to evaluate the combined effects of intercultural operations, organic amendments, and agroforestry practices on soil carbon dynamics and ecosystem sustainability. Furthermore, the development of climate-resilient mulberry management strategies and the promotion of farmer-friendly sustainable practices will be essential for enhancing carbon storage and ensuring the long-term sustainability of sericulture production systems.
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