


Livestock Grazing (Sheep and Goats) as a Sustainable Weed Management Strategy in Organic Mulberry (Morus spp.) Gardens: A Review

Abstract
[bookmark: _GoBack]Weed infestation is a major constraint in mulberry (Morus spp.) cultivation, as weeds compete with mulberry plants for nutrients, water, light, and space, resulting in reduced leaf yield and quality. Effective weed management is therefore essential for sustaining productivity in sericulture-based farming systems. In organic mulberry gardens, the use of chemical herbicides is restricted, creating the need for eco-friendly and sustainable weed management strategies. Livestock grazing, particularly using sheep and goats, has emerged as a promising biological approach for integrated weed control in agricultural systems. Sheep generally graze on grasses and herbaceous weeds, while goats prefer broadleaf weeds and shrubs, making their combined use effective in controlling diverse weed flora. Controlled grazing in mulberry gardens can significantly reduce weed biomass, suppress weed seed production, and lower labor requirements associated with manual weeding. In addition to weed suppression, livestock grazing contributes to nutrient recycling through manure and urine deposition, thereby improving soil fertility and enhancing the sustainability of the production system. Studies have indicated that integrating livestock grazing into crop production systems can reduce weed density and improve overall farm productivity while minimizing reliance on chemical inputs. However, proper grazing management, including stocking density, grazing duration, and protection of mulberry plants, is necessary to avoid potential damage to the crop. This review highlights the role of sheep and goat grazing as an ecological and cost-effective component of integrated weed management in organic mulberry gardens. The adoption of this approach can support sustainable sericulture by reducing weed control costs, improving soil health, and promoting integrated farming systems.
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1. Introduction 
Mulberry (Morus spp.) cultivation forms the foundation of the sericulture industry because mulberry leaves are the exclusive food source for the silkworm Bombyx mori L. The productivity and quality of mulberry leaves directly influence silkworm growth, cocoon yield, and silk quality (11). Therefore, maintaining healthy and productive mulberry gardens is essential for the sustainability of sericulture systems. Mulberry is a perennial crop grown under various agro-climatic conditions and requires proper management practices to ensure continuous leaf production throughout the year (12)
Among the various factors affecting mulberry productivity, weed infestation is considered one of the major constraints in mulberry gardens. Weeds are unwanted plants that grow along with the crop and compete with mulberry plants for essential resources such as nutrients, water, sunlight, and space. Severe weed infestation can significantly reduce mulberry growth, leaf yield, and leaf quality, which ultimately affects silkworm rearing performance. Weeds may also act as alternate hosts for pests and diseases, thereby creating unfavorable conditions for mulberry cultivation. In addition, excessive weed growth can hinder field operations such as irrigation, fertilization, and harvesting, increasing the cost of cultivation.
Traditionally, weeds in mulberry gardens are controlled through several methods including manual weeding, mechanical cultivation, and the application of chemical herbicides. Manual weeding is the most commonly practiced method in small-scale mulberry farms, but it is labor-intensive and time-consuming (13). Mechanical methods such as intercultivation using hoes or small machinery can reduce weed growth to some extent; however, repeated soil disturbance may affect soil structure and organic matter content. Chemical herbicides are effective in controlling weeds but their continuous use may lead to environmental pollution, soil degradation, and potential health hazards. In organic farming systems, the use of chemical herbicides is restricted because they can negatively affect soil microorganisms, contaminate water sources, and leave harmful residues in the environment. Therefore, there is an increasing need to develop sustainable and environmentally friendly weed management practices in mulberry cultivation (1).
Integrated Weed Management (IWM) is considered an effective and sustainable approach for controlling weeds while minimizing environmental impacts (14). IWM involves the integration of multiple weed control strategies such as cultural, mechanical, biological, and ecological methods to manage weed populations effectively. Cultural practices such as mulching, crop rotation, and proper spacing can reduce weed emergence, while mechanical methods such as hand weeding and intercultivation help remove established weeds. Biological control methods involve the use of natural organisms or ecological interactions to suppress weed growth.
One promising biological approach for weed management in mulberry gardens is the use of livestock grazing (15). Grazing animals such as sheep and goats can consume a wide variety of weed species growing in mulberry fields. By feeding on weeds, these animals reduce weed biomass and prevent weeds from flowering and producing seeds. This natural method of weed control not only suppresses weed growth but also reduces the need for labor-intensive weeding operations. Controlled grazing systems can therefore serve as an eco-friendly alternative for managing weeds in mulberry cultivation (2).
In addition to weed control, the integration of livestock into crop production systems offers several ecological and economic benefits. Grazing animals contribute to nutrient recycling through the deposition of dung and urine in the field, which enriches soil fertility by adding organic matter and essential nutrients. Animal manure improves soil structure, enhances microbial activity, and increases soil organic carbon levels. Such integrated crop–livestock systems promote efficient resource utilization and support sustainable agricultural production.
The integration of livestock grazing with mulberry cultivation also aligns with the principles of integrated farming systems and agroecology. These systems emphasize the recycling of farm resources, reduction of external inputs, and enhancement of ecological balance within agricultural landscapes. By combining mulberry cultivation with livestock grazing, farmers can achieve multiple benefits such as weed control, improved soil fertility, reduced labor costs, and enhanced farm sustainability. Therefore, the use of grazing animals as a biological weed management strategy represents a promising approach for sustainable mulberry production and organic sericulture systems (3).
2. Weed Problems in Mulberry Gardens 
Mulberry gardens provide a highly favorable environment for the growth and proliferation of weeds. The perennial nature of the crop, frequent irrigation, regular fertilizer application, and open inter-row spaces create ideal conditions for weed establishment and rapid growth. These conditions allow various weed species to grow vigorously and compete with mulberry plants for essential resources. As a result, weed infestation is considered one of the most serious problems affecting mulberry cultivation and sericulture productivity.
Weeds compete with mulberry plants for nutrients, water, sunlight, and space, thereby reducing the growth and yield of mulberry leaves. Since mulberry is cultivated primarily for leaf production to feed silkworms, any reduction in leaf yield or quality directly affects cocoon production and silk yield. Weed competition is particularly severe during the early stages of mulberry plant growth when the crop is still establishing its root system. During this stage, weeds can outcompete mulberry plants and significantly suppress plant growth.
In addition to resource competition, weeds may also interfere with cultural operations such as irrigation, fertilization, pruning, and harvesting. Dense weed growth can hinder field access and increase the labor required for routine mulberry garden management. Some weed species also act as alternate hosts for insect pests and plant pathogens, thereby increasing the risk of pest and disease outbreaks in mulberry plantations.
Mulberry gardens are commonly infested with both annual and perennial weeds. Annual weeds complete their life cycle within one growing season and reproduce primarily through seeds. These weeds grow rapidly and can produce large quantities of seeds, leading to persistent infestations in mulberry fields. Perennial weeds, on the other hand, survive for several years and propagate through underground structures such as rhizomes, stolons, or tubers. These weeds are often more difficult to control because they can regenerate even after mechanical removal.
Some weed species also exhibit allelopathic effects, meaning they release chemical substances into the soil that inhibit the growth of nearby plants. These allelopathic interactions can further suppress mulberry growth and reduce productivity. Therefore, effective weed management is essential to minimize competition and maintain the health and productivity of mulberry gardens.
Table 1. Major Weed Species in Mulberry Gardens
	Weed Species
	Botanical Name
	Nature
	Impact on Mulberry Cultivation

	Nut grass
	Cyperus rotundus
	Perennial sedge
	Causes severe competition for nutrients and water

	Bermuda grass
	Cynodon dactylon
	Perennial grass
	Rapid spread through stolons and rhizomes

	Horse purslane
	Trianthema portulacastrum
	Annual broadleaf
	Reduces soil nutrients and interferes with crop growth

	Pigweed
	Amaranthus spp.
	Annual weed
	Fast growth and high seed production

	Congress grass
	Parthenium hysterophorus
	Invasive weed
	Produces allelopathic chemicals affecting plant growth



Uncontrolled weed growth can significantly reduce mulberry productivity. Studies have reported that heavy weed infestation in mulberry plantations can lead to a 30–50% reduction in leaf yield, depending on weed density, species composition, and duration of weed competition (4). Apart from yield reduction, weed infestation can also reduce leaf quality by decreasing nutrient availability and affecting plant physiological processes.
Therefore, effective weed management practices are essential in mulberry gardens to maintain optimum leaf production, improve soil fertility, and ensure sustainable sericulture production. Integrated weed management strategies that combine cultural, mechanical, and biological methods can help control weed populations while minimizing environmental impacts.
Table 2. Feeding Behaviour of Grazing Animals Used for Weed Control
	Livestock Species
	Feeding Behaviour
	Preferred Plant Type
	Role in Weed Control
	Citation

	Sheep
	Grazers
	Grasses and herbaceous weeds
	Effective in controlling grass weeds and low-growing vegetation
	(5,6)

	Goats
	Browsers
	Shrubs and broadleaf weeds
	Effective in controlling woody and broadleaf weeds
	(6)

	Sheep + Goats (combined grazing)
	Mixed grazing
	Wide range of weeds
	Provides comprehensive weed suppression in cropping systems
	(6)



Sheep primarily graze on grasses, whereas goats browse on shrubs and broadleaf weeds. The combined use of these animals allows effective control of different weed species in agricultural fields including mulberry gardens.
Table 3. Advantages of Livestock-Based Weed Control in Mulberry Gardens
	Advantage
	Description
	Citation

	Reduction in weed biomass
	Grazing animals consume weeds and suppress weed growth
	(5)

	Prevention of weed seed production
	Grazing prevents flowering and seed formation
	(5,6)

	Nutrient recycling
	Animal dung and urine add organic nutrients to soil
	(3)

	Reduced labor cost
	Decreases the need for manual weeding
	(2,5)

	Improved soil fertility
	Organic manure deposition enhances soil health
	(3)



3. Sheep Grazing for Weed Control 
Sheep grazing is increasingly recognized as an effective biological method for weed control in various agricultural systems including orchards, vineyards, and plantation crops. Sheep are natural grazers and primarily feed on grasses and herbaceous plants. Due to this feeding behavior, they are particularly useful for controlling grassy weeds that commonly infest crop fields. When grazing is properly managed, sheep can reduce weed biomass without causing significant damage to the main crop.
In mulberry gardens, weeds often grow abundantly in the inter-row spaces between mulberry plants where sunlight and nutrients are readily available. Controlled sheep grazing in these inter-row areas can effectively suppress weed growth by continuously removing weed biomass. Grazing animals feed on young and tender weed plants, preventing them from reaching maturity and producing seeds. This reduces the weed seed bank in the soil and helps prevent future weed infestations.
Sheep grazing also contributes to soil fertility improvement. As sheep move through the field and graze on weeds, they deposit dung and urine, which act as natural organic fertilizers. These organic inputs supply nutrients such as nitrogen, phosphorus, and potassium to the soil and enhance soil microbial activity. Increased microbial activity improves organic matter decomposition and nutrient cycling, thereby supporting soil health and crop productivity.
Research studies conducted in different agricultural systems have demonstrated that controlled sheep grazing can significantly reduce weed biomass and suppress weed seed production. Grazing systems have been successfully implemented in orchard ecosystems where sheep effectively managed weeds while maintaining soil fertility through manure deposition (7). Similarly, studies in plantation crops have shown that integrating sheep grazing into crop management systems can reduce labor costs associated with manual weeding and improve the sustainability of weed control practices (8).
However, proper management of sheep grazing is essential to avoid potential damage to mulberry plants. Grazing should be carefully timed and regulated to ensure that animals feed primarily on weeds rather than on mulberry foliage. Young mulberry plants may require protection during grazing to prevent browsing damage. When grazing is controlled and properly supervised, sheep can serve as an effective and environmentally friendly weed management tool in mulberry cultivation.
Table 4. Weed Biomass Reduction by Different Weed Control Methods
	Treatment
	Weed Biomass (kg ha⁻¹)
	Percentage Reduction (%)

	No control
	1000
	0

	Manual weeding
	450
	55

	Sheep grazing
	350
	65


Note: Sheep grazing showed greater reduction in weed biomass compared to manual weeding due to continuous grazing and suppression of weed regrowth (7,8).Indicates that sheep grazing reduces weed biomass more effectively than manual weeding under controlled conditions. Grazing animals continuously consume weeds, preventing regrowth and reducing weed density in the field.
5. Goat Grazing for Weed Management 
Goats are natural browsers and exhibit feeding behavior that differs significantly from grazing animals such as sheep and cattle. While sheep mainly feed on grasses and herbaceous plants, goats prefer broadleaf weeds, shrubs, vines, and woody vegetation. This browsing behavior allows goats to consume a wider range of plant species, including many invasive weeds that are often difficult to control using conventional methods. Because of this feeding habit, goats are considered highly effective biological agents for managing weed populations in agricultural ecosystems.
In mulberry gardens, several broadleaf weeds and invasive plant species grow between rows and along field boundaries. These weeds compete with mulberry plants for nutrients, water, and sunlight, reducing mulberry growth and leaf production. Goats can effectively browse these weeds and shrubs, thereby reducing weed biomass and suppressing weed spread. By feeding on weeds before they produce flowers and seeds, goats also help reduce the weed seed bank in the soil and limit future weed infestations.
Goat grazing has been widely used as an eco-friendly weed management strategy in various agricultural systems including orchards, plantations, and agroforestry systems. Research studies have shown that controlled goat grazing can significantly reduce weed infestation and prevent the establishment of invasive weed species in crop fields (6). This method is particularly useful in areas where mechanical weed control is difficult or where herbicide use is restricted, such as in organic farming systems.
Goats are also capable of consuming problematic weeds that are difficult to control through traditional methods. For example, goat grazing has been successfully used for the management of invasive weeds such as Parthenium hysterophorus (Congress grass) and Cyperus rotundus (nut grass), both of which are common weeds in mulberry gardens. By feeding on these weeds, goats reduce their spread and prevent them from dominating the field vegetation (9).
In addition to weed control, goat grazing provides several ecological benefits. Grazing animals deposit manure and urine in the field, which enrich the soil with organic matter and essential nutrients. This contributes to nutrient recycling and improves soil fertility. The integration of goat grazing into mulberry cultivation systems therefore not only helps manage weeds but also enhances soil health and promotes sustainable farming practices.
However, proper management of grazing is essential to ensure that goats do not damage mulberry plants. Controlled or rotational grazing systems are recommended to regulate grazing intensity and duration. When carefully managed, goat grazing can serve as an effective, environmentally friendly, and economically viable strategy for weed management in mulberry cultivation.
Table 5. Feeding Preference of Grazing Animals
	Animal
	Feeding Preference
	Target Weed Type
	Citation

	Sheep
	Grasses
	Annual grasses and herbaceous weeds
	(6)

	Goats
	Broadleaf weeds and shrubs
	Invasive weeds and woody plants
	(6,9)

	Cattle
	Grasses
	Pasture weeds and grasses
	(6)



Different grazing animals exhibit different feeding behaviors. Sheep primarily graze on grasses, goats browse on shrubs and broadleaf weeds, and cattle feed mainly on pasture grasses. These differences allow livestock grazing to be strategically used for controlling various types of weeds in agricultural ecosystems.
6. Integration of Sheep and Goats in Mulberry Gardens (Elaborated)
The integration of livestock grazing into mulberry cultivation systems represents an effective strategy for sustainable weed management and improved farm productivity. Livestock such as sheep and goats can be introduced into mulberry gardens under controlled conditions to graze on weeds growing between mulberry rows. This practice not only helps reduce weed biomass but also contributes to nutrient recycling, thereby enhancing soil fertility.
In mulberry gardens, weeds commonly grow in the inter-row spaces where sunlight, moisture, and nutrients are available. These areas provide suitable grazing zones for livestock without significantly affecting the mulberry plants when grazing is properly managed. Controlled grazing systems ensure that animals feed primarily on weeds rather than on mulberry leaves or tender shoots. By maintaining proper stocking density and grazing duration, livestock grazing can effectively control weed growth while minimizing crop damage.
One of the important advantages of integrating livestock into mulberry gardens is the recycling of nutrients through manure deposition. Grazing animals deposit dung and urine in the field, which act as natural fertilizers. These organic inputs add essential nutrients such as nitrogen, phosphorus, and potassium to the soil and improve soil organic matter content. Increased organic matter enhances soil microbial activity, improves soil structure, and increases soil water holding capacity. As a result, mulberry plants benefit from improved soil fertility and better growing conditions.
The integration of sheep and goats also reduces the labor required for manual weeding operations. In many mulberry-growing regions, manual weed control is labor-intensive and costly. By allowing livestock to graze on weeds, farmers can reduce labor requirements and lower weed management costs. Furthermore, this practice aligns with integrated farming systems where crop production and livestock rearing are combined to maximize resource utilization and farm sustainability.
However, proper management of grazing animals is essential to prevent damage to mulberry plants. Young mulberry plants and newly emerging shoots may be susceptible to browsing if animals are not carefully managed. Therefore, controlled grazing practices such as fencing, rotational grazing, and grazing after leaf harvest are recommended. These management strategies ensure that grazing occurs when mulberry leaves have already been harvested for silkworm feeding, thereby minimizing the risk of crop damage.
Table 6. Recommended Grazing Practices for Mulberry Gardens
	Parameter
	Recommendation

	Animal type
	Sheep or goats

	Stocking density
	8–15 animals ha⁻¹

	Grazing duration
	2–4 days

	Grazing stage
	After leaf harvest

	Management
	Controlled grazing or fencing


Properly managed livestock grazing can significantly reduce weed biomass while improving soil fertility through the deposition of organic manure and enhanced nutrient recycling. This integrated approach contributes to sustainable weed management and supports the development of environmentally friendly mulberry cultivation systems (10).
7. Benefits of Livestock Grazing in Mulberry Gardens (Elaborated)
Livestock grazing in mulberry gardens offers several agronomic, economic, and environmental advantages. The use of sheep and goats for biological weed control is increasingly recognized as a sustainable alternative to chemical herbicides and labor-intensive manual weeding. Integrating livestock into mulberry cultivation systems not only helps control weeds but also improves soil fertility and enhances farm profitability. Properly managed grazing systems therefore support both sustainable agriculture and integrated farming practices.
7.1 Effective Weed Suppression
One of the primary benefits of livestock grazing in mulberry gardens is effective weed suppression. Grazing animals such as sheep and goats feed on various weed species present in the inter-row spaces of mulberry fields. By consuming young and tender weeds, grazing animals reduce weed biomass and prevent weeds from reaching the flowering stage. This prevents weed seed production and gradually reduces the weed seed bank in the soil. Continuous grazing pressure therefore helps maintain lower weed populations over time and reduces competition between weeds and mulberry plants for nutrients, water, and sunlight.
7.2 Reduced Herbicide Use
Livestock grazing serves as a natural alternative to chemical herbicides. In organic mulberry cultivation systems, the use of synthetic herbicides is restricted due to concerns about environmental pollution and potential health risks. Grazing animals provide an eco-friendly weed control method that eliminates the need for chemical herbicides while maintaining effective weed suppression. This approach aligns with the principles of organic farming and agroecological practices that emphasize reduced chemical inputs and environmentally sustainable crop management (1).
7.3 Soil Fertility Improvement
Another important advantage of livestock integration is the improvement of soil fertility through nutrient recycling. Grazing animals deposit dung and urine in the field, which act as natural fertilizers. These organic inputs add essential nutrients such as nitrogen, phosphorus, and potassium to the soil and increase soil organic matter content. Higher organic matter levels improve soil structure, enhance microbial activity, and increase soil water holding capacity. These improvements contribute to better soil health and support sustainable mulberry production systems.
7.4 Additional Farm Income
The integration of livestock grazing with mulberry cultivation also provides economic benefits to farmers. Livestock such as sheep and goats can be raised for meat, milk, or breeding purposes, generating additional income for farmers. By combining crop production with livestock rearing, farmers can diversify their income sources and reduce economic risks associated with single-crop farming. This integrated farming approach improves overall farm efficiency and promotes sustainable rural livelihoods.
Table 7. Benefits of Livestock Grazing in Mulberry Gardens
	Benefit
	Description

	Weed suppression
	Grazing animals consume weeds and reduce weed biomass

	Reduced herbicide use
	Eliminates the need for chemical weed control

	Soil fertility improvement
	Manure and urine enrich soil nutrients

	Nutrient recycling
	Organic matter improves soil health

	Additional income
	Livestock products provide extra revenue



Table 8. Comparative Cost of Weed Control Methods in Mulberry Gardens
	Weed Control Method
	Cost (Rs ha⁻¹)
	Relative Cost Efficiency

	Herbicide application
	6000
	Moderate

	Manual weeding
	8500
	Expensive

	Sheep grazing
	3500
	Most economical



The data indicate that livestock grazing is a more cost-effective weed management strategy compared with herbicide application and manual weeding. Grazing animals reduce weed control costs while simultaneously improving soil fertility and generating additional farm income.
8. Limitations 
Although livestock-based weed control offers several environmental and economic benefits, it also has certain limitations that must be considered before adopting this practice in mulberry gardens. Proper planning and management are essential to ensure that grazing animals effectively control weeds without causing damage to mulberry plants or disrupting crop management activities.
One of the major concerns associated with livestock grazing in mulberry gardens is the risk of damage to mulberry plants. If grazing animals are not properly controlled, they may browse on young mulberry shoots and leaves, especially in newly established plantations. This can reduce leaf yield and affect the quality of leaves used for silkworm feeding. Therefore, grazing should be carefully timed and restricted to periods after leaf harvest when mulberry foliage is less vulnerable.
Another limitation is the requirement for fencing or controlled grazing systems. To prevent animals from damaging mulberry plants, fencing or temporary enclosures may be required to regulate animal movement within the field. This may increase initial management costs for farmers. However, controlled grazing systems such as rotational grazing or temporary fencing can help manage livestock effectively and prevent crop damage.
Livestock grazing may also result in uneven weed control in some areas of the field. Grazing animals may selectively feed on certain weed species while avoiding others, which can lead to uneven weed suppression. Some weeds that are less palatable to livestock may remain in the field and continue to grow. In such cases, additional weed control measures such as manual removal or mechanical weeding may be required to manage these resistant weed species.
Another challenge is the need for proper grazing management and supervision. Grazing animals must be monitored to ensure that they feed mainly on weeds and do not damage mulberry plants. Proper stocking density, grazing duration, and timing of grazing must be carefully managed to achieve effective weed control. Without proper management, livestock grazing may not provide the desired weed control benefits.
Despite these limitations, livestock-based weed control remains a promising and environmentally sustainable method for managing weeds in mulberry gardens. Most of these challenges can be minimized through controlled grazing practices, proper fencing, and careful monitoring of livestock movement. When implemented effectively, livestock integration can serve as a valuable component of integrated weed management strategies in mulberry cultivation (5).

9. Conclusion 
Livestock grazing using sheep and goats offers a sustainable, eco-friendly, and cost-effective approach for weed management in organic mulberry gardens. Weeds are one of the major constraints in mulberry cultivation as they compete with mulberry plants for nutrients, water, sunlight, and space, thereby reducing leaf yield and quality. Traditional weed control methods such as manual weeding and chemical herbicides often involve high labor costs or environmental concerns. In this context, livestock-based weed management provides a practical alternative that aligns with the principles of sustainable agriculture and organic farming.
Sheep and goats play complementary roles in weed control due to their different feeding habits. Sheep primarily graze on grasses and herbaceous weeds, while goats browse on shrubs and broadleaf weeds. The integration of these grazing animals in mulberry gardens can therefore help control a wide range of weed species. Controlled grazing reduces weed biomass, suppresses weed seed production, and gradually lowers the weed seed bank in the soil. This contributes to more effective and long-term weed management in mulberry cultivation systems.
In addition to weed control, livestock grazing provides several ecological and economic benefits. Grazing animals contribute to nutrient recycling through the deposition of dung and urine, which enrich the soil with organic matter and essential nutrients. Improved soil fertility enhances microbial activity, improves soil structure, and increases soil water holding capacity, thereby supporting healthy mulberry growth. Furthermore, integrating livestock with mulberry cultivation creates opportunities for diversified farm income through livestock products such as meat and milk.
Although livestock-based weed management has certain limitations such as the risk of crop damage and the need for proper grazing management, these challenges can be minimized through controlled grazing practices, appropriate stocking density, and proper fencing. When carefully managed, livestock grazing can serve as an effective component of integrated weed management strategies in mulberry gardens.
Overall, the integration of sheep and goats into mulberry cultivation systems supports sustainable agricultural practices by reducing dependence on chemical herbicides, lowering weed management costs, improving soil fertility, and promoting integrated farming systems. Therefore, livestock grazing represents a promising and environmentally friendly strategy for enhancing the productivity and sustainability of mulberry-based sericulture systems.
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