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Abstract

As the human population continues to grow, advancements in agricultural practices must be made
to support changing dynamics. In particular, shrinking agricultural land puts pressure on the cattle
industry to produce more with less. Consequently, the production of beef across the world must
adapt to meet not only productivity needs, but also sustainability expectations. This literary
analysis compiles 39 sources to explore the effects of continuous and rotational grazing on flora,
fauna, soil, and water quality, while also comparing the productivity of each method in order to
provide insight into the importance of improvements in the beef industry. Different locations from
around the world, including the leading countries in the cattle industry, such as the United States,
Brazil, China, Argentina, and Pakistan, were also explored for a global perspective. Additionally,
supportive, sustainable solutions have been provided to promote advancements in the cattle
industry, which will benefit consumers, ranchers, cattle, and natural ecosystems. The importance
of cattle as an economic endeavor as well as a cultural and religious object has also been
emphasized, which allows the understanding of various viewpoints on connections to the beef
industry. There are extensive concerns about the sustainability of the beef industry, with the
principal considerations being methane emissions and eutrophication. Therefore, information on
the beef industry and its effects on the environment is provided so readers can form educated
opinions and do further research on this important sector in agriculture.

Introduction

Cattle have been animportant part of agriculture since they were originally domesticated
around 10,000 BCE during the first agricultural revolution. Demonstrating their importance to early
civilizations, their ancestors were painted into stories preserved on cave walls. Cattle also helped
form and support the economy, and their products have contributed to the development of modern
society by fueling the minds of the past with improved nutrition, clothing, and tools. Furthermore,
across different cultures and religions, cattle are regarded as sacred because of their gentle nature
and motherly care (Britannica, 2019). They are also an integral part of agricultural education and
science.

An essential practice in beef cattle production is grazing, which refers to the way cattle eat
forages and grass in a pasture over a period. Beef production is an important part of agriculture
around the world, but the growing human population raises concerns for more efficient methods of



beef production. Already, 820 million people around the world lack access to nutritious food
(United States Department of Agriculture, 2024). Additionally, beef production contributes to
significant environmental challenges such as carbon emissions, lower water quality, and poor soil
health. Improving these obstacles better aligns the industry with the United Nations Sustainable
Development Goal Number 12: Responsible Consumption and Production, as well as the
Agriculture and Food Research Initiative priority area dealing with animal health, production, and
animal products (Department of Economic and Social Affairs, 2025; National Institute of Food and
Agriculture, 2025). To explore these issues, a literary analysis was conducted, evaluating two types
of grazing: continuous and rotational grazing, and we discussed the advantages and disadvantages
of both beef production efficiency and environmental impacts alongside a global perspective of
these types of grazing.

Other factors impact beef production, such as new technologies, labor, and climate, but
this study focuses solely on grazing and its impacts on the environment and food production. This
literary analysis was performed by reviewing existing scholarly articles; the researchers
acknowledge the limitations from the absence of an original experiment.

Problem Statement

This literature review aims to inspect the process and effects of rotational grazing in
comparison to continuous grazing across different situations. Because of the importance of the
beefindustry across the globe, ensuring safe production and environments is crucial to consumers
and the future. Harmful grazing practices can have long-lasting effects on the land, potentially
limiting future use. In comparison to other advancements and changes in the beef production
industry, such as better cattle feed or improved technology, grazing practices can be difficult to
understand and implement.

Methods

Using databases such as Google Scholar, literature related to grazing was explored,
focusing primarily on peer-reviewed research published since 2000. This helped include up-to-
date information about climate effects and efficiency. Key words searched included: rotational
grazing, soil quality, continuous grazing, production efficiency, pasture technology, beef
production, and climate factors.

Literature Review

In a continuous grazing system, cattle are left to wander freely in the same pasture for the
entire grazing season. Cattle are not moved from one place to another under this arrangement, and
the land is not divided. In contrast, rotational grazing is when the pasture is separated into smaller
areas called paddocks. Cattle are moved from one pasture to another on a fixed schedule,
although that timing can change depending on the size of the herd, the season, and how much
grass is available (University of Kentucky, 2025).



Continuous Grazing Efficiency

Research headed by landscape ecologist Dr. David Augustine, working with the United
States Department of Agriculture, has demonstrated that continuous grazing is more effective for
weight gain in cattle. Cattle found in continuous grazing systems have more freedom to roam and
look for favorable vegetation and, therefore, tend to have healthier diets than those in multi-
paddock rotational grazing systems (Augustine et al., 2023). This is because cattle can look for
higher-quality vegetation and return to preferred areas, allowing for the consumption of more
nutritious energy sources. Furthermore, fecal samples demonstrated that cattle in continuous
grazing systems were found to have significantly better crude protein numbers. As a result,
continuously grazed cattle had a 14.1% increase in growth rates throughout five years, as
compared to rotationally grazed cattle. This improved growth in cows directly relates to beef cattle
efficiency as it leads to higher meat yields, demonstrating the benefits of the continuous grazing
method for beef production efficiency.

Although continuous grazing improves production efficiency, environmental stressors also
persist. Droughts in Northern Brazil and the northwestern parts of the United States have led to an
incredible loss of vegetation across many different ecosystems, including significant damage to
cattle pastures (United Nations Convention to Combat Desertification, 2022). Consequently,
ranchers have turned to outsourced food for cattle, which can be of lower quality and much more
costly. In fact, outsourced food for a single beef cattle costs an average of $1,500 annually, a large
economic burden to many producers (Pow, 2025). Therefore, while continuous grazing can be
more efficient when enough grazing material is available, the decreasing amounts of available
forages challenge the affordability of this method.

Continuous Grazing Environmental Impacts

Each head of cattle emits around 220 pounds of methane each year, making them the
greatest agricultural source of greenhouse gas (Quinton, 2019). During a digestive process called
enteric fermentation, cattle emit methane gas that s eighty times more harmful than carbon
dioxide in regard to climate change. This process is more common with continuously grazed herds
as pasture health decreases from intense grazing, making forages harder to digest (Bertrand et al.,
2022). As herds continue to expand, the methane output will also increase, adding to the
greenhouse effect and, thus, worsening drought severity and frequency. Farmland is exceptionally
vulnerable to climate impacts, so ensuring environmental sustainability may prevent further
environmental degradation as a result of beef production.

Furthermore, continuous grazing leads to lower pasture quality, as cattle frequently
develop selective eating habits (Grings, 2020). Ignoring less appealing parts of the field, cattle
constantly return to the pasture's most appetizing plant patches (Pauler et al., 2020). These
favored spots can eventually see an uneven distribution of grazing pressure, diminishing the
forage’s ability to regrow and weakening soil structure. In fact, parts of the Midwest have seen
mass erosion due to the loss of rooted vegetation that results from grazing habits. Pasture health is
necessary to ensure environmental sustainability and to avoid degenerative effects on soil quality.



Therefore, the harsh environmental impacts of continuous grazing on soil quality demonstrate the
need for alternatives that contribute to environmental sustainability.

Continuous grazing also disrupts sensitive ecosystems as forage is trampled, soiled, or
rejected by cattle (Vendramini & Sollenberger, 2024). This has been seen in Hawaii, where feral
cattle trample on native plants, affecting the entire ecosystem and resulting in a decline in the
Scarlet Honeycreeper population (Audubon, 2022). Similarly, the Tennessee River Basin has been
negatively affected by grazing-related erosion, fragmenting the distribution of the greenfin darter
(Chu, 2023). Continuous grazing may intensify grazing-related erosion at a faster rate than
rotational grazing, and therefore could result in more rapid or severe consequences to the
neighboring ecosystems. These environmental changes must be addressed when looking at the
effects of grazing methods, as it is necessary to mitigate the consequences of continuous grazing.
Understanding the effects will allow for advancements in the beef industry in terms of both
efficiency and sustainability.

Rotational Grazing Efficiency

Rotational grazing allows producers to customize the grazing process to the needs of
animals, especially for those with greater nutrient requirements, such as replacement or first-calf
heifers. This is achieved by allowing these animals to enter the paddock first and graze on produce
that has greater nutritional value (Vendramini & Sollenberger, 2023). This demonstrates the
versatility of rotational grazing, which allows farmers to implement methods based on the farm or
the livestock’s needs, improving the overall productivity of an individual farm. Additionally, beef
productivity increases as it focuses important forages on livestock that require better nutrients,
improving diet and production efficiency.

Research also indicates rotational grazing can impact beef quality through reduced stress
in cattle during slaughter. This may be an effect of increased human interaction with the cattle
before the slaughter process during frequent pasture rotation. As cattle are rotated throughout the
pasture, they become accustomed to human contact in contrast to continuously grazed systems,
where cattle can go months without contact. Reduced stress is an important factor of beef
production, as cattle with higher stress levels have faster heart rates and lower glycogen levels,
impacting pH levels and water holding capacity, which in turn can cause dark cutting beef, a rare
phenomenon that causes beefto be darker in color, drier, and more firm (Reiche et al., 2024). This
affects product efficiency, as consumers prefer bright pinkish colors rather than dark meat,
increasing market value and therefore profits from beef (New South Wales Department of Primary
Industries, 2019).

Although productivity and quality improve with rotational grazing, such systems require
high start-up costs due to the price of installing new fencing, water systems, and livestock lanes. In
many cases, new fencing requires wood posts and barbed wire, which can be expensive to install.
For ranches with less than 100 acres of farmland, investments can cost up to $70 per acre (Wang,
2020). Therefore, for relatively smaller ranches or high-cost scenarios, rotational grazing may not
pay off the start-up cost within a short amount of time, deterring farmers from implementing
rotational grazing even with increased beef production. Despite this, when it comes to long-term



profitability, rotational grazing profits both big and small ranches (Wang, 2020). In fact, when
implemented for a long period of time, rotational grazing can have substantial economic benefits
resulting from healthier herds, fewer veterinary expenses, and reduced maintenance and fertilizer
costs (Bertrand et al., 2022). As a result, producers must consider the financial factors of
implementing rotational grazing and how that can impact their profits compared to their expenses.

Rotational Grazing Environmental Impacts

Rotational grazing has gained traction in recent decades due to the lower environmental
impacts of the method. Specifically, the Adaptive Multi-Paddock (AMP) system is used to provide
adequate time for recovery of vegetation through cattle rotation between paddocks (Mosier et al.,
2021). One significant concern associated with cattle grazing is a loss of soil richness and
structure from trampling, manure distribution, and the species of forages present. This is improved
through rotational grazing, which allows for the even distribution of manure, represented in Figure
1, which is high in nitrogen, phosphorus, and potassium. These nutrients ensure vegetation grows
and extends its roots, preventing the erosion of soil and enriching nutrient amounts. In fact, a study
on Callie bermudagrass found that rotational grazing resulted in a 24% increase in the amount of
bermudagrass present in pastures in comparison to a continuously grazed pasture (Vendramini &
Sollenberger, 2024). This drastic disparity exemplifies the importance of manure distribution for
healthy soil and vegetation.

Figure 1

Manure Distribution
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Note. Manure distribution of beef heifers with different grazing methods and equal stocking rates.
Dots represent feces within 24-hour periods. From “Impact of Grazing Methods on Forage and
Production” by J. Vendramini & L. Sollenberger, 2023, https://edis.ifas.ufl.edu/publication/AG268.

Rotational grazing also proves to be more effective for vegetation and non-domesticated
species. Ample recovery periods through rotational grazing allow for pasture regrowth for a range
of rotational intervals, which can benefit local ecosystems. Table 1 demonstrates this trend, in
which the higher yield in forage was found in rotationally grazed systems compared to continuous
grazing. Adding on, greater amounts of dry matter represent the amplified ability for pastures to
better provide necessary nutrients to cattle. Therefore, high forage production not only benefits
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local vegetation growth but also provides better conditions for high-nutrient feed. Additionally,
according to the Sand County Foundation (2023), “[rotational grazing] reduces flooding, soil
erosion, and nutrient runoff.” Vegetation traps runoff from entering the water and therefore
prevents the growth of eutrophication-causing algae. It also blocks eroding soil from entering
waterways, preventing the disruption of aquatic ecosystems. Therefore, rotational grazing
promotes healthy vegetation, enhancing the diversity of food sources for cattle and contributing to
the overall health of the natural environment, including aquatic ecosystems and water quality.

Rotational grazing improves vegetative diversity and quality in comparison to previous
techniques. However, rotational grazing tends to result in disruptions of symbiotic relationships
within ecosystems. In the Midwest, where cattle ranches are largely centered, wolves and grizzly
bears have lost their dominance due to disappearing habitats (American Wild Horse Conservation,
2014). This has led to the derailment of ecosystems as a result of the loss of relationships between
various species. Grazing, overall, has led to habitat loss, deforestation, and the mass
extermination of wildlife. As a result, rotational grazing, similarly to continuous grazing, disrupts
the natural world and can be detrimental to the health of all organisms, not just directly impacted
species.

The Global Perspective on Grazing Methods

Beef cattle production is presentin a variety of locations and climates, resulting in
differences in production techniques. Some of the beef industry capitals, like Texas in the United
States and the Punjab and Sindh provinces located in Pakistan, have hotter temperatures, little
rainfall, and high winds (United States Environmental Protection Agency, 2016; Food and
Agriculture Organization of the United Nations, 2023; Singh & Bhardwaj, 2024). These landscapes
may struggle to provide adequate and nutritious grasses for grazing, and can also result in heat
stress and dehydration, decreasing the health and production of the herd.

In contrast, beef cattle hotspots in China, Brazil, and Argentina have temperate to tropical
climates, with much higher amounts of rainfall. Specifically, the central plains of China are
affected by wetter winters, humid summers, and monsoons (Li et al., 2018; Met Office, n.d.).
Buenos Aires, Argentina, has a warm and temperate climate, with a considerable amount of
rainfall year-round (Mathews & Vandeveer, 2007; Climate Data, n.d.-a). Finally, Mato Grosso do
Sul houses the largest beef cattle herd in Brazil, with a savanna climate and wet and dry seasons
(Valerio et al., 2024; Climate Data, n.d.-b). This demonstrates the variety of climates across the
beef production industry, and the effect of each grazing strategy varies between locations. In Texas
and Punjab, the dry climate would pose challenges like a lack of adequate water, shade, and
grazing material. In these areas, rotational grazing creates more challenges than continuous
grazing, as itis difficult to ensure multiple pastures contain all the necessities for cattle health. In
contrast, Mato Grosso do Sul, Buenos Aires, and the central plains have a more humid and wet
climate, whichresults in damaged pastures and increased risk for disease transmission. As a
result, implementing multiple pastures helps maintain both the herd and land health.



Table 1

Forage Production of Pastures With Different Grazing Methods

Treatment Forage Production
(Lb of dry matter per acre per day)

Rotational

1 Day 58

3 Days 61

7 Days 64

21 Days 67

Continuous 37

Note. Rest periods for all pastures were 21 weeks. Recreated from “Impact of Grazing Methods on
Forage and Production” by J. Vendramini & L. Sollenberger, 2023,
https://edis.ifas.ufl.edu/publication/AG268.

According to a study of precipitation and Australian beef cattle, grassland areas had the
highest average daily growth of beef cattle, while subtropical lands had the lowest. Researchers
share: “These results show that rainfall within a season is associated with reduced [cattle] growth
in the same season...across all zones, with the exception of autumn” (Hasan et al., 2024). This
demonstrates how precipitation within a season can impact a herd significantly. Excessive rainfall
can cause damage to the pastures through the trampling of muddy ground or pest infestations,
reducing healthy grazing material and herd health. Muddy areas full of manure can also lead to
disease and bacteria at a larger scale, including large mosquito breeding grounds, calf scours,
navelill, and foot rot (Parish & Rhinehart, n.d.). These issues reduce production and have effects
on the entire herd. If farmers implement rotational grazing practices, it allows damaged and
trampled pastures to rest and regrow. Conversely, a dry-climate producer would struggle with
separate issues, such as drought and soil degradation, and may prefer continuous grazing.

For example, Brazilian ranchers commonly expand their herds into forests to compensate
for lower productivity on poorly maintained lands, making deforestation a major challenge (The
Nature Conservatory, 2020). Consequently, the implementation of rotational grazing would help
reduce the environmental impacts of the Brazilian beef industry through enhanced utilization of
pastures, while still producing enough food for the population and economy. Similarly, Australia
has experienced a loss in plant species diversity due to inefficient grazing practices (Eldridge et al.,
2017). This research shows that soil richness and plant species diversity in grazed areas are
dependent on the type of herbivores, grazing intensity, and site productivity. For example, across
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all values of productivity, livestock grazing reduced the abundance of native plants, whereas
grazing damage from native kangaroos was more neutral.

These results demonstrate the team’s conclusion: long-lasting coexistence between
grazing livestock and plant diversity is possible only in areas of high productivity. While
environmental concerns with rotational grazing are plentiful, implementing rotational grazing may
solve many obstacles of continuous grazing, such as decreasing pasture quality and unequal
manure distribution. As a result, rotational grazing is a viable option for increasing cattle
productivity and decreasing environmental impacts. As climates become more extreme,
management practices across the world will have to adapt to the new changes in order to keep
production, the environment, and animal health on track.

Potential Solutions and Research Needs

New farming technologies have been implemented for enhanced efficiency and improved
cattle overall health and productivity, which will contribute to increased productivity in grazing
operations. However, each new technology leaves room for improvement and future research.
Precision livestock farming technology, or PLF, is an approach that monitors and manages each
head of cattle inreal time (Cheng, 2024). Sensors, data analytics, and automation help make
cattle management easier and more productive, and RFID tags or collars can monitor cattle
grazing behavior. It will also allow for the monitoring of cattle health by checking vital signs such as
heart rate, respiratory rate, and body temperature. There are many benefits to implementing PLF
into grazing. PLF can help improve animal welfare and reduce stress when each animal is
monitored individually, which allows for more tailored healthcare suited to its needs. This can also
increase productivity, as the farmers are able to adopt a more optimized feeding strategy and
reduce food waste regarding each animal’s feeding patterns. While some producers have already
begun using this tool, the accuracy of these resources is still under review. Moreover, the nature of
these sensors can be improved to account for a broader number of tasks regarding cattle health.

GPS-enabled collars can influence the cattle's grazing patterns without the need for
physical fences. This technology is similar to invisible fencing for dogs; if cattle walk into restricted
areas, the collar delivers a shock. With this technology, farmers can section off areas where the
cattle can graze, and these can be changed to the farmer’s liking (Love, 2023). Not only could
these systems improve grassland health and ecology, but they would also eliminate the
impracticality of setting up traditional fencing, supporting the widespread implementation of
rotational grazing through easier rotation between paddocks. However, these fences have a limited
range, and setting up too many can overwhelm the system and cause communication errors with
the collar. On top of that, it is still relatively expensive, and setting up 10-12 miles of this fence can
cost farmers between $5,000 and $12,000 (Rackley, 2024). These new systems come with similar
issues to normal invisible fencing, such as system glitches and dead batteries, all of which can
lead to lost orinjured cattle. It also creates questions about the reliability of the fence and whether
cattle will resist the shock in order to reach their goal.

An additional advancement in technology is artificial intelligence (Al). Al can be used to
analyze various information about the climate, such as satellite imagery, weather data, and soil



sensors, to provide insights on pasture conditions, forage, and cattle behavior (Quinn, 2024). It can
also be used in analytics to predict forage growth and cattle nutritional needs, enabling farmers to
maximize cattle productivity. Additionally, Al can survey historical and environmental data to
anticipate disease outbreaks, allowing farmers to take measures to prevent them. Similarly to the
sensors, the quality of results concluded from the Al may result in inaccurate results. However, the
information provided by Al is constantly developing further and can be easier to use as producers
learn the tool.

Rotational grazing, because of its more recent consideration, has not been monitored over
a long period of time. This means that it cannot be completely proven that rotational grazing has
better lasting effects in comparison to continuous grazing. Further experiments should be
conducted to understand differences in beef quality, long-term cattle emissions, native
populations, and the potential disruptions of relationships between organisms within a
community. Studying ways to improve the production of beef helps us better understand the effect
of anthropogenic activities on previously untouched land. Additionally, experiments should focus
on the inclusion of new technologies in the agricultural sector to better understand the future
capabilities of the industry.

Conclusion

This literary analysis focused on the review of productivity and sustainability of rotational
and continuous grazing methods with regard to the global scale of the beef industry. It was
concluded that rotational grazing tends to surpass continuous grazing in both sustainability and
quality. However, continuous grazing can have lower initial startup costs and be less labor-
intensive to maintain, making it appealing to smaller ranches. Depending on personal preferences
and environmental conditions, ranchers may use either method. However, manure distribution for
soil quality, distance from natural water sources for improved water quality, and limited usage of
land for natural ecosystems should be prioritized in any type of pasture to ensure use in the future.
Future research should focus on the long-term impacts of rotational grazing, as well as
technological improvements to this grazing system.
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