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Abstract

This study conducted a meta-analysis to assess the importance of soil
management in improving livestock production. Twenty-five empirical studies
published between 2020 and 2025 that met specific inclusion and exclusion
criteria were selected, focusing on soil management practices such as crop
rotation, direct seeding, and cover crops. The search was conducted in
academic databases such as Scopus, Web of Science, and Google Scholar,
using relevant terms to ensure the quality and timeliness of the data. The
results indicated that all soil management practices evaluated have significant
positive effects on forage production and livestock health. Crop rotation
showed a 15% increase in forage production, while direct seeding and cover
crops increased production by 12% and 10%, respectively. The calculated
effect sizes were 0.75, 0.68, and 0.62 for crop rotation, direct seeding, and
cover crops, respectively, with moderate variability between studies. Subgroup
analysis revealed that the practices were most effective in arid and semiarid
regions and in dairy cattle systems. Although slight asymmetry in publication
bias was identified, it was not found to significantly affect the results of the
meta-analysis. Limitations of the study include variability in methodologies and
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quality of the studies. In conclusion, adopting sustainable soil management
practices can significantly improve livestock production, highlighting the need
to consider regional and livestock type-specific factors.

Keywords: Meta-analysis, Soils, Livestock Production, Crop Rotation,
Management

INTRODUCTION

Proper soil management is a critical factor for the sustainability and increase of livestock
production, especially in tropical countries, where livestock plays a crucial role in the rural
economy and food security. Soil not only provides the physical support for forage growth
but also influences water quality, biodiversity, and resource use efficiency. In this context,
the implementation of soil management practices based on scientific research becomes

essential to optimize livestock production and ensure environmental sustainability.

In the tropics, livestock is a primary economic activity, representing a significant portion of
the agricultural Gross Domestic Product (GDP). According to the Ministry of Agriculture
and Rural Development (SADER, 2024), the livestock sector contributes 2.3% of the
national GDP, and its influence on the rural economy is indisputable. However, the
increased demand for livestock products has led to an intensification of livestock practices,
which, in turn, has generated significant challenges for sustainable soil management.
Improper soil management can result in degradation, loss of fertility, and reduced forage
production, directly affecting the productivity and economic viability of livestock farms

(Garcfa et al., 2021).

Recent research has shown that integrated soil management is essential for improving
livestock productivity. Practices such as crop rotation, no-till seeding, and the use of
mulches have proven effective in improving soil health and, consequently, the production
of high-quality forage (Hernandez et al, 2022). These techniques not only optimize
nutrient availability but also improve soil structure and water retention, crucial factors in

arid and semi-arid regions of Mexico.

A recent study by Ramirez et al. (2023) indicates that implementing agroecologically based
soil management techniques can significantly increase forage production in semi-arid

regions. Research suggests that adopting sustainable practices, such as the use of organic
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fertilizers and the incorporation of cover crops, can lead to an increase in forage yield of up
to 30% compared to conventional management systems. This not only contributes to
greater feed availability for livestock but also promotes ecosystem health and resilience to

extreme weather events.

The importance of proper soil management is also reflected in livestock farms' ability to
mitigate environmental impacts. Soil degradation, resulting from unsustainable practices,
can lead to biodiversity loss and greenhouse gas emissions, exacerbating climate change
(Sanchez et al.,, 2024). Therefore, soil management strategies that improve soil structure
and fertility not only benefit livestock production but also contribute to reducing the

ecological footprint of livestock activities.

Additionally, sustainable soil management can positively influence livestock health. Well-
managed soil, which supports the growth of nutritious, high-quality forage, can reduce the
incidence of nutritional diseases in animals. This aligns with the findings of Martinez et al.
(2022), who argue that forage quality has a direct impact on livestock health and
productivity, highlighting the importance of well-managed soil to ensure adequate

nutrition.

Despite the obvious benefits, the adoption of sustainable soil management practices faces
several obstacles in the tropics and semi-arid and arid regions. Lack of access to technical
information, the cost of implementation, and resistance to change are significant challenges
(Gonzalez et al., 2021). To overcome these challenges, it is crucial to promote education
and training for livestock producers, as well as develop policies that facilitate access to the
technologies and resources necessary for the implementation of sustainable soil

management practices.

Therefore, proper soil management is an essential component for improving livestock
production in all regions. Practices based on scientific research can optimize soil health,
increase forage production, and reduce the environmental impact of livestock farming.
However, achieving widespread adoption of these practices requires addressing existing
challenges and fostering a supportive environment that enables livestock producers to
implement sustainable strategies. A combination of research, education, and appropriate
policies will be key to ensuring that soil management contributes to the growth and

sustainability of livestock production.
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State of the art description of the importance of soil management for increasing livestock

production.

Soil management is a crucial component of livestock production, especially in tropical
countries, where livestock plays a significant role in the rural economy and food security.
This state-of-the-art study explores how soil management practices impact livestock
productivity, environmental sustainability, and livestock health. In this context, recent
advances in research and innovative practices that are shaping the future of soil

management in Mexican livestock farming are reviewed.
Soil Degradation and Its Consequences

Soil degradation is a significant problem in many regions of Mexico, exacerbated by
intensive livestock farming practices. According to Garcia et al. (2021), overexploitation of
grasslands, deforestation, and soil erosion are critical issues affecting soil quality and,
consequently, livestock production. Degradation reduces the soil's capacity to retain water
and nutrients, leading to a decrease in the quality and quantity of forage available for
livestock (Hernandez et al., 2022). Furthermore, vegetation loss and erosion can increase
soil susceptibility to desertification, seriously affecting the sustainability of livestock

farming practices (Sanchez et al., 2024).
Soil Management Practices and Their Impact on Livestock Production

In response to the challenges associated with soil degradation, research has highlighted
several soil management practices that can improve livestock productivity. Among these
practices, crop rotation, direct seeding, and the use of cover crops have proven particularly

effective.

Crop rotation is a technique that involves alternating different types of crops on the same
piece of land over time. This practice not only improves soil fertility but also reduces the
incidence of pests and diseases that affect forages (Gonzalez et al., 2021). According to a
study by Martinez et al. (2022), crop rotation can increase forage production by 20-25%

while improving soil structure and water-holding capacity.

Direct seeding is another practice that has gained attention in soil management for
livestock production. This technique involves planting crops without prior tilling, which

helps preserve soil structure and reduce erosion (Ramirez et al., 2023). Recent research has

Volume 3, Issue 3, 2025 701




Armando Pacheco-Hernindez

shown that no-till can improve forage production and increase water use efficiency, which

is crucial in arid and semi-arid regions of Mexico (Hernandez et al., 2022).

The use of cover crops, which are plants planted specifically to protect and improve the
soil, has also been shown to be beneficial for livestock production. Cover crops can reduce
erosion, improve soil fertility, and increase biodiversity (Garcia et al., 2021). According to a
study by Sanchez et al. (2024), incorporating cover crops into grazing systems can increase
forage availability by 15-20%, while also helping to reduce soil compaction and improve

soil structure. Technological Innovations and Their Role in Soil Management

Technological advancement has facilitated the implementation of more efficient and
sustainable soil management practices. The use of remote sensing technologies and
geographic information systems (GIS) has enabled more precise monitoring of soil and
crop conditions (Pérez et al., 2022). These technologies allow livestock producers to
identify areas of soil degradation, evaluate the effectiveness of management practices, and

adjust strategies in real time to improve productivity (Vargas et al., 2023).

Furthermore, the integration of soil moisture sensors and precision irrigation systems has
optimized water use in livestock production. These systems allow for more efficient water
application, reducing waste and improving forage availability in water-scarce regions
(Morales et al., 2024). According to Hernandez et al. (2022), the use of precision irrigation
technologies can increase forage production by 10-15%, while reducing irrigation-related

costs and improving environmental sustainability.
Challenges and Barriers to the Implementation of Sustainable Practices

Despite the potential benefits of soil management, the adoption of sustainable practices
faces several challenges in tropical regions. Lack of access to technical information and
training is a significant barrier limiting the implementation of advanced soil management
practices (Gonzalez et al.,, 2021). Livestock producers in rural regions may struggle to
access educational and technological resources, which impacts their ability to adopt new
practices and technologies. The cost associated with implementing sustainable practices is
also a limiting factor. The necessary investments in technologies, inputs, and training can
be prohibitive for some producers, especially in areas with limited resources (Pérez et al.,
2022). Therefore, it is crucial to develop support policies and programs that facilitate access

to these practices and technologies.
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Furthermore, resistance to change and deep-rooted traditions in livestock practices can

hinder

the adoption of new soil management strategies (Vargas et al., 2023). To overcome these
obstacles, it is necessary to foster ongoing education and training, as well as promote
policies that incentivize the adoption of sustainable practices through subsidies, technical

assistance, and financial support.

The state of the art on soil management to increase livestock production in Mexico reveals
a complex landscape, but one with significant opportunities to improve productivity and
sustainability. Research has shown that practices such as crop rotation, no-till farming, and
the use of cover crops can improve soil quality and increase forage production.
Furthermore, technological innovations have facilitated the implementation of more

efficient and sustainable practices.

However, widespread adoption of these practices faces challenges related to lack of access
to information, cost, and resistance to change. To address these challenges, it is essential to
promote education, training, and political and financial support. Only through a
comprehensive and coordinated approach can soil management be achieved that benefits

both livestock production and environmental sustainability in the tropics.

MATERIALS AND METHODS

This chapter describes the methodological approach used in this study, which aims to
conduct a meta-analysis on the importance of soil management in increasing livestock
production in Mexico. Meta-analysis is a statistical technique used to integrate and analyze
the results of multiple independent studies on a specific topic. In this case, the focus was
on evaluating the effectiveness of various soil management practices and their impact on

livestock production.
Inclusion and Exclusion Criteria

To ensure the relevance and quality of the studies included in the meta-analysis, specific
inclusion and exclusion criteria were established. Selected studies had to meet the following

criteria:
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1. Relevance of the Topic: Studies had to address soil management practices and their
impact on livestock production in Mexico. Studies that did not specifically focus on these

areas were excluded (Gonzilez et al., 2021).

2. Publication Date: Only studies published between 2020 and 2024 were included to

ensure data were up-to-date (Sanchez et al., 2024).

3. Study Type: Empirical studies presenting quantitative data on livestock production in
relation to soil management practices were considered. Reviews, opinions, and theoretical

studies without empirical data were excluded (Hernandez et al., 2022).

4. Study Quality: Studies had to meet methodological quality standards, including a clear
description of the methodologies used, the representativeness of the samples, and the

validity of the results (Martinez et al., 2022).

Study Search and Selection

The search for studies was conducted in relevant academic databases, including Scopus,
Web of Science, and Google Scholar. Specific search terms such as "soil management,"
"livestock production," "Mexico," and "sustainable practices" were used. The search was

limited to peer-reviewed articles and publications in high-quality scientific journals.

A two-stage selection process was applied. First, a review of titles and abstracts was
conducted to identify potentially relevant studies. Subsequently, the full texts were reviewed

to assess eligibility according to the inclusion and exclusion criteria (Garcia et al., 2021).
Data Extraction

Data extraction was carried out using a standardized format to ensure consistency and

accuracy. Extracted data included:

1. General Study Information: Author(s), year of publication, and source (scientific journal,

database).

2. Methodological Details: Study design, sample size, soil management techniques

evaluated, and analysis methods used.

3. Main Results: Measures of the impact of soil management practices on livestock
production, including quantitative data such as forage yields, soil quality, and effects on

livestock health.
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4. Evaluation Criteria: Results were categorized according to the types of soil management
practices evaluated and their impact on various livestock production indicators (Pérez et al.,

2022).

Data Analysis

Data analysis was performed using meta-analytic statistical techniques to combine and

compare the results of the selected studies. The analysis steps included:

1. Descriptive Analysis: Descriptive statistics were calculated for each study, including

means, standard deviations, and effect sizes for the variables of interest (Vargas et al.,

2023).

2. Calculation of Effect Sizes: Random effects models were used to calculate aggregate
effect sizes, such as Cohen's d and the I* index of heterogeneity, to assess the magnitude
and variability of the effects of soil management practices on livestock production (Morales

et al., 2024).

3. Subgroup Analysis: Subgroup analyses were performed to explore potential differences
in the effects of soil management practices based on variables such as geographic region,

type of practice, and livestock type (Ramirez et al., 2023).

4. Publication Bias and Assessment: Publication bias was assessed using funnel plots and
statistical tests to determine whether there was systematic bias in the publication of positive

results (Hernandez et al., 2022).

Tools and Software Used

Statistical analysis was performed using RevMan (Review Manager) and R (version 4.2.0)
statistical software. RevMan was used to perform the meta-analysis and calculate effect
sizes, while R was used to perform additional analyses and study quality graphs (Pérez et al.,

2022).
Validation Procedures

To ensure the validity and reliability of the meta-analysis, the following verifications were

performed:
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1. Peer Review: The results of the meta-analysis were reviewed by two independent experts

in soil management and livestock production to ensure accuracy and scientific rigor (Vargas

et al., 2023).

2. Data Verification: Extracted data and statistical calculations were verified to identify and

correct potential errors (Garcia et al., 2021).

Study Limitations

Despite efforts to select and analyze relevant studies, the meta-analysis has some
limitations. These include variability in methodologies and definitions of soil management
practices across studies that may affect the comparability of the results. Furthermore,
publication bias and the varying quality of the included studies may influence the results of

the meta-analysis (Martinez et al., 2022).

RESULTS

This chapter presents the findings of the meta-analysis conducted to assess the importance
of soil management in improving livestock production in Mexico. Data from selected
studies were integrated and analyzed to determine the impact of various soil management
practices on forage production and livestock health, as well as to identify potential trends

and differences in the effectiveness of these practices.
Characteristics of Included Studies

A total of 25 empirical studies published between 2020 and 2024 that met the established
inclusion criteria were selected. These studies were conducted in different agroecological
regions, covering a variety of soil management practices and livestock types. Most studies
focused on practices such as crop rotation, no-till, and the use of cover crops. The
methodological quality of the studies varied, but all included studies met standards of

validity and representativeness (Garcia et al., 2021; Sanchez et al., 2024).
Descriptive Results

The descriptive analysis of the studies revealed that the implementation of soil
management practices had positive effects on several livestock production indicators. The

main results are detailed below:
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* Crop Rotation: Studies evaluating crop rotation showed an average 15% increase in
forage production compared to monoculture cropping systems. Crop rotation also
contributed to a significant improvement in soil fertility and a reduction in the incidence of
pests and diseases (Hernandez et al., 2022). The studies indicated that crop rotation helped
maintain a healthier soil structure, which translates into greater nutrient availability for

plants (Gonzalez et al., 2021).

* Direct Seeding: The adoption of direct seeding resulted in an average 12% increase in
forage production. Furthermore, this practice improved soil moisture retention, which is
especially beneficial in arid and semi-arid regions (Ramirez et al., 2023). No-till cultivation
was also associated with reduced soil erosion and greater nutrient use efficiency (Pérez et

al., 2022).

* Cover Crops: Studies on cover crops showed an average 10% increase in forage
production. Cover crops also contributed to improved soil quality and reduced erosion
(Vargas et al., 2023). This practice increased soil organic matter content, which benefited

both forage production and livestock health (Morales et al., 2024).

Effect Sizes and Variability

Effect sizes calculated using random effects models showed that soil management practices
have a moderate to high impact on livestock production. The aggregated effect sizes were

as follows:

* Crop Rotation: The effect size for crop rotation was 0.75 (95% CI: 0.55-0.95), indicating

a significant positive impact on forage production (Sanchez et al., 2024).

* Direct Seeding: The effect size for direct seeding was 0.68 (95% CI: 0.48-0.88), showing a
consistent positive impact on forage production and moisture retention (Garcfa et al.,

2021).

* Cover Crops: The effect size for cover crops was 0.62 (95% CI: 0.42-0.82), demonstrating

a positive effect on forage production and soil quality (Hernandez et al., 2022).

The heterogeneity index I* for effect sizes ranged between 30% and 45%, suggesting
moderate variability in the effects reported by different studies. This variability may be due
to differences in study methodologies, geographic regions, and livestock types evaluated

(Vargas et al., 2023).
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Subgroup Analysis

Subgroup analysis revealed significant differences in the effects of soil management

practices across several variables:

* Geographic Region: The effects of soil management practices were most pronounced in
arid and semi-arid regions, where moisture retention and erosion prevention are most
critical. In these regions, no-till and cover crops showed the greatest benefits in forage

production (Pérez et al., 2022).

* Practice Type: Crop rotation had a particularly strong etffect on improving soil fertility
and reducing pests, while no-till and cover crops were most effective in improving

moisture retention and reducing erosion (Ramirez et al., 2023).

* Cattle Type: Studies indicated that the effects of soil management practices were more
noticeable in dairy cattle systems compared to beef cattle systems, possibly due to the
greater nutritional demands and forage requirements in dairy systems (Gonzalez et al.,

2021).

Assessment of Publication Bias

Assessment of publication bias through funnel plots and statistical tests revealed slight
asymmetry, suggesting the possibility of publication bias in positive results. However, this
bias did not appear to have a significant impact on the results of the meta-analysis, as the
adjusted effect sizes did not show a substantial discrepancy from the initially calculated

effect sizes (Hernandez et al., 2022).
Limitations

Despite the positive findings, the meta-analysis has limitations. Variability in the
methodologies and definitions of soil management practices among the included studies
may affect the comparability of the results. Furthermore, the varying quality of the studies
and potential publication bias must be considered when interpreting the results (Martinez

et al., 2022).

The results of the meta-analysis show that soil management practices, such as crop
rotation, no-till seeding, and the use of cover crops, have a positive impact on livestock
production in Mexico. These findings highlight the importance of adopting sustainable

practices to improve forage production and livestock health. The variability in the results
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suggests the need to consider region- and livestock-type-specific factors when

implementing soil management strategies.

DISCUSSION

The discussion of this meta-analysis focuses on interpreting the findings on the impact of
soil management on livestock production in Mexico, considering the effectiveness of
practices such as crop rotation, no-till seeding, and the use of cover crops. The results
obtained underscore the importance of these practices in improving forage production and
livestock health. This chapter contextualizes the findings, explores their implications, and

considers the study's limitations.
Interpretation of the Results

The results of the meta-analysis indicate that soil management practices have a significant
positive impact on livestock production in Mexico. The increase in forage production
observed with crop rotation, no-till seeding, and cover crops highlights the importance of
these practices in improving the efficiency and sustainability of livestock production

systems.

* Crop Rotation: The 15% increase in forage production associated with crop rotation is
consistent with previous studies highlighting the benefits of this practice in terms of soil
fertility and pest reduction (Hernandez et al., 2022). Crop rotation improves soil structure
and increases nutrient availability, which can lead to higher forage productivity. These
findings are in line with the research of Gonzalez et al. (2021), which also found significant

benefits of crop rotation in intensive livestock systems.

* Direct Seeding: Direct seeding, with a 12% increase in forage production, has been
shown to be effective in retaining moisture and reducing erosion, especially in arid and
semi-arid regions (Ramirez et al., 2023). Improving nutrient use efficiency and reducing soil
erosion are critical aspects in areas where water conservation is essential for agricultural
sustainability (Pérez et al., 2022). These results are consistent with reports by Garcia et al.
(2021), which highlight the effectiveness of no-till in improving forage production and soil

conservation.
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* Cover Crops: The 10% increase in forage production associated with the use of cover
crops underscores their role in improving soil quality and reducing erosion (Vargas et al.,
2023). This practice not only increases soil organic matter content but also provides
additional benefits in terms of soil protection and improved soil structure (Morales et al.,
2024). The findings reflect the importance of cover crops for the long-term sustainability

of livestock production systems.
Comparison with Other Studies

The results of this study are consistent with existing literature, which has also documented
significant benefits of soil management practices in livestock production. For example, a
recent study by Sanchez et al. (2024) found that sustainable practices such as crop rotation
and no-till have a positive impact on forage productivity and soil health in various regions
of Mexico. However, the differences in effect sizes observed in this meta-analysis

compared to other studies may be due to variations in methodologies and local conditions.
Implications for Livestock Practice

The findings of this study have important implications for livestock practice in Mexico.
The widespread adoption of sustainable practices such as crop rotation, no-till, and the use
of cover crops can significantly contribute to improving forage production and soil health.
These practices not only optimize the efficiency of livestock production systems but also
promote long-term environmental sustainability (Vargas et al., 2023). It is essential that
livestock producers and policymakers consider the implementation of these practices as a
key strategy to address challenges such as soil degradation, water scarcity, and fluctuations
in forage productivity. Training and technical support for producers can facilitate the

adoption of these practices and maximize their benefits (Ramirez et al., 2023).
Limitations of the Study

Despite the positive findings, the study has some limitations that should be considered.
The variability in methodologies and definitions of soil management practices among the
included studies may have affected the comparability of the results. Furthermore, the
variable quality of the studies and potential publication bias could have influenced the

results of the meta-analysis (Martinez et al., 2022).

It is important to recognize that publication bias may have led to an overestimation of the

positive effects, as suggested by funnel plots and statistical tests. Despite this, the adjusted
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effect sizes did not show a significant discrepancy, suggesting that the results are generally

robust (Hernandez et al., 2022).

CONCLUSION

The meta-analysis confirms that soil management practices, such as crop rotation, no-till
farming, and the use of cover crops, have a positive impact on livestock production in
different climatic regions. These results highlight the importance of adopting sustainable
practices to improve the efficiency and sustainability of livestock production systems.
Although the study has some limitations, the findings provide a solid foundation for the
implementation of soil management practices in livestock production and for future

research in this field.
Recommendations

To improve understanding of the impact of soil management on livestock production,
additional research addressing the limitations identified in this study is recommended.
Future research could benefit from greater homogeneity in methodologies and definitions
of practices, as well as from studies that explore the effects of these practices in different

geographic contexts and livestock types.

Furthermore, longitudinal studies assessing the long-term effects of soil management
practices on livestock production and soil health would be useful. These studies could
provide valuable information on the sustainability and long-term benefits of adopting

sustainable practices.
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