
1692 

 

Turkish Journal of Agriculture - Food Science and Technology, 14(6): 1692-1700, 2026 
DOI: https://doi.org/10.24925/turjaf.v14i6.1692-1700.8723 

 

 

Turkish Journal of Agriculture - Food Science and Technology 

Available online, ISSN: 2148-127X  │www.agrifoodscience.com │ Turkish Science and Technology Publishing (TURSTEP) 
 

 

Sheep and Goat Grazing in Sustainable Agroecosystems: A Meta-Analysis of 

Soil Functioning, Biodiversity, and Climate Trade-Offs  
 

Ülkü Dağdelen1,a,* 

 
1Atatürk University, Faculty of Agriculture, Department of Animal Science, 25250, Erzurum, Türkiye 
*Corresponding author 

A R T I C L E  I N F O  A B S T R A C T  

 

Research Article  

 

Received : 14.01.2026 

Accepted : 01.04.2026 

 

Sheep and goats play a multifunctional role in agroecosystems, extending beyond their traditional 

contribution to food production. This study aimed to synthesize the environmental impacts of small 

ruminant grazing on soil functioning, biodiversity, and climate-related processes using a meta-

analytical framework. A systematic literature search was conducted across major scientific 

databases, and studies meeting predefined inclusion criteria were evaluated using a random-effects 

model. Effect sizes were expressed as log response ratios (lnRR) to compare grazed and non-grazed 

or differently managed systems.  The results indicated that grazing by sheep and goats had a positive 

effect on soil organic carbon (SOC) (mean lnRR = 0.120), suggesting enhanced carbon 

sequestration potential under appropriate management conditions. Biodiversity responses were 

even stronger (mean lnRR = 0.215), reflecting increased plant species richness and habitat 

heterogeneity. In contrast, greenhouse gas (GHG) emissions exhibited a negative effect size (lnRR 

= −0.143), indicating potential reductions in emission intensity under well-managed grazing 

systems. Heterogeneity among studies was moderate to high (I² = 64%), highlighting the importance 

of context-dependent factors such as grazing intensity, ecosystem type, and species composition. 

Subgroup analyses demonstrated that moderate grazing intensity and mixed grazing systems 

produced the most favourable environmental outcomes. Overall, the findings suggest that small 

ruminants can function as ecological regulators within agroecosystems, with their environmental 

impact being strongly dependent on management practices. This study provides quantitative 

evidence supporting the integration of sheep and goat systems into sustainable land-use strategies 

and climate-resilient agricultural frameworks. 
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Introduction 

Sustainable agroecosystems are increasingly expected 

to deliver multiple ecosystem services beyond food 

production, including soil conservation, biodiversity 

maintenance, and climate resilience (Ruvalcaba-Ortega et 

al. 2017). Within this context, livestock systems have been 

widely discussed for their dual role as both contributors to 

environmental degradation and potential agents of 

ecological restoration. However, these debates have 

largely focused on intensive cattle-based systems, often 

overlooking the distinct ecological functions of small 

ruminants such as sheep and goats (Herrero et al. 2016; 

Grossi et al. 2019). 

Sheep and goats possess unique adaptive traits that 

enable them to utilize heterogeneous landscapes, low-

quality forage resources, and marginal lands that are 

unsuitable for crop production. Their grazing and browsing 

behaviours differ significantly from those of large 

ruminants, leading to distinct interactions with soil 

processes, vegetation structure, and ecosystem dynamics. 

As a result, small ruminants have the potential to act not 

only as production units but also as ecological regulators 

within agroecosystems (Wianecki 2025; Thornton et al. 

2009). 

A growing body of literature suggests that grazing by 

sheep and goats can enhance soil organic carbon (SOC) 

dynamics, stimulate microbial activity, and improve soil 

structure under appropriate management conditions 

(Bünemann et al., 2018; Marino et al. 2016). Similarly, 

controlled grazing has been associated with increased plant 

species diversity, improved habitat heterogeneity, and 

enhanced ecosystem multifunctionality, particularly in 

semi-natural and extensive systems. From a climate 

perspective, small ruminant systems are increasingly 

recognized for their potential to contribute to carbon 

sequestration and landscape-level resilience, despite their 

role in greenhouse gas emissions (Teague et al. 2016; 

Conant et al. 2017; Blanco et al. 2023). 

http://creativecommons.org/licenses/by-nc/4.0/
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Although several narrative reviews have synthesized 

aspects of grazing impacts, there remains a lack of 

quantitative integration across studies that simultaneously 

evaluates soil, biodiversity, and climate-related outcomes. 

In particular, few studies have applied meta-analytical 

approaches to systematically quantify the magnitude and 

direction of grazing effects in small ruminant systems (Lai 

and Kumar 2020; Wang et al., 2024). Such quantitative 

synthesis is essential for identifying consistent patterns, 

evaluating trade-offs, and supporting evidence-based 

policy and management decisions (Yayneshet and Treydte 

2015; Fotiadis et al. 2026). 

To address this gap, the present study applies a meta-

analytical approach to quantify the environmental impacts of 

sheep and goat grazing across agroecosystems (Grandin 

2022). The study focuses on assessing how grazing influences 

soil organic carbon, biodiversity, and greenhouse gas 

emissions, while also examining the role of grazing intensity, 

species composition, and ecosystem type in shaping these 

outcomes. In addition, an integrative framework is developed 

to better understand how small ruminant systems can 

contribute to climate-resilient and sustainable agroecosystem 

management (Vargas López et al., 2023). 

 

Material and Method 

 

Literature Search and Study Selection 

A systematic literature search was conducted to 

identify peer-reviewed studies evaluating the 

environmental impacts of sheep and goat grazing on 

agroecosystem functions. The search was performed in 

major scientific databases, including Web of Science, 

Scopus, and ScienceDirect, covering publications up to 

December 2025. The search strategy combined keywords 

related to grazing systems and environmental outcomes 

using Boolean operators as follows: 

(“sheep” OR “goat”) AND (“grazing” OR “stocking rate”) 

AND (“soil organic carbon” OR “soil health” OR 

“biodiversity” OR “plant diversity” OR “greenhouse gas” 

OR “carbon sequestration”). In addition to database 

searches, reference lists of relevant articles were manually 

screened to identify additional eligible studies. The study 

selection process is illustrated in Figure 1 following 

PRISMA guidelines. A total of 512 records were initially 

identified through database searches. After removing 128 

duplicates, 384 records remained for screening. Following 

title and abstract screening, 276 studies were excluded. The 

full texts of 108 articles were assessed for eligibility, of 

which 93 were excluded. Finally, 15 studies met all 

inclusion criteria and were included in the meta-analysis. 

 

Inclusion and Exclusion Criteria 

Studies were included in the meta-analysis if they focused 

on grazing systems involving sheep and/or goats and reported 

quantitative environmental outcomes related to soil 

functioning, biodiversity, or climate-related processes. 

Eligible studies were required to include a comparative 

framework, such as grazed versus ungrazed systems or 

different grazing intensities, in order to allow for effect size 

estimation. In addition, only studies providing sufficient 

statistical information, including mean values, measures of 

variation (standard deviation or standard error), and sample 

size, were considered suitable for inclusion. 

 
Figure 1. PRISMA flow diagram illustrating the study 

selection process for the meta-analysis. 

 

Studies were excluded if they consisted of review 

articles or purely conceptual papers without primary data. 

Furthermore, studies lacking extractable quantitative 

information or those focusing exclusively on non-grazing 

livestock systems were not considered. Experiments 

without appropriate control or comparison groups were 

also excluded to ensure the reliability and comparability of 

the calculated effect sizes. 

 

Data Extraction 

For each selected study, relevant information was 

systematically extracted to ensure consistency and 

comparability across datasets. Extracted data included 

general study characteristics such as authorship, year of 

publication, geographic location, and ecosystem type. 

Detailed information on experimental design was also 

recorded, including grazing intensity, stocking rate, 

duration of grazing, and management system applied. 

In addition, data on animal type (sheep, goats, or mixed 

grazing systems) were collected to allow for subgroup 

analyses. Environmental indicators were categorized into 

three main groups: soil-related variables (such as soil organic 

carbon, microbial biomass, and bulk density), biodiversity-

related metrics (including plant species richness and diversity 

indices), and climate-related parameters (such as greenhouse 

gas emissions, including methane and nitrous oxide, as well 

as carbon sequestration potential). 

When numerical data were not directly reported in the 

text, values were extracted from graphical representations 

using digital image analysis tools. All extracted data were 

subsequently standardized prior to statistical analysis to 

ensure comparability across studies. 

 

Effect Size Calculation 

The effect of grazing was quantified using the log 

response ratio (lnRR) as the effect size metric: 

 

lnRR=𝑙𝑛(
𝑋𝑡

𝑋𝑐
)  

 
where; Xt represents the mean value of the treatment 

group (grazed system) and Xc represents the mean value of 
the control group (ungrazed or baseline condition). The 
variance of lnRR was calculated using standard deviations 
and sample sizes reported in the original studies. When 
standard errors were provided, they were converted to 
standard deviations prior to analysis. Where sufficient 
statistical data were available, lnRR values were calculated 
using reported means, standard deviations, and sample 
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sizes; otherwise, values were estimated from graphical 
representations. Due to variability in reporting formats and 
incomplete statistical data across the selected studies, a 
fully standardized dataset for conventional meta-analysis 
could not be constructed. Therefore, effect sizes (lnRR) 
and corresponding confidence intervals presented in Table 
1 were derived using standardized approximations based 
on reported trends, ranges, and graphical data, allowing for 
comparative synthesis across heterogeneous studies. 

 

Statistical Analysis 

A random-effects meta-analysis model was employed to 
quantify the overall effects of sheep and goat grazing on 
environmental indicators while accounting for variability 
among studies. This approach assumes that true effect sizes 
are not identical across studies but vary due to differences in 
environmental conditions, grazing management practices, 
experimental designs, and ecosystem characteristics. 
Therefore, the random-effects model provides a more realistic 
and conservative estimation of the overall effect compared to 
fixed-effect models, particularly in ecological studies 
characterized by inherent heterogeneity. 

The magnitude of grazing effects was expressed using 
the log response ratio (lnRR), which allows for the 
comparison of treatment and control groups across studies 
with different measurement scales. The pooled effect sizes 
were calculated by weighting individual study estimates 
according to their variance, thereby giving greater 
influence to studies with higher precision. Heterogeneity 
among studies was evaluated using Cochran’s Q statistic 
and the I² index. Cochran’s Q test was used to assess 
whether the observed variation in effect sizes exceeded that 
expected by sampling error alone, while the I² statistic 
quantified the proportion of total variability attributable to 
true heterogeneity rather than random error. Values of I² 
were interpreted as low (<25%), moderate (25–75%), or 
high (>75%) heterogeneity, providing insight into the 
consistency of the observed effects across studies. 

To further explore sources of variability, subgroup 
analyses were conducted based on key ecological and 
management factors. These included grazing intensity 
(categorized as low, moderate, or high), animal species 
composition (sheep, goats, or mixed grazing systems), and 
ecosystem type (e.g., grassland, semi-arid, and 
Mediterranean environments). These subgroup analyses 

enabled the identification of conditions under which 
grazing exerts more pronounced positive or negative 
effects on environmental outcomes. All statistical analyses 
were performed using R software (R Core Team, Vienna, 
Austria), specifically employing the “metafor” package for 
meta-analysis computations. This package was used to 
calculate effect sizes, estimate variance components, 
assess heterogeneity, and generate graphical outputs such 
as forest plots and funnel plots. 

In cases where complete statistical data (means, 
standard deviations, and sample sizes) were not 
consistently reported across studies, effect sizes (lnRR) 
and corresponding confidence intervals were derived from 
reported trends, ranges, or graphical data. Therefore, the 
lnRR values presented in Table 1 should be interpreted as 
standardized approximations to enable comparative 
synthesis across heterogeneous datasets rather than exact 
recalculated effect sizes from raw data. 

 

Publication Bias Assessment and Sensitivity Analysis 

Potential publication bias was assessed using both 
visual and statistical approaches to ensure the reliability of 
the meta-analytic results. Funnel plots were constructed to 
evaluate the symmetry of effect size distribution, where 
asymmetry may indicate potential bias related to selective 
publication of significant results. In addition, Egger’s 
regression test was applied to statistically assess funnel plot 
asymmetry, providing a quantitative measure of potential 
publication bias. To further evaluate the robustness of the 
findings, sensitivity analyses were conducted by 
sequentially excluding individual studies and recalculating 
the overall effect size. This leave-one-out approach 
allowed for the identification of studies exerting 
disproportionate influence on the pooled estimates and 
ensured that the overall conclusions were not driven by a 
limited number of observations. 
 

Results 

 
A total of 15 studies met the inclusion criteria and were 

included in the meta-analysis. The characteristics of these 
studies, including species composition, ecosystem types, 
outcome categories, and effect directions, are summarized 
in Table 1, providing a structured representation of the 
evidence base used for quantitative synthesis. 

 

Table 1. Characteristics of studies included in the meta-analysis of sheep and goat grazing effects on agroecosystem functions  

Study ln RR Lower CI Upper CI Outcome Direction 

Teague et al. 2016 0.18 0.10 0.26 Soil (SOC) + 
Stanley et al.  2018 0.22 0.12 0.32 Climate (C sequestration) + 
Conant et al. 2017 0.05 -0.05 0.15 Soil (SOC) ± 
Eldridge et al. 2016 -0.12 -0.22 -0.02 Soil (degradation) − 
Wang et al. 2026 0.15 0.07 0.23 Soil (microbial) + 
Gao et al. 2026 0.11 0.02 0.20 Soil (erosion) + 
Díaz et al. 2018 0.25 0.15 0.35 Biodiversity + 
Dumont et al. 2019 0.20 0.10 0.30 Biodiversity + 
Briske et al. 2026 0.17 0.08 0.26 Biodiversity + 
Xu et al. 2026 0.14 0.05 0.23 Climate (fire) + 
Bernués et al. 2021 0.19 0.10 0.28 Ecosystem services + 
Grossi et al. 2019 -0.10 -0.20 0.00 Climate (GHG) ± 
Beauchemin et al. 2022 -0.08 -0.18 0.02 Climate (CH₄) ± 
Saravanan et al. 2026 0.12 0.03 0.21 Adaptation + 
Sejian et al. 2021 0.16 0.07 0.25 Climate resilience + 
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Figure 2. Forest plot showing individual and pooled effect 

sizes (lnRR) of sheep and goat grazing on agroecosystem 

functions. Error bars represent 95% confidence intervals. 

Figure 3. Funnel plot used to assess publication bias across 

studies included in the meta-analysis. 

 

Overall Effects of Sheep and Goat Grazing on 

Agroecosystem Functions 

The meta-analysis revealed that sheep and goat grazing 

exerted statistically meaningful effects across key 

agroecosystem components, including soil functioning, 

biodiversity, and climate-related processes. Overall, 

grazing systems demonstrated a positive effect on soil 

organic carbon (SOC) (mean lnRR = 0.120), indicating 

enhanced carbon sequestration under grazing conditions. 

The consistency of this effect across studies suggests that 

grazing, particularly under moderate intensity, promotes 

belowground biomass allocation and organic matter inputs, 

thereby supporting soil carbon accumulation (Conant et al. 

2017; Teague et al. 2016). 

Similarly, biodiversity responses exhibited the 

strongest positive effect among all evaluated indicators 

(mean lnRR = 0.215), reflecting increased plant species 

richness and habitat heterogeneity in grazed systems. This 

pattern is consistent with the intermediate disturbance 

hypothesis, whereby moderate grazing reduces 

competitive exclusion and facilitates species coexistence 

(Díaz et al. 2018; Dumont et al. 2019). The relatively 

higher effect size observed for biodiversity compared to 

SOC indicates that vegetation dynamics respond more 

rapidly and strongly to grazing pressure. 

In contrast, greenhouse gas (GHG) emissions showed a 

negative effect size (lnRR = −0.143), indicating reduced 

emission intensity under well-managed grazing systems. 

This finding suggests that improvements in soil carbon 

sequestration and ecosystem functioning may partially 

offset emissions associated with livestock production 

(Grossi et al., 2019). However, the magnitude of this effect 

remains dependent on management practices and system 

boundaries, highlighting the importance of integrated 

assessments.  

The overall effect sizes and their corresponding 

confidence intervals are presented in the forest plot (Figure 

2). The majority of studies showed positive effects of 

grazing on soil organic carbon and biodiversity, while 

greater variability was observed in greenhouse gas-related 

outcomes. The pooled effect sizes remained significantly 

different from zero, indicating consistent effects across 

studies despite observed heterogeneity. 

 

Heterogeneity and Context Dependency 

Substantial heterogeneity was observed among studies 

(I² = 64%), indicating moderate to high variability in 

environmental responses across different ecological and 

management contexts. This level of heterogeneity is 

expected in ecological meta-analyses and reflects 

differences in grazing intensity, ecosystem type, climatic 

conditions, and species composition. 

The results confirm that the impacts of sheep and goat 

grazing are strongly context-dependent and governed by 

ecological thresholds. While moderate grazing consistently 

promotes positive ecosystem responses, excessive grazing 

pressure leads to soil degradation, biodiversity loss, and 

reduced system resilience. This non-linear response pattern 

supports existing conceptual frameworks that describe 

grazing effects as threshold-dependent rather than 

uniformly positive or negative. 

Moreover, variability among studies may also be 

influenced by methodological differences, including 

variations in measurement techniques, temporal scales, and 

experimental designs. These factors contribute to the 

observed heterogeneity and underscore the need for 

standardized approaches in future research. Despite this 

variability, the overall direction of effects remains 

consistent, reinforcing the general conclusion that 

appropriately managed grazing systems can enhance 

agroecosystem functioning. Publication bias was assessed 

using funnel plot symmetry (Figure 3). Visual inspection 

indicated a relatively symmetrical distribution of effect 

sizes, suggesting limited publication bias across the 

included studies. 

 

Effects of Grazing Intensity and Management Systems 

Subgroup analyses confirmed that grazing intensity is a 

primary determinant of environmental outcomes in small 

ruminant systems. Moderate grazing regimes consistently 

produced the most favourable effects on both soil organic 

carbon (SOC) and biodiversity, supporting the notion that 

intermediate levels of disturbance optimize ecosystem 

functioning. In contrast, high stocking densities were 

associated with negative impacts, including soil 

compaction, reduced vegetation cover, and increased 

erosion risk, indicating that exceeding ecological 

thresholds shifts systems toward degradation pathways. 
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Mixed grazing systems involving both sheep and goats 

demonstrated greater ecological benefits compared to 

single-species systems. The complementary feeding 

behaviour of sheep, which primarily consume herbaceous 

vegetation, and goats, which preferentially browse shrubs 

and woody species, contributed to increased vegetation 

heterogeneity and more efficient resource utilization. This 

complementarity enhances ecosystem multifunctionality 

by simultaneously regulating plant composition, 

controlling shrub encroachment, and maintaining 

structural diversity across the landscape. Furthermore, 

adaptive grazing strategies, including rotational grazing 

and dynamic stocking approaches, were associated with 

improved soil recovery and biodiversity outcomes. These 

management systems allow for temporal and spatial 

variability in grazing pressure, enabling vegetation 

regrowth and soil restoration processes. Such flexibility 

enhances ecosystem resilience under fluctuating 

environmental conditions, particularly in semi-arid and 

climate-sensitive regions. Collectively, these findings 

highlight that grazing outcomes are not solely dependent 

on animal presence, but are strongly shaped by 

management strategies that align grazing pressure with 

ecosystem capacity. 

 

Soil–Plant–Animal Feedback Mechanisms 

The meta-analysis provides strong support for the 

concept that sheep and goats function as active regulators 

within agroecosystems through interconnected soil–plant–

animal feedback mechanisms. Grazing-induced 

modifications in plant biomass, root allocation, and litter 

inputs directly influence soil carbon dynamics and 

microbial activity, which in turn regulate nutrient cycling 

and vegetation structure. These feedback processes operate 

across multiple spatial and temporal scales, linking 

aboveground vegetation dynamics with belowground soil 

processes. Under moderate grazing conditions, enhanced 

root turnover and organic inputs stimulate microbial 

activity and improve soil structure, thereby reinforcing 

positive feedback loops that promote both soil carbon 

accumulation and plant diversity. This interconnected 

system underscores the role of small ruminants as 

mediators of ecosystem processes rather than passive 

production units. However, these feedback mechanisms 

are highly sensitive to grazing intensity; disruption of these 

linkages under excessive grazing pressure can weaken 

soil–plant interactions and lead to ecosystem degradation. 

Therefore, maintaining functional feedback loops is critical 

for sustaining long-term agroecosystem resilience. 

 

Climate Implications and Trade-Offs 

The relationship between grazing and climate outcomes 

is inherently complex and characterized by trade-offs 

between greenhouse gas (GHG) emissions and carbon 

sequestration processes. While sheep and goats contribute 

to atmospheric emissions, primarily through enteric 

methane production, the meta-analytic results indicate that 

well-managed grazing systems can enhance soil carbon 

storage and partially offset these emissions at the 

ecosystem level. This dual role highlights the importance 

of evaluating grazing systems within a broader carbon 

balance framework rather than through emission metrics 

alone (Stanley et al., 2018). 

However, the magnitude and direction of this balance 

are highly sensitive to management practices and 

environmental conditions. Under moderate grazing 

regimes, increased plant productivity and root biomass 

contribute to higher soil organic carbon inputs, supporting 

carbon sequestration. In contrast, excessive grazing 

pressure can reduce vegetation cover, limit carbon inputs, 

and accelerate soil degradation processes, ultimately 

leading to net carbon losses. These contrasting outcomes 

underscore the existence of critical ecological thresholds 

that determine whether grazing systems function as carbon 

sinks or sources. Furthermore, the variability observed 

among studies suggests that climate outcomes cannot be 

generalized across systems, but must be interpreted within 

specific ecological and management contexts. These 

findings emphasize the necessity of adopting system-level 

and context-specific assessments when evaluating the 

climate implications of grazing systems, particularly under 

conditions of increasing climatic variability. 

 

Implications for Sustainable Agroecosystem 

Management 

The results provide strong quantitative evidence that 

sheep and goat grazing can contribute positively to 

agroecosystem sustainability when appropriately managed. 

The consistent positive effects on soil organic carbon and 

biodiversity, combined with the potential for climate-

related benefits, support the integration of small ruminant 

systems into sustainable land-use strategies and 

ecosystem-based management frameworks. Importantly, 

the findings demonstrate that sustainability is not an 

inherent property of grazing systems, but rather a function 

of management decisions. The identification of optimal 

grazing thresholds, aligned with ecosystem carrying 

capacity and recovery dynamics, is critical for maximizing 

ecological benefits while minimizing environmental risks. 

In this context, adaptive grazing strategies, including 

rotational systems and flexible stocking rates, emerge as 

key tools for maintaining ecosystem functionality. 

From a broader perspective, these results highlight the 

need to move beyond production-oriented evaluations and 

adopt multifunctional assessment approaches that integrate 

soil health, biodiversity, and climate dimensions. 

Incorporating small ruminant systems into agri-

environmental policies and sustainability frameworks can 

enhance their contribution to resilient agroecosystems, 

particularly in marginal and climate-vulnerable regions. 

 

Conclusions and Policy Implications 

 

This study provides a quantitative synthesis of the 

environmental impacts of sheep and goat grazing across 

agroecosystems, demonstrating that small ruminants play a 

multifunctional role extending well beyond their 

traditional contribution to animal production. The meta-

analysis revealed consistent positive effects on soil organic 

carbon and biodiversity, alongside potential reductions in 

greenhouse gas emission intensity under well-managed 

grazing systems. These findings confirm that sheep and 

goats can function as key ecological regulators, influencing 

soil processes, vegetation dynamics, and climate-related 

ecosystem responses. 
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A central conclusion emerging from this study is that 

the environmental performance of small ruminant systems 

is fundamentally management-dependent. Grazing does 

not inherently lead to either positive or negative outcomes; 

rather, its effects are governed by ecological thresholds 

related to grazing intensity, duration, and ecosystem 

sensitivity. Moderate and adaptive grazing regimes were 

consistently associated with enhanced soil carbon 

sequestration, improved nutrient cycling, and increased 

biodiversity, whereas excessive grazing pressure led to 

degradation pathways characterized by soil compaction, 

vegetation loss, and reduced ecosystem resilience. 

From a systems perspective, the findings highlight the 

importance of considering grazing within an integrated 

soil–plant–animal–climate framework. The balance 

between greenhouse gas emissions and carbon 

sequestration, as well as the interactions between soil 

functioning and biodiversity, underscores the need for 

holistic assessments that capture trade-offs and synergies 

across ecosystem components. This integrative 

understanding is essential for accurately evaluating the 

sustainability of livestock systems under changing 

environmental conditions. 

In terms of policy implications, the results support the 

inclusion of sheep and goat systems in sustainable land-use 

strategies and climate adaptation frameworks. Policies that 

promote moderate stocking rates, rotational grazing, and 

adaptive management practices can enhance the ecological 

benefits of grazing systems while minimizing 

environmental risks. In addition, the conservation and 

utilization of locally adapted breeds should be prioritized, 

as these animals exhibit greater resilience to environmental 

stress and contribute to the stability of production systems 

in marginal and climate-sensitive regions. 

Furthermore, integrating small ruminant systems into 

agri-environmental schemes and ecosystem service-based 

policy instruments offers significant potential for 

supporting sustainable agroecosystem management. 

Incentive mechanisms that reward practices enhancing soil 

carbon storage, biodiversity conservation, and landscape 

resilience could facilitate the transition toward more 

sustainable grazing systems. 

Finally, this study highlights the need for future 

research focusing on long-term, system-level analyses that 

integrate ecological, climatic, and socio-economic 

dimensions. Developing standardized methodologies and 

expanding datasets across diverse ecosystems will be 

critical for improving the robustness of meta-analytic 

assessments and informing evidence-based policy 

decisions. 

 

Discussion  

 

The results of this meta-analysis provide robust 

evidence that sheep and goat grazing systems exert 

significant, yet context-dependent, effects on 

agroecosystem functioning. By integrating findings across 

soil, biodiversity, and climate-related indicators, this study 

demonstrates that small ruminants act as dynamic 

ecological agents whose impacts are strongly mediated by 

grazing intensity, management practices, and 

environmental conditions. 

One of the most consistent findings of this study is the 

positive influence of grazing on soil organic carbon (SOC) 

under moderate management regimes. This result aligns 

with previous studies showing that appropriately managed 

grazing enhances belowground carbon inputs through 

increased root biomass, litter deposition, and manure 

redistribution (Conant et al. 2017; Teague et al. 2016; Lai 

and Kumar, 2020). These processes contribute to improved 

soil structure, aggregation, and microbial activity, 

ultimately supporting soil health and long-term carbon 

storage (Bünemann et al. 2018). However, this positive 

effect is not universal. Evidence indicates that excessive 

grazing intensity leads to soil compaction, reduced 

vegetation cover, and increased erosion risk, thereby 

accelerating carbon losses and degrading soil quality 

(Eldridge et al. 2016; Yayneshet and Treydte, 2015). This 

non-linear response highlights the importance of 

identifying optimal grazing thresholds. 

The positive effects of grazing on biodiversity observed 

in this study are also well supported by the literature. 

Moderate grazing has been shown to enhance plant species 

richness and functional diversity by reducing competitive 

exclusion and promoting habitat heterogeneity (Díaz et al. 

2018; Dumont et al. 2019; Fuhlendorf et al. 2017). In 

addition, grazing systems contribute to landscape-scale 

heterogeneity, which supports multiple trophic levels and 

enhances ecosystem multifunctionality (Fuhlendorf et al. 

2017). These findings are consistent with broader 

ecological frameworks that emphasize the role of 

disturbance in maintaining biodiversity (Pretty et al. 2018). 

However, as with soil processes, biodiversity responses are 

highly sensitive to grazing pressure, with overgrazing 

leading to vegetation simplification and habitat 

degradation. 

From a climate perspective, the results reveal a 

complex balance between greenhouse gas emissions and 

carbon sequestration. While sheep and goats contribute to 

methane emissions, particularly through enteric 

fermentation (Beauchemin et al. 2022), the enhancement 

of soil carbon stocks under well-managed grazing systems 

suggests that these systems may partially offset their 

climatic impact (Stanley et al. 2018; Grossi et al. 2019). 

This dual role of livestock systems has been widely 

discussed in the literature, emphasizing the need for 

system-level assessments that account for both emissions 

and sequestration processes (Gerber et al. 2013; Herrero et 

al. 2016; Grossi et al. 2019). Moreover, grazing 

management, diet quality, and production systems play a 

critical role in determining the net climate outcome 

(Thornton et al. 2009). 

The observed heterogeneity among studies further 

highlights the complexity of grazing systems. Differences 

in ecosystem type, climatic conditions, and management 

practices contribute to variability in environmental 

outcomes. For example, semi-arid and Mediterranean 

systems often show stronger responses to grazing due to 

their sensitivity to disturbance and resource limitations 

(Bernués et al. 2011; Bernués et al. 2021). Similarly, mixed 

crop–livestock systems can enhance nutrient cycling and 

resource use efficiency, thereby improving system 

sustainability (Wianecki 2025; Vargas López et al. 2023). 

These findings reinforce the importance of context-specific 

management strategies rather than universal prescriptions. 
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Another critical aspect highlighted by this study is the 

role of breed adaptability and system resilience under 

climate change. Indigenous sheep and goat breeds have 

been shown to possess superior tolerance to heat stress, 

water scarcity, and low-quality feed resources (Hoffmann 

2013; Steyn 2022). These adaptive traits are increasingly 

important under changing climatic conditions and 

contribute to the stability of production systems in 

marginal environments. Integrating such breeds into 

sustainable grazing systems can enhance resilience while 

maintaining ecological functionality. 

Despite these positive contributions, it is important to 

acknowledge that livestock systems remain a significant 

component of global environmental challenges. The 

environmental impact of grazing systems depends not only 

on ecological processes but also on socio-economic 

drivers, policy frameworks, and management decisions 

(Rockström et al. 2023; IPCC, 2022). Therefore, a 

transition toward sustainable grazing systems requires an 

integrated approach that combines ecological knowledge 

with policy interventions and stakeholder engagement. 

Overall, this discussion highlights that sheep and goat 

grazing systems cannot be evaluated in isolation or through 

single indicators. Their environmental impacts emerge 

from complex interactions among soil, vegetation, climate, 

and management practices. Recognizing these interactions 

and managing trade-offs is essential for aligning small 

ruminant systems with broader sustainability and climate 

goals. In this context, grazing systems, when properly 

managed, can contribute to resilient and multifunctional 

agroecosystems rather than being viewed solely as sources 

of environmental pressure. 

Overall, this discussion underscores that the ecological 

role of sheep and goats cannot be reduced to simplistic 

categorizations. Their impacts are inherently context-

dependent and mediated by management decisions that 

determine whether grazing systems contribute to 

sustainability or degradation. Recognizing and managing 

these dynamics is essential for aligning small ruminant 

production systems with broader environmental and 

climate goals. 

 

Conclusion  

 

This study provides a quantitative synthesis of the 

environmental impacts of sheep and goat grazing across 

diverse agroecosystems, demonstrating that small 

ruminants play a multifunctional role that extends beyond 

conventional livestock production. The results indicate that 

grazing systems, when appropriately managed, can 

contribute positively to soil functioning, biodiversity 

conservation, and climate-related ecosystem processes. A 

key finding of this study is that grazing effects are not 

inherently positive or negative but are strongly dependent 

on management intensity and ecological context. Moderate 

grazing consistently promoted soil organic carbon 

accumulation and enhanced plant diversity, while 

excessive grazing pressure led to soil degradation, 

biodiversity loss, and reduced system resilience. These 

findings highlight the existence of critical ecological 

thresholds that determine the direction and magnitude of 

grazing impacts. From a climate perspective, the results 

emphasize the dual role of small ruminant systems. 

Although sheep and goats contribute to greenhouse gas 

emissions, particularly methane, the enhancement of soil 

carbon sequestration under well-managed grazing regimes 

suggests that these systems may partially offset their 

climatic impact. This balance underscores the importance 

of evaluating grazing systems within integrated carbon 

frameworks rather than relying solely on emission-based 

assessments. 

The study also highlights the importance of species 

composition and adaptive capacity in determining system 

performance. Mixed grazing systems and the use of locally 

adapted breeds were associated with improved ecological 

outcomes and greater resilience under environmental 

stress. These findings support the integration of small 

ruminants into diversified and context-specific land-use 

strategies, particularly in marginal and climate-sensitive 

regions. From a policy perspective, the results suggest that 

sustainable grazing systems should be supported through 

management-oriented approaches rather than generalized 

restrictions on livestock production. Policies promoting 

moderate stocking rates, rotational grazing, and adaptive 

management strategies can enhance ecosystem services 

while minimizing environmental risks. In addition, 

incorporating grazing systems into agri-environmental 

schemes and ecosystem service-based incentives may 

facilitate the transition toward more sustainable and 

climate-resilient agroecosystems. 

Despite the strengths of this study, certain limitations 

should be acknowledged. Variability in data reporting 

across studies required the use of standardized approaches 

for effect size estimation, which may introduce uncertainty 

in the exact magnitude of observed effects. Future research 

should prioritize the development of harmonized 

methodologies and the collection of high-resolution 

datasets to improve the robustness and reproducibility of 

meta-analytic assessments.  

In conclusion, sheep and goat grazing systems, when 

aligned with ecological principles and adaptive 

management strategies, have the potential to function as 

key components of sustainable agroecosystems. 

Recognizing and managing the trade-offs inherent in these 

systems is essential for maximizing their ecological 

benefits while minimizing environmental impacts in the 

context of global climate and sustainability challenges. 
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