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Abstract: In grassland ecosystems, the occurrence and transmission of foliar fungal diseases are
largely dependent on grazing by large herbivores. However, whether herbivores that have different
body sizes differentially impact foliar fungal diseases remains largely unexplored. Thus, we con-
ducted an 8-year grazing experiment in an alpine grassland on the Qinghai–Tibet Plateau in China
and tested how different types of livestock (sheep (Ovis aries), yak (Bos grunniens), or both)) affected
foliar fungal diseases at the levels of both plant population and community. At the population level,
grazing by a single species (yak or sheep) or mixed species (sheep and yak) significantly decreased
the severity of eight leaf spot diseases. Similarly, at the community level, both single species (yak or
sheep) and mixed grazing by both sheep and yak significantly decreased the community pathogen
load. However, we did not find a significant difference in the community pathogen load among
different types of livestock. These results suggest that grazing by large herbivores, independently
of livestock type, consistently decreased the prevalence of foliar fungal diseases at both the plant
population and community levels. We suggest that moderate grazing by sheep or yak is effective
to control the occurrence of foliar fungal diseases in alpine grasslands. This study advances our
knowledge of the interface between disease ecology, large herbivores, and grassland science.

Keywords: alpine grasslands; community pathogen load; fungal diseases; herbivores; species richness

1. Introduction

As an important component of ecosystems, foliar fungal pathogens play a key role in
maintaining plant diversity and stabilizing ecosystem structure and function [1,2]. Both
empirical studies and meta-analyses have indicated that fungal pathogens can promote the
coexistence of different plant species and regulate the diversity–productivity relationship
through negative density dependence and growth–defense trade-offs [1,3–6]. However,
alternatively, foliar fungal pathogens can reduce photosynthesis, cause losses of plant
biomass, and even kill host plants and cause severe die-off and extinction of host species in
certain cases, posing serious threats to the structure and functioning of ecosystems [7–9].
Therefore, understanding the occurrence and transmission of foliar fungal diseases and
their interactions with host plants is important for the health of ecosystems.

Livestock grazing is one of the most intensive human activities in grasslands and is
a major driver of the structure and function in these ecosystems [10–12]. Therefore, the
occurrence and severity of foliar fungal diseases in grassland ecosystems largely depend on
grazing by livestock [13–15]. There are two potential mechanisms to explain how grazing
could affect foliar fungal diseases. First, grazing could directly increase, by producing
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wounds, or decrease, by removing pathogens, the transmission of disease through defolia-
tion [16–18]. Second, many studies have indicated that alterations in plant diversity and
community composition can change the transmission and prevalence of diseases [19–21].
Thus, grazing can indirectly affect disease severity by altering plant diversity and com-
munity composition [13,21]. For example, when grazing livestock preferentially feed on
disease-susceptible host plants, they can remove pathogens and increase the abundance of
non-susceptible host plants, thereby decreasing the community pathogen load [13,22].

Grazing effects on grassland ecosystems are highly dependent on the intensity of
grazing, because the increasing demand for livestock products has driven a global increase
in stocking rates [23,24]. Therefore, several studies have evaluated how grazing intensity
affects foliar fungal diseases [13,25,26]. However, most natural grasslands are grazed
simultaneously by different herbivores, such as cattle (Bovine) and sheep (Ovis aries) [27].
Different livestock could have differential direct effects on foliar fungal diseases, since
different types of grazers may vary in their grazing behavior, such as in diet selectivity
or livestock characteristics such as body size [28–30]. For example, selective feeding on
infected plant individuals may directly reduce plant diseases by eliminating the source
of infection [25]. In addition, previous studies indicated that large livestock, such as
cattle, can increase plant diversity, because cattle usually consume tall grasses that are
dominant, whereas small livestock, such as sheep and goats, can decrease plant diver-
sity because they prefer to graze on low-growing subordinate species, such as forbs and
semi-shrubs [29,31,32]. Therefore, different livestock may indirectly affect foliar fungal
diseases differentially by altering plant diversity and community composition. However,
whether different livestock have differential impacts on foliar fungal diseases remains
largely unexplored.

In this study, we used an 8-year field-manipulated grazing experiment, including
livestock grazing by a single species (yak or sheep) and mixed species (sheep and yak),
to evaluate the effects of different livestock on foliar fungal diseases of both individual
host plant species (i.e., population level) and plant communities (i.e., community level).
To achieve this, we quantified all foliar fungal diseases in all plots that were subjected to
different grazing treatments and calculated the disease severity of individual host plant
species. We also recorded the vegetation characteristics, such as total plant coverage and
species richness, and calculated the community pathogen load. In particular, we tested the
following hypotheses: (i) grazing by a single species (yak or sheep) or mixed species (sheep
and yak) will decrease the occurrence of foliar fungal diseases; and (ii) grazing by yak will
cause more pronounced reductions in the occurrence of foliar fungal diseases than grazing
by sheep.

2. Materials and Methods
2.1. Study Site

Our study was conducted at the Platform of the Adaptive Management of the Alpine
Grassland-Livestock System on the Qinghai–Tibet Plateau of Qinghai University, Haiyan
County, Qinghai Province, China (36◦40′~38◦40′ N, 100◦20′~101◦30′ E; 3000–3100 m a.s.l.).
This area is located in the eastern part of the Qinghai–Tibet Plateau and has a plateau
continental climate. The mean annual temperature is 1.5 ◦C, with the lowest monthly
average of −24.8 ◦C in January and the highest monthly average of 12.5 ◦C in August. The
mean annual precipitation is 330–370 mm, of which 60–80% occurs during the growing
season (from May to September) [33,34]. The soil is classified as a clay loam. The grassland
vegetation is a typical alpine meadow dominated by the Cyperaceae species Kobresia humilis
and Carex aridula [33]. Grazing by livestock (primarily sheep and yak) is a common practice
in this area, and most of the grasslands are moderately to heavily grazed [33,34].

2.2. Grazing Experimental Design

A long-term grazing experiment was initiated in 2014 with a completely randomized
block design. Sheep and yak were used to establish the grazing experiment. Three blocks
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(replicates) were selected. Each block was divided into four plots, to which grazing
treatments were randomized: no grazing (CK), sheep grazing (SG), yak grazing (YG),
and mixed grazing by yak and sheep (MG). The grazing experiment was established
to investigate how different livestock grazing affects ecosystem structure and function.
Therefore, to avoid any factors that might confound the results, no activities such as
mowing were performed in the CK plots. Similarly, in the experimental plots, livestock
grazing was the only treatment factor and no other activities (e.g., mowing or fertilization)
were performed.

Based on their daily intake during the pre-trials (sheep: 1.2± 0.2 kg and yak: 3.7 ± 0.7 kg
(mean ± SE)), we estimated that the grazing of three adult sheep is equivalent to that of
one yak [33]. To ensure that there was equal grazing intensity among the different grazing
treatments, the plot area was calculated based on the number of yaks and sheep. The details
of livestock numbers and plot area are shown in Figure 1. Overall, the grazing intensity was
maintained at a moderate intensity in each livestock treatment, which meant that half of
the aboveground plant biomass was consumed by livestock. During the grazing treatment
stage (from June to October), the grazing animals were kept in fenced experimental plots.
They received no supplementary feeding but were given water every other day. Thus, the
uneaten plants were not removed and the dung and urine were returned to the experimental
plots. Before the onset of our sampling, the grazing experiment had been conducted
continuously for 8 years.
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Figure 1. View of the study site (a); schematic diagram of the experimental design, including the
number of yaks and sheep in each treatment and the area of the sample plots (b).

2.3. Sampling

In August 2022, we randomly arranged three quadrats of 0.5 × 0.5 m2 in each of
12 grazing treatment plots and measured the severity of foliar fungal disease at the quadrat
level. We recorded the disease severity on the leaves of each species of host plant in
each quadrat and visually assessed the types of disease symptoms present, such as leaf
spots, rust, and powdery mildew. We randomly selected 25 leaves per plant species, with
five from the whole part of each of five randomly selected individuals per quadrat. For
species with no more than five individuals per quadrat, we examined all the leaves. We
defined disease severity as the percentage of leaf area that was covered by fungal lesions,
which was estimated visually using cards with digital images of leaves of known disease
severity [13,20]. We observed a total of 33 plant species across the 12 plots in our study.
Out of these, 21 plant species were found to be infected with at least one fungal pathogen.
In addition, we collected 10–20 samples of infected leaf tissue (with lesions) of each plant
species, to confirm the pathogens in the laboratory using a light microscope (Stemi 305
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Stereo Microscope, Zeiss, Jena, Germany). The pathogen taxonomy primarily followed the
guidelines proposed by Dai (1979) and Braun and Cook (2012) [35,36], as well as previous
studies of alpine meadows [2,37,38].

Simultaneously, we recorded the number of plant individuals (quantified based on the
number of stems/ramets) of each species and the percentage coverage of each species and
species richness (total number of species) per quadrat. We harvested the plant aboveground
biomass of each species and dried the tissue at 70 ◦C for 48 h and then weighed it. We
divided the plant species into four plant functional groups, including the Cyperaceae, forbs,
grasses, and legumes. Furthermore, to test the relationships between plant disease and
plant community characteristics, we calculated the Shannon–Weiner index (H′) and Pielou
evenness index (Je) for each plot, as follows:

H′ = −
n

∑
i=1

(ni
N

Ln
ni
N

)

Je =
H′

LnS
where ni is the abundance of the ith plant species, N is the total abundance of plant species,
and S is the total number of plant species in the plot.

2.4. Measures of Community-Level Indices

In each quadrat, we calculated the community pathogen load (l), as follows [20]:

l =
∑ n

i=1 sici

∑n
i=1 ci

where n is the total number of plant species in the quadrat, Si is the severity index of the ith
plant species, and Ci is the percentage coverage of the ith species.

Previous studies showed that plant communities within the plots of different livestock
treatments differed in composition [39,40], which could affect the types of foliar fungal
diseases. Therefore, to test the magnitude to which the variation in community pathogen
load could be explained by the variation in plant community composition, we calculated
the prevalence of community disease. First, we defined a “disease proneness index” (ai) as
the average disease severity of each species in the three control plots. We then calculated
“community disease proneness” (p) for each plot by calculating a host percentage cover-
weighted average of the ai total plant species per plot [41]:

p =
∑n

i=1 aici

∑n
i=1 ci

where n is the total number of plant species in the quadrat, ai is the disease proneness index
of the ith plant species, and Ci is the percentage coverage of the ith species.

2.5. Statistical Analyses

We used a one-way analysis of variance (ANOVA) with Tukey’s tests to analyze
whether there were significant differences in the prevalence of foliar fungal diseases be-
tween the different grazing treatments. At the population level, we established the disease
severity of individual species as the response variable and the grazing treatment as the
independent variable. At the community level, we established the community pathogen
load, pathogen load of different plant functional groups, and community disease severity
as the response variables and the grazing treatment as the independent variable. We also
established the disease severity of individual species and community pathogen load as
the response variables, with plant community characteristics, including species richness
(SR); Shannon–Weiner index (H′); Pielou’s evenness index (Je); plant aboveground biomass
(PAB); and plant total coverage (PTC), as the independent variables to test their linear
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relationships. In addition, we used a random forest analysis to identify the importance of
different plant species in influencing the community pathogen load, wherein the relative
importance of all infested plant species was ranked. Before the ANOVA and linear models
were constructed, the data were transformed (arcsine square roots or natural logarithms)
when necessary to meet the model assumptions. All the statistical analyses were performed
using R v. 3.5.1 [42].

3. Results
3.1. Population-Level Disease Severity

Of the 33 plant species observed in our experiment, 21 were infected with at least
1 foliar fungal disease (Table 1). Leaf spot diseases dominated the plant community
and were observed in all the species of diseased plants (Table 1). One rust infection
was identified on Potentilla acaulis, and one powdery mildew infection was identified on
dandelion (Taraxacum mongolicum) (Table 1). Two dominant plant species, K. humilis and
C. aridula, had the highest disease severity, followed by Potentilla bifurca and heartbroken
grass (Stellera chamaejasme) (Table 1). The severity of eight leaf spot diseases decreased
significantly with grazing by a single species or mixed species, whereas one leaf spot
increased significantly in severity under grazing by a single species or mixed species
(Table 1). The severity of three leaf spot diseases did not vary significantly with grazing by
a single species or mixed species (Table 1). The severity of three leaf spot diseases decreased
significantly only when grazed by yak (Table 1). In addition, two dominant plant species
with the highest disease severity, K. humilis and C. aridula, decreased significantly under
grazing by a single species or mixed species (Table 1).

3.2. Community Pathogen Load

At the plant community level, sheep grazing, yak grazing, and mixed grazing by both
sheep and yak significantly decreased the community pathogen load (Figure 2a). Mixed
grazing by both sheep and yak significantly decreased the community disease proneness
(Figure 2b). However, we did not find a significant difference in community pathogen load
among the different types of livestock (Figure 2a). In addition, sheep grazing, yak grazing,
and mixed grazing by both types of livestock significantly decreased the pathogen load of
Cyperaceae, forbs, and grasses (Figure 3a–c) but had no significant effect on the pathogen
load of legumes (Figure 3d). The random forest model indicated that the most important
predictor of community pathogen load was K. humilis, followed by C. aridula (p < 0.05)
(Figure 4). Detailed data were showed in Table S1.
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Table 1. List of 21 infected plant species and their disease types, associated pathogens, and disease severity (mean ± SE) with different livestock type treatments.
CK, control; SG, sheep grazing alone; YG, yak grazing alone; MG, mixed grazing by yak and sheep.

Plant Species Functional
Group

Disease Types Associated Pathogens
Livestock Types Mean Disease

SeverityCK SG YG MG

Ajuga lupulina Forb Leaf spot Undentified NA NA 10 * NA NA
Aster altaicus Forb Leaf spot Undentified 5.3 ± 1.0 0.7 ± 0.7 0.00 * 0.00 * NA

Bupleurum chinense Forb Leaf spot Septoria sp.; . . . 37.6 * NA NA NA NA
Carex aridula Cyperaceae Leaf spot Alternaria sp.; . . . 38.9 ± 3.0 a 30.7 ± 6.9 b 27.6 ± 1.8 b 20.4 ± 1.2 b 29.4 ± 3.2

Dracocephalum heterophyllum Forb Leaf spot Alternaria solani; . . . 11.9 ± 1.5 a 6.7 ± 1.3 b 9.0 ± 3.3 a 5.7 ± 2.0 b 8.3 ± 1.4
Elymus nutans Grass Leaf spot Undentified 18.4 * NA NA NA NA

Kobresia humilis Cyperaceae Leaf spot Alternaria alternata; . . . 42.1 ± 2.1 a 25.0 ± 6.6 b 27.8 ± 2.4 b 23.7 ± 2.0 b 29.7 ± 3.5
Koeleria cristata Grass Leaf spot Undentified 28.2 ± 1.2 a 13.9 ± 2.4 b 12.4 ± 1.5 b 10.4 ± 4.8 b 16.2 ± 3.0

Leymus secalinus Grass Leaf spot Coniochaeta discospora; . . . 23.8 ± 6.7 a 8.4 ± 0.9 b 11.2 ± 1.8 b 9.3 ± 1.1 b 13.2 ± 2.9
Medicago ruthenica Legume Leaf spot Undentified 22.40 * 3.2 ± 1.8 1.9 ± 1.5 NA NA
Oxytropis subfalcata Legume Leaf spot Undentified 0.4 ± 0.4 a 0.7 ± 0.7 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.3 ± 0.2

Poa annua Grass Leaf spot Phoma sp.; . . . 17.5 ± 5.1 a 5.9 ± 0.7 b 13.8 ± 0.4 ab 9.3 ± 3.8 b 11.6 ± 2.3

Potentilla acaulis Forb
Leaf spot Undentified 27.7 ± 4.1 a 14.4 ± 3.2 b 12.6 ± 1.0 b 9.6 ± 0.8 b 16.1 ± 2.9

Rust Phragmidium potentillae; . . . NA NA 3.2 * NA NA
Potentilla bifurca Forb Leaf spot Coniochaeta sp.; . . . 37.2 ± 7.5 a 11.2 ± 2.4 b 15.1 ± 2.9 b 10.4 ± 5.2 b 17.4 ± 4.3

Potentilla multicaulis Forb Leaf spot Stagonospora sp.; . . . 25.6 ± 3.9 a 5.6 ± 2.1 b 10.8 ± 0.9 b 6.9 ± 1.6 b 12.2 ± 3.2
Sibbaldia adpressa Forb Leaf spot Leptotrochila sp.; . . . 7.2 ± 0.8 b 16.3 ± 3.0 a 14.6 ± 1.4 a 13.3 ± 1.0 a 12.9 ± 1.6

Stellera chamaejasme Forb Leaf spot Acrophialophora jodhpurensis;
. . . 33.6 ± 2.4 a 13.9 ± 0.6 b 11.7 ± 2.5 b 9.7 ± 0.8 b 17.2 ± 3.7

Stipa tianschanica Grass Leaf spot Septora sp.; . . . 20.5 ± 4.3 a 8.0 ± 0.5 b 14.2 ± 1.4 ab 11.9 ± 1.2 b 13.7 ± 2.1
Taraxacum mongolicum Forb Powdery mildew Sphaerotheca fusca; . . . NA NA 56.7 * NA NA

Thalictrum aquilegiifolium Forb Leaf spot Alternaria alternata; . . . NA 20.8 ± 13.4 5.2 ± 3.7 8.6 ± 0.8 NA
Thermopsis lanceolata Legume Leaf spot Cercospora sp.; . . . 4.0 * 2.4 * NA NA NA

Notes: NA indicates missing values; * indicates standard error (SE) cannot be calculated for this value (i.e., sufficient degrees of freedom); different lowercase letters indicate significant
differences between livestock types at p < 0.05 (Tukey’s HSD). “. . .” indicates other possible pathogens.
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3.3. Plant Community Vegetation Characteristics

Sheep grazing, yak grazing, and mixed grazing by both sheep and yak significantly
decreased the plant total coverage (Figure 5d). Mixed grazing by both sheep and yak
significantly decreased the Shannon–Weiner index (Figure 5b). However, grazing by a
single species or mixed species did not significantly affect the plant species richness, Pielou’s
evenness index, or plant aboveground biomass (Figure 5a,c,e). Detailed data were showed
in Table S2.
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At the population level, the disease severity of eight plant species positively correlated
with the total plant coverage, and the disease severity of one plant species negatively
correlated with the total plant coverage (Figure 6). The disease severity of three plant
species positively correlated with Pielou’s evenness index (Figure 6). The disease sever-
ity of one plant species positively correlated with the Shannon–Weiner index (Figure 6).
Similarly, the disease severity of one plant species negatively correlated with the plant
aboveground biomass (Figure 6). At the plant community level, the community pathogen
load positively correlated with the Shannon’s diversity index, Pielou’s evenness index, total
plant coverage, and community disease severity (Figure 7b–d,f). However, there were no
significant relationships between community pathogen load and species richness and plant
aboveground biomass (Figure 7a,e).
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Asterisks indicate statistical significance (* p < 0.05; ** p < 0.01).
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4. Discussion

Our study revealed that grazing by a single species (yak or sheep) or mixed species
(sheep and yak) consistently decreased the occurrence of foliar fungal diseases, which
supported our first hypothesis. Previous studies noted that the reduction in foliar fungal
diseases following grazing is largely owing to the presence of biotrophic diseases, such
as rusts and powdery mildew that can only survive in living plants and rely on transmis-
sion by spores [43]. Thus, grazing on leaves infected with powdery mildew or rust can
remove the spores, thereby decreasing the transmission of disease [13,44]. In contrast, the
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pathogens of necrotrophic diseases, primarily leaf spots, can survive in various reservoirs
such as soil and plant residue, enabling them to colonize plant tissues through the wounds
produced by grazers [17,45–47]. However, in our study system, leaf spots dominated the
plant community, and the reduction in foliar fungal diseases was primarily ascribed to
a decrease in leaf spots. We found that the disease severity of eight leaf spot diseases
decreased significantly under grazing disturbance at the population level. Similarly, at
the community level, grazing by a single species (yak or sheep) or mixed species (sheep
and yak) significantly decreased the community pathogen load. These findings contrast
with several previous studies that showed that grazing had positive or neutral effects
on leaf spots [13]. One possible explanation is that the wounds caused by grazing may
have induced leaf tissues to quickly activate their defense responses, resulting in enhanced
resistance to necrotrophic pathogens, since plant defenses to various attackers, such as
herbivores or diseases, are usually synergistic [14,48]. In another experiment with bitter
dock (Rumex obtusifolius), beetle (Gastrophysa viridula) grazing was found to increase the
number of lesions caused by the necrotrophic fungal pathogen Ramularia rubella compared
with the controls, which provides further evidence for this hypothesis [49].

We hypothesized that different livestock may differentially affect foliar fungal dis-
eases because of differences in their grazing behaviors (e.g., diet selectivity) and livestock
characteristics (e.g., body size) [29,50]. However, our study showed that grazing by yak
did not lead to more pronounced reductions in the occurrence of foliar fungal diseases
than grazing by sheep, which did not support our second hypothesis. This could likely be
attributed to the fact that different livestock vary in their feeding preferences. For example,
large livestock usually feed on tall grasses, whereas small livestock prefer low-growing
forbs and semi-shrubs. Thus, long-term intensive grazing may largely consume plant
aboveground material and can remove 50% of the aboveground biomass; thus, largely
removing pathogens through defoliation [28–30,44]. Another possible explanation could
relate to grassland type. A recent study in a semi-arid grassland found that 13 years of
grazing by sheep indirectly increased the community pathogen load, by increasing the
abundances of grazing-tolerant hosts [13]. Compared with semi-arid grasslands, alpine
grasslands generally have higher vegetation cover and plant species diversity, and their
plant community structures are more resistant to grazing disturbances [51,52]. In our study
system (an alpine grassland), we found that 8 years of grazing by either yak or sheep did
not significantly alter the plant species richness and Shannon diversity. Therefore, we hy-
pothesized that in alpine grasslands with diversified plant communities, the indirect effects
of grazing on foliar fungal diseases through changes in plant community characteristics
are limited.

Another intriguing finding was that two species of Cyperaceae (C. aridula and K. humilis)
experienced higher disease severity than other species in our study system, probably be-
cause C. aridula and K. humilis are both more palatable and susceptible to foliar fungal
pathogens [53,54]. Our random forest model also showed that the disease severity of
C. aridula and K. humilis was the most important predictor of community pathogen load,
which suggests that the two species play a key role in driving the occurrence and transmis-
sion of foliar fungal diseases in the plant community. The density-dependent transmission
of foliar fungal diseases could be a potential mechanism that underlies the higher disease
severity observed in C. aridula and K. humilis, since the two species were the dominant
species in our study site [55]. An increase in the occurrence of foliar fungal diseases in
dominant species can inhibit the expansion of the dominance of their host plants in the
community through negative density dependence, thereby facilitating the coexistence of
species [3,56,57]. In addition, previous studies indicated that increased host species richness
can exert a dilution effect on disease transmission and prevalence [20,21]. In our study, we
did not find negative correlations between species richness and the community pathogen
load, suggesting that grazing can reverse the relationship between species richness and
disease transmission, leading to the disappearance of the dilution effect.
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While our study showed that grazing by livestock decreased the occurrence of foliar
fungal diseases, the following aspects could potentially have biased our conclusions. First,
the microenvironment, such as temperature and humidity, are important factors that
influence spore production and mycelial growth and thus the occurrence and transmission
of diseases [58,59]. There is some evidence that grazing can increase the temperature
but decrease the humidity of the vegetation microenvironment. For example, this was
observed in a study of a temperate meadow [25]. Second, the supply of nutrients can
affect the transmission and prevalence of disease [19,60]. For example, a high supply
of nitrogen can increase disease severity by promoting the growth of fungal pathogens
or by leading the community composition toward more disease-prone plant species [19].
Many experimental studies and meta-analyses have indicated that grazing can alter the
chemistry of leaves [61,62], and thus may indirectly affect foliar fungal diseases. Moreover,
the responses of plant defense systems to grazing and fungal infection are synergistic,
yet still different [14,48]. For example, jasmonates are primarily involved in defense
against herbivores, whereas salicylic acid is primarily associated with defense against
pathogen infections [14,48]. Livestock grazing can stimulate plant defense systems, but
how this response affects the ability to defend against foliar fungal pathogens remains
unclear [63]. Therefore, considering that grazing can alter the microenvironment, plant
nutrient supply and defense systems, the measurement of environmental, nutritional, and
defensive parameters is necessary to fully understand how foliar fungal diseases respond
to livestock grazing through different pathways.

In conclusion, our study indicated that grazing by a single species (yak or sheep)
or mixed species (sheep and yak) consistently decreased the occurrence of foliar fungal
diseases. However, the reductions in foliar fungal diseases caused by grazing did not vary
with the type of livestock. To the best of our knowledge, this is the first study to have ex-
plored how different livestock species affect foliar fungal diseases. These findings not only
advance our understanding of the interface between disease ecology and large herbivores
under increasing human activities, but also provide some insights into the management
of alpine grasslands. Considering that the intensity of grazing in each livestock treatment
was maintained at a moderate intensity, we suggest that moderate grazing by sheep or yak
is an effective way to control the occurrence of foliar fungal diseases in alpine grasslands.
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