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AbstractAbstractAbstractAbstract    
    
This study evaluated the effect of intensive non-selective grazing on the richness, diversity, and structure 

of a grassland dominated by Amelichloa clandestina (Hack.) Arriaga & Barkworth at Rancho “Los Ángeles”, 
Saltillo, Coahuila. Experimental plots of 600 m2 were established in a 2.23 ha area, with three replicates per 
season. Two treatments were applied: grazed and ungrazed (control) plots, separated by electric fencing. These 
plots were subjected to intensive grazing 333 livestock units (LU ha-1) at the beginning of each season, 
beginning in the winter of 2023. In the fall of 2024, the cover of all species in five quadrats (1 m2) per plot was 
quantified. Richness (Margalef), diversity (Shannon-Wiener), dominance (Simpson), evenness, and floristic 
similarity (Sørensen-Dice) indices were calculated. Canonical correspondence analysis (CCA) was used to 
evaluate the relationship between moisture and compaction. ANOVA and Tukey's test were performed. 
Thirty-seven species grouped into 19 families were recorded, with the greatest species richness in winter (30 
species; Margalef index of 4.2). Spring and summer showed the most significant similarity (80%). The species 
A. clandestina, Ambrosia confertiflora, and Clematis drummondii were associated with higher humidity in 
summer and autumn. In conclusion, intensive non-selective grazing, carried out in different seasons, enhanced 
species richness and diversity, particularly during winter, spring, and summer. 
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IntroductionIntroductionIntroductionIntroduction    
    
The species diversity and aboveground biomass of plant communities in grasslands are key indicators of 

the functioning and stability of these ecosystems, as the variety of species in plant communities directly 
influences the sustainability and maintenance of ecosystem services (Pennekamp et al., 2018). In this sense, 
grazing is one of the primary practices in grasslands, impacting production, structure, species diversity, and 
ecosystem stability (Liu et al., 2015). Furthermore, the diversity and composition of grasslands vary depending 
on nutrient availability and the intensity, frequency, and seasonality of grazing (Mavromihalis et al., 2013). 
Therefore, continuous grazing can reduce perennial plant cover, increase bare soil area, and facilitate 
opportunistic species invasion (Reeve et al., 2000). Therefore, studying changes in species diversity and biomass 
under different grazing regimes is essential for grassland restoration and sustainable management (Morris, 
2021). Since the intensity, duration, and seasonality of grazing can substantially modify plant composition, it 
not only alters the physicochemical properties of the soil but also indirectly influences microbial communities 
(Li et al., 2022). These changes are reflected in dynamics of grasslands. Positively, manipulating the duration 
and season of grazing can increase the abundance of native perennial species (Kahn et al., 2010). A disturbance 
caused by grazing can increase the specific diversity of plant communities and contribute to the relative stability 
of these ecosystems and sustainability (Zhang et al., 2020a). Likewise, the seasonal exclusion of livestock during 
specific periods is an essential tool for grassland management (Nie and Zollinger, 2012). Rest periods from 
grazing for weeks or months can promote the growth of perennial grasses (Chapman et al., 2003); however, the 
timing of such exclusion is crucial, given that spring represents the main growth and flowering period for many 
grassland species. Therefore, removing grazing during this period promotes persistence and stimulates the 
establishment of new species, such as various native forbs and grasses (Leonard and Kirkpatrick, 2004). 
However, overgrazing and poor management lead to rangeland degradation, with arid and semi-arid areas being 
more susceptible, jeopardizing their integrity and ecosystem services (Medeiros et al., 2020).  

In the context of northeastern Mexico, following the abandonment of farmland, the clandestine 
pinegrass (Amelichloa clandestina) has been observed to colonize the herbaceous stratum aggressively, thanks 
to its high production of cleistogamous and chasmogamous seeds (Juanes-Márquez et al., 2023). This species 
thrives in disturbed areas, scrublands, grasslands, and open pinyon pine forests, at altitudes ranging from 2,000 
to 2,100 m. It is distributed in Coahuila and Nuevo León and has been introduced into West Texas 
(Barkworth, 1982; Villaseñor, 2016). Its presence was first documented in Kimble County in the early 1950s, 
spreading into the San Saba River Valley in the 1960s (Russell and Landers, 2017). This species demonstrates 
high adaptation, growth, and rapid spread in the region's grasslands. Therefore, a deeper understanding of the 
impacts of grazing throughout the different seasons is needed to design management strategies that consider 
the essential phenological changes of the species present. Therefore, the objective of this study was to evaluate 
the seasonal effect of intensive non-selective grazing on the richness, diversity, and structure of a grassland 
dominated by Amelichloa clandestina. 

 
 
Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Study area location  
The study was conducted in a grassland dominated by A. clandestina in northeastern Mexico, located at 

the Experimental Ranch “Los Ángeles”. The area is located at coordinates 25°06'30" N and 100°59'18" W 
(Figure 1), at an altitude of 2,162 m. According to the Köppen classification, modified by García (2004), the 
climate is dry, characterized a precipitation-temperature ratio of 22.9 mm/16 °C, warm summers, and an 
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average temperature of 7 to 14 °C. The average annual rainfall is 350 mm, divided into May to October (87%) 
and November to April (13%) (Figure 2). 

 

Figure 1.Figure 1.Figure 1.Figure 1. Geographic location of the study area at Experimental Ranch “Los Ángeles”, Saltillo, Coahuila, 
Mexico. Prepared by the authors (Sait Juanes Márquez) 

    
    
    

Figure 2.Figure 2.Figure 2.Figure 2. Average daily maximum, average, minimum temperature, and accumulated precipitation from 
January 2023 to October 2024, climate conditions during the study period 
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Methodology 
The experiment was conducted in a 2.23 ha area divided into experimental units of 600 m2 (10 x 60 m). 

Two treatments were applied: grazed and ungrazed (control) plots, separated by electric fencing. The study was 
carried out from January 2023 to October 2024 under a seasonal rotation scheme (spring, summer, autumn, 
and winter). At the beginning of each season, intensive non-selective grazing was applied (Acocks, 1966) with 
a stocking rate of 333 livestock units (LU ha-1), adjusted according to forage availability (Aranda et al., 2023). 
Measurements were taken in October 2024, after 22 months of treatment, reflecting the cumulative effects of 
the four seasons. 

 
Variables evaluated 
During the rainy season, five 1 m2 quadrats (1 x 1 m) were established in each experimental unit, where 

the cover of the present species was measured, and the species present, cover, and height were identified 
(Arévalo et al., 2021). The recorded species were organized at the family, genus, and species levels according to 
the taxonomic nomenclature reported on the Missouri Botanical Garden's tropicos.org website (2024) to 
obtain botanical composition. Direct species subsequently estimated species richness counts in each census. 
From this, the Margalef richness index, Simpson index, Shannon-Wiener diversity index, and Evenness index 
were derived (Moreno, 2001). Likewise, their migratory and successional status was consulted on the 
CONABIO Mexican weeds website (2024). To assess floristic similarities between grazing seasons, the 
presence and absence of species were recorded in the four seasons. These data were used to construct a 
dendrogram. 
 

Data analysis 
The study was conducted under a randomized block design, with three replicates per treatment. 

Treatments consisted of the grazing practices carried out at the beginning of each season, as well as control area. 
The indices were determined using PAST software version 4.10 (Toto et al., 2023). The Sørensen-Dice 
similarity index was used to determine floristic similarity using MVSP statistical software version 3.22. A 
dendrogram was generated using the UPGMA (Unweighted Pair Group Method with Arithmetic Mean) 
clustering method. An analysis of variance (ANOVA) was performed to evaluate the effect of grazing in each 
season. The analysis was conducted using JMP 14 PRO statistical software, and means were compared using 
the Tukey test, with a significance level of α = 0.05. In addition to analysing vegetation distribution based on 
soil variables and evaluating changes in species composition, data were collected on the species with the highest 
cover values in the sample plots. These data were processed using multivariate ordination techniques, 
specifically Canonical Correspondence Analysis (CCA), with CANOCO version 5 software for Windows 
(Ter-Braak and Šmilauer, 2002). The environmental variables considered included soil ecological parameters 
such as moisture and compaction at 2.5, 5, and 7.5 cm depths. 

 
 
Results Results Results Results     
 
Plant composition 
Table 1 presents the species richness of the prominent families and genera. The families with the greatest 

species richness are Asteraceae, with 10 species (27% of the total flora), Poaceae with nine species (24%), 
Fabaceae with three species (8%), and Lamiaceae, also with three species (8%). The most species-rich genera 
are Bouteloua, Euphorbia, and Panicum, each with two species (5% of the total flora). Herbs are the life form 
with the most incredible richness, with 28 species (76%), while Cactaceae are represented by one species (3%). 
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In the study area, across all seasonal grazing sites, a total of 37 species grouped into 19 botanical families were 
recorded (Table 3). 

 
Table 1. Table 1. Table 1. Table 1. Most representative families and genera of the grassland flora are dominated by Mexican 
needlegrass (Amelichloa clandestina) in the study site in northeastern Mexico 

FamilyFamilyFamilyFamily    Genera (species)Genera (species)Genera (species)Genera (species)    GeneraGeneraGeneraGenera    SSSSpeciespeciespeciespecies    
Asteraceae 10 (10) Bouteloua 2 
Poaceae 7 (9) Euphorbia 2 
Fabaceae 3 (3) Panicum 2 
Lamiaceae 3 (3) Amaranthus 1 
Malvaceae 3 (3) Ambrosia 1 
Convolvulaceae 2 (2) Amelichloa 1 
Solanaceae 2 (2) Anoda 1 
Verbenaceae 2 (2) Argemone 1 
Chenopodiaceae 1 (1) Asphodelus 1 
Amaranthaceae 1 (1) Buddleja 1 
Asphodelaceae 1 (1) Chamaesaracha 1 
Brassicaceae 1 (1) Chenopodium 1 
Cactaceae 1 (1) Cirsium 1 

 
Figure 3 identifies two main groups based on the treatments applied to the Amelichloa clandestina 

grassland. The Sorensen similarity index showed significant differences between species across different seasons 
(p < 0.05). Intensive non-selective grazing notably impacted the species composition and the grouping of 
treatments in the Amelichloa clandestina grassland in other seasons. The first group includes control treatment 
and those corresponding to the autumn season. The second group comprises treatments during spring, 
summer, and winter. The low similarity in species composition separated these groups, differentiating them 
from the rest of the studied areas. 

 

Figure 3.Figure 3.Figure 3.Figure 3. Floristic similarity coefficient (Sorensen-Dice; UPGMA grouping method), between four 
seasons after intensive non-selective cattle grazing in an Amelichloa clandestina grassland in northeastern 
Mexico 
 
A similarity analysis identified several groups among the samples: General Group (67% similarity), 

including the four seasons and the control. Witness-Autumn Subgroup (72%): Formed by the witness and 
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autumn within the general group. Winter-spring-summer subgroup (78%): Composed of winter, spring, and 
summer. The highest Similarity Group (80%) comprises spring and summer, presenting the highest similarity. 
This grouping indicates that the spring and summer seasons share more similar characteristics.  

 
The diversity analysis revealed that the Asteraceae family was the most dominant in the plots, recording 

eight species during winter. This family was followed by the Poaceae family, which identified six species in 
winter, spring, and summer. The Malvaceae family showed its most excellent richness in spring, with three 
species recorded. The other families were represented by a single species in the floristic composition of each 
season (Figure 4). 

 
 

 
Figure 4.Figure 4.Figure 4.Figure 4. Number of species per botanical family after cattle grazing with a heavy stocking rate at the 
beginning of each season on an Amelichloa clandestina grassland in northeastern Mexico 

 
 

Species diversity 
Grazing had a significant effect on species diversity (p < 0.05). Winter, spring, and summer exhibited 

greater species richness with 30, 29, and 28 species, respectively, compared to autumn, which had 15 species 
(Table 2; Table 3). Likewise, according to the Margalef wealth index, winter, spring, and summer presented the 
highest indices with values of 4.2, 4.3, and 4.0, respectively, followed by autumn with 2.6. Considering the 
Shannon diversity index (H'), summer presented the highest index with 2.18, followed by winter and autumn 
with 2.02 and 1.90, respectively, while the lowest indices were observed in spring (1.88).  

However, with the Simpson diversity (1-D) and evenness (Evenness e^H/S) indices, no significant 
differences were found (p > 0.05), with average values of 0.80 and 0.32 for these indices. However, winter, 
spring, and summer grazing favoured greater plant species diversity and evenness than autumn and control.   
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Table 2.Table 2.Table 2.Table 2. Richness and diversity indices after grazing with a high stocking rate at the beginning of each 
season in an Amelichloa clandestina grassland in northeastern Mexico 

Season Indices Standard error P-value 
 Specific richness Taxa S 

1.63 <.0001* 

Winter 30 a 
Spring 29 a 
Summer 28 a 
Autumn 18 b 
Control 15 c 
 Individual 

33.9 <.0001* 

Winter 785 a 
Spring 623 d 
Summer 689 b 
Autumn 681 c 
Control 404 e 
 Margalef richness index 

0.233 <.0001* 

Winter 4.2 a 
Spring 4.3 a 
Summer 4.1 a 
Autumn 2.6 b 
Control 2.3 c 
 Shannon H diversity index 

0.037 0.0075* 

Winter 2.02 ab 
Spring 1.88 b 
Summer 2.18 a 
Autumn 1.90 ab 
Control 1.80 b 
 Simpson 1-D diversity index 

0.022 0.977 

Winter 0.80 a 
Spring 0.78 a 
Summer 0.82 a 
Autumn 0.82 a 
Control 0.79 a 
 e^H/S Evenness Index 

0.029 0.1468 

Winter 0.26 a 
Spring 0.22 a 
Summer 0.31 a 
Autumn 0.39 a 
Control 0.42 a 

Within column, means with different letters differ (α = 0.05) 
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Table Table Table Table 3333.... List and existence of species by season after intensive non-selective grazing in an Amelichloa 
clandestina grass in northeastern Mexico 

SpeciesSpeciesSpeciesSpecies    
SeasonsSeasonsSeasonsSeasons    FamilyFamilyFamilyFamily    

Life Life Life Life 
cyclecyclecyclecycle    

WiWiWiWi    SpSpSpSp    SuSuSuSu    AuAuAuAu    CCCC      
Amaranthus blitoides S. Watson ✓ ✓ ✓ ✓ ✓ Amaranthaceae Annual 

Ambrosia confertiflora D.C ✓   ✓  Asteraceae Perenne 

Amelichloa clandestina (Hack.) Arriaga & Barkworth ✓ ✓ ✓ ✓ ✓ Poaceae Perenne 

Anoda cristata (L.) Schlecht. ✓ ✓ ✓ ✓ ✓ Malvaceae Annual 

Argemone echinata G.B. Ownbey ✓ ✓ ✓ ✓  Papaveraceae Annual 

Asphodelus fistulosus L. - ✓ ✓ - - Asphodelaceae Perenne 

Bouteloua dactyloides (Nutt.) Columbus ✓ ✓  - - Poaceae Perenne 

Buddleja scordioides Kunth ✓ ✓ ✓ ✓ ✓ Scrophulariaceae Perenne 

Chenopodium album L. ✓ ✓ ✓ ✓ ✓ Chenopodiaceae Perenne 

Clematis drummondii Torr. & A. Gray ✓  ✓ - ✓ Ranunculaceae Perenne 

Convolvulus equitans Benth. - ✓  - - Convolvulaceae Perenne 

Cucurbita foetidissima Kunth ✓ ✓ ✓ - - Cucurbitáceas Perenne 

Disakisperma dubium (Kunth) P.M. Peterson & N. Snow ✓ ✓ ✓ ✓ ✓ Poaceae Perenne 

Dyssodia papposa (Vent.) Hitchc.  ✓ ✓ ✓ ✓ ✓ Asteraceae Annual 

Eragrostis mexicana (Hornem.) Link ✓ ✓ ✓ - ✓ Poaceae Annual 

Eruca vesicaria (L.) Cav ✓ ✓ ✓ - - Brassicaceae Annual 

Euphorbia exstipulata Engelm. ✓ ✓  - - Euphorbiaceae Annual 

Euphorbia serrula Engelm.  ✓ ✓ - - Euphorbiaceae Annual 

Gaura coccinea Pursh ✓  ✓ - - Onagraceae Perenne 

Glandularia bipinnatifida Nutt ✓ ✓  - - Verbenaceae Annual 

Grindelia oxylepis Greene ✓ ✓ ✓ ✓  Asteraceae Perenne 

Helianthus laciniatus A. Gris ✓ ✓ ✓ ✓ ✓ Asteraceae Perenne 

Hoffmannseggia glauca (Ortega) Eifert - ✓ ✓ ✓ - Fabaceae Perenne 

Hopia obtusa (Kunth) Zuloaga & Morrone ✓  ✓ - - Poaceae Perenne 

Marrubium vulgare L. ✓ ✓ ✓ - - Lamiaceae Perenne 

Muhlenbergia torreyi (Kunth) Hitchc. ex-Bush  -  ✓ - - Poaceae Perenne 

Opuntia rastrera F.A.C. Weber -  ✓ ✓ - Cactaceae Perenne 

Panicum hallii Vasey ✓ ✓ ✓ ✓ - Poaceae Perenne 

Parthenium incanum Kunth  ✓ ✓ ✓ ✓ ✓ Asteraceae Perenne 

Salvia reflexa Hornem ✓ ✓ ✓ ✓ ✓ Lamiaceae Annual 
Sanvitalia angustifolia Engelm. ex A. Gray) ✓ ✓ ✓ ✓ ✓ Asteraceae Annual 

Setaria leucopila (Scribn. & Merr.) K. Schum. - ✓ - - - Poaceae Perenne 

Sida abutifolia Mill. ✓ ✓ - - - Malvaceae Perenne 

Solanum elaeagnifolium Cav. ✓ ✓ ✓ - ✓ Solanaceae Perenne 
Solidago velutina DC.  ✓     Asteraceae Perenne 

Sphaeralcea angustifolia (Cav.) G. Don - ✓ ✓ ✓ ✓ Malvaceae Perenne 

Thelesperma simplicifolium (A. Gray) A. Gray ✓ - - - - Asteraceae Perenne 
Wi=Winter, Sp=Spring, Su=Summer, Au= Autumn, C=Control 
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The environmental variables in the model explained 80% of this variation. This response suggests that 
environmental variables are significantly associated with species distribution. CCA (Table 4) generated four 
axes representing environmental gradients. The first axis (eigenvalue: 0.137) explained 39% of the modelled 
variation, while the second axis (eigenvalue: 0.0853) raised the cumulative explained variation to 63.2%. 
Together, these axes explained more than 60% of the relationship between species and the environment. Axes 
3 and 4 contributed in a smaller proportion to the total variance. The canonical correlations between the axes 
and the environmental variables are high (1.0 and 0.96 for axes 1 and 2, respectively), indicating a strong 
association. These results support the interpretation of environmental gradients as key determinants of species 
distribution. 

 
Table Table Table Table 4444.... Canonical correspondence analysis 

StatisticStatisticStatisticStatistic    Axis 1Axis 1Axis 1Axis 1    Axis 2Axis 2Axis 2Axis 2    Axis 3Axis 3Axis 3Axis 3    Axis 4Axis 4Axis 4Axis 4    
Proper values  0.137 0.085 0.057 0.071 
Explanatory variation (cumulative) 39.0 63.2 79.6 100 
Pseudocanonical correlation 1.0 0.96 0.98 000 
Adjusted variation explained (cumulative) 48.96 79.43 100 - 

Permutation Test Results: pseudo-F=1.3, P=0.274 

 
Figure 5 shows species distribution along two principal axes and environmental variables such as 

humidity, soil compaction at different depths, and seasons. Muhlenbergia torreyi, Opuntia rastrera, Ambrosia 
confertiflora, Clematis drummondii, Helianthus laciniatus, and Amelichloa clandestina were grouped towards 
the axis of highest humidity, mainly in summer and autumn. Species such as Hopia obtusa, Gaura coccinea, 
Solidago velutina, Thelesperma simplicifolium, and Panicum hallii were associated with soil compaction (2.5, 5, 
and 7.5 cm), associated with winter. On the other hand, during spring. Setaria leucopila, Bouteloua dactyloides, 
Euphorbia serrula, Euphorbia exstipulata, Glandularia bipinnatifida, and Sida abutifolia stood out. The control 
showed the lowest presence of species, including Hoffmannseggia glauca, Asphodelus fistulosus, and Sphaeralcea 
angustifolia; therefore, it can be recognized that the distribution of the species is influenced by seasonal factors 
such as temperature, precipitation, and edaphic conditions. 

 

 
Figure 5.Figure 5.Figure 5.Figure 5. Canonical Correspondence Analysis of the species arrangement after cattle grazing at the 
beginning of the season in an Amelichloa clandestina grassland, concerning humidity soil compaction at 
different depths (2.5, 5, and 7.5 cm) 
The arrows indicate the direction of each variable's most significant contribution, while the species' location reflects 
their association with these conditions. 
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DiscussionDiscussionDiscussionDiscussion    
 
The recorded flora (Table 3) represents 1.2% of the flora reported for Coahuila (Villarreal-Quintanilla, 

2001). According to Rzedowski (1992), grasslands and shrublands host approximately 6,000 species, 
equivalent to 20% of Mexico's total flora; of these, 0.61% are found in the Amelichloa clandestina grassland, 
indicating low species richness. The species richness observed in the grassland is lower than that reported by 
Juanes-Márquez et al. (2024), who recorded 74 species in a study conducted in the same area. Arévalo et al., 
(2021) reported 70 species 

Previous studies in Argentine grasslands have shown that 10-year grazing exclusion changes floristic 
composition, diversity, and vegetation structure (Nai-Bregaglio et al., 2002). These findings demonstrate that 
the grazing season significantly influences the similarity and diversity coefficient of the plant community. In 
this study, two main groups were formed: (1) control and autumn, and (2) spring, summer, and winter. 
However, the similarity of autumn with the control in the first group could be related to more recent grazing, 
indicating a shorter time between this event and the evaluation. This suggests that grazing intensity and timing 
are key factors influencing plant community structure, independently or interacting with seasonal 
characteristics (Amezaga et al., 2004). The trend observed in the Sorensen similarity index showed a decrease 
in the number of shared species between the grazed plant community and the control (ungrazed area). This 
pattern reflects the influence of grazing on vegetation structure and diversity. Therefore, when managing 
grasslands, the potential effects of grazing on plant communities and their ecosystem functions must be 
considered, so that more effective management and grazing strategies can be designed (Chen et al., 2024). In 
arid grasslands, characterised by shallow soils, steep slopes, and extreme droughts, species composition is more 
stable (Meier et al., 2021). This stability, linked to water and nutrient scarcity, limits ecological succession, 
maintaining a relatively constant composition (Meier and Partzsch, 2018).  

In contrast, with greater moisture availability, semi-arid grasslands favour nutrient uptake and more 
extensive vegetation cover (Ellenberg and Leuschner, 2010). This promotes successional processes, including 
establishing new species and gradually transforming the plant community. The floristic composition in semi-
arid environments such as the Amelichloa clandestina grassland is more dynamic. These patterns are associated 
with seasonal conditions, grazing, and climate interaction (Petřík et al., 2011). 

In this regard, Rolnik and Olas (2021) mention that the Asteraceae family is known for dominating 
spaces thanks to its reproductive strategy, which confers competitive advantages. Similarly, the Poaceae family 
plays an essential role in grazing ecosystems, where their rapid regeneration after grazing contributes to their 
persistence (Proulx and Mazumder, 1998). The dominance of Asteraceae and Poaceae in specific seasonal 
periods (Proulx and Mazumder, 1998) can be explained by the impact of grazing on the floristic composition, 
which increases species diversity in nutrient-rich ecosystems, while in poor ecosystems, it can limit species 
regeneration. 

According to the study by Osem et al. (2002), species richness can increase under grazing conditions due 
to the increased availability of soil resources and the simultaneous reduction in competition resulting from 
eliminating larger, more palatable species. Conversely, in the absence of grazing, species richness decreases due 
to increased competition for light and the displacement of smaller, less competitive species (Huston, 1994). 
Meanwhile, Borer et al. (2014) demonstrate that the presence of grazing can limit excessive shading by 
controlling the growth of dominant species, thereby favouring the coexistence of smaller plants and reducing 
competition for canopy light. Therefore, the absence of herbivores increases competition for light and 
nutrients, which can lead to a decrease species richness. Similarly, the growth and composition of grassland 
plant communities have been reported to be strongly influenced by grazing intensity (Zhang et al., 2020b). 
These responses can also be explained by combining other factors, such as herbivore selectivity, species 
palatability, and vegetation diversity (Msadek et al., 2022). According to Bullock and Pakeman (1997), 
controlled intensive grazing increases the total number of plant species, especially favouring the presence of 
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herbs and grasses, while shrubs tend to proliferate in areas with lower grazing intensity. López et al. (2017) 
reported a positive effect of horse grazing on diversity in northern Spain, favouring the presence of several rare 
species of high conservation value (C. filipendulum, G. pneumonanthe, S. tinctoria, and S. humilis), which 
increased in abundance and frequency with grazing.  

Furthermore, plant species richness and diversity in Galicia increased in the Genista scorpius-dominated 
understory under grazing (Rigueiro-Rodríguez et al., 2012). Likewise, grazing generated significant changes in 
the plant community when intensive non-selective grazing was carried out, increasing the number of species 
(Table 3). This effect was evident in all seasons, possibly due to greater nutrient availability caused by a greater 
number of animal excreta due to a high grazing load (Zanella et al., 2021). During grazing, livestock feeding 
and trampling cause changes in the quantitative characteristics of grassland plant communities (Zhang et al., 
2020b). Increased soil nutrient content can alter the competitive balance and facilitate the presence of specific 
species (Klinerová and Dostál, 2020).  

Furthermore, livestock manure represents a significant vector of plant dispersal regarding the quantity 
of seeds and the number of species transported (Zanella et al., 2021). Species diversity is a fundamental 
indicator of grassland community structure and is closely related to ecosystem functioning (Bleicher et al., 
2020). Thus, grazing controls grassland plant communities' structural characteristics and species diversity 
(Milchunas and Lauenroth, 1993). Several studies indicate that species diversity can increase under an adequate 
grazing system (Hobbs and Huenneke, 1992), and several indicators of community structure also reach 
maximum values under these conditions (Milchunas et al., 1988). 

These results suggest that the species community is primarily organised around one or two dominant 
environmental gradients, reflected in the first axes of the CCA. This type of pattern is common in ecological 
studies, where key environmental factors (water, temperature, nutrients, or seasonality) determine species 
composition (Lolila et al., 2023). For example, in a study of tree communities in Europe, 36% of the variation 
in biomass fractions was attributed to species genetic diversity, while 64% was due to environmental variability 
(Veresoglou and Peñuelas, 2019). The association of species such as Muhlenbergia torreyi and Amelichloa 
clandestina with the wettest seasons (summer and autumn) is consistent with research highlighting that water 
availability is critical for species growth (Xu et al., 2015). As observed in winter-associated species, soil 
compaction and depth significantly influence species composition. Compaction increases mechanical strength, 
limits root penetration, and water availability, favouring stress-tolerant species (Rosenberg, 1964). The effects 
of compaction at different depths (2.5, 5, and 7.5 cm) indicate that soil physical conditions dictate water 
retention and nutrient flux, affecting species adaptation, especially during dry periods (Zhu and Lin, 2011). 
However, certain grasses thrive in compacted soils due to stronger root adaptations (Vanderburg et al., 2020). 
Species in the Poaceae family may have roots capable of penetrating dense layers and accessing water retained 
in deeper strata (Nippert and Knapp, 2007). Thus, the distribution of Poaceae in the diagram suggests that 
they find a competitive advantage under conditions of winter compaction where moisture can be maintained 
at greater depths. The control species show the lowest species diversity; research in poorly managed grasslands 
indicates that the absence of moderate disturbances (controlled grazing or prescribed burning) reduces 
biodiversity and favours the dominance of a few species (Chaturvedi et al., 2018). Environmental factors, such 
as variability in soil moisture and compaction, are crucial in species richness and community structure, as 
observed in arid and semi-arid ecosystems (Munhoz et al., 2008). 

 
 
ConclusionsConclusionsConclusionsConclusions    
 
Seasonal grazing in the A. clandestina grassland altered its structure, increasing species richness and 

diversity, particularly in winter, spring, and summer. This was associated with increased species richness and a 
reduction in the aerial cover and height of A. clandestina, which facilitated the establishment of other species. 
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Seasonal grazing management impacts grassland structure. A close relationship exists between the 
environmental variables (humidity and compaction) and species composition, indicating that the selected 
factors reflect important ecological patterns. Seasonal grazing with rest periods is recommended to reduce A. 
clandestina dominance, increase diversity, and ensure grassland sustainability through soil monitoring    
 
 

Authors’ ContributionsAuthors’ ContributionsAuthors’ ContributionsAuthors’ Contributions    
 
Conceptualization: SJ-M, PA-V; Data curation: SJ-M; Funding acquisition: PA-V; Investigation: PA-

V, MM-B, MC-Z, SJ-M; Methodology: PA-V, SJ-M, JAE-D; Project administration: PA-V; Supervision: PA-
V, MM-B, AP-S; Writing - original draft: SJ-M, PA-V; Review and editing: PA-V, SJ-M. 

All authors read and approved the final manuscript. 
 
 

AckAckAckAcknowledgementsnowledgementsnowledgementsnowledgements    
 
This work was supported by the “Programa de Apoyo a la Investigación Científica” by the Research 

Direction of the Universidad Autónoma Agraria Antonio Narro (UAAAN) for project 2201, which was 
awarded to Perpetuo Alvares Vazquez.  
 
 

Conflict of InterestsConflict of InterestsConflict of InterestsConflict of Interests    
The authors declare there are no conflicts of interest related to this article. 
 
 
ReferencesReferencesReferencesReferences    

 
Acocks JPH (1966). Non‐selective grazing as a means of veld reclamation. Proceedings of the Annual Congresses of the 

Grassland Society of Southern Africa 1(1):33-39. https://doi.org/10.1080/00725560.1966.9648517 
Amezaga I, Mendarte S, Albizu I, Besga G, Garbisu C, Onaindia M (2004). Grazing intensity, aspect, and slope effects on 

limestone grassland structure. Journal of Range Management 57(6):606-612. https://doi.org/10.2111/1551-
5028(2004)057[0606:GIAASE]2.0.CO;2 

Aranda MJ, Tognetti PM, Mochi LS, Mazía N (2023). Intensive rotational grazing in pastures reduces the early 
establishment of an invasive tree species. Biological Invasions 25(10):3137-3150. 
https://doi.org/10.1007/s10530-023-03096-2 

Arévalo JR, Encina-Domínguez JA, Juanes-Márquez S, Álvarez-Vázquez P, Nuñez-Colima JA, Mellado M (2021). 
Restoration of rangelands invaded by Amelichloa clandestina (Hack.) Arriaga & Barkworth after 12 years of 
agriculture abandonment (Coahuila, Mexico). Agriculture 11(9):886. 
https://doi.org/10.3390/agriculture11090886 

Barkworth ME (1982). Embryological characters and the taxonomy of the Stipeae (Gramineae). Taxon 31(2):233-243. 
https://doi.org/10.2307/1219986 

Bleicher SS, Kotler BP, Downs CJ, Brown JS (2020). Intercontinental test of constraint‐breaking adaptations: Testing 
behavioural plasticity in the face of a predator with novel hunting strategies. Journal of Animal Ecology 
89(8):1837-1850. https://doi.org/10.1111/1365-2656.13234 

Borer ET, Seabloom EW, Gruner DS, Harpole WS, Hillebrand H, Lind EM, … Yang LH (2014). Herbivores and 
nutrients control grassland plant diversity via light limitation. Nature 508(7497):517-520. 
https://doi.org/10.1038/nature13144 

Bullock JM, Pakeman RJ (1997). Grazing of lowland heath in England: management methods and their effects on 
healthland vegetation. Biological Conservation 79(1):1-13. https://doi.org/10.1016/S0006-3207(96)00117-6 



Juanes-Marquez S et al. (2025). Not Bot Horti Agrobo 53(3):14567 

 

13 
 

 

 

 

 

 

Chapman DF, McCaskill MR, Quigley PE, Thompson AN, Graham JF, Borg D, Clark SG (2003). Effects of grazing 
method and fertiliser inputs on the productivity and sustainability of phalaris-based pastures in Western 
Victoria. Australian Journal of Experimental Agriculture 43(8):785-798. https://doi.org/10.1071/EA02198 

Chaturvedi RK, Raghubanshi AS (2018). Effect of soil moisture on composition and diversity of trees in tropical dry 
forest. MOJ Ecology & Environmental Sciences 3(1):6-8.  https://doi.org/10.15406/mojes.2018.03.00059 

Chen W, Ye M, Pan X, Li M, Zeng G, Zhang X, Che J (2024). Relationships and changes in grassland community diversity 
and biomass in the pastoral areas of the Two Rivers under grazing disturbance. Agronomy 14(6):1336. 
https://doi.org/10.3390/agronomy14061336 

Ellenberg H, Leuschner C (2010). Vegetation Mitteleuropas mit den Alpen: in ökologischer, dynamischer und 
historischer Sicht [Vegetation of Central Europe including the Alps: from an ecological, dynamic and historical 
perspective] (6th ed). In Leuschner E, Derschke H (Eds). Ulmer, Stuttgart. https://d-nb.info/1007232765 

García E (2004). Modificaciones al sistema de clasificación climática de Köeppen [Modifications to the Köeppen climate 
classification system]. Instituto de Geografía-UNAM: Serie Libros (5th ed), México p 50.  

Hobbs RJ, Huenneke LF (1992). Disturbance, diversity, and invasion: implications for conservation. Conservation 
biology 6(3):324-337. https://doi.org/10.1046/j.1523-1739.1992.06030324.x 

Huston MA (1994). Biological diversity: the coexistence of species. Cambridge University Press, United Kingdom.  
Juanes-Márquez S, Encina-Domínguez JA, Álvarez-Vázquez P, Lara-Reimers EA, Camposeco-Montejo N, García-López 

JI (2023). Caracterización del banco de semilla de un zacatal en el sureste de Coahuila [Characterization of the 
seed bank of a grassland in the southeast of Coahuila]. Revista mexicana de ciencias agrícolas 14(1):97-107. 
https://doi.org/10.29312/remexca.v14i1.3386 

Juanes-Márquez S, Encina-Domínguez JA, Torres-Mora M, Mellado M, Álvarez-Vázquez P, Lara-Reimers EA (2024). 
Effect of cutting, burning, and herbicide application to Amelichloa clandestina (Hack.) Arriaga & Barkworth 
grassland on the structure and species diversity of this grassland ecosystem. Revista Bio Ciencias 11:e1459.  

Kahn LP, Earl JM, Nicholls M (2010). Herbage mass thresholds rather than plant phenology are a more useful cue for 
grazing management decisions in the mid-north region of South Australia. The Rangeland Journal 32(4):379-
388. https://doi.org/10.1071/RJ10003 

Klinerová T, Dostál P (2020). Nutrient‐demanding species face less negative competition and plant-soil feedback effects 
in a nutrient‐rich environment. New Phytologist 225(3):1343-1354. https://doi.org/10.1111/nph.16227 

Leonard SW, Kirkpatrick JB (2004). Effects of grazing management and environmental factors on native grassland and 
grassy woodland, Northern Midlands, Tasmania. Australian Journal of Botany 52(4):529-542. 
https://doi.org/10.1071/BT03106 

Li Y, Dong S, Gao Q, Fan C, Fayiah M, Ganjurjav H, Li S (2022). Grazing changed plant community composition and 
reduced stochasticity of soil microbial community assembly of alpine grasslands on the Qinghai-Tibetan Plateau. 
Frontiers in Plant Science 13:864085. https://doi.org/10.3389/fpls.2022.864085 

Liu N, Kan, HM, Yang GW, Zhang YJ (2015). Changes in plant, soil, and microbes in a typical steppe from simulated 
grazing: explaining potential change in soil C. Ecological Monographs 85(2):269-286. 
https://doi.org/10.1890/14-1368.1 

Lolila NJ, Shirima DD, Mauya EW (2023). Tree species composition along environmental and disturbance gradients in 
tropical sub-montane forests, Tanzania. Plos One 18(3):e0282528. 
https://doi.org/10.1371/journal.pone.0282528 

López CL, García RR, Ferreira LM, García U, Osoro K, Celaya R (2017). Impacts of horse grazing on botanical 
composition and diversity in different types of heathlands. The Rangeland Journal 39(4):375-385. 
https://doi.org/10.1071/RJ17079 

Mavromihalis JA, Dorrough J, Clark SG, Turner V, Moxham C (2013). Manipulating livestock grazing to enhance native 
plant diversity and cover in native grasslands. The Rangeland Journal 35(1):95-108. 
https://doi.org/10.1071/RJ12074 

Medeiros ADS, Maia SMF, Santos TCD, Gomes TCDA (2020). Losses and gains of soil organic carbon in grasslands in 
the Brazilian semi-arid region. Scientia Agricola 78(3):e20190076. https://doi.org/10.1590/1678-992X-2019-
0076 

Meier T, Hensen I, Partzsch M (2021). Floristic changes of xerothermic grasslands in Central Germany: A resurvey study 
based on quasi-permanent plots. Tuexenia 41:203-226. https://doi: 10.14471/2021.41.009 



Juanes-Marquez S et al. (2025). Not Bot Horti Agrobo 53(3):14567 

 

14 
 

 

 

 

 

 

Meier T, Partzsch M (2018). Federgras-Bestände in Mitteldeutschland. Teil I. Aktuelle Situation und 
Bestandsentwicklung [Feather grass populations in Central Germany. - Part I. Current situation and population 
development]. Hercynia-Ökologie und Umwelt in Mitteleuropa 51(2):113-154. https://public.bibliothek.uni-
halle.de/hercynia/article/view/1797  

Milchunas DG, Lauenroth WK (1993). Quantitative effects of grazing on vegetation and soils over a global range of 
envionments: Ecological Archives M063-001. Ecological monographs 63(4):327-366. 
https://doi.org/10.2307/2937150 

Milchunas DG, Sala OE, Lauenroth WK (1988). A generalized model of the effects of grazing by large herbivores on 
grassland community structure. The American Naturalist 132(1):87-106. https://doi.org/10.1086/284839 

Moreno CE (2001). Métodos Para Medir La Biodiversidad [Methods for measuring biodiversity]. Programa 
Iberoamericano de Ciencia y Tecnología para el Desarrollo, Oficina Regional de Ciencia y Tecnología para 
América Latina y el Caribe de UNESCO y Sociedad Entomológica Aragonesa. Serie Manuales y Tesis SEA. 
Zaragoza, Spain 86 p. 

Morris CD (2021). How Biodiversity-Friendly is regenerative grazing? Frontiers in Ecology and Evolution 9:816374. 
https://doi.org/10.3389/fevo.2021.816374 

Msadek J, Tlili A, Moumni M, Louhaichi M, Tarhouni M (2022). Impact of grazing regimes, landscape aspect, and 
elevation on plant life form types in managed arid montane rangelands. Rangeland Ecology & Management 
83:10-19. https://doi.org/10.1016/j.rama.2022.02.013 

Munhoz CBR, Felfili JM, Rodrigues C (2008). Species-environment relationship in the herb-subshrub layer of a moist 
Savanna site, Federal District, Brazil. Brazilian Journal of Biology 68:25-35. https://doi.org/10.1590/S1519-
69842008000100005 

Nai-bregaglio M, Pucheta E, Cabido M (2002). El efecto del pastoreo sobre la diversidad florística y estructural en 
pastizales de montaña del centro de Argentina [The effect of grazing on floristic and structural diversity in 
mountain grasslands of central Argentina]. Revista Chilena de Historia Natural 75(3):613-623. 
https://dx.doi.org/10.4067/S0716-078X2002000300012 

Nie ZN, Zollinger RP (2012). Impact of deferred grazing and fertilizer on plant population density, ground cover and soil 
moisture of native pastures in steep hill country of southern Australia. Grass and Forage Science 67(2):231-242. 
https://doi.org/10.1111/j.1365-2494.2011.00838.x 

Nippert JB, Knapp AK (2007). Linking water uptake with rooting patterns in grassland species. Oecologia 153:261-272. 
https://doi.org/10.1007/s00442-007-0745-8 

Osem Y, Perevolotsky A, Kigel J (2002). Grazing effect on diversity of annual plant communities in a semi‐arid rangeland: 
interactions with small‐scale spatial and temporal variation in primary productivity. Journal of Ecology 
90(6):936-946. https://doi.org/10.1046/j.1365-2745.2002.00730.x 

Pennekamp F, Pontarp M, Tabi A, Altermatt F, Alther R, Choffat Y, Petchey OL (2018). Biodiversity increases and 
decreases ecosystem stability. Nature 563(7729):109-112. https://doi.org/10.1038/s41586-018-0627-8 

Petřík P, Černý T, Boublik K (2011). Impact of hoofed game and weather on the vegetation of endangered dry grasslands 
in the Křivoklátsko Biosphere Reserve (Czech Republic). Tuexenia 31:283-299. 

Proulx M, Mazumder A (1998). Reversal of grazing impact on plant species richness in nutrient‐poor vs. nutrient‐rich 
ecosystems. Ecology 79(8):2581-2592. https://doi.org/10.1890/0012-
9658(1998)079[2581:ROGIOP]2.0.CO;2 

Reeve IJ, Kaine G, Lees JW, Barclay E (2000). Producer perceptions of pasture decline and grazing management. 
Australian Journal of Experimental Agriculture 40(2):331-341. https://doi.org/10.1071/EA98018 

Rigueiro-Rodríguez A, Mouhbi R, Santiago-Freijanes JJ, González-Hernández MDP, Mosquera-Losada MR (2012). 
Horse grazing systems: understory biomass and plant biodiversity of a Pinus radiata stand. Scientia agricola 
69:38-46. https://doi.org/10.1590/S0103-90162012000100006 

Rolnik A, Olas B (2021). The plants of the Asteraceae family as agents in the protection of human health. International 
journal of molecular sciences 22(6):3009. https://doi.org/10.3390/ijms22063009 

Rosenberg NJ (1964). Response of plants to the physical effects of soil compaction. Advances in Agronomy 16:181-196. 
https://doi.org/10.1016/S0065-2113(08)60024-3 

Russell ML, Landers JrRQ (2017). Mexican needlegrass. Texas A&M AgriLife Extension Service 1-4. ERM-038.pdf 



Juanes-Marquez S et al. (2025). Not Bot Horti Agrobo 53(3):14567 

 

15 
 

 

 

 

 

 

Rzedowski J (1992). Diversidad y orígenes de la flora fanerogámica de México [Diversity and origins of the phanerogamic 
flora of Mexico]. Acta Botánica Mexicana 14:3-21. https://www.redalyc.org/pdf/574/57401402.pdf 

Ter-Braak CJ, Smilauer P (2002). CANOCO reference manual and CanoDraw for Windows user's guide: software for 
canonical community ordination (version 4.5). Retrieved 2025 January 5 from https://www.canoco5.com/ 

Toto EJ, Montero SA, Zapata AMA, Hernández CIC (2023). Diversidad y estructura de la vegetación leñosa en cuatro 
bosques urbanos de la zona conurbada Xalapa-Banderilla, Veracruz, México [Diversity and structure of woody 
vegetation in four urban forests of the Xalapa-Banderilla metropolitan area, Veracruz, Mexico]. Acta Botánica 
Mexicana 130:30. https://doi.org/10.21829/abm130.2023.2214 

Vanderburg KL, Steffens TJ, Lust DG, Rhoades MB, Blaser BC, Peters K, Ham MJ (2020). Trampling and cover effects 
on soil compaction and seedling establishment in reseeded pasturelands over time. Rangeland Ecology & 
Management 73(3):452-461. https://doi.org/10.1016/j.rama.2020.01.001 

Veresoglou SD, Peñuelas J (2019). Variance in biomass‐allocation fractions is explained by distribution in European trees. 
New Phytologist 222(3):1352-1363. https://doi.org/10.1111/nph.15686 

Villarreal-Quintanilla JA (2001). Vegetación y flora de un ecotono entre las provincias del altilpano y de la planicie costera 
del noreste de México [Vegetation and flora of an ecotone between the provinces of the altilpano and the coastal 
plain of northeastern Mexico]. Acta Botanica Mexicana (55):39-67.  

Villaseñor JL (2016). Checklist of the native vascular plants of Mexico. Revista Mexicana de Biodiversidad 87(3):559-
902. https://doi.org/10.1016/j.rmb.2016.06.017 

Xu X, Zhang Q, Tan Z, Li Y, Wang X (2015). Effects of water-table depth and soil moisture on plant biomass, diversity, 
and distribution at a seasonally flooded wetland of Poyang Lake, China. Chinese Geographical Science 25:739-
756. https://doi.org/10.1007/s11769-015-0774-x 

Zanella PG, Junior LHPDG, Pinto CE, Baldissera TC, Werner SS, Garagorry FC, Sbrissia AF (2021). Grazing intensity 
drives plant diversity but does not affect forage production in a natural grassland dominated by the tussock-
forming grass Andropogon lateralis Nees. Scientific Reports 11(1):16744. https://doi.org/10.1038/s41598-021-
96208-8 

Zhang Y, Hou LL, Yan RR, Xin XP (2020b). Effects of grazing intensity on plant community characteristics and nutrient 
quality of herbage in a meadow steppe. Scientia Agricultura Sinica 53:2550-2561. 

Zhang YJ, Zhu JT, Shen RN, Wang L (2020a). Research progress on the effects of grazing on grassland ecosystem. Chinese 
Journal of Plant Ecology 44(5):553. https://doi.org/10.17521/cjpe.2019.0314 

Zhu Q, Lin H (2011). Influences of soil, terrain, and crop growth on soil moisture variation from transect to farm scales. 
Geoderma 163(1-2):45-54. https://doi.org/10.1016/j.geoderma.2011.03.015 

 
 
 
 

 

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are 
allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any 
other lawful purpose, without asking prior permission from the publisher or the author. 

 

License License License License ---- Articles published in Notulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici Cluj----NapocaNapocaNapocaNapoca are Open-Access, 
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License. 
© Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to 
hold the copyright/to retain publishing rights without restriction. 

 
Notes:Notes:Notes:Notes:    
 Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published 

in the journal.  
 Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 
 Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for 

the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors 
or persons to whom they are credited. Publication of research information does not constitute a recommendation or 
endorsement of products involved. 

 


