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ABSTRACT

Objective: To evaluate the impact of 22-year rotational grazing on the soil cover change of a grassland in the
northern-central region of Mexico.

Design/Methodology/Approach: In 2000, two transects were established in a grassland to measure soil
and vegetation properties. The transects were established at the same time than the rotational grazing.
Subsequently, additional information corresponding to 2002, 2003, 2004, 2005, and 2022 was registered. Each
variable was subjected to an analysis of variance to identify the effect of rotational grazing.

Results: Rotational grazing increased the plant base, leaf litter cover, and soil cover, while it reduced bare soil
and mature crust.

Study Limitations/Implications: Only few ranchers use rotational grazing in this region; consequently, no
more ranches were included in this study.

Findings/Conclusions: Rotational grazing was fundamental to improve soil cover in the grassland. The
increase of the plant base of perennial plants was associated with a precipitation increase.

Keywords: Plant base, leaf litter, soil cover.

INTRODUCTION

Native plants from grasslands mainly consist of grasses, grass-like plants, weed, and
shrubs. Grasslands provide different ecosystem services and benefits to humans, including
forage for cattle (Goodwin et al., 2023).

Natural grasslands cover 4.9% (9,578,430 ha) of the Mexican territory (SEMARNAT,
2019) and are mainly located in its northern-central region. The cow-calf production
system predominates in this area. This system consists of a continuous grazing, where
animals have constant and unrestricted access to grasslands during a given period or the

whole year. This system can make excessive use of certain areas and can potentially lead to

overgrazing (Teague et al., 2011).
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In large paddocks, cattle graze selectively and tend to use preferred areas, consequently,
increasing the animal load in those areas. When this type of grazing pattern is repeated
year after year, a progressive deterioration of grassland takes place. This situation worsens
during drought periods (Teague et al., 2011; Wang et al., 2020). Worldwide, grasslands have
suffered a notorious degradation and desertification, as a consequence of the inappropriate
use by humans (Teague and Dowhower, 2022).

In Mexico, deteriorated grasslands cover 3,794,283 ha, accounting for 39.61% of the
natural grasslands (CONABIO, 2021). This situation leads to an increase of bare soils,
erosion, and runoffs. In addition, it reduces infiltration, forage capacity, and ecosystem
resilience (Teague et al., 2013; Wang et al., 2020).

Rotational grazing is an alternative to continuous grazing (Lawrence ¢t al., 2019, Wang
et al., 2022). This system consists of using fences to divide grasslands into several paddocks.
Afterwards, cattle are moved between paddocks on a scheduled basis (Sandhage-Hofmann,
2023). The aim is to follow short grazing periods which involve a large animal load with
long break periods in which plants and soil can rest and recover (Lawrence et al., 2019).

Rotational grazing efficiently improves the use of resources from grasslands and
prevents the deterioration caused by overgrazing (Xiaoyan et al., 2019). In some
countries, the benefits of rotational grazing in commercial cattle ranches have been clear
for many years (Teague et al., 2008). In the United States of America, particularly in
California and Wyoming states, two thirds of the surveyed cattle-raisers used rotational
grazing and reported more ecological, economic, and social benefits than cattle-
raisers that used continuous grazing (Roche et al., 2015). Likewise, cattle-raisers from
the northern-central region of Texas that used eight or more paddocks reported more
ecological improvements in their grasslands than cattle-raisers that used continuous
grazing (Becker et al., 2017). However, some studies suggested that, unlike continuous
grazing, rotational grazing —which uses multiple paddocks— does not improve
vegetation and animal production (Briske et al., 2008; Chowdhury et al., 2020). The
debate on the superiority of rotational grazing over continuous grazing is still on. The
champions of both systems agree that carrying out comprehensive research is required
to optimize management decisions regarding grazing (Harmel ez al., 2021). In addition,
Rouquette et al. (2023) pointed out that grazing systems must be considered as “a work
in progress”. Consequently, this research focused on the evaluation of the impact of 22-
year rotational grazing on the soil cover change of a grassland in the northern-central

region of Mexico.

MATERIALS AND METHODS
Study Area

The research was conducted in La Copa Ranch, located in the municipality of
Sombrerete, Zacatecas, México (23° 39° 09” N and 103° 27 49” W, 23° 39’ 36” N and
103° 26> 59”7 W, 23° 40’ 15” N and 103° 27° 23 W, and 23° 39’ 42” N and 103° 28’
18” W, and 2,261 m.a.s.l.). The ranch has an irregular topography, with small plains and
low hills. The ranch has shallow limestone soils, with a sandy texture. The region has a

medium dry climate, with summer rains (BS kw), a mean annual precipitation of 462.9
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mm, and a mean annual temperature of 15.2 °C (CGNA, 2023; Garcia, 1981). This natural
grassland mainly consists of foraging species (Poaceae) of the genera Bouteloua and Aristida.
In addition, the presence of huizache (Acacia farnesiana) increased in the area, during the

22 years that lasted the research.

Grazing and Cattle Management

La Copa Ranch has 406 ha (390 ha for grasslands and 16 ha for agriculture). Its
grasslands were used for continuous grazing for many years. Rotational grazing started
in 2000, with an Angus herd. The ranch had a grazing area of 11 paddocks and each
paddock had an average of 35 ha. Cattle grazed for four days in each paddock during the
fast-growing season of grass, followed by a 40-45-day break period. Meanwhile, during the
low-growing season, cattle grazed 6-8 days, followed by a 60-80-day break period. The
herd grazed in the grassland all year long. All the calves and some heifers were sold during
weaning, when they were seven months-old. In addition, cull cows were commercialized to
adjust the animal load to the forage production of each year, which changed depending on
precipitation. The animal load of the ranch was flexible, recording 47, 51, 53, 69, 65, and
55 animals units during 2000, 2002, 2003, 2004, 2005, and 2022, respectively. During the
dry season, feed was complemented with oat (Avena sativa L.) forage produced at the ranch.

Sampling Procedure

Two monitoring transects were strategically distributed in the grassland. Monitoring
sites were selected at random for each transect. The properties of several plant and soil
were measured at each site. These properties included different percentages, including
bare soil, leaf litter area, rock covered areas, perennial plant base, and soil cover area. In
addition, on the bare soil area, the percentages of mature, immature, recent, and broken
crust were recorded. The first measurement was conducted in 2000, the same year that
rotational grazing started in the ranch. Subsequently, measurements were carried out in
2002, 2003, 2004, 2005, and 2022. In the Results section, these periods are mentioned as
year zero (0), two (2), three (3), four (4), five (5), and twenty-two (22) of rotational grazing,
respectively. In 2000, 2002, and 2004, 66 monitoring points were randomly selected for
both transects, while in 2003, 2005, and 2022, 100 monitoring points were selected per
transect. Monitoring was performed at the beginning of the autumn of all the years, using
the Early Warning Biological Monitoring-Rangelands and Grasslands method (ASCHM,
1999).

Precipitation

Precipitation values were analyzed to determine the annual surplus or deficit regarding
the annual mean (462.9 mm) of the last 49 years of observation. The precipitation data
were obtained from El Arenal weather station, managed by the Comisién Nacional del
Agua (CGNA, 2023). The weather station is located at 200 m from the northern border of
the study area.

Rotational grazing in the ranch started in 2000. During the first two years (2000-2001)

of the implementation of rotational grazing, annual precipitation was lower than the mean.
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However, between 2002 and 2010, annual precipitation was higher than the mean. From

2011 to 2022 —except for 2015 and 2018—, annual precipitation was lower than the mean
(Figure 1).

Statistical Analysis

The response variables of the rotational grazing included the percentages of bare
soll area, leaf litter area, rock covered area, perennial plant base, and soil cover area. In
addition, the percentages of mature, immature, recent, and broken crust were determined.
Each variable was subjected to an analysis of variance, taking into account the year as
source of variation. The statistical analysis was conducted with the Minitab® 16 software,
using the General Linear Model procedure. The Tukey’s range test (¢=0.05) was used to

compare means, when significant effects were identified in any variable.

RESULTS AND DISCUSSION

Significant differences (p<0.01) were recorded in the rotational grazing (RG)
implemented in La Copa Ranch (LCR), including bare soil area, leaf litter area, perennial
plant base, soil cover area, mature crust area, immature crust area, recent crust area, and
broken crust area (Figures 2 and 3). Rock covered area did not record significant differences
(Figure 3).

When the RG started, bare soil covered 87.9% of the LCR area. Four years later,
that percentage decreased by 25 percentage points. This percentage recorded minimal
differences from year 4 (62.9%) to year 22 (66%) (Figure 2). The reduction of bare soil
area is the result of the increase of plant base area and leaf litter area during the study.
The decrease of bare soil in the LCR was significant; however, the extension of bare soil
remained significant. Teague et al. (2011, 2022) reported similar results. They pointed out
that the RG implementation led to a bare soil area reduction.
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Figure 1. Annual mean precipitation (mm) in the study area during the 2000-2022 period (CNA, 2023). The
orange horizontal line (annual mean precipitation: 462.9 mm) is the climatological normal of the last 49 years.
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Figure 2. Percentages of bare soil area, leaf litter area, rock covered area, and perennial plant base area in the
LCR grassland, during 22 years of rotational grazing. Means with different letters are significantly different,
based on Tukey’s test (p<0.01). The bars represent the mean * 1 standard error.
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Figure 3. Soil cover area, mature crust, immature crust, recent crust, and broken crust percentages on the
grassland of La Copa Ranch, after 22 years of rotational grazing. Means with different letters are significantly
different, based on the Tukey’s test (p<0.01). The bars represent the means * 1 standard error.

The objective is to reduce the bare soil area. Bare soils increase the risk of erosion, as
a consequence of the lack of coverage that softens the impact of rain drops (Teague et al.,
2011). This situation can lead to the formation of superficial crusts, which negatively affect
infiltration rate and speed up the loss of organic matter (Smith et al., 2012). In addition, the
increase or loss of temperature can negatively impact infiltration and evaporation rates,
nutrient retention, and biological functions essential for the correct functioning of the
ecosystems (Teague et al., 2011).
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During this study, the area covered by leaf litter showed a growing trend. Five years
after the RG started, the leaf litter cover had increased by 12.9%, changing from 7.6% to
20.5%. This percentage did not change until year 22 of the RG, recording only a slight
reduction of 0.5% (Figure 2). Teague et al. (2011) recorded similar results, identifying the
positive effect of rotational grazing on the increase of leaf litter area.

The impact of RG on the increase of leaf litter area is the result of the short grazing
periods and the slight to moderate defoliation of the plants during the fast-growing season.
This situation allows plants to remain in their best vegetative conditions, favoring a higher
production level (Teague et al., 2011). Consequently, the forage available surpasses the
demand, resulting in a higher forage accumulation (Teague et al., 2011). Meanwhile,
during the low-growing season, cattle consume the accumulated forage and stamp on part
of the leaves that will become leaf litter.

Leaf litter is fundamental for the grassland ecosystems. High leaf litter levels improve
soil moisture retention and enhance and stabilize plant production (Deutsch et al., 2010).
Doébert et al. (2021) pointed out that rotational grazing helps leaf litter to improve the
ecological processes of the grasslands, as it increases water infiltration by facilitating a
more efficient incorporation of leaf litter into the soil surface, resulting in a better soil
structure and a higher organic matter content.

The rock covered area of the grasslands was small (=3%) and did not significantly
change during the research (Figure 2). This area is a physical indicator that is hardly
influenced by the management of the grassland or rainfall patterns.

At the beginning of the RG, only a small part (3%) of RLC was covered in plant base.
After four years, it significantly increased, reaching a maximum of 21.2%. However, during
year 3, the cover decreased by 6.2 percentage points and, after 22 years of RG, it decreased
again by 3 percentage points (Figure 2).

During the first two years of RG, precipitation was lower than the annual mean
(Figure 1). Along with the final impact of continuous grazing, it resulted in a small
plant base area; however, the area covered by plants increased 21.2% during year four
of RG. This situation suggests that both RG and the higher precipitation favored this
increase.

Although precipitation during both periods was lower than the mean, the plant base
area was notably greater after 22 years of RG than during the first two years. The plant
base area reported in year 22 was the result of a long period of moisture deficit (2016-2022).
Opverall, precipitation recorded lower values than the annual mean, except for 2018 (Figure
1 and 2). These results match the findings of Teague ¢t al. (2011, 2022), who reported that
RG increased plant base.

An increase in the covered areas of foraging plants efficiently reduces soil erosion
and improves rainfall infiltration (Teague and Kreuter, 2020). In addition, cover protects
the soil from the impact of raindrops and influences plant production (Smith et al.,
2012). Areas covered with vegetation and leaf litter reduce temperature and decrease
evaporation, improving growing conditions for plants and adding organic matter to the
soil (Teague et al., 2011).
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The soil cover area showed a growing trend during the study period (Figure 3). At the
beginning of the experiment, the soil cover area in the grassland was small (12.1%); after
four years, a significant increase took place and, during year five, the highest percentage
(37.5%) of soil cover area was recorded. However, during year 22 of RG, a 3.5 percentage
points reduction was observed (Figure 3).

The increase of soil cover area could be the result of the increase of leaf litter and of
the plant base area. These results are similar to those reported by Sanjari et al. (2009),
who recorded an increase in soil cover with RG. These authors pointed out that this
improvement in soil cover was the result of the effect of the long break periods of the RG,
which provided a recovery and sprout opportunity during the humid seasons. In addition,
McDonald ez al. (2024, 2018) reported that the soil cover area increased after the adoption
of rotational grazing. Furthermore, McDonald et al. (2024) recorded a higher soil cover
area (57.9%) in plots where the annual mean precipitation was similar to the study area.
These results could indicate that the soil cover area in the research can potentially increase.
For their part, Leys e al. (2023) mentioned that soil cover areas reduce wind erosion.

Meanwhile, the physical crusts of the soil showed an irregular trend (Figure 3). At the
beginning of the RG system, the soil of the grassland had 19.7% mature crust. However,
four years later, it was smaller (7.6%). Nevertheless, a significant increase was recorded
on year 22. The 12.1 percentage points reduction recorded during the first four years of
RG are important, because mature crusts reduce the efficiency of hydrological cycles and
mineral content in grasslands (Savory, 2005).

Rotational grazing includes small grazing periods with large densities of cattle, causing
the herd effect that can break physical crusts and facilitate the integration of dead plant
material into the soil (Savory, 2005). The immature crust area did not record significant
changes during the first five years of RG (Figure 3). The smallest percentage (5.0%) was
recorded on year 22 of RG.

The recent and broken crust area recorded higher percentages during the first years
of RG. The maximum percentage was 48.5% and was recorded during year 3 (Figure 3).
From that moment on, a significant decrease was reported, until a 15.5% crust cover was
recorded on year 22 of RG (Figure 3).

The irregular trend recorded in the bare soil area condition —particularly regarding
the presence of mature crust— matched the results reported by Débert et al. (2023), who
pointed out that stamping has a short-lived effect on soil crust.

Overall, the results of this research indicate a positive effect of rotational grazing on the
soil of the grassland. Significant changes (p<0.01) were recorded regarding the bare soil
area, plant base area, and soil cover variables from year 4 of RG; meanwhile, significant
changes were reported for leaf litter in year 5.

The improved performance of the plant soil cover could be due to precipitation level
that surpassed the annual mean. These results match the findings of Bartley ez al. (2023),
who pointed out that rotational grazing can improve vegetation, soil, and land condition,
although it takes about 3-5 years or even longer to observe statistically significant
improvements, particularly in degraded areas.
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CONCLUSIONS

Rotational grazing proved to be an important management practice to change the soil
in the grassland of the study area. Rotational grazing increased covered by the plant base
area, leaf litter area, and soil cover. At the same time, it decreased bare soil and mature
crust. The positive changes in the soil cover area of the grassland were clear after 3-5
years of the implementation of rotational grazing. Subsequently, they kept improving. The

increase of the perennial plant base area was associated with precipitation levels.
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