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Abstract: 

Good management of extensive cattle grazing can be used as a tool to prevent pasture 

degradation. Grazing systems make it possible to regulate the pressure exerted on the pasture 

and optimize production. Two grazing systems under similar ecological conditions were 

evaluated: rotational (RS) and continuous (CS). Both systems have been implemented for 

more than 20 years in two plots of land of Rancho San Rafael, Canatlán, Durango, Mexico. 

To determine their impact, the pasture responses in soil, vegetation, and cattle were analyzed. 

Data were analyzed under a completely randomized design with RStudio and Tukey (P<0.05) 

for forage production/height, plant cover, and soil minerals. Live weight gain was calculated 

and compared, stratified by weight ranges, in young stocker heifers (13-15 mo old) for both 
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grazing systems. Significant differences (P<0.05) were found for the rotational system, 

where there was a greater amount of available dry matter (DM), as well as increases in nitrate, 

sodium, calcium, potassium, and electrical conductivity of the soil. Both forage height and 

weight gain showed no differences (P>0.05); nevertheless, a significant advantage (P<0.05) 

was only found in weight gain for heifers ranging from 121 to 160 kg. The rotational system 

showed an advantage for forage production due to the periodic rest of the pasture, which 

allowed greater availability of biomass. Significant improvements (P<0.05) were identified 

for nitrate, sodium, and potassium levels in the soil, which are relevant indicators for pasture 

productivity. 
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Introduction 

 

 

Natural pastures occupy approximately 6.1 % of the national territory, while induced pastures 

occupy  6 % and are mainly  concentrated in the north of the country.  Nonetheless,  about 

39 % of these ecosystems show some degree of deterioration due to land-use change and 

overgrazing(1). In the state of Durango, with a total area of 123,451 km2 (6.3 % of the national 

territory), pastures cover about 40 % of the territory (49,272 km2)(2). According to 

SEMARNAT’s compilation of environmental statistics, Durango has almost seven million 

hectares of unparcelled ejido land, of which about one million is destined for extensive 

livestock farming, most of which is not adequately regulated(3,4). 

 

In extensive livestock farming systems, the primary production of natural pasture is the main 

input for livestock development. Proper management of grazing cattle can enhance pasture 

productivity and quality(5,6). To optimize rangeland production, it is crucial to maintain a 

balance between the resources available throughout the year, adjust the stocking rate 

according to the time of year, and ensure that the animals maintain adequate body 

condition(7). When implementing cattle grazing system, it is essential to consider the 

attributes of vegetation and cattle. Although implementation studies can be carried out at 

different times of the year, during the rainy months, it is advisable to evaluate the response 

of the pasture to grazing over several years. 
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The continuous grazing system (CS) allows cattle to have constant and unrestricted access to 

a specific area, facilitating forage selectivity. This system is simple to implement and requires 

less labor, in addition to entailing lower handling costs. However, its main disadvantage is 

the inefficient and irregular use of vegetation, which can lead to pasture degradation(8,9). On 

the other hand, the rotational grazing system (RS) divides the grazing area into paddocks or 

smaller plots, between which cattle are rotated at intervals defined by productivity and time 

of year. This approach allows pastures to recover while cattle feed in other areas. The RS 

offers advantages such as better control of stocking rate, greater regrowth, and diversity of 

vegetation; likewise, it also provides greater efficiency in the use of plant resources(10,11,12). 

In addition, the RS benefits from the experience of the cattle farmer, who can identify areas 

for improvement and adjust management according to the condition of the vegetation(13). The 

type of grazing system influences the properties of the soil and the floristic composition of 

the pasture. Soil characteristics usually determine the distribution and type of vegetation 

predominant in an area(14-17). This study aimed to analyze and compare the effect of 

continuous grazing (CS) and rotational grazing (RS), during the stocker phase, on vegetation, 

livestock, and soil variables, in a medium-size open pasture of a Livestock Production Unit 

located in the municipality of Canatlán in the State of Durango, in which, this management 

has been applied for at least 20 yr. 

 

 

Material and methods 

 

 

The study area belongs to a private ranch, with medium-sized open pasture, in the locality of 

Benjamín Aranda, Canatlán, Durango, Mexico. Semi-dry, temperate climate BS1kw(w)(18). 

Average annual temperatures range from 12 to 18 °C, with a minimum and maximum of -

3°C and 30 °C, respectively. Summer rainfall regime, with 550 mm of annual 

precipitation(19). The ranch consists of two plots of land where two grazing systems have been 

used for at least 20 yr: “La Huerta”, with an area of 200 ha, and “La Vía”, with 150 ha. In 

“La Huerta”, RS has been applied in 16 paddocks, with grazing time in each paddock lasting 

two to three days. Random sampling was used to evaluate vegetation and soil in both plots. 

On the other hand, continuous grazing (CS) has been used in “La Vía” since the last century. 

Stocker cattle grazed each plot for 7 mo (April to October); this included a 3-mo period 

during the dry season, followed by 4 mo during the rainy season; the above was done in order 

to gain weight under free grazing. Grazing animals included young crossbred heifers, with 

an average weight of 166 kg [for weaning weights, less than 0.5 animal units (AU) of 450 

kg]. In 2023, 110 heifers were used for each plot or grazing system (55 AU for “La Huerta” 

and “La Vía”). The stocking rates were 3.64 ha per AU for “La Huerta” and 2.72 ha for “La 

Vía”. 
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At the beginning of the experiment, the cattle were randomly assigned in groups of three 

(experimental unit) to seven replications for each of five groups (3 x 7 x 5 = 105; plus 5 

floating individuals); they were analyzed for the different weight ranges; the above became 

fixed (group) as the animals increased in weight. The first vegetation and soil sampling were 

carried out in April 2023 (dry season) and consisted of 35 points in each plot, which were 

randomly generated with ArcGIS Software. The depth of soil sampled was 30 cm, and the 

height of vegetation was measured from ground level. The variables evaluated in the 

vegetation included height of pasture plants (grasses), dry matter (g DM m2), and aerial 

vegetation cover (%). The variables evaluated in the soil included potential of hydrogen (pH), 

electrical conductivity, and the following in ppm: nitrates (NO3), sodium (Na), calcium (Ca), 

and potassium (K). Of the samples obtained, eight composite samples were formed at 

representative points of each plot. Ten grams of soil per screened sample were stirred with 

10 ml of distilled water for 10 min. For each solution, the elements mentioned above were 

analyzed with the HORIBA LAQUATWIN kit. Each sensor, and for each nutrient, was 

calibrated to improve the certainty of results. The second sampling was carried out at the 

same sampling points as in the dry season, in October 2023, considering the same variables, 

except for those of the soil, since they reflected a period of at least 20 yr of use under each 

RS and CS scheme. 

 

Samples to evaluate DM were taken in 1 m2. The grasses were cut at ground level and dried 

in the laboratory in a forced-air oven at 60 °C for 48 h to constant weight. The DM data were 

used to calculate the available DM per hectare. Regarding weight gain, it was obtained based 

on the weight of each group of heifers at the beginning, during, and at the end of the seven 

months of grazing, for both systems and established ranges; to this end, the cattle were 

separated into groups in order to compare the weight gain by weight strata for CS and RS. 

The data were analyzed under a completely randomized design with RStudio(20) and 

Tukey(21), also known as the honestly significant difference (HSD) test, which is used to 

compare means of treatments and, once the assumptions of normality are met, to determine 

statistical differences (P<0.05). 

 

 

Results 

 

 

In soil, nitrates represented the most abundant nutrient in both grazing systems (Figures 1 

and 2), reaching concentrations of 500 ppm in CS and 600 ppm in RS, which indicates 

nitrogen-rich soils, compared to other analyses, where the soil of a medium-sized open 

pasture did not exceed 30 ppm(22). In general, nitrogen is not a limiting element under high-

intensity, low-frequency RS (16:1 paddocks; rest/use, as implemented in this study)(22). The 

concentration of nutrients in the soil in RS and CS showed significant differences (P<0.05). 
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Although similar concentrations were observed in sodium and calcium levels, nitrates and 

potassium presented different behaviors. In particular, the highest levels of nitrates were 

recorded in “La Huerta” (RS). Regarding soil pH, values of 7.0 and 7.3 were obtained for 

each plot, indicating a neutral pH (Table 1). Statistical analysis using Tukey’s test revealed 

differences (P<0.05) in favor of RS for the nutrients evaluated, except for calcium. 

 

Figure 1: Soil nutrient concentration (parts per million; ppm). Continuous grazing plot “La 

Vía” 

 
 

Figure 2: Soil nutrient concentration (parts per million; ppm). Rotational grazing plot “La 

Huerta” 
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Forage production in April was significantly higher (P<0.05) in RS, with 182 g DM m2, 

compared to 75 g in CS. This difference was also reflected in the availability of forage during 

the dry season, being higher in RS (Table 2). After the grazing period and the rainy season, 

forage production decreased to 39 g DM m2 in RS and 27 g m2 in CS (P>0.05). These figures 

are attributed to the severe drought recorded in 2023, which significantly limited the 

production of DM. Despite these conditions, forage availability was higher in the dry season 

under RS. To evaluate the grazing intensity, the carrying capacity and grazing coefficient of 

each plot were determined (Table 2; Table 3). In both systems, the equivalent of one animal 

unit (450 kg) corresponded to 2.5 stocker animals, considering an average weight of 166 kg 

per heifer. With an estimated feed intake of 3 % of its body weight, each heifer requires 

approximately 4.98 kg of DM per day. Therefore, the total DM intake in each plot was 600 

kg per day. For 7 mo, this is equivalent to a supply of 126 t of available forage in both plots. 

 

Table 1: Values of variables for RS and CS in April 2023 and their significance 

Variable 
Means P-value 

Continuous Rotational 

Dry matter, g m2 75.53 b 182.36 a 9.499e-06*** 

Height of pasture plants, cm 16.37 18.77 0.3439NS 

Electrical conductivity in soil, mS/cm 69.47 b 183.81a 0.004177*** 

NO3 in soil, ppm 375.50 b 460.64 a 0.004212*** 

Na in soil, ppm 88.56 b 167.93 a 0.0003839*** 

Ca in soil, ppm 89.68 77.35 0.2909 NS 

K in soil, ppm 235.37 b 367.74 a 0.0002008*** 

pH in soil 7.27 a 7.04 b 0.0328** 
Significance: α= 0.05, α= 0.01; ** indicates 95 % confidence; *** indicates 99 % confidence, NS= not 

significant; mS/cm: microSiemens/centimeter, ppm= parts per million. 

 

 

Table 2: Carrying capacity and grazing coefficient in April and October 2023 

Sampling 

period in 

2023 

Grazing 

system 

DM 

production 

g m2 * 

DM 

production 

kg ha-1 ** 

Total DM 

production 

t *** 

Actual 

carrying 

capacity 

**** 

Grazing 

coefficient 

***** 

April 
Rotational 

(RS) 
185 g 1,850 kg 

370 t  

(200) ha 
74 AU year-1 2.7 ha AU-1 

April 
Continuous 

(CS) 
75 g 750 kg 

112 t  

(150) ha 
22 AU year-1 6.8 ha AU-1 

October 
Rotational 

(RS) 
39 g 390 kg 

 78 t  

   (200) ha 
15 AU year-1 13.3 ha AU-1 

October 
Continuous 

(CS) 
27 g 270 kg 

40.5 t  

(150) ha 
8 AU year-1 18.8 ha AU-1 

*DM g m2= dry matter in grams per square meter; ** DM kg ha-1= dry matter in kilograms per hectare; *** 

DM t ha-1= dry matter in tonnes per hectare; 

**** AU year-1= animal units per year; ***** ha UA-1= hectares per animal unit. 
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According to the analysis carried out in April, the CS can sustain up to 34 AU, considering a 

utilization of 100 % and daily consumption equivalent to 3 % of the DM of the animals’ body 

weight; the above is for the eight months that the stocker period lasts. Based on the DM 

production in April (Table 2), having 112 t DM available to the 8-mo grazing period that the 

stocker stage lasts, one AU would require consuming 3,240 kg of dry matter to sustain itself. 

These 34 AU, multiplied by the annual consumption of forage in the stocker period, translate 

into a total of 85 heifers (assuming 2.5 heifers per UA). Nevertheless, during the dry period, 

the CS supported a stocking rate of 110 stocker heifers, which represents a surplus of 25 

heifers over the estimated capacity. This imbalance indicates that the stocking rate in the CS 

was excessive during the dry season, compromising the sustainability of the pasture and the 

body condition of the cattle. 

 

Typically, there is more forage production during the rainy season; however, this was not the 

case due to the reduced rainfall in 2023 (Figure 3). The vegetation, adapted to aridity 

conditions, managed to provide the required DM through compensatory growth, provided by 

nocturnal atmospheric humidity (dew) and despite the grazing exercised(23). RS demonstrated 

the ability to sustain up to 114 AU, considering a 100 % utilization for 8 mo of grazing and 

a DM intake equivalent to 3 % of the animals’ live weight. Nonetheless, the scarce 

precipitation limited the normal development of forage in both plots, which resulted in an 

increase in the grazing coefficient. In RS, the coefficient showed a four-fold increase (has 

AU-1 yr-1; Table 2); in contrast, in the CS, the increase was almost three-fold. Forage 

production in RS decreased by 79 %, from 1,850 to 390 kg ha-1, between the two seasons 

evaluated. In CS, the reduction was 64 %, from 750 to 270 kg ha-1. At the end of the grazing 

period, the feed intake of the forage produced was 79 % in RS and 65 % in CS (Table 2). 

Based on this analysis, a remainder of 20 % of the annual growth was left, since the cattle 

did not exceed a feed intake of 80 % of the forage available in the plots. During the warmer 

grazing months, there was a rainfall of 360 mm, significantly lower than the historical 

average of 540 mm for the same period over the past 10 yr, representing a 35 % reduction 

(Figure 3). This low rainfall negatively affected forage production, particularly during the 

prolonged dry season. 
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Figure 3: Precipitation (mm) in Rancho San Rafael, Canatlán, Durango, Mexico, in the 

stocker period and for the year 2023 

 
 

During the dry season, differences (P<0.05) were observed between RS and CS in several 

variables, except for the height of pasture plants (P>0.05; Table 3). In contrast, in the rainy 

season, there were highly significant differences (P<0.01) for pasture plant height and pasture 

cover, with the highest values observed in RS. Regarding animal weight gain, the individuals 

managed in RS obtained an average gain of 89.6 kg (0.427 g d-1) during the stocker period; 

on the contrary, those in CS reached 90.4 kg (0.430 g d-1) (P>0.05; Table 4); nevertheless, a 

decrease in weight gain was detected as the weight of the animals increased (due to natural 

growth), which is attributed to higher nutritional needs in the advanced stages of the stocker 

phase. 

 

The weight ranges between 121 and 160 kg stood out as the most efficient in terms of gain 

during the 7 mo of the stocker phase, a period traditionally used at Rancho San Rafael. Weight 

gain was 66.3 kg ha-1 in CS, compared to 49.3 kg ha-1 in RS. Tukey’s test showed no 

significance (P>0.05) concerning average weight gain between both systems, and a similar 

performance was identified in the gain patterns by weight ranges (Table 4). 
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Table 3: Attributes of the vegetation under rotational (RS) and continuous (CS) grazing, 

October 2023 

Variable 
Means 

P-value 
Continuous Rotational 

Dry matter, g m-2   19.00 32.08 0.2172 

Height of pasture plants, cm  7.59 b 10.08 a 0.0009301*** 

Aerial vegetation cover, % 72.65 b 79.63 a 0.0068230*** 
** indicate 95 % confidence and *** indicate 99 % confidence. 

 

Table 4: Weight gain in kg, by strata from initial to final weight, in stocker heifers from RS 

and CS, for seven months 

Initial weight range (kg) Weight group 
Continuous Rotational 

Gain (kg) Gain (kg) 

100-120 1 113 75 

121-140 2 103.6 102.6 

141-160 3 97 104.9 

161-180 4 83.6 93 

181-200 5 82.6 68.8 

201-220 6 87.6 65.3 

221-240 7 74.6 54.5 

 Mean 90.4 89.6 

P-value  0.83 

 

RS showed differences (P<0.05) compared to CS (P<0.01), with 20 % more NO3 in soil. This 

higher concentration of nitrates in RS translated into higher primary productivity, especially 

when combined with adequate rainfall during the summer. These results are comparable to 

those reported under holistic and continuous management in natural pastures(23). The 

efficiency in the use of NO3 in the soil showed a direct response to the type of grazing 

management implemented, favoring RS, especially when regulated stocking rates were 

applied(24). This advantage aligns with previous studies, where the availability of NO3 in CS 

tends to be lower due to a more extended period or greater pressure of grazing during the 

study periods(14,25); however, although the increase in nitrates may be beneficial for 

vegetation cover, it may also represent a disadvantage. Areas with high availability of NO3 

in the soil are more susceptible to invasion of unwanted species(26); therefore, it is 

recommended to analyze the flora present in each grazing system. Hence, it is essential to 

analyze the flora present and monitor its changes. The difference in floristic composition lies 

in the selectivity of cattle in RS and CS, as well as in the number of paddocks and behavior 

of cattle when grazing(27). 
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Discussion 

 

 

The length of grazing by area is shorter in RS; given the above, nutrients in the soil are 

affected by the duration of grazing at the site: the higher the grazing intensity, the lower the 

availability of total nitrogen, total phosphorus, and total organic carbon; on the other hand, 

pH did not show a direct relationship with the type of grazing(23). In this case, as only 80 % 

of the forage production was used, even in an abnormal year of drought, the levels of NO3 

were adequate in the soil. As a result of greater resilience of vegetation and soil nutrients, 

due to historical grazing management, DM production was significantly higher (P<0.05) for 

RS in the drought period. This was not observed in the comparative analysis of RS and CS 

in the rainy season (P>0.05), due to the intensity of the drought and the lack of regrowth 

during 2023. Abnormally low rainfall, as was the case in this year of study, caused the natural 

recovery of the pasture to be slow, a response confirmed by the second DM analysis 

performed at the end of the study period (Table 2). CS presented lower forage production, 

but this DM production did not show a significant difference (P=0.2172). With a normal 

average rainfall level, higher forage production (DM) and pasture recovery would have been 

observed in both plots, although with a significant advantage to RS due to the resting period 

of the pasture(28,29). 

 

The stocking rate used for the year 2023, both in the CS and RS plots, would exceed the 

forage production capacity available for 2024 and, therefore, would be limiting to re-enter 

the same number of animals from 2023, for the stocker period in 2024, which is shown as a 

disadvantage in abnormal years of low rainfall, as 2023. In this regard, the drought 

compromised the plant’s regrowth response to the onslaught of grazing. Jakoby et al(30) 

mention that adjusting the stocking rate to the grazing capacity should be sufficient to 

guarantee the regeneration of the pasture, which suggests that the appropriate grazing system 

is one that respects the forage production capacity of the pasture(30). This contrasts with other 

authors who point to continuous grazing as the leading cause of degradation, since it 

promotes selectivity and irregular patches by generating pressure on certain landscapes, 

communities, and species(31). Selectivity provides cattle with the best forage quality, making 

the weight gain greater in CS, and also causes irregular patches with highly variable and 

differential regrowth for primary productivity. Dry forage needs for cattle are consistent 

throughout the year; nevertheless, productivity fluctuations are limited to the periods of 

abundance/scarcity of growing conditions (rainy/dry; summer:winter), factors that determine 

the response of vegetation in pasture under grazing. 

 

A comparative study conducted in Canada between these two grazing systems considered 32 

ranches with similar conditions; the information was based on the total area grazed, the 

number and size of the sub-paddocks, the beginning and end of each grazing season, as well 
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as the grazing period within these paddocks in the pasture growing season. The number of 

cattle grazing was used to determine the carrying capacity of each ranch. The ranches were 

considered to be randomized complete blocks. The rest period for pastures in rotational 

ranches was two months on average, whereas in continuous grazing ranches, it was minimal 

or almost non-existent(9). In this case, the rest period of the rotational pasture ranged between 

30 and 40 d in each paddock, plus the winter period (4 mo); in contrast, in CS, the rest period 

for the pasture only corresponded to the 4 mo of the winter period. The height of the pasture 

was higher for the rotational system (P<0.05). According to an analysis in 40 ranches under 

continuous and rotational grazing in Uruguay, the difference in pasture height was 3.7 cm on 

average in favor of the rotational grazing system(32); in this study, the difference was 2.4 cm 

in the dry season and 2.49 cm in the rainy season, greater for RS. 

 

Weight gain has been described as less efficient in RS. Studies show a 12 to 14 % reduction 

in annual weight gain in cattle. Nonetheless, given the low stocking rate in both systems, this 

drawback can be controlled(33). In this experiment, a non-significant difference (P>0.05) was 

observed in the percentage of gain in live weight in RS compared to CS, probably due to the 

control of the stocking rate in rotational grazing, where there is no high selectivity among 

cattle for forage resources or over-/under-grazed areas in the paddock. It has been justified 

that there is an advantage in live weight gain in animals under continuous grazing and that it 

is lower under a rotational system. However, other studies in tropical areas, in monoculture 

pastures and better forage production conditions, suggest a greater gain in rational rotational 

grazing, described as a 14-paddock cattle rotation system. In this case, there were 16 

paddocks under rotation with grazing times according to the producer’s criterion of choosing 

the best paddock at the time for grazing(28). A higher efficiency in live weight gain per hectare 

has been reported for the rotational system, which outperformed the continuous system; in 

this case, the live weight gain in RS and CS did not show significant differences(34). The 

climatic or precipitation effect is not the same in all plots, so its influence is direct in terms 

of obtaining protein in grazing animals(35). Nevertheless, applying a system that adapts to the 

observation and use of the best paddock allows, in rainy weather, to choose the pasture with 

the highest grass growth, which, by nature, will give a higher DM and quality of forage in 

the grass available for cattle. 

 

One of the necessary factors to evaluate in pastures is access to and distance to water sources, 

which is influenced by factors such as storage infrastructure, type of cattle, and annual 

rainfall, which could cover around 70 % of the amount of water extracted annually in cattle 

wells(35). In this case, in the two plots, there was water availability all year round, allowing 

the heifers to be adequately supplied, so it was not considered a stress factor for the cattle. 

On the other hand, concerning aerial soil cover, RS presented 10 % greater cover compared 

to that observed in CS, indicating potential soil losses due to erosion (water or wind) when 

grazed under a CS. This cover was lower in CS compared to RS and under the vegetation 

conditions studied (P<0.05), this responds, indirectly, to a greater capacity to take advantage 
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of moisture and reduce sediment loss in rotational systems, given the (theoretical) reduction 

in the kinetic energy of water runoff and the effect of exposure to the sun and wind; this is as 

shown by research that considers variables such as aerial biomass and soil depth(36). The 

effects on the evaluated parameters are associated with increases in the capacity to capture 

moisture, which translates into greater production of vegetative material, which in turn results 

in greater soil sustainability in the pastures(37) and is reflected in the productivity and 

ecological functionality of the pasture. 

 

 

Conclusions and implications 
 

 

Grazing management in San Rafael, with more than 20 yr of application, showed better 

results in pasture condition in the rotational system (RS) compared to the continuous system 

(CS). Implementing a grazing control strategy that allows the pasture to rest during its growth 

period (as in RS) resulted in a better condition of the pastoral ecosystem. Despite the benefits 

observed in RS, the total weight gain of stocker cattle throughout the grazing season did not 

show significant differences (P>0.05) between the two systems. However, when analyzing 

specific stages of the stocker phase, it was observed that the continuous movement of cattle 

in RS, under the evaluated scheme, was not sufficient to induce significant increases in 

weight gain. These results highlight the importance of adjusting grazing schemes to 

maximize pasture and cattle productivity, especially under conditions of climatic variability. 

The better condition of pasture fertility in RS implies a better productive response capacity 

of the latter when there are years of abundant rainfall. It is recommended to continue 

evaluating and optimizing RS management over several years to document and, where 

appropriate, fully exploit its advantages and ensure the sustainability of the tangible and non-

tangible benefits of the pasture. 

 

Literature cited: 

1. CONABIO. Comisión Nacional para el Conocimiento y Uso de la Biodiversidad. (n.d.). 

Pastizales. Recuperado de Biodiversidad Mexicana. www.biodevirsidad.gob.mx 

Consultado 17 Mar, 2025. 

2. CONABIO. Comisión Nacional de Biodiversidad. La Biodiversidad en Durango: Estudio 

de Estado. México. 2021. https://www.biodiversidad.gob.mx/region/EEB/estudios/ee 

_durango . Consultado 12 Jul, 2024. 

 

 

https://www.biodiversidad.gob.mx/region/EEB/estudios/ee%20_durango
https://www.biodiversidad.gob.mx/region/EEB/estudios/ee%20_durango


Rev Mex Cienc Pecu 2025;16(3):698-713 

 

710 

3. SEMARNAT. DGIRA. “Secretaría de Medio Ambiente y Recursos Naturales”. “Dirección 

General de Impacto y Riesgo Ambiental”. Manifestación de Impacto Ambiental en su 

modalidad regional: Camino: Benjamin Aranda (San Rafael)- Veintidós de mayo- El 

Carmen, del km 0+000 al km 10+000, en el municipio de Canatlán y Durango, en el 

estado de Durango. México. 2020. 

https://apps1.semarnat.gob.mx:8443/dgiraDocs/documentos/ 

dgo/estudios/2022/10DU2022V0010.pdf. Consultado 13 Jul, 2024. 

4. SAGARPA. Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentación. 

Programa de concurrencia con las entidades federativas. México. 2020. 

https://www.agricultura.gob.mx/sites/default/files/sagarpa/document/2020/03/19/1885/

19032020-dgo-2014-pcef.pdf. Consultado 13 Jul, 2024. 

5. Teague R, Kreuter U. Managing grazing to restore soil health, ecosystem function, and 

ecosystem services. Front Sust Food Syst  2020;4:534187. 

doi:10.3389/fsufs.2020.534187. 

6. Barton E, Bennett DE, Burnidge W. Holistic perspectives-understanding rancher 

experiences with holistic resource management to bridge the gap between rancher and 

researcher perspectives. Rangelands 2020;42(5):143-150. doi: 

https://doi.org/10.1016/j.rala.2020.05.003. 

7. Teague R, Provenza F, Kreuter U, Steffens T, Barnes M. Multi-paddock grazing on 

rangelands: Why the perceptual dichotomy between research results and rancher 

experience?. J Environ Management 2013;128:699–717. 

doi:10.1016/j.jenvman.2013.05.064. 

8. Hodgson J. Grazing management: Science into practice. Harlow, UK: Longman Scientific 

& Technical; 1990. 

9. Bork EW, Döbert TF, Grenke JSJ, Carlyle CN, Cahill JF, Boyce MS. Comparative pasture 

management on Canadian cattle ranches with and without adaptive multipaddock 

grazing. Rangeland Ecol Management 2021;78:5–14. doi:10.1016/j.rama.2021.04.010. 

10. Sollenberger LE, Moore JE, Staples CR. Rotational grazing systems. In Forages: The 

science of grassland agriculture. 6th ed. Blackwell Publishing, Ames, IA. 2006;381-405.  

11. Matthew W, Jordon J, Paul-Christian B, Gillian P. Rotational grazing and multispecies 

herbal leys increase productivity in temperate pastoral systems – A meta-analysis, 

agriculture. Ecosystems  Environment 2022;337:108075. 

doi:https://doi.org/10.1016/j.agee.2022.108075. 

https://apps1.semarnat.gob.mx:8443/dgiraDocs/documentos/%20dgo/estudios/2022/10DU2022V0010.pdf
https://apps1.semarnat.gob.mx:8443/dgiraDocs/documentos/%20dgo/estudios/2022/10DU2022V0010.pdf
https://www.agricultura.gob.mx/sites/default/files/sagarpa/document/2020/03/19/1885/19032020-dgo-2014-pcef.pdf
https://www.agricultura.gob.mx/sites/default/files/sagarpa/document/2020/03/19/1885/19032020-dgo-2014-pcef.pdf


Rev Mex Cienc Pecu 2025;16(3):698-713 

 

711 

12. Roche JR, Berry DP, Bryant AM, Burke CR, Butler ST, Dillon PG, Macmillan KL. A 

100-year review: A century of change in temperate grazing dairy systems. J Dairy Sci 

2017;100(12):10189-10233. 

13. Derner JD, Augustine DJ, Briske DD, Wilmer H, Porensky LM, Fernández-Giménez ME, 

Ritten JP. Can collaborative adaptive management improve cattle production in 

multipaddock grazing systems?. Rangeland Ecol Management 2021;75:1-8. 

14. Ferguson BG, Diemont W, Alfaro-Arguello R, Martin JF, Nahed-Toral J, Álvarez-Solís 

D, Pinto-Ruíz R. Sustainability of holistic and conventional cattle ranching in the 

seasonally dry tropics of Chiapas, Mexico. Agric Systems 2013;120:38–48. 

doi:10.1016/j.agsy.2013.05.005. 

15. Segura C, Cardenas L, McDowell R, Morgan S, Blackwell MS. Effects on soil of 

grassland management for pasture, hay and silage. In: Goss MJ, et al., editors. 

Encyclopedia of soils in the environment. 2nd ed. Amsterdam, Netherlands: Elsevier; 

2023:102-113. 

16. Archer SR, Andersen EM, Predick KI, Schwinning S, Steidl RJ, Woods SR. Woody plant 

encroachment: Causes and consequences. Springer Series on Environmental 

Management 2017;25–84. doi:10.1007/978-3-319-46709-2_2. 

17. Haq SM, Tariq A, Li Q, Yaqoob U, Majeed M, Hassan M, Aslam M. Influence of edaphic 

properties in determining forest community patterns of the zabarwan mountain range in 

the Kashmir Himalayas. Forests 2022;13(8):1214. 

18. SEMARNAT. Secretaria de Medio Ambiente y Recursos Naturales. Manifestación de 

Impacto Ambiental Benjamín Aranda. México. 2024. 

apps1.semarnat.gob.mx:8443/dgiraDocs/documentos/dgo/estudios/2022/10DU2022V0

010.pdf. Consultado 19 Jul, 2024. 

19. SMN. Servicio Meteorológico Nacional. Coordinación General del Servicio 

Meteorológico Nacional. Normales Climatológicas 1991-220. Estación Canatlán. 

México. 2020. 

https://smn.conagua.gob.mx/tools/RESOURCES/Normales_Climatologicas/Normales

9120/dgo/nor9120_10090.TXT. Consultado 20 Jul, 2024. 

20.  Equipo Rstudio. RStudio: Desarrollo integrado para R. RStudio, PBC, Boston. 2020. 

http://www.rstudio.com/ . Consultado 20 Jul, 2024. 

21. Keselman HJ, Joanne C. The Tukey multiple comparison test: 1953–1976. Psychological 

Bulletin 1977;84(5):1050. 

https://apps1.semarnat.gob.mx:8443/dgiraDocs/documentos/dgo/estudios/2022/10DU2022V0010.pdf
https://apps1.semarnat.gob.mx:8443/dgiraDocs/documentos/dgo/estudios/2022/10DU2022V0010.pdf
https://smn.conagua.gob.mx/tools/RESOURCES/Normales_Climatologicas/Normales9120/dgo/nor9120_10090.TXT
https://smn.conagua.gob.mx/tools/RESOURCES/Normales_Climatologicas/Normales9120/dgo/nor9120_10090.TXT


Rev Mex Cienc Pecu 2025;16(3):698-713 

 

712 

22. Chen L, Wang K, Baoyin T. Effects of grazing and mowing on vertical distribution of soil 

nutrients and their stoichiometry (C: N: P) in a semi-arid grassland of North China. 

Catena 2021;206:105507. 

23. Kurtz D, Rey Montoya S, Ybarra D, Grancic C, Sanabria C. Impacto del pastoreo en 

propiedades físico-químicas de un Psammacuent en pastizales del nordeste argentino. 

Rev Argentina Prod Anim 2020;40(2):1-13. 

24. Xu S, Jagadamma S, Rowntree J. Response of grazing land soil health to management 

strategies: a summary review. Sustainability 2018;10(12):4769. 

25. Liu C, Li W, Xu J, Wei W, Xue P, Yan H. Response of soil nutrients and stoichiometry to 

grazing management in alpine grassland on the Qinghai-Tibet Plateau. Soil Tillage Res 

2021;206:104822. doi:10.1016/j.still.2020.104822. 

26. Akin-Fajiye M, Schmidt AC, Fraser LH. Soil nutrients and variation in biomass rather 

than native species richness influence introduced plant richness in a semi-arid grassland. 

Basic Appl Ecol 2021;53:62–73. doi:10.1016/j.baae.2021.03.002. 

27. Fritzler LD, Steffens TJ, Rhoades MB, Lust DG. Grazing patterns, diet quality, and 

performance of cow-calf pairs using continuous or rotational grazing in the Texas 

panhandle USA. J Arid Environ 2023;211:104-925. 

28. Molina JEÁ, Franco LFL. Evaluación de dos sistemas de pastoreo (rotacional y continuo) 

sobre variables técnicas, productivas y económicas en novillos cebú comercial en el 

trópico bajo. Rev Politécnica 2011;7(12):119-135. 

29. Castro-Carmona M. Evaluación productiva de los sistemas de pastoreo rotacional y 

continuo en una finca manejada bajo el sistema de producción bovinos ceba en el 

municipio de San Onofre (Sucre). Colombia, Sucre: Universidad de Sucre; 2008. 

30. Jakoby O, Quaas MF, Baumgärtner S, Frank K. Adapting livestock management to 

spatio-temporal heterogeneity in semi-arid rangelands. J Environ Management 

2015;162:179–189. doi:10.1016/j.jenvman.2015.07.047. 

31. Olvera-Vital A, Rebón-Gallardo MF, Navarro-Sigüenza AG. Diversidad de aves y 

recambio taxonómico en los diferentes hábitats del municipio de Misantla, Veracruz, 

México: una comparación de especies a través del tiempo. Rev Mex Biodiversidad 

2020;91. 

32. Pírez F, Aldabe J. Comparison of the bird community in livestock farms with continuous 

and rotational grazing in eastern Uruguay. Ornithology Res 2023;31(1):41-50. 

 



Rev Mex Cienc Pecu 2025;16(3):698-713 

 

713 

33. Augustine DJ, Derner JD, Fernández-Giménez ME, Porensky LM, Wilmer H, Briske DD. 

Adaptive, multipaddock rotational grazing management: a ranch-scale assessment of 

effects on vegetation and livestock performance in semiarid rangeland. Rangeland 

Ecology Management 2020;73(6):796-810. doi:10.1016/j.rama.2020.07.005. 

34. Feria AL, Valdés G, Martín PC, González ME. Evaluación de tres métodos de pastoreo 

para la ceba bovina. Rev Cubana Cienc Agr 2002;36(3):225-230. 

35. Rochford LM, Bulovic N, Ordens CM, McIntyre N. What makes them pump? Factors 

influencing groundwater extraction for cattle grazing in a semi-arid region. Agr Water 

Management 2023;279:108158. 

36. McGinty WA, Smeins FE, Merrill LB. Influence of soil, vegetation, and grazing 

management on infiltration rate and sediment production of Edwards Plateau rangeland. 

Rangeland Ecol Management/J Range Management Archiv 1979;32(1):33-37. 

37. Cháirez FGE, Pérez AS, Valenzuela RB. Influencia del sistema de pastoreo con pequeños 

rumiantes en un agostadero del semiárido zacatecano: II. Cambios en el suelo. Rev Mex 

Cienc Pecu 2007;45(2):177-194. 

 

 

 


