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ABSTRACT

Objective: Was to evaluate the roller chopping implementation in five sites (rangelands) from July 2013 in
order to increase the production of dry matter (DM) and the basal coverage (BC) development of grasslands
with microphilic scrub in the Pefién Blanco, Durango.

Design/methodology/approach: The BC was measured at five points of each rangeland with treatment (5)
and at the control (1) using the Canfield method. Random forage sampling was conducted during October to
estimate the DM production and the animal carrying capacity (4CC) for each rangeland. The DM production
was analyzed with a completely random block design with 30 replications.

Results: The BC of the grasslands at the sites with the use of the roller chopping ranged between 23.9
and 26.6%, while in the control it was 3.6%. A significant increase (P<0.01) of the DM produced in the
rangelands treated (787.7 to 876.8 kg ha_l) compared to the control (120 kg ha_l). The treated sites reached
values in the ACC between 35 and 39 AU ha™ ", except for the control who obtained only 5 AU ha™ L
Limitations on study/implications: The limitations will be reflected depending on the specific
conditions of the site where the study is replicated, since the results are largely linked to factors such as
climate and soil.

Findings/conclusions: The implementation of the roller chopping favored the rehabilitation of the grasslands
to increase their forage productivity and, therefore, the cattle feeding in its extensive modality that takes place
in the region’s rangelands.

Keywords: Animal carrying capacity, basal coverage, rangeland coefficient, animal unit.
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INTRODUCTION

Arid and semi-arid zones are primarily composed of rangeland, characterized by
scrubland and grasslands that are crucial for feeding cattle (Bos taurus) raised under
extensive grazing systems. These zones account for 94.7% of the nation’s scrubland and
50.2% of its grasslands (SIAP, 2014), equivalent to approximately 854,000 km? of natural
grasslands used for raising various livestock species (Ramirez-Lopez and Coronado-
Minjarez, 2017).

However, extensive areas of native grasslands within the arid and semi-arid regions of
northern Mexico are below their productive potential due to poor management, overgrazing,
and drought, resulting in little or no grassland recovery (Gonzalez-Palma and Moreno-
Valenzuela, 2001). Therefore, it is estimated that 65% of the native grasslands in central
and northern Mexico are experiencing problems due to erosion and the disappearance
of forage species important to livestock farming (Gauthier et al., 2003). Furthermore,
grasslands exhibit the lowest levels of environmental protection compared to other natural
ecosystems worldwide, compounded by the general degradation of biodiversity due to
land-use change (Sarukhan et al., 2015; SEMARNAT, 2016). Grassland degradation leads
to a loss of natural soil fertility, resulting in decreased livestock productivity and significant
economic losses (Padilla ez al., 2009).

Mexican livestock farming is one of the main productive activities generating food
considered a source of animal protein for human consumption (Guevara, 2001). While
grazing on natural grasslands by diverse livestock is generally for income generation,
the population’s consumption of milk and meat depends to a greater or lesser extent on
this activity (Contreras-Hinojosa et al., 2003; Bautista-Martinez et al., 2017). In Mexico,
between 2018 and 2019, annual per capita consumption of beef was 15.1 kg, and carcass
meat production reached 2.028 million tons (t) (SIAP, 2020a). In Durango, approximately
105,194 t of beef carcass meat and 1.24 billion liters (L) of milk were produced during 2019
(SIAP, 2020b).

The state of Durango has an area of 12.3 million hectares (ha), and vegetation covers
66.1% of the state’s surface area, distributed as follows: forest (31.5%), semi-desert xerophytic
scrubland (19.7%), grasslands (11.3%), and the remaining 3.6% corresponds to lowland
rainforest (INEGI, 2012a). Although approximately 2.8 million ha of natural grassland,
rangelands, and scrubland are recorded (INEGI, 2012b), this area shows alarming
deterioration, mainly caused by raising a greater number of animals than the rangeland
can sustain (Flores-Gallardo ez al., 2013). However, to mitigate the effects of rangeland
degradation in Durango, rchabilitation strategies have been implemented, including
rotational grazing of the animal unit (AU) considering the animal carrying capacity (ACC)
and the rangeland coefficient (RC), as well as the use of mechanical equipment to improve
soil structure, complemented by pasture reseeding (Flores-Gallardo et al., 2013).

To increase the forage capacity available to cattle raised under extensive grazing in
rangelands, the roller chopping has been primarily used to ensure the establishment and
development of grasses and herbaceous plants (Rivera-Sanez et al., 2017). It has been
demonstrated that a well-managed rangeland can be maintained without the need for

mechanical control and restoration measures. However, degraded rangelands, which show
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low forage production, must be restored through the investment of economic and natural
resources to accelerate regeneration processes (Flores-Gallardo et al., 2013).

However, the use of various roller chopping models has been studied in primary
sectors, such as forestry and livestock, with viable results obtained for weed control (Miller,
1980; Schindler and Fulbright, 2003; Medina-Guillén et al.,, 2015; Medina-Guillén et
al., 2017a), grass establishment with reseeding (Blanco ¢t al., 2005; Gonzélez-Palma and
Moreno-Valenzuela, 2001; Velazquez-Martinez et al., 2015) and their subsequent use due
to the acceptable fuel consumption generated by their implementation with respect to the
benefits in soil structure (Rubio-Granados, 2009; Medina-Guillén ez al., 2017b). Due to the
aforementioned benefits, simulations of the aerator roller have also been conducted using
different models to refine its implementation in terms of mechanics (Yi-yuan ¢t al., 2018;
Borotov, 2020; Yam-Tzec ¢t al., 2021).

The objective of this research was to evaluate the implementation of the roller chopping in
rangeland areas to increase dry matter (DM ) production and basal cover (BC) development
in grasslands with microphyllous scrub, comparing the results with an untreated (control)
site of the same characteristics to determine the ACC and AU in the region of influence of

the municipality of Pefién Blanco, Durango, Mexico.

MATERIALS AND METHODS
Description and location of the study area

The research was carried out in five sites (rangelands) worked with the implementation
of the roller chopping and a control without treatment (natural rangeland) in the
municipality of Pefién Blanco (Table 1), located in the state of Durango, Mexico and which
is characterized by having an area of the semi-desert.

The predominant vegetation in the study area is microphyllous scrubland, and it
has a temperate semi-arid climate (BS1 kw), with a summer rainfall regime, significant
temperature variation, and an average annual temperature of 18 °C (Garcia, 1987).
During the evaluation period, accumulated rainfall (Pp) was recorded throughout the
year to compare data fluctuations with previous years using the National Network of
Automated Agrometeorological Stations (RENEAA), operated by the National Laboratory
for Modeling and Remote Sensing (LNMySR) of INIFAP (https://clima.inifap.gob.mx/

Inmysr), located in Pabellén de Arteaga, Aguascalientes, Mexico.

Table 1. Geographical coordinates of the sites evaluated with the implementation of the
roller chopin and the control (natural grazing land without treatment).

Site NL wL" Altitude (m) | Area (ha)
1 24° 54’ 00.68” —104° 09’ 37.90” 1,626 20
2 24° 52°25.21” —104° 09’ 23.71” 1,675 50
3 24°51°10.34” —104° 10° 32.95” 1,743 64
4 24° 507 45.54” —104° 09’ 21.45 1,744 30
5 24° 53’ 57.33” —104° 10’ 00.12” 1,634 36
Control® 24° 51 16.88” —104° 09’ 34.54” 1,714 44

T North latitude, T West longitude, S Control.
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In this area, the aim was to promote the establishment of different endemic grass species
through the implementation of an roller chopping during July 2013, before the start of the
rainy season. These areas were designated as exclusion zones, preventing livestock from
entering. Therefore, the treatment consisted of a single pass with a two-cylinder, tandem-
type roller chopping (2.44 X 0.76 m), powered by a 120-horsepower (hp) tractor (bulldozer),
on soils with a slope of less than 5%.

Measurement and Recording of Variables in the Field

Base coverage (BC) was sampled at the sites treated with the aerator roller and the
control plot. BC was defined as the amount of soil covered by the vertical projection of
the grass plants (Sarmiento, 2000). BC sampling was performed at five points in each site,
arranged in a rectangular pattern, with one point in the center. This procedure was carried
out at each of the five sites treated with the aerator roller and at the control plot. The linear
method, also known as the Canfield line or transect method, was used with the aid of a
measuring tape (Canfield, 1941). A 30 m transect was used, and the intercepted grass cover
was measured with a graduated ruler. In each transect, the BC was counted in cm and then
the total figure intercepted by the grasses was calculated, by adding the values obtained in
cach line and subsequently, the percentage of the BC attributed to the grasses present in
each area of the rangeland was obtained.

To evaluate the BC of the pastures, a plant height greater than 10 cm was considered
and it was calculated with Equation 1:

(S umof the coverage of each species) X100
Transect lenght (m)

BC(%)= ()

The dry matter (DM) content (kg ha™ 1) of the pastures produced at the evaluation sites
was measured after the end of the heavy rainy season (October 2013). The procedure
used to measure the DM content of the pastures involved using a 25X25 c¢cm quadrat
(Figure 1) for random sampling. Thirty samples were taken at each of the six sites to

1/16

25 cm
<>

- >
25 cm

Figure 1. Quadrant used to take forage samples in the field.
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determine the DM content of the pastures. The quadrat was thrown randomly, and an
attempt was made to cover as much of the tilled area as possible. At each point where the
quadrat landed, the pasture was cut flush with the ground using scissors.

The plant samples obtained were placed in perforated paper bags, which were
previously labeled with indelible ink to identify each sample according to the site.
Subsequently, the samples were dried in a pressure drying oven (1600 Hafo Series, Shel
Lab), set at 60 °C for 48 h, until a constant weight was recorded. After drying, they were
weighed on a digital scale with a precision of 0.01 g.

To calculate DM production, the yield per square meter (mQ) was multiplied by
a constant of 16, and then calculations were performed to infer DM production in
kg ha~'. According to Esqueda-Coronado et al. (2011), to properly calculate the
recommended CCA4, the use of a factor with a value of 60% (0.6) of the forage produced
by the rangeland was considered, in order to protect the future growth and development
of the pasture.

Statistical analysis

The coefficient of variation (CV) was calculated using Equation 2 and the standard
deviation (0) using Equation 3, the above was for the purpose of knowing the variability of
the data obtained in the field.

cv= @)

o= 3 (%) 3

Where x is the average and x; is each recorded data point. Therefore, the data obtained
were further analyzed to determine their variation using the statistical package SAS®
version 9.4 (SAS Institute Inc., 2013), performing an analysis of variance (ANOVA) in a
completely randomized block design, and the comparison of means was performed using
Tukey’s test (P<0.05).

RESULTS AND DISCUSSION

The BCincreased considerably due to the use of the roller chopping in the rangelands,
with values ranging from 23.9% to 26.6% recorded in the treated sites; while in the
control area, which did not receive the aerator roller, a value of 3.6% was recorded
(Table 2). The results obtained in this study were lower than those reported in other
research conducted in the same area of influence, where an average value of 29.7%
was reported in the areas treated with the aerator roller and 16% in the untreated sites
(Cisneros et al., 2009). This difference was due to the greater degree of deterioration
of the pasture rehabilitated in 2013, which started from a low BC value (3.6% in 2013
compared to 16% in 2009).
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Table 2. Physical and chemical properties of the soil.

Site BC (%) DM (kgha™!) ACC (AU ha™)
1 24.9 820.8 a 37
9 26.6 876.8 a 39
3 25.2 830.4 a 37
4 23.9 787.7 a 35
5 25.7 847.5a 38
Control' 3.6 120.0 b 5
Average 21.7 713.9 31.8
o 19.1
CV (%) 63.8

A significant increase (P<0.01) in dry forage production was observed in the areas
treated with the aerator roller (Table 2). It is worth noting that all treated sites showed
statistically similar forage production, ranging from 787.7 to 876.8 kg ha ' In contrast,
the control area registered a significantly lower yield of 120.0 kg ha™ . According to
Cervantes-Anastacio et al. (2009), the Bobwhite quail (Colinus virginianus L.) prefers the
aerator-treated sites, opting for native vegetation seeds over sorghum (Sorghum bicolor)
supplementation.

According to Villa-Herrera ¢t al. (2014), the lack of information on the estimation
of the ACC, which is considered a critical parameter in livestock management, limits
efforts associated with establishing results-based government livestock support programs
(spectfically regarding the adjustment of the ACC), since the only reference for animal
carrying (AC) at the national level is that developed by the Technical Advisory Commission
for the Determination of Range Coefficients (COTECOCA, 1967), whose studies are
outdated because most of them date back to the 1960s and 1970s. However, there is a
record on AC for the state of Durango (COTECOCA, 1982) where a minimum of 4.50,
a maximum of 41.44, and a weighted average of 15.70 (AU ha_l) are recommended.
Therefore, it is imperative to update this information to ensure sustainable livestock
management, something that was attempted in the state of Chihuahua with an action plan
for the conservation and sustainable use of grasslands (PACP-Ch, 2011).

The results show that the use of the roller chopping had a high impact on the forage
productivity of the grasslands in the sites studied in Penién Blanco, Durango, because the
DM values for each sample of forage were highly comparable to those of the control site,
which did not receive treatment with the roller chopping (Figure 2).

Despite this being the first and only year of study, it is important to mention that the
accumulated rainfall (Pp) during the evaluation year of 2013 (502.6 mm) favored the growth
of plant species (Figure 3), as it was higher than the historical average (437.7 mm) for the
area, and especially higher than the records for 2011 and 2012. A highly variable response
was also recorded among the observations made for forage production, which resulted in
a high ANOVA coefficient (63.8%). However, the o (19.1%) indicates that the values are
within an acceptable range because it is less than the 25% considered in a sample.
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Figure 2. Forage dry matter (DM) record at each site treated with the aerator roller and control site in Pefién
Blanco, Durango, Mexico
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Figure 3. Comparative record of Pp during all months of the years 2010-2013.

The ACC that can be grazed in the rangelands worked with the roller chopping also

increased considerably with the implementation of the equipment, since the rangeland

areas treated with the roller obtained values between 35 and 39 AU ha™'; while the control
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area registered a value of 5 AUha ™', values higher than those reported by Negrete-Sanchez
et al. (2016) in highly degraded rangelands with excessive ACC. Based on the results, the
benefits obtained with the use of the roller chopping with respect to the forage productivity
of the pasture are considerable, since Reyes-Estrada et al. (2014) report for Durango a dry
matter intake by grazing steers of 6.67 kg d™"in summer, 6.28 kg d™! in autumn, 4.43 kg
d~! in winter, and 4.54 kg d”'in spring. This allows for the development of management
strategies to enhance the productive and reproductive performance of cattle raised in
north-central Mexico. Furthermore, the appropriate use of the roller will increase the
richness and diversity of endemic grass species, as well as maintain the ecological balance
of the microphyllous scrubland ecosystem that predominates in the rangelands of the state
of Durango.

CONCLUSIONS

Treatment with the roller chopping increased the BC in rangelands and improved the
level of ACC that can be fed per unit area, significantly influencing forage production in
semi-desert areas of the state of Durango. However, the equipment must be implemented
efficiently to maintain an ecological balance in scrubland areas and complemented with
a comprehensive rangeland management plan, avoiding the loss of plants useful to other
organisms in the ecosystem. The information obtained opens the possibility of updating
the AC published in the 1960s, 70s, and 80s in subsequent studies, providing current data

to livestock producers and technicians in different regions of Mexico.

ACKNOWLEDGMENTS

This publication was part of the project: “Technology transfer with the application of soil scarification
and reseeding techniques for the recovery of rangelands”, funded by the Produce Durango Foundation, A. C.

(001952) with the SIGI code: 1546632074.

REFERENCES

SIAP, Servicio de Informacién Agroalimentaria y Pesquera (2014) Atlas de las zonas dridas de México.
Secretaria de Agricultura, Ganaderia, Desarrollo Rural, Pesca y Alimentacién (SAGARPA). Primera
edicién. México D. F. 157 p. ISBN: 978-607-9350-04-8.

Ramirez-Loépez A. & Coronado-Minjarez, M.A. (2017) Efecto de la demanda en las caracteristicas del ganado
ovino comercializado en el Altiplano Oeste Potosino. Nova Scientia 9:464-480. http://doi.org/10.21640/
ns.v9i19.883

Gonzdlez-Palma A. & Moreno-Valenzuela, R. (2001) Evaluacién de la produccién de gramineas forrajeras
nativas e introducidas. Revista Chapingo Serie Zonas Aridas 2:90-95.

Gauthier D. A., Lafon, A., Toombs, T., Hoth, J. & Wiken, E. (2003) Grasslands: toward a North American
conservation strategy. Canadian Plains Research Center, University of Regina, Saskatchewan and
Commission for Environmental Cooperation. Montreal, Quebec, Canada. 99 p. ISBN: 2-922305-
90-2.

Sarukhdn J., Urquiza-Haas, T., Koleff, P., Carabias, J., Dirzo, R., Ezcurra, E., Cerdeira-Estrada, S. & Soberén,
J. (2015) Strategic actions to value, conserve, and restore the natural capital of megadiversity countries:
the case of Mexico. BioScience 65:164-173. http://doi.org//10.1093/biosci/biul 95

SEMARNAT, Secretaria de Medio Ambiente y Recursos Naturales (2016) Informe de la situacién del medio
ambiente en México. Compendio de estadisticas ambientales. Indicadores clave, de desempefo
ambiental y de crecimiento verde. Edicién 2015. Ciudad de México. 470 p.

Padilla C., Crespo, G. & Sardinas, Y. (2009) Degradacién y recuperacién de pastizales. Revista Cubana de
Ciencia Agricola 43:351-354.


http://doi.org/10.21640/ns.v9i19.883
http://doi.org/10.21640/ns.v9i19.883
http://doi.org//10.1093/biosci/biu195

AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/svpmmh07 195

Guevara S. (2001) Presentacién. In: Herndndez L (comp.). Historia ambiental de la ganaderia en México.
Instituto de Ecologia, A. C. Xalapa, Veracruz, México. Pp. 1-5. ISBN: 968-7863-66-8.

Contreras-Hinojosa J.R., Volke-Haller, V., Oropeza-Mota, J.L., Rodriguez-Franco, C., Martinez-Saldana,
T. & Martinez-Garza, A. (2003) Estado actual y causas de la degradacién de los agostaderos en el
municipio de Yanhuitldn, Oaxaca. Terra Latinoamericana 21:427-435.

Bautista-Martinez Y., Herrera-Haro, J.G., Espinosa-Garcia, J.A., Martinez-Castaieda, F.E., Vaquera-Huerta,
H., Barcena-Gamma, J.R. & Morales, A. (2017) Relacién entre las précticas tecnoldgicas de manejo,
la produccién y su asociacién con las épocas del ano en el sistema de doble propésito del trépico
mexicano. Nova Scientia 9:154-170. http://doi.org/10.21640/ns.v9119.986

SIAP, Servicio de Informacién Agroalimentaria y Pesquera (2020a) Panorama agroalimentario 2020.
Secretaria de Agricultura y Desarrollo Rural (SADER). Ciudad de México. Pp. 148-149.

SIAP, Servicio de Informacién Agroalimentaria y Pesquera (2020b) Durango: infografia agroalimentaria
2020. Secretaria de Agricultura y Desarrollo Rural (SADER). Ciudad de México. 53 p.

INEGI, Instituto Nacional de Estadistica y Geografia (2012a) Conociendo Durango. México, D. F. 30 p.

INEGI, Instituto Nacional de Estadistica y Geografia (2012b) Perspectiva estadistica Durango. México, D. F.
95 p.

Flores-Gallardo H., Jiménez-Ocampo, R. & Ramirez-Garduiio, H. (2013) Uso del rodillo acreador para la
recuperaciéon de agostaderos en Durango. Folleto técnico # 72. INIFAP-CIRNOC-CEVAG. 34 p.
ISBN: 978-607-37-0208-9.

Rivera-Sanez T. J., Pérez-Cantu J. M., Montafez-Armenta M. P. y Lavandera-Barreras G. (2017) Uso del
rodillo aireador en la restauracién de pastizales en Agua Prieta, Sonora. Biotecnia 19: 23-28.

Miller J.H. (1980) Competition after windrowing or single-roller chopping for site preparation in the southern
piedmont. Proceedings of Southern Weed Science Society 33:139-145.

Schindler J.R. & Fulbright, T.E. (2003) Roller chopping effects on Tamaulipan scrub community composition.
Journal of Range Management 56:585-590. http://doi.org//10.2458/azu_jrm_v56i6_board

Medina-Guillén R., Cantu-Silva, I., Estrada-Castillén, E., Gonzalez-Rodriguez, H. & Delgadillo-Villalobos,
J.A. (2015) Gambios en la vegetacién del matorral desértico micréfilo en un drea bajo manejo. Revista
Mexicana de Ciencias Forestales 6:37-48.

Medina-Guillén R., Canti-Silva, 1., Estrada-Castillon, E., Gonzdlez-Rodriguez, H. & Delgadillo-Villalobos,
J-A. (2017a) Estructura y diversidad del matorral desértico rosetéfilo con rodillo aireador, Coahuila,
México. Polibotdnica 44:95-107. http://doi.org/10.18387/polibotanica.44.7

Blanco L. J., Ferrando C. A., Biurrun F. N., Orionte E. L., Namur P., Recalde D. J. and Berone G. D. (2005)
Vegetation responses to roller chopping and buffelgrass seeding in Argentina. Rangeland Ecology and
Management 58:219-224. http://doi.org/10.2111/1551-5028(2005)58[219:VRTRCA]2.0.CO;2

Velazquez-Martinez M., Herndndez-Guzmdn, FJ., Cervantes-Becerra, J.F. & Gdmez-Vizquez, H.G. (2015)
Establecimiento de pastos nativos e introducidos en zonas semiaridas de México. Folleto para
productores No. MX-0-310307-52-03-17-10-66. INIFAP-CIRNE-San Luis. 22 p. ISBN: 978-607-37-
0410-6.

Rubio-Granados E. (2009) Rodillo aereador. Secretaria de Agricultura, Ganaderia, Desarrollo Rural, Pesca y
Alimentacién (SAGARPA). Colegio de Postgraduados (COLPOS). Montecillo, Estado de México. 8 p.

Medina-Guillén R., Cantu-Silva, 1., Gonzélez-Rodriguez, H., Pando-Moreno, M., Kubota, T. & G6mez-
Meza, M.V. (2017b) Efectos del rodillo aireador y el fuego en las propiedades fisicas e hidrolégicas del
suelo en matorrales de Coahuila, México. Agrociencia 51:471-485.

Yiyuan G., Yongcheng, J., Yaqin, L., Qiuyan, L., Junfa, W., Shuang, D., Xiaoxin, W. & Jinbo, Z. (2018) Design
and test for hob-type chopped roller of green fed harvester. JOP Conference Series: Materials Science and
Engineering 382:032061. http://doi.org//10.1088/1757-899X/382/3/032061

Borotov A. (2020) Cutting length the fodders of green stalks by drum chopper. JOP Conference Series: Materials
Science and Engineering 883:012160. http://doi.org/10.1088/1757-899X/883/1/012160

Yam-Tzec J.A., Pefia-Peralta, M. A., Romantchik-Kriuchkova, E. & Morelos-Moreno, A. (2021) Andlisis
cinemadticoy de esfuerzos de tres disenios de cuchillas para rodillo aireador de suelos. Zerra Latinoamericana
39:1-12. €903. http://dot.org//10.28940/terra.v3910.903

Garcia E. (1987) Modificaciones al sistema de clasificacién climdtica de Képpen: para adaptarlo a las
condiciones de la Republica Mexicana. Cuarta edicién. Instituto de Geografia. Universidad Nacional
Auténoma de México (UNAM). México, D. F. 217 p.

Sarmiento F.O. (2000) Diccionario de ecologia: paisajes, conservacién y desarrollo sustentable para
Latinoamérica. Ediciones Abya Yala. Venezuela. 189 p.

Canfield R.H. (1941) Application of the line interception method in sampling range vegetation. Journal of
Forestry 39:388-394. http://doi.org//10.1093/j0f/39.4.388


http://doi.org/10.21640/ns.v9i19.986
http://doi.org//10.2458/azu_jrm_v56i6_board
http://doi.org/10.18387/polibotanica.44.7
http://doi.org/10.2111/1551-5028(2005)58%5b219:VRTRCA%5d2.0.CO;2
http://doi.org//10.1088/1757-899X/382/3/032061
http://doi.org/10.1088/1757-899X/883/1/012160
http://doi.org//10.28940/terra.v39i0.903
http://doi.org//10.1093/jof/39.4.388

AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/svpmmh07 196

SAS Institute Inc. (2013) Base SAS® 9.4 Procedures guide: statistical procedures. Second edition. Cary, NC,
USA. 550 p.

Cisneros A. D., Mata E. M. I, Rueda S. E. O. y Garbalena G. M. A. (2009) Evaluacién cuantitativa de
la vegetacién en agostaderos sobrepastoreados tratados con rodillo aereador. In: VI Simposio
Internacional de Pastizales. Universidad Auténoma de Nuevo Leén (UANL) - Instituto Tecnoldgico de
Estudios Superiores de Monterrey (ITESM). Monterrey, N. L. México. 1 p.

Cervantes-Anastacio M., Blando-Navarrete J. L. y Hernandez-Salgado J. R. (2009) Relacién cobertura-
densidad en poblaciones de codorniz Bobwhite en el noroeste de Nuevo Leén, México. Revista Chapingo
Seric Zonas Aridas 8:255-261.

Villa-Herrera A., Paz-Pellat, F., Pérez-Herndndez, M J., Rojas-Montes, C., Rodriguez-Arvizu, M., Ortiz-
Acosta, S., Casiano-Dominguez, M. & Diaz-Solis, H. (2014) Estimacién de la capacidad de carga
animal en agostaderos usando un indice de vegetacién de pendientes normalizadas. Agrociencia 48:599-
614.

COTECOCA, Comisién Técnico Consultiva para la Determinacion de los Coeficientes de Agostadero (1967)
Metodologia para determinar tipos vegetativos, sitios y productividad de sitios. Publicacién No. 8.
Meéxico, D. F. 84 p.

COTECOCA, Comisién Técnico Consultiva para la Determinacién de los Coeficientes de Agostadero
(1982) Coeficientes de agostadero de la Republica Mexicana. Comisién Técnico Consultiva para
la Determinacién Regional de los Coeficientes de Agostadero-Secretaria de Agricultura y Recursos
Hidrdulicos (SARH). México, D. F.

PACP-Ch (2011) Plan de Accién para la Conservaciéon y Uso Sustentable de los Pastizales del Desierto
Chihuahuense en el Estado de Chihuahua 2011-2016. Guzmaén-Aranda J.C., Hoth J. & Blanco E.
(Eds.). Gobierno del Estado de Chihuahua, México. 35 p.

Negrete-Sanchez L.O., Aguirre-Rivera, J.R., Pinos-Rodriguez, J.M. & Reyes-Hernandez, H. (2016) Beneficio
de la parcelacién de los agostaderos comunales del ejido “El Castanén”, municipio Catorce, San Luis
Potosi: 1993-2013. Agrociencia 50:511-532.

Esqueda-Coronado M.H., Sosa-Rubio, E.E., Chévez-Silva, A.H., Villanueva-Avalos, F., Lara del Rio, MJ.,
Royo-Mdérquez, M.H., Sierra-Tristan, J.S., Gonzalez-Sotelo, A. & Beltran-Lépez, S. (2011) Ajuste de
carga animal en tierras de pastoreo. Manual de capacitacién. INIFAP-CENID-Microbiologia Animal.
México, D. F. 47 p. ISBN: 978-607-425-554-6.

Reyes-Estrada O., Murillo-Ortiz, M., Herrera-Torres, E., Gurrola-Reyes J.N. y Carrete-Carreén, F.O.
(2014) Cambios estacionales en consumo, composicion quimica y degradabilidad ruminal de la
dieta seleccionada por novillos en pastoreo. Ecosistemas y Recursos Agropecuarios 1:97-106. http://doi.
org/10.19136/era.aln2.159


http://doi.org/10.19136/era.a1n2.159
http://doi.org/10.19136/era.a1n2.159

	_GoBack
	_Hlk188716891
	_Hlk185231927
	_Hlk192329891
	_Hlk192330829
	_GoBack
	_Hlk142511536
	_Hlk189212915
	_Hlk213912120
	_Hlk213997459
	_Hlk213998338
	_ENREF_2
	_ENREF_5
	_ENREF_7

