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Abstract

Objective: To evaluate the effect of different grassland renovation methods on the Lolium sp. productivity during
rainy and dry seasons in the high tropic of the Narifio department.

Materials and Methods: The essay was conducted between January and August, 2018. Two experiments were
established in the Pasto and Sapuyes municipalities. An experimental design of complete randomized blocks was
used, with five treatments and three replicas (T1: farmer’s conventional management; T2: grassland renovator; T3:
harrowing twice; T4: rigid chisel plow once, harrowing once and subsoiling once; T5: vibratory chisel plow once
and harrowing once). The variables cover percentage, height, green forage and dry matter yield, were evaluated.
For the statistical analysis, the software R V 3.5.1 was used. Variance analysis and Tukey’s test were carried out for
comparison among means (p < 0,05).

Results: In the rainy season, in the Pasto locality, the variable plant height showed significant differences among treat-
ments (p <0,001). TS5 showed the highest value (38 cm). In turn, significant differences were found in the green matter
and dry matter yield among treatments, T3 being the one with the best performance (16,2 and 2,6 t ha!, respectively).
In the Sapuyes locality, T1 reached the best results for the variables cover percentage, plant height, green forage and
dry matter yield (96,0 %; 67,5 cm; 34,2 t ha' and 4,19 t ha, respectively). In the dry season, in the Sapuyes locality,
the variable green forage yield showed significant differences among treatments, T1 being the most outstanding one
(21,1 tha™).

Conclusions: During the rainy and dry seasons, T3 reached the best values in green forage and dry matter yield for
the Pasto locality; while for Sapuyes, T1 showed the best values.

Keywords: Lolium, grassland renovation, green forage, dry matter

Introduction

The animal husbandry sector occupies the high-
est percentage of agricultural lands. The total surface
represented by pastures is 26 % of the ice-free surface
(FAO, 2019). In Latin America, Brazil is the main milk
producer, with 33 620 million liters per year, followed
by such countries as Argentina, Mexico and Colom-
bia. The last one occupies the fourth place, with pro-
duction of 6 550 million liters per year and average
annual growth of 100 000 liters since 2012, for which
it contributes with 2 % of the national GDP and 24,3 %
of the agricultural GDP, generating more than 700 000
direct jobs (MADR and MINCIT 2016)". Milk produc-
tion is present in 22 departments, Antioquia being the
main producer with 3,5 million liters per day (Pinto,
2017), followed by Boyaca, Cundinamarca and Na-
rifio. The last one, with a production of 982 thousand
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liters per day, is part of the most outstanding dairy ba-
sins of the country (SAGAN, 2018).

The Narifio department is located in the agro-
ecological zones of the high Colombian Andean
tropic. It has particular microclimate character-
istics which favor specialized milk production.
According to the Animal Production and Health
Research Group (Grupo de Investigacion en Pro-
duccion y Sanidad Animal, 2009), the area dedi-
cated to forage production is estimated in 10 103 ha,
from which 20,2 % corresponds to annual or peren-
nial ryegrasses (Lolium sp.); 27,5 % to natural or nat-
uralized forages; 36,4 % to mixtures of naturalized
pastures, such as cock’s foot (Dactylis glomerata L.),
kikuyu [Cenchrus clandestinus (Hochst. ex Chiov.)]
and Yorkshire fog (Holcus lanatus L.). In lower per-
centage (15,9 %) are the alfalfa (Medicago sativa L.),
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Brazilian grass (Phalaris sp.) and clover (Trifolium sp.)
grasslands, which are mixed with the above-mentioned
pastures. Nevertheless, the poor technical parameters of
tillage and animal trampling increase dry matter (DM)
losses in 90 %, degrade and modify the soil physical,
chemical and biological properties (Hernandez, 1992;
Norefia and Galeano, 2004).

Green forage (GF) yield decreases in the dry
season, which causes decrease of the carrying
capacity per area unit in the pastures dedicated to
milk production (Mendoza, 1992). Specialized dairy
farmers in the high tropic of the Narifio department
limit grassland management to crop rotation (pasture-
potato-pasture), methodology that does not allow the
recovery of the pasture after grazing in long summer
periods, which generates damage on the soil physical,
chemical and biological properties (Corpoica, 1994).

Pastures, just like all crops, demand management
practices to increase their production capacity. Grassland
renovation, associated with mechanical methods and
agronomic management, allows to increase the available
GF and DM (Hernandez 1992). However, it is important
to plan and define the soil preparation activities, by
determining exactly the methodology and agricultural
machinery to be used, from the topographic conditions
of the land, soil texture and consistency status.

The objective of this research was to evaluate
the effect of different grassland renovation meth-
ods on the productivity of Lolium sp. during rainy
and dry seasons in the high tropic of Narifio depart-
ment, Colombia.

Materials and Methods

The study was conducted in the Pasto and Sapuyes
localities, of the Narifio department, Colombia. The coor-
dinates, altitude and soil conditions are shown in table 1.

Figures | and 2 show the cumulative rainfall and
daily mean temperature, from January to August,
2018.Thisinformationcomesfromthemeteorological
station Vantage Pro 2, for the Pasto and Sapuyes
localities, respectively.

Treatments and experimental design. The experi-
ments were established in a complete randomized block
design, with ffive treatments and three replicas (table 2).
T1 consisted in the farmer’s conventional management,
who sows potato (Solanum tuberosum L.) as predeces-
sor crop through the guachado technique, four months
before the establishment of the Lolium sp. cultivars.
T2 was based on the grassland renovator, in order to
break the first 30 cm of soil. In T3 the heavy harrow
was used twice, in order to break the first 15 cm of soil
and destroy and incorporate the existing material. T4
was characterized by using the heavy harrow once to
achieve later the penetration of the rigid chisel plow
(the shanks of the chisel plow were separated at 30 cm)
and subsoiler at 40 cm of soil. In TS5, the heavy harrow,
and later the vibratory chisel plow to smoothen the
existing clods. Each experimental unit had an area of
400 m?,

Experimental procedure. In each locality, 1,2 ha
were renovated. The planting density of ryegrass
was 50 kg ha''. Fertilization was manually applied,
dividedly, at the moment of sowing and four months
later, with 375 kg N ha', 40 kg PO ha, 250 kg K,O
ha' and 30 kg S ha'! in each application. Different
species were used, because they were the ones that
showed better adaptability and development in each
locality, according to the previous study conducted
by Cadena-Guerero ef al. (2019).

Establishment period. A homogenization cut
was made 90 days after planting (September to De-
cember, 2017).

Four cuts were made, two in the rainy season
(January to April, 2018) and two in the dry season
(May to August, 2018). The evaluations were carried
out with the same frequency for all the treatments. In
each experimental unit sampling was conducted 45
days after cutting.

Evaluated variables. The pasture cover was
evaluated in percentage of the area delimited by
the 1m? sampling framework, and according to the
scale that is shown in figure 3.

Table 1. Location of the experiments in the Pasto and Sapuyes localities, Narifio, Colombia.

Municipality Locality Coordinates Altitude, ma.s.l.  Soil texture
Pasto Research Center Obonuco, AGROSAVIA* N 01° 11’ 4.13”
2905 Sandy loam
W 77°19° 0.19”
Sapuyes Experi.rzlental Farm Chimangual, University 910 02 6.55” Gravelly
of Narifio 3157 Sandy loam
W 77° 45’ 3.88” Y

Source: Climate-Data.org (2019).
¥Colombian corporation of agricultural research
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Figure 1. Cumulative rainfall from January to August, 2018, Pasto locality, Colombia.
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Figure 2. Accumulated rainfall from January to August, 2018, Sapuyes locality, Colombia.

Source: Estacion meteorologica Vantage Pro 2

Plant height. The height of five plants, randomly | of the plant, without stretching it and without cutting
selected in each experimental unit, was measured. For | the inflorescence (Cortes and Viveros, 1975).
such purpose, a 1-m? sampling frame was used. The GF and DM yield. During the productive phase, after
height was measured from the soil to the highest point | the homogenization cut (two in the rainy and dry seasons),
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Table 2. Evaluated treatments per locality in the rainy and dry seasons in Narifio, Colombia.

Locality
Treatment Tillage system Pasture Sapuyes
Species
Farmer’s conventional Potato (S. tuberosum), Potato (S. tuberosum),
T1 manaeement Ryegrass Columbia (Lolium Ryegrass Aubade (Lolium
& hydridum Hausskn.) multiflorum Lam.)
. . Ryegrass Aubade (L.
T2 Grassland renovator Ryegrass Columbia (L. hydridum) multiflorum)
. . . Ryegrass Aubade (L.
T3 Harrow twice Ryegrass Columbia (L. hydridum) multiflorum)
Rigid chisel plow once, harrow . . Ryegrass Aubade (L.
T4 once and subsoiler once Ryegrass Columbia (L. hydridum) multiflorum)
Ts Vibratory chisel plow once and Ryegrass Columbia (L. hydridum) Ryegrass Aubade (L.
harrow once multiflorum)

0(0-9%

5 (51 - 60 %)

6 (61 - 70 %)

7 (71 - 80 %)

~8(81-90 %)

9 (91 - 100 %)

Figure 3. Scale (0-9) to determine the cover percentage in Lolium sp

Source: Cadena-Guerrero et al. (2019).

which was performed 90 days after planting, in the Pas-
to and Sapuyes localities, the GF yield was determined.
For such purpose, in each cycle harvests were performed
every 45 days, cutting the forage at 5 cm of height over the
soil, in the 1-m? sampling frame. From each GF sample a
500-g subsample was taken. They were placed in paper
bags in drying oven, at temperature of 70 °C, during 48 h,
for determining dry matter (Toledo, 1982).

Statistical analysis. The data were analyzed
through the statistical program R V.3.5.6 (R Develo-
pment Core Team, 2018), after testing the variance
homogeneity and normal distribution assumptions.
A variance analysis (ANOVA) was done, accompa-
nied by Tukey’s mean comparison test (p < 0,05).
The package Agricolae (Mendiburu, 2017) was used.

Results

Rainy season. In the Pasto locality, the variable
cover did not show significant differences among
treatments. However, the variable plant height did

show significant differences among treatments. TS
reached the highest value, with a height of 38 cm.

The vertical tillage methodology implemented
in T2 did not contribute to decrease the presence
of ponding after a strong rainfall event or applica-
tion of irrigation due to bad drainage, which caused
low germination and persistence percentage of L.
hybridum in the grassland.

The GF and DM yield showed significant dif-
ferences among treatments, being T3 the most out-
standing, with 16,2 and 2,6 t ha’!, respectively.

In the Sapuyes locality, T1 reached the best results
for the variables cover percentage, plant height, GF and
dry forage, with average values of 96,0 %; 67,48 cm;
34,2 t ha' and 4,2 t ha!, respectively (table 4).

Dry season. In the Pasto locality, the variable
cover percentage did not show significant differences
among treatments (table 5). The height showed
statistically significant differences (p < 0,05), with
T1 standing out, with average value of 31 cm. The
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Table 3. Mean values for variables evaluated in the different treatments in the rainy
season, Pasto locality.

Yield, t ha'!

Treatment Cover, % Heigh, cm

Green forage Dry matter
Tl 81,3 27,3° 7,0° 1,2°
T2¥ - - - -
T3 86,7 48,9° 16,2* 2,6
T4 88,9 43,32 11,2% 1,70
T5 76,4 38,1 11,5% 1,8%
SE + 2,18 1,84%%* 1,02* 0,14%*

¥T2 did not germinate

a, b, ¢ means with different letters in the same column differ among them, according to
Tukey’s test (P < 0,05), *P < 0,05, **P < 0,01, ***P <0,001

T1: farmer’s conventional management, T2: grassland renovator, T3: harrowing twice,
T4: rigid chisel plow — harrow — subsoiler, T5: vibratory chisel plow — harrow

Table 4. Mean values for variables evaluated in the different treatments in the rainy season, Sapuyes locality.

Treatment Cover, % Height, cm Yield. tha”
Green forage Dry matter
Tl 96,0° 67,5° 34,20 4,2°
T2 27,3¢ 41,7° 9,7° 1,8
T3 56,0° 49,5° 14,3 2,2
T4 58,2° 51,9 16,1° 2,40
T5 60,3° 50,9° 14,1° 2,20
SE+ 2,38%** 1,47%%* 1,10%** 0,13%**

a, b, ¢ means with different letters in the same column differ among them, according to
Tukey’s test (p < 0,05), *p < 0,05, **p < 0,01, ***p <0,001

T1: farmer’s conventional management, T2: grassland renovator, T3: harrowing twice,
T4: rigid chisel plow — harrow — subsoiler, T5: vibratory chisel plow — harrow

Table 5. Mean values for variables evaluated in the different treatments in the dry
season, Pasto locality.

Treatment Cover, % Height, cm Yield, ¢ ha?
Green forage  Dry matter

Tl 51,8 31,10 4,0 1,1

T2 - - - -

T3 56,4 26,3 4,1 1,2

T4 53,4 27,4® 3,8 1,1

TS5 58,8 26,3 3,8 1,1

SE = 2,94 0,63* 0,09 0,03

¥T2 did not germinate
a, b: means with different letters in the same column differ among them, according to
Tukey’s test (p < 0,05), *p < 0,05
T1: farmer’s conventional management, T2: grassland renovator, T3: harrowing twice,
T4: rigid chisel plow — harrow — subsoiler, T5: vibratory chisel plow — harrow
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GF yield and dry forage did not show significant
differences among treatments.

In the Sapuyes locality, the cover showed sig-
nificant differences among treatments (table 6). T1
was the most outstanding, with 97 %. The variable
height showed significant differences among treat-
ments. T1 and T3 reached the highest average val-
ues, of 64 and 63 cm, respectively.

In the GF yield there were significant differences
among treatments. T1 was the most outstanding
one, with 21,07 t ha!. Regarding the DM yield, no
statistically significant differences among treat-
ments were recorded.

Discussion

In the Pasto locality, the tillage type and edapho-
climatic conditions influenced the establishment
and forage production, which generated differential
performances in some variables in each evalua-
tion season. The vertical tillage methodology im-
plemented in T3 obtained the highest GF and DM
yield of the ryegrass Columbia, in the rainy and
dry season, compared with the other evaluated till-
age systems. This performance is explained by the
good aeration produced by the harrow, which im-
proved the soil physical conditions and favored root
development. In this regard, Ara (1991) states that
improving the soil physical conditions through ver-
tical tillage, guarantees good seedling emergence
and vigor in the grassland.

The yields of this study are higher than the ones
reported by Cadena-Guerrero et al. (2019) and Portillo-
Lépez et al. (2019), who confirm that in the rainy
season there is higher GF and DM yield. According to

Rodriguez et al. (2011), this performance responds to

the fact that during the rainy season there is higher
soil humidity and duration of the day, which causes
plants to accumulate higher biomass quantity, and
which show their growth potential and variability
more dynamically.

For the evaluated treatments, the variable cover
during the rainy and dry seasons is a favorable indicator
of the effect of tillage system on soil porosity. Silva-
Acufia et al. (2005) stated that tillage systems favor
the horizontal growth of the pasture and significantly
decrease weeds and uncovered areas.

In the Sapuyes locality, the environmental
characteristics and edaphic conditions influence
the DM production of L. multiflorum and, thus, the
establishment of temperate climate species under
tropical conditions of altitude. The vertical tillage
system used in T1 achieved reaching the highest GF
and DM yields during the rainy and dry seasons,
which generates differential responses in the variables
with regards to the other evaluated tillage systems.

Méndez et al. (2014), Zambrano-Burbano et al.
(2014) and Vargas and Martinez et al. (2018) report-
ed similar results to the ones found in this study,
which ratifies that during the rainy season the GF
and DM yield is higher.

Yepes and Silveira-Buckeridge (2011) state that
this performance is due to the fact that rainfall re-
markably influences biomass production, because of
the increase of soil humidity which causes remarkable
effect on pasture growth and quality. The last one
is explained by the existing close relation between
rainfall and the biochemical and physiological fac-
tors that regulate these biological processes.

The significant responses of T1 in the studied
variables are due to the chemical fertilization applied

Table 6. Mean values for the evaluated variables in the different treatments during the dry

season, Sapuyes locality.

Yield, t ha'
Treatment Cover, % Height, cm
Green forage Dry matter

T1 96,7* 63,6 21,12 2,6
T2 37,3¢ 55,5° 11,3¢ 2,0
T3 62,0° 59,2 12,00 2,2
T4 71,0° 62,9 14,4 2,4
TS 69,5° 59,9%® 15,8° 2,7
EE+ 2,18%** 0,81* 0,57%** 0,09

a, b, c means with different letters in the same column differ among them, according to Tukey’s test

(p <0,05), *p < 0,05, ***p < 0,001

T1: farmer’s conventional management, T2: grassland renovator, T3: harrowing twice, T4: rigid chisel
plow — harrow — subsoiler, T5: vibratory chisel plow — harrow
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to the predecessor crop, which was potato. Due to
its limited root system, it extracts a portion of the
nutrients that are found between 0 and 30 cm, and
leaves large quantities that are used by the ryegrass
Aubade (L. multiflorum) during its establishment.
Rodriguez (1973) states that at the moment of har-
vesting potato just the nutrients of the surface soil
layer are extracted.

The DM yields in the dry season are ascribed
to the fact that the applied tillage systems did not
generate high effect on the physical properties, be-
cause this soil did not receive any mechanical inter-
vention some time ago, according to the historical
records of the lot. Ceballos et al. (2010) state that
the changes in the soil physical properties are more
ascribed to the frequency and intensity of prepara-
tion activities than to the tillage method.

Ruiz-Eraso et al. (2002), when evaluating till-
age systems of animal draught and vibratory chisel
plow in andisol soils, report that these practices do
not have effect on the soil physical properties or on
their detriment, and neither on their improvement.
According to these authors, this is due to the soil
stability and short-term work. Thus, immediate ef-
fects on the GF and DM yield in Lolium sp. grass-
lands cannot be seen.

Conclusions

In the Pasto locality, T3 (harrowing twice)
proved to be a method that favors green forage and
dry matter production in the rainy and dry seasons,
because it guarantees good root development of L.
hydridum.

In the Sapuyes locality, T1 (farmer’s conven-
tional management) is a method that favors GF
and DM vyields in the rainy and dry seasons, which
guarantees good nutrient availability before the es-
tablishment of L. multiflorum.

Acknowledgements

The authors thank the Colombian Corporation
of Agricultural Research (AGROSAVIA) and the
University of Narifio for facilitating the develop-
ment of this research.

Authors’ contribution

» Jose Libardo Lerma-Lasso: Carried out the re-
search, writing of the original draft, data analysis.

* Harold Andres Chafag-Miramag: Carried out
the research, writing of the original draft, data
analysis.

* Hernan Ojeda-Jurado: Research, writing the ori-
ginal draft.

* Diego Hernan Meneses-Buitrago: Writing the
original draft, data analysis.

* Hugo Ruiz-Eraso: Did the design of the metho-
dology, writing, revision and edition.

* Edwin Castro-Rincon: Contributed to the design of
the methodology, writing, revision and edition.

Conflict of interests

The authors declare that there are no conflicts
of interests among them.

Bibliographic references

Ara, M. Factores edaficos cuyas propiedades fisicas
afectan el desarrollo de las plantulas de las espe-
cies forrajeras. En: C. Lascano & J. Spain, eds.
Establecimiento y renovacion de pasturas. Cali,
Colombia: CIAT. p. 32-58, 1991.

Cadena-Guerrero, Maryory M.; Garcia-Davila, M.
A.; Meneses-Buitrago, D. H.; Morales-Monte-
ro, Sonia P. & Castro-Rincén, E. Adaptacion
de diez cultivares de Lolium sp. en el tropico
alto de Narifio, Colombia. Agron. Mesoam.
30 (1):165-178, 2019. DOL: https://doi.org/10.15517/
am.v30i1.34094.

Ceballos, Deisy; Hernandez, O. & Vélez, J. Efecto de
la labranza sobre las propiedades fisicas en un
andisol del departamento de Narifio. Revista de
Ciencias Agricolas. 27 (1):40-48, 2010.

Climate-Data.Org. Clima: Pasto y Sapuyes. Oed-
heim, Alemania. https://es.climate-data.org/lo-
cation/3811/. 2019.

CORPOICA. Caracterizacion de los sistemas de pro-
duccion predominantes de los corregimientos
de Barragan y Santa Lucia municipio de Tulua:
Informa preliminar. Colombia: Universidad Na-
cional de Colombia, Corporacion Colombiana
de Investigacion Agropecuaria, Cooperativa de
Agricultores y Ganaderos de Barragan y Santa
Lucia, Fundacion para el Desarrollo de Barragan
y Santa Lucia, Corporacion Autonoma Regional
del Cauca, 1994.

Cortés, F. & Viveros, M. Guias de laboratorio para
andlisis bromatologico. Pasto, Colombia: Uni-
versidad de Narifo, 1975.

FAO. El sector lechero mundial: Datos. Roma: FAO.
http:/www.dairydeclaration.org/  Portals/153/
FAO-Global-Facts-SPANISH-F.PDF?v=1, 2013.

FAO. Producciéon animal: El papel de la FAO en la
produccion animal. Roma: FAO. http://www.fao.
org/animal-production/es/, 2019.

Grupo de Investigacion Produccion y Sanidad Ani-
mal. Caracterizacion y evaluacion genética de
la poblacion bovina lechera del tropico alto de
Narifio para la conformacion de niicleos de selec-
cion. Pasto, Colombia: Linea de Genética y Mejo-
ramiento Animal, Universidad de Narifio, 2009.



Pastos y Forrajes, Vol. 43, No. 2, 112-119, 2020

Evaluation of grassland renovation methods in the high tropic of Narifio, Colombia

Hernandez, L. A. Renovacion de praderas improducti-
vas. En: Pastos y forrajes para Colombia. Suple-
mento ganadero. 3 ed p. 59-63, 1992.

MADR; MinCIT. Implementacion politica para me-
Jorar la competitividad del sector licteo nacio-
nal. Programa de apoyo presupuestario al sector
lacteo en Colombia en desarrollo del programa
DCI-ALA/2012/024-513 octubre de 2015. Bogo-
ta: Ministerio de Agricultura y Desarrollo Rural,
Ministerio de Comercio, Industria y Turismo.
https://www.minagricultura.gov.co/ministerio/
direcciones/Documents/ INFORME%20UE%20
FASE%202%20-SEGUNDO%20TRAMO%20
VARIABLE%20%28MARZ0%202016%29.pdf,
2016.

Méndez, D. G.; Frigerio, K.; Costa, M.; Mattera, J.; Ro-
mero, N. & Fontana, L. et al. Produccion estacio-
nal de forraje de cultivares de Lolium multiflorum
Lam. en diferentes localidades. En: Memoria téc-
nica 2013-2014. Argentina: INTA, 2014.

Mendiburu, F. de. Agricolae: Statistical procedures
for agricultural research. R package version
1.2-8. Vienna: R Foundation for Statistical Com-
puting. https://cran.r-project.org/web/packages/
agricolae/index.html, 2017.

Mendoza, P. E. 1992. Manejo de praderas en Colom-
bia. En: Pastos y forrajes para Colombia. Suple-
mento ganadero. 3 ed. p. 54-58, 1992.

Norefia, J. M. & Galeano, H. A. Efectos del renovador y
el escarificador en praderas degradadas de kiku-
yo (Pennisetum clandestinum Hochst. ex Chiov,).
Trabajo de grado: Agréonomo. Medellin, Colombia:
Facultad de Ciencias Agropecuarias, Universidad
Nacional de Colombia, Sede Medellin, 2004.

Pinto, A. Sector lechero en Colombia: Potencial desper-
diciado. Bogota: Universidad de los Andes. https:/
agronegocios.uniandes.edu.co/2017/09/22/sector-le-
chero-en- colombia- potencial-desperdiciado/, 2017.

Portillo-Lopez, Paola A.; Meneses-Buitrago, D. H.;
Morales-Montero, Sonia P.; Cadena-Guerrero,
Maryory M. & Castro-Rincon, E. Evaluacion y
seleccion de especies forrajeras de gramineas y
leguminosas en Narifio, Colombia. Pastos y For-
rajes. 42 (2):93-103, 2019.

R Development Core Team. R: 4 language and environ-
ment for statistical computing. Vienna: R Foundation

for Statistical Computing. http:/www.icesi.edu.
co/CRAN/bin/windows/base/old/3.5.1/, 2008.

Rodriguez, J. M. Fertilizaciéon de una rotacién pa-
pa-pastos en suelos volcanicos de Antioquia. Re-
vista ICA (Colombia). 8 (3):229-243, 1973.

Rodriguez, Lourdes; Torres, Verena; Martinez, R.
0O.; Jay, O.; Noda, Aida C. & Herrera, Magaly.
Models to estimate the growth dynamics of Pen-
nisetum purpureum cv. Cuba CT-169. Cuban J.
Agric. Sci. 45 (4):349-354, 2011.

Ruiz-Eraso, M. H.; Legarda-Burbano, L.; Amézquita,
E.; Arteaga, G.; Ceballos, Deisy & Hernandez,
O. Dinamica de la erosion del suelo bajo cua-
tro sistemas de labranza, cuantificada a través
del microenvolvimiento, en suelos paperos del
departamento de Narifio, Colombia. Revista de
Ciencias Agricolas. 19 (1-2):23-36, 2002.

SAGAN. Encuesta de leche (produccion diaria). Narino,
Colombia: Cuenta Nacional de Carne y Leche, 2018.

Silva-Acufia, R.; Sanabria, Damelys; Marcano, Migueli-
na; Rivas, E.; Barrios, R. & Navas, Mariela. Cam-
bios en las propiedades fisicas y quimicas de un
suelo de sabana bien drenada, con tres sistemas de
labranza, en una pastura degradada de Brachiaria
humidicola. Zootecnia Trop. 23 (4):373-392, 2005.

Toledo, J. M., Ed. Manual para la evaluacion agro-
nomica. Cali, Colombia: Red Internacional de
Evaluacion de Pastos Tropicales, Centro Interna-
cional de Agricultura Tropical, 1982.

Vargas-Martinez, J.; Sierra-Alarcon, Andrea; Benavi-
dez-Cruz, J.; Avellaneda-Avellaneda, Y.; Ma-
yorga-Mogollon, Olga & Ariza-Nieto, Claudia.
Establecimiento y produccion de raigras y tré-
boles del tropico alto colombiano. Agron. Me-
soam. 29 (1):186-200, 2018. DOI: http://doi.
org/10.15517/ma.v29i1.28077.

Yepes, Adriana & Silveira-Buckeridge, M. Respues-
tas de las plantas ante los factores ambientales
del cambio climatico global. Colombia Forestal.
14 (2):213-232, 2011.

Zambrano-Burbano, Gema L.; Apraez, J. E. & Na-
via-Estrada, J. F. Relacion de las propiedades del
suelo con variables bromatologicas de pastos, en
un sistema lechero de Narifo. Revista Ciencias
Agrarias. 31 (2):106-121, 2014. DOI: http://doi.
org/10.22267/rcia.143102.35.




