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Abstract
Objective: To evaluate the effect of Megathyrsus maximus (Jacq.), cultivars Agrosavia Sabanera and Tanzania, on the 
milk production and composition of crossbred Gyr x Holstein and Costeño con Cuernos cows in the dry Caribbean 
of Colombia.
Materials and Methods: The effect of M. maximus, cultivars Agrosavia Sabanera (T1) and Tanzania (T2, control), 
on the milk production and composition (concentration and production of total solids, protein, fat) of Gyr x Holstein 
(E1) and Costeño con Cuernos (E2) cows, was analyzed. The study was conducted in the Codazzi municipality, Cesar 
department. In each experiment four animals in early lactation were used, in order to analyze the effect of the animal 
and cultivar. For such purpose, a simple crossover experimental design was applied.
Results: In the two experiments there was no significant difference in milk production with the evaluated treatments. 
In experiment 1, the concentration of total solids in the milk was higher (12,6 vs. 12,2 %) with the cultivar Agrosavia 
Sabanera with regards to Tanzania (p < 0,05); while, in E2, the milk composition of the cows Costeño con Cuernos, 
did not vary with one or the other cultivar.
Conclusions: The two breed groups of cows had similar milk production with the two cultivars. Nevertheless, it im-
proved the concentration of total solids in the milk with Agrosavia Sabanera, in the Gyr x Holstein cows.
Keywords: animal feeding, feed grasses, milk production 
 

(González et al, 2016; Martínez, 2019). This type 
of cattle has aptitude for quality milk production 
(Ossa et al., 2011).

In the dry Caribbean, the main grazing grasses 
that farmers use are the pastures colosuana 
[Bothriochloa pertusa (L.) A. Camus] and guinea 
grass [Megathyrsus maximus (Jacq.) B.K.Simon & 
Jacobs], cultivar Tanzania. In the farmers’ farms, 
the production of sellable milk of crossbred dual 
purpose cows, fed with B. pertusa and M. maximus 
cv. Tanzania, at the beginning of lactation, is 4,4 
and 4,0 kg/cow/day, with content of total solids of 
12,2 and 12,0 %, respectively, in the rainy season 
(Mojica-Rodríguez et al., 2013).

The cultivar Tanzania was released from the selec-
tion of forage germplasm in Brazil, for its good forage 
production and nutritional quality (Peters et al., 
2002). The Colosuana pasture is a naturalized 
species in the dry Caribbean, which has its origin 
in South and Southeast Asia. Its forage production 
and nutritional quality are low (< 750 kg DM/ha, 
crude protein-9 %, neutral detergent fiber-71 % and 
dry matter degradability-58 %), and are even more 
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has diverse technological limitations that affect its 
competitiveness and sustainability (Lozano, 2017; 
Tapia-Coronado et al., 2019). Forages are the feeding 
basis of cattle (Guyader et al., 2016; Neel, 2018). The 
average production of sellable milk per cow (4,5 kg/
day) and per hectare (6,3 kg/day) is limited, due to 
the low dry matter production (< 2 000 kg DM/ha) 
and nutritional quality of the forages, with crude 
protein values between 8 and 9 and NDF from 60 to 
65 % (Mojica-Rodríguez et al., 2013).

The breed groups that prevail in the dual pur-
pose system are the crosses of Zebu breeds with 
European breeds, specialized in milk production 
(Holstein and Swiss Brown) and, to a lesser extent, 
with creole breeds that have dairy propensity, such 
as the Costeño con Cuernos cattle. This is a creole 
breed, which tolerates strong temperatures and 
humidity variations of the environment, typical of 
the swamp zones of Córdoba and Magdalena, of 
the dry savannas of Sucre and Bolívar and of the 
dry Valledupar plains, in the Colombian Caribbean 
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reduced during the dry season (Mojica-Rodríguez, 
2017).

Farmers have used the pasture Tanzania as alter-
native to substitute Colosuana, due to its higher for-
age and nutritional quality (Mejía-Kerguelén et al., 
2019). Nevertheless, when it is not adequately man-
aged, its persistence in the paddocks is reduced and 
it is replaced again by the Colosuana pasture, which 
has higher seed production frequency with regards 
to Tanzania. This is an adaptation response to this 
type of edaphoclimatic conditions, which favors its 
propagation (Serrano et al., 2014; Yan et al., 2016).

Guinea grass, cultivar Agrosavia Sabanera, 
is a grass that originated from the ecotype CIAT 
6799, selected in agronomic evaluations among 
several accessions, due to its excellent produc-
tion, nutritional quality of the forage and frequent 
seed production (Atencio-Solano et al., 2018; 
Tapia-Coronado et al., 2019; Burbano-Erazo et al., 
2019). The research line on grass evaluation and 
selection involves the evaluation of promising cul-
tivars for animal response. For such reason, the ob-
jective of this study was to evaluate the effect of M. 
maximus, cultivars Agrosavia Sabanera and Tan-
zania, on the milk production and composition of 
crossbred Gyr x Holstein and Costeño con Cuernos 
cows in the dry Caribbean of Colombia.
Materials and Methods

Location. The study was conducted at the Re-
search Center Motilonia (10° 0´7´́  N, 73° 14´ 51́ ´ 
W, 106 m. a.s.l.), of the Colombian Corporation of 
Agricultural Research, Agrosavia. This facility is 
located in the Agustín Codazzi municipality, in the 
Cesar department, Colombia.

Edaphoclimatic conditions. The zone has 
annual rainfall of 1 585 mm, with bimodal 
distribution from May to June and from September 
to November, average annual temperature of 28,7 ºC 
and relative humidity of 70 %. It corresponds to 
the ecological formation classified as tropical dry 
forest (TDF). The experiments were conducted 
in September, October and November, 2015. The 
soils of the experimental area were of limey-sandy 
texture, with pH between 6,4 and 6,6; organic matter 
from 0,7 to 1,4 %; without aluminum saturation and 
with good drainage.

Experimental design and treatments. Two ex-
periments were conducted. In experiment 1, four 
Gyr x Holstein (GH) cows were used, with 32 ± 1,7 
days into lactation and live weight of 475 ± 19,0 kg. 
In trial 2, four creole Costeño con Cuernos (CCC) 

cows were used, with 29 ± 1,3 days in lactation and 
average live weight of 435 ± 13,0 kg. The cows in 
the two breed groups had between two and four 
parturitions. In each experiment a simple crossover 
design was applied (Amezquita, 1999), with two 
treatments and four animals. The cultivars Agro-
savia Sabanera (T1) and Tanzania of M. maximus 
(T2-control, commercial grass) were evaluated as 
treatments. Each experiment had a total period of 
28 days of evaluation, in which the animals grazed 
in each cultivar (14 days) sequentially. In the two 
experiments, the result of the randomization of 
the sequence was cultivar Tanzania first, and then 
Agrosavia Sabanera.

Experimental procedure. The establishment of 
2 ha was carried out, distributed in one hectare for 
each grass. The area of each cultivar was divided 
into two plots of 0,5 ha each. In the first one an ad-
aptation of seven days was done, and in the second 
the measurements on the animals were developed 
(seven days).

The cultivars were established one year before 
conducting the experiments. In Agrosavia Sabanera 
(T1) vegetative material (tillers) was used and in the 
cultivar Tanzania (T2), seed (8 kg/ha). Before the 
experiments, a uniformity cutting of the cultivars 
was performed, at 30 cm of height from the soil lev-
el. Chemical fertilization was applied (25 kg/ha of 
nitrogen and 7,8 kg/ha of K2O) and a resting peri-
od of 24 days was assigned to perform experiment 
1. Then, the pastures had a recovery stage of 28 
days, and experiment 2 was developed. In both, the 
stocking rate was 2 cows/ha.

Milking was performed with calf stimulation. 
Three mammary quarters were milked, and the 
remaining one was destined for milk consumption 
by the calf. The calves were weighed with an elec-
tronic scale, before milking and 30 minutes later, to 
estimate milk intake. Afterwards, they were sepa-
rated from the cows (restricted suckling).

Measured variables. In the grasses the floristic 
composition and the forage in offer of leaves and 
stems were measured in each experimental period 
(Toledo and Schultze-Kraft, 1982). For analyzing 
crude protein, forage samples were taken simulating 
the plucking by the animals (AOAC, 2019). In addi-
tion, NDF and ADF (Van Soest et al., 1991), total 
fat by ether extraction and in situ dry matter de-
gradability (Ørskov et al., 1980), were determined.

In the animals, during the measurement period, 
the milk production per milking cow, total milk 
production per cow (including the one consumed by 
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the calf) were daily recorded and it was corrected 
by 4 % fat. The content of total solids, protein and 
fat was measured with a milk analyzer (Lactoscan, 
Model MA250, AGRILAC®).

Statistical analysis. In each experiment, the 
data were analyzed through a variance analysis 
(SAS version 9,3), which included as variation 
source the effect of animal and cultivar, after con-
firming its normal distribution and homoscedas-
ticity through Shapiro-Wilk and Levene’s tests, 
respectively. The following model was analyzed:

Yijk = μ + αi + ρj + εijk, 

Where:
Yijk - variable of interest 
μ – general average
αi – effect of the animal (i = 1 a 4) 
ρj – effect of the cultivar (j = 1, 2)
εijk - experimental error 

Results and Discussion
Floristic availability and composition of the 

pastureland. In trial 1, the cultivar Agrosavia 
Sabanera had higher production of total dry forage 
and of leaves and stems (p < 0,05) with regards to 
Tanzania, which showed higher (p < 0,05) leaf:stem 
ratio, compared with Agrosavia Sabanera. In 
experiment 2, there were no differences in these 
variables between both cultivars (table 1).

In this study, the total forage production in the 
two cultivars was higher than the one reported in the 
cultivar Tanzania in farms of northern Cesar (1,1 t 
DM/ha), without fertilization (Mojica-Rodríguez et 
al., 2013). Nevertheless, only the total forage pro-

duction recorded in experiment 1 was higher than 
that referred in the study by Rodríguez-Fernández 
and Roncallo-Fandiño (2013) in Tanzania, with 45 
days of resting (5,9 t/ha) in the Agustín Codazzi 
municipality. This is partially explained by the fer-
tilization done on the cultivars, although they had 
lower regrowth age.

Based on the leaf production per hectare in the 
cultivars (table 1), in experiment 1 a daily offer of 
50,0 and 38,5 kg DM/cow; while, in experiment 2, 
30,0 and 24,3 kg DM/cow/day was offered, with 
the cultivars Agrosavia Sabanera and Tanzana, 
respectively. These offers represented between 
1,5 and 3,1 times more the necessary quantity to 
achieve a maximum intake of 15,9 kg DM/cow/
day in crossbred cows with tropical pastures, 
without supplementation (Aroeira et al., 1999). 
This indicates that possibly the forage intake of the 
cultivars in each experiment was not limited.

Although there was higher presence of sedges 
in Agrosavia Sabanera in the two experiments, the 
two cultivars were the prevailing species in each of 
the treatments. Thus, the response of the animals is 
consequence of the cultivar intake.

Nutritional quality of the cultivars. In experi-
ment 1, the cultivar Agrosavia Sabanera showed 
lower ADF (P < 0,05), higher in situ dry matter 
degradability (p < 0,05), and contributed higher 
content of ethereal extract (EE) with regards to 
Tanzania. Meanwhile, in experiment 2, there were 
no differences in the quality of the cultivars. How-
ever, Agrosavia Sabanera contributed with 2,1 

Table 1. Dry matter offer and floristic composition in cultivars Agrosavia Sabanera and Tanzania.

Variable

Experiment
Gyr x Holstein cows Costeño con Cuernos cows

Agrosavia 
Sabanera Tanzania MSE ± P - value Agrosavia 

Sabanera Tanzania MSE ± P - value

Offer, t DM/ha
 Leaves 3,5a 2,7 b 0,007 0,005  2,1  1,7 0,05 0,07

 Stems 2,8a 1,7 b 0,020 0,010  1,0  1,1 0,10 0,50
 Total 6,3a 4,4 b 0,022 0,007  3,1  2,8 0,05 0,09
Leaf:stem ratio 1,2b 1,6 a 0,010 0,010  2,1  1,5 0,32 0,29
Floristic composition, %
Grass 80,2 95,0 2,2 0,09 74,4 b 87,9 1,0 0,04
Sedges 19,8   5,0 2,0 0,09 26,6 a 12,1 0,9 0,04

MSE: Standard error of the treatment mean
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percentage units more to the crude protein content 
compared with Tanzania (table 2).

In this study, the analyzed components in the 
nutritional value of the cultivars, with the exception 
of crude protein, were similar to the ones reported 
by Mojica-Rodríguez et al. (2019a) in Tanzania, 
at 28 days of regrowth, in the Agustín Codazzi 
municipality. The crude protein content (11,7 to 
13,9 %) in the two evaluated cultivars in this work 
was acceptable, and proves the importance of doing 
an adequate management regarding their utilization 
at an appropriate regrowth and fertilization age for 
feeding cattle. The values reported here are similar 
to those referred by Patiño-Pardo et al. (2018) 
and Cornejo-Cedeño et al. (2019), who indicated 
in the cultivar Tanzania (25 days of regrowth) 
approximate content of crude protein between 12,0 
and 13,0 %, respectively. They are also similar to 
the 15,4 % reported by Atencio-Solano et al. (2018) 
in Agrosavia Sabanera (21 days of regrowth).

Milk production. In experiment 1, there was 
a trend (p = 0,07) to increase milk production in 
the cows fed with the cultivar Agrosavia Sabanera, 

which represented improvement by 8,9 % in this 
variable. Meanwhile, in experiment 2, milk produc-
tion per milking cow was similar in the cows that 
consumed the two cultivars (table 3). For the GH as 
well as the CCC, fed Agrosavia Sabanera and Tan-
zania (table 3), there was no statistical difference in 
total fat-corrected milk production per cow.

Based on the results of this study, the milk 
production per milking cow increased by 65,9 and 
4,5 % with the cultivar Agrosavia Sabanera; while 
with Tanzania it increased by 52,3 %. However, no 
increase was proven in GH and CCC cows, respec-
tively. The values are higher than the ones obtained 
with Colosuana pasture (4,4 kg/cow/day) in Zebu 
x Holstein animals, in the micro-region Cesar Val-
ley, in the dry Caribbean (Mojica-Rodríguez et al., 
2013).

Milk composition. In experiment 1, the content 
of total solids and fat was higher (p < 0,05), in the 
cows (Gyr x Holstein cows) fed with Agrosavia Sa-
banera compared with Tanzania. In experiment 2, 
there was no effect of the cultivar on the concen-

Table 2. Nutritional quality of M. maximus, cvs. Agrosavia Sabanera and Tanzania (%).

Variable

Experiment
Gyr x Holstein cows Costeño con Cuernos cows

Agrosavia
Sabanera Tanzania MSE ± P - value Agrosavia 

Sabanera Tanzania MSE ± P - value

Crude protein 13,9 13,6 2,90 0,90 13,8 11,7 1,86 0,89
NDF 68,5 67,5 0,63 0,19 66,2 69,7 3,99 0,38
ADF 35,1 42,5 1,59 0,02 43,4 38,4 2,88 0,17
SE   2,8   2,2 1,19 0,06   2,3   1,8 0,47 0,33
ISDMD 67,4 60,6 0,73 0,007 64,8 62,5 1,38 0,11

NDF: neutral detergent fiber, ADF: acid detergent fiber, EE: ethereal extract, ISDMD: in situ dry matter digestibility, MSE: standard 
error of the mean. 

Tabla 3. Milk production of Gyr x Holstein and Costeño con Cuernoscows grazing M. maximus, cvs. Agrosavia  
              Sabanera and Tanzania (kg/cow/day).

Variable

Experiment
Gyr x Holstein cows Costeño con Cuernos cows

Agrosavia
Sabanera

Tanzania MSE ± P - value Agrosavia
Sabanera

Tanzania MSE ± P - value

Milk production 
per milking cow 7,3 6,7 0,3 0,07 4,6 4,4 0,2 0,32

Total milk¥ 9,4 9,0 0,6 0,39 7,0 6,5 0,3 0,08
Total FCM 9,2 8,2 0,8 0,18 6,6 6,3 0,4 0,39

 
¥Includes the milk consumed by the calf.  
FCM: 4 % fat-corrected milk, MSE: standard error of the mean.
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tration and daily production of the evaluated milk 
components (table 4).

In this study, the concentration of total solids 
increased by 3,2 % (12,6 vs. 12,2%) and 13,1 % 
(13,8 vs. 12,2 %) with Agrosavia Sabanera in GH 
and CCC cows, respectively. With Tanzania there 
was no modification (12,2 vs. 12,2 %), but it did in-
crease by 12,3 % (13,7 vs 12,2%) in GH and CCC, 
respectively, if the effect of each one of these cul-
tivars is compared with that of Colosuana pasture 
on the concentration of this component in milk of 
crossbred cows in the dry Caribbean (Mojica-Ro-
dríguez et al., 2013). The content of total solids 
in the CCC cows shows the capacity of this breed 
group to produce good quality milk, which has been 
approached in other studies (Ossa et al., 2011) and 
on which different kinds of audience agree about 
creole breeds (Vilaboa-Arroniz et al., 2013), and 
besides it is shown in other creole breeds, such as 
back-eyed white creole cattle (Onofre et al., 2018).

The highest offer of leaves with lower ADF 
content and higher dry matter degradability of the 
cultivar Agrosavia Sabanera with regards to the 
Tanzania pasture, possibly led to the existence of 
higher nutrient absorption. This explains the posi-
tive effects of such cultivars on the milk production 
and content of total solids found in the GH cows. 
The dry matter intake has been identified as a fac-
tor that influences positively milk production and 
composition in cattle, which is associated to higher 
utilization of digestible energy (Flórez-Gómez et 
al., 2017; González, 2018).

The fiber and fat content of forage influences 
positively the fat content of cattle milk (Mojica-
Rodríguez et al., 2019b). The cultivars in the two 
experiments showed similar NDF contents, but 
Agrosavia Sabanera contributed higher fat quantity 
in experiment 1, which explains the higher quantity 
of fat in the milk of GH cows.
Conclusions

The GH and CCC cows showed similar indi-
vidual milk production with the cultivars Tanzania 
and Agrosavia Sabanera. Nevertheless, the utili-
zation of the latter increased the content of total 
solids in the milk of Gyr x Holstein cows. This in-
formation corroborates that the cultivar Agrosavia 
Sabanera is a new alternative as grazing grass in 
dual-purpose production grasses in the Colombian 
dry Caribbean.
Acknowledgements

The authors thank the Colombian Corporation 
of Agricultural Research AGROSAVIA, for fund-
ing this study.
Authors’ contribution
• José Edwin Mojica-Rodríguez. Designed the 

study, carried out the analysis and manuscript 
writing.

• Esteban Burbano-Erazo. Carried out the analysis 
and manuscript writing.

Conflict of interests
The authors declare that there are no conflicts 

of interests between them.

Table 4. Milk composition of cows grazing M. maximus cvs Agrosavia Sabanera and Tanzania.

Variable

Experiment
Gyr x Holstein cows Costeño con Cuernos cows

Agrosavia
Sabanera Tanzania MSE ± P - value Agrosavia

Sabanera Tanzania MSE ± P - value

Total solids
  Concentration, % 12,6 a 12,2 b 0,20 0,04 13,8 13,7 0,24 0,71
Production, kg/day 1,2 1,1 0,08 0,22   1,0   0,9 0,04 0,11
Protein
Concentration, % 3,3 3,3 0,01 0,79   3,5   3,5 0,06 0,22
Production, kg/day 0,3 0,3 0,01 0,34   0,2   0,2 0,01 0,06
Fat
Concentration, % 3,9 3,4 0,23 0,06   3,7   3,9 0,32 0,44
Production, kg/day 0,4 0,3 0,04 0,14   0,3   0,2 0,02 0,70

MSE: standard error of the mean



    172 Pastos y Forrajes, Vol. 43, No. 3, 167-173, 2020
José Edwin Mojica-Rodríguez

Bibliographic references
Amezquita, María C. Diseño y análisis de ensayos 

para evaluación de pasturas en fincas. Cali, Co-
lombia: CIAT. http://bibliotecadigital.agronet.
gov.co/bitstream/11348/6643/2/39666.pdf, 1999.

AOAC. Official methods of analysis of AOAC Inter-
national. 21st. Rockville, USA: AOAC Interna-
tional, 2019.

Aroeira, L. J. M.; Lopes, F. C. F.; Deresz, F.; Ver-
neque, R. S.; Dayrell, M. S.; Matos, L. L. de et 
al. Pasture availability and dry matter intake 
of lactating crossbred cows grazing elephant 
grass (Pennisetum purpureum, Schum.). Anim. 
Feed Sci. Technol. 78 (3-4):313-324, 1999. DOI:  
https://doi.org/10.1016/S0377-8401(98)00270-3.

Atencio-Solano, Liliana; Tapia-Coronado, J. J.; Ba-
rragán-Hernández, W.; Mojica-Rodríguez, J. E.; 
Suárez, E.; Martínez, A. et al. Cultivar de pasto 
guinea (Megathyrsus maximus): gramínea fo-
rrajera de alta producción de forraje, excelente 
calidad nutricional y abundante producción de 
semilla. Colombia: AGROSAVIA, 2018.

Burbano-Erazo, E.; Mojica-Rodríguez, J. E.; Broche-
ro-Aldana, G. A. & Mejía-Kergulen, S. L. Pro-
ducción de semilla del pasto guinea (Megathyrsus 
maximus, Jacq.) cv. AGROSAVIA Sabanera. Co-
lombia: AGROSAVIA. https://repository.agro-
savia.co/bitstream/handle/20.500.12324/34490/ 
68127.pdf?sequence=5, 2019.

Cornejo-Cedeño, S. A.; Vargas-Zambrano, P. A.; 
Párraga-Alava, Ramona C.; Mendoza-Riva-
deneira, F. A. & Intriago-Flor, F. G. Respuesta 
morfológica, nutricional y productiva del pasto 
Tanzania Panicum maximum cv. a tres edades 
de corte. ProSciences. 3 (23):9-17, 2019. DOI: 
https://doi.org/10.29018/issn.2588-1000vo-
l3iss23.2019pp9-17 

Flórez-Gómez, Laura A. & Correa, H. J. Effect of 
stage of lactation and season on total dry mat-
ter intake in Holstein cows grazing kikuyo. Ces. 
Med. Vet. Zootec. 12 (3):181-194, 2017. DOI: 
http://dx.doi.org/10.21615/cesmvz.12.3.2.

González, B. J. F. Ensilajes de Bellucia grossularioi-
des, Crescentia cujete y Mangifera indica: diges-
tibilidad y degradabilidad in vitro, producción 
y composición de la leche en vacas doble pro-
pósito. Tesis de Maestría en Ciencias Pecuarias. 
Ibagué, Colombia: Facultad de Medicina Veteri-
naria y Zootecnia, Universidad del Tolima, 2018.

González, M.; Ossa, G. & Pérez, J. Duración de la ges-
tación en el ganado bovino criollo costeño con 
cuernos. Rev. Colombiana Cienc. Ani. 8 (2):224-
227, 2016. DOI: http://dx.doi.org/10.24188/recia.
v8.n2.2016.191.

Guyader, J.; Janzen, H. H.; Kroebel, R. & Beauche-
min, K. A. Forage use to improve environmental 

sustainability of ruminant production. J. Anim. 
Sci. 94 (8):3147-3158, 2016. DOI: https://doi.
org/10.2527/jas.2015-0141.

Lozano, Adriana R. Las barreras no arancelarias, 
como dificultad a superar para exportar a Cana-
dá por productores colombianos. Revista Logos. 
Ciencia y Tecnología. 8 (2):221-234, 2017.

Martínez, R. A. Contribution of animal genetic im-
provement to livestock systems resilience. Cu-
ban J. Agric. Sci. 53 (2):103-108, 2019.

Mejía-Kerguelén, S.; Suárez-Paternina, E.; Mes-
tra-Vargas, Lorena; Cuadrado-Capella, H.; Me-
dina-Herrera, D. & Mejía-Luquez, J. Modelo de 
producción de carne con el uso de Megathyrsus 
maximus cv. AGROSAVIA Sabanera y Momba-
sa en el valle medio del río Sinú. Modelo produc-
tivo. En: Modelo productivo de carne bovina en 
la región Caribe colombiana. Mosquera, Colom-
bia: AGROSAVIA. p. 132-144, 2019.

Mojica-Rodríguez, J. E. Evaluación de la alimenta-
ción con forrajes tropicales sobre la producción 
y calidad composicional de la leche en vacas 
doble propósito del trópico seco colombiano. 
Tesis de investigación presentada como requisito 
parcial para optar al título de Doctor en Cien-
cias-Producción animal. Bogotá: Facultad de 
Medicina Veterinaria y Zootecnia, Universidad 
Nacional de Colombia, 2017.

Mojica-Rodríguez, J. E.; Castro-Rincón, E.; Caru-
lla-Fornaguera, J. E. & Lascano-Aguilar, C. E. 
Intensidad de pastoreo sobre perfil lipídico en le-
che bovina en el trópico seco colombiano. Agron. 
Mesoam. 30 (3):783-802, 2019a. DOI: https://doi.
org/10.15517/am.v30i3.36312.

Mojica-Rodríguez, J. E.; Castro-Rincón, E.; Caru-
lla-Fornaguera, J. E. & Lascano-Aguilar, C. E. 
Perfil lipídico en leche de vacas en pastoreo de 
gramíneas en el trópico seco colombiano. Agron. 
Mesoam. 30 (2):497-515, 2019b. DOI: https://doi.
org/10.15517/am.v30i2.34723.

Mojica-Rodríguez, J. E.; Castro-Rincón, E.; Sil-
va-Zakzuk, J.; Hortúa-Castro, H. & García-Quin-
tero, L. Producción y calidad composicional de 
la leche en función de la alimentación en gana-
derías doble propósito del departamento del Ce-
sar. Bogotá: CORPOICA, 2013.

Neel, J. Increased availability of livestock products 
through forage systems research. J. Anim. Sci.  
96 (suppl. 3):213, 2018. DOI: https://doi.
org/10.1093/jas/sky404.462.

Onofre, G.; M-Rocha, J. F. & Martínez, R. Estudio 
composicional de la leche en ganado Bon de los 
Llanos Orientales de Colombia. En: Eficiencia 
productiva de la raza BON en el trópico colom-
biano. Colombia: Biblioteca Agropecuaria de 
Colombia. p. 205-210, 2018.



  173
Pastos y Forrajes, Vol. 43, No. 3, 167-173, 2020

                                                                                                  Cultivars of Megathyrsus maximus (Jacq.) and milk production

Ørskov, E. R.; DeB Howell, F. D. & Mould, F. The 
use of the nylon bag technique for the evaluation 
of feedstuffs. Trop. Anim. Prod. 5 (3):195-212, 
1980.

Ossa, G.; Abuabaya, Y.; Perez, G. J. E. & Martí-
nez, G. El ganado criollo colombiano Coste-
ño con cuernos. Animal Genetics Resources. 
48:101-107, 2011. DOI: https://doi.org/10.1017/
S2078633611000014.

Patiño-Pardo, R. M.; Gómez-Salcedo, R. & Nava-
rro-Mejía, O. A. Calidad nutricional de Mom-
basa y Tanzania (Megathyrsus maximus, Jacq.) 
manejados a diferentes frecuencias y alturas de 
corte en Sucre, Colombia. Ces. Med. Vet. Zootec. 
13 (1):17-30, 2018. DOI: https://doi.org/10.21615/
cesmvz.13.1.2.

Peters, M.; Franco, L. H.; Schmidt, A. & Hincapie, 
B. Especies forrajeras multipropósito: opciones 
para productores de Centro América. Cali, Co-
lombia: CIAT, BMZ, GTZ, 2002.

Rodríguez-Fernández, G. & Roncallo-Fandiño, B. 
Producción de forraje y respuesta de cabras en 
crecimiento en arreglos silvopastoriles basados 
en Guazuma ulmifolia, Leucaena leucocephala 
y Crescentia cujete. Ciencia y Tecnología Agro-
pecuaria. 14 (1):77-89, 2013.

Serrano, R.; Mora-Delgado, J. & Piñeros-Varon, R. 
Biomasa forrajera bajo diferentes densidades de 

cobertura arbórea en una pastura del valle cálido 
del Magdalena Tolimense (Colombia). Rev. Co-
lombiana Cienc. Anim. 7 (1):73-81, 2014.

Tapia-Coronado, J. J.; Atencio-Solano, Liliana M.; 
Mejía-Kerguelen, S. L.; Paternina-Paternina, 
Y. & Cadena-Torres, J. Evaluación del poten-
cial productivo de nuevas gramíneas forrajeras 
para las sabanas secas del Caribe en Colombia. 
Agron. Costarric. 43 (2):45-60, 2019.

Toledo, J. M. & Schultze-Kraft, R. Metodología para 
la evaluación agronómica de pastos tropicales. 
Cali, Colombia: CIAT, 1982.

Van Soest, P. J.; Roberton, J. B. & Lewis, B. A. Methods  
for dietary fiber, neutral detergent fiber and 
no starch polysaccharides in relation to ani-
mal nutrition. J. Dairy Sci. 74 (10):3583-3597, 
1991. DOI: https://doi.org/10.3168/jds.S0022-
0302(91)78551-2.

Vilaboa-Arroniz, J.; Díaz-Rivera, P.; Wingching-Jo-
nes, R. & Zetina-Córdoba, P. Percepción, co-
nocimiento y uso de las razas criollas lecheras 
tropicales (CLT) en países de Latinoamérica. 
Rev. Cient., Maracaibo. 23 (4):300-311, 2013.

Yan, B.; Ji, Z.; Fan, B.; Wang, X.; He, G.; Shi, L. et al. 
Plants adapted to nutrient limitation allocate less 
biomass into stems in an arid-hot grassland. New 
Phytol. 211 (4):1232-1240, 2016. DOI: https://doi.
org/10.1111/nph.13970.


