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Abstract
Objective: To evaluate the effect of the resting period and stocking rate on the productive response of weaner cattle in 
rotational grazing of Bothriochloa pertusa (L) A. Camus, on the savannas of Córdoba, Colombia.
Materials and Methods: Forty-eight commercial Zebu cattle, were used with average weight of 200 ± 15 kg, in which 
three stocking rates were evaluated (2, 4 and 6 animals ha-1) and two resting periods (20 and 28 days), in a complete 
randomized block design, with 3 x 2 factorial arrangement, for six treatments in total. The yield, nutritional quality 
of the forages and daily weight gain of the animals, were evaluated. The direct and indirect costs were recorded, and 
from them the net profit, cost-effectiveness and balance point were determined.
Results: The dry matter yield showed significant differences (p < 0,05), being higher in the treatments with stocking 
rate of 2 animals ha-1 and resting times of 20 (T1) and 28 (T2) days, with mean values of 1 055,4 and 1 265,4 kg DM 
ha-1, respectively. The nutritional composition of dry matter was not affected by the evaluated factors. The mean daily 
gain was significantly higher (p < 0,05) in treatment T1, for a value of 0,612 kg animal-1 day-1 as average. The treat-
ments of the moderate stocking rate (4 animals ha-1) showed higher cost-effectiveness, which reduced the cost of the 
produced beef kilogram.
Conclusion: From the productive and economic point of view, meat production through weaners on B. pertusa grass-
lands is more cost-effective when a moderate stocking rate is used.
Keywords: Bothriochloa pertusa, stocking rate, weight gain, cost-effectiveness

Introduction
In Colombia, ruminant feeding is constituted 

mainly by tropical grasses, because it is the most 
practical and economical way to do it (Mejía-
Kerguelén et al., 2019a). At present, it is estimated 
that in the country there are about 20 988 289 ha 
established of pastures and forages. From them, 
the Caribbean region contributes 30 % of the total 
established area (IGAC, 2014). In this region, 
Bothriochloa pertusa (L) A. Camus is one of the 
most widely established grasses in animal husbandry 
systems (Mujica-Rodríguez and Burbano-Erazo, 
2020). Nevertheless, due to inefficient management 
practices and adverse climate conditions, this 
pasture shows low yields and nutritional quality 
(Tapia-Coronado et al., 2019), which are more 
evident during the dry seasons, when dry matter 
yields can be reduced by 30-80 % (Mejía-Kerguelén 
et al., 2019a; Roncallo-Fandiño et al., 2020).

The cattle production systems of the region are 
characterized by low adoption of technologies and 
use of inputs. The soils where these systems are 

developed show high degree of degradation, which 
limits forage production and animal response (Me-
jía-Kerguelén et al., 2019b).

Consequently, the productive indicators that 
are reported are not encouraging. Low stocking 
rates (< 1 animal ha-1), low production per animal 
(weight gain < 300 g animal-1 day-1) and per area 
unit (< 300 kg beef ha-1 year-1), late age at slaughter 
(> 42 months) and carcass yields lower than 50 %, 
are recorded (FEDEGAN, 2018). In the face of this 
problem, it is necessary to conduct studies aimed 
at generating sustainable models of beef produc-
tion, which link rotational systems, stocking rate 
management and grassland renovation, in order to 
improve the productivity and profitability of the an-
imal husbandry systems of the region.

Some studies have proven that the renovation 
and establishment of rotational grassland systems 
have increased pasture yields and nutritional com-
position. Likewise, increases have been reported 
in animal response (Roncallo-Fandiño et al., 2012; 
Mejía-Kerguelén et al., 2019b).
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Considering that animal husbandry is the 
main economic activity of the Córdoba department 
and that, especially, the hilly savannas of this 
department are developed on B. pertusa grasslands, 
studies are needed which combine different 
management practices to increase the productive 
and economic indicators of the animal husbandry 
system. In this context, the objective of this research 
was to evaluate the effect of the resting period and 
stocking rate on the productive response of weaners 
on B. pertusa grasslands in the Córdoba savannas, 
Colombia.
Materials and Methods

Location. The trial was conducted in a farm located 
in the Chinú municipality, Córdoba department, in 
Colombia, with predominance of tropical subhumid 
climate, moderate- to low-fertility soils, slightly 
undulated relief, average rainfall of 1 334 mm/year, 
average temperature of 28 ºC, and relative humidity of 
75 %. The dry season begins in December and extends 
from four to five months.

Experimental animals. Forty eight commer-
cial Zebu animals were used, with average initial 
weight of 200 ± 15 kg, from cattle auctions. They 
were evaluated during eight months, which com-
prised a rainy season and a dry season.

Soil chemical characteristics. The farm shows 
soils with clayey texture, acid pH, very low phos-
phorus content, moderate sulfur content, high cat-
ion exchange capacity, high potassium deficiency, 
normal Ca/Mg ratio, high Ca and Mg content, and 
low content of minor elements, such as Fe, Cu, Zn 
and B (table 1).

Treatment and experimental design. Three 
stocking rates were evaluated: low stocking rate 
(LSR), moderate stocking rate (MSR) and high 
stocking rate (HSR), which consisted in 2, 4 and 6 
animals ha-1, respectively, and two resting periods 
(20 and 28 days); distributed in a complete random-
ized design, with 3 x 2 factorial arrangement, for 
a total of six treatments: T1) LSR and 20 resting 
days, T2) LSR and 28 resting days, T3) MSR and 
20 resting days, T4) MSR and 28 resting days, T5) 
HSR and 20 resting days and T6) HSR and 28 rest-
ing days.

Experimental area and animal management. 
The area utilized for grazing was 12 ha, established 
with B. pertusa. It was divided into 12 modules of 1 
ha. In six of these modules six divisions were estab-
lished, in order to establish a 24-day grazing cycle 
(four days of occupation and 20 resting days); while 
in the six remaining modules a 32-day grazing cy-
cle was implemented (four days of occupation and 
28 resting days), in eight divisions.

Before introducing the animals in the pad-
docks, a mechanical cut was done for pasture ho-
mogenization. Afterwards, the land was chiseled at 
a depth between 30 and 40 cm, in order to decom-
pact and allow higher aeration and water infiltration 
in the soil. Considering the low organic matter con-
tent, and with the purpose of promoting the pasture 
recovery in the high and moderate stocking rates, 
it was fertilized with 100 and 50 kg of nitrogen ha-1 
year-1 in the grasslands under high and moderate 
stocking rate, respectively, without fertilizing in 
the low stocking rate. The fertilization was carried 
out during the rainy season, after each grazing. The 
animals were daily provided with mineralized salt 
at a rate of 80 g animal-1 d-1. During the dry season, 
the stocking rates were reduced in half and 1 kg 
day-1 of cotton (Gossypium herbaceum L.) seed was 
supplied.

The sanitary management consisted in applying 
the vaccines, demanded by the Colombian Agricul-
tural Institute ICA, as well drugs for the control of 
endoparasites and ectoparasites. The water supply 
was performed through an internal aqueduct sys-
tem, provided with a PVC drinking trough, with 
capacity of 500 L, connected to a hydrant through 
a bayonet.
Studied variables

Forage yield. To determine the forage yield and 
floristic composition the availability by frequency 
method was used in the next paddock to be grazed. 
For such purpose, the methodology proposed by 
Franco-Quintero et al. (2006) was applied. Five 
spots were identified on the biomass, with the uti-
lization of a 0,25-m2 frame. To each spot a qualifi-
cation of 1-5 was assigned, where one corresponds to 
low biomass availability and five to higher availability. 

Table 1. Soil physical and chemical characteristics. 

Indicator pH
OM Ca P Mg K Na CEC S Cu Fe Zn Mn

g/100g cmol(+)/kg mg/kg cmol(+)/kg  mg/kg
Value 5,39 1,32 32,5 5,3 11,0 0,27 0,35 15,8 0,4 1,2 0,4 24,8
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Each spot was cut and weighed with a digital scale 
(Ohaus model CS 5000), and 40 launchings were 
carried out per hectare for identifying the species 
present inside each frame. The dry matter was de-
termined through the NTC4888 method (ICON-
TEC, 2000), with a 250-g sample of green forage.

Nutritional quality. The nutritional quality of 
the forage and the supplements was determined 
from composite samples, during the rainy and dry 
season. The samples were collected through the 
grazing simulation method proposed by Mestra-
Vargas et al. (2020). Five hundred grams were taken, 
which were dried in a forced-air stove at 60 ºC, during 
48 h. Afterwards, they were ground in a Willey 
mill, with a one-millimeter sieve. The samples 
were processed in the Animal Nutrition Laboratory 
of AGROSAVIA, located at the Turipaná Research 
Center. Crude protein was determined by the 
Kjeldahl method, neutral detergent fiber (NDF) and 
acid detergente fiber (ADF) according to the AOAC 
(2002), and the in situ dry matter degradability 
(DMDIG) through the nylon bag technique, 
described by Ørskov et al. (1980).

Animal response. The initial and monthly 
weight of the animals was recorded until the end of 
the trial, with a Tru-Test® electronic portable scale. 
They were individually weighed to determine the 
daily weight gain (MDG) by the following equation:
MDG = (final weight – initial weight) /number of days

Economic analysis. For the elaboration of the 
economic analysis the methodology suggested by 
Agreda (1990), which comprised the record of the 
direct and indirect costs, and from it the following 
indicators were determined:

Net income (NI): Difference between gross in-
come (GI) and total production cost (TC), IN = GI-TC

Profitability (Prof): Relation between net in-
come and total cost production,

Prof =
GI - TC

*100
TC

 Balance point (Peq): Maximum quantities of 
kilos that should be produced to balance the in-
comes with the costs, 

Peq =
CP
PV

Statistical analysis. Variance analysis was 
carried out, after fulfilling the data normality and 
homogeneity assumptions. For such purpose, the 
Shapiro-Wilk and Levene tests, respectively, were 
used. For the data analysis, the GLM procedure of 
the statistical analysis package SAS V9.2 (SAS Inc. 
North Carolina, USA) was used. The means of the 
treatments were compared through Tukey’s test, 
with a significance level of 5 %.
Results and Discussion

According to the statistical analysis, interaction 
was found (p < 0,05) between the evaluated factors 
(stocking rate and resting days) on the forage yield 
(table ). The grasslands that sustained the treatments 
of the low stocking rates LSR20 (T1) and LSR28 
(T2) recorded the highest DM yields, with values of 
1 055,4 and 1 265,4 kg DM ha-1, respectively.

The highest DM yield in the grasslands of low 
stocking rates can be due to a lower grazing pres-
sure, which could have contributed to the fact that 
not all the biomass was consumed by the animals, 
which allowed to have higher photosynthetic area 
and recovery capacity.

In this regard, Vanegas-Moreno (2015) states 
that the residual leaves are the ones that contribute to 
make the photosynthesis of a pasture after grazing. 

                      Table 2. Average DM yield and floristic composition of the grasslands.
Treatment

kg DM ha-1 Grass, % Legumes, % Weeds, %
Stocking rate Resting days

CB 20 1055,4a 70,5 18,6 10,9
CB 28 1265,4a 73,0 15,4 11,6
CM 20 620,7bc 72,5 15,0 12,5
CM 28 803,1ab 69,6 19,4 11,0
CA 20 512,0c 69,8 18,7 11,5
CA 28 653,7bc 71,5 16,6 11,9

VC % 15,4 18,7 35,3 41,2
                         Different letters in the same column statistically differ according to Tukey (p < 0,05)   
                         LSR: low stocking rate, MSR: moderate stocking rate, HSR: high stocking rate, VC: variation  
                         coefficient etras diferentes en una misma columna difieren estadísticamente según Tukey (p < 0,05) 
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Likewise, Rincón-Castillo (2011) asserts that the 
photosynthetic activity of the pastures is affected 
when there is overgrazing. Thus, grasslands will 
require longer recovery time for the accumulation 
of organic reserves.

Torregroza et al. (2015), when evaluating different 
stocking rates in grasslands of Urochloa hibrido 
CIAT 36087, reported that the forage availability was 
reduced when the stocking rate increased. A similar 
performance was observed in this study, in which the 
high stocking rates recorded the lowest forage yields.

It could be observed that the highest DM yields 
occurred at 28 days of resting with regards to the 
yields at 20 days (table 2). The lower yields at 20 
days can be ascribed to the low accumulation of 
organic reserves, which generated lower growth 
of the grass. Similar results were reported by 
Rincón-Castillo et al. (2008) when evaluating two 
cutting frequencies in Urochloa decumbens Stapf. 
and Urochloa brizantha cv. Toledo. These authors 
referred higher DM quantity at 28 days with 
regards to 14 resting days. Similar performance was 
observed by Garay-Martínez et al. (2018) in grasses 
of the Cenchrus genus and Urochloa hybrids.

Vanegas-Moreno (2015) states that the restoration 
rate of reserve carbohydrates is associated to the 
photosynthetic rate, and the latter depends on the 
residual material. The average DM yield recorded in 
this study is within the values referred by Tapia-
Coronado et al. (2019). These authors indicated 
that the pasture B. pertusa shows variability in 
the forage yield, due to the rain seasonality. These 

yields can decrease up to 60 % in the dry season, 
which seriously affects the individual performance 
and productivity per surface unit.

Regarding the floristic composition of the 
grasslands, no significant differences were found 
among treatments. Nevertheless, predominance of 
the grass was observed regarding the legume and 
weed component (table 2).

Among the legumes, Desmodium escorpiurus 
(Sw.) Desv. and Alysicarpus vaginalis (L.) DC. were 
identified as the ones with higher contribution. As 
average, the participation of the legumes was close 
to 17 %. This is favorable because they have high 
protein content, which contributes to improving 
the quality of the basis diet and animal response 
(Schultze-Kraft et al., 2018). In addition, legumes 
aid the sustainability of grasslands, because they fix 
atmospheric nitrogen to the soil, which can be uti-
lized by the companion grasses in the system.

The nutritional composition of DM was not 
affected by the evaluated factors (table 3). However, 
this result differs from the report by Torregroza et al. 
(2015), because these factors did not find significant 
effect of stocking rate on the nutritional quality 
of the pasture Urochloa hibrido CIAT 36087. 
Nevertheless, they referred higher CP contents 
than those referred in other works. The differences 
among the results can be associated to the high 
nitrogen doses used by the above-cited authors for 
the fertilization of the grasslands. In this regard, 
Rezende et al. (2015) showed that the application 
of high nitrogen doses contributes to increasing the 

               Table 3. Nutritional composition and dry matter digestibility of the pasture B. pertusa.

Treatments
CP, % NDF, % ADF, % DMDIG, % ME, Mcal kg DM-1

Stocking rate Resting days

LSR 20 7,9 65,3 37,7 59,5 2,14

LSR 28 7,4 67,7 39,8 57,8 2,00

MSR 20 9,3 65,4 36,8 60,2 2,17 

MSR 28 7,2 64,9 38,1 59,2 2,10

HSR 20 9,9 63,9 36,3 60,6 2,18 

HSR 28 8,2 64,5 37,2 59,2 2,13

P - value 0,7052 0,995 0,8444 0,8976 0,9639

SE ± 0,369 1,022 0,872 0,679 0,024

VC % 23,8 7,3 8 4,1 4,1
                 LSR: low stocking rate, MSR: moderate stocking rate, HSR: high stocking rate, CP: crude protein,  
                 NDF: neutral detergent fiber, ADF: acid detergent fiber, DMDIG: dry matter digestibility, ME: metabolizable  
                 energy, VC: variation coefficient. 
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CP content in the grasses, especially in the soluble 
fraction.

The results in this study differ from the ones 
found by Merlo-Maydana et al. (2017), who stated 
that the CP content is reduced as the age of utiliza-
tion of the pasture increases. These authors ascribe 
the decrease of the CP content of the forages to the 
season and cutting age, as well as to the plant struc-
tures, the stem proportion being the one with lower 
nutritional content.

The variation in the quality of tropical grass-
es has been studied in Colombia by Mojica-Ro-
dríguez et al. (2017) and Ángulo-Arroyave and 
Rosero-Noguera (2018), who have proven that the 
decrease in the nutritional content mainly obeys the 
water deficit that appears in the dry season, as well 
as the traditional management practices.

Vanegas-Moreno (2015) states that the CP con-
centrations are reduced due to the low metabolic ac-
tivity of the grasses, as the utilization age advances. 
Lara-Mantilla et al. (2010) reported that at higher 
age of the pasture increases are shown in the frac-
tions of the cell wall, which generates lower deposit 
of easily-digested nutrients in the protoplasm.

Although no significant differences were found 
in this study for the fractions NDF, ADF, DMDIG 
and energy contribution, Suárez-Paternina et al. 
(2018) reported that higher NDF content means 
lower DM intake, due to its slow degradation and 
low passage rate through the rumen. Likewise, 
forages with an ADF concentration of approximately 
40 %, usually show lower digestibility, for which the 

intake and energy contribution are affected (Merlo-
Maydana et al., 2017).

For the MDG, there was interaction (p < 0,05) 
between the factors (stocking rate x resting days). 
In this context, higher MDGs were observed (0,612 
kg animal -1 day-1) in the treatment with low stock-
ing rate and 20 resting days (T1), which were sta-
tistically significant (p < 0,05), than the ones found 
in the treatments of high stocking rate, with 20 (T5) 
and 28 (T6) resting days (table 4).

The higher MDG in treatment T1 could be 
related to the higher forage availability (table 2), 
which could have generated higher selectiveness by 
the animals, because there was lower competition.

Similar results were found by Torregroza et al. 
(2015), who when evaluating different stocking 
rates in grasslands of U. hibrido CIAT 36087, 
observed that in the low and moderate stocking 
rates the highest MDGs were recorded. This 
performance was ascribed to the higher forage 
offer and nutritional quality, and to the higher 
selectiveness exerted by the animals.

Roncallo-Fandiño et al. (2012), when evaluating 
the forage production and animal response in 
grasslands of B. pertusa associated with Leucaena 
leucocephala in the Cesar Valley, found weight 
gains of 0,659 kg animal-1day-1, higher than those 
found in this work. These differences can be related 
to the higher number of resting days offered to the 
grasslands (33 days in the rainy season and 55 days in 
the dry season), which contributed to increase the grass 
and legume yields. They can also be associated to the 

                             Table 4. Weight gain per animal and surface unit in B. pertusa grasslands.

Treatments
kg animal -1 day-1 kg ha-1 day-1 kg ha-1 year-1

Stocking rate Resting days

LSR 20 0,612a 1,23c 448,9

LSR 28 0,542ab 1,09c 397,8

MSR 20 0,477abc 1,91ab 697,1

MSR 28 0,476abc 1,91ab 697,1

HSR 20 0,364c 2,18a 795,7

HSR 28 0,398bc 2,39a 872,3

P - value 0,001 0,001  -

SE ± 0,019 0,019  

VC % 34,6 34,8 -
                                 Different letters in the same column statistically differ according to Tukey (p < 0,05) 
                                 LSR: low stocking rate, MSR: moderate stocking rate, HSR: high stocking rate,  
                                 SE: standard error, VC: variation coefficient
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significant nutrient contributions of the legume 
and to the lower stocking rate used. Nevertheless, 
Roncallo-Fandiño et al. (2020), when studying 
the productive response of growing male cattle in 
two animal husbandry farms of Cesar Valley, in 
Colombia, found average weight gains of 0,282 kg 
animal-1 day-1 in B. pertusa grasslands, value that is 
lower than the one recorded in this study.

Regarding the gain per surface unit, the analysis 
showed differences in the interaction (p < 0,05) 
between the studied factors. The treatments with high 
and moderate stocking rates recorded the highest 
values (as average 2,18, 2,39, 1,91 and 1,91 kg ha-1 d-1, 
respectively); while in those with low stocking rate 
(2 animals ha-1) the beef production per hectare was 
1,23 and 1,09 kg ha-1 day-1, respectively (table 4).

The above-stated facts could be explained by 
the effect of the stocking rate increase, which causes 
decrease of the individual production, but increases 
production per hectare. Hence the best performance 
was obtained with the stocking rate of 6 animals ha-1. 
Similar result was found by Torregroza et al. (2015), 
who concluded that the effect of the stocking rate 
caused gradual increase in the beef production per 
hectare.

Table 5 shows the production costs per surface 
unit for each of the treatments. The ones that had 
high stocking rates recorded the highest production 
costs with regards to the treatments of the moderate 
and low stocking rates.

The higher production costs observed in the 
high stocking rates were mainly due to the higher 

number of acquired animals, which represented 30 
and 60 % increase as average with regards to the 
costs recorded in the moderate and low stocking 
rates, respectively. Likewise, the higher number of 
acquired animals in the high stocking rates generat-
ed higher cost in the animal supplementation item. 
Another aspect that contributed to these treatments 
showing the highest production costs was the ni-
trogen fertilization implemented in the grasslands.

Weaner production in B. pertusa grasslands 
is viable and cost-effective from the technical 
and economic point of view, because the incomes 
exceeded the production costs (table 6). The highest 
total incomes were recorded in the treatments with 
high stocking rates, and were obtained due to the 
commercialization of 1 497,8 and 1 553,7 kg of live 
animals. This generated a net profit per hectare of $1 
194 663 and $1 442 706. However, in the treatments 
of the moderate stocking rates, profits similar to the 
ones shown by the treatments of the high stocking 
rates were observed. This performance can be 
ascribed to the MDG in the animals of the moderate 
stocking rates (table 4). The lower production cost 
was also obtained in the treatments of the moderate 
stocking rates, with average cost-effectiveness of 
28 %.

When relating the production costs with 
the kilograms of live animals produced, it was 
established that the treatments of the moderate 
stocking rates produced the kilogram of live animal 
meat at a lower cost, which was as average $125 and 
$263 lower than the one recorded in the treatments 

Table 5. Production costs ($) per hectare per year for each of the evaluated treatments.

Item

Treatment

Low stocking rates
(2 animals ha-1) 

Moderate stocking rates
(4 animals ha-1)

High stocking rates
(6 animals ha-1)

20 days 28 days 20 days 28 days 20 days 28 days

Agricultural activities/ha 127 982,0 122 196,0 134 686,0 137 946,0 151 186,0 1544 46,0

Equipment and tools/ha 6 713,0 6 713,0 6 713,0 6 713,0 6 713,0 6 713,0

Labor/ha 372 622,0 372 622,0 372 622,0 372 622,0 372 622,0 372 622,0

Purchase of animals/ha 1 434 600,0 1 434 600,0 2 875 350,0 2.875.350 4 303 800,0 4 303 800,0

Animal health/ha 7 410,0 7 410,0 14 820,0 14 820,0 22 230,0 22 230,0

Animal supplementation/ha 157 200,0 157 200,0 314 400,0 314 400,0 470 200,0 470 200,0

Direct costs/ha 2 106 528,0 2 100 742,0 3718 592,0 3721 852,0 5326 752,0 5 330 012,0

Indirect costs/ha 219 000,0 219 000,0 219 000,0 219 000,0 219 000,0 219 000,0

Total production cost/ha 2 325 528,0 2 319 742,0 3 937 592,0 3 940 852,0 5 545 752,0 5 549 012,0
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of high and low stocking rate, respectively (table 6). 
Likewise, the treatments of the moderate stocking 
rates destined 78 % of the beef production to level 
the incomes with the production costs; while in the 
low and high stocking rates they allotted 83 and 80 
%, respectively. This indicates that the treatments of 
the moderate stocking rates were the most efficient 
ones in beef production.
Conclusions

The stocking rate affected the DM yields. The 
highest yields were found in grasslands that main-
tained the low stocking rates. Likewise, in the low 
stocking rates the highest individual weight gains 
of the animals were shown. However, in the high 
stocking rates the highest gains per surface unit 
were recorded.

From the economic point of view, beef production 
through weaners was more cost-effective in the treat-
ments that maintained the moderate stocking rates. 
Similarly, in the moderate stocking rates the kilogram 
of live animal beef was produced at a lower cost.
Recommendations

The renovation of grasslands, accompanied by 
fertilization, organic if possible, is recommended, 
as well as the implementation of rotational systems 
with grazing cycles lower than 28 days, with stock-
ing rate of 4 animals ha-1 in the rainy season, which 
are reduced to half in the dry season.
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