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Abstract

The objective of this study was to analyze the effect of the quantity and quality of the feed offered on the per-
formance of male beef cattle, >6 months old, on intensive grazing systems in Uruguay. Two hundred and fifty-
four results from different experimental trials (nexp=68) performed between 1991 and 2020 by different re-
search institutions in Uruguay were compiled and analyzed. The experiments included feeding studies with
cultivated pastures as a single nutritional source (nexp=61), as well as supplementation studies on the same
type of pastures (nexp=49). Simple, quadratic, multiple linear regressions and recursive partitions were per-
formed to synthesize the information. Quadratic relationships between forage allowance (FA) and average daily
gain (ADG) were observed for the different animal categories and seasons of the year. Including other parame-
ters such as initial body weight and supplementation with energy concentrates or silages allowed to predict the
ADG of animals under a wide range of feeding alternatives. Briefly, low FA levels (<1.75 %Bw) limit animal per-
formance to maintenance gain conditions (0.2 kg/day). To achieve adequate levels of ADG (0.6-0.7 kg/day),
with a low to moderate FA (between 1.75 to 3.5 %BW), the nutritional value of pasture needs to reach at least
level 3 of quality (>58 %0DM, >13 %cCP, <50 %NDF, >21 %Leg and <19 %DR). These daily gains can be ex-
ceeded if the FA is >3.5 %BW (ADG in the range of 0.7 to 1.0 kg/day). The increased response in additional ADG
(0.4-0.5 kg/day) by the effect of supplementation with energy concentrate was achieved with low FA levels
(=2.25 %BW). The prediction of additional ADG using a multiple linear regression parameter allows evaluating
whether supplementation is appropriate.

Keywords: review, rearing, fattening, supplementation, cultivated pasture

Resumen

El objetivo del presente trabajo fue analizar el efecto de la cantidad y la calidad de alimento ofrecido sobre el
desempefio de bovinos para carne machos, de mas de 6 meses de vida, en sistemas pastoriles intensivos de
Uruguay. Se compilaron y analizaron 254 resultados de diferentes trabajos experimentales (nexy=68) realiza-
dos por distintas instituciones de investigacion de Uruguay entre los afios 1991y 2020. Los estudios incluyen
trabajos de alimentacion con pasturas cultivadas como Unica fuente nutricional (nex,=61), asi como trabajos de
suplementacion sobre ese mismo tipo de pasturas (nexp=49). Se realizaron regresiones lineales simples, cua-
dréticas, lineales multiples y particiones recursivas de modo de sintetizar la informacidn. Se observaron rela-
ciones cuadréticas entre la asignacién de forraje (AF) y la ganancia media diaria (GMD) para las diferentes
categorias y estaciones del afio. La inclusion de otros parametros como peso vivo inicial y suplementacion
con concentrados energéticos o ensilajes permitié predecir la GMD de los animales bajo un amplio rango de
alternativas de alimentacion. Brevemente, niveles bajos de AF (£1,75 %PV) limitan el desempefio animal a
condiciones de mantenimiento (0,2 kg/dia). Para lograr niveles de GMD adecuados (0,6-0,7 kg/dia), con AF
bajas a moderadas (entre 1,75 a 3,5 %PV), se necesita que el valor nutritivo de la pastura alcance al menos el
nivel 3 de calidad (>58 %DMO, >13 %PC, <50 %FDN, >21 %Leg y <19 %RS). Esas ganancias pueden superar-
se si la AF es >3,5 %PV (GMD en el rango de 0,7 a 1,0 kg/dia). La mayor respuesta en GMD adicional (0,4-0,5
kg/dia) por efecto de la suplementacion con concentrados energéticos se logra con niveles de AF bajos (<2,25
%PV). La prediccion de GMD adicional utilizando los parametros de la regresion lineal multiple permite evaluar
la conveniencia de la suplementacién.

Palabras clave: revision, recria, engorde, suplementacién, pasturas cultivadas
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Resumo

O objetivo do presente trabalho foi analisar o efeito da quantidade e qualidade do alimento oferecido sobre o
crescimento de bovinos de corte, machos e de mais de 6 meses de idade em sistemas pastoris intensivos do
Uruguai. Foram analisados 254 resultados de varios trabalhos experimentais (nexp=68) desenvolvidos por
diferentes instituigdes de pesquisa de Uruguai no periodo compreendido entre os anos 1991 e 2020. Os estu-
dos incluem trabalhos de alimentagdo com pastagens cultivadas como Unica fonte nutricional (nexp=61) e
trabalhos de suplementagdo sobre 0 mesmo tipo de pastagens (nexp=49). Para compendiar a informagao
foram implementadas regressdes lineais simples, quadraticas, lineais multiplas e particdes recursivas. Foi
observada uma relagao quadratica entre a forragem oferecida (FO) e o ganho médio diario (GMD) para dife-
rentes categorias e estacoes do ano. A inclusdo de outros pardmetros como peso vivo inicial e suplemen-
tacdo com concentrados energéticos ou silagem permitem predizer a GMD dos animais num amplo intervalo
de opgdes de alimentagdo. Baixos niveis de FO (<1,75 %PV) limitam o desempenho animal em situagéo de
mantenca (0,2 kg/dia). Para lograr niveis de GMD adequados (0,6-0,7 kg/dia), com FO baixas a moderadas
(1,75 a 3,5 %PV), e necessario que o valor nutricional da pastagem alcance pelo menos o nivel 3 de qualida-
de (>58 %DMO, >13 %PB, <50 %FDN, >21 % Leg e <19 %RS). Esses GMD podem ser superados se FO e
>3,5 %PV (GMD no intervalo de 0,7 a 1,0 kg/dia). A maior resposta no GMD adicional (0,4-0,5 kg/dia) por
efeito da suplementagdo com concentrados energéticos é obtida com niveis de FO baixos (2,25 %PV). A
previsdo de GMD adicional usando os pardmetros de regresséo linear multipla permite avaliar a adequagéo

da suplementacgao.

Palavras-chave: revisao, crescimento, terminagéo, suplementagéo, pastagens cultivadas

1. Introduction

In Uruguay, 89% of cattle fattening is carried out
on grazing systems(), with cultivated pastures
being of utmost importance in their feeding. An
estimate of 30% of these animals are directly fat-
tened with cultivated pastures®@, and 50% had
access to improved pastures at some stage of their
life (rearing and/or fattening) so as to have the age
and weight demanded by the meat processing
industry at slaughter®). These rearing and/or fat-
tening systems on cultivated pastures are identified
as intensive livestock systems and are character-
ized by being productive systems where high ani-
mal stocking rates are managed (generally: 1.0-1.6
Lu/ha®) with a rearing and fattening period of no
more than two years®). In these systems, the type
of grazing acquires particular relevance, especially
rotational grazing, since it is more productive than
continuous grazing only under high stocking rate
conditions®)"), The concept of forage allowance
(FA), defined as the daily amount of dry matter (kg
pm) of offered forage per 100 kg of animal body
weight (BW), then acquires more relevance than
animal stocking rates. Fractioning forage through
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the use of daily belts allows managing the forage
resource better (greater control of the FA), to regu-
late the nutritional value of pastures more efficient-
ly, and to balance the diet, as it has greater control
of animal intake®). To estimate the belt size, the bm
availability, the FA, and the number of animals(®)
should be considered. The number of days that
animals will remain in each belt for longer occupa-
tions should also be taken into account.

On the other hand, in our country, pasture supple-
mentation has increased as a result of the growth
of the agricultural area with greater availability of
grains and by-products. Supplementation with hay,
silage or grain improves the nutritional condition of
the animal®), which may result in better finishing
and carcass and meat quality(". However, the
most important role of supplementation in intensive
systems is the increase in animal stocking rate and
consequently the overall productivity of the farm.
This is due to more rational use of pasture, as well
as better use of crops and harvest residues within
the system(1),

There are reviews at international level on how the
forage offered, and the type and level of supple-
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mentation affect animal performance, as well as
programs that allow predicting the average daily
gain (ADG). Nevertheless, these present limitations,
since they: 1) do not predict the animal response
for a range of feed supply(12(13)14); 2) evaluate FA
in terms of kg DM of forage/kg of animal Bw(15)(16)
without considering the time factor (commonly
used in continuous grazing); 3) only evaluate the
effect of the level and type of supplementation on
incremental ADGEX'7); 4) only predict animal per-
formance for tropical pastures('®), or 5) estimate
ADG, but the user must establish the bm intake("9).

For these reasons, and as a way of generating
national coefficients for Uruguayan technicians and
farmers, this study aimed to analyze the effect of
the quantity and quality of feed offered on the per-
formance of male beef cattle over 6 months old, in
intensive grazing systems in Uruguay. These arise
from a bibliographic review and an analysis of ex-
perimental work carried out in Uruguay which stud-
ied how the quantity and quality of the offered feed
affect animal performance.

2. Materials and methods

For this research, 68 experimental studies (nexp) on
feeding with cultivated pastures (prairie or winter
forage crops) as the only nutritional source were
used and synthesized, as well as supplementation
studies on the same type of pastures, carried out
and published by the Agronomy College (Udelar)
and INIA in Uruguay between 1991 and 2020. Only
the tests carried out with meat-breed castrated
males over 6 months of age were included.

Trials that presented results of animal performance
under different levels of forage allowance and in

Beef cattle performance in intensive grazing systems

different seasons of the year were identified among
the experimental studies. These (n=125, Nex=61)
were analyzed by simple and quadratic linear re-
gressions using the statistical package SAS. The
seasons of the year were defined as: summer (De-
cember, January and February), autumn (March,
April and May), winter (June, July and August) and
spring (September, October and November).

The correlation was estimated between FA and ADG
of animal weight in the different seasons of the
year for each category (calves and steers).
Subsequently, a multiple linear regression analysis
was performed using the stepwise SAS function
where parameters were included to estimate the
ADG of beef cattle. The parameters were: FA
(% Bw), category (calves and steers), initial BW
(kg), season of the year (summer, autumn, winter
and spring), type of supplement (hay, silage and
energy concentrates), and type of cultivated
pasture (prairie and winter forage crops). A
significance <0.15 was considered to include the
parameters in the model. In total, 254 results were
used (Nexp=68).

Subsequently, a multivariate analysis was
performed with the statistical package InfoStat
using the recursive partition methodology,
including FA and an index of the nutritional quality
of pastures (1=lowest nutritional value, 5=highest
nutritional value; table 1). It was estimated based
on real laboratory values (organic matter
digestibility (omD), crude protein content (CP) and
percentage of neutral detergent fiber (NDF)), and
when it was not reported it was estimated based
on pasture characteristics (percentage of legumes
and dry remains), used in the different trials
(n=125, nexp=68).

Table 1. Index of pasture nutritional value estimated based on the main parameters of its chemical composi-
tion or by visual appreciation of pasture characteristics

Level D'Q(’;sgm')'ty CP (% DM) NDF (%DM) Leg(%DM) DR (% DM)
1 <51 9 >55 <10 >25
2 51.57 9-12 51.55 10-20 20-25
3 58-64 1315 46-50 2130 15-19
4 65-71 16-19 41-45 3140 10-14
5 >71 >19 <41 >40 <10

OM = organic matter; CP= crude protein; DM = dry matter; NDF = neutral detergent fiber; Leg = legumes; DR = dry remains

Agrociencia Uruguay 2021;25(1)



Clariget JM, Lema OM, La Manna A, Perez E,
Banchero G, Fernandez E

The methodology used allowed to group and char-
acterize the animal response (ADG) based on the
aforementioned criteria (FA and pasture nutritional
value). This methodology is used in human medi-
cine(2)21)22) and allows building decision trees that
model the influence of a set of explanatory varia-
bles on the target variable. Minimum data size of
25% (n=31) was considered to continue partition-
ing each node. The main results are presented
grouped into nodes sharing similar values for some
of the evaluated characteristics.

The experimental results of supplementation with
energy concentrates carried out in all seasons of
the year (n=90, nexp=35) were also analyzed by a
multivariate analysis using the recursive partition
methodology to evaluate how the FA and the level
of supplementation affect the “additional” ADG
(ADGa). The ADGa was calculated as the difference
of ADG between the supplemented group and the
control group (without supplementation).

Additionally, the studies that evaluated the use of
forage (percentage of disappeared forage in rela-
tion to offered forage) under different levels of FA
(n=71, nexp=28) were identified and analyzed using
simple and quadratic linear regressions, as well as
the level of forage dry matter intake (FDMI) estimat-
ed as a percentage of BW (n = 50, nexp = 18). Also,
the experimental studies that presented results of
supplementation with energy concentrates on culti-
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vated pastures were identified (n=90, nexp=35). For
this case, ADGa was used as a result of supple-
mentation with energy concentrates.

Finally, for the variables FOMI and ADGa, multiline
linear regressions were performed using the step-
wise function of SAS, considering the following
parameters: FA (% BW), animal category (calves or
steers), initial BW (kg), season of the year (sum-
mer, autumn, winter or spring), and type of pasture
(winter forage crop or prairie), and the level of sup-
plementation (% Bw) was considered for ADGa. A
significance <0.15 was considered to include the
parameters in the model.

3. Results and discussion

3.1 Estimation of ADG during rearing and fatten-
ing on cultivated pastures without supplemen-
tation (Model 1 - Simple and quadratic linear
regressions)

Table 2 shows the simple and quadratic linear
regression parameters by season of the year to
estimate the ADG of calves and steers. It is ob-
served that the estimated ADG has a better fit
(higher R2) in quadratic regressions than in simple
linear regressions.

Table 2. Simple and quadratic linear regression parameters by season of the year and animal category to
estimate ADG of beef cattle

Linear Quadratic Quadratic
Intercept FA FA*FA
n R? R? mean ee mean ee mean ee
ADG Winter (calves) 22 023 0.24 0416  0.350 0.051 0.162 0.004 0.017
ADG Spring (calves) 6 0.28 0.28 0.610  0.677 0.059 0.299 0.000 0.028
ADG Summer (steers) 17 035 0.50 -0.025  0.181 0.152 0.057 -0.008 0.004
ADG Autumn (steers) 22 0.07 0.1 0.253  0.322 0.148 0.122 -0.010 0.011
ADG Winter (steers) 38 055 0.59 -0.311  0.187 0.420 0.109 -0.026 0.013
ADG Spring (steers) 20 019 0.34 0465 0.169 0.146 0.057 -0.007 0.004
ADG: average daily gain (kg/day) // FA: forage allowance (kg DM/100kg body weight/day)
Agrociencia Uruguay 2021;25(1) 5
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Figure 1 shows the synthesis of the 61 local stud-
ies (n=125) using the parameters described in
Table 2, where it can be observed that as the for-
age allowance in cultivate pastures increases, the
ADG of animal increases but with decreasing rates.
In turn, it can be observed that the ADG potential for
steers at the same FA level is greater for winter and
spring than for summer and autumn. In this way,
what Carambula@) mentions regarding the influ-
ence of the advanced phenological state of the
pastures in summer (reproductive state) on their
quality becomes evident; as well as the reported by
Rearte and Pieroni*) regarding the great propor-
tion of water, low effective fiber level and high sol-
uble proteins/soluble carbohydrates rate in pas-

Beef cattle performance in intensive grazing systems

tures in autumn, determining that the achievable
potential based only on cultivated pastures is lower
in summer and autumn than in winter or spring.
Additionally, during the summer, caloric stress can
be another factor that determines the lower pro-
ductive performance due to a lower DMI(5)(26)
and/or a greater maintenance effort to dissipate
heat(27)(8),

On the other hand, in winter and spring, the ADG
potential is greater for steers than for calves. This
has been published widely by international litera-
ture@)B0E1B32) and is due to a greater ruminal
digestibility®®), among other things, as a compen-
satory effect of steers due to some previous re-
striction(34),

Figure 1. Average daily gain of calves and steers by season of the year according to level of forage allowance
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3.2 ADG estimation during rearing and fattening
on cultivated pastures with and without sup-
plementation (Model 2 - Multiple linear regres-
sions)

The parameters included in the model of multiple
linear regression are shown in table 3. The param-
eters that affect the estimation of ADG the most are
supplementation with energy concentrates, FA, and

summer (greater R?). Including other parameters
such as spring and winter, initial body weight and
supplementation with silages allow improving the fit
in the estimation of ADG. The inclusion of the type
of pastures (winter forage crops or prairie) or sup-
plementation with hay were not significant (P-
value>0.15) for the developed model.

Agrociencia Uruguay 2021;25(1)
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Table 3. Multiple linear regression parameters to estimate ADG (kg/day) of beef cattle

mean ee Rz partial RZmodel

Intercept 0.083 0.105

Supplementation with energy concentrates 0.237 0.035 0.11 0.11
Forage allowance 0.067 0.009 0.09 0.20
Summer -0.276 0.069 0.09 0.29
Spring 0.224 0.060 0.04 0.33
Initial body weight 0.001 0.000 0.03 0.36
Silage supplementation 0.160 0.078 0.01 0.37
Winter 0.076 0.053 0.01 0.37

ADG: average daily gain (kg/day) // Supplementation with energy concentrates: 0 (no), 1 (yes) // Forage allowance (kg DM/100kg
body weight/day): 1 to 12% BW // Summer: 0 (no), 1 (yes) // Spring: 0 (no), 1 (yes) // Initial body weight (kg): 130 to 390 kg BW //
Silage supplementation: 0 (no), 1 (yes) // Winter: 0 (no), 1 (yes)

To ratify the use of this model, the results obtained
experimentally were compared to the prediction of
the model from three studies chosen at random:

1) Risso and others®), working in winter with
steers of 260 kg of Bw, supplemented ad libitum
with silage from prairie or crops and managed at a
FA of 1% BWw, reported ADG of 0.722 and 0.642, re-
spectively, while the model estimated an ADG of
0.67 kg/day.

2) Beretta and others(®), working in winter with
steers of 360 kg BW, managed with a FA of 5 % Bw
and supplemented at 1% of Bw with ground sor-
ghum grain, reported an ADG of 1.47 kg/day, while
the model estimated an ADG of 1.13 kg/day.

3) Beretta and others(®”), working in summer with
steers of 280 kg BW, managed with a FA of 6% Bw
reported an ADG of 0.48 kg/day, while the model
estimated an ADG of 0.52 kg/day.

Based on these examples, the model will allow
technicians and farmers to predict the expected
ADG considering the abovementioned parameters
(FA, season of the year, initial body weight and
supplementation with energy concentrates or si-
lages). In this way, they can model feeding alterna-
tives for animals and evaluate the most suitable for
their livestock production system.

Agrociencia Uruguay 2021;25(1)

3.3 ADG estimation during rearing and fattening
on cultivated pastures with and without sup-
plementation with energy concentrates (Mod-
el 3 - Classification and regression trees)

The multivariate analysis allowed to generate six
nodes or terminal associated groups of ADG based
on the FA and the nutritional value of pasture (Fig-
ure 2). As can be observed, low levels of FA
(=1.75% Bw) limit animal performance (0.2 kg/day;
Node 1). To achieve adequate levels of ADG of
weight (0.6-0.7 kg/day), working with low to mod-
erate FA (between 1.75 and 3.5% Bw), it is neces-
sary for the nutritional value of pasture to reach at
least level 3 (>58% of omD, >13% of cp, <50% of
NDF, >21% Leg, and <19% of DR; Node 3). With
moderate to high levels of FA (>3.5% Bw) weight
gains in the range of 0.7 to 1.0 kg/day can be ob-
tained (Nodes 4, 5 and 6). Under moderate to high
FA conditions, the nutritional level of forage has a
lower impact on ADG, possibly associated with the
increased selection capacity of animals in those
grazing conditions(38)(9),

The ADGa of energy concentrate supplementation
generated five terminal nodes, as shown in Fig-
ure 3. The highest response in ADGa (0.4-0.5
kg/day; Node 1) was at low FA levels (<2.25% BWw),
emphasizing what was reported by Moore and
others®, who found that when the FDMI is lower
than 1.75% Bw, the supplement has an additive
effect. As FA increases (>2.25% Bw), the ADGa
decreases (Nodes 3, 4 and 5), highlighting that at
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higher FA levels the substitute effect of the sup- (0.2 vs. 0.4 kg/day; Node 2 vs. Node 3), with high-
plement is greater®“0), Under similar FA condi- er levels (0.6 vs. 1.0% Bw).
tions, the ADGa due to supplementation increased

Figure 2. Results of recursive partition analysis applied to ADG of beef cattle on cultivated pastures

n=125; ADG=0.62 kgiday
FA = 4.2 %BW

N =30

FA = .75 %BW 1Fﬂn:"1.?5%BW

n=110; ADG=0.75 kghday
Fi: = 3.5 %BW Fi: = 3.5 %BW
n=45; ADG=0.62 hglday n=63; ADG=0.84 kglday
MWW =35 NV =35
My=25 Ny: =25
n=46; ADG=0.79 hgiday
n=13 n=14 n=H n=21 n=2j n=19
ADG=0.20 kgiday ADG=0.50 kghday ADG=1 68 kgiday ADG=0.77 kgiday ADG=0.83 kglday ADG=0.97 kyiday
FA= 1.5 %BW FA =26 %BW Fi= 2.5 %BW FA=T72%BW FA = 5.5 %BW FA =352 %BW

NV=26 NV =17 NV =36 Nv=18 NV=30 N¥ =44
Node 1 Node 2 Node 3 Node 4 Node § Node 6

n = number of observations; ADG = average daily gain (kg/day); FA = forage allowance (kg of DM/100kg body weight/day); BW =
body weight; NV = nutritional value (scale 1 - 5; described in Table 1).

Figure 3. Results of recursive partition analysis applied to “additional” ADG of beef cattle

1=90; ADGa=0.34 kglday
Supl. = 0.9 %GBW
FA= 34 %BW

Fi: 5 2.25 %BW | Fh: = 2.25 %BW

n=73; ADGa=0.H kglday

Supl: = 0.9 %EW Supl: > 0.9 %EW

n=; ADGa=0.36 kgiday

Fi: = 5.5 %EW FA: »5.5 %EW

n=d6: ADGa=0.33 kgiday

Fh: = 4.5 %BW FA: = 4.5 %BW

! |

n=AT n=d2 n=29 n=t7 nsd
ADGa=0.48 kglday ADGa=0.19 kglday ADGa=0.41 kgiday ADGa=0.34 kgiday ADGa=0.18 kg/day
FA = 1.6 “%LBW FA =33 %BW FA =130 %RBW FA = 5.0 %BW FA =72 %BW
Supl. = 0.1 %BW Supl. = 0.§ %BW Bupl. = 1.0 LBW Supl. =1.2 %BW Supl. = 1.0 %BW
Node 1 Node 2 Mode 3 Node 4 Node 5

n = number of observations; ADGa = “additional” average daily gain (kg/day); BW = body weight; FA = forage allowance (kg of
DM/100kg body weight/day); Suppl. = supplementation.

Agrociencia Uruguay 2021;25(1)
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Figure 4 combined the two recursive partitions
previously discussed (Figure 2 and 3). The analy-
sis of ADG based on different forage allowances
and nutritional values of pastures is shown at the
top. The analysis of ADGa due to supplementation
based on different forage allowances and energy
concentrates offers is presented at the bottom of
the figure. The association of both partitions will
allow technicians and farmers to predict the ex-
pected ADG based on pasture characteristics

(quantity and quality) and supplementation level.
As an example, we can see that it is possible to
achieve ADG in animals of around 0.7 kg/day by
working with low FA values (1.5-1.6% Bw), average
nutritional values of forage (2.6; scale 1 to 5), and
supplementing with levels of 0.8% Bw. However,
ADG of around 1.2 kg/day can be achieved if we
give the steers greater FA (5.0-5.5% Bw) with simi-
lar nutritional values (3.0; scale 1 to 5) and higher
levels of supplementation (1.2% Bw).

Figure 4. Estimation of animal performance by combining the two recursive partitions in Figures 2 and 3
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n = number of observations; ADG = average daily gain (kg/day); ADGa = “additional” average daily gain (kg/day); FA = forage allow-
ance (kg of DM/100kg body weight/day); BW = body weight; NV = nutritional value (scale 1 - 5; described in Table 1);
Suppl. = supplementation.

3.4 Estimation of the use and intake of forage
dry matter (Model 4 - Simple, quadratic and
multiple linear regressions)

Table 4 and Figure 5 summarize the local studies
where the allowance, the forage utilization (n=71,
Nexp=28) and the FDMI estimate (n=50, nexp=18)
were recorded. It is observed that forage use has a
better fit (greater R?) in quadratic regression, while
FDMI has a moderate fit (RZ = 0.39) and not differ-
ent than the model used. As the FA increases, pas-
ture utilization decreases, reaching values below
40% with FA levels greater than 6.5% of Bw. On the
other hand, when the FA is lower than 4% of Bw,
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forage use exceeds 60%, being able to reach val-
ues of 85% with very low FA (1.5% BW). As for the
FDMI estimate, it can be seen that to reach levels
above 2% of BwW it is necessary to work with FA
above 3.5% Bw, while it is necessary to work with
FA over 6% BW to reach levels greater than 2.5% of
BW.

The multiple linear regression using the function
stepwise of sAs allowed to improve (R2 = 0.66) the
estimation of FDMI in relation to the simple linear
and quadratic regression (Table 5). It is observed
that FA is the most related parameter to FDMI
(greater R?), but the inclusion of the season, initial
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body weight and type of cultivated pasture allows
to improve this estimation. The lower FDMI at the
same level of FA during autumn and winter could
be due to the low content of DM in forage®!). Con-
centrations of DM below 24% have been reported

Beef cattle performance in intensive grazing systems

to increase the number of bites#2. Concentrations
below 22% of DM decrease the intake rate (grams
of DM/min)@3); while concentrations below 18-20%
of DM limit animal intake (kg Dwm/day)®4)45),

Table 4. Simple and quadratic linear regression parameters for forage utilization and FDMI

Linear  Quadratic Quadratic
Intercept FA FA*FA
n R? R? mean ee mean ee mean ee
Usage (%) 71 062 0.79 105.8 35 151 14 08 0.1
FDMI (% BW) 50 0.38 0.39 1.26 0.50 023 0.22 0.00 0.02

FDMI: forage dry matter intake (kg DM/100 kg body weight/day) // BW: body weight (kg) // FA: forage allowance (kg of DM/100kg
body weight/day)

Figure 5. Utilization and estimation of forage intake of beef cattle according to forage allowance level
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Table 5. Parameters of multiple linear regression to estimate dry matter intake (% Bw) of forage

mean ee R? partial RZz model

Intercept 2.98 0.53

Forage allowance 0.20 0.03 0.39 0.39
Summer -0.79 0.23 0.08 0.46
Autumn -1.01 0.22 0.13 0.59
Winter -0.53 0.23 0.03 0.62
Initial body weight -0.003 0.001 0.02 0.64
Type of pasture -0.30 0.19 0.02 0.66

Forage allowance (kg of DM/100kg body weight/day): 2 to 9 % BW// Summer: 0 (no), 1 (yes) // Autumn: 0 (no), 1 (yes) // Winter: 0
(no), 1 (yes) // Initial body weight (kg): 150 to 390 kg BW // Type of pasture: 0 (winter forage crop), 1 (prairie)
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The lower FDMI during the summer may be due to
the lower nutritional value of forage. During the
summer, the cultivated pastures present the high-
est values of NDF(23)46), which is inversely related to
the capacity of FDMI4?). Similarly, the lower FDMI
when using prairie relative to winter forage crops
can be attributed to the higher values of NDF of the
first46), In fact, Mertens”) reports that values
greater than 40% NDF in the diet begin to lower the
FOMI. Finally, the lowest FDMI in relative terms
(% Bw) to greater animal BW has been reported in
the literature®248), where it obeys a smaller rela-
tive size of the gastrointestinal tract compared to
the rest of the body9).

3.5 Estimation of the additional ADG by the ef-
fect of supplementation with energy concen-
trates (Model 5 - Simple, quadratic and multiple
linear regressions)

The fittings for simple linear and quadratic regres-
sions to determine the ADGa were low (R2=0.10
and R2=0.11, respectively). Using the multiple line-
ar regression allowed improving this fit (R2=0.34)
when animals were supplemented with energy
concentrates. Table 6 shows that for each increase
in the level of supplementation (% Bw) the gener-
ated ADGa is 0.224 kg/day. In turn, for each in-

“
Y

v )

N

crease in FA (% Bw) the ADGa is lower
(0.060 kg/day). This is due to a higher replacement
rate of forage with concentrates®). Finally, at the
same level of supplementation and FA (in relative
terms —%Bw—), 0.13 kg/day of additional ADG are
obtained for every 100 kg of Bw.

The multiple linear regression model allows us to
predict the ADGa considering the abovementioned
parameters. It is possible to evaluate whether or
not supplementation is appropriate with this esti-
mate and knowing the price of the concentrate and
the produced animal Bw. As an example, calves of
160 kg of BW, in winter, managed with a FA of 2.5%
BW and supplemented with energy concentrates at
1% of Bw would achieve an AcDa of 0.26 kg/day.
This value is similar (0.25 kg/day) to that reported
by Simeone and Beretta®') under these manage-
ment and feeding conditions. With this value, as-
suming a price of usD 1.8 per kg of BwW produced, a
daily intake of 2 kg of supplement (fresh base) at a
price of UsD 190 a ton, supplementation would be
convenient since the result is positive (USD
0.092/calf.day = 0.26 kg /day * usb 1.8/kg of BW
produced — 2.0 kg supplement * usD 0.190/kg sup-
plement). In 100 days of supplementation, a feed-
ing margin of usD 9.2/calf would be achieved.

Table 6. Parameters of multiple linear regression to estimate additional ADG (kg/day) by supplementation with
energy concentrates

mean ee RZpartial R2 model
Intercept -0.019 0.103
Level of supplementation 0.224 0.051 0.15 0.15
Forage allowance -0.060 0.012 0.11 0.25
Initial body weight 0.0013  0.0003 0.09 0.34

Additional ADG: additional average daily gain (kg/day) // Supplementation level: 0.5 to 2% BWI// Forage allowance (DM/100kg body
weight.day): 1.5 to 9% BW// Initial body weight (kg): 130 to 390 kg BW

4. Considerations

In the studies evaluated in this research, the rela-
tionship that exists between FA and ADG for the
different categories and seasons of the year is, in
general, quadratic, whereas the FA increases in
cultivated pastures, the ADG of beef cattle increas-
es, but with decreasing rates. The inclusion of
additional parameters such as initial body weight
and supplementation with energy concentrates or

Agrociencia Uruguay 2021;25(1)

silages at FA and season of the year allows predict-
ing the expected ADG of the animals under a wide
range of feeding alternatives, evaluating the most
convenient for the production system.

Considering parameters such as FA, season of the
year, initial body weight and type of cultivated pas-
ture allows estimating the FDmI with greater preci-
sion, a key variable to determine the production
efficiency (FDMI/ADG) in grazing systems. Finally,
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the prediction of the ADGa using the parameters of
the multiple linear regression allows evaluating the
convenience of supplementation, considering the
price of the concentrate and the produced Bw.
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