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ABSTRACT

Supplementing growing cattle grazing native subtropical Campos grasslands during winter improves the low, even negative, average daily weight
gain (ADG) typical of extensive animal production systems in Uruguay. Nonetheless, to render the practice profitable, it is crucial to control sup-
plement feed efficiency (SFE), that is, the difference in ADG between supplemented and control animals (ADGchng) per unit of supplement dry
matter (DM) intake. Little has been studied specifically on how SFE varies in these systems. The objective of this study was to quantify the mag-
nitude and variation in SFE of growing beef cattle grazing stockpiled native Campos grasslands during winter and assess putative associations
with herbage, animals, supplements, and climatic variables. WWe compiled data from supplementation trials carried out in Uruguay between 1993
and 2018, each evaluating between one and six supplementation treatments. The average ADG of unsupplemented and supplemented animals
were 0.13 £ 0.174 and 0.49 + 0.220 kg/animal/day, respectively. In both cases, ADG decreased linearly as the proportion of green herbage in
the grazed grassland was lower, but the ADG of unsupplemented animals was further reduced when winter frosts were numerous. Estimated
SFE were moderately high, with an average of 0.21 + 0.076 ADGchng/kg DM, resulting from average ADGchng of 0.38 + 0.180 kg/animal/day
in response to an average supplementation rate of 1.84 + 0.68 kg supplement DM intake/animal/day (0.86% =+ 0.27% body weight). No associ-
ation was found between SFE and supplementation rate or type (protein vs. energy-based; P > 0.05), but forage allowance negatively affected
it, and herbage mass positively affected it, yet in a smaller magnitude, suggesting that a balance is needed between the two to maximize SFE.
Weather conditions during trials affected SFE (P < 0.05), with greater SFE in winters with lower temperatures and more frosts. Daytime grazing
time was consistently lower in supplemented animals compared to their unsupplemented counterparts, whereas ruminating time during the day
was similar, increasing as the proportion of green herbage decreased. Herbage intake estimated from energy balance suggested the existence
of some substitution effect. This agrees with the moderately high SFE and with the total digestible nutrients-to-protein ratio of these subtropical
humid grasslands being higher than in semi-arid rangelands and dry-season tropical pastures but lower than in sown pastures.

LAY SUMMARY

Beef cattle are reared on native grasslands worldwide. In the native Campos—the subtropical humid grasslands part of the Pampa biome in
southern South America—animals often lose weight during winter due to insufficient quantity or quality of available forage. Therefore, supple-
mentation with concentrates is advocated. Notwithstanding its productive impact, this practice is unprofitable when supplement feed efficiency
(SFE) is low. We collated data from 25 trials carried out from 1993 to 2018 in Uruguay to better understand how and why SFE varies in growing
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cattle grazing stockpiled Campos. On average, animals gained 0.21 kg of body weight per kg of consumed supplement, but variation was large.
Winters with more frosts resulted in greater responses, rendering the practice more efficient. The amount of forage per animal negatively af-
fected efficiency, while overall forage availability positively affected it (yet in a smaller magnitude), suggesting that in order to be more efficient,
a balance between them is needed. Protein concentration of supplements was associated with SFE. Nonetheless, the proportion of green bio-
mass in offered herbage did correlate with weight gain and grazing behavior of the cattle. The total digestible nutrients-to-protein ratio of Campos
winter herbage—halfway between that of rangelands and sown pastures—would explain the observed relatively high SFE.

Key words: concentrate supplementation, growing cattle, native grasslands, nutritive value, protein, supplement feed efficiency

INTRODUCTION

Native grasslands are the foundation of extensive animal pro-
duction agro-ecosystems worldwide (Jaurena et al., 2021).
However, the nutrients they provide are not always sulffi-
cient to meet the desired animal performance goals. This is
often the case for growing ruminants during winter or the dry
season, when available herbage is either insufficient or of lim-
ited nutritive value (Hall et al., 1998; Williams et al., 2018;
Orcasberro et al., 2021).

Complementing the diet of grazing animals with en-
ergy, protein, and mineral supplementation, can help over-
come such constraints and enhance production, but it also
increases economic and financial risks whenever profits are
sensitive to changes in costs, as is often the case for extensive
systems (DelCurto et al., 2000; De Figueiredo et al., 2007,
Bowen and Chudleigh, 2020). Therefore, it is crucial to an-
ticipate the economic efficiency of supplementation, which is
in part determined by the supplement feed efficiency (SFE).
Usually, SFE is expressed as the difference in average daily
liveweight gain (ADG) between supplemented and control
(unsupplemented) animals (ADGchng) per unit of supple-
ment intake, the latter typically expressed on a dry matter
(DM) basis.

For animals grazing sown pastures, variation in SFE is often
attributed to variation of substitution effects, that is, the de-
crease in intake of grazed herbage observed in supplemented
animals (Grainger and Mathews, 1989; Moore et al., 1999;
Clariget et al., 2021a). Therefore, SFE often correlates with
herbage offer, allowance, and/or nutritive value because these
modulate substitution effects. Conversely, for animals grazing
native grasslands, analyses of what drives SFE are scarcer. In
a comprehensive review, Moore et al. (1999) observed that
supplementation consistently increased herbage intake of an-
imals grazing native prairies of North America (N = 55), pre-
sumably improving SFE, whereas it decreased herbage intake
in animals grazing sown pastures (N = 132). This differential
response between these two forage bases was associated with
the ratio of total digestible nutrients-to-protein (TDN:CP) of
7 in the grazed herbage Moore et al. (1999), and therefore
to protein deficiency (DelCurto et al., 2000). The conclu-
sion that the primary limiting nutrient is crude protein (CP)
and substitution effects are small was also reached for cattle
grazing Australian rangelands or tropical pastures during the
dry season (Poppi et al., 2018).

The Campos are subtropical humid highly diverse native
grasslands that foster extensive sheep and cattle produc-
tion across the Pampa biome in Uruguay, southern Brazil,
and center-eastern Argentina. These systems are currently
facing the challenge of both increasing profitability and at
the same time maintaining native grasslands as their main
feed source in order to keep low system-wide costs (Jaurena
et al., 2021), be resilient against extreme climatic events
(Briske, 2017), and preserve the various valuable ecosystem
services they provide (Modernel et al., 2016; Tittonell,
2021).

Campos grasslands benefit from relatively mild temperatures
and no dry season, but during winter, dominant C4 grasses
show rapid decreases in growth rate and loss of nutritive
value, frequently resulting in reduction or loss of animal per-
formance (Berretta et al., 2000) and well-being. Therefore,
winter supplementation is advocated to ensure both adequate
reproductive function of females and defined growth paths
and slaughter ages of males (Simeone et al., 2010; Luzardo et
al., 2014a, 2014b; Cazzuli et al., 2018). Yet, little is known
about the magnitude and causes of variation in SFE in these
systems. This increases uncertainty in assessing productive
and economic impact of supplementation, impairing farmers’
decision-making.

One source of variation in SFE might be the type of supple-
ment. A wide range of subproducts are locally available for
animal feed, such as rice (Oryza sativa) and wheat (Triticum
aestivum) bran, maize (Zea mays) and sorghum (Sorghum
bicolor) grain, dry distillers grains with solubles (DDGS),
as well as high-protein concentrates (Montossi et al., 2014).
Additionally, SFE might depend on the quantity and quality
of herbage on offer, which depends on management of au-
tumn stockpiling and winter stocking rate (Fedrigo et al.,
2022; DoCarmo et al., 2018). Furthermore, in contrast to
rangelands in other climates, Campos grasslands retain vari-
able amounts of green biomass over winter, depending on the
proportion of C3 species present in the sward and the number
and intensity of frosts, which may affect the protein concen-
tration of available herbage (Nufiez et al., 2022).

The aims of this study were 1) to quantify SFE and its var-
iability in growing cattle grazing native Campos grasslands
during winter, and 2) to assess whether SFE is associated with
pasture, animal, supplement, or climatic variables to infer
putative causes of its variation. To this end, we collated and
analyzed a largely unpublished dataset of 235 trials of late au-
tumn—winter concentrate supplementation of growing beef
cattle grazing Campos grasslands carried out in Uruguay over
the last 30 yr.

MATERIALS AND METHODS

Database Compilation

Data were gathered from 25 supplementation trials carried out
between 1993 and 2018 in which growing beef cattle grazing
native Campos grasslands in Uruguay were supplemented
during late autumn and winter. These trials represent the to-
tality of experiments carried out in Uruguay with those char-
acteristics and within the mentioned period (1993-2018), and
only cases using lick blocks as supplements were excluded,
as well as validation experiences (no experimental control).
All trials included an unsupplemented control treatment.
Experimental units consisted of a group of animals grazing
an independent paddock. On average, trials had 7 animals per
paddock, but the variation was large, with a minimum of 4
and a maximum of 30. Most trials had several supplemented
treatments, depending on their specific objective (comparison
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of supplement type, supplementation frequency, method, rate,
etc.) and were carried out with 7-9 mo calves (male or fe-
male), but six trials used 18 mo steers. Cattle breeds were
Hereford, Aberdeen Angus, their cross, or Braford.

Sixteen trials had two replicates spatially arranged in
a completely randomized design, whereas nine trials had
only one paddock per treatment (Table 1). The collated da-
tabase comprised a total of 108 comparisons between an
unsupplemented (control) and a supplemented treatment.
Only two of these datasets were published as refereed arti-
cles. For the remaining cases, the responsible researchers were
contacted to access the experimental protocol and original
dataset. Annex 1 briefly summarizes each trial.

In all trials, paddocks were continuously stocked at a fixed
stocking rate for the duration of the trial (stocking period). The
trials” stocking period extended from June/July to September,
i.e., the local winter, lasting 42-141 d (except for one that
started late in May, and two that ended in mid-October).
Herbage intake was always voluntary, by direct grazing of
herbage stockpiled prior to the stocking period. Stockpiled
herbage accumulated over variable periods of time, following
either a mechanical cut or short-term heavy grazing in late
summer/early autumn. Therefore, the amount and propor-
tion of green mass present at the start of the stocking period
varied greatly between trials. Concentrate supplements were
fed either manually in their troughs (daily or every 2-4 d)
or using selffeeders, at a rate of between 0.5% and 1.7% of
body weight (BW).

Diverse concentrate supplements were used in each trial,
including rice bran, DDGS, soy (Glycine max) and sunflower
(Helianthus annuus) expellers, maize and high-moisture
sorghum grain silage with or without added nitrogen.
Supplements had similar metabolic energy concentration but
varied widely in CP concentration. Consequently, the energy-
to-protein ratio of supplements varied greatly between trials.
Supplements were categorized according to their CP con-
centration: above 20% (Harris, 1980) supplements were
considered protein based. In all trials, supplemented animals
were gradually acclimated to supplements over a 7- to 10-d
period prior to the stocking period.

Animal behavior was registered in 14 trials, with observers
using binoculars throughout daylight hours (0700-1830
hours, approximately), registering the activity of all animals
of each plot every 15 min and classifying them into grazing
and ruminating, among other activities.

Response and Auxiliary Variables

Animals were weighed individually at the beginning and at
the end of the stocking period. In most cases, shrunk weight
was determined, using 12-16 h of fasting (Meyer et al., 1960;
Watson et al., 2013), but in some cases only unshrunk weight
was available and a 6% adjustment was applied to make all
data more comparable following (Clariget et al., 2021b). Then
ADG was calculated as final minus initial average BW of all
animals in each paddock (experimental unit), divided by the
stocking period (days). The response to supplementation was
estimated as the difference in ADG between supplemented
and unsupplemented animals (ADGchng).

Supplement intake of the group of animals in each experi-
mental unit was measured on a DM basis as the total amount
of supplement DM offered minus supplement DM refusal in
the trough, which was collected and weighed. All trials had
negligible amounts of supplement refusal.

Average sward height and herbage mass were measured at
the beginning of each trial. In some cases, these assessments
were repeated during or at the end of the trial. For nine trials,
individual sward height records were available, and the fre-
quency of heights were estimated for five strata (0-4, 4-8,
8-12, 12-16, >16 cm). Forage allowance was estimated as
kg of DM per kg of BW on total (FA) and green mass basis
(gFA; Table 2).

Chemical composition was determined in herbage samples
taken at different moments throughout the stocking period,
and in a sample of the concentrate supplement at the begin-
ning of the stocking period. In the few cases where supplement
chemical composition data were unavailable, average values
from local tables were assumed (Mieres et al., 2004). All
samples were oven-dried at 60 °C for 72 h. Neutral detergent
fiber (NDF) and acid detergent fiber (ADF) concentrations
were determined according to Van Soest et al. (1991), ash
included, whereas DM content and CP concentrations were
determined according to AOAC (1990). Dry matter di-
gestibility (DMD, %) was estimated following Ositis et al.
(2003) as 88.9 — 0.779 x ADF%, and the concentration of
metabolizable energy (ME, MJ/kg DM) was estimated as
(4.4 x 0.82 x DMD%/ 100) x 4.184 (Agricultural Research
Council, 1980). In addition, the ME/CP ratio of supplements
was calculated (units: 100 M]J/kgCP).

Meteorological data—daily rainfall, minimum, maximum,
and average daily temperature, and the number of ground
frosts—were obtained from the meteorological station nearest
to each trial.

Statistical Analyses

The SFE data were collated across the 25 trials, rendering
65 independent comparisons. Simple average, and the 20%,
50% (median), and 80% percentile were estimated. Then,
a logistic function was fitted to the distribution of SFE fre-
quency (TBLCurve v2.0, Sigma).

To determine the relationship between variables,
Spearman correlations between SFE and auxiliary variables
were explored, and then simple and multiple regressions
models fitted to estimate quantitative responses to pu-
tative determinants of SFE and the ADG of control and
supplemented animals.

A mixed model was developed with SFE as the response
variable, using trial as a random effect and all variables with
Spearman coefficients between them and SFE which presented
values above + 0.10 or below -0.10, as fixed effects (see
below Spearman correlations). The best model was selected
using the AIC criterion.

Statistical analyses were performed with the base package
of R software (R Core Team, version 4.0.3, 2017) in combi-
nation with Infostat (Di Rienzo et al., 2015). The threshold
for statistical significance was P < 0.05.

RESULTS

Sward, Animal and SupplementType and Intake

There was little or no difference between control and
supplemented treatments in initial animal BW, nor in the
amount and nutritive value of herbage offered, within each
trial (Figure 1), yet there was ample variation between trials.
Thus, sward height ranged from 2.5 to 19.0 cm and herbage
mass, from 460 to 6,160 kg DM/ha, whereas herbage CP
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Table 1. Summary of collated trials on supplementation of cattle grazing native rangelands carried out in Uruguay between 1993 and 2018

Trial Location, year Supplementation Breed and Duration Replicates Animals/ n Source
ID treatments® category (d) trial SFEP
12 La Magnolia, TMR with fiber Braford male 97 2 40 6 Cazzuli et al.
2013 calves (2018)
28 Glencoe, 2013 TMR with fiber Hereford male 120 2 40 6 Cazzuli et al.
calves (2018)
3 La Magnolia, RB (ground and Braford male 68 2 40 8 Montossi et al.
2014 pelleted) calves (2017)
42 Glencoe, 2014 RB (ground and Hereford male 108 2 50 8 Montossi et al.
pelleted) calves (2017)
52 Glencoe, 2015 Various (maize, Hereford male 141 2 50 8 Montossi et al.
expellers and RB) calves (2017)
6° Glencoe, 2009 RB Hereford male 113 2 48 6 Luzardo et al.
and female calves (2014a)
7° Glencoe, 2010 RB Hereford male 111 2 48 6 Luzardo et al.
calves (2014a)
82 Glencoe, 2011 RB Hereford male 119 2 48 6 Luzardo et al.
calves (2014a)
9 Palo a Pique, HMSGS British crossbred 99 1 56 3 Rovira and
2009 male calves Velazco (2014)
11 Palo a Pique, HMSGS British crossbred 84 1 54 4 Rovira et al.
2009 male calves (2014)
12q Palo a Pique, HMSGS British crossbred 84 2 32 6 Rovira
2013 steers (2014a)
13 Salsipuedes, 2009 TMR British crossbred 84 1 90 2 Blasina et al.
female calves (2010)
14 Ptas del Chuy, TMR British crossbred 81 2 48 4 Esteves et al.
2011 male calves (2013)
150 Palo a Pique, HMSGS British crossbred 55 2 32 6 Rovira
2014 steers (2014a)
16° Glencoe, 2007 RB British crossbred 98 2 24 2 Luzardo et al.
male calves (2014b)
17 Palo a Pique, TMR with fiber British crossbred 77 1 12 1 Rovira
2012 male calves (2014b)
20 Palo a Pique, RB and TMR British crossbred 87 1 30 2 Campos and
2000 female calves Terra (2002)
21 Glencoe, 2005 Various (maize, British crossbred 96 1 40 4 Pittaluga et al.
expeller and RB) male calves (2007)
22 Glencoe, 2011 RB Hereford steers 97 1 18 2 Brito et al.
(2011)
242 Glencoe, 2004 Various (RB and British crossbred 42 2 70 4 Arrieta et al.
expeller) steers (2008)
252 Glencoe, 2004 Various (RB and British crossbred 78 2 70 8 Arrieta et al.
expeller) steers (2008)
26 Palo a Pique, RB Hereford female 89 1 80 3 Quintans et al.
1992 calves (1993)
27 Palo a Pique, TMR British crossbred 77 1 56 3 Rovira and
2008 male calves Velazco (2012)
282 Carfiada del DDGS Hereford female 89 2 40 2 Berretta et al.
Pueblo, 2008 calves (2019)
292 Tomads DDGS British crossbred 84 2 40 2 Berretta et al.
Gomensoro, 2008 male calves (2019)
Total 1156 108

All trials included one unsupplemented control treatment.

TMR, total mixed ration; RB, rice bran; HMSGS, high-moisture sorghum grain silage (combined with protein supplements);
“Trial with 2 replicates;

"Number of calculated SFE values.
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Table 2. Secondary calculations and estimations divided into categories according to what they describe (Type) using parameters from original datasets,
protocols and publications from experiments on supplementation on native rangelands in Uruguay (1993-2018).

Type Variable Units Observations

Conditions Stocking period Days -

Pasture 0-4 cm Frequency Frequency calculation

Pasture 4-8 cm Frequency Frequency calculation

Pasture 8-12 cm Frequency Frequency calculation

Pasture 12-16 cm Frequency Frequency calculation

Pasture 16 + cm Frequency Frequency calculation

Pasture ME Mcal/kg 4.4 x 0.82 x DMD/100 (ARC, 1980)
Pasture DMD % 88.9 — (0.779 x ADF%) (Ositis et al., 2003)
Animal ADG kg BW/animal/d (BW f—BW 1)/(date f—date i)
Animal ProdHa kg BW/ha (BW f—BW i)/area

Animal ProdHa/d kg BW/ha/d (BW f—BW i)/area/day

Animal Stocking rate BW kg/ha BW/area

Animal Stocking rateLU LU/ha BW/380/area

Animal/supplement SFE kg DM/ADGchng
Animal/supplement SuppRate kg sDMI/kg BW

Animal/pasture FA kg/kg kg DM/kg BW

Animal/pasture gFA kg/kg kg green DM/kg BW

Animal/pasture

FAg/FA

Conditions, experimental conditions; Animal, animal related variables; Pasture, pasture related variables; Supplement, supplement related variables; I,
initial; f, final; ProdHa, BW production/hectare; LU, livestock unit (380 kg BW); SuppRate, supplementation rate (%BW); sE, supplemented’s HDMI; cF,

control’s HDMI..

concentration varied between 4.3% and 16.6%, and DMD,
between 43% and 70% (Table 3). The proportion of green
herbage in the standing biomass also varied widely, between
15% and 87% (Figure 1), and was negatively associated with
total herbage mass and sward height (r = -0.46; P < 0.01) and
positively with CP concentration (r = 0.64; P < 0.01; data not
shown in tables).

Supplementation rate (0.86 = 0.26%; min 0.3, max 2.0 %
of BW) and supplement DM intake (1.84 = 0.68 kg/animal/d;
min 0.4, max 3.8 kg/animal/d) presented substantial variation
among trials (Table 3). Supplements varied little in ME con-
centration (min. 10.1, max. 13.4 M]/kg DM) but widely in
CP concentration (min. 7.1, max. 43.9%), and therefore their
ME/CP ratio was variable (Figure 1, Table 3). Considering a
20% threshold CP concentration (Harris, 1980), supplements
categorized as “nonprotein based” (i.e., energy based) had
mean ME and CP concentrations of 11.7 = 0.807 M]J/kg DM
and 14.1% = 2.043%, respectively (data not shown), whereas
protein supplements had on average almost the same ME
concentration (11.5 + 0.682 MJ/kg DM) but twice as great
CP concentration (28.7 = 8.170%).

ADG of Supplemented and Control Animals

The average ADG of unsupplemented animals (cADG)
was positive yet low at 0.13 = 0.174 kg/animal/d, ranging
from -0.19 to 0.58 kg/animal/d. The average ADG of
supplemented animals (sADG) was considerably greater
at 0.49 = 0.220 kg/animal/d, ranging from 0.05 to a max-
imum value of 1.24 kg/animal/d (Table 3, Figure 2). This
resulted in ample variation in ADGchng, between -0.10
and 1.02 kg/animal/d, with an average of 0.38 + 0.167 kg/
animal/d.

SFE and its Relationship with ADGchng and
Supplement Intake

The average SFE was 0.21 = 0.076 ADGchng/kg DM, ranging
between 0.07 and 0.40 ADGchng/kg DM. Expressed on a
CP basis, SFE varied between 0.36 and 2.68 ADGchng/kg
CP, and expressed as ME it ranged between 0.01 and 0.03
ADGchng/M] (Table 3).

The distribution of SFE frequencies was asymmetrical,
with few values below 0.10 ADGchng/kg DM, an average
of 0.21 and a median of 0.19 ADGchng/kg DM. Three out
of five values ranged between 0.15 and 0.29 ADGchng/kg
DM (i.e., the 20% and 80% percentiles, respectively, Figure
2). When analyzing the association between SFE and its two
components, variation in SFE appeared to be more closely
associated with changes in ADGchng (and sADG and cADG)
than in supplement intake or supplementation rate (Tables 4
and 5). Discriminating SFE between protein and “nonprotein
based” (energy based) supplements yielded no distinct pattern
in these relationships (Figure 3).

Relationship Between SFE and Auxiliary Variables
The mixed model’s fixed effects explained 78% of its
variability and it resulted in the following equation:
SFE = 0.0435 + 0.00017 x  HerbageMass—0.0684  x
ForageAllowance (P < 0.05).

Neither of the variables describing the nutritive value of
herbage were associated with SFE (Table 6). Opposite to what
was expected, SADG was negatively associated with sward
height, herbage mass and allowance, and cADG was nega-
tively associated with initial herbage mass. Interestingly, the
proportion of the paddock with sward heights below 4 cm
was positively associated with both sADG and cADG. An as-
sociation emerged between the proportion of green herbage
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Figure 1. Main descriptive characteristics from sward, animal, and supplements of a database of supplementation experiments for young beef cattle on
native grasslands in Uruguay (1993-2018). BW, body weight; DM, dry matter; CF, crude protein; ADF, acid detergent fiber; NDF, neutral detergent fiber;

ME, metabolizable energy.

and sADG, cADg, and ADGchng, which in turn was de-

pendent on climate (Figure 4).

Weather variables were associated with some of the rele-
vant parameters explaining SFE (Table 6). Control ADG was

negatively associated with the number of frosts that occurred
30 d before the beginning of the trials. On the other hand,
the number of frosts that occurred 60 and 90 d prior to the
trials were all positively associated with sADG. Additionally,
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Table 3. Descriptive statistics (mean), standard deviation (SD), coefficient of variation (CV), minimum (min), and maximum (max) related to animals and
pastures of a dataset of supplementation experiments for young beef cattle on native grasslands in Uruguay (1993-2018)

Variable Mean SD Cv Min Max
cADG, kg/animal/day 0.13 0.17 130 -0.19 0.58
sADG, kg/animal/day 0.49 0.22 45 0.05 1.24
ADGchng, kg/animal/day 0.38 0.18 48 -0.10 1.02
Shrunk average BW, kg 201 51 25 123 371
Stocking rate, kgBW/ha 429 119 28 217 755
Forage allowance (FA), kgDM/kgBW 52 3.0 57 1.1 19.1
Green forage allowance, kg green DM/kgBW 2.1 1.2 57 0.7 6.5
Green FA/FA 0.4 0.2 37 0.2 0.9
Sward height, cm 7.4 3.9 52 2.5 19.0
Herbage mass, kgDM/ha 2079 969 47 461 6163
Herbage DM content, % 0.5 0.1 21 0.2 0.7
Green Herbage mass, % 0.4 0.2 37 0.2 0.9
Herbage CP, % 8.4 2.1 25 4.3 16.6
Herbage ADE, % 43.7 7.3 17 23.7 59.1
Herbage NDF, % 65.3 8.3 13 30.7 81.1
Herbage energy, M] ME/kg DM 8.5 1.1 12.9 6.5 12.1
Herbage DM digestibility, % 55.0 5.8 10 42.9 70.5
Forage ME/CP, 100M]/kgCP 1.0 0.2 19 0.6 1.6
Supplementation rate, %BW 0.9 0.3 31 0.3 2.0
Supplement DM intake, kg/an/day 1.8 0.7 37 0.4 3.9
SFE, ADGchng/kg DM 0.21 0.08 41 0.07 0.40
SFE, ADGchng/kg CP 1.23 0.58 47 0.36 2.68
SFE, ADGchng/M] 0.02 0.01 39 0.01 0.03
Supplement ME content, M]/kg 11.7 0.7 6 10.1 13.4
Supplement CP content, % 18.4 8.3 45 7.1 43.9
Supplement ME/CP, 100M]/kgCP 0.7 0.3 35 0.3 1.8
Stocking period, days 92.5 24.7 27 42.0 141.0

Green, green DM proportion.

Table 4. Multiple regressions with SFE as the response variable and supplement intake and ADGchng of a database of supplementation experiments

for young beef cattle on native grasslands in Uruguay (1993-2018)

Regressorl Estimate P-value Regressor2 Estimate P-value Regressor3 Estimate P-value R2 AIC

Supp Intake -0.07 <0.0001 ADGchng 0.47 <0.0001 - - - 0.73 -383
Supp Intake -0.16 <0.0001 (Supp Intake)? 0.01 <0.0001 ADGchng 0.55 <0.0001 0.85 -451
Supp Intake -0.06 <0.0001 ADGchng 0.61 <0.0001 (ADGchng)? -0.17 0.0132 0.74 -388
Supp Intake -0.01 <0.0001 - - - - - - 0.06 -252
ADGchng 0.13 0.0002 - - - - - - 0.12 =255
Supp Intake - 0.2144 (Supp Intake)? - 0.5741 - - - 0.06 -250
ADGchng -0.72 <0.0001 (ADGchng)? -0.59 <0.0001 - - - 0.37 -290

Supp Intake = kg DM per animal per d; ADGchg = kg DM/kg BW change per animal per day.

ADGchng was positively associated with frosts occurring
both 60 and 30 d before the trials began.

During the stocking period, in winter, both ¢cADG and
sADG were positively associated with minimum average
temperatures and negatively associated with rainfall, yet only
cADG was negatively affected by the number of winter frosts.
Consequently, the number of frosts during the stocking period
positively affected ADGchng.

Animal Behavior

In all trials, grazing time during the hours of daylight was
consistently lower for supplemented animals than their con-
trol counterparts. Unsupplemented animals grazed for 8-9 h,
while supplemented animals grazed 8 h or less and as little
as 2-4 h in some cases (Figure 5). The magnitude of the dif-
ference was variable and not related to the nutritive value
of offered herbage nor the climatic conditions (although
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Figure 2. Supplement feed efficiency (SFE) by average daily gain change (ADGchng) and supplementation rate, and SFE values frequencies of a
database of supplementation experiments for young beef cattle on native grasslands in Uruguay (1993-2018). BW, body weight; DM, dry matter.
References on the right hand of the figure correspond to each trial’s ID, as in Table 1.

Table 5. Spearman’s correlation coefficients between supplement feed efficiency and crude protein and metabolizable energy contents in forage and
supplements and their intake both separately and of the whole diet of a database of supplementation experiments for young beef cattle on native

grasslands in Uruguay (1993-2018)

SFE r P-value SFE (ME) r P-value SFE (CP) r P-value

SFE M] 0,91 0,000

SFE kgCP 0,57 0,000
ME f -0,12 0,214 ME f -0.19 0.054 ME f -0.24 0,012
ME s -0,11 0,300 ME s -0.19 0.058 ME s 0.07 0,517
ME s intake -0,18 0,065 ME s intake -0.22 0.020 ME s intake 0.07 0,472
CP f -0,18 0,067 CPf -0.28 0.004 CPf -0.05 0,646
CPs 0,26 0,006 CPs 0.26 0.006 CPs -0.53 0,000
CP s intake 0,04 0,650 CP s intake 0.06 0.571 CP s intake -0.49 0,000
s DM intake -0,17 0,072 s DM intake -0.21 0.034 s DM intake 0.06 0,558
cADG -0,34 0,006 cADG -0.31 0.011 cADG -0.39 0,001
sADG 0,21 0,027 sADG 0.17 0.078 sADG 0.17 0,079
ADGchng 0,58 0,000 ADGchng 0.51 0.000 ADGchng 0.45 0,000
Supp rate (%) -0,17 0,077 Supp rate (%) -0.21 0.028 Supp rate (%) -0.08 0,403

f, forage; s, supplement; SuppRat,: supplementation rate (%BW).

maximal grazing time in control animals appeared to occur
at intermediate values of the proportion of green biomass).
Conversely, no difference in rumination time during the
hours of daylight was observed between supplemented and
unsupplemented animals, and both groups increased their ru-
mination time from less than 0.5 h when the proportion of
green herbage in the standing biomass was high, to more than
1.5 h when it decreased to less than 0.3 (Figure 5).

DISCUSSION

Overall positive responses to supplementation were observed.
The average SFE of the database was 0.21 = 0.076 ADGchng/
kg DM, but SFE was quite variable, ranging from 0.05 to

0.40 ADGchng/kg DM. Variation between- and within-trials
was more closely associated with variation in ADGchng
than in supplement intake or supplementation rate (despite
these being naturally associated with SFE because they are
part of its calculation). Forage allowance negatively affected
SFE, while herbage mass affected it in a positive yet smaller
manner. On the other hand, when analyzing the Spearman
correlations, it can be observed that neither sward height nor
chemical composition of the herbage mass were directly as-
sociated with variation in SFE. Unlike reports from semi-arid
rangelands and tropical pastures with a dry season (Moore
et al., 1999; DelCurto et al., 2000; Poppi et al., 2018), little
evidence was found for protein concentration playing a major
role in determining SFE for growing cattle grazing native
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Campos grasslands during winter. Weather variables, on the
other hand, influenced SFE, with greater values observed in
colder winters and milder autumns.

The response in animal performance relative to the cost of
the additional nutrients provided is a key economic consider-
ation when assessing the efficacy of supplementation in exten-
sive animal production systems (McLennan et al.,2017). Since
costs are, in part, associated with the amount of offered sup-
plement, improving SFE is desirable (Wilkinson, 2011). For
animals grazing sown pastures, negative association effects
(substitution) are often observed, at least for supplementa-
tion rates above a certain threshold (Moore et al., 1999). For
instance, Bowman and Sanson (1996) suggest that energy
supplementation above 0.5% BW increases substitution and
hence worsens SFE. In the present study, SFE and supplement
DM intake were not associated or were less relevant than
ADGchng. This was not due to the variation of supplement
energy concentration which was relatively small. Within a
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Figure 3. Supplement feed efficiency (SFE) by average daily gain change
(ADGchng) by type of supplement of a database of supplementation
experiments for young beef cattle on native grasslands in Uruguay
(1993-2018). BW, body weight; DM, dry matter; energy-based
supplement: <20% crude protein (CR %) content; protein-based
supplement: >20% CP content.

12,

wide range of supplementation rates (0.30-2.03%BW), the
largest SFE values were observed at intermediate levels and
without a distinct pattern, which means that the substitu-
tion effect mentioned in the literature (Bowman and Sanson,
1996) would not be operating through any particular supple-
mentation rate threshold in our data. Thus, the substitution
mechanism would not seem to be related to the supplemen-
tation rate, although considering that unsupplemented an-
imals spent more time grazing than their supplemented
counterparts, some amount of substitution may be assumed,
nonetheless.

The ADG of unsupplemented animals was negatively
affected by weather conditions, specifically by harsher
conditions both before (autumn) and during the stocking
period (winter). Kuinchtner et al. (2018) point out that lim-
itations to young cattle performance during the cool season
in native grasslands may be due to low forage quality that is
a consequence of lower temperatures and frosts that inhibit
growth of C4 grasses. Furthermore, our results suggest that
frosts actually kill the accumulated biomass of C4 species.
Indeed, the proportion of green herbage in the standing bi-
omass was never above 50% in harsh winters. Even though
not all pasture related variables were associated with cADG,
the fact that the green proportion of the forage allowance
(greenFA/FA) was positively associated with this may point in
the same direction. In fact, with stockpiled native grasslands,
Fedrigo et al. (2022) observed that as sward height increased
from 5 to 10 cm, NDF and ADF increased while CP con-
centration decreased, meaning that unsupplemented animals
would benefit from shorter, greener swards, compared to a
taller pasture but with low green DM content. Additionally,
other than the negative effect that low environmental temper-
ature may have on digestibility (Christopherson and Kennedy,
1983), Sarker and Holmes (1974) concluded that frost forma-
tion on vegetation was the cause of a decreased daily grazing
time, and this could also explain what was observed with our
control animals, whose only nutrient source came from the
pasture and always dedicated more time to grazing activities
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Figure 4. Average daily gain change (ADGchng) by green herbage dry matter (DM) proportion and type of weather of a database of supplementation
experiments for young beef cattle on native grasslands in Uruguay (1993-2018). S, supplemented plots; C, control plots; mild weather: less than 20

frosts during trial; harsh weather: more than 20 frosts during trial.
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Table 6. Spearman’s correlation coefficients between supplement feed efficiency and other variables of a database of supplementation experiments for

young beef cattle on native grasslands in Uruguay (1993-2018)

Variable(1) Variable(2) Spearman P-value
SFE Sward height 0.17 0.082
SFE Herbage mass 0.11 0.270
SFE FA 0.14 0.153
SFE forageCP -0.18 0.070
SFE tmin 90p 0.32 0.004
SFE tmin 60p 0.29 0.011
SFE F90 p -0.28 0.019
cADG F Trial -0.65 0.000
cADG tmin Trial 0.60 0.000
cADG F 30p -0.50 0.001
cADG PP 30p 0.41 0.002
cADG F90p 0.45 0.002
cADG % Grazing -0.47 0.008
cADG 4-8 cm -0.49 0.013
cADG PP Trial -0.33 0.014
cADG PP 90p 0.31 0.023
cADG greenFA/FA 0.28 0.028
cADG 0-4 cm 0.41 0.040
cADG iHerbage mass -0.28 0.046
sADG Green herbage mass 0.58 0.000
sADG greenFA/FA 0.57 0.000
sADG Avg herbage mass -0.38 0.000
sADG Supplementation rate 0.36 0.000
sADG Sward height -0.36 0.000
sADG PP Trial -0.36 0.001
sADG F90 p 0.35 0.003
sADG fHerbage mass -0.34 0.003
sADG iHerbage mass -0.31 0.005
sADG PP 90p 0.30 0.005
sADG FA -0.26 0.007
sADG PP Trial 0.28 0.010
sADG NDF -0.28 0.010
sADG tmin Trial 0.29 0.011
sADG P Supl 0.27 0.012
sADG F 60p 0.29 0.013
sADG 0to 4 cm 0.36 0.018
ADGchng F 30p 0.44 0.000
ADGchng F Trial 0.36 0.002
ADGchng PP 60p -0.32 0.003
ADGchng Bite rate 0.37 0.008
ADGchng Green Herbage mass 0.25 0.015
ADGchng F 60p 0.26 0.027
ADGchng greenFA/FA 0.22 0.029

T min, minimum temperature, °C; PP, precipitations, mm; F, number of frosts; 30-60-90p, 30, 60, 90 d prior to beginning of trial; Green, green DM

proportion; SH, sward height; I, initial.

than their supplemented counterparts (Figure 5). Even though
ADGchng also correlated with harsh winter conditions, these
associations were weaker than what was observed with con-
trol animals, but also the number of frosts that occurred 2 mo
before the trial positively affected both ADGchng and sADG
(Table 6). Wheeler et al. (2002) found that during 1 mo after

the first killing frost, beef cows did not respond to supple-
mentation, but later in the winter, supplementation improved
the utilization of stockpiled bermudagrass forage. This could
mean that even if frosts affected supplemented animals, the
impact could have been of a relatively short term, or that it
may vary throughout the supplementation period.
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Figure 5. Grazing time (a) and rumination time (b) by dry green herbage dry matter (DM) proportion of a database of supplementation experiments for
young beef cattle on native grasslands in Uruguay (1993-2018). S, supplemented plots; C, control plots; mild weather: less than 20 frosts during trial;

harsh weather: more than 20 frosts during trial.

Our understanding of the relationship between supple-
mentation and animal performance for rangelands is lim-
ited (Bohnert and Stephenson, 2016). In our research, very
few associations could be established between SFE and most
pasture-related variables, despite their great variability. Forage
allowance was one notable exception, negatively affecting
SFE, suggesting that more available forage, than what ani-
mals need, would go unutilized at some point, thus rendering
inefficiencies. However, as herbage mass was the other excep-
tion, positively affecting SFA—even though its importance is
less than that of FA—it could be thought that some balance
is needed between allowance and mass, at least up to a cer-
tain point of herbage mass. Given that substitution is related
to the herbage DM intake (HDMI) of unsupplemented ani-
mals (Stockdale, 2000), this would suggest some substitution
existed in our database, which would explain inefficiencies. As
McCollum and Horn (1990) stated in a protein supplementa-
tion review, an SFE of 0.33 may be considered a benchmark
standard in growing cattle, which is higher than what was
observed in our database, meaning that inefficiencies occurred,
probably spurred by substitution effects. Furthermore, if the
greater the HDMI, the greater the substitution rate, the lower
the supplement response or ADGchng (Hills et al., 2015) SFE
would be expected to decline.

To assess, at least to some extent this possibility, HDMI
was estimated via energy balance (CSIRO Cattle Explorer,
2012), assuming a DMD of 65% of consumed herbage. We
focused on the magnitude of the difference in HDMI between
supplemented and unsupplemented animals and its rela-
tionship to the herbage total digestible nutrients-to-protein
ratio (TDN:CP, Figure 6). There is an apparent concordance
in the lack of large substitution or additive effects observed
in our database with the fact that the ratio of TDN:CP of
the Campos grasslands lies in-between that of sown pastures
(large substitution effects) and native prairies (large additive
effects).

Supplement response variability can be explained by sub-
stitution effects, due to the similarities or differences between
the nutritive value of forage and supplement (Tonello et al.,
2011), specifically by both pasture and supplement CP con-
centration and it may decrease when herbage CP increases
(Detmann et al., 2014). In the review of Moore et al. (1999),

the lowest response to concentrate supplementation was
observed when molasses alone or with very low nitrogen
addition were given to animals grazing native grasslands,
whereas the greatest responses were observed on improved
forages using balanced concentrates. Our data shows that
ADGchng was relevant in determining SFE more than supple-
ment DMI; therefore, the interaction between the nutrients
offered from pasture and supplement could explain part of
the variability. Additionally, the database presented enough
variability on native grasslands’ nutrient content, as well as
on supplement CP, yet not so much on ME concentration.
If we consider the CP concentration of sown pastures and
their relation to SFE on the one hand (CP=13% to 15%,
SFE 0.11-0.10, (Clariget et al., 2021a) and on the other hand,
we consider other native grasslands of the world, such as
midlate winter of dormant native tallgrass prairie (CP = less
than 6% in, Bodine and Purvis, 2003), or Australian tropical
rangelands (CP = around 6%, White et al., 2010), we could
place our Campos grasslands somewhat in the middle. Should
this be the case, it could be assumed that native grasslands are
in the CP deficit threshold, with some cases above and others
below it.

Poppi et al. (2018) suggest that supplementation response
is based on achieving the best combinations to increase me-
tabolizable protein and ME supply when animals are grazing
low CP concentration forage. The protein concentration of
herbage in native Campos grasslands during winter varies, but
8.4% is commonly observed (Cazzuli et al., 2019; Fedrigo et
al., 2021; Orcasberro et al., 2021), above what McLennan et
al. (2017) consider “low CP forages” (<7% CP). This CP con-
centration is about one-third that of sown temperate pastures
in winter (20% = 6%, Mieres et al., 2004), but not as low as
values reported for tropical grasslands during the dry season
(e.g., less than 3% in Australian rangelands, Bowen et al.,
2017). Again, this database appears to be somewhat in the
middle of all other forage bases in terms of CP concentration.
In addition, the actual consumed CP by the animals would
be even greater since animal selection improves diet quality
on this type of rangelands (Piaggio et al., 1995). When SFE
and ADGchng were classified into protein and “non-protein
based” (energy-based) supplementation treatments, no dis-
tinct pattern could be observed; if forage CP had been the
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Figure 6. Difference between supplemented and control animals in
organic matter (OM) intake by herbage TDN:CP by source of estimation.
TDN, total digestible nutrients; CR, crude protein; “Native grasslands and
sown pastures” from Moore et al. (1999); “Campos 656 DMD’ estimation
from database of supplementation experiments for young beef cattle on
native grasslands in Uruguay (1993-2018).

most important limiting factor, some kind of distinction in ei-
ther SFE or ADGchng should have been observed. When pro-
tein is limiting growth, protein deposition is linearly increased
by protein supply (Schroeder and Titgemeyer, 2008). In our
dataset—comprising growing cattle- no differential response
could be found using high protein concentration supplements,
nor a significant correlation between SFE and herbage CP.
According to Poppi and McLennan (19935), protein intake
is expected to be the main limiting nutrient for cattle in a
growing phase, at least in tropical environments, something
we did not find in our analysis. Additionally, McCollum and
Horn (1990) affirmed that SFE lower than 0.33 suggest no
N deficiency, in which case, our data would match this crite-
rion, at least on average. In the case of Bowman et al. (2004),
HDMI and NDF and CP intakes decreased linearly with
increasing nonstructural carbohydrate supplementation of
beef heifers on low quality forage-based diets (5.5 % CP,49.0
ADF%, 71.3 NDF%), in which both forage and supplement
digestible organic matter (DOM):CP seemed to be superior
predictors of response to supplementation compared with
forage CP levels alone. Actually, Lima et al. (1999) observed
that DOM:CP was as important as CP concentration for beef
heifers grazing a C4 grass in explaining ADG variations. All
this suggests that protein may not be the most important lim-
iting factor of these native grasslands production systems, not
even for young growing cattle.

CONCLUSIONS

Positive responses to supplementation occurred in the 25
collated trials. In general, SFE were relatively high, with 80%
of SFE above 0.15 ADGchng/kg DM. The average SFE was
0.21 = 0.08 ADGchng/kg DM. Considering the variables di-
rectly related with SFE, a greater variation was observed with
ADGchng than with supplementation rate. Forage allowance
affected SFE in a negative way, while herbage mass positively
affected yet it in a smaller magnitude, suggesting a balance
between these two variable is needed to maximize SFE.
Weather conditions during the stocking period was the
only variable that showed a significant effect on SFE, through

Cazzuli et al.

its detrimental impact on the performance of unsupplemented
animals in harsh winters that led to a greater supplement re-
sponse (ADGchng) and thus greater SFE.

Little evidence was found on the existence of a major
overriding role for protein deficiency on native Campos
grasslands of the Pampa biome as the main factor limiting
animal growth during winter. This is probably because the
nutritive value of herbage of Campos grasslands seems to be
higher than in other grasslands, such as tropical rangelands or
North American prairies, because Campos retain a variable,
and potentially high, proportion of green leaves over winter.
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