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Abstract
Grasslands develop a multifunctional role to humanity, with unique fauna and flora, besides being the primary
feed source for herbivores. However, grasslands are usually considered a low-efficiency production system,
often converted into other land uses such as crops and forestation (e.g., south Brazil). This study aimed to
evaluate the effect of two rest intervals between grazing occupations in rotational grazing on the grazing
behavior and feed intake of beef heifers. Two grazing intervals, 375 and 750 DD (degree-days) were used; based
on the cumulative thermal sum necessary for the leaf expansion of native grasses of two functional groups. The
experiment was conducted as a completely randomized block design, with two treatments, three replications, and
repeated measures over time. The grazing behavior was evaluated continuously for 18 hours (7 a.m. to 11h59
p.m.). Herbage intake was estimated using an external marker (Cr2O3) in four periods (one for each season). The
green leaf mass was similar between treatments, with a mean of 40% of the pregrazing mass (kg DM ha-1). On
average grazing, time was 50% of the period, and the bite rate was 38.7 bites min-1. The number of daily meals
was 6.5, with an average of 84 minutes for each meal. The number of feeding times (feeding stations by minute)
visited was 6.4. On average, there was a 2.23% difference in dry matter intake (% BW) among seasons. Neither
ingestive behavior or forage consumption of heifers was affected by the treatments, both maintain similar
chemical composition on natural grassland.
Keywords: beef cattle, degree-days, management, pampa biome, thermal sum
1. Introduction
Natural grasslands are on the decline on a global scale (Bengtsson et al., 2019; Haddock & Good, 2012). Some
land uses (e.g., extensive grazing) are compatible with natural grassland functions but may not have the
immediate economic return of more intensive land uses. There is a need to reconcile individual financial needs
with the requirements of healthy functioning natural grasslands. One way to do this is to provide incentives that
align long term sustainable land management decisions with a stable and competitive economic return (ELD
Initiative, 2015).
To improve the competitiveness with other land uses (e.g., crops), management of both forage and grazing
animals is the key for successful livestock operations. A good goal is to develop a grazing system that uses
properly managed and well-adapted forages while, at the same time, meeting the nutrient requirements of the
animals. Various grazing management tools are available for beef cattle farmers to use forage resources more
effectively (e.g., forage allowance, adjustment of stocking rate) and compete with other land uses such as
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farming (Martín et al., 2021; Carvalho & Batello, 2009). Although the management tools mentioned above have
already been evaluated, further research is needed to understand the interrelationships of grazing behavior,
dietary quality, forage intake, and sward structure. Methods of modifying behavior to control feed intake that
improve efficiency or reduce stress could significantly contribute to the livestock industry (Brem et al., 2012; Da
Trindade et al., 2016).
The leaf elongation duration marks a period in which both the photosynthetic efficiency and the nutritional value
of the leaf blade reach their peak. Leaf elongation duration is regulated by the accumulation of temperatures just
like the phyllochron (Skinner & Nelson, 1995). This characteristic is measured through a thermal sum expressed
in degree-days (DD), being defined as the sum across days of the average between maximum and minimum
daily temperatures (Carvalho et al., 2013; Provenza et al., 2004).
Our research hypothesis is that the use of ecophysiological characteristics to guide pasture management would
allow a balance between sustainable production and conservation of natural grasslands with the animal
production of this pastoral ecosystem. To make the most efficient use of plant and animal resources, it is
essential to improve our understanding of the foraging strategies of livestock using these ecosystems (Gordon,
1995). Thus, our research hypothesis is that the use of ecophysiological characteristics to guide pasture
management would allow a balance between sustainable production and conservation of natural grasslands with
the animal production of this pastoral ecosystem.
In this context, our study evaluated two rest intervals between rotational grazing periods based on physiological
characteristics of native grasses from the Pampa biome. This study used assessments of the ingestive behavior of
two management proposals to compare with regional patterns of animal behavior in natural grasslands.
2. Materials and Methods
2.1 Period, Treatments, and Experimental Area
The experiment was conducted from June 2013 to April 2014 in an area of natural grassland representative of the
Pampa biome (IBGE, 2004). The experimental area is located at the Federal University of Santa Maria (lat
29o43′S long 53o45′W), at 95 m above sea level. The climate is classified as humid subtropical (Cfa), according
Kӧppen. There are two soil types in the area: Typic Albaqualf on lowland areas and Rhodic Paleudalf on upper
and slope areas (Streck et al., 2008). During the trial, the mean maximum temperature was 23.4 oC, mean
minimum temperature was 17.1 oC, and mean rainfall was 135 mm per month, October being the driest (54 mm),
and November the wettest month (295 mm) (see Appendix A).
The 23 ha experimental area (see Appendix B) was divided into six paddocks randomly assigned to one of the
two treatments with three replicates in a randomised complete block design (paddock as experimental unit).
Treatments consisted of two different thermal sums, 375 and 750 degree-days (DD), determining the length of
paddock rest intervals between grazing events. The 375 DD is the interval necessary for the elongation of 2.5
leaves of Axonopus affinis and Paspalum notatum, which are prostrate C4 grasses of the functional groups A and
B (Quadros et al., 2006), with an average phyllochron of 150 DD (Eggers et al., 2004; Machado et al., 2013).
The 750 DD represents the time for elongation of 2.2 leaves for tufted grasses such as Aristida laevis and
Saccharum angustifolius, from functional groups C and D (Quadros et al., 2006), with phyllochron of 333 DD
(Machado et al., 2013).
In treatment 375 DD, each replicate paddock of the 375 DD treatment was subdivided into seven 0.5 ha grazing
cells, while in the 750 DD treatment, each replicates paddock was divided into eight 0.5 ha cells for grazing
rotation resulting in a total of 45 grazing cells. Freshwater was provided in all grazing cells.
The occupation time of each grazing cell was a function of rest time (between the grazing periods) according to
the following formula:
Occupation (degree-days) =

Interval (DD)
Nº × Grazing cells - 1 (Cell in use)

(1)

where, DD is the treatment DD, 1 is the number of paddocks in use and Nº. Grazing cells are either 7 or 8 for the
375 and 750 DD treatments, respectively. As an example, when the sum across days of the average between
maximum and minimum daily temperatures reached around 62 DD in the 375 DD, animals were changed to next
cell. For 375 DD, it ranges from 4 to 7 occupation days, with a mean of 5.1, and for 750 DD, it ranges from 6 to 11
occupation days, with a mean of 7.9 days. Climate data were obtained from the National Meteorological Institute
(INMET) in the automatic meteorological station of Santa Maria, RS.
Both treatments had a constant stocking rate and variable herbage allowance during the (June to September).
From October to April a variable number of “put-and-take” heifers, with the same age as the test-animals, was
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used to adjust the stocking rate (SR), based on the proportion of leaves in the sward. The SR was adjusted so that
70% of the leaf mass could be removed and keep a residual mass of 1500 kg ha-1 under rotational grazing. A
grazing cell (0.5 ha) was selected in each paddock as the representative cell where all evaluations of aerial
pasture biomass availability and plant component contribution were carried out.
Throughout the experiment over seven days there were assessments of ingestive behavior (Kozloski et al., 2006):
June 13 (1); July 13 (2); September 13 (3); November 13 (4); February 14 (5); March 14 (6) and April 14 (7).
Considering reasons of statistical analysis and ease of interpretation of the results, these dates were grouped into
seasons, with dates 1 and 7 being autumn; dates 2 and 3, as winter; date 4, as spring, and dates 5 and 6, as
summer. The feed intake was estimated at four periods: June/13 (period 1), September/13 (period 2),
December/13 (period 3), and April/14 (period 4), a period for each season.
2.2 Experimental Animals, Supplements, and Grazing Management
Thirty Angus beef heifers, average age of 8 months, mean initial body weight of 151±5.8 kg were used as test
heifers.
Heifers were blocked by body weight into six groups with similar body weight. During winter, all heifers
received daily supplementation of whole rice bran at 2:00 p.m. at a rate of 1.0% of body weight. Sanitary control
of ticks and endoparasites was carried out when necessary, with pour-on (Fluazuron or Fipronil) or sprinkling
shower (amitraz) and vaccination as required.
2.3 Vegetation and Animal Measurements
Herbage mass (HM; kg of dry matter (DM) per ha) was measured using a visual evaluation procedure of
standards calibrated with a double-sampling technique (Haydock & Shaw, 1975). Six 50 × 50 cm quadrats
samples clipped at ground level using were used to calibrate 20 visual estimates in each representative cell for
each replicate paddock.
Biomass collected from clipped samples was weighed and divided into two subsamples. One was used to
determine dry matter (DM) content, by drying in a forced-air oven at 55 oC for at least 72 hours, the second was
used to separate structural components to obtain the percentage of green leaf lamina, pseudostem (grass species),
dead material, and plant species other than grass (e.g., Cyperaceae, Asteraceae). Herbage allowance from green
leaf blade (kg DM/100 kg day-1) was calculated using the mean leaf present in the pregrazing HM in each
evaluation, divided by the number of occupation days and by the instantaneous stocking rate (ISR), multiplied by
100. Mean green leaf blade was calculated using the percentage of leaf by manual separation multiplied by
herbage mass available in the cell (Kuinchtner et al., 2021).
ISR is the total body weight in an experimental group divided by the cell area. Mean stocking rate (MSR; kg ha-1
of body weight) was calculated as the sum of all animal’s body weight divided by paddock (repetition) area,
being 3.5 ha for 375 DD and 4.0 ha for 750 DD.
Animal behavior was evaluated when the animals were on the second occupation day of the cell using five
identified animals per cell. Activity time such as grazing, rumination, and resting was measured for 18 h of the
day (7:00 a.m. to 11:59 p.m.), recorded as ten-minute intervals as described by Jochims et al. (2020).
The time spent by animals for herbage selection and apprehension, including the displacement to select a new
feeding station, was considered grazing (Hodgson, 1990). The rumination period was identified by the absence
of grazing activity and by visual identification of mandibular movements. Time spent in resting activities was
considered the time when animals were neither grazing nor ruminating.
Bite rate was measured as the time necessary for the animal to accomplish 20 bites, transformed into bite/min,
according to Jamieson and Hodgson (1979). We calculated the number of feeding stations visited per minute, the
time spent in each feeding station, and the number of steps between feeding stations based on direct counts for
utilization of 10 feeding stations (Ruyle & Dwyer, 1985). The number of feeding meals through the day was also
counted and defined as a continuum grazing period, without interruptions of two or more assessments (20
minutes). Meal duration was calculated as the time between the beginning of the first feeding event and the end
of the last feeding event, where intervals between the events were shorter than the meal criterion.
The herbage intake was estimated on four occasions: 12-21 June (autumn), 28 August-6 September (winter), 2-11
December (spring) and 24 March-2 April (Summer). Fecal excretion was estimated from two animals per
replicate, using Cr2O3 (chromium oxide) as an external marker. The adaptation period and collection of feces
samples comprised ten consecutive days. Cr2O3 was provided along with 0.2 kg of whole rice bran once a day
(Kozloski et al., 2006). On the same occasion, to avoid thermal and behavioral discomfort for the animals on
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collection days, a polyethylene external marker was also provided, with different colors for each animal to
identify the feces. The polyethylene external marker was made with plastic paper A4 of 0.3 mm thickness, using
a manual machine binder (Excentrix) with 4 mm diameter. For ten consecutive days, animals were fed 5 g of
Cr2O3, and in the last three days, the fecal samples were collected from the paddock. The Cr2O3 supply started
considering the fecal collection when animals were moving into the representative paddocks. For collections,
daily “sweeps” were performed. If the polyethylene marker was found, samples were collected. The collected
samples were dried until constant weight and afterward ground on 1 mm sifter.
Fecal chromium concentration was measured by atomic absorption spectrophotometry after acid digestion as
described by CzarnockI et al. (1961). Fecal output (FOut) was estimated as:
FOut =

Supplied Cr2O3 (g/day)

(2)

Feces [Cr2] (g/kg DM)

and intake estimated as:
Intake (g/day) =

FOut (g/day)

(3)

(1 - Digestibility)

In situ rumen digestibility of herbage OM (ISRDOD) consumed by animals was determined according to Orskov
and McDonald (1979) and hand plucking forage samples collected according to Euclides et al. (1992). The
samples were collected in both treatments when the animals were on the second day of occupation. The
hand-plucked samples were dried in an oven (BIOMATIC MOD. 1306, Brazil) at 105 ºC for 24 hours and
analyzed for total DM, total nitrogen (N; N × 6.25 = crude protein; AOAC, 1990), and neutral (NDF) and acid
detergent fiber (ADF) without amylase (Van Soest, 1967).
2.4 Statistical Analysis
The data were submitted to a Bartlett test followed by a Shapiro-Wilk test to determine the homogeneity of
variances and normality of residuals, respectively. Afterwards the data were submitted to an analysis of variance
and F test. Mean comparison analyses were conducted using PROC MIXED (Tukey test) model procedure of the
SAS 9.4 software. Models included the fixed effects of treatments, periods, and the treatment × period
interaction, and the random effect of the paddock (animal group). The best covariance structure was chosen
according to the smallest Bayesian Information Criteria, being the autoregressive covariance structure
considered.
3. Results
No differences were found between treatments for herbage mass evaluations, however, there were differences
among seasons throughout the experiment (Table 1). The leaf blade component increased while the dead material
decreased during the warmer seasons.
Table 1. Herbage mass and allowance, sward components of a nature pasture from Pampa biome
Variables
Treatments
375 DD
750 DD
SEM
Season
Autumn
Winter
Spring
Summer
P-Values
T
S
T×S

Pregrazing
Kg DM/ha

Herbage Allowance

Leave Blade
Dead Material
Stem
----------------- % Pregrazing ------------------

MSR
Kg/ha

4100
4710
118

10.61
7.05
0.79

40.6
40.6
1.28

45.9
46.8
1.36

8.4
9.5
0.26

521.5
573.6
26.58

4283
4912
4164
4260

8.29
7.93
8.01
11.09

39.6b
29.9c
45.1a
47.7a

47.4b
63.8a
40.2bc
34.0c

8.4c
3.0d
10.1b
14.3a

484.1b
447.7b
722.6a
535.7b

0.067
0.127
0.112

0.087
0.126
0.913

0.995
0.000
0.128

0.689
0.000
0.383

0.104
0.000
0.865

0.299
0.000
0.083

Note. T = treatments; S = season; T × S = treatments and season interaction; MSR = mean stock rate; SEM =
standard error of the mean. Within columns, means followed by the same letter are not significantly different at P
< 0.05.
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The number of meals, bite rate frequency, feeding time, and steps between feeding stations were similar between
treatments and seasons although there was weak evidence (P = 0.066) of differences among seasons in meal
frequency (Table 2).

Table 2. Animal behavior of beef heifers grazing in nature pasture
Variables
Treatments
375 DD
750 DD
SEM
Season
Autumn
Winter
Spring
Summer
P-Values
T
S
T×S

Meal Duration
(min/meal)

Meal Frequency
(meals/day)

Bites Rate
(bites/min)

Feeding Time
(feeds station/min)

Steps/Feeding Station

82.8
86.8
3.690

6.9
6.3
0.187

39.9
37.4
2.333

6.7
6.1
0.620

1.5
1.7
0.089

86.6
76.7
91.3
84.7

5.9
6.6
7.7
6.5

38.4
37.6
38.0
40.5

6.3
6.0
6.0
7.2

1.6
1.7
1.6
1.6

0.523
0.321
0.296

0.164
0.066
0.198

0.534
0.774
0.193

0.548
0.138
0.340

0.273
0.818
0.468

Note. T = treatments; S = season; T × S = treatments and season interaction; SEM = standard error of the mean.
No differences were observed in chemical composition between treatments and seasons (Table 3).
Table 3. Average values feed intake (FI, % BW), pasture intake (PI, kg DM/day), supplement intake (SI, kg
DM/day) of beef heifers and chemical composition (% DM) of a natural grassland from Pampa biome
Item

Treatments

375
750
FI
2.23
2.24
PI
1.60
2.02
SI
1.70
1.84
Chemical composition (%)
CP
7.93
8.01
NDF
72.64
73.29
ADF
34.8
35.94
DMDIS
41.34
43.59

SEM

Periods

SEM

P-Value

0.095
0.272
0.203

21/06
1.96B
1.66
1.73

06/09
2.09AB
1.97
1.81

11/12
2.65A
-

02/04
2.26AB
-

0.137
0.224
0.145

T
0.965
0.389
0.685

P
0.050
0.307
0.228

T×P
0.533
0.908
0.856

0.403
0.893
0.863
1.149

7.55
75.16
38.16
40.96B

7.58
72.83
34.52
38.28AB

8.15
70.18
33.76
48.56A

8.61
73.68
35.03
42.05AB

0.437
1.221
1.266
1.725

0.896
0.638
0.472
0.277

0.317
0.147
0.196
0.049

0.580
0.833
0.722
0.579

Note. T = treatments; P = periods; T × P = treatments and periods interaction; SEM = standard error of the mean;
CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber; DMDIS = dry matter
degradability in situ.
A B

, Values within a row with different superscripts differ (P < 0.05).

There was no difference in time grazing (T = 0.327) and ruminating (T = 0.435), between treatments while times
periods differed among seasons (P = 0.004) for grazing and (P = 0.008) for ruminating time (Figure 1).
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375

Summer
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Figure 1. Proportion of time spent by beef heifers (a) grazing, (b) ruminating. Dotted column is 375 DD and
stripes backslashes column is 750 DD. The error bars represent the standard error mean
The animals spent less time grazing during the cooler winter season when the supplement was around 50% of
feed intake (Table 3). Rumination time showed fluctuation among seasons, being a response to supplementation
as grazing time. There is an interaction between treatment and period for resting time (P = 0.02), with lower
resting times during spring and summer seasons (Figure 2).

30

Time (%)

25
20
15
10
375 DD

5

750 DD

0
Autumn

Winter

Spring

Summer

Figure 2. Resting interaction between treatment and period. The error bars represent the standard error mean
The feed intake was similar between treatments; while there was a difference among seasons (Table 3). Pasture
and supplement intake were similar between treatments and periods (Table 3); supplement rate was about 50% of
the feed intake.
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4. Discussion
This study aimed to evaluate the beef cattle heifer’s feeding behavior while the native pasture was managed with
two rest intervals under rotational grazing. In our research, the herbage mass (pregrazing) evaluated was higher
than other trials in the same natural grassland composition because we calculated the biomass including tussocks,
differently than others authors that use only the intertussock area (Da Trintade et al., 2015, Mezalirra et al., 2011,
Bremm et al., 2012). Although without difference for herbage mass, the tussocks number is higher in the 750 DD,
due to being predominantly composed of Saccharum angustifolium and Aristida laevis.
Herbage allowance did not limit dry matter intake, with values three to four times higher than potential intake,
considered non-limiting for animals’ feed intake (Sollenberger et al., 2005). However, grazing behavior results
indicated that differently from what occurs in cultivated pastures, herbage allowance, or herbage mass did not
sufficiently explain the grazing time observed (Pinto et al., 2007). Grassland showed different sward structures
among seasons, exhibiting large differences mainly between the winter and summer seasons. This may be
confirmed by leave blade and dead material components; leaf blade varied from 30% during winter to 48% in the
summer, dead material was the opposite, with 64% in the winter and 34% in the summer. In our study, even with
this fluctuation in sward structure, neither treatment limited the animal behavior. The high herbage allowance
maintained in both treatments may be responsible for the lack of influence on animal behavior.
According to Carvalho and Moraes (2005), in swards with non-limiting herbage allowance, animals present a
higher number of meals promptly filling their rumen in less time. Our results confirm this assertion; the meal
duration (min per meal) was shorter than results previously found by other authors working with a similar
grassland composition (Barbieri et al., 2015; Mezzalira et al., 2012). These authors found an average of 118
minutes in similar herbage allowance. Meal frequency (meals per day) was similar to the results from Barbieri et
al. (2015) in the same site under rotational grazing and higher than Mezzalira et al. (2012) under continuous
grazing with 12% of herbage allowance.
The bites rate, feeding time (feeds per min), and steps between feed stations were similar to results reported by
Barbieri et al. (2015), that found on average 35, 6.0 and 2.9 respectively. The average sward conditions that
promoted a high daily forage intake, as well as an increased nutrient intake rate, by cattle grazing natural
grassland of the Pampa Biome occurred around 12.1% BW of forage allowance, characterized by biomass
between 1 820 and 2 280 kg DM ha-1 and between 11.5 and 13.4 cm of height, with tussock levels that did not
exceed 30% (Da Trindade et al., 2015). In our trial, the herbage allowance fluctuated between 8 to 12%; however,
this allowance was just from green leaf blades, different from the above-cited authors that evaluated all plant
biomass. It is then possible to affirm that the sward structure was not limiting the heifer’s feed intake. Favorable
herbage allowances, three times the feed intake capacity are frequently associated with high values of herbage
intake per bite and slower rates of biting (Hodgson, 1982), probably because ruminants prefer living (growing)
to dead (senescent) material, younger to older material, and leaf to stem (Arnold, 1981; Lyons & Machen, 2000;
Gregorini et al., 2015).
On average, time spent on grazing was 50% in both treatments, Da Trindade et al. (2012) found time spent on
grazing to be 43% during summer and 39% during the winter season with the best herbage allowance (12%).
However, they evaluated just daylight animal behavior. Barbieri et al. (2015) found 43% of grazing time in the
same area during continuous 24 hours of visual observation. The ruminating time was shorter in our trial than
Barbieri et al. (2015); however, we used a lower mean stocking rate used in both treatments, allowing higher
selectivity and consequently increasing the grazing time.
The interaction between treatment and season for the proportion of leisure (resting) time can be attributed to the
seasonal effect on the composition of the vegetation and its lignification process. The volume of forage mass
accumulated until winter is lower in treatment 375 DD, which reduces the supply of forage and forces animals to
greater effort for its collection, therefore reducing their resting time. In the spring, the accumulated dead material
limits the regrowth in the treatment 750 DD, forcing the animals to extend the collection time of new regrowth
forage and therefore reducing their resting time.
According to Da Trindade et al. (2012), herbage mass from Pampa biome grasslands below 1620 kg DM/ha and
10.1 cm of height decrease animals’ DMI, which cannot be compensated by increasing daily grazing time. This
did not occur in our trial; data from vegetation enabled proper conditions for feeding behavior.
Variations in vegetative (sward) characteristics may have a profound effect on grazing behavior. According to Da
Trindade et al. (2014), the same herbage allowance may result in different sward structures; when conditions are
not favorable for feeding intake, the animal uses compensatory strategies for the ingestive process (Laca, 2008).
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Pasture dry matter intake increased among periods due to DMDIS increase; this showed the same trend that
feeds intake, which may be attributed mainly to the higher percentage of green leaf blades recorded during the
same period. As there was no difference for feeding behavior variables, dry matter intake was also similar
between treatments. Our records were higher than Barbieri et al. (2015) that found 2.04 % BW under rotational
grazing. Da Trindade et al. (2015), in the Pampa biome natural grassland managed with forage allowance levels,
reported a similar value in the treatment with of 8% BW of forage allowance. However, they used the
C32-Alkane as an external indicator.
5. Conclusions
Rotational grazing based on ecophisiological traits don’t changes ingestive behavior to an insuitable way,
allowing favorable conditions to heifers’ rearing. The evaluated intervals (375 or 750 DD) maintain similar
chemical composition on natural grassland. Compared to available regional data, it turns possible to keep higher
stocking rates.
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Appendix A
Mean Maximum and Minimum Temperature and Mean Rainfall During the Trial
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Appendixx B
Arrangem
ment of Experrimental Plots and Subploots, First Num
mber Is Plot aand Second N
Number Subp
plots,
Numbers From 11 Un
ntil 37 Repreesent the 3755 DD and Frrom 41 Untiil 67 Corresp
pond the 750 DD
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