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Abstract
This study aimed to evaluate forage production and ingestive behavior of Morada Nova sheep in an intensive system with 
capim-tamani grass in both monoculture and silvopastoral irrigated systems in the Semi-arid region. Eighteen adult sheep, 
approximately 3 years old, with an average body weight of 26.8 ± 4.3 kg, were allocated to treatments with capim-tamani 
grass cultivated in monoculture and in silvopastoral systems with Caatinga trees. The experiment followed a completely 
randomized complete block design with two plots and three replications. Forage production, consumption, and behavioral 
activities	were	 the	assessed	variables.	The	animals	remained	in	 the	pasture	daily	between	6	am	and	6	pm.	No	effects	of	
the monoculture and silvopastoral systems were observed on the structural and productive characteristics of the capim-
tamani	grass	pasture.	There	were	also	no	observed	effects	on	body	condition	score,	consumption,	and	disappearance	rate	
of dry matter (DM) and other nutrients in both systems. However, there was an interaction between the time animals 
spent under shade in monoculture and silvopastoral systems. In general, the animals spent more time under shade where 
there were trees, except during the period between 2 pm and 4 pm, when the times were similar. On average, the animals 
spent	approximately	15.6%	(equivalent	 to	1.87	h)	of	 their	 total	 time	 in	 the	artificial	 shade	available	 in	 the	monoculture	
system,	whereas	 in	 the	silvopastoral	 system,	 they	 remained	under	natural	 shade	 for	approximately	40%	(five	and	a	half	
hours) of their time spent in the pasture during the day. The grazing frequency in both systems was approximately 70% 
(8.4 h) in relation to the total time spent in the pasture. The capim-tamani grass pasture managed intensively with sheep 
in the silvopastoral system showed similar forage production and consumption compared to the monoculture system. 
There	was	a	positive	influence	of	trees	on	the	duration	of	solar	radiation	exposure	to	the	animals	throughout	the	day.	The	
results support the need to provide shade for sheep, as well as to promote these sustainable systems in semi-arid regions.
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Introduction

Silvopastoral systems advocate for the integrated exploita-
tion of forestry (native or exotic) and livestock, emerging 
as	an	alternative	to	mitigate	the	imminent	effects	of	pasture	
degradation (Oliveira et al. 2021a). Simultaneously, these 
systems provide shaded areas, contributing to improved 
thermal comfort and animal well-being (Santos et al. 2021).

In Brazil, the semiarid region covers an area of 1,128,697 
km2, making it the largest in the world. Additionally, it is a 
region that houses cattle, goats, and sheep, with these three 
species totaling a herd of nearly 40 million heads (IBGE 
2020). The predominant vegetation in this region is the Caat-
inga, which exhibits a rich diversity of herbaceous, shrubby, 
and arboreal plants, occupying 11% of the national territory 
(Alves et al. 2009). Given this scenario, the adoption of inte-
grated systems is an appropriate tool for the exploration of 
sustainable productive systems, in order to maintain arbo-
real biodiversity with minimal environmental impact.

However,	in	field	conditions,	the	success	of	systems	with	
natural shading has been limited by the choice of tree com-
ponent spatial arrangements which provide a microclimate 
for the animals and promote adequate productivity and per-
sistence of the forage plant (Santos et al. 2016). Intense lev-
els	of	shading	lead	to	a	significant	reduction	in	the	quantity	
and quality of light, resulting in morphophysiological and 
productive changes that hinder the development of plants in 
their	growth	environment,	affecting	their	efficiency	of	use,	
as well as animal performance (Lima et al. 2019; Paciullo 
et al. 2011). In this context, it becomes important to under-
stand the relationship between light intensity and the choice 
of forage species.

The capim-tamani (Megathyrsus maximus cv. BRS 
Tamani) displays noteworthy attributes, such as a high rate 
of leaf and tiller emergence, along with high nutritional 
value. Additionally, it is well adapted to the soil and cli-
matic conditions of tropical regions (Empresa 2015). Its low 
height allows grazing by various animal categories, includ-
ing sheep. However, its use is particularly recommended in 
intermittent stocking systems, although continuous stocking 
can be considered as a management alternative, especially 
in conditions where there is limited availability for nitro-
gen fertilization at higher intensities and frequencies (Jank 
and Santos 2021). As there have been few studies on capim-
tamani in conjunction with trees and animals, particularly 
considering its recent release, notable works include those 
by Pereira et al. (2015, 2021), evaluating a shading level 
of 56% (277 trees. ha− 1), during the establishment and 
production phases; Santos et al. (2019), who worked with 
42% shading, analyzing tillering and forage production; 
and Oliveira et al. (2021b), who assessed two shading lev-
els (357 and 588 trees. ha-1) on yield and nutritive value. 

In these studies, Tamani grass demonstrated potential for 
exploitation in integrated systems. However, further inves-
tigations into all production niches (i.e., animal production) 
are necessary.

Considering the annual seasonality of forage production 
as a limiting factor for ruminant production in the tropics, 
the development of new forage species in intensive systems 
subjected to fertilization, especially nitrogen, combined 
with irrigation techniques, has become an important tool to 
enhance the productive potential of pastures (Sanches et al. 
2015; Vasconcelos et al. 2020).

The adoption of silvopastoral systems with sheep farm-
ing in the semi-arid region can become an important tool for 
the ovine industry to achieve production levels compatible 
with	the	potential	the	region	has	to	offer.	This	approach	can	
help meet market demands for high-quality products. In this 
context, it is crucial to emphasize the importance of using 
local	breeds,	which	are	viable	alternatives	for	efficient	and	
sustainable production systems (Nunes et al. 2020).

Therefore, the objective of this study was to evaluate 
forage production and ingestive behavior of Morada Nova 
sheep in an intensive system with capim-tamani grass in 
both monoculture and irrigated silvopastoral systems in the 
Semi-arid region.

Materials and methods

For the procedures conducted in this study, ethical approval 
was obtained and the research was carried out following the 
guidelines of the Ethics Committee on Animal Use at the 
State University of Vale do Acaraú, Ceará, Brazil (Protocol 
No. 003.08.021.UVA.504.02). The manuscript does not con-
tain clinical studies or patient data.

Study location and area characterization

The experimental period took place from August 2022 to 
January 2023 at the Experimental Farm of the State Univer-
sity of Vale do Acaraú/UVA, located in Sobral, Ceará, Brazil 
(3° 36’ South, 40° 18’ West, and 56 m above sea level).

The	climate	of	the	region	is	classified	as	BSh	(hot	semi-
arid with a monthly average temperature above 18 °C) 
according	to	the	Köppen	climate	classification	(Alvares	et	
al. 2013). During this period, the region experienced mini-
mum, average, and maximum temperatures of 25.8, 32.9, 
and 41.5 °C, respectively. The average temperatures (°C) 
and relative humidity (%), recorded during the experimental 
period, are presented in Fig. 1.

The total area of the experiment was 7,200 m², divided 
into	10	paddocks	with	field-type	sheep	fencing,	comprising	
6 experimental units and 4 reserves. The area also featured 
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a	 low-pressure	 fixed-sprinkler	 irrigation	 system:	 [a	 fully	
detachable NY-25 agropolo sprinkler with a nominal diam-
eter of ¾, spaced at 6 × 6 m, powered by a three-phase elec-
tric	motor	[W22	IR3	Premium	10	HP].

In 2020, manual thinning was carried out in the experi-
mental area. In the monoculture paddocks, 100% of the 
vegetation was previously suppressed, while in the silvo-
pastoral system, 8 trees per paddock were retained, corre-
sponding to 104 trees. ha− 1, preserving them randomly in 
their natural condition. Before thinning, the experimental 
area consisted of native arboreal Caatinga. During the same 
period, enrichment with the grass Megathyrsus maximus 
cv. BRS Tamani was carried out, established in all experi-
mental units through direct broadcasting. A phytosociologi-
cal survey was conducted, identifying the following tree 
species:	Aspidosperma pyrifolium Mart. & Zucc (pereiro, 

n = 2); Dipteryx odorata (cumaru, n = 6); Erythrina verna 
(mulungu, n = 1); Libidia ferrea (jucá or pau-ferro, n = 1); 
Mimosa caesalpiniaefolia (sabiá, n = 1); and Auxemma 
oncocalys (pau-branco, n = 13).

A soil analysis of the experimental area was performed, 
where composite samples (0–20 cm depth) were taken to 
evaluate	 fertility:	The	attributes	pH;	organic	matter;	P;	K;	
Ca; Mg and Al were interpreted as follows (Table 1):	Weak	
acidity; Low; Medium; Medium; High and Low, according 
to Alvarez et al. (1999).

Treatments and experimental design

The experimental design used was a complete randomized 
block design with two plots and three replications. The 

Table 1 Chemical attributes of the 0–20 cm soil layer in the experimental area, Sobral-Ceará, 2022
Carbon Organic Matter. Phosphor Potassium Calcium Magnesium Sodium
dag/kg mg/kg cmolc/kg
0.61 1.05 15.66 0.230 2.70 1.55 0.565
pH Aluminum H++Al3+ SB CEC V PST m EC
- cmolc/kg % dS/m
7.1 0.00 0.99 5.05 6.04 83.60 9.37 0.0 0.67
Extractors:	Mehlich1:	P,	Na,	and	K;	Potassium	chloride;	Ca,	Mg,	and	Al;	Calcium	acetate:	H	+	Al.	pH	in	water	(1:2.5).H++Al3+ = Potential Acid-
ity (hydrogen + Aluminum); SB = Sum of Bases; CEC = Cation Exchange Capacity Total; V = Percentage of Base Saturation; PST = Sodium 
Saturation Percentage; m = Percentage of Saturation by Aluminum; EC = Electrical Conductivity

Fig. 1 Average distribution of 
temperatures and relative humid-
ity throughout the experimental 
period in irrigated Monoculture 
and Silvopastoral systems in the 
Semiarid. AT (ºC). ambient tem-
perature; RH (%). relative humid-
ity; MO. Monocultive System; 
SPS. Silvopastoral System
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consumption of 1.93% of body weight for adult dry ewes 
(NRC 2007),	with	a	forage	dry	matter	offering	of	1.3	kg	per	
day	and	considering	a	grazing	efficiency	of	40%	(Hodgson	
1990).

Nine test animals were randomly selected for each treat-
ment, with three in each paddock, totaling 18 test animals. 
Two sheep were used as regulator animals, allocated to the 
reserve paddocks, to ensure pasture management goals were 
met using the variable stocking rate, “put and take” method 
(Mott and Lucas 1952), by inserting or removing regulator 
animals from the experimental paddocks as needed.

During the experimental period, mineral salt and water 
were provided ad libitum in salt feeders and water troughs, 
respectively, appropriately installed in the paddocks.

Structural characteristics of the pasture

Structural and productive characteristics of the pasture were 
assessed	and	quantified	through	collections	made	at	the	end	
of each growth cycle of the capim-tamani grass, totaling 
six evaluations throughout the research. Canopy height was 
measured daily by sampling 30 points from representative 
areas in each paddock using a retractable graduated rod in 
centimeters (Barthram 1981). The population density of 
tillers (PDT) was measured by counting the tillers within 
metal frames (0.25 m2) placed three times in each paddock. 
After measuring the PDT, a cut at ground level was per-
formed to assess the total forage biomass (TFB). Subse-
quently, a subsample (300 g) was taken from each paddock 
to	evaluate	the	morphological	components:	dead	forage	bio-
mass (DFB), green forage biomass (GFB), green leaf blade 
biomass (GLBB), and green stem biomass (GSB), as well 
as the live material/dead material (LM/DM) and leaf blade/
stem (LB/S) ratios. Exclusion cages (03 cages paddock-1) 
were employed following the methodology proposed 
by Klingman et al. (1943), with adaptations. The cages 
(height = 60 cm x width = 50 cm x length = 50 cm) were 
built with uniformly sized sawn wood and enclosed with 
green nylon mesh. Structural characteristics were recorded 
for each cage, parallel to the frames; both were harvested 
and later taken to the laboratory for weighing the total for-
age biomass (TFB), and a subsample (300 g) was taken 
from each experimental unit (i.e., paddock) for the separa-
tion	of	morphological	components:	DFB,	GFB,	GLBB	and	
the	ratios:	LM/DM,	for	later	chemical	analyses.

Both the frames and exclusion cages in the silvopasto-
ral system followed a methodological criterion when being 
deployed	 and	 fixed,	 respectively,	 in	 the	 paddocks	 during	
each growth cycle of the evaluated grass culture. This was 
done to ensure a balance between shaded and sunny areas. 
At the end of each growth cycle of the Tifton grass culture 
(i.e.,	 during	 pasture	 evaluations),	 the	 cages	were	 fixed	 in	

treatments consisted of the production of capim-tamani 
grass in a monoculture system and an irrigated silvopastoral 
system.

In the monoculture experimental area, for ethical consid-
erations regarding animal welfare, it included a shaded area 
provided by a black polypropylene screen with 80% light 
retention, covering an area of 15 m². This corresponds to a 
shade	offering	of	2.5	m²	per	animal	(Oliveira	et	al.	2013).

To calculate the coverage of the tree component, a gradu-
ated measuring tape was used to measure the radius of the 
tree canopies at cardinal points from the center of the trunk, 
with an average radius of 2.62 m. Given the formula A =	πr²,	
at the zenith, the canopy projection occupied 22.5% of 
the	paddock,	 it	 corresponds	 to	 a	 shade	offering	of	 7,2	m²	
per animal. The average diameter at breast height (DBH; 
1.30 m) was measured at 25.62 cm, determined from the 
tree trunk circumference and then transformed through the 
relationship. DBH = CBH/π , in which CBH is the cir-
cumference at breast height. The average height of the tree 
trunk was 7.4 m.

Animals and management

Before the start of the experiment, a uniform mowing of the 
paddocks was conducted, cutting at a height of 10 cm from 
the soil surface. After mowing, the height was monitored 
three times a week by measuring 30 points in each experi-
mental unit, using the recommended height criterion for 
animal entry into the paddocks. A total of six growth cycles 
of the capim-tamani grass were assessed during the experi-
mental period. Initially, each cycle was set at 25 days, with 
an average management height of 26 cm + 02 cm, in accor-
dance with the level of nitrogen fertilization (urea, 45% 
N) established in 150 kg ha− 1 year− 1 in accordance with 
Vasconcelos et al. (2020), suitable for a system with mod-
erate	 intensification	 (Pereira	 et	 al.	2018). The fertilization 
was split into 12 applications, always at the beginning and 
middle of each production cycle, and irrigation was carried 
out	based	on	the	availability	of	five	days	per	week,	during	
the nighttime. This was done to minimize water loss due to 
drift as well as potential nitrogen losses through volatiliza-
tion, given the high temperatures during the day.

Eighteen dry Morada Nova sheep, approximately 3 years 
old, with an initial average body weight of 26.8 + 4.3 kg, 
were used in the experiment. The sheep were managed 
under continuous stocking with a variable stocking rate. 
The animals remained in the paddocks daily for a period of 
12 h (morning and afternoon), starting at 6 am and ending at 
6 pm. After this period, they were directed to the handling 
center throughout the night.

An initial average stocking rate of three animals per pad-
dock per day was adopted, estimating an average dry matter 
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on	 the	 first	 day	 of	 the	 trial	 and	 removed	 on	 the	 last	 day.	
Fecal collections were performed twice a day, that is, within 
24 h, collections were made before the start of the grazing 
period	(6	am)	and	after	the	grazing	period	(6	pm),	for	five	
consecutive	days,	with	a	 total	of	five	trials	 throughout	 the	
study. After collection, the samples were placed in labeled 
plastic bags and weighed. The total weight of the feces 
was determined by summing the weights of the feces col-
lected in the morning and afternoon, then homogenized per 
animal, a subsample was taken, and stored in the freezer 
for subsequent analyses. The disappearance of dry matter 
(DisDM)	was	calculated	through	the	difference	between	the	
weight of the ground leaf blade samples in a mill (Wiley 
TE-650 TECNAL®, Piracicaba, Brazil), in a 2.5 mm sieve 
before incubation, and the weight obtained by drying at 
105 °C for 16 h after incubation (Orskov and McDonald 
1979).	A	fixed	incubation	time	(96	h)	was	used,	considering	
the necessary digestion time for the forage (Nocek 1988). 
Incubation	was	carried	out	using	a	fistulated	bovine	weigh-
ing approximately 450 kg live weight. The disappearance 
of	other	nutrients	was	calculated	by	the	difference	in	resi-
due and its percentage in the chemical analyses. Dry mat-
ter intake (DMI) was estimated according to Prigge et al. 
(1981), with adaptations. The calculation was obtained by 
the ratio between the fecal production obtained by total 
fecal collection during the 24 h of the day and the inverse of 
DisDM, unlike the present author who uses the inverse of in 
vitro dry matter digestibility of the extrusa.

Intake
(
g of DM day−1

)
=

Fecal DM production

1−DisMS

From the DMI the intakes of OM, CP, NDFap, NFC and 
TDN, multiplying the amount of dry matter consumed 
by the percentage of each of the assessed nutrients. Body 
condition scoring (BCS) was performed weekly through 
palpation (scale from 1 to 5; Russel 1984) for subjective 
evaluation of the nutritional status of the animals. In this 
scale, BCS 1 represents the leanest animal, and BCS 5 rep-
resents the obese animal.

Chemical analyses

The determination of the bromatological composition of the 
capim-tamani (Table 2) was carried out using the material 
present inside the exclusion cages during each growth cycle. 
The samples (feces and pasture) were dried in a closed-
circulation oven at 65 °C for 72 h and then ground (Wiley 
TE-650 TECNAL®, Piracicaba, Brasil), in a 1 mm sieve. 
The dry matter rates (DM; method nº 934.01), organic mat-
ter (OM) (method nº 942.05), crude protein (CP) (method 
nº 984.13) and ether extract (EE) (method nº 920.39) were 

areas under the shade of the tree component and directly 
exposed	to	the	sun.	The	quantity	of	cages	fixed	in	the	shade	
and sun was alternated each time, and the same procedure 
was applied to the deployment of frames, with three deploy-
ments directed to shade and sun in the paddocks of the sil-
vopastoral system.

The	following	parameters	were	evaluated:	forage	accu-
mulation rate, forage availability, defoliation intensity, 
grazing	 efficiency,	 and	 forage	 utilization	 efficiency.	 Total	
forage accumulation (TFA) was determined by the relation-
ship between the cage and the frame biomasses. The green 
forage	 accumulation	 (GFA)	 was	 quantified	 by	 excluding	
the dead material from TFA. The forage accumulation rate 
(FAR) was obtained by dividing TFA by the number of days 
in the production cycle of the grass culture (i.e., 25 days).

The forage availability (FA) was estimated by the ratio.
(kg of DM.100 kg of body weight− 1. day− 1). The defolia-

tion intensity (DI) (forage disappearance) and forage utiliza-
tion	efficiency	(FUE)	were	calculated	according	to	Combellas	
and Hodgson (1979) and Hodgson (1990).	The	grazing	effi-
ciency formula was adapted for continuous stocking, as per 
Meneses (2022), considering the FAR and dead material for 
calculation	purposes:DI =

[
(TFBi−TFBf)

TFBf

]
× 100

In	which:	DI,	defoliation	intensity	(%);	TFBi,	total	for-
age biomass in pre-grazing condition (kg of DM ha− 1); 
TFBf, total forage biomass in post-grazing condition (kg of 
DM. ha− 1).

GE =
(DMI × SSR ×OP )

[(FAR− (%deadmaterial × OP ))× 100]

In	which:	GE,	grazing	efficiency	(%);	DMI,	animal	dry	mat-
ter intake (average kg of DM.day− 1); SSR - sheep stock-
ing rate; OP – area occupation period (days); FAR - forrage 
accumulation rate (kg of DM.ha.day− 1).

FUE = DI ×GE

In	which:	FUE,	forrage	usage	efficiency	(%).
The sheep stocking rate (SSR) was mantained through-

out the Whole experimental period with 3 sheep (40 sheep. 
ha− 1 ratio) in each experimental unit (e.g., paddock) of each 
treatment, displaying minimal alteration following the rec-
ommended management height adopted. In other words, this 
sheep stocking rate (SSR) of three animals in each experi-
mental unit during grazing days (equivalent to 40 sheep per 
hectare) was used for GE calculations.

Forage intake and disappearance

For the determination of fecal sample collections, collect-
ing bags were attached to the animals, which were placed 
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Additionally, continuous activities were recorded, i.e., 
those occurring independently of the observation moment, 
including urination, drinking water, defecation, and mineral 
supplement ingestion. Simultaneously, the bite rate (bites 
min-1) was recorded using a stopwatch. The management 
procedures and data collection were performed by twelve 
properly trained professionals, with rotation between the 
morning and afternoon periods of each trial. For data tabula-
tion, the decision was made to divide the data into two-hour 
intervals (6AM to 8AM, 8AM to 10AM, 10AM to 12PM, 
12PM to 2PM, 2PM to 4PM, and 4PM to 6PM), allowing 
for the assessment and characterization of animal behavior 
during both the morning and afternoon periods spent in the 
paddocks.

Statistical analysis

For the structural variables of the pasture, the assumption 
of data normality for each system was checked using the 
Shapiro-Wilk	 at	 a	 5%	 significance	 level.	 Averages	 were	
compared	 using	 the	 Student’s	 t-test	 at	 a	 5%	 significance	
level, employing the Pooled or Satterthwaite method con-
sidering	equal	or	different	variances,	respectively,	 through	
the TTEST procedure in SAS software (SAS Institute Inc. 
2018).

For the variables of consumption and DesMS, only the 
effect	of	different	systems	was	tested	as	a	fixed	effect,	con-
sidering animals as repetitions and the paddock as a ran-
dom	 effect	 (block	 effect).	Data	 significance	was	 analyzed	
using the F-test through the MIXED procedure in SAS soft-
ware (SAS Institute Inc. 2015) with the following statistical 
model:

Yijk = µ + Sj + αk + εijk

In	which:
Yijk :	 value	 of	 the	 i-th	 experimental	 unit	 (animal)	 sub-

jected to the j-th system in the k-th block (paddock); µ :	
fixed	effect	of	the	overall	mean;	Sj :	fixed	effect	level	of	the	
system; αk

:	12pplie	effect	of	 the	k-th	block;	 εijk :	 random	
effect	 associated	 with	 the	 i-th	 experimental	 unit	 (animal)	
subjected to the j-th system in the k-th block (paddock), 
where εijk  assumes iid N(0,	σA

2).
For	the	behavioral	variables,	 the	effect	of	different	sys-

tems (silvopastoral and monoculture), evaluation period, and 
system ×	period	interaction	were	analyzed	for	significance	
using the F-test through the MIXED procedure of the SAS 
software (SAS Institute Inc. 2015). The evaluation period 
factor was considered a repeated measure over time. In the 
selection of the covariance matrix structure for repeated 
measures, the corrected Akaike information criterion and 

quantified	 according	 to	AOAC	 (2012). Neutral detergent 
fiber	(NDF)	corrected	for	contaminating	ashes	and	proteins	
(NDFa),	using	a	thermostable	α-amylase,	omitting	sodium	
sulfate, method INCT-CA F-002/1lignin in acid detergent 
(method INCT-CA F-005/1) and insoluble nitrogen in neu-
tral detergent (INND) was determined following the stan-
dard analytical methods of the National Institute of Science 
and Technology in Animal Science (INCT-CA, Detmann et 
al. 2012).	Non-fibrous	carbohydrates	(NFC)	were	calculated	
according to Detmann and Valadares Filho (2010), using 
the NFDap in the calculation The total digestible nutrients 
(TDN) was calculated according to the method proposed by 
Weiss et al. (1992). The NRC was estimated according to 
the NRC (2001):	 TDN	= dCP + dNDF+(dEE×2.25) + dCN
F, in which dCP is the digestible crude protein, dNDF is 
the	digestible	fiber	in	neutral	detergent,	dEE	is	the	digest-
ible	 ether	 extract	 and	 dNFC	 are	 the	 digestible	 non-fiber	
carbohydrates.

Behavioral responses

For behavioral assessments, there were two trials on consec-
utive days in each growth cycle of the capim-tamani culture, 
totaling twelve trials during the research. On the eve of the 
trials, the sheep from each treatment were numbered on the 
flank	with	non-toxic,	visible	spray	paint.	Each	behavior	trial	
lasted for 12 uninterrupted hours, corresponding to the time 
the animals spent in the experimental area (i.e., the period 
the animals were in the paddocks), starting at 6 a.m. and 
ending at 6 p.m. Subsequently, the following activities were 
recorded on spreadsheets at 10-minute intervals, resulting 
in six observations per hour, 72 per day, and 864 per ani-
mal	 during	 the	 experimental	 period:	 time	 spent	 in	 shade	
(tree or shade net projection), grazing, rumination, idle 
time (standing or lying down), and other random activities. 

Table 2 Chemical composition of capim-tamani grass under irrigated 
monoculture and silvopastoral systems in the semiarid region
Chemical composition (g/kg MS) Silvopastoral Monoculture
Dry matter. g/kg NM 240.3 237.3
Organic matter 881.6 883.1
Crude protein 82.7 82.8
Ether extract 24.0 24.8
Neutral Detergent Fiber 725.9 717.0
NDFapa 692.5 687.1
Acid Detergent Fiber 507.4 516.2
Hemicellulose 218.5 200.8
Cellulose 445.4 450.7
Lignin 62.0 65.4
Total carbohydrates 774.9 775.5
Non-fiber	carbohydrates 82.4 88.4
Total digestible nutrients 510.2 507.9
aNDFap.	neutral	detergent	fiber	corrected	for	ash	and	protein
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Results

Pasture structural traits

No	effects	(p > 0.05) of monoculture and silvopastoral sys-
tems were observed on all components of capim-tamani 
biomass (Table 3). The same occurred for theLM/DM and 
LB/S.

Regarding the productive responses of the capim-tamani 
grass,	 they	were	 not	 affected	 (p > 0.05) by the shading of 
the silvopastoral system (Table 4). Green Forage Accu-
mulation (GFA) accounted for 78.4% of the average Total 
Forage Accumulation (TFA = 1,085 kg DM ha− 1). Neither 
system	 affected	 Forage	Availability,	 with	 an	 approximate	
average value of 5.0 kg DM per 100 kg of BW− 1 day− 1, 
as	 well	 as	 Defoliation	 Intensity,	 Grazing	 Efficiency,	 and	
Forage	 Use	 Efficiency	 showed	 no	 effect,	 with	 averages	
close to 20%, 58%, and 47%, respectively. BCS, Dry Mat-
ter Intake,  and Disappearance. Average BCS was 2,65 in 
ewes,	not	differing	between	monoculture	and	silvopastoral	
systems (Table 5).	Neither	 system	affected	 (p > 0.05) DM 
consumption expressed in g/day and %BW. A similar pat-
tern was observed for other nutrient consumptions (OM, CP, 
NDFcp,	NFC,	and	TDN),	which	did	not	differ	between	them	
(Table 5).	There	was	no	effect	of	the	natural	shading	of	trees	
on the percentages of dry matter disappearance and other 
nutrients from capim-tamani (Table 6).

Behavioral responses

There was interaction (Treatment x Period) between the 
time the animals spent in the shade in monoculture and sil-
vopastoral systems. In the periods evaluated, the animals 

the Bayesian information criterion were used. The follow-
ing	statistical	model	was	used	for	these	variables:

Yijk = µ + Sj + αij + Pk + (SP )jk + εijk

In	which:
Yijk :	value	of	the	i-th	experimental	unit	(paddock)	sub-

jected to the j-th system in the k-th evaluation period; µ :	
fixed	effect	of	the	overall	mean;	Sj :	fixed	effect	of	the	sys-
tem level; αij :	random	effect	of	the	i-th	repetition	in	the	j-th	
system,	12ppli	α_ij	assumes	iid N(0,	σA

2); Pk :	fixed	effect	
of the evaluation period; (SP )jk :	fixed	effect	of	 the	 inter-
action between system and evaluation period; εijk :	random	
effect	associated	with	 the	 i-th	repetition	 in	 the	 j-th	system	
and k-th evaluation period, where εijk  assumes ~ N(0,	σB

2), 
considering	that	σB

2 is the variance and covariance matrix, 
as it assumes error dependence.

The	residuals	from	the	models	above	were	tested	for	fit	to	
the normal distribution using the Shapiro-Wilk test applied 
at	a	significance	level	of	5%	(p < 0.05). In the presence of 
a	difference	between	fixed	effect	factors	by	 the	F-test	at	a	
significance	level	of	5%	(p < 0.05), Tukey’s mean compari-
son	 tests	 were	 applied,	 also	 considered	 significant	 at	 5%	
(p < 0.05).

Table 3	 Effect	of	natural	shading	on	the	components	of	capim-tamani	
biomass under continuous stocking
Variable Systems SEM p-value

Monoculture Silvopastoral
Height. cm 25.9 25.2 0.6 0.091
PDT. tillers.m2 1.799 1.566 92.9 0.052
TFB. kg DM ha 
cycle− 1

4.461 4.010 276.9 0.795

GFB. kg DM ha 
cycle− 1

4.159 3.690 212.8 0.693

GLBB. kg DM 
ha cycle− 1

3.181 2.759 144.2 0.832

GSB. kg DM ha 
cycle− 1

976 932 98.6 0.264

DFB. kg DM ha 
cycle− 1

302 320 143.0 0.526

LM/DM ratio 11.1 12.8 6.4 0.999
LB/S ratio 3.31 2.97 0.28 0.471
PDT. populational density of tillers; TFB. total forage biomass; GFB. 
green forage biomass; GLBB. green leaf blade biomass; GSB. green 
stem biomass; DFB. dead forage biomass; LM/DM ratio. live mate-
rial/dead material ratio; relation LB/S. leaf blade/stem ratio. SEM. 
standard error of the mean

Table 4	 Effect	 of	 natural	 shading	 on	 the	 productive	 responses	 of	
capim-tamani grass under continuous stocking
Variable Systems SEM p-value

Monocultive Silvopastoral
TFA. kg of DM 
ha− 1

1.142 1.028 151.7 0.47

GFA. kg of DM 
ha− 1

924.7 776.7 161.7 0.82

FAR. kg of DM 
ha day− 1

54.5 45.7 6.1 0.47

FA. kg of DM 
/100 kg of BW 
day− 1

5.2 4.6 0.6 0.51

DI. % 20.5 19.1 2.1 0.52
GE. % 62.7 53.0 6.3 0.86
FUE. % 50.0 44.6 6.4 0.85
TFA. total forage accumulation; GFA. green forage accumulation; 
FAR. forage accumulation rate. FA. forage availability; DI. defolia-
tion	Intensity;	GE.	grazing	efficiency;	FUE.	forage	usage	efficiency.	
SEM. standard error of the mean
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period. In the other hours, there were similar percentages, 
with an average time close to 33% (40 min) in each two-
hour	interval.	There	was	no	effect	of	the	systems	on	behav-
ioral activities (grazing, ruminating, standing and lying idle, 
and	other	activities).	However,	there	was	an	effect	(p < 0.05) 
of the periods, except for lying idle, which showed simi-
larity throughout the entire period of animals’ stay in the 
paddocks (Table 7). On average, the animals grazed for 
approximately 70% (8.4 h) of the time spent in the pad-
docks. The highest grazing frequencies occurred throughout 
the morning period (between 6 and 8 am and 10–12 pm), 
with 4.8 h of grazing by the animals. This behavioral pattern 
with a high frequency of grazing persisted until 12 − 2 pm 
(80.6%) of the afternoon period. Overall, for other activi-
ties such as ruminating, standing idle, lying idle, and other 
activities,	there	was	a	significant	increase	in	the	last	period	
of stay in the paddocks (4–6 pm), where the most common 
activities were standing idle (35%) and ruminating (30.5%).

The average bite rate was 45 bites per minute; however, 
there	was	an	effect	of	the	period	on	this	behavior.	The	high-
est rates (48.6 bites per minute) were observed between 
12 − 2 pm, while the lowest occurred between 4 and 6 pm 
with an average of 35.9 bites per minute.

In terms of absolute frequency presented for activities 
recorded punctually during the periods of animal stay in the 
paddocks (Fig. 2), a similar pattern between the systems was 
observed for both defecation and urination frequencies, with 
a total of 17 and 18 occurrences, respectively, and an aver-
age frequency of about three times in each two-hour period.

There were a total of eight records of animals drinking 
water in both systems. For the activity of mineral supple-
ment intake, the silvopastoral system showed a slightly 
higher frequency (ten times) compared to the monoculture 
system, which was observed only six times.

Discussion

In	silvopastoral	systems,	microclimatic	changes	can	affect	
productivity, pasture persistence, and animal behavior. 
However, with appropriate spatial arrangements of the tree 
component, maintaining balance among pasture, trees, and 
animals, in similar productive responses to traditional sys-
tems with no trees can be achieved (Paciullo et al. 2017).

The level of shading used (22.65%) did not lead to an 
increase or reduction in the structure of the capim-tamani 
pasture compared to the monoculture system. This suggests 
that the arrangement and density of trees used within the 
pasture provided conditions for moderate shading, suit-
able for the development of the forage and its resistance to 
imposed shading.

spent more time in the shade in the system with natural tree 
shading compared to monoculture, except for the period 
between 2 and 4 PM, where the times were equal. In the 
monoculture	system	with	only	artificial	shading	(i.e.,	shade	
cloth), the animals remained in the shade on average about 
15.6% throughout the evaluated period, equivalent to just 
under two hours under the shade cloth of the twelve daily 
hours	 they	were	 in	 the	 paddocks,	with	 no	 influence	 from	
the evaluated two-hour periods. In the silvopastoral system, 
on the other hand, animals remained approximately 40% of 
the entire evaluated period, which corresponded to approxi-
mately	five	and	a	half	hours	under	natural	shading;	with	a	
longer time spent between 4 and 6 pm with 72.8% during this 

Table 5	 Effect	of	natural	shading	on	the	body	condition	score	and	con-
sumption of capim-tamani under continuous stocking by Morada Nova 
ewes
Variable Systems SEM p-value

Monoculture Silvopastoral
BCS 2.7 2.6 0.10 0.39
Intake. g/day
 Dry matter 707 760 29.8 0.25
 Organic 
matter

625 670 26.3 0.26

 Crude protein 58.6 62.7 2.46 0.26
 NDFap 486 526 20.5 0.21
	 Non-fiber	
carbohydrates

62.5 62.6 3.1 0.97

 Total digest-
ible nutrients

225 232 6.7 0.48

Intake. %BW
 Dry matter 2.87 2.94 0.16 0.73
 Organic 
matter

2.53 2.59 0.14 0.75

 Crude protein 0.237 0.243 0.013 0.75
 NDFap 1.97 2.03 0.11 0.66
	 Non-fiber	
carbohydrates

0.563 0.546 0.025 0.63

 Total digest-
ible nutrients

0.839 0.865 0.020 0.39

NDFap.	neutral	detergente	fiber	corrected	for	ash	and	proteins
aBCS. body condition score (1. very thin; 5. obese)
bSEM. standard error of the mean

Table 6	 Effect	of	natural	shading	on	the	disappearance	of	dry	matter	
of capim-tamani under continuous stocking after 96 h of incubation
Variable Systems SEM p-value

Monoculture Silvopastoral
Dry matter 62.4 62.6 0.36 0.72
Organic matter 66.2 66.5 0.37 0.57
Crude protein 47.2 47.9 1.72 0.70
NDFap 71.4 72.5 0.63 0.24
Non-fiber	
carbohydrates

45.7 37.1 3.85 0.15

NDFap.	neutral	detergente	fiber	corrected	for	ash	and	protein.	SEM.	
standard error of the mean
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However, it is important to emphasize the attention that 
should be given during the establishment of woody cover 
levels in integrated systems, highlighting the main charac-
teristics and attributes for selecting tree species, such as tree 
density, canopy architecture, and trunk height (Caron et al. 
2012; Oliveira et al. 2018). Shading can limit the quantity 
and quality of photosynthetically active radiation in the 
understory, triggering a series of changes in plants, such as 
a decrease in tiller population (Gastal and Lemaire 2015), 
reducing biomass production (Lima et al. 2019), which was 
not observed in the present study.

Linked to the tree arrangement, maintaining the produc-
tivity of a silvopastoral system also relies on the correct 
selection of the forage species. The chosen species should 
not only be shade-tolerant but also exhibit suitable produc-
tivity, adaptability to the management employed, and com-
patibility with the soil and climatic conditions of the region 
(Andrade et al. 2003). In the Semi-Arid region, capim-
tamani demonstrated favorable structural and production 
characteristics in the silvopastoral system, highlighting 
phenotypic plasticity in response to the continuous grazing 
method recommended for sheep. The stability in tiller popu-
lation (i.e., PDT) observed during the experimental period 
for	 both	 evaluated	 systems	 reflects	 effective	 and	 efficient	
intensive pasture management (nitrogen fertilization and 
irrigation). This is particularly important as tiller population 
is considered a crucial variable regarding pasture longevity 
and formation (Araújo et al. 2020).

Nevertheless,	 the	 PDT	 quantified	 in	 this	 study	 was	
27.35% lower when compared to the same fertilization con-
ditions studied by Vasconcelos et al. (2020), who assessed 
the morphogenic and structural traits of capim-tamani under 
crescent doses of nitrogen. This reduction is attributed to 
the	 different	 planting	 methods.	 The	 authors	 mentioned	
above carried out manual planting in rows with a spacing 
of 0.25 m between rows, compared to the broadcast sow-
ing	 technique.	Additionally,	 the	 influence	 of	 grazing	 and	
trampling by animals on the grass could contribute to these 
differences.	The	LB/S	ratio,	which	was	not	affected	by	the	
shading, is an important indicator of forage nutritive value, 
directly linked to protein content (Mochel Filho et al. 2016) 
and	 digestibility,	 consequently	 influencing	 the	 improve-
ment of animal ingestive behavior (Euclides et al. 1999). 
A critical limit for this ratio is considered to be 1,0 (Pinto 
et al. 1994), and values below this threshold would imply 
a decrease in both the quantity and quality of forage pro-
duced. The values found in this study, 3,31 for monoculture 
and 2,97 for silvopastoral, are well above this recommended 
threshold. From the perspective of animal nutrition, the pro-
duction of stems is not desirable (Freitas et al. 2012), having 
a	direct	effect	on	grazing	 time,	bite	 rate,	and	digestibility.	
During the periods of higher grazing frequency observed in 
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significant	portion	of	the	production	cost	(Avelino	Cabral	et	
al. 2021). Both the system and, especially, the nitrogen fer-
tilization dose show a positive correlation with forage yield 
(Martuscello et al. 2015). Once nutritional requirements are 
met, nitrogen determines the speed of growth and forage 
production (Braz et al. 2011). Additionally, it is worth not-
ing the positive responsiveness of capim-tamani to increas-
ing doses up to1.200 kg ha− 1 N per year (Martuscello et 
al. 2019). In the present study, this farming under natural 
shading	displayed	acclimatization	and	flexibility	under	con-
tinuous grazing management and the recommended height 
for sheep, particularly with the support of irrigation and fer-
tilization at150 kg ha− 1 year-1.

Similar	 or	 different	 responses	 obtained	 in	 the	 pasture	
can be conditioned by shading. As it is dynamic, shading is 
related to the distribution of trees, trunk height, and varies 

the animals, the average bite rate was close to 48 bites per 
minute, which is quite similar to that reported by Forbes 
and Hodgson (1985) in a study on the behavior of sheep 
in densely sown perennial ryegrass pasture, where they 
observed a bite rate of 48 bites per minute. In comparison 
to the study by Meneses (2022), which evaluated irrigated 
capim-tamani in monoculture, fertilized with urea (450 kg 
ha− 1 N year-1) and castor cake, under a similar continuous 
grazing method with sheep, higher average values were 
observed for the common structural characteristics (PDT, 
TFB, GFB, GLBB and LB/S ratio). However, the recom-
mended height in their study was 22 cm with a crop growth 
cycle of 24 days. Regardless, integrated systems can meet 
agroecosystem premises with economically sustainable 
goals (Motta-Delgado et al. 2019) when compared to more 
intensive traditional systems, but fertilization constitutes a 

Fig. 2	 Absolute	frequency	of	specific	activities	of	Morada	Nova	sheep	managed	in	capim-tamani	grass	pasture	under	irrigated	monoculture	and	
silvopastoral systems in the Brazilian semiarid
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availability of forage and the observed nutritional value of 
capim-tamani	grass,	the	consumption	did	not	differ	between	
the evaluated systems. However, variations in consumption 
can occur in similar environments, as shown in the study 
by Sousa et al. (2015),	who	 investigated	 the	 effect	 of	 the	
silvopastoral environment on forage (dry matter) consump-
tion by sheep compared to the monoculture environment of 
capim-marandu grass. The authors found that animals had 
higher consumption in the shaded environment compared 
to the monoculture system. This result was attributed to the 
better microclimatic conditions provided by this system, as 
the improved thermal comfort provided lower metabolic 
and thermogenic dietary restriction (Forbes 1995). For the 
percentages of DisDM and other nutrients, there was no dif-
ference between the evaluated systems, which may be due 
to the observed similarity in the structural, nutritional, and 
productive characteristics of the capim-tamani. According 
to Orskov and McDonald (1979), disappearance values of 
99.9%, 64.6%, and 53.7% are considered high, medium, 
and low degradability, respectively. In this sense, our study 
found that capim-tamani grass had a medium disappearance 
rate,	providing	efficiency	 in	nutrient	utilization.	However,	
tropical forages typically exhibit low degradability (Gerdes 
et al. 2000), mainly due to the high content of cell wall com-
ponents such as hemicellulose, cellulose, and lignin, and 
the low content of potentially digestible compounds, such 
as	 non-fibrous	 carbohydrates,	 protein,	 ether	 extract,	 vita-
mins, and minerals (Reis et al. 2005). Therefore, this forage 
exhibited suitable characteristics that did not compromise 
ruminal	degradation,	which	may	have	been	positively	influ-
enced by the established height management goals, coupled 
with	 the	 effect	of	 irrigation	and	nitrogen	 fertilization	dur-
ing the experimental period. However, it is emphasized 
that cultivars of Megathyrsus maximus are a viable alter-
native in irrigated intensive systems for use in semi-arid 
environments (Veras et al. 2020), as well as their produc-
tive potential and nutritional quality (Pereira et al. 2022), 
and promotion of adequate digestibility (Stabile et al. 2010) 
In the analysis of behavioral variables, the predominantly 
longer time spent in the shade by animals in the silvopasto-
ral system throughout the entire period of their stay in the 
paddocks further reinforces the dissemination of these live-
stock systems in the current scenario. Because, in addition 
to being sustainable, they promote animal production based 
on well-being (Lima et al. 2019; Pinheiro and Nair 2018), 
especially in the semi-arid region, where the impact of cli-
mate on thermal stress is even more critical. The peak of 
animal permanence in the shade being observed between 16 
and 18 h, reaching over 70% during this period, is naturally 
common, as it approaches sunset. Moreover, there is varia-
tion in the shadow formation process according to the sun’s 
position	 throughout	 the	 day,	 and	 the	 configuration	 of	 the	

according to the inclination of the earth’s axis relative to the 
sun, which can vary the amount of light over time (Geremia 
et al. 2018). Therefore, the dynamics of forage accumula-
tion and supply followed the same trend as the components 
of	capim-tamani	biomass,	not	being	influenced	by	the	pro-
duction systems.

Despite the lower number of studies on forage manage-
ment in silvopastoral systems compared to monoculture sys-
tems (Oliveira et al. 2021a), especially using capim-tamani 
in continuous grazing, many cultivars of Megathyrsus maxi-
mus have already shown moderate levels of shade tolerance 
(Andrade et al. 2003; Santiago-Hernandez et al. 2016). This 
indicates that they have potential in these integrated systems. 
The results obtained in this study further reinforce this idea, 
as	the	productivity	of	capim-tamani	did	not	differ	from	the	
monoculture system. Considering the estimated average FA 
of 5,0 kg of DM/100 kg of BW day− 1, in this condition the 
average DI was 20%, with GE close to 58%. Gonçalves et 
al. (2018) report that the continuous grazing method allows 
for greater forage selection by the animal. Under these con-
ditions, the low average defoliation intensity (DI) we found 
prioritizes a higher level of selectivity, favoring greater ani-
mal performance, accompanied by adequate Forage Use 
Efficiency	 (EUF),	 which	 averaged	 45%	 efficiency.	 How-
ever, understanding the relationships between pasture char-
acteristics and the ingestive behavior of ruminants is crucial 
for devising pasture management strategies. The fact that 
the animals did not receive supplementation is due to logi-
cal nutritional reasons. Morada Nova breed females have a 
low adult weight and lower nutritional requirements during 
the maintenance phase; thus, feeding costs for the ewes are 
reduced (Facó et al. 2008). In this case, the animals depended 
solely on forage, which could lead to increased competi-
tion and pressure regarding selectivity and consumption 
(Jochims et al. 2010). Therefore, observing the nutritional 
status of the animals through Body Condition Score (BCS) 
became crucial to assess the pasture’s potential in both 
systems and to make informed decisions regarding future 
reproductive management. In general, a BCS of 3 in ewes 
is characteristic of a more balanced metabolic state, indicat-
ing an adequate nutritional balance (Caldeira et al. 2007). 
This	classification	aligns	with	the	average	value	observed	in	
our study. Considering the nutritional requirements in ani-
mal production systems, a minimum of 7% crude protein 
in the diet is recommended, necessary for maintaining the 
growth of bacteria aimed at microbial protein production, 
which	is	crucial	for	the	nutritional	efficiency	of	ruminants	
(NRC 2001). In the conditions of the present study, aver-
age	values	above	the	expected	were	observed	(monoculture:	
8.28%	and	silvopastoral:	8.27%;	Table	2), highlighting the 
importance of capim-tamani grass for intensive produc-
tion systems in the Semi-Arid region. Associated with the 
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in the late hours of the animals’ stay in the paddocks (i.e., 
4 pm to 6 pm), can be explained in this study by the ani-
mals’ habitual behavior of anticipating their return to the 
pens during the nighttime, positioning themselves near the 
gates. Consequently, the grazing frequency decreased, and 
activities involving interaction, rumination, and idleness 
increased. Sheep exposed to higher direct sunlight radiation 
tend to increase water intake compared to those kept in ther-
mally comfortable environments (De et al. 2020). Sousa et 
al. (2015) observed a total water consumption percentage 
11% higher in sheep that were in full sun monoculture sys-
tems compared to those in silvopastoral systems. According 
to Baumer (1991), animals protected from heat can reduce 
water intake by up to 20%. However, in our study, in abso-
lute terms (Fig. 2), a similar frequency pattern was observed 
throughout the day for both systems. This observed similar-
ity may be directly associated with the innate behavior of 
locally	adapted	breeds,	even	reflecting	in	urinary	frequency,	
which was also similar between them.

The defecation frequency was similar between systems, 
occurring three times every two hours throughout the period 
when the sheep were in the paddocks. This could be due to 
the exclusivity of their diet, which consisted only of capim-
tamani pasture, and also because of similar consumption 
patterns. Fecal excretion in an animal is inversely propor-
tional to digestibility but directly related to the amount of 
feed ingested (Cardoso et al. 2014).

Conclusion

The intensively managed capim-tamani pasture under con-
tinuous grazing in sheep in the silvopastoral system showed 
similar forage production and consumption compared to the 
monoculture system. In addition, the silvopastoral system 
reduces	 solar	 radiation,	 directly	 influencing	 the	 ingestive	
behavior of animals throughout the day. Finally, to dem-
onstrate the feasibility of using these integrated systems 
with the native Caatinga tree component, there is a need to 
continue	 research	 in	 other	 fields	 and	 thus	 provide	 further	
guidance. However, the present study serves as a dynamic 
and appropriate starting point, with promising results for 
these complex integrated systems and sustainable, managed 
intensively for the boosting the sheep industry in semi-arid 
regions worldwide.
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shadow	is	crucial	and	influenced	by	the	angle	of	incidence	
of solar radiation (Silva 2006). In other words, the area of 
the shadow tends to increase from noon, promoting a higher 
percentage of shaded area at the end of the day, especially 
where there were tree components in the pasture. Therefore, 
there are possibilities that behavioral responses may not 
have been directly conditioned by shading since, being a 
locally adapted breed like Morada Nova, it portrays adapt-
ability to the semi-arid climate (McManus et al. 2014). This 
is	different	from	the	behavior	of	exotic	breeds	(specialized)	
or also called commercial breeds, which, when observed in 
these integrated systems, constantly seek shaded areas for 
thermolysis (Dada et al. 2021).

However, the natural shading of the tree component 
improves the microclimate and thermal comfort indices 
due to the reduction of direct solar radiation (Santos Neto 
et al. 2022). Thus, it improves feeding behavior conditions 
and, consequently, animal performance. The highest grazing 
frequencies by the animals occurred throughout the morn-
ing period (between 6 and 8 am and 10–12 am), extending 
until 12 − 2 pm. This behavior may reveal one of the ways 
the animals dealt with heat stress because, in addition to 
the milder temperatures recorded during this period (Image 
1), it is also inferred that the pasture is moist due to night-
time irrigation. In the evening, the animals reduce grazing, 
seeking to dissipate heat in areas with high temperatures 
(Façanha et al. 2020; Ferreira et al. 2020). This behavior 
may also be associated with the management of the animals, 
which spent 12 h (from 6 am to 6 pm) in the paddocks graz-
ing and the entire night in enclosures without feeding. As 
they entered the paddocks in the morning, regardless of the 
system	 (monoculture	or	 silvopastoral),	 the	first	 thing	 they	
did was intense grazing to satisfy their hunger. This situ-
ation aligns with what was observed by Gregorini (2012), 
where animals tend to wait for the pasture to dry before ini-
tiating	their	behavioral	habits,	but	this	occurs	under	specific	
conditions where animals either remain in the pasture for 
24 h or receive supplementation after the period they leave 
the pasture. As the grazing frequency decreased from 2 pm 
to 4 pm until 4 pm to 6 pm, there was a parallel increase 
in	behavioral	activities	such	as	rumination	(2	pm	to	4	pm:	
19.3%,	4	pm	to	6	pm:	30.5%),	standing	idle	(2	pm	to	4	pm:	
16.8%,	4	pm	to	6	pm:	35%),	and	other	activities	(2	pm	to	
4	pm:	1.6%,	4	pm	to	6	pm:	4.7%).	Possibly,	during	 these	
hours, the animals were already satiated, and as the animals 
become	satiated,	a	significant	portion	of	their	time	is	spent	
in other activities (Hower et al. 1998). This is also evident 
and explained by the average reduction in the bite rate, 
which dropped to only 35.9% during the period between 
4 pm and 6 pm. The inverse relationship between graz-
ing frequency and activities such as rumination, idleness 
(lying down and standing), and other activities, particularly 
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