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INTRODUCTION

The silvopastoral system has been used 
by dairy farmers in tropical areas, mainly, because 
this kind of system provides adequate environmental 
conditions for dairy cows. The main feature of a 

tropical region is an extreme climate due to high 
temperatures and solar radiation, factors that diminish 
animal production. In these situations, the introduction 
of trees can improve the microclimatic conditions, 
and can determine a change in the ruminants’ walking 
trajectory to the position of the trees in integrated 
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ABSTRACT: Ruminants vary their walking trajectory according to the positioning of the trees in integrated systems, which can determine 
the concentration of dung deposition at certain locations. The aim of this study was to map the distribution of feces and the behavior of dairy 
heifers in sunny and shaded areas. This experiment was carried out in Mato Grosso, Brazil, where the main grazing conditioner is shade 
due to the presence of trees in the pastures. Shading levels used were: full sunlight (control), moderate shade (338 trees ha−1) and intensive 
shade (714 trees ha−1) in randomized complete blocks. The experimental period was divided into three evaluation periods based on rainfall 
distribution: rainy period = December 2012; transition period = March 2013 and dry period = June 2013. Animal behavior assessments and 
dung distribution mapping were performed. The full sunlight system displayed a higher concentration of feces patches at sites near the gate, 
cow drinkers and fences opposite the gate. Heifers picked shaded places for ruminating and idleness. The major concentration was reported 
in the central area and under trees, in shaded systems. There were places with greater feces concentrations, but when the pasture had trees, 
deposition did not only happen underneath trees but also in places under their influence. The distribution was more homogeneous when trees 
were present in large quantities. The shaded area available in pastures affects spatial distribution of dung, stimulating uniformity.
Key words: pasture litter, feces patches, shade, heifers.

RESUMO: Os ruminantes variam a trajetória de sua caminhada de acordo com o posicionamento das árvores em sistemas integrados. A 
deposição de fezes pode estar mais ou menos concentrada em determinados locais, de acordo com a disposição desses condicionadores de 
pastejo que definem o caminhamento animal. O objetivo deste experimento foi mapear a localização e a distribuição de fezes de bezerras 
leiteiras de acordo com seu comportamento afetado pela disponibilidade de áreas ensolaradas e sombreadas. Este experimento foi conduzido 
em Mato Grosso, no Brasil. O principal condicionador de pastejo foi o sombreamento promovido pela presença de árvores nas pastagens. 
Foram impostos níveis de sombreamento: pleno sol (controle), sombreamento moderado (338 árvores ha− 1) e sombreamento intenso (714 
árvores ha− 1) em blocos completos casualizados. O período experimental foi dividido em períodos de avaliação com base na distribuição das 
chuvas: Período Chuvoso = dezembro de 2012; Período de Transição = Março de 2013 e Período Seco = Junho de 2013. Foram realizadas 
avaliações de comportamento animal e mapeamento da distribuição das placas de fezes na área. Para atividades de ruminação e lazer, as 
novilhas preferiram os locais mais sombreados. O sistema pleno sol promoveu maior concentração de placas de fezes em locais próximos a 
porteiras e bebedouros, no lado oposto ao da porteira. Nos sistemas sombreados, a maior concentração foi na área central e sob sombra. 
Havia locais com maior concentração de fezes, mas quando havia árvore na pastagem, a deposição não acontecia apenas abaixo da árvore, 
mas também nos locais sob sua influência. A distribuição foi mais homogênea quando as árvores estavam em maiores quantidades. A área de 
sombra disponível no pasto afeta a distribuição espacial do esterco estimulando a uniformidade.
Palavras-chave: perdas de pastejo, placas de fezes, sombra, novilhas.
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systems (KRUSCHEWSKY, 2012). Dung deposition 
may be concentrated in certain locations according to 
the arrangement of these grazing conditioners. Forest 
litter and animal excreta represent the main return route 
of nutrients to the ecosystem through decomposition 
by microorganisms (SOUZA et al., 2018). Animals 
in pastures accelerate the nutrient cycling process 
in the ecosystem, the major part (90%), including 
nitrogen and potassium, going back to soil via excreta 
(RICHARDS & WOLTON, 1976; LANTINGA et al., 
1987). Parenthetically, knowing how these excreta 
are returned to the soil is of utter importance. Many 
factors can affect the spatial distribution of dung in 
the paddock, including meteorological factors such 
as air temperature, rainfall and solar radiation while 
grazing, and the location of the cow drinker, gate, trees, 
salt trough and resting area (WHITE et al., 2001). In 
pasture, uniformity of excreta distribution is the main 
factor that affects the balance between the inputs and 
outputs of this agroecosystem and; consequently, the 
recommendations for nutrient replacement by means 
of fertilization. This heterogeneity of soil fertility, as 
well as the irregularity of forage production, in these 
environments is developed and maintained by selective 
grazing imposed by the animal (HIRATA et al., 2002).

If the excreta are homogeneously 
distributed, nutrient distribution will be effective. 
However, in conventional pastures, the distribution 
pattern in which nutrients are returned to pasture in the 
form of feces and urine is not uniform (FERREIRA 
et al., 2011). Nonetheless, in silvopastoral systems, 
organic matter cycling gains synergy: trees withdraw 
nutrients from the deeper layers and deposit them 
on the soil in the form of litter; cattle then deposit 
their excretions in a more homogeneous distribution 
pattern (FERREIRA et al., 2011; KRUSCHEWSKY, 
2012). This happens because in an adequately wooded 
pasture, “comfort features” such as shade, dry and 
soft floor, and scalers (tree trunks – which enable 
animals to exercise naturally against ectoparasites 
and flies, when used to scratch themselves) are well 
spread throughout the area.

Dung and urine patches also increase with a 
higher stocking density (MOIR et al., 2011). There is a 
high correlation between the percentage of defecation 
and the dwell time of animals in feeding, milking and 
grazing areas (WHITE et al., 2001). According to the 
authors, shading and watering positions have a great 
effect on behavior and the distribution of dung in 
warmer environments because they can provide better 
environmental conditions for dairy cows. So, the aim 
of this study was to map the distribution of feces from 
dairy heifers in sunny and shaded areas.

MATERIALS   AND   METHODS

This experiment carried out at the 
Embrapa Agrossilvopastoral Research Center, in 
Sinop, Mato Grosso State, Brazil (11° 51’ 43” S, 
55° 35’ 27” W, 384 m a.s.l.). The experimental area 
comprised 10 ha of flat contour land on a Typic 
Hapludox, clay, caulinitic, isothermic soil (SOIL 
SURVEY STAFF, 1999). The soil presented medium 
fertility, phosphorus and limestone being initially 
adjusted. The region’s climate is a tropical humid 
Am type, with average annual temperature of 25 °C, 
relative humidity of 76% and annual precipitation of 
2,000 mm. Weather data for the experimental period 
(Figure 1) were recorded at the Sinop weather station 
(AGRITEMPO, 2018).

A eucalyptus clone H13 (E. urophylla × 
E. grandis) was planted in an east–west direction 
in January 2010. The arrangement of the eucalyptus 
trees allowed two shading patterns. One of the 
areas did not receive trees, composing the treatment 
without shade (control without trees). In the system 
with moderate shading, the trees were planted in 
double rows at the edges of the paddock (338 trees 
ha−1). In the intense shading system, the trees were 
distributed in triple rows spaced at 15 m (714 trees 
ha−1). The treatments were distributed in randomized 
complete blocks with three replications. All systems 
had the same pasture area, justifying the differences 
in total width (same length) between the areas (49, 59 
and 84 m, respectively). The pasture was sown with 
maize in February 2011. Maize harvest took place 
in April, when the pasture had finished its formation 
process. Pastures had a period of adaptation to the 
grazing strategy, with evaluations eventually initiated 
in December 2012. Urea fertilization was divided into 
two applications of 40 kg N ha−1 each time (November 
2012 and February 2013).

The experimental period ran from 
December 2012 up to June 2013, divided into 
three data collection periods based on the rainfall 
distribution: rainy period = December 2012; transition 
period = March 2013 and dry period = June 2013. The 
rainfall distribution was about 80%, 20% and 0% of 
the total rainfall during the respective periods.

The pre-grazing target was 95% light 
interception (LI) in all systems (FONSECA et al., 
2012), and post-grazing height was adjusted to at 
least 50% of the pre-grazing height (CARVALHO et 
al., 2009). The sward surface height was evaluated 
when these points were identified. Three paddocks 
from each system were used as sampling units for 
each treatment for three consecutive days. The 
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animals used were crossbred heifers (Holstein × Gir) 
with a body weight of 350 kg.

Pre-grazing herbage mass was evaluated 
after height measurement, and residual herbage mass 
was collected after grazing. Three squares of 0.5 m2 
were cut in each paddock in representative places. 
The samples were dried in an oven for 72 h.

Animal behavior assessments were 
performed at 15 min intervals, starting at 8:30 
a.m., with readings ending at 4:00 p.m. In this time 
interval, it was possible to detect the movement of 
the animals caused by the presence of the sun and 
high temperatures. The location variables were: (1) 
sun exposure or (2) permanence in the shade, and the 
activities were: (1) grazing (MELLO et al., 2017); 
(2) walking; (3) visiting the water point; (4) idleness; 
and (5) ruminating. Water drinking fountains were 
available firstly outside only and eventually both 
inside and outside the paddocks. The temperature 
was measured with mini meteorological stations 
allocated in the full sun system and between tree 
ranks. Data collection happened every 15 min and 
was automatically registered.

Paddocks were georeferenced using a 
Garmin ETREX 30 GPS. The GPS precision was 
25 m off the exact geographic point; however, most 
important was the relative location, for which the GPS 
had high precision (centimeters). The SMS Advanced 
program from Ag Leader was used to divide the 25 
sample small squares (grids) (TURNER et al., 2000). 
These grids measured 10 × 10 m, 12 × 10 m and 15 

× 10 m in the full sunlight, moderate shading and 
intense shading systems, respectively. Sizes were 
variable according to the size of the main paddock.

Pasture litter was evaluated in grids 
and considered all forage wasted by the animals 
that was detached from the clump but which was 
not consumed and was deposited on the soil. This 
forage is considered pasture litter when the residual 
forage mass is not trapped and thus will no longer be 
recycled by the original plant, only by decomposition 
in the soil, as it is deposited on the surface. In every 
grid, a square frame (1 m2) was set at the central point 
to collect and evaluate wasted forage in the grassland 
by animal activity except the residual forage mass 
(CARNEVALLI et al., 2006).

The dung patches were counted and 
located using a GPS gadget. After the heifers finished 
the grazing period, the observer went around the 
paddock and, for every step they took, looked for a 
patch of feces and got every single one inserted into 
the GPS system. Dung patch distribution was mapped 
with the Quantum GIS program using the isoline map 
method (Quantum GIS, 2015).

The data about pasture structure and 
animal behavior were analyzed using the combined 
experiments technique (MOORE & DIXON, 2015), in 
which each system was considered as an independent 
experiment. The replicates were the sample paddocks 
(n = 3), and the sources of variation were the systems 
and the evaluation periods. Each source of variation 
was studied by combining experiments with similar 

Figure 1 - Weather data for the experimental period at Sinop, Mato Grosso state, Brazil.



4

Ciência Rural, v.49, n.10, 2019.

Carnevalli et al.

characteristics. Within the experiments, the data 
were analyzed using SAS® Mixed Procedure, with 
repeating measures and using the restricted maximum 
likelihood method (REML). The comparison of 
means, as required, was performed using the PDIFF 
method with a 5% probability level.

RESULTS   AND   DISCUSSION

Temperature is an important factor in 
conditioning an animal’s behavior and its location. 
Shaded systems reported temperatures 5–7 °C less 
than that of the full sunlight system (P=0.0028). 
However, the temperature of the shaded region was 
similar between both shade systems (P=0.1857). The 
system with more trees (intensive shade) could reduce 
the wind speed, though this was not enough to cause 
any harm to the animals (VARELLA et al., 2016). 
The maximum temperatures during this experiment 
were 35, 32 and 34 °C during the rainy, transition and 
early dry periods. The relative humidity was 70–90% 
from rainy to early dry seasons.

The pre-grazing herbage mass and residual 
herbage mass (kg DM ha−1) and pre- and post-grazing 
sward surface height were affected by the evaluation 
period (Table 1). When the piatã grass reached 95% 
LI, the forage canopy reached an average height of 
46.8 cm in the first grazing period. Over time, the 
canopy height decreased and stabilized, to 36.9 and 
35.3 cm in the second and third periods, respectively. 
The reduction in plant height was caused by 
adaptation of the pasture to the management by LI. 
DIAS-FILHO (2012) obtained values in the order 
of 35 cm for pre-grazing sward surface height for 
piatã in Campo Grande, MS. NANTES et al. (2013) 
concluded that piatã grass, in a full sunlight system, 
shows good management flexibility between heights 

of 15 and 45 cm, noting a difference between dry 
matter mass, with similar average daily gains between 
these different heights of management.

The pasture litter was affected by shade 
treatments, despite the values being very low for all 
systems because of the management strategy based 
on LI which controls the sward structure, avoiding 
stem growth and leaf senescence (CARNEVALLI et 
al., 2006). For all periods, the full sunlight system 
had the most considerable pasture litter (21 kg DM 
ha−1) when compared to the shaded system (16 kg 
DM ha−1) (P=0.0088) except when, in the early dry 
season, the moderate shade system showed the same 
amount of pasture litter as the full sunlight system 
(23 kg DM ha−1) (P>0.0050). The highest amounts of 
wasted herbage were mostly concentrated close to cow 
drinkers and the gate in the full sunlight system, during 
the rainy season. This structural feature appears to be a 
consequence of cattle behavior that distributes feces in 
these places in the full sunlight system.

Grazing activity is harmed by the 
unsuitable conditions under full sunlight but made 
pleasant by the presence of trees (MELLO et al., 
2017). According to DASH et al. (2016), high 
temperature associated with high relative air humidity 
directly affects animal comfort and physiological 
functions, and harms animals’ daily routine. When 
the daily routine of an animal is disturbed, reduced 
performance can be expected as a stressed animal 
has increased body temperature, respiratory rate and 
sweating. The heifers revealed a tendency to return to 
grazing activity under the full sunlight system during 
the hottest time of the day when rumination and 
idleness decreased; but, as this action was impossible 
because of the high temperatures and solar radiation, 
the animals would return to the cow drinker until later 
on (MELLO et al., 2017). During the transition period, 

Table 1 - Pre-grazing and residual herbage mass (HM) and sward surface height (SSH) of piatã grass under shading during the 
experimental period. 

 --------------------------Pre-grazing---------------------------- -------------------Residual herbage mass----------------- 

 HM (kg DM ha−1) SSH (cm) HM (kg DM ha−1) SSH (cm) 
Rainy period 6,156 A 46.8 A 4,869 A 31.4 A 
Transition 4,169 AB 36.9 B 4,165 A 23.5 B 
Dry period 2,783 B 35.3 B 2,867 B 24.5 B 
MSE 501 0.76 402 0.76 
P 0.0118 0.0109 0.0080 0.0001 
 

Averages followed by the same letter are not significantly different, between lines (P<0.050). 
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the full sunlight and moderate shade systems reported 
a similar frequency of animals in idleness (27%), 
greater than in the intensive shade system (20%) 
(P=0.0001). However, during the early part of the 
dry period, the full sunlight system showed increased 
frequency of animal idleness (29%) as compared to 
that in other systems (16%) (P<0.0001). The animals’ 
activities directly affected the locations in which 
they chose to remain. They also tended to defecate in 
greater volume, altering the dung distribution.

Feces patch distribution was affected by the 
different systems, during the rainy period (P=0.0165). 
In this period, both differences between grids in the 
paddocks (P=0.0090) and interaction effects between 

grids and systems (P=0.0025) were observed. In the 
full sunlight system, there was a higher feces patch 
concentration in places close to the gate (Figure 2a). 
There was a feces patch concentration around the cow 
drinker outside the paddock because the heifers spent 
a higher portion of their time in this place during the 
hottest hours of the day. In this place, the animals 
refreshed themselves by floating inside the cow 
drinker and lying down in muddy places. This activity 
added water to the muddy puddles of rainwater, which 
were places highly preferred by heifers to refresh 
themselves during days with high relative humidity 
(87%) and temperature (35–36 °C). According to 
GERALDO et al. (2012), a muddy place can act as an 

Figure 2 - Spatial dung distribution maps in integrated systems in 
the rainy season: (a) full sunlight system, (b) moderate 
shade system and (c) intensive shade system; green lines 
represent trees ranks; the small dash is a gate; scale: 0 – low 
concentration to 6 or 7 – high concentration.
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alternative to provide relief from warmer temperatures 
in the absence of shade. SCHUTZ et al. (2010), in 
their experiment in temperate regions, observed that 
the time spent around the cow drinker increased when 
no shade was provided to the animals. In the no shade 
system, cows spent more time standing during the day 
compared to those under shade, possibly to increase 
radiation from the body to keep it cooler. They also 
tended to crowd around cow drinkers, with some 
cows even standing with their front feet dipped in the 
water, trying to splash water from the trough over their 
backs (MULLER et al., 1994). The heifers showed no 
movements (61%), mainly during the hot hours.

In the moderate shade system, the major 
concentration points were the central place and the 
shaded place where more grazing activity occurred 
(Figure 2b). The heifers ruminated and/or were idle in 

the gate outside the paddock where there was shade as 
well. Grazing, rumination and idleness in the shaded 
places conditioned this higher dung concentration. 
In the subtropical region, the trees also modified the 
frequency and time spent grazing and in idleness, 
but it did not influence the frequency and time spent 
ruminating (SOUZA et. al., 2010).

In the intensive shade system, the feces 
patches were distributed close to shaded areas (Figure 
2c). These shaded places were the favorites to ruminate 
and be idle, when the heifers defecated more.

During the transition period, there was 
a greater feces concentration in the central point in 
the full sunlight system, being like the other places 
observed in the rainy season (Figure 3a). However, 
the points were not quite concentrated because the 
animals searched for a cow drinker outside. In the 

Figure 3 - Spatial dung distribution maps in integrated systems in the 
rainy–dry transition period: (a) full sunlight system, (b) 
moderate shade system and (c) intensive shade system; 
green lines represent trees ranks; the small dash is a gate; 
scale: 0 – low concentration to 6 or 7 – high concentration.
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moderate system, the dung was not distributed under 
trees, but in the places under their influence where the 
animals spent time ruminating and in idleness (Figure 
3b). In the intensive shade system, the distribution 
of feces patches was higher within the paddock in 
the transition period when compared to the rainy 
season, but the concentrated areas were still under 
or close to trees (Figure 3c). KRUSCHEWSKY et 
al. (2012) evaluated dung distribution in Tanzanian 
pastures shaded by Grevillea robusta (20 × 5 m) and 
in Mombaça pastures without trees for shade. In full 
sunlight, the highest feces deposition was close to the 
gate and cow drinker and, in the shaded pastures, the 
distribution was uniform despite there being some 
small concentrations at the same points.

Later on, during the early dry season, all 
systems showed a large concentration close to the 
cow drinker. At this time, the heifers were more likely 
to drink water inside the paddock rather than from 
the outside trough (Figure 4a). In the shaded systems, 
the trees still influenced the heifers because there was 
some concentration under the trees, and the animals 
spent more time there (Figure 4b and 4c). The grids 
that had a higher feces concentration were also the 
most crowded ones and had significant pasture litter. 
This could be explained by two reasons. The first 
one could be because the animals often lie down and 
trample around, damaging the pasture. The second 
reason could be defecation happening more often 
in such places and animals avoiding grazing in the 

Figure 4 - Spatial dung distribution maps in integrated systems in the 
early dry season: (a) full sunlight system, (b) moderate shade 
system and (c) intensive shade system; green lines represent 
trees ranks; the blue circle is a cow drinker; the small dash is a 
gate; scale: 0 – low concentration to 6 or 7 – high concentration.
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surroundings. However, most possibly, both reasons 
could be happening simultaneously.

Higher feces concentrations were found 
at different points according to the system in 
question. In the full sunlight system, the main place 
was near the gate and the cow drinker, while in the 
shaded systems the main place was in areas under 
the influence of shade. FERREIRA et al. (2011) 
researched Brachiaria brizantha pastures grazed 
by 22 heifers and 22 crossbred dairy cows in four 
conditions: full sunlight; just one artificial shade 
point in the pasture; a grove in the pasture; and 
dispersed shade with trees throughout the pasture. 
They discovered a greater concentration of feces 
patches close to the gate and cow drinker when 
the animals were in the full sunlight system. This 
concentration was higher under artificial shade 
when the animals were in this system. In the pastures 
with trees, 72% of the feces were located under the 
trees, indicating that the animals spent more time 
in the shaded areas rather than in the sunny ones. 
The shade conditioned the grazing and modified the 
dung dispersion. KRUSCHEWSKY et al. (2012) 
monitored the dung distribution of 35 dairy heifers 
in paddocks with native trees and in full sunlight 
systems according to the dispersion index, verifying 
that full sunlight pastures showed areas with higher 
concentrations of feces patches, while in the shaded 
area these patches were more dispersed and uniform. 
Feces was not only deposited just under the trees as 
popular knowledge states, nor was feces distribution 
uniform in places in full sunlight. When the pasture 
has a shaded area available, animals switch their 
resting place, with no occurrence of damaged spots 
as normally happens in pastures with only one tree or 
shade point. It is true that herbage density decreases 
when the pasture is shaded, but this can be controlled 
by planting trees with appropriate spacing, allowing 
enough light to penetrate and for the sward to grow.

CONCLUSION

In tropical conditions, dairy heifers use 
shaded areas for lying down to idle or ruminate 
during the hottest hour of the day. Moderate shading 
in the pasture is sufficient for maintaining the daily 
activities of dairy heifers. Shaded pastures have a 
more homogeneous spatial dung distribution, despite 
some small points of concentration still being present 
in areas such as around the cow drinkers and the 
gate. Thus, the shading of pastures is recommended 
for tropical conditions to improve the spatial dung 
distribution in dairy farms.
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