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Abstract: Currently some changes in the climates of different regions of the planet are observed and it is
pecessary a better knowledge of the species and breeds that have genetic potential with greater
adaptability capadity, and are able to survive, produce and reproduce i a climate of harsh conditions,
especially in environments tropical and mferwropical Thus, it becomes indispensable to know the

adaptability of species andheedsexphadeun’LTlnnmofﬂusmdymsmemhnnu
tlunnlynsczpacl)ocfSnaIms.Dupu White Mermo s!nq:heedsgmyﬁwmn-pngml
females (3 years old) were used in the study during summer The test consists in

in three days of sun exposure after two hunsmdsthesh&(&l‘l)onemmﬂ!m
(RT2) fifteen (RT3) and tharty (RT4) nunutes after sun exposure, under the shade. The average RT1 were
similar to the Santa Ines and Darper sheep and superior to the White Merino sheep (P<0.05). To RT2,
RT3 and RT4 the White Merino sheep had the highest values, followed by Santa Ines and the Dorper
breed (P <0.035). These results reflected in mdividual thermolysis capacity index lower for Santa Ines (P
<0.035). The results showed that even hair breed of tropical ongm is affected by sun exposure. However,
%&mmnhmngﬂ\mm showing different degrees of resistance
) vamation.

Introduction
hmﬂpﬁmm&manmﬂyhmdbyh@laﬂsdmmm
temperatures that could adversely affect livestock production when compared to the animals in temperate

zones (McMamus et al, 2009).
Exhspahnsacaninanpaamdhdﬂammlmcbﬁmdashmmmge

sheep
15 between 20 and 30 °C (Baeta and Souza, 1997), with the higher critical temperature of 34°C, when heat
stress is considered a factor of imiting production for sheep.

Adaptability of animals to hot environments can be found by physiological adaptability tests ar
beat tolerance and one of these is the heat tolerance imdex (Baccan Jumior, 1990). The more tolerant to
heat the more productivity can be the sheep i a tropical climate. Thus, it becomes indispensable to know
the adaptability of the specie and breeds explored in a tropical climate. Therefore, the amm of this study
was to apply a thermolysis capadity test for Santa Ines, Darper and White Mermo sheep.

Material and methods

The experiment was divided into 3 stages. The first staze was conducted in the Asrarian School of
Beja (ESAB), m Beja dty, Portuzal, Jocated at 38°00°43" North, 7°52°24" West and 244 meters above sea
Jevel This step took place in July, the month of hizhest incidence of solar radiation (summer) in Portugal,
and 25 Menno ewes was used in the thermolysis capacity test The second stage was done with 25 Santa
Imemsmﬁmohgymdﬂnbgyubnayofmmyofmmmm
Engineering of University of Sao Paulo in Pirassummza-SP, Brazil. at 21°57'04" South, 47°27'00 " West
and 606.25 meters above sea level This step was conducted from November to January, months of hizh
mcidence of solar radiation (black globe thermometer above 45 °C). The third stage of the experiment
was to evaluate the thermolysis capacity of 25 Dorper breed ewes in February and March. This step was
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camied out on the property Dorper Canpo Verde, located in the city of Jarinu-SP, Brazil at 23°08'47"
South, 46°4820" West and 755 meters as 1

All animals had sinslar body conditon and coat color (Merino/white, Santa Ines/black;
Doper/white with black head)

The thermolysis capacity test applied was adaptad from the test proposad to sheep by Verissimo
(2008). The animals were brought in from pasture 11:00 am and remained two hours under the shade until
13:00, where rectal temperatures were measured (RT1) with clmical thermometers which were mserted
mto the animal's rectum remaining untl the buzzer temperature stabilization. Soon after, the animals were
releasad in a cemented yard without shade exposad to the sum for an hour, from 13:00 untl 14:00, during
the highest incidence of solar radiation time. Soon after, it was taken the sacond rectal temperature (RT2).
After that, as the animals remamed in the shade, every fifteen mimates two more rectal temperatures (RT3
and RT4) were taken The thermolysis capadty index was calculated based by the fornmla, ICT = 10 -
(RT4 - RT1). indicating the ability of the animal has to Jose heat and restore normal body tempemature
after the end of exposure stressfil solar radiation. The average of the 3 mdexes of each amimal was used
to determine the mdividual thermolysis capadty mdex.

Black globe temperature, in the shade and in the sun, was recorded during the test; air temperature
and relative umidity were measured with a thermohyzrometer and air velocity with the anemometer. The
test was performed on sumny days, o cloudiness and Jow airspeed.

For thermolysis capacity test was conducted an amalysis of vanance with fived effects and
sampling times (1, 2, 3 and 4), the date of test as a random effect and the animal as repeated measures and
muitiple comparison test means between the different times of samplings by the Tukey-Kmamer test. The
air tempenature and black globe temperature were tested as a covanate, as though they did not have
mterference i the model they were excluded. The model s suitable for normal distnbution.

For conparisons between the breeds an analysis of vanance was done for measures of thermolysis
capacity test and nmitiple comparison test of means between the different times of sanpling by the
Tukey-Kramer test.

The significance level used in the experiment was 5% and all experimental results were presentad
as mean and standard error. Statistical analyzes of the results were performed wsing the PROC GILM
Procedure (SAS, 2000).

Resuits and Discussion
The mean of the climatic variables: air temperature, black globe temperature in the sun, black
globe tenperature in the shade, relative hunudity and wind speed were registerad m the same time of
thermolysis capacity test and they are presented in Table 1.

Table 1. Meias vadues dinsie varsbles during e &ys of thermolysis cigmcity 1est for the studiod besods.
Breed Sants laés Meriso Brance Derper

Hordkrio 1100 130 14bt0 15600 110 1300 14i0 15000 110 1200 M 150
“BGTS 3l 2.5 s 200 3250 3567 3667 4333 2630 27 ¥R ¥

BGTs 40 00 487 4567 4260 4167 433 4600 4600 k30 4430 4330 4500

RH 4733 4133 Hn 700 1S 440 30ss 31220 5430 4700 4670 2.0

T mnse 017 KA k) ila - - - - 2600 2900 20 %%

Wind 013 LR k) 033 0.50 - - - - - - - -

BGTU® mn 2,001 w0 TR6S T4 8142 nn 9032 40 7140 T80 m30

BGTUs 9068 N8 nw 9.2 9033 M489 9310 831 20.20 %10 w70 L 1)

BGTa: Nack globe lenpersaure in e sdade, BGTs blsck globe tempersture in (he sun, RH: selative hamidity, Tar: it iempersture, BGTab: blsck globe
lempesiture dad hamidity index is (he shade, BGTUs . black globe lempesiture aad hamidity index is Be sun.

It was obsarved that there were favorable weather conditions for a thermolysis capacity test, with
high temperatures, low bunudity, low wind speeds and no cloud cover, to camy out all stages of the
experiment. The days were considersd equal for the climate variables m the harvesting zones (P=0.03).

The largest black globe tenperature records in the sun (BGTs) ocourrad during the hours between
13:00 and 15:00, also comdding with the hizher temperature of the black globe in the shade (BGTsb). In
contrast, m those times the relative humidity values (RH) were the lowest.

For the globe index and humidity values in the sum (BGTUs) the greatest records were found at the
same times of the greatest BGTs vakues, reaching values above 93 on the exposure time to the sum (13h00
to 14h00) for every day of harvest .
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In the globe and humsdity index in the shade (BGTUsb) the values found were hizh since the start
of data collection at 11.00, reaching maximum values between 77.6 and 94.7.

Baéta and Souza (1997) published several critical values for BGTU based on studies with cattle,
where values between 74-78 is a range require care for the amimals, 79-84 is considered dangerous to the
physiology of the animal and rates above 85 are the range considered emergency heat stress when steps
should be taken to prevent harm to the animals.

Cesar et al. (2004), in semi-arid conditions, with BGTU ranging from 75.5 and 82 4, defined alert
conditions and thermal danger to sheep of the Darper and Santa Ines crossbred. adopting the Amenican
classification of thernm] comfort index.

On Table 2 it was found that there was difference in rectal tenperatures of all three breeds stadied.
For the first rectal temperature, with two hours of rest in the shade (RT1), White Merino breed had higher
RT (P<0.03). followed by Dorper and Santa Ines, with no differences between this two breeds (P=0.03).
With an hour under the sun (RT2) the White Menno breed continued with the highest RT, but at this time
there was difference between the Santa Ines and Dorper (P=0.05). The temperature reduced after fifieen
(RT3) mimutes of rest in the shade for Santa Ines and Dorper ewes (P<0.03), and for White Merino only
after thirty mimutes (RT4; P<0.05).

Table 2 - Mean values sseschiod snd ervee of receal lempesiture (RT °C) during the of thermolysis cigacity lest for the sadiod booods.
Santa Ines White Merino Dorper
Growp Means error Means eror Means ermor
TRI1 3863¢cB 0018 3008cA 0043 3853d8 0046
RT2 3019aB 0019 3038a4 0035 3903aC 0047
RT3 3003bB 0026 3920abA 0044 3883bC 0042
RT4 3896bB 0028 3919bcA 0041 3868cC 0040

Means followed by diffescnt lower-cse letier in column, differ by Tukey-Kramer Test (P< 0.08).
Mears followed by diffesent uppescsse kemer in line, Effer by Tukey-Keamer Teut (P< 0.05).

The mean rectal temperatures found for the Santa Ines two hours under the shade (RT1) was
similar to the temperature found by Verissimo (2008) of 38.64 C. However, soon after sum exposure for
one hour (RT2), the average was 0.46 hizher than the value found by Verssimo (2008). As Sanfa Ines
used in this experiment were all dark hair coat color, this characteristic may have contributed to greater

of heat in the sun A dark pizmentation has a higher absorption of solar radiation shortwave
and therefore holds larger amount of thermal ensrgy than a lighter-colored cover, which has a higher
reflection (McMamus et al | 2009)

On the other hand, the rectal temperature of the Santa Ines and Dorper after fifteen and thirty
mimtes of rest in the shade were still higher than the first temperature in the shade (P<0.03), mdicating
that thirty minutes is pot enough for the animals to retun the temperature wvalues collected before

to heat stress. As for the White Merino breed. thirty mimutes were enough for the reduction of
RT (P=0.05). In a simdlar study, it took forty five mimates for the sheep to reduce the rectal
values to equal values before the test for hair breeds, and for wool breeds sheared and unsheared
(Verissimo, 2008).

The elevated rectal temperature reflects heat accunmlation in the animal orgamism, which results
from the excess heat received from the envirooment, plus the internal heat during the day. and the
mability of thermorezulatory mechanisms to dissipate any excess heat received (Baéta & Souza, 1997).

Thus, the increase in tenperature during the day has an effect on rectal temperature of Santa Ines
ewe, with higher values in the afternoon (Cezar et al, 2004). Although the initial rectal temperature was
different for the three breeds, they range between 38.5°C and 39.9°C, a normal vahe for sheep.

To calculate the TCT it was used the injtial rectal temperature values, with two hours of rest in the

shade (RT1) and rectal temperature thirty mémutes of rest in the shade (RT4) (Table 3).

Tubie 3 - Thermolysis cipseiy inder ad roctal iesperanoe is (e hoseds Sanes Ises, White Mesino and Dorper.
Santa Ines White Mfermo  Dorper
“Rectal tempenatme (R11,°C)  38.03 3008 38353
Rectal temperatre (RT4.°C)  38.96 3019 3868

Thermolysis capacity index ~ 9.67b 9892 9882
EPM - 0.035 0.031 0.028
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Maesas followed by &ifferest lowercise differ by Tukey- Keumer Tewt (P< 0.05).

The TCT data showed that all three breeds of sheep studied have a high degree of thermolysis
capacity, with maxinmum 9 89 and minimum 9.67(P< 0.03). as the maxinmm index vake is 10.

The thermolysis capacity value found for Santa Ines breed is consistent with those found by
Venissimo (2008) of 9.66. Verissimo (2008) akso found hizh vahes for TCT in wool breeds such as Ile de
France, Suffolk and Texel Sheep with wool, when there is no shade available, had more protection from
the effects of solar radiation than hair breeds, as the wool acts as an efficient thermal insulator.

Condusions
Under the climatic conditions of the experiment, Dorper and White Merino breed showed higher
thermolysis capacity than Santa Ines, and coat color is a factor that can imfluence the individual heat
tolemance.
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