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‘HEAT TOLERANCE OF FRIESIAN CATTLE
UNDER EG YPTIAN CLIMATIC CONDITIONS

By
MM. Smavie () anp Lorsr M. Er-Sumira Ary (2)

This work was earried out in the Faculty of Agrieulture, Caire Univer.
sity, U.A.R., to investizate the reaction of the thermal physiological
chazacteristio of Friesian oattle to Egyptian climatic conditions, from
June 1962 to Tebruary 1963,

Body, ekin and hair temparatures and respiration rate were meas=ured
st four diurnal times, cnoe weekly during thres seasons; sumumer,
autamn and winter. Simultancously, air temperature and relative
humidity were measwred. The effuct of exposure to direct sunTays,
was tested on these body characters and the pulse zate, in J uly and
August 1963,

The following resulte were obiained:

There were significant seasonal variations in body temperature,
respiration rate and ekin and hair temperature. Body tempersture and
respiration rate were higher in summer and autwmn : than in winter.
The mean body temperatures were 38.3°0, 88B.79C and 38.5°C
for summer, autumn and winter respectively, The corresponding
respiration rate per minute was 45.2, 53,9 and 30,1 for the same three
seasons respectively. Skin temperature showed lower values in summer
and autumn than in winter, 20,500, 28.9°C and 33.29C respectively.
The mean values of hair temperatures in the three seasons were 29,400,
28.8°C and 25,8°C.

Diurnal variations oocurred in the studied items, the lowest lavel
for each was in the morning, but the maximum levels took place at
different times in the afterncon.

Exposur to direct sun rays jrduced significant rise in body reactions.
The mesn values of body reactions for exposed and shaded animals
were 33.89, 38.90C in body temperature, 70.6, 27.8 times per
minuts in respiration rate and 60.1, 53.1 beats per minute in pulse
rate.

“The importation of exotic breeds of cattle to the tropical and subtropical
zones has been practiced as a means of increasing both meat and millk pro-
-duetion since the local breeds of these zones have low officiency in these res-
pects. Such imported breeds, almost in all cases, are of European origin
-and therefore they face the problem of adaptation to the new hot habitats,

Various authors studied the reaction of different cattle breeds to natu-
tal or artificial hot environmental conditions, There are a great deal of
-agreement. between their results

The rectal temporature and respiration rate in eattle showed a significant
positive correlation with air temperature (Seath and Miller, 1947 a ; Hammond,
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1955 ; Beakly and Findlay, 19556 d4; Kibler, 1257 ; Mullick, 1961 and Halan
et al., 1963 and Haines and Koger, 1954). Gaalass (1946) and Shafie (1958}
stated that the respiration rate began to increase at lower air temperature

than did body temperature. Not only the degree of air temperature affects.
body temperature and respiration rate, but also a the duration of heat stre-

ss, or the length of time during which environmental temperature is main--
tained, has a great affect (Lee and Phillips, 1948, and Findlay, 1953 a Ham-

mond, 1955 and Beelkly and Findlay, 1955 d). Worstell and Brody (1953) and.
Johnson et a). (1958) stated that the optimum air temperature for Europian

broeds is 60-70°F, while it iz 90-95°F. for tropical Indian breeds,

Skin temperature showed higher value of correlation with air tempera--
ture, (Bonsma, 1940; Quinlan and Rieschmid, 1941 ; Thompson e af,,
1951 and 1952 and Beakly and Tindlay, 1955 b and ¢). The surface tempera-
ture increased linearly to reach 88°F (31°C) for hair and 93°F (34°C) for
skin ab 65°F (18°C) air temperature. Ib continued to rise linearly, but by
reduced slope beyond 65° T air femperature, showing no significant diffe--
rence, until 1000 — 10560F (37.8° — 40.8 C) when the temperatures of air,
skin and hair beeome equal. Skin and hair temperature were highly corre-
lated with body temperature (Quinlan and Riemerschmid, 1941 ; and Shafie,
1958). Variations between measurements of gkin temperatures were much
larger b the low environmental temperstures (Beakly and Findlay, 1955
b, c,) Stewart and Brody (1956) indicated that the variations in hair and gkin
temperatures lagged behind the variations in ambient air temperature by
about 1-2 hours. The type and colour of the hair coal affect the thermal
reaction of the animal to the climatic condition (Rhoad, 1940; Bonsma,
1943 ; Reimersehmid, 1943 ; Dowling, 1956 and Stewart and Brody, 1956),

Lxposure of cattle breeds to direct solar radiation eauses increase in body
temperature and respiration rate. The effect is augmented by high air temper-
ture {Quinlan and Riemerschmid, 1941 ; Seath and Mifler, 19475 ; Badreldina.
and Ghany, 1953). The pulse rate shows slight variation with different
trends. (Asker ef al., 1952 ; Badreldin and Ghany, 1953 and Salem, 1966).
The skin surface temperature increased spontaneously by exposure to direch
sun rays. The increase was affected by the type the hair coat (Bonsma,
1943 ; Stewart, et al., 1951; Dowling, 1956 and Stewart and Brody, 1956)..

The aim of the present work was to investigate the thermal physiological
response of Friesian cows to soasonal and diurnal variation in air tempera-.
ture and humidity in Egypt. It was planned also to study the effect of the
intensive direct sun rays of the hot scason on the animals. The results of
this study may provide basic knowledge for the comparative evaluation of
the adaptation of Friesian and other temperate cattle breeds to Egyptian
climatio conditions. From another point of view it may draw attention -
to some points related to mangaerial treatments of this breed in our locali-
ties. '

Material and Methods

The present work was carried out in the Animal Breeding. Research
Farm, Faculty of Agriculture, Cairo University, Giza, U.AR. (Subtropical
Zone 30°N and 31'E),

VAR, J. Anim. Prod., 10, No. 1 (1970).
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The study of the effect of seasonal and diurnal variations in climatic
conditions on the body reactions Lasted from June 1962 to February 1963,

This study included JO mature Friesian cows. The animals were kept
under semj-open sheds. They were fed on wheat andjor rice straw as rou-
ghage plus concentrated ration composed of éotton seed cakes 65 %, bran
12 %, rice bran 20 %, 29, lime stone and 1 %, salt and molasses 5 %, Green
corn fodder was offerred in sammer and Egyptisn clover, Berseem, «Frifo-
limm Alexandinum” in winter. The animals were supplied with water 2-3
times daily. The data were collected on a fixed day at weekly interval du-
Ting three seasons, summez, (June and July), autwmn (August and Septem-~
ber) and winter (Janmary and February). The measurements were
recorded four times on that day at four hours periods starting from
6 a.m, till § p.m. Air temperature and humidity were recorded at each pe-
riod. Ajr temperature and humidity were recorded from the readings of
dry end wet bulb thermometers hanging from the coilling of the shed, at a
level of about two meters from the ground Body temperature was measured
by & clinical thermometer inserted in the rectum for one minute. Respira-
tion Tate was counted by the movements of the flanks. Skin and hair tem-
,peratures were measured at the fore-flanks region, for both white and black
-golottred areas. The measurements of skin temperatires were carried oub
over about 5 square centimetres surface shaved prior to the test. The measu-
Tements were done by a precision bridge thermister thermometer the
applicator being laid gently on the surface for one minute before reading
Buatistical analysis was applied after Snedecor (1960).

The effect of exposure to direct sun rays was studied at midday during
July and August, 1983, when the air temperature ranged between 31.7° to
33.10C. in shade. REight bulls of two years old were used devided into
two equal groups. One group was kept always shaded, the other group was
exposed to direct sun rays for two hours from 12.n. to 2 pm. of the day do
test., The body reactions of all animals were recorded at 12 n. before the
treatment as control, At the end of treatment, 2 p.m. the reactions of the
two groups, exposed and that still shaded were recorded. The effect of solar
radiation was estimated by the increase in the body reactions of the exposed
group at 2 p.m. over the mean values before treatment, contrel, . This solar
radiation effeot was compared to the variationg in the shaded group from
12 n. to 2 p.m. statistical analysis, “t” test was applied to test the significa-
-cance of the solar effect. '

Hesults and Discussion

Chmatic Date :

There were great seasonal differcnces in the climatological conditions,
‘Bumpmer and sutumn were distinguished by high air temperature and rela-
tive humidity, They showed smilar air temperature but they varied in the
-air humidity. Winter showed the lowest values of air temperature and re-
Jative humidity except for the relative humidity in the afterncons when it
-8goted higher than in summer (Figure 1). It is clear from figure 1 that air

UAR J. Anim. Prod, 10, No. 1 (1070).
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temperature in summer and antumn was almost the same but higher than
that in winter by about 12.5°C. On the other hand, the relative humidity
reached the highest scote in antumn followed by summer then winter being
63.8,57.7 and 53.8 9, respeotively. In all seasons, air femperature was low in
the morning and rose gradually reaching its highest value in the afternoon.
The relative humidity took an opposite trend as it began with high values
and ended with the lowest values in the afternoon,
Effect of Diurnal Climatic Conditions on Body Reactions :

The effect of diwwnal thythm induced oyclic changes in body reactions
{Figures 2 and Table 1), _
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Al body reactions had the lowest values in the morning. The values
increased gradually to reach the highest level at aiternoon readings. This
was related to atmospheric conditions. Analysis of variance showed that
there were highly significant effect of daytime on the body reactions Tahble 2),
These findings are in good agreement with those of Gaalaas (1945), Badreldin
et al., (1951), Alim and Ahmed (1956) and Salem (1966).

TABLE 2.—TgaT OF SIGNIFICANCE OF TEE FACTORS AFFECTING
FHE BODY REACTIONS

{F} values
Body reactions
Season Day time
Body temperature . . . . 66 1k 90.3%*
Respiration rate . . . .| 124.7% 33. 8%
Skin temperature (W) . .| 105.7** 165. 3%*
fkin temperature {R) . . 95, 6%* 123, 6%
Hair temperature (W) . . 49.2 100, 6**
Hair temperature (B) . . 53.9 114. 6%

## fignificant at 1 % level.
* Significant at 5 % level.

The steady increase in the body reaction from the morning to the eve-
ning could be attributed to the gradual rise in atmospheric temperature and
the increase in the body activities of the animals. Special managerial treat-
ments eould help in checking the effect of the hot middays and evenings on
these animals, Shearing the insulating dense hair coat at the start of hot
seasons will help greatly in this respeet. Daily sprinkling is of significant
value in maintaining normal body conditions (Ragab et al., 1953, and Kl Fouly,
1969). '

Effect of Seasonal Climatic Conditions on Body Reactions :
Body Temperature :

The seasonal averages of body temperature varied slightly (Figure 2 and
Tablo 3). This proves the great efficiency of adaptability of Fricsian in the
long term seasonal variations under the special housing conditionss in this
study. However this seasonal differences in body temperature was signi-
ficant between hoth hot seasons and winter but not between summer and
aatumn (Table 2). :

UAR. J. Anim. Prod., 10, No. 1 {1970).
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In spite of the difference in air humidity between suromer and autuman
the body temperature was nearly the same (Fig. 2). Therefore, it counld
be concluded that the body temperature is correlated to the air temperature
and not affected by humidity at this leve! of alr temperature, The results
are in good agreement with (Seath and Miller 1947 & and b ; Johnston and
Branton 1952 ; Mullick and Kehar, 1950 and 1959 and Kibler, 1964).

TABLE 3.—SEASONAL AVERAGES IN OLIMATIC CONDITIONS
AND BODY BEACTIONS

Ttem - Summer | Autumn Wintar
Air temperature . , . . . 29.3 28.5 | 16.6
Air humidity . . . . . . 58.4 | 62.7 | 49.9
Body temperature . . . .| 38.8 38.7 38.5
Respiration rate . . , .| 45.9 53.9 30.1
Skin temperature (W) . .| 29.3 28.8 33.1
Skin temperature (B) , .| 20.7 28.9 33.3
Hair temperature (W) , .| 29.3 28,7 25.0
Hair temperature (B) . .| 29.4 28.5 25.5
| (W) = White region. (B} = Black region,

Respiration Rote ;

The respiration rate reached its highest limit in autumn followed by
summer and lastly by winter (Fig, 2). Tt seems that regpiration rate is affec-
ted by air temperature and relative humidity. The difference in respiration
rate between autumn and summer wag 10,9 % respirations which may be
attributed to the effect of the rise in relstive humidity in autumn by 10.9 ¢4
than in suramer in spite of the fact that air temperature was lower in au-
tumn than in summer by 0.70C,

On the other hand the difference between summer and winter wag 12. -~
respirations. This was mainly dus to the difference in air temperature ;
being 12, 80C,

The difference in respiration rate between winter and autumn 23.1 respi-
rations, expresses the effect of hoth air temperature and humidity, The
effect of air temperature and humidity on respiration rate proved to be signi-
ficant (Fig. 2, Table 3).

VAR J. Anim, Prod., 10, No, I (1970,
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The rise in relabive bumidity at high air temperature, 68.9 % R.H. and
98.7°C air temperature depresses evaporative cooling activities and con-
sequently increases the heat load and body temperature. This increase
in hody temperature evokes the hypothalamus to stimulate the respiratory
centre which induces increase in the respiration rate.

These results agree with those of Riek and Lee (1948 a and b) for Jersey
cows and calves and Findlay (1933 a, b) for Ayrshire calves. Thomposon
et al. (1958) and Kibler and Brody (1953} stated that increasing atmospheric
humidity levels at air temperature from 750 to 100°F (23.9° to 37. 8°C) increas-
ed the respiration rates of Jersey, ¥Friegian, Brahman and Brown Swiss cattle
due to the depression of respiratory vaporization,

Skin and Hair Temperatures :

Skin temperature showed an opposite trend to that of the two previous
reactions ; body temperature and respiration rate. Skin had low teraperature
throughout the hot seasons, and high values during the cold season (Figure 3).
Tt was interesting to notice that skin temperature was equal to air temperature
in summer and autumn ; the hot seasons ; whilst it was nearly double that of
winter, Skinin both white and black regions had nearly the same temperature
at any season.

* Hair temperature showed equal values to that of air temperature during
summer and autumn, while it was higher than air temperature in winter but
still very low in comparison to that of hot seasons (Fig. 3). Asin skin tempe-
rature, hair temperature had equal averages for both white and black regions
(Table 3). In hot seasons, the temperatures of both skin and hair were equal
to that of ambient temperature being about 290C. These results agree with
Thompson et al., (1951 & 1952)for Jerseysand Friesians in temperature chamb-
er up to 39.49C. Also Beakly and Findlay, (1955 b and ¢) found the same case
in Ayrshires. The seasonal effect was significant only in eage of the skin
temperature but not on hair temperaure (Teble 2), The phenomenon thab
the skin temperature was hig herin winter than in summer and autumn
could be interpreted by the effect of many factors increasing het conservation
and insulating activities to proteot the body against the cold conditions,
The structure of hair coat and the physiological activities in the skin such
as hair ercotion, sebum secretion and vasomotion have great role in the
ingulation capacity., The study of the seasonal changes of hair eoat by Dowl-
ing and Nay (1960) showed thdt the coat in cattle varies from an insulating
(winter) type coat, with long and less medullated hair fibers to 2 non-insulating
{summer) type coat characterized by shorter and medullated fibers. Kassab
and Stegenga (1965) in Holland found that during the cold weather, the coat
of dairy Duch cattle (F.H. and M.R.Y ) was heavy and long with a low percent-
age of medullation and thinner hair diameter than in the other seasons.

TAR. J. Anim. Pred., 10, No. 1 (1970}.
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Effect of Direct Solar Radiation on Body Reactions.

The direct exposure of animals to sun rays for two hours at mid-day of
August, when the average air temperature in shade was in, rage from 31.7¢ -
33.10C, induced great and significant increase in the physiological reactions
of the animals (Tables 4 and 5). The body temperature showed a rise of 190
in the exposed group of animals but only 0.10C in the exposed animals in corm-
parison with 2.8% in the shaded ones (Table 4), Seath and Miller (1947 b)

U.AR. J. Anim. Prod, 10, No, 1 (1870).
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reported that exposing Jersey cows to sunshine for two hoars resulted in in-
¢reasing body temperature and respiration and pulse rates. Asker ef al. (1952},
Ragab et al. (1933), Btewart and Brody (1956} and Kibler andBrody (1951)
working on Buropean and Indian cattle, reported similar results, Direct solar

. radiation increased the pulse rate by 169, in the exposed group, while that of
the control remained nearly stable, This result agrees with Bonsma and
Pretorius (1943).

TABLE 4.—Frrecr o EXPOSURE TO DIRECT SOLAR RADIATION ON BODY

REACUTIONS
Control I];m;]ten:fnt Variations 9, Variations
Body reactions éial:ied

(1) |Shaded | Exposed | (3)-(1) | )~} | (3)-(1) | ZH1)
Body temperature °C . . | 38.8 33.9| 39.8 1.00 0.1 2.6 0.2
Skin temperature (W) . .| 28.6) 28.2) 30.2 1.6|— 0.4 B5.6|— 1.4
Skin temperature (B) . .| 28.8 28.3 30.7| 1.9.— 0.5} 6.6/— L7
Hair temperature (W) . . | 28.9] 27.b 30,20 1.3 — 1.4 4.51—4.8
Heir temperature (B) . .| 28.3; 27.3| 30.6) 2.3|— 1.0 8.1—3-5
Pulse ratefmin. . . . . . 51.8 53.1] 60.1] 8.3 1.3 16.0] 2.B
Respixation rjmin ., . . .| 28.3| 28.1 70.1] 42.3| 0.8} 150.0: 2.8

{W} = White region. (B) = Black region.

TABLE 5.—TEST OF SIGNIFICANCE OF THE EFFECT OF
SOLAR RADIATION T VALUE” ON THE
DIFFERENT BODY REACTIONS,

Body reastions Bxposed ard Ex%?:gegnd
Body temperature . . . . 2.26% 3.60%*
Skin temperature (W) , - 4.39%* 3,38
8kin temperature (B) . . 5, 35%* 4, 8h%*
Hair temperature (W) . . 6. 10%* 4,240k
Hair temperature (B} . . 7.09%* 5.08%*
Puolse rate . . . . . . . 3.86* 1.00
Respiration rate . . . . G.8g** | 4. 84¥

* Bignificant at 1,0 T4 lovel.
** Significant at 5,0 % levol.

U.AR, J. Anim. Prod, 10, No. 1 (1970).
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It is olear from this test that the greétly affected and most sensitive reaction
was respiration rate. The effect of solar radiation on pulse rate seems to be a,
secondary effect resuliing from the variations in the respiratory funetion.

Skin temperatures of the exposed group showed 5.69 and 6.69%, in the
white and black regions respectively, while that under shade decreased aboyt
1.6%,. The rise in Lair temperature due to direct solar radiation was 4,59
and 8.19 in the white and black regions respectively, while that of shaded
animals decreaged by4.8and3.5%,. Itis Interesting to find that the increase
in both skin and hair temperatures of black regions was greater than that of
white regions. The rige in hair temperature of the black regions was nearly
double that of the whilte regions. This could be attributed to the low absorp-
tivity of sun rays by white eoloyr, (Biemerschmid, 1943 ; Riemerschmid and
Elder, 1945 and Findlay, 1950). Moreover white regions in Friesian cattle
have high percentage of medullated fibers (Kassab and Stegenpa, 1965 : and
Shafie and Tannikhy, 1970), The more medullated the fibers, the more
reflection of the infra red wave lenght of solar radiation {Dowling, 1949),

It could be coneluded from this work that Friesian cattle possess good
adaptability to hot climates, Provided that they are kept away from direct.-
sun rays, They showed fairly stabls seasonal rean values in their body tem-
perabures, gkin and Lair temperature, The tespiration rate showed seasonal
variztion within normal range, less than the double between hot and cold sezsons,
These symptoms of physiological stabikity and heat tolerance are much better-
than that of other femperate breedsin Bgypt especially the Dairy Shorthorn.,
However it is advisable 1o pravide these animals. by special aceomodations
during the hot middays and evenings o check the increasé in their reactions
at this times,
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