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ABSTRACT

INTRODUCTION

Heat stress occurs when any combi-
nation of environmental conditions causes the
effective temperature of the environment to be
higher than the animals’ thermoneutral zone
or comfort zone (Collier et al., 1981). West
(1993) reported that heat stress resulted when
animals are exposed to hot or to hot and
humid environmental conditions. Thermal
stress during the summer can negatively
impact animal performance. West et af. (2003)
indicated that DMI was most sensitive to the
air temperature. They indicated that, DMI
declined 0.85 kg for each degree (°C) increase

in the air temperature. In addition, the environ-
mental hot conditions caused a reduction in
growth rate, that represent sizable economic
losses to producers of intensively managed
livestock (Beede and Collier, 1986), reduced
feed intake, increased water intake, changed
metabolic rate and maintenance requirements,
increased evaporated water loss, increased
respiration rate (RR), skin temperature (ST),
and increased body temperature (Nasser,
1992, Armstrong, 1994 and Ronchi et al,
2002). The most important environmental
stresses today are those that have resulted
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from housing and other attempts to ameliorate
the offoct of hut or cold stress (Webster,
1983). Beede and Collier (1986) identified
three management strategies to minimize the
effects of heat stress: 1) physical medification
of the environment (shading, cooling), 2)
genetic development of heat-tolerant breeds,
and 3) improved nutritional management prac-
tices. Buffington et a/. (1983) defined shades
as thermal radiation shields, change the radia-
tion balance of an animal but do not affect air
temperature or humidity. In the subtropical
countries like Egypt, Kotby, er al. {1987)
stated that the proper shading during hot
weather is a great significance, since farm
animals suffer from high environmental tem-
peratures for about eight months of a year
from March to October. Sheds have good
impact on animal performance, which impro-
ved gain performance of feediot cattle
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{Mitlohner et al., 2002), decreased respiration
rate to 38 % compared with unshaded animals-
(Fawzy-Soheir ef al., 1998, Mitlohner et al.,
2002 and El-Diahy, 2004). Moreover, type of
sheds have different effects on animal perfor-
mance, the body weight gain of buffalo calves
kept under giant reed shed, it had satisfied
body weight gain and consumed httle water,
while body weight gain decreased sharply
under asbestos shed (Mohamed, 1993 and El-
Sobhy et al., 1993). However, Ashour ef al.
(1998) found that Friesian calves had better
comfort conditions under asbestos roofed for
body reactions compared with those kept
under concrete roofed. The objective of this
study was to evaluate the effects of different
shed types roofs on body reactions (RR and
ST) and growth performance of crossbred
calves, as means of thermal stress alleviation.

MATERIALS AND METHODS

Experimental Animals and Housing Mana-
gement: '

A total of 100 healthy male Fricsian-
Baladi crossbred calves at 9-10 months of age
and averaged 218 kg live body weight
belonging to a prvate farm in Giza
Governorate, were selected and divided into
four equal groups according to their weights to
be used in this study. Each group was kept
separately in corral with carthen floor under
loose semi-shaded system in the summer
season (from June to September, M; to M.).

In this study, three shade construc-
tions were used for three animal groups (G2,
(3 and G4). The first group was kept in corral
roofed with shade-net (treated polyethylene
shade-cloth), the second group was kept in
corral roofed with reed mat, and the third
group was kept in corral roofed with asbestos
and provided with a nutritional additive
consists of mineral mixture and urea (NPN).
The three different groups were used to
comparc them with a control group (Gl)
which was kept in corral roofed with asbestos
only. Moreover, the corral of second and the
third groups had shad frames containing steal
metal wires instead of metal pipes as in the
ordinary frames (G! and G4). The shaded area
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(100m?) covered 45% of the total space of the
yard ground. Daily maximum and minimum
ambient temperatures ('c), relative humidity
(%) and air velocity (m/s) were recorded by
digital instruments during the experimental
period to calculate the temperature humidity
index (THI) (Table 1) as an indicator of
adverse climatic conditions (AETG, 1980).
THI=db - [(0.55 - 0.55 RH) {db - 58}] .
Whereas: db dry bulb temperature
(°F).and RH= relative humidity% /100.

In addition, the daily ground tempe-
ratures under the shades and its upper and
lower surface temperatures were recorded
three times per day at 7.0 am, 2.0 pm and at
7.0 pm, using digital infrared thermometer and
tabulated as an average of the three values
(Table 2). Daily ration offered, ad-libtum, at
7.0 am. Daily feedstuffs offered separately on
the same feed troughs, it was composed of
com silage with ears, rice straw, and concen-
trates feed mixture in the summer months
from June to September. Concentrates feed
mixture (CFM) composed of (50% corn, 20%
extracted cotton seed meal, 11% linseed meal,
5% soybean meal, 10% beet balbe, 3% lime-
stone, 0.8% salt and 0.2% mach minerals).
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Experimental Measurements:

Datly weight gains (DWG), dry
matter iwntake (DMI), water intake (WI),
thermo-respiratory responses (RR and ST)
were studied during the experimental periods
for the four groups. The daily weight gain
(DWG) was calculated monthly, according to
the following equation. DWG = (LBW, -
LBW,;) / D Where LBW, is the initial body
weight (kg.), LBW; is the final body weight
(kg.) and D is the days weight interval, The FI
calculated as DMI (kg/d), and W1 (L/d) was
calculated by dividing the difference between
a constant measured water level in the trough
and the residual water level after 24 h by the
number of animals in each group. Skin tem-
perature (ST) and respiration rate (RR)} were
recorded three times a day at 7.0 am, 2.0 pm
and 7.0 pm, The ST ('¢) was measured by a
digital infrared thermometer and the RR
(rpm.) was measured by counting the

.......

movement of the flank through for one minute
using a stopwatch. Thes¢ observations were
recorded for three times per week.

Statistical analyses:

Statistical analyses of data were
carmied out applying the package of SAS
(1996) according to the following models:
Y=+ X6
Y= it X+ Xjr X+ €5
Y= X+ X Xicr Xijw+ Gt
Where:

Y = gobservation,

B =mean

X,;= effect of treatments

X = effect of month

Xk = effect of day time

X, = the interaction of treatments and month

X = the interaction of treatments, month and
day time

eyx and ey = experimental errors

RESULTS AND DISCUSSION

L. Environmental Conditions:

The temperature humidity index
(THI), ground temperatures and upper and
lower surface temperatures of the different
shades during the experimental periods are
shown in Tables (1 and 2).

The THI results showed that there
were great diurnal differences in the climatic
conditions. The highest THI values were
found at the time of recording the maximum
temperature which is usually in the midday
around 2.0 pm. and the Iowest THI values
were found at the time of recording the
minimum temperature which is usually at the
dawn around 4.0 am. The results showed also
that there were monthly differences in the
climatic conditions, where the THI results in
July showed the highest values at the two

_Tempe

times of recording temperatures compared
with the other months.

According to Johnson (1987), the
upper critical THI for cattle is 72. Therefore,
calves were suffering from heat stress at
midday .in the summer season. Mader et dl
(2006) stated that although knowledge of THI
alone is beneficial in detormining the potential
for heat stress, wind speed and solar radiation
adjustments to the THE would be more accu-
rately assess animal discomfort. Table (2)
showed that the shade-net (Shdnet) had the
lowest temperature values (“C) for the ground
and the surfaces compared with asbestos and
reed shades which reflected positively on the
body reactions and growth performance. The
highest temperatures of the Asbestos shade
reflected negatively on the animal physio-
logical parameters.
experimental p

At Minimum temp.

89.8

At Maximum temp.

67.3

964

68.9

95.4

88.0
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Table (2): Means + SE of ground temperatures, upper surface and lower surface

temperatures of the different shades during the experimental periods,

Month Ground temp. under shade | Upper shade surface temp. | Lower shade surface temp.

Asbest. | Shdnet | Reed | Asbest. | Shdnet| Reed | Asbest. | Shdnet | Reed

June. 289:2125642]26642(353+:2(311+2131.9+236.3£2|28.5+2]30.1+2
July 3024212744228 7+2(37.6£233.1+2{35.6:2[38.7:229.6:231.4+2
ugust 29642126942 (2824236942 [324+21344+£2:37.9£2|28.3+.2]30.7+.2

September | 28.5+2[25.0+2 126442 [33.7£2(29.2+2130.9£234.9+2(2634+2[29.2+2
Average |29.3+2[26.2+2127.5+2 135942 | 31,52 33.22 | 37.04.2 | 28.2+.2 | 30.4+2

2, Feed and Water Intakes:

The effects of different shed types on
dry matter intake (DMI, kg) and water intake
(WL, L) are presented in Tables (3 and 4).

The results showed that there were
significant differences (P< 0.01) between the
effects of the different types of shades on DMI
and WI during the experimental period. The
amimals of G; and G; showed higher DMI
values (8.36 and 8.39 kg/d/head, respectively)
compared with G, and G, (8.16 and 8.19 kg/
d/head, respectively). This result is in accor-
dance with higher daily gain of calves in these
groups (G; and G;) compared to those in G,
and G4 Regarding to W1, the result of G,
showed the highest value of WI (35.01 Vd/
head) compared the other groups. In addition,
the results showed also that there were
monthly differences between the effects of the
different types of shades on DMI and Wi
during the experimental periods. The results of
M4 showed the highest values of DMI and W1
compared with the other months. These results
may reflect the highest values of ambient
temperature under asbestos shades vards, in
G1 and G4 in summer than shade-net and reed
shades in G3 and G2. Also, indicated that
ashestos shade is consider a thermal material,
absorbs and kecps heat throughout the day
time then radiates it through night. So that,
asbestos material changes ambient tem-

perature around it and makes thermal con-
ditions throughout day and night, Whereas,
shade-net or reed materials may be allows
thermoneutral night environment, which per-
mits animals to consume their feeds during the
evening and night. The animals in G2 and G3
consumed more DMI because the reed and
shade-net materials provided more comfort-
table environment compared with asbestos
material, while the animals in G, consumed
more W1 because of the nutritional additives.
These results are in agreement with those
obtained by Ashour {1990} who reported that
water intake is affccied by several factors such
as: increase of dry matter intake, quality of the
feed intake, level of Na Cl. and climatic factor
affecting water intake. NRC (1981) reported
that the increases in respiratory rate and water
consumption as will as decreased rumen moti-
lity; all contribute towards reducing appetite
and intake. Ii is will established that high envi-
ronmental temperature stimulates the periphe-
ral thermal receptors to transmit suppressive
nerve impulses to the appetite center in the
hypothalamus causing decrease in the feed
consumption to minimize thermal load. West
(2003) stated that increasing air temperature,
THI and rising rectal temperature above
critical thresholds are related with decreasing
dry matter intake (DMI). '

Table (3): Means + SE of dry matter intake (DMI kg/d) during summer months as affected

A

* Means within cach column and row having different letters are significantly difforent at p<0.05.

. by shade type. _, _
Treatments G, G, G, G,
Months Control group | Reedgroup | Shadenet group | Additives group
M, (Jun.) 6.53x0.11 6.70+0.11 6.68+0.11 6.55+0.11 6.6220.05
M, (Jul) 7.83£0.11 7.88+0.11 7.96+0.11 7.80+0.11 7.8740,05°
M; (Aug,) 8.7240.11 9.01+0.11 8.9440.11 875£0.11 | 8.8540,05%
| M., (Sept.) 9.56+0.11 9.85+0.11 10.0+0.11 9.65:0.11 | 9.7740.05*
Means 8.1620.05° | 8364005 | 8.39:0.05' | 8.19:0.05 | 8.28+0.05
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Table (4): Means = SE of water intake (WL, L/d) dunng summer months as affected by

Treatments

Months

Gl
Control group

shade typ c.

G2

Reed group

Shade-net group

Additives group

Ml (J un.)
M (Jul)

M; (Aug.)
M, (Sept.)

26.87:0.42
33.90+0.42
37.58+0.42
39.02+00.42

25.07+0.42
33.3940.42
37.87+0.42
39.23+0.42

2430042
33322042
3830042
394940.42

28.37+0.42
34.51+0.42
37.99+0.42
39.15+0.42

33.78+0,21°
37.9420,21°
39.2240.21* |

33.89+0.21° |

- 33.85:0.21°

35.0120.21°

* Means w1th]n each column and row having different letters are significantly dﬁferent at p<0 05

3. Daily weight gain:

The results in Table (5) showed that
the DWG values were affected by the
different shade materials. The animal under
shade-net had significantly higher (P<0.01)
values of DWG compared with those in the
others the three groups under the same envi-
ronmental conditions of the farm. The shade-
net provided more comfortable air tem-
perature than other shades especially the
asbestos shade which provided much heat
load that reflected negatively on the DMI
(Table 3) and decreased the DWG (Table 5).
This result is in agreement with Bianca (1965)
who reported that the decreasing of the
anabolism occurs, particularly, in the meta-
bolizable energy for both maintenance and
gain weight and Daader er al. (1989) who

reported that the total body weight was dec-
reased significantly in hot summer. Sakaguchi
and Gaughan (2002) reported that exposing
animals to high or low air temperature for a
long time results in decrcasing the daily
weight gain. On the contrary, Muhamed et al.
(1983) found that steers gained more (P<0.05)
in summer than in winter, especially for calves
that reared outdoors. The results showed also
that there are no significant monthly dif¥e-
rences for DWG among the four months in the
summer season (Table 5). However, the DWG
increased gradually started from June to
September. This result is in agreement with
Sayah (2005) who found that animals became
adapted to its environment after exposing to
severe climatic conditions.

Table (5): Means + SE of daily weight gain (DWG kg/d) during summer months, as

affectedb shade YP

G1
Control group

G2
Reed group

Shade-net group

G3
Additives group

0.94£0.04
0.95+0.04

1.07+0.04
1.07+0.04
1.10£0.04
1.10+£0.04

0.99+0.04

1.00+0.04

1.0320.02*
1.0440.02* |
1.07+0.02*
1.08+0.02*

1.14+0.04
1.14+0.04
1.17£0.04
1.17+0.04

0.99+0.04
0.95+0.04
1.01+0.04
1.02::0.04

0.9740.02°

* Means within each column and row havmg d1ﬁ"erent lcttsrs are sngmﬁcantly dlﬂ'erent at

p<0.05,

4, Body reactions (RR and ST):

The effects of different shade types
and diurnal, monthly variations on skin tem-
perature (ST, °C) and respiration rate (RR,
resp./min.) are presented in Table (6).

The results of ST and RR showed
significant (P< 0.01) differences between the
shade types during the experimental period.

Al

The shade-net had lower values of ST
and RR than other shades followed by reed
shade because of the lower temperature under
shade-net and reed shades, while the Gl and
Gs; had higher values than G, and Gj
Mohamed (1993) stated that there were little
significant differences in ST for buffalo calves
kept under two types of sheds, asbestos and
giant reed. ST was affected strongly- by



Table (6): Means + SE of skin temperature (ST, °C) in different day times during summer months as affected by shade

e.
Treatments (Control group) (Reed group) (Shade-net group) {Additives group)
_ G, G, Gy G4 Means*
ay time 1 4 7
Moaths 7 am. 2 pm. T pm. ant. 2 pm. p. am. 2pm. 7 pm. 7 am. 2 pm. 7pm
M, (Jun) | 28.85+.21 | 35.28£21 | 29.21£21 | 264021 | 3252+2] | 27.74+21 | 263921 | 32.605.21 | 26.61£2] | 28.46x.21 | 34.83x.21 | 28.88+.21 | 298123
M, (Jul) | 3027+21 | 36.21+21 | 3041221 | 29.10:21 | 353321 | 298021 | 2844221 | 3596221 | 29.82+21 | 29.72+21 | 36.02+£.21 | 30.11+21 | 3177423
M, (Aug) | 3036£21 | 3671221 | 30.20+.21 | 29.30+.21 { 35.84x 21 | 25.42£21 | 2839+.21 | 36.19+.21 | 284921 | 29.69+21 | 36.46+£21 | 29.84+21 31,74:2%
M, (Sept.) | 28.80+.21 | 35.23+21 | 28.98+21 | 26.38x.21 | 32.51.21 | 27.25+21 | 2635+21 | 32.57+.21 | 2691+.21 | 284721 | 34.82+21 | 28.74%.21 | 29.75x.23
Means 2957:.01" | 35.85:01" | 29.70+.01° | 27,79+.01" | 34.052.01° | 28.55+.01° | 27.39+.01" | 34.332.01" | 279601 | 29.09+.01" | 35.54%.01" | 29.39:01"
General 3171505 30.132.05° 29.89:6.05° 31.34:0,05" 30.77+0. 15
means
Table (7): Means + SE of respiration rate (RR) resp. / min., in different day times during summer months, as affected by shade type.
Tr {Control group) Reed group} {Shade-net group) (Additives group)
i 3 G4 N
time B - Means"
7 am. 2 pm. 7 pm. Tam, 2 pm. 7 pm. 7 am. 2 pm. 7 pm. T am, 2 pm, T pm
M onith |
M, (Fun) | 51.16+.55 | 67.11£.55 | 5208+55 | 45.05-55 | 63.32+.55 | 47.88+£.55 | 44.92:£55 | 62.87+.55 | 46.56+£.55 | 48.08+.55 | 65.12+.55 | 50.75+55 |53.74%.07"
M; (Jul) | 54.92+.55 | 70.64+.55 [ 55.71=.55 | 49.16£.55 | 67.00+.55 | 51.84+.55 | 48.33£.55 | 66.67%55 | 51.20£55 | 5272455 | 68.68+.55 | 54.36+55 57.60*.07:
M3 (Aug) | 54.48+.55 | 70.64+.355 55.79+.55 | 49.04+.55 | 66.88+ 55 | 51.44+L.55 | 48.73+£.55 | 66.67+.55 | 51.20+55 1 5192455 | 68.65+.55 | 54,0055 |57.45.01 "
M, {Sept.) | 51.20+£.55 | 66.16+.55 | 52.40+.55 | 45.05+,55 ; 63.32+.355 47 44+ 55 | 44.92+.55 § 63.31+£55 ) 47.12+.55 | 47.72+.55 | 65.16£55 | 51.07+.55 | 53.74+.07
Means | 52.94+.28 | 68,6428 | $3.99+28 | 47.08+.28 | 65.13+£.28° | 49.65+.28 | 46.73+.28 | 64.88+.28 [ 49.024-28 ! 50.11:.28" | 66.90+.28 | 52.54+28 ;
f::‘:::' 58.524.31° 53,05£,31° 53.54%.31° 5652431 55.63 20

*Means within each column or row having different letters are significantly different at p<0.01
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diurnal changes (8.00 am and 2.00 pm) and
seasonal changes (4 scasons). El-Nouty (1996)
found that thermal stress causes a rise in core
temperature and activate heat loss mechanism
via panting and sweating. The respiration rate
was found to be the most sensitive physio-
logical response to the environmental con-
ditions than other physiological responses; the
results emphasized the comfort of shade-net
compared with asbestos and followed by reed
shade. Kundu and Bhatnagar (1980) reported
that the RR plays an important role in ther-
moregulatory mechanism amongst all the
physiological reactions and body temperature
comes next. The ST results of the four
housing groups showed significant diffe-
rences, as well. The results showed also
significant  diurnal differences (P< 0.01)
among the three times of recording for ST and

RR, there is-a positive correlation between the
three physiological parameters and THI: -The
highest values of ST and RR were obtained at
2.0 pm for the four groups, while the lowest
values were obtained at 7.0 am. Shafie and El-
Sheikh Aly (1970) reported that the increase
in body reaction in Friesian cattle is the result
of both gradual rise in atmospheric tem-
perature and the varable increase in body
activities of the animal. The present resulis
showed also a monthly differences for ST and
RR where July an’ August had higher values
than June and September of the four groups.
This result is in agreement with Salem (1966)
who found that, in Fricsian cows, a significant
correlation between skin temperature and
monthly temperature, the highest value of ST
was 36.4 °C in April and the lowest value was
29.8 °C in December.

CONCLUSION

According to the results of this study,

ventilated arca give better growth performance

it could be concluded that keeping animals than keeping animals under asbestos shade

under shade-net or reed shades with weli-

even with nutritional additives and NPN.,
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