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SUMMARY

Effect of direct solar radiation of hot summer season as compared to cool winter
and to hot summer without solar radiation using roofed wood or reinforced concrete
sheds was studied on 32 growing Friesian calves, aged six months. Animals exposed
to summer solar radiation showed significant decrease in their daily gain, roughage
feed intake and plasma concentrations of T; hormons, glucose, total protein and total
lipids, but a significant increase in rectal temperature, respiration rate and plasma
concentrations of cortisol hormone as compared to those exposed to solar radiation in
winter season.

The use of wood roofed shed during summer season alleviated the heat load
exerted on animals since the daily gain, royghage feed intake and blood T, content
increased significantly whereas the the rectal temperature, compared with those
under solar radiation.

Keeping the calves in reinforced concrete roofed shed did not alleviate the heat
load on the animals as much as the case with wood roofed shed, since plasma T,
level, daily gain and feed intake were significantly higher under such type of shading
than under direct solar radiation, yet they were significantly lower than under wood
shed.

It can be concluded that wood roofing is more comfortable than cement roofing for
for rearing the Friesian calves under heat with solar radiation climate.
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INTRODUCTION

In Egypt, the sub-tropical arid climate is characterized by a long hot summer
season (April to October) and a short mild winter (December to March). In such hot
climate, the farm animals suffer from the direct and indirect solar radiation, especially,
if unsheltered in the newly reclaimed desert lands. These conditions induce
physiological and biochemical changes which impair the animal productivity, about
50% (Habeeb et al., 1992). Protection of the animals from the direct solar radiation of
the hot season by providing shade in order to modify the microclimatic conditions may
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help the animals to express their genetic potential under such conditions (Misra et af.,
1063; Ames and Ray, 1983; Bennet et al., 1985 and Tony ef al | 1987)

Construction materials utilized for artificial shading of animals may determine to
what extent the animals could be protected from environmental heat (Roman-Ponce et
al, 1977 and Abdel-Aziz et al, 1979). In this regards, asbestos roofed shed was
found to have a harmful effect on animals during hot summer (Kotby et al.. 1887 and
Tharwat et al, 1991).

In the present study, two types of shed roofs were used to study the shading
efficiency for protection of growing Friesian calves from the heat stress condition of
the hot season in Egypt.

MATERIALS AND METHODS

This study was carried out at Gemmiza Experimental Station, GGharbia Province,
Animal Research Institute, Ministry of Agriculture, Egypt. The animals were 32 heaithy
Friesian male calves, 8 months of age and 130 Kg average body weight. Blood
biochemical analysis and hormonal assay were conducted in the Tracer
Bioclimatology Unit, Biological Applications Department, Atomic Energy Authority,
Cairo, Egypt.

1. Experimental Design

The experiment included two seasonal studies. The first was carried out in winter
season (January and February, 1994) on 8 calves with average body weight of
131.3+2.4 Kg. The second study was conducted during summer on another 24 calves
divided randomly into 3 equal groups, each of 8 calves. The first group was raised for
two months (June and July, 1984) in yards under natural solar radiation without
protection. The second group was raised under wood roofed shed while the third
group was kept under reinforced concrete roofed shed. The average body weight for
these experimental groups were 128.312.1, 131.4+2.5 and 128.4+2.3 Ky,
respectively. The dimension of either wood or reinforced concrete rocfed sheds werg
10 x 5 x 2.5 m for length x width x highth, respectively. The two types of sheds were in
the middle of the yard.

2. Management and nutritional practice

Animals during both winter and summer studies were lefl loose and housed
outdoors day and night in separate open yards (15x10m) with soil ground, surrcunded
with wall building (1.5 m high) made of bricks and cement. The calves were group fed
on a ration of rice straw offered ad libitum and a concentrate mixture (Belkas factory,
Dakahlya) provided once daily at morning (2.5 Kg) according to live body weight and
gain (NRC, 1981). The components of the concentrate mixture as g/Kg raticn are 360
undecorticated cotton seed cake, 200 yellow maize, 340 wheat bran, 40 rice bran, 30
molasses, 20 limestone and 10 raw sea salt. The chemical composition was
determined by the Association of Official Analytical Chemist (1980) as g per 100 g dry
matter being 17.14, 11.52, 4.31, 53 94 and 13.08 for crude protein, crude fiber, ather
extraclt, nitrogen-free extract and ash, respectively The offered rice straw was
weighed and any refusals were weighed at the morning of the second day, once each
week. Drinking water was available to the animals all the time.
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3. Micro-climatic conditions

The averages of ambient temperature and relative humidity were recorded at
hourly intervals between 10:00 and 17:00 h daily during winter and summer natura!
condiions of the farm and under the two types of shed during summer, The averages
are shown in Table 1. The microclimatic data were obtained by using digita!
Thermohygrometer hanged 1/2 m from the roof of the shed.

Table 1. Averages of ambient temperature and relative humidity during winter 2nd
summer nalural conditions of the farm under the two types of shed during the
o experimenial perods
Efperimarital Winter climate Summaer climate
period (day)

Without  With shading
shading o
. Wood Reinforced conerate
Ambient temperature {C°)
From 1-7 14.8 +0.9 36.6 0.5 325 06 4.8 £0.7
#-30 15,3 =07 36.9 £0.8 326 0.0 349 403
31-60 152 0.8 371 +10 310 £05 3386 +08
1-60 15.1d10.5 36.9a+0.5  32.0cx0.4 34 40208
Retative humidity (%)
From 1-7 4.5 +2.5 48,8 +2.1 475 425 47.9 2.2
8-30 65.0 £2.8 473 +29 459 2.8 465 12 .8
31-60 85.0 2.2 47.8 +2.5 468 +21 45,9 2.1
1-60 64.8a+2.0 47.9bx18 46 7bt1.8 46.8bt1.8

No significant differences were found due to periods in each column neither in
ambient temperature nor in relative humidity,

ab.od Means with different superscripts in the same row for the same parameter
differ significantly {(F<0.05).

4, Daily gain and physiological parameters

Live body weight was recorded in the moring before access to feed and water at
the beginning of each experiment and at weekly intervals thereafter. Raclal
temperature and respiration rate were measured daily at 13:00 h. Daily weight gain,
daily roughage intake, rectal temperature and respiration rate were recorded at 3
periods; 1e. during the first week (1stto 7th days), from 8tf to 30th days and 31st o
60th days, representing the acute, chronic and adaptability responses, respectively.

5. Biochemical analyses

Blood samples were callected in heparinized twbes by jugular vein punciure 3
times on days 7th, 30th and 60fh after the beginning of each study. The collected
samples were kept jn ice box and the plasma  was carefully separated by
cenlrifugation {2500 x g) for 30 minutes and stored at -20°C. Plasma total protein,
total lipids and glucose were determined using the biuret, sulfophosphovaneline and
orthotoluidine methods, respactively, Plasma trilodothyronine (T,) and corlisol were
estimated by radicimmunoassay technique using solid-phase coated tubes and the
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6. Statistical analysis

Data were statistically analyzed using the General Linear Models Procedure of the
SAS (1991). The first model was used to study the effect of direct solar radiation of
hot summer season as compared to winter season as follows:

\/ukz Bt Si + pj + (SP]“ e (MOde' '1)

where, Yy = an cbservation, p= overall means, S= season effect (i=1,2), P= period
effect (j=1,2,3), (SP) = season x period interaction effect and e;,= random error.

The second model was used to study the effect of heat stress alleviation techniques
using two types of sheds as compared to solar radiation without shading as follows:

Yu=n+ T+ P+ (Tb}i] +6, (Model 2)

where, Y, = an observation, p= overall means, T= treatment effect (i=1,2), P;= period
effect (j=1,2,3), (SP) = treatment x peried interaction effect and e, = random error.
Differences were subjected to Duncans’s Multiple Range-Test (1955).

RESULTS AND DISCUSSION

1. Effect of direct solar radiation of hot summer seasen

Means of rectal temperature, respiration rate and concentration of cortisol
hormone in Friesian calves exposed to direct solar radiation of the hot summer
(summer group 1) were significantly (P<0.01) higher than those of calves exposed o
winter season conditions (Tables 2&3). On the other hand, daily live body weight gain,
daily roughage intake and plasma concentrations of triiodothyronine (T,), total protein,
total lipids and glucose concentrations were lower (P<0.01) in calves exposed fo
direct solar radiation compared to those in calves during winter seasons (Tables 2&3).

The overall mean of the two season showed that daily live body weight gain,
respiration rate and concentrations of Ty . conrtisol, total protein and glucose were
significantly (P<0.01) affected by the experimental periods. The decreases due to
summer solar radiation exposure in daily gain, total protein and glucose were more
pronounced during the first week of the dummer exposure and than became nearly
constant during the following experimental periods. Consequently there were
significant interactions between seasons and periods. No significant difference due to
pericds were found in rectal temperature, daily roughage intake and plasma total
lipids. It is interesting to observe that the lowest total lipids concentration was
observed during the first period of exposure to summer solar radiation while their
highest concentration was observed during the first period of winter season.
Therefore, total lipids expressed a significant (P<0.01) interaction between seasons
and periods. T, concentration progressively increased with the advancing in exposure
period either in winter or in summer climatic conditions. Both, T and cortisol
hormones showed also a significant (P<0.01) interaction between season and periods
of the experiment.
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Table 2. Rectal teimperature, respiration rate, daily body gain and roughage feed intake, T,

cortisol and some blood constituents in Frisian calves under winter and summer nalurat
conditions during the experimental periods

Experimental period {days)  Winter Summer Overall means for periods
Rectal temperature (°C)
from 1-7 38.4 40,11 398 10.29 39.1 £0.23
8-30 38.3 £0.12 305 £0.25 38.9 £0.23
31-60 38.2 +0.18 392 +0.24 38.7 £0.20
1-60 38.3+0.08 " 39.5 40.15°
Respiration rate (rpm)
from 1-7 43 1.7 85 1.8 64 455"
8-30 39 10.9 75 1.8 57 #4.78
31-60 40 1.1 76 1.5 53 +5.0°
1-60 41 108° 79 #1.3°
Daily body gain (g)
from 1-7 857 +15 571 11 714 #11®
8-30 806 +10 608 10 753 210"
31-60 910 +11 600 10 755 +i0"
1-60 a8a +19° 553 #12°
Daily roughage intake (Kg/8
calves)
from 17 10.% 0.0 56 400 83 0.0
8-30 10.9 £0.12 56 0.3 83 0.7
31-80 11.0 £0.12 56 10.3 83 107
1-60 11.0 +0.06° 56 02"
T4 hormone (ng/dl)
At the 7th day 129 0.9 100 1.4 115 £3.8°
At the 30th day 150 %1.3 125 £1.3 138 +3.4°
At the 60th day 175 #1.2 155 1.3 185 #2.7°
Qverall mean 15t +40" 126 34.7°
Cortisal hormone {(ngfml)
At the 7th day 10 $0.7 25 $0.8 17 %207
At the 30th day 11 404 40 1.3 265 38"
At the 60th day 13 0.7 23 $0.8 18 14"
Overall mean 11 04" 29 £1.6%
Total Protein (g/di}
At the 7th day 86 +0.11 62 +0.13 7.4 $0.32°
At the 30th day 8.7 +0.06 7.3 +0.14 80 20.19"
At the 60t day 8.3 20.11 7.6 £0.11 8.0 *0.12%
Overall mean 85 006" 7.0 £0.15° '
Total lipids {mg/dt)
Al the 7th day 400 27 310 #7 350 i1
Al the 30th day 380 +4 350 48 380 16
At the 60th day 390 4 350 47 370 16
Overall mean 300 +3° 340 157
Glucose {mg/di}
At the Tih day 86 1 62 t1 74 13°
At the 30th day 88 11 67 %1 78 3"
At the B0th day 86 +1 65 +1 T2
Overall mean 87 +1° 86 +1°

ab.e Means with the same letter in the same row for the same parameter are not significanily
{P={.05) different due to seascn

ABC Means with the same letter in the same column for the same parameler ara not
significantly (P<0.05) different due to periods,
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During summer season of Egypt, the Friesian cattle suffer from the direct and
indirect solar radiation which amounted about 4200 Kcal/h/m® of the animal body
surface (Habeeb et al., 1995). This heat load caused remarkable reduction in both
feed intake and T, secretion which resulted in low protein biosynthesis and
consequently decreased the daily gain and blood total protein, lipids and glucase. In
addition, the increases in respiratory frequency consumed more energy and
consequently the residual net energy for growth decreased resulting in the observed
reduction in daily gain (Marai et al., 1995). Moreover, the high level of cortiso! which
was observed in the heat stressed calves may be associated with the depression of
daily body gain (Habeeb ef al.,1992).

2. Effect of shading type

Using the wood for roofing sheds to protect the animals from direct solar radiation
of the hot summer season decreased the ambient temperature under the shed by
about 5°C as compared to unshaded conditions in the same season (Table 1).
Therefore, calves maintained under wood roofed shed during summer (summer group
2) showed a significant (P<0.01) lower rectal temperature, respiration rate and
concentration of plasma cortisol as comared to the calves exposed to summer direct
solar radiation (summer group 1). At the same time, live body weight gain, roughage
feed intake and concentrations of the plasma T, total protein, total lipids and glucose
increased significantly (P<0.01) due to the respective treatment (Tables 4 and 5).

Using the reinforced concrete for roofing sheds decreased significantly the
ambient temperature under the shed but by 2.5°C only as compared to unshaded
summer condition. Live body weight gain, roughage feed intake and T5 hormone
level, in calves kept under such reinforced concrete roofed shed (summer group 3},
increased significantly (P<0.05) as compared to the calves exposed to direct summer
solar radiation (summer group 1). While the rectal temperature, respiration rate and
plasma concentrations of; cortisol, total protein, total lipidis and gluocse were not
significantly affectted due to such shading system (tables 4and 5)

The data in tables 3 and 4, further , show that the calves protected with wood
shed during summer time had greater (P<0.05) weight gain , Toughage feed intake
and T3, total protein, total lipids and glucose concentration accompanied with lower
(P<0.05) values in; rectal témperature, respiration rate and cortisol level than those of
calves protected with reinforced concrete shed (summer group 3).

Concerning the effect of treatment periods, it is clear that rectal temperature,
respiration rate and roughage feed intake did not significanly differ among the various
periods (Table 5). meanwhile, live body weight gain and concentrations of total,
protein total lipids, glucose, cortisol and T, hormone significantly (P<0.01) differed in
this respect. The lowest values of daily gain, T3, total protain, total lipids and glucose,
cortisol and T, hormone significantly (P<0.01) differed in this respect. the lowest
values of daily gain, T, total protein, total lipids and glucdose
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Table 4. Effect of type of shading on adaptive response, daily body gain, feed intake, blood
constituents and hormonal balance in  Friesian calves

Experimental Without shading  With wood shading With reinforced Overall
period (Days) (First group) {Second group) concrete shading mean for
(Third group) periods
Rectal temperature ( °C)
From 1- 7 39.8 +0.29 38.8 £0.30 39.9 +0.20 39.5+0,20
8- 30, 39.5 +0.25 38.5 $0.30 39.7 +0.20 39.240.20
31- 60 39.2 +0.24 38.6 +0.20 39.5 +0.20 39.1+0.10
1- 60 39.5 %0157 38.6 +0.10°" 39.7 40,107
e Respiration rate (rpm)
From 1- 7 85 11.80 58 $2.90 78  £1.30 74 $3.10
8- 30 75 +1.80 67 +1.50 70 +1.30 71 11.40
31-60 78 £1.50 69 £1.20 73 +1.20 73 £1.40
1- 60 80 x1.30° 65 +1.50° 74  +1.00°
' Daily body gain (g)
From 1- 7 571 +11 814 13 659 +19 681 +14°%
8- 30 609 *10 826 10 717 +10 717 +10"
31- 60 600 10 800 + 9 733 11 711 +10*
1- 60 593 #12° 813 +14° 703 428"
Daily roughage intake (Kg/8 calves)
From 1- 7 56 0.0 8.8 100 65 +0.0 7.0 0.0
8- 30 56 #0.3 88 206 65 +0.6 7.0 0.3
31-60 57 0.3 8.8 0.6 65 $06 7.0 0.2
1-60 56 +0.2°¢ 88 037 65 +00°
T3 hormone (ng/dl) s
At the Tth day 100 +1.4 115 40.9 103 0.9 106 +1.5°
Atthe 30th day 125 +1.3 145 1.3 127 x0.7 132 +20°
Atthe 60th day 155 +1.3 170 #15 158 1.8 161 21.6"
Qverall mean 126 +4.7°¢ 143 +4.8° 129 +48°
Cortisol hormone (ng/mi)
At the 7th day 25 +0.8 25 209 26 41.2 25 #0.5°
Atthe 30thday 40 1.3 36 +1.6 40 413 38 08"
Atthe 60thday 23 20.8 10 0.7 20 0.8 18 +12°
Overall mean 29 +16° 23 23" 29 #1.7°
Total protein {g/dl)
At the Tth day 6.2 x0.13 81 10.14 6.3 10.14 6.8 +0.20°
Atthe 30thday 7.3 $0.14 8.3 £0.13 7.1 2013 7.6 +0.13"
Atthe 60thday 7.6 $0.11 81 #0.09 7.5 10.14 7.8 +0.08"
Overall mean 7.0 20.15° 8.2 $007° 7.0 +0.13°
Total lipids (mg/dl)
At the 7th day 310 %7 360 +4 340 +7 330 15°
At the 30thday 350 +8 370 +4 330 +7 350 #4°
Atthe 60th day 350 %7 370 4 340 +6 350 4"
Overall mean 340 +5° 360 23° 340 +4°
Glucose {mgidl)
At the 7th day 62 &1 74 %1 64 1 67 +1°
Atthe 30th day 67 &1 75 11 66 1 69 +1°
Atthe 60thday B8 1 84 11 68 41 73 +1°
Overall mean 66 41" 78 +1° 66 +1°

ab,c Means with the same letter in the same row for each parameter are not significantly
(P<0.05} different due to season,
A, B, C Means with the same letler in the same column for each parameter are not significantly
(P<(.05) different due to Periods.
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were al the 7th day of the experiment representing the acute effect. while the lowest
value of cortisol hormone was noticed at the 60 th day of the experiment (adaptability
period). The concentration of T, and glucose increased progressively (P<0.05) with
the advance in the experiment period, as the resopnse change from acute to
adaptability. Daily body gain, total protien and total lipid values were quite similar
during the chronic (at the 30th day) and adaptability (at the 60 th day) periods.
Cortisol, total protien and glucose expressed a significant (P<0.01) interactions
arnong treatment and the experimental periods.

Using wood roofed shed in the present experiment during summer season to
protect calves from direct solar radiation decreased the ambient temperature from
36.9°C (unshaded to 32.0°C (with shaded). This decline in ambient temperature
helped in alleviating the heat load on the calves as evident from their ability to
maintain normal rectal temperature and respiration rate. Consequently, the feed
intake and Ty level increased and the level of cortisol decreased which led to the
improvement of the daily gain under such shading system with wood as compared 1o
unshaded calves under summer conditions. Keeping the calves under reinforced
concrete roofed shed also decreased the ambient temperature by 2.5°C which did not
completely alleviate the heat load on the animals since they had lower T, level and
higher rectal temperature and respiration rate compared to calves shaded with wood.

The forgoing results lead to a general conclusion that Friesian calves at Gharbia
Province develop hyperthermia during summer season, which may be ameliorated by
shading. In this respect, wood roofing was more efficient than reinforced concrete
roofing. Moreover, most of the physiological response of the animals occurred during
the acute period, i.e. in the 1st week from the beginning of the animal treatment. After
the first month, the adaptability response in those physiological changes may be
reached. On the other hand, the hormonal response seemed to need more than one
month for the adaptability to the new conditions as indicated from the lower T, and
higher cortisol hormone obtained at the 30th day than that at the 60th day,
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