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ABSTRACT

The aimed of this study to evaluate the relationship between temperature humidity index (THI) and the
changes in physiological responses and hematological aspects of buffaloes and cows under different climatic
conditions in Egypt. The data used were collected from six Egyptian Governorates located in three different
geographic regions (Lower, Middle and Upper Egypt) during the period from January (2010) to December (2015).
Two Governorates from each region were visited to collect the data. In each Governorate, 25 farms randomly
selected to represent small, medium and large farms, the measurements were taken from 20 animals divided into
(10 buffaloes and 10 cows) in each farm. Each groups was divided into two groups (5calves less than year, 5
calves more than year)

Animal Production

The environmental conditions were recording air temperature (AT°C) and relative humidity (RH %) to
calculate temperature humidity index (THI). The environmental regions based on THI values were classified into
four classes (cold, thermal neutral, mild heat stress and moderate heat stress). During farm monitoring, hair
temperature (HT°C), skin temperature (ST°C), rectal temperature (RT°C) and respiration rate (RR r/min) of
animals were recorded. In addition, blood samples were collected for determining hemoglobin concentration (Hb
g/100 ml) and hematocrit (Ht%).

The results indicated that, values of HT, ST, RT and RR were slightly higher in cows than in buffaloes among all
studied regions. Higher estimates of HT and ST were observed for buffaloes and cows in Lower Egypt (LE)
compared with those in Middle Egypt (ME). Both species showed increased HT and ST with elevated temperature
in the different climates. Narrow changes in RT among the different seasons and regions were noticed. Values of
RR for both species were the highest at LE followed by ME and UE.

It was observed that buffaloes have the potentiality to maintain stability of ST within the different climatic
conditions. Despite, sensitivity of buffaloes to cold waves was noticeable, the physiological characteristics of
buffaloes showed more suitability to hot conditions than cows.

Values of Ht% during winter were less than those recorded in other seasons regardless of age category or
species. Meanwhile, with subsequent increase in the ambient temperatures Ht % values descended relatively in
both species. Value of Ht were noticeably greater in both species of UE compared with LE. or ME.

The study revealed the ability of using RR and Ht in particular as predictive measures for animal acclimation
based on THI values in each specific region so that livestock holder has the choice to select the appropriate breed
for raising to get efficient productivity according to compatibility with his farm location.
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INTRODUCTION

An environmental condition is a constraint on efficient livestock production systems. Evaluation of the
constraint level is a difficult, but it is necessary task before selection of appropriate breeds and
modification in management or environments can be made. The climate is a combination of elements
that include temperature, humidity, rainfall, air movement, radiation, barometric pressure and
ionization (Johonson, 1987). Buffaloes and cows are the main sources of milk and meat production for
human consumption. Both species are raised under climatic condition trying to maintain their biological
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activity. The conduction, convection and radiation are all dependent on the thermal gradient, thus as
air temperature rises towards body temperature the thermal gradient reduces, heat dissipation is less
effective and evaporative cooling start when ambient temperature become equal or above body
temperature (Khalifa, 2003). Despite uncertainties in climate variability, Intergovernmental panel on
climate change IPCC (2013) the Fifth Assessment Report identified the “likely range” of increase in
global average surface temperature between 0.3°C and 4.8°C by reaching 2100.

Under hot and warm environments, productive and reproductive efficiency of farm animals are
negatively affected. The negative effects of heat stress become more apparent. Under heat stress, the
animal behavioral and physiological responses are initiated to increase heat loss and reduce heat
production in an attempt to maintain body temperature within the range of normality. High ambient
temperature around animal is the major constraint on animal production (Marai et. a/., 2002, Omran
and Fooda, 2013). Many investigators reported that Thermo-physiological responses, rectal
temperature (RT, °C) and respiration rate (RR, r/min) are good measures to detect the response of
animal to variation in microenvironment around the animal thus giving a clear evidence of better
capacity of heat tolerance (Shafie and Marai, 1966, Shafie et al., 1994, Ashour et a/., 2004, Omran and
Fooda, 2013 and Omran et al,, 2013). Collier et al. (2006) reported that skin temperature is highly
correlated with respiration rate. Also, hematological parameters represent fine mirror that reflect
healthy condition of the animal.

(Marai and Habeeb, 2010) reported that the effect of heat stress is accompanied by high
ambient humidity. In Egypt, there are different climatic regions based on geographical locations each
of them has its natural characteristics and specific breeds of animals. In Egypt, buffaloes and cows are
the main source of milk and meat production. The population of buffaloes is 3.7 Million head while
cows are 4.0 Million head (FAOSTAT, 2017), this number is distributed among the different climatic
regions. The total number in Lower Egypt is 1.33 million head buffaloes and 1.45 million head cows, in
Middle Egypt the total number is 0.51 million head buffaloes and 0.45 head cows while in Upper Egypt
the total number 0.51 head buffaloes and 0.48 head cows respectively, (EARI, 2017). Hahn et al.
(2003) and Omran and Fooda (2013) reported that any improved animal index (temperature humidity
index THI) will ideally be useful as a base for continued development of biologic response functions
and representative of consequences resulting from primary factors influencing energy exchange
between the animal and its surrounding. Buffington et a/. (1981) presented the black globe-humidity
index (BGH) as a way to incorporate the environmental factors into a single value as a means of
quantifying effective heat stress. Du Preez (2000) reported that THI still the best, simplest and most
effective parameter for measuring environmental warmth and physiological parameters must always be
used together with THI values to determine and evaluate heat stress in dairy cattle.

The objective of this study was to evaluate the relationship between temperature humidity
index (THI) and the changes in physiological responses and hematological aspects of buffaloes and
cows under different climatic conditions in Egypt.

MATERIAL AND METHODS
Animals, management and feeding:

The data used in this study were collected from six Egyptian Governorates located in three
different geographic regions (Lower, Middle and Upper Egypt). This work was conducted during the
period from January (2010) to December (2015). Two Governorates from each region were visited to
collect the data as follow: El Behera and El Menoufia, representing Lower Egypt region (LE) which
contain the number of buffaloes and cows (384120, 537434 head) and (369684, 317229 head),
respectively. Fayoum and El Menia represent Middle Egypt region (ME) which contain number of
buffaloes and cows (190604, 291769 head) and (291739, 337987 head), respectively. Suhag and Qena
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represent Upper Egypt region (UE) which contain number of buffaloes and cows (272915, 279845
head) and (213375, 195156 head), respectively. In each Governorate 25 farms randomly selected
between small, medium and large farms, the measurements were taken from 20 animals divided into
(10 buffaloes and 10 cows) in each farm, and divided into two groups (5calves less than year, 5calves
more than year).

The environmental condition was assessed using air temperature (AT, °C) and relative
humidity (RH, %) to calculate temperature humidity index (THI) according to equation of Mader et al.
(2006) as following:

THI = (0.8 *T) + [(RH/ 100) * (T - 14.4)] + 46.4
Where: T is air temperature (°C) and RH is relative humidity (%).

THI classification according to physiological reaction of animals, the environmental regions
based on THI values were classified into four classes (cold conditions, thermal neutral conditions, mild
heat stress conditions and moderate heat stress conditions) (Table 1)

Physiological responses:

Hair temperature (HT, °C) and skin temperature (ST, °C) were recorded by using a digital
thermometer, rectal temperature (RT,°C) by using clinical thermometer and respiration rate (RR,
r/min) was counted from movements of the flank in one minute.

Hematological responses:

Blood samples were collected from jugular vein in heparinized tubes for determining
hemoglobin concentration (Hb, g/100 ml). Hb was determined by a colorimetric method using
hemoglobin testing kits by using Spectrophotometer.

Fresh blood samples were also collected for determination of Ht% that was obtained by
applying a column of 100 mm repaginated blood in micro-hematocrit tubes. Samples were centrifuged
for 15 minutes at 12000 r.p.m then the packed column was read against a scale as a percentage of
blood columns,

The data were analyzed using SAS (2002), according to the following model:

Yikm = B + Ti + G + Ac + B + (TG); + (TAx + (TBi + (GA)x + (GB) + (AB)
+ (TGA)ik + (TAB)i + (GAB)jx + (TGAB)iix + Eijkim

Where:

Yijkim Observation on the m™ animals of the i climatic region in the j* region
conditions in the k™ age of calves in the I species,

M : Overall mean,

Ti : Fixed effect due to the climatic region (i: 1 = Lower Egypt, 2 = Midd| Egypt and
3 = Upper Egypt),

Gj . Fixed effect due to the region conditions (j: 1 = cold, 2 = Thermo-neutral, 3 =
Mild heat stress and 4 = Moderate heat stress),

Ax : Fixed effect due to the age of calves (k: 1 = calves less than one year and 2 =
calves greater than one year),

Bi : Fixed effect due to the species (I: 1 = Buffaloes and 2 = Cows),

(TG)j : The interaction between climatic region and region conditions,

(TA)k : The interaction between climatic region and age of calves,

(TB)i : The interaction between climatic region and species,

(GA)ik : The interaction between region conditions and age of calves,

(GB) : The interaction between region conditions and species,
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(AB)u : The interaction between age of calves and species,
(TGA)ik : The interaction between climatic region, region conditions and age of calves,
(TAB)ixi : The interaction between climatic region, the age of calves and species,
(GAB)j« : The interaction between region conditions, the age of calves and species,
TGAB)ii : The interaction between climatic region, region conditions, the age of

calves and species and
Eijkim : Random error assumed N.I.D. (0, o2e).

The Regression coefficient (b) of temperature humidity index (THI) were measured as the regression
of physiology and hematological traits on temperature humidity index (SAS, 2002),

Y=a+Xb, where: Y physiology and hematological traits, a= Intercept, X= temperature humidity
index and b= the regression coefficient for Y on X.

The Accuracy (R?): low (R? = 0 to R? = 30), moderate (R? > 30 to R? = 60) and high (R? > 60 to R? = 100).

RESULTS AND DISCUSSION
Environmental condition:

The means of THI from 2010 to 2015 in three regional climatic conditions are shown in Figure
(1). The results indicated that the highest values of THI were found in August at Lower, Middle and
Upper Egypt whereas the lowest values of THI were found in February at the same regions. The mean
value of THI in Middle and Upper Egypt during February were similar while, in Lower and Middle Egypt
the same value of THI was found in May, June and August. Also, similar THI values were detected in
Middle and Upper Egypt in October and November.

The THI classes based on changes in physiological and hematological responses for the
animals under different climatic conditions into three regions (in table 1): At Lower Egypt values of THI
< 60.20 cold, 60.20 < THI = 74.40 thermo-neutral, 74.40 < THI < 78.70 mild heat, and 78.70 < THI
< 89.92 moderate heat stress.

At Middle Egypt THI < 57.60 cold, 57.60 < THI < 73.00 thermo-neutral, 73.00 < THI < 75.6
mild heat stress and 75.6 < THI < 86.70 moderate heat stress.

At Upper Egypt THI < 54.10 cold, 54.10 < THI < 71.30 thermo-neutral, 71.30 < THI < 73.3
mild heat stress and 73.30 < THI < 84.90 moderate heat stress.Ravagnolo et a/. (2000) reported that
THI, based on the maximum temperature and minimum humidity most effectively accounted for the
effect of heat stress on production. Estimating the thermal environment around animal is a key for
understanding their needs, the performance of THI can be improved using a black globe humidity
index, which adds the impact of solar radiation on ambient temperature around animals.

Fuquay (1981) reported that THI is commonly used as an indicator of the degree of climatic
stress on animals where THI of 72 or less considered as no heat stress (cool), 73-77 as mild heat
stress, 78-89 as moderate and above 90 as severe. Meanwhile, according to Davis et a/. (2003) periods
were deemed thermo- neutral when average THI < 70, mild heat stress when 70 < THI < 74, heat
stress when THI 74 < THI < 77 and severe heat stress when THI > 77.

Omran and Fooda (2013) working on buffaloes and Frisian calves in the Middle Egypt found
that classes of THI based on changes in RT and RR with changes in THI were as follow: thermo-
neutral when THI > 68, mild heat stress when 68< THI< 74, moderate heat stress when 74 < THI <
82, severe heat stress when 82 < THI < 87 and very severe heat stress when THI > 87. On the other
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hand, the associated classes of livestock weather safety index (LCI, 1970) are normal (THI < 74), Alert
(75-78 THI), a longer (79 - 83 THI) and emergency (THI>84). Khalil and Omran (2018) reported that
influence of climatic change on temperature humidity index (THI) values were observed in different
three regions (Lower of Egypt , Middle of Egypt ,and Upper of Egypt) during the period from 2016 up
to 2060 gives evidence for significant changes in THI values during the period from 2046 to 2060.

Khalil and Omran (2018) reported that influence of climatic change on temperature humidity index
(THI) values were observed in different three regions (Lower of Egypt , Middle of Egypt ,and Upper of
Egypt) during the period from 2016 up to 2060 gives evidence for significant changes in THI values
during the period from 2046 to 2060.

Physiological responses:

Table (2) display means and SE of physiological responses: hair temperature (HT°C), skin
temperature (ST°C), rectal temperature (RT°C) and respiration rate (RR r/min) for two species. Values
of HT, ST and RT were slightly higher in cows than in buffaloes among all studied regions. The young
stock of both species exhibited higher HT and ST than the older animals. Despite higher estimates of
HT and ST were observed for buffaloes and cows in Lower Egypt (LE) compared with those in Middle
Egypt (ME), no abundant differences in HT or ST were found between animals in ME and UE. Both
species showed increased HT and ST with elevated temperature in the different climates. It was
interesting that ST values of buffaloes during winter were relatively higher than that of cows and
greater than the corresponding estimates of other seasons. In the contrary, values of ST in buffaloes
during the hot climate were almost similar in all regions. This finding indicated that buffaloes have the
potentiality to maintain stability of ST within the different climatic conditions. It is postulated that blood
circulation of the host animal plays an important role in this concern. This results celery in fig (2, 3, 4,
5) reflected the relationship between temperature humidity index (THI) and Hair temperature (HT°C),
Skin temperature (ST°C), Rectal temperature (RT, °C) and Respiration rate (RR r/min) all figures the
highest values with THI under Lower Egypt for two ages and species., and the lower values with THI
were under Upper Egypt .The buffaloes under three regional conditions recording lower values
compared with cows. The body coat of an animal plays a major role in adoption and production under
different climatic conditions (Hafez et al, 1968 and Shafie and Omran 2018). The morphological
characteristics of hair coat (HT) are markedly influenced by climate. Shafie and Omran (2018) reported
that buffaloes are changing thickness of skin, length of hair, density of hair follicles and color of hair
for acclamation with the surrounding conditions.

Values of RR and RT are a good measure of core temperature and have been used by many
investigators to detect the response of animal to the environmental conditions (air temperature,
relative humidity, seasonal and diurnal rhythm). The results indicated narrow changes in RT among the
different seasons and regions. Meanwhile, RT of both species increased gradually with changes of the
ambient temperature from winter to summer. The range of RT in the older cows from winter to
summer lies between 38.0 - 39.4 C° while that of the young animals lies between 38.1-40.0 C°. The
corresponding range of RT in buffaloes was 37.3- 38.9 C°, respectively.

RRr/min is the first reaction when animals are exposed to environmental temperature above
the thermo-neutral zone. This physiological response ensures direct heat stimulation of the peripheral
receptors which transmit nervous impulses to the heat center in the hypothalamus. In the current
study, values of RR were relatively higher in the young animals as compared with the older animals of
both species. However, the variance in RR between age categories of cattle was increasing in
concomitant with the higher seasonal temperatures. Values of RR for both species were the highest at
LE followed by ME and UE. The differences between species in RR were highly significant, so that the
range of RR in cattle lies between 39.3-54.6 r /min while in buffaloes it was 32.3- 40.5 RR r/min. This
finding clarified the ability of buffaloes to dissipate the influence of heat stress through different
internal mechanisms. In general, Shafie (1985, 1993 a & b and Shafie and Omran (2018) stated that
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the morphological, anatomical and physiological characteristics of buffaloes have more suitability to hot
conditions.

Shafie and El-Sheikh Aly (1970) reported that the increased body reaction in cows from the
morning to the afternoon could be attributed to the gradual rise in atmospheric temperature, the
increase in body activity of the animal and the increase of RR during the hot seasons as the most
sensitive physiological response to heat exposure.

Omran and Fooda (2013) recommended avoiding raising Friesian cows under environmental
conditions with greater than 87 THI index or raising buffaloes under environmental condition with
greater than 91 THI index. The best THI index for production in both species is lower than 68 THI but
buffaloes start to be under cold stress at this threshold. Friesian cows are more cold tolerant and
suitable than buffalos under natural environmental condition at ME. Collier et al. (2006) found that, the
ST is highly correlated with respiration rates and it is a good measure of microenvironment around the
animals. They also added that, if the skin surface temperature is blow 35 °C, the temperature gradient
between the core and skin is large enough for the animals to affectively use all routes of heat
exchange.

Omran et al. (2017) used product containing anaerobic bacteria and mixture of natural
celluletic enzymes as dietary supplement (ZAD) for buffaloes. They observed that ZAD feeding reduced
the harmful effects of cold waves through improving postpartum physiological status and reducing
sensitivity of buffaloes to cold climatic changes.

Hematological responses:

Table (3) show means and SE of hematological response: hematocrit (Ht, %) and hemoglobin
(Hb), for buffaloes and cows. The results showed that percentages of Ht in buffaloes varied between
27.0% - 36.1% while it was 24.2% - 35.3% in cows. On the other hand, concentrations of Hb in
buffaloes varied between 10.3 - 14.1 g/100 ml while it was 9.7 - 13.9 g/100 ml in cattle. In both
species, estimates of Ht % and concentrations of Hb were relatively higher in the young animals than
those of the older ones except that Ht% and Hb values recorded during winter were slightly less than
those of the older animals. Also, values of Ht% during winter were less than those recorded in other
seasons regardless of age category or species. Meanwhile, with subsequent increase in the ambient
temperatures Ht % values descended relatively in both species. Value of Ht was noticeably greater in
both species of UE compared with LE. or ME.

Estimates of Hb for young or older buffaloes were slightly higher than those of cattle except
those values recorded in the winter season. While, estimates of Hb in cows were descending with the
increase of environmental temperatures among all seasons, values of Hb in buffaloes followed similar
pattern except in winter. Values of Hb were variable for both species within the different regions of the
study Finger(6,7)the relationship between temperature humidity index (THI) and hematocrit Ht% and
hemoglobin concentration Hb, g/100ml for buffaloes and cows under differ ages and climate regional
climatic conditions. ,the values of buffalos in two ages were higher than cattle for Ht and Hb, , Ht is a
sensitive indicator to the surrounding thermal condition when compared with Hb concentrations.

Most species of domestic animal have Ht values from 38 to 40 % (Swenson and Reece 2005).
Shafie and Badreldin (1962) found that exposing buffaloes and baladi cows to sun ray decreased Ht
values by 7.2 % and 1.8 %, respectively, added to decreased Hb concentration in both species under
heat stress. Values of Hb in normal blood of most mammals lies between 13 to 15 g/dl. Many
investigators reported that Hb value decreased as a result of exposing animals to high AT in lab or
under normal environmental condition (Yousef, 1990; Ashour et al. 2004 and Omran et al. 2013).
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Omran et al. (2011b) reported that blood picture for buffalo calves showed clear drop in Ht
and Hb values and increased count of white blood cells (WBCs) under heat stress. Such change may
refer partially to hemodilution by the excess of water intake. The drop in Hb and red blood cells (RBCs)
was more pronounced than the decline in Ht which indicate other mechanism imposing drop in Hb and
RBCs to reduce oxidation activity of metabolism followed by drop in metabolic heat production. On the
contrary, WBCs count was increased as indication of higher immunological activity.

In agreement with the present results, Omran (2011a) reported that the values of Ht, Hb and
RBCs in general were lower in Friesian cows than buffaloes. The author attributed the higher estimates
of HT and Hb in buffaloes to adaptability of the animal and fast recovery from heat stress as compared
with Friesian and local cows, denoting the buffaloes can alleviate the heat stress through evaporation
from skin and the respiratory system.

Shafie and Badreldin (1962) found that Egyptian buffaloes had higher Hb, RBCs values than
Egyptian Balady cows they discussed that higher by metabolic heat production due to the high oxygen
tension of blood, this was drawback for adaptation to hot climates where the animals mostly tried to
keep their metabolic rate low level.

Table (4and5) show mean squares and degree of freedom for physiological responses and
hematological responses, values were high significant
(P < 0.001) in all parameters for regions, environmental condition, age and species. The interaction
between region with environmental, age and species values were high significant (P < 0.001) in all
parameters except of ST (P < 0.05).

The interaction between environmental condition with age and species values were higher
significant (P < 0.001) in all parameters. The interaction between age and species values were high
significant (P < 0.001) in all parameters except value of Hb
(P < 0.01). The interaction between regions with environmental condition with age values were high
significant (P < 0.001) in all parameters.

The interaction between regions with age with species values were high significant for all
parameters except of ST value was non-significant. The interaction between environmental condition
with age with species values were high significant (P < 0.001) in all parameters except of RT (P <
0.01). The interaction between regions with environmental condition with age with species age values
were high significant (P < 0.001) in all parameters.

The wide ranges of environmental temperatures that comprise thermo-neutral zone enable
animals to maintain their heat balance across the rough vasomotor control by regulating the amount of
blood flowing through the coetaneous vessels by either vasodilatation or vasoconstriction. Omran
(1999) reported that with advancement of calf age, slight changes were detected in estimates of Hb or
RBCs for buffaloes and Frisian calves. The highly significant differences for all tested parameters in the
present study indicated that Upper and Middle Egypt represent better comfort zones for raising
buffaloes or cows as compared with Lower Egypt. However, it was noticed that cows were more
tolerant in the cold weather while, buffaloes have a particular sensitivity to cold waves.

Table (6) shows the equations used for predicting the changes in adaptive physiology and
hematology with the expected changes in THI for two species. With severe climatic changes,
productive disorders arise due to increased heat stress including decreased milk yield, reduced meat
production, growth rate and reproduction. Estimation of THI index for any region is helpful to predict
the physiological and hematological changes of the breed so that an appropriate animal can be chosen
for breeding in assigned region where it can express its genetic potential in the suitable environment
for production. Khalil and Omran (2018) reported that influence of climatic change on temperature
humidity index (THI) values were observed in different three regions (Lower of Egypt , Middle of
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Egypt ,and Upper of Egypt) during the period from 2016 up to 2060 gives evidence for significant
changes in THI values during the period from 2046 to 2060.

The classifications of THI during the study period found that the moderate class shows a
gradual increase with time in all studied 12 governorates. Behavioral and physiological responses
initiated to increase heat loss and reduce heat production which could be considered as an attempt to
maintain body temperature within the range of normality,

Using the predictive equations can enable the animal holder to make any maodification to
maintain productivity of animal.

CONCLUSION

Results of the present study clarified that; animal RR r/min is faster indicator to any changes in
the microenvironment when compared with the slow alterations in ST C°. On the other side, Ht % is a
sensitive indicator to the surrounding thermal condition when compared with Hb g/dl concentrations
reason for the thermal condition around animals. Therefore, RR and Ht % can be used as good
indicator to animal stressed.

Cows were more adaptive to the Egyptian cold climates especially in Upper and Middle Egypt.
On the other hand, buffaloes were sensitive to cold waves of winter while they were more adapted
than cows under heat stress condition in all regions. Buffaloes can be more adapted to cold weather if
some modifications were adopted to reduce impact of cold waves such as using protective shades and
wind breaks in animal housing. Also, increasing the dietary energy level and improving ruminal
fermentation and digestibility of feedstuff using specific supplements can stimulate the animal feed
intake to fulfill body requirement of energy.

Since THI is commonly used as relevant indicator of the degree of climatic stress on animal
productivity, the classifications of the environmental regions in Egypt using this index in the present
work based on adaptive and hematological changes of animals pointed out that Lower Egypt is climatic
more stressful in comparison with Middle and Upper Egypt. Moreover, the close relationship between
THI and the tested responses including animal RR and Ht % in particular, revealed the ability of using
those parameters as predictive measures for animal acclimation in each specific region. Thus, livestock
holder has the choice to select the appropriate breed for raising to get efficient productivity according
to compatibility with his farm location. Using the predictive equations can enable the animal holder to
make any modification to maintain productivity of animal.

Table (1) Classification of the environmental regions based on temperature humidity
index (THI) values.

Environmental regions Lower Egypt Middle Egypt Upper Egypt
Cold 60.20 57.60 54.10
Thermo- neutral 74.40 73.00 71.30
Mild heat stress 78.70 75.60 73.30

Moderate heat stress 89.92 86.70 84.90
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Table (2). Mean £ SE for hair temperature (HT, °C), skin temperature (ST, °C), rectal temperature (RT, °C) and respiration rate (RR, r/min) for buffaloes (B)
and cows (C) aging less than (G1) or more than (G2) one year under different climatic conditions of three regions (lower, middle and upper Egypt)

During cold conditions
Lower Egypt (THI 56.9 - 62.0) Middle Egypt (THI 51.7 - 61.6) Upper Egypt (THI 55.3 - 60.1)
Items G1 G2 G1 G2 G1 G2
B C B C B C B C B C B C
HT | 32.8+£0.10 | 34.2+0.09 | 30.84+0.14 | 33.9+0.22 | 31.3+£0.07 | 33.9+0.08 | 30.5+0.07 | 32.2+0.12 | 30.8+0.13 | 32.3+£0.09 | 30.1+0.15 | 33.1 £0.04
ST | 35.840.07 | 36.9+0.03 | 34.1+£0.07 | 35.7+£0.03 | 35.0+0.07 | 35.9+0.02 | 35.+£..02 | 35.84+0.05 | 36.0+0.04 | 36.1+0.05 | 34.0+0.06 | 34.0+0.03
RT | 37.8+0.06 | 38.4+0.03 | 37.6+0.02 | 38.0+0.03 | 37.3 £0.04 | 38.6+0.03 | 37.6+0.01 | 38.0+0.02 | 37.8+0.04 | 38.1+0.04 | 37.3+£0.02 | 38.0 £0.03
RR | 23.7+0.22 | 26.8+£0.26 | 20.3+£0.13 | 25.3+0.34 | 22.04+0.19 | 25.2+0.14 | 19.0+0.16 | 24.4+0.24 | 20.2+0.06 | 24.0+0.16 | 17.0+0.14 | 23.5+0.11
During thermo neutral condition
Lower Egypt (THI 59.8 - 72.4) Middle Egypt (THI 59.2 - 71.0) Upper Egypt (THI 57.4 - 69.3)
Items G1 G2 G1 G2 G1 G2
B C B C B C B C B C B C
HT | 34.4+0.10 | 35.0+£0.08 | 33.5+£0.05 | 35.0+£0.06 | 33.5+0.05 | 34.2+0.07 | 32.0£0.09 | 34.1+0.09 | 33.2+0.09 | 34.1+£0.20 | 32.6+0.02 | 33.1 £0.07
ST | 35.940.11 | 36.8+0.07 | 34.5+0.05 | 35.5+0.03 | 35.6 £0.04 | 36.5+0.05 | 34.3+£0.05 | 35.0+£0.03 | 35.0+0.10 | 36.0+£0.04 | 33.1+£0.02 | 34.2+0.01
RT | 38.0+0.02 | 38.5+£0.02 | 37.9+0.05 | 38.4+0.03 | 38.0+£0.02 | 38.4+0.03 | 37.6+0.03 | 38.1+0.02 | 37.2+0.03 | 38.2+0.05 | 37.5+0.05 | 38.2 £0.02
RR | 28.0+£0.31 | 34.6+£0.29 | 26.8+£0.60 | 28.1+0.14 | 26.4+£0.14 | 33.1£0.07 | 25.0+£0.26 | 28.1+0.17 | 24.9+0.15 | 30.0£0.12 | 23.1+£0.20 | 26.3%£0.22
During mild heat stress condition
Lower Egypt (THI 68.7 - 78.0) Middle Egypt (THI 59.7 - 74.6) Upper Egypt (THI 57.4 - 71.3)
Items Gl G2 Gl G2 G1 G2
B C B C B C B C B C B C
HT | 36.0+0.06 | 36.6+£0.04 | 36.0+£0.10 | 36.0+£0.07 | 34.3 £0.04 | 36.3+0.03 | 33.9+0.05 | 35.5+0.02 | 34.5+0.09 | 35.6+0.08 | 33.9+0.03 | 35.0 £0.03
ST | 36.940.07 | 38.0+£0.06 | 36.1+0.04 | 37.1+0.04 | 36.3+0.04 | 37.3+£0.05 | 35.6+0.03 | 36.1+0.03 | 35.9+0.02 | 36.6+0.03 | 35.0+£0.03 | 36.4+0.03
RT | 38.5+0.03 | 39.2+0.03 | 38.2+0.02 | 38.5+0.04 | 38.3+0.03 | 39.0+0.04 | 38.0+0.02 | 38.0+0.03 | 38.3+0.04 | 38.4+£0.04 | 38.0+0.03 | 38.1+0.01
RR [32.9+£0.39 | 39.4+0.26 | 30.7+0.28 | 36.9+£0.35 | 32.0+0.14 | 37.6+0.13 | 28.4+0.18 | 35.6+0.13 | 27.1£0.29 | 34.0£0.23 | 26.9+0.25 | 30.9 +£0.08
During moderate heat condition
Lower Egypt (THI 69.9 - 79.0) Middle Egypt (THI 68.2 - 77.7) Upper Egypt (THI 65.9 - 72.5)
Items G1 G2 Gl G2 G1 G2
B C B C B C B C B C B C
HT | 36.7+0.03 | 37.1+£0.05 | 36.0+£0.09 | 36.6+0.03 | 36.0 £0.05 | 36.8 £0.02 | 35.5+0.04 | 36.3+0.05 | 35.84+0.05 | 36.5+0.03 | 35.4+0.11 | 36.0+£0.03
ST | 37.1+0.06 | 37.9+0.03 | 36.9+0.03 | 37.6 0.04 | 36.9 £0.06 | 37.7 £0.06 | 37.0+0.03 | 37.6 0.05 | 37.2+0.02 | 38.2 0.01 | 37.0+£0.02 | 37.4+0.02
RT | 38.940.02 | 40.0+0.02 | 38.5+0.04 | 39.4+0.06 | 38.8+0.03 | 39.4+0.05 | 38.0+0.03 | 39.0+0.05 | 38.4+0.02 | 39.3+0.02 | 38.0+0.04 | 39.0+0.01
RR | 40.5+0.33 | 54.6+0.68 | 35.0+£0.58 | 43.5+0.89 | 38.2+0.46 | 48.5+0.63 | 33.5+0.32 | 39.8+0.48 | 35.6+0.16 | 46.1+0.44 | 32.3£0.24 | 39.3+0.17
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Table (3). Mean + SE for hematocrit (Ht, %) and hemoglobin concentration (Hb, g/100 ml) for buffaloes (B) and cows (C) aging less than (G1) or more than (G2) one
year under different climatic conditions of three regions (lower, middle and upper Egypt).

During cold conditions
Lower Egypt Middle Egypt Upper Egypt
Items G1 G2 G1 G2 G1 G2
B C B C B C B C B C B C
Ht 31.840.75 | 32.0 £0.37 | 32.3+0.11 | 33.4+0.13 | 29.9+0.18 | 30.7£0.93 | 30.9+£0.08 | 33.5 £0.05 | 29.2+0.15 | 35.1+0.46 | 30.9 £0.14 | 33.9+0.17
Hb 11.240.15 | 12.840.07 | 11.7+£0.09 | 11.9+0.09 | 10.6+0.11 | 12.3+£0.07 | 11.0£0.03 | 13.0 £0.09 | 10.940.11 | 13.9+0.11 | 11.32+0.10 | 13.0£0.11
During thermo neutral condition
Lower Egypt Middle Egypt Upper Egypt
Items G1 G2 G1 G2 G1 G2
B C B C B C B C B C B C
Ht | 35.1+0.20 | 33.4+0.12 | 33.4+0.20 | 32.4+0.10 | 34.7+0.04 | 34.7+0.07 | 32.5+0.18 | 32.4+0.08 | 36.1+0.09 | 35.3+0.12 | 34.0+0.06 | 33.5+0.10
Hb | 13.840.05 | 13.2+0.10 | 13.3+0.05 | 12.840.10 | 13.7+£0.07 | 13.7+£0.08 | 12.8+£0.07 | 12.2 £0.05 | 14.1+0.08 | 13.1+£0.06 | 13.0 £0.07 | 12.1£0.07
During mild heat stress condition
Lower Egypt Middle Egypt Upper Egypt
Items Gl G2 G1 G2 Gl G2
B C B C B C B C B C B C
Ht | 30.6+0.09 | 28.94+0.15 | 29.5+0.12 | 28.14+0.17 | 31.440.10 | 29.0+0.15 | 30.5+0.12 | 28.2 £0.11 | 33.6+0.11 | 30.1+0.20 | 32.0+0.08 | 28.8+0.03
Hb | 11.840.09 | 11.11+0.11 | 11.1£0.12 | 9.9+0.13 | 11.8+0.11 | 11.0+£0.06 | 11.5+£0.07 | 10.184+0.02 | 12.8+0.08 | 11.0+£0.06 | 12.0+0.07 | 11.8+0.03
During moderate heat condition
Lower Egypt Middle Egypt Upper Egypt
Items Gl G2 G1 G2 G1 G2
B C B C B C B C B C B C
Ht 28.5+£0.19 | 26.8+0.32 | 27.240.20 | 24.2+0.22 | 27.8+0.11 | 26.2+£0.24 | 27.0£0.18 | 25.0 £0.18 | 29.50.29 | 28.3+£0.38 | 28.0+0.05 | 27.4+£0.20
Hb | 10.9+0.06 | 10.0+0.09 | 10.3£0.05 | 9.7£0.08 | 10.9+0.03 | 10.2+0.11 | 10.7£0.09 9.8+0.05 | 11.5+0.07 | 10.9+£0.07 | 10.8+0.06 | 10.5+0.08
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Table (6). Equations for predicting the changes in adaptive physiology and
hematological traits of buffaloes and cows with the expected changes in THI.

Buffaloes Cow
Equation R2 (%) Equation R2 (%)
HT = 20.00 + 0.21(THD™* 51 HT = 25.18 + 0.15(THI)"™™* 48
ST = 31.49 + 0.07(THI)™ 27 ST = 32.24 + 0.07(THI)*™ 30
RT = 36.15 + 0.03(THI)™" 34 RT = 35.26 + 0.05(THI)™™ 44
RR = -10.98 + 0.59(THI)™* 50 RR = -21.55 + 0.86(THI)™* 45
Ht = 35.97 + (-0.08)(THI)"™* 10 Ht = 49.10 + (-0.29)(THI)*™ 38
Hb = 12.33 + (-0.01)(THI)"s 0 Hb = 18.26 + (-0.10)(THI)™* 25
**x 1 P <0.001 ns::Not significant P>00.05
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Fig. (1) Monthly trend of THI values from 2010 to 2015 as recorded in three regional

Climatic conditions in Egypt.
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Fig. (2). Relationshep between temperature humidity index (THI) and hair temperature (HT, °C)
for buffaloes and cows under differ ages and climat regional condition.

Buffalol: Buffalo age < lyear, Cowl: Cow age < lyear, Buffalo2: Buffalo age > lyear and Cows 2: Cow'’s age > lyear
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Fig. (3). Relationshep between temperature humidity index (THI) and skin temperature (ST, °C)
for buffaloes and cows under differ ages and climat regional conditions.

Buffalol: Buffalo age < 1year, Cowl: Cow age < lyear, Buffalo2: Buffalo age > 1year and Cows 2: Cow's age > lyear
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Fig. (4). Relationshep between temperature humidity index (THI) and rectal temperature (RT,
°C) for buffaloes and cows under differ ages and climat regional conditions.

Buffalol: Buffalo age < lyear, Cowl: Cow age < lyear, Buffalo2: Buffalo age > 1year and cCws 2: Cow's age > lyear
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Fig. (5). Relationshep between temperature humidity index (THI) and respiration
(RR, r/min) for buffaloes and cows under differ ages and climat regional conditions.

Buffalol: Buffalo age < 1lyear, Cowl: Cow age < lyear, Buffalo2: Buffalo age > 1lyear and Cows 2: Cow’s age > lyear
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Fig. (6). Relationshep between temperature humidity index (THI) and hematocrit (Ht, %) for

buffaloes and cows under differ ages and climat regional conditions

Buffalol: Buffalo age < lyear, Cow 1: Cow age < lyear, Buffalo2: Buffalo age > lyear and Cows 2: Cow's age > lyear



Omran et al.

Lower Egypt Middle Egypt Upper Egypt
14 r .

13

12

o o
T I
11 11
10 10
09 P S 09 P S 09
60.20 74.40 78.70 89.92 57.60 73.00 75.60 86.70
- o BuffalolTHI ------ Cowl -e o BuffalolTHI ------ Cowl = e = « Buffalol THI..... Cowl
e « = Buffalo2 Cow2 e= « = Buffalo2 Cow2 == « = Buffalo2 — COW2

Fig. (7). Relationshep between temperature humidity index (THI) and hemoglobin concentration
(Hb, g/100 ml) for buffaloes and cows under differ ages and climat regional conditions.

Buffalol: Buffalo age < lyear, Cow 1: Cow age < lyear, Buffalo2: Buffalo age > lyear and Cows 2: Cow’s age > lyear
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