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  ABSTRACT 

  Environmental heat stress, present during warm 
seasons and warm episodes, severely impairs dairy 
cattle performance, particularly in warmer climates. 
It is widely viewed that warm climate breeds (Zebu 
and Sanga cattle) are adapted to the climate in which 
they evolved. Such adaptations might be exploited for 
increasing cattle productivity in warm climates and 
decrease the effect of warm periods in cooler climates. 
The literature was reviewed for presence of such ad-
aptations. Evidence is clear for resistance to ticks and 
tick-transmitted diseases in Zebu and Sanga breeds 
as well as for a possible development of resistance to 
ticks in additional breeds. Development of resistance 
to ticks demands time; hence, it needs to be balanced 
with potential use of insecticides or vaccination. The 
presumption of higher sweating rates in Zebu-derived 
breeds, based upon morphological differences in sweat 
glands between breeds, has not been substantiated. 
Relatively few studies have examined hair coat char-
acteristics and their responses to seasonal heat, par-
ticularly in temperate climate breeds. Recently, a gene 
for slick hair coat has been observed that improved 
heat tolerance when introduced into temperate climate 
breeds. No solid evidence exists that hair coat in these 
lines is lighter than in well-fed warm climate-adapted 
Holsteins. Warm climate breeds and their F1 crosses 
share as dominant characteristics lower maintenance 
requirements and milk yields, and limited response to 
improved feeding and management. These characteris-
tics are not adaptations to a feed-limited environment 
but are constitutive and useful in serving survival when 
feed is scarce and seasonal and high temperatures 
prevail. The negative relationship between milk yield 
and fertility present in temperate climates breeds also 
prevails in Zebu cattle. Fertility impairment by warm 
conditions might be counteracted in advanced farm-
ing systems by extra corporeal early embryo culture. 
In general, adaptations found in warm climate cattle 

breeds did not increase heat dissipation capacity, but 
rather diminished climate-induced strain by decreas-
ing milk production. The negative relationship between 
reproductive efficiency and milk yield, although rela-
tively low, also appears in Zebu cattle. This association, 
coupled with limited feed intake, acting over millennia, 
probably created the selection pressure for a low milk 
production in these breeds. 
  Key words:    heat stress ,  adaptations ,  dairy productiv-
ity  

  INTRODUCTION 

  Environmental stress has a severe effect on the pro-
ductivity of animals and, in particular, on that of dairy 
cattle. Environmental stress is a stumbling block for 
farming systems exposed to heat stress that are striving 
to increase animal productivity. The prospect of envi-
ronmental stress is aggravated by present global warm-
ing accompanied by periods of extreme weather. The 
latter may have increasingly severe effects on welfare 
and productivity of cattle. Are certain breeds endowed 
with better capacities for maintaining productivity 
under environmental stress? The following review ex-
amines the available evidence for characteristics related 
to warm climate tolerance in dairy cattle. 

  A widely accepted notion which emerged in the mid 
20th century holds that breeds endogenous to a warm 
climate are endowed with greater capacity for adapta-
tion to the local environment in contrast to breeds of 
cattle endogenous to temperate climates (Wright, 1954). 
This idea is based on a large number of early studies in 
subtropical and tropical countries (West Indies, Philip-
pines, Egypt, Jamaica, India, Cochin China, Cambodia, 
Malaysia, and East Africa) in which importing temper-
ate zone breeds or backcrossing local breeds to temper-
ate zone breeds was followed by regressive changes. It 
is noteworthy that animals were then maintained in 
the warm climates according to housing concepts from 
temperate regions and with limited knowledge of local 
diseases, nutrition in warm conditions, or physiological 
effects of high ambient temperatures. 

  The nature of adaptation of farm animals to warm 
climates has not been fully clarified. Adaptation might 
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appear as constitutive characteristics that evolved in 
the course of evolution in a given environment and are 
generally expressed. Alternatively, adaptation might 
appear as a capacity for physiological responses that 
express mostly when environment stress is present.

The responses of cattle to warm conditions have been 
extensively explored in recent decades. This review ex-
amines whether adaptive characteristics for heat stress 
are present in warm climate breeds that might sus-
tain animal performance in warm climates and warm 
weather periods.

Adaptive characteristics to warm climates encompass 
a wide range of physiological functions and morpho-
logical attributes. This review searched targets known 
to potentially affect animal performance in warm cli-
mates. These include adaptations to external parasites, 
attributes of heat exchange like evaporative and non-
evaporative heat loss, and metabolic heat production. 
In addition, the disruption of reproductive functions by 
warm conditions draws attention to an effect of breed 
on early embryo sensitivity to heat stress. Not consid-
ered, in the effort to conserve space, are several impor-
tant topics such as breed differences in feed utilization, 
endocrine function, and disruption of ovarian cyclicity 
and uterine function.

ADAPTATIONS TO PARASITES

In large parts of most continents, parasites may af-
fect survival and performance of cattle. Parasites are 
present in variable densities in the environment sur-
rounding animals, and the extent to which they infest 
animals differs between individuals and breeds. The 
reasons for these differences are not altogether clear. 
Ectoparasites may affect an animal directly (e.g., the 
damage inflicted by a multitude of ticks engorging on 
its blood). Additional, indirect effects may be present 
when the ectoparasites are vectors of diseases, like the 
anaplasmosis, babesiosis, and cowdriosis agents carried 
by ticks (Frisch et al., 2000; Kadarmideen et al., 2009.) 
or the trypanosome carried by the tsetse fly (Mattioli 
et al., 2000). Ticks are present in many geographical 
regions, whereas trypanosomiasis is limited to west and 
equatorial Africa.

Resistance to ticks is found, in some, but not all, 
Bos indicus cattle breeds of Asia and Australia (Bock 
et al., 1999) and resistance to the tsetse fly is found in 
the humpless Sanga cattle breeds of Africa (Fivaz et 
al., 1992). In such cases, genetic resistance that makes 
the animals’ skin less attractive to the parasite may 
be critical. In addition to tick resistance, resistance to 
the tick-borne disease factor may vary between cattle 
types. Zebu (Sahiwal) cattle may also more resistant 
than European Bos taurus (Holstein) dairy breed calves 

to tick-borne Theileria annulata infection (Glass et al., 
2005). Herds of B. indicus-cross cattle are still at risk of 
Babesia bovis infection induced by Boophilus microplus 
in environments where exposure to B. bovis is light in 
most years but occasionally high (Jonsson et al., 2008), 
suggesting resistance to disease is exposure dependent.

The acquisition of resistance to ticks in sensitive breeds 
by use of selection or breeding, if possible, may require 
years to attain. The matter is further complicated by 
indications that resistance to ticks may differ with the 
species of ticks and the breed of cattle (Mattioli et al., 
2000) so that the acquisition of resistance to parasites 
may offer geographically-limited solutions. The feasi-
bility of combining genetic resistance solutions, which 
require extended breeding programs, with chemical 
treatments adds complexity to the apparent simplicity 
of solutions to the parasite problem.

Vaccination against the disease causative agent car-
ried by the ectoparasite is another path, though not 
applicable in all cases. Vaccination is effective against 
Theileria annulata (Rasulov et al., 2008), vaccination 
against B. bovis and Babesia bigemina provides sound, 
long-lasting protection, that against Anaplasma mar-
ginale only provides partial, variable protection (Bock 
and de Vos, 2001). In contrast, neither vaccination nor 
environmental management have yet been successful in 
preventing trypanosomiasis (Black et al., 2001).

In summary, significant genetic resistance to tick 
infestation and tick-induced diseases exists in some B. 
indicus breeds but it is not absolute and is not fully re-
tained in crosses of Zebu breeds with cattle of temper-
ate zone breeds. In extensive farming systems, selection 
for resistance to ticks may be an advantageous solution. 
In more intensive management and farming systems, 
the use of insecticides to decrease tick numbers might 
be a complementary solution.

ADAPTATIONS TO HEAT STRESS

Animal productivity is an output of metabolic pro-
cesses for synthesis of milk, meat, and wool that all 
generate heat. Animal productivity may, therefore, be 
viewed as a heat exchange system, in which animals 
produce heat through their metabolism and exchange 
heat with the environment. All terrestrial farm animals 
are homeothermic species (i.e., they regulate their body 
temperature within a narrow range). Body temperature 
is regulated by modulation of metabolic heat production 
and heat loss from the body. Adaptations to environ-
mental heat stress may involve metabolic heat, evolving 
in maintenance and production processes, as well as 
heat loss from the body. The heat generated in the 
body is used in the maintenance of body temperature, 
and amounts in excess of that required are dissipated 
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to the environment by evaporative and non-evaporative 
pathways.

The evaporative path is represented by respiratory 
water loss and by evaporation of water brought to the 
skin surface by the sweat glands (i.e., sweating rate). 
Sweating rate depends on the density of sweat glands, 
their morphology, and water transfer capacity. Non-
evaporative heat loss also occurs as heat transfer from 
the skin to the surrounding air and is largely deter-
mined by the skin-to-air temperature gradient, air flow 
near the body surface, incoming radiant heat, as well 
as hair coat characteristics. Breed differences in these 
characteristics may open perspectives for adaptations 
to warm climates by selection and breeding.

Respiratory Water Loss

Respiratory heat loss has been measured in most 
studies by the mask open circuit method. In almost all 
studies, respiratory heat loss has been underestimated 
because of rebreathing of expired air that creates the 
need to correct for the ratio of respiratory tidal volume-
to-mask dead space (McLean, 1963). No sufficient data 
are, therefore, available for estimating breed differ-
ences.

Sweat Gland Characteristics

An overview of published data was carried out to 
examine the presumption that higher sweating rates 
prevail in breeds endogenous to warm climates. The 
characteristics of sweat glands in 5 European breeds 
(B. taurus), namely Ayrshire, Guernsey, Australian 
Illawarra Shorthorn, and Friesian, indicated breed dif-
ferences in sweat gland volume, but not in density of 
sweat glands (Nay and Hayman, 1963). Zebu cattle 
had much more numerous glands of larger volume than 
did Shorthorn, Jersey, and Friesian cattle (Dowling, 
1955; Nay and Hayman, 1956). It is not self-evident 
that such morphological differences between breeds also 
indicate functional differences. Rather, experimentally-
determined sweating rates are needed for breed com-
parisons.

No differences in sweating rate were found between 
Jersey and Jersey × Red Sindhi animals (McDowell et 
al., 1954). The Damascus breed is estimated as signifi-
cantly related to the Zebu (Loftus et al., 1999). Yet, 
relationship to it (25 to 0.1%) did not affect sweating 
rate in Holstein × Damascus (Berman, 1957). In Sene-
pol cattle, a breed developed from West Africa N’Dama 
cattle, imported around 1800 to the Caribbean, sweat-
ing rate was less than 20 g m−2 h−1 (Olson et al., 2006). 
Higher sweating rates, about 100 g m−2 h−1, were re-
ported for 25% Senepol:75% Holstein cattle (Dikmen et 

al., 2008). Sweating rates of about 200 to 260 g m−2 h−1 
were measured in hyperthermal Angus and Hereford 
steers (Vajrabukka and Thwaites, 1984; Scharf et al., 
2008), in Hereford, Brahman, Boran (B. indicus), and 
Tuli steers (B. taurus) and their crossbreeds (Gaughan 
et al., 1999), Nellore (B. indicus) cattle (McManus et 
al., 2009), Hereford:Shorthorn and Brahman:Shorthorn 
steers (Schleger and Turner, 1965), as well as in lactat-
ing Holstein cows (Berman and Morag, 1971). In Jersey 
and Jersey × Guzerat crossbreeds, sweating rates were 
240 and 400 g m−2 h−1, respectively (Hayman and Nay 
1958). Sweating rates in Holstein and Gyr × Holstein 
crossbreds were similar, at about 350 g m−2 h−1 (Ge-
bremedhin et al., 2010). In White Fulani (B. indicus) 
exposed to solar radiation, a sweating rate of 454 g m−2 
h−1 was found in contrast to a value of 300 g m−2 h−1 for 
German cows (Egbunike et al., 1983). Higher sweating 
rates, of 480 and 540 g m−2 h−1 were measured in Gyr 
and Hariana (Joshi et al., 1968), and in Jersey and Sin-
dhi × Jersey cows (Pan et al., 1969). Sweating rates in 
shaded Sahiwal and Sahiwal × Holstein crossbred heif-
ers were 630 and 380 g m−2 h−1, respectively (Aggarwal 
and Upadhyay, 1997). Also noteworthy is the presence 
of large differences in sweating rate between B. taurus 
breeds exposed to heat stress (Scharf et al., 2010).

A comparison of sweating rates measured in different 
studies may be difficult. Sweating rates are related to 
ambient humidity, and in Holstein cows they varied from 
300 to 50 g m−2 h−1 when ambient humidity increased 
from 30 to 75% (Maia et al., 2005). This does not ap-
ply, however, to cases in which breeds were compared 
within a study, as reported here. Further complexity 
to data interpretation was added by a study of the re-
lationship between sweating rates and rectal and skin 
temperatures (Schleger and Turner, 1965), indicating 
that maximal sweating rates were similar in steers of 
British breeds (Hereford × Shorthorn) and Brahman 
× Shorthorn steers, but these were attained at lower 
rectal and skin temperatures in the latter animals. As 
a whole, however, no consistent evidence exists that 
breeds that evolved in warm climates (i.e., Zebu breeds 
and their crossbreeds) are endowed with higher sweat-
ing rates.

It is significant in this respect, that evaporation 
from a wetted hair coat exposed to 0.2 and 1 m/s air 
velocity, indicative of maximal evaporation rate, was 
approximately 500 and 1,000 g m−2 h−1, respectively 
(Berman, 2008; Gebremedhin et al., 2010), markedly 
greater than those of most reported sweating rates. This 
result means that body surface wetting, supplemented 
by forced air flow to attain near maximal evaporation, 
may be used to reinforce heat dissipation from the body 
for heat stress relief, at least in the indoor-fed dairy 
farm systems (Flamenbaum et al., 1986; Berman, 2009). 
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Under such conditions, genetic variation in sweating 
rate becomes less important.

Hair Coat

The effect of hair coat characteristics on adaptability 
to warm climates has been recently examined in depth 
(Berman, 2004; Olson et al., 2006). Hair coat thickness, 
along with hair weight per unit surface, is an important 
determinant of non-evaporative heat loss from the body 
surface (Bennett, 1964). A now classical study (Yeates, 
1954), extended by later studies (Berman and Volcani, 
1961; Hayman and Nay, 1961), showed that the hair coat 
is markedly affected by photoperiod, which modulates 
seasonal changes in hair coat (i.e., the shedding of the 
long heavy winter coat and its replacement by a thinner 
and lighter summer coat). It is significant that similar 
seasonal changes were also recorded at a low latitude of 
22° (Pinheiro and da Silva, 1998), as well as at the 32 to 
34° latitude in the 2 former studies. These results sug-
gest that the greater changes in photoperiod amplitude 
at higher latitudes are not a strict limiting factor for 
induction of hair coat changes. Photoperiod, however, is 
not the only factor affecting hair coat. Warmer ambient 
conditions enhance the summer-type attributes of hair 
coat in Holstein cows (Berman and Volcani, 1961) and 
beef breeds (Schleger and Turner, 1960b). Exposure 
of cow to high temperatures at constant photoperiod 
caused similar changes in hair properties (Kibler et al., 
1965). Photoperiod and temperature-induced changes 
in hair properties affect the ability to maintain thermal 
balance because hair coat characteristics are well cor-
related with skin and rectal temperatures, particularly 
so in B. taurus (Schleger and Turner, 1960b).

Nutrition also affects characteristics of the hair coat. 
Limiting nutrition induced the formation of a winter-
type hair coat, which impaired heat tolerance (Yeates, 
1956). In this context, it is suggestive that average Hol-
stein cows in Brazil had markedly thicker and longer 
coats in summer and winter than well-fed Holsteins 
(Pinheiro and da Silva, 2000). Also, supplemental nu-
trition in beef cattle produced a much sleeker coat than 
that typical of similar animals at pasture (Schleger and 
Turner, 1960b). Interactions between the 3, namely 
photoperiod, temperature, and nutrition, play an im-
portant role in determining hair coat characteristics.

Breed differences in hair coat characteristics also are 
documented. Bos indicus (Red Sindhi and Sahiwal) had 
a shorter and lighter hair coat than their crosses with 
B. taurus beef and dairy breeds during all seasons of 
the year (Hayman and Nay, 1961). Mean coat thickness 
(~2.7 mm) were similar in Gyr, Gyr × Holstein F1, and 
>75% Holstein × Gyr (Verissimo et al., 2002). Lighter 
hair coats are not limited to B. indicus breeds, as this 

characteristics also is present in Senepol cattle, which 
are descendants of West African N’Dama (Olson et al., 
2003), as well as in the Carora cattle, which are descen-
dants of Iberian cattle mixed with indicine (Dani et 
al., 2008). The slick hair gene, that endows its carriers 
with a slick hair coat, was introduced into the Holstein 
and improved their heat tolerance (Olson et al., 2006; 
Dikmen et al., 2008).

It is noteworthy that Israeli Holsteins have hair coat 
characteristics close to those of animals possessing the 
slick gene (Berman, 2004). Marked differences in hair 
coat thickness and weight/100 cm2 among Holsteins were 
found between studies carried out in Israel (Berman 
and Volcani, 1961), Egypt (El Halawany et al., 1984), 
Iraq (Juma et al., 1986), United States of America (Ol-
son et al., 2006), Brazil (Pinheiro and Silva, 2000), and 
Australia (Schleger and Turner, 1960a), which prob-
ably reflect differences in nutritional and management 
states. These differences deserve further study.

Overall, the data indicate a dependence of hair coat 
characteristics on photoperiod, temperature, and nutri-
tion. In the case of hair coat characteristics, but not in 
the case of sweating, it seems that targeted breeding 
may offer significant opportunities for improving heat 
tolerance.

Milk Yield and Heat Stress

Heat tolerance depends upon the upper and lower 
critical temperatures that define the thermal comfort 
range. The upper critical temperature for dairy cows, 
that above which body temperature starts increasing, 
was reported as in the 25 to 26°C range (Berman et al., 
1985) and as 28.4 (Dikmen and Hansen, 2009), which 
might reflect milk yield differences. The lower criti-
cal temperature, that above which thermoregulatory 
responses start appearing, is highly dependent upon 
both milk production-related metabolic rate as well 
as upon hair coat insulation and season (Berman and 
Meltzer, 1973; Berman, 2004, 2005). A lower metabolic 
rate may shift the lower critical temperature to higher 
levels and, thereby, improve heat tolerance (Berman 
and Meltzer, 1973). In Holstein heifers, a seasonal de-
cline in metabolic rate was evident of similar relative 
magnitude in both standard and ad libitum-fed cattle. 
Diurnal variation in metabolic rate was correlated with 
rectal temperature changes only in the ad libitum-fed 
animals (Berman, 1968). In high-producing Holsteins 
in a warm climate, a 23% seasonal decrease occurred in 
metabolic rate between early spring and summer, but 
no ambient temperature-related diurnal variation was 
evident (Berman and Morag, 1971). Seasonal differences 
in heat tolerance require time to develop and fade with 
the passage of seasons. As a whole, these indicate that 
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maintenance of high milk production in warm climates 
is dependent more upon heat stress relief than upon 
breed type.

Recent studies in the US Holstein population indi-
cated that sufficient genetic variation exists for suc-
cessful selection for heat tolerance (Misztal and Rav-
agnolo, 2002). On the other hand, and in line with the 
aforementioned, bulls that transmitted high tolerance 
to heat stress had daughters with lower milk yields and 
higher pregnancy rates, so that continued selection for 
milk yield may result in greater susceptibility to heat 
stress (Bohmanova et al., 2005). It seems, therefore, 
that the dairy industry might benefit from breeding 
targets modified according to regional climate and 
heat stress relief management. More specific targets in 
breeding might become accessible with the introduction 
of QTL and SNP in breeding programs (Schrooten et 
al., 2004; Höglund et al., 2009).

Adaptations of Energy Requirements

It is typical for warm climates, in particular for those 
located in the subtropical climate zone, that rainfall 
is seasonal or even scarce. As a result, these regions 
do not benefit from the continuous growth of plants 
needed to maintain rapidly-growing and high-produc-
ing ruminants. This feature of the environment may 
have affected cattle breeds during evolution. Cattle 
that evolved in such regions (e.g., the Zebu and Sanga 
breeds), might have developed adaptations that enabled 
them to survive and reproduce in those environments. 
The nature of these adaptations has not been defined 
but some clues exist in the literature. A seasonal defi-
ciency of feed supply, as observed in Taiwan (Hwang 
et al., 2000), prevails in many warm climate regions 
in which irrigated agriculture is uncommon. In sheep, 
a lasting decrease in metabolic rate was induced by a 
period of limited feed intake (Marston, 1948; Merkt and 
Taylor, 1994). In general, maintenance requirements for 
weight and energy equilibrium were lower in beef breeds 
(Angus, Brahman, and Hereford) and their crosses than 
in dairy breeds (Holstein, Jersey) and their crosses. Ef-
ficiency of ME use also favored beef breeds over dairy 
breeds (Solis et al., 1988). In tropical Mexico, B. indicus 
of unspecified breed had approximately 10% lower en-
ergy requirements for maintenance than did B. taurus 
breeds (Cardenas-Medina et al., 2010). However, no 
difference existed between Nellore and its crosses with 
Angus, Brown Swiss, and Siemental (de Freitas et al., 
2006; de Siqueira et al., 2007). Lower ME requirements 
were also found in purebred Nellore in Brazil (Calegare 
et al., 2009). Resting heat production of nonlactating 
Hariana growing cattle was less than for F1 crosses of 
Hariana with Holstein, Jersey, or Brown Swiss (Singh 

and Bhattacharyya, 1985). In Nevada, ME require-
ments for maintenance were 15 to 25% smaller in Zebu 
crossbreeds than in temperate-zone beef breeds (Reid et 
al., 1991). The lower maintenance energy requirements 
of Zebu cattle are now widely accepted (NRC, 1996). 
Lower maintenance requirements leave more nutrients 
available for growth and milk production when feed is 
limited, unless these are channeled into adipose tissue 
depots. A low metabolic rate is linked with puberty and 
first calving at advanced ages relative to Holstein (i.e., 
at ~30 mo and 3–4 yr, respectively, for Zebu breeds in 
India; Abeygunawardena and Abayawansa, 1995; and 
~17 mo and 3 yr for Zebu breeds in Mexico and South 
America; Anta et al., 1989; Nogueira, 2004). The ben-
efits of lower energy requirement may, thus, be offset by 
slower growth rate.

Lower metabolic rate may, however, also be a con-
stitutive characteristic, in which case the metabolic 
response to increased feed availability may be limited. 
In this case, such a characteristic, although beneficial 
in terms of heat tolerance, may decrease the response 
of animals to improved nutrition. The nature of a 
lower metabolic rate, whether constitutive or adaptive, 
may be inferred from the response of such animals to 
improved environments. The responses of Zebu and 
Zebu-related cattle to improved environments, includ-
ing improved health, nutrition, and housing conditions, 
may be a useful tool for assessing the potential benefit 
of this characteristic.

Milk Yield Response to Improved Feeding

Milk yield response to improved environments in 
Zebu cattle breeds has not been directly studied but 
indirect evidence is available. Milk yield reported for 
Sahiwal, Red Sindhi, Gyr, and Hariana cattle on larger 
farms in India during 1936 to 1950 (Joshi and Phillips, 
1953; Mahadevan, 1958) were not much different 50 yr 
later (Bhadoria et al., 2003; Pundir et al., 2007; Raja 
and Narula, 2007). Similar responses were observed in 
Damascus cows, a humpless cattle breed significantly 
related to the Zebu (Edwards et al., 2007), in which 
improved nutrition was associated with adipose deposi-
tion but little change in milk production (Hirsch and 
Schindler, 1957). A similar picture emerges from Guzera 
and Gyr cows in Brazil (Verneque et al., 2000; Ledic et 
al., 2002). In 51 herds of Gyr cows in Brazil, the mean 
second to fifth lactation milk yields varied from 2,700 
to 4,300 kg, with no clear lactation number effect (Re-
boucas et al., 2008). Either environmental conditions or 
genetic production potential may have posed a ceiling 
to milk yield produced.

The matter may be further assessed by examining 
milk yield attained by crossing warm-climate cattle to 
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cattle of a temperate-climate breed. For Red Sindhi 
crossbreds with Jersey or Holstein, improved nutrition 
increased adipose deposition but caused a relatively 
small increase in milk yield (Branton et al., 1966). A 
10% change in feed allowance for crossbred Holstein × 
Vietnamese cattle during early lactation increased BW 
but not milk yield, which remained at about 10 kg/d 
(Sanh et al., 2002). Increasing feed supply in purebred 
indigenous Boran (B. indicus) and their crosses with 
Holsteins increased BCS without having effect on milk 
yield of purebred cows, whereas in crossbreeds, sig-
nificant increases in milk yield occurred (Jenet et al., 
2004). Purebred Boran cows seem to react to long-term 
food fluctuations mainly by mobilizing and restoring 
body fat reserves, whereas cows crossbred with Hol-
steins tend to spend extra energy preferentially for milk 
production (Jenet et al., 2006). It seems, therefore, that 
breeds adapted to warm climates have adopted a strat-
egy favoring fat deposition and a limited increase in 
milk production. Fat deposition might be advantageous, 
particularly when ample feed supply is seasonal.

Backcrossing

Continued backcrossing to a temperate climate breed 
is of particular interest. In Israel, Damascus cows were 
crossed back to Friesian for about 10 generations during 
the formative stage of the Israel dairy herd from 1932 
to 1955. Milk recording was initiated in Israel in 1932 
and included a gradually increasing number of herds, 
which allowed examination of continued backcrossing 
with increasing validity. According to milk recording 
data of that period, the mean 305-d milk yield in the 
Damascus cows was 3,180 kg, and changed very little 
during that period. Crossbreeding increased the milk 
yield to 3,861 kg in the first crossbred generation, and 
ranged between 4,058 to 4,085 kg in the next 4 subse-
quent backcrossing generations (i.e., 50 to 6% Friesian; 
n = 1,712 to 1,800 cows in each generation). The milk 
yield of Dutch Friesian cows in Israel in 1955 was 4,560 
kg as compared with 5,390 kg produced in 1955 by US 
Holsteins imported as pregnant heifers in 1953 (Hoj-
man et al., 2008). The Dutch Friesian and US Holstein 
share a common origin but the latter was differentiated 
into a more dairy type. The difference in milk yield is 
significant enough to suggest that Damascene elements 
were limiting performance in the first generations of 
backcrossing to the Holstein, whereas in later stages of 
herd development, differences between Holstein types 
were present.

In India, recent reports of milk production in Zebu 
breeds and Holstein × Zebu crossbreeds indicate 305-d 
yields on the order of 2,900 kg, as well as long inter-
calving periods (Raja and Narula, 2007; Singh et al., 

2007; Lakshmi et al., 2009). Brazilian farmers started 
in the 1940s to cross Gyr cattle (a B. indicus breed 
imported from India) with the Holstein. Milk yields 
of Holstein × Gyr crosses were 2,574 kg per 305 d in 
4,805 lactation records (Facó et al., 2008), increased 
with relationship to the Holstein (Barbosa et al., 2008), 
and were higher than the 1,600 kg produced by Gyr in 
India (Joshi and Phillips, 1953). However, increasing 
the percentage of Holstein improved milk production 
only in herds with a higher nutrition regimen (Facó et 
al., 2002). A study of lactation milk yield, 305-d milk 
yield, lactation length, milk yield per day of lactation, 
and lifetime milk yield was carried out in Ethiopian 
Boran cattle and their crosses with Holstein in central 
Ethiopia. Ethiopian Boran cattle were consistently in-
ferior to the Ethiopian Boran × Holstein crosses in the 
dairy traits studied (Haile et al., 2009). In northern 
Thailand, milk production in Thai × Friesian crossbred 
cows was 30% higher in the 75% Friesian cows than in 
the 50% Friesian (2,847 vs. 2,138 kg), but mean milk 
production in the crossbred was half that of Friesians 
(Pongpiachan et al., 2000).

As a whole, the aforementioned reports strongly 
suggest that milk production of warm climate-adapted 
breeds is inferior to that of imported temperate zone 
breeds when the gross environmental requirements of 
the latter, including nutrition, housing, management, 
and heat stress relief, are supplied to the extent that 
they permit higher performance. The use of heat stress 
relief introduces further complexity into the picture, as 
its effect varies with the stage of lactation in which it is 
applied (Wolfenson et al., 1988).

Backcrossing a local breed to a higher producing 
breed is the alternative to import of temperate zone 
breeds when the provision of gross environmental 
requirements of the temperate breeds is not feasible. 
Backcrossing allows a gradual increase in production 
potential, provided that a concurrent development of 
the farming system to support production requirements 
takes place. The success of a backcrossing program de-
pends upon the capacity of the farming system to detect 
factors limiting performance and on the availability of 
knowledge, technical facilities, and capital required for 
correction of limiting factors.

A lower metabolic rate resulting from lower milk 
production has far-reaching economic consequences on 
the efficiency of feed utilization for milk production. 
Using NRC (1996) equations for heat production as 
a function of milk yield, it is apparent that gross ef-
ficiency of milk production for a cow producing 10 kg of 
milk (3.5% fat-corrected) per day is 0.41, whereas the 
value for a cow producing 30 kg is 0.68. In conditions 
where water and feed are scarce, a smaller number of 
higher-producing animals would better utilize existing 
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resources as compared with lower-producing ones, con-
comitant with decreased environment pollution (Cap-
per et al., 2008).

Adaptation of Fertility to Lactation Stress

Fertility is determined by a chain of physiological 
events, each of which may be critical for a successful 
establishment of pregnancy. As such, fertility may be 
impaired by several factors with high milk production, 
nutrition and heat stress among them. The interaction 
between metabolic demands of lactation and the genetic 
makeup of the cow also can have a negative effect on 
reproductive function (Chagas, 2007). In the temperate 
climate of the northern United States, fertility declined 
over time in Holstein cows, concurrent with a milk yield 
increase from 4,500 to 7,500 kg/305 d; the decrease 
in conception rate was associated with the increased 
recruitment of postpartum body depots for high milk 
yield synthesis (Butler and Smith, 1989; Huang et al., 
2008). Heat stress effects are not necessarily involved 
in this phenomenon because decreases occurred in the 
northeastern United States (Butler and Smith, 1989). 
This phenomenon is present also in crossbred Holstein 
× Zebu cattle in spite of lower milk yields of about 
2,200 kg (Pongpiachan et al., 2003a). The long calving 
intervals, 13.5- to 15-mo long, in improved breeds in 
India, Philippines, and Ceylon, contrast with the better 
reproductive performance of unimproved Zebus, which 
might be due to their low milk yields (Mahadevan, 
1958). Long lactation intervals are reported in recent 
studies of Zebu breeds and their crosses with Holstein 
(Pundir and Singh, 2007; Raja and Narula, 2008) in 
India and in northern Thailand (Pongpiachan et al., 
2003a,b), and may reflect nutritional deficiencies even 
at relatively low milk production.

No obvious effect of breed on this phenomenon ex-
ists. A study was carried out on Guzerat (B. indicus) 
in Brazil, yielding 840 to 4,850 kg/305 d of lactation. 
A significant part of this breed was formed in Brazil 
by backcrossing native females of B. taurus origin with 
Guzerat bulls imported from India. Breeding values 
for lactation yields, age at first calving, and calving 
interval over the period from 1971 to 2006 did not differ 
between the B. indicus (n = 504) and the B. taurus 
(n = 205) maternal lineage groups. In both groups, 
an inverse relationship existed between production and 
reproductive performance indices, similar to that found 
in the Holstein (Paneto et al., 2008). Evidence that this 
relationship is dependent upon relative milk yield and 
not upon breed was also found in Thai × Friesian and 
Friesian cows (Pongpiachan et al., 2003b). Similarly, 
in Gyr (B. indicus), Holstein, and their crossbreeds in 
Brazil (Guimãraes et al., 2002), reproductive function 

was not related to genetic background or milk produc-
tion between 1,500 to 4,200 kg per lactation.

The unequivocal relationships between fertility and 
milk production for cattle of the 2 origins supports the 
view that the phenomenon is not breed dependent but 
reflects breed-independent factors. If Zebu breeds are 
representative of warm-climate adapted animals, then 
heat adaptation did not markedly decrease the effect 
of milk yield on fertility. The possibility that this re-
lationship might have a genetic component cannot be 
excluded, however. The large genetic variability in B. 
indicus (Murray et al., 2010) might tentatively offer a 
possibility for dissociating milk yield and fertility.

Adaptation of Fertility to Heat Stress

Heat stress effects on reproduction are typically ex-
pressed as difficulties in estrus detection and death of 
embryos at early stages of pregnancy. No evidence has 
been found to indicate a better manifestation of estrous 
behavior in B. indicus breeds, which would enable more 
efficient detection of estrus. Estrus detection difficul-
ties have been alleviated by development of timed AI 
programs that allow insemination independently of 
estrus detection (Hansen and Aréchiga, 1999; Thatcher 
et al., 2006). An increased sensitivity of estrus detec-
tion by monitoring of physical activity is available in 
technologically-advanced farming systems (Løvendahl 
and Chagunda, 2010). This technology might assist in 
estrus detection, particularly when cows are allocated 
space large enough and flooring adequate for free ex-
pression of behavioral estrus.

Breed differences in resistance to heat stress at early 
stages of pregnancy may have marked effects on re-
production outcome. Assessing the presence of breed 
differences in response of fertility to heat stress is made 
complex by the effects of time of heat stress relative to 
fertilization, and by probable lactation effects on fer-
tility response to heat stress. The relative role played 
by maternal and paternal factors also is unknown and 
adds further complexity to the matter.

In lactating Holstein cows, heat stress decreased em-
bryo viability and development when imposed on the 
cows on d 1 of pregnancy but not on later days (Ealy 
et al., 1993). A study of in vitro fertilized oocytes aspi-
rated from nonlactating Holstein and Gyr cows in the 
warm climate of Brazil indicated a higher cleavage (on 
d 3) and blastocyst rates (on d 7) in cultured embryos 
of Gyr cows, but no breed differences in pregnancy 
rates following transfer of blastocysts to recipients (Ca-
margo et al., 2007). These studies suggest that a breed 
effect might be restricted to the early pre-implantation 
stage, as heat stress was present in early as well as 
in later pregnancy stages. Such differences might be 
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related to the transition from maternal transcription 
to zygotic transcription during this stage (Memili and 
First, 2000), the role of which might be partly clari-
fied by reciprocal crosses. Further resolution has been 
reached in studies that focused on the early pre-implan-
tation stage. In nonlactating Brahman and Holstein 
cows, heat exposure at the 2 to 4 cell stage, before 
the embryonic genome was fully activated, decreased 
the proportion of embryos that developed to blastocyst 
stage but no breed differences were detectable, possibly 
owing to small numbers (Krininger et al., 2003). The 
exposure of in vitro cultured embryos to 41°C for 6 h at 
5 d after insemination (after genome activation; Memili 
and First, 2000; Minami et al., 2007), decreased devel-
opment to the blastocyst stage and the number of cells 
per embryo; effects were less deleterious for Brahman 
and Senepol embryos (2 thermotolerant breeds) than 
for Angus and Holstein embryos (non-thermotolerant 
breeds; Paula-Lopes et al., 2003). Embryos, 4 d after 
in vitro fertilization, from nonlactating Brahman and 
Romosinuano cows were more resistant to heat stress 
than were embryos from Angus cows (Hernández-Cerón 
et al., 2004). A similar experimental approach was used 
in comparing Nelore (B. indicus) embryos with Nelore 
× B. taurus crossbreed embryos (B. taurus oocytes fer-
tilized with Nelore semen). Nelore embryos were more 
resistant to heat shock than were crossbreed embryos 
at an early stage (9 to 12 h post fertilization), but not 
at a late stage (48 to 80 h post fertilization) of in vitro 
development. This did not seem to be an additive char-
acteristic, as the resistance of Nelore embryos to heat 
shock was similar to that of embryos from crossbreed 
oocytes fertilized with Nelore spermatozoa (Monteiro et 
al., 2007). Possible effects of lactation on the tentative 
breed effects on fertility are suggested by a study that 
compared lactating Gyr and Holstein cows at about 
200 d postpartum, in which no significant difference 
between breeds was found in summer conception rates 
(>~10%) or in embryo losses (Pegorer et al., 2007). In 
the latter study, higher milk yield was associated with 
lower within-breed conception rates.

The in vitro fertilization approach might be used to 
bypass embryonic losses due to heat stress by culturing 
embryos at normal temperatures before their introduc-
tion in the uteri of recipient cows. Its use for improv-
ing fertility in warm weather and climates depends, 
however, upon changes in the present dairy farming 
system.

The aforementioned studies leave unanswered some 
questions that might mask tentative effects of breeds. 
They were carried out on oocytes obtained from non-
lactating cows, excepting but 2 studies (Ealy et al., 
1993; Pegorer et al., 2007). It is possible, though, that 
lactation may alter oocyte competence or affect breed 

differences. An effect of lactation has to be considered, 
in light of the marked negative effect of milk yield on 
reproduction efficiency (Butler and Smith, 1989; Huang 
et al., 2008). Embryo culture systems do not allow full 
expression of effects of conditions prevailing in the 
oviduct and uterus during early pregnancy that affect 
embryo competence. The importance of genome activa-
tion in the expression of breed differences in resistance 
to heat has also yet to be defined.

In summary, data point to the presence of genetic 
differences in embryo sensitivity to heat stress. Genetic 
differences in heat tolerance, attributed to sire differ-
ences independent of breed (Bohmanova et al., 2005), 
need further evaluation for their potential effect in 
decreasing the effects of heat stress on reproduction 
efficiency.

CONCLUSIONS

The overall picture emerging from this overview 
does not lend support to the notion that breeds which 
evolved in warm climates (e.g., the B. indicus and B. 
taurus Sanga types), share attributes that endow them 
with higher capacity for heat dissipation. The possible 
exception to this conclusion may be for respiratory heat 
loss, for which little evidence exists either way. With 
the exception of the slick hair gene, hair coat attributes 
in warm climates largely reflect effects of nutrition, 
management, and climate during the animals’ lifetime, 
rather than differences in genetic constitution.

In B. indicus, a negative relationship between milk 
production and fertility is evident. This relationship, 
which is similar to that in B. taurus but at much lower 
milk production and feed intake, supports the view that 
decreased fertility at higher relative milk yields reflects 
effects of nutritional deficiency. However, the possibil-
ity cannot be excluded that this relationship is induced 
by an interaction between lactation and reproduction 
that is shared by the 2 types of cattle.

The finding that embryos of B. indicus origin may 
tolerate high temperatures, if substantiated by further 
studies, is of particular interest because it suggests an 
extension of normal function to a temperature range 
considered as hyperthermic for cattle.

Solid evidence exists for a lower maintenance re-
quirement and lower milk production capacity in 
Zebu breeds, or their F1 crosses, with little response 
to improved nutrition. These characteristics, when 
coupled with tick resistance, probably form the basis 
of the improved capacity of these breeds to tolerate 
warm climate conditions. Lower productivity, however, 
decreases efficiency of feed utilization. This decrease is 
of particular importance when resources are limited. 
The need for cattle to serve as draft animals can con-
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tradict the rationale of using high-producing animals in 
farming systems depending on animal power. The high-
producing animals may serve in technology-supported 
farming systems in which thermal stress may be allevi-
ated by appropriate means.

The notion that certain breeds are adapted to warm 
climates should be widened to consider not only ther-
mal attributes of climate but also their interactions 
with farming system and animal characteristics. A 
climate-oriented farming system would benefit by set-
ting a productivity goal and complementing animals’ 
homeostatic capacity with socioeconomically feasible 
technologies to alleviate climate stress so as to meet 
the desired productivity.
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