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	 The agriculture industry provides consumers with food (meat, milk, eggs, and grains) 
and contributes significantly to the global economy. Due to reliance on specific climate con-
ditions, heat stress (caused by a combination of environmental factors such as: temperature, 
relative humidity, solar radiation, air movement, and precipitation) can have a very detrimental 
effect on this industry for both producers and consumers alike. With heat wave frequency and 
intensity projected to rise during the next century, climate change could make it more difficult 
to grow crops, raise animals, and harvest fish in the same manner and locations as used in the 
past.1 Effects of heat stress can clearly be seen in poultry and livestock, and because animal 
agriculture is facing substantial challenges, including a steep projected increase in demand and 
the need to adapt to changing environmental conditions, these issues must be addressed. The 
United Nations FAO predicted an increase in world population to 9-10 billion, and estimated 
that by 2050 there will be a 73% increase in meat and egg consumption and a 58% increase in 
dairy consumption over 2011 levels.2 

	 Agriculture is an important sector of the U.S. economy, contributing at least $200 bil-
lion each year with Americans consuming more than 37 million tons of meat annually.3 Heat 
waves which, as stated earlier, are projected to increase under climate change, could directly 
threaten livestock. In the U.S., a number of states reported losses of more than 5,000 animals 
due to a single heat wave alone.4 To help combat this, producers must provide shade, improved 
ventilation, and a sufficient quantity of water with temperature further reduced by spraying 
cool water across the roofs of buildings where animals are housed. Although most poultry are 
raised in houses, factors such as overcrowding, ambient heat from floors and roofs due to an 
increase in environmental temperature, can all affect heat stress in these animals. A method, in 
addition to those aforementioned, is ventilation, which can be provided for air movement by 
fans and windows.5 Over time, heat stress can increase vulnerability to disease by increasing 
gut leakage, parasite infestation, reducing milk production, reducing fertility, and lowering 
birth weights with greater embryonic mortality in livestock.6 Heat stress also reduces produc-
tivity in poultry by increasing numbers of smaller eggs with thinner eggshells that break during 
handling and processing, and increasing mortality in embryos and neonates as well as lowering 
growth and productivity.7 Because of this, finding ways to help poultry and livestock better 
adapt to climate change is of uppermost importance. 

	 Modern poultry, especially meat producing poultry (bred for high growth rate and 
body weight), are particularly sensitive to heat stress due in part to higher normal body tem-
peratures compared to mammals. Because heat production is a natural occurrence and because 
these animals have highly metabolically active tissue, poultry suffer from heat stress easily with 
some succumbing to spiraling hyperthermia due to the inability to regulate body temperature in 
extreme high temperatures.8 Therefore, much research has gone into finding a way to alleviate 
or combat heat stress in these animals. Some groups have used “thermal conditioning” which 
exposes embryos (pre-hatch) or neonates (during the first 4 d post hatch) to high heat condi-
tions, with results showing greater resistance to heat stress and reduced body temperatures.9 
Recently, autophagy, a “self-eating” cell survival pathway, has been applied to this condition. 
Zhou and colleagues studied heat stress in tomato plants and found that heat stress activates au-
tophagy genes with accumulation of autophagosomes.10 Preliminary data from our laboratory 
(data not shown) in poultry suggests a similar mechanism, suggesting a new research avenue 
that uses the animals own cellular machinery for combating climate change in the agricultural 
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	 Due to the complex nature of agricultural systems, there 
are many factors that need to be considered when assessing how 
climate change will affect global food production.11 Therefore, it 
becomes clear that heat stress is a very real issue and impacts a 
multi-billion dollar industry that could have significant impacts 
on global economies in the coming years. With new research 
aimed at preventing and alleviating issues of climate change, the 
agriculture sector is set for a surge of new ideas and methods to 
aid in a potential, eventual elimination of the issue of heat stress.
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