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The performance of broiler chickens is directly influenced by
temperature changes and the occurrence of heat stress, whether it is
cold or hot. The present study aims to assess the cooling and heating
degree days in different stages of broiler chicken production in
Khorasan Razavi province. To achieve this objective, daily average
temperature data were collected from 13 synoptic stations during the
statistical period of 1988-2018. Cooling and heating degree days were
calculated for each week of production using specific thresholds, and
their spatial distribution was analyzed. Furthermore, the relationship
between cooling and heating degree days and geographical features
was evaluated. The findings indicate a decrease in cooling degree days
and an increase in heating degree days as latitude increases. The
northern and western regions of the province exhibited a greater need
for heating throughout all stages of broiler chicken production,
whereas the eastern and southern regions had higher cooling
requirements at different production stages. Overall, the northeastern,
southern, and western marginal areas of the province, including Khaf,
Gonabad, Kashmar, Sarakhs, and Sabzevar, exhibited the lowest
cooling and heating needs during the 6-week period of broiler chicken
production, making them suitable climates for this economic activity.
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| Extended Abstract |

Introduction

Poultry meat production has experienced significant growth in recent decades and currently ranks
second in the world, following pork (Valceschini, 2006). Iran, with an annual production of 2 million
tons, is among the major global poultry meat producers (Firouzi et al., 2017). The commercialization
of poultry production in Iran began in the early 1950s with the importation of chick rearing equipment,
subsequently establishing itself as the second-largest industry in the country. Its annual production
cost of approximately $1 billion is nearly equivalent to one-sixteenth of the income generated from
oil exports (ANON, 1994; ANON, 19973, 1997b; Shariatmadari, 2000; Qotbi et al., 2011). According
to the 2018 census of broiler farms, there are 20,520 active broiler farms and 5,198 inactive ones in
Iran, with Mazandaran, Isfahan, and Khorasan Razavi provinces having the highest number of broiler
farms for chicken rearing (Statistical Center of Iran, 2018).Temperature is a crucial climatic factor
affecting poultry meat production. Heat stress, resulting from increased temperature, directly impacts
chickens and leads to reduced productivity, compromised meat quality, slowed growth rate, and
increased long-term mortality. Conversely, cold stress also adversely affects chicken growth and
health, resulting in economic losses on a global scale (Leenstra and Cahaner, 1992; Mitchell and
Sandercock, 1995; Yalcin et al., 2001; Mader et al., 2009; Ranjan et al., 2019; Olfati et al., 2018; Wei
et al., 2018; Qureshi et al., 2018; Goo et al., 2019) .Khorasan Razavi province, known for its
significant potential, is one of the leading provinces in poultry meat production. With an annual
production of 8 million laying hens and 82 million broilers, it yields approximately 140 thousand tons
of meat, exhibiting an annual growth rate of 7.5%. Given the climate diversity within this province,
this research aims to assess different regions from both cooling and heating perspectives during
various stages of broiler production.

Methods and Materoal

Degree-days for cooling and heating are defined as the cumulative positive differences between a base
temperature and the average temperature for a specific weekly, monthly, or annual period (Eto, 1988). Several
studies on broiler rearing periods, which typically last around six weeks, have determined base temperature values
for each week (Atilgan et al., 2016a, 2016b; Yucel et al., 2016; 2017) .Subsequently, the correlation between
degree-day values for cooling and heating and geographical features such as longitude, latitude, and altitude
within the study area was examined using the Pearson correlation model in the Statistical Package for the Social
Sciences (SPSS). Linear regression equations were employed to establish appropriate models. Finally,
Geographic Information System (GIS) capabilities were utilized to generate zoning maps and spatial distribution
maps for degree-days for cooling and heating at desired thresholds.

Resultss and Discussion

The present study provides an analysis of the spatial distribution of temperature values during cold
and warm days in a 6-week period of broiler breeding, based on predetermined base temperatures.
The cold day temperatures, identified by a threshold of 31°C, demonstrate insubstantial values across
a significant portion of the province. This suggests that there has been minimal demand for cooling
measures during the initial week of the broiler breeding period, owing to low temperatures prevailing
at that time. However, a notable increase in cold day temperatures is observed when the threshold is
lowered to 27°C. In the third week, Sarakhs exhibits the highest cold day temperatures, while Quchan
records the lowest values. In the subsequent week (fourth week), no substantial differences in cold
day temperatures are observed when compared to the third week, as the temperature threshold is set
at 23°C. When the threshold is reduced to 21°C, Khaf and Sarakhs register the highest cold day
temperatures, whereas Quchan records the lowest values during that period .Concerning warm days,
Quchan exhibits the highest temperatures for broiler breeding, as indicated by a threshold temperature
of 31°C. Conversely, Khaf records the lowest temperatures among the studied locations. Similarly,
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during the second week, Quchan demonstrates the highest heating requirements for broiler breeding,
while Khaf and Gonabad exhibit the lowest demands. In the third week, the greatest heating needs are
concentrated in the northern regions of Quchan. Finally, in the last week of the broiler breeding
period, a temperature threshold of 18 degrees reveals that the minimum heating requirements are
needed.The Pearson correlation model reveals a correlation between geographical parameters
(longitude, latitude, and altitude) and the extent of daily cooling and heating. As latitude increases,
the number of cooling days decreases during all chick rearing periods, indicating reduced cooling
requirements. Conversely, there is a positive correlation between heating degree days and latitude,
suggesting greater heating needs in the northern regions of the province at higher latitudes. Regarding
longitude, there is a positive correlation between cooling degree days and this parameter. However,
this relationship is reversed for heating degree days, indicating that cooling needs are more
pronounced in the eastern regions of the province, while heating needs are more apparent in the
western regions. Furthermore, altitude above sea level exhibits significant and meaningful correlations
with cooling and heating degree days across all thresholds. Specifically, there is a negative correlation
between altitude and cooling degree days, with the highest coefficient observed at the 31°C threshold.
Overall, an increase in altitude leads to a notable reduction in cooling requirements. On the other hand,
there is a direct and meaningful correlation between altitude and heating degree days across all
thresholds, with the highest coefficient calculated at the 18°C threshold. Based on the findings, the
cities of Khaf, Gonabad, Kashmar, Sarakhs, and Sabzevar exhibit the lowest cooling-heating
requirements during the 6-week period of broiler breeding and can be regarded as suitable climates
for this economic activity. Conversely, Quchan, Torbat Heydariyeh, and Neyshabur have higher total
cooling-heating needs. In conclusion, peripheral areas of the province, particularly low-lying regions,
offer more favorable conditions for meeting thermal optimization with lower energy consumption
levels. Conversely, mountainous areas exhibit higher total cooling-heating needs, necessitating higher
energy consumption and associated costs for maintaining optimal conditions. This constraint poses
significant challenges for economic development in broiler breeding centers.

Conclusion
Broiler breeding is a valuable food source due to its low energy and fat levels, as well as high levels

of unsaturated fatty acids. It is rapidly expanding and has become one of the most popular and fastest-
growing types of poultry production worldwide. However, the occurrence of heat and cold stress has
resulted in decreased productivity, reduced meat quality, and slower growth rates, leading to
significant mortality rates over extended periods. Therefore, this study aimed to investigate the heating
and cooling requirements for the expansion of broiler breeding in the Khorasan Razavi province by
establishing optimal temperature thresholds at different stages of the breeding process .The findings
indicate that there is an inverse relationship between cooling degree days and geographical latitude,
with a decrease in cooling degree days as latitude increases. Conversely, heating degree days showed
a positive relationship with geographical longitude. Furthermore, there was a significant and
meaningful correlation between altitude above sea level and both cooling and heating degree days,
although the correlation was inverted for cooling degree days and direct for heating degree days .
Regarding the specific regions within the province, the northern and western areas exhibited greater
heating needs throughout all stages of broiler breeding. On the other hand, the eastern and southern
regions demonstrated higher cooling needs. In terms of overall heating and cooling requirements, the
northeastern, southern, and western border areas, including Khaf, Gonabad, Kashmar, Sarakhs, and
Sabzevar, had the lowest needs during the 6-week broiler breeding period, making them suitable
climates for the development of this economic activity. Consequently, it is crucial for authorities to
consider these potential suitable climates and provide additional infrastructure in these areas. This
approach would not only maximize the utilization of the available resources but also result in reduced
energy consumption in the region.
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