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Abstract

South Korean summers are hot and humid, negatively affecting the pig industry. This study
investigated the effects of season on farrowing rate, litter size, litter per sow per year, and piglets
per sow per year on pig farms. The data were collected from local pig farms in Jeongeup-si, South
Korea. The four seasons were classified as spring (March-May), summer (June-August), fall
(September-November), and winter (December-February). The temperatures of the farrowing houses
in summer differed for each of the four pig farms analyzed. Farm 1 and farm 2 regulated their
temperatures. In contrast, farm 3 and farm 4 did not control their temperatures. Consequently, the
pig production efficiency of farm 1 and farm 2 did not differ between the four seasons. Although
the farrowing rate and litter size did not differ with the season, the number of weaning piglets was
significantly reduced in the summer on farm 3 and farm 4. In farm 3, the farrowing interval was
significantly increased, and the litter per sow per year was the highest in winter. In addition, the
litter per sow per year was significantly lower in the summer at farm 4. Furthermore, the number
of piglets per sow per year was significantly reduced in the summer at farm 3 and farm 4. These
data indicate that the thermoregulation of farrowing houses during the summer is important for
efficient pig production in Korea.
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| . Introduction

Global warming has accelerated over the past few years. Heat stress is not limited to tropical regions,
as temperate countries are also affected during the summer (Renaudeau et al., 2012). According to
the Ministry of Environment in Korea, the average annual temperature has risen around 0.18C every
ten years for the past century, which is faster than the global warming trend (Ministry of Environment,
2023). As a result, extreme weather events, including heat and cold waves, are becoming increasingly
frequent. In particular, the weather in Korea is hot and humid during the summer.

Heat stress is a major environmental problem that negatively affects animal welfare and production
efficiency in most farm animal industries (Baumgard and Rhoads, 2013). In the pig industry, the
economic losses associated with heat stress include reduced growth, decreased feed efficiency, poor
sow performance, decreased carcass quality, and increased mortality. The reduced reproductive
performance in sows is characterized by anestrus, increased wean-to-estrus intervals, decreased

farrowing rates, and reduced litter size (Ross et al., 2015).
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Pork is one of the most widely consumed farm animals in the world. China accounts for
approximately half of pork production (49%). European countries are the second largest in pig
production (25%), followed by North American countries (11%) (Mayorga et al., 2019). According
to the Ministry of Agriculture, Food, and Rural Affairs, the pork industry in Korea accounts for 15%
of the total agricultural products (KASS, 2023). Several studies have investigated the effects of heat
stress on pig production. The reduced farrowing rate of domestic sows mated in summer remains a
major issue in the pig industry. The recently published Australian commercial farrowing rates of sows
mated in summer range from 64 to 83%, which are lower than those in cooler months (89%) (Liu
et al., 2020). Boar fertility contributed to the lower farrowing rate of summer-mated sows. The effects
of hot conditions on boar fertility include reduced sperm concentrations, increased percentages of
abnormal sperm, and decreased sperm motility (Zasiadczyk et al., 2015). In addition, a climate-
controlled study found that heat stress during lactation reduced follicle size from 6.7 to 5.8 mm and
prolonged the estrus to ovulation interval from 1 to 2.5 days (Cabezon et al., 2017).

This study examined pig production efficiency from two different farm groups between 2021 and
2022, including the number of the sow, farrowing rate, farrowing interval, litter size, number of
weaning piglets, litter per sow per year (LSY), and piglets per sow per year (PSY),. We also compared
the production efficiency results for each of the four seasons to investigate the relationship between

heat stress and pig production efficiency.

[I. Material and Methods

Data collection

The four seasons were classified as spring (March-May), summer (June-August), fall (September—
November), and winter (December—February). Temperature data were obtained from the Korea
Meteorological Administration Weather Data Service (Table 1). The temperatures of the farrowing
houses on each farm were collected every 10 min from June to August using the Real Farm

Corporation farm manager program (Anseong, Korea) (Table 2). Data on the number of sows,

Table 1. The seasonal temperature in Jeongeup-si, South Korea, between 2021-2022

Year Season Average temperature () Lowest temperature (C) Highest temperature (T)
2021 Fall 15.6 11.1 21

2021 Winter 0.7 -3.6 5.5

2022 Spring 13 7.2 19.5

2022 Summer 25.1 21.6 29.5

Table 2. The summer temperature of the farrowing houses from 4 different pig farms

Year Average temperature (C+SD) Lowest temperature (T) Highest temperature (T)
Farm 1 26.2+1.77 22.3 28.6
Farm 2 25.9+1.56 24.6 26.5
Farm 3 26.8+£2.12 23.7 31.3
Farm 4 27.542.35 23.5 33
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farrowing rate, farrowing interval, litter size, number of weaning piglets, LSY, and PSY were collected
from four local farms in Jeongeup-si, Korea, between September 2021 and August 2022. The four
farms were enclosed house and numbers of sow was described in Table 3 and 4. The room temprature
was set at 22 to 237C, according to the farm protocol and targeted 32 to 35T for the temperature

of the mat. The production efficiency data were classified and analyzed by month and season.

Statistical analysis

A one-way analysis of variance (ANOVA) was used to compare the average farrowing rate,
farrowing interval, litter size, number of weaning piglets, LSY, and PSY data using the Statistical
Analysis System (SAS) software (version 9.4; Cary, USA). Duncan’s multiple comparison test was
used to compare the groups. All data are expressed as mean + standard deviation (SD). The null

hypothesis was rejected when the probability was p<0.05.

lll. Results

The temperatures during the four seasons in Jeongeup-si are listed in Table 1. In summer, the
highest temperature was 29.5C. The summer temperatures of the farrowing houses on each farm are
shown in Table 2. Farm 1 and farm 2 efficiently regulated the temperature of their farrowing houses.

In contrast, farm 3 and farm 4 did not control their temperatures, which were over 30C. Good

Table 3. The seasonal average pig production efficiency from two different farm 1 and farm 2, between 2021-2022

Farm 1 Spring Summer Fall Winter
Number of sows 902 899 902 906
Farrowing rate (%) 91.27+1.86 88.2+6.26 85.4+4.13 85.6+4.86
Farrowing interval (day) 142.07+0.84 142.5+1.2 142.13+0.15 144.7+0.2
Litter size (total) 15.4 14.8+£0.2 14.43+£0.25 14.47+0.46
Litter size (alive) 13.87+0.12 13.6+0.17 13.4+0.26 13.3+0.35
Number of weaning piglets 12.174+0.06 12.13+0.32 12.07+0.32 11.94+0.35
LSY" 2.44+0.21 2.43%0.01 2.45+0.08 2.52+0.02
PSY? 29.63+0.21 29.43+0.67 29.7£1.15 29.93+0.59
Farm 2 Spring Summer Fall Winter
Number of sows 964 969 933 963
Farrowing rate (%) 79.8+5.51 86.8+3.28 81.27+6.69 85.7+£1.48
Farrowing interval (day) 153.13+0.45 151.5+2.35 154.8+1.74 153.33+0.55
Litter number (total) 12.53+0.4 12+0.1 12.2+0.2 12.334+0.42
Litter number (alive) 12.3+0.26 11.8+£0.17 11.9+0.2 12.23+0.4
Number of weaning piglets 10.87+0.21 10.47+0.57 10.17+0.68 11.03+0.21
LSY 2.3140.1 2.33+0.05 2.3+0.03 2.29+0.02
PSY 25.2+0.1 24.43+1.46 23.4+1.65 25.3+0.2

Abbreviations: " LSY, litter per sow per year; 2 PSY, piglets per sow per year.

28 | Resour Sci Res, Vol. 5, No. 1



Effect of Summer Heat Stress on Pig Production Efficiency in Korea

Table 4. The seasonal average pig production efficiency from farm 3 and farm 4 between 2021-2022

Farm 3 Spring Summer Fall Winter
Number of sows 964 856 911 933
Farrowing rate (%) 91.67+£0.91 81.53+16.79 86.27+2.35 92.47+1.12

Farrowing interval (day) 151.23+2.22% 149.67+2.57* 148.6+1.30° 154.37£1.79°
Litter size (total) 15.93+0.64 14.37+1.27 15.4+0.61 15.07+0.51
Litter size (alive) 14.2+0.46 13.13+£1.01 13.73+0.32 13.8+0.61
Number of weaning piglets 12.07+0.21* 9.47+3.33 11.77+0.49* 11.83+0.042°
LSY" 2.2240.15° 2.34+0.22° 2.39+0.05 2.42+0.03"

PSY? 26.7+1.49° 21.97£7.39 28.03+1.30° 28.57+0.76"

Farm 4 Spring Summer Fall Winter

Number of sows 160 159 159 161

Farrowing rate (%) 86.1£2.91 86.83+6.14 79.67+14.28 85.83+9.59
Farrowing interval (day) 152.93+1.16 150.77+£3.21 155.27+6.27 152.83+7.32
Litter number (total) 12.63+1.42 12.77+0.50 12.7+1.68 13.23+0.51
Litter number (alive) 12.1£1.21 12.47+0.40 11.7£1.97 12.44+0.70
Number of weaning piglets 10.27+0.87* 9.17+0.45 10.63+0.64" 10.73+0.35*
LSY 2.2840.04" 2.21£0.01° 2.3+0.12° 2.34+0.06*
PSY 23.47+1.95° 20.17+1.00° 24.57+2.78° 25.17+1.16*

Abbreviations: " LSY, litter per sow per year; 2 PSY, piglets per sow per year.

thermo-controlled farms showed no difference in each economic indicator during the different seasons
(Table 3). The farrowing rate and litter size did not differ between seasons in the two poorly thermo
controlled farms. However, the number of weaning piglets was significantly reduced in the summer
on farm 3 and farm 4. In farm 3, the farrowing interval was significantly increased in the winter
compared to summer and fall. The LSY was significantly higher in winter compared with other seasons
(2.4240.03, p<0.05). The LSY did not significantly differ in summer compared to spring and fall
(2.34£0.22, p<0.05). In addition, the LSY was the lowest in summer compared with other seasons
in farm 4 (2.21£0.01). Furthermore, the PSY was significantly lowered in farm 3 and farm 4 during

summer (Table 4).

IV. Discussion

The PSY is an important factor for measuring the efficiency of pig farms and the reproductive
performance of sows. PSY is closely related to the number of weaned piglets per litter, farrowing
rate, non-productive days, and other production factors (Bell et al., 2015). Therefore, PSY has been
used as a target for reproductive performance and productivity in breeding herds (King ef al.., 1998).
Commonly, pig production rate was decreased in summer season that was related with heat stress
induced by high temperatrue and moisture. Recently, themoregulater was outstanding developed in

farrowing house their pig production efficency was increased. In this study, the farrowing rate and
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litter size did not differ between seasons. In contrast, the number of weaning piglets of poorly thermo
regulated farm was significantly reduced in the summer. These data indicate that heat stress is related
to the lactating piglet’s fate but not the fetal stage. A previous report found that heat stress did not
affect litter size or offspring body weight. However, heat stress has decreased litter body weight gain
due to a reduction in sow milk production (Guo et al., 2018). This result was complete coincied with
our present study.

Ambient temperatures above the critical evaporative temperature of lactating sows reduce food
intake, milk yield, reproductive performance, and the growth rate of piglets. The direct effect of high
temperatures on milk yield may result from the redirection of blood flow to the skin and away from
other tissues, including the mammary glands (Black et al, 1993). Another sdudy descrived it is
concluded that the free-feeding system or increased dietary energy dendity leads to improved sow
performance during hot ambient temperature (Kim et al., 2020).

Sows can potentially produce approximately 60-70 weaned piglets per year. Therefore, if the annual
parity is calculated to be 2.27, the average PSY should exceed 26. However, our data showed that
the average PSY in the summer of farm 3 and farm 4 (poorly thermo regulated farm) were 21.97
and 20.17, respectively, indicating a lack of more than four piglets per sow per year. Therefore, it
is possible to improve pig farm productivity in South Korea by regulating the temperature of the
farrowing houses in the summer. Our study demonstrates that the thermoregulation of farrowing houses
is important for efficient pig production in Korea in the summer. Especilly, management of air

ciculation system and using cooling pad is important for impove pig production in the summer.
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