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ABSTRACT

Spermatogenesis in boar can be influenced by many factors, which will determine a variation of seminal parameters. A better knowledge
of the opportunities to control the variation of semen quantity and quality can increase the efficiency of swine reproduction units.

The aim of this study was to examine the seasonal variation of semen, in order to offer a solution against “seasonal infertility” in pigs.
The study was conducted on a number of 537 ejaculates, from 31 Pietrain boars housed in standardized conditions in terms of
temperature, humidity and light schedule. Semen was collected by manual method, and examined using the beaker, and CASA system
(CEROS II). The results, expressed as mean values, were as following: Volume showed higher values in the summer (218.7 ml) and
lower in the autumn (155.7 ml); Total number of spermatozoa/ejaculate was higher in the summer (95.9x10°) and lower in the winter
(74.3x10°); Semen concentration was higher in the autumn (571.6x10%ml) and lower in the summer (454.8x10%ml); Total number of
motile spermatozoa/ejaculate showed higher values in summer (79.5x10°%) and lower in winter (65.4x10°); % of Total motility was
higher in the winter (87.9%) and lower in the summer (82.3%); Total number of progressive spermatozoa/ejaculate was higher in
summer (52.7x10°%) and lower in autumn (44.2x10°%); % of Progressive motility was higher in winter (61.4%) and lower in autumn
(52.3%). The results contradict those of other authors, who studied the semen from boars held in classic conditions. This fact suggests
that the standardization of exploitation conditions of boars by maintaining a controlled climate in the farm can reduce the effects of heat
stress on spermatogenesis during summer, offering a great opportunity against seasonal infertility and high variations of semen

parameters during a year.
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INTRODUCTION

Spermatogenesis in boar can be influenced by many factors, which will
determine a variation of seminal parameters.

Seasonal variation of boar semen was largely debated, representing a real issue
with economic impact. Season seems to have an influence on swine reproduction,
affecting the seminal parameters in boar (Smital, 2009) and the main indices of
fertility in sows (Bertoldo et al, 2011) but also other indicators such as the
timing of post-weaning oestrus, sows weaned in the summer months taking
longer to return to oestrus than sows weaned at other times of the year (Claus
and Weiler, 1985).

Various authors have obtained different results, but most agreed that during the
summer and early autumn there is a decrease in the biological value of semen,
with lower values obtained within its quality examination.

This phenomenon is recognized worldwide and is called seasonal or summer
infertility (Peltoniemi et al., 1999) and as causes for seasonal variation of semen
were indicated photoperiod (Andersson, 2000; Sancho et al, 2004; Knecht et
al., 2013), temperature (Kunavongkrit et al., 2005), humidity (Suriyasomboon,
et al, 2004) or the presence of an ancestral mechanism inherited from wild boar
(Tast et al., 2001, Cheon et al, 2002), species in which the reproduction is
seasonal, with mating occurring mostly in late autumn or early winter (Mauget.,
1982), a period that coincides with an increase in the quantity and quality of
semen (Kozdrowski and Dubiel, 2004).

Also, seasonal variation of seminal parameters in boar was correlated with the
variation of serum testosterone concentrations, some studies suggesting that when
serum testosterone concentrations is higher among seasons, semen volume,
sperm concentration and also frozen-thawed sperm viability are higher as well
(Cheon et al, 2002; Park and Yi, 2002).

Although the main seminal indicators determined within the general examination
of raw boar semen (volume, concentration, motility, total number of
spermatozoa/ejaculate) proved to have low or no predictive value on the litter
size or pregnancy rate (Schulze et al., 2013), a better knowledge of the
opportunities to control the variation of these parameters would be of a great help
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for the semen production centers, which are sometimes forced to keep additional
boars to compensate the seasonal fluctuations (Colenbrander and Kemp, 1990).
Nowadays, many pig farms attempt to provide standardized housing conditions
for animals, with minimizing variations in microclimate and maintaining the
temperature, light regime, humidity and ventilation between optimum limits in
order to avoid the stress caused by some factors such as extreme temperature,
high humidity and strong air currents. Thus, the seasonal variations in semen
parameters that depend on the microclimate may be minimized.

The objective of our study was to examine the seasonal variation of seminal
parameters in boars housed in standardized conditions, in order to determine
whether or not this housing system could be a solution against “seasonal
infertility” in pigs.

MATERIAL AND METHODS
Boars

The semen originated from 31 clinically healthy and sexually mature Pietrain
boars, aged between 8 months and 2.5 years, from a modern, recently built unit,
specialized in porcine reproduction.

Throughout the study, boars were housed under standardized conditions. The
temperature was maintained throughout the year around 18°C using heating in
winter and cold water sprinklers in summer. Light was provided by artificial
plants and kept for 11 hours a day, regardless of the season. Food was prepared
following the same recipe throughout the study and its administration was
performed automatically by a special installation. Water was given ad libitum.

Semen collection and examination

Semen collection was performed using manual method with double glove
(Bogdan, 1999; Ciornei, 2012) on a dummy, with an interval of at least 7 days
between two successive collections from the same boar.

After collection, the main seminal parameters were determined, as follows:
volume — using the beaker; semen concentration, total number of sperm/ejaculate,
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total motility, total number of motile spermatozoa/ejaculate, progressive motility,
total number of progressive spermatozoa/ejaculate — using a computer assisted
sperm analyzer, namely CEROS II device (IMV Technologies, L’ Aigle, France).
Only the ejaculates with at least 60% total motility were recorded and processed,
the rest of them being discarded.

The duration of the study was 12 months, from 1% December 2012 to 30"
November 2013, including all the four seasons specific to temperate climate:
winter (December, January, February), spring (March, April, May), summer
(June, July, August) and autumn (September, October, November).

Statistical analysis

The data were statistically processed using IBM SPSS® Statistics program,
version 21 (IBM® Corporation, Chicago, IL, USA). Results are presented as
mean values and standard deviation (SD). To highlight significant differences,
the One-Way ANOVA test was used and statistically significance was set at p
<0.05.

RESULTS AND DISCUSSION

Seasonal variation of volume

As shown in Table 1, the average seasonal values of volume ranged from 155.74
ml in autumn to 218.75 ml in summer.

Table 1 Mean values of ejaculate volume, according to the season

Season
Winter Spring Summer Autumn
Mean (ml) 166.01* 19469° 21875°¢ 15574
Std. Deviation 47.446 45.056 54.922 55.682

Different letters in the same row indicate significant differences between values
(p<0.05)

Semen volume is represented by approximately 93% of seminal plasma (Ciornei,
2012), which is produced by accessory glands. In our study, the highest value of
the volume was obtained in June through August, with significant differences
from other periods suggesting that the activity of these glands was greater in
summer than in other seasons. The results contradict those obtained by other
authors. For example, Janett et al, (2005) observed significantly higher values in
autumn, while Cheon et al (2002) and Suriyasomboon et al, (2004) reported the
lowest values in summer. Lawrence et al. (1970) obtained higher values for
semen volume in the period from October to December, during which the
temperature did not exceed 76.8°F (24.89°C).

Seasonal variation of semen concentration

Semen concentration ranged from 454.89x10%ml in summer and 571.62x10%/ml
in autumn (table 2).

Table 2 Mean values of semen concentration, according to the season

Season
Winter Spring Summer Autumn
Mean (x10%ml) 467.49%  466.90 ™  454.89 ** 571.62 ¢
Std. Deviation 128.53 113.73 12152 159.62

Different letters in the same row indicate significant differences between values
(p<0.05)

Except autumn, there were no significant differences between seasons. One can
see that between September and November was recorded the highest mean for
semen concentration, but also the highest standard deviation, suggesting greater
variability of values.

The higher concentration from autumn can be explained by the lower volume in
the same period. Thus, the results might suggest that the process of
spermatogenesis remained constant, the concentration being modulated indirectly
by the volume, more exactly the glands activity, which increased the number of
sperm per unit volume during autumn indirectly, by reducing the amount of
seminal plasma.

Our results were in a high manner different from those obtained in other studies,
where significantly lower values were observed during autumn (Syring, 2008;
Petrocelli et al., 2015). In the study mentioned first, the author observed a clear
influence of the season but also of the ambient temperature on the seminal
parameters.

Seasonal variation of total number of spermatozoa

The total number of spermatozoa/ejaculate (TSE) is the parameter that reflects
the most accurately the spermatogenesis activity. This parameter has showed
significantly higher values during the summer season (Table 3). Thus, it appears
that increased activity of accessory glands from June through August was
accompanied by an increase in spermatogenesis. The opposite is the winter
season, while between spring and autumn no significant differences were
observed.

Table 3 Mean values of total number of sperm/ejaculate, according to the season

Season
Winter Spring Summer  Autumn
Mean (x10°) 74.30° 87.66™  9591°¢ 8471 ™
Std. Deviation 19.84 17.44 24.92 29.09
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Different letters in the same row indicate significant differences between values
(p<0.05)

The results contradict those obtained in previous studies (Janett et al, 2005), in
which the total sperm number was significantly lower in spring and summer than
in autumn and winter. Also, these authors, reported lower percentage of
morphologically normal sperm during summer.

Another study observed higher production of spermatozoa in autumn and winter
and low production in summer (Ciereszko et al, 2000). The authors claimed that
the changes might have been caused by disturbances to spermatogenesis due to
high temperatures during the summer and that the variation of this parameter was
parallel to the monthly changes in acrosin activity between November and
March.

Seasonal variation of total and progressive motility

One of the main quality indicators to be taken into account within the general
examination of semen is motility, which reflects the ability of sperm to reach the
fertilization spot. If the value of motility is below certain standard limits, the
whole ejaculate is discarded. As mentioned above, the acceptance threshold in
this study was set to 60% total motility.

Total motility (Tmot) ranged from 82.39% = 8.98 in summer to 87.94% + 6.11 in
winter (Table 4). Although apparently in summer were recorded lower values, it
can be observed that the differences between the mean values of summer
compared to spring and autumn are statistically insignificant (p <0.05),
suggesting that standardization of housing conditions helped avoiding the heat
stress during summer, being previously demonstrated that temperatures above
30°C lead to a clear decline in semen quality (Schnurrbusch et al, 2002).

The season of collection is one of the main parameters influencing the value of
semen motility in boar (Ibanescu et al, 2014), but in the present study this
influence was minimal, with no significant differences between three seasons.
The only season that showed a statistically different mean was winter, during
which a lower variability of values was also recorded.

Table 4 Mean values of total and progressive motility, according to the season

Season
Winter  Spring Summer Autumn
M 7.94° 05 bed 2 39 bed 35 bed
Tmot (%) ean 87.9 85.05 82.39 83.35
Std. Dev. 6.11 8.10 8.98 8.12
Mean 61.41% 54.25 54,14 > 52,31 *
Pmot (%)
Std. Dev. 9.38 13.59 13.04 10.68

Different letters in the same row indicate significant differences between values
(p<0.05)

An identical appearance can be observed for progressive motility (Pmot), which
in the case of computerized semen analysis indicate the percentage of
spermatozoa with forward movements (table 4).

The higher values were recorded during winter (61.41 + 9.38). However, one can
note the lack of significant differences between all the other three seasons (p
<0.05), unlike other studies that have reported significantly higher values during
spring (Syring, 2008) or winter and spring (Barranco et al, 2013). The latter also
observed that the spermatozoa from ejaculates collected during summer and, to a
lesser extent, also in autumn, are more sensitive to cryopreservation than those
from ejaculates collected during winter and spring. Murase et al. (2007) reported
the lowest percentage of motile spermatozoa (p<0.05) in the months of late
summer and early autumn. In their study, this period coincided with the highest
ambient temperatures and relatively high humidity and also offered the highest
agglutination score, lowest percentage of spermatozoa with intact acrosomes and
highest percentage of spermatozoa with abnormal morphology.
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Seasonal variation of total number of motile sperm within the entire
ejaculate, and of total number of progressive sperm within the entire
ejaculate

These two parameters reflect both the intensity of sperm formation and efficiency
of their maturation.

The total number of motile spermatozoa (TMS) showed higher values in summer,
but the differences were not significant compared to spring and autumn (table 5).

Table 5 Mean values of TMS and TPS, according to the season

Season
Winter Spring  Summer  Autumn
. Mean 65.42° 7468™ 7951  71.46%
TMS (x10°)
Std. Dev. 18.11 16.61 24.17 27.11
. Mean 4571%  47.82%  5274°  4420"
TPS (x10°)
Std. Dev. 14.14 16.09 21.56 17.68

Different letters in the same row indicate significant differences between values
(p<0.05)

Remarkably, winter offered significant lower values for TMS, compared to other
seasons, although the value of total motility was the highest. This fact is
explained by the low value of TSE recorded in the same period, and suggest that
TMS is modulated rather by the total number of spermatozoa within the ejaculate
than by the percentage of total motility.

As for the total number of progressive sperm (TPS), significant higher values was
recorded during summer compared to other seasons, which can be correlated with
the higher values of TSE during the same period of time. All the other seasons
showed low or no significant differences between the average values for TPS.

CONCLUSION

During our study, the influence of the season on the main seminal parameters in
boar was less visible than in other studies performed on this subject. Even though
some variances of values between the seasons could be observed, they were of a
lower significance, and could have been caused by other factors affecting the
semen production, for example boar age or subclinical infections. Moreover,
while the majority of authors claim that during the summer the semen quantity is
lower, we obtained higher values for semen volume and total number of
spermatozoa/ejaculate. These facts suggest that the standardization and
optimization of the microclimate within the farm can reduce the heat stress on
spermatogenesis in the summer, offering a great solution against seasonal
infertility in pigs. Further studies are recommended in order to observe if this
housing system is of any help in terms of other seminal parameters also.
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