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Abstract

SZOSTAK, B., Ł. PRZYKAZA and A. APOSTOLOV. The effect of season on semen parameters in Polish 
Landrace and Polish Large White boars and phenotypic correlations between semen characteristics in different 
seasons. Bulg. J. Agric. Sci., 21: 1049–1053

The study evaluated ejaculates of Polish Landrace and Polish Large White boars and the effect of the season of the year 
on the qualitative and quantitative parameters of the semen of these boars. Phenotypic correlations between semen character-
istics in different seasons were estimated as well. The analysis included 2028 ejaculates collected manually from 2-year-old 
boars at intervals of 3-4 days. The following traits were analysed: ejaculate volume (ml), sperm concentration (1000/mm3), 
live sperm count (in billions) and the number of insemination doses obtained per ejaculate. No significant differences between 
breeds were observed in the semen traits of the Polish Landrace and Polish Large White boars, but the season of the year had 
a significant impact in both breeds. The greatest volume was noted for the ejaculates collected in the spring in the case of the 
Polish Large White boars, and in the winter in the Polish Landrace boars. The highest live sperm count was recorded in the 
ejaculates collected in the autumn and winter. In the summer the ejaculate volume decreased substantially, and with it the 
sperm count, which adversely affected the number of insemination doses obtained per ejaculate. The phenotypic correlations 
between sperm traits were not significantly influenced by season, with the exception of ejaculate volume and sperm concentra-
tion, which were most strongly correlated in the winter and least in the spring.  
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Introduction

The breed structure of Polish pedigree breeding is domi-
nated by boars of the breeds Polish Landrace and Polish Large 
White, which translates to a greater number of insemination 
procedures performed with semen from these breeds (Mucha 
and Tyra, 2013). 

The results of numerous studies indicate that seasonal 
changes occur in the qualitative and quantitative parameters 
of boar semen (Ciereszko et al., 2000; Pokrywka et al., 2001; 

Sławeta and Morstin, 1982; Pietruszka et al., 2006; Marchev 
and Szostak, 2013). The extent of the effect of the season on 
these parameters varies depending on their breed and the 
conditions in which they are raised (Okere et al., 2005). Thus 
the need arises to conduct further research and observations 
regarding the reaction of breeders of different genotypes in 
different seasons.

In the present study an attempt was made to evaluate the 
effect of the season of the year on semen parameters in Pol-
ish Landrace and Polish Large White boars and to determine 
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phenotypic correlations between semen characteristics in 
different seasons. 

Materials and Methods

The material for the analysis consisted of data pertaining 
to 2028 ejaculates collected from Polish Landrace and Pol-
ish Large White boars. The boars were about 2 years old and 
were fed individually according to norms. They were kept 
in closed housing that met the requirements for animal well-
being. The ejaculates were collected by the manual method at 
3-4-day intervals. The ejaculates were supplied by the Sow 
Insemination Station in Białka. 

The following physical characteristics were evaluated in 
each ejaculate:

volume of the ejaculate (ml)•	
sperm concentration (1000/mm•	 3)
live sperm count (in billions)•	
number of insemination doses obtained per ejaculate•	

The volume of the ejaculate was determined after filtering 
out the gel fraction. Sperm concentration in the ejaculate was 
determined by the colorimetric method. The total number 
of sperm in the ejaculate exhibiting progressive motion and 
the number of insemination doses that could be obtained per 
ejaculate were calculated using SYSTEM SUL software.

The data collected were arranged according to the season 
when the semen was collected: spring, summer, autumn or 
winter.

The effect of the breed of boar and the season on the se-
men characteristics was analysed using two-way ANOVA 
and Tukey’s post hoc test. Correlations between semen char-

acteristics were expressed by Pearson’s correlation coeffi-
cient. 

Results 

Table 1 shows the values for the physical characteristics of 
the ejaculates from the Polish Landrace boars in each season 
of the year. Analysis of the data shows pronounced and sub-
stantial differences in the main ejaculate parameters between 
ejaculates collected during different seasons of the year.

Ejaculates collected in the winter had the greatest mean 
volume – 296.48 ml, which was 56.5 ml more than the ejac-
ulates collected in the summer. The differences in volume 
between ejaculates collected in the winter and summer were 
highly significant (P < 0.001). Highly significant differences 
in ejaculate volume were also noted between spring and win-
ter and between autumn and summer (P < 0.001). The dif-
ference in ejaculate volume between autumn and winter was 
significant at P < 0.05.

The highest concentration of live cells was also recorded 
in the winter as well – 279.69 (1000/mm3).

The total sperm count in the ejaculate is of fundamental 
importance in insemination practice because it determines 
the number of semen portions that can be prepared from the 
ejaculate. The table shows that the number of sperm show-
ing progressive motion in the Polish Landrace ejaculates 
ranged from 49.44 billion in the summer to 67.89 billion in 
the winter, but the differences were not statistically signifi-
cant. From 19 to 27 insemination doses were prepared from 
the ejaculates collected. The fewest were prepared from the 
ejaculates collected in the spring and summer (19) and the 

Table 1
The effect of season on semen parameters in Polish Landrace boars
Traits of  
semen 

Spring (1) Summer (2) Autumn (3) Winter (4) Significance 
of differencesX SE X SE X SE X SE

Ejaculate  
volume, 
ml

272.55 1.832 239.95 2.964 286.17 6.377 296.48 3.324
1-2***,3n.s.,4***

2-3***,4***
3-4*

Concentration of  
spermatozoa,  
1,000/mm3

256.79 1.698 255.29 2.716 262.04 4.021 279.69 3.682
1-2n.s.,3n.s.,4***

2-3n.s.,4***
3-4*

Number of live  
spermatozoa, 
bln

51.16 0.545 49.44 0.928 58.91 1.428 67.89 1.358
1-2n.s., 3***,4***

2-3n.s.,4n.s.

3-4n.s.

Number of  
insemination doses 19.92 0.226 19.54 0.370 23.24 0.571 27.04 0.542

1-2n.s., 3***,4***
2-3***,4***

3-4***
X – mean, SE – standard error; * - p < 0.05; *** - p < 0.001; n.s. – no significances
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most (27) from those collected in the winter. The mean num-
ber of insemination doses prepared from the ejaculates col-
lected in the spring and summer differed highly significantly 
(P < 0.001) from the mean number of doses prepared in the 
autumn and winter. 

Table 2 illustrates the effect of the season on the ejaculate 
characteristics of the Polish Large White boars. Comparison 
of the quantitative and qualitative characteristics of the se-
men of the Polish Landrace boars (Table 1) with the semen of 
the Polish Large White boars (Table 2) shows that the values 
are similar. No significant differences between breeds were 
noted in the traits characterizing the semen of the boars from 
these groups. Significant differences were noted, however, in 
the characteristics of the semen collected in different seasons. 
The effect of the season on individual semen characteristics 
of the Polish Large White boars was similar to the effect ob-
served in the case of the Polish Landrace boars. The greatest 
differences in the volume of the ejaculates were noted be-

tween those collected in the summer and in the other seasons 
(P < 0.001). No significant seasonal changes were observed in 
the sperm concentration in the ejaculates of the Polish Large 
White boars, but the live sperm count was significantly low-
est in the summer. The number of insemination doses (16) 
prepared per ejaculate from the boars of this breed was low-
est in the summer as well, and was highly significantly dif-
ferent from the mean number of doses prepared in the other 
seasons (P < 0.001).

Table 3 presents the phenotypic correlations between the 
ejaculate characteristics of Polish Landrace boars in each sea-
son. The study found a high phenotypic correlation between 
ejaculate volume and the number of sperm per ejaculate: 0.73 
in the spring (P < 0.01), 0.85 (P < 0.01) in the summer, 0.87 (P 
< 0.01) in the autumn and 0.86 (P < 0.01) in the winter. High, 
significant phenotypic correlations were found between the 
volume of the ejaculate and the number of insemination dos-
es (rp from 0.75 to 0.86, at P < 0.01), and between the live cell 

Table 2
The effect of season on semen parameters in Polish Large White boars

Traits of semen Spring (1) Summer (2) Autumn (3) Winter (4) Significance 
of differencesX SE X SE X SE X SE

Ejaculate  
volume,
ml

280.84 4.077 215.27 5.391 255.08 6.068 278.34 4.658
1-2***,3n.s.,4n.s.

2-3***,4***
3-4n.s.

Concentration of  
spermatozoa,
1,000/mm3

261.54 3.420 240.44 4.711 246.48 5.386 262.21 5.957
1-2n.s.,3n.s.,4n.s.

2-3n.s.,4n.s.

3-4n.s.

Number of live  
spermatozoa,
bn

53.56 1.296 41.85 1.688 52.15 2.044 60.04 1.967
1-2**,3n.s.,4n.s.

2-3***,4***
3-4n.s.

Number of  
insemination doses 20.90 0.551 16.34 0.679 20.55 0.821 23.85 0.825

1-2***,3n.s.,4n.s.

2-3***,4***
3-4n.s.

X – mean, SE – standard error; ** - p < 0.01; *** - p < 0.001; n.s. – no significances

Table 3
Phenotypic correlation coefficients between selected semen traits of Polish Landrace boars in each season of year

  Season of year
Correlation between                            Spring Summer Autumn Winter

Ejaculate volume [ml] & 
Concentration of spermatozoa [1,000/mm3]

0.24
***

0.39
***

0.44
***

0.60
**

Ejaculate volume [ml] &
Number of live spermatozoa [bn]

0.73
**

0.85
**

0.87
**

0.86
**

Ejaculate volume [ml] & 
Number of insemination doses

0.74
**

0.84
**

0.85
**

0.86
**

Number of live spermatozoa [bn] & 
Number of insemination doses

0.91
**

0.98
**

0.99
**

0.98
**

** - p < 0.01; *** - p < 0.001
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count and the number of insemination doses (rp from 0.91 to 
0.99, at P < 0.01). The differences in the size of these correla-
tions in different seasons were slight, with the exception of 
ejaculate volume and sperm concentration, which were most 
strongly correlated in the winter (rp 0.60, P < 0.01) and least 
in the spring (rp 0.24, P < 0.01).

Table 4 presents the values for the phenotypic correla-
tions between characteristics of ejaculates from Polish Large 
White boars within each season. Analysis of the data reveals 
that the values for these correlations were similar to the cor-
responding correlations in the Polish Landrace boars. As in 
the case of the Polish Landrace boars, no significant differ-
ences were noted between different seasons of the year, with 
the exception of ejaculate volume and sperm concentration, 
which in the Polish Large White boars were also most strong-
ly correlated in the winter (rp 0.66, P < 0.01) and least in the 
spring (rp 0.47, P < 0.01).

Discussion

Many studies have shown that the origin of boars (breed 
or cross-breeding variant) plays a significant role in shaping 
the quantitative and qualitative characteristics of their ejacu-
lates (Gączarzewicz et al., 2000; Foote, 2003; Park and Yi, 
2002; Kondracki et al., 2003; Knecht et al., 2004). A study by 
Milewska (2008) showed that ejaculates of Polish Landrace 
boars had higher values for semen characteristics than Pol-
ish Large White breeders. The results of the present study 
showed that the breed of the boars (Polish Landrace or Pol-
ish Large White) did not affect semen characteristics, either 
quantitative or qualitative. What did significantly influence 
these traits was the season in which the ejaculates were col-
lected. The effect of the season on semen characteristics is 
mainly considered in terms of day length and ambient tem-
perature (Claus and Weiler, 1985; Trudeau and Stanford, 

1990; Sancho et al., 2004). Kozdrowski and Dubiel (2004), 
who studied the effect of the season on semen characteristics 
in the wild boar, conclude that the functioning of its repro-
ductive organs is seasonal, and the direction of the seasonal 
changes in the volume and qualitative traits of ejaculates is 
similar to that observed in ejaculates produced by boars of 
modern breeds. The authors observed an increase in the vol-
ume of the ejaculates and the number of sperm per ejaculate 
during the period when the days were shorter (November, 
December). These observations confirm that the activity of 
the reproductive organs in the wild boar is highest in the au-
tumn, as Mauget and Boissin (1987) and Weiler et al. (1996) 
had previously reported, explaining that this was due to the 
higher serum level of testosterone observed during this pe-
riod. Observations of sexual behaviour and the effect of the 
season on semen quality in boars of the primitive East Bal-
kan breed, which is phenotypically similar to the wild boar, 
have also confirmed that the quality of ejaculates is highest 
in the autumn (Marchev and Szostak, 2013). The results of 
the present study show that Polish Landrace and Polish Large 
White boars have retained the tendency towards better se-
men quality (ejaculate volume, sperm concentration, sperm 
count) during periods when the day is shorter and the tem-
peratures are lower. 

In the summer, when temperatures are high, boars re-
spond with lower libido (Szostak and Przykaza, 2011) and 
lower semen production. The data from the present study 
show that the ejaculates had the lowest volume, sperm con-
centration, and total number of sperm with progressive mo-
tion in the summer. We previously observed a similar effect 
of seasonal factors on the characteristics of ejaculates in 
boars of modern breeds in the climate conditions of Bulgaria 
(Marchev et al., 2003). There have been reports (Flowers, 
2008) concerning the possibility of breeding a line of boars 
with the trait of heat tolerance. Huang at al. (2010), however, 

Table 4
Phenotypic correlation coefficients between selected semen traits of Polish Large White boars in each season of year

Season of year
Correlation between Spring Summer Autumn Winter

Ejaculate volume [ml] & 
Concentration of spermatozoa [1,000/mm3]

0.47
***

0.54
***

0.59
***

0.66
***

Ejaculate volume [ml] &
Number of live spermatozoa [bn]

0.85
**

0.89
**

0.88
**

0.87
**

Ejaculate volume [ml] & 
Number of insemination doses

0.84
**

0.91
**

0.88
**

0.85
**

Number of live spermatozoa [bn] & 
Number of insemination doses

0.96
**

0.98
**

0.99
**

0.97
**

** - p < 0.01; *** - p < 0.001
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point out that this resistance to high temperature decreases 
with the age of the boars.

To sum up, it should be emphasized that no significant dif-
ferences between breeds were observed in the characteris-
tics of semen from Polish Landrace and Polish Large White 
boars, whereas the season of the year had a significant effect 
on the characteristics of the ejaculates. The greatest volume, 
sperm concentration and sperm count were noted in the ejac-
ulates collected in the winter in the case of the Polish Lan-
drace boars, and in the spring in the case of the Polish Large 
White, which may be a residual effect of the winter increase. 
In the summer the volume of the ejaculates substantially de-
creased, and with it the sperm count, which adversely affect-
ed the number of insemination doses obtained per ejaculate. 
The value for the phenotypic correlations between the semen 
characteristics was not significantly affected by the season, 
with the exception of ejaculate volume and sperm concentra-
tion, which were most strongly correlated in the winter and 
least in the spring.  
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