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Abstract: The objective of this research was to determine whether a mass sperm motility in native 13 

ejaculate and a sperm dose-count (SDC) affect in vivo boar fertility. Total of 983 ejaculates taken 14 

from Landrace (n = 16 animals), Large White (n = 19 animals) and Duroc (n = 7 animals) breed boars 15 

has been analysed. Concentration of native sperm was assessed by means of a colorimeter and the 16 

evaluation of mass sperm motility was done by a subjective assessment using a microscope. On 17 

average 20.70 doses for insemination were obtained per ejaculate and they were divided into three 18 

classes (SDC = ≤2.50; 2.51–4.00; ≥4.01 × 109). The insemination of 7661 breeding females has been 19 

performed twice. The assessment of the effect was performed by means of General Linear Model in 20 

a SAS 9.1.3 statistical package, using a model that includes a breed fixed effect and linear regression 21 

effect of motility nested within the class of sperm count in a dose. Average values of return rate (%), 22 

farrowing rate (%) and litter size at birth accounted for: 15.53%, 73.41% and 12.65 live piglets, re- 23 

spectively. All the traits of in vivo fertility varied under the effect of breed (p < 0.001). Increase of 24 

motility by one unit (%) resulted in decreased percentage of return rate by 0.11% (p < 0.001) in all 25 

three SDC classes. On the other hand, farrowing rate increased by 0.12–0.13% (p < 0.001) depending 26 

on SDC class. When litter size at birth is in question a linear regression effect of motility was de- 27 

termined inside SDC with the highest sperm count (b = 0.01; p < 0.05). 28 
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 30 

1. Introduction 31 

An artificial insemination represents a primary way of fertilization in intensive farm 32 

production [1]. Productivity control and assessment of boar fertility is an indispensable 33 

part of reproductive management [2]. The evaluation of reproductive performance in boar 34 

is estimated on the basis of farrowing rate and number of live born piglets at birth [3]. 35 

A direct effect of boar explains 5.3% of total variability of farrowing rate, and it in- 36 

volves the effects of: breed (22%), individual (29%), age (0.3%), spermatozoa motility 37 

(9%), with 40% variability not being determined [4]. Spermatozoa motility is the most 38 

important parameter of sperm fertilizing potential [5]. Volume of ejaculate, concentration 39 

and number of live, progressively motile spermatozoa are essential for determining a 40 

maximum dilution of ejaculate [6]. 41 

The research of Ruiz-Sánchez et al. [7] indicates a great variability of in vivo fertility 42 

in boar: conception rate (73–98%), farrowing rate (71–98%) and litter size at birth 43 

(8.8–12.0 piglets). Timely identification of boars that are able to produce larger litters at 44 

birth is necessary for improving pig production [2]. 45 
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The objective of this research was to determine whether a mass sperm motility in 1 

native ejaculate and a sperm dose-count affect in vivo boar fertility. 2 

2. Material and Methods 3 

The research was conducted on a pig farm that owns its reproductive and commer- 4 

cial breeding herd. Boars were housed in a separate facility, in the boxes of 8 m2, with a 5 

partially slatted concrete flooring. Microclimatic conditions were semi-automatic regu- 6 

lated by vertical and horizontal ventilation. Nutrition was based on balanced feed mix- 7 

tures while fresh water was available ad libitum. 8 

A total of 983 ejaculates of Landrace boars (n = 16 animals), Large White boars (n = 19 9 

animals) and Duroc boars (n = 7 animals) was analysed, a minimum number of ejaculates 10 

per boar being 5. The ejaculates were collected by a standard manual method, introduc- 11 

ing a boar into a room with a sow-phantom. A volume of ejaculate was measured by a 12 

graduated cylinder with precision of ±2 mL. A concentration of native sperm was esti- 13 

mated by means of a photo-colorimeter and motility of spermatozoa mass was assessed 14 

by a subjective estimation under a microscope. 15 

Commercial diluters providing possibility of storing doses up to seven days were 16 

used. Doses for insemination were standardized to the volume of 100 mL. The ejaculates 17 

(n = 266, n = 441 and n = 276) were diluted to: ≤2.50, 2.51–4.00 and ≥4.01 × 109 spermatozoa 18 

dose count (SDC). On average 20.70 insemination doses per ejaculate were obtained. Up 19 

to the moment of insemination the doses were stored at 17 °C and used within 96 h of 20 

preparation. Sows were inseminated twice and of total of 7661 matings the 5665 farrow- 21 

ings were realized. 22 

Impact assessment was carried out by applying the General Linear Model procedure 23 

of the statistical package SAS 9.1.3 (SAS Inst. Inc., USA), using the following model: 24 

yijk= μ + Bi + b(Cj) + eijk,  

where: yijk Error! Bookmark not defined.—is an analysed fertility trait, μ—general 25 

population average, Bi—effect of boar breed (i = 1,2,3), b(Cj)- linear regression effect of 26 

spermatozoa mass motility nested within the class of sperm count in a dose (j = 1,2,3) and 27 

eijk—random error. The comparison of the Least Square Means values of fertility traits 28 

was done by t-test. 29 

3. Results and Discussion 30 

The average values obtained for return rate (%), farrowing rate (%) and size of litter 31 

at birth were: 15.53%, 73.41% and 12.65 live piglets, respectively. All the traits of in vivo 32 

fertility varied under the effect of breed (Table 1). Large White breed boars had highest 33 

return rate which was by 5.52 and 4.02% higher in relation to Duroc and Landrace boars. 34 

The best reproductive efficiency (lowest return rate and highest farrowing rate) was ob- 35 

tained by Duroc boars compared to the other two meaty, fertile breeds. One possible 36 

reason is that Duroc boars primarily mated with females of F1 genotype, due to which 37 

there occurred the expression of heterosis effect. The largest number of live piglets at 38 

birth was realized by Landrace boars in relation to the other two studied breeds. 39 

Table 1. Phenotypic differences between breed. 40 

Trait Landrace Large White Duroc RMSE 1 

Return rate (%) 13.90 a,A 17.92 B 12.50 b,A 4.57 

Farrowing rate (%) 

Litter size at birth 

75.29 A 

12.95 A 

70.40 B 

12.52 B 

77.71 C 

12.05 C 

5.07 

0.85 
1 RMSE- Root Mean Square Error; Differences in phenotypic values of traits inside rows designated 41 
by different letters are statistically significant: a,b—p < 0.05 A,B,C—p < 0.001. 42 
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A consequence of the increased motility of spermatozoa mass seems to be a decrease 1 

in return rate by 0.11% (p < 0.001) in all three SDC (Figure 1). On the other hand, far- 2 

rowing rate increased by 0.12–0.13% (p < 0.001) depending on SDC (Figure 2). The results 3 

obtained suggest the significance of sperm motility for semen in vivo effectiveness. When 4 

the size of litter at birth is in question (Figure 3), a linear regression effect of motility was 5 

determined inside SDC with the highest number of spermatozoa (b = 0.01; p < 0.05). 6 

 7 

Figure 1. Return rate (%) depending on the motility (%) nested within the sperm count in a dose 8 
(SDC1: ≤2.50 × 109; SDC2: 2.51–4.00 × 109; SDC3: ≥4.01 × 109). 9 

 10 

Figure 2. Farrowing rate (%) depending on the motility (%) nested within the sperm count in a dose 11 
(SDC1: ≤2.50 × 109; SDC2: 2.51–4.00 × 109; SDC3: ≥4.01 × 109). 12 

 13 

Figure 3. Litter size depending on the motility (%) nested within the sperm count in a dose (SDC1: 14 
≤2.50 × 109; SDC2: 2.51–4.00 × 109; SDC3: ≥4.01 × 109). 15 

The research of Tremoen et al. [8] showed that there are differences between the 16 

breeds of Norwegian Landrace and Duroc boars regarding CASA variables and the effect 17 

on a total number of piglets at birth the motility being the most frequently used param- 18 

eter of sperm quality. Differences between breeds in in vivo fertility might be a conse- 19 

quence of certain mechanisms at a molecular level. In this respect, research of Xu et al. [9] 20 

suggests multiple changes at the level of proteins and status of phosphorylation between 21 

the sperm of Large White and of Duroc breed suggesting a correlation between repro- 22 

ductive efficiency and fertilizing potential. They have identified different novel molecu- 23 

lar mechanisms which might help to better understand spermatogenesis, spermatozoa 24 

motility, energy metabolism and a process of joining spermatozoa and ovum. 25 
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The analysis of sperm in production conditions leads to discovering ejaculates of 1 

poor quality which are connected with poor fertility [10]. The results of this research 2 

comply with the statement of Savić et al. [2] that suggests that sperm qualitative traits can 3 

effect in vivo fertility, therefore an individual assessment of each boar ejaculate used for 4 

artificial insemination is imperative. The evaluation of sperm standard characteristics 5 

enables identification of ejaculates which are potentially poorly fertile but efficiency of 6 

estimation of boar fertility based on these characteristics is not enough [11]. Motility is 7 

one of the most important traits that affects the in vivo fertility of boars: sperm penetra- 8 

tion, farrowing rate and litter size [2] which was confirmed by this research. Some studies 9 

[12] indicate that the number of live born piglets and litters with more piglets (more than 10 

12 piglets) are associated with the parameters of sperm motility. It was shown in certain 11 

studies mentioned by Flowers [13] that if doses with three or more billions of spermato- 12 

zoa are used the correlation between motility and in vivo fertility of breeding females is 13 

asymptotic, the point at which fertility no longer increases significantly being the in- 14 

crease of progressive motility from 60 to 70%. 15 

4. Conclusions 16 

The traits of in vivo fertility varied under the effect of breed. Duroc boars realized 17 

best reproductive efficiency while Landrace boars had largest size of litter at birth. Mo- 18 

tility of sperm affects return rate and farrowing rate in all three classes of sperm dose 19 

count. The size of litter at birth increases with the increase of sperm motility inside sperm 20 

dose count with the highest number of spermatozoa. 21 
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