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ABSTRACT - The objective of this research was to determine the influence of heat
stress, using the temperature-humidity index (THI), on the production and quality of
native sperm of bulls. The effect of heat stress on the quantity of semen (mL), density
of ejaculate (number of spermatozoa, 10°/mL), gross sperm motility (1-5), number of
frozen doses, and motility after freezing was analysed in 1,017 sperm samples taken
from 32 Holstein-Friesian bulls, in the 2017-2019 period, at the Centre for Reproduction
and Embryo Transfer in Serbia. The lowest amount of ejaculate (4.18+1.95 mL) and
the lowest density of ejaculate (1,189.19+668.23 x 10°/mL) were recorded under
conditions of very strong heat stress on the day of semen collection. The level of heat
stress measured on the day of semen collection did not affect sperm gross motility,
number of frozen doses, and motility after freezing. The level of heat stress at the
beginning of spermatogenesis, measured 60 days before semen collection, did not
affect the amount of ejaculate and motility of spermatozoa after freezing, but at very
strong stress, the lowest density of ejaculate (1,170.34+680.27 x 10°/mL) and gross
motility of spermatozoa were found (2.91£0.96). The lowest number of doses per
ejaculate was recorded in conditions of moderate heat stress (396.6+157.71). Bulls
older than 36 months had the best results according to all tested parameters of native
sperm production and quality. The year in which the bulls produced semen did not
affect density of ejaculate and sperm motility. The season of semen collection did not
significantly affect the production and quality of native sperm, due to the practice of
exploiting only bulls with the best sperm quality during the summer.

Keywords: artificial insemination, heat stress, semen production, spermatogenesis

1. Introduction

In the near future, significant changes in the climate are expected, which will affect all living things
on our planet, and thus the production of bull semen. Some breeds derived from Bos indicus tolerate
heat stress more easily than breeds derived from Bos taurus. Heat stress does not comprise solely
the influence of temperature and air humidity, but also the influence of solar radiation, photoperiod
duration, wind speed, and other factors (Biniova et al.,, 2017; Morrell, 2020). Animals fight against it
by increasing the frequency of breathing, sweating, and water intake and reducing feed intake, which
also lead to changes in metabolism and impaired functioning of the endocrine system (Kucevic et al.,
2013; Herbut and Angrecka, 2018; Prathap et al., 2017; Morrell, 2020).
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Changes caused by heat stress in the production of bull semen are reflected in sperm motility and
morphology, their vitality, sperm concentration, as well as the ability to freeze and the quality of
semen after thawing, fertilization success, and early embryo development (Rahman, et al., 2013;
Llamas-Lucefio et al.,, 2020b; Garcia-Oliveros et al., 2022), regardless of whether only the testes or the
whole body are exposed to heat stress (Lees et al., 2019).

The age of the bull has an important role in the quality and quantity of native semen and semen after
freezing. Although young bulls are more susceptible to heat stress, it has a more pronounced effect on
the spermatogenesis in older bulls (Majic Balic et al., 2012; Morrell, 2020; Llamas Lucefio et al., 2020a).

Most authors believe that heat stress begins with THI=72. It depends on air temperature and relative
air humidity, and THI>72 can occur at an air temperature of 22 °C and air humidity of 80% (Dunn et al,
2014), although THI = 68 is considered as a stress limit (Segnalini et al., 2011; Carter et al,, 2011;
Carabafio et al,, 2014).

The objective of this research is to investigate further the influence of heat stress on the quantity and
quality of native sperm, as an important factor for cattle reproduction.

2. Material and Methods

In accordance with ethical standards, the research was conducted using the production results of
32 Holstein-Friesian bulls that produced semen in the period from 2017 to 2019, in the Centre for
Reproduction and Embryo Transfer, Belgrade, Serbia (44°49'14", 20°27'44"), altitude 116.75 m. This
Centre was of a local character and produced bull semen mainly for the needs of the parent company,
which during that period bred about 7,000 Holstein-Friesian dairy cows and the accompanying
young female animals, but also for the needs of a certain number of farms in the vicinity of Belgrade
and a smaller part of Vojvodina (a total of about 12,000 cows with accompanying young heads). The
bull production program was based on the selection of the best cows, which are inseminated with
imported Holstein-Friesian bull semen. Healthy calves were brought to the Centre at the age of 6-10
months, where their physical development was monitored and they were prepared for breeding. After
the collection of the first 900 doses, the semen was sent to the farms where the biological test was
carried out and the production of semen was continued in a limited quantity to avoid creating large
stocks, due to the limited market in which the semen was placed and the overall financial operation of
the Centre.

The bulls were housed in the facilities in individual stalls/boxes, and the semen was taken two times
a week in a hall with a stall connected to the housing facilities. Semen was collected using a sterilized,
tempered artificial vagina with a calibrated sperm collector. After the jump, the amount of semen was
recorded (mL). The number of spermatozoa was determined with the ACCUREAD device (IMV, France)
and based on this, the density of the ejaculate (concentration of spermatozoa) in 1 mL of semen was
determined. Motility was determined by microscopic examination on a NIKON Eclipse E100 binocular
microscope with a magnification of 10-40X and was evaluated as a percentage of progressively motile
spermatozoa. Sperm was graded on a scale of 1 to 5 based on colour, density, and proportion of
progressively motile spermatozoa: 1 - very weak (very few motile spermatozoa moving in a circle;
about 10% of total motility); 2 - weak (small number and low mobility of spermatozoa; 20-40% of total
motility); 3 - medium (slowed sperm movement; 40-70% of total motility); 4 - good (vigorous motility
of 75-90% of spermatozoa); 5 - very good (thick sperm with very energetic movement of more than
90% of spermatozoa).

Based on the amount of ejaculate and the density of the semen, the total number of spermatozoa in
the ejaculate was calculated, which was then divided by the number of spermatozoa we wanted in one
dose, and thus the maximum number of doses that could be obtained from the ejaculate was obtained.
The obtained number was multiplied by the volume of one mini tube (0.25 mL), and the total amount
of diluted semen was obtained. Dilution was calculated by subtracting the amount of ejaculate from
the total amount of diluted semen and dividing the difference by the amount of ejaculate. Based on
this, the amount of diluent added to the amount of ejaculate was determined.
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The evaluation of sperm samples, determination of dilution, and number of doses for freezing was
carried out by the chief technologist at the Centre for Reproduction and Embryo Transfer, who is a
graduated veterinary specialist in reproduction. Sperm failing to produce a sufficient number of
progressively motile spermatozoa or of insufficient density was recorded as a jump, the amount of
ejaculate was measured and graded, and then discarded. Investments in equipment and technology
were very limited considering the size of the Centre, and the amount of semen sold annually, and
during the summer months, was generally not collected from bulls with problematic semen quality.

Data on temperature and air humidity were obtained by measuring in the facility where the bulls
were housed. The sensors were in devices for automatic registration of microclimate parameters, i.e.
in the data logger AMTAST, AMT-116. Measurements were made every 60 min during the research.

The THI index was calculated using the formula (Dunn et al., 2014):
THI = (1.8 x T + 32) - (0.55-0.0055 x RH) x (T - 26.8),

in which T = temperature in the facility (°C) and RH - relative air humidity (%). The THI index on a given
day is the average value of the THI index by hours on that day.

The categorization of heat stress was performed on the basis of the THI index and was interpreted
according to Ekine-Dzivenu et al. (2020): no stress = THI < 66; mild stress = THI 67-71; moderate
stress = THI 72-78; strong stress = THI 79-81; and very strong stress = THI = 82.

The influence of heat stress was examined on native sperm and on spermatogenesis by monitoring
the value of the THI index 60 days earlier. In addition to the THI index, the following were analysed:
amount of ejaculate (mL), density of ejaculate (number of spermatozoa/mL of sperm), evaluation of
sperm based on sperm motility and density, number of doses for freezing, and motility of spermatozoa
after thawing.

Statistical data processing was performed with the SAS software package (Statistical Analysis
System, 2013). A multifactorial analysis of variance according to a random plan was applied, and the
following model was applied:

Y =u+ SB, + Gj +S, + THI + i
in which Y = observed parameter of the quantity and quality of semen; p = general average; SB, = fixed
effect of the i-th group of bull age; G = fixed effect of j-th year of semen collection; S, = fixed effect of

k-th season of semen collection; THI, = fixed effect of I-th heat stress category; and € = random error.

The difference between the average values of the THI index by year and season was examined with
the t-test, and the significance of the examined effects on the indicators of native sperm and motility
after thawing was examined using the F test.

Depending on the indicator that was monitored, the number of repetitions per bull also varied. For
each analysed indicator, the smallest number of repetitions per bull was five and ranged up to 75 for
the quantity and density of the ejaculate. When it comes to spermatogenesis, the lowest number of
repetitions per bull was five, and the highest was 65 for the amount of ejaculate (Table 1).

3. Results

During the research, the THI was calculated every 60 min, and for a given day it represented the
average of 60-min values in that day. The lowest average value of the THI was recorded in year 2018
(48.50+11.67%, AVG+SD), and the highest in 2019 (59.7548.60%) (Figure 1). The number of THI
measurements by year was 446, 430, and 141, respectively, and by season it was 256, 60, 386, and
315. Differences in average THI values by year were not statistically significant (P>0.05). By season,
the THI values ranged from 43.12+5.51% in winter to 74.61+3.76% in summer (Figure 2), and the
difference in the average THI value during summer compared with winter was highly significant
(P<0.01).

R. Bras. Zootec., 53:e20240011, 2024
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Table 1 - Number of bulls and number of jumps by years and seasons and year-season

Year n. of bulls/n. of jumps Season n. of bulls/n. of jumps Year-season n. of bulls/n. of jumps
Spring /
2017 31/446 Spring 29/386 Summer 23/24
Autumn 31/369
Winter 28/53
Summer 29/60 Spring 28/158
2018 28/430 Summer 14/14
Autumn 15/17
Autumn 31/256 Winter 27/241
Spring 17/98
2019 19/141 Summer 13/22
Winter 29/315 Autumn /
Winter 12/21
100 ~
80 A
60 A
40 A
20 A
0 )
2017 2018 2019
Il Average ——— Min. === Max.

Figure 1 - Average temperature-humidity index values according to the years.
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Figure 2 - Average temperature-humidity index values according the seasons.
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During the three years of research, 1,017 ejaculates were taken from 32 bulls, the average volume of
which was 5.12+2.16 mL. Of the total number of ejaculates, 941 samples passed the first check, density
of ejaculate, containing on average 1,370.95+688.03 x 10°/mL spermatozoa. The gross motility of
spermatozoa was determined in 924 sperm samples, with an average score of 3.24+0.91, that is, semen
that was of medium density with more than 50-70% progressively motile spermatozoa. Of a total of
1,017 ejaculates, 462 ejaculates passed the freezing test, and an average of 472.38+177.42 doses of
semen were obtained. Moreover, 376 ejaculates passed the semen motility test after thawing, with an
average motility of 0.524+0.086.

The intensity of heat stress measured 60 days before semen collection (approximated as the beginning
of spermatogenesis) showed no statistically significant effect (P>0.05) on the amount of ejaculate,
which ranged from 4.89+1.91 (moderate stress) to 5.61+2.16 mL (very strong stress), as well as sperm
motility after freezing, which ranged from 0.49+0.08 (moderate stress) to 0.54+0.08 (mild stress)
(Table 2). A significant effect (P<0.05) of heat stress at the beginning of spermatogenesis on density

Table 2 - Influence of THI measured 60 days before and on the day of semen collection on indicators of native
sperm quality and motility after freezing

Mild Moderate Strong Very strong
P-value
stress stress stress stress

Characteristic Indicator No stress

THI measured 60 days before semen collection

n 106 268 140 175 60

Amount of ejaculate (mL) avg 5.38 5.37 4.89 5.48 5.61 0.345
SD 1.97 2.23 191 2.4 2.16
n 101 258 120 156 59

Density of ejaculate (10°/mL) avg 1,560.89 1,526.74 1,357.92 1,588.65 1,170.34 0.02
SD 536.17 641.47 743.18 687.12 680.27
n 101 256 118 154 54

Sperm motility (%) avg 3.62 3.45 3.25 3.55 291 0.013
SD 0.71 0.81 0.87 0.77 0.96
n 74 154 53 107 14

Number of doses avg 464.73 489.35 396.6 507.01 494.64 0.006
SD 172.46 187.79 157.71 173.03 142.04
n 69 124 46 66 14

Sperm motility after thawing avg 0.53 0.54 0.49 0.53 0.51 0.633
SD 0.08 0.08 0.08 0.08 0.07

THI measured on the day of semen collection

n 132 269 209 318 89

Amount of ejaculate (mL) avg 5.15 5.06 5.34 5.26 4.18 0.000
SD 2.20 2.22 2.21 2.05 1.95
n 129 249 194 295 74

Density of ejaculate (10°/mL) avg 1,478.14 1,509.64 1,234.95 1,342.03 1,189.19 0.005
SD 583.15 736.67 676.86 673.36 668.23
n 128 245 192 288 71

Sperm motility (%) avg 3.43 3.38 3.09 3.22 2.97 0.152
SD 0.81 0.84 0.99 0.89 1.04
n 77 140 86 134 25

Number of doses avg 445.19 450.5 500.58 499.71 435.2 0.251
SD 195.86 157.32 188.69 176.8 164.03
n 75 113 53 119 16

Sperm motility after thawing avg 0.53 0.53 0.53 0.52 0.51 0.629
SD 0.08 0.08 0.10 0.08 0.12

P-value - F test of investigated influences; avg - average; SD - standard deviation.
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of ejaculate was established, which ranged from 1,170.34+680.27 x 10°/mL (very strong stress) to
1,588.65+687.12 x 10°/mL (strong stress), as well as the effect on gross motility of spermatozoa, which
was the worst in conditions of very strong stress (2.91£0.96) and the best when there was no stress
(3.62+0.71) (Table 2). When it comes to the number of frozen doses per ejaculate, heat stress at the
beginning of spermatogenesis had a very significant effect (P<0.01), and the lowest number of doses
was recorded in conditions of moderate stress (396.6+157.71), and the highest in conditions of
strong stress (507.01+173.03) (Table 2).

In the conditions when heat stress was measured on the day of semen collection, its highly significant
influence (P<0.01) on the amount and density of the ejaculate was recorded. The smallest amount
of ejaculate ranged from 4.18+1.95 mL (very strong stress) to 5.34+2.21 mL (mild stress), while the
density of semen ranged from 1,189.19+668.23 x 10°/mL (very strong stress) to 1,509.64+736.67 x
10%/mL (mild stress). Although the worst results for gross sperm motility, number of frozen doses and
motility after freezing were obtained under the influence of very strong stress, the influence of heat
stress measured on the day of semen collection was not statistically significant (P>0.05) (Table 2).

The amount of ejaculate by year (2017-2019) varied highly significantly (P<0.01) and it was,
respectively, 4.74+1.98, 5.25+2.11, and 5.88+2.58 mL. Sperm motility was 2.92+0.95, 3.45+0.81, and
3.67%0.7, while the number of doses obtained per ejaculate was 426.24+159.08, 472.32+180.77, and
540.74+173 (Table 3). The average values of density of ejaculate by years were 1,162.21+686.89,
1,525.2+601.27, and 1,583.6x757.32 x 10°/mL, respectively, and the influence of the year was
significant (P<0.05). The influence of year on sperm motility after thawing was not statistically
significant (P>0.05) and was 0.5+0.09, 0.54+0.08, and 0.52%0.09, respectively (Table 3).

The effect of the season was significant (P<0.05) with the density of ejaculate; the lowest density was
recorded in bulls that produced during spring (1,142+691.22 x 10°/mL), and the highest in bulls that
produced during autumn (1,589.58+637.25 x 10%/mL). Other indicators of sperm production did not
variate significantly (P>0.05) depending on the semen harvesting season (Table 4).

A highly significant influence (P<0.01) of the age of bulls on the amount of ejaculate was recorded,
which was 5.25+1.98, 4.58+1.97, and 5.49+2.34 mL per age, respectively (<24, 25-35, and =36
months), on sperm motility (3.28+0.94, 3.07+£0.91, and 3.37+0.86), and on the number of frozen doses
(454.97+169.86,409.25+163.01, and 522.29+177.33), while it was significant (P<0.05) on the density
of ejaculate (1,359.32+676.01, 1,299.3+734.34, and 1,441.15+649.28 x 10°/mL) and sperm motility
after thawing (0.52+0.09, 0.51+0.08, and 0.53+0.08) (Table 5).

Table 3 - Influence of the year on the examined sperm characteristics

Characteristic Indicator 2017 2018 2019 P-value
n 446 430 141

Amount of ejaculate (mL) avg 4.74 5.25 5.88 0.008
SD 1.98 2.11 2.58
n 420 396 125

Density of ejaculate (10°/mL) avg 1,162.21 1,525.2 1,583.6 0.047
SD 686.89 601.27 757.32
n 409 392 123

Sperm motility (%) avg 2.92 3.45 3.67 0.006
SD 0.95 0.81 0.70
n 130 244 88

Number of doses avg 426.24 472.32 540.74 0.003
SD 159.08 180.77 173.50
n 126 207 43

Sperm motility after thawing avg 0.50 0.54 0.52 0.141
SD 0.09 0.08 0.09

P-value - F test of investigated influences; avg - average; SD - standard deviation.
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Table 4 - Influence of season of semen collection on the examined sperm characteristics

Characteristic Indicator Spring Summer Autumn Winter P-value
n 386 60 256 315

Amount of ejaculate (mL) avg 4.84 4.78 5.54 5.17 0.33
SD 1.98 2.23 2.26 2.21
n 357 45 240 299

Density of ejaculate (10°/mL) avg 1,142.94 1,328.89 1,589.58 1,474.01 0.05
SD 691.22 629.53 637.25 653.12
n 345 45 239 295

Sperm motility (%) avg 2.89 3.20 3.52 3.44 0.17
SD 0.96 0.92 0.79 0.80
n 108 19 160 175

Number of doses avg 440.89 474.21 526.53 442.11 0.09
SD 159.54 174.51 172.40 182.23
n 104 8 119 145

Sperm motility after thawing avg 0.50 0.53 0.54 0.53 0.49
SD 0.09 0.12 0.08 0.08

P-value - F test of investigated influences; avg - average; SD - standard deviation.

Table 5 - Influence of the age of bulls on the examined sperm characteristics

Bull age (months)

Characteristic Indicator P-value
<24 24-36 >36

n 280 346 391

Amount of ejaculate (mL) avg 5.25 4.58 5.49 0.000
SD 1.98 1.97 2.34
n 263 314 364

Density of ejaculate (10°/mL) avg 1,359.32 1,299.30 1,441.15 0.016
SD 676.01 734.34 649.28
n 259 305 360

Sperm motility (%) avg 3.28 3.07 3.37 0.000
SD 0.94 0.91 0.86
n 141 120 201

Number of doses avg 454.97 409.25 522.29 0.000
SD 169.86 163.01 177.33
n 113 96 167

Sperm motility after thawing avg 0.52 0.51 0.53 0.027
SD 0.09 0.08 0.08

P-value - F test of investigated influences; avg - average; SD - standard deviation.

4. Discussion

Heat stress has always existed, but it was probably less pronounced than today. There are many
reasons, mostly related to the large population of our planet, water and air pollution, increased CO, and
methane emissions, etc. In Northern Europe, by year 2050, the air temperature is expected to increase
by 1.5 to 3 °C compared with average temperatures in the period 1961-1990, and in Southern Europe
by 2 to 3 °C (Matovic et al., 2013). When it comes to precipitation in Serbia, an increase in the amount
of precipitation is expected in the north of the country, but also a decrease in the south. A significant
increase in the number of tropical days is expected (StriCevi¢ et al,, 2019). All living things will be
exposed to heat stress, and it will affect all areas of life and work, including agriculture and animal
husbandry/livestock production.

R. Bras. Zootec., 53:¢20240011, 2024
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Very similar THI values in the Netherlands in 2016 in March (spring) and August (summer) were
reported by Llamas Lucefio et al. (2020a). Most authors consider that heat stress begins with THI=72.
It depends on air temperature and relative air humidity, so the critical value of the THI index can be
obtained even at lower temperatures if the humidity is high (Dunn et al., 2014). Some authors believe
that, in fact, THI = 68 marks the beginning of heat stress (Segnalini et al., 2011; Carter et al,, 2011;
Carabafio et al., 2014).

Examining the impact of stress on cattle, a significant number of researchers report that breeds
originating from Bos indicus tolerate elevated temperatures more easily compared with those
originating from Bos taurus and this is explained by better thermoregulation (Wettemann and
Boehmer, 2014; Seifi-Jamadi et al., 2019; Morrell, 2020). The existence of bulls that are more tolerant
to heat was also observed, and it is desirable to include this criterion in the selection/breeding of
bulls (Netherton et al., 2022) and cows (Vukovi¢ et al., 2018).

Anincrease in the ambient temperature leads to an increase in body temperature (Dikmen and Hansen,
2009), and bulls’ response to this is sweating and breathing more frequently, consuming more water
and accelerating blood flow. To ensure normal spermatogenesis, the temperature in the testicles must
be 2-6 °C, lower than the body temperature, or according to some authors, 4-5 °C. The sweat glands
of the scrotal sac, its smooth muscles, and scrotal and testicular blood flow play an important role
in optimizing scrotal temperature (Thundathil et al., 2012; Wettemann and Boehmer, 2014; Morrell,
2020). Otherwise, spermatogenesis is impaired, which leads to impaired fertility and sterility. In their
research on mice, Kastelic et al. (2019) established that hyperthermia itself is the cause of thermal
effects on sperm, and that hypoxia does not significantly increase its impact, nor is it mitigated by
hyperoxia.

Most authors believe that heat stress affects both the quantity and quality of semen, spermatogenesis,
sperm maturation, but also the ability to freeze and the quality of semen after thawing (Garcia-
Oliveros et al., 2022), fertilization success (Rahman et al., 2013; Llamas-Lucefio et al., 2020b), and early
embryonic development (Llamas Lucefio et al., 2020a).

In the initial phase of spermatogenesis, subsequent to the effect of heat stress, changes occur on
the head of the spermatozoa, and the potential of the mitochondrial membrane changes; later, the
mobility of the spermatozoa and the potential of the mitochondrial membrane decrease, the number of
abnormal spermatozoa increases, and DNA defragmentation increases as well as lipid peroxidase. Early
spermatogenesis begins seven to nine weeks after the effect of heat stress, and recovery is observed
after 10-11 weeks (Llamas Lucefio et al,, 2020a; Garcia-Oliveros et al., 2022; Capela et al.,, 2022).
Similar effects on sperm quality (sperm concentration, number of progressively motile spermatozoa,
and number of abnormal spermatozoa) are also reported by Wettermann and Boehmer (2014) and
Seifi-Jamadi et al. (2019). Reduction of sperm freezing ability by 14 to 18% after severe heat stress,
reduced motility of spermatozoa after thawing, and a reduced number of throats in the non-return test
by more than 4% are cited as serious problems by Llamas-Lucefio et al. (2020b). An increase in cell
death due to the effect of heat stress, a decrease in the number of blastocysts, an increase in the number
of apoptotic cells, and the changed ratio of certain cell parts in blastocysts are detected, which affect
the embryo’s ability to survive (Seifi-Jamadi et al., 2019; Llamas Lucefio et al., 2020a). Al-Kanaan et al.
(2015) considered that the effect of heat stress is lower in bulls that have a longer interval between
jumps.

In this study, heat stress did not affect the amount of ejaculate when it was measured at the beginning
of spermatogenesis (P>0.05), which can be partly explained by the fact that the bulls producing at
that time produced better quality semen, i.e. those individuals that were less susceptible to heat
stress, which were mostly older bulls that had been in exploitation longer. On the other hand, the
THI index measured on the day of semen collection had a highly significant effect on the amount of
ejaculate (P<0.01), which is in accordance with the research of other authors, and in our case, it can
be interpreted as the fact that both during spring and autumn, there were days with high THI values,
when the semen was collected from most of the bulls. A similar amount of ejaculate is reported in the
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research of Chikhaliya et al. (2018), somewhat more in the study by Das et al. (2017) and Pathak et al.
(2018), while Paldusova et al. (2014) reported significantly higher amounts of ejaculate in Simmental
bulls, similar to Snoj et al. (2013).

In accordance with the results of the majority of authors, the lowest density of ejaculate concentration
of sperm (P<0.05) is recorded in periods of the highest heat stress and at the start of spermatogenesis
and on the day of semen collection. Sharma et al. (2017) reported the lowest density of ejaculate
in conditions of very strong heat stress. Similar values of density of ejaculate were established
by Prathap et al. (2017) and Bhave et al. (2020), and lower values by Paldusova et al. (2014) and
Chikhaliya et al. (2018).

Unfortunately, in the Centre for Reproduction and Embryo Transfer, spermatozoa morphology and
sperm motility were not analysed, but only gross motility was examined, which was significantly
influenced (P<0.05) by THI measured at the beginning of spermatogenesis, and the obtained values
were in line with the research of other authors. Although the lowest gross motility of spermatozoa
was also found at the time of high heat stress during semen collection, the influence of THI was not
significant (P>0.05).

The number of produced doses is primarily a function of the amount of semen and the concentration
of spermatozoa, provided that the other conditions for the quality of the semen are met. The lowest
number of doses (396.6+x157.71) in our research was obtained in conditions of moderate stress at
the beginning of spermatogenesis (P<0.01), since the smallest amount of ejaculate and a lower
concentration of spermatozoa were also established in that period. This can be explained by the
process of spermatogenesis, because in the period of three to six weeks after the effect of very strong
heat stress, sperm motility, plasma membrane integrity, and the number of normal spermatozoa are
all reduced, and early spermatogenesis occurs after seven to nine weeks, and recovery occurs after
10-11 weeks (Garcia-Oliveros et al.,, 2022). The lowest number of frozen doses was also found
during strong heat stress on the day of ejaculate collection (P>0.05), which is close to the research of
Al-Kanaan et al. (2015).

No significant influence of the THI on sperm motility after freezing (P>0.05) was established either
when heat stress was measured at the beginning of spermatogenesis or at the time of semen collection.

The age of bulls also affects spermatogenesis and the quality and quantity of semen produced.
According to Morrell (2020) and Majic Balic et al. (2012), young bulls are more susceptible to
heat stress than older bulls, but the impact of heat stress on the quality of spermatogenesis is more
pronounced in older bulls and has by 3.8 times more negative impact on the quality of frozen sperm
(Llamas-Lucefio et al., 2020b). According to research by Paldusova et al. (2014), older bulls have a
significantly higher (P<0.01) amount of ejaculate and lower sperm concentration compared with
younger ones. A similar trend is established for the amount of ejaculate by Bhave et al. (2020) and
Snoj et al. (2013), as well as Majic Balic et al. (2012), noting that the differences in the total number of
spermatozoa and progressive motility are not statistically significant (P>0.05).

In our study, the largest amount of ejaculate was found in the oldest bulls, which is in line with the
research of other authors, but the oldest bulls included in our study also had the highest density of
semen, which is not the case in other studies. The reason for this may be the fact that in the group
of older bulls there were those that were selected/bred for the quality and quantity of semen, while
in the younger group, there were bulls whose semen was collected and the results of biological tests
were pending. Ahmad et al. (2003) found a significantly higher amount of ejaculate, sperm motility, and
number of doses in bulls aged 3-5 years compared with younger and older bulls, which is in line with
our research.

Seasons during the year vary depending on the climate, but are always related to atmospheric
temperatures, precipitation amounts, air humidity, and the duration of the photoperiod, and as such,
affect the production of bull semen (Morrell, 2020). In fact, the influence of the season is a less precise
method, compared with THI, to assess the influence of climatic factors on spermatogenesis and the
quality of native sperm. In research carried out in tropical and subtropical conditions, the seasons are
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generally divided into summer, winter, and rainy season, and in temperate continental conditions
into spring, summer, autumn, and winter.

Studying the quality of native ejaculates of three bulls of different breeds, Dhami et al. (2021) found no
significant (P>0.05) effect of season, although the highest amount of ejaculate and number of abnormal
spermatozoa have been established in the monsoon season, motility and number of live spermatozoa
during winter, and the highest concentration during summer. According to Bhave et al. (2020), Gir
bulls achieve the best results in semen production during summer, which can be explained by better
spermatogenesis taking place during lower atmospheric temperatures. Unlike them, bulls of the same
breed, according to research by Das et al. (2017), have the best results of native sperm quality during
winter (ejaculate amount, sperm concentration, and motility), but also the lowest sperm motility after
thawing.

In moderately continental conditions, according to Snoj et al. (2013), the highest amount of ejaculate
is obtained during summer, and the lowest in winter, with the Brown Swiss bulls then having the
highest number of spermatozoa. Majic Balic et al. (2012) found that young bulls have lower semen
motility during summer than during spring.

Certain deviations from the literature data should be explained, first of all, as the consequence of the
size of the Reproduction Centre, its purpose and the market it supplied, there was no need for greater
semen production, and therefore during the summer months, semen was not taken from all the bulls,
only from the individuals that had good semen quality in the previous period.

5. Conclusions

There is a noticeable trend that high temperature and air humidity adversely affect spermatogenesis
and the quantity and quality of semen. It is recommended to prepare bulls for semen collection in
less favourable temperature conditions, select individual animals that are more tolerant to high
temperatures and air conditioning facilities. It can be helpful to extend the interval between two
semen collections or, in extreme conditions, not to collect semen at all. This can significantly affect
the improvement of the quality and quantity of semen, fertilization, embryogenesis, and thus, through
better reproduction, increase the profitability of cattle production.
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