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Abstract 6 

The aim of this study was to investigate the effects of solar radiation on spermatozoa motility and 7 

abnormalities. The material of the study consisted of 28 bulls of the Holstein Friesian, Brown Swiss and 8 

Simmental breeds reared in a private AI center for artificial insemination, as well as the data of 1539 9 

collected ejaculations of these bulls and the meteorological data of the research area. The SPPS 25.0 10 

program was used for statistical analysis. The differences between the solar radiation intensity groups for 11 

the concentration and proportion of distal midpiece reflex (DMR) and coiled tail (CT) spermatozoa were 12 

highly statistically significant (p<0.01) and the differences found for the concentration and proportion of 13 

proximal drop (PD) spermatozoa were statistically significant (p<0.05). In contrast, the differences found 14 

between the groups for CT spermatozoa were statistically insignificant (p>0.05). The difference between 15 

the groups of solar radiation for the ratio of solve spermatozoa (SL) to abnormal spermatozoa was 16 

statistically significant (p<0.01), while the differences for Static spermatozoa (ST), Progressive 17 

spermatozoa (PR), and motile spermatozoa (MO) spermatozoa ratios were statistically insignificant 18 

(p>0.05). The differences observed between the temperature-humidity index groups in all abnormal 19 

spermatozoa ratios were not statistically significant (p>0.05).  The intensity of solar radiation was 20 

positively and significantly (p<0.05) associated with ST spermatozoa, while it was negatively and 21 

significantly (p<0.01) associated with MO and SL spermatozoa. There was a positive and significant 22 

(p<0.01) association between solar radiation intensity and abnormal spermatozoa bent tail (BT), DMR, 23 

distal drop (DD) and proximal drop (PD), while CT showed a negative and significant (p<0.05) 24 

association with spermatozoa. There was a positive and significant relationship between temperature-25 

humidity index (THI) and ST motility traits, a negative and significant relationship with MO spermatozoa 26 

and a negative and significant relationship with SL spermatozoa ratio. There was a positive and 27 

significant relationship between THI and BT, DMR, DD and PD abnormal spermatozoa, while a negative 28 

and significant relationship was found with CT. 29 

Keywords: Abnormal spermatozoa; Bull fertility; Semen motility; Semen quality; Solar radiation; Core 30 

temperature. 31 

 32 

33 
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INTRODUCTION 34 

The increase in greenhouse gas emissions caused by human activities over the last century has 35 

increased global temperatures by 0.5°C. Studies has shown that this increase will continue by 0.5°C and 36 

1°C in the coming decades, and it is predicted that the world will warm by 1.4°C to 5.8°C in the next 37 

century if no action is taken to significantly reduce greenhouse gas emissions [66]. 38 

Livestock production is an important source of animal food for the healthy nutrition of billions of 39 

people. It also provides employment and continues to be an important income-generating activity for the 40 

rural population. While livestock production, along with other sectors, contributes to the increase in 41 

greenhouse gas emissions and leads to climate change, the negative impacts of climate change pose a 42 

serious threat to the sustainability of livestock production systems [1,67]. An extreme increase in air 43 

temperature due to global climate change has a direct impact on the adaptive capacity of animals, leading 44 

to an increase in infectious diseases or deaths and the spread of food and vector-borne diseases over large 45 

areas [68]. 46 

The body temperature of animals varies depending on the environmental conditions in which they live 47 

and ranges between 37.5 and 39.5 °C. In contrast, the testicular temperature of animals is usually 2 to 48 

7 °C lower than body temperature. The optimum environmental conditions for cattle are a temperature of 49 

5-21 °C, a relative humidity of 60-70%, a wind speed of 5-8 km/h and moderate solar radiation. In terms 50 

of environmental requirements of cattle, the temperature-humidity index (THI) is classified as no stress if 51 

it is below 72, mild stress if it is between 72 and 79, moderate stress if it is between 80 and 89, and 52 

extreme stress leading to death if it is above 90.  [69,76]. 53 

Although animals have a degree of tolerance to high temperatures and high humidity, cellular and 54 

systemic reactions such as reduced growth rate, milk yield, milk fat, protein and lactose ratio, feed 55 

conversion, body weight gain and fertility traits occur. Thermal stress impairs the synthesis of 56 

progesterone hormone, follicle-stimulating hormone and luteinizing hormone in female animals, leading 57 

to an interruption of the estrus cycle. This problem leads to increased silent estrus and infertility, 58 

especially in buffaloes, and disruption of ovulation patterns in chickens [70-74]. 59 

An increase in ambient temperature between 24-26 ⁰C is considered a critical threshold for 60 

thermoregulation. If the temperature rises above 27 ⁰C or the temperature-relative humidity index (THI) 61 

rises above 70 ⁰C, the animal's thermoregulation process is disrupted. When the ambient temperature 62 

reaches 38 ⁰C (THI 75 -78), both the body and testicular temperatures increase. This leads to a reduction 63 

in the difference between testicular and body temperature by about 2 ⁰C. Due to this change, 64 

spermatogenesis in the testes is negatively affected and sperm quality decreases [77,78]. 65 

Climatic factors, such as solar radiation, temperature, relative humidity, and air velocity determine the 66 

quantity and quality of livestock production. Particularly in the summer months when animals are 67 

exposed to direct and indirect sunlight, their productivity decreases considerably [2].  68 
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A rise in temperature caused by the sun increases the respiration rate and core body temperature of the 69 

animals. In summer, the core body temperature and respiration rate of cattle kept in the shade are lower 70 

than those kept outdoors [3,4]. To be productive, animals need a comfort zone in the farm environment, 71 

which varies according to species, breed, age, and physiological condition [5,6]. 72 

Solar radiation is defined as the electromagnetic power emitted by the sun per unit area on earth [7]. 73 

The increase in the intensity of solar radiation affects the climate pattern and leads to changes in the 74 

quality and quantity of animal feed resources. Conversely, solar radiation causes thermal stress by 75 

increasing the core body temperature, which reduces the resistance of the animal body to diseases and 76 

pests [8,9]. 77 

With increasing solar radiation in the environment, the animals’ need for shade to cool down increases. 78 

During the day, when solar radiation is at its highest, all cattle will use shade structures at the same time 79 

[10]. Although shade structures cannot completely reduce the effects of air temperature and relative 80 

humidity, they minimize the negative effects of solar radiation on the animals. Therefore, it is very 81 

important to build structures and plant trees that provide shade for animals on farms [11]. 82 

In cattle breeding, artificial insemination is an important tool for genetic improvement studies. 83 

Therefore, the quality of semen used in artificial insemination is very important [12,13]. The reproductive 84 

performance of male animals on farms is important for the continuity and profitability of the herd and for 85 

animal production. Fewer male than female cattle are kept in herds with the aim of having more offspring 86 

per male animal. The fertility performance of male animals is the result of semen quality. Semen quality 87 

is influenced by both genetics and environmental factors, such as temperature, humidity, solar radiation, 88 

and wind speed. Rising temperatures in the agricultural environment due to solar radiation have a 89 

negative effect on reproductive performance [14,15]. Hyperthermia in animals due to high ambient 90 

temperatures leads to a decrease in testosterone hormone levels with subsequent problems with 91 

spermatogenesis. Furthermore, semen quality also decreases [16,17]. 92 

Steroidogenesis and spermatogenesis in semen samples are affected when animals are exposed to 93 

relative humidity and sunlight for prolonged periods in tropical climates and pastures without shaded 94 

structures. Hormones and spermatozoa are both affected as a result [18]. 95 

Sperm defects are more prevalent when bulls are exposed to heat stress caused by solar radiation. As a 96 

result of the decrease in the growth rate of the testes, the steroidogenic capacity of Leydig cells in the 97 

connective tissue surrounding the vas deferens is reduced, which leads to a significant decrease in semen 98 

volume [19,20]. Furthermore, when bulls housed in paddocks outside the barn are exposed to direct 99 

sunlight, their core body temperatures rise. The most effective way to reduce the negative effects of solar 100 

radiation is to provide bulls with natural or artificial shade [10]. 101 

Semen quantity, motility, and spermatozoa defects are important indicators for determining semen 102 

quality and are closely related to fertility. In addition, semen quality has a significant influence on the 103 
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success of fertilization and the pregnancy rate of the female animal [22–24]. Spermatogenesis and sperm 104 

maturation are important processes regarding DNA replication and packaging. Any negative change in 105 

genetic structure or environmental factors leads to abnormal spermatozoa production [25–26]. Semen 106 

quality is analyzed in two ways: motility and morphological structure. For sperm motility, sperm is 107 

categorized as either progressive, non-progressive, or non-motile [27]. 108 

The aim of this study was to investigate the effects of solar radiation on sperm motility and the 109 

abnormalities that occur in spermatozoa. In addition, this study aimed to contribute to future studies 110 

investigating the potential effects of global climate change on sperm characteristics and reproductive 111 

performance in male animals. 112 

 113 

 114 

MATERIALS AND METHODS 115 

 116 

Animals 117 

The study consisted of qualitative and quantitative data from 28 bulls of Holstein Friesian (17 bulls), 118 

Brown Swiss (4 bulls), and Simmental breeds (7 bulls) reared in an artificial insemination center in 119 

Menemen (Izmir, Türkiye) and 1539 ejaculations from these bulls. The distribution of bulls between the 120 

age groups 1-3 years, 4-6 years and 7-10 years was 46.43% (13 bulls), 28.57% (8 bulls) and 25.00% (7 121 

bulls), respectively.  122 

The average, minimum, and maximum liveweights of the bulls at the center were measured as 937 kg, 123 

730 kg, and 1190 kg, respectively. The bulls were housed in individual open and closed paddocks. The 124 

daily feed ration consisted of green fodder (alfalfa and oat grass), concentrated feed (1.77 MJ NEL, 125 

12.9% CP, 22.5% NDF, 7.5% ADF), and drinking water and libitum. The AI center uses fans, sprinklers 126 

and shades in each bull pen for cooling against heat stress. 127 

 128 

Location and climate 129 

The district of Menemen is in the north of the city of Izmir, has a coastline to the Aegean Sea in the 130 

west, and is 20 meters above sea level. In the Menemen district, the summer is hot and dry while the 131 

winter is warm and rainy. The average annual precipitation and temperature are 640 mm and 17°C 132 

respectively. The warmest month of the year is July (28.8°C) while the coldest month is January (8°C) 133 

[28]. 134 

The solar radiation map published by Solargis, which also includes the province of Izmir, is shown in 135 

figure 1 [29]. Due to its location, Izmir has an annual average of 300 sunny days, high solar radiation, 136 

sunshine duration of up to 12 hours in the summer months, and an average solar radiation ranging 137 

between 1500 and 1600 Watt-hour/square meter (Wh/m2) (figure 1). In the research area, the values for 138 
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solar radiation and temperature change depending on the duration of sunshine per month. The lowest and 139 

highest solar radiation values were measured in December and July respectively. 140 

Based on the average temperature, maximum temperature, and relative humidity values, the THI was 141 

calculated using the following equations 1 [76]. 142 

THI= (1.8 x Temperature+32) - (0.55 - 0.0055xRelative Humidity) x (1.8xTemperature - 26.8) (1) 143 

The temperature humidity index (THI) and maximum THI values, which are based on increasing 144 

temperature and relative humidity, also changed over the months. The highest and lowest THI and 145 

THImax values were observed in January and August, respectively (table 1). 146 

 147 

The daily weather data from the meteorological observation station (AWOS) of the Turkish State 148 

Meteorological Service is 10 km away from the artificial insemination center and was used for 149 

meteorological data.  150 

 151 

Semen collection 152 

The results of the semen analysis were provided by the Menemen AI Center of the Cattle Breeders’ 153 

Association that operates in accordance with the regulation on the establishment and operation of semen, 154 

egg, and embryo production (center numbered 28152 issued by the Central Ministry of Agriculture and 155 

Forestry). 156 

Semen was not collected in January and March due to vaccination. Semen was collected twice a day, 157 

on Tuesdays and Fridays, before and after midday. The collection was performed by trained semen 158 

collectors. To analyze motility and spermatozoa defects, a sample was taken from the warm ejaculate and 159 

filled into a glass tube using an artificial vagina. The sperm was diluted and filled into sperm straws. The 160 

frozen sperm straws were stored in nitrogen tanks at -196°C. 161 

Due to the scope of the data usage permission and the fact that this is the year in which the data on 162 

semen abnormalities and motility characteristics were obtained using the computer-assisted sperm 163 

analyzer IVOS II (CASA) at the Center for Artificial Insemination, only the year 2019 was used as a basis. 164 

 165 

Motility and morphological quality analysis of semen 166 

Analyzes of semen motility and morphological quality were performed on fresh semen collected from 167 

each bull on the day of collection. 168 

Hamilton Throne and IVOS II (CASA) computer-assisted sperm analyzers were used for the kinematic 169 

and morphological analysis of the extracted sperm. For the kinematic analysis, the rates of static, 170 

progressive, motile, and slow spermatozoa (millions of cells/ml) and the percentage of the total rates were 171 

determined (figure 2). 172 
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Sperm that do not contribute to the reproductive performance of the bull are considered abnormal or 173 

defective. As part of the morphological analysis, the rates (%) of spermatozoa with bent tails (BT), coiled 174 

tails (CT), distal midpiece reflex (DMR) with midpiece defects, distal drop (DD), and proximal drop (PD) 175 

defects were determined with the percentage of the total values (figure 3). 176 

BTs are characterized by a bend of the tail part of more than 20° while CTs have a tail bent 180° or 177 

more along its length. DMR is defined as a bending of the tail around a distal cytoplasmic droplet at the 178 

tip of the midpiece. These spermatozoa often move backwards or in tight circles and occur within a week 179 

of a stressful event. 180 

DD can vary in rates between successive ejaculations and is considered a defect because it is located 181 

away from the base of the skull. PD defects appear as a swelling at the junction of the head and tail of the 182 

spermatozoa and is characterized by the inability of the spermatozoa to bind to the oocyte due to its weak 183 

binding ability. This defect is observed 7–10 days after a heat or stress event or 15 days after rumen 184 

acidosis. The threshold for PD defect is 20% and are associated with poor pregnancy rates (figure 3) [30–185 

33]. 186 

 187 

Preparation of datas for statistical analysis 188 

The distribution of bulls by breed and age is indicated. As the number of bulls in the AI center was 189 

insufficient, no selection or sorting criteria were applied to the bulls. However, the results of the complete 190 

analysis of abnormalities or morphological quality for each ejaculate were used as criteria. Data with 191 

incomplete analysis results were excluded. 192 

The results of the motility and kinematic analysis of the collected semen samples were converted into 193 

an Excel spreadsheet dataset.  194 

Sperm motility and spermatozoa abnormality data were included in the analysis without transformation. 195 

To examine the effects of the factors on the dependent variables, abnormal spermatozoa ratios and 196 

concentrations were reported together in this study, while only proportional values were reported for 197 

motility traits. Since previous similar studies [41-43,47] reported proportional values for spermatozoa 198 

abnormalities and motility characteristics, proportional values were used to compare the results. 199 

The month of semen collection was recorded (February, April, May, June, October, November, or 200 

December), the breed (Holstein Friesian, Brown Swiss, or Simmental), and the solar radiation (x<100000 201 

Wh/m2, 100000–200000 Wh/m2, or 200001–300000 Wh/m2). 202 

The highest quality sperm production in bulls occurs at age 5 years, after which the quality gradually 203 

decreases. Age is important for the quality and quantity of semen and is one of the criteria for the 204 

selection of bulls for frozen semen production [34, 35]. Accordingly, the age of bulls at the time of semen 205 

collection was divided into three subgroups (1–3 years, 4–6 years, or 7–10 years). The processed results 206 

of the semen analysis were combined with the meteorological data and prepared for statistical evaluation. 207 
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The values of the temperature-humidity index varied between 47.3 and 78.9. Accordingly, the THI 208 

factor was divided into three stress groups: no stress (THI<66), mild heat stress (THI between 66-71) and 209 

moderate heat stress (THI between 72-79) [21]. 210 

 211 

Statistical Analysis 212 

The SPSS software was used to determine the descriptive statistical values of the parameters and used 213 

for the Duncan multiple comparison test [36]. For the mathematical model developed to determine the 214 

effect of solar radiation on spermatozoa abnormalities and motility, the month of semen collected, breed, 215 

solar radiation level, thermal stress and age of semen collected were considered as factors. The number of 216 

semen collections per week, time of semen collection, feeding conditions, housing and management 217 

conditions were considered fixed environmental factors as they were the same for all bulls. Therefore, 218 

they were not included in the mathematical model. 219 

Since the data had a normal distribution, the GLM ANOVA method was used to analyze the factor 220 

effects. Equation 3 was used as the mathematical model for statistical analysis: 221 

 222 

Yijklm= µ + mi + sj + tk + bl + am + eijklm  (3) 

Yijklm: observation value of the parameter 223 

µ: overall mean of the parameter 224 

mi: effect of semen collection month 225 

sj: effect of solar radiation 226 

tk:  effect of THI 227 

bl: effect of breed 228 

am: effect of semen collection age 229 

eijklm: random error variance 230 

The Duncan multiple comparison test was used to identify subgroups that differed in terms of sperm 231 

motility and spermatozoa abnormality [37]. 232 

Pearson correlation analysis was performed to determine the degree and direction of the relationships 233 

between the factors (month of semen collection, solar radiation, THI, breed, age at semen collection) and 234 

spermatozoa defects (CT, DMR, DD and PD) and semen motility traits (ST, MO, PR and SL). 235 

 236 

 237 

RESULTS 238 

 239 

General conclusions on spermatozoa motility and spermatozoa abnormality  240 
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Descriptive statistical information on the bull semen samples is presented in table 2. 241 

 242 

Effects of factors on spermatozoa abnormality and spermatozoa motility  243 

Although the differences in the rates and concentrations of BT, DMR, DD and PD abnormal 244 

spermatozoa, the differences between the semen collecting months groups difference for CT abnormal 245 

spermatozoa was insignificant (p>0.05) (Table 3). 246 

The differences between the solar radiation intensity groups for DMR spermatozoa ratio and 247 

concentration values were statistically significant (p<0.01). The differences obtained for BT spermatozoa 248 

ratio (p<0.05) and concentration (p<0.01) were statistically significant. The difference observed for DD 249 

spermatozoa concentration was significant (p<0.01), while the difference obtained for the proportional 250 

value was insignificant (p>0.05). The differences for PD spermatozoa concentration and proportional 251 

values were statistically significant (p<0.05). The differences for CT spermatozoa were statistically 252 

insignificant (p>0.05) (Table 3).  253 

The differences observed between the temperature-humidity index groups in all abnormal spermatozoa 254 

ratios were not statistically significant (p>0.05) (Table 3). 255 

The differences between the breeds in the ratios and concentrations of abnormal spermatozoa DMR and 256 

DD were statistically significant (p<0.01), while the differences for BT, CT, and PD were statistically 257 

significant (p>0.05) (Table 3). 258 

The differences between the semen collection age groups were statistically significant for the rates of 259 

spermatozoa with CT, DMR, DD and PD defects (p<0.01). While the differences observed for CT 260 

abnormal spermatozoa ratio were statistically insignificant (p>0.05) (Table 3). 261 

The differences between the months of semen collection for BT, DMR, DD and PT spermatozoa were 262 

statistically significant (p<0.01), while the difference observed for CT spermatozoa was statistically 263 

insignificant (p>0.05) (Table 4). 264 

The difference between the groups with solar radiation intensity for the ratio of SL spermatozoa to 265 

abnormal spermatozoa was statistically significant (p<0.01), while the differences for ST, PR, and MO 266 

spermatozoa ratios were statistically insignificant (p>0.05) (Table 4). 267 

The differences between the breeds in the ratios and concentrations of spermatozoa PR were 268 

statistically significant (p<0.01), while the differences for ST, MO, and SL were statistically significant 269 

(p>0.05) (Table 4) 270 

The differences between the breeds for PR spermatozoa were statistically significant (p<0.01), while 271 

the differences for ST, MO and SL spermatozoa were insignificant (p>0.05). 272 

The differences between semen collection age groups for spermatozoa motility characteristics (ST, PR, 273 

MO and SL) were statistically significant (p<0.01). 274 

 275 
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Phenotypic relationship between abnormal spermatozoa and spermatozoa motility 276 

The month of semen collection, solar radiation, THI, breed, and their relationship with spermatozoa 277 

motility and abnormality treats is shown in table 5.  278 

While a positive and statistically significant (p<0.01) relationship was detected between the month of 279 

semen collection and PR spermatozoa, the relationship between ST, MO, and SL spermatozoa was 280 

statistically insignificant (p>0.05). Although the month of semen collection showed a negative and 281 

significant (p<0.01) correlation with the rates of spermatozoa with BT, DMR, DD, and PD abnormalities, 282 

no correlation was found with for CT spermatozoa (p>0.05). 283 

The intensity of solar radiation was positively and significantly (p<0.05) associated with ST 284 

spermatozoa, while it was negatively and significantly (p<0.01) associated with MO and SL spermatozoa. 285 

There was a positive and significant (p<0.01) association between solar radiation intensity and abnormal 286 

spermatozoa BT, DMR, DD and PD, while CT showed a negative and significant (p<0.05) association 287 

with spermatozoa. 288 

There was a positive and significant (p<0.05) relationship between THI and ST motility traits, a 289 

negative and significant (p<0.05) relationship with MO spermatozoa and a negative and significant 290 

(p<0.01) relationship with SL spermatozoa ratio. 291 

There was a positive and significant (p<0.01) relationship between THI and BT, DMR, DD and PD 292 

abnormal spermatozoa, while a negative and significant (p<0.05) relationship was found with CT. 293 

There was a positive and significant (p<0.01) relationship between the breed and spermatozoa rates of 294 

ST and SL, while a negative and significant (p<0.01) relationship was found with spermatozoa rates of 295 

PR and MO. There was a negative and significant (p<0.05) relationship between the breed and abnormal 296 

spermatozoa DD. (Table 5). 297 

While a positive and statistically significant (p<0.01) relationship was found between breed and ST and 298 

SL spermatozoa, a negative and statistically significant (p<0.01) relationship was found for PR and MO 299 

spermatozoa.  300 

A positive and statistically significant (p<0.01) correlation was found between age at semen collection 301 

and abnormal BT, DMR, DD and PD spermatozoa. (Table 5). 302 

 303 

DISCUSSION 304 

Although some studies have reported that thermal stress has a negative effect on fertility and milk yield 305 

[38], it has been emphasized that not only the THI but all climatic factors, including atmospheric pressure 306 

and solar radiation, should be considered when evaluating the effects on semen quality [39]. In this study, 307 

we analyzed solar radiation influences abnormal spermatozoa and semen motility. In the mathematical 308 

model, factors such as the month of semen collection, Temperature-humidity index, the breed of the bull, 309 
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and the age of semen collection of the bull, which are effective together with solar radiation, were also 310 

included in the analysis. 311 

As a result of the analysis to determine the effect of the month of collection, the fact that the rates of 312 

spermatozoa with droplet defects (DD and PD) was high in April confirms the finding of a previous study 313 

that droplet defects are more common in bulls in spring [40]. 314 

Although the month of semen collection affected other rates and concentrates of defective spermatozoa, 315 

no effect was found on spermatozoa with CT defects. Furthermore, no correlation was found between the 316 

month of semen collection and CT spermatozoa. The effect of the month of semen collection on the 317 

change in spermatozoa ratios and concentration were categorized in descending order as DMR, BT, PD, 318 

and DD. On the other hand, a negative correlation was found between the month of semen collection and 319 

BT, DMR, DD, and PD defective spermatozoa. The rates and concentrations of DMR spermatozoa with 320 

midpiece defects and PD spermatozoa with droplet defects increased significantly from February to April. 321 

The month of semen collection has an influence on the motility properties of semen. In addition, the 322 

percentage of MO spermatozoa, which is an important characteristic of the bull's fertility performance, 323 

was relatively high in November and low in October. The percentage of ST caused by abnormal 324 

spermatozoa was relatively high in October and low in November compared to the other months. 325 

When analyzing the effect of months of semen collection on the total variances of the dependent 326 

variables (η2), the observed effect size within the total variance for the motility traits (ST, MO, PR, SL) 327 

was small.  328 

For the proportion and concentration values of abnormal spermatozoa, the effect size is large for PD 329 

and medium for DMR and PT. For DD spermatozoa, the effect size is medium for the concentration and 330 

small for the proportion. 331 

In this study, the rate of 1.41% defective BT spermatozoa was higher than the value reported by Hoque 332 

et al. (2018) (0.13%) and Das et al. (2023) (0.10%). The DMR rate of defective spermatozoa found in this 333 

study (5.17%) was similar to the values reported by Bhakat et al. (2014) and Hoque et al. (2018). The 334 

DMR rate was lower than the values reported by Das et al. (2023) (6.89% and 7.53%, respectively) [41-335 

43]. In this study, the value of DD-defective spermatozoa (1.59%) was higher than the values reported by 336 

Hoque et al. (2018) and Damos et al. (2023) (0.40% and 1.30%, respectively) [41,43]. 337 

In this study, the highest values for the MO spermatozoa ratio were found in November and the lowest 338 

values in October. For the ST spermatozoa ratio, the highest values were found in October and the lowest 339 

values in November. For the SL spermatozoa ratio, which is caused by defective sperm, the highest value 340 

was found in February and May and the lowest in December. 341 

While the values obtained in this study for the percentage of MO and PR spermatozoa (53.29% and 342 

23.60%, respectively) were lower than those reported by Hoque et al. (2018) and Das et al. (2023) for MO 343 

spermatozoa (84.64 % and 91.90 %) and PR spermatozoa (64.41 % and 63.80 %), higher than the values 344 
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reported by Perumal et al. (2017) for MO spermatozoa (33.80 %-41.25 %) and PR spermatozoa (13.50 %-345 

19.60 %) [41,43,47]. 346 

The value determined in this study for the MO spermatozoa rate (53.29%) is higher than the value 347 

reported by Sabés-Alsina et al. (2017) for the winter season (51.00%) and lower for the spring and 348 

summer seasons (65.04% and 58.17% respectively). The value determined for PR spermatozoa (23.60%) 349 

was lower than the value reported for the PR spermatozoa ratio (46.45% -60.74%) [44]. 350 

Sperm motility was 63.30 in the rainy season and 66.35 % in the dry season, while in this study the 351 

higher values were 58.23 % in April and 61.08 % in May (rainy seasons) and 59.57 % in June and 352 

61.20 % in October (dry seasons) [45]. The monthly values for sperm motility determined by Biniova et 353 

al. (2017) (71.18%–89.82%) are higher than in this study (54.50%- 62.76%) [46]. 354 

In the study conducted by Perumal et al. (2017) in India, the highest value for MO ratio was reported 355 

for the spring season (41.25%) and the lowest value for the summer season (33.80%) [47]. In this study, 356 

the highest values were reported for the spring months of April and May (51.60% and 51.77% 357 

respectively) and the lowest values for the summer months of June (48.97%). In a study conducted on 358 

rabbits by Daader et al. (1997), the highest MO rate was reported for the winter season (50.50%) and the 359 

lowest MO rate (47.50%) for the summer season [82]. The results obtained by the researchers for the 360 

seasonal fluctuations in the MO ratio are similar to those of this study. 361 

Pingel and Abou El-Ezz (1981) reported the rate of dead spermatozoa (ST) for rabbit species as 362 

25.50% and 30.30% in the winter and summer seasons, respectively [83]. Marai et al. (1996) reported ST 363 

rates of 17.00% and 28.60% for the same species and seasons [84], and Daader et al. (1997) reported the 364 

same values of 28.64% and 42.93%, respectively [82]. In this study, 49.25 % and 49.41 % were 365 

determined for the winter months of December and February and 51.25 % for the summer month of June. 366 

The seasonal variations in ST or dead spermatozoa rates observed in this study for the winter and summer 367 

months are consistent with the results reported by the researchers. 368 

DMR and PD spermatozoa rates were relatively high in April. In contrast, the lowest rates were found 369 

in December for DMR spermatozoa and in November for PD spermatozoa. The highest rates for BT and 370 

DD spermatozoa were found in February, while the lowest rate for BT was found in April and for DD 371 

spermatozoa in November. The effect of months on the rate of CT spermatozoa was found to be 372 

insignificant.  373 

The effect size (η2) of months of semen collection on the total variance of BT and DMR variables was 374 

average, while the effect size for DD and PD variables was small. 375 

Nongbua et al. (2020) reported the highest and lowest rates for PD spermatozoa for the summer season 376 

(13.8%) and winter season (3.4%), respectively, while the highest and lowest rates for BT spermatozoa 377 

were reported for the rainy season (7.9%) and winter season (3.6%), respectively [85].  In this study, the 378 

highest rates of PD and BT spermatozoa were obtained in April, a rainy month, which is consistent with 379 
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the results reported by the researchers. In their study on buffalo bulls, Sinha et al. (2021) reported the 380 

highest values for BT, DMR and DD spermatozoa rates for the spring and summer seasons and the lowest 381 

values for the winter season [86]. The results found by the researchers in relation to the seasonal effect are 382 

consistent with the results found in this study. Bhakat et al. (2014) reported a relatively higher DMR 383 

spermatozoa rate in the summer and spring seasons (2.99% and 2.21%, respectively) compared to the 384 

winter season (1.67%) [42]. The trend observed by the researchers in the seasonal variation of DMR 385 

spermatozoa rate is consistent to the results of this study. 386 

With increasing intensity of solar radiation, the ratio and concentration of BT, DMR and PD 387 

spermatozoa were affected, while only the concentration of DD spermatozoa was affected. 388 

The highest values for DMR, DD and PD were obtained in the group with an intensity of 100001-389 

200000 Wh/m2 in February, April and May, while the highest values for the ratio and concentration of BT 390 

spermatozoa were observed in the group with an intensity of 200001-300000 Wh/m2 in June.  391 

The increase in solar radiation influenced the rates of BT, DMR, DD and PD defects, but not on the 392 

rate of CT defects. These results support the view that the increase in core body temperature of bulls due 393 

to solar radiation increases thermal load and directly affects testicular and epididymal functions, with the 394 

effects of humidity and temperature leading to an increase in the rate of abnormal spermatozoa [19,48,49].  395 

The effect size (η2) of solar radiation on the total variance of motility variables (ST, MO, PR, SL) and 396 

abnormality variables (BT, CT, DMR, DD, PD) was small. 397 

The PR spermatozoa rates determined by Elile et al. (2014) for the groups of pigs exposed to solar 398 

radiation for 45 minutes and 60 minutes and for the control group (78.63%, 63.60%, and 59.49%, 399 

respectively) are higher than the rates reported in this study for the groups with solar radiation intensity 400 

(19.93%–20.35%) [50]. 401 

The values reported by Silva de Castro et al. (2017) for the percentage of MO spermatozoa in Murrah 402 

buffaloes in wet and dry months (80.4% and 56.2%, respectively) were higher than the values obtained in 403 

this study for wet and dry months [51]. 404 

The value for the correlation coefficient between solar radiation and PR spermatozoa reported by Pinart 405 

et al. (2013) in their study on pigs (value –0.21) is greater than the correlation coefficient reported in this 406 

study (value –0.047) [52]. 407 

In this study, a negative correlation was found between solar radiation and MO and SL spermatozoa 408 

rate, while a positive correlation was found between ST spermatozoa rates.  Solar radiation correlated 409 

positively with the rates of BT, DMR, DD and PD, while it correlated negatively with the rate of CT 410 

spermatozoa. 411 

In this study, the effect of temperature-relative humidity index on the rate of abnormal spermatozoa 412 

was statistically insignificant (p>0.05). The highest values for all abnormal spermatozoa ratios were 413 

found in the mild heat stress group. 414 
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When analyzing the average THI values by month, it was found that no heat stress occurred in the 415 

months of February, April, October, November and December; mild stress conditions occurred in May, 416 

while moderate stress occurred in June. Regarding the mean THImax values, it was found that the bulls 417 

were not exposed to heat stress in February and December, mild stress conditions occurred in November, 418 

while moderate stress occurred in April, May, June and October (Table 1). Therefore, THI had a very 419 

small effect (η2) on the variation observed for BT, DD, and PD spermatozoa, a small effect (η2) on DMR 420 

spermatozoa and no effect on CT spermatozoa.  421 

The values reported by Luceno et al. (2020) for the total number of motile spermatozoa for the low THI 422 

group (38-55) and for the high THI group (60-81) (68.90% and 68.00%, respectively) are higher than 423 

those found in this study for the mild heat stress (THI between 66-71) and moderate heat stress (THI 424 

between 72-79) groups (50.11% and 50.40%, respectively). The values for the progressive spermatozoa 425 

percentage determined by the same researchers for the THI groups (57.4 % and 55.30 respectively) are 426 

higher than the values determined in this study (21.14 % and 19.58 respectively) [79] 427 

In the study conducted by Kumar (2021), the motility rates (58.91% and 63.39%, respectively) and 428 

total abnormal spermatozoa rates (17.52% and 15.74%, respectively) for mild THI and moderate THI 429 

values were higher than the values found in this study for mild THI and moderate THI [80]. 430 

In the study conducted by Ahirwa et al. (2018), the motility rates (68.17% and 65.72%, respectively) 431 

and overall abnormal sperm rates (5.52% and 5.54%, respectively) reported for the mild and moderate 432 

THI groups were higher than the rates obtained in this study, while the rates for DMR spermatozoa 433 

(2.87% and 3.41%, respectively) were lower. For total abnormal spermatozoa, the rate reported for the 434 

mild THI group (10.90%) was similar to the rate obtained in this study, while the rate reported for the 435 

moderate THI group (12.17%) was higher than the rate obtained in this study [81]. 436 

The positive correlation (0.216) reported by Kumar (2021) for the relationship between THI and motile 437 

spermatozoa rate was different from the negative correlation (-0.98) found for the same parameters in this 438 

study. On the other hand, the negative correlation reported for the relationship between THI and the total 439 

abnormal spermatozoa (-0.219) was similar to the negative correlations found for the abnormal 440 

spermatozoa except for DMR spermatozoa in this study [80]. 441 

Freitas et al (2020) reported a negative (-0.98) and significant correlation between the THI and semen 442 

motility (60.00%) on the day of semen collection, while the negative correlation between the THI and the 443 

total percentage of abnormal spermatozoa ratio (6.75%) was insignificant (-0.06). The direction and 444 

significance of the relationship between THI and motility reported by the investigators were similar to the 445 

present study. However, the total abnormal spermatozoa rate was lower than the total value determined in 446 

this study (11.09%). In this study, the relationship between THI and abnormal spermatozoa was found to 447 

be statistically insignificant except for DMR spermatozoa [82]. 448 
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The Holstein Friesian breed was more susceptible to spermatozoa abnormalities (BT, DMR, DD, and 449 

PD) than the Brown Swiss and Simmental breeds. Conversely, the proportion of PR and MO spermatozoa 450 

was higher in the Holstein Friesian breed, while the proportion of ST and SL spermatozoa was lower. The 451 

rate of abnormal spermatozoa (except CT) increased with rising age at semen collection. In addition, the 452 

proportion of MO and PR spermatozoa decreased with increasing age, while the proportion of ST and SL 453 

spermatozoa increased.  The HF breed was better than the Simmental and Brown Swiss breeds in terms of 454 

PR and MO spermatozoa rate, which is one of the most important criteria for bull fertility. On the other 455 

hand, DMR, DD and PD spermatozoa concentrations were higher than in the BS and SM breeds. 456 

Bull breed was found to have a small effect size within the total variance for BT, CT, DMR, ST, MO 457 

and SL spermatozoa, a medium effect size for DMR and DD spermatozoa and a high effect size for PR 458 

spermatozoa, but no effect size within the total variance for PD spermatozoa. 459 

The BT, DMR, DD and PD rates of defective spermatozoa were higher in the Holstein Friesian breed 460 

than in the Brown Swiss and Simmental breeds. The values of Menon et al. (2011) for DMR and PD rates 461 

of defective spermatozoa in the Simmental breed were higher than the DMR (4.83%) and PD (1.89%) 462 

values in this study for the same breed [53]. The highest values for the proportion of MO and PR 463 

spermatozoa, which are crucial for the fertility of bulls, were found in the Holstein Friesian breed. The 464 

proportion of PR spermatozoa was lower in the Brown Swiss and Simmental breeds. The ST rate, which 465 

is caused by dead spermatozoa, and the SL rate, which is caused by defective spermatozoids, was lower in 466 

the Holstein Friesian breed than in the Brown Swiss and Simmental breeds. Furgon et al. (2022) and 467 

Isnaini et al. (2019) found a higher value for the MO spermatozoa rate in the Simmental breed (65.49% 468 

and 67.20%, respectively) compared to our study (49.68%) [54,55]. 469 

For the MO spermatozoa rate in the Holstein Friesian breed, Lemma and Shemsu (2015), Hoflack et al. 470 

(2007) and Ç evik et al. (2007) (78.69 %, 79.6 % and 82.50 %, respectively) are higher than in this study. 471 

The PR spermatozoa ratio value reported by Hoflack et al. (2007) was higher compared to our results 472 

[56,57]. 473 

The values reported by Vilakazi and E.C. Webb (2004) for DMR spermatozoa ratio in Holstein 474 

Friesian bulls in the summer, fall, winter and spring seasons (3.1 %, 2.6 %, 4.1 % and 1.1 %, 475 

respectively) were lower than those found by us (7.22 %). In the same study, PD spermatozoa rate values 476 

were higher in summer and fall (2.3 %-4.4 %) than in this study (2.07 %), while values were lower in 477 

winter and spring (1.7 % and 1.1 %, respectively) [58]. 478 

The values reported by Hiltpold et al. (2020) and Ç evik et al. (2007) for the proportion of MO 479 

spermatozoa in Brown bulls (86.16 % and 82.75 %, respectively) and Lima-Verde et al. (2022) for the 480 

proportion of PR spermatozoa (28.3 %-47.2 %) are higher than the values found in this study [59-61]. 481 

The values reported by Ç evik et al (2007) for the DMR spermatozoa ratio in the Holstein Friesian and 482 

Brown Swiss breeds (1.80 % and 3.10 % respectively) are lower than the values in this study [61]. 483 
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The values reported by Baharun et al. (2021) for PD spermatozoa (0.20%) and BT spermatozoa 484 

(0.20%) in the Simmental breed were lower than the values found in this study for PD and BT 485 

spermatozoa (1.30% and 1.54% respectively). The value reported by the same researchers for BT 486 

spermatozoa (1.40%) is higher than the value found in this study (0.23%) [62]. 487 

The highest values for PR and MO spermatozoa, which are important parameters for the fertility of 488 

bulls, were found in the age group 1-3 years. For ST spermatozoa, the highest value was found in the age 489 

group 4-6 years, while the highest value for SL spermatozoa was found in the age group 7-10 years. 490 

These results show that the ratio of ST and SL spermatozoa due to abnormal spermatozoa increases with 491 

increasing age, while the ratio of PR and MO spermatozoa, which are important for the fertility of the bull, 492 

decreases. 493 

The values for MO spermatozoa reported by Vince et al. (2017) for Simmental bulls aged 2-4 years and 494 

5-10 years (80.10 % and 77.90 %, respectively) and Gloria et al. (2021) for Brown Swiss bulls aged 3-7 495 

years (61.80 %) are higher than the values found in this study [63-65]. 496 

Differences in spermatozoa motility and abnormality between this study and the other studies 497 

compared to this study may be due to differences in the geographic and climatic conditions (temperature, 498 

humidity, solar radiation, etc.) of the semen production centers, age, body weight, feeding conditions, and 499 

semen collection protocols at the centers. 500 

 501 

 502 

CONCLUSION 503 

Increasing the intensity of solar radiation from <100000 Wh/m2 to 100000-200000 Wh/m2 led to an 504 

increase in the concentrations and rates of all abnormal spermatozoa. This is due to the fact that solar 505 

radiation increases the core temperature, which has a negative effect on the processes of steroidogenesis 506 

and spermatogenesis. From June onwards, the concentrations and rates of abnormal spermatozoa 507 

decreased as fans, sprinklers and shaded areas were used more intensively for cooling. 508 

The THI factor had no effect on the motility of all abnormal spermatozoa and all spermatozoa except 509 

SL. This is thought to be due to the mild to moderate heat stress during the semen collection months 510 

except June. The THI factor had no effect on all abnormal spermatozoa and all spermatozoa motility 511 

types except SL. It is thought to be due to the mild to moderate heat stress during the semen collection 512 

months (except June). 513 

 514 

Acknowledgments 515 

ACCEPTED



17 

 

The use of this study ve datas were approved by “the "Cattle Breeders’ Association of Turkiye 516 

(CBAT)” on 21.08.2019 by the decision of the Board of Directors No. 2019/10. I would like to thank 517 

CBAT for this. 518 

 519 

520 

ACCEPTED



18 

 

References 521 

1. Joy A, Dunshea FR, Leury BJ, Clarke IJ, DiGiacomo K, Chauhan SS. Resilience of small ruminants 522 
to climate change and increased environmental temperature: a review. Animals. 2020;10:867.   523 

2. Gupta S, Sharma A, Joy A, Dunshea FR, Chauhan SS. The Impact of heat stress on immune status of 524 
dairy cattle and strategies to ameliorate the negative effects. Animals. 2023;13:107. 525 
https://doi.org/10.3390/ani13010107 526 

3. Blackshaw JK, Blackshaw AW. Heat stress in cattle and the effect of shade on production and 527 
behaviour: a review. Aust J Exp Agric. 1994;34:285-295 528 

4. Ominski KH, Kennedy AD, Wittenberg KM, Moshtaghi-Nia SA. Physiological and production 529 
responses to feeding schedule in lactating dairy cows exposed to short-term, moderate heat stress. J 530 
Dairy Sci. 2002;85:730-737. 531 

5. Dangi SS, Dangi SK, Chouhan V, Verma M, Kumar P, Singh G, Sarkar M. Modulatory effect of 532 
betaine on expression dynamics of hsps during heat stress acclimation in goat (capra hircus). Gene. 533 
2016;575:543-550. 534 

6. Nardone A, Ronchi B, Lacetera N, Ranieri MS, Bernabucci U. Effects of climate changes on animal 535 
production and sustainability of livestock systems. Livest. Sci. 2010;130:57-69. 536 

7. Atlas soalrimetrico de minas gerais-vol. ii, [Internet]. Reis RJD, Tiba C: Companhia Energetica de 537 
Minas Gerais 2012 [cited 2024 Apr 14]. Available from: http://www.cemig.org.br/ 538 
A_Cemig_e_o_Futuro/inovacao/Alternativas_Energeticas/Documents/ atlas _solarimetrico.pdf. 539 

8. Stocker T. The physical science basis: working group contribution to the fifth assessment report of 540 
the intergovernmental panel on climate change. Climate Change. Cambridge University Press: 2014. 541 
pp. 1450-1520. 542 

9. Baumgard LH, Rhoads RP, Rhoads ML, Gabler NK, Ross JW, Keating AF, Boddicker RL, Lenka S, 543 
Sejian V. Impact of climate change on livestock production. In environmental stress and 544 
amelioration in livestock production; Springer, Heidelberg Germany. 2012; pp:413-468. 545 

10. Tucker CB, Rogers AR, Schütz KE. Effect of solar radiation on dairy cattle behaviour, use of shade 546 
and body temperature in a pasture-based system. Applied Animal Behaviour Science, 547 
2008;109(24):141-154. https://doi.org/10.1016/j.applanim.2007.03.015 548 

11. Gupta S, Sharma A, Joy A, Dunshea FR, Chauhan SS. The impact of heat stress on immune status of 549 
dairy cattle and strategies to ameliorate the negative effects. Animals. 2023;13:107. 550 
https://doi.org/10.3390/ani13010107 551 

ACCEPTED

https://doi.org/10.3390/ani13010107
http://www.cemig.org.br/
https://doi.org/10.1016/j.applanim.2007.03.015
https://doi.org/10.3390/ani13010107


19 

 

12. Hofinger M, Sturmlechner F, Furst C, Steger F. Die osterreichische Rinderzucht 2003; Zentrale 552 
Arbeitsgemein-  ̈schaft osterreichischer Rinderz  ̈uchter, Wien. 2004.  553 

13. Fuerst-Waltl B, Schwarzenbacher H, Perner C, Solkner J. Effects of age and environmental factors 554 
on semen production and semen quality of Austrian Simmental bulls. Animal Reproduction Science. 555 
2006;95:27-37. https://doi:10.1016/j.anireprosci.2005.09.002 556 

14. Rensis DF, Scaramuzzi RJ. Heat stress and seasonal effects on reproduction in the dairy cow-a 557 
review. Theriogenology 2003;60:1139-1151. 558 

15. Gholami H, Chamani M, Towhidi A, Fazeli MH. Improvement of semen quality in Holstein bulls 559 
during heat stress by supplementing Omega-3 fatty acids. World. Acad. Sci. Eng. Tech. 560 
2010;68:939-945. 561 

16. Renaudeau D, Huc E, Noblet J. Acclimation to high ambient temperature in large white and 562 
carribean creole growing pigs. J. Anim. Sci. 2007;85:779-790. 563 

17. Zumbach B, Misztal TS, Tsuruta JP, Sachez M, Azani W, Herring J, Holl T, Culbertson M. Genetic 564 
components of heat stress in finishing pigs: Development of a heat load function. J. Anim. Sci. 565 
2008;86:2082-2088. 566 

18. Souza LWO, Andrade AFC, Celeghini ECC, Negrão JA, Rubens Paes de Arruda RP. Correlation 567 
between sperm characteristics and testosterone in bovine seminal plasma by direct 568 
radioimmunoassay. Revista Brasileira de Zootecnia. 2011;40:2721-2724.  569 

19. Egbunike BN, Togun VA, Agiang E.A. Sperm production in ruminants in hot humid climates. World 570 
Review of Animal Production. 1985;21:11-17. 571 

20. Koivisto MB, Costa MTA, Perri SHV, Vicente WRR. The effect of season on semen characteristics 572 
and freezability in Bos indicus and Bos taurus bulls in the southeastern region of Brazil. 573 
Reproduction in Domestic Animals. 2009;44(4):587-592. http://dx.doi.org/10.1111/j.1439-574 
0531.2008.01023.x 575 

21. NRC. A guide to environmental research on animals. National Research Council. Natl. Acad. Sci. 576 
1971; Washington DC. 577 

22. Barth AD, Oko RJ. Abnormal morphology of bovine spermatozoa. 1989; Iowa University Press. 578 

23. Wiltbank JN, Parish NR. Pregnancy rate in cows and heifers bred to bulls selected for semen quality. 579 
Theriogenology. 1986;25:779–783.  580 

24. Karabinus DS, Gelety TJ. The impact of sperm morphology evaluated by strict criteria on 581 

ACCEPTED

https://doi:10.1016/j.anireprosci.2005.09.002
http://dx.doi.org/10.1111/j.1439-0531.2008.01023.x
http://dx.doi.org/10.1111/j.1439-0531.2008.01023.x


20 

 

intrauterine insemination success. Fertil Steri. 1997;67:536–541. 582 

25. logero AE, De Palma A, Grazioso C, Barone N, Romeo R, Rappazzo G, D’Agata, R. Aneuploidy 583 
rate in spermatozoa of selected men with abnormal semen parameters. Human Reproduction. 584 
2001;16(6):1172–1179. https://doi.org/10.1093/humrep/16.6.1172 585 

26. Sun F, Ko E, Martin RH. Is there a relationship between sperm chromosome abnormalities and 586 
sperm morphology? Reproductive Biology and Endocrinology. 2006;4:1-5. 587 
https://www.doi.org/10.1186/1477-7827-4-1 588 

27. Rouge M. Sperm motility. Colorado State University. 2003 [cited 2024 Dec 17]. 589 
http://www.vivo.colostate.edu/hbooks/pathphys/reprod/semeneval/motility.html  590 

28. Baldan A, Baldan, D. İzmir ili Menemen ilçesi, Türkeli ve Hatundere mahalleleri sanayi alanı amaçlı 591 
nazım imar planı çalışması. İzmir büyükşehir belediyesi. 2018 592 
https://www.izmir.bel.tr/YuklenenDosyalar/NazimImarPlani/2576_17705.pdf 593 

29. Solargis. Global solar atlas. World Bank Group. 2019 [cited 2024 Jan 20]. 594 
https://globalsolaratlas.info/download/turkey 595 

30. Thundathil J, Palasz AT, Barth AD, Mapletoft RJ. The use of in vitro fertilization techniques to 596 
investigate the fertilizing ability of bovine sperm with proximal cytoplasmic droplets. Anim. Reprod. 597 
Sci. 2001;65:181-92. https://www.doi.org/10.1016/S0378-4320(00)00231-1 598 

31. McAuliffe P, Johnston PH, Perry VEA. Ejaculators, Morphology and Microscopes. Barton, ACT: 599 
Australian Cattle Veterinarian. 2010 [cited 2024 Dec 30].  https://qsml.com.au/wp-600 
content/uploads/2017/04/A-Refresher-on-Sperm-Morphology-Associate-Professor-Viv-Perry.pdf 601 

32. Lovett AC, Reppert EJ, Jaeger JR, Kang Q, Flowers MR, Bickmeier NP, Anantatat T, O’Day SC, 602 
Armstrong CL, Reif KE. Satisfactory breeding potential is transiently eliminated in beef bulls with 603 
clinical anaplasmosis. BMC Vet. Res. 2022;18:381. https://doi.org/10.1186/s12917-022-03470-7 604 

33. Armstrong C.  Bull breeding soundness and cryopreservation of semen. oral presentation at: AABP 605 
Cent Graduate Conference Proceedings 2022; Vol. 55: 26-30. 2022 Feb 8-10.Teksas, USA. 606 

34. Lestari S, Saleh DM, Maidaswar D. Profile of fresh semen quality of limousin bulls with different 607 
ages at Lembang AI Center West Java. Jurnal Ilmu Peternakan. 2013;1(3):1165-1172. 608 

35. Satrio FA, Karja NWK, Setiadi MA, Kaiin EM, Gunawan M, Purwantara B. Pos-thaw characteristics 609 
of the Simmental sperm function in different ages of bulls. Trop. Anim. Sci. J. 2022;45:381-388. 610 
https://doi.org/10.5398/tasj.2022.45.4.381 611 

ACCEPTED

https://doi.org/10.1093/humrep/16.6.1172
https://www.doi.org/10.1186/1477-7827-4-1
http://www.vivo.colostate.edu/hbooks/pathphys/reprod/semeneval/motility.html
https://www.izmir.bel.tr/YuklenenDosyalar/NazimImarPlani/2576_17705.pdf
https://globalsolaratlas.info/download/turkey
https://www.doi.org/10.1016/S0378-4320(00)00231-1
https://qsml.com.au/wp-content/uploads/2017/04/A-Refresher-on-Sperm-Morphology-Associate-Professor-Viv-Perry.pdf
https://qsml.com.au/wp-content/uploads/2017/04/A-Refresher-on-Sperm-Morphology-Associate-Professor-Viv-Perry.pdf
https://doi.org/10.1186/s12917-022-03470-7
https://doi.org/10.5398/tasj.2022.45.4.381


21 

 

36. SPSS. IBM SPSS Statictics for Windows, 2021; version 25.0. New York: IBM Corp 440. 612 

37. Yıldız N, Bircan H. Research and trial methods. 2nd ed. Atatürk University Publications No: 697. 613 
1994.   614 

38. Gantner V, Mijić P, Kuterovac K, Solić D, Gantner R. Temperature-humidity index values and their 615 
significance on the daily production of dairy cattle. Mljekarstvo. 2011;61:56–63. 616 

39. Verrati V, Di Giulio C, D’Angeli A, Tafuri A, Francavilla S, Pelliccione F. Sperm forward motility 617 
is negatively affected by short-term exposure to altitude hypoxia. Andrologia. 2016;48:800-806. 618 

40. Dvm RL. Droplets: A common defect in young bull evaluations. Canadian cattlemen. 2014 [cited 619 
2024 Jan 31]. https://www.canadiancattlemen.ca/features/droplets-a-common-defect-in-young-bull-620 
evaluations-2/  621 

41. Hoque MR, Rana MS, Nayan SB, Miraz MFH, Deb GK, Nahar TN, Habib R, Siddiki MSR. 622 
Influence of multiple showering on quality of buffalo semen during hot-humid season. Journal of 623 
adv. Vet. and Anim. Res. 2018;5(1):12-18. http://doi.org/10.5455/javar.2018.e239 624 

42. Bhakat M, Mohanty TK, Gupta AK, Abdullah M. Effect of season on semen quality of crossbred 625 
(Karan Fries) bulls. Adv. Anim. Vet. Sci. 2014;2(11):632-637. 626 
http://dx.doi.org/10.14737/journal.aavs/2014/2.11.632.637 627 

43. Das D, Mahbubul M, Ali Y, Kobir S, Kabir A, Hossain SMJ, Apu AS. Morphometric features, 628 
seminal profile and diluters effect on post-thaw semen quality of Munshiganj cattle in Bangladesh. 629 
Heliyon. 2023;9(12):e21967. https://doi.org/10.1016/j.heliyon.2023.e21967 630 

44. Sabés-Alsina M, Johannisson A. Lundeheim N, Lopez-Bejar M, Morrell JM. Effects of season on 631 
bull sperm quality in thawed samples in northern Spain. Veterinary Record. 2017;20427670. 632 
https://doi.org/10.1136/vr.103897 633 

45. Prastowo S, Kusuma MST, Widyas N, Ratriyanto A, Pramono A, Setyawan IA. Effect of season on 634 
semen production and quality parameter in Indonesian Bali cattle (Bos javanicus). Oral presentation 635 
at: International Conference on Science and Applied Science 2018; 2018 May 12; Surakarta, 636 
Indonesia. https://doi.org/10.1063/1.5054409 637 

46. Biniová Z, Jaromír D, Luděk S, Doležalová M, Hájek R. Effects of climatic conditions on bovine 638 
semen characteristics. Acta Univ. Agric. Silvic. Mendelianae Brun. 2017;65(1):17-23. 639 
https://doi.org/10.11118/actaun201765010017 640 

47. Perumal P, Savino N, Sangma CTR, Khan MH, Ezung E, Chang S, Sangtam TZT. Seasonal effect 641 
on physiological, reproductive and fertility profiles in breeding mithun bulls. Asian Pac. J. Reprod. 642 
2017;6(6):268-278. https://doi.org/10.4103/2305-0500.217342 643 

ACCEPTED

https://www.canadiancattlemen.ca/features/droplets-a-common-defect-in-young-bull-evaluations-2/
https://www.canadiancattlemen.ca/features/droplets-a-common-defect-in-young-bull-evaluations-2/
http://doi.org/10.5455/javar.2018.e239
http://dx.doi.org/10.14737/journal.aavs/2014/2.11.632.637
https://doi.org/10.1016/j.heliyon.2023.e21967
https://doi.org/10.1136/vr.103897
https://doi.org/10.1063/1.5054409
https://doi.org/10.11118/actaun201765010017
https://doi.org/10.4103/2305-0500.217342


22 

 

48. Schütz KE. Effects of heat stress on the health, production and welfare of sheep managed on pasture. 644 
MPI Information Paper No: 2022/09. Ministry for Primary Industries. 2022 [cited 2023 Feb 25]. 645 
https://www.mpi.govt.nz/dmsdocument/53442-Effects-of-heat-stress-on-the-health-production-and-646 
welfare-of-sheep-managed-on-pasture#:~:text=Heat%20stress%20increases%20 647 
respiration%20rate,production%20and%20 reduce%20basal%20metabolism 648 

49. Sharma M, Bhat Y, Sharma N, Singh A. Comparative study of seasonal variation in semen 649 
characteristics of buffalo bull. Journal of Entomology and Zoology Studies. 2018;6(1):947-951. 650 

50. Elile FC, Ogbu CC, Ugwu SOC, Machebe NS. Libido and ejaculate characteristics of boars exposed 651 
to direct solar radiation. The Journal of Animal & Plant Sciences. 2014;24(1):43-49.  652 

51. Silva de Castro SR, Morini AC, Lima da Silva AS, Lobo Neves KA, Minervino AHH, De Moura 653 
Meneses AA, Vale WG. Influence of seasonality on buffalo semen. Animal and Veterinary Sciences. 654 
2017;5(3):45-51. https://doi.org/10.11648/j.avs.20170503.12 655 

52. Pinart E, Yeste M, Puigmulé M, Barrera X, Bonet S. Acrosin activity is a suitable indicator of boar 656 
semen preservation at 17 °C when increasing environmental temperature and radiation. 657 
Theriogenology. 2013;80(3):234-247. https://doi.org/10.1016/j.theriogenology.2013.04.001 658 

53. Menon AG, Barkema HW, Wilde R, Kastelic JP, Thundathil JC. Associations between sperm 659 
abnormalities, breed, age, and scrotal circumference in beef bulls. The Canadian Journal of 660 
Veterinary Research. 2011;75:241–247. 661 

54. Furqon A, Novianti I, Septian WA, Putri RF, Nugraha CD, Suyadi S. The effect of different breeds 662 
and ages on semen production at Singosari National Insemination Center. Journal of Tropical 663 
Animal Production. 2021;22(2):147-152.  https://doi.org/10.21776/ub.jtapro. 2021.022.02.9 664 

55. Lemma A, Shemsu T. Effect of age and breed on semen quality and breeding soundness evaluation 665 
of pre-service young bulls. South African Journal of Animal Science. 2015; 34(1):62-69. 666 

56. Isnaini N, Wahjuningsih S, Ma’ruf A, Witayanto DA. Effects of age and breed on semen quality of 667 
beef bull sires in an Indonesian artificial insemination center. Livestock Research for Rural 668 
Development. 2019;31(5):78. [cited 2024 Feb 16].  http://www.lrrd.org/lrrd31/5/nurul31078.html 669 

57. Hoflack G, Opsomer G, Rijsselaere T, Van Soom A, Maes D, De Kruif A, Duchateau L. Comparison 670 
of computer-assisted sperm motility analysis parameters in semen from Belgian Blue and Holstein–671 
Friesian bulls. Reprod. Dom. Anim. 2007;42:153–16. https://doi.org/10.1111/j.1439-672 
0531.2006.00745.x 673 

58. Vilakazi DM, Webb EC. Effect of age and season on sperm morphology of Friesland bulls at an 674 
artificial insemination centre in South Africa. South African Journal of Animal Science. 675 
2004;34(1):62-69.  676 

ACCEPTED

https://www.mpi.govt.nz/dmsdocument/53442-Effects-of-heat-stress-on-the-health-production-and-welfare-of-sheep-managed-on-pasture#:~:text=Heat%20stress%20increases%20 respiration%20rate,production%20and%20 reduce%20basal%20metabolism
https://www.mpi.govt.nz/dmsdocument/53442-Effects-of-heat-stress-on-the-health-production-and-welfare-of-sheep-managed-on-pasture#:~:text=Heat%20stress%20increases%20 respiration%20rate,production%20and%20 reduce%20basal%20metabolism
https://www.mpi.govt.nz/dmsdocument/53442-Effects-of-heat-stress-on-the-health-production-and-welfare-of-sheep-managed-on-pasture#:~:text=Heat%20stress%20increases%20 respiration%20rate,production%20and%20 reduce%20basal%20metabolism
https://doi.org/10.11648/j.avs.20170503.12
https://www.sciencedirect.com/journal/theriogenology
https://doi.org/10.1016/j.theriogenology.2013.04.001
https://doi.org/10.21776/ub.jtapro.%202021.022.02.9
http://www.lrrd.org/lrrd31/5/nurul31078.html
https://doi.org/10.1111/j.1439-0531.2006.00745.x
https://doi.org/10.1111/j.1439-0531.2006.00745.x


23 

 

59. Hiltpold M, Niu G, Kadri NK, Crysnanto D, Fang Z, Spengeler M, Schmitz-Hsu F, Fuerst C, 677 
Schwarzenbacher H, Seefried FR, Seehusen F, Witschi U, Schnieke A, Fries R, Bollwein H, 678 
Flisikowski K, Pausch H. Activation of cryptic splicing in bovine WDR19 is associated with reduced 679 
semen quality and male fertility. BioRxiv.  2020;907865. https://doi.org/10.1101/2020.01.16.907865 680 

60. Lima-Verde I, Hurri E, Ntallaris T, Johannisson A, Stålhammar H, Morrell JM. Sperm Quality in 681 
Young Bull Semen Can Be Improved by Single Layer Centrifugation. Animals. 2022;12:2435. 682 
https://doi.org/10.3390/ani12182435 683 

61. Ç evik M, Barbaros TP, Taşdemir U, Özgürtaş T. Comparison of Spermatological Characteristics and 684 
Biochemical Seminal Plasma Parameters of Normozoospermic and Oligoasthenozoospermic Bulls of 685 
Two Breeds.  Turkish Journal of Veterinary & Animal Sciences. 2007;31:381-387. 686 

62. Baharun A, Said S, Arifiantini RI, Karja NWK. Correlation between age, testosterone and 687 
adiponectin concentrations, and sperm abnormalities in Simmental bulls. Veterinary World. 688 
2021;14:2124-2130. www.doi.org/10.14202/vetworld.2021.2124-2130 689 

63. Argiris A, Ondho YS, Santoso SI, Karnianto E. Effect of age and bulls on fresh semen quality and 690 
frozen semen production of Holstein bulls in Indonesia. Earth and Environmental Science. 691 
2018;119:012033. https://doi.org/10.1088/1755-1315/119/1/012033 692 

64. Vince S, Žura Žaja I, Samardžija M, Majić Balić I, Vilić M, Đuričić D, Valpotić H, Marković F, 693 
Milinković-Tur S. Age-related differences of semen quality, seminal plasma, and spermatozoa 694 
antioxidative and oxidative stress variables in bulls during cold and warm periods of the year. 695 
Animal. 2018;12(3):559-568. https://doi.org/.1017/S1751731117001811 696 

65. Gloria A, Candeloro L, Wegher L, Robbe D, Carluccio A, Contr A. Environmental temperature and 697 
relative humidity differently affect the sperm characteristics in Brown Swiss and Belgian Blue 698 
bulls. Int. J. Biometeorol. 2021;65:2189-2199. https://doi.org/10.1007/s00484-021-02184-z 699 

66. Stern N. The Economics of Climate Change. American Economic Review. 2008;98(2):1-37. 700 
https://www.doi.org/10.1257/aer.98.2.1  701 

67. Soumya NP, Banerjee R, Banerjee M, Mondal S, Babu RL, Hoque M, Reddy IJ, Nandi S, Gupta PSP, 702 
Agarwal PK. Chapter Six - Climate change impact on livestock production, Editor(s): Sukanta 703 
Mondal, Ram Lakhan Singh, Emerging Issues in Climate Smart Livestock Production, Academic 704 
Press. 2022; Pages:109-148. https://doi.org/10.1016/B978-0-12-822265-2.00010-7  705 

68. Nardone A, Ronchi B, Lacetera N, Ranieri MS, Bernabucci U. Effects of climate changes on animal 706 
production and sustainability of livestock systems. Livestock Science. 2010;130(1-3):57-69. 707 

69. Göncü S, Gökçe G. Precautions in hot conditions for sustainability in dairy cattle. International 708 
Journal of Eastern Mediterranean Agricultural Research. 2021;4(1):68-87. 709 

ACCEPTED

https://doi.org/10.1101/2020.01.16.907865
https://doi.org/10.3390/ani12182435
http://www.doi.org/10.14202/vetworld.2021.2124-2130
https://doi.org/10.1088/1755-1315/119/1/012033
https://doi.org/10.1017/S1751731117001811
https://doi.org/10.1007/s00484-021-02184-z
https://www.doi.org/10.1257/aer.98.2.1
https://doi.org/10.1016/B978-0-12-822265-2.00010-7


24 

 

70. Ronchi B, Stradaioli G, Supplizi AV, Bernabucci U, Lacetera N, Accorsi PA, Nardone A, Seren E. 710 
Influence of heat stress or feed restriction on plasma progesterone, oestradiol-17β, LH, FSH, 711 
prolactin and cortisol in Holstein heifers. Livestock Production Science 2001;68(2-3):231-241. 712 

71. Cheng M, McCarl B, Fei C. Climate Change and Livestock Production: A Literature Review. 713 
Atmosphere. 2022;13(1):140. 714 

72. Roy KS, Prakash BS. Seasonal variation and circadian rhythmicity of the prolactin profile during the 715 
summer months in repeat-breeding Murrah buffalo heifers. Reproduction Fertility and Development. 716 
2007;19(4):569-575. 717 

73. Ayo JO, Obidi JA, Rekwot PI. Effects of Heat Stress on the Well-Being, Fertility, and Hatchability 718 
of Chickens in the Northern Guinea Savannah Zone of Nigeria: A Review. ISRN Veterinary Science. 719 
2011;1-10. 720 

74. Nawab A, Ibtisham F, Li G, Kieser B, Wu J, Liu W, Zhao Y, Nawab Y, Li K, Xiao M, An L. Heat 721 
stress in poultry production: Mitigation strategies to overcome the future challenges facing the global 722 
poultry industry. Journal of thermal biology. 2018;78:131-139.  723 

75. Verón GL, Tissera AD, Bello R, Estofan GM, Hernández M, Beltramone F, Molina RI, Vazquez-724 
Levin MH. Association between meteorological variables and semen quality: a retrospective study. 725 
International Journal of Biometeorology. 2021;65:1399-1414. https://doi.org/10.1007/s00484-021-726 
02112-1  727 

76. National Research Council (NRC). A Guide to Environmental Research on Animals. National 728 
Academy of Sciences: Washington, DC, USA, 1971; p. 20418.  729 

77. Silanikove N. Effects of heat stress on the welfare of extensively managed domestic ruminants. 730 
Livestock prod. Sci. 2001;67(1):1. 731 

78. Schaefer AL, Ominski K, Thompson S, Crow G, Bench C, Colyn J, Rodas-Gonzalez A, Maharjan D, 732 
Bollum R, Cook NJ, Basarab J. Energy utilization in cattle with steady state and non-steady state 733 
methods: the importance of thermal neutrality. Heliyon. 2018;4(10):e00843. 734 
https://doi.org/10.1016/j.heliyon.2018  735 

79. Luceno LN, Angrimani DSR, Bicudo LC, Katarzyna JS, Poucke MV, Demeyere K, Meyer E, 736 
Peelman L, Mullaart E, Marleen LWJB, Soom AV. Exposing dairy bulls to high temperature-737 
humidity index during spermatogenesis compromises subsequent embryo development in vitro. 738 
Theriogenology. 2020;141:16-25.  https://doi.org/10.1016/j.theriogenology.2019.08.034   739 

80. Kumar P. Scrotal infrared thermography and its association with semen quality and freezability in 740 
Deoni bulls [Ph.D. dissertation]. Haryana, India: Deemed University, Icar-national Dairy Research 741 
Institude; 2021. 742 

ACCEPTED

https://doi.org/10.1007/s00484-021-02112-1
https://doi.org/10.1007/s00484-021-02112-1
https://doi.org/10.1016/j.heliyon.2018
https://doi.org/10.1016/j.theriogenology.2019.08.034


25 

 

81. Freitas AP, dos Santos GFF, Fernandes AR, Mendonça GG, Paro de Paz CC, Filho AEV, El Faro L. 743 
Effect of thermal stress on basic seminal characteristics of Gyr bulls. International Journal of 744 
Biometeorology. 2020;64:649-1656.  https://doi.org/10.1007/s00484-020-01945-6     745 

82. Daader AH, Gabr HA, Bahgat LB, Zeidan AEB, Selem TST. Effect of intramuscular injection of 746 
gonadotropin releasing hormone on semen characteristics of buck rabbits, under different seasons of 747 
the year. In: Proceedings of International Conference of Animal Production and Health 1997 pp. 748 
587–592.  1997 December. Dokki, Egypt. 749 

83. Pingel H, Abou El-Ezz ZR. Investigations on the sexual maturity of rabbits. Roczniki Naukowe 750 
Zootech. 1981;8(1):67-73. 751 

84. Marai IFM, Ayyat MS, Gabr HA, Abd El-Monem UM. Effect of summer heat stress and its 752 
amelioration on production performance of New Zealand White adult female and male rabbits, under 753 
Egyptian conditions. On: Proceedings of 6th World Rabbits Congress 1996 pp. 197–208.  1996 July 754 
9-12. Toulouse, France. 755 

85. Nongbua T, Utta A, Am-in N, Suwimonteerabutr J, Johannisson A, Morrell JM. Effects of season 756 
and single layer centrifugation on bull sperm quality in Thailand. Asian-Australasian Journal of 757 
Animal Sciences (AJAS) 2020;33(9):1411-1420. https://doi.org/10.5713/ajas.19.0624  758 

86. Sinha R, Bhakat M, Mohanty TK, Kumar R, Ranjan A, Rahim A, Lone SA, Shah N, Paray AR, Patil 759 
CS, Singh A. Seasonal variation of sperm kinematics in Murrah bulls under tropical climatic 760 
conditions. Buffalo Bulletin 2021;40(1):87-98. 761 

 762 

 763 

764 ACCEPTED

https://doi.org/10.1007/s00484-020-01945-6
https://doi.org/10.5713/ajas.19.0624


26 

 

Tables and Figures 765 

 766 

Figure 1. Türkiye direct normal irradiation (DNI) map [29]. 767 

 768 
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 770 
 771 
Table 1. Meteorological statistics of Menemen district by semen collection months. 772 

Months 

Temp. 

(°C) 

Min. 

Temp. 

(°C) 

Max. 

Temp. 

(°C) 

Relative 

Humidity (%) 

Total Sun 

Exposure 

(hour) 

Solar Radiation 

(Wh/m2) 

Temp-

Hum. 

Index 

Max 

Temp.-

Hum. 

Index 

February 9.28 6.11 13.85 70.42 5.20 111752.03 50.22 57.07 

April 15.14 10.29 20.71 61.32 8.00 145825.08 59.01 66.79 

May 20.51 14.26 27.33 59.23 9.90 153083.36 66.36 75.76 

June 26.34 19.99 32.56 55.01 11.60 206188.82 73.92 82.26 

October 19.69 14.49 26.91 72.17 7.60 53610.58 65.93 76.87 

November 16.55 12.86 21.76 74.12 5.60 35078.28 61.14 69.08 

December 10.35 7.54 14.54 75.53 4.20 28981.77 51.66 58.15 

Overall 18.14 13.25 23.90 63.58 8.10 168435.46 62.75 70.87 

 773 
 774 
 775 

Aqua color, Progressive spermatozoa; Green color, Motile spermatozoa; Red color;  776 
Static spermatozoa; Pink Color, Slow spermatozoa. 777 
Figure 2. View from fresh semen motility analysis with CASA analyzer (Hamilton, IVOS II) 778 
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 781 

 
 

 
   

A B C D E F 

 
 782 

A,Normal spermatozoa; B, Bent tail; C, Coiled tail; D, Distal midpiece reflection;  783 
E,Distal droplet; F, Proximal droplet 784 
Figure 3. Normal and abnormal spermatozoa in bull semen 785 
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Table 2. Statistical descriptive values of motility and abnormal of spermatozoa 790 

 Rates (%)  Concentration (cells x10 6/mL) Rates (%) 

Motility Mean SEM Defect N Mean SEM Mean SEM 

TT 100.00 0.32 BT 1519 1.71 0.05 1.47 0.03 

ST 46.68 0.32 CT 885 0.28 0.01 0.27 0.01 

PR 23.60 0.26 DMR 1539 5.77 0.10 5.17 0.08 

MO 53.29 0.32 DD 1509 1.71 0.04 1.59 0.05 

SL 4.35 0.07 PD 1289 1.62 0.08 1.35 0.06 

TT, Total; BT, Bent tail; CT, Coiled tail; DMR, Distal midpiece reflex; DD, Distal droplets; PD, Proximal droplets; 791 

ST, Static spermatozoa; PR, Progressive spermatozoa; MO, Motil spermatozoa; SL, Slow spermatozoa; N, Number 792 

of samples; SEM: The standard error of the mean; THI: Temperature-Humidity Index. 793 
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Table 3. Least squares means of abnormal spermatozoa rates (%) and concentrations according to factors. 811 

Factors BT CT DMR DD PD 

 % Cell x106 % Cell x106 % Cell x106 % Cell x106 % Cell x106 

Months           

February 2.29 ± 0.11d 2.27 ± 0.24d 0.25 ± 0.08 0.28 ± 0.07 4.80 ± 0.37b 5.34 ± 0.46b 2.05 ± 0.27c 2.05 ± 0.20d 1.75 ± 0.28d 2.10 ± 0.36d 

April 1.18 ± 0.11c 2.28 ± 0.23c 0.30 ± 0.07 0.33 ± 0.07 6.87 ± 0.36d 8.23 ± 0.44d 1.85 ± 0.26bc 2.25 ± 0.19d 2.64 ± 0.27e 3.23 ± 0.34e 

May 1.48 ± 0.08b 1.76 ± 0.19b 0.22 ± 0.06 0.23 ± 0.06 5.55 ± 0.30c 6.33 ± 0.37c 1.83 ± 0.22bc 1.83 ± 0.16c 1.02 ± 0.23c 1.20 ± 0.29c 

June 1.09 ± 0.13ab 1.34 ± 0.23ab 0.20 ± 0.07 0.25 ± 0.07 5.94 ± 0.35c 7.03 ± 0.44c 1.39 ± 0.26bc 1.67 ± 0.19c 1.01 ± 0.26b 1.26 ± 0.33b 

October 2.00 ± 0.08c 2.45 ± 0.18c 0.27 ± 0.06 0.32 ± 0.06 5.35 ± 0.28bc 6.03 ± 0.35b 1.62 ± 0.21bc 2.03 ± 0.15c 1.86 ± 0.21d 2.34 ± 0.27d 

November 1.44 ± 0.10a 1.75 ± 0.20a 0.29 ± 0.07 0.23 ± 0.06 4.78 ± 0.31b 5.44 ± 0.39a 0.99 ± 0.23a 1.34 ± 0.17a 0.53 ± 0.24a 0.67 ± 0.31a 

December 1.59 ± 0.10ab 1.85 ± 0.20ab 0.17 ± 0.07 0.20 ± 0.07 4.44 ± 0.32a 4.64 ± 0.40a 1.43 ± 0.24b 1.67 ± 0.17b 0.63 ± 0.25a 0.79 ± 0.32a 

p-Value ** ** 0.192 0.065 ** ** ** ** ** ** 

η2 0.050 0.044 0.010 0.014 0.047 0.062 0.021 0.040 0.099 0.093 

Solar Radiation Intensity (Wh/m2) 

x<100000 1.43 ± 0.06a 1.62 ± 0.17a 0.28±0.06 0.29±0.06 4.92±0.11a 5.31±0.34a 1.52±0.09 1.54±0.15a 0.66±0.21a 0.70±0.26a 

100000-200000 1.78 ± 0.08c 2.18 ± 0.16b 0.24±0.05 0.27±0.05 6.00±0.18b 7.09±0.30b 1.68±0.13 2.10±0.13b 1.86±0.18c 2.28±0.23c 

200001 – 300000 1.81 ± 0.09b 2.29 ± 0.19b 0.21±0.06 0.23±0.06 5.24±0.19b 6.06±0.36b 1.58±0.14 1.99±0.16b 1.53±0.22b 1.99±0.28b 

p-Value * ** 0.282 0.513 ** ** 0.658 ** ** ** 

η2 0.010 0.015 0.003 0.002 0.014 0.014 0.001 0.015 0.038 0.043 

Temperature-Humidity Index          

No Heat Stress 1.65 ± 0.06 2.05 ± 0.08 0.24 ± 0.03 0.28 ± 0.02 5.64 ± 0.13 6.71 ± 0.13 1.58 ± 0.09 1.94 ± 0.07 1.91 ± 0.10 2.43 ± 0.10 

Mild Heat Stress 1.96 ± 0.16 2.32 ± 0.22 0.28 ± 0.07 0.28 ± 0.06 5.55 ± 0.34 6.19 ± 0.34 1.92 ± 0.25 2.11 ± 0.19 1.19 ± 0.25 1.35 ± 0.25 

Moderate Heat Stress 1.42 ± 0.27 1.72 ± 0.36 0.21 ± 0.12 0.23 ± 0.06 4.98 ± 0.57 5.56 ± 0.57 1.27 ± 0.42 1.59 ± 0.30 0.96 ± 0.42 1.20 ± 0.42 

p-Value 0.096 0.250 0.829 0.915 0.542 0.258 0.266 0.268 0.026 0.011 

η2 0.003 0.002 0.000 0.000 0.014 0.002 0.002 0.002 0.006 0.007 

Breeds           

HF 1.81 ± 0.11 2.06 ± 0.11 0.22 ± 0.06 0.30 ± 0.05 6.26 ± 0.24b 5.56 ± 0.34a 2.22 ± 0.18c 2.39 ± 0.13b 1.39 ± 0.18 1.55 ± 0.23 

BS 1.67 ± 0.13 2.15 ± 0.13 0.28 ± 0.05 0.25 ± 0.05 4.65 ± 0.27a 6.79 ± 0.30b 1.11 ± 0.20a 1.48 ± 0.15a 1.35 ± 0.21 1.86 ± 0.27 

SM 1.54 ± 0.12 1.87 ± 0.12 0.23 ± 0.05 0.24 ± 0.05 5.26 ± 0.26b 6.12 ± 0.32b 1.46 ± 0.19b 1.76 ± 0.14b 1.30 ± 0.20 1.56 ± 0.25 

p-Value 0.015 0.078 0.263 0.246 ** ** ** ** 0.826 0.272 

η2 0.006 0.003 0.003 0.003 0.041 0.016 0.039 0.048 0.000 0.002 

Semen Collection Ages           

1-3 Ages 1.17 ± 0.12a 1.37 ± 0.16a 0.20 ± 0.03 0.19 ± 0.05a 3.65 ± 0.13a 3.90 ± 0.31a 0.90 ± 0.18a 1.00 ± 0.13a 1.02 ± 0.19a 1.21 ± 0.24a 

4-6 Ages 1.93 ± 0.13c 2.37 ± 0.17b 0.22 ± 0.03 0.30 ± 0.05ab 6.08 ± 0.16c 7.22 ± 0.33c 1.74 ± 0.20c 2.41 ± 0.20c 1.43 ± 0.20b 1.80 ± 0.26b 

7-10 Ages 1.93 ± 0.12b 2.34 ± 0.16b 0.31 ± 0.03 0.29 ± 0.05b 6.44 ± 0.15b 7.35 ± 0.32b 2.14 ± 0.19b 2.22 ± 0.19b 1.60 ± 0.20b 1.96 ± 0.25b 

p-Value ** ** 0.033 * ** ** ** ** ** ** 

η2 0.076 0.070 0.008 0.015 0.172 0.189 0.059 0.157 0.014 0.015 
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BT, Bent tail; CT, Coiled tail; DMR, Distal midpiece reflex; DD, Distal droplets; PD, Proximal droplets; SEM, The standard error of the mean; HF, Holstein Friesian; 812 
BS, Brown Swiss; SM, Simmental; Different superscript letters (a, b, c, d, e) within the same column indicate significant difference between means; η2, ~ 0.01 indicates 813 
a small effect; η2, ~ 0.06 indicates a medium effect;  η2, ~ 0.14 indicates a large effect; * p<0.05, ** p<0.01. 814 
 815 
 816 
 817 
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 818 
Table 4. Least squares means of spermatozoa motility rates (%) according to factors 819 

Factors ST PR MO SL 

Months     

February 49.25 ± 1.61bc 18.41 ± 1.05a 50.54 ± 1.56ab 5.50 ± 0.38ab 

April 48.77 ± 1.56b 19.38 ± 1.01bc 51.60 ± 1.50bc 4.77 ± 0.36a 

May 48.17 ± 1.12ab 20.59 ± 0.85c 51.77 ± 1.27bc 5.50 ± 0.31bc 

June 51.25 ± 1.82c 20.60 ± 0.99bc 48.97 ± 1.48a 4.53 ± 0.36a 

October 52.23 ± 1.14c 19.37 ± 0.79ab 47.56 ± 1.18a 5.07 ± 0.29bc 

November 46.67 ± 1.33a 21.98 ± 0.89bc 52.79 ± 1.32c 5.16 ± 0.32c 

December 49.41 ± 1.39b 21.68 ± 0.90a 50.51 ± 1.34b 4.11 ± 0.32a 

p-Value ** ** ** ** 

η2 0.025 0.022 0.024 0.026 

Solar Radiation Intensity (Wh/m2)    

x<100000 48.66 ± 0.49 20.59 ± 0.77 51.23 ± 0.49 5.50 ± 0.28b 

100000-200000 50.07 ± 0.75 20.35 ± 0.69 50.04 ± 0.74 4.51 ± 0.25a 

200001 – 300000 49.46 ± 081 19.93 ± 0.83 50.33 ± 0.80 4.63 ± 0.30a 

p-Value 0.360 0.631 0.441 ** 

η2 0.001 0.001 0.001 0.014 

Temperature-Humidity Index     

No Heat Stress 48.95 ± 0.54 20.14 ± 0.36 51.09 ± 0.53 4.12 ± 0.13a 

Mild Heat Stress 49.83 ± 1.44 21.14 ± 0.96 50.11 ± 1.43 4.22 ± 0.35 a 

Moderate Heat Stress 49.40 ± 2.39 19.58 ± 1.60 50.40 ± 2.38 6.29 ± 0.57b 

p-Value 0.879 0.549 0.847 * 

η2 0.000 0.001 0.000 0.009 

Breeds     

HF 48.48 ± 1.03 24.99 ± 0.69c 51.58 ± 1.02 4.57 ± 0.25 

BS 49.76 ± 1.15 16.85 ± 0.77a 50.02 ± 1.15 5.14 ± 0.28 

SM 49.95 ± 1.09 19.02 ± 0.73b 50.00 ± 1.08 4.92 ± 0.26 

p-Value 0.134 ** 0.080 0.022 

η2 0.003 0.131 0.003 0.005 

Semen Collection Ages     

1-3 Ages 42.17 ± 1.05a 26.51 ± 0.70c 57.73 ± 0.54b 4.50 ± 0.25a 

4-6 Ages 53.29 ± 1.13b 17.71 ± 0.75b 46.74 ± 0.67 a 5.14 ± 0.27b 

7-10 Ages 52.72 ± 1.09b 16.64 ± 0.73a 47.13 ± 0.64 a 4.92 ± 0.26 c 

p-Value ** ** ** ** 

η2 0.173 0.252 0.173 0.011 

ST, Static spermatozoa; PR, Progressive spermatozoa; MO, Motile spermatozoa; SL, Slow spermatozoa; SEM, The 820 
standard error of the mean; HF, Holstein Friesian; BS, Brown Swiss; SM, Simmental; Different superscript letters (a, 821 
b, c) within the same column indicate significant difference between means. 822 
η2, ~ 0.01 indicates a small effect; η2, ~ 0.06 indicates a medium effect;  η2, ~ 0.14 indicates a large effect. 823 
* p<0.05, ** p<0.01. 824 
 825 
 826 
 827 

828 
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Table 5. Phenotypic relationship between factors and spermatozoa motility and spermatozoa abnormality 829 

  CM SR THI BR CA ST PR MO SL BT CT DMR DD PD 

CM 1 
             

SR -.538** 1 
            

THI -.030 .317** 1 
           

BR .051* -0.049 -0.033  1 
          

CA .094** -.069** -0.011 .485** 1 
         

ST -.030 .065* .068** .198** .410** 1 
        

PR 0.077** -0.047 0.021 -.463** -.602** -.695** 1 
       

MO 0.018 -.058* -.073** -.205** -.418** -.976** .697** 1 
      

SL 0.019 -.070** .059* .122** .162** -.140** -.182** . 1 
     

BT -0.130** .095** 0.013 0.008 .205** .527** -.363** -.518** -.158** 1 
    

CT 0.044 -.079* 0.040 -0.010 0.066 0.059 -0.049 -0.058 0.031 .197** 1 
   

DMR -0.193** .184** .097** -0.009 .278** .378** -.260** -.370** -.064* .263** -0.006 1 
  

DD -0.131** .101** 0.023 -.063* .135** .346** -.175** -.343** -.111** .303** 0.028 .404** 1 
 

PD -0.265** .215** -0.011 0.006 .067* .231** -.128** -.216** -.258** .620** .149** .307** .256** 1 

CM, Semen collection month; SR, Solar radiation; BR, Breed; CA, Semen collection age; ST, Static spermatozoa; 830 
PR, Progressive spermatozoa; MO, Motile spermatozoa; SL, Slow spermatozoa; THI, Temperature-Humidity Index. 831 
r<0.3 none or very weak, 0.3<r<0.5 weak, 0.5<r<0.7 moderate, and 0.7< r strong correlations; * p<0.05, ** p<0.01 832 
 833 
 834 
 835 
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