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Introduction
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tive characteristics of the lambs obtained fiom them. Regulatory Mechanisms in Biosystems, 14(3), 358-364.
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The reproductive function of ewes and the development of their offspring are largely influenced by their clinical condition and
the temperature of the environment. The maximum temperature values have significantly increased over the last two decades,
making climate change a pressing issue for sheep breeding worldwide, including Ukraine. The consequences of exposure to high
temperatures of the outside air, above all, in the mating season, can be marked by a significant increase in the heat load on the body
of the brood stock, a decrease in clinical indicators and reproductive capacity. On the other hand, the current understanding of how
these components interact is insufficient, which conditions the relevance of this work. In order to determine the effective terms of
insemination of sheep in the mating season of 2021, taking into account the terms of insemination and the characteristics of the
outside air temperature, three technological groups of ewes were formed, which were in the same flock and were artificially inse-
minated with freshly obtained sperm from the same breeders in August-September: from August 15 to August 27; from August
28 to September 9 and from September 10 to September 21. It was discovered that ewes inseminated between August 28th and
September 9th were less adaptable to environmental conditions, experiencing increased daily fluctuations of body temperature,
pulse and breathing rates, stillborn lambs, cases of abortion, and decreased preservation of young animals, including ewe lambs,
which are highly valuable in breeding — by 15.8% and 10.9% concerning the initial and final phases of the insemination period.
However, the young lambs bom from ewes inseminated between August 15th and August 27th had the highest survival rate until
weaning due to better survival of ewe lambs compared to those inseminated during later phases of the mating season against the
background of a lower percentage of output of rams until the moment of weaning against ewes that were inseminated from August
28 to September 9. It has been shown that the growth rate of lambs during early postnatal development varies depending on the
timing of their mothers' insemination. Ewes inseminated between August 15th and 27th produced lambs with the highest weight at
90 days, reaching 26.81 and 24.18 kg, respectively; 20.1% and 26.8% more than rams, and 19.1% and 18.8% more than female
lambs whose mothers were inseminated in the middle and at the end of the breeding season. A similar picture is characteristic of
the average daily growth values. It was determined that the formation of clinical indicators, and above all, the body temperature of
young animals bom from mothers fertilized at the beginning and in the middle of the mating season, was the most intense.
The results of this study made it possible to understand the adaptive mechanisms of the response of sheep to changes in environ-
mental temperature, which will be useful in future investigations to determine its effect on the thermopotential and clinical condi-
tion of lambs during the first day after birth, which is the most critical.

Keywords: young animals; air temperature; reproductive capacity; live weight; average daily growth; clinical indicators.

process: frozen sperm quality, incorrect insemination procedures, wrong
timing of estrus and sperm count and timing, They both individually and

The process of formation and development of artificial insemination
in countries with developed sheep farming is based on improving the ge-
netic quality of animals, controlling reproductive infectious diseases, and
optimizing reproductive function (Gibbons et al., 2019; Putri et al., 2021).
On the other hand, the success rate of sheep artificial insemination is onlty
47.6%, while Rizal et al. (2006) believe that the ideal indicator of its effec-
tiveness should be 70%. It is difficult to disagree with the statement (Tekin
et al., 2006; Hashem et al., 2015; Abebe & Alemayehu, 2021) that mul-
tiple abiotic and biotic factors can influence the course of the fertilization
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in combination contribute to a significant decrease in the effectiveness of
artificial insemination (Shakhova et al., 2021). In addition, high air tem-
perature is also rightly singled out as a significant negative component of
artificial insemination success (Abecia et al., 2016; Arrébola et al., 2016;
Van Wettere et al., 2021).

On the other hand, according to a report (Joy et al., 2020), almost
50% of the sheep population is distributed in arid regions of the world,
which indicates their versatility and potential adaptability to increased air
temperatures. At the same time, as stated (Ozawa et al., 2005; Gharibza-
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deh et al., 2015), heat stress in ewes directly affects behaviour during est-
rus, oocyte maturation, embryonic development and, ultimately, the birth
of weak lambs. However, this effect is mostly limited to the first 8 days
after artificial insemination, which corresponds to the susceptible period of
early embryonic development and entry of the embryo into the uterus
(Spencer et al., 2004). After this period, the resistance of the embryo to
heat stress increases (Dixon et al., 2007). This is consistent with a study
that indicates that the reproductive function of sheep is significantly affect-
ted by heat stress in the week before and up to 5 days after oestrus (Van
Wettere et al., 2021). A similar opinion is argued that the increased envi-
ronmental temperature has a negative effect on the biological functions of
sheep, which is manifested by a decrease in production and the level of
reproduction (Marai et al., 2007). Heat stress occurs when environmental
conditions cause the body’s core temperature to rise above the normal ran-
ge and is associated with hyperthermia (Hansen, 2009). However, based
on an analysis of literature sources, the scientific community holds contra-
dictory opinions regarding the impact of environmental temperature and
artificial insemination timing on the reproductive capacity of ewes. This
has led to the need for further research in this area. According to (Dixit
etal.,, 2001), the timing of lambing significantly affects lamb productivity.
Zapasnikiene (2002) found that winter-born lambs had higher birth and
weaning weights than those bom in summer and autumn. Similar conclu-
sions were reached by other researchers. Currently Yilmaz et al. (2007),
studying the productive characteristics of lambs of different birth dates,
found that winter lambing contributes to an increase in the live weight of
lambs compared to young lambs bom in spring. The advantages of winter
lambing over later lambing are based on the fact that winter lambs are
born healthier and stronger than their spring lambing peers, and therefore
have higher productivity. Under such circumstances, the position of Yil-
maz et al. (2007) seems to be quite justified, according to which he em-
phasizes that seasonal differences in the live weight of lambs at birth may
be a consequence of differences in the temperature of the environment and
the course of intrauterine processes in the mother's body during pregnan-
cy. Inthe context of the above, these positions (Notter et al., 2005; Susic
etal.,, 2005; Magawana et al., 2021) are quite understandable, emphasiz-
ing that the live weight of lambs at birth can be influenced by the type of
birth and gender. At the same time, this issue is debatable.

Therefore, the reproductive system and formation of ecological tole-
rance indicators in livestock to adverse environmental factors require fur-
ther research and evaluation — the key of which is the justification of ra-
tional timing of artificial insemination of ewes while simultaneously iden-
tifying their adaptability to climate changes, which are accompanied by
the growth of both the average annual and in some periods of the year air
temperatures and lengthening of dry periods.

In this regard, the research aimed to evaluate the impact of outdoor air
temperature on reproductive function parameters, adaptive reactions of
ewes during insemination, and lamb productivity before weaning.

Materials and methods

The experiments conducted on the animals did not contradict the cur-
rent legislation of Ukraine (Article 26 of the Law of Ukraine 5456-VI
dated 16.10.2012 "On the Protection of Animals from Cruel Treatment")
as amended as of 04.08.2017 and "General ethical principles of experi-
ments on animals", adopted by the First National Congress on Bioethics
(Kyiv, 2001) and international bioethical norms (materials of the IV Euro-
pean Convention on the Protection of Vertebrate Animals Used for Expe-
rimental and Other Purposes, Strasbourg, 1985) (Simmonds, 2017).
The research program was reviewed and approved by the bioethics com-
mission of the Institute of Animal Husbandry of the National Academy of
Agrarian Sciences in the current order. Research ethics could be violated
for the study of clinical indicators.

The study was carried out at a base farm in Kharkiv region on sheep
of the Kharkiv intrabreed type of the Prekos breed. In order to establish the
effective terms of insemination of sheep in the mating season of 2021,
taking into account the terms of insemination and the characteristics of the
outside air temperature, three technological groups of ewes were formed,
which were in the same flock and were artificially inseminated with fresh-
ly obtained sperm from the same breeders in August-September: the first
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group (116 head) — from August 15 to August 27; the second group
(43 head) — from August 28 to September 9 and the third group
(123 head) — from September 10 to September 21. The sexual desire of
female sheep was determined through the use of male sheep wearing ap-
rons under their abdomen. A trained technician carried out the artificial
insemination process using the visocervical method while adhering to hy-
giene and sanitary standards. For breeding purposes, three 4-year-old male
sheep with an average weight of 115 and 10.4 kg of wool shearing were
utilized. The female sheep used were typical animals that met the stan-
dards of the elite class based on their primary performance indicators.
They were between 67 years old with an average weight of 61.7-68.5 kg.

During the spring-summer period of the experiment, the experimen-
tal ewes were grazed on natural pastures and provided with concentrated
fodder. In the autumn—winter period, the animals were kept using the pen-
base method and fed with hay made from cereal and leguminous crops,
silage, concentrates, and balancing feed additives. Lambing occurred in
January—February, and the offspring that were obtained were evaluated.
All the young obtained from the experimental ewes were divided into
three groups according to their mothers' insemination dates. The lambs
were weaned from their mothers at 90 days of age.

Based on official data from the Kharkiv Regional Center of Hydro-
meteorology for the years 19861995 and 2012-2021, the average annual
outdoor temperature has increased by 16.0%, from 8.1 to 9.4 °C. During
the months of active fodder crop growth (April-September), the tempera-
ture also increased by 15.7%, from 15.9 to 18.4 °C. Additionally, there has
been a decrease in average annual precipitation from 559.9 to 514.5 mm
(8.1%), and in summer months from 354.8 to 274.3 mm (19.5%). These
changes suggest negative consequences of climate change, which could
impact the welfare of sheep and their food supply. The daily amplitude of
outdoor air temperature fluctuations during the insemination of ewes and
in the room during the growth of lambs until weaning was recorded using
two He-173 Loggers — thermal recorders (China), designed for round-the-
clock control and recording of air temperature, with measurement accura-
cy for air temperature + 0.25 °C, relative air humidity —+2.5%.

The duration of the embryonic period of development of lambs was
estimated by the date of artificial insemination of their mothers recorded in
the journal and the date of birth. The intensity of growth of lambs during
embryogenesis is based on the ratio of their live weight at birth to the dura-
tion of embryonic development. Reproductive ability of ewes was evalua-
ted by recording the results of insemination, fertilization, fertility, counting
the number of abortions, live and stillborn lambs. Fertility of ewes was
studied by the total number of newborn lambs (live and dead) at birth per
100 ewes that lambed; preservation level — according to the output of
lambs on the date of weaning to their number at birth; fecundity — by the
number of ewes that have lambed as a percentage of their number at the
beginning of lambing.

The milk yield of the ewes was determined based on the difference
between the live weight of the lambs at the age of 20 days and the weight
at birth. The resulting difference was multiplied by 5 (the number of kilo-
grams of breast milk consumed per 1 kg of live weight gain).

To study the physiological state of ewes during mating season and
lambs in both winter and summer, their respiratory rate (observed visually
through chest movements and counted per minute), pulse rate (measured
by heart contractions per minute), and rectal temperature (measured using
a medical mercury thermometer with an error margin of 0.2°) were ob-
served during daytime hours. These observations were conducted four
times per day, including at 8 am, 12 pm, 4 pm, and 9 pm.

The weight of the newborn animals was measured individually on the
first day after birth with a precision of + 0.1 kg. At ages 20, 60, and
90 days, they were weighed again before moming feeding and watering
on scales with a precision of + 0.5 kg. The weight recorded on each of
these dates was considered their weight at 20, 60, and 90 days respective-
ly. Using these data, we calculated the absolute and average daily weight
gains of the animals in the study.

Research results were processed using the computer program Statisti-
ca 10.0 (StatSoft, USA). Results are presented as mean + standard error
(x£ SE). Tukey’s test was used to compare the difference in mean values
between groups, where differences were considered statistically significant
at P<0.05 for all data.
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Results

It has been found that in the period from August 15 to August 27, the
insemination of ewes took place at an average daytime temperature of
27.8 °C, with fluctuations during the daylight hours from 21.0 to 32.0 °C,
at night — 19.8 °C, with fluctuations from 15.0 to 23.0 °C; in the period
from August 28 to September 9, respectively insemination took place at
an average daytime temperature of 28.7 °C, with fluctuations from 23.0 to
34.0 °C and average nighttime temperature of 20.4 °C, with fluctuations
from 12.0 to 27.0 °C; in the period from September 10 to September 21,
respectively at an average daytime temperature of 21.9 °C, with fluctua-
tions from 14.0 to 26.0 °C and average nighttime temperature of 15.7 °C,
with fluctuations from 10.0 to 21.0 °C. That is, the difference in average
temperatures during the day between groups of ewes was 6.8 °C, and at
night it was 4.7 °C. During the first period, the average relative humidity
during the day was 62%, with fluctuations between 54% and 70%. Du-
ring the second and third periods, it was 65% with fluctuations between
60% and 70%. The relative humidity increased at night.

Throughout the observations, ewes across all groups maintained a
normal body temperature, pulse rate, and respiratory movements. Howe-
ver, animals that were inseminated between August 15 to August 27 and
August 28 to September 9 showed a reliable increase in these indicators
(P <0.05-0.01), indicating a negative impact on their bodies due to envi-
ronmental temperatures (Table 1).

It was observed that there were slight changes in the heart rate, respi-
ratory movements, and body temperature of the experimental ewes during
the mating season. These changes were influenced by the temperature of
the environment. Specifically, the minimum values were noted in the
morming, the maximum values were observed at noon, and from 4 p.m.
until evening, a moderate decrease was observed. The temperature of fe-
male sheep increased by 1.0-1.4 °C as the air temperature rose from
morning to noon, regardless of when they were inseminated. However,
the average temperature of sheep inseminated between August 28 and
September 9 did not increase as significantly. These sheep had higher
temperatures compared to those inseminated at the beginning and end of
the mating season, with differences of 0.5 and 0.9 °C in the moming, 0.1
and 0.6 °C in the afternoon, and 0.3 and 0.7 °C in the evening, respectively.

Ewes showed more noticeable changes in their breathing rates throu-
ghout the day. In the morning, they breathed more frequently by 1.8 to
2.0 breaths, and at noon when the air temperature as at its peak, by 4.0 to
8.0 breaths. In the evening, they breathed more by 2.0 to 4.0 breaths per
minute. The most significant changes occurred in pulse frequency, which

Table 2

was faster in the moming by 9 to 11 beats, in the afternoon by 4 to
20 beats, and in the evening by 10 to 14 beats per minute. These results
indicate that ewes have natural protection against increased daytime tem-
peratures, which can cause thermal depression and lead to clinical indica-
tor values increasing from moming to evening. This is especially evident
in ewes inseminated between August 28 and September 9.

Table 1
Clinical parameters of the body of ewes (x £ SE, n=15)

Parameter Time of The genod of insemina*t*:ion of ewes -
day,hours  15.08-27.08 28.08-9.09 10.09-21.09

Body 8 386+0.14° 391045 382+0.09
e 12 400+029" 401017 39.5+0.19"
E“C“pe"“ ’ 16 39.1+017° 396+0.18" 389+0.16°
21 389+0.16" 392+0.13 385033

8 1824227 200+ 1.79° 180+ 1.14°

Breath rate, 12 320+032° 360+1.76° 280+032°
breaths/min 16 2864129 3104134 2244081°
21 220+095" 240+122° 200+ 1.14*

8 81.0+1.58" 90.0+ 1.84° 79.0+ 095

Pulse rate, 12 980+0.32° 102.0+0.84° 820+122°
beats/min 16 91.0+£235 96.0+045 814+175
21 84.0+1.00" 94,0+ 130 80.0+122°

Note: * — group of ewes inseminated from August 15 to August 27; ** — group of
ewes that were inseminated from August 28 to September 9; *** — group of ewes
that were inseminated from September 10 to September 21; different letters indicate
significant differences between groups within each row by Tukey’s test.

The terms of prenatal development of lambs by groups of ewes did
not differ significantly and ranged from 147.6 days to 150.1 days. Howe-
ver, for the use in reproduction of ewes that were inseminated between
September 10 and 21, a reliable reduction of 2.1 (P <0.05) and 2.5 (P <
0.05) days of fetal development of lambs was found, compared to the
carly and late stages of the mating season in ewes of six years of age in
both cases of comparison. The rate of embryonic growth in the lambs was
consistent, ranging from 24.5 to 25.3 grams per day. However, when
comparing the weight of ewes that were inseminated between 28th Au-
gust to 9th September, they were found to be significantly lighter by
4.86 kg or 7.3% (P < 0.05) compared to those that were fertilized between
15th August to 27th August, and by 6.83 kg or 10.0% (P < 0.001) com-
pared to those inseminated between 10th September to 21st September
(Table 2). After analyzing the results, it was discovered that all groups of
ewes possessed reproductive qualities that met the target standard for this
particular inbred type (Table 3).

Embryonic development of lambs and age-weight parameters of experimental ewes

The period of insemination of ewes

Parameter 15.0827.08 28.08-9.09 10.09-21.09
Duration of prenatal development, days 149.65+13.89" 150.09 +22.89* 14757+11.78°
Average daily growth of lambs during the prenatal period, g 2478+031° 2500+0.67° 2450+027
Age of ewes, years 6.03+0.19° 7.00+035 594+0.16"
Live weight of ewes, kg 66.51 +0.96 61.65+127 6848 +0.83"
Table 3
Reproductive qualities of ewes

Parameter The period of insemination of ewes

15.08-27.08 28.08-9.09 10.09-21.09

Fertilized ewes, head 116 43 125
Lambing ewes, head 116 43 125
Fertility, % 100.0 100.0 100.0
Number of aborted ewes, head - 1 -
Number of stillborn lambs, head - 2 -
Received live lambs, heads 163 55 185
Yield of lambs per 100 lambing ewes, % 140.5 1326 148.0

The pregnancy went without significant deviations from the physio-
logical norm. After giving birth, the offspring were grouped into three
groups based on the artificial insemination timeline of their mothers. De-
spite the various temperature factors affecting reproductive qualities, the
number of lambs borm per 100 ewes was quite high, averaging at 140.4%.
Additionally, when comparing the results of artificial insemination during
the period from September 10 to September 21 with those at the begin-
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ning and middle of the breeding season, there was an increase of 7.5% and
15.4% respectively in the number of lambs bom per 100 ewes that gave
birth. However, among ewes that were inseminated in the period from
August 28 to September 9, two head of lambs were stillborn and one case
of abortion was diagnosed during the mating period, which was 4.7% of
the total number of those that were inseminated. In inseminated ewes of
the other groups, not a single case of abortion or stillbirth in the offspring
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of lambs was observed. All lambs received the same care, feeding, and
maintenance, resulting in most being bormn healthy and viable. However,
there were cases where some individuals were born underdeveloped. In
total, 403 viable lambs were bom during lambing, including 199 ewe
lambs and 204 rams. Among them, 163 were single-bom, 234 were twins,
and 6 were triplets. The ratio of ewes to rams within the terms of insemi-
nation of ewes ranged from 0.81:1 to 1.50:1 (Table 4), with individual
values varying. There was also a difference in the level of preservation of

Table 4
The level of preservation of lambs before weaning from their mothers

lambs during the post-weaning period. Generally, the young lambs borm to
mothers who were inseminated between August 15 and August 27 had a
7.8% to 4.7% higher viability, due to better survival rates. The survival
rate was 91.6%, which was 15.8% to 4.9% higher than the other groups.
On the other hand, the maternal qualities of ewes that were fertilized in the
period from August 28 to September 9 were characterized by a higher
percentage of business yield of rams before weaning by 3.4% and 7.6%,
compared to the initial and final phases of the mating season.

The period of insemination of ewes

Parameter 15.0827.08 28.08-9.09 10.09-21.09
Received live lambs, head 163 55 185
including: ewe lambs 83 33 83
rams 80 22 102
Correlation ewe lambs : rams 1.03:1 1.50:1 0.81:1
Number of live lambs born, head 163 55 185
Including: single-bom 70 31 62
twins 90 24 120
triplets 3 - 3
Number of lambs when weaning, head 146 45 157
including: ewe lambs 76 25 72
rams 70 20 85
Loss of lambs before weaning, head 17 10 28
% 104 182 15.1
The level of preservation of lambs before weaning, % 89.6 81.8 849
including: ewe lambs 91.6 758 86.7
rams 875 90.9 833

Table 5

Milking capacity of ewes inseminated in different periods on the 20th day of suckling rearing of lambs (kg)

Milking capacity of ewes depending The period of insemination of ewes
on gender and type of birth of lambs 15.08-27.08 28.08-9.09 10.09-21.09
Ewes that gave birth to: rams 25.17+0.84" 2930+£225" 26.88+1.15"

n 58 19 65
ewe lambs 2297+0.74° 22.61+220° 25.68+1.00°
n 58 24 60
including; single-bom 2559+0.77* 2897 +2.00® 2986+1.11°
n 70 31 63
twins 2235+0.79* 19.79 +2.36" 24.07 +1.00°
n 45 12 61
triplets 26.00+5.00" - 2325+725"
n 1 - 1

It is important to note that the highest percentage of lambs lost occur-
red within the first month of their lives. However, as they continued to
grow, there was a decrease in mortality across all groups. In the experi-
mental herd, the highest loss of offspring before weaning (18.2%) occur-
red in ewes that were inseminated between August 28 and September 9.
The lowest loss rate (10.4%) was observed in ewes that were inseminated
from August 15 to August 27. Ewes inseminated between September 10
and September 21 had an intermediate loss rate of 15.1%. Quantitative
losses among ewe lambs were greater compared to rams, although the
percentage was insignificant.

A distinctive feature of the productive characteristics of ewes that
were artificially inseminated in the period from September 10 to Septem-
ber 21 was their higher milk yield, due to higher live weight and increased
yield of live lambs bom as twins (Table 5). On the 20th day of lactation,
milking capacity was greater by 1.5 kg or 6.1% on average compared to
ewes inseminated between August 15 and August 27. The milk yield of
ewes that lambed with rams was greater by 1.7 kg or 6.8%, with ewe
lambs — by 2.7 kg or 11.8% (P < 0.05) and those that had singletons
among their offspring — by 4.3 kg or 16.7% (P < 0.01), and twins — by
1.7kg or 7.7%. The average values of milk yield of ewes inseminated
between September 10 and September 21 were also higher compared to
ewes inseminated between August 28 and September 9, but no statistical-
ly significant relationship between them was observed by this indicator.

Currently, at the level of the trend, the September 10-21 group of
ewes prevailed over the 28 August to 9 September group in terms of
average milk yield by 0.7 kg or 2.8%. However, ewes that had ewe lambs
among their offspring also prevailed by 3.1 kg or 13.6%, single-bom by
0.89 kg or 3.1%, twins by 0.89 kg or 3.1% by 4.3 kg or 21.6%, and those

individuals that gave birth to rams, on the contrary, had a different charac-
ter of milk production, in terms of which they were inferior — by 2.4 kg or
8.3%. Changes in growth parameters of lambs in the early postnatal onto-
geny demonstrate their relationship with age, are determined by gender
and fluctuate depending on the timing of insemination of their mothers
(Table 6).

A common feature for both rams and ewe lambs born from mothers
inseminated in the periods from August 15 to August 27 and from August
28 to September 9 is a significant increase in live weight at the age of
60 days by 19.6% (P <0.01) and 20.3% (P < 0.01) and by 7.7% and 8.0%
against peers whose mothers were inseminated at the end of the mating
season, but at the age of 90 days, the most noticeable advantage according
to this indicator was observed in the young obtained from mothers that
were inseminated between August 15 and August 27, where the differen-
ce with the rest of the groups was 20.1% (P < 0.01) and 26.8% (P < 0.01)
among rams and 19.1% (P < 0.01) and 18.8% (P < 0.01) among the ewe
lambs. Despite that, the offspring obtained from all ewes did not differ
significantly in terms of live weight at birth.

Dominance in terms of live weight of the young bom from mothers
inseminated in the periods from August 15 to August 27 and from August
28 to September 9 was also confirmed by the indicators of their growth
intensity, according to which they reliably surpassed at the age of 60 days
their peers from the mothers which were used in reproduction at the end of
the mating season by 39.7 (P < 0.01) and 63.7% (P < 0.01) and by 14.7%
(P<0.05) and 44.8% (P < 0.01). With increasing age of the young, this
advantage decreased and amounted to 42.9% (P < 0.01) and 22.3% in
rams and 54.9 and 42.9% (P < 0.01 in both cases of comparison) in ewe
lambs (Table 7).
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Table 6

Dynamics of live weight of young animals from birth to weaning depending on the date of insemination of their mothers (kg, x + SE)

The period of insemination of ewes

Parameter 15.08-27.08 28.08-9.09 10.09-21.09
Live weight of the total population of lambs at birth, kg 3.70+0.04 3.78+0.09" 3.61+004
n 163 55 185
including: rams 3.90+0.06" 4.03+0.16" 3.77+£0.06"
n 80 22 102
ewe lambs 3.51+0.06 3.60+0.12° 344+0.05
n 83 33 83
Live weight of the total population of lambs at the age of 60 days, kg 1794+£031% 17.87+£0.63" 15.79+032°
n 146 45 157
including: rams 1891047 19.00+0.94° 15804046
n 70 20 85
ewe lambs 17.01+0.38° 17.06+0.83° 15.79+045°
n 76 25 72
Live weight of the total population of lambs at the age of 90 days, kg 2546+043° 21.15+095° 20.77+0.40°
n 146 45 157
including: rams 26.81+£0.65" 22334158 21.14+0.60°
n 70 20 85
ewe lambs 24.18+0.54° 2031+1.18 2035+0.52°
n 76 25 72
Table 7
Intensity of growth of young animals depending on the period of insemination of their mothers (g, x + SE)
The period of insemination of ewes
Parameter 15.08-27.08 28.08-9.09 10.09-21.09
The total number of lambs, head 146 45 157
including: rams 70 20 85
ewe lambs 76 25 72
Average daily growth of the total number of lambs at the age of 60 days, g 2352+63" 2848+12.7° 1855+5.3°
including: rams 250.7+9.2° 2939+21.6 1795+8.5°
ewe lambs 2204+84" 2784+156° 1922+6.0°
Average daily growth of the total number of lambs at the age of 90 days, g 251.8+6.5" 2232+11.5° 1708+6.1°
including: rams 265.1+£103" 2269+163" 1855+9.1°
ewe lambs 2392+79" 220.7+16.2" 1544+7.6°
Table 8
Seasonal changes in the clinical indicators of the young animals' bodies (x + SE, n=5)
Parameter Season Timeofday,  Outdoor air temperature The period of insemination of ewes
of the year hours during observations, °C 15.08-27.08 28.08-9.09 10.09-21.09
8 +2...0 382+0.07 38.1+0.05° 37.1+0.14°
winter 12 +3...+47 394+0.09" 39.1+£0.12% 384+020°
16 +5..46 382+007 385+0.10° 380005
Body temperature, °C 21 +4.. .42 394+ 0.18'a 387+ 0.24:b 39.1+ 0.34;
> 8 +13.. .+15 389+0.14* 382+0.56 375+0.16
summer 12 +26..427 406+0.10° 394+0.16° 389+025°
16 +21...424 39.8+0.15° 39.1+021° 386+0.12°
21 +18...+20 392+0,67 404+023" 39.0+022°
8 +2...0 262+1.07° 248+1.07" 22+132%
winter 12 +3...+7 304+129° 294+1.08 272+1.85
16 +5...+6 28.0+0.89" 26.1+ O.Sg:b 246+ 0.982
. 21 +4.. .42 274+087 254+09 224+125
Breath rate, breaths/min 8 +13.. 415 344+ 144° 328+086" 3064229
summer 12 +26...+27 38.0+045" 364+051% 348+139°
16 +21...424 356087 34.0+0.71° 334+1.03*
21 +18...420 352+1.16° 332+0.58" 31.6+1.81°
8 +2...0 612+037° 602+1.02° 580+197°
. 12 +3...+7 644+144° 63.6+133" 614+093"
winter 16 +5...46 634=117 620=071° 6024174
. 21 +4.. .42 62.8+0.92° 61.0+0.89 599+1.14°
Pulse rate, beats/min 8 +13.. 415 678+107 658+136" 63.6%1.50°
summer 12 +26...+27 73.0+1.14° 72.6+236 69.8+1.02°
16 +21...424 70.8+0,80" 694+196 68.2+2.50°
21 +18...420 694093 674 + 075 644+150°

During the lambing season in February, the outdoor temperature at
noon ranged between +5 to +6 °C, with fluctuations throughout the day
from 0 to +7 °C. However, when the lambs were weaned from their
mothers in June, the temperature increased naturally from +26 to +27 °C,
with fluctuations ranging from +13 to +27 °C throughout the day.
The temperature inside the sheepfold was affected by the temperature
outside. In winter, the temperature inside the sheepfold was between +9
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and +12 °C, while in summer it was between +17 and +21 °C. The tem-
perature inside the sheepfold experienced the most significant changes
during the winter due to the mechanized distribution of food and the addi-
tion of fresh straw to the sakmans (ewes with suckling lambs of the
same age). However, these changes did not exceed the sanitary and
hygienic requirements for keeping ewes and young lambs during lam-
bing (Table 8).
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The young animals’ bodies responded to seasonal changes in climate
by slightly adjusting their clinical indicators. These changes remained
within the normal range due to their thermoregulation mechanisms wor-
king properly. During winter, lambs experienced a decrease in their respi-
ratory and heart rate, while in the summer, they showed an increase of
7.7-8.5 breaths and 6.6-7.3 beats per minute, respectively. This testifies to
the dependence of the studied parameters on the air temperature in these
periods of the year, both directly inside the room for animal keeping and
outside it. It appears that young animals born from mothers inseminated
between September 10 and 21 had minimal clinical indicators, likely due
to stress on their physiological functions, which caused them to use feed
nutrients inefficiently. As a result, the accumulation of live mass was
slowed during the period of suckling growth. Specifically, their respiratory
rate was slightly lower, with a decrease of 3.9 and 2.3 breaths per minute
in winter and 3.2 and 1.5 per minute in summer.

The heartbeat rate was more noticeable than breathing, with an ave-
rage difference of 3.1 and 1.8 beats lower in winter and 3.8 and 2.3 beats
per minute in summer. Young individuals whose mothers were insemi-
nated between August 15-27 and August 28 — September 9 had the most
stable body temperature, with no significant differences or daily fluctua-
tions observed. However, during the summer, body temperature increased
by 0.4-0.8 °C compared to winter. Young individuals whose mothers
were inseminated between September 10-21 differed from those insemi-
nated between August 15-27 and August 28 September 9 in both winter
and summer, with a significant increase in body temperature from mormn-
ing to 4 pm. (P < 0.01-0.05). This indicates a certain dependence on
metabolic processes in their body.

Young animals in both winter and summer showed disruptions in
their pulse thythm during peak temperature stress at noon. This resulted in
an increase of 3.2-6.8 beats per minute compared to 8 am. However, in
the evening at 9 pm, there was a slight slowdown of 1.5-5.4 beats per
minute relative to noon. The number of respiratory movements per minute
in young animals increased by 3.6-5.0 breaths from morning to noon, but
decreased by 2.8-4.8 breaths in the evening, the values return to their
initial state, even though they are statistically unreliable.

Discussion

A key link in the selective improvement of domestic breeds and in-
trabred types of sheep is the improvement of their body's ability to adapt to
climatic conditions, which affects the reproductive capacity in different
ways. Each breed has genetic information about the area of breeding and,
accordingly, possesses features which are adaptive in a certain way to
changes in environmental conditions, finding additional reserves to over-
come the adaptation load along with the ability to realize the existing
genetic productivity potential.

The air temperature and humidity are essential ecological factors for
the survival of living organisms, including sheep. According to the official
records from the Kharkiv Regional Center of Hydrometeorology for
1986-1995 and 20102021, the average annual outside air temperature
had risen by 1.2 °C or 14.3%, and the average annual precipitation had
decreased by 45.4 mm or 8.1%. Based on the data, it can be concluded
that the climate is noticeably warming, as highlighted in the report (IPCC,
2007). During the day, experimental ewes had the lowest readings for
heart rate, number of respiratory movements, and body temperature in the
morning, with the highest values at noon. From 4 pm until evening, the
values moderately decreased. The lowest clinical indicators were observed
during the insemination of ewes from August 15 to August 27, with an
average daily ambient temperature of +27.8 °C. The highest readings were
recorded during the insemination period from August 28 to September 9,
with an air temperature of +28.7 °C. The values for these indicators were
intermediate during the insemination period from September 10 to Sep-
tember 21, with an average air temperature of 21.9 °C.

The conducted studies detailed the peculiarities of the multidirectional
effects of the outdoor air temperature on the reproductive capacity of ewes
that were inseminated at different times during mating season, the growth
and adaptive characteristics of the offspring obtained from them, which is
consistent with the data of Santolaria et al. (2014), Abecia et al. (2016) and
Van Wettere et al. (2021). It was found that ewes who were inseminated
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during the hottest period of the mating season, from August 28 to Sep-
tember 9, showed an increase in body temperature, pulse, and breathing
rates during mating and lambing. Additionally, there were two stillborn
lambs and one case of abortion. The rate of lamb survival until weaning
was also lower, by 7.8% and 3.1%, respectively, including decrease in
survival rates for ewe lambs, at 15.8% and 10.9% compared to the begin-
ning and end of the insemination period. A study conducted by Kovacic et
al. in 2023 came to a similar conclusion. Ewes that were inseminated
between September 10th and September 21st had a higher yield of lambs
per 100 individuals that gave birth, compared to those inseminated at the
beginning and middle of the mating season, with a difference of 7.5% and
15.4% respectively. However, inseminating ewes between August 15th
and August 27th, or August 28th to September 9th, led to a decrease in
milk yield, likely due to the impact of outside temperatures on their bodies.
This coincides with data from Sevi & Caroprese (2012).

Being raised under similar conditions of maintenance and feeding, the
young animals of all groups showed a different ability increase live
weight. It was established that young lambs born from ewes that were
inseminated from August 15 to August 27 demonstrated a greater ability
to increase their live weight. This enabled them during almost the entire
period of rearing until weaning to have a higher intensity of growth and to
achieve a higher live weight at the age of 90 days by 20.1% (P <0.01) and
26.8% (P <0.01) for rams and by 19.1% (P <0.01) and 18.8% (P <0.01)
for ewe lambs whose mothers were inseminated in the middle and at the
end of the mating season. The dependence of the live weight of young
animals on the periods of the mating campaign is emphasized in the work
(Martinez-Paredes et al., 2018; Wallace et al., 2021). The higher intensity
of growth of young animals bom from mothers inseminated at the begin-
ning and in the middle of the mating season was consistent with fluctua-
tions in clinical indicators, but they did not have reliable intergroup and
seasonal differences and were within the physiological norm.

Thus, the performed work does not address the heart of the question,
but within the framework of its initial implementation, for targeted mana-
gement of the lambing process farm specialists should take into account
not only the timing of insemination of ewes but also the temperature du-
ring its implementation, the established regularities of the formation of
productivity and changes in clinical indicators of young lambs as indica-
tors in the system of monitoring their state of health and assessment of
adaptive capacity.

Conclusion

The peculiarities of the formation of reproductive capacity parameters
in ewes under the influence of the temperature factor have been detected:
insemination in the period from September 10 to 21 was characterized by
a more pronounced effect on improving the yield of lambs per 100 ewes,
which increased by 7.5% and 15.4%, while when inseminated in the
period from August 28 to September 9, ewes had the lowest adaptive
capacity, which led to an increase in the daily fluctuations of body tempe-
rature, pulse and breathing rates, the presence of stillborn lambs among the
offspring, cases of abortion, and a decrease in the level of preservation of
the young animals before weaning by 7.8% and 3.1% in relation to the
initial and final phases of the insemination period.

A multidirectional course of metabolic processes in lambs has been
detected, depending on the timing of insemination of the mothers and the
adaptation capabilities of the organism. The use in reproduction of ewes
inseminated in the period from August 28 to September 9 is characterized
by the most noticeable increase in the live weight of lambs at the age of
90 days, reaching 26.81 and 24.18 kg, respectively, which is 20.1% (P <
0.01) and 26.8% (P < 0.01) higher compared to rams and 19.1% (P <
0.01) and 18.8% (P < 0.01) compared to ewe lambs whose mothers were
inseminated in the middle and at the end of the mating season.

Young animals obtained from mothers that were inseminated bet-
ween September 10 and 21 were characterized by minimal clinical indica-
tors, probably due to the stress of the body’s physiological functions,
which led to their less efficient use of feed nutrients , and, as a result, a
slowdown in the accumulation of live mass during the suckling period,
but their values were within the physiological norm.
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