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This study aimed to evaluate the influence of seasonal variations on foal estrus breeding success in mares in Iraq
by analyzing pregnancy rates and preovulatory follicular diameters across four distinct seasons over a calendar year.
The investigation was conducted at the Veterinary Clinic of the College of Veterinary Medicine, University of
Diyala, Iraq, and involved forty-seven lactating mares aged between 5 and 14 years. Follicular dynamics, cyclicity
patterns, and preovulatory follicle sizes were monitored via transrectal palpation followed by ultrasonographic
examinations using a portable ultrasound scanner equipped with a 5.0-8.5 MHz multi-frequency linear transducer,
performed by a single operator from day 7 until day 13 postpartum. All mares were naturally bred during the foal
heat on days 9, 11, and 13 postpartum, and pregnancy diagnosis was confirmed between days 15 and 40 after the
final breeding session via the visualization of the embryonic vesicle or early embryo. The results demonstrated that
the mean preovulatory follicular diameters peaked significantly during autumn (37.942.17 mm) and summer
(37.6+2.06 mm) compared to winter (34.1+1.59 mm) and spring (33.6+1.84 mm) (P<0.05), with the least significant
difference value established at 3.081. Concurrently, seasonal shifts exerted a highly significant effect on breeding
outcomes (P=0.0087), yielding an overall pregnancy rate of 57.45 %. The highest pregnancy success was recorded
during summer (66.67 %) and spring (65.00 %), followed by autumn (50.00 %), whereas the winter season exhibited
a severe reproductive decline, characterized by the lowest pregnancy rate (37.50 %) and a corresponding peak in
non-pregnancy outcomes (62.50 %). The study concludes that regional seasonal climatic conditions act as primary
drivers of equine fertility, heavily favoring warmer and photo-stimulated periods. These findings underscore the
necessity of integrating strategic seasonal planning and management into local equine breeding programs to optimize
reproductive performance and minimize the economic losses associated with failed breeding attempts in unfavorable
seasons.
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BB ce30HHUX KOJIMBAHb HA YCHIIIHICTD 3aITiAHEHHS] KOOMJI y nepio mepuoi
nicJasipoaoBoi oxotu B Ipaky

S. M. Pammug | C. T'. T'api6 | M. 1O0. Maxmyn
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Lle mocimiKeHHsT Malo Ha METi OLIIHUTH BIUIUB CE30HHHUX KOJMBAHb HA YCIIIIHICTh PO3BEACHHS KOOWI Y Mepios
MICIAPOA0BOI OXOTH B Ipaky HUIIXOM aHali3y MOKAa3HHKIB BariTHOCTI Ta JiaMeTpa MPEoBYJITOPHUX (OIIKYIIB y
Ppi3Hi ce30H POKY. JlociikeH s TPOBOAMIN Ha 6a3l BeTepHHAPHOI KIIiHIKU (aKyIbTeTy BEeTEpUHAPHOT METULIUHU
VYuisepcurery [isina, Ipak. JocninHy BuOipKy ckiaanu 47 JaKTyIo4nX KOOHI BikoM BiX 5 1o 14 pokis. JluHamiky
(omikyniB, 0cOOIMBOCTI MUKIIYHOCTI Ta PO3MIpU IPEOBYIATOPHUX (POIIKYIIB KOHTPOIIOBAIN 33 JOIOMOTOIO
pekTanbHOl MajbHarii 3 HACTYITHUM yJIbTPa3ByKOBHM JOCITIIDKEHHSIM HNOPTATHBHUM YJIBTPa3ByKOBHUM araparoM,
OCHAIICHHM 0araToYacTOTHUM JIIHIHHUM JaT4UKOM i3 dactororo 5,0-8,5 MI'm. JlocmifkeHHs BUKOHYBAaB OJUH
omnepatop i3 7-ro mo 13-ii 1eHp micaspogoBoro nepioay. Yei KoOuIn Gyiu ociMEeHEHI IPUPOIHUM LUIIXOM IijT Yac
nepiioi micnsAposoBoi oxotd Ha 9-if, 11-ii Ta 13- neHp micns BKepeOJICHHS, a JIarHOCTHKY BariTHOCTI
MATBEPXKYBAIH B mepio] Mixk 15-M 1 40-M XHAMH ITicIs OCTaHHBOTO OCIMEHIHHS IIUISIXOM Bizyaizamii eMOpioHa
Ha PaHHIX CTaJisIX PO3BHTKY. Pe3ysbTaTé MpoJeMOHCTPYBAIH, IO CEPENH] JiaMeTpH MPEOBYIATOPHUX (ONIKYITiB
Jocsrainy cBoro Imiky Bocenu (37,942,17 mm) ta Biitky (37,6+2,06 MM), 1m0 Oyso cyTTEBO Oiblue MOPIBHSIHO i3
3umoro (34,1+1,59 mm) Ta Becnoto (33,6+1,84mm) (P<0,05), npu 1jpoMy 3HaUeHHs HalMEHINOi iCTOTHOI pi3HMLI
cranoBwio 3,081. Boxmouac ce30HHI 3MiHM BHSBHIM BHCOKO3HAUYIIHH BIUIMB HA PE3yJIbTATH PO3BEICHHS
(P=0,0087), 3abe3meunBmM 3aradbHHil IIOKA3HHMK BariTHOCTiI Ha piBHI 57,45 %. HaliBumy 3amiigHioBaabHY
e(heKTHBHICTh KOOUI 3adikcoBaHO BIITKY (66,67 %) Ta HaBecHi (65,00 %), nani Bocenu (50,00%), Toai sIK B3UMKY
CIIOCTEpIraiocst pi3ke 3HIDKEHHS PENpONyKTHUBHOI (YHKII, IO XapaKTepH3yBalOCs HAWHIDKYUM IOKa3HUKOM
BaritHocTi (37,50 %). B3umky 3a¢ikcoBaHo HaWOLIBIIY KiNBKICTh He3amumigHeHHX koown (62,50 %). Orpumani
pe3yJIbTaTH CBiIYaTh, O PEriOHANbHI CE30HHI KIIMATHYHI YMOBH € KIIOYOBUMH YMHHHMKAMH, SKi BIUIMBAIOTh HA
penpoayKTHBHY (YHKLIIO KOOI, i3 BUpaKeHOIO iHTeHCcHpikamiero (i3ioNOridHUX MPOLECiB y T mepioau 3
MOJOBXXEHUM CBITJIIOBHM aHeM. OTpuMaHi pe3yiabTaTH MiJKPECIIOITh HEOOXIMHICTh iHTerpauii CTpaTerivHoro
CE30HHOTO IUIAaHYBaHHS Ta MEHEPKMEHTY B MiCIEBI NpOrpaMu pO3BEICHHS KOHEH 3 METOI ONTHUMi3awil
PENpOIYyKTUBHUX TIOKa3HUKIB 1 MiHIMi3alil E€KOHOMIYHUX 30MTKiB, MOB’S3aHMX i3 HEBIAJIMMHU CIpobaMu
3aIUTiJHEHHs] Y MCHII CHPHATIMBI CE30HU.

KimiouoBi ci10Ba: koOMIHN, Ce30HHI KOJIMBaHHS, BariTHICTB, fiaMeTp ¢oikyina, yinsTpacoHorpadis, Ipax.
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Introduction

The reproductive efficiency of mares plays a crucial
role in the success of equine breeding programs. Estrus,
ovulation, and conception rates are influenced by a
range of intrinsic and extrinsic factors, among which
seasonal variation is one of the most impactful.
Understanding how changes in photoperiod, temperature,
and humidity across the seasons affect reproductive
behavior and physiology in mares is essential for
optimizing breeding management, especially in regions
with distinct climatic shifts such as Iraq [1].

In seasonal breeders like horses, reproductive activity
is closely aligned with environmental stimuli. Changes
in daylength and temperature regulate the hypothalamic-
pituitary-gonadal (HPG) axis, which in turn modulates
estrous cyclicity and ovulatory patterns. Studies
across various breeds and climates have demonstrated
significant variations in gestational length, ovulation
timing, and pregnancy success across seasons [2, 3].
These physiological responses are particularly relevant in
countries characterized by extreme weather differences
between summer and winter.

Mares generally exhibit increased reproductive
activity during spring and early summer due to longer
daylight hours, which stimulate follicular development
and ovulation. Conversely, during the shorter daylight
periods of late autumn and winter, mares may enter a
transitional or anovulatory state, leading to reduced or
absent estrous cycles [4, 5]. This seasonal reproductive
suppression has been documented in both natural and
controlled breeding environments.

Similar observations have been made in horses bred in
southern climates, where spring and summer yield more
consistent pregnancy rates than winter or autumn [3, 6].
These findings underscore the necessity of synchronizing
breeding programs with favorable environmental
windows.

In subtropical climates, such as India, researchers
have observed that postpartum estrus and early ovarian
activity are more pronounced during warmer months,
contributing to higher foal-heat conception rates [7, 8].
Iraq's geographical and climatic conditions share distinct
similarities with such subtropical regions, raising critical
questions about how seasonal variations impact local
mare fertility rates. Seasonal shifts influence not only
reproductive hormones and follicular dynamics but also
exert broader physiological and behavioral effects. This
highlights the multifactorial nature of seasonal breeding
performance.

Following parturition, the first postpartum estrus,
commonly known as the foal heat or foal estrus, occurs
approximately 7 to 14 days after foaling and is frequently
exploited by breeders for early rebreeding. However,
conception rates achieved during this period can fluctuate
significantly depending on the season [6, 9].

In Central and Eastern Europe, research conducted
by [10] emphasized how fluctuating environmental
conditions across seasons alter ovulation intervals,
estrus duration, and pregnancy rates. These data reinforce
the necessity of region-specific reproductive studies,
as environmental influences can differ even within

similar latitudes due to local ecological factors. Iraq,
with its arid summers and cold winters, remains
underrepresented in this body of literature.

In conclusion, the synchronization between
environmental aspects and reproductive behavior in mares
is well-established in the global literature [11-14].
However, regional studies remain indispensable due to
geographic specificity. The findings of this research will
contribute significantly to the body of knowledge on
equine reproduction in the Middle East and will serve as
a practical guide for enhancing breeding success through
seasonally informed management strategies.

Given the lack of comprehensive data from Iraq, there
is a critical need to understand how distinct regional
climatic factors influence equine reproduction in this area.
Investigating these patterns across spring, summer,
autumn, and winter is essential for establishing region-
specific management frameworks and improving local
mare fertility rates.

The aim of the study

The aim of this study was to evaluate the impact of
seasonal variations on estrous behavior, follicular
diameter, and pregnancy success in mares, thereby
identifying the optimal breeding windows and providing
actionable, science-based recommendations for Iraqi
horse breeders.

Materials and methods

Animals

The present study was conducted at the
Veterinary Clinic of the College of Veterinary Medicine,
University of Diyala, Diyala, Iraq, and involved
forty-seven lactating mares aged between 5 and 14 years,
according to owner records. The investigation spanned
four consecutive seasons over a one-year period.
Mares that had lost their foals within the first week
postpartum were also included in the study cohort.
All forty-seven mares were bred during the foal estrus
on days 9, 11, and 13 postpartum. Throughout the study,
the animals were continuously maintained on a
standardized diet consisting of grain-based concentrate
and green fodder.

Ultrasonographic examinations

At each postpartum scanning session, transrectal
palpation was performed first, followed by transrectal
ultrasonographic (US) examination from day 7 until
day 13 postpartum. These examinations were conducted

to  monitor follicular  development, determine
preovulatory follicle diameter, and ultrasonographically
assess the presence of endometrial folds and

uterine mucus. Pregnancy diagnosis was performed
between days 15 and 40 after the last breeding session
via the visualization of the embryonic vesicle or the
early embryo [9]. All ultrasonographic evaluations
were performed by a single operator using a portable V10
ultrasound scanner (China) equipped with a 5.0-8.5 MHz
multi-frequency linear transducer, following the
established protocol described by [15]. Mares with
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ovarian follicles measuring less than 25 mm in diameter
were classified as anestrus (acyclic), whereas mares
presenting with follicles between 25 and 30 mm were
considered cyclic [14].

Statistical analysis

Data were analyzed using the Statistical Analysis
System (SAS, version 9.4) software program to
evaluate the effects of seasonal variations on follicular
diameter and pregnancy outcomes (pregnant Vvs.
non-pregnant mares). One-way analysis of variance
(ANOVA) was performed, and the Least Significant
Difference (LSD) test was utilized to compare differences
between mean values. Statistical significance was
set at P<0.05.

Results and discussion

The influence of seasonal variations on reproductive
parameters in mares demonstrated distinct patterns across
the four studied seasons.

Analysis of follicular development during the
foal estrus revealed that the mean follicular diameter
peaked during autumn (37.9+2.17 mm) and summer
(37.6£2.06 mm). These values were significantly
greater (P<0.05) compared to the smaller diameters
recorded during spring (33.6+1.84 mm) and winter
(34.1£1.59 mm), with the Least Significant Difference
(LSD) value established at 3.081 (Fig. I).

39
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37,6

36

35

Follicular diameter(mm)

34

33 b
33,6

31 —

Spring Summer Automn Winter

Fig. 1. Mean follicular diameter (mm) of mares during

foal estrus across different seasons.
Note: Columns marked with different letters (a, b) differ significantly
(P<0.05) based on the Least Significant Difference (LSD) test.

Concurrently, seasonal shifts exerted a highly
significant effect on breeding outcomes (P=0.0087), with
warmer seasons yielding enhanced reproductive
efficiency (Table 1).

Table 1.
Effect of seasonal variations on pregnancy and non-
pregnancy rates in mares bred during foal estrus

Season No. of Pregnant Non-pregnant
breedings (%) (%)

Spring 20 13/20 (65.00) 7/20 (35.00)
Summer 9 6/9 (66.67) 3/9 (33.33)
Autumn 10 5/10 (50.00) 5/10 (50.00)
Winter 8 3/8 (37.50) 5/8 (62.50)
Total 47 27/47 (57.45) 20/47 (42.55)
Statistical - P =0.0087

Note: Statistical significance was determined at P<0.05.

The highest pregnancy rates were achieved during
summer (66.67 %) and spring (65.00 %), whereas the
winter season was characterized by the lowest conception
success (37.50 %) and a corresponding peak in non-
pregnancy rates (62.50 %). The overall pregnancy rate
across the entire study population stood at 57.45 %,
underscoring the suppressive impact of colder winter
conditions on equine fertility.

Taken together, these results demonstrate a clear
synchronicity between ovarian dynamics and overall
breeding efficiency in mares. The significant increase in
preovulatory follicular diameter during the warmer and
transitional light periods (summer and autumn) correlates
with higher conception success. Conversely, the reduction
in follicular size during winter corresponds with a
pronounced decline in pregnancy rates. This statistical
alignment confirms that seasonal climatic factors are
primary drivers of reproductive performance in this
geographic region, establishing a baseline for
comparative analysis.

Seasonal variation plays a pivotal role in determining
reproductive outcomes in mares, as evidenced by the
current findings from Iraq. The data revealed distinct
differences in follicular diameter and pregnancy success
across the four seasons during the foal estrus, with warmer
seasons demonstrating improved reproductive metrics.
This pattern underscores the biological sensitivity of
equine reproductive physiology to environmental
conditions, particularly temperature and photoperiod [10].
In the current study, a statistically significant difference
in pregnancy rates was observed across seasons (P<0.01).
The overall pregnancy rate for mares bred during the foal
heat was 57.45 %, which closely aligns with the 57.90 %
and 56.80 % reported in previous literature [7, 16].

In contrast, significantly higher pregnancy rates of
81.00 % have been recorded in mares bred during the foal
heat under different conditions [17]. These discrepancies
might be attributable to the relatively low number of
mares in our study, as well as variations in reproductive
management practices [18]. In this context, higher
pregnancy rates in previous reports may also be explained
by the application of artificial breeding techniques
compared to the natural breeding methods employed in
the present study. Artificial management can substantially
reduce intrauterine fluid accumulation in postpartum
mares, thereby enhancing fertility outcomes [19].

Conversely, some literature has reported substantially
lower foal heat conception rates of 46.60 % [9, 20],
39.28 % [21], and 20.00 % [22] compared to the findings
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of the present study. The superior pregnancy
rates observed in our results compared to these
lower historical data could be ascribed to minimal
intrauterine  fluid retention, a low concentration
of inflammatory cells, and rapid, early uterine involution.
Nonetheless, it is worth noting that some researchers
have documented lower conception rates accompanied
by high embryonic mortality in mares bred at the
foal heat, even in the absence of obvious pathological
conditions [ 23-25 ].

In the current study, it was observed that follicular
development and pregnancy rates were notably enhanced
during summer and spring, while winter proved less
favorable. These findings align with multiple studies
indicating that photoperiod and temperature shifts
modulate hormonal cycles and fertility outcomes in
equines [26, 27].

Interestingly, despite similar follicular diameters
observed in summer and autumn, the pregnancy
success differed markedly between these two seasons.
Summer achieved the highest pregnancy rate at 66.67 %,
while autumn recorded only 50.00 %. This discrepancy
suggests that while follicular size is important, it
is not the sole determinant of conception success.
Other factors, such as uterine receptivity, oocyte
quality, and environmental stressors, may significantly
contribute to the wvariability in outcomes [14, 24].
Concurrently, literature suggests that autumn represents a
transitional phase where reproductive efficiency
begins to decline [10]. This period may reflect the
early onset of photoperiod-induced regression,
characterized by a subtle reproductive decline beginning
in late autumn.

In spring, the mean follicular diameter was
significantly smaller (33.6£1.84 mm) than in summer and
autumn, yet the pregnancy rate remained relatively high
(65.00 %). This indicates that while spring follicles may
be smaller, they are still fully capable of producing viable
oocytes and supporting successful conception. Such a
pattern is consistent with prior research, which
documented favorable reproductive outcomes during the
spring in subtropical climates despite moderate follicular
measurements [23].

Conversely, winter presented the most unfavorable
conditions for reproduction, exhibiting both a smaller
average follicular diameter (34.1+1.59 mm) and the
lowest pregnancy rate (37.50 %). Statistical testing
confirmed the significance of this seasonal suppression.
Previous physiological models explain that during
winter, mares experience reduced estrous behavior,
diminished luteinizing hormone surges, and increased
melatonin levels, which collectively contribute to
decreased fertility [11].

Interestingly, while the present results strongly
support the impact of seasonal variations, they also point
to individual mare factors that may modulate reproductive
outcomes. For instance, certain mares achieved successful
pregnancy despite presenting with smaller preovulatory
follicles, comparable to the sizes characteristically
recorded during the winter and spring months. This
observation aligns with prior findings, which documented
significant individual wvariability in reproductive

efficiency among animals maintained within the same
herd and managed under identical environmental
conditions [28].

Conclusions

This study demonstrates a significant seasonal
influence on the preovulatory follicular dynamics and
breeding efficiency of mares during the foal estrus in Iraq.
The mean follicular diameter peaked during autumn
(37.9£2.17 mm) and summer (37.6£2.06 mm), which was
significantly larger (P<0.05) than the measurements
recorded in winter (34.1+#1.59 mm) and spring
(33.6£1.84 mm). Concurrently, seasonal  shifts
profoundly affected pregnancy outcomes (P=0.0087).
Against an overall study pregnancy rate of 57.45%, the
highest breeding success was achieved during summer
(66.67 %) and spring (65.00 %), whereas the winter
season exhibited a severe reproductive decline with the
lowest pregnancy rate of 37.50 % and a corresponding
peak in non-pregnancy outcomes (62.50%). These
quantified metrics confirm that despite the regional
subtropical climate, local mares remain highly sensitive to
environmental stimuli, establishing spring and summer as
the statistically optimal windows for maximizing equine
fertility.

Practical recommendations

Optimization of Foal Heat Utilization: To achieve the
target reproductive efficiency of one foal per mare per
year and maximize the reproductive potential of the herd,
breeding programs should systematically utilize the foal
estrus as a tool to enhance overall fertility.

Strategic Breeding Scheduling: Equine breeding
schedules in Iraq should strictly prioritize the spring and
summer months. This alignment maximizes conception
efficiency and significantly reduces the economic burden
associated with failed breeding attempts during less
favorable seasons.

Directions for Future Research: Future investigations
should incorporate endocrine profiling (specifically
monitoring estradiol and progesterone levels) alongside
ultrasonographic evaluations and breeding outcomes.
This multi-parametric approach will provide a deeper,
more mechanistic understanding of the observed seasonal
differences in equine fertility.
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