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Abstract

Global average surface temperature is expected to rise throughout this century affecting key aspects of
livestock productivity, including animal health and reproduction. The frequency of extremely hot days
during summer in Chile and South America is expected to double over the next years resulting in
environmental conditions that may affect beef cattle. The objective of the present study was to analyze
the impact of climatic variables, including temperature, rainfall, relative humidity and solar radiation on
pregnancy rates of crossbred beef cows in central Chile over a period of 11 years following an estradiol-
based fixed time artificial insemination (FTAI) program. Climate data and records from 1,011 beef
crossbreed cows belonging to 15 small holders from the central region of Chile included in a FTAI
program were analyzed during an 11-year period. Although climate conditions evidenced an intense
drought and raising air temperature, probability of pregnancy of cows were not significantly different
during this period. Cows with calving to pregnancy interval (CPI) > 75 days had 78% higher probability of
pregnancy in comparison with CPI < 60 days. Moreover, cows in intervals of body condition score (BCS)
2.76-3.00 and 3.01-4.00 had significantly higher PR (PR =57.5 and 62.3, OR = 1.86 and 3.52, respectively)
compared to cows with BCS < 2.76. In conclusion, beef cows following a FTAI program in the central
region of Chile included in this study did not show significant reduction in reproductive performance
between years 2014 and 2024. However, cows with lower BCS (< 2.75) and lower CPI (< 60 days) had
fewer probability of pregnancy.

Introduction

Although projections of climate change vary throughout this century, global average surface temperature
is expected to rise by approximately 0.3°C to 4.8°C by the year 2100 (Stocker et al., 2013; Zhao et al,,
2024). This rise in temperature could significantly impact livestock production by altering yield and
nutritional quality of feed crops and forage (Chapman et al., 2012), reducing water availability, affecting
animal growth and milk output (Henry et al., 2012; Silveira et al., 2026), and influencing the prevalence of
diseases and reproductive performance (Silveira et al., 2026; Nardone et al., 2010). These effects are
largely driven by rising temperatures, elevated atmospheric CO, levels, changes in precipitation patterns,
or a combination of these factors (Zhao et al., 2024; Henry et al., 2012; Nardone et al., 2010; Aydinalp
and Cresser, 2008; IFAD, 2010; Polley et al., 2013; Reynolds et al., 2010; Thornton et al., 2009).
Temperature plays a critical role in determining key aspects of livestock productivity, such as water
supply, animal health, reproduction, and overall performance. Forage quantity and quality are influenced
by the interplay of rising temperatures, increased CO,, and variable precipitation, while livestock diseases
are predominantly affected by temperature increases and fluctuations in rainfall.

Several regions worldwide have experienced shifts in climate patterns, including rising average
temperatures and changes in rainfall distribution, leading to hotter summers and prolonged droughts
(Meehl et al., 2007; Eslamizad et al., 2020). In Chile, climate projections have indicated that minimum
and maximum temperatures will rise by more than 2°C and 6°C, respectively, across all seasons
throughout the entire territory (Araya-Osses et al., 2020). Similarly, the frequency of extremely hot days
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during the December—January—February period in South America is reported to double for the next years
(Feron et al., 2019). Prior to 2010, the risk of heat stress for cattle in Chile was largely confined to the
central region (Arias and Mader, 2010); however, since then, the occurrence of heatwaves has increased
significantly, affecting also the southern regions (DMC, n.d.-a).

Under extensive grass-fed systems, beef cattle spend most of the year outdoors, resulting in continuous
exposure to environmental conditions and an increased susceptibility to chronic climate-related stress.
Among these stressors, heat stress has been the most widely investigated and is commonly defined
using the temperature—humidity index (THI). During extreme conditions, THI values can consistently
exceed the animals thermoneutral zone, thereby compromising performance. Evidence suggests that
THI values above 75 negatively affect cows, while bulls exhibit adverse effects at values exceeding 72,
both thresholds indicating heat stress in beef cattle (St-Pierre et al., 2003). However, THI may
underestimate the actual magnitude of climatic stress, as it does not incorporate key environmental
factors such as solar radiation and wind speed. It is now broadly recognized that ambient temperature,
relative humidity, solar radiation, and wind speed that collectively determine thermal balance in cattle
(Hahn et al., 2009; Mader et al., 2010; Gaughan and Mader, 2014, Lees et al., 2019). To overcome this
limitation, modified indices have been developed that integrate these additional variables (Mader et al.,
2006), leading to the formulation of the Comprehensive Climate Index (CCI), which accounts for all four
parameters (Mader et al., 2010). In this regard, studies conducted in Chile have shown that solar
radiation is a major contributor to the daily heat load experienced by cattle (Arias et al., 2021),
particularly in grazing systems with limited shade availability, as commonly observed in the central and
southern regions. Despite these advances, long-term evaluations of the effects of climatic variables on
fertility in beef cows—especially in the context of fixed-time artificial insemination (FTAI) remain lacking
in Chile.

The impact of climate on livestock physiology varies in magnitude and is influenced by a range of
factors. These include abiotic elements such as temperature and humidity, as well as biotic factors
including genetic potential, age or developmental stage, and nutritional status (Rojas-Downing et al.,
2017). Heat stress negatively affects reproductive performance through multiple cellular mechanismes,
physiological processes, and developmental stages. These include the pubertal development, activity of
the hypothalamic-hypophyseal-ovarian axis, gamete quality, estrus expression, prepartum period,
conception and embryonic development (Ahmed et al., 2021; Roth, 2020). The biological mechanisms
underlying these effects are complex and continue to be investigated. Among the most studied
reproductive processes impacted by heat stress are the function of the hypothalamic-pituitary-ovarian
axis, secretion of gonadotropins, follicular development, steroidogenesis (Roth, 2020), and corpus
luteum function (Tariq et al., 2025). In beef cattle, heat stress has been associated with a reduction in
corpus luteum weight (Biggers et al., 1987) and diameter (Burke et al., 2001). Additionally, heat stress
leads to decreased levels of key reproductive hormones such as progesterone, prolactin, and estradiol,
resulting in reduced conception rates and increased pregnancy loss (Burke et al., 2001; Kadokawa et al.,
2012). In addition, heat stress alters the expression of genes related to milk production in beef cattle,
reducing the total production of milk and the protein content of the milk (Eitam et al., 2009). Several
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animal-based indicators of behavior may be used to detected heat stress such as longer time spent
standing, time spent looking for shaded areas, increased water consumption, changes in feeding and
tendency to graze when temperatures are cooler (Lees et al., 2019). Also, classic physiological indicators
of heat stress include increased sweating, faster respiration (breaths per minute), higher panting score
and higher body temperature (Lees et al., 2019).

Despite the benefits of FTAI programs that include genetic improvement and dispense of estrus
detection, incorporation of these protocols in beef cattle worldwide has been slow. Considering climate
change during the last decades and increasing environmental temperatures that reduce intensity of
estrus, incorporation on FTAI programs in cattle managed under extreme climate conditions may have
beneficial effect. Hence, the objective of the present study was to analyze the impact of climatic
variables, including temperature, rainfall, relative humidity and solar radiation on fertility of crossbred
beef cows in central Chile over a period of 12 years following an estradiol-based FTAI program.

Materials and Methods
Farm locations

Beef herds recorded in this study belonged to 15 small holders of beef cattle that were located in the
area of San Pedro de Melipilla in the Province of Melipilla, Central Region of Chile (-33.9191515 latitude,
-71.5098759 longitude). This area of the dry interior of the region has a semi-arid mediterranean climate
and an elevation above sea level of ~ 122 mts. The study was conducted over the course of 12 breeding
seasons between 2014 and 2025. Breeding seasons corresponded to the month of September to
November.

Climate variables

Daily maximum and minimum temperatures and rainfall for San Pedro de Melipilla (-33.9191515 latitude,
-71.5098759 longitude) were obtained from WorldClim database (Fick and Hijmans, 2017) using the
QGIS software (QGIS Development Team). Hourly records of air temperature (AT, °C), relative humidity
(RH, %), wind speed (WS, m/s), and solar radiation (SR, W/m2) were obtained for the period 2014 to 2025
from MeteoChile (DMC). With this information, three thermal comfort indices were estimated: (1) the
temperature-humidity index; THI1 = (0.8 x AT) + ((RH/100) x (AT— 14.4) + 46.4 (Hahn et al., 2009), (2)
THI2 adjusted for solar radiation and wind speed; THla = THI + 4.51- (1.992 x WS) + (0.0068 x SR)
(Mader et al., 2006), and (3) CCI =T + RHC + WSC + RADC (Mader et al., 2010), where:

RHC = e(0-00182xRH+1.8x10-5xTxRH) » (9 000054xT2 + 0.00192xT - 0.0246) x (RH - 30)
WSC=[- 6.56/€{1/(2.26xWS + 0.23)0.45x(2.9 + 1.14x10 - 6xWS2.5 - 10g0.3(2.26xWS + 0.33) - 2}] -

0.00566xWS2 + 3.
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RADC = 0.0076xRAD - 0.00002xRADxT + 0.00005xT2x VvRAD +
0.1xT -2

Herds and animals

The study included 1,011 beef crossbreed cows including Overo Colorado, Hereford and Angus. Animals
were fed natural pasture without fertilization with an average annual production between 1200-1600 kg
MS/hectare/year. The months of greatest supply of phytomass occur in August to October and the
period without rains includes from November to April (Roldan-Ruiz et al., 1996). During the period of food
shortages, animals were supplemented with hay from oats and wheat.

The health status of the herd was evaluated by a veterinarian and consists mainly of vaccination and
antiparasitic treatments twice a year. At the time of starting the FTAI protocol (day 0) the variables age
(1-10 years), parity (1-6 parturitions), and date of last calving (> 30 days) were recorded for each cow.
These data was obtained from the records of each producer. At the time of performing the Al (day 10)
the calving-to-pregnancy interval (CPI) of the cow was determined. Body condition score (BCS, 1-5) was
assessed (Mulliniks et al., 2012) by visual inspection and palpation. The convexity of body curves,
prominence of the hip bones, ribs, transverse and spinous processes of lumbar vertebrae, and fatty
deposits at the base of the tail were visualized. By palpation, the area under the transverse processes
was pressed to correlate it with the force necessary to feel this edge and thus determine the amount of
fat coverage.

Fixed-time estrus synchronization protocol

On day 0, a pregnancy diagnosis was made to discard pregnant cows and to initiate estrus
synchronization only in non-pregnant cows. Cows included in the estrus synchronization protocol were
administered 2 mg of estradiol benzoate (Syntex, Buenos Aires, Argentina) i.m. plus the insertion of an
intravaginal controlled release device containing 0.5 g of progesterone (Bovine Intravaginal Device,
Syntex, Buenos Aires, Argentina). On day 8, the intravaginal device was removed and 1 mg of estradiol
cypionate (E.C.P, Pfizer, Sao Paulo, Brazil) and 500 pg of cloprostenol sodium (Ciclase, Syntex, Buenos
Aires, Argentina) were administered i.m. Cows were subjected to FTAI between 52 and 56 hours after the
intravaginal progesterone device was removed.

Pregnancy diagnosis

For the diagnosis of pregnancy, an ultrasound scanner (Esaote Piemedical model Tringa Linear,
Netherlands) with a 7 MHz transducer was used. Pregnancy diagnosis was performed on day 50 post IA
to differentiate cows pregnant from Al (50 days of gestation, with a fetus of approximately 5 cm) from
those pregnant from a cleanup bull (29 days of gestation, with a fetus of approximately 1 cm). Those
cows in which a fetus with the presence of a heartbeat were selected as pregnant.
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Data analysis

Pregnancy rates (PR) were calculated as the number of cows confirmed pregnant by ultrasound at 50
days post-Al divided by the total number of cows artificially inseminated during the breeding season (90
days). PR were calculated according to different categories of year (2014-2025), BCS (2.00-2.75; 2.76-
3.00; and 3.01-4.00), CPI (30-59; 60-75; and > 75), parity (1-2; 3—4; and 5-6), and age of the cow (1-3;
4-6; and 7-10). The probability of pregnancy occurrence (Odd Ratio, OR) was calculated using a logistic
regression model (InfoStat software, Cérdoba, Argentina). The independent variables included in the
model were: year, BCS, CPI, parity and age. Subsequently a second logistic regression model was
analyzed for the probability of pregnancy occurrence (Odds Ratio) using THI1 and THI2 as independent
variables. For all statistical analyses, a significance value of P <0.05 and a Cl = 95% were used.

Results

Climate variables in the central region of Chile during
2000-2025 period

Climate variables obtained from the 2000-2025 including rainfall, maximum and minimum temperature
were analyzed to have a wider perspective of the climate variation during a 25-year interval in the zone.
Yearly accumulated rainfall achieved highest values in 2002 with 792.33 mm and lowest values in 2019
with 162 mm (Fig. 1). Thereafter, values of rainfall increased to 534.2 mm in 2024. Maximum
temperatures have ranged from averages values of 19.73 t0 21.71°C in years 2000 and 2017,
respectively. Average maximum temperature for 2024 was 20.83°C. Average minimum temperature
ranged from 9.01°C (2002) to 11.22°C (2016) with values of 10.75°C during 2024.

Daily climate variables including air temperature, relative humidity, solar radiation and wind intensity
were collected for the 2014-2025 period. Air temperature ranged yearly from 13.4 (2014) to 14°C (2023)
and monthly from 8.28 (July) to 18.8°C (January) (Fig. 2A,C). Highest and lowest yearly relative humidity
values were 77.2% (2016) and 69.88% (2019). Monthly, highest and lowest relative humidity values were
85.95% (July) and 63.91% (December). Solar radiation values ranged yearly from 772 to 837.33 watt/m2
(2021) and monthly from 488.17 (June) to 1078.72 (December) (Fig. 1B,D). Wind intensity values ranged
yearly from 1.18 (2015) to 0.76 (2024) and monthly from 0.59 (May) to 1.43 (January). Accordingly, THI1
values ranged from 56.07 to 57.73 in years 2022 and 2023, respectively (Fig. 2A). This index showed
greater year-to-year variation with the highest values in January (63.52) and lowest value in July (47.79)
(Fig. 2C). In comparison, TH2 values ranged from 63.96 to 65.2 in 2014 and 2023, respectively. Moreover,
variation of TH2 across months ranged from 74.56 to 54.42 for February and July, respectively. Analysis
of annual temperatures during breeding seasons (September to November) indicated that the highest
values were observed in 2016 (14.2) and 2019 (14.6) and lowest values on 2017 (13.1) and 2023 (13.1)
(Fig. 2E). Relative humidity values were highest on in 2015 (77.2) and lowest in 2019 (63.1). THI1 and
TH2 values ranged from 55,9 (2015) to 58 (2019) and from 64.6 (2017) to 66.6 (2019), respectively.
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Yearly solar radiation ranged from 994.2 (2015) to 899.7 (2018). The highest and lowest wind intensity
values were detected in 2016 (1.27) and (2024) 0.87, respectively (Fig. 2F).

Pearson correlations between monthly values of THIT and THI2 (0.99), THI1 and CCI (0.97), and THI2
and CCI (0.98) were significant (Fig. 3). Significant correlation between yearly THIT and THI2 (0.94) was
also detected; however, correlations between yearly THI1 and CCI (-031) and between THI2 and CCI
(0.0225) were not significant.

Effects of yearly breeding season and reproductive variables on pregnancy rates (PR) of beef cows
followed FTAI during 11-year period

Logistic regression was performed to estimate odds ratios for PR according to years, BCS, CPI, parity
and age of cows (Table 1). Odd ratios for PR were not significant across years of breeding seasons
(2014-2024). In comparison, cows with BCS between 2.76-3.00 and 3.01-4.00 had PR of 57.5 and 62.3,
with OR =1.86 (P = 0.03) and 3.52 (P = 0.04), respectively. Moreover, cows with CPI between 60-75 and
>75 had PR of 60.3 and 57.9 with OR=1.41 (P =0.02) and 1.78 (P = 0.04), respectively. PR of cows at
different parity and age intervals were not different (P > 0.05).
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Table 1

Logistic binomial regression for the effects of yearly breeding season and reproductive variables on
pregnancy rates (PR) of beef cows.

Variable

Year

2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
BCS
2.00-2.75
2.76-3.00
3.01-4.00
CPI
30-59
60-75
>75

Parity

Al (no.)

84
93
98
94
88
94
82
93
95
92
98

234
445
332

278
388
345

PR (%)

63
48
70
40
61
50
51
43
51
52
56

42.1
57.5
62.3

49
60.3
57.9

0dd Ratio

0.84
1.2

0.45
1.1

0.94
0.98
0.75
0.89
0.77
0.79

1.86
3.52

1.41
1.78

95% Confidence Interval

0.52,10.42
0.49,12.50
0.37,14.49
0.14,12.20

0.38,9.10
0.19,9.17

0.52,10.42

0.67,8.67
0.54,7.35
0.65, 6.56

1.81-4.3
1.3-9.54

0.55-3.61
0.75-4.23

P value

0.98
0.55
0.14
0.45
0.34
0.56
0.15
0.34
0.45
0.32

0.03
0.04

0.02
0.04

30dds ratio is the estimated odds of becoming pregnant for a cow Al in a particular category relative
to the baseline category for that variable for the effects of the other explanatory variables shown.
Odds ratio = 1: no effect of pregnancy; >1: increased probability of pregnancy; <1: decreased
probability of pregnancy compared with the baseline category.

PWhen Cl encompasses 1, the odds ratio is not significant.

®Value significantly different from baseline category (P < 0.05).
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Variable Al (no.) PR (%) 0dd Ratio 95% Confidence Interval P value

Year

1-2 274 57 1 -

3-4 392 48 1.22 0.84-4.56 0.56
5-6 345 34 1.13 0.78-5.67 0.89
Age

1-3 285 45 1 -

4-6 372 55 1.72 0.71-4.17 0.23
7-10 354 63 1.49 0.89-6.09 0.08

30dds ratio is the estimated odds of becoming pregnant for a cow Al in a particular category relative
to the baseline category for that variable for the effects of the other explanatory variables shown.
Odds ratio = 1: no effect of pregnancy; >1: increased probability of pregnancy; <1: decreased
probability of pregnancy compared with the baseline category.

bWhen CI encompasses 1, the odds ratio is not significant.

“Value significantly different from baseline category (P < 0.05).

Effects of temperature-humidity index 1 and 2 during breeding season on pregnancy rate (PR) of beef
COows

Logistic regression analyses were also conducted to estimate OR for PR among THI1 and THI2 intervals
during breeding seasons (Table 2). PR and OR of cows Al at different THI1 intervals (51-54; 54-57; 57—
61) were not different (P > 0.05). Moreover, cows Al at THI2 between 60-64; 64-67 or 67-71 were not
significantly different.
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Table 2

Logistic binomial regression for the effects of temperature-humidity index 1 and 2 during breeding
season on pregnancy rate (PR) of beef cows.

Variable Al (no.) PR (%) Odd Ratio 95% Confidence Interval P value
THIT (BS)

51-54 345 54.8 1 0.36,8.10 0.45
54-357 316 53.4 1.15 0.2,6.17 0.12
57-61 350 55.2 1.33 0.42,11.42 0.10
THI2 (BS)

60-64 344 55.6 1 0.57,8.68 0.34
64-67 322 56.2 1.09 0.53,7.25 0.34
67-71 345 53.4 1.12 0.63, 5.56 0.33

30dds ratio is the estimated odds of becoming pregnant for a cow Al in a particular category relative
to the baseline category for that variable for the effects of the other explanatory variables shown.
Odds ratio = 1: no effect of pregnancy; >1: increased probability of pregnancy; <1: decreased
probability of pregnancy compared with the baseline category.

bWhen CI encompasses 1, the odds ratio is not significant.

“Value significantly different from baseline category (P < 0.05).

Discussion

The impacts of climatic variables including rainfall, air temperature, relative humidity, solar radiation and
wind speed were analyzed on fertility parameters of crossbred beef cows in central Chile over an 11-year
period following a FTAI program. Yearly rainfall values in this area have evidenced a reduction of ~ 80%
since 2002, achieving lowest values in 2019 and 2021. Thereafter, yearly accumulated precipitations
have increased, achieving 534.2 mm in 2024. Despite western South America and central Chile exhibiting
highly variable climate due to Mediterranean-like conditions, since 2010 the region has undergone an
uninterrupted dry spell, with exceptionally arid conditions in 2019 and 2021 (Garreaud et al., 2025). The
pronounced reduction in winter precipitation during these years has triggered severe environmental
effects including intense degradation of plant species and natural forests, accompanied by a decline in
grassland productivity (Miranda et al., 2023; Arroyo et al., 2020). These conditions have limited the
availability of forages and increased the price of feed, raising important concerns among producers and
especially small holders regarding cattle growth, welfare and reproduction.

Although climate conditions during the 11-year interval evidenced an intense drought and increasing air
temperature, probability of pregnancy of cattle followed FTAI were not significantly different during this
period. Moreover, THIT and THI2 values were not higher than 61 and 71 during breeding seasons, which

Page 11/22



indicate that cattle was not exposed to severe heat stress. Yearly air temperatures increased by 0.6°C
between 2014 and 2023 and fluctuated by 10.5°C between July to January. Yearly relative humidity
values decreased in 7.3% between 2016 and 2019, where highest and lowest relative humidity values
were recorded in July (85.95%) and December (63.91%), respectively. Accordingly, THI1 values ranged
from 56.07 to 57.73 in years 2022 and 2023 with highest monthly values in January (63.52) and lowest
value in July (47.79). It has been reported that THI1 values between 70 and 74 may result in heat stress
and potential negative effects in livestock (LCI, 1970). THI values < 74 are classified as alert, 74 < THI <
79 as danger, and 79 < THI < 84 as emergency in cows. In bulls, negative effect has been reported at THI
> 72 (St-Pierre et al., 2003). THI1 values of < 70 indicate that cattle in the central area of Chile were not
raised under heat stress conditions; however, mean values of temperature and humidity may
underestimate the occurrence of heatwaves where temperature may exceed 35°C-37°C (SENAPRED,
2026). Moreover, THIT may underestimate climatic stress in beef cattle since it does not consider
exposure to radiation or wind velocity. THI2 values ranged from 63.96 to 65.2 for years 2014 and 2023,
respectively. Moreover, variation of THI2 among months was 74.56 to 54.42 for February and July,
respectively. Studies conducted in New Zealand, with weather conditions comparable to those of
Southern Chile, have demonstrated that body temperature of dairy cows is affected by air temperature
and solar radiation (Kendall et al., 2006). In Nebraska, USA, (Amundson et al., 2006) has been found a
decrease in conception rates at THI greater than 72.9, but at the same time reported a positive effect of
wind speed on conception rate. Similar responses were reported in Australia (Morton et al., 2007).
Previous research conducted in Chile has shown that solar radiation contributes to the daily heat load of
animals, especially those under grazing production systems and limited access to shade (Arias et al.,
2021). However, beef producers during summer heat adopt mitigation strategies include maintaining
shading areas of forest, continuing provision of drinking water, feeding during late afternoon/evening,
and controlling of flies to prevent energy expenditure from swatting and congregation. Additional
mitigation strategies including provision of artificial shading structures, ventilation or sprinklers are not
commonly used.

FTAI programs are not commonly used among small holders of beef cattle in Chile. This may be related
to the costs of hormones, doses of semen, Al materials, and the lack of technical knowledge and the
reduced appreciation of the economic benefits of Al programs. In the context of climate change
conditions, FTAI programs can bring important benefits for reproductive management of the cows by
avoiding estrus detection. Extreme heat conditions has been linked to changes in estrus behavior of beef
cattle, consequence of fewer mounts per cycle in the summer and longer interval between mounts
(Provolo and Riva, 2009). Heat stress during the week before insemination and at the insemination day
limits estrus signs (Provolo and Riva, 2009), implying failure in estrus detection and suboptimal
insemination timing. Consequently, an increase of silent ovulations in periods of heat stress has been
reported (Kadokawa et al., 2012). Reduction in the expression of estrus behavior may be associated with
physical lethargy caused by heat stress (Hansen and Arechiga, 1999) but has also been associated with
increased cortisol secretion (Elvinger et al., 1992) and reduction in peripheral concentrations of estradiol-
178 (Roth, 2020). In this context, the use of FTAI reduce errors associated with low intensity estrus,
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timing of Al, and costs of transportation of Al technician, which consequently increase the number of
cows inseminated.

In the present study, cows with less than 60 days post-partum had lower PR compared to cows over 60
days postpartum (49 versus 60.3%). Moreover, cows with > 75 days postpartum had 78% higher
probability of pregnancy in comparison with < 60 days postpartum. These results indicate that OR for
pregnancy increase with days postpartum, which is consistent with previous studies (Ball and Peters,
2004). Main physiological events occurring during the post-calving period include uterine involution and
onset of ovarian cyclicity leading to restoration of cow reproductive capacity. Beef cows, with BCS > 2.5
(scale 1 to 5), with lactating calf and adequate postpartum nutritional management are usually
inseminated > 60 days postpartum (Ball and Peters, 2004). However, the use of progestogens in FTAI
may improve reproductive response in cows and reduce days to first insemination to 45 days
postpartum (B6 and Baruselli, 2014).

BCS is an important variable associated with productive and reproductive efficiency of cows (Ball and
Peters, 2004; Mulliniks et al., 2012). Voluntary feed intake begins to decline when ambient temperatures
reach approximately 25—-27°C (Beede and Collier, 1986). However, the temperature threshold for
reductions in dry matter intake (DMI) is modulated by diet composition, with high-roughage diets eliciting
earlier and more pronounced decreases in DMI than diets containing lower roughage levels (Beede and
Collier, 1986). Cows under heat stress in grazing conditions by removing access to artificial of shade
from prepartum until 50 + 4 d postpartum have shown to decreased plasma concentrations of IGF-1 and
BCS during late gestation (Izquierdo et al., 2023). Post-calving, the time it takes for cows to regain their
reproductive functionality is closely related to their BCS and directly influences the productive goal of
generating one calving per year (Ball and Peters, 2004). It has been reported that animals with BCS
above 2.5 points (scale 1-5) have uterine involution and restoration of cyclicity at 30 and 55 days
respectively (Dalton et al., 2012). Conversely, the number of days that cows need to recover their
reproductive functionality can be increased in cows with BCS < 2.5 points (Mulliniks et al., 2012; Dalton
et al., 2012; Montiel and Ahuja, 2005). Body condition at the beginning of the breeding season is one of
the most important variable that influences PR and it is recommended that cows eligible for FTAI
protocols should display BCS > 2.25 points on a scale of 1 to 5 (Mulliniks et al., 2012; Ball and Peters,
2004; Renquist et al., 2006). In agreement with this data, in the present study, cows in intervals of BCS
2.76-3.00 and 3.01-4.00 had significantly higher PR (PR =57.5 and 62.3, OR = 1.86 and 3.52, respectively)
compared to cows with BCS < 2.76. Cows with greater BCS (= 5 vs. < 5; scale 1-9) at beginning of
breeding season had greater pregnancy and calving rate, calving earlier and weaning heavier calves
(Cooke et al., 2021). Also, BCS affects the physiology, and cows with greater BCS have greater blood
concentrations of insulin-like growth factor 1 (IGF-1), leptin, insulin, thyroxine, glucose and non-esterified
fat acids (NEFA) (Ciccioli et al., 2003). Further, BCS also affects the ovary functions, and cows with
greater BCS have greater dominant follicle size, corpus luteum area, estrus rate and ovulation rate
(Nishimura et al., 2018). Thus, cows with greater BCS at beginning of FTAI protocol or that gained or
maintained BCS during synchronization and after Al had greater ovarian structures development, estrus
expression, pregnancy rate and embryo size.
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Conclusions

In conclusion, in spite reduction in ~ 80% in rainfall since 2002 and increase in air temperature in 0.6°C
between 2014 and 2023, beef cows following a FTAI program in the central region of Chile included in
this study did not experience significant reduction in reproductive performance between years 2014 and
2025. PR were not affected by yearly breeding season; however, cows with lower BCS (< 2.75) and lower
CPI (< 60 days) had fewer probability of pregnancy. Strategies adopted by small holders of beef cattle
including providing supplementary crops and climate mitigation strategies may have protected cow
reproductive performance from climate conditions.
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Figure 1

Yearly accumulated rainfall and maximum and minimum temperatures in the central area of Chile during
the 2020-2024 period. Highest accumulated rainfall were obtained in 2002 with 792.33 mm and lowest
values in 2019 with 162 mm. Maximum temperatures have ranged from averages values of 19.73 to
21.71°C in years 2000 and 2017, respectively. Average minimum temperature ranged from 9.01°C (2002)
to 11.22 °C (2016) with values of 10.75 °C during 2024. Breeding seasons included in the study are
demarcated with discontinuous line.
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Figure 2

Yearly and monthly climate variables including air temperature, relative humidity, solar radiation and wind
intensity, and THI1 and THI2 for the 2014-2025 period in the central area of Chile. Air temperature ranged
yearly from 13.4 (2014) to 14 °C (2023) and monthly from 8.28 (July) to 18.8 °C (January) (A,C). Highest
and lowest yearly relative humidity values were 77.2 % (2016) and 69.88 % (2019). Monthly, highest and
lowest relative humidity values were 85.95 % (July) and 63.91 % (December). Solar radiation values
ranged yearly from 772 to 837.33 watt/m2 (2021) and monthly from 488.17 (June) to 1078.72
(December) (B,D). Wind intensity values ranged yearly from 1.18 (2015) to 0.76 (2024) and monthly from
0.59 (May) to 1.43 (January). Accordingly, THI1 values ranged from 56.07 to 57.73 in years 2022 and
2023, respectively (2A). This index had more variation throughout the year with highest values in January
(63.52) and lowest value in July (47.79) (2C). In comparison, TH2 values ranged from 63.96 to 65.2 for
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years 2014 and 2023, respectively. Moreover, variation of TH2 among months was 74.56 to 54.42 for
February and July, respectively. Analysis of yearly temperature during breeding seasons (September to
November) indicated that highest values were detected on 2016 (14.2) and 2019 (14.6) and lowest
values on 2017 (13.1) and 2023 (13.1) (2E). Relative humidity values were highest on in 2015 (77.2) and
lowest in 2019 (63.1). THIT and TH2 values ranged from 55,9 (2015) to 58 (2019) and from 64.6 (2017)
to 66.6 (2019), respectively. Yearly solar radiation ranged from 994.2 (2015) to 899.7 (2018). Highest and
lowest wind intensity values were detected in 2016 (1.27) and (2024) 0.87, respectively (2F).
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Figure 3

Pearson correlations between yearly and monthly values of THI1, THI2 and CCI during the 2014-2024

period in the central area of Chile. Monthly THI1 and THI2 (0.99), THIT and CCI (0.97) THI2 and CCI
(0.98) and yearly THI1 and THI2 (0.94) correlations were significant (A).
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