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ABSTRACT

The dry period of a dairy cow is the time between the end of one lactation (when the
cow is no longer milking) and the start of the next calving and lactation. The objective of
this study was to evaluate the effect of heat stress during the dry period on milk production
and reproductive performance during the first 100 days of the subsequent lactation in
crossbred dairy cows managed in a pasture-based herd in Santa Fe, Argentina. Ninety-five
multiparous cows were classified into three groups based on their exposure to heat stress:
no stress, low stress, and high stress. Cows in the no stress group produced 274 kg more
milk than those in the high stress group (P < 0.05) and showed higher conception rate at
first service (P < 0.05). Heat stress during the dry period negatively affected early productive
and reproductive performance, emphasizing the importance of mitigating heat stress in dry
cows under pasture-based systems.
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Heat Stress During the Dry Period in Dairy Cows

RESUMEN

El periodo seco en vacas lecheras corresponde al intervalo entre el final de una lactancia
(cuando la vaca deja de ser ordefiada) y el inicio del siguiente parto y lactancia. El objetivo
del presente estudio fue evaluar el impacto del estrés por calor durante el periodo seco en
vacas lecheras cruzas sobre la produccion de leche y la eficiencia reproductiva durante los
primeros 100 dias de la lactancia siguiente, en un sistema de pastoreo en la provincia de
Santa Fe, Argentina. Se evaluaron 95 vacas multiparas, clasificadas en tres grupos segtin su
nivel de exposicion al estrés térmico: sin estrés, bajo estrés y alto estrés. Las vacas del grupo
sin estrés produjeron 274 kg mas de leche en comparacion con aquellas del grupo con alto
estrés (P < 0.05) y presentaron una mayor tasa de concepcion al primer servicio (P < 0,05).
El estrés por calor durante el periodo seco afectd negativamente el desempefio productivo
y reproductivo temprano, lo que resalta la importancia de implementar estrategias de miti-
gacion del estrés térmico en vacas secas manejadas bajo sistemas pastoriles.

Palabras clave
estrés por calor e pastoreo e cruzamientos e ITH e eficiencia reproductiva e
produccién lechera

INTRODUCTION

Global warming is one of the main challenges for livestock production in the 21st
century, its impact advancing at an unprecedent rate (IPCC, 2023). In 2022, the increase
in global temperature reached approximately 1.3°C compared with the previous century.
As a result, episodes of extreme heat are becoming more frequent, more intense and
longer (IPCC, 2023). A moderate rise in temperature during the coldest time of the year
may enhance milk production and pasture biomass in grazing systems (Cafete et al.,
2025; Phelan et al, 2016). However, in warmest times this increase has direct negative
effects on dairy production by intensifying the impact of heat stress (HS) in dairy cows
(Mylostyvyi & Chernenko, 2019). According to Veissier et al. (2018) the effects of HS due to
high temperatures are expected to be more severe in grazing systems, because the cows are
directly exposed to the environment and solar radiation.

The impacts of HS have been studied in all stages of lactation in dairy cows.
Lactating cows affected by HS exhibited reduced milk, impaired immune function,
poor reproductive performance and increased disease incidence (Tao et al, 2020).
Similarly, dry cows exposed to HS have shown decreased milk yield in the underlaying
lactation, impaired immune response during the transition period and more days open
(Fabris etal.,, 2019; Tao et al., 2011). Moreover, it has been demonstrated that HS during the
dry period resulted in a reduction in dairy industry performance comparable to that of HS
during lactation, with estimated losses of up to US 810 million annually in the United States
when no heat stress mitigation strategies were implemented (Ferreira et al., 2016).

In Argentina, dairy cows are exposed to HS for at least 100 days per year in the most
important dairy regions (Lazzarini et al.,, 2024). However, limited information is available
regarding the effects of HS on milk production and reproductive efficiency in grazing dairy
systems in the Pampa region of Argentina. The aim of this study was to evaluate the impact
of heat stress during the dry period in a pasture-based system on milk production and
reproductive efficiency during the first 100 days of lactation in triple crossbreed dairy cows
in the province of Santa Fe.

MATERIALS AND METHODS

Study Site and General Farm Description

This observational study included 95 multiparous dairy cows (3.2 + 1 calvings) that
underwent a dry period between February and May 2024 on a commercial dairy farm
in the province of Santa Fe, Argentina (58 meters above sea level; latitude: -32.1211 N;
longitude: -61.0614 E). The farm operates under a pasture-based system, with paddocks
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primarily composed of alfalfa pasture (Medicago sativa L.) and seasonal forage crops. The
estimated average daily forage allowance of 20 + 1 kg of dry matter per cow. Conserved
forages and concentrates were also supplied to meet the nutritional requirements of the
lactating cows. Forages and concentrates were delivered twice daily in feed bunks, prior to
pasture access.

The herd averaged approximately 1,100 lactating cows annually, and individual animal
performance was monitored through routine milk recording using farm management
software. This study was observational and based on existing farm production and
reproductive records; therefore, no experimental procedures were performed on animals.

A seasonal breeding program was implemented from May to October based on visual
estrus detection (twice daily before each milking), prostaglandin treatments, and fixed-time
artificial insemination protocols. All cows were inseminated under a three-breed rotational
crossbreeding scheme involving Holstein, Jersey and Montbeliarde breeds. Cows were
classified into three breed groups according to the dominant breed (266% Holstein, 266%
Jersey and 266% Montbeliarde).

At dry-off, cows were moved to paddocks with similar characteristics to those allocated
to lactating cows. There were no active cooling systems and natural shade was insufficiently
limited to scattered trees. In contrast, lactating cows were exposed to fans and sprinklers in
the milking parlor; which operated automatically during hot season to reduce the heat load.
Water was available ad libitum all times. These conditions represent typical management
practices in commercial pasture-based dairies of the region, where the mitigation of HS in
the paddock relies in natural ventilation and grazing schedules. The dry cows remained in
the paddocks until 23 + 7 days before their expected calving date, when they were moved
to prepartum pens. In the prepartum period, cows were fed a diet consisting of corn silage,
soybean expeller, ground corn, soybean hulls, hay and anionic salts, with no grazed grass.
The daily ration corresponded to 2% of body weight and was provided two times per day.

Milk production and reproductive performance data during the first 100 days of the
subsequent lactation were obtained from dairy management software Protambo Master
(Version 4.0 DIRSA, Buenos Aires, Argentina).

Ambient temperature and humidity data were obtained from NOAA Global Forecast
System (GFS) website, which provides global atmospheric, and wave forecast with a spatial
resolution of 13 km. This updates every 6 hours (00:00, 06:00, 12:00 and 18:00).

Heat Stress Determination Based on Temperature-Humidity Index

Daily THI values were calculated using data obtained from the GFS data set, and these
values were used to determine the number of heat stress days experienced during the dry
period. The Temperature-Humidity Index (THI) was calculated using the equation described
by Mader et al. (2006):

THI = (0.8 x AT) + [(RH/100) x (AT - 14.4)] + 46.4

where:
AT = ambient temperature (°C)
RH = relative humidity (%).

All cows were managed under the same environmental and management conditions
during the dry period. No specific heat stress mitigation strategies were implemented for
dry cows. Therefore, the classification into heat stress groups was performed retrospectively
based on the numbers of days that THI exceed the threshold of 72 during the dry period for
each cow.

Cows were classified into three groups based on their THI exposure the dry period
as: No stress (NS; THI <72 throughout the entire dry period), low stress (LS; THI >72 for
fewer than 10 days) and high stress (HS; THI >72 for more than 10 days). These specific
THI categories were selected to resemble previous studies conducted under moderate milk
production and similar environmental conditions (Roman et al, 2019). The 10-day cutoff
was established to reflect the management conditions of the commercial dairy farm where
the study was conducted.
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Estimation of Milk Production During the First 100 Days of Lactation

Total milk yield during the first 100 days in milk (100d-milk) was estimated using a
third-order orthogonal polynomial fitted individually for each cow, as described by Lembeye
etal (2016). The polynomial was defined as:

Yt=a P +aP +aP, +aP,
where:
o, = regression coefficients for milk production. The Legendre polynomial functions
were calculated as follows:

P,=1,P =x,P, =% (3x*-1),P, =% (5x7°-3x)

where:
x,=-1+2x(t-1)/(100- 1).

The reproductive variables analyzed within the first 100 days in milk were: days to first
service, conception rate and conception rate at the first service. Five cows that were not
inseminated due to culling were excluded from the analysis.

Statistical Analysis
All statistical analyses were performed using SAS software version 9.4 software
(SAS Institute Inc., Cary, NC, USA) with the following linear model:
yijkl = "1 + Si + Bi + Ck + BlLijkl + BZLZijkl + B3])iikl + ei)'kl
where:
Yo = Yesponse variable
| = general mean
S,=effect of the ith class of heat stress group (high stress, low stress or no stress)
B = effect of the jth breed group (Holstein, Jersey and Montbeliarde)
C, = effect of the kth class of calf sex (male and female)
L = lactation number
D = number of days in dry period
B, and B, = regression coefficients associated with the linear and quadratic effects of
lactation number
B, = regression coefficient associated with the linear effect of number of days in dry
period
€ = residual error.

Milk production was assumed to have a normal distribution and analyzed with the
MIXED procedure. Means and standard errors were obtained and used for multiple mean
comparisons using the Fisher’s LSD test. Days to firstinsemination had a skewed distribution
and analyzed with the GLIMMIX procedure after a logarithm transformation. Means and
standard errors were back transformed for presentation. Conception rate within the first
100 days and conception rate at first service had a binomial distribution and were analyzed
with the GLIMMIX procedure after a logit transformation. Means and standard errors were
back transformed for presentation.
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RESULTS

In total 95 cows were included, where 47 cows (49%) were exposed to HS, 13 cows
experienced LS (14%) and 35 cows with NS (37%). The descriptive statistics as means,
standard deviations, and the F-values and associated probabilities for dependent variables
are shown in table 1. Average milk production during the first 100 days was 2,976 kg per cow.
Days to first insemination was 61 days with the pregnancy rate at first service of 43%, and
pregnancy rate within the first 100 days in milk was 63%.

The heat-stress group has a decreased effect in estimated milk production (P < 0.05)
and pregnancy rate at first service (P < 0.01). Although there was not an effect of heat stress
on days at first insemination, a trend was observed (P = 0.07). Linear and quadratic effects
of lactation number were significant on milk production (P < 0.05) and pregnancy rate
(P < 0.05) in the first 100 days. Breed and dry period length had no significant effect on all
response variables in this study.

Table 2 (page 6) presents the least squares means and standard errors of all dependent
variables for different factors considered as class factors in the model. Cows in NS group
produced 274 kg more milk than cows exposed to high heat stress (P < 0.05). Although
cows with low heat stress showed an average increase of 2 kg per day compared with cows
with high stress, this difference was not statistically significant. Cows in non-HS group had
a significantly shorter time to first artificial insemination compared to cows in high HS
group (P < 0.05). Cows in the low HS group did not differ significantly from those in the
high HS group. Conception rate within the first 100 DIM did not differ statistically among
the HS groups. Nevertheless, the conception rate at first service was higher in non-HS group
compared with high HS group (P < 0.01). The low HS group did not show any difference
compared to either of the other HS groups.

Table 1. Mean, standard deviation and F-values of milk production and reproductive variables
within first 100 days in milk in crossbred dairy cows managed in a pasture-based system.

Tabla 1. Media, desviacion estandar y F-values produccion de leche y variables
reproductivas en los primeros 100 dias de lactancia en vacas lecheras triple cruza a pastoreo.

F-value
Variable N Mean SDS HS* BR’ Cs® L1° L2° DD

100-d milk* 95 2796 493 3.42* 0.56 1.26 6.37* 5.55* 0.73

DFS? 90 61 17 2.67* 1.00 0.53 0.72 0.02 0.00
PR100d? 90 63 0.84 0.55 0.36 5.67* 4.61* 1.26
PRFS* 90 43 5.09** 0.31 1.99 1.79 1.17 0.13

1100-d milk = milk production within first 100 days in milk. 2 DFS = days at the first service.

3 PR100d = pregnancy rate within first 100 days in milk. * PRFS = pregnancy rate at first service. * SD= standard
deviation. ® HS = heat stress group. ” BR: representing the dominant breed in each cow (266% Holstein, 266%
Jersey, 266% Montbeliarde). ® CS = sex of calf. ° L1 and L2 Linear and quadratic effect of lactation number.

12 DD=number of days of dry period. Statistical significance is given as: *P < 0.10; *P <0.05; **P < 0.01.

1100-d milk = produccidén de leche en los primeros 100 dias de lactancia. > DFS = dias al primer
servicio. * PR100d = taza de prefiez en los primeros 100 dias de lactancia. * PRFS = taza de prefiez al
primer servicio. * SD = desviacién estandar. ® GEC = Grupo estrés por calor. ” BR: representa la raza
dominante en cada vaca (266% Holstein, 266% Jersey, 266% Montbeliarde). 8 CD = sexo de la cria.
L1y L2 = Efecto lineal y cuadréatico del niimero de lactancia. ' DD= nimero de dias del periodo seco.
Diferencias estadisticas dadas como: *P < 0,10; *P <0,05; **P < 0,01.
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Table 2. Least squares (+SE) of milk production and reproductive variables within
first 100 days in milk for different factors in crossbred dairy cows managed in
a pasture-based system.

Tabla 2. Cuadrados minimos (+EE) para produccién de leche y variables reproductivas
dentro de los primeros 100 dias en lactancia para diferentes factores en vacas lecheras
triple cruza a pastoreo.

Factor Level 100d-milk! DFS? PR100d? PRFS*
High stress 2661 722 64 +2° 56+7 2670
Stress Group Low stress 2863 + 140%™ 58 + 4% 73 +13 67 £ 8
No stress 2935+ 82° 57 +2° 68+8 40 +15°
Holstein 2745 +103 59+3 70+10 49+12
Breed® Jersey 2816+ 76 57+2 59+8 38+8
Montbeliarde 2898 + 107 62+3 70 10 45+12
F 2764 +83 59+2 69+8 35+9
Calf sex®
M 2876+ 71 60+2 63+7 52+8

1100-d milk = milk production within first 100 days in milk. 2 DFS = days at the first service.

3 PR100d = pregnancy rate within first 100 days in milk. * PRFS = pregnancy rate at first service.
5Breed = representing the dominant breed in each cow (266% Holstein, (266% Jersey, (266% Montbeliarde).
¢Calf sex = represent M for male and F for female calves. " Least squares means with different superscripts
within effect, are significantly different (P < 0.05).

1100-d milk = produccién de leche en los primeros 100 dias de lactancia .? DFS = dias
al primer servicio. ®* PR100d = taza de prefiez en los primeros 100 dias de lactancia.

* PRFS = taza de prefiez al primer servicio. ° Breed: representa la raza dominante en cada vaca
(266% Holstein, 266% Jersey, 266% Montbeliarde). ¢ Calf sex = representa sexo de la cria, M para macho y
F para hembra. ** Cuadrados minimos con diferentes superindices dentro de efecto son significativamente

diferentes (P < 0,05).

DI1SCUSSION

Milk Production

Heat stress has long been recognized as one of the major stressors affecting productivity
and reproductive performance in lactating dairy cows (Collier et al, 2017). The factors
that significantly affected 100d-milk were heat stress and linear and quadratic lactation
number. Lactation numbers may also influence the response to heat stress. Multiparous
cows typically have greater milk production and metabolic heat production compared with
younger animals, which may increase their susceptibility to heat stress (Collier et al., 2017).
Therefore, physiological status should be considered when evaluating the effects of heat
stress on productive performance. The effect of HS during the dry period is consistent with
findings from other studies conducted under different conditions, such as intensive systems.
Fabris et al. (2017) reported that cows exposed to HS (THI > 68) during the dry period
produced less milk compared to cooled cows with fans and nebulizers. In that study, during
the first 9 weeks of lactation, heat-stressed cows produced approximately 4.8 kg less milk
per day than those managed under cooling conditions. In our study, cows exposed to high
HS (26 + 8 days) produced less milk than those that were without HS during the dry period.
These results may be explained by thermoregulatory adaptations such as reduced metabolic
rate, higher vasodilation and increased respiration (Collier & Gebremendhin, 2015;
Renaudeau et al,, 2012), as well as altered grazing behavior (Jurkovich et al., 2024; Morales-
Pifleryrua et al., 2022). All these changes may increase energy demand and compromise
milk production.

It is also important to consider that the classification of heat stress exposure during the
dry period was inherently associated with the timing of the dry period, which may introduce
potential confounding with seasonal conditions. Although all animals in this study were
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managed within the same commercial farm under similar nutritional and management
conditions, environmental factors such as forage availability, solar radiation, and photo
period inevitably varied across the study period.

To evaluate this potential limitation, we explored the inclusion of the start date of the
dry period as a covariate using cyclical transformations of the day of year to account for
seasonal variation. However, this approach resulted in substantial collinearity with the
heat stress classification, leading to reduced model interpretability. Consequently, it was
not possible to clearly disentangle the independent effects of heat stress and seasonal
conditions within the same model. These findings highlight the inherent challenges of
studies where environmental and seasonal factors are closely intertwined. Therefore, the
observed effects of heat stress should be interpreted considering that part of the variation
may also reflect underlying seasonal influences, even under relatively uniform management
conditions.

Differencesin heat tolerance amongbreeds may also influence the response to heat stress.
Previous studies have reported that breeds tend to be more heat tolerant than Holstein cows
due to their lower metabolic heat production (Hansen, 2004). In crossbreeding systems, the
combination of breeds may provide resilience to environmental stressors. However, in the
present study breed composition did not significantly affect milk production or reproductive
variables during first 100 days of lactation.

Reproductive Variables

Cows in the non-HS group had a significantly shorter interval of days to first artificial
insemination than cows in the high HS group (57 vs 64 days respectively). Additionally,
lactation number was a factor that significantly affected this dependent variable.

The negative effects of HS on reproductive performance in dairy cows have been well
documented, both duringlactation and the dry period. Heat stress affected estrus expression
(Roth, 2020), calving conception interval and conception rate (Penev et al.,, 2021). A study
conducted in Holstein cows in commercial dairy farms (Thompson & Dahl, 2012) reported
that cows undergoing a dry period during the summer months had significantly poorer
reproductive outcomes than those dried off during cooler months, in terms of days to first
service (97.0 = 0.74 vs. 91.8 £ 0.92) and days to pregnancy (131.1 + 0.085 vs 125.9 + 1.06),
respectively. Interval of days to pregnancy was not evaluated in the present study, but
similar results were observed in terms of days to first service; cows exposed to high HS had
longer time to first service compared to cows with non-HS cows, which is consistent with
findings of Thompson & Dahl (2012), although the absolute values observed in our study
were lower. This difference may be related to the sample size, the average milk production
of the cows, and to the crossbred nature of the herd.

Conception rate within the first 100 days of lactation did not differ statistically among
the HS groups. These results suggest that the overall ability to conceive within the 100-day
window was not significantly impaired. However, the conception rate at first insemination
was higher in the non-HS group compared with the high HS group.

In lactating dairy cows, conception rates have been shown to drop from 14% to 27%
when animals experience HS in days prior to insemination, whereas cows not exposed
to HS can reach conception rates of up to 71% (Schiiller et al, 2014). A study in Holstein
cows exposed to HS during the dry period (Avedano-Reyes et al, 2010) found that
although climatic variables did not significantly affect days open or number of services
per conception, cows that calved during the warmest months of the year required 0.68 to
1.46 more services per conception, this being statistically significant. These findings are
consistent with the present study, which also found no significant differences in overall
conception rate within the first 100 days of lactation, however, differences on the number of
services per conception were observed depending on HS exposure. On the other hand, the
significant differences observed in conception rate at first service highlight that HS directly
compromises the success of the first insemination, due to reduced ovulation rates, lower
oocyte quality, or impaired uterine environment (De Rensis & Scaramuzzi, 2003).

From a management perspective, several strategies have been proposed to mitigate
heat stress in dairy production systems, including shade structures, improved ventilation,
sprinklers, and adjustments in grazing schedules (Oliveira et al.,, 2025). In pasture-based
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systems such as the one evaluated in this study, the availability of shade and adequate
access may play an important role in reducing the impact of heat stress during the dry
period. Those strategies applied for dry cows could help performance of dairy cows in the
subsequent lactation.

CONCLUSIONS

Heat stress during the dry period of dairy cows in pasture-based dairy systems negatively
affected both productive and reproductive efficiency. These findings highlight the importance
of minimizing heat stress events during the dry period of the cows. This may ensure optimal
milk production and reproductive performance in the subsequent lactation, while reducing
costs associated with extended days open and reduced pregnancy at first lactation. Future
studies should evaluate the effects of HS on animal welfare, effectiveness and economic
feasibility of mitigating those strategies in pasture-based systems of subtropical regions.
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