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Introduction 
Reproductive performance is a cornerstone of dairy herd profitability, yet it remains highly 

susceptible to environmental stressors, particularly heat stress. As global temperatures rise, the 

frequency and severity of heat stress episodes have increased, posing significant challenges for 

dairy producers worldwide (Polsky and Von Keyserlingk, 2017). Heat stress in dairy cattle is 

characterized by an elevated temperature-humidity index (THI), which can disrupt endocrine 

function, impair follicular development, and reduce the quality of oocytes, ultimately leading to 

lower conception rates (Hansen et al., 2016) . The economic impact of reduced fertility due to heat 

stress is substantial, with losses attributed to decreased milk yield, increased culling rates, and 

greater reproductive management costs (St-Pierre et al., 2003). Traditional management strategies, 

such as cooling systems and nutritional adjustments, provide some relief but often fall short during 

extreme weather events. Recent advances in genetic selection offer promising avenues for 

improving heat tolerance and fertility traits in dairy cattle. Genetic evaluations, such as single-step 

genomic best linear unbiased prediction BLUP (ssGBLUP), enable the identification of animals 

with genetic potential for superior resilience to heat stress, allowing for targeted breeding programs 

(Vukasinovic et al., 2025).  

 

Materials & Methods 
This study utilized 50,731 Holstein cows from 22 commercial dairy farms distributed across 

various climatic regions within the United States. The diversity in farm location ensured a wide 

range of environmental exposures and management practices. Selection criteria required that cows 

did not contribute phenotypic data used for genetic evaluation, thereby preventing bias in genetic 

analyses. Additionally, cows inseminated via embryo transfer were excluded to maintain 

consistency in reproductive physiology and environmental exposure. Phenotype data collection 

involved comprehensive recording of reproductive events, individual cow identification, 

insemination dates, semen type, lactation group, and fresh-year-season. All data were entered into 

a centralized database. 

 

Weather Data Acquisition and THI Calculation. Weather data were obtained from the National 

Oceanic and Atmospheric Administration (NOAA), focusing on daily temperature and humidity 

records for each farm’s geographic location. The Temperature-Humidity Index (THI) was 

calculated for each day using the following formula where AT is the average daily temperature 

(°C) and RH is relative humidity. 

THI = [1.8 × AT + 32] − [0.55 − 0.0055 × RH)][1.8 × AT − 26] 

For each cow, THI exposure was summarized over three pre-insemination windows: 21 days, 14 

days, and 7 days prior to first insemination. Within each window, the number of units with THI > 

70 was counted. Cows were then assigned to one of three heat stress categories based on the total 
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THI points in the window: Thermoneutral (TN; 0 units above THI > 70), Mild Heat Stress (Mild; 

1–25 units of THI > 70), and Extreme Heat Stress (Extreme; >75 units of THI > 70). These 

categories were used to classify treatment groups for subsequent analyses. 

 

Genetic Evaluation Procedures. Genetic evaluations were performed using the single-step 

Genomic Best Linear Unbiased Prediction (ssGBLUP) approach. This method integrates pedigree 

and genotypic information to estimate genetic merit. The primary genetic metric of interest was 

Fertility Heat Resilience Genomic Predicted Transmitting Ability (GPTA). Fertility Heat 

Resilience (Z_FR) GPTA is predicting the change in predicted probability of 1st service conception 

rate per unit increase in THI.  

 

Statistical Analysis. Statistical analyses were conducted using generalized linear mixed models. 

Fixed effects included lactation group and semen type. Herd was modeled as a random effect to 

account for clustering and management variation. Statistical significance was set at P-value < 0.05 

and tendencies P-value < 0.10. Analyses were conducted using SAS software, version 9.4 (SAS 

Institute, Cary, NC).  

 

Results & Discussion 
The analysis revealed a significant association between Fertility Heat Resilience GPTA and FSCR 

across varying levels of heat stress and exposure windows reported in Table 1. Specifically, cows 

exposed to mild heat stress in the 7-day window prior to insemination exhibited a 10.2% increase 

in FSCR per GPTA (P < 0.05), while those in the 21-day window showed a 9.98% increase (P = 

0.09). Under extreme heat stress conditions, the estimated FSCR response was even higher at 

18.5% per GPTA (P = 0.09) for the 21-day window, demonstrating the predictive capabilities of 

the Fertility Heat Resilience GPTAs in commercial dairy herds.  These findings are consistent with 

previous studies demonstrating the benefits of incorporating heat tolerance traits into dairy cattle 

selection indices. For example, Dikmen et al. (2014) showed that cows with higher genetic 

potential for heat tolerance maintained better reproductive performance during summer months, 

while Ravagnolo and Misztal (2000) quantified the genetic variation in heat stress response among 

Holsteins. The present study demonstrates the practical utility of genetic prediction for fertility 

heat resilience in Holstein cows, offering a promising strategy for mitigating the adverse effects 

of heat stress on reproductive performance. The observed improvements in first service conception 

rate associated with higher Fertility Heat Resilience GPTA highlight the potential for integrating 

genetic selection for heat resilience into routine breeding programs, particularly as climate 

variability intensifies. This suggests that selecting animals with superior genetic potential for heat 

resilience can help maintain reproductive efficiency even during periods of elevated temperature 

and humidity. This is especially relevant for dairy herds in regions that experience more days of 

heat stress impacting the herd’s reproductive performance and therefore impacting herd 

profitability and sustainability. By incorporating Fertility Heat Resilience GPTA into selection 

indices, producers can reduce the incidence of failed conceptions, lower days open, and decrease 

the need for repeated inseminations, ultimately leading to higher lifetime productivity and reduced 

culling rates (Wiggans and Carrillo, 2022). These results underscore the utility of Fertility Heat 

Resilience GPTA as a practical tool for dairy producers, enabling climate-adaptive breeding 

strategies and improved herd management. 
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Table 1.  Values are percentage increase of First Service Conception Rate with 1 point 

increase in the prediction Z_FR during varying levels of heat stress prior to breeding. 

 Treatments1 

Period Prior to Breeding TN  Mild Extreme 

-7 d to Breeding 2.2% 10.2%2 3.9% 

-14 d to Breeding 1.0% 2.1% 9.9% 

-21 d to Breeding 0.6% 9.98%2 18.5%2 

 

1 Treatments are TN; 0 units above THI > 70; Mild; 1–25 units of THI > 70; and Extreme; >75 units of THI > 70  
2  P-value < 0.10 

 

Conclusion 

Fertility Heat Resilience GPTA is a robust genetic prediction for reproductive performance under 

heat stress. Adoption of this tool can enhance climate resilience and reproductive efficiency in 

US Holstein herds, supporting sustainable dairy production in the face of increasing temperature 

variability. To further enhance the robustness of genetic selection for heat resilience, future 

studies should focus on validating these findings across diverse breeds, environments, and 

management systems. As climate change continues to challenge agricultural productivity, the 

adoption of genetic tools for heat resilience represents a proactive step toward sustainable dairy 

production. By leveraging genetic diversity and modern breeding technologies, the industry can 

adapt to evolving environmental pressures while maintaining animal welfare and economic 

viability. 
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