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Abstract: This study examined the impact of climate change, specifically the Temperature–Humidity
Index (THI), on local “Brune de l’Atlas” cows and imported dairy breeds (Prim’Holstein and
Montbéliarde) in Algeria. Data from 24,773 artificial insemination records of 12,726 cows between
2016 and 2019 were analyzed for fertility traits such as conception rate at the first AI (CR1stAI),
services per conception, and reproductive period (RP). The results indicated no significant impact
of THI on CR1stAI for the local breed, though THI > 72 lowered CR1stAI in imported breeds. THI
significantly increased the number of services per conception but did not affect the RP. Local breeds
showed superior reproductive efficiency under high THI, likely due to genetic differences.
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1. Introduction

The imports of dairy products in Algeria accounted for 24% of the total African dairy
imports by value [1]. To elevate local production, Algeria invested in importing high-
genetic-potential pregnant cows. This presents a relatively complex challenge [2], where
the rearing conditions in the southern Mediterranean region have a significant impact
on dairy herd fertility and fecundity [3–5] as well as on the production of necessary for-
age [2], posing substantial challenges. Thermal stress induces physiological and metabolic
disruptions, activating numerous adaptive mechanisms in affected animals [4,6,7]. Cows
adapt to temperature stress through various behaviors, including altered feeding patterns,
increased respiration rate, panting, sweating, and seeking shade [8,9]. Heat stress results
in heightened health problems, reduced production, and a deterioration of welfare condi-
tions [6,7,10,11]. Heat stress compromises reproduction. It disrupts the hormonal balance
crucial for successful reproduction, notably reducing luteinizing hormone and proges-
terone levels, leading to issues such as poor follicle development, low-quality oocytes,
silent estrus, abnormal or weak embryo development, and pregnancy loss; these factors
collectively contribute to a decline in the reproduction rate and significant losses for the
cattle industry [12]. Despite these challenges, indigenous breeds are well adapted to harsh
local environmental conditions, exhibiting tolerance to heat stress, resistance to infectious
diseases, and resilience against parasites [7,13].

Due to the limited information on the impact of heat stress on the reproductive
performance of imported dairy cattle and the complete lack of data on its effects on local
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cows, we conducted this study to thoroughly analyze the effects of heat stress on various
reproductive parameters. These parameters include CR1stAI, SPC, and RP in both native
“Brune de l’Atlas” and imported Algerian cattle” Prim’Holstein and Montbéliarde”.

2. Materials and Methods

Breeding data sourced from individual cow registrations at the National Center for
Artificial Insemination and Genetic Improvement (CNIAAG) were analyzed. This dataset
comprised 24,773 artificial insemination records from 12,726 cows spanning the years 2016
to 2019 across 17 wilayas, in three distinct agroecological regions: littoral areas, semi-arid
areas, and arid zones. Calculated parameters included the conception rate at the first
artificial insemination (CR1stAI), the number of services per conception (SPC), and the
reproductive period (RP), defined as the interval between the first and last insemination.
Climatological data were obtained from the “Weather Underground” website, and the
Temperature–Humidity Index (THI) was calculated for each artificial insemination day
using the formula outlined by NOAA [14]. Logistic and linear regression analyses were
conducted to explore the relationship between THI levels and CR1stAI, SPC, and RP using
Spss v26.

3. Results

Table 1 shows the level of CR1stAI in three studied breeds where, under the influence
of THI, there is a significant (p < 0.001) decrease of 31.6%, and 41.5% in Prim’Holstein, and
Montbéliarde breeds. The local breeds (Brune de l’Atlas) show no significant effect of THI
on CR1stAI, although a decrease of 22.4% is registered.

Table 1. Results of the conception rate at first artificial insemination with THI in Prim’Holstein,
Montbéliarde, and Brune de l’Atlas breeds of dairy cattle.

THI < 72 THI > 72 Overall p Value Odds Ratio

CR1st AI

Prim’Holstein 25.46%
(730/2867)

19.55%
(650/3324)

22.29%
(1390/6191) 0.000 0.684

Montbéliarde 25.58%
(650/2541)

18.81%
(515/2738)

22.07%
(1165/5279) 0.000 0.585

Brune de l’Atlas 27.59% 21.88% 24.41% 0.089 0.776

CR1st AI: the conception at the first artificial insemination.

Table 2 demonstrates the influence of THI on SPC, with a significant increase (p < 0.01)
by 0.059, 0.093, and 0.008 for the Prim’Holstein, Montbéliarde, and Brune de l’Atlas breeds
with each increase in the THI > 72.

Table 2. Regression results of the services per conception with THI in Prim’Holstein, Montbéliarde,
and Brune de l’Atlas breeds of dairy cattle.

Mean B SE Sig R2 Sig (ANOVA)

Prim’Holstein
Constant

1.82 ± 0.828
1.57 0.044 0.000

0.001 0.032THI 0.059 0.027 0.032

Montbéliarde
Constant

1.79 ± 0.796
1.58 0.046 0.000

0.003 0.001THI 0.093 0.029 0.001

Brune de l’Atlas
Constant

1.74 ± 0.768
1.147 0.156 0.000

0.107 0.000THI 0.008 0.002 0.000

B: Coefficients, SE: Standard Error, Sig: Significance, R2: R-square.

Table 3 shows the changes in RP with changes in THI. The Prim’Holstein and Montbéliarde
breeds show an increase in the RP. For each increased point in the THI over 72, there is an
increase in the RP by 0.618 and 2.178 days for both breeds, respectively. Inversely, the local
breeds show a decrease by 0.007 days with each increase in THI on the RP.
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Table 3. Regression results of the reproductive period (days) with THI in Prim’Holstein, Montbéliarde,
and Brune de l’Atlas breeds of dairy cattle.

Mean B SE Sig R2 Sig (ANOVA)

Prim’Holstein
Constant

49.75 ± 62.088
48.802 2.770 0.000

0.000 0.719THI 0.618 1.720 0.719

Montbéliarde
Constant

47.40 ± 58.392
44.116 2.811 0.000

0.000 0.218THI 2.178 1.770 0.218

Brune de l’Atlas
Constant

41.29 ± 48.396
41.836 8.147 0.000

0.000 0.946THI −0.007 0.108 0.946

B: Coefficients, SE: Standard Error, Sig: Significance, R2: R-square.

4. Discussion

The results of the fertility showed issues in fertility in Algeria. The CR1stAI was lower
than the results obtained in a previous study by Mouffouk et al. [15]. Conversely, the
apparent FI was close, and the RP was greater than that obtained by Haou et al. [3].

The CR1stAI for the Prim’Holstein and Montbéliarde breeds showed a significant
decrease with each increase in the THI surpassing 72, while the local breeds showed no
significant effect. Furthermore, a higher effect of THI was registered on the Montbéliarde
breeds. Furthermore, SPC increased significantly with each increase in THI > 72 for the
three studied breeds. Recent studies showed a lower CR1stAI, a higher frequency of
insemination, and decreased fertility under stressful THI levels in dairy cattle reared in
the North African region [16,17]. The RP increased with each increase in the THI over
72, although the Brune de L’Atlas breeds showed a decrease in RP when THI increased.
Specifically, a greater increase was noted in the Montbéliarde breeds, with an average
elevation of 2.178 days. Additionally, the RP was found to be prolonged in correlation with
THI [18,19]. These changes in fertility efficiency under heat stress were discussed in many
previous studies and suggested that the ability of cows to withstand heat stress is attributed
to their milk production performances [20–22], whereas cows with high milk production
are more susceptible to climate change. Furthermore, coat color and hair characteristics
impact the resistance to heat stress [21,23,24]. Interestingly, cows with shorter, smoother
hair are better equipped to handle heat stress. A previous study showed that fertility varies
mainly between breeds and was affected significantly by THI level, with a greater influence
on Holstein cattle [15]. In our study, the local breeds (Brune de l’Atlas) were less sensitive
to heat stress. Bayssa et al. [13] attributed the adaptability of indigenous breeds to high
temperatures, and high solar radiation to their high skin pore density, enabling an effective
regulation of body temperature.

5. Conclusions

In conclusion, the Algerian native cows showed better reproductive efficiency, even in
conditions of elevated THI levels, as evidenced by the lack of the effect (p > 0.005) of THI on
the CR1stAI and RP. These changes in the fertility efficiency between breeds may be due to
genetic changes. This highlights the indigenous breed’s capability to sustain reproductive
performance under heat stress. Our results underscore the potential benefits of employing
local breeds like the “Brune de l’Atlas” in areas with high THI levels, given their proven
resilience and consistent reproductive efficiency under harsh environmental conditions.
This emphasizes the critical need to conserve this essential genetic resource and advocate
for its role in genetic enhancement strategies to address the significant climate challenges
facing the North African region.
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20. Siatka, K.; Sawa, A.; Krężel-Czopek, S.; Piwczyński, D.; Bogucki, M. Effect of Some Factors on Number of Services per Conception
in Dairy Cows. J. Vet. Sci. Technol. 2017, 8, 1–4. [CrossRef]

https://doi.org/10.19182/remvt.36362
https://doi.org/10.19182/remvt.36798
https://doi.org/10.46419/vs.53.6.3
https://doi.org/10.1080/00207233.2023.2228616
https://doi.org/10.1017/S1751731118001945
https://doi.org/10.1111/age.13353
https://doi.org/10.1016/j.jtherbio.2021.102951
https://doi.org/10.1007/s00484-023-02496-2
https://doi.org/10.21162/PAKJAS/22.94
https://doi.org/10.2478/fv-2023-0018
https://doi.org/10.3390/ani13142359
https://www.ncbi.nlm.nih.gov/pubmed/37508136
https://doi.org/10.1371/journal.pone.0244836
https://www.ncbi.nlm.nih.gov/pubmed/34048433
https://doi.org/10.1111/rda.13772
https://doi.org/10.1111/jpn.13257
https://doi.org/10.1186/s12864-021-07496-3
https://doi.org/10.4172/2157-7579.1000465


Biol. Life Sci. Forum 2024, 36, 13 5 of 5

21. Purohit, P.; Gupta, J.; Chaudhri, J.; Bhatt, T.; Pawar, M.; Srivastava, A.; Patel, M. Effect of heat stress on production andreproduction
potential of dairy animals Vis-À-Vis buffaloes. Int. J. Livest. Res. 2020, 10, 1–23. [CrossRef]

22. Sesay, A.R. Effect of heat stress on dairy cow production, reproduction, health, and potential mitigation strategies. J. Appl. Adv.
Res. 2023, 8, 13–25. [CrossRef]

23. Nedjraoui, D. Algeria Country Pasture/Forage Resource Profiles; FAO: Rome, Italy, 2006; p. 10.
24. Lamari, S.; Madani, T.; Allouche, L. Hair characteristics and cortisol hair analysis as indicators of fertility in dairy cows. Livest.

Res. Rural Dev. 2018, 30, 49.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.5455/ijlr.20191231122709
https://doi.org/10.21839/jaar.2023.v8.8371

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

