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A B S T R A C T

Variations in climate are common throughout the Mediterranean area, particularly in Algeria. The main goal of 
this study is to evaluate the effects of environmental changes particularly the daily temperature-humidity index 
(THI), breeding region, and breed type on a variety of reproductive parameters including the conception rate at 
first, second, and third artificial insemination and more (CR1stAI and CR2ndAI, respectively), repeat breeding 
cows (RBC) overall conception rate (OCR), apparent fertility index (AFI), and reproductive period (RP). A total of 
40 956 AI was performed on 24 657 cows from 2016 to 2021 sourced from CNIAAG. The results highlight the low 
levels of fertility in dairy cattle in Algeria, which was made worse by the COVID-19 pandemic. Furthermore, the 
results showed that both humid and arid regions are stressful zones (THI >72), and Algeria clearly exhibits 
summer heat stress. Significant correlations between THI and Algerian cattle fertility (P < 0.000) have been 
observed. When THI was less than 72, reproductive parameters were better but worsened when THI grater 
than72. The results of the Odds ratio (0.746 and 0.531) indicated a lowered likelihood of OCR and CR1stAI for 
THI >80 compared to THI <68. There were differences in reproductive parameters among regions, the arid 
regions had the highest levels of CR1stAI and services per conception SPC. The breeds significantly influenced the 
reproductive performance (P < 0.001), the local population exhibiting the highest performance. A significant 
interaction effect of multiple factors with THI was registered. This study underscores the adverse effects of cli
matic conditions on dairy cattle fertility, highlighting the imperative of finding strategies to alleviate these 
detriments. Focusing particularly on the well-being of dairy cows emerges as a key avenue for mitigating these 
challenges.

1. Introduction

Climate change represents a growing global concern, with profound 
implications for livestock production systems, animal health, and food 
security. North African countries like Algeria, which are particularly 
vulnerable to rising temperatures and increasing aridity, the impacts of 
climate change are becoming more pronounced. Algeria's dairy sector, 
already heavily reliant on imported cows and powdered milk to meet its 

high national milk consumption, well above the global average ac
cording to FAO (2020) and ONIL (2018), faces significant challenges. In 
2020, dairy product imports reached $1.54 billion, accounting for 
19.14% of Algeria's total food imports (USDA, 2020). However, im
ported cows often perform below their genetic potential due to envi
ronmental stressors, notably heat stress, reinforced by inadequate 
nutrition and reproductive issues (Ouarfli and Chehma, 2018; Yerou 
et al., 2021).
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Adaptive responses to heat stress include changed feeding behavior, 
increased respiration rate, panting, sweating, seeking shade, and 
increased water intake (Sammad et al., 2020; Nanas et al., 2021; Hanzen 
et al., 2024a). Thermal stress causes physiological and metabolic dis
functions that affect cow productivity and reproductivity (Liu et al., 
2018; Ouarfli and Chehma, 2018; Abdelnour et al., 2020; Djelailia et al., 
2020; Sammad et al., 2020; Hanzen et al., 2024b, 2025). About 60% of 
the dairy cattle in the globe have ovarian dysfunction, increased embryo 
mortality, hormone imbalance, and reduced fertility due to heat stress. 
Additionally, it affects immunological response and raises the risk of 
uterine infection and mastitis (Nanas et al., 2021; Gherissi et al., 2022; 
Rajamanickam et al., 2022; Molinari and Bromfield, 2023). Significant 
economic losses are a result of this thermal stress. According to Liu et al. 
(2018), the dairy sector in the US suffers yearly economic losses of over 
$900 million as a result of heat stress. In this challenging context, “One 
Health” framework, which emphasizes the interconnectedness of 
human, animal, and environmental health, various adaptive strategies, 
such as improving housing design, using resilient genotypes, nutritional 
adjustments, and early warning climate models, are being explored to 
mitigate the negative effects of climate change on animal production 
systems (Gherissi et al., 2025).

In this context, we conducted this study to deeply analyze the rela
tionship between the temperature-humidity index (THI) and fertility of 
the dairy cows from different Algerian agroecological environments 
located at the northern Africa. Furthermore, a particular focus on the 
impact of some THI-related factors such as region, and breed genotype 
on dairy cattle fertility were investigated.

2. Material and methods

2.1. Study area

Data was collected from seven different wilaya, Alger (36◦ 45′ 
10.393″ N; 3◦ 2′ 31.373″ E), Annaba (36◦ 53′ 60.00″ N; 7◦ 46′ 0.01″ E), 
Chlef (36◦ 09′ 54.90″ N; 1◦ 20′ 4.27″ E), Batna (35◦ 33′ 21.49″ N; 6◦ 10′ 
26.90″ E), Khenchela (35◦ 26′ 8.99″ N; 7◦ 08′ 35.99″ E), Djelfa (34◦ 40′ 
22.04″ N; 3◦ 15′ 46.80″ E), and Ghardaia (32◦ 29′ 27.38″ N; 3◦ 40′ 24.49″ 

E) (Fig. 1).
The northern wilayas: Annaba, Alger, and Chlef, are situated in the 

east, center, and west and are characterized by the Mediterranean 
climate (classification of Köppen Csa). The average annual rainfall 
ranges between 300 and 1000 mm, and the average annual temperature 
is 18 ◦C. The highland and steppe departments: Batna, Khenchela, and 
Djelfa are dominated by a semi-arid climate (classification of Köppen 
BSk). The annual average temperature is 15.7 ◦C, and the annual rainfall 
is about 400 mm. Finally, Ghardaia department is considered in this 
study as a desert climate (classification of Köppen BWh). The average 
annual temperature is about 22.61 ◦C, and the average rainfall is in the 
order of 81.1 mm (Zeroual et al., 2017; Cherier et al., 2018; Amirouche 
et al., 2021).

2.2. Study design

In this study, we aimed to understand better the changes in repro
ductive performance, including conception rate at the first, second, and 
third artificial insemination and more, overall conception rate, apparent 
fertility index and services per conception, and reproductive period. 
These parameters help to evaluate the real efficiency in the Algerian 
cattle reproduction. The study helps to evaluate the impact of different 
environmental factors and the genotype of cows on the success of the 
breeding, the impact of fluctuation in THI, the season changes, and the 
rearing region. Retrospective cohort research employing 6 years of 
cows’ AI information was collected.

2.3. Data collection

Breeding data were obtained from individual cow registration 
available at the National Center for Artificial Insemination and Genetic 
Improvement (CNIAAG). The Database contains information on the date 
of the first AI, subsequent AI, pregnancy diagnosis, reproductive period, 
estrus type, cows’ identification, cow breed, inseminator, breeders, bull 
name, pregnancy losses, and calving dates. The CNIAAG database un
derwent a structured quality control procedure prior to analysis. Re
cords containing missing essential variables (animal ID, artificial 

Fig. 1. Map of Algeria showing the geographic origins of the studied animals across different Algerian agroecological zones (Beck et al., 2018).
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insemination date, insemination outcome …) or implausible values were 
excluded. Duplicate entries were identified and removed. Values falling 
outside physiological ranges were corrected when recorded by the same 
inseminator or excluded from the dataset.

During the study period (2016-2021) a total number of 40956 AI 
were performed on 24658 cows. They are distributed as follows: 24769; 
13091; and 3096 AI were performed on 15032; 8203; and 1423 dairy 
cows in littoral (humid), semi-arid, and arid regions, respectively. A 
total of 13789, 4091, 7809, and 15267 AI were performed on 8502, 
2548, 4632, and 8976 dairy cows during the period with THI <68; 69- 
71; 72-79; and THI>80, respectively. The study involved a diverse range 
of improved (foreign) breeds, namely indigenous cattle, Prim ‘Holsteins, 
Montbéliarde, crossbred dairy cattle, Brown Swiss, Fleckvieh, 
Normande. These cows underwent artificial insemination (AI) with the 
following respective numbers: 263, 18657, 16511, 2186, 277, 2629, and 
433. The total numbers of cows for each breed were respectively 176, 
11211, 9904, 1444, 166, 1541, and 216.

2.4. Meteorological data

The monthly average of daily data of maximum ambient temperature 
and maximum relative humidity were electronically provided by 
“Weather Underground”, https://www.wunderground.com/history be
tween 2016 and 2021 (Weather Underground, 2016-2021). These data 
were used to calculate the Temperature-Humidity Index (THI) values for 
each AI day. The THI was calculated using the following formula (Eq (1): 
NRC, 1971): 

THI max=(1.8×Max T+32) − (0.55 − 0.0055×H)

× (1.8×Max T − 26) (1) 

T max = maximum ambient temperature in ◦Celsius; H = relative hu
midity in %

THI was combined with breeding parameters by assigning insemi
nation days. To make it easier to see the impact of heat stress and 
conduct statistical research, THI is separated into four classes. 
Comfortable THI< 68, mild heat stress (HS) for THI ranges from 69 to 
71, moderate HS 72 to 79, and severe heat stress for THI>80 (Collier and 
Collier, 2012; Boďo et al., 2022; Hanzen et al., 2024a)

2.5. Dairy cattle fertility indicators

The Conception at First and Second Artificial Insemination (CR1stIA 
and CR2ndAI): calculated as the ratio multiplied by 100 between the 
number of pregnancies obtained after the first and second insemination 
and the total number of animals inseminated at least once for which 
confirmation or non-confirmation of pregnancy has been determined. 
Overall Conception Rate (OCR) as recommended by Souames et al. 
(2015). The Repeat Breeding Cows (RBC) represents the number of cows 
inseminated more than twice divided by the total number of insemi
nated cows. The Apparent Fertility Index (AFI), also known as the total 
number of Services Per Conception (SPC): calculated as the ratio of the 
total number of inseminations carried out on animals confirmed preg
nant by the number of pregnant animals. The Reproductive Period (RP): 
represented by the interval between first-last artificial insemination. 
(Hanzen, 1994; Badinand et al., 2000).

2.6. Statistical analysis

Data were collected using Excel and organized into columns con
taining the following information: date of insemination, daily THI, THI 
classes, number of inseminations per cow, and region as independent 
variables. The results of each insemination were considered as the 
dependent variable. On the other hand, reproductive performance 
metrics, including the reproductive period, overall conception rate, 
conception rate at the first and second artificial insemination, repeat 

breeding cows, fertility index and services per conception, were calcu
lated for each dairy cow and treated as the second group of continuous 
or categorical independent variables. The data were then transferred to 
the SPSS analytical software for multiple analyses.

Using the Chi-square Test, we examined the comparison of insemi
nation results, conception risk, the results of the first and second arti
ficial insemination, and repeat breeding cows with respect to THI 
classes, regions, and breeds. The Kruskal-Wallis analysis of variance (KW 
ANOVA) test was conducted to compare the means of THI scores based 
on months, seasons, and regions, after evaluating the normality of dis
tribution using the Kolmogorov-Smirnov and Shapiro-Wilk tests. Sub
sequently, we used the Kruskal-Wallis test to determine the statistical 
differences in the averages of the reproductive period and apparent 
fertility index according to THI classes, regions, and breeds. Homosce
dasticity was also evaluated through residual diagnostics.

To identify the variables influencing dairy cattle fertility perfor
mances, logistic regression analyses were carried out. It served to assess 
the impact of various independent variables on the likelihood of 
achieving a successful insemination. The general equation for this model 
was expressed as follows: Logit (Y) = α + β1 × X1 + β2 × X2 + … +
βnXn, where Y represents the CR1stAI, CR2ndAI, RBC, and OCR α de
notes the intercept parameter, and β signifies the logistic regression 
coefficients for the explanatory effects (X, the THI, Breeds, and Region) 
incorporated in the statistical model. To account for potential bias due to 
small sample sizes in certain breeds (e.g., Normande and Brown Swiss), 
analyses were repeated using appropriate weighting procedures, which 
did not materially affect the results. Furthermore, the generalized linear 
Model was carried out for SPC and RP: Y1 = B0 + B1Xi + B2 × X2 + … +
BnXn, where Y1 represents the vector SPC and RP, B0 represents the 
intercept. B1, B2, and Bn are the regression coefficients for X1, X2, and 
Xn (the THI, Breeds, and Region). Statistical significance was deter
mined at a threshold of P < 0.05.

3. Results

3.1. Climatological conditions in relation with dairy cattle heat tolerance

Our results (Table 1) showed that the THI is significantly different 
between regions (p < 0.05), with the Littoral (75.09 ± 11.43) and Arid 
(74.80 ± 9.9) regions, belonging to the same group and considered 
stressful regions and semi-arid (69.91 ± 13.68) region is characterized 
by mild heat stress. Furthermore, THI fluctuates significantly with the 
passing of each season. Animals were exposed to mild, moderate, and 
severe HS during spring, autumn, and summer in humid regions. On the 
other hand, in arid regions, this condition of moderate HS persists in the 
spring. Evidently, in semi-arid zones, animals experience heat stress 
during lesser periods, mostly during summer, and mild HS during 
autumn.

The overall monthly THI scores in this study are shown in Fig. 2. The 
animals are generally raised in heat stress during the period between 
May to October, where the THI values exceed 72. The greatest THI was 
recorded in August (87.87 ± 5.43). On the other hand, the THI values do 
not exceed the critical threshold of 72 during the period between 
November to April, and animals can rise in thermal comfort (Minimal in 
January 58.31, Max in April 70.22).

Fig. 2 showed the monthly evolution of THI levels in the three re
gions of the study. In both humid (littoral) and arid regions, the pattern 
of changes in the monthly THI curves is nearly superimposed. Critical 
THI values persist for approximately 7 months (from April to October), 
with higher values ranging from 72 to over 85 during this time interval. 
In the semi-arid region, THI values > 72 are recorded for 5 months 
between months 5 and 9, with values considerably lower than the other 
two regions.
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3.2. Overall reproduction traits of dairy cows

Table 2 presented the reproductive performance of 24657 dairy 
cattle between 2016 and 2021. Mean reproductive parameters were as 
follows: OCR, 25.03%; CR1stIA, 20.45%; CR2ndIA, 21.12%; RBC, 
9.48%; AFI, 1.71 ± 0.835; and RP, 49.90 ± 7.68 days. Reproductive 
traits reached their lowest values in 2020 and 2021. Fertility parameters 
varied significantly across the study period (P < 0.001), with the most 
pronounced declines occurring in 2020 and 2021.

3.3. The THI relationship with dairy cattle fertility

The total number of artificial inseminations recorded for the four THI 
classes; THI <68, 68-71, 72-79, and THI>80 were 13 789, 4 091, 7 809, 
and 15 267, respectively. The reproductive parameters were signifi
cantly (P<0.001) affected by THI classes (Table 3).

The best levels of OCR and CR2ndAI (29.12% and 24.35%, respec
tively) were recorded in the comfortable zone of THI (THI<68). Both 
OCR and CR2ndAI were decreased significantly during mild (THI be
tween 68 and 71), moderate (THI ranges between 72 and 79), and severe 
heat stress (THI>80). The CR1stIA and RBC showed non-significant 
differences in comfortable and mild heat stress zones. However, a 
decrease from 24.50% to 11.55% when THI< 68 to 18.18% and 8.26% 
and to 16.60% and 7.91% is registered for CR1stIA and RBC when THI 

ranges between 72 and 79 and when THI passes 80, respectively.
Similar trends were observed in each year for the period going from 

2016 to 2021. The lowest OCR (11.83%), CR1stIA (11.44%), CR2ndAI 
(2.59%), and RBC (0.67%) were recorded in 2021 when THI exceeded 
80. Inversely, the highest OCR (36.61%), CR1stIA (35.94%), CR2nd AI 
(40.79%), and RBC (21.90%) were obtained in 2016, 2018, and 2017 
respectively, when THI is less than 72.

The AFI increased significantly with THI (P<0.001) from 1.64 when 
THI< 72 to 1.79 when THI ≥72. The years 2017, 2018, and 2019 
registered no significant changes in THI impact on the AFI. The mini
mum and the maximum AFI (1.31 and 1.97) for THI ranges between 68 
and 72 in 2021 and 2019, respectively.

Furthermore, the RP increased from 48 days to 50, 53, and 49 days 
for the following THI classes: <68, 68-72, 72-79, and >80 with non- 
significant changes in the RP between the comfortable zone and mild 
heat stress and between moderate and severe heat stress classes. In 
addition, there were no significant changes in RP with the changes in the 
THI during the years 2018 and 2019. The minimum and the maximum 
RP (34 days and 66 days) for THI, ranging between 68 and 72, were 
recorded in 2016 and 2019, respectively.

The logistic regression analyses indicated a significant effect of THI 
on the predicted probability of obtaining successful insemination, suc
cessful insemination from the first and second AI, and repeat breeding (P 
<0.001), as shown in Table 4. The logistic regression findings show 
accuracies ranging from 54 to 74, suggesting a non-significant variation 
between the comfortable THI zone and mild heat stress, but a significant 
notable difference between comfortable conditions and moderate to 
severe heat stress (P<0.001).

The OCR decreases by 1.2, 22.6 and 25.4% for mild, moderate, and 
severe heat stress on the day of the AI, respectively compared to 
comfortable THI zones. In the same line, the CR1stAI decreases by factors 
0.599 and 0.531 during moderate and severe heat stress compared to 
comfortable zones, inversely, the CR1stAI in cows experiencing mild 
heat stress increased by a factor of 1.04. Furthermore, a decreased 
likelihood of the CR2ndAI of 12.1, 21.6 and 30.4% are registered in cows 
experiencing mild, moderate, and severe heat stress compared to cows in 
comfortable zones. The odds ratio results for THI classes (0.8, 0.705, and 
0.751 for THI ranges between 68 and 71, 72-79, and THI>80, respec
tively). showed that heat stress has a high potential effect on the 
decrease of the RBC.

The results of the linear regression analysis indicated that the SPC is 
dependent on the THI (Table 5). Specifically, for severe heat stress 

Table 1 
Average temperature-humidity index (THI) according to the regions and seasons in Algeria.

Winter Spring Summer Autumn (Mean region) Std. Deviation

Littoral 63.40 71.85 87.86 77.06 75.09a 11.43
Semi-arid 55.58 67.94 85.32 70.55 69.91b 13.68
Arid 63.18 74.21 85.58 76.05 74.80a 9.91
Mean (seasons) 60.02c 70.51d 86.45e 74.13f ​ ​
Std. Deviation 7.39 8.96 5.79 10.09 ​ ​

Note: The values marked with the different letters differ significantly (p < 0.01).

Fig. 2. Overall monthly THI levels in the study region. 
THI value is used to assess heat stress levels in dairy cattle by combining the effects of 
temperature and humidity, THI≥72 is indicative of heat stress affecting animals.

Table 2 
Reproductive traits for Algerian dairy cattle for the period between 2016 and 2021.

Reproductive traits Years *** Mean Values

2016 2017 2018 2019 2020 2021

CR1stAI % 30.16 1452/4814 21.06670/3181 20.63 648/3141 19.05 577/3029 17.64 866/4908 14.84 829/5585 20.45 5042/24658
CR2ndAI% 29.00 975/3362 37.87 951/2511 36.74 916/2493 32.38 794/2452 7.60 307/4042 4.21 200/4755 21.12 4143/19615
RBC% 14.83 354/2387 21.47 335/1560 18.14 286/1577 14.36 238/1658 4.02 150/3735 2.26 103/4555 9.48 1466/15472
OCR % 33.82 2604/7700 32.78 1978/6035 31.06 1813/5837 29.69 1702/5732 18.44 1342/7276 14.60 1223/8376 25.03 10662/40956
AFI 1.58 ± 0.764 a 1.90 ± 0.849 b 1.79 ± 0.792 c 1.87 ± 0.826 b, c 1.53 ± 0.842 e 1.50 ± 0.883 e 1.71 ± 0.835
RP (days) 43.67 ± 63.63 a 48.04 ± 58.34 b 51.51 ± 65.89 b, c 59.40 ± 78.93 d 55.15 ± 80.49 e 43.87 ± 53.57 e 49.90 ± 7.68

Means followed by the same letter are not significantly different (p > 0.05); Statistical significance: P < 0.001 (***); CR1stAI, CR2ndAI: Conception rate at first and 
second AI; RBC: Repeat breeding cows; OCR: Overall conception rate; AFI: Apparent fertility index; RP: Reproductive period.
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conditions with THI>80, there was an observed significant increase of 
0.042 in the SPC. The analysis revealed a significant slope for RP, with 
an increase of 4.896 for 72< THI <79 compared to THI<68.

3.4. Heat stress-related factors impact on fertility

The multiple logistic regression analysis (Table 6) has an accuracy of 
53.6%, indicating significant (P<0.001) effects of the interaction of THI 
classes, regions, and breeds on the success of the first artificial 

insemination. In comparison to the local population (reference class), 
the Prim’Holstein, Montbéliarde Improved dairy cattle, Brown Swiss, 
Fleckveih, and Normande exhibited all a significant decrease (P<0.001) 
in the probability of having successful insemination from the first AI by 
factors of 0.121, 0.11, 0.141, 0.163, 0.134, and 0.13, respectively. 
Additionally, the THI significantly decreased the likelihood by factors of 
0.551 and 0.688 for THI levels causing moderate or severe heat stress, 
respectively. Furthermore, a significant regional effect is registered, 
where the likelihood is increased by 80.8% in arid areas and decreases 
by 22.9% in semi-arid areas compared to littoral areas.

The regression analysis (Table 7) indicates a positive slope with a 
significant (P < 0.001) increase in SPC with THI and related factors 
(breeds and region). The results revealed that the SPC is a function of 
THI, breeds, and agroecological regions. Specifically, the results suggest 
that different breeds, THI and regions correspond to an increase in the 
SCP. An increase of 0.268, 0.288, 0.166, 0.36, and 0.553 in SPC for the 
Prim’Holstein, Montbéliarde, Brown Swiss, Fleckvieh, and Normande, 
respectively, compared to local breeds. An increase of 0.06 and 0.076 in 
moderate and severe heat stress conditions. Moreover, there was an 
increase of 0.005 and 0.349 in the semi-arid and arid regions.

4. Discussion

This study was started because of widespread acknowledgment of the 
low reproductive performance in Algerian cattle. The main objective of 
this study was to thoroughly evaluate the several factors that caused this 
problem. The study focused precisely on the environmental circum
stances, including the Temperature-Humidity Index (THI), the agro
ecological region, and the breeds. The research aims to suggest more 
information on the issues affecting Algerian cow reproductive 
performance.

The surface temperature of the earth is expected to increase by 1.5 ◦C 
between 2030 and 2052, according to the Intergovernmental Panel on 
Climate Change (IPCC, 2021), and severe heat waves and droughts are 
suspected (Rajamanickam et al., 2022). Algeria's temperature ascended 
by 1.5 to 2 ◦C, twice more than the global average. Future predictions 
indicate continued desert expansion across Algeria (Zeroual et al., 2019; 
Yerou et al., 2021), accompanied by progressive and substantial 
warming throughout the 21st century. Abed (2021) demonstrated that 
minimum temperatures will increase by 2.4 ◦C in the near future 
(2011–2040), 2.4–4.0 ◦C by mid-century (2041–2070), and 3.6–5 ◦C by 
late century (2071–2100). Maximum temperature increases will be 
more pronounced, ranging from 3.6 to 5.0 ◦C by the 2050s and esca
lating to 5–8 ◦C by the 2080s, representing a 2–3-fold intensification 
relative to earlier periods. These projections indicate that Algeria will 
experience unprecedented super- and ultra-extreme heatwave condi
tions, with temperatures potentially exceeding 56 ◦C and events per
sisting for several weeks (Zittis et al., 2021).

The results showed a level of 20.45%, 21.12%, and 25.03% for 
CR1stAI, CR2ndAI, and OCR, respectively. These values were less than 
the recommended objectives by Hanzen (2009). CR1stAI was lower than 
those obtained in previous studies conducted in semi-arid and northern 
Algeria by Ferag et al. (2024a, 2025) on imported dairy cattle (Prim’
Holstein and Montbéliarde) and local cattle, by Mouffok et al. (2019) on 
Holstein and Montbéliarde, Souames and Berrama, 2020 on improved 
dairy cattle, and Haou et al. (2021) in northeast Algeria. CR was lower 
than the observation by Ferag et al. (2024a). These changes could be 
related to the number of studied animals, to the distribution of the an
imals in different agro-ecological regions, to the studied breeds, and 
further to the period of the conducted study. Where in the current study, 
we are studying a higher number of animals breeds during longer pe
riods. The changes in the reproductive performances between animal 
breeds are generally due to their productive performance.

The analysis showed a significant effect of THI levels on the repro
ductive performances, including CR1st AI, CR2nd AI, and OCR. A 
decrease was registered when THI arrives at the moderate levels of HS or 

Table 3 
Reproductive traits in Algerian dairy cattle according to the THI during the study 
period (2016-2021).

THI***

<68 68-71 72-79 >80

CR1stAI 
(%)

2016 32.99 35.94 30.63 25.13
2017 25.54 22.39 17.34 18.35
2018 23.75 23.10 18.55 17.38
2019 22.24 20.61 16.19 16.59
2020 24.24 20.03 14.07 13.07
2021 17.89 19.81 12.67 11.44
Total 24.50 24.57 18.18 16.60

CR2ndAI 
(%)

2016 31.81 31.39 26.74 26.94
2017 38.97 34.13 36.83 38.15
2018 40.79 36.63 34.16 33.69
2019 31.90 34.13 35.68 30.84
2020 12.46 10.32 7.65 3.41
2021 5.06 7.72 4.13 2.59
Total 24.35 22.16 19.79 18.76

RBC (%) 2016 15.73 13.77 15.33 14.11
2017 21.81 21.90 20.46 21.53
2018 20.36 13.29 18.87 16.76
2019 17.45 18.25 6.71 13.89
2020 6.00 9.86 4.20 1.24
2021 3.51 6.21 1.40 0.67
Total 11.55 11.56 8.26 7.91

OCR (%) 2016 35.38 36.61 34.77 31.30
2017 35.52 30.75 29.48 32.17
2018 33.35 34.09 27.80 29.29
2019 32.17 34.46 29.96 27.07
2020 23.68 23.26 16.34 14.13
2021 16.63 18.59 14.67 11.83
Total 29.12 26.87 24.13 23.46

AFI 2016 1.44 ±
0.682 a

1.44 ± 0.715 
a

1.6 ±
0.758 b

1.73 ±
0.823 c

2017 1.83 ±
0.819 a

1.85 ± 0.906 
a, b

1.96 ±
0.848 b, d

1.96 ±
0.86 c, d

2018 1.79 ±
0.803 a

1.89 ± 0.84 a 1.83 ±
0.797 a

1.86 ±
0.755 a

2019 1.86 ±
0.832 a

1.97 ± 0.972 
a

1.89 ±
0.83 a

1.85 ±
0.76 a

2020 1.42 ±
0.753 a

1.51 ± 0.836 
a, b

1.64 ±
0.898 b

1.6 ±
0.901 b

2021 1.32 ±
0.658 a

1.31 ± 0.643 
a

1.77 ±
1.041 b

1.63 ±
1.015 c

Total 1.64 ±
0.795 a

1.64 ± 0.851 
a

1.76 ±
0.859 b

1.79 ±
0.852 b

RP (days) 2016 40.75 ±
61.415 a, b

34.66 ±
48.972 a

48.59 ±
75.969 b

47.06 ±
62.494 c

2017 47.31 ±
60.95 a

56.54 ±
68.131 a

46.64 ±
46.585 a

47.38 ±
57.618 a

2018 48.44 ±
64.46 a

50.56 ±
62.648 a

57.52 ±
76.277 a

52.19 ±
61.9 a

2019 60.68 ±
84.391 a

66.14 ±
105.325 a

56.28 ±
83.404 a

57.77 ±
60.649 a

2020 52.46 ±
85.208 a

60.57 ±
84.446 b

59.89 ±
78.321 b

52.55 ±
74.214 b

2021 40.31 ±
60.462 a

43.21 ±
53.889 a, b

50.85 
58.475 b

43.39 ±
43.957 b

Total 48.27 ±
70.288 a

50.15 ±
71.572 a

53.17 ±
72.198 b

49.79 ±
60.878 b

Means followed by the same letter are not significantly different (p > 0.05). 
Statistical significance: P < 0.001 (***); CR1stAI, CR2ndAI: Conception rate at 
first and second AI; RBC: Repeat breeding cows; OCR: Overall Conception Rate; 
AFI: Apparent Fertility Index; RP: Reproductive Period.
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severe levels. For CR1stAI decreased by 40.1% and 46.9% for moderate 
and severe HS, respectively. A similar incidence of heat stress was re
ported in Algerian cattle by Ferag et al. (2024a, 2025), and in a Tunisian 

dairy herd by Djelailia et al. (2020) with a decrease in CR1stAI of 1.39% 
for each point increase in the THI value above 67. a decrease of 1.2% in 
CR1stAI for each point increase in THI values between 56 and 78 (Ben 

Table 4 
Simple logistic Regression of Overall Conception Risk OCR (%) and Conception Rate at First CR1stAI (%) Second (CR2ndAI) artificial insemination, and Repeat Breeding 
Cows (RBC) with the THI.

THI χ2 Prediction % B S.E. Sig. OR 95% CI

CR1stAI % <68 0.000 60.9 ​ ​ 0.000 ​ ​
68-71 0.039 0.063 0.533 1.04 0.919 - 1.177
72-79 − 0.512 0.052 0.000 0.599 0.541 - 0.664
>80 − 0.633 0.043 0.000 0.531 0.488 - 0.578
Constant − 0.128 0.03 0.000 0.88 ​

CR2ndAI % <68 0.000 53.9 ​ ​ 0.000 ​ ​
68-71 − 0.13 0.078 0.095 0.879 0.754 - 1.023
72-79 − 0.243 0.062 0.000 0.784 0.694 - 0.886
>80 − 0.363 0.051 0.000 0.696 0.629 - 0.769
Constant 0.12 0.037 0.001 1.128 ​

RBC % <68 0.000 54.5 ​ ​ 0.001 ​ ​
68-71 − 0.223 0.119 0.061 0.8 0.633 - 1.01
72-79 − 0.35 0.103 0.001 0.705 0.577 - 0.862
>80 − 0.287 0.086 0.001 0.751 0.635 - 0.888
Constant 0.034 0.06 0.567 1.035 ​

OCR % <68 0.000 74 ​ 0.000 ​ ​
68-71 − 0.012 0.039 0.758 0.988 0.915 - 1.067
72-79 − 0.256 0.032 0.000 0.774 0.726 - 0.825
>80 − 0.293 0.027 0.000 0.746 0.708 - 0.786
Constant − 0.89 0.019 0.000 0.411 ​

χ2: Chi-square statistic, Prediction %: Percentage of correctly predicted cases by the model, B: Regression coefficient (log-odds), S.E.: Standard Error of the coefficient, 
Sig: p-value of the coefficient, OR: Odds Ratio (Exp(B)) – effect size of the predictor on the odds, 95% CI: 95% Confidence Interval of the Odds Ratio.

Table 5 
Simple linear regression of Reproduction Period RP (days) and Services per Conception (SPC) with the THI.

B S.E. Beta T Sig. R2 95% CI

RP Constant 48.275 0.880 ​ 54.879 0.000 0.000 46.551 - 49.999
THI <68 Reference ​ ​ ​ ​ ​

68-71 1.875 1.837 0.009 1.021 0.307 − 1.726 - 5.476
72-79 4.896 1.520 0.028 3.221 0.001 1.917 - 7.875
>80 1.520 1.255 0.011 1.211 0.226 − 0.940 - 3.979

SPC (Constant) 1.694 0.013 ​ 131.688 0.000 0.001 1.669 - 1.720
THI <68 Reference ​ ​ ​ ​ ​

68-71 − 0.022 0.027 − 0.008 − 0.800 0.424 − 0.075 - 0.0031
72-79 0.041 0.023 0.019 1.754 0.079 − 0.005 - 0.087
>80 0.042 0.019 0.023 2.181 0.029 0.004 - 0.080

B: Regression coefficient, S.E.: Standard error, Beta: standardized regression coefficient, t: t-statistic. Sig: Significance (p-value), R2: Coefficient of determination, 
CI95%: 95% Confidence Interval, RP: reproductive period; SPC: services per conception; THI: Temperature Humidity Index.

Table 6 
Logistic regressions of CR1stAI (%) with THI and related-THI factors (region, breed) in Algerian dairy cattle during the study period (2016-2021).

Prediction B S.E. OR 95%CI Sig.

Constant ​ 2.069 0.267 7.92 ​ 0.000

​ Local 53.6% Reference 0.000
​ Prim'Holstein − 2.111 0.268 0.121 0.072 -0.205 0.000
​ Montbéliarde − 2.203 0.268 0.111 0.065 -0.187 0.000
Breeds Improved dairy cattle − 1.959 0.276 0.141 0.083 - 0.239 0.000
​ Brown Swiss − 1.812 0.357 0.163 0.093 - 0.28728 0.000
​ Fleckvieh − 2.007 0.277 0.134 0.079 -0.227 0.000
​ Normande − 2.041 0.347 0.13 0.13 - 0.225 0.000

​ <68 ​ Reference 0.000
​ 68-71 0.061 0.038 1.063 1.063 - 0.986 0.11
THI 72-79 − 0.551 0.031 0.577 0.577 - 0.542 0.000
​ >80 − 0.688 0.026 0.503 0.503 - 0.478 0.000

​ Littoral ​ Reference 0.000
Region Semi-Arid − 0.26 0.025 0.771 0.735 - 0.809 0.000
​ Arid 0.592 0.055 1.808 1.624 - 2.012 0.000

B: Regression coefficient (log-odds), S.E.: Standard Error of the coefficient, Sig: p-value of the coefficient, OR: Odds Ratio (Exp(B)) – effect size of the predictor on the 
odds, 95% CI: 95% Confidence Interval of the Odds Ratio.
B: Bias, S.E.: Standard error, Sig: significance, Odds Ratio: Likelihood.
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Salem and Bouraoui, 2009). Furthermore, the hot season declined 
CR1stAI three times more than the cold season (Kananub et al., 2018; 
Souames and Berrama, 2020; Fathoni et al., 2022). Low CR1stAI might 
result in longer days open, more inseminations, reproductive assistance, 
culling, replacement heifers, feeding, and more financial loss, which can 
reach 622.40$ (Kim and Jeong, 2019).

The OCR decreased by 22.4% and 24.5% for moderate and severe 
HS, respectively. This aligns with previous research that noted a 
decrease in CR with increasing THI levels, with declines ranging from 
1.2% (Ooi et al., 2023), 1.74% (Rolando et al., 2022), or 15% (Shi et al., 
2021), and even more important reductions of 50% in Sahiwal cows 
(Parveen et al., 2022) and 50.12% - 61% in Holstein (Rhoads, 2020) 
with increasing THI values. A significant decrease in CR when the THI 
>72 (Ferag et al., 2024a). The CR2ndAI decreased by 21.6% and 30.4%. 
Copley et al. (2022) claimed that an increased chronic heat load in the 
period surrounding conception will reduce the proportion of females 
that are pregnant. Heat stress's impact on CR is attributed to compro
mised ovarian activity postpartum, quiet ovulation, and anestrus 
(Damarany, 2020). As it is found, cows exposed to higher THI are less 
likely to conceive, attributed to elevated body temperature reducing 
uterine blood flow, nutrient availability, and hormone levels, thereby 
altering the follicular microenvironment and impeding sperm fertiliza
tion and embryo development (El-Sherief et al., 2022; Parveen et al., 
2022). Moreover, heat stress affects dry matter intake and may exacer
bate negative energy balance, impacting oocyte development, uterine 
synchronization, conception, fertilization, and embryo development, 
leading to adverse outcomes such as abortion, anestrus, and repeat 
breeding (Parveen et al., 2022).

Furthermore, CR1stAI was affected by the interacting effect of heat 
stress (HS) and HS-related factors, including the agro-ecological region 
and the breed. The imported and improved dairy cattle were compared 
to local dairy cattle (OR< 0.2), showing that the local population 
showed superior and noticeably greater reproductive performance rates 
compared to other breeds. This result aligns with the findings by our 
recent study showing the differences in the CR1stAI between breeds 
(Ferag et al., 2024b). Furthermore, CR1stAI decreased in semi-arid areas 
(OR = 0.771). Although the semi-arid areas offer a more comfortable 
and less stressful environment to the animals, the humid and arid areas 
experienced extended periods of exposure to HS compared to the 
semi-arid areas. Contradictory results were obtained in a previous study 
that showed that animals (Prim’Holstein and Montbéliarde, local) 
reared in semi-arid areas had higher CR1stAI levels (Ferag et al., 2024a, 
2025). Anyways, this fertility pattern aligns with previous findings in 
Holstein cattle in both northern (Littoral) and arid regions of Algeria 
(Merdaci and Chemmam, 2016; Ouarfli and Chehma, 2018; Ferag et al., 

2024a, 2025) and highlights the link between reproductive performance 
and environmental factors across different agroecological regions (Khan 
et al., 2023; Mouffok et al., 2019; Haou et al., 2021; Eulmi et al., 2023; 
Ferag et al., 2024a, 2025). High temperatures and humidity disrupt 
estrous cycles, lower conception rates, and affect embryo development 
and uterine conditions (Djelailia et al., 2020; Kasimanickam and Kasi
manickam, 2021; Nanas et al., 2021; Parveen et al., 2022; Khan et al., 
2023; Rodríguez-Godina et al., 2024). Additionally, climate conditions 
affect forage quality (Hart et al., 2022; Cooke et al., 2023; Tamboli et al., 
2023) and availability (Cooke et al., 2023; Tamboli et al., 2023) directly 
influence nutrition and body condition score, impacting reproductive 
health (Tamboli et al., 2023). Water scarcity compounds these chal
lenges (Broucek et al., 2019; Assan, 2022; Singh et al., 2021), affecting 
hydration critical for metabolic processes and thermoregulation (Assan, 
2022). Disease and parasite pressures vary geographically (Haymanot 
and Kaba, 2022; Eulmi et al., 2023), with particularly high prevalence 
and parasitic intensity observed in littoral region (Meguini et al., 2021) 
further compromising fertility.

The overall RBC was 9.48%. This was within the range of 10% to 
24% mentioned by Hanzen (2009). Our results were higher than the 
previous findings by Mouffok et al. (2019) of 6.9% in a semi-arid area. A 
significant decrease in RBC rate with THI was registered. Further, the 
average AFI was 1.71 ± 0.835, which is lower than the higher limit 
threshold (Hanzen, 2009). The AFI was found to be affected by THI, an 
increase from 1.64 to 1.79 for THI< 68 to THI> 80. With SPC increased 
by 0.042 points with THI increasing from 68 to >80. Previous studies 
showed increased insemination frequency coupled with decreased 
fertility as THI reaches stressful levels (Djelailia et al., 2020; Ouarfli and 
Chehma, 2018; Ferag et al., 2024a, 2025). Pregnancy per service was 
lower with lower levels of THI (Djelailia et al., 2020), and the number of 
services per conception increased from 2.44 to 3.02 with an increase in 
THI from 58 to 80 (Gaafar et al., 2011). The SPC increased by 0.007 
points for each point increased in THI over 68 (Ferag et al., 2025).

The HS and HS-related factors negatively affected SPC, with an in
crease in the SPC with higher THI recorded, but also, imported and 
improved dairy cattle registered higher SPC than the local breeds. 
Research by Toledo-Alvarado et al. (2017) and Allouche et al. (2018)
showed a variation in the fertility and the number of AI among breeds. 
The production of milk may be the cause of these striking modifications 
in reproductive function, where the high milk production causes delayed 
ovulation and reduced fertility (Halakoo et al., 2023), and low milk 
production cows are having less metabolic disorder and improved 
reproductive health (Chacha et al., 2022). Additionally, areas with 
higher THI with extended periods of high THI negatively impacted SPC. 
Where there is an increase of 0.349 points in SPC in arid areas compared 

Table 7 
Linear regressions of SPC with THI and related-THI factors (region, breed) in Algerian dairy cattle during the study period (2016-2021).

B S.E. Beta T Sig. R2 95%CI

Constant 1.385 0.07 ​ 19.719 0.000 0.022 1.248 - 1.523

​ Local Reference ​ ​ ​
​ Prim'Holstein 0.268 0.07 0.149 3.81 0.000 ​ 0.13 - 0.406
​ Montbéliarde 0.288 0.07 0.169 4.095 0.000 ​ 0.15 - 0.425
Breeds Improved dairy cattle 0.085 0.072 0.027 1.187 0.235 ​ − 0.056 - 0.226
​ Brown Swiss 0.166 0.083 0.021 2.008 0.045 ​ 0.004 - 0.328
​ Fleckvieh 0.36 0.071 0.15 5.074 0.000 ​ 0.221 - 0.5
​ Normande 0.553 0.076 0.104 7.284 0.000 ​ 0.404 - 0.702

​ <68 Reference ​ ​ ​
​ 68-71 − 0.037 0.016 − 0.014 − 2.294 0.022 ​ − 0.069 - 0.005
THI 72-79 0.06 0.014 0.027 4.351 0.000 ​ 0.033 - 0.087
​ >80 0.075 0.011 0.042 6.528 0.000 ​ 0.052 - 0.097

​ Littoral Reference ​ ​ ​
Region Semi-Arid 0.005 0.011 0.003 0.492 0.623 ​ − 0.016 - 0.027
​ Arid 0.349 0.02 0.103 17.54 0.000 ​ 0.31 - 0.388

B: Regression coefficient, S.E.: Standard error, Beta: standardized regression coefficient, t: t-statistic. Sig: Significance (p-value), R2: Coefficient of determination, 
CI95%: 95% Confidence.
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to littoral areas. A recent study showed the long-term consequences of 
prolonged thermal stress on bovine fertility (El-Bakly et al., 2023). The 
detrimental effects of high THI levels and heat stress-related factors on 
SPC are primarily attributed to reduced intrauterine blood circulation 
resulting from increased uterine temperature (Siatka et al., 2017).

A period of 50 days was registered as the RP for the studied animals, 
similar to a previous study by Ferag et al. (2024a), exceeding findings 
from previous studies in Algeria (Akkou et al., 2022; Haou et al., 2021), 
but shorter than reported by Miroud et al. (2014). The RP was found to 
change and be affected by THI levels. An increase of 4.896 days 
increased THI to 72-79. This prolonged RP is related to an increased 
number of services per conception and extended inter-service periods 
(Sammad et al., 2020; Shi et al., 2021; Fathoni et al., 2022; Tadesse 
et al., 2022), particularly due to reduced estrus detection efficiency and 
impaired follicular development (Guinn et al., 2019; Shi et al., 2021; 
Tadesse et al., 2022).

Heat stress affects cows' fertility; the heat stress alters estrus detec
tion, endometrial welfare, and uterine secretory activity. Heat stress had 
an impact on ovarian follicular dynamics, suppressing the dominance of 
large follicles and smaller follicular size and altering oviductal function. 
Furthermore, it affected embryo development and implantation, em
bryonic survival, and oocyte quality. Heat stress led to hormonal im
balances, a drop in serum estradiol concentration, decreased plasma 
concentration of LH, and alterations in progesterone secretion (Baruselli 
et al., 2020; El-Sheikh Ali et al., 2020; Abdelnour et al., 2020; Sammad 
et al., 2020; Rahmoun et al., 2020; Singh et al., 2021; Kawano et al., 
2022; Hanzen et al., 2025). Furthermore, heat stress causes uterine 
disease, including retained placenta and post-partum metritis, that 
negatively affects the cow's fertility (Nguyen-Kien et al., 2017; Molinari 
et al., 2023).

Heat stress affects ovarian function and reproduction not only 
through direct physiological pathways, but also indirectly via energy 
deficit and metabolic disturbances (Ishida et al., 2024; Hanzen et al., 
2024b). These metabolic challenges arise from decreased appetite and 
reduce dry matter intake (DMI) in response to elevated temperatures 
(Chen et al., 2024). High-producing European breeds are particularly 
vulnerable to such energy deficits, especially during early lactation 
when demands for milk production and reproduction compete for 
limited metabolic resources (Chacha et al., 2022; Halakoo et al., 2023). 
Furthermore, heat-induced fertility decline extends beyond 
female-specific factors. Male reproductive performance is also compro
mised, manifesting as reduced libido in natural breeding systems and 
diminished sperm quality. Notably, impaired sperm cryotolerance rep
resents a particularly problematic consequence, as deteriorated semen 
quality suitable for freezing and preservation can extend fertility prob
lems beyond periods of elevated THI, thereby prolonging the repro
ductive impact of heat stress events (Llamas-Luceño et al., 2020; Capela 
et al., 2022; Khan et al., 2023).

The reproductive performances were the lowest during the period 
from 2019 to 2021, as evidenced by the highest levels of CR1st and OCR 
that were registered in 2016 and in 2017 for CR2ndAI, and the lowest 
levels were registered between 2019 and 2021, especially in 2021, 
which coincides with the COVID period. This could be related to the 
limited activity of inseminators and breeders during this period.

Earlier research mentioned that the activity during the COVID period 
was limited, with a lack of data collection during this period due to 
sanitary reasons advocating for the farmer to receive no visits on his 
farm (David, 2021). Therefore, documentation registered a continuous 
decline in reproductive performance over time (Sammad et al., 2020).

5. Conclusion

The present study, conducted in North Africa, a region seriously 
threatened by climate change and experiencing significant climatolog
ical variations in recent years, has demonstrated the high negative 
impact of heat stress and related factors on the fertility of dairy cows in 

Algeria. Reproductive parameters were notably altered when the 
temperature-humidity index (THI) exceeded 72. Agroecological differ
ences also influenced fertility, with the indigenous cattle breed “Atlas 
brown” showing superior reproductive performance. The findings un
derscore the need to strengthen adaptation and mitigation strategies, 
promote smart reproductive practices, and ensure quality nutrition and 
housing during heat stress periods, especially for sensitive breeds. Ge
netic improvement is essential to boost heat stress resilience. The study 
emphasizes the critical importance of integrating climate change con
siderations into dairy cattle breeding policies and development plans.
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puerpérales et du postpartum chez la vache laitière et chez la vache viandeuse. https 
://hdl.handle.net/2268/142129.
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