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ABSTRACT 
Background: In the current conditions of Cuba, the most appropriate measure is not daily milk 

production per se, but the sum of all the cows present at any given time in a specific herd, i.e., the 

total milk production, which requires a particular analysis. Aims. To develop a methodology to 

evaluate the productivity of the total number of animals in 30 dairy herds under the conditions in 

the south of Pinar del Rio Province, Cuba. Methods: Several weighted mixed linear models were 

used to estimate the response curves of the dependent variables over time and the level of 

environment represented by THI. Results: The analyses showed that between 2018 and 2014, 

daily milk production (DMP) decreased by -15.9%; milk production per hectare by -39.1%, and 

the percentage of cows in milking (CM) by -17.5%. The total number of inseminations and 

monthly pregnancies decreased by -20.0% and -5.9%, respectively, and showed negative 

relationships with all classical variables used to measure overall productivity. At the same time, 

the effects of heat stress depressed DMP by -13.4%. It was found that for every 1% increase in 

CM, the herd's DMP increased by +2.2%. Conclusions: An antagonism was found between 

reproductive performance, milk production, and heat stress; it is suggested to apply these 

statistical procedures to identify limiting factors of the overall productivity of dairy herds. 

Keywords:  Reproductive performance, climate stress, milk production, dairy herds (Source: 

AGROVOC) 
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INTRODUCTION 

To mitigate the issue of milk production in Cuba, it has become a common belief that increasing 

the daily milk production per cow (DMP) could be a way to improve the activity. However, 

higher DMP may be a necessary condition but not sufficient in a low-input production system, 

which characterizes the country's livestock activity. DMP is the result of the interaction of 

multiple factors related to the cow's physiology, the surrounding environment, and the human 

factor trying to obtain the final product. When DMP data is studied using an individual analytical 

approach, multiple causes affecting the results are identified, such as environmental variations 

(year, calving season, herd, etc.) and genetic factors (variances and covariances between traits of 

economic interest), which make it possible to influence those factors with positive or negative 

effects. However, when considering the entire herd of animals, all these effects act together and 

overlap, requiring other analyses to explain the results and optimize the process to increase the 

DMP of all cows in the herd.  

In this scenario, the component cow population structure is introduced, differentiating from those 

that have a direct contribution to the total milk volume (TMV), i.e., the number of cows in 

milking (CM), total area available for the total cows in the herd (TCH), requiring a multivariate 

approach of the principal component type (PCA) that allows extracting the maximum of the 

(co)variance structure between the original variables (Hair et al., 2009). A similar procedure was 

applied to data from some companies under Cuban conditions, in milk production (Torres et al., 

2008; Martínez-Melo et al., 2011) and reproductive performance (Bertot Valdés et al., 2008).  

These investigations did not consider the impact of heat stress effects on animal production even 

though there is a consensus on them. In this regard, during 2022, the annual average temperature 

exceeded the historical average of the period 1961-1990 (25.5°C) by 0.88°C (Fonseca et al., 

2023), which may induce additional depressive effects on dairy cattle, whose first evidence was 

published by Domínguez et al. (2015), showing a correlation of -0.72 between a combined 

temperature and humidity index (THI) and daily milk production in Havana province.  

In this paper, an analytical procedure will be applied to the productivity of the entire dairy herd to 

evaluate its results in productive, reproductive performance and the effect of THI.  

 

MATERIALS AND METHODS 

The available data corresponds to 30 dairy herds from a company in the south of Pinar del Rio, 

with Siboney de Cuba animals between January 2014 and December 2018. The following 

indicators were considered: 

Number of total cows (NTC) = total number of cows present in the herd each month. 

Percentage of cows in milking (PCM) = (number of cows in milking/number of total cows) *100.  

Stocking rate (SR) = NTC/total area of the herd. This data was grouped into three categories (low 

with less than 0.9 animal/ha, medium between 0.9 and 1.1 animals/ha, and high for more than 1.1 
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animals/ha). Total monthly milk production (TMMP) = Sum of the daily production of all cows 

in milking each calendar month.  

Daily milk production (DMP) = TMMP/number of calendar days in the month.  

Monthly milk production per hectare (MMPH) = TMMP/total area of the herd. 

At the same time, to evaluate the monthly reproductive activity of each herd, the number of 

inseminations and gestations performed was recorded.  This company is located 5 km from an 

official meteorological station, which provided the monthly averages of relative humidity (RH) 

and maximum, minimum, and mean temperature (T), combined into a THI index according to 

NRC (1971):  

THI = [(1.8 x T + 32) - (0.55 + (0.0055 x RH) x (1.8 x T - 26))] 

 

Where T and RH were defined previously. 

For the analysis of these data, several mixed linear models were applied, weighting each record 

by the total number of cows and considering random effects of the dairy farm (30 classes) and the 

fixed effects of stocking rate (3 classes); year (5 classes); month (12 classes) and THI level (12 

classes) as well as their interactions, to represent the response curves of the dependent variables 

over time and the environment level represented by THI.  

RESULTS AND DISCUSSION 

Table 1 shows the general indicators of the studied variables. 

Table 1. General Information on the Structure and Productivity of 30 Dairy Herds in Pinar del Rio 

(indicator range in parentheses) 
Indicator Quadratic Minimum Constant 

Total number of cows per dairy farm 127.1 (43 - 212) 

Number of cows in milking 54.1 (13 - 118) 

Percentage of cows in milking (PCM) 42.8 (13.9 - 97.5) 

Number of hectares per dairy farm 125.3 (86.6 - 161.1) 

Stocking rate (LLU/ha) 1.02 (0.7 - 1.8) 

Total monthly milk production per dairy farm (kg) 11 985 (1 344 - 80 617) 

Total monthly milk production (kg) 394 (44 - 2 650) 

Daily milk production (kg) 6.8 (1.1 - 23.9) 

Monthly milk production per hectare (kg) 94.6 (12.4 - 594.1) 

Total number of monthly inseminations 16.2 (1 - 54) 

Total number of monthly pregnancies 6.5 (1 - 29) 

Average temperature (°C) 25.3 (21 - 28) 

Average humidity (%) 79.9 (71 - 87) 

THI 83.7 (77 - 89) 

 

An analysis of the quadratic minimum constants of the dependent variables globally (Table 1), 

shows a lot of redundant information, which needs to be studied to identify the intensity and 

direction of some common factors describing variations in the total productivity expression of the 

herds.  
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The analyses showed highly significant differences (p<0.001) for all the studied variables. The 

determination coefficients of the models ranged from 79% to 83% for those events related to milk 

production and from 31% to 37% for reproductive events. A negative trend was evidenced in the 

average productivity results, as well as in the structure of the cow population and reproductive 

indicators (Table 2).  

Table 2. Effect of the Year on the Studied Variables* 

Year 
Milk Production (kg) Reproduction 

Cow/day Total/day Total/month Per ha Total Milking cows AI Pregnancies 

2014 7.73a 461.8a 14 050a 124.7a 134.1a 50.36a 16.5a 6.7a 

2015 6.57b 396.5c 12 063b 98.5b 134.1a 45.60a 14.3b 6.2a 

2016 7.46a 501.8b 15 267a 110.6a 132.6a 41.49b 22.1c 7.2b 

2017 6.75b 380.9c 11 589c 92.3b 120.1b 43.31c 13.6b 4.9c 

2018 6.49b 326.4d 9 930d 76.0c 111.9c 41.41b 13.2b 6.3a 

Response 

(%) 
-15.9 -29.3 -29.3 -39.1 -17.8 -17.2 -20.0 -5.9 

*Values with different subscripts differ significantly (p<0.001). 

 

 

Figures 1 and 2 show the quadratic minimum constants of the THI effects on DMP and the 

percentage of cows in milking. Generally, these two figures represent typical seasonal curves 

characterizing animal production in tropical countries, with low-input production systems, where 

the summer's peak heat period overlaps with higher precipitation, greater availability of pastures, 

and increased milk production.  

The results indicated that the highest THI values, between May and August, correspond to the 

highest daily milk productions.  

 

Figure 1. Effects of THI Level on Daily Milk Production 

 

 

The relationships between the percentage of cows in milking and THI level show a marked 

deterioration throughout the time period, although the response pattern is very similar to DMP. 
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Figure 2. THI Values and Percentage of Cows in Milking 

 

 

It is obvious that this reality should be taken advantage of, and in this sense, there are studies 

recommending the use of a calving season system, whose benefits will be reflected in 

productivity increases in dairy herds in Cuba (Soto Senra et al., 2020; Horrach Junco et al., 

2020). Although this alternative can produce significant productive and economic benefits, it is 

not without some medium-term risks that it should be considered, especially during the summer 

season due to heat stress (Valdivia-Cruz et al., 2021; Enríquez and Álvarez, 2020). The impacts 

on milk production due to heat stress are consistent with evidence in other regions of Latin 

America, in Holstein herds in Brazil (Menéndez-Buxadera et al., 2020), Panama (Guerra et al., 

2019), and Peru (Menéndez-Buxadera et al., 2022; Galván et al., 2023). Regarding the effects of 

heat stress on the reproductive activity of cattle, similar trends have been indicated by Silva et al. 

(2023); Stefanska et al. (2024). 

There are reasonable arguments suggesting confusion in interpreting this environmental 

relationship of higher DMP levels and the hottest summer months, due to some compensatory 

behavior partially expressed in milk production levels.  To have a preliminary and very partial 

view of this question, based on the available data, the quadratic minimum constants of the 

interaction effects stocking rate-THI on DMP were estimated, adjusted for dairy farm effects 

(random) and year-month effects (coefficient of determination of the model R²=75.4%), the 

results are shown in Figure 3. 
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Figure 3. Effect of stocking rate-THI Interaction on Daily Milk Production 

 

 

These results indicated that there is a comfort zone at THI≤83 within which DMP shows some 

highs and lows, although the overall response is quite stable, so the effects of THI can be 

considered practically null. However, from THI=83 there is a sharp change in trend in the three 

stocking rates, starting a heat stress zone where the response curve was frankly negative up to 

THI≤89. The potential losses in milk production of each dairy farm can be estimated using the 

same approach originally developed by Ravagnolo and Misztal (2000) with the so-called broken 

line model. These authors suggested expressing the results as deviation (d) from the level at the 

point of trend change, in our case at THI=83: 

 

 

In this study, d takes values between 0 and 6, and the regression analysis showed that d = -

0.152±0.027/kg for each level of THI (R² of the model=87.2%), estimated very close to the -

0.2kg/THI published by Ravagnolo et al. (2000) with a large database of individual Holstein 

animals in the United States. This negative effect must be considered multiplicative, so the 

overall losses related to heat stress can be inferred if it is considered that, in the database, 56.1% 

of the results are obtained during this heat stress zone. At the dairy farm level, the total impact 

equals 6 x -0.152 = -0.912 kg, representing a loss of -13.4% of the daily milk production per cow 

(Table 1).  

The aforementioned implies that even when considering a global analysis, the antagonism 

between heat stress and milk production is a real effect and should be taken into account. To 

identify the importance of PCM (Percentage of Cows in Milking) on milk production levels, a 

mixed linear model similar to the previously described one was used, incorporating this variable 

    d = 0 for THI<=83 comfort zone. 

  d =THI - 83 heat stress zone. 
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as a fixed covariable. The determination coefficients of these models ranged from 79% for DMP 

to nearly 82% for MPH and TCP. The results indicated that for every 1% increase in cows in 

milking, milk production per cow increases by +4.6%, and total milk production increases by 

+2.2%, values very similar to those obtained two decades ago in 19 dairy units in Havana 

province (Menéndez-Buxadera et al., 2004).  

CONCLUSIONS 

An antagonism was found between reproductive performance, milk production, and heat stress. It 

is suggested to apply these statistical procedures to identify the limiting factors of the overall 

productivity of dairy herds.  
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