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ABSTRACT

Background: The climatic conditions of tropical countries have a significant effect on milk
production. Aim. To analyze the climatic conditions at Los Naranjos Genetic Project and their
possible relation to milk production in 305 days. Materials and methods: The database of milk
production consisting of 12 625 records from cows with parturition between 2002 and 2020
(7,711 animals) was studied. The monthly records of minimum temperature (Tmin), mean
temperature (Tmean), and maximum temperature (Tmax) in °C were analyzed, along with the
values of relative humidity (RH) measured in %. Then the temperature-humidity index (THI) was
established, which was used to calculate the Accumulated Heat Load (AHL) three months before
calving. Besides, heredity (h?) and genetic correlations (gr) were estimated for the different
AHLs. Results: The general means were PL305: 1 624.45 + 360.40 (kg/lactation), THI 76.34+
18.70, and AHL 229.21+ 128.5. Every source of variation in the study had a significant influence
on milk production at 305 days. The h? varied between 0.25 and 0.38 and grs were positive and
higher for the nearest AHL groups. Conclusions: There was an inverse relation between THI and
AHL and milk production. The additive genetic variability for the different AHL groups and grs
was positive, evidencing certain genetic variability for adaptation to climatic stress.

Keywords: temperature-humidity index, accumulated heat load, genetic parameters (Source:
AGROVOC)

Citations (APA) Guerra Rojas, M., Suarez Tronco, M., Rodriguez Castro, M., & Lamothe
Crespo, Y. (2024). Climatic Characterization of Los Naranjos Genetic Project and Milk
Production Journal of Animal Prod, 36(1).
https://rpa.reduc.edu.cu/index.php/rpal/article/view/e4589

©The author(s), the Journal of Animal Production, 2020. This article is distributed under the terms of the
international license Attribution-NonCommercial 4.0 (https://creativecommons.org/licenses/by-nc/4.0/),

assumed by collections of open access scientific journals, recommended by the Declaration of Budapest,
which may be consulted at Budapest Open Access Initiative's definition of Open Access.

ISSN 2224-7920


https://creativecommons.org/licenses/by-nc/4.0/
mailto:https://orcid.org/0000-0003-2727-9702
mailto:https://orcid.org/0000-0002-8040-6603
mailto:https://orcid.org/0000-0003-0370-5623
mailto:https://orcid.org/0000-0003-2937-878X
mailto:mariac@cima-minag.cu

Climatic Characterization of Los Naranjos Genetic Project and Milk Production

INTRODUCTION

The temperature-humidity index (THI) is a useful tool to measure the productive and
reproductive responses to climatic differences; it is calculated by using the environmental
temperature and relative humidity, and it is used to determine heat stress, particularly in dairy
animals (Mylostyvyi et al., 2020). HTI was used as a bioclimatic marker for the sum of external
factors on animals to change the body temperature of the homeostatic set point. (Dikmen and
Hansen, 2009). According to the classification made by Armstrong (1994), there is no heat stress
when the temperature-humidity index is < 72, mild stress between 72 and 79, moderate stress
between 80 and 89, and extreme stress that might cause death if > 90. These studies indicated that
different THI threshold values trigger stress in dairy animals. However, THI values higher than
72 are generally accepted as the beginning of heat stress (Liu et al., 2019; Pinto et al., 2020).

In Latin America, the efforts to determine the impact of climatic variables on agriculture have
targeted crops (Bouroncle et al., 2015), whereas there are fewer studies on livestock (Garcia et
al., 2015). Tropical areas are characterized by their exposure to greater sun radiation and
humidity, so it is important to evaluate and monitor the impact of climatic variables on different
dairy breeds, especially during prolonged periods.

The conditions of a changing climate are also influencing, as well as the increasing trends of
mean temperature and relative humidity expected for the next 50-100 years, obtained from
reference climatic settings in the country (Centella et al., 2013; Bezanilla, 2016), according to the
outputs of PRECIS System of Regional Climatic Modeling, forced by the global models of
general circulation in the atmosphere (MCG) HadGEM from the Hadley Center (aenwh
experiment). They showed the need to take management measures that revert or mitigate the
effects of unfavorable heat settings on milk production.

Accordingly, the aim of this paper was to characterize the climate at the Los Naranjos project and
set the link between climate changes and milk production (kg) at 305 of lactation.

MATERIALS AND METHODS

Data was collected from 12 625 milk production records from Siboney cattle (Cuba) at Los
Naranjos Genetic Project, comprising cows that calved in the 2002-2020 period.

The animals were grazing in an almost clear area, with few trees, while they were confined in
houses with limited ventilation at night. The cows mainly fed on grass and fodder.

The monthly air temperature records were used as follows: minimum (Tmin), mean (Tmean), and
maximum (Tmax), in °C, whereas relative humidity was measured in %, using the data from the
weather station at the genetic project. This information was used to set the temperature-humidity
index (THI), based on the description of Ravagnolo, Mistzal, and Hoogenboom (2000).
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ITH = 0.81*Ta + (RH/100) * (Ta — 14.4) + 46.4, where Ta is the mean air temperature
measured in °C, and RH is the mean relative humidity expressed in %.

This indicator was used to estimate the accumulated heat load (AHL) withstood by the animal
three months before calving (cm), the formula used was,
=3
AHLx=X (THI)
cm=i

The climatic data of (THI) and AHL were included in the original database containing the
production data.

(THI) and AHL were split into groups according to the following values:

THI Group AHL Group
=<70.00 1 =<210.00 1
70.01-75.00 2 210.01-220.00 2
75.01-78.00 3 220.01-230.00 3
78.01-80.00 4 230.01-240.00 4
>=80.01 5 >=240.01 5

The statistical analysis was performed using PROC GLM (general linear model), SAS 9.4 (SAS
2013). The variation sources were calving month (CM), calving year (CY), temperature-humidity
index (THI), accumulated heat load (AGL), and duration of lactation (DL) as linear covariable.
Duncan correlation was used for multiple comparisons of means. The PROC CORR SAS (2013)
procedure was used to estimate the Pearson linear correlations, while the regression equations
were estimated under certain circumstances.

The model used was,

Yijklmn= p + CMi + CYj+ THIK + AHLI + pm (Xijum — X) + eijklm
Where:

Yijklmn is the milk production comprising 244 and 305 days.

M, the common general mean.

CMi is the effect of the calving month (i=1,.....12)
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CYj is the calving year since 2002-2020 (=1, 2, ...,18)
THIk is the THI group number (k=1,2....5)
AHLI is the AHLI group number (I=1,2....5)

Bm (Xijklm — X) is the linear regression of the duration of lactation in milk production.

eijkim is the residual or error "N (0 and ¢°e).

The genetic analysis included the animal model according to the multicharacter BLUP method,
using software MTDFREML (Boldman et al., 1995), for milk production, which included the
following fixed effects: age group (year-season) which varied according to AHL, lactation
number, and the duration of lactation as a linear covariable. the random effects were animal and
the residual or error.

The sample included 12 625 pedigrees from 7,711 animals with the following distribution of
valid records and age groups according to the AHL group (Table 1).

Table 1. Distribution of genetic analysis information

AHL Groups No records Age groups
AHL1 470 8
AHL2 2 895 47
AHL3 2710 38
AHLA4 3894 55
AHL5 2 656 56

RESULTS AND DISCUSSION

Table 2 shows the general statistics for the ranks studied.
Table 2. Arithmetic means (X), standard deviation (SD), and variation coefficients (VC).

Characters X SD VC (%)
MP 305 (kg/lactation) 1624.45 360.40 34.70
THI 76.34 18.70 1.80
AHL 229.21 128.5 1.10

These results are lower than the ones reported by Rios-Utrera et al (2015), with different crossing
proportions (Simmental and Brown Swiss, at 1/2; 3/4 y 5/8), with reports of 765,68Kg in every
lactation. Cabrera et al., (2013), in a study using data from three ranches in the state of Puebla,
Mexico, found that 7/8 Brown Swiss x 1/8 Zebu cows produced more milk per lactation (2
441.75 + 102.39 kg) than 7/8 Simmental x 1/8 Zebu cows (1 669.57 + 83.29 kq).

THI valued at 76.34 is within the mild stress, according to Mader (2003), severe stress for De
Rensis, Garcia-Ispierto, and Lopez-Gatius (2015) for beef animals. Suérez et al., (2021) reported
THI = 77.78 in the 1980-2018 period, higher than the current study, and was within the mild
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classification. In some countries, this indicator has been used to alert farmers to the conditions
threatening animal welfare and to evaluate cattle comfort (Vega et al., 2014).

AHL and THI are in group 3 according to this paper.

Table 3 shows all the significant variation sources. AHL was more significant than THI, whereas
R? was not high, so other factors not included in the study influenced milk production. Conejo
and Wing Ching (2020) found that the age of animals and duration of lactation affected this
indicator.

Table 3 Results of the variance analysis for milk production at 305 days.

Variation sources GL Mean square Significance
Calving month 11 4794 760 il
Calving year 17 18 147 792 il
Duration of lactation 1 1115 789 166 falaiel
THI 4 592 230 *
AHL 4 744 078 il

R?= 36.72%. *** (P<0.0001); ** (P<0.05); * (P<0.01).

Figure 1, shows a 13.54 kg reduction by THI unit, and when THI>78 (group 4), there was a
significant reduction in milk production caused by stress, and above 80, it was severe stress.
Gomez (2017) found that when THI was higher than 72 (heat stress), there was a reduction in
milk production, though there were no significant differences from heat-regulated animals.
Similar results were reported by Ruiz et al., (2019), with a similar reduction of production
associated with a THI increase.
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Figure 1. Behavior of milk production according to the (THI) group
Dairy animals suffer from heat stress (HS) when the effective temperature conditions move out of

their comfort zone. The temperature and humidity indexes (THI) are commonly used to measure
HS in dairy animals.
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Figure 2 shows the behavior of milk production and AHL, with a linear link between AHL and
MP305, with R? = 94.03%, and a 59.59 kg reduction by AHL increase unit, accounting for 3.7%
of the mean. The fact that AHL (comprises 3 months) is a more comprehensive measurement
method than THI, makes it a more appropriate way of evaluating milk production issues, which is
shown in a much higher R?,

Suérez et al., (2022) found in Cuban cattle that the AHL index >=460 had a depressing effect on

the weaning weight at a rate of -0.53 + 0.12 kg per AHL unit, with a total effect of -18.7 kg on
the WW, at the maximum level of heat stress compared to the results found in the tolerance zone.
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Figure 2. Behavior of milk production according to the AHL group

Figure 3 shows milk production according to AHL be months, and the polynomial regression,
which was the one that adjusted best to the data, with R? =77.33%.
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Figure 3. Behavior of milk production according to the AHL group
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AGL underestimated MP between March and May, and overestimated it between July and
October, coinciding with Cuellar et al., (2023), who found that when the animals calve in the
warmest months there is a reduction in milk production observed in different breeds.

Table 4 shows the genetic parameters of milk production, according to the accumulated heat load,
with heredity in the diagonal line, with the genetic correlations above, which are higher than the
phenotypical ones shown in the triangle at the base.

Ansari Mahyari et al., (2022) found that an increase in the temperature-humidity index to 72
units raised genetic variance for the two traits, with a heredity of 0.32 for milk production, and
0.24 concerning the fat percentage in milk.

Table 4 Genetic parameters of milk production according to the accumulated heat load

AHL1 AHL2 AHL3 AHL4 AHLS5
AHL1 0.38+0.03 0.66 0.75 0.71 0.88
AHL2 0.30 0.25+0.03 0.99 0.88 0.76
AHL3 0.40 0.35 0.32+0.03 0.91 0.94
AHL4 0.34 0.46 0.34 0.25+0.03 0.90
AHL5 0.45 0.46 0.94 0.94 0.30+0.03

Note: The standard errors for the genetic and phenotypical correlations varied between 0.03 and 0.05.

These results corroborate the fact of an existing additive variability in milk production, regardless
of the climatic conditions. The genetic correlations were positive and varied between 0.66 and
0.99. The phenotypical correlations were also positive, but lower than the genetic ones. The cows
with the lowest AHL showed genetic correlations below 0.90, compared to the other AHL
groups, which may mean the animals exposed to better climatic conditions do not behave the
same under different conditions. It was also noted that the genetic correlations between adjacent
classes have a certain trend to show higher values (AHL2-AHL3; 0.99); (AHL3-AHL4, 0.94),
and tend to be lower the farther they are, which could indicate the close AHL groups have a
similar genetic behavior.

CONCLUSIONS

All the variation sources linked to milk production studied at 305 days were significant, including
the climatic indicators THI and AHL, the THI sum for each animal three months before calving.

Milk production is depressed as THI or AHL rise. THI >75, or AHL>220 may produce low stress
under the conditions studied.

There is added genetic variability for milk production, regardless of the climatic conditions. The
cows exposed to the lowest AHL show production drops when AHL is higher, considering the
additive genetic standpoint, which might show some predisposition to robust or plastic animals.
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RECOMMENDATIONS

Different practices should be implemented to improve animal comfort seeking higher
productivity. Increasing the number of trees to regulate air temperature, livestock agroforestation,
and better animal housing, among other measures, are necessary for animal husbandry.
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