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Abstract

For the passive design and location of a poultry farm it is necessary to know the thermal regime
of the environment and that of the laying hens. The extreme conditions can cause death due to
heat stress to the birds as well as a significant drop in production. The objective of this work was
to elaborate the statistical analysis of the polygon of hour comfort of laying hens based on the
temperature and humidity index (ITH), for the 9 bioclimates in the state of Oaxaca. Initially,
bibliographic data were collected to determine the thermal comfort zone and the optimal ITH.
Subsequently, it was determined that the ranges proposed by all the authors are met for a better
production with the comfort temperature values for the hens, in the range between 18 °C -22 °C
and relative humidity between 60% - 70%. Then, an hourly analysis of the hygrothermal
conditions in which the bird is found was carried out by calculating the hourly ITH. The results
show that laying hens have an emergency hygrothermal condition and danger during the year in
the following proportion: warm bioclimate 20.14% in emergency condition and 32.99% in
dangerous condition; humid warm bioclimate 4.86% in emergency condition and 38.54% in
dangerous condition; warm dry bioclimate in 1.74% in emergency condition and 18.75% in
dangerous condition.

Keywords: comfort hygrothermal conditions of laying hens, heat stress, temperature and
humidity index (ITH) of laying hens.
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Introduction

In any type of poultry operation, whether of broiler chickens, commercial egg layers,
breeders, or anywhere working with live birds, the environmental factors that have a
determining influence are temperature, relative humidity, ventilation and lighting (Vaca,
2003). Temperature and humidity are the most influential factors (Sedat et al., 2007;
Ajakaiye et al., 2011; Guevara et al., 2013). Having adequate environmental requirements
will allow bird growth, stress reduction, egg production, improved fertility and efficient food
processing (Weaver, 2002b). Posture hens do not adapt well to extreme temperatures and it is
very important that they stay within their thermo-neutral zone of comfort (Weaver, 2002a)
since, in cold climates, the bird will require more energy than when the weather is hot; the
consumption of food will be reduced by a smaller percentage, for each degree Celsius of
increase in temperature Craig (2002).

The ITH is one of the most widespread indicators to know the thermal regime that an
environment presents. The knowledge of the thermal regime of the environment, together
with the thermal requirement of laying hens, is a useful tool for making decisions regarding
the design of the infrastructure. Therefore, the objective of this work was to develop an
analysis of the hour comfort polygon of laying hens based on the ITH for the 9 bioclimates
present in the state of Oaxaca.

Materials and methods

To determine the thermal comfort zone of the laying hens, bibliographic data of the best egg
production under hygrothermal conditions were collected (Table 2), as well as references of
the ITH where the best egg production was also obtained (Table 3). Once these two
parameters were obtained, a table of ITH values was made to limit the comfort zone of the
bird and carry out the climatic and parametric analysis of the site (Figure 1).

5% 60% 61% 62% 63% 64% 65% 66% 67% 68% 6% 70% 1% 2%

14C 515608 57552 575432  57.5344 575256 575168  57.508 514992 574904 574816 574728 57464 574552 574464
15¢C 589549 5895 589571 589582 589593 589604 589615 589626 589637 589648 589659 58967 589681  58.9692
16°C 60.349 60.36 60.371 60.382 60.393 60.404 60.415 60.426 60.437 60.448 60.459 60.47 60.431 60.492
17C 617431 61764 617849 618058 618267 618476 618685  61.8894 619103 = 619312 619521  61.973 619939  62.0148
18<C 631372 63168 631988 632296 632604  63.2912 63322 633528 633836 634144 634452 63476 635068  63.5376
19<C 645313 64572 646127 646534  64.6941 647348 647755 648162  64.8569 648976 649383 64979  65.0197  65.0604
20<C 659254 65976  66.026 660772 661278 661784 66229  6627% 663302 663808 664314 66482 665326  66.5832
2C 67.3195 67.38 674405 67501 675615 67622 676825 67743  67.8035  67.864  67.9245  67.985  68.0455  68.106
2C 687136 68784  68.8544 689248 689952  69.0656  69.136  69.2064 692768  69.3472 694176  69.488 695584  69.6288
23<C 701077 70188 702683  70.3486 704289 705092  70.58%5 ~ 70.6698 ~ 70.7501 ~ 70.8304 709107  70.991 710713 711516
24C 715018 71592 716822 L7724 718626 719528 72043 721332 72234 723136 724038 72494 725842  72.6744
25¢C 728959  729% - 73.0%1 731962 73293 733964 734965 73596  73.6967 737968 738969 73997 740971 741972
26<C 74.29 744 7451 74.62 7473 74.34 74.95 75.06 5.17 75.28 75.39 755 75.61 75.72

21<C 756841 75804 759239  76.0438 761637 762836 764035 765234 766433 767632 768831  77.003 711229 77.2428
28C 710182 71208 713318 774676 715974 717272 71857 719868 781166 782464 783762 78506 786358  78.7656

Figure 1. ITH values obtained from equation 1.

4318



Revista Mexicana de Ciencias Agricolas special volume number 21 September 28 - November 11, 2018

Obtaining optimal hygrothermal conditions for the production of laying hens

According to the World Meteorological Organization (1989) (Table 1) 4 different ITH values
are shown for animals in production that define their hygrothermal condition, which are:
normal, alert, danger and emergency.

Table 1. Referential ITH values for animals in production.

ITH Condition
< 70 Normal
71-79 Alert

80— 83 Danger

> 84 Emergency

In the Table 2 shows the range of values of relative humidity and temperature for which the
best results in egg production were obtained. Talukder et al. (2010) evaluated the effect of
different environmental conditions on the performance of laying hens, gathering data on
temperature, relative humidity, ammonia concentrations and carbon dioxide. The parameters
evaluated were: egg production, food consumption, weight and egg shape, showing that the
tolerable temperature of the hens ranges from 15 °C -27 °C. At temperatures above 27 °C,
food consumption, weight and egg shape begin to be affected. Relative humidity has a lower
impact on the production, weight and shape of the egg.

Table 2. Temperature (T) and relative humidity (RH) obtained for a good production of

laying hens.
T. T. HR. HR.
Minimum  Maximum Minimum Maximum Reference
15°C 27 °C 54% 70% Talukder et al. (2010)
16 °C 25 °C Cavalchini et al. (1990)
13°C 24 °C 40% 80% FAO (2011)
18 °C 24 °C Bonilla and Diaz (2003)
18 °C 24 °C Bell and Weaver, Jr. (2002)
16 °C 60% 75% Echevarria and Miazzo (2002)
18 °C 30 °C 60% 70% Vaca (2003)

Obtained the optimum temperature and humidity ranges, proposed by the different authors,
the ITH was used to limit these comfort values. Table 3 shows that in some investigations
(Lacetera, 2003; Guevara et al., 2013), there are 4 different values for the ITH that are:
normal, alert, danger, emergency. St-Pierre et al. (2003) carried out an analysis using an
ITH< 70 for laying hens with the purpose of demonstrating that the economic losses in the
poultry industry of the United States of America were due to the fact that the animals were
reared in zones and seasons where the temperature leaves the comfort zone of the animal.
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Table 3. References of ITH values with good egg production.

ITH ITH ITH ITH Reference

Normal Alert Danger Emergency

<70 71-79 80-83 > 84 Guevara et al. (2013)
<70 Ajakaiye and Pérez (2011)
<70 St-Pierre et al. (2003)
<70 Karaman et al. (2007)
<74 75-78 79-83 > 84 Lacetera (2003)

Climate and parametric analysis of the site

The classification of the bioclimates was made using the climatic classification proposed by
Garcia, which is an adaptation of the Kdppen climate classification system (2004), for
existing bioclimates in Mexico. The representative meteorological station was randomly
selected from a set of meteorological stations that belong to the same bioclimate because they
are within the same range of temperature and annual rainfall.

Results and discussion

Determination of the thermal comfort zone for laying hens
A table was elaborated (Figure 1) with the determination of ITH values, using the equation
(Dikmen and Hansen, 2009):

ITH= (1.8 x Tdb + 32) — [(0.55 — 0.0055 x RH) x (1.8 x Tdb — 26.8)] Equation 1

Where: Tdb= represents the dry bulb temperature in °C; and RH= the relative humidity in
(%).

It was determined that for the values: comfort temperature for hens in the range between 18
°C-22 °C and relative humidity between 60%-70%, the ranges proposed by all authors for a
better production of the Table are met 2 and do not exceed values greater than 70 of ITH
proposed by the authors of Table 3.

The green color shows the ITH values in the range of temperatures and relative humidities
proposed as comfort parameters found in this research work.

Analysis by bioclimate

Using the equation of Dikmen and Hansen (2009) and the hourly temperature and humidity
analysis proposed by Olygey (2014), the schedule conditions are shown for each of the
existing bioclimates in the state of Oaxaca.

For the analysis of this semi-cold bioclimate, the standardized annual data of meteorological
station number 20400 located in the municipality of San Pedro Quiatoni, Oaxaca, were
acquired. These data show us that the chicken will only be in the hygrothermal state of alert
7.64% of the year as shown in Figure 2.
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[wmes ToTaTsTaTls e T7Ts oo w2 a5 e a1 ao]on]2 23T au][ rro]

§62 ] 6726 | 6762 | 6749 | 671 | 6647 ] 6559 | 6445 %
Febrero 82| 6679 | 6797 | 6836 | 6822 | 678 | 6709 | 661 | 6483 %
8924 | 7021 | 7057 | 7044 | 7005 | 6941 | 685L | 6734 8
7031 | 7131 | 7164 | 7152 | 7117 | 7057 | 69.73 | 68.65 64
7085 | 715 | 7281 | 787 | 713 [ 7079 | 70 | 68s8 &
5967 | 7053 | 7081 | 7071 | 704 | 6989 | 697 | 6825 %
5367 | 6952 | 6981 | 607 | 694 | 6688 | 6817 | 6727 o
5001 | 6994 | 7024 | 7013 | 698 | 6925 | 6847 | 6748 &
Septembre 6315 | 6905 | 6935 | 6924 | 6892 | 6838 | 6763 | 6668 5
Octibre 5798 | 6869 | 6919 | 6908 | 6876 | 6821 | 6746 | 6649 5
Noviembre ! 6766 | 6865 [ 6898 [ 686 | e85 [ 6791 [ 6708 [ 6603 R
Diciembre 4 L6614 [ 6718 [ 675 [ 6741 [ 6708 [ 664 [ 552 [ saat %
[ 59 | 56 | 57 | 56| 55| 55| 55| 57| 50 | 62| 65 | 67 | 68 [ 69| 70| 70 60 6068 67|65 606360 [ 63 ]

-Frio Normal Alerta - Peligro -Emergencia

Figure 2. Analysis of hourly ITH for semi-cold bioclimate.

In the analysis of the semi-cold, dry bioclimate, the standardized annual data of the
meteorological station number 20076, located in the municipality of Asuncion Nochixtlan,
Oaxaca, were acquired. These data show that the hen will only be in the hygrothermal state of
alert 12.50% of the year as shown in Figure 3.

[ mes [t T2 ]3[4 5 [6[7 [8 9 [t Ju [12 13 [14]15 16171819 oo 2n 2] ]2u][rro]

6582 | 6755 | 6811 ] 6791 | 673 | 6627 | 6479 5%
Febrero 57 | 6755 | 6928 | 6985 | 6964 | 6903 | 68 | 6651 57
6875 | 7038 | 7091 | 7072 | 705 | 6947 | 6778 58
7059 [ 7246 | 7267 | 7249 | 7194 | 7 | 6966 61
7158 | 73 | 7346 | 7329 | 7279 | 715 | 7074 5
7046 | 7075 | 7248 | 7203 | 757 | 7079 | 6969 R
§970] 709 | 714 | 7125 | 708 | 7003 | 68% R
7006 [ 733 [ 7175 | 716 | 7115 [ 7038 [ 693 )
Septembre 6874 | 6999 | 7041 | 7026 | 6981 | 6906 | 6799 1
Octubre 59 | 6795 | 6933 | 6979 | 6963 | 693 | 683 | 67.2 5
Noviembre 6655 | 68.16 | 6868 | 685 | 679 [ 6697 | 656 57
Diciembre 6597 | 6763 | 6818 | 6798 [ 6739 [ 664 | eas 5
[54 | 51| 49| 47| 46| 46 | a1 ] 50 | 5¢| 58 [ 63| 66 ] 69| 70 [ 71 [ 70 70 6068 666a]62[50[5][ 50 |

-Frio Normal Alerta -Peligm - Emergencia

Figure 3. Analysis of hourly ITH for dry semi-cold bioclimate.

In the Figure 4 shows the analysis of the humid semi-cold bioclimate. Standardized annual
data were obtained from the meteorological station number 20308 located in the municipality
of San Mateo Rio Hondo, Oaxaca, where the hen is found during the hottest hours in an area
of ideal comfort, in night hours, the bird is in a cold state which will cause a greater
consumption of food.
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[wes o JoalslaTls e 7 Ts oo ulnlnlulnlwe ]9 laolalalas]a]]rro]

6472 | 66 | 6643 ] 6628 | 6582 | 6505 | 639 57
§573 | 6706 | 675 | 6734 | 6687 | 6607 | 64%5 5
§6.76 | 6805 | 6847 | 6332 | 6786 | 6709 | 6601 5
§7.76 | 6395 | 6934 | 692 | 6878 | 6807 | 6706 61
669 | 6306 | 6844 | 6831 | 679 | 6722 | 6627 o1
6531 | 66.26 | 6658 | 6647 | 66.12 | 6555 | 6475 )
5476 | 6578 | 6612 | 6 ] 6563 | 6502 | 6417 5%
5475 | 6579 | 6624 | 6601 | 6564 | 6501 | o414 59
Seplembre 6474 | 6573 | 6606 | 6595 | 6559 | 6499 | 6417 59
Octubre §505 | 66.14 | 6651 | 6638 | 6598 | 6533 | 6441 5
Noviembre 65.19 | 6639 [ 66.78 | 66.64 | 66.21 | 655 | 6449 58
Diciembre 6492 | 6621 | 6664 | 6648 | 6602 [ 6525 | 6415 58
[ 55 | 53 [ 52 |50 | 50 [ 50|50 | 5055 56| 61 [ 64 66| 67 [ 67|60 | 676665 | 6a] 62605050 ]|[ 50 |

Frio Normal Alerta -Peligro - Emergencia

Figure 4. Analysis of hourly ITH for humid semi-cold bioclimate.

The hourly data of the temperature and humidity index for a temperate bioclimate (Figure 5),
here the hygrothermal data were obtained from the meteorological station number 20329
located in the municipality of Oaxaca of Juarez, where the hen will be in a danger zone
39.93% of the year.

[mes T+ J2 T3 Ja 5 67 J8 Jo Jw Ju 2] [14 1516 17 [18 102 21]2]23]su][ro]
Enero 6486 [ 6807 | 7037 [ 7072 | 7207 [ 7201 | 7153 [ 7072 | 6957 | 6807 | 6.25 | 6443 62
Febrero 6457 [ 6816 | 71.18 [ 7333 | 7459 [ 75 | 7486 | 7441 | 7366 | 7258 | 71.18 | 6947 [ 67.48 | 6531 66
Marzo 6633 [ 70 | 73 [7513 | 7636 [ 7676 | 7662 [ 7619 | 7545 [ 7430 | 73 [ 713 [6931 | 674 |ear 67
Abri 6487 6487 | 6851 | 7198 [ 7487 | 7691 [ 7800 | 7847 [ 7833 | 77.92 [ 7721 | 762 | 7488 [ 7324 | 7132 [ 6923 | 67.05 69
Mayo 6541 | 6345 6541 | 6889 | 72.18 [ 7486 | 7675 [ 7785 | 7821 [ 7808 | 77.69 [ 77.04 | 7609 | 7486 | 7334 | 7156 [ 6959 | 675 10
Junio 6494 | 6329 6494 | 6788 | 7074 [ 7317 | 7492 [ 7594 | 7628 [ 7616 | 75.79 [ 758 | 7431 [ 7347 | 71.79 | 7049 [6847 | 667 69
Julio 6426 6425 | 673 | 702 | 726 | 71433 | 7535 | 71568 | 7556 | 152 | 7459 | 7373 | 726 | 71.24 | 6065 | 67.91 | 6608 68
Agosto | 6422 6422 | 67.15 | 6995 [ 7227 | 71395 [ 7495 | 7527 [ 755 | 748 [ 7421 | 7337 | 7228 | 7095 | 6942 [ 67.73 | 6597 68
Septiembre | 6399 6399 | 6689 | 696 [ 7197 | 7364 [ 7462 | 7495 [ 7483 | 7448 [ 7380 | 7305 | 7097 | 7065 | 6943 | 67.47 | 6572 68
Ocubre | 6338 6338 | 6641 [ 6931 [ 7171 [ 7345 [ 7448 | 7481 [ 7469 | 7438 [ 7371 [ 7284 [ 7172 [ 7035 [ 6876 ['67.02 | 652 67
Noviembre 635 [ 6694 | 6985 [ 7004 | 73.16 [ 7357 | 7342 | 7299 | 72.25 | 7121 | 6985 | 682 6628 | 6421 64
Diciembre 6542 | 6842 | 7058 | 7185 | 7227 | 7242 | 7167 | 7091 | 6983 | 6842 | 672 | 6474 6
[62 | 60 [ 50 [ 58 | 57 |57 [ 57 [ 506266 69 ] 7a[s |5 [ |m]|m]n|lnlew]ea]eall o ]

-Frio Normal Alerta - Peligro - Emergencia

Figure 5. Analysis of hourly ITH for temperate bioclimate.

For the hourly data of the temperature and humidity index of a dry temperate bioclimate
(Figure 6). The hygrothermal data were obtained from the meteorological station number
20022 located in the San Bartolo Coyotepec municipality, Oaxaca, where it is observed that
the hen will be in a danger zone at 35.76% of the year.

4322



Revista Mexicana de Ciencias Agricolas special volume number 21 September 28 - November 11, 2018

[ mes Tt T2 73 [aT5s5 6 [7 [8 ]9 [10]u 127131 1516 a7 [18 102 [21[oa]25T[oa]|[ PrO |
6426 ] 6806 | 7076 | 7233 | 7284 | 7266 | 721 | 7116 | 6962 ] 6806 ] 659 ] 6339 1
Febrero 6 6977 | 7245 | 7401 | 7451 | 7433 | 7378 | 7285 | 7152 | 6978 | 6763 | 654 5
681 | 7179 | 744 | 759 | 7639 | 7622 | 7569 | 7479 | 7349 | 7179 | 697 | 6726 %
6991 | 7341 | 7587 | 779 | 775 | 7759 | 7709 | 7624 | 7502 | 7341 | 7143 [ 691 &
7052 | 738L | 7643 | 7746 | 719 | 7704 | 777 | 7647 | 7532 | 7381 | 7095 | 6977 | 6134 |4t | | 67
594 | 7242 | 7456 | 7581 | 7622 | 7607 | 7563 | 7488 | 7382 | 7242 | 7071 | 6871 &
§B.L | 7103 | 73.2 | 7434 | 7474 | 746 | 7417 | 7343 | 7239 | 7503 | G987 | 6744 %
6846 | 7118 | 7333 [ 7459 | 75 [ 7486 | 7441 [ 7366 | 7258 | 7118 [ 607 [ 6748 6
Sepliembre 46 | 6798 | 7088 | 7295 | 7447 | 7456 | 742 | 7399 | 7326 | 7223 | 7088 | 6923 | 6732 %
Oclihre 89 | 6761 | 7061 | 7276 | 7402 | 7443 | 7428 | 7384 | 7300 | 7201 | 7062 | 689L | 6692 %
Noviembre 6581 | 6913 | 715 | 7289 | 7335 | 7318 | 7260 | 7086 | 7068 | 6913 | 6724 | 6505 5
Diciembre 6472 | 6837 | 7098 | 725 | 73 | 7282 | 7228 | 7037 | 7007 | 6038 | 663 | 6ags 1
[ 59 | 57 | 55 | 55 | 52 | 52 [ 53|55 |59 |6a e8] 7|73 s[5 |75 |7ama]na]mn|6o]6n|6a]o2][ 65 ]

- Frio Normal Alerta - Peligro -Emergencia

Figure 6. Analysis of hourly ITH for dry temperate bioclimate.

In the Figure 7 shows the hourly data of the temperature and humidity index of a humid
temperate bioclimate. The hygrothermal data were obtained from the meteorological station
number 20177 located in the municipality of San Ildefonso, Villa Alta, Oaxaca and it is
observed that the chicken will be in a danger zone 24.65% of the year.

[wes ToT2TsTaTs Te 7 T8 T9o [aou T2 13 s a6 s oo 2o 2T 2 u]][ rro

Enero 6461 | 662 | 67.07 [ 675 |67.38 | 67.03 | 6645 | 6564 | 6461 | 6339 61
Febrero 644 | 6646 | 67.98 | 68.91 | 69.22 | 69.11 | 68.78 | 68.22 | 67.44 | 6646 | 65.28 | 63.95 63
Marzo 64.88 | 67.57 | 6984 | 71.49 { 7248 | 728 | 7269 | 72.33 [ 71.74 | 7091 | 6984 | 68.55 | 67.06 | 6544 | 63.75 66
Abril 6494 | 6329 6494 | 67.89 | 70.64 | 72.87 | 7448 | 7542 [ 75.74 | 7562 | 75.29 [ 7472 | 7391 | 7287 | 716 |70.14 | 6848 | 667 69
Mayo 6742 | 6581 | 6442 | 6334 6485 | 6742 ] 7029 [ 7301 | 75.26 | 7686 | 778 [ 7811 ) 78 | 7767 [ 77.11 | 763 | 7526 | 7398 [ 725 | 7086 | 6914 71
Junio 6483 | 6339 6483 [ 67.44 | 6988 | 71.87 { 73.32 | 74.19 | 7447 | 7437 [ 7406 | 7354 | 7281 | 7187 [ 70.73 | 6943 | 67.96 | 66.39 68
Julio 6371 637 6596 | 6822 | 702 | 7167 | 7255 [ 72.85 | 72.74 | 7243 | 719 | 7115 | 7021 | 6907 | 67.78 | 6642 | 6505 67
Agosto 6334 6334 [ 6569 | 67.98 | 6992 | 71.36 | 7222 | 7251 | 7241 [ 721 | 7158 | 7085 | 69.92 | 6881 | 67.55 | 66.17 | 6474 66
Septiembre | 6356 6355 [ 65.74 | 67.86 | 69.68 { 71.03 | 7185 | 7212 | 72.02 [ 71.73 | 71.24 | 7055 | 69.68 | 68.64 | 6746 | 66.18 | 6486 66
Octubre 6449 | 66,67 | 6847 | 6981 | 70.63 | 709 | 708 | 7051 [ 70.02 | 69.34 | 6847 | 67.44 | 6627 65
Noviembre 64.1 | 662 | 67.76 [ 68.7 | 69.02 | 6891 [ 6857 [ 68 | 6721 | 662 | 65 | 6364 62
Diciembre 638 | 6591 | 67.47 | 6842 | 68.74 | 68.63 | 68.29 [ 67.72 | 6692 | 6591 | 647 | 63.33 62

>

[ 62| 61 ] 60 | 50| s8 | 58|50 [ 606265 ]er]eo] | rn|n]n]n]n]e]eleales|[salls

-Frio Normal Alerta -Peligro - Emergencia

Figure 7. Analysis of hourly ITH for humid temperate bioclimate.

The hourly data of the temperature and humidity index of a warm bioclimate (Figure 8). The
hygrothermal data were obtained from the meteorological station number 20149 located in
the municipality of Santo Domingo Tehuantepec, Oaxaca in which it is observed that the hen
will be in a danger zone 32.99% of the year and in a state of emergency of 20.14%.
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[ mes 1 [2 3 T4 s 6 [7 [8 Jo9 [0 [t [12 131415 [16 17181920 [20f2[]u][rro]

Eneno 7244 | 7078 | 6934 | 6823 | 6752 | 6728 | 6794 | 6979 | 7244 7898 | 7757 T
Febrero | 7304 | 7142 | 7001 | 6892 | 6823 | 6799 | 6864 ] 7045 | 7304 7
Mamo | 7474 | 7313 | 7173 | 7064 | 6995 | 6974 ] 703 | 726 | 7473 78
bl 7655 | 7503 | 737 | 7267 | 7200 | 718 | 7241 | 742 | 7655 %
Mayo 7814 | 767 | 7545 | 7448 | 7386 | 7365 | 7423 | 7584 | 7814 81
Junio 7703 | 7566 | 7448 | 7356 | 7298 | 7278 | 7333 | 7485 | 7703 %
o 7737 | 7608 | 749 | 7407 | 7352 | 1333 | 7385 | 753 | 777 )
hgoso | 7779 | 7644 [ 7528 | 7437 | 738 | 736 | 7414 | 7564 [ 7179 81
Seplembre | 7656 | 7519 | 7399 | 7307 | 7248 | 7228 | 7283 | 7436 | 765 7
Octbre | 7643 | 7473 | 735 | 7256 | 7196 | 7076 | 7232 | 7389 | 7643 | 7863 7
Noviembre | 7522 | 7385 | 7265 | 7073 | 7114 | 7094 | 7149 | 7302 | 7521 [ 77 67| | 7
Diciembre | 7395 | 7246 | 7116 | 7016 | 6952 | 693 | 699 | 7156 | 7395 | 7659 w6 |7 [mea | [ 7
[ lulnlnlnlnln]ln]n]is

-Frio Normal Alerta -Peligro - Emergencia

Figure 8. Analysis of hourly ITH for warm bioclimate.

In the Figure 9 shows the hourly data of the temperature and humidity index of a dry warm
bioclimate. The hygrothermal data were obtained from the meteorological station number
20170 located in the municipality of San Pedro Totolapan, Oaxaca in which it is observed
that the hen will be in a danger zone 18.75% of the year and in a state of emergency of
1.74%.

[ mes [t [2 3[4 5 [6 [7 [8 [9 [10 10 [12 13 [1a [15 [6 17 [18 19 2o o 2] [u]]rro]

Enero 65.37 1 6945 | 72.79 [ 75.15 | 7651 | 7695 [ 768 | 76.32 | 755 [ 7433 | 7279 | 709 | 6869 | 6623 | 6363 66
Febrero 6387 6387 | 67.93 | 71.67 | 7466 | 76.77 | 7799 | 78.38 [ 7824 | 7781 | 77.00 | 76.04 | 7467 | 72.97 | 70.98 | 68.73 | 663 69
Marzo 68.7 | 6664 [ 6485 | 6347 6541 | 6869 | 72.33 [ 7566 | 78.28 7828 | 768 | 75.05 | 7305 [ 70.88 73
Abi 722 | 703 [6863 | 67.34 | 6651 [ 6623 | 67 6915 | 722 | 7556 | 7868 781 | 7623 [ 7422 6
Mayo 7203 1 7005 | 68.33 [ 6699 | 66.14 | 6585 [ 66.65 | 6886 | 7202 | 755 | 7871 7812 | 7618 | 7411 76
Junio 60.71 | 67.84 | 6621 | 64.95 [ 64.05 | 6387 | 6462 [ 66.71 | 69.7 | 73 [ 76.15 | 7874 78.74 | 77.28 | 7555 | 7366 | 7169 4
Julio 68.83 | 66.97 | 65.35 | 6409 [ 633 -63.77 6585 | 6883 | 72.13 [ 75.27 | 7788 7188 | 764 | 7467 | 7218 | 7081 73

Agosto 60.66 | 67.87 | 66.32 | 65.11 [ 64.35 | 64.08 | 648 [ 668 | 69.66 | 7283 | 75.79 | 782
Septiembre | 69.94 | 68.18 | 6664 | 6545 [ 647 | 6444 | 65.15 | 67.12 | 69.94 | 7307 [ 7595 | 7823

782 | 7684 [ 7524 | 7345 | 7156 73
7823 | 7694 | 1542 | 737 [ 7182 74

Octubre 683 | 6644 [ 64.83 | 6358 63.26 | 65.33 | 683 [ 7150 | 74.62 | 77.03 | 78.73 7898 | 78.14 | 77.03 | 7567 | 7407 | 72.25 | 70.21 7
Noviembre | 645 645 16829 | 71.85 [ 7476 | 768 | 77.98 [ 78.36 | 7823 | 7781 [ 77.11 | 76.09 | 7476 | 7311 | 7119 | 6904 | 66.78 69
Diciembre 66.19 | 70.06 | 7321 [ 7544 | 76.73 | 77.45 [ 77 | 7655 | 75.78 | 7467 | 7321 | 7143 | 69.33 | 67.01 | 6455 67
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Figure 9. Schedule ITH analysis for dry warm bioclimate.

~

The hourly data of the temperature and humidity index of a humid warm bioclimate is shown
in Figure 10. The hygrothermal data were obtained from the meteorological station number
20048 located in the municipality of Juchitan de Zaragoza, Oaxaca where it is observed that
the hen will be in a danger zone 38.54% of the year and in a state of emergency 4.86%.
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Enero 716 | 7041 | 694 [ 6861 [68.11 |67.94 | 6841|6971 | 7L6
Febrero | 7238 [ 701 | 70 [69.14 | 686 | 6842 [ 6892 | 7034 | 72.38
Marzo 7401 | 7279 | 7173 | 7091 | 704 | 70.22 | 707 [ 7206 | 74

Abril 76.75 | 7552 | 7445 | 7362 | 731 | 7292 [ 7341 | 7478 | 76.75
Mayo 7822 | 77.05 | 7603 | 7524 | 7474 | 7457 [ 7504 | 7635 | 7822 81
Junio 7111 | 7601 | 75.06 | 7433 [ 7387 | 73.71 | 74.14 | 7536 | 77.11 79
Julio 7644 | 7543 | 7455 | 7388 | 7345 | 733 [ 737 | 7482 | 7643 | 7824 79
Agosto 7664 | 7553 | 7458 | 7383 | 7337 | 7321 [ 7365 | 7487 | 7664 | 7863 79
Septiembre | 76.02 | 7497 | 7406 | 73.36 | 7292 | 72.77 | 7318 | 7434 | 76.01 | 77.9 78
Octubre | 7505 | 74.05 | 73.19 | 7252 | 721 | 7196 | 7235 | 7346 | 75.05 | 76.85 77
Noviembre | 7438 | 73.36 | 7249 | 7181 | 7139 | 7124 | 7164 | 72.76 [ 7437 | 7621 77
Diciembre | 72.67 | 7162 | 70.72 | 70.03 | 6959 | 6944 | 6985 | 71 [ 7267 | 7456 75
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Figure 10. Analysis of hourly ITH for humid warm bioclimate.
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In the Table 4 presents a summary of the statistical percentages that will be given in each of
the bioclimates during the year based on the standard data of 1982-2010 provided by the
meteorological stations of the National Water Commission (CONAGUA). It is observed that
the bioclimates in which the bird will have greater development difficulty, loss of body mass
and in egg production, correspond mainly to warm bioclimates and to a lesser extent to the
hot, humid and warm dry bioclimate.

Table 4. Statistical percentage of ITH conditions for laying hens in the 9 bioclimates present
in the state of Oaxaca.

Bioclimate State Cold Normal  Alert Hazard  Emergency Total
(%) (%) (%) (%) (%) (%)
Semicold 49.31 43.06 7.64 0 0 100
Semicold dry 57.29 30.21 1250 O 0 100
Semicold humid 65.28 34.2 0 0 0 100
Tempered 34.72  25.35 3993 0 0 100
Dry tempering 43.40 20.83 3576 O 0 100
Warm wet 36.11 39.24 2465 O 0 100
Warm 0.00 5.21 41.67 32.99 20.14 100
Warm dry 451 18.75 47.22  27.08 2.4 100
Warm wet 0.00 4.86 51.74 38.54 4.86 100

In all the regions of the state of Oaxaca or anywhere else in Mexico, it is enough to find the
bioclimate of the desired site in order to know how the bird would behave in that area, in case
of establishing a poultry farm. In addition, with the ITH schedules, a prediction of the losses
of egg production and weight of hens can be made in each of the existing bioclimates in
Mexico using the mathematical model proposed by St-Pierre et al. (2003). Something similar
was done by Guevara et al. (2013) for ITH conditions in livestock production, in a province
of Venezuela.
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Conclusions

In the present work a hygrothermal comfort zone is defined for laying hens that ranges
between 18-22 °C and 60-70% relative humidity. This comfort zone will be used to carry out
the design of a biospace to obtain a better egg production. The hourly analyzes of the comfort
zone in which the hens are located in each bioclimate, will allow to determine the strategies
to obtain a better production. It is also observed that the hen will be in danger and alert areas
in greater percentage in the warm bioclimates and without a biospace that provides the
conditions of adequate hygrothermal comfort will see a considerable drop in its production.
In bioclimates with cold conditions there will be a better consumption of food of the bird in
order to maintain its body temperature, in addition to a better conversion between consumed
food and egg mass Craig (2002).
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