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The aim of this research was to estimate relations between temperature and humidity outside and
inside of a permanently open sides barn for cows. This study was carried out in the period from Fe-
bruary 1%, 2009 to January 31%, 2010 at a commercial dairy farm located in the South-Moravian re-
gion of the Czech Republic. During the study period temperature and humidity inside and outside
the barn were systematically assessed. The research batch had 98 + 3 cows. The barn had permanently
openssides and during summer the main doors were mostly open. The cows in the research barn were
of Czech Fleckvieh breed. The air temperature (°C) and humidity (%) were measured every fifteen
minutes during the whole study period using 4 data loggers (HOBO technology; RH/Temp/), out of
which were three (L1, L2 and L3), located inside the barn (Figure 1) and one (LO) outside the barn.
The values of temperature-humidity index (THI) were calculated using the equation proposed by
HAHN (1999). Mean daily outside and inside temperatures corresponded with each other, with out-
side temperatures always being lower than inside temperatures. The difference between the inside
and outside temperature was lowest in March (0.01 °C) and highest in October (3.48 °C). Mean values
of humidity outside and inside also corresponded; however, they were sometimes higher outside and
sometimes inside the barn. The smallest difference between the inside and outside humidity was re-
corded in August (0.18 %) and the greatest in March (13.21%). Mean values of temperature-humidity
index (THI) inside and outside the barn also corresponded, with outside values being in most cases
lower than inside values. The difference between inside and outside THI values was lowest in Decem-
ber (0.07) and highest in October (5.96). The mutual relationships between the values recorded by in-
dividual loggers were very close (including the outside logger). Slightly weaker was the relationship
between L2 and other, both outside and inside, loggers.
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Dry bulb temperature and humidity are the cli-
matic variables most commonly measured and de-
scribed in the theory and practice of livestock hous-
ing (Charles, 1994). The thermal environment in
animal houses is important because of its direct
thermal effects on the metabolic rate and efficiency
of production by the stock, and its indirect effects
on their health and welfare. It is, therefore, impor-
tant to understand the thermal interactions be-
tween stock and their building microclimate and
the building microclimate and weather outside,
whether the stock are housed for climatic or mana-
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gement reasons. Relationship between animal and
its environment determines the degree to which
an animal remains in thermal equilibrium with its
environment (Finch, 1976). Poor building design
and unsuitable microclimates can result in thermal
stress on the stock, with consequent productivity
losses and risks to welfare. Poor ventilation may also
increase the risks to the stock diseases and damaging
concentrations of atmospheric contaminants, par-
ticularly ammonia. Humidity in animal houses is de-
termined by the interaction between microclimate
and evaporation due to the stock (both direct eva-
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poration and those from urine and faces) (Charles,
1981; Clark and Cena, 1981). The ability to regulate
temperature is an evolutionary adaptation that al-
lows homeotherms to function in spite of variation
in ambient temperature; this ability also allows tem-
perature to be used as a signal to control physiologi-
cal processes (Bitman et al., 1984). For lactating cows
under commercial production conditions, the ef-
fects of heat stress that may be experienced during
high day ambient temperatures appear to be ame-
liorated when night temperatures fall (Akari et al.,
1987). Nowadays, however, loose housing systems
are preferred to reduce labour input with increas-
ing herd sizes as well as to meet animal welfare re-
quirements. In order to minimize investment costs
for new or reconstructed stables these loose hous-
ing systems are often built in open-fronted build-
ings or even in buildings open to all sides. As a con-

the Czech Republic. Climate parameters inside and
outside the barn were systematically assessed dur-
ing the study period.

Housing system and animals

Cows were housed in a free-stall barn which ac-
commodated about 400 cows, divided into 4 batches.
The research batch had 98 + 3 cows. The cows in re-
search barn were of Czech Fleckvieh cattle. The barn
had permanently open sides and during the sum-
mer period the main doors were mostly open. It was
anew type of a barn. There were 1.05 free-stalls per
cow and the total area per cow (alleys + free-stalls)
was approximately 6.01m? The batch occupied
three lines of free stalls. The cows were bedded on
solid manure, and there was slatted concrete floor in
alleys.
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sequence, the cows are exposed to a wide range of
climatic conditions which, in part, can become ex-
treme. This raises the question of whether dairy
cows are able to cope with these housing conditions
and whether this type of housing provides good liv-
ing environment to kept animals (Zihner et al., 2004).

In similar research, Walterova et al. (2009) found
that during the whole year the average daily external
temperatures were always lower than the tempera-
tures inside the stable, but the side windows of their
barn could be optionally closed. However, this was
not the option in our research barn.

The aim of this research was to estimate relations
between temperature and humidity outside and in-
side of a permanently open-sided barn for cows.

MATERIALAND METHODS

This study was carried out in the period from Feb-
ruary 1%, 2009 to January 31%, 2010 at a commer-
cial dairy farm located in South-Moravian region of

Climate parameters

Climate parameters - air temperature (°C) and
humidity (%) were measured every fifteen minutes
during the whole study period using 4 data log-
gers (HOBO technology; RH/Temp/), out of which
three (L1, L2 and L3, Figure 1) were located inside
the barn and one (LO) outside the barn. Inside log-
gers were placed: L1 in the window (zero point), L2
on the stall division (7.65m from the window), and
L3 on the feeding fence (13.8m from the window),
all at height of 140 -150cm (average withers height
of cows) in the line with middle water trough (fi-
gure 1). From the temperature and humidity values
was calculated the temperature-humidity index
(THI) according to HAHN (1999):

THI =0.8tdb + (tdb - 14.4) * RH / 100 + 46.4,

where:
tdb = temperature in barn,
RH = relative humidity.
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RESULTS AND DISCUSSION

Average values of monthly temperatures between
loggers inside and outside the barn were similar
throughout the year (Table I). The highest difference
was found in October, when the average monthly
temperatures were higher in the middle of the re-
search quarter (L1, Figure 1) than values measured
at the outside logger (3.48 °C). Just in one month
(April), the indoor temperatures were lower than
outside, and those values were measured at L1 (Ta-
ble I). Walterova et al. (2008) had found that a critical
point for dairy cows on second lactation is 22°C and
25°C for cows on higher lactations. Considering this
claims, the bulk of average summer temperatures
did not exceed critical points for a longer period.
That does not mean that cows were not exposed
to temperatures, which could cause heat stress.
The lowest difference was found in the third month,
and it was on L1 and it was only 0.01°C. The L1 had
11 out of 12 lowest differences with L0, which could

I: The average monthly temperatures inside and outside the barn

be explained by position of L1, which is placed in
line with a side gap.

The average values of humidity during the year
were more diverse. The highest difference was
found in March, when monthly humidity on L3 was
lower by -13.21% than at LO. There was found 15
negative differences, when RH measured on inside
loggers was lower than at LO. The highest differences
between inside loggers and LO were found in first
6 months of research in the period from February
to July, then in second research period (August 2009
—January 2010) and most of those were negative.
The lowest positive difference was recorded in Au-
gust and it was 0.18% at L3. Kic et al. (1995) suggested
that optimal humidity for dairy cows was between
50 and 70. Related to Table II, there were 11 months
with higher humidity then 70% and just one month
within recommended limits.

The average monthly THI (Table III) values were
during most of the year higher inside the barn,
than those measured at the outdoor logger. Just in

Month/L LO(T) L1(T) L2(T) L3(T) Amin/L. * Amax/L. **
1109 0.11 0.89 1.20 2.47 0.78/1 2.36/3
11109 4.94 4.95 5.90 6.33 0.01/1 1.39/3
vV 09 13.72 13.27 14.69 14.93 -0.45/1 1.21/3
V09 14.79 15.12 16.17 16.31 0.33/1 1.52/3
VI 09 17.53 18.04 18.29 18.92 0.51/1 1.39/3
VII 09 19.62 20.54 21.72 21.06 0.92/1 2.1/2
VIII 09 20.16 20.60 21.32 21.77 0.44/1 1.56/3
IX 09 16.55 17.04 17.68 18.13 0.49/1 1.58/3
X 09 5.76 8.16 9.24 7.66 1.9/3 3.48/2
X109 5.17 5.99 7.04 7.43 0.82/1 2.26/3
XII09 -0.32 0.14 1.43 2.11 0.46/1 2.43/3
110 -4.01 -3.86 -2.02 -1.54 0.15/1 2.47/3
*minimum difference between one of the loggers (1, 2 and 3) and logger 0
**maximum difference between one of the loggers (1, 2 and 3) and logger O
I1: The average monthly humidity inside and outside the barn

Month/L LO(RH) L1(RH) L2(RH) L3(RH) Amin/L.* Amax/L. **
1109 84.04 85.75 77.76 84.35 0.31/3 -6.28/2
11109 89.27 79.74 90.81 76.06 1.08/2 -13.21/3
vV 09 59.85 60.83 55.67 55.10 0.95/1 -4.75/3
V09 71.42 64.21 66.21 66.15 -5.21/2 -7.21/1
VI 09 78.64 77.38 73.86 74.96 -1.26/1 -4.78/2
VII 09 7436 7136 66.38 68.96 -3.00/1 -7.98/2
VIII 09 71.92 70.16 67.72 72.10 0.18/3 -4.20/2
IX 09 75.90 74.04 71.22 69.69 -1.86/1 -6.21
X 09 89.32 89.74 87.93 83.27 0.42/1 -6.05/3
X109 92.07 94.71 92.81 89.98 0.74/2 2.64/1
XII09 83.77 89.60 85.37 82.03 -1.60/2 4.17/1
110 85.60 89.34 87.63 83.56 -2.04/3 3.74/1

*minimum difference between one of the loggers (1, 2 and 3) and loggers 0
**maximum difference between one of the loggers (1, 2 and 3) and logger O
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one month was found a negative value of THI in-
side the barn, related to LO and it was in a comfor-
table period of the year for dairy cows (April, L1).
The differences between LO and inside loggers were
higher in colder and moderate periods of the year,
so the highest positive difference was recorded in
October (596 on L2). However highest values of
THI were evidenced in summer months (June -
62.89, July - 65.89 and August — 66.67) and those
values were close to critical points, if we considered
Kadzere et al. (2002) that values bellow 70 are com-
fortable.

In tables IV, V and VI are shown correlations be-
tween individual loggers throughout the year.
The maximum values for temperatures were be-
tween L1 and L2 in December (0.999), and the mini-
mum of correlation was found also between those
two loggers in July (0.875). Higher correlations of

I1I: The average monthly THI inside and outside the barn

temperatures were recorded in autumn and win-
ter months, whereas lower were more frequent in
spring and summer months.

The highest correlation between average RH va-
lues was in June (between L1 and LO) and it was
0.998. The lowest correlation was found between
L2 and L1 in August and it was 0.489. Almost all ma-
ximum and minimum correlations were found in
summer months (June, July and August), just two
were in May and one in December.

Correlation between average monthly THI values,
showed relatively high correlation. The lowest value
was found between L2 and L1 in August (0.849), and
also the highest between those two loggers in May
(0.998). Maximum and minimum values of correla-
tion for THI were dispersed through all seasons. All
minimum correlations between LO and inside log-
gers were found in March (Table VI).

Month/L LO(THI) L1(THI) L2(THI) L3(THI) Amin/L. * Amax/L. **
1109 34.47 35.52 37.10 3831 1.05/1 3.84/3
11109 4191 42.82 43.40 45.33 0.91/1 3.42/3
vV 09 56.97 56.33 58.31 58.64 -0.64/1 1.67/3
V09 58.51 58.96 60.51 60.71 0.45/1 2.20/3
V109 62.89 63.65 63.91 64.92 0.76/1 2.03/3
VII 09 65.98 67.21 68.64 67.82 1.23/1 2.66/2
VIII 09 66.67 67.23 68.14 69.13 0.56/1 2.46/3
IX 09 61.27 61.99 62.88 63.50 0.72/1 2.23/3
X 09 43.29 47.33 49.25 46.92 3.63/3 5.96/2
X109 42.04 43.23 45.20 46.07 1.19/1 4.03/3
XII09 33.81 33.74 36.47 38.01 -0.07/1 4.20/3
110 27.43 27.00 30.40 31.85 -0.43/1 4.42/3
*minimum difference between one of the loggers 1,2 and 3 and loggers 0
*#*maximum difference between one of the loggers 1,2 and 3 and logger 0
IV: Maximum and minimum correlations between temperature values

Logger LO(T) LI(T) L2(T) L3(T)
LO(T) 1 0.994/X 09 0.995/X 09 0.996/X 09
LI(T) 0.949/111 09 0.999/XI1 09 0.996/X11 09
L2(T) 0.882/VIL 09 0.875/VIL 09 1 0.998/X 09
L3(T) 0.920/111 09 0.890/I1X 09 0.866/VIL 09 1
Maximum values are above diagonal line.
Minimum values are bellow diagonal line.
Value/month year.
Vi Maximum and minimum correlations between humidity values

Logger LO(RH) L1(RH) L2(RH) L3(RH)
LO(RH) 1 0.998/VI 09 0.991/VI 09 0.988/VI 09
L1(RH) 0.913/XII09 0.994/VI 09 0.997/V 09
L2(RH) 0.812/V 09 0.489/VIII 09 1 0.998/VII 09
L3(RH) 0.917/VIII 09 0.691/VIII 09 0.788/V 09 1

Maximum values are above diagonal line.
Minimum values are bellow diagonal line.
Value/month year.
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VI: Maximum and minimum correlations between THI values

Logger LO(THI) L1(THI) L2(THI) L3(THI)
LO(THI) 1 0.991/V 09 0.994/X 09 0.996/X 09
LI1(THI) 0.909/111 09 1 0.998/V 09 0.995/V 09
L2(THI) 0.879/111 09 0.849/VIII 09 1 0.994/X109
L3(THI) 0.844/111 09 0.925/IX 09 0.862/VII 09 1

Maximum values are above diagonal line.
Minimum values are bellow diagonal line.
Value/month year.

CONCLUSIONS

A cow barn with permanently opened sides represents a type of housing with maximum ventila-
tion. In spite of this the mean monthly values of temperature, humidity and THI inside and outside
the barn did not significantly vary. The maximum difference in temperature was 3.48°C, humidity
13.21% and THI 5.96. Higher temperature recorded in summer months was compensated by lower
humidity, thus THI did not exceed the critical value (70). A close relationship between the values re-
corded by individual loggers was found (including the outdoor logger). Slightly weaker was the rela-
tionship between L2 and other, both outside and inside, loggers.
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SOUHRN

Vztahy mezi teplotou a vlhkosti vné€ a uvnitf stdje pro dojnice s trvale otevienymi st€nami

Cilem této prace bylo kvantifikovat vztahy mezi teplotou a vlhkosti vné a uvnitf staje s trvale otevie-
nymi sténami. Sledovani prob¢hlo od 1. tinora 2009 do 31. ledna 2010 v bézné stéji pro dojnice v Ji-
homoravském regionu Ceské republiky. BEhem studie byly pravideln& hodnoceny teplota (T) a rela-
tivni vlhkost (RH) vné a uvnit¥ stdje. Pokusnou skupinu tvofilo 98 + 3 krav. Stdj méla trvale oteviené
boéni stény a béhem léta Easto oteviena také hlavni vrata. Dojnice ve sledované stdji byly ¢eského stra-
katého plemene skotu. Teplota (°C) a relativni vlhkost (%) byly méfeny kazdych patnact minut béhem
celého pokusného obdobi pomoci étyi ¢idel (HOBO technologie RV/T), p¥i¢emz t¥i z nich (L1, L2
a L3) byly umistény ve stdji (Obr. 1) a étvrté (LO) bylo umisténo vné stije. Hodnoty teplotné vlhkost-
niho indexu (THI) byly spo¢teny podle rovnice uvedené HAHNEM (1999). Priimérné denni teploty
vné a uvnitf staje mély podobny priabéh, pficemz teploty vné stdje byly vzdy niz3i nez uvnitf. Roz-
dil mezi vnit¥ni a vnéjsi teplotou byl nejnizsi v bieznu (0,01 °C) a nejvy3si v fijnu (3,48 °C). Pramérné
relativni vlhkosti vné a uvnitf stdje mé&ly rovnéz podobny pribéh, aviak v nékterych pripadech byly
vy$3ivneé stdje nez uvnitf, v n€kterych p¥ipadech tomu bylo naopak. Rozdil mezi vnitini a vnéjsi vlh-
kosti byl nejnizsi v srpnu (0,18 %) a nejvy3si v bfeznu (13,21 %). Praimérné hodnoty THI (teplotné vlh-
kostni index) vné a uvnitf stidje mély rovnéz podobny priabéh, pri¢emz hodnoty vné stije byly témér
ve viech pripadech nizsi nez uvnit¥. Rozdil mezi vnitfni a vné¢jsi hodnotou THI byl nejniz3i v prosinci
(0,07) a nejvy3si v Fijnu (5,96). Byl zaznamendn pomérné tésny vztah pro méfené veli¢iny mezi riiz-
nymi ¢idly, v€etné venkovniho. Relativné nejméné t€sny vztah byl u ¢idla L2, a to jak k ¢idlu venkov-
nimu, tak ke zbyvajicim ¢idlim umisténym uvnit¥ stéje.

teplota, vlhkost, THI, dojnice, stéj, klima, mikroklima
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