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Abstract. The study was conducted in three semi open free-stall barns (B1, B2, and B3) for dairy cows with capacities for 120, 120 and 500 cows, respectively, 
from three different dairy farms (F-1, F-2 and F-3), situated in Central Southern Bulgaria. The investigated farms had the same production system – loose 
housing in semi open free-stall dairy barn. For each of the farms the main microclimatic parameters – air temperature, relative humidity and speed of airflow 
were recorded twice a month at 10.00 h 12.00 h, 14.00 h, 16.00 h and 18.00 h of the day inside the barns in three main technological zones - above the stalls, 
above manure and feed alleys and outside the buildings. It was found that: a) Microclimatic parameters (air temperature, air relative humidity and speed of 
airflow) in technological zones (above the stalls, the manure and feed alleys) of three semi open free-stall dairy barns meet the animal hygienic requirements for 
all seasons according to Regulation No. 44 (2006). Exceptions are some values of relative humidity in B1 and B2 in the spring, and in B1 in winter and summer, 
which are lower than the minimum humidity (50%) according to the standard. b) The investigated barns are characterized with poor insulation and do not 
provide enough isolation from the external ambient temperatures. With the exception of winter, the temperature of the air inside the buildings was lower than 
that outside, with minor differences for all seasons. The fans in the barns have no effect on the inside air temperature, especially in summer. There was a risk of 
higher temperatures mainly during the summer period. c) There is no significant difference between the average temperatures, air humidity and speed of 
airflow in all technological zones of the investigated barns. d) The largest and statistically significant is the difference between the relative air humidity outside 
and inside the building in Farm 3, followed by buildings in Farm 1 and 2, where the differences are smaller and statistically insignificant. e) Factor analysis 
revealed a significant effect: of the farm on temperature in the different technological zones in the barns (P <0.05-0.01); of the farm in the zones of manure and 
feed alleys (P <0.001) and less effect in the zone of stalls (P <0.05) on speed of airflow, the factor season on speed of airflow in all zones (P <0.001), the time of 
recording in the zone of manure alley on speed of airflow (P <0.05); the farm, season and time of recording on the humidity in the three technological zones (P 
<0.001).
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Introduction provide the perfect environment for living and rearing of animals 
(Zähner et al., 2004). Given the trend not only in our country but also 
worldwide, such studies are needed, especially in the time of global Controlling the living environment, according to animal hygienic 
warming and climatic changes (Cederberg et al., 2012). This is a requirements for rearing dairy cows is a prerequisite for higher 
serious challenge for dairy farming with regard to its productivity and productivity, improved feed efficiency, positively affects the 
economic efficiency.reproductive performance and health status, providing better 

The aim of this study was to determine and make animal comfort to animals (Harner, 2008; Mijic et al., 2007). One of the main 
hygiene assessment of the main microclimate parameters - air factors with direct influence on the cattle welfare is the microclimate, 
temperature, relative humidity and speed of airflow in different the main indicators of which are air temperature, relative humidity 
technological areas in semi open free-stall dairy barns and their and speed of airflow (Petkov, 1977; Brouček et al., 2006). According 
relation with the same climatic parameters outside the buildings.to many authors, the high temperature and humidity in combination 

with high intensity of solar radiation and low speed of airflow may 
exceed the stress limit of farm animals, which leads to losses of 
productivity and even death of some of them (Lefcourt and Adams, Material and methods
1996; Hahn and Mader, 1997; Mader et al., 1999; Gaughan et al., 
2000). Study area

Over the last decades in dairy farming, not only in our country, a The study was performed for one year in three dairy farms from 
tendency of switching from tie to loose housing of dairy cows was three different regions of the central part of Southern Bulgaria. In the 
observed. The loose housing production systems were preferred to three farms cows are reared in the same production system - loose 
reduce labor input by increasing the size of herds and to meet the housing in semi open free-stall dairy barns. 
requirements for animal welfare. In order to minimize investment Farm 1. The farm is located on the territory of Dimitrovgrad 
costs these buildings have open front walls or even are open from all Municipality, Haskovo District. Its capacity is for 300 dairy cows. 
sides (Erbez et al., 2010). As a result, the cows are exposed to a wide Object of study was a building – B1 (60.00/18.00 m, actual cubic 

3range of climatic conditions, which in some cases can become capacity 5205.6 m ) for 120 dairy cows. The longitudinal walls of the 
extreme. This raises the question, whether this type of buildings building are open, equipped with polyethylene blinds that descend 

67

* e-mail: dimo_1988@abv.bg



68

automatically under adverse weather conditions (at a speed of classes of fixed factors least squares means (LSM).
airflow over 4 m/s in rain and snowfall and air temperatures below 2 
oC). The roof construction is of metal sheets without thermal 
insulation. In the building there are three rows of stalls, two manure Results and discussion
alleys (each with a width of 4.00 m) and one feed alley (width of 4.00 
m). The building was equipped with 5 fans (0.55 кW, capacity 60000 Climatic parameters in the areas of the investigated dairy farms
L/h) located above the manure alleys. The fans start to work The farms are relatively distant from one another, which was a 

oautomatically at air temperature over 28 C. prerequisite for the existence of some differences in climatic 
Farm 2. The farm, with capacity for 500 dairy cows, is located on conditions of the territory where they are located. The climate of the 

the territory of Parvomay Municipality, Plovdiv District. Object of area of Farm 1 is transitional continental to Mediterranean. Farm 2 
study was a building – B2 (66.00/18.00m, actual cubic capacity falls near the mountainous area that was characterized by cool 

35265.6 m ) for 120 dairy cows. The longitudinal walls and the roof summer (in recent years there were many hot days) and longer 
construction of that building were similar to B1. In the building there winters with very cold days. The climatic conditions in the 
are three rows of stalls, two manure alleys (each with a width of 3.80 municipality where Farm 3 is located are influenced by the Balkan 
m) and one feed alley (width of 4.80 m). The building was equipped Mountains from the North and the Rhodope mountains from the 
with 8 fans (0.55 кW, capacity 17000 L/h) located in two rows above South, which provides protection from winds. 
the manure alleys. They start to work manually at the discretion of The presented on Table 1 average values for the main climate 
the seers. indicators by location of farms and by season of recording, show that 

Farm 3. The farm has capacity of 1300 dairy cows and it's the differences in average temperatures for the various seasons 
located on the territory of Chirpan Municipality, Stara Zagora District. between locations of the three farms were within the range of 2-3 °C. 
Object of study was a building – B3 (90.00/45.00m, actual cubic With the greatest deviation was the average daily temperature for 

3capacity 29 362.5 m ) for 500 dairy cows. The longitudinal walls and autumn in Farm 3 – 21.8 °C versus 17.7 °C and 17.7 °C for the other 
the roof construction of that building were similar as in B1 and B2. two farms. These differences, however, were not statistically 
There are 2 feed alleys (one central 5.30 m and one along the significant because of the greater variation of the parameter values. 
longitudinal wall 3.60 m), 5 manure alleys (3.60 m) and 7 rows of The same trend was reported for winter for the location of Farm 3, the 
free-stalls in the building. The building was equipped with 15 fans average daily temperature was the highest 9.7°C versus 8.8 °C and 
located above the stalls which operate automatically according to 6.7 °C for the locations of the other two farms, as the difference 
environmental conditions. between the temperature in the locations of Farms 1 and 3 was 

Microclimate/climatic parameters statistically significant at P<0.05.
The following microclimate/climatic parameters were In terms of speed of airflow, a statistically significant effect of the 

measured twice a month, at a height 1.00 m from the floor/ground location of the farm was not reported, although for spring and winter 
surface, at 10.00 h 12.00 h, 14.00 h, 16.00 h and 18.00 h of the day – a considerable difference in the speed by location of the farms was 
air temperature, relative humidity and speed of airflow: inside the observed. A statistically significant difference was established only 
buildings, in the three main technological zones - above the stalls, in spring between the locations of Farms 2 and 3. The difference was 
above the manure and feed alleys; outside at 10.00 m distance from larger for the location of Farm 1 (0.28m/s) compared to the other two 
the buildings. farms (0.1 m/s and 0.18 m/s), but due to the wide variation these 

Methods for microclimate/climatic parameters measured differences were not statistically significant. For the summer in the 
Air temperature and air humidity were measured by ,,Lutron locations of the three farms, lower than the recommended values 

MCH-383SDВ” with a range of temperature from 0 to 50 °C and for (Regulation No. 44, 2006), were recorded, which combined with high 
humidity from 10% to 90%. The speed of the airflow was measured air temperatures in the summer was a prerequisite for the 
by ,,Lutron EM-9300SD” with range between 0.1 m/s and 25 m/s. occurrence of heat stress among the cows. In this regard 
Measuring instruments for microclimate indicators were powered by Brügemann et al. (2012) reported that solar radiation and wind 
using the energy station LS-856. speed were not of great importance for cows reared year-round in 

Statistical analysis premises.
For basic statistical data processing software package MS Air humidity values were significant and consequential 

Excel and for obtaining average values, errors and analysis of differences, particularly between the locations of Farms 1 and 3. The 
variance, the relevant modules of STATISTICA of StatSoft location with the lowest air humidity (below 50%) for almost all 
(Copyright 1990-1995 Microsoft Corp.) were used. seasons was the one of Farm 1, respectively for spring 38.2% = 

For evaluation of the impact of the factors the following model 38.2%, for summer - 45.1% and for winter - 46.9%, with the 
was used: exception of autumn - 59.1% (Table 1).

Y  =  μ +  F + S + Н  + F*S  + F*H  + S*H  + F*S*H + e In summary, it can be said that the location of Farm 1 is ijkl i j k ij ik jk ijk ijkl

where Y  is the dependent variable (temperature, humidity and characterized by higher temperature in summer and lower in winter, ijkl

with more windy conditions during most of the seasons and with a speed of airflow); μ is the population average; F is the fixed effect of i

lower humidity in comparison with the locations of the other two the farm; S is the fixed effect of the season of measurement; N  is the j k

farms.fixed effect of the hour of measurement during the day; F*S  is ij

Microclimatic parameters in the barns of the investigated dairy interactions effect of the farm and the season; F*H  is interactions ik
farmseffect of the farm and the time of measurement; S*H  is the jk Air temperature. The results for average daily temperatures in 

interactions effect of the season and the time of measurement; 
different technological zones of the investigated barns from the three 

F*S*H  is interactions effect of the farm, the season and time of ijk farms show that values vary within narrow ranges by technological 
measurement and e  is the effect of uncontrolled factors (the error).ijkl zones for a barn and by seasons (Table 2). By seasons much smaller 

By analysis of variance (ANOVA) for the model are obtained by 
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are the fluctuations in temperatures between the three technology highest summer temperatures were measured. For Farm 3 it can be 
areas in the same building than between buildings of the surveyed said that it had the most favorable temperatures inside the building - 
farms. The lowest were the temperatures in almost all technological the lowest in summer and the highest in winter and autumn. This was 
zones for spring, autumn and winter in B1. Here, however, the mainly due to the similar trend reported for the climatic indicators for 

Table 1. Climatic parameters values by farms and seasons 

Between farms marked with the same letter by seasons a statistically significant difference - P <0.05 was reported. With 
asterisks is marked the statistical significance of differences between the reported climatic indicators for the location and 
the microclimatic indicators inside the buildings of the farms (in the zone of stalls). * - significant at P <0.05; ** - significant 
at P <0.01; *** - significant at P <0.001; ns - no significant effect

Farm

Summer

Autumn

Winter

Spring

Air temperature

x ± SE x ± SE x ± SESD SD SD

Speed of airflow Air humidity
n

Farm 1

Farm 2

Farm 3

Farm 1

Farm 2

Farm 3

Farm 1

Farm 2

Farm 3

Farm 1

Farm 2

Farm 3

25

25

25

20

20

15

15

15

15

10

10

10

29.6±0.67**

27.8±0.89

28.8±0.53***

17.7±1.69

17.7±1.76

21.4±1.97

a  6.7±0.99

  8.8±0.71

  9.7±0.91

23.9±1.27

24.9±0.70*

24.6±1.06

a

0.31±0.07

0.21±0.04

0.30±0.05*

0.26±0.04***

0.21±0.02***

0.26±0.09

0.37±0.08***

0.40±0.11**

0.23±0.04**

0.28±0.09*

0.10±0.00

0.18±0.03 *

a

a

45.1±2.21

52.5±2.41

50.9±1.85***

59.1±3.46

60.3±3.39

59.8±5.74

46.9±2.80

53.9±4.49

57.0±3.41

38.2±2.23

40.6±2.28*

45.2±1.81 ***

a

a

a

a

a

a

3.35

7.89

2.63

7.59

7.89

7.63

3.86

2.75

3.52

4.01

2.22

3.35

0.36

0.18

0.27

0.17

0.10

0.33

0.30

0.44

0.17

0.30

0.00

0.10

11.03

12.04

9.27

15.47

15.14

22.24

10.83

17.40

13.21

7.04

7.20

5.72

Table 2. Average daily temperatures (°C) in different technological zones of the investigated barns by seasons

B1 is investigated barn in Farm 1, B2 – in Farm2 and B3 - in Farm 3, respectively;
Statistically significant difference by seasons between the farms marked with the same letter - P <0.05

Barn

Summer

Autumn

Winter

Spring

Free-stalls

x ± SE x ± SE x ± SESD SD SDNumber

Manure alley Feed alley
n

B 1

B 2

B 3

B 1

B 2

B 3

B 1

B 2

B 3

B 1

B 2

B 3

150

250

250

120

200

150

90

150

150

60

100

100

ab27.4±0.21
ac26.6±0.23
bc25.8±0.16

a16.3±0.48
b16.5±0.43
ab19.1±0.48

ab7.1±0.33
ac8.7±0.16
bc9.8±0.21

a21.6±0.45
ab23.2±0.24
b21.5±1.45

ab27.3±0.21
ac26.5±0.23
bc25.9±0.18

16.1±0.49

16.4±0.43

19.1±0.49

7.2±0.32

8.7±0.17
bc9.6±0.22

a21.7±0.45

23.0±0.24
b21.5±0.34

a

b

ab

ab  
ac  

  

ab

ab27.5±0.29
а26.3±0.31
b26.1±0.22

a16.6±0.79
b16.1±0.56
ab19.2±0.63

ab7.1±0.46
ас8.4±0.23
bc9.8±0.32

а21.6±0.66
ba23.0±0.31
b21.9±0.41

2.55

3.69

2.59

5.25

6.09

5.82

3.14

1.92

2.61

3.49

2.42

14.4

2.63

3.59

2.80

5.32

6.08

6.03

3.05

2.04

2.74

3.47

2.42

3.38

75

125

125

60

100

75

45

75

75

30

50

50

2.54

3.47

2.51

6.15

5.82

5.49

3.08

1.96

2.73

3.59

2.20

2.88
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the location of this farm, not to a better insulation of the building. temperatures were restarted in the spring - up to 3.1°C, while the 
Cows prefer relatively cool environment. The optimal smallest they were for the winter - about 1°C. The lowest difference 

temperature range in the premises of the high-productive dairy cows between indoor and outdoor temperature was in March (0.01°C) and 
is between -5 and +15°C. Perissinotto et al. (2006) indicated that the highest in October (3.48°C). This meant that this type of 
thermoneutral zone in lactating cows is within 4 to 26°C. It should be buildings do not provide any isolation from the outside temperatures 
borne in mind that the increase in milk yield from a cow with 10 kg per of the living environment of the dairy cows.
day leads to a reduction of heat stress threshold by 5°C (Berman, The buildings for cows with open sidewalls as in our case have 
2005). Lactating, high productive cows have a lower critical maximum air ventilation, but do not maintain a significant difference 
temperature than -30°C (van Eerdenburg, 2013). This means that at in temperature between inside and outside the buildings. Such a 

o conclusion is made by Erbez et al. (2010) as well, who established а temperature higher than -30 C they will not need additional 
that there was no significant difference in the monthly temperatures nutrition to maintain their body temperature (Jara et al., 2016). 
inside and outside the buildings. When comparing this information with the data generated by us 

From the analysis of variance presented on Table 3, a (Table 2) it can be seen that the established temperatures are within 
significant effect of the farm on the temperature in the different the thermoneutral zone of the cows in all buildings for all seasons. 
technological zones by barns was reported (P <0.05 and P <0.01). Exceptions are buildings 1 and 2, where in summer the 
This effect could be both of climatic and technological nature. A temperatures slightly exceed the upper limit, thus the cows are 
significant effect of the season (P <0.001) and time of recording exposed to adverse influence of the thermal stress.
during the day (P <0.001) was reported as well as of the combined According to Bulgarian legislation (Regulation No. 44, 2006), 
factor ,,farm and season” (P <0.001) and ,,season and time of the optimum temperature in the living area of cows must be within 10 

o o o recording” (P <0.001), without the temperature above the feed alley.to 15 C (min 5 C and max 28 C). The established temperatures in 
The variation in air temperature by technological zone of stalls the studied buildings do not deviate from the limit values in the 

in buildings by seasons and time of recording during the day for the standard. Bulgarian norms for minimum and maximum temperature 
three farms is presented in Figure 1. Since significant differences in in buildings for cows are different from those recommended by other 
average daily temperatures in the three technological zones by authors. This difference indicates the need to review these figures in 
seasons were not found, we present only the variation for the zone of accordance with the changed requirements of the animals according 
stalls by time of recording of the temperature. This also largely to their productivity, genetic traits, etc.
determines the comfort of cows and their desire to rest in stalls.There were no significant differences between the average 

The variation in temperature in the zone of stalls in B1 from daily temperatures recorded in the different technological zones - 
Farm 1 for both summer and winter was with the greatest deviation above the stalls, above the manure and feed alleys in the barns from 
compared to the other two farms – Farm 1 and Farm 2. In the the three farms for all seasons. The recorded temperatures over 
summer almost throughout the day the temperatures were high, technological zones were higher in the summer, followed by spring, 
reaching 29°C at noon, and even in the morning not falling below autumn and winter. During the summer at high daytime 
25°C. Conversely, here, in the winter the lowest temperatures were temperatures in barns, the fans positioned above manure alleys in 
reported which in the morning and evening fell almost to 6°C and at B1 and B2 and above the stalls in B3, were running, but that did not 
noon rose to 9°C (Figure 1). Farm 3 was with the most favorable affected air temperatures. Probably, the reason for this was the 
temperature variation at different hours during the day. improper orientation of the direction of the fans airflow, which have 

The presented variation in temperature during the day by only led to unnecessary energy costs without achieving the desired 
seasons and farms showed no risk of temperatures below the lower cooling effect in the areas of the technological zones in the buildings.
limit of the thermoneutral zone in all three farms. There was a risk of There were statistically significant differences between the 
higher temperatures mainly during the summer period inside the values of outside air temperature and the temperature inside the 
buildings, resulting in risk of heat stress and negative impact on barns only for the summer at Farms 1 and 3 and for spring at Farm 3. 
productivity and animal welfare.For the other seasons the differences were minimal and statistically 

During the last decades, the number of days with extremely insignificant. The biggest differences between inside and outside 

Table 3. Analysis of variance for the influence of the controlled factors on average daily temperatures in the different 
technological zones inside the buildings

* - significant at P <0,05; ** - significant at P <0,01; *** - significant at P <0,001; ns - no significant effect 

Sources of variation
Degrees of freedom Free-stalls Manure alley Feed alley

(n – 1) MS MS MSF          P F          P F          P

Total for the model

Farm 

Season 

Time of recording 

Farm*Season

Farm*Time of recording   

Season*Time of recording

Farm*Season

Error  

59

2

3

4

6

8

12

24

1710

1475.8

105.0

26431.8

712.1

234.8

11.3

43.5

16.8

13.0

113.41***

8.06***

2031.15***

54.72***

18.04***

0.87- ns

3.34***

1.29- ns

112.18***

8.19***

1998.38***

58.64***

15.96***

1.14- ns

3.71***

1.13- ns

55.62***

5.69**

1001.34***

24.77***

8.60***

0.19- ns

1.46- ns

0.65- ns

1483.78

108.4

26431.5

775.7

211.1

15.1

49.1

15.0

13.2

738.66

75.6

13298.5

329.0

114.2

2.5

19.4

8.6

13.3
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Figure 1. Air temperature above the stalls in the investigated barns by seasons and time of recording during the day 
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Table 4. Average daily speed of airflow (m/s) in different technological zones of the investigated barns by seasons

B1 is investigated barn in Farm 1, B2 – in Farm2 and B3 - in Farm 3, respectively;
Between the farms marked with the same letter by seasons there is a statistically significant difference - P <0.05

Barn

Summer

Autumn

Winter

Spring

Free-stalls

x ± SE x ± SE x ± SESD SD SDNumber

Manure alley Feed alley
n

B 1

B 2

B 3

B 1

B 2

B 3

B 1

B 2

B 3

B 1

B 2

B 3

150

250

250

120

200

150

90

150

150

60

100

100

a0.23±0.019
ab0.16±0.009
b0.20±0.015

ab0.11±0.003
ac0.10±0.001
bc0.19±0.024

a0.10±0.000
ab0.11±0.003
b0.10±0.000

0.10±0.000

0.11±0.006

0.10±0.000

ab0.37±0.034
ac0.22±0.016
bc0.13±0.008

а0.11±0.002

0.11±0.003

0.10±0.001

0.10±0.000
ab0.12±0.007
b0.10±0.000

0.11±0.005

0.15±0.028

0.10±0.000

а

а

ab0.24±0.042
ac0.14±0.008
bc0.12±0.007

0.13±0.009

0.13±0.006

0.16±0.028

0.10±0.004

0.13±0.011

0.10±0.000

0.22±0.033

0.12±0.010

0.10±0.000

а

а

ab

ac

bc

0.24

0.15

0.24

0.03

0.02

0.30

0.00

0.04

0.00

0.00

0.06

0.00

0.41

0.26

0.13

0.03

0.04

0.02

0.00

0.09

0.00

0.05

0.28

0.00

75

125

125

60

100

75

45

75

75

30

50

50

0.37

0.09

0.08

0.07

0.06

0.24

0.03

0.09

0.00

0.18

0.07

0.00



72

high temperatures increased, which affects the animals, and this recording in the day during the different seasons by farms was not 
trend will continue, according to the predictions of meteorologists. presented. This indicator had no specific pattern depending on the 
This should be taken into account when designing buildings and time of recording. It can be said that a higher speed during the 
technology systems in order to ensure an optimal environment for summer season in all three farms was observed. A higher speed of 
the animals that will reduce this negative effect of climatic extremes airflow in daytime hours compared to the morning and afternoon was 
(Brouček et al., 2006). registered, which was related to the work of the fans.

Speed of airflow. The average speed of the airflow (Table 4) was Significant differences in the speed of airflow inside and outside 
relatively low by farms and by seasons, especially in the zone above the premises for all farms for most seasons were observed, as the 
stalls of the investigated barns - about 0.10 m/s. A slightly higher reported from outside were considerably higher. Even for the 
speed was measured above the manure alleys and the highest – summer period when fans were working in the different 
above the feed alleys. During all the seasons, because of various technological zones of the farms, the speed of airflow outside the 
activities in the buildings during the day (loading diets in cribs, premises was equal to or higher than inside. This showed that this 
moving the cows to the milking parlor and back, cleaning manure, type of buildings protects dairy cows from airflow.
etc.), the walls on both ends of the feed alleys were often open in all The temperature stress can be reduced or eliminated by 
three farms. The result was an air stream, albeit a slight one and a different methods of cooling. Brouček et al. (2006) indicate that there 
higher speed of airflow above the feed alley compared to the other are a number of methods available which can be applied to reduce 
zones. Only for the summer in all three farms a considerably higher the air temperature below the outer ambient temperatures. The fans 
speed of airflow in all three zones of recording was reported. The can be used for mechanical ventilation. If they are properly 
speed of the air flow measured above the manure alley in B1 was the designed, this is a very effective method of providing airflow. 
highest. In the three dairy farms there were running fans, due to this However, it can be expensive and may not ensure an adequate relief 
in the summer a higher speed of airflow in all three farms in all three of heat stress, unless combined with other methods of cooling, for 
technological zones was reported. From the results shown, it can be example by mister system (Anderson et al., 2013). If the air is hot, 
seen that in B1 the highest speed of airflow above the manure alley animals do not lose heat. In hot summer conditions dairy cows need 
in the summer was observed. Probably this was due to the optimal more cooling than can be provided by natural or mechanical 
placement of the fans from one another inside the barn and to the ventilation (Brouček et al., 2006).
optimal angle at which they were placed towards the manure alley. In Regarding the average speed of airflow (Table 5) in the different 
B3, although the fans were positioned above the zone of stalls, the technological zones of the premises statistically significant effect of 
highest speed of airflow was not reported compared to the other two the farm in the zone of manure and feed alleys was reported (P 
barns (B1 and B2). <0.001) and less effect in the zone of stalls (P <0.05). The factor 

According to Regulation No. 44 (2006), the speed of airflow in season influenced significantly (P <0.001) the speed of airflow in the 
the vital area for the dairy cows during the warmer periods of the year three technological zones. The time of recording had significant 
should be in the range of 0.5 to 1 m/s, but for colder periods – up to effect only in the zone of manure alley (P <0.05). The farm also had 
0.3 m/s. The results obtained do not exceed these values. significant effect by seasons (P <0.001) in the three technological 
Consequently, the values of this index correspond to animal hygienic zones. The time of reporting by seasons had significant effect only 
requirements for cows. above the manure alley (P <0.05). This was so because in Farm 1 

Solan and Jozwik (2009) recommended the speed of the airflow and Farm 2 fans were located above the manure alleys, while in 
inside the premises for rearing dairy cows should not exceed 0.2 m/s Farm 3 they were located above the stalls.
for the winter period and 0.5 m/s for the summer, unless the Air relative humidity. The water vapor content in the air is an 
temperatures are not extremely high. Although these limit values are important animal hygienic indicator, because it affects the speed of 
lower than Bulgarian norms, the results obtained also do not exceed evaporation losses through the skin and the lungs of animals. When 
them. the average daily temperature is out of the comfort zone of the farm 

The variation in the speed of airflow depending on the time of animals, the amount of moisture in the air becomes a considerable 

Table 5. Analysis of variance for the effect of controlled factors on the average speed of airflow over the different 
technological zones in the investigated barns

* - significant at P <0.05; ** - significant at P <0.01; *** - significant at P <0.001; ns - no significant effect

Sources of variation
Degrees of freedom Free-stalls Manure alley Feed alley

(n – 1) MS MS MSF          P F          P F          P

Total for the model

Farm 

Season 

Time of recording 

Farm*Season

Farm*Time of rec.

Season*Time of rec.

Farm*Season*Time of rec.

Error

59

2

3

4

6

8

12

24

1710

0.087

0.098

0.930

0.030

0.133

0.023

0.031

0.023

0.024

3.62***

4.140*

38.9***

1.266- ns 

5.585***

0.951- ns

1.295- ns

0.943- ns

7.93***

16.99***

71.53***

2.53*

18.49***

1.70- ns

2.08*

2.87***

2.17***

8.53***

5.80***

0.99- ns

5.24***

0.93- ns

1.99*

1.37- ns

0.243

0.520

2.190

0.077

0.566

0.052

0.063

0.088

0.031

0.045

0.177

0.120

0.021

0.109

0.019

0.041

0.028

0.021
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element in maintaining the homeostasis of the animal (Bohmanova in the zone of manure alley, which was logical consequence of the 
et al., 2007). high moisture content of manure. In close proximity to this zone was 

Air humidity average values over the three technological zones the zone of stalls where the measured humidity was slightly lower. 
of buildings by farms and seasons are presented in Table 6. The The lowest humidity was reported above the feed alleys in all barns. 
lowest humidity over all three technological zones during all seasons This corresponded to the highest speed of airflow in that zone. Feed 
was recorded in the barn of Farm 1 (41.5-62.8%), and the highest - in alleys are relatively separated from the zones of manure alleys, 
the barn of Farm 3 (55.6-64.0%). These results are in direct relation which explained the measured lower humidity in that zone, besides 
to established values for the ambient air humidity of the investigated the higher speed of airflow contributed to lowering the humidity in the 
farms (Table 1). The differences between values of air humidity for all zone. In all three barns the feed alleys were situated toward the open 
technological zones in the barns (B1,B2 B3) by seasons were sidewall of the buildings. The adequate speed of airflow (ventilation) 
statistically significant at P<0.05. The highest humidity values were contributes to lowering the humidity, harmful gases, temperature 

Table 6. Average daily air relative humidity (%) in different technological zones of the investigated barns by seasons

B1 is investigated barn in Farm 1, B2 – in Farm2 and B3 - in Farm 3, respectively;
Between the farms marked with the same letter by seasons there is a statistically significant difference - P <0.05,

Barn

Summer

Autumn

Winter

Spring

Free-stalls

x ± SE x ± SE x ± SESD SD SDNumber

Manure alley Feed alley
n

B 1

B 2

B 3

B 1

B 2

B 3

B 1

B 2

B 3

B 1

B 2

B 3

150

250

250

120

200

150

90

150

150

60

100

100

ab49.5±0.79
ac55.7±0.66
bc59.3±0.47

64.6±1.25

66.4±0.98

66.2±1.47

ab52.4±1.05
ac57.5±1.44
bc62.0±0.86

ab42.7±1.00
ac45.4±0.64
bc57.0±0.77

ab49.9±0.79
ac55.9±0.64
bc59.3±0.49

65.5±1.24

65.7±0.98

67.0±1.44

52.3±1.01

57.4±1.42

62.4±0.86

42.4±0.90

45.7±0.60

57.5±0.78

ab

ac

bc

ab

ac

bc

49.0±1.01

54.7±1.00

57.5±0.64

62.8±1.80

63.5±1.28

64.5±2.05

49.7±1.47

56.9±2.00

61.2±1.13

41.5±1.47

43.9±1.01

55.6±0.98

ab

ac

bc

ab

a

b

a

b

ab

9.69

10.38

7.50

13.66

13.85

18.05

9.92

17.63

10.56

7.76

6.42

7.69

9.72

10.19

7.79

13.62

13.83

17.64

9.60

17.40

10.54

6.99

5.98

7.83

75

125

125

60

100

75

45

75

75

30

50

50

8.72

11.21

7.15

13.92

12.85

17.76

9.84

17.36

9.82

8.08

7.12

6.92

and air contamination with microorganisms (Miteva, 2012). difference in the monthly values of the relative humidity inside and 
Air humidity inside the buildings in all three farms was higher, outside the building. Contradictory to our results reported Šoch et al. 

compared to that outside the barns. This is explainable, because in (2000), which established that in most of the buildings for cows and 
the premises the additional moisture from the animals themselves heifers, the upper limits (80-85%) of the relative air humidity are 
and from the manure was evaporated. In the building of Farm 3 the exceeded.
relative humidity during almost all seasons in the three technological Animal hygiene assessment on this indicator showed that all 
zones was the highest. The main reason for this result is the capacity averages relative humidity values by seasons are within the range 
of the building, which is for 500 cows compared to the other two between 41.5±1.47% (Spring, B1 - feed alley) and 67.0±1.44% 
barns, which have a capacity for 120 cows, each of them. A larger (Autumn, B3 - manure alley), i.e. in a range between the minimum 
number of cows in B3 is the reason for the release of a larger quantity allowable (50%) and the lower limit of optimum temperature (70%) 
of water vapor as well as from the animals and from the higher under Regulation No. 44 (2006). Exceptions are the values of 
amount of manure in the barn. Another prerequisite is the higher relative humidity in B1 and B2 for all zones in the spring, in B1 of feed 
content of water vapor in the air outside Farm 3 compared the air alley in the winter and in B1 in all zones in the summer, which are 
humidity around the other two farms. lower than the minimum humidity according to the standard. 

The largest and statistically significant difference between the According to Ozhan et al. (2001) (by Sagsoz et al., 2003) 
relative humidity outside and inside the building was reported for optimal relative humidity in livestock premises is between 60 and 
Farm 3. The smallest was the difference for the winter season - 70%. Comparing these recommendable rates with the data reported 
4.2%, and the greatest for spring - 10.4%. In the other two farms the by us, it is obvious that in all three farms the humidity values by 
relative air humidity was also higher in the barns than outside, but the seasons and technological zones were around the lower limit of the 
differences were much smaller and not statistically significant - from recommended. 
2.8% to 3.8%. Erbez et al. (2010) also reported no significant The variations in air humidity above the stalls depending on the 
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time of measuring by seasons are given in Figure 2. indicators for the locations of these farms. In Farm 1 the lowest 
The highest humidity during most of the day for all seasons in relative humidity both outside and inside the building for all seasons 

Farm 3 was reported. Humidity above the stalls on this farm was the and technological zones was reported.
highest right from the morning, as it was around and above 70%. The The difference between the temperature and relative humidity 
lowest air humidity above the stalls almost throughout the day was inside and outside the buildings for rearing cows changed with the 
found in Farm 1. The same trend was also registered in the climatic seasons and also depended on the construction of buildings 

Figure 2. Relative humidity above the stalls in the investigated barns by seasons and time of recording during the day
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Table 7. Analysis of variance for the influence of controlled factors on the relative humidity in the different technological 
zones of the barns

* - significant at P <0.05; ** - significant at P <0.01; *** - significant at P <0.001; ns - no significant effect

Sources of variation
Degrees of freedom Free-stalls Manure alley Feed alley

(n – 1) MS MS MSF          P F          P F          P

Total for the model

Farm 

Season 

Time of recording 

Farm*Season

Farm* Time of rec.

Season * Time of rec.

Farm * Season * Time of rec.

Error

59

2

3

4

6

8

12

24

1710

1998.9

9256

18417

5258

1119

325

449

283

122

16.43***

76.02***

151.26***

43.18***

9.19***

2.67**

3.69***

2.33***

16.98***

84.32***

158.52***

44.01***

9.58***

2.88**

4.07***

2.01**

7.30***

38.88***

66.34***

17.70***

4.71***

1.20- ns

2.10*

0.83- ns

2008.5

10021

18839

5230

1139

342

484

239

119

897.9

4780

8156

2176

578

147

258

102

123
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(Seedorf et al 1998). Generally, the temperature is higher inside in Dairy Cows. Czech Journal of Animal Science, 51, 93-101.
buildings (3-5°C in Northern Europe) and the relative humidity Brügemann K, Gernand E, von Borstel UK and König S, 2012. 
varies, depending on the outdoor temperature (Seedorf et al., 1998; Defining and evaluating heat stress thresholds in different dairy cow 
Erbez et al., 2010). production systems. Archiv Tierzucht, 55, 13-24.

The analysis of variance for the influence of the controlled Cederberg C, Berglund M, Gustavsson J and Wallman M, 2012. 
factors (Table 7) shows that all three factors - farm, season and time Environmental impacts from livestock production with different 
of recording had a statistically significant effect on the humidity in the animal welfare potentials – a literature review, SIK report 844, 
three technological zones (P <0.001), as well as the factors, ,,farm Göteborg, Sweden, 19-39.
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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