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INDOOR CLIMATIC STATUS DURING WINTER CONDITIONS
IN DAIRY HERDS IN BOSNIA AND HERZEGOVINA

Miljan ERBEZ"?, Bozo VAZIC?, Knut Egil BOE, Lars Erik RUUD?

Indoor climatic status during winter conditions in dairy herds
in Bosnia and Herzegovina

The aim of this cross-sectional field study was to describe
climatic status in dairy barns during winter conditions both
in lowland and in mountainous regions of Bosnia and Her-
zegovina. While all the mountain herds had tie-stall systems
(MT), eight of the lowland herds had group housing systems
(LG) and the remaining 30 herds had tie-stall systems (LT).
The mean indoor air temperature (T,) was around 10 °C across
types of barns and in all herds T, was above 0 °C. The mean rel-
ative air humidity (RH) was actually highest in the LT-group,
but within the recommended level for both LG, LT and MT
barns. At the 15 % of the MT barns, 17 % of the LT barns and
38 % of the LG barns the air velocity was > 0.2 m/s. The level
of NH, was quite low in all groups of barns, although some-
what higher in LT-barns. In none of the barns the level of NH,
exceeded 3 ppm. Only in one barn (a MT-barn) the level of
CO, exceeded 3000 ppm. We conclude that the climatic status
in most dairy barns in Bosnia and Herzegovina during winter
seem to be acceptable.
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1 INTRODUCTION

The dairy sector in Bosnia and Herzegovina (BiH)
is based mostly on small scale farms, with most herds
smaller than five dairy cows (Loza, 2014). Tie-stall sys-
tem is commonly used on most farms, whereas group
housing is rare and only used on a few larger farms. In
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Zimske klimatske razmere v objektih za krave molznice v Bosni
in Hercegovini

Namen te prese¢ne $tudije je bil opisati klimatske razme-
re v objektih za krave molznice v zimskem ¢asu v niZinskih in
hribovskih obmog¢jih Bosne in Hercegovine. V vseh ¢redah v
hribovskih obmo¢jih smo nasli vezano rejo (MT), medtem ko
so imeli v osmih ¢redah v nizinskem predelu skupinsko uhle-
vitev (LG), v preostalih 30 ¢redah pa vezano rejo (LT). Pov-
precna temperature zraka v objektih (T) je bila okrog 10 °C in
v vseh ¢redah so bile temperature T, nad 0 °C. Povprecna rela-
tivna vlaga (RH) je bila najvi$ja v skupini LT, vendar $e znotraj
priporoc¢enih vrednosti, tako v LG in LT, kot tudi v MT hlevih.
V 15 % MT hlevov, 17 % LT hlevov in 38 % LG hlevov je hitrost
zraka presegala 0,2 m/s. Koncentracija NH, je bila v vseh hle-
vih relativno nizka, le v LT hlevih je bila nekoliko visja. V no-
benem od hlevov koncentracija NH, ni presegla 3 ppm. Samo
venem MT hlevu je koncentracija CO, presegla 3000 ppm. Na
osnovi teh podatkov sklepamo, da so klimatske razmere v ve-
¢ini hlevov za molzne krave v Bosni in Hercegovini v zimskem
Casu ustrezne.

Klju¢ne besede: govedo; krave; molznice; uhlevitev; kli-
matske razmere; hitrost zraka; ogljikov monoksid; amonijak;
zima; Bosna in Hercegovina

many of the old tie-stall barns, mangers are directed to
the walls and openings in the ceiling to the hay storage
above the animal room which may contribute to air ex-
change. Poor building design and unsuitable microcli-
mate may result in decreased productivity, diseases and
risks to animal welfare (Cena and Clark, 1981; Charles,
1981).
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The intensive dairy production in BiH is located
in the northern lowland region (< 300 m.a.s.l.) and less
intensive production is found in the central and south-
ern mountainous regions (> 600 m.a.s.l.). In the north-
ern lowland region the mean air temperature in January
is approximately —1 °C and in the central and southern
mountainous regions the mean air temperature ranges
from —4 to —7 °C (UNFC, 2013). The cows are usually
kept on pasture for 7 to 8 months during summer.

Normally the winter ventilation is regulated to con-
trol moisture and gases (Curtis, 1981). Many older dairy
barns in BiH are often without adequate ventilation,
meaning that concentration of moisture, CO, and prob-
ably also NH, may be higher than recommended during
winter time.

Recommended indoor temperature for dairy cat-
tle during winter are 5 to 10 °C (CIGR, 1999), whereas
maximum recommended RH is temperature dependent
(CIGR, 1999). Recommended maximum RH at 10 °C is
80 %, and the implication of the CIGR-recommendation
is that the sum of indoor temperature and RH should
be lower than 90 (CIGR, 1999; Ruud et al., 2014). It is
also recommended that concentration of ammonia and
carbon dioxide should not exceed 25 ppm (Weeks, 2008)
and 3000 ppm (CIGR, 1999), respectively. Even low
concentrations of ammonia are considered to endanger
health (Danuser et al., 1988; Brautbar et al., 2003). High
air velocity will increase the animal heat loss, and the air
velocity in the animal zone during winter should there-
fore not exceed 0.2 m/s (Poulsen and Pedersen, 2009).
Larger indoor room volume per animal is positive for
air quality (Poulsen and Pedersen, 2009), and at least
18 m’® per cow is recommended in loose housing systems
(Anonymous, 2001; Ruud et al., 2014).

The design of farm buildings, including ventilation,
are influenced by local traditions, however, the detailed
knowledge of indoor climate in BiH is scarce. Hence, the
aim of this cross-sectional field study was to describe cli-
matic status in dairy barns during winter conditions both
in lowland and in mountainous regions of BiH.

2  MATERIALS AND METHODS
2.1 SELECTION OF HERDS

A total of 76 commercial dairy herds in BiH were ran-
domly selected from the Register of agricultural producer’s
database (www.apif.net). Half of the herds (n=38) were
selected from a geographical area that were located lower
than 300 meter above sea level and the other half of the
herds (n = 38) were selected from a geographical area that
were located higher than 600 meter above sea level. While
all the mountain herds had tie-stall systems (MT), eight of
the lowland herds had group housing systems (LG) and the
remaining 30 herds had tie-stall systems (LT). Five of the LG
herds had cubicles and three of the herds had deep bedding
in the lying area.

2.2 HERD CHARACTERISTICS AND BREEDS

Mean herd size for the MT herds was the smallest,
somewhat larger in LT farms and the largest was in LG
herds (Table 1). The main breed on the farms in the study
were Simmental (42 farms), Gacko cattle (27 farms) and
Holstein (7 farms).

All the MT, 53 % of the LT and 25 % of the LG herds
practiced summer grazing, and the mean grazing period for
all herds practicing grazing was 7.5 months.

2.3 BARNS AND VENTILATION SYSTEMS

During the indoor feeding period from December
2013 to February 2014, all the 76 herds were visited once
by a team of trained observers. The herds were visited at
daytime between 7:30 and 15:00 hours. A systematic pro-
tocol was used to record data on each farm. This protocol
was an adapted version of that one used in the Norwegian
KUBYGG-project (Simensen et al., 2010).

Most of barns in the mountain regions were older
buildings with solid stone walls and with small windows

Table 1: Herd characteristics for 76 mountain and lowland dairy herds (total range in brackets)
Preglednica 1: Znacilnosti 76 hribovskih in nizinskih ¢red molznic (v oklepajih so navedene ekstremne vrednosti)

Herd characteristics/groups

Lowland group housing (LG)

Lowland tie-stall (LT) Mountain tie-stall (MT)

Number of herds 8

51.4 (21-107)

95.8 (23-165)
7.8 (4.4-12.5)

53.0 (26.8-115.7)

Mean herd size, dairy cows'
Mean herd size, all animals!
Mean floor area (m?/animal)

Mean barn air volume (m?*/animal)

30 38

16.2 (6-54) 11.9 (5-74)

25.0 (6-110) 18.0 (6-118)
7.6 (3.5-13) 6.5 (2.5-28.2)

29.18 (10.5-85.3) 25.6 (5.1-198.7)

!'Represents number of animals in the room where the measurements were performed
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in the outer walls that could be manually regulated as the
only air inlet. These buildings had no specific air outlet, but
had openings in the ceiling to the hay storage above the ani-
mal room contributing to the air exchange. Eighteen of MT
barns had windows closed at the observation day, 6 were
half opened and 14 opened.

LT barns were in majority also older buildings with
solid walls of brick or wood and with ventilation windows
as air inlet. Ten of the LT barns had open ridge for air out-
let, whereas 20 had a solid ceiling with no special air outlet.
Thirteen of LT barns had windows closed at the observation
day, 16 were half opened and 1 opened.

The eight LG barns were in general newer, often built
in the last decade. LG barns had open side walls with or
without curtains as air inlets. Five of these barns had ridge
openings for air outlet.

The dimensions of the main animal room were record-
ed using a laser distance meter (LDM50, PCE instruments,
UK). Based on these numbers, total space per animal and
total air volume per animal were calculated (Table 1). Mean
floor area per animal did not differ much between the herd
categories, but mean air volume per animal was higher in
group housed herds than in the tie-stall barns.

On all farms, the manure was scraped out from the
building and kept in outside lagoons or in a pile.

2.4 INDOOR CLIMATE

Indoor air temperature (T,) and air velocity was meas-
ured at 3 locations inside each barn; at the north side of
the barn, middle and south side and also air temperature
outside (T,), using PCE-423 (PCE Instruments, UK). Rela-
tive air humidity (RH) was measured at the same locations
inside the barn using PCE-AM 82 (PCE Instruments, UK).
Carbon dioxide (CO,) and ammonia (NH,) was measured
in the center of each animal room using IBRID MX6 (In-
dustrial Scientific Corporation, USA).

2.5 STATISTICAL ANALYSIS

In order to test the effect of housing system on cli-
matic variables, a one-way ANOVA test was performed
using Excel 2013 (Microsoft), and with a significance
level of p < 0.05. Two herds with a room volume higher
than 90 m*/animal were removed from the dataset when
calculating room volume. Paired t-tests were used for
pairwise comparisons between arithmetical means for
different climatic parameters in the three groups of dairy
barns.

3 RESULTS

As could be expected, the mean outdoor air tem-
perature (T ) was lower for the mountain herds than for
the lowland herds (Table 2), and outdoor temperatures
below 0 °C was only found at mountain herd locations.

The mean indoor air temperature (T was around
10 °C across types of barns and in all herds T, was above
0 °C (Table 2). T, somewhat lower in the MT-barns, and
the variation within this type of barn was higher.

The mean relative air humidity (RH) was actually
highest in the LT-group (Table 2), but within the recom-
mended level for both LG, LT and MT barns. However,
among the LT and MT barns there were some barns with
RH > 90 %.

Only in LT barns, the mean sum of indoor tem-
perature and RH was higher than 90 (Table 2), and 17
of the 30 barns had a T, + RH value higher than 90. In
MT barns, eight of 38 herds had a T, + RH value higher
than 90.

The mean air velocity was low in all groups of barns
(Table 2). At the 15 % of the MT barns, 17 % of the LT
barns and 38 % of the LG barns the air velocity was
> 0.2 m/s. The highest air velocity measured was only
0.67 m/s.

Table 2: Mean and range for different climatic parameters in the three groups of dairy barns
Preglednica 2: Povprecja in ekstremne vrednosti razlicnih klimatskih parametrov v treh tipih hlevov za molznice.

LG LT MT

n=38 n=30 n=38 F P
Outdoor air temperature (°C) 8.6 (3.3-12.7) 9.6° (4.4-15.1) 5.0" (=5.0-17.0) 9.48 <0.001
Indoor air temperature (°C) 9.2 (3.1-14.1) 11.7% (6.5-17.5) 8.5" (1.6-18.1) 7.08 <0.002
Relative air humidity (%) 67.3* (51.1-79.5) 78.6° (59.2-92.9) 72.2* (50.9-99.1) 591 <0.005
Sum Ti + RH 76.4° (66.2-87.1) 90.3% (74.5-102,6) 80.8%(55.4-108.7) 10.26 <0.001
Air velocity (m/s) 0.14 (0.04-0.31) 0.13 (0.01-0.67) 0.07 (0.01-0.45) 1.44 =024
NH, (ppm) 113 (0-2) 1.46* (0-3) 1.0° (0-2) 3.93 <0.05
CO, (ppm) 627.5 (390-890) 936.7 (390-1690) 1105.7 (390-5390) 1.82 =0.16

»® Means with different superscripts differ significantly (p < 0.05)
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The level of NH, was quite low in all groups of barns
(Table 2), although somewhat higher in LT-barns. In
none of the barns the level of NH, exceeded 3 ppm. There
was no significant differences between groups of barns
regarding concentration of CO,. Only in one barn (a MT-
barn) the level of CO, exceeded 3000 ppm.

The mean room volume was lowest in MT barns
(25.6 m*/animal), somewhat higher in the LT barns
(29.2 m*/animal) and highest in the LG barns (53.0 m?/
animal). A total of 76.3 % of MT barns, 40 % of the LT
barns and none of the LG barns had a room volume low-
er than 18 m*/animal.

4 DISCUSSION

Even during the winter months the outdoor temper-
atures was relatively modest in both lowland and moun-
tainous regions. These conditions did not challenge the
animal thermoregulation (Young, 1981). In addition the
animals were kept inside under partly controlled climate
conditions where the air temperature was even higher.
Air velocity will increase animal heat loss (CIGR, 1999),
but generally air velocity was low. Even if the air velocity
was 0.67 m/s in one herd, this will not be critical for the
animals.

The mean relative humidity and CO, was well with-
in recommended levels (CIGR, 1999; Ruud et al., 2014).
RH was higher in the LT barns, but there were no differ-
ences between groups concerning CO,. This may seem
strange for MT and LT farms, because those did not have
a specially designed ventilation system.

In the MT barns the air evacuation in to the hay
storage room above seems to have satisfactory function
as ventilation system, since that levels of RH and CO,are
within recommended levels on most farms (CIGR, 1999;
Ruud et al., 2014). Small windows in MT barns seem to
have a low effect, since no difference were found whether
windows were open or closed.

The lowest level of RH and CO, was found in the
LG barns, which seem logical since these barns had a
dedicated ventilation system with open side walls, ridge
openings and in addition a large barn volume. In the LT
barns we found highest T, RH and T, + RH. This may be
due to the solution with the solid roof and construction
with no dedicated air outlet. As this is the most common
type of building for dairy cattle in BiH, further studies
should be especially focused on this type of buildings.
The NH, level was generally low which could be due
to that manure and urine was removed from the room
around two times daily. No manure was stored in direct
connection with the animal room.
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5 CONCLUSION

The lowest variation among the followed parame-
ters were in LG barns which had specialized air inlets and
outlets. It is to conclude that LG barns, are more suitable
for intensive and profitable dairy production in climatic
conditions of BiH. The building constructions being used
in BiH seem to work quite well regarding indoor climatic
conditions, however focus should also be kept on man-
agement routines especially in high yielding herds. We
conclude that the climatic status in most dairy barns in
Bosnia and Herzegovina during winter seem to be ac-
ceptable.
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