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EFFECT OF SEASON ON GASES EMISSIONS FROM FREE-STALL BARNS
FOR DAIRY COWS

Summary

Livestock buildings are an important source of amimpmethane and nitrous oxide. In naturally vextgd buildings for
dairy cattle interaction of weather conditions amdcroclimate parameters in livestock buildings hareimpact on the
emission of ammonia and greenhouse gases. Thefdira study was to determine the effect of theogmasn the emission
of greenhouse gases (GH\,O) and ammonia from barns for dairy cows. The stwdg conducted in 6 free-stall barns lo-
cated in the Wielkopolska Voivodship, during: sgrisummer and fall. The median of Céimission factor was 14.8+2.3
g-h*-cow! in spring, 16.943.2 g-frcow" in summer, 17.3+2.1 g*hcow in fall. For ;O and NH values were 0.085+0.067
g-h*-cow! in spring,0.12040.060 g-H-cow® in summer, 0.062+0.049 g'tcow' in falland 1.1340.34 g-f.cow" in spring,
1.1740.45 g-h*-cow" in summer, 0.7740.37 g'cow" in fall, respectively. The analysis for all barsisowed statistically
significant differences in the values of emissictdrs between seasons £ 0.05). For NH and CH, they were not ob-

served only between spring and summer, and or ietween spring and falk & 0.05).
Key words gases emission, greenhouse gases, ammonia,ték&arn, dairy cows

WPLYW PORY ROKU NA EMISJE GAZOW Z OBOR WOLNOSTANOWI

SKOWYCH

DLA KROW MLECZNYCH

Streszczenie

Budynki inwentarskiegsgtéwnymzrédtem amoniaku, metanu i podtlenku azotu. W nétiigaventylowanych obiektach dla
bydta mlecznego wzajemne oddziatywanie warunkéwdgmgych oraz parametréw mikroklimatu wema budynkéw in-
wentarskich ksztattuje emgspmoniaku i gazéw cieplarnianych do otaczaigo jesrodowiska. Celem pracy byto okte-
nie wplywu por roku na emisgazow cieplarnianych (CKH N,O) i amoniaku z kilku obér dla kréw mlecznych. Bada
przeprowadzono w 6 oborach wolnostanowiskowychalilmwanych w wojewddztwie wielkopolskim, w trzeehach:
wiosennej, letniej oraz jesiennej. Mediana wsiiea emisji CH wynosita 14.842.3 g-hszt®! wiosny, 16.943.2 g-H-szt?!
latemi 17.34#2.1 g-A-szt! jesieni;. Dla N;O i NH; wartasci te wynosity odpowiednio 0.08520.067 §-éet! wiosny,
0.12040.060 g-f-szt! latemi 0.06240.049 g-H-szt’ jesieni; oraz 1.1340.34 g-hszt! wiosny, 1.1740.45 g-H-szt! latem
i 0.7740.37 g-H-szt? jesieniy. Ogoina analiza dla wszystkich obér wykazata stgtyznie istotne ehice w wartdciach
wskanikéw emisji midzy porami rokud=0.05). W przypadku N CH, nie zaobserwowano tychzmic jedynie dla wio-

sny i lata, a w przypadku,® dla wiosny i jesienio=0.05).

Stowa kluczoweemisja gazéw, gazy cieplarniane, amoniak, obooinastanowiskowa, krowy mleczne

1. Introduction

Livestock buildings are an important source of amia
(NHs), methane (Cl) and nitrous oxide (pO). Ammonia
causes eutrophication and acidification of the, sulilile the

[16, 19]. Changes of microclimate parameters affeetac-
tivity, behavior and performance of cows [12].

The interaction of weather conditions and microale
parameters inside livestock buildings determinesetimission
of ammonia and greenhouse gases into environmbatkady

CH, and NO are greenhouse gases that contribute to globalimatic factors influencing the gas emissionsaurtside tem-

warming [9, 10, 23]. In Poland, the share of adtige in
national gases emission was 98% forNA7% for NO

perature, relative humidity and wind force and diomn
[22].The studies carried out in many countries bynBer et

and 32% for CHin 2013. The share of dairy cattle in emis-al. [20], Pereira et al. [13], Feidler and Mulld],[Wu et al.

sions from livestock production was 30% for §B8% for
CH, [6, 7] and 21% for BD.

In mild climates, buildings for dairy cows are aby
naturally ventilated. Such objects have an opeméraon-
struction with half-open side walls and open rad§e. The
air circulation is caused by physical phenomene:differ-
ence in outside and inside temperatures and ttee fof
wind, what decreases the operating costs of tHeibgi[8,
18]. On the other hand, the weather conditionsngisoim-
pact the microclimate inside the naturally ventithtbarns
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[22], Schrade et al. [17], Rong et al. [14] and ¥enZaag et al.
[21] confirm the effect of weather conditions (tesrgture, rel-
ative humidity and wind force) on the emission mfegnhouse
gases and ammonia from buildings for dairy cowsalysis of
published Polish works showed a lack of researcthemela-
tionship between the season and the emission offllagases
from buildings for dairy cows.

The aim of the study was to determine the efféthe
seasons on the emission of greenhouse gases (G8)
and ammonia from several barns for dairy cows.

,Journal of Research and Applications in Agricultural Engineering” 2016, Vol. 61(2)



2. Material and Methods
Studied barns

The study was conducted in six free-stall barcated
in the Wielkopolska voivodship. All of the barns neeatu-
rally ventilated, and during hot days the natumhtiation
was supported by mechanical fans. Buildings diffeie
number of animals, type of the resting area, maremov-
al system and the milk yield:
Barn 1: collective shallow

6874 dni-cow-year',

Barn 2: non-littered stalls with slatted floor, t@ws,

9890 dni-cow-year',

litter, 180 cows,

Barn 3: collective deep litter, 240 cows,
8482 dni-cowyear,

Barn 4: littered stalls with solid floor, 240 cows,
8637 dni-cowyear,

Barn 5: littered stalls with solid floor, 240 cows,

10498 dm-cowyear',
Barn 6: non-littered stalls with slatted floor, 1&@ws,
8987 dni-cowt-year'.

Temperature, relative humidity and gas concentratio

The study was carried out in three series: spfiram
24 April to 24 May), summer (from 4 July to 23 Juind
fall (from 5 November to 3 December). During winter
(freezing temperatures) studies were not condunteduse
of the technical limitations of measuring equipmd&niring
one series in each tested barn there were madee2a4-m
urements of temperature, relative humidity and gagen-
trations.

The temperature and relative humidity of the rzside and
outside the building were measured using the loggsto
175 H2, with an accuracy of 0.5°C and 3%, respelgtiv
Measurements of the gases concentration, (S0 and NH)
on the outside and inside of the building were madphoto-
acoustic spectrometer Multi Gas Monitor Innova 13A&u-
racy was 0.06 mg-ffor N,O, 0.29 mg-ii for CH, and
0.15 mg-rit for NHs. The choice of the localization of meas-
urement point for gases concentration inside sfudlgects
was preceded by measurements at several poirdgstinoé the
barns. These studies confirmed the uniform mixihthe air
in all volume of barns. Therefore the daily measwets were
made at one point, located in the center of thielingi at a half
of the total barn height. The outside measuremaint pf gas
concentrations was in a distance of at least 1@mnéom the
windward side of the building, at the height o€islin the side
walls.

Ventilation rate and gases emission

The ventilation rate was determined accordingh®e t
CIGR methodology [3]. This method is based on amgam
ison of the concentration of carbon dioxide inséahel out-
side the building. The difference between the, €oncen-
tration is related to the rate of carbon dioxidedurction
and the efficiency of ventilation [2, 15]. The vidation rate
VR (m*h') was calculated from equations (1-3):

n-pP
VR = Cy

Cincoz ~ Courcoz, D)
where:

n — the number of cows,

Pcoz— the amount of C@mitted by one cow (mg*cow?),
Cinco— CO, concentration inside the building (mgs-)rn

Coutcoz— CO, concentration outside the building (m@-)m
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P, =290, (4-10°-(20-1;,)* +1) )
where:

q: — the total heat produced by cows (W),

ti, — the inside temperature (°C).

g =56-m%54+16-105-p3 4 22-y ©)

where:
m - cow’s mass (kg),
p — number of days after insemination (day),
y — milk yield (kg-day).

Source: Authors’ photdafrodio: zdjcie autorow

Fig. 1. Measurement aparatus in barn 3
Rys. 1. Stanowisko pomiarowe w oborze 3

The valuep, m, andy, which are necessary to calculate
the total heat produced by animals, were collefri@ah the
database of electronic herd management systems

The greenhouse gases and ammonia emisEbc(@shl)
from studied barns were calculated according toeiipea-
tion (4):

E;,=VR-(C;, 4)
where:

Cin— the gas concentration inside the building (md);m

Cou— the gas concentration outside the building (rmiy:m

The gas emission factors were related to one cd. av-
erage mass of one cow was determined based onilthngyc
cows documentation. The mean mass was 650 kg in all
barns.

- Cour) -107®

3. Results and discussion

Weather conditions directly impact emissions ofpail-
lutants, especially from naturally ventilated lit@sk build-
ings. They affect microclimate parameters in theapauch
as air flow, temperature and relative humidity, ethide-
termine the concentration of pollutants and vetititarate.
Weather and microclimate data (median and quatéiea-
tion), monitored during study, are shown in Tahle 1

The measurement results of selected weather and mi
croclimate parameters were statistically analyzé&tie
Kruskal-Wallis test and multiple comparisons of mea
ranks for all groups confirmed the presence of differ-
ences between the measured parameters in indivishaal
sons in all barns §0.05).

The medians of daily gas concentrations insidecartd
side the buildings and quartile deviation are pmese in
Tables 2 and 3.

Based on the measurement results of greenhouss gas
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and ammonia concentrations and ventilation ratesethis- equation (4). The gas emission factors (the emissiex-
sions of gases from the studied barns were cadmllasing pressed per one cow) are shown in Table 4.

Table 1. Daily air temperature, relative humidibdaventilation rate
Tab. 1. Dobowa temperatura i wilgotfiowzgkdna powietrza oraz wymiana powietrza

Season Spring Summer Fall
Barn 1 Outside 16.1+4.3 21.0+2.6 9.3+0.6
Inside 19.0+2.6 22.142.1 12.0+0.6
Barn 2 Outside 15.0+3.7 24.3+3.4 6.9+0.6
Inside 16.5+3.8 24.3+34 8.4+0.5
Barn 3 Outside 13.9+2.1 21.1+2.0 6.0+0.8
Temperature Inside 14.0+£1.9 21.3+1.5 7.0+0.6
(°C) Barn 4 Outside 17.1+3.0 22.61£2.0 9.440.3
Inside 18.6+1.1 22.6+2.7 13.2+0.4
Barn 5 Outside 15.3+5.4 21.0+£2.6 1.4+1.1
Inside 16.7+3.1 23.3+2.4 2.0+1.2
Barn 6 Outside 14.2+3.5 17.5+1.7 9.3+0.5
Inside 16.9+1.5 18.5+1.0 10.2+0.5
Barn 1 Outside 69.2+6.3 67.1+7.7 90.2+4.0
Inside 76.617.5 68.6+3.7 90.8+4.1
Barn 2 Outside 54.6+4.7 82.445.6 89.1+2.4
Inside 55.745.2 76.614.7 90.0+2.6
Barn 3 Outside 60.5+£7.0 86.1+5.6 86.9+2.8
Relative humidity Inside 71.945.7 87.7+5.1 86.6+2.9
(%) Bam 4 Outside 41.945.3 62.8+9.7 81.2+2.6
Inside 48.0+6.6 70.045.1 82.8+2.9
Bamn 5 Outside 57.4+7.7 76.7+3.2 87.4+1.6
Inside 59.5+4.4 83.1+4.6 90.5+3.2
Barn 6 Outside 61.4+6.8 73.646.3 91.943.9
Inside 63.2+6.8 79.549.2 94.6+2.4
Barn 1 231456 216438 210444
Barn 2 703+247 693+114 345+40
Ventilation rate Barn 3 1672+730 674+156 663+163
(m® H*-cow?) Barn 4 23144836 1667+498 15394529
Barn 5 1486+420 1702+602 1148+224
Barn 6 695+84 1976+336 779140

Source: own work Zrodio: opracowanie wiasne

Table 2. Daily concentration of greenhouse gases
Tab. 2. Dobowe gtenia gazéw cieplarnianych

Season Spring Summer Fall

Barn 1 Out;ide 3.30+0.20 8.74+0.48 1.32+0.65
Inside 42.12+13.74 45.2449.14 42.64+9.88

Barn 2 Out§ide 7.51+£0.52 13.76+0.43 1.25+0.33

Inside 30.45+7.08 35.0844.72 52.9945.94

CH, Barn 3 Out§ide 2.73+0.32 11.44+0.14 0.83+0.21
concentration Insple 11.13+2.40 29.3845.23 36.02+6.97
(mg-m's) Barn 4 Out_S|de 2.99+0.21 7.31+0,33 3.93+0.83
Inside 10.45+2.61 17.77+4.58 15.40+3.44

Bamn 5 Out§ide 4.69+0.17 10.32+0.64 0.47+0.03

Inside 14.71+4.09 18.95+4.93 16.3544.70

Barn 6 Out_side 3.46+0.06 6.12+0.47 0.80+0.29

Inside 22.15+2.13 15.66+1.87 21.70+£4.75

Barn 1 Out§ide 0.78+0.03 0.44+0.03 0.81+0.02

Inside 0.86+0.07 0.55+0.06 0.95+0.05

Barn 2 Out;ide 0.44+0.04 0.44+0.03 0.80+0.03

Inside 0.62+0.05 0.71+0.06 1.04+0.03

N,O Barn 3 Out_side 0.76+0.05 0.45+0.03 0.81+0.01
concentration Ins@e 0.81+0.03 0.68+0.10 0.93+0.03
(mg-md) Barn 4 Out§|de 0.52+0.01 0.51+0.03 0.75+0.02
Inside 0.57+0.02 0.60+0.04 0.85+0.04

Barn 5 Out_side 0.50+0.02 0.38+0.02 0.98+0.02

Inside 0.63+0.03 0.45+0.03 1.02+0.03

Barn 6 Out.side 0.75+0.03 0.59+0.04 0.81+0.05

Inside 0.79+0.03 0.66+0.03 0.88+0.04

Source: own work Zrodlo: opracowanie wiasne
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Table 3. Daily concentration of ammonia
Tab. 3. Dobowe gtenia amoniaku

Season Spring Summer Fall
Barn 1 Outgide 0.41+0.04 0.83+0.04 0.17+0.05
Inside 5.60+1.43 2.99+0.60 1.63+0.28
Barn 2 Out_side 0.69+0.14 0.86+0.09 0.64+0.15
Inside 2.29+0.61 3.08+0.85 2.76+0.35
NH, Barn 3 Out§ide 0.47+0.15 0.67+0.05 0.46+0.05
concentration Insuje 0.84+0.08 2.49+0.25 1.31+0.18
(mg-nt) Barn 4 Out;lde 0.38+0.06 0.65+0.05 0.38+0.05
Inside 0.71+0.18 1.18+0.15 0.93+0.08
Barn 5 Out_side 0.56+0.09 0.69+0.05 0.06+0.04
Inside 1.56+0.24 2.13+0.39 1.04+0.17
Barn 6 Outgide 0.42+0.05 0.52+0.05 0.37+0.06
Inside 2.19+0.32 0.96+0.20 1.05+0.27

Source: own work Zrodio: opracowanie wiasne

Table 4. Emission factors of greenhouse gasesmntbaia
Tab. 4. Wskéniki emisji gazéw cieplarnianych i amoniaku

Season Spring Summer Fall
Barn 1 8.63+0.93 8.14+0.60 8.38+0.39
CH, Barn 2 16.29+1.25 14.75+0.56 18.15+2.45
emission Barn 3 15.53+1.44 11.25+0.72 21.92+2.37
factor Barn 4 18.21+1.44 18.24+2.99 19.65+0.54
(g-h*-cow?) Barn 5 15.38+1.63 13.37+0.25 18.26+2.86
Barn 6 13.09+0.55 19.36+0.28 17.00+0.67
Barn 1 0.013+0.008 0.028+0.015 0.024+0.011
N,O Barn 2 0.128+0.087 0.156+0.057 0.092+0.012
emission Barn 3 0.081+0.039 0.183+0.038 0.081+0.025
factor Barn 4 0.085+0.040 0.137+0.082 0.169+0.063
(g-H*-cow™) Barn 5 0.20520.088 0.129+0.064 0.040+0.024
Barn 6 0.029+0.012 0.093+0.064 0.041+0.018
Barn 1 1.14+0.23 0.4310.14 0.29+0.10
NH, Barn 2 0.98+0.20 1.62+0.58 0.67+0.21
emission Barn 3 0.62+0.28 1.41+0.38 0.53+0.09
factor Barn 4 0.78+0.22 0.92+0.21 0.82+0.42
(g-h*-cow?) Barn 5 1.42+0.27 1.99+0.53 1.05+0.49
Barn 6 1.21+0.29 0.90+0.49 0.63+0.16

Source: own work Zrodto: opracowanie wiasne

Table 5. The result of multiple comparisons of meamks for all groups (differences in the gas eiois$actors between

seasons)
Tab. 5. Wyniki wielokrotnych poréwhsrednich rang (rénice w wartgciach wspoétczynnikow emisji gazéwedazy porami roku)
CH, N,O NH;
Barn Spring Summer Fall Spring Summer Fall Spring Summer Fall
Summer Fall Spring Summer Fall Spring Summer Fall Spring
1 151 0.95™ 0.56™ 3.27 0.56"° 271 4.41 2.71 7.12
2 1.99" 4.78 2.79 1.72% 3.79 2.07" 3.12 5.05 1.92%
3 3.76 7.60 3.84 5.15 5.05 0.10™ 4.47 5.88 1.41%
4 0.32% 1.50™ 117 2.90 0.66"° 3.56 1.88™ 0.54"¢ 1.35%
5 2.50 4.75 2.28"° 2.48 3.5 6.0T 2.3 3.9 1.60™
6 6.52 1.75"= 4.77 4.19 1.98" 2.21 2.66 2.39" 5.04
T _ statistically significant difference<p,05 )

INST _ statistically insignificant difference
Source: own work Zrodto: opracowanie wiasne

of published studies. VanderZaag et al. [21] cotetliche
research of Cllemissions in free-stall dairy barn with sand
litter. They showed differences between the fatl apring.
The emission factors were lower in fall (10.4 Hdow?),
and higher in spring (28.4 gtttow"). In this study, the
methane emission factors were higher in fall thasgring.
Mosquera et al. [11] during the measurements indésp
litter barn calculated gas emission factors for &fber
and January. The GHemission factor in November (37.5

The analysis of the effect of the seasons (tenpera
and humidity conditions) on the emission of studigdes
does not allow to formulate the clear conclusidrtse dif-
ferences in values of daily emission factors do axxtur
between the same seasons in each studied barnmaylt
suggest that apart weather parameters, also o#toéor$
like: the type of the building, housing system andnure
removal system may affect the gases emission. dhelu-
sions of the study are not always consistent Withresults
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g-h*-cow') was higher than in January (29.1 fdow?).

For NH; emission factors in these months were similar anthe

amounted to 1.4 g'hcow® and 1.3 g-H-cow?, respective-
ly. Bluteau et al. [1] studied the emissions of \ftbm the

free-stall barn with sawdust bedding. Their resdibsnot
confirm the differences in the values of emissidnNél;

between spring, summer and fall. Joo et al. [5]yaed the
emissions of DO and CH from two free-stall non litter
barns and also found no differences in the valdesros-

sion factors between seasons.

To conduct an analysis of the effect of the seasm
the emission of greenhouse gases and ammonid foarak
together, the emission factors were grouped accorth
the season. The distribution of emission factogh®yn on
Figures 2-4. The bottom and top of box plots intdicthe
first quartile (Q) and third quartile (g), respectively. The
lines dividing the boxes show the median and theskens
indicate the minimum and maximum values.

F it
34
2 2
I 34
|s ss]

CH, emission factor (g-hl-cow?)

Spring Summer Fall

Source: own work Zrodio: opracowanie wasne

Fig. 2. Emission factors of Cfih studied seasons
Rys. 2. Wartéci wskanika emisji CH w poszczegdélinych
porach roku
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Fig. 3. Emission factors of /@ in studied seasons
Rys. 3. Wartéci wskanika emisji NO w poszczegdélnych
porach roku

barns. The lowest emission factors for those gases in
fall and amounted 0.77+0.37 §-tow' and
0.062+0.049 g-hcow" respectively. Cll emission factor
was the highest in the fall - 17.3+2.1 ¢¢pw', and the
lowest in the spring - 14.8+2.3 ¢-cow™.

B 4,0
EER
2
< 3.0
=25
=1
E 2.0
215
£ 1,0
a:ﬁ 0 5 I 1
e - 1
0.0 ; - ;
Spring Sumimer Fall

Source: own work Zrodio: opracowanie wiasne

Fig. 4. Emission factors of NHn studied seasons
Rys. 4. Wartéci wskanika emisji NH w poszczegdinych
porach roku

4. Conclusions

1. The median of Cllemission factor was 14.8+2.3 g-h
L.cow! in spring, 16.9+3.2 gthcow" in summer, 17.3+2.1
g-hl-cow in fall. For NO and NH values were
0.0850.067 g-fhcow® in spring,0.120+0.060 g-hcow’
in summer, 0.062+0.049 gtltow" in fall and 1.13+0.34
g-h*-cow’ in spring, 1.17+0.45 ghcow' in summer,
0.77+0.37 g-f-cow’ in fall, respectively.

2. The analysis of the effect of the seasons (temperat
and humidity conditions) on the emission of studigdes
does not allow to formulate the clear conclusiortse dif-
ferences in values of daily emission factors do owotur
between the same seasons in each studied barmayit
suggest that apart weather parameters, also o#uwtor$
like: the type of the building, housing system andnure
removal system may affect the gases emission.

3. The analysis for all barns together showed stediliyi
significant differences in greenhouse gas emis&ators
between seasona € 0.05). For NHand CH, there was no
difference only for spring and summer and foyONbe-
tween spring and fall&0.05).
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