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Abstract.
Lighting is one of the important parameters of the microclimate of livestock housing,
ensuring the normal growth and development of animals, including dairy cows. Light, especially
natural, provides positive influence on physiological processes in dairy cows, improves their
health and fertility, as well as milk production. During the autumn-winter period, when the
daytime is short, it is advisable to use artificial electric lighting to compensate the lack of natural
illumination in premises, where dairy cattle are kept. In this regard, studies were conducted to
evaluate the parameters of natural and artificial illumination in cowsheds of various designs. The
measurements were carried out on a cattle farm with 200 dairy cows of Brown Swiss breed, kept
in conditions of loose housing. The farm is a property of LLC “Solovyevskoye” located in the
Knyagininsky district of the Nizhny Novgorod region. The natural and artificial illuminance of
the premises was determined with the help of the measuring instrument “Percent Flicker meter +
Luxmeter + Luminance meter TKA-PKM (09)”. The measurements were carried out on the farm
three times a day for two adjacent days once a month. Illuminance was measured along each row
of stalls in the all zone of accommodation of animals. The natural illumination near the yard was
measured at the same time. The conducted studies revealed that the distribution of lighting over
the housing was uneven. In the outer parts of the courtyard, compared to the center, the
illuminance was lower (95 lx vs 305 lx). The total power of illumination in the room was (4.5
W/m2×1400 m2) 6300 W. In designing and building livestock premises, the main criterion for
regulation and evaluation of natural light is the window-to-floor area ratio. The natural
illuminance inside the building is 20 lx (on average) and outside is 3000 lx; therefore, the
daylight factor (DF) is 0.7%, which corresponds to the norm. In the premises designed for
animal housing, DF should be at least 0.8%.
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Introduction.
The rational housing of animals in conditions of optimum microclimate directly affects
the economic efficiency of intensive cattle breading on industrial basis. Illumination of livestock
premises is regulated by Building Codes and Standards (SNiP 23-05-95) and Industry Building
Codes of Agricultural-Industrial Complex (IBC-AIC 2.10.24.001-04) [1, 6, 16, 17, 23, 24].
The

studies

of

N.M. Komarova,

G.V. Burkser,

A.K. Danilova,

A.P. Onegov,

I.M. Golosov, V.F. Matusevich, N.D. Krakosevich, and others show that microclimate of many
livestock facilities built in past and even recent years does not meet zoo-hygienic requirements,
especially for temperature-humidity conditions and illumination [4, 5, 7, 8].
The noncompliance of the microclimate to regulatory requirements leads to large
economy losses during the autumn, winter, and early spring. In the southern regions, it affects
summer season. This loses are caused by decrease in the reproductive capacity of the breeding
stock and the productivity of animals, by rising incidence and mortality of young breed, by
increase of forage required for producing a unit of production, and by decrease in production
quality. In addition, the lifetime of premises is directly dependent on the temperature and
humidity regime.
Illumination is one of the most important parameters of the microclimate, ensuring the
normal growth and development of animals kept indoors [15, 19].
Studies show that keeping dairy cattle in unlit premises leads to reduction of average
daily milk yield and of fat content in milk [4, 5, 13, 19]. Implementation of technological
processes in cattle-breeding premises requires both artificial and natural lighting. The daylight
provides only 70% of the required illumination in the spring-summer period and only 20% in the
autumn-winter period. Artificial illumination of cattle-breeding premises has two different
regimes: technological (working) and duty lighting [6, 8, 12].
Duty lighting uses 10-15% of the working lights and serves to monitor animals at night.
The main characteristics of artificial lighting is power density expressed in watts per square
meter. In order to calculate the power density of artificial lighting in the livestock housing area,
one should count the number of electric bulbs in the cowshed, summarize their power, and divide
it by the area of the floor [7, 9, 10, 21, 22].
The natural illumination depends on the height of the sun, time of year, cloudiness,
location of the building in relation to the cardinal directions, shape and size of windows, their
placement, properties of internal equipment, etc. (Figure 1). Dirt covering window glass can
reduce natural illumination up to 58%. Drizzle provides almost the same effect. The influence of
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interior decoration of the premises on natural illumination is also notable. The white or
whitewashed wall reflects 85% of the daylight. Fresh wood and brick reflect only 40%.
In order to ensure sufficient degree of illumination, it is necessary to strive to use natural
light in full. Designing of new facilities takes this trend into account. However, outdated
premises have small windows that should be expanded during the reconstruction. Daylight
should reach all parts of the cowshed, including the areas allocated for calving.

windowto-floor
area
ratio

daylight
factor

the ratio of the window glass
area to the floor area of the
building

Characteristics of
natural illumination

the percentage ratio of horizontal
illumination indoors (Ei) to
simultaneous horizontal
illumination outdoors by diffused
sky light (Eo)

Figure 1. Regulation of natural illumination

The level of illumination and duration of daytime influence the life cycles of dairy cows.
For this reason, it is necessary to pay sufficient attention to the arrangement of lighting in the
construction of the barn. Neglecting this factor will result in decrease in weight gain of meat
breeds and decrease of milk yield of dairy cows. One should not ignore it. For example, a
competent organization of illumination with other things being equal increases the milk yield up
to 10%, which is a significant result that can be achieved by minor increase in costs [2, 3, 10].
Studies show that a sufficient amount of light (at least 100-200 lx) contributes to increase
in milk yield by 6-8%. Practice proves that cows are sensitive to the change in the rhythm of day
and night. The level of illuminance in the resting boxes for lactating cows should be about 200 lx
near the cow head, and it should be 200-300 lx near the water bowl and feeding table [9, 10, 20].
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The small length of daytime in winter affects the productivity of cows. The functioning of
mammary gland drops significantly compared with the summer period, when there is plenty of
natural light in cowshed. The increase in the intensity of light to 100-300 lx contributes to
increase of milk yield by 10-20% in the winter months.
In order to optimize the life cycle of cows, it is necessary to provide a 16-hour long light
day, giving 8 hours for nighttime. This regime helps to rise the efficiency of the dairy farm and
milk production to their maximum. In summer period, artificial lighting is not necessary except
for cloudy days. However, optimization of life cycles in autumn, winter, and spring is impossible
without artificial change of level and duration of illumination [11, 14, 20, 24].
The daytime should begin at 4:00 am and continue to 20:00 pm. The intensity of lighting
should change gradually, as it happens in nature.
The measurement of illuminance level (expressed in lux) is carried out by a special
instrument, a lux meter. Each device is supplied with operation manual. The daylight factor in
cattle-breeding premises should be no less than the following numbers (in percent).
Material and methods of research. Guided by the material above, the authors
conducted a work aimed at studying the parameters of natural and artificial illumination in
cowsheds of various designs. The measurements were carried out on a cattle farm with 200 dairy
cows of Brown Swiss breed, kept in conditions of loose housing. The farm is a property of LLC
“Solovyevskoye” located in the Knyagininsky district of the Nizhny Novgorod region. The
natural and artificial illuminance of the premises was determined with the help of the measuring
device “Percent Flicker meter + Luxmeter + Luminance meter TKA-PKM (09)” (Figure 2).

Figure 2. A measuring instrument used in the study to determine level of natural and
artificial illuminance
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The measurements were carried out on the farm three times a day for two adjacent days
once a month. Illuminance was measured along each row of stalls in the all zone of
accommodation of animals. The natural illumination near the yard was measured at the same
time.
Results and discussion. The design of the lighting system should provide evenly
disturbed illumination without bright sports or dark niches. The illumination parameters of the
studied cattle-breeding premises in the winter period were significantly lower than the norms.
The conducted studies revealed that the distribution of lighting over the housing was
uneven. In the outer parts of the courtyard compared to the center, the illuminance was lower (95
lx vs 305 lx). Presumably, the reason is low light power density (expressed in watts per square
meter). The required minimum of illuminance is 160 lx.
The total illumination power is (4.5 W/m2×1400 m2) 6300 W. It means that the cowshed
needs 63 100-watt incandescent lamps. It is advisable to arrange them in four rows of 15-16
lamps. Eight or nine 100-watt lamps is enough to provide duty lighting, which corresponds to
required percentage of the working illumination (10-15%). The height of the installation of
lamps depends on their power (in watts). The greater the lamp power, the higher they can be
mounted.
The level of illumination and spectral composition of light affect the growth and
development, health and dairy productivity of animals, as well as their feed consumption and the
quality of the products. The impact of light increases oxidative processes and metabolism,
stimulates the functions of the endocrine glands, improves the immunity.
Precise evaluation of degree of natural light in the premises involves calculation of socalled daylight factor. The daylight factor is a percentage ratio of horizontal illumination indoors
Ei to simultaneous outdoor illumination Eo on a horizontal plane. The formula is DF = Ei/Eo or
DF=Еi×100/Eo.
The natural illuminance inside the building is 20 lx (on average) and outside is 3000 lx;
therefore, the daylight factor is 0.7%, which corresponds to the norm. In the premises designed
for animal housing, DF should be at least 0.8%.
In designing and building livestock premises, the main criterion for regulation and
evaluation of natural light is the window-to-floor area ratio. It expresses the ratio of total area of
window glass to the floor area of the building and shows the value of floor area per one m2 of
glazing. The standard value of the ratio for the cowshed should be 1:10-1:15.
ISSN: 2005-4297 IJCA
Copyright ⓒ 2020 SERSC

77

International Journal of Control and Automation
Vol. 13, No.1, (2020), pp. 73 - 81

Conclusions. The relevance of the study is conditioned by the fact that lighting is one of
the important parameters of the microclimate. Appropriate illumination ensures normal growth
and development of animals contained in cattle-breeding premises, including dairy cows. Under
the influence of light, especially natural, the physiological state of animals improves, their
disease resistance, reproductive capacity, and dairy productivity increase. Taking into account
these facts, the aim of the article is to study the parameters of natural and artificial illumination
in livestock housing. The leading approach to the study of this problem is the visual assessment
with the help of the advanced instruments, such as “Percent Flicker meter + Luxmeter +
Luminance meter TKA-PKM (09)”. The measurements were carried out on the farm three times
a day for two adjacent days once a month. Illuminance was measured along each row of stalls in
the all zone of accommodation of animals. The natural illumination near the yard was measured
at the same time. The article presents and reveals the microclimate parameters. The materials of
the article are of practical value for the rational management of animal husbandry, as well as for
the economic efficiency of intensive cattle breeding on industrial basis.
Keywords: microclimate, illuminance, livestock housing.
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