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Abstract. The clover is widely used as feed of animals and preservation of fodder is an important
problem. This paper informs about the experimental and theoretical investigations of red clover
(Trifolium pratense) drying by forced convection. This research is focused on verification of
influence of different air velocities on the drying process of red clover in thin layer in mild
temperatures (22 °C) and rather high relative humidity of air (70%). The initial moisture content
of clover was determined by gravimetric method using the hot air drying in the electric oven.
Special device for convection drying with air flow passing through material from the bottom
through supporting trays with a sieve (dimensions of mesh 3 x 4 mm) by constant temperature
was used for drying when the air velocity 0.7 ms*, 1.0 m s, 1.2 m s and 2.0 m s’. These results
was compared with drying by free convection. Changes of clover samples were determined from
the measured values of weight using the gravimetric method. The function of drying
coefficient K(t) is determined (using thin layer theory) and theoretical results are compared with
experimental results. Using experimental results were determined relationships between air
velocity and parameters included in function of drying coefficient. This allows theoretically to
predict the drying process depending on the air velocity.

Key words: clover, conservation, drying theory, fodder, forced drying, natural drying.

INTRODUCTION

Red clover (Trifolium pratense) is important forage plant grown mostly on
temperate clime throughout the world. This kind of plant is easily adaptable to many
natural factors as soil type, climate conditions and others. Last but not the least reason is
that is excellent nitrogen fixer and also is free from many disease and insect pests, has
versatile uses, and is suitable for use in crop rotations. Mostly is used for silage, hay,
haylage and is especially valuable in adding nitrogen and organic matter to the soil
(Riday, 2010).

Nowadays red clover improves agro-ecosystem. The main idea is that red clover is
used as under-seeding plant to wheat or corn in the system strip-tillage. This results in
improvements as reduction of erosion, runoff and leaching; soil temperature and
moisture regulation; weed suppression; interruption of pest and disease cycles and others
(Wyngaarden et al., 2015).
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One of the best way to process red clover is haylage or silage system. The next
popular way haw to process this plant is into round bales. During drying matter of hay,
it could be problem with moisture and rain. These problems can be associated with large
losses and other losses can arise if we store insufficiently dried hay. For decrease drying
time it should be used a mower-conditioner for cut (Rayburn, 2002). Hay bales losses
are functions of hay moisture, temperature and how long the hay is exposed to these
conditions (Holmes, 2004).

To develop recommendations for cutting fodder crops and drying, based on
forecasts weather conditions, it can be useful a mathematical model. Important problems
for future conservation of crops are related to the energy saving in drying process
(Jokiniemi, et al., 2012).

A drying model can estimate the moisture content of fodder crops as a function of
time for given weather conditions. Predictive model and uses the air temperature, wind
speed, global radiation is shown (Atzema, 1992). The drying process of harvested grass
was evaluated using numerical approaches in (Bartzanas et al., 2010).

The drying of lemon grass plant (Cymbopogon citratus Stapt) at different air
temperatures and drying speed is decribed in (Coradi et al., 2014), thin-layer total drying
time of some herbal leaves at different drying temperatures and velocities are determined
by (Kaya & Aydin, 2009). The results of low temperature drying of hops are shown in
(Hermanek et al., 2017 and Rybka et al., 2017).

The aim of this study is to determine the function of drying coefficient K(t) and to
compare the theoretical results with the results of experimental measurement. The
measurements were made for five air velocities, and for each situation a suitable
mathematical representation of the course of the equation was found.

MATERIALS AND METHODS

In July and August 2016, red clover drying was carried out at the Faculty of
Engineering of the Czech University of Life Sciences Prague. Fig. 1 shown that for the
laboratory measurements were used own design of convection system. The system is
consisted from four vertical drying chambers in each of which air flows at different
velocity. The velocities for each chamberswere 0.7 ms*, 1 ms?' 1.2 ms*and 2.0 ms™.
The results were compared with natural convection drying by the same temperature, but
with the 0.0 m s air velocity.

Each chamber is independent and allows for a different flow rates of air velocities.
Samples for each measurement were inserted into chambers on sieve tray with mesh
3 x4 mm of total area approximately 204 cm?. The airflow for drying of sample is
delivered by the fan of diameter 120 mm and controlled by fan revolutions.

Red clover was cut up into pieces of 20-50 mm length. Sample of an approximate
initial weight of 45 g was placed on every tray. On the sieves was placed only layer just
about 50 mm which is important for our research because it is assumed that there is no
moisture sharing between the layers of material.

For measured air velocity was used equipment: Anemometer CFM 8901 Master
(Hygrotec Messentechnik GmbH, Germany) with resolution 0.01 ms? and accuracy
+ 2% of final value. The sensor FHA646-E1C was used for measure humidity and air
temperature. This sensor sent data to the data logger ALMEMO 2690-8 (Ahlborn GmbH,
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Germany). The measured average temperature of drying air was 22 + 0.2 °C and relative
humidity 70 + 0.4%.
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The total drying time was 164.5 h. After this time was achieved the lowest moisture
content for the convective drying. During the first 0.5 hour of drying were samples
measured every 10 min, the next until the 1.5 hours every 15 min, the next 2 hours every
30 min and then every 60 min. For measuring weight in regular intervals was used the
laboratory weight KERN-440-35N (KERN and SOHN GmbH, Germany) with
maximum load weight 400 g and with resolution 0.01 g.

The dry matter (DM) content in red clover was detected by gravimetric
measurement using an MEMERT UNB-200 (MEMMERT GmbH + Co. KG, Germany)
air oven under temperature 105 °C. During regular time intervals samples were weighed
on a Kern 440-35N laboratory balance. The total drying time was adjusted to the need
for a determination of the equilibrium moisture.

RESULTS AND DISCUSSION

The experiment at red clover drying was made in the laboratory. Based on the
results of the measurements there are calculated water loses and dry weight of original
sample volume for each air velocities. The partial goal is to determine the drying
coefficient K(t) that obtained by fitting the values of each measurement into the Eq. (1).

KGO = — |’r'%_—%|, @

where K(t) — drying coefficient; m — weight of samples during drying, g; mq¢ — weight of
dry matter, g; ms — samples weight at the beginning of drying, g; t — time, h.

315



According (Aboltins, 2013) drying coefficient K(t) values are determined and
approximated. For the best approximation of this data is chosen function (2).

K(t) = at?, )

where a, b — constants that characterize experimental conditions.
For each drying air velocity are determined a and b values from (2). These results
are shown in the Table 1.

Table 1. The coefficients a, b values dependence from air velocity

Air velocity, m s? a b R?

V1 0.70 0.1446 -0.2522 0.9700
V2 1.00 0.1536 -0.2757 0.9859
V3 1.20 0.1690 -0.3093 0.9930
Vs 2.00 0.1719 -0.3037 0.9912
Vo 0.00 0.0338 -0.0018 0.0008

In the Table 1 is shown that the coefficient of determination for air velocities that
are not equal to vo is high. Unfortunately, Eq. (2) is not suitable for speed vy, it is for free
convention, without forced drying. The best approximation for velocity vo is polynomial
equation of second order but coefficient of determination is still less than 0.35. From this
equation were obtained the coefficients a, b, for different velocities, which can also be
seen in the Table 1.

Using (1) was calculated theoretically red clover during process using equation (3):

m, = (m—my) - exp[_(bﬂ)'tb] + my, 3

where m; — theoretical weight of material at the time t, g.

The comparison of theoretical and experimental data is shown in the Fig. 2. The
most preferable form of red clover drying coefficient with forced air was power
expression: K(t) = at°. As it can be seen in the Fig. 2, the theoretical model of the drying
process well describes the values obtained in the experiment. The greatest difference was
observed at the beginning of the process and at the highest air velocity (Table 2), which
could be explained by the uneven distribution of moisture in the layer.

45 y\
35

LAY Theoretical weight m4

Theoretical weight m1

25 \ ® Weightml
Weight m4

=

(]
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-
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/

59 50 100 150
Time, h

Figure 2. Comparison of the experimental and theoretical data: m; (vi=0.70ms?) and
Mg (V4 = 2.00 ms?).
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Table 2. The absolute average differences between the experimental and the
theoretically calculated weight at different drying air velocity

Air velocity, m s! Average, g Standard deviation, g
Vi 0.70 1.856 2.472
V2 1.00 1.923 2.583
V3 1.20 2.348 3.199
A 2.00 2.288 3.146
Vo 0.00 0.471 0.393

Differences between the experimentally measured weight and the theoretically
calculated weight values are plotted in the Fig. 3, where the intervals are divided into
groups of 2 g. In the Fig. 3 we can also see the frequency of differences for each air
velocities. The air velocity vo is not included in the graph, for which, as already
mentioned, this mathematical equation is not appropriate.

30
2424
25 923
o
. 20
-Ci mvl v2 Ev3 v4
>
e
g 15
>
o
5 10 6
55°5 5, ,
5 3 33
2 2 ;.22 n 1
000 00" 0
0 |
(0;2] (2;4] (4;6] (6;8] (8;10]  (10;12] (12;14]

Intervals, g

Figure 3. Frequency of differences between the experimental and theoretical results divided into
intervals with step 2 grams.

In the Fig. 3 we can see that the most of theoretical and experimental data are the
same in the first interval. The second, third and fourth intervals have a much lower
frequency. The fifth, sixth, and seventh intervals, which contain only individual data and
include differences greater than 8 g, can be considered as a measurement error.

As seen in Fig. 2 the highest differences are achieved by drying during the first
drying hours. It can be explained with moisture on the material surface.

Assuming that the Eq. (2) which was chosen is the most appropriate mathematical
expression for the type of red clover drying. A graph of coefficients a, b from the Table 1
depending on the air velocities was created.
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Figure 4. Coefficients a, b dependence on the drying air velocity.

It was again found the mathematical equation of the dependencies of these two
parameters in the form (4, 5). High coefficients of determination are obvious in the
Fig. 4. Changes of coefficients a, b can be counted from equations:

a = 0.0266 - In(v) + 0.1563, (4)

b = —0.0596 - In(v) — 0.2772, (5)

where v — velocity of drying air, m s™.
If the velocity of drying air is known, it is possible to expect a, b and after that
calculate drying coefficient K(t).

CONCLUSIONS

1. The most preferable form of red clover drying coefficient with forced air was
power expression. Using the experimental data and the mathematical model of the drying
process, it is possible to determine the unknown parameters at each speed of drying
agent.

2. The max average differences of experimental and theoretical weight values were
lower than 5%.

3. The obtained relationships which connect the parameters of the drying
coefficient depending on the drying agent speed allow to predict the process of drying at
various speeds of unheated air. Drying time is one of main parameters which could be
determined as a practical result.

4. The theoretical background solved in this paper can be used for practical
information about the suitable drying process of red clover for different conservation
applications with economic benefits. The principles of drying coefficient determination
and optimization of drying process can be applied on another type of fodder similar to
the red clover.
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Abstract. The thermal comfort condition of early-stage laying hens can be verified by means of
physiological variations. The mean surface temperature and cloacal temperature are important
parameters to demonstrate the effect of the thermal environment on the birds. The objective of
the present study was to correlate homeostasis and stress with physiological responses (mean
surface temperature and cloacal temperature) of lightweight laying hens of the Lohmann LSL
Lite line aged from one to forty-two days when submitted to different thermal environments.
A total of 864 birds with the same age, origin and uniform body weight were randomly distributed
in four climatic chambers. The characterization of the different environments was as follows:
thermal comfort temperature (33.0-19.0 °C), two cold stress levels (28.0-17.0 °C and 25.0—
17.0 °C) and one level of heat stress (38.0 °C — 22.0 °C). The experiment was performed in a
completely randomized design in the subdivided plots scheme, with four treatments in the plots
and the evaluations (days) in the subplots. The means were compared using the Tukey test,
adopting the 5% probability level. The birds maintained the physiological responses, based on
cloacal and surface temperatures, within the normal range for all evaluated treatments during the
period between 01 and 42 days of life. The surface temperature of the birds varied as a function
of the air temperature of each breeding environment, with lower surface temperatures for mild
cold and moderate cold treatments.

Key words: environmental conditions, poultry, surface temperature, layer chicks.
INTRODUCTION

In poultry farming, maximum productivity is achieved when birds are introduced
in an environment that provides minimal energy exchanges and meets the welfare needs
of the animal. Birds are classified as homeothermic because they retain (to a certain
extent of adversity) body temperature constant or within a tolerable range, even if
considerable variations occur in the external environment.
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Animals of chicken species, like all homeothermic species, maintain a constant
body temperature (41.1 °C) and are quite sensitive to climatic changes, and may suffer
from adaptive issues under conditions of variation in the breeding environment (Albino
et al., 2014). The amount of thermal energy stored per unit of body mass is determined
by the body temperature of the bird, energy that can be increased or decreased by the
processes of thermogenesis and thermolysis (Castilho et al., 2015).

Animal welfare is the full state of physical and mental health, in which the animal
is in harmony with the environment where it lives, and a perceptual change to the state
of comfort of the animal can be verified through its surface temperature (Camerini et al.,
2016).

Nascimento et al. (2014), in a study conducted to evaluate the thermal comfort of
broiler chickens in two aviaries with different air conditioning systems, found that in
conditions of thermal comfort the superficial temperatures of the birds are strongly
associated with the surface temperatures of the facility.

The temperature of the cloaca indicates the temperature of the body centre and can
be considered as an important parameter to assess changes in the environmental
conditions where the animals live (Brown-Brandtl et al., 2003). The variation in cloacal
temperature indicates that the superficial heat exchanges of the skin are not enough to
maintain the homeothermia (Nascimento, 2010).

To obtain better performance in poultry breeding, it is important to verify the
interaction between animal and environment in order to maximize the energy available
for production. For this reason researches on interaction between animals and
environment have to be incentivized.

In this sense, this research was conducted with the objective to correlate
homeostasis and stress with physiological responses (mean surface temperature and
cloacal temperature) of laying hens of the Lohmann LSL Lite line, from one to forty —
two days of age, when submitted to different thermal environments.

MATERIALS AND METHODS

Characterization of the facilities used during the initial phase

The experiment was developed in four climatic chambers with the following
dimensions: 3.2 m long x 2.44 m wide x 2.38 m high, located in the experimental area
of the Centre for Research in Ambience and Engineering of Agroindustrial Systems
(AMBIAGRO) of the Department of Agricultural Engineering of the Federal University
of Vigosa, in Vicosa, Minas Gerais, Brazil. Each climate chamber is equipped with an
electric resistance air heater with 2,000 W of power, a hot-cold split air conditioner of
3,500 W and an air humidifier with a capacity of 4.5 L and a mist rate (average value)
of 300 ml.h't. The heater and humidifier are operated by means of an MT-531R Plus
temperature and humidity electronic controller, which has the following specifications:
control temperature ranging from -10 °C to 70 °C with a resolution of 0.1 °C, control
humidity ranging from 20% to 85%.

The installation has also two AMB axial fans (model FD08025 S1M; DC 12V,
0.15 A), used for the renewal of the air inside the climatic chambers during the whole
experimental period.
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In each of the four climatic chambers used in this work four different thermal
environments were established, constituting four treatments: one of the temperature
ranges was considered as the comfort range recommended in the literature
(TCL = Comfort Temperature by Literature) (Management Guide Lohmann LSL LITE,
n.d.), the others represented two levels of cold stress, mild cold (MiC) and moderate cold
(MoC) and one level of heat stress, moderate heat (MoH). Considering that the thermal
requirement of the birds varies with the age, it was tried to represent this requirement in
each week of life of the layer hens during the experimental period. The variation of the
weekly temperature occurred until the fifth week, and the sixth week remained with a
temperature similar to that of the fifth week.

Table 1 shows the different temperatures used during the experimental phase.

Table 1. Air temperature in the internal environment of the climatic chambers, in °C, depending
on the treatment and age of the layer chicks

Thermal environment Temperature (°C)

1-7days 8-14days 15-21days 22-28days 29-42 days
Moderate heat (MoH) 38 31 29 26 22
Literature approach (TCL) 33 28 26 23 19
Mild Cold (MiC) 28 25 23 20 17
Moderate Cold (MoC) 25 22 20 17 17

Management Guide Lohmann LSL LITE (s.d); Albino et al. (2014); Ferreira (2016).

The air relative humidity was monitored and values maintained throughout the
experimental period and in all treatments around 60%, in a range between 55 and 65%,
since it is considered an adequate value for poultry production, regardless of the age of
the birds (Tin6co, 2001; Ferreira, 2016).

Instruments and measurements used in the characterization of environments

Since the birds were subjected to continuous stress, from the first day of experiment
the values of air temperature (Tair), relative humidity (RH) and black globe temperature
(BGT) were recorded every 5 minutes, 24 hours per day, throughout the experimental
period.

To measure air temperature and RH, HOBO® T / RH dataloggers, model U14-001
(-20 °C to + 70 °C), with an accuracy of 0.7 °C were installed. In order to obtain the
BGT, in each climatic chamber a black globe was installed including inside a Testo
temperature sensor, model 174, with a resolution of 0.1 °C, measuring range from -30 to
70 °C and accuracy of = 0.5 °C. The sensors were installed at the height of the birds, in
the centre of each climatic chamber. Based on the records, the Black Globe Humidity
and Temperature Index (BGHI) was calculated by means of the Eq. 1 (Buffington et al.,
1981).

BGHI = BGT + DPT (0.36) + 41.5 1)

where BGHI = Black Globe Humidity and Temperature Index; BGT = black globe
temperature, in °C; DPT = dew point temperature, in °C.
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Management of laying birds during the initial phase

The experiment was carried out with laying birds from one to forty two days old,
considered the initial stage for laying hens. During the experimental phase, 864
lightweight laying hens of the Lohmann LSL Lite line were housed in cages, distributed
homogeneously in four climatic chambers (four treatments), totalling 216 birds per
treatment. The cages are 0.50 m? in surface (0.50 m wide x 1.0 m long) and 0.5 m high,
being six units per chamber.

From the first day to the end of the fourth week, each cage housed 36 chickens in
order to guarantee a density of 140 cm? bird™. From the beginning of the fifth week until
the end of the sixth week, the density was of 285 ¢m? bird?, which corresponds to 18
birds in each cage (Patterson & Siegel, 1998; Management Guide Lohmann LSL Lite,
n.d., 2016). This procedure was adopted to guarantee the density used by the poultry
industry under field conditions, for each of the different ages.

For the period from one to forty-two days the water and feed supply was ad libitum,
and this management occurred twice a day (7 and 17 h), in order to keep the drinkers
and the feeders always supplied.

The experiment was conducted in a completely randomized experimental design,
with four treatments (moderate heat, recommended comfort, mild cold and moderate
cold), and in subplots with six replications. The data were evaluated through analysis of
variance and the means compared using the Tukey test, adopting the level of 5% of
probability. The results were interpreted statistically using the System Program for
Statistical Analysis and Genetics — SAEG (2007).

Collection of data on physiological variables of birds

The average surface temperature and cloacal temperature of the birds were
measured weekly. For this purpose, ten birds from each experimental unit were chosen
at random, totalling 60 birds per treatment.

For the measurement of the mean surface temperature (MST), the wing, head,
cinnamon and back of the birds were monitored with the aid of a digital infrared
thermometer, with a laser sight (Instrutherm® Instruments of Measurement Ltda, Sdo
Paulo, BR, model TI-860), amplitude from -30 °C to 270 °C, accuracy + 2.5% of
reading, resolution 1 °C and emissivity fixed to 0.95. The average surface temperature
(MST) was calculated on the basis of equation 2 (Richards, 1971).

MST = (0.12 Tw) + (0.03 Th) + (0.15 Tp) + (0.70 Th) 2
where Tw = wing surface temperature (°C); Th =head surface temperature (°C);
Tp = cinnamon surface temperature (°C); Tb = back surface temperature (°C).

RESULTS AND DISCUSSION
The values of temperature and relative humidity of the ambient air, and respective

values of BGHI, related to chickens from one to forty two days of life, for each treatment
are presented in Table 2.
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Table 2. Average and standard deviations of the values of air temperature (Tar), air relative
humidity (RH) and black globe temperature and humidity index (BGHI) for each climatic
condition evaluated in the period from 1 to 42 days

Thermal environment Tar (C) RH (%) BGHI
(1-7 days)
Moderate heat (MoH) 37.9+£0.2 555424 89.0+ 1.5
Literature approach (TCL) 33.0+£04 56.5+1.2 82.7+13
Mild Cold (MiC) 28.0+0.3 62.4+2.5 76.3+0.5
Moderate Cold (MoC) 25.0+£0.2 61.6+£1.5 72.3+£0.5
(8-14 days)
Moderate heat (MoH) 31.1+£0.5 60.1+2.0 80.7+0.6
Literature approach (TCL) 28.2+0.5 62.6+2.4 76.9+0.8
Mild Cold (MiC) 25.1£0.6 63.1£1.5 71.8+ 1.4
Moderate Cold (MoC) 22.1+£0.6 62.9+2.0 69.1+£1.2
(15-21 days)
Moderate heat (MoH) 29.1+04 61.1+£22 769+1.1
Literature approach (TCL) 26.0+0.5 60.4+24 72.4+0.9
Mild Cold (MiC) 23.1+0.5 60.9+0.2 70.9 + 1.4
Moderate Cold (MoC) 20.1+0.2 64.1+0.8 66.3+1.1
(22-28 days)
Moderate heat (MoH) 26.0£0.6 62.3+0.5 73.8+1.0
Literature approach (TCL) 23.1+£0.7 62.8+£0.7 70.7+£1.2
Mild Cold (MiC) 20.1+£0.5 60.3+0.2 66.3+0.8
Moderate Cold (MoC) 17.0£0.5 64.6 0.5 63.6+£0.6
(29-42 days)
Moderate heat (MoH) 22.1+04 64.6+£0.2 702+2.4
Literature approach (TCL) 19.2+0.5 62.7+1.2 66.4+1.3
Mild Cold (MiC) 17.0£0.2 64.5+0.5 63.8+0.2
Moderate Cold (MoC) 17.0£0.2 642+13 63.6+0.2

It is observed that the mean values of air temperature and relative humidity
remained close to the values proposed for each thermal environment, showing an
adequate control of the environment inside the climatic chambers.

Physiological parameters of hens in different environmental conditions

Cloacal temperature

Table 3 shows the mean values of cloacal temperature, in °C, for laying birds of the
Lohmann LSL Lite line, from 1 to 42 days of age, for the respective combinations of
days and thermal environments (MoH, TCL, MiC, MoC).

It was observed that the thermal environment factor, given by the different
temperatures in each of the four climatic chambers, significantly influenced (p < 0.05)
the cloacal temperature of the birds only when they were at 8 and 22 days of age, with
higher values for the treatment moderate heat, compared to the other treatments.

In the first days of life, chickens do not have their thermoregulatory system fully
developed yet, so they require that the environmental temperature remains within the
comfort range in order to maintain homeothermia. Outside of these thermal ranges, the
uncontrolled process begins, with elevation or reduction of the internal temperature of
the body, depending on whether the environment is very hot or very cold, respectively.
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Based on this premise, it can be Table 3. Average cloacal temperature values,

inferred that the temperatures used in °C, for laying birds of the Lohmann LSL Lite
during the trials did not negatively line, aged from 01 to 42 days of age, in relation
affect the laying birds from the to age and thermal conditions (Moderate heat:

. . . - ‘o MoH; comfort recommended by the literature:
p_hySIQIoglcaI point of view giving _a TCL; mild cold: MiC; moderate cold: MoC)
situation of lack of homeothermic

control Days of  Cloacal temperature

Furlan & Macari (2002) cite the E?redgf MoH TCL MiC MoC
41.1°C rec‘Fal temperature of birds as 8 415758 4119° 4089°  40.70°
the lower limit of the thermal stress 15 41.32% 41.11%2 41.18° 41.09?
condition. When this limit is not 29 41322 4117 41.08% 40.92°
reached, physiological mechanisms 29 41.34% 41200 41.26%  41.112
are triggered to maintain body 36 41.37% 41.46% 41.47% 4133
temperature, which characterizes the 42 41.37% 41.51% 41542  41.49
cold stress condition. The average values followed by at least one letter in

It can be observed that the birds the row do not differ, at the 5% probability level by the

in the mild cold and moderate cold ~ Tukeytest

treatments, with the ages of 08 and 22

days, presented stress condition, indicating that the sensible heat exchange mechanism
was not totally sufficient for maintain body temperature within acceptable limits. In this
situation, birds need to use other mechanisms, such as increased food intake, to maintain
body temperature.

This behaviour observed in laying hens during the three weeks of life is in line with
the studies of Cassuce (2011). The author evaluated the cloacal temperature of broilers
during the initial phase in different thermal environments (39-33, 36-30, 33-27, 30-24
and 27-21 °C) and observed a statistical difference between the treatments in the third
week of life of the birds, with lower rectal temperature for birds submitted to temperature
of 21 °C.

Thus, birds submitted to the treatments MoH and TCL were able to maintain body
temperature within normal values during the whole experimental phase, demonstrating
the ability of birds to adapt to higher temperatures, avoiding the occurrence of
hyperthermia.

It is also observed that birds with up to 29 days of recommended comfort treatment
presented absolute values of cloacal temperature lower than the moderate heat treatment,
although for both treatments, the values were within acceptable limits.

It was verified that, in the birds with age of 15, 29, 36 and 42 days of age, the
cloacal temperature remained stable in all studied treatments, not differing among them
(P > 0.05). It can be concluded, therefore, that none of the temperatures used in the trials,
for the aforementioned ages, causes a situation of stress due to cold or heat, showing the
adaptability of the birds.

Surface temperature

Table 4 presents the results of the average surface temperature (MST) of the birds
according to the different thermal environments evaluated (MoH, TCL, MiC, MoC).

It was verified that there was a significant difference (p < 0.05) in the results of the
surface temperature of the birds in relation to the thermal environment and days of
evaluation, being these always higher in the treatment MoH in relation to all the others,
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for the birds with age of 08, 15, 22 and 29 days. In birds with age of 36 and 42 days
higher surface temperatures were found when submitted to the treatments MoH and TCL
in comparison to the others, however without significant differences between the first

two mentioned.
These results confirm the direct

relationship  between  the  body
temperature and the environmental
temperature, highlighting the strong

effect of the thermal environment on the
birds, which can modify the
physiological response in relation to the
situation.

Table 4. Mean values of mean surface
temperature (MST), in °C, for laying birds of
the Lohmann LSL Lite line, aged from 01 to 42
days of age, in relation to age and thermal
conditions (Moderate heat: MoH; comfort
recommended by the literature: TCL; mild
cold: MiC; moderate cold: MoC)

Andrade et al. (2017), when  Daysof MST :
evaluating the surface temperature of E?rijosf MU
Iaylng birds in the initial stage (_)f 3 4847 4505 4028° 3736
creation by means of thermographic 15 44197 4209 39.00° 35.73¢
images, observed the effect that the 22 41512 3972 3675  33.35¢
different temperatures exert on the 29 39.298 3741 34.09° 32.89¢
birds, being able to modify the 36 3448 3418 32110 31.28°
physiological response according to the 42 37.37%  37.27° 33.83" 32.48°

thermal environment.

During the first and third week of
life of the birds, in the cold stress
treatments, it was observed that the birds
presented in addition to the decrease of the surface temperature, decrease of the cloacal
temperature with values lower than the values of the other treatments, which indicates
that the birds could not maintain body temperature constant, presenting cloacal
temperature below the recommended level.

According to Ruzal et al. (2011), part of the physiological responses that explain
the direct relationship between ambient temperature and poultry surface temperature
may be related to redistribution of blood flow in the body, because exposure to heat
causes peripheral vasodilation.

The average values followed by at least one letter in
the row do not differ, at the 5% probability level by
the Tukey test.

CONCLUSIONS

The birds submitted to the treatments moderate heat, recommended comfort, mild
cold and moderate cold kept the physiological responses, based on cloacal and surface
temperatures, within the normal range during the period between 01 and 42 days of life.

Under the specific conditions of the present experiment, the surface temperature of
the birds varied according to the air temperature of each breeding environment, with
lower surface temperatures for mild cold and moderate cold treatments.
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Abstract. A study on the effective using of field beans to Boer mother goats feeding was carried
out on a farm whose main activity is the production of goat meat. Since the Boer goat breed is
still very rare in Latvia, there is a lack of experience in the feeding of meat goat. Goat productivity
was analyzed according to the birth weight of goat kids and kids live weight at 50 days, as well
as the average live weight gain of kids per day up to 50 days old. For control group goats a
relatively high energy shortage (14% of the daily requirement) and protein deficiency (29% of
the daily requirement) were observed in feed ratio. Adding fodder beans and maize into the feed,
it is possible to optimize feed ratio for energy and protein supply. Experimental activities had
shown that by the inclusion of field beans and maize in feed ratio of goat's mothers, the average
increase in live weight of kids up to 50 days old was by 58.2% higher (P < 0.05) than that of kids
in which goats' mothers received only oats as concentrated feed. By the optimization of feed ratio,
it is possible to achieve a higher milk productivity of goat mothers and hence larger live weight
gain for kids, which reduces the feed costs by up to 9% for 1kg of live weight. By optimizing the
breeding and feeding of mother goats and kids, it is possible to achieve greater animal fast-
growing, hence, more efficient and cost-effective management.

Key words: Boer goat, live weight, gain.
INTRODUCTION

Goat is thought to have been the earliest animal domesticated besides sheep and
dogs. At the present time, goats provide the principle source of animal protein in North
African and Middle Eastern nations. Goat is also important in the Caribbean, in
Southeast Asia, and developing tropical countries. Three quarters of all the goats in the
world are located in the developing regions of the world. Sheep and goats are the major
source of livelihood for millions livestock farmers (Hasnain, 1985; Correa, 2016).

Meat is the primary reason to raise goats, which is why meat goats constitute the
majority of the world's goat production systems. Goat meat comprises 63 percent of all
red meat that is consumed worldwide (Correa, 2016).

The sub-optimal productivity of the existing flocks of goats is mainly attributed to
low genetic potential, nutritional and managemental inadequacies. However, some
breeds of goats offer a high potential for meat and milk production. One of the traits of
economic importance in goats is birth weight. The diversity in performance traits of
goats may be attributed to several genetic and non-genetic factors. Although any
programme of breed improvement is based on the maximum exploitation of genetic
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variation, yet these traits also vary due to certain environmental factors, e.g. climate and
seasonal differences, sex of the kid, type of birth and age of the dam. It is, therefore,
imperative to estimate the magnitude of all such factors, so that the genetic variation
among animals can be used to devise effective breeding plans for their improvement
(Afzal et al., 2004).

In the Baltic States goat farming focuses mainly on milk production, however,
recently there has been increased interest and demand for goat meat. For milk production
most common breeds in Latvia are Latvian local and Saanen, also German White noble
and the Alps breed, but the majority of the meat-type goats in Latvia are of the Boer
breed and crossbreeds (Selegovska & Spruzs, 2010). The Boer breed was developed in
South Africa for the purpose of meat production. This breed is known for its large frame
size, muscularity, and characteristic white body and brown or red—colored head (Van
Nieker & Casser, 1988).

Boer goats were imported into Latvia in 2005, and used in cross breeding for the
improvement of goat meat quality and quantity. If you breed meat goats, then you will
not get milk because goats give milk only for kids. Meanwhile, there will be a lot of meat
production and goat meat is very valuable. The favorite is 6-8-week old goat kid meat,
which is very similar to lamb. Kids are often slaughtered at the age of 3 to 5 months and
weight from 10 to 20 kg. Kids do not store much body fat. Many goats are older and
heavier when marketed, but most, except aged cull goats, are slaughtered at less than a
year of age. The meat of older goats is darker and less tender, but more juicy and with
more flavour than that of kid. The meat from males is lighter in color and lower in fat.
The meat from females is more desirable for steaks and chops, and is more tender
(Piliena & Spruzs, 2007).

Feed can account for up to 50-60% of total production costs, and the goal of
providing livestock with high quality feeds must be met in a manner that allows the
animals’ needs to be met without jeopardizing sustainability while also being
economically feasible for the farmer (Vaarst et al., 2004). Usually, nutrient requirements
are defined for a certain level of production, using factorial approaches (i.e. calculating
requirements) as a function of body weight, physiological status and level of
performance, using established factors for use of nutrients and energy (Nutrient
requirement..., 2007). The probability of nutrition-related problems increases with
increasing level of production, decreasing forage quality and lack of home-grown
feedstuffs with a high nutrient concentration. Problems may occur also, in connection
with an unbalanced supply of different nutrients. The magnitude of imbalance between
protein and energy intake will depend, among other things, on the soil type, the
proportion of legumes in the diet, and the availability of feedstuffs with relatively high
energy content (Baars, 1998). Typically, goat farmers will focus on forage and pasture
systems and use less concentrates and mineral supplements than intensive foreign
farmers. Under these circumstances, nutrition will probably limit milk and meat
production and eventually affect the milk’s and meat’s nutrient content (Krutzinna et al.,
1996). Because extensive farms rely on home-grown feedstuffs, much more than
intensive farms, low feedstuff quality, which may temporarily occur because of
unfavorable conditions, will be important for the nutrition of ruminants (Olesen, 1999).
Temporary nutrient deficits can be covered by using supplementary feedstuffs such as
concentrates or different mineral sources.
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The nutritional requirements of goats managed primarily for milk production and
those managed primarily for meat production are quite similar with perhaps two notable
differences. First, dairy goats are expected to milk at relatively high and persistent levels
throughout a 9—10 month lactation; meat goats need only achieve a 4-7 month lactation
with high initial milk flow, persistency beyond 4 months being of lesser concern.
Secondly, dairy goats are typically fed considerable concentrates (grain mixtures) to
encourage maximum and persistent milk flow. In contrast, lactating meat goats are not
usually fed concentrates in addition to their forage diet because the extra kid growth
achieved from the extra milk may well not repay the added costs. As always, special
circumstances may occasionally alter normal cost-benefit calculations. In those situations
in which the plants are too low in protein (or in which forage quantity is much reduced),
additional protein must be offered to maintain acceptable goat performance. Protein
supplementation may take many forms and cost per unit of protein may vary widely.
High protein supplemental feedstuffs, used only occasionally by meat goat owners, are
soybean meal, peas and field beans meal, urea and others. Choosing between alternative
high protein feedstuffs is largely an economic decision (Pinkerton & Pinkerton, 2015).

Boer's goat's mothers have good maternal properties and calm character. Boer sires
may also be used for crossbreeding with other related dairy goat breeds, taking into
account that the live weight of kids at birth will be 10-18% higher than that of dairy
goats. Therefore, for the crossing, select large goats with a well-developed part of the
hip, which are usually observed for mild births. Boer goat productivity indicators are:
fertility 180-200%; live weight gain of kid 180-230 g per day; goat live weight
6575 kg; height 65-55 cm; the live weight of the sire is 90-100 kg, the height
75-90 cm. The following main tasks have been identified in Latvia to improve the
breeding value of goats: live weight gain of kids till age of 50 days should be 200-230 g
per day; fertility 180%-200%; kids at weaning 170%; live weight at birth 3.2-3.8 kg
(Ciltsdarba programma..., 2013).

The effect of breed and diet on goat breeding properties and carcass characteristics
has been investigated in only a limited number of studies (Oman & Waldron, 1999), and
we will try to find the answer to the question of how to improve Boer goat productivity.

The objective of our study was to assess the influence of field beans on Boer goat
productivity and make recommendations for feeding of the mother goat.

MATERIALS AND METHODS

Data on pedigree breeding and performance records of Boer goats maintained at a
farm whose main activity is the production of goat meat during the period of two years
were used. The farm has 23 goat mothers at 1% control period and 13 at 2" research
period and 1 purebred Boer sire. Since Boer goats are still very rare in Latvia, there are
no pure-breed goat mothers in the farm, but cross-breeds of different grades. Generally,
the does were bred once a year in autumn (September — November) and kids were born
during subsequent spring (February — April). The Boer goat does not have seasonal
breeding as is the case for dairy goats. The male and female kids are processed into meat
at the age of 4 months, but some female kids are kept for breeding. In the summer, animal
basic feed is a pasture grass and oats, in winter — fodder beetroot, hay, corn and oats. As
the farm does not pay much attention to optimizing of feed ratio, the goat first breeding
takes off only at the age of 2 years when optimal live weight is achieved.
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The study started in early spring when goat mothers (Research group) after kidding
were fed with hay (1.5 kg per day for goat) and as concentrated feed they received farm-
produced oats (0.2 kg per day for goats) and purchased field beans (0.3 kg per day for
goat) and maize (0.2 kg per day for goat). The study was conducted in a period from the
time when the first kids were born to the time when the last spring kids reached the age
of 50 days. Goat productivity was evaluated according to the kids live weight at birth
and live weight of kids at age of 50 days, as well as the average live weight gain of kids
per day up to age of 50 days.

In each study year goat kids were weighed at birth and at the age of 50 days with
an electronic scale (accuracy of 0.01 kg). Absolute live weight gain per day for analyzed
kids was calculated by formula (1):

a = (Wi— Wo)lt (1)

where a — live weight gain per day, g; W: — live weight at the end of period (50 days), g;
W, — live weight at the beginning of period (at the birth), g; t — period (50), days.

The obtained data was compared with the same goat productivity indicators of the
previous year (Control group), when the does after kidding received only the hay (1.5 kg
per day for goat) and oats (0.6 kg per day for goat). In addition, phosphorus-containing
mineral feed was fed to ensure an optimum ratio of Ca and P in the feed ratio to a range
of 1.6-2: 1.

The analysis of obtained data was conducted according to research scheme
(Table 1).

Table 1. The research scheme

Groups Number of does Feedstuffs
1st control group 23 Hay + oats
2nd research group 13 Hay + oats + field beans + maize

The following feed nutrient biochemical parameters were established before the
start of the trial according with generally accepted methods of analysis: dry matter (DM)
according 1SO 6496:1999 method; neutral detergent fiber (NDF) according LVS EN 1SO
16472:2006; acid detergent fiber (ADF) according LVS EN ISO 13906:2008; crude
protein (CP) according LVS EN ISO 5983-2:2009; calcium (Ca) according LVS EN ISO
6869:2002; phosphorus (P) according 1SO 6491:1998; ash according 1SO 5984:2002/
Cor 1:2005, but undegraded intake protein content (UIP), net energy for lactation (NEL)
and digestibility were calculated based on the results of the analysis performed. The
guality indicators for nutrients were determined by the accredited laboratory of
Agronomic analysis of the Latvia University of Agriculture.

Collected data was analyzed with mathematical data processing methods.

RESULTS AND DISCUSSION
The nutritional requirements for animals were determined by the live weight of
goat's (average 60 kg) and milk yield (1.4 kg on average), based on the Latvia and United

States standard rules for Boer goat feeding (Nutrient requirement..., 2007). Goats of
control group were fed according of the farm's usual scheme (Table 2).
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Table 2. Nutrients of feed ration

. . 1st control group 2nd research group

Feed nutrient Requirement Total Difference, % Total Difference, %
DM, kg 1.8 1.9 +5 1.9 +5

NDF, kg 0.7 0.8 +14 0.8 +14

NEL, MJ 12.7 10.9 -14 11.8 -7

CP, g 236.0 167.0 -29 222.0 -6

UIP, g 76.0 58.0 -24 73.0 -4

Ca, g 9.0 10.0 +11 9.5 +5

P, g 5.0 5.4 +8 5.6 +12

After the analysis of feed ration chemical composition, we found that the animals
are not provided with sufficient energy and protein levels, which has an effect on the
productivity indices of Boer goat. The base feed rate of control group shows a relatively
high level of energy shortage (14% of the requirement), which could be explained by the
low quality of grass feed and the lack of protein (29% of the requirement). By the
addition of fodder beans into the feed ration of Research group, it is possible to optimize
feed ration for energy and protein supply. If the farm has produced low-quality grass
fodder - hay, which contains only 8.15% of protein in the dry matter and 60.91% NDF,
then it is not possible to balance the feed ration with all the nutrients required. The
maximum of NDF level in feed ration is exceeded, which limits the intake and use of
valuable nutrients. In countries where goat breeding is developed, the feeding of the
dairy goats is dominated by the feeding of concentrated feed and the use of grass fodder
is only for the provision of fiber. But it is also considered as cost-effective to grass fodder
with small concentrated feed additives for meat goats. In Latvia, the feeding of ruminant
animals is dominated by the feeding of grass fodder, as it is the cheapest feedstuff that a
farmer can grow and prepare on his own farm (Piliena & Spruzs, 2007).

The experimental farm deals with the production of meat goats, but, as this is a
fairly new livestock sector in Latvia, the farm has mother goats with different crossing
level. When evaluating reproduction indices in the farm, the results of the study show
(Table 3) that better reproduction rates were reported by Boer goat mothers of 1st
crossing level where Boer goats are crossed with Latvian Native goats, while lower
fertility was observed in goats with higher Boer breed crossing level. In Latvia, 15% of
all registered animals are pure-bred Boer animals (Ciltsdarba programma..., 2013), while
there is only 1 pure-bred sire in this research farm.

Table 3. Fertility rate of mother goats

Boer breed crossing Number of mother goats Fertility, %

level 1st control 2nd research 1st control 2nd research
0% 1 1 200.0 & 0.00 200.0 = 0.00
1st — 50% 11 9 209.1 £ 16.26* 177.7+22.22
2nd — 75% 11 3 163.6 +20.33* 133.3£67.42
Average in Latvia 110 120.0

* — for the fertility, traits signed with asterisks shows significant differences (P < 0.05) between traits.

According to the Boer goat breeding program the fertility should be 180 to 200%,
and the live weight gain of the kids to age of 50 days should be 180-230 g per day
(Ciltsdarba programma..., 2013).
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Analyzing the performance indices of the kids (Table 4), we conclude that Boer
goat mothers with 1st and 2nd crossing level had heavier new-born kids in 1st control
group (no significant differences), while at the age of 50 days kids were heavier in 2nd
research group (P < 0.05) from 2nd crossing level mothers (average 14.15 kg). In 2nd
research group these kids also showed the highest live weight gain (P < 0.05) per day
(0.218 kg per day), which is a very good indicator. When comparing the fertility rates of
the female goat population with the Latvia average indices, we conclude that in the farm,
in 2nd research group, these parameters are optimal and are in line with the Boer goat
breeding program.

Table 4. Goat productivity indices in a farm

Boer breed Number Live weight at birth, Live weight at age Live weight
crossing of kids kg of 50 days, kg gain per day, g
level Ist  2nd 1st 2nd 1st 2nd 1st 2nd
0% 2 2 395+ 330+ 10.70+£ 10.50 = 140+ 144+

0.054 0.208 0.20 0.50* 3.2 6.0*
1st — 50% 23 16 4,14 + 342+ 9.89 + 11.79 £ 115+ 170+

0.14A 0.168 0.35% 0.35*B 834 7.2%8
2nd — 75% 18 4 4,18+ 3.25+ 8.87+ 14.15 £ 94 + 218

0.134 0.328 0.48A 0.35**8B  g4A  7.7**B
Average in Latvia 66 3.60 11.67 168

* _ for the live weight at age of 50 days and live weight gain per day in 2™ research group, different number
of asterisks indicates significant differences (P < 0.05); A, B — traits with different superscriptions shows
significant differences between trial goat groups within separate goat productivity indices (P < 0.05).

Comparing goat trial groups and analyzing the effects of different feed rations on
goat productivity, the data of newborn kids live weight and kids live weight at the age
of 50 days depending on the kid’s sex was analyzed (Table 5). Analyzing the data, we
can see that the 1st control group kids had higher birth weight (P < 0.05) than that of the
2nd research group kids, but there no significant differences between female and male
kids within goat group. After supplementary feeding of 2™ research group goat mothers
with field beans, which affected the milk yield, the growth rate of kids increased. The
average increase in live weight of kids per day in 1st group reached only 110 g per day
for a 50-day period.

Table 5. Productivity of goats according of kids sex

Group Sex Number Live weight, kg Live weight gain per
of kids New born At 50 days day till 50 days, kg
1st control Female 23 4.05+0.11 9.19+0.36 0.10 £ 0.008
Male 20 426+0.15 9.85+0.44 0.11+£0.008
Average 4.15+0.09* 9.50 £ 0.28* 0.11 £ 0.006*
2nd research  Female 10 343+0.13 12.03 +0.60 0.17+0.011
Male 12 3.33+0.21 12.16 £0.16 0.18 +£0.009
Average 3.38+0.13**  12.10+£0.34%* 0.17 £ 0.007**

* —for the live weight and live weight gain per day, different number of asterisks within each productivity
indices indicates significant differences (P < 0.05).
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Following the Boer goat breeding program, it is necessary to achieve at least 180 g
of live weight gain per day, and in 2nd group with optimized goat feeding we achieved
more efficient and cost-effective farming, reaching 170 g live weight gain for female
kids and 180 g for male kids. Feeding of field beans as additional concentrated feed to
goat mothers, the average live weight gain for kids was by 58.2% higher than in 1% group,
where goat's received only oats as a concentrated feed, and this difference is significant
(P < 0.05).

In addition to the different feed rations, the effect of litter size on goat's milk yield,
kids fast-growing and live weight gain was also analyzed (Table 6).

Table 6. Live weight of kids according the litter size

Group Liter  Live weight, kg Live weight gain per Number
size New born At 50 days day till 50 days, kg  of kids
1st control. 1 3.93+£0.33 10.08 £ 0.98* 0.12+0.016* 6
2 4.27+0.09 10.06 £ 0.28* 0.12+0.006* 28
3 3.92+0.25 7.36+0.30%* 0.07 £ 0.007** 9
2nd research 1 3.50£0.16* 12.64 £ 0.83* 0.18+0.014 5
2 3.41+£0.19% 12.36 £ 0.35* 0.18 +0.009 14
3 3.00 = 0.00%** 10.00 + 0.58** 0.14+0.012 3

* —within each group and each productivity indicator, different number of asterisks indicates significant
differences (P < 0.05).

Single born kids were heavier than the multiple born kids (Table 6), as they had
better opportunities in the uterus of their dams as compared to multiple kids. When
analyzing the kids fast-growing and live weight indicators, it was found that there are
significant differences (P < 0.05) between single or twin with triplet born kids live
weight at 50 days (in both goat groups) and live weight gain (in 1% group), and the
average live weight of triplet born kids at 50 days is even 20 to 31% lower than that of
single or twin kids. Also the male kids were heavier than female twin born or triplet born
kids. It may be due to the fact that the gestation period of does carrying male kids is
usually slightly longer (1-2 days) than those carrying female kids (Afzal et al., 2004).

Comparing the live weight and live weight gain of different crossing level kids, it
was found that better fast-growing indices showed kids with higher level (90%) of Boer
breed. The average live weight gain in a day to the age of 50 days in kids from 2nd
research group with a higher crossing level was 210 to 230 grams per day, which is a
very good indicator and is relevant to the characteristics of the fast growing of Boer goat
(Ciltsdarba programma..., 2013). Such fast growing indicators can only be achieved with
optimized feed rations, where the goat mothers, in addition to the low quality basic diet
also receive protein feed. Assessing feed costs for the feeding of the mother's and
analyzing the kids live weight, the calculations of feed costs for goats were made. In 1st
control group when goats received only hay and oats, the daily ration cost per animal
was EUR 0.24 per day, while in 2nd research group where field beans were included in
the ration, the price of daily ration was EUR 0.29 (Table 7).
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Table 7. Economical effect of different feed rations

Group Feed cost to 1 goat Kids live weight gain Feed cost for 1 kg of
per day, EUR per day per 1 goat, kg live weight gain, EUR

1st control 0.24 0.22 1.09

2nd research 0.29 0.29 1.00

Including of fodder beans and maize in feed ration at a price of 300 EUR t*
increased feed costs per 1 goat per day. However, with optimizing of feed ration it is
possible to achieve a higher milk yield of goats and hence also a higher live weight gain
for kids, which reduces feed costs by up to 9% for live weight growth.

CONCLUSIONS

Results of this study provide new knowledge about the influence of field beans on
Boer goat productivity. Adding fodder beans and maize into the feed, it is possible to
optimize feed ratio for energy and protein supply. Experimental activities had shown
that by the inclusion of 0.3 kg of field beans and 0.2 kg maize in feed ratio of goat's
mothers, the average increase in live weight gain of kids up to 50 days old was higher
than that of kids in which goats' mothers received only oats as concentrated feed. By the
optimization of feed ratio, it is possible to achieve a higher milk productivity of goat
mothers and hence higher live weight gain for kids, which reduces the feed costs for 1kg
of live weight. By optimizing the breeding and feeding of mother goats and kids, it is
possible to achieve greater animal fast-growing, hence, more efficient and cost-effective
management.
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Abstract. To study the genotypic variation of cowpeas on plant growth and phosphorus (P)
uptake which is a function of different P regimes in the soil rhizosphere, 6 landraces of cowpea
commonly found in northern Algeria (NE4, NE10, NE11, NKT5, NKT7, NKB7) and 4 landraces
from Sahara in southern Algeria (NAG4, NAG5, NAT2 and ND3) were studied during 2013—
2014 in greenhouse. They were inoculated with Mesorhizobium sp. (S1), Bradyrhizobium sp. (S2)
and co-inoculation (S1-S2) under three P treatments: no P supply (P0), soluble P (PP) and
insoluble P (TCP). Only varieties commonly found in northern Algeria nodulated with soluble P
(PP) and inoculation containing Mesorhizobium sp. (S1). As a result of the symbiosis, the use of
S1 has significantly increased shoot dry weight by 22%, total P content by 20% and P use
efficiency for symbiotic nitrogen fixation by 18% compared to no inoculation (T). The landraces
from the northern of Algeria expressed a higher growth than those from Sahara in the south of
Algeria, especially three of them (NE4, NE10 and NE11) who showed a high performance under
all P regimes. We suggest that these three landraces may be useful for improving symbiotic
nitrogen fixation in cowpeas when growth is limited by low—P soils and that they could contribute
to sustainable farming systems through reduction of farmer’s dependence on fertilizers.

Key words: Cowpea, Landraces, Nitrogen fixation, Phosphorus, Rhizobia, Symbiosis.
INTRODUCTION

Legumes as a source of symbiotic fixation of atmospheric nitrogen play a major
environmental role in cropping systems, which may save nitrogen fertilizer (Graham,
2008). Cowpea (Vigna unguiculata L. (Walp.)) is an important leguminous crop that is
used for live stocks as feed, as green vegetables, as well as dry beans for human
consumption (Murillo-Amador et al., 2006; Goenaga et al., 2008). In Algeria cowpea is
mainly consumed for home consumption and subsistence and considered to have
therapeutic properties.

Symbiotic nitrogen fixation (SNF) by legume symbionts, or the ability to convert
di—nitrogen to ammonia, occurs only within nodules, which are formed specifically in
response to the bacterial symbionts (Beattie, 2007). In addition, SNF is highly sensitive
to environmental stresses, such as phosphorus deficiencies (Drevon & Hartwig, 1997).
The P requirement of legumes is increased when the legume is dependent on N; fixation
(Leidi & Rodriguez—Navarro, 2000; Gentili & Huss—Danell, 2003). Nodule growth is
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more sensitive to P deficiency than plant growth (Drevon & Hartwig, 1997). Thus, P
deficiency leads to nodulation delay (Kouas et al., 2005). Indeed, SNF is an energetically
expensive process which requires more inorganic P than mineral nitrogen assimilation
(Vadez & Drevon, 2001).

Phosphorus (P) is one of the most important plant growth—limiting nutrient in soils
besides nitrogen (Deubel & Merbach, 2005; Richardson et al., 2009). Low phosphorus
fertility of the soils may be due to low total P content, particularly in soils with low
organic matter content. The low availability of P is often due to its insoluble association
with such cations as Ca, Al or Fe and its adsorption on surfaces of mineral phases
(Alkama et al., 2012).

Ghalmi et al. (2010) identified the various landraces of cowpea cultivated in
Algeria, mainly from two regions: Kabylia in northern Algeria (Tizi—Ouzou) and
Saharian oases (El Golea, Adrar) in southern Algeria. They identified two different
cultivar groups of cowpea: Melanophtalmus in Kabylia and Biflora in the Sahara.

Our investigation is the first study to determinate if the geographical origin of
accession affects the phosphorus use efficiency (PUE) in Algerian cowpeas. The purpose
of the present work was firstly to characterize different cowpea landraces for their ability
to establish a symbiosis with rhizobia by checking the effectiveness and infectivity of
the strains used, and secondly to investigate their efficiency in nitrogen fixation, and
their tolerance to P deficiency in order to reduce production costs and dependence of
farmers on soil fertilizers.

MATERIALS AND METHODS

The present study was conducted during 2013-2014 in pots in a greenhouse at the
Experimental Station of ENSA (Ecole Nationale Superieure Agronomique), Algiers,
(36° 30. 50°N). It included ten landraces of cowpeas (Vigna unguiculata (L.) (Walp.))
obtained from collection of ENSA (Ghalmi et al., 2010). Seeds characteristics are given
in Table 1.

Table 1. Characters of Algerian cowpea accessions

NKB7 Bejaia, North Holstein  Absent  Kidney Smooth 0.9  23.46
NKT7 Tizi Ouzou, North Cream Black Kidney Smooth 1.2 27.34
NKT5 Tizi Ouzou, North Black Absent  Ovoid Smooth 0.5 7.83

NAG5 Adrar, Oasis Black Black Globose  Rough 0.5 14.38
NAG4 Adrar, Oasis Black Absent  Ovoid Smooth 0.4 9.49

NAT?2 Adrar, Oasis Brown Absent  Ovoid Smooth 0.4  10.82
NE4 El Kala, North Cream Black Globose Smooth 0.5  14.87
NE10 El Kala, North Brown Absent  Ovoid Smooth 0.5  13.43
NE11 El Kala, North Black Absent  Ovoid Smooth 0.6 15.33
ND3 Djanet, Oasis Cream Absent Rhomboid Smooth 0.4  10.1

SC —Seed Color; EC—Eye Color; SSH —Seed Shape; ST —Seed texture;, SL—Seed Length (cm);
WHS — Weight of Hundred Seeds (g).
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Soil

The soil (obtained from the Institut Technique des Cultures Maraicheres
Industrielles’ experimental station, Algiers (36° 45. 24.3’N)) was selected for its low
phosphorus content. It was sterilized and divided into 480 sterile pots with a capacity of
10 Kkg.

The soil has undergone physical-chemical analysis: (granulometry, pH, and
electrical conductivity (CE), CaCOs; content, Total-N, Total-P and Olsen-P),
granulometrical and chemical soil properties of experimental soil are given in Table 2.

Table 2. Granulometrical and chemical soil properties

Clay Loam Sandy  pH CE CaCOs3 Total-N  Total-P Olsen-P
% % % Mscm™ % g kgt mgkg?! mgkg?
20.3 215 58.2 7.1 3.725 13.54 0.7 235 20.3

Thus, Olsen—P value reveals that the initial soil (PO regime) without P input has a
low available P rate; 10 times lower than the total P content. This is related to the fact
that the soil is calcareous and that much of the total P can be precipitated. The
mechanisms of precipitation of P in calcareous soil have been studied previously by
Tunesi et al. (1999). In this case PO is considered as deficient P.

Bacteria

For this study, two isolates of bacteria (a fast—growing strain as Mesorhizobium sp.
(S1), and slow—growing strain as Bradyrhizobium sp (S2)) were isolated from northern
Algeria’ cowpea nodules and obtained from collection of ENSA, Algiers, Algeria.
Isolates were cultivated on Yeast Extract Agar medium (YEAM), inoculums were
prepared in YEAM without addition of Agar.

Culture conditions and experimental device

The ten landraces were grown under three different P regimes (deficient P (PO0),
soluble inorganic P as KH,PO,4 (PP) 0.2 g per 10 kg of soil and insoluble Tricalcium
phosphate as Cas (POa4)2, 6H,O (TCP) 0.7 g per 10 kg of soil). These P regimes were
combined with four inoculation types (control without inoculant (T), inoculated with.
Mesorhizobium sp. (S1), Bradyrhizobium sp. (S2) or doubly inoculated (S1-S2)). The
experiment was organized into a split—plot design with four replications for each
combination of landraces, P regime and inoculation type, providing the 480 pots
(10 x 3 x 4 x 4). The seeds of cowpeas were surface—sterilized using absolute ethanol for
10 seconds followed by the sodium hypochlorite at 12 ° for 5 minutes; followed by 10
washes in sterile distilled water, and then sown. The seedlings were inoculated by
covering with 1ml of bacterial culture containing 108bacteria mL™ and 10° bacteria mL™!
respectively for Mesorhizobium sp. and Bradyrhizobium sp.

Data collection

At full flowering stage, which is spread out according to the precocity of the
landraces, shoots were separated from roots at the cotyledon node, dried for 48 hat 75 °C
and weights recorded. However, for landraces which has nodulated, nodules were
detached from the roots, counted, dried and dry weight determined.
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Total P concentration

Plant P uptake corresponded to the total P taken up by plants during plant growth.
Total P concentration in plant (shoot, root and nodules) was determined by green
malachite method after digestion by nitric and perchloric acids according to Valizadeh
et al. (2003). It was calculated as follows: P uptake (total P content) = [P concentration
in shoot (mg g?) x shoot dry weight (g)] + [P concentration in root (mg g™) x root dry
weight (g)] + [P concentration in nodule (mg g?) x nodule dry weight (g)] / 1,000.

Phosphorus use efficiency (PUE)

PUE represents the efficiency of use of phosphorus by the plant. There are several
ways to design and calculate PUE, from physiological point of view to agronomic point
of view (Baligar etal., 2011; MacDonald et al., 2011). In this study, we chose to calculate
a physiological PUE which is the ratio between the dry weight of the whole plant and
the concentration of phosphorus in the plant (Vadez & Drevon, 2001).

Statistical analyzes

Effects of inoculation and P nutrition on plant growth, nodulation, P concentration
in plant and plant P uptake were tested using multi—way analyses of variance (ANOVA)
with R software , version 3.0.2 (R Core Team, 2013), using Rcmdr package (Fox, 2005)
and RemdrPlugin.EZR (Kanda, 2013), considering landraces, inoculation treatments and
soil P regimes as factors. The means were compared by Tukey’s multiple comparison
test at 0.05 probability. Graphics were performed using RcmdrPlugin.FactoMineR
(Husson et al., 2014) and RemdrPlugin.KMggplot2 (Triad & Kengo, 2013).

RESULTS AND DISCUSSION

Plant Growth expression under different P regimes and inoculation types

In order to assess the effects of P deficiency on growth and SNF, the dry weight of
the different landraces was evaluated considering shoot measurement under different P
regimes and different inoculation types (Fig. 1). The ANOVA results of shoot dry weight
are reported in Table 3.

Table 3. ANOVA results of sDW

Sum Sq Df F value Pr(>F)
Factorl.P regime 319.6 2 293.8886 < 2.2e-16 ***
Factor2.Landraces 10.6 9 2.1617 0.024105 *
Factor3.Inoculation 68.8 3 42.2055 < 2.2e-16 ***
Factorl X Factor2 28.1 18 2.8712 9.461e-05 ***
Factorl X Factor3 12.0 6 3.6657 0.001512 **
Factor2 X Factor3 16.4 27 1.1156 0.317789
Factorl XFactor2XFactor3 19.9 54 0.6771 0.959624
Residuals 195.7 360

** **% _ Significant difference at p < 0.01 and p < 0.001, respectively.
The results showed that the P regime, landraces and the inoculation type

significantly affected the shoot dry weight (sSDW). There were also interaction effects
between P regime and landraces and P regime and inoculation type.
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sDW varied between 1.4 and 3.2 gsDW plt for NKT5 and NE11 without
inoculation (Fig. 1, T), between 1.2 and 3.1 g sDW plt for NAG5 and NE11 for
inoculation S2 (Fig. 1, S2), between 2 and 4.5 g sDW pl?* for NAG4 and NE10 for
inoculation S1 (Fig. 1, S1) and between 1.8 and 3.3 g sSDW pl* for NAG5 and NE4 for
co—inoculation S1-S2 (Fig. 1, S1-S2). Landraces NE10 and NE4 expressed the highest
production potential with more than 4 g sDW pl* under soluble P regime (PP). Growth
under TCP varied between 1.3 pl™* for landraces from Saharian region and 3 g SDW pl*
for landraces from the north of Algeria. For all P regimes, the highest sDW were found
for the landraces NE4, NE11, and NE10, from the north of Algeria.
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Figure 1. Effect of P regimes on shoot dry weight for landraces under control without inoculation
(T), inoculation with (S2), inoculation with (S1) and co—inoculation (S1-S2). Data are means and
SD of 4 harvested plants.

As indicated by the ANOVA in Table 3 and by Fig. 2, a, P regimes and inoculation
significantly affected the shoot biomass. For a given inoculation type, the soluble P
regime (PP) resulted in a significant increase in the shoot biomass compared to insoluble
P (TCP) and deficient P (P0O) regimes. Also, for a given P regime, the shoot dry weight
significantly increased with inoculation with the fast growing strain Mesorhizobium sp.
(S1) or S1-S2, compared to no inoculation (T) or inoculation with the slow growing
strain Bradyrhizobium sp. (S2). Then, inoculation S1 increased shoot dry weight not only
for PP regime but also for TCP and PO regimes by 22% and 30% respectively (Fig. 2, a)
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Figure 2. Effect of P regimes (PO, TCP and PP) and inoculation types (T, S2, S1 and S1-S2) on
shoot dry weight (g plant™) (a), on total P content (mg P g plant™* DW) (b) and on P use efficiency
(P2 dry weight mg™ P) (c). Values are the means of 40 replicates. Bars indicate standard errors.
Mean values labelled with the same letter were not significantly different at p < 0.05.

Variability in phosphorus use efficiency (PUE) response for SNF

In order to evaluate the PUE of landraces, a first evaluation of the impact of P
deficiency was performed by measuring the total P content of the plants at flowering
stage.

Table 4 shows the ANOVA results for total P content in the plants. This P content
was significantly influenced by the P regime, the inoculation type, and the landraces,
with also an interaction between P regime and inoculation. Under soluble P regime (PP),
total P content increased, by more than 20% and 16% respectively for inoculation with
S1 and co-inoculation with S1-S2 compared to no inoculation (T) (Fig. 2, b). Under
insoluble P regime (TCP), inoculation with S1 significantly increased P content by 20%
compared to the other inoculation types (Fig. 2, b).

Furthermore, in response to P deficiency, plants can adjust their internal P
requirement by optimizing the metabolic phosphorus use efficiency (PUE) by producing
overall more biomass per unit of P consumed, which in fixing more N per unit of P for
a SNF-dependent legume (Vadez & Drevon, 2001). In Table 5 are reported the ANOVA
results of physiological PUE.

From this ANOVA, P regimes and inoculation type significantly affected the P use
efficiency. There was also an interaction between P regimes and inoculation type.
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The inoculation with Mesorhizobium sp. (S1) significantly increased the PUE by
about 8% and 11% respectively for soluble P (PP) and (PO) compared to other
inoculation type (Fig. 2, c). Whereas, the co-inoculation S1-S2 significantly increased
the PUE by more than 10% under insoluble P. (Fig. 2, ¢) shows a strong decrease of PUE
for PP regime compared to PO regime and TCP regime.

Table 4. ANOVA results of total P content

Sum Sq Df F value Pr(>F)
Factorl.P regime 2294.8 2 2175.1601 < 2.2e-16 ***
Factor2.Landraces 10.2 9 2.1409 0.02561 *
Factor3.Inoculation 35.1 3 22.1865 3.327e-13 ***
Factorl X Factor2 3.8 18 0.4038 0.98678
Factorl X Factor3 37.1 6 11.7201 5.245e-12 ***
Factor2 X Factor3 8.7 27 0.6078 0.94052
Factor1XFactor2 XFactor3 16.6 54 0.5835 0.99151
Residuals 189.9 360

*, *** _ Significant difference at p < 0.05 and p < 0.001, respectively.

Table 5. ANOVA results of PUE

Sum Sq Df F value Pr(>F)
Factorl.P regime 554021 2 60.6961 < 2e-16 ***
Factor2.Landraces 78297 9 1.9062 0.04996 *
Factor3.Inoculation 9845 3 0.7191 0.54111
Factorl X Factor2 39945 18 0.4862 0.96337
Factorl X Factor3 64143 6 2.3424 0.03120 *
Factor2 X Factor3 77921 27 0.6324 0.92467
Factor1XFactor2 XFactor3 96135 54 0.3901 0.99997
Residuals 1642999 360

*, *%. **% _ Significant difference at p < 0.05, p < 0.01 and p < 0.001, respectively.

Plant nodulation

Dry matter and number of nodules were evaluated in the different landraces
(Fig. 3).

No nodules were found without supply of P (P0) and with supply of insoluble P
(TCP P regime), and nodulation was only observed under soluble P regime (PP). This
shows that nodulation does not occur in P deficiency conditions.

The landraces and the inoculation type affected significantly the nodule dry weight
(nDW) as indicated by the ANOVA results of nodule dry weight for the 6 landraces
having nodules under PP regime (Table 6).

Table 6. ANOVA results of nodule dry weight

Sum Sq Df F value Pr(>F)
Factorl.Landraces 0.5913 9 25197 0.008013 **
Factor2.inoculation 0.7487 3 9.5710 3.912e-06 ***
Factorl X Factor2 0.8432 27 1.1976 0.229169
Residuals 11.4732 440

** *** _ Significant difference at p < 0.01 and p < 0.001, respectively.
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The nodulation only occurred for landraces from the north of Algeria, namely;
NE10, NE11, NE4, NKT7, NKB7, and NKT5, and for the inoculations including
Mesorhizobium sp. (S1 or S1-S2). For these northern landraces nodule dry weight nDW
was found to vary between 50 and 180 mg nDW pl* for double inoculation with S1-S2
and between 80 and 230 mg nDW pl* for inoculation with S1 (Fig. 3, a).

Within the landraces that provided nodules, the nodule number was also influenced
by the inoculation type and the cowpea landraces as indicated by Fig. 3, b, for
inoculation with S1, the 6 landraces showed high nDW for S1. On the other hand, for
double inoculation S1-S2, NE10, NE4 NKB7, and NKT?7 significantly showed a higher
nodule number than NE11 and NKT5.

0.5 5
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04 44
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Nodule number (nod plant-1)
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Figure 3. Effect of landraces and inoculation on nodule dry weight (g plant?) (a) and nodule
number (b) for PP regime. Values are the means of 4 replicates. Bars indicate standard errors.
Mean values labeled with the same letter were not significantly different at p < 0.05.

Efficiency in use of the rhizobial symbiosis for plant growth

In order to assess the efficiency in use of the rhizobial symbiosis (EURS), the values
of the shoot biomass were plotted against their corresponding nodule biomass. The
slopes of the regressions were considered as an estimate of the EURS. This was achieved
under PP regime (the only one having provided nodules) with S1 inoculation type
(Fig. 4, a) and co—inoculation S1-S2 (Fig. 4, b). We first proceeded by grouping together
all the landraces having provided nodules (i.e the northern landraces). Then we
proceeded for each landrace. Fig. 4, a shows, for all the northern landraces together, that
shoot and nodule biomass of northern landraces were positively correlated (up to
R2 =0.77) under inoculation type S1. Whereas Fig. 4, b shows a positive correlation
between shoot and nodule biomass up to R2 = 0.46. However, by considering landraces
individually, only landrace NE10 showed a positive correlation between sDW and nDW
under inoculation S1 with R2 = 0.81 (Fig. 5).
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Figure 4. Global relationship between nodule dry weight and shoot dry weight for northern

landraces under PP regime for inoculation S1(a) and co—inoculation S1-S2 (b). Data are means
standard errors of 24 replicates.
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Figure 5. Correlation between nodule dry weight and shoot dry weight for NE10 under
inoculation S1 and PP regime. Data are means standard errors of 4 replicates.

GENERAL DISCUSSION

The aim of this research was to investigate the ability of ten different cowpea
landraces to establish a symbiosis with rhizobia and their efficiency in nitrogen fixation.
Nodulation did not occur for all landraces, the process was observed only for northern
landraces under PP regime and inoculations including S1 (Fig. 3). Thus, Mesorhizobium
sp. (S1) was better at infecting than Bradyrhizobium sp. (S2). The lack of infectivity of
S2 can be explained by the fact that legume root nodules may contain a range of bacteria
that are unable to nodulate their hosts (Sprent, 2009).

Depret & Laguerre (2008), reported that different rhizobial genotypes may be better
at infecting legume roots and producing effective nodules at different stages of host
development. However, the nodulation for SNF with co-inoculation S1-S2 for PP
showed a slight decrease compared to S1, which may have resulted in competition
established between both of rhizobia strains. Wielbo et al. (2007) demonstrated that
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competitiveness is affected by edaphic factors and soil nutrients, in this case by P
availability.

No nodulation of Mesorhizobium sp. (S1) under TCP and PO may be explained by
a low tolerance to low levels of P for the fast—growing strains (Raman et al., 2006).

Landraces from oasis in Saharian region showed no nodulation with the two
rhizobial strains that we tested so low SNF capacity. This might be attributed to their
original domestication promoting a high level of specificity for the symbiosis rhizobia—
cowpea genotype. In fact S1 and S2 are strains isolated from northern landraces, where
they are adapted.

The nodulation and as a result, the SNF in the cowpea landraces, was found to be
influenced by P deficiency. Thus, P deficiency particularly affects the rhizobial
symbiosis (Attar, 2014). In fact, P appears to be essential for both nodulation and
nitrogen fixation (Rai, 2006).

The increased plant growth under PP shown in Fig. 1 is likely attributed to
enhanced P nutrition (Fig. 1). In addition to nitrogen—fixation, enhancement of legume
symbioses is often manifested by an increase in the phosphorus content of the plant
(Vessey, 2003).

The increase of shoot dry weight with S1 under PO and TCP could result from a
phosphatase release by S1, which can contribute to increase P availability to the plant.
This could explain the increase of P content observed with S1 under PO and TCP (cf.
Fig. 2,b).

The greater sDW for NE4, NE11, and NE10 landraces under all P regimes
compared to others landraces may be related to enhanced phosphorus use efficiency. In
fact, one of the strategies employed by plants in response to P deficiency consists in
optimizing the metabolic phosphorus use efficiency (PUE). This is achieved by
producing higher overall biomass per unit of P consumed, through fixing more N, per
unit of P for an SNF-dependent legume (Vadez & Drevon, 2001).

Our findings presented in Fig. 4 also revealed a positive correlation for inoculation
S1 and co-inoculation (S1-S2) under PP regime between the biomass of symbiotic
nodules nDW and the shoot dry weight sSDW. This correlation may indicate that the
symbiotic nitrogen fixation is effective under P sufficient conditions. The increase in
EURS suggests high regulation between EURS and the plant P requirement, probably in
relation to the high energy requirement of the SNF process (Lazali et al., 2013). This
finding is in agreement with previously published data (Attar, 2014).

CONCLUSIONS

The presented research was focused on the influence of inoculation and phosphorus
regimes on symbiotic nitrogen fixation and phosphorus use efficiency of Algerian
cowpea landraces. It was determined that:

—  Soluble P enhances the growth of plants, their total P content and nodulation.

—  The fast-growing Mesorhizobium sp. (S1) is better at infecting and effectiveness
than the slow-growing Bradyrhizobium sp. (S2).

— Sl increased shoot dry weight under PO and insoluble P (TCP). This could be due
to releasing of phosphatase by S1, which can contribute to enhance P availability.
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—  Only northern landraces showed nodulation with soluble P regime and inoculations
with fast growing strains Mesorhizobium sp. (S1). As the soil was sterilised before
inoculation and as the tested strains came also from the northern region, this
suggests that there are probably regional adaptations between the rhizobia strains
and the cowpea landraces.

—  The strain S1 significantly increased the phosphorus use efficiency by 8% under P
soluble conditions.

—  The landraces NE4, NE11 and NE10 exhibited a higher performance under all P
regimes with S1 inoculation. Therefore, these landraces may be used as a source of
genetic diversity for cowpea production to improve PUE for SNF potential, and
their adaptation to the climatic conditions of the South could be tested.

However, further studies on field experiments are needed to identify whether
similar results may be observed with a more extensive array of cowpea landraces and
rhizobia potentially adapted to southern landraces whether their potential differences in
PUE are associated with genotype—rhizobia interaction in adaptation to low—P soils.
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Abstract. The theoretical basis of the agricultural material drying techniques has been formed in
the world for two and a half centuries. Nevertheless, despite the multitude of studies well
presented in the literature, the industry still lacks universally recognized methods of design
calculation for the majority of drying problems. Presumably, this is due to the fact that the
dehydration of foodstuffs is one of the most energy-intensive and complicated work processes.
In the process of thermal treatment during the drying, the physical state of the water in the treated
item changes, the properties of the item itself are altered.

Recently, the drying of foodstuffs by means of infrared (IR) radiation has been gaining ever wider
acceptance. At the same time, the technologies for dehydrating foodstuffs and materials are now
far ahead of the theory of drying. Not only the classical literature on the drying problems, but
even special studies on the subject cannot provide any specific recommendations for the design
of installations with the electro-magnetic principle of energy input. Whereas that is exactly the
type of installations that are now actively making headway, while offering serious challenges in
their modelling. For that reason, experimenting has until now been the only reliable way of their
studying. Despite the available extensive scientific literature on the drying, including works on
IR units, the practical issues of engineering IR driers have not been tackled. All the existing
studies consider solely particular cases. This study discusses the process of drying the fixed bed
of rapeseeds with the use of the electromagnetic infrared emitter. The energy intensity of the
process and the optimum thickness of the product bed are determined. The aim of the paper is to
examine the effect that the operating condition parameters (energy input intensity, temperature,
grain bed thickness) have on the drying Kinetics and the energy characteristics of the process. The
methods of research are based on the thermophysical analysis of the material’s structure. The
experimental studies were carried out with the use of monitoring and measuring equipment, up-
to-date methods and instruments, including solutions developed by the authors. The analytical
treatment was performed with the use of the software packages: MathCAD, Excel. The sample
testing and examination took place in the laboratory and the methods were in compliance with
the applicable standards. A comprehensive experimental investigation of the effect that the
operating parameters (specific load and power) have on the rape seed IR-drying kinetics had been
accomplished

Key words: agricultural engineering, rape, infrared emitters, drying, load.
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INTRODUCTION

The thermal treatment (heating) of grain is applied, as is known, in order to disinfect
the grain prior to putting it to storage, predry it in order to improve the efficiency of the
separation, micronisation of cereals, fodder grain crops, intensify the process of drying
and oil extraction from oil crops. In this process, different equipment is employed in
each case in terms of the method of heat input. In the equipment that is used most
frequently for the preheating and drying of grain (cascade heaters, tower driers with air
ducts), direct contact between the grain and the heat carrier gas or heat carrier-heated
surface (gas duct, shelf etc.) is utilised. The main way of intensifying the heat and mass
transfer between the surface and the heat carrier is increasing the latter’s flow rate. But,
the potential of the said process intensification method is limited by the removal of the
material from the treatment zone and the inefficient excessive consumption of energy,
which is lost with the exhaust heat carrier. It is possible to reduce the total amount of
heat carrier and, accordingly, the heat consumption, if a no-contact method of thermal
energy input is used. One of the efficient methods of transferring heat to grain without
contacting it is the infrared irradiation of a layer of dispersed material.

Today’s interpretation of the process of dehydration during drying is based on the
scientific fundamentals of the heat and mass transfer during the change of state (Orsat et
al., 2007; Wang et al., 2007; Wang et al., 2011) and the theory by Rebinder & Shchukin
(1973) about the forms of bonding between moisture on the one hand and colloid and
capillary-porous materials on the other hand. The theory of drying, the foundations of
which were laid by A.V. Lykov (1968), had evolved in the works (Ginsburg, 1985).
There are schools of: convection drying (Nikitenko et al., 2008; Aboltins & Upitis, 2012;
Doymaz, 2014), filtration drying (Barna et al., 2013), dielectric drying (Jones & Rowley,
1996), dispersed material drying (Burdo, & Bezbah, 2008; Burdo et al., 2017), vibratory
fluidized bed drying (Kats & Mazor, 2010).

Infrared radiation is the electromagnetic radiation within a wavelength range of
0.75t0 1,000 um. This range is divided into the three bands: near infrared (0.75-1.4 um),
intermediate infrared (1.4-3 um) and far infrared radiation (3—1,000 pm).

The absorption of infrared radiation in the absorption spectra of foodstuffs of plant
and animal origin results from the combined absorption by all components constituting
the cells. Accordingly, superposition of individual lines is responsible for the appearance
of the continuous spectrum with wavelengths of A > 3.0 um (Sandu, 1986).

It has been established (Wang et al., 2007) that the interaction between light and
foodstuff manifests in the continuous reflection of heat and dispersion of light. The heat
reflection is determined by the colour of the material. In case of near infrared radiation,
around 50% of all rays reflect back, while far infrared radiation reflects at a rate of less
than 10%. Experimental observations (Krishnamurthy et al., 2008) have shown that, as
the thickness of the layer becomes greater, the radiation admittance declines and the
reflection from the surface increases.

Overall, it has been noted (Sandu, 1986; Krishnamurthy et al., 2008; Das et al.,
2009; Riadh et al., 2015) that solid materials absorb infrared radiation only in the thin
surface layer. Another finding has been that with the temperature of the IR emitter
getting lower the main radiation wavelength shifts towards the area of lesser absorption
of infrared rays by the product. The development of continuous-operation dryers
equipped with far and near infrared spectrum units can allow reducing the material costs,
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duration of drying and process temperatures. Anyway, the thickness of the product layer
may not exceed 5 mm.

In order to ensure the reduced metal intensity of the equipment, the uniform
distribution of the heat flows over the receiving surfaces and the improved quality of
the semi-processed plant raw materials, reflectorless infrared film driers are used most
frequently. Our experimental investigations on this issue have shown that infrared film
driers have low metal consumption rates. Moreover, the emitter is easy to install, has
low inertia, the low temperature of the working surface (45-85 °C) and the IR-wave
length (3—15 um) that is acceptable for drying plant raw materials, in particular, rape
seeds (Kiptela et al., 2017)

The synergistic effect due to the
combination of IR heating and
convection drying has shown in the Tabl_e 1. Rapeseed shaft drying modes in
reduction of the process duration by relation to end use of seeds (Beregovaya &
43% and the energy consumption by  Stankevits, 2001)

63% as compared to the conventional Initial moisture Maximum temperature (°C)

convection drying. Also, it has been Conote”t’ drying medium  seeds
found that infrared radiation improves @ (%) .
the effectiveness of inactivation of 1. Seeds for foodstuffs and combined fodders
enzymes, pathogenic germs, thus ‘foilo <15 gg gé
contributing to the improvement of the 15 < 2; 20 80 50
product’s quality and its shelf life. 20 < &< 25 78 50
When determining the optimum ®>25_ 75 48
operating mode in the drying of rape 5 seads for sowing
seeds with a purpose of bringing them to o<17 65 40
the standard condition, several factors 17 < < 19 60 37
have to be taken into account, o> 19 55 35

depending on the following use of the
seeds — either for industrial processing
or as seed grain (Table 1).

It appears that the mentioned observations could be useful in the development of
improved grain drying facilities.

The aim of the study is to examine the effect that the operating parameters (energy
input intensity, temperature, grain bed thickness) have on the drying kinetics and the
energy characteristics of the process.

MATERIALS AND METHODS

The investigation with the use of a fixed bed of rape seeds was carried out on the
test bench (Figs 1 and 2) comprising IR-chamber, electronic scales, two IR-generators,
trays with grain, system of measurement for registering the temperature of grain and air
in the chamber as well as the energy consumption.

The movement of air in the chamber was created by a fan. The square tray
measuring 200 mm x 200 mm with a 10-mm high flange was made of metal wire mesh.
The tray hung from the scales on a system of wire cables with adjustable lengths, which
enabled setting the required distance between the product and the emitters within a range
of 7-15 cm.
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The role of IR-radiation generators was played by quartz short-wave luminous
elements with a wattage of 550 W, which ensured the attainment of the required
temperature conditions virtually in 30 seconds. The supply voltage was controlled by the
system comprising a laboratory transformer and a 2.5 accuracy class ammeter and a 1.5
accuracy class voltmeter. The readings of the ammeter and voltmeter were used to find
the consumed power.

4 5 6 7 8 9 10

PRl I

B = WS

3/ L

I I

Figure 1. Schematic representation of experimental unit for drying with the use of infrared
emitter: 1 —tray; 2 —infrared emitter; 3 —drying chamber; 4 —electronic scales; 5—fan for
drawing air out of chamber; 6 — unit start switch; 7 — unit stop switch; 8 —fan start switch;
9 — infrared emitter start switch; 10 — changeover switch for indication of temperature of product
or air in chamber; 11 —infrared emitter power control; 12 —voltmeter; 13 —ammeter;
14 — indicator of temperature of product and air in chamber.

CLEf

The velocity of the air leaving the chamber was measured with electronic
anemometer-thermometer-hygrometer Testo 410-2. The air velocity was changed within
a range of 0.5-2.5 ms? by adjusting the rpm of the fan motor with the use of the
laboratory autotransformer. The system of measurement of the temperature of the
product and the air in the chamber comprised two Chromel-Copel thermocouples
shielded from the exposure to infrared radiation by asbestos rope and aluminium foil and
a digital microvoltmeter PT-0193 with ambient temperature compensation.

Figure 2. General appearance of the laboratory experimental unit.

352



RESULTS AND DISCUSSION

The experimental part of the investigation included series of experiments with
different loads (grain weights) and different inputs of electromagnetic radiation power
into the chamber. The soft- and hardware system of the test unit registered the resulting
changes of the bed’s weight and temperature.

The electronic scales registered the product mass variations. The reduction of mass
provided the basis for determining the amount of extracted moisture. In advance, the
initial moisture content in grain, which was equal to 11.39 % in our experiment, and the
mass of dried grain had been found using the conventional methods of drying to a
constant weight.

The rapeseeds were placed on the hanger of the scales in the centre of the chamber.
The computer continuously processed the information sent from the scales and
thermocouples and output to the monitor display the trend lines for the mass of product,
product dehydration amount and rate, product temperature, chamber air temperature, dry
and wet bulb thermometer measurements of the air leaving the chamber.

Samples of rapeseeds with masses of 100; 200; 300; 400 g were placed on the tray,
which created specific loads of 2.5; 5; 7.5; 10 kg m™ respectively. After that, the tray
was placed into the test unit with an IR emitter and immediately exposed to IR radiation
with a specifically set power of 100, 200, 300, 400, 500 W, which had continued until
the product temperature became equal to 70 °C. At the same time, the readings of product
mass, product temperature and air temperature were continuously recorded.

The effect of the rapeseed load variation on the drying process is shown in Fig. 3.
The results of the investigations represented by the following curves correspond to a
distance of 10 cm between the emitter and the surface of the seed bed on the tray. That
was the distance (maintained the same for different bed thicknesses), at which the most
optimal results had been obtained.
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Figure 3. Dependence between reduction of humidity content and rape seed load at constant
power of N, =120 W: 1 — mass of 100 g, layer thickness of 4 mm; 2 — 200 g, 8 mm; 3 — 300 g,
12 mm; 4 — 400 g, 16 mm.
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The comparison of the curves (Figs 3 and 4) reveals that the product temperature
variation for all loads does not exceed 10 °C (Fig. 4), while an increase in the bed
thickness results in the less intensive dehydration (Fig. 3).
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Figure 4. Rape seed thermograms at constant emitter power of N, = 120 W, different loads and
layer thicknesses: 1 — 100 g, layer thickness of 4 mm; 2 — 200 g, layer thickness of 8 mm; 3 — 300
g, layer thickness of 12 mm; 4 — 400 g, layer thickness of 16 mm.

The results of the described investigation prove that drying with the use of an IR
emitter with a power rating of 300 W provides the fullest moisture evaporation, but
consumes more time. The other option with an increased power rating of 400...500 W
allows increasing the dehydration rate, but in that case the heated product will reach
faster the critical thermal point, which can significantly impair its properties.

It has been established that the drying of rapeseeds at a drying medium temperature
of 100 °C has no effect on the digestibility of their proteins, while the uniform thermal
dehydration of rapeseeds at a temperature of 70 °C improves the nutritive properties of
their proteins by increasing their digestibility from 61% to 64%. For that reason, the
latter temperature was chosen for our experiments.
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Figure 5. Rapeseed thermograms at varying emitter power: 1 — 100 W; 2 -200 W; 3 -300 W;
4 — 400 W; 5-500 W.
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It can be seen from the above thermograms (Fig. 5) that a power rating of 100 W
provides for the gradual heating of the product, but the duration of the process is rather
long. When a power rating of 200 W is applied, adequate heating is facilitated, but with
considerably reduced time consumption. Power ratings of 300 W and higher cause the
product heating too fast.

CONCLUSIONS

1. A comprehensive experimental investigation of the effect that the operating
parameters (specific load and power) have on the rape seed IR-drying kinetics has been
carried out with the use of the laboratory experimental unit that was developed specially
for the investigation.

2. The results of the experimental investigation prove that the reduction of the
moisture content in the product improves substantially due to the use of IR emitters.
Also, it has been established that raising the specific load of rapeseeds to 7.5 kg m
results in the increase of the moisture removal rate, while further increasing the specific
load is inadvisable, as the moisture removal will not improve any more, the latter
presumably explained by the insufficient penetration of the IR rays into all parts of the
loaded product.

3. When the specific load of rapeseeds exceeds 7.5 kg m?, IR-heating works only
in the surface layers of the grain bed, the deeper layers are heated only because of the
thermal conductivity of the grain, which significantly reduces the efficiency of the drying
process.
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Abstract. The increasing demand for biofuels leads to a growing need for agromass, such as
herbaceous plants and agricultural waste. However, agromass contains high quanitites of alkali
metals, mainly potassium and sodium, which limits agromass usage in thermoconversion
processes. Alkali metals react with other ash forming elements which leads to ash related
problems such as agglomeration, fouling and slagging during agromass burning. In this study,
chemical composition and melting behaviour of ashes formed at 550 °C are investigated. Three
herbaceous plants (reed canary grass, hemp, orchard grass), four types of agricultural waste
(straws of rye, wheat, buckwheat and canola) and two types of woody biomass (birch, spruce) are
selected. Ash melting behaviour, composition and bulk structure are determined using a high
temperature furnace with a video camera, inductively coupled plasma atomic emission—
spectrometry and X-ray diffraction technique, respectively. Ash melting behaviour of selected
agromass types shows that the hemp ash has the highest shrinkage starting temperature which
reaches 1,079 °C. This is due to the high content of calcium and low content of potassium and
sodium in hemp ash. Three main components calcium carbonate, potassium sulfate and potassium
chloride have been identified in ashes after agromass and woody biomass are heat—treated at
temperature of 550 °C.

Key words: agromass, agrofuels, ash, ash melting, alkali metals.
INTRODUCTION

A growing demand for energy, decreasing resources of fossil fuel and increasing
environmental pollution induce search for alternatives of fossil fuel. One of them is
biofuel, which until now, was mainly produced from woody biomass. The consumption
of such biomass has risen during the past two decades, growing at an annual rate of over
2% (Patel & Gami, 2012). Yet not only woody biomass can be used for biofuel
production, but also herbaceous plants of short rotation and agricultural waste such as
straw (hereinafter —agro biomass or in abbreviated form — agromass). The fuel produced
from agromass is usually called agrofuel. However, agrofuel has several negative
properties related to high amounts of alkali and alkaline earth metals as well as chlorine
(CI) and sulphur (S). Therefore, despite the well-known advantages of agromass usage
such as carbon dioxide neutrality and high energy generation potentiality, efficient and
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low—emission burning of such fuels is still limited due to technical problems associated
with corrosion of equipment, ash agglomeration, fouling and slagging of partially fused
deposits on furnace walls and convection heat surfaces.

The presence of alkali metals, such as potassium (K) and sodium (Na), has the
greatest impact on ash melting during combustion. High contents of alkali metals and
silicon (Si) results in the formation of sticky molten K silicates that melt under low
temperature of approximately 750 °C. Such viscous ash sticks to the unburned fuel
particles, which leads to agglomeration (Thy et al., 2006; Magzdiarz et al., 2016). Due
to high content of K in the ash, K silicates as well as other compounds of K (chlorides,
sulphates, carbonates) are formed. Melting point of these K compounds is low too, i.e.
merely 770 °C (Wang et al., 2012). Na, which transformation mechanism in ash is
similar to K, also reduces ash melting temperature. However, the content of Na in ash is
very low, so for the following reason Na content is not distinguished separately and is
attributed to K (Niu et al., 2016).

Woody biomass composition is quite stable, and contains large quantities of
calcium (Ca) and Si, yet less phosphorus (P) and K. On the contrary, agromass
composition varies greatly. Both grasses and straws contain large quanitites of Si and K.
Smaller amounts of Ca and magnesium (Mg) are found in grasses, the same goes for
aliuminium (Al) and Na in straw. Aquatic biomass contains large quanitties of K and
Mg though less Al and Si (Vassilev et al., 2013). Moreover, the composition of agromass
depends on the soil type, harvesting season (Niu et al., 2014), climate, type of fertilizer,
its concentration and frequency of fertilization (Schiemenz & Eichler—Lobermann,
2010) and impurities that fall in during preparation and transportation of agromass
(Wang et al.,. 2012).

Ash melting temperature depends not only on elemental composition of ash as a
mineral matter, but also on the form of mineral compounds. It was determined, that
potassium chloride and sulfate (KCI, K.SOg4) are the dominant alkali—containing
compounds that influence ash related issues. K2SO4 mainly accumulates on high
temperature heating surfaces, while KCI accumulates on low temperature heating
surfaces (Niu at al., 2016). However, mineral composition and chemical transformation
mechanisms of agromass ash compounds are not fully investigated and further studies
are required.

This study mostly focuses on determination of chemical composition and fusion
properties of ash of selected types of agromass and woody biomass. The aim is to extend
and improve the knowledge on agromass types which are less investigated and analyzed.
Ash melting stages related to the shrinkage starting temperature (SST), deformation
temperatute (DT), hemisphere temperature (HT) and flow temperature (FT) and their
dependance on the ash elmental (Ca, K, Si, P, Mg, Al, Na) and mineral composition of
ash are determined. These results can be beneficial with the goal to provide general
understanding to industrial users about the agromass diversity and which types of
agromass are suitable to use in combustion technologies.

MATERIALS AND METHODS

Nine different samples divided into three main groups, i.e. agricultural waste,
herbaceous plants and woody biomass were selected for the analysis. For the group of
agricultural waste, rye, wheat, buckwheat and canola straws were selected, because in
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Lithuania the annual amount of this harvest waste reaches 3 million tons and only a small
part of it is used according to its original purposes, as animal litter or feed. Pellets of
orchard grass, reed canary grass and hemp were selected for the group of herbaceous
plants. Two wood species spruce and birch (with bark) were selected for comparison.

All samples were dried in low temperature laboratory furnace under the
temperature of 105 °C and later grinded with a mill. The ash content of all samples was
determined using a muffle furnance (Nabertherm LVT/9/11/P330) at 550 °C according
to ISO 18122:2016. Ashing experiment was carried out three times for each sample. Ash
melting behaviour was conducted twice in muffle furnaces CARBOLITE with the
monochromatic video camera CAF DIGITAL 380-415V with reference to CEN/TS
15370-1. Ashes were grinded with a pestle to obtain particles with a size of less than
0.075 mm. Using a mould with a defined pressure, a moistened (with ethanol) ash
powder was used to form cylindrical ash samples with a size of 5 x 5 mm. Samples were
heated in ash fusion furnace under reducting atmosphere. A furnace temperature was
raised up to 550 °C. Then temperature was gradually raised 5 °C min and photos were
automatically made every interval of 2 °C till temperature has reached 1,600 °C. The
temperature at which the phase of the sample changed was recorded.

Wet-digestion of the ashes and raw materials was applied before elemental
composition analysis using a microwave oven Multiwave 3000 according to 1SO
16967:2015. Samples were mineralised with solvent of H.0, (30%), HNO3 (65%) and
HF (40%). In order to prevent Si contamination from glass, plastic vessels were used.
The concentration of elements K, Ca, Mg, Na, Al, Si, P were measured using inductively
coupled plasma atomic emission—spectrometry (ICP-OES) OPTIMA 8000 CROSS
FLOW.

Volumetric structure of ash was determined using XRD Bruker AXS D8
diffractometer. Each sample was scanned for 45 minutes using ®—-2@ modification in
the interval from 20° to 70°. A source of X—ray CuKal. Compounds identification were
performed through comparison with standards of EVA Search—Match program from
PDF-2 database.

RESULTS AND DISCUSSION

Accomplished analysis revealed that buckwheat (6.4%) and canola (6.5%) straws
have the highest ash content (Fig. 1).

Ash content of herbaceous plants, excluding .
hemp, is also similar to ash content of straw. Ash 2.5%
content of hemp is more than twice lower (2.5%)
than the other herbaceous plants. The difference in

Spruce - Birch 0,5%
0,6%

Reed

ash content between various types of agromass can canary Wheat
be explained by few factors. Firstly, ash content and gress St B
its amount depend on the genetic plant properties Orenand Buckwheat
and its parts used for production of biofuel (Monti grass SiRness

5,4%

et al., 2008). This part of inorganic components
source is the agromass itself. Secondly, quite large
part of inorganic components, such as potassium,
nitrogen, phosphorus and others which are Figure 1. Ash content (% db.) of
necessary for plant growth, come with fertilizers. agromass and woody biomass.
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Herbaceous plants, which are specifically cultivated for energy purposes, are fertilized
in order to increase the quantity of agromass. The effects of climate, soil composition,
harvesting and fuel preparation also can not be underestimated.

The results of ash melting behaviour are presented in Table 1. The obtained data
shows that straw ashes have the lowest shrinkage starting temperature (SST), whereas
the SST temperatures of herbaceous plants are even higher than the ones of woody
biomass. SST temperature is the most important since it is the initial phase of ash
melting. Melting formation at low temperatures makes ashes particularly troublesome
because it induces stickiness of ashes which causes formation of slag.

Table 1. Ash melting temperatures of investigated types of biomass (°C)

SST DT HT FT

Herbaceous plants

Reed canary grass 946 979 1,147 1,164
Hemp 1,079 1,418 1,490 1,496
Orchard grass 1,061 1,167 1,263 1,287
Agricultural waste

Rye straw 739 875 1,163 1,185
Wheat straw 783 869 1,099 1,175
Buckwheat straw 698 751 1,544 1,549
Canola straw 722 1,061 1,497 1,502
Wood

Birch 888 1,477 1,514 1,526
Spruce 849 1,497 1,523 1,531

Hemp is considered to be one of the most potent herbaceous plant for production
of agrofuel because its ash melts at higher temperatures. Ash melting behaviour and slag
formation depends on a component of the lowest melting temperature, chemical
composition, combustion duration and conditions, because the longer fuel/ash is kept in
high temperature, the more favourable are conditions for slagging (Fang & Jia, 2012).

The results of elemental composition of raw agromass and woody biomass as well
as its ash are shown in Fig. 2 and Fig. 3.
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Figure 2. Elemental composition of agromass: 1 — birch; 2 — spurce; 3 — hemp; 4 — orchard grass;
5 —reed canary grass; 6 — rye straw; 7 — wheat straw; 8 — canola straw; 9 — buckwheat straw.
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As can be seen from these Figures, the elemental composition of agromass, woody
biomass and its ash is well correlated. Three elements Ca, K and Si make up the main
part or the total content of all elements which increases consistently from the smallest
total concentration value for the woody biomass to the largest value for the straw. For
the investigated types of agrobiomass, the ratio of these values approaches 10 (Fig. 2).
This trend is mainly due to an increase of K in grasses and especially in straw. The other
elements (P, Na, Mg, Al) in the agrobiomass are also clearly visible, but their impact to
the total element concentration is almost identical for all agrobiomass and woody
biomass types. According to the elemental composition, the herbaceous plants such as
hemp and orchard grass are closest to the woody biomass.

ol | 1

800 +—

700 (P, Mg, Al, Na) + (Si, K, Ca) /‘_
E’soo \ T~ > —— Al
c 4
§ 500 +—— .'
s hw% ‘
£ 400 ~ 1 SitK+Ca |
[
o K+Ca
é 300 —_

200 / >

100 Ca \.\\ //

No———+——+"
0
1 2 3 4 5 6 7 8 9

Type of agromass

Figure 3. Elemental composition of agromass ashes: 1 — birch; 2 — spurce; 3 — hemp; 4 — orchard
grass; 5 — reed canary grass; 6 — rye straw; 7 — wheat straw; 8 — canola straw; 9 — buckwheat straw.

The composition of ash is characterized by a significantly weaker dependence on
the type of agromass. The main reason of such trend is the decreasing amount of Ca and
K in the grass and straw ashes. Composition of hemp ash is clearly distinguishable. The
total concentration of all elements in its ash is lower than a single one for wood ash.
Compared to other herbaceous plants and agricultural wastes, hemp has a larger woody
part of the stem, which affects the elemental composition of hemp ashes.

As mentioned before, the usage of fertilizers has also a substantial influence on the
properties of agrobiomass, its ash, and elemental composition. Higher concentrations of
Si in agricultural waste and herbaceous plants ashes may be due to agromass
contamination with soil. However, the complex transformation of compounds takes
place during combustion which results in reduction of some elements, such as K, in ash.

The results in Table 2 show that only a few cases exibit a sufficient level of
correlation which allows to draw conclusions about ash melting behaviour dependence
on the content of a single element.

Si has the greatest influence on the temperatures of DT, HT and FT. High amount
of Si cause a decrease of these temperatures. The effect of Ca is more clear in the final
ash melting stages. On the contrary, the effect of Na and K is more evident at the initial
phases of ash melting, where the higher quantitites of these elements reduces the SST
values. Conclusions about the effects of P, Mg and Al can not be made since the
determination coefficients are less than 0.25. It can be concluded that a single element
does not directly affect the ash melting behaviour. Summarizing the analysis data it can
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be assumed that higher amounts of Si, Na and K reduces ash melting temperature while
Ca raises it. Similar results were obtained by other authors (Niu et al., 2010, Paulrud et
al., 2001).

Table 2. Correlation of the ash melting behaviour and individual elements

SST DT HT FT
Ca  -0.24 (R*=0.06) 0.36 (R?= 0.13) 0.65 (R? = 0.43) 0.66 (R? = 0.44)
K  -0.63(R?=0.39) -0.67(R?=0.45)  -044(R?=0.19)  -0.44 (R?=0.20)
Si  -0.41 (R?*=0.17) -0.86 (R2=0.74)  -0.79(R?=0.62)  -0.78 (R?=0.60)
P -0.37 (R = 0.14) -0.02(R?=0.00)  -0.25(R?=0.06)  -0.24 (R?=0.06)
Mg  -0.45 (R?=0.20) 0.21 (R? = 0.04) -0.06 (R2=0.00)  -0.05 (R? = 0.00)
Al -0.50 (R? = 0.25) -042 (R?=0.18)  -0.35(R?=0.12)  -0.36 (R?=0.13)
Na  -0.68 (R?=0.46) -0.06 (R?=0.00)  -0.01(R2=0.00)  -0.01 (R?=0.00)

Several chemical changes of ash mineral content take place during combustion in
high temperatures. Si melts partially or completely and reacts with other ash forming
elements, and mainly silicates of alkali metals (K and Na) are formed. Dissociation of
carbonates, chlorides and other salts takes place. Alkali metals and heavy metals become
volatile and evaporate. Due to this it is very important to determine the mineral
composition of ash.

Analysis of such results, indicating the qualitative presence of crystalline minerals
in the ash and melted ash samples are presented in Table 3 and Table 4. It has been found
out that ash does not have a clear crystal structure and consists of oxides, silicates,
carbonates, sulphates and phosphates, which are the main compounds that are formed
during combustion. Ash forming compounds are largely very different depending on the
agromass type. However, three main components calcium carbonate (CaCOs3), potassium
sulfate (K.SO.) and potassium chloride (KCI) are the most commonly found in the ashes
of agromass and woody biomass that are heat — treated at temperature of 550 °C.

Table 3. Mineral composition of agromass and woody biomass ashes (550 °C)

Herbaceous plants
Reed canary grass
Hemp

Orchard grass
Agricultural waste

KCl, K2S0Oyq, Ca40(PO4)2, SiOz, KCaPOq
CaCOs, Ca;0(POy)2, SiO;
KC', C&40(PO4)2, SiOz, KCaPQy, Nazcaasizos, KMng|15025

Rye straw CaCOs3, K540, SiO,, MgSiO3

Wheat straw KCI, K2S04, KCaPO4, SiO;

Buckwheat straw KCI, CaCOs, K2S04, K2S,06, K2Ca(COs3),
Canola straw KCI, CaCO3, K2S04, K2Ca(COs3),, CazSiOs
Wood

Birch CaC03, KzSO4, KzMg(PO3)4, KMnP, MI’]SO4
Spruce CaCOs3, K2S04, KoMg(PO3)a, KMNP, MNnSO4

There is also some difference between mineral composition of ash of the same
group. Exclusively in the case of woody biomass ash, the identified compounds were the
same: CaCOs, K,SO., potassium magnesium phosphate (K:Mg(POs)s), potassium
manganese phosphide (KMnP) and manganese sulphate (MnSO.). The dominant
components of agricultural waste are KCI, CaCOs and K>SO4, whereas a vast majority
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of other K compounds are dominated. Hemp ash is the most distinctive among
herbaceous plants. The following three main compounds CaCOs, calcium oxophosphate
(Cas0(P0Os),) and silica (SiO2) have been identified. Ash of other herbaceous plants also
contained KCI, but no CaCOs has been found in them. All other identified compounds
are largely the same and K, Ca, P are predominated in composition. It means that alkali
metals play a key role in formation of ash. For plants K is one of the most important
nutrient that is absorbed from the soil in the form of dissolved salts, especially for
one — year rotation fast-growing plants. Therefore, compounds with K, mainly KCI,
K2S04, CaCO3 dominate in agromass ash.

Analysis of molten ash, which is obtained at FT (Table 4), reveal that silicates,
aluminates and oxides are the main components. Results show that aluminium oxide
(Al;O3) and spinel (MgAl,Q4) are compounds that have been identified in melted ash of
selected woody biomass and agromass samples. In this case, it is also necessary to
consider that ash was melted on porcelain plates. Therefore, peaks of aluminium oxide
(Al;O3) and silica (SiO2) may be a result of a tray.

Table 4. Mineral composition of molten agromass and woody biomass ashes (at FT)
Herbaceous plants

Reed canary grass Al>,03, MgAI;Oy4, Si

Hemp MgAl,0., Ca2Al,SiO7, CaMg,AlsO12, CaNasAl(P207),, CaAl O
Orchard grass A|203, KCaPO4, SiOz, KzSi4Og, K0135A|0,855i0,1502, KPeOls
Agricultural waste

Rye straw Al;03, Si

Wheat straw Al;03, MgAILLO4, KAISI,Og, Si

Buckwheat straw Al;03, Ca2Al;SiO7, CaAl12019, KAI;Siz011, MgAlO4, KAIP20;
Canola straw MgAIl;04, Ca2Al;SiO7, Caz(PO.),

Wood

Birch A|203, A|, C&38i207, A|(P03)3

Spruce A|203, MgAle4, Ca5(PO4)25iO4, SiOz, Ca3A|2P25i2015, CaaA|2(SiO4)3

Mineral composition of molten herbaceous plant ashes are quite different: orchard
grass ash forming compounds mainly contain K, reed canary grass ash — Mg, whereas
hemp ash — mostly Ca.

Molten ash mineral composition of agricultural waste is even more diverse.
However, two main compounds, i.e. Al.Oz and MgAl;O4 are typical for this entire group
of agromass. Al,0sand many other Ca compounds have been identified in molten woody
biomass ash.

It should be noted that mineral composition of molten hemp ash is very similar to
mineral composition of molten woody biomass ash where Ca and Mg compounds are
predominant.

In general, mineral composition of molten ash has less K compounds, so it can be
assumed that through thermo—chemical reactions some ash elements become gaseous
and are removed with volatile matter. Compounds with higher melting points are found
in this type of ash.

The results obtained in this study are in good agreement with the data and
conclusions of other authors (Thy et al., 2006, Niu et al., 2016, Fang & Jia, 2012),
regarding the influence of temperature on ash forming compounds and their
transformation into high melting temperature forms while temperature increasing.
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CONCLUSIONS

From all studied agromass species, hemp has been distinguished as the most
suitable for agrofuel production due to the lowest ash content (2.5%), highest SST
temperature (1,079 °C) and appropriate mineral composition of ash.

Furthermore, it has been determined that higher amounts of Si, K and Na reduce
ash melting temperature while Ca raises it. However, the correlation between fusion
temperatures and concentration of separate elements is strong only in the case of Si. It
means that a single chemical element does not directly affect the temperature of ash
melting phase. Summarizing the analysis data of ash mineral composition it has been
concluded that ash does not have a clear crystalline structure and oxides, silicates,
carbonates, sulphates, and phosphates are the main components of which the most
common compounds are CaCOs, K2SO4, KCI. The main compounds found in molten ash
are silicates, aluminates and oxides, most often in the form of Al,Osand MgAl,O..
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Abstract. In the Federative Republic of Brazil, Jatoba (Hymenaea courbaril) and Garapa
(Apuleia leiocarpa) trees are intensively harvested. The yield of one log is approximately
45-55%, which indicates a great amount of produced wood waste biomass.Present research
monitored the suitability of wood waste biomass from Jatoba and Garapa trees for bio—briquette
for solid biofuel production. The research was focused on chemical parameters,and energy
potential of such biomass kinds. Jatoba wood waste biomass was used for the production of bio—
briquette fuel and its final mechanical quality was investigated by determination of their
mechanical quality indicators. Results of chemical analysis (in wet basis) exhibited great level of
ash content in case of both species (Jatoba — 0.31%, Garapa — 3.02%), as well as high level of
energy potential; net calorific value equal to 18.92 MJ kg for Jatoba and to 18.395 MJ kg* for
Garapa. Analysis of elementary composition proved following levels of oxygen content: Jatoba
—41.10%, Garapa — 39.97%. Mechanical analysis proved bio—briquette samples volume density
p equal to 896.34 kg m~3 which indicated quality bio—briquette fuel, while the level of rupture
force RF occurred at a lower level —47.05 N mm=. Most important quality indicator, the
mechanical durability DU, unfortunately, occurred at a lower level; DU = 77.6% compared to the
minimal level of bio—briquette fuels intended for commercial sales which must be > 90%. Overall
analysis proved materials suitability for energy generation purpose with certain limitations which
can improve by changing production parameters of briquetting.

Key words: Briquetting, direct combustion, renewable energy, waste management.
INTRODUCTION

Management is the process of reaching organizational goals and by hardwood
species management we mean inte gration and coordination of series of actions towards
the achievement of a specific objective. It follows value chain wood waste generated by
wood processing industry.

Wood processing is a downstream activity of the forestry because it adds economic
value to logs, diversifies the products and increases the incomes (Israel & Bunao, 2017).
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All products and services have environmental impacts, from the extraction of raw
materials to the production or manufacture, distribution, use, and disposal. However,
wood is a renewable resource used in wood industry and for energy production
(Jungmeier et al., 2002; Kim & Song, 2014). Wood waste is produced by a number of
sectors as part of the municipal waste stream. The value chain of wood involves cutting
logs, sawn into the timber and transported to manufacturers who transform and obtain
outputs that generate wood waste (Kaplinsky, Memedovic, Morris, & Readman, 2003).

In the late 19" century, worldwide trade in wood furniture grew by 36%, faster than
merchandise trade as a whole (26.5%), apparel and footwear (32%). Solid wood furniture
represents one of the rawest materials for manufacturing high-end designed products
(Kaplinsky et al., 2003). Wood waste from furniture, construction arises in different
forms ranging from untreated, off-cuts, to treated wood containing preservatives and via
a variety of post-consumer waste which can be used for feedstock or combustion
(Owoyemi et al., 2016; Huron et al., 2017). The over-extraction of wood resources,
linked with clearing for agricultural purposes and indiscriminate burning creates disorder
which aggravates the wellbeing of the forests. In Brazil, many highly valued timber
species occur at extremely low densities yet are intensively harvested with little regard
for impacts on population structures and dynamics of forest (Schulze et al., 2008). For
instance, Jatoba and Garapa wood are used for flooring, furniture, cabinetry, tool
handles, boat building and other special items (Meier, 2015). The production,
exploitation, and processing of wood represent one of the main pillars of Amazon
economy. There are more than 71 zones of wood extraction which extracts about 14.2
million cubic meters of logs per year which generate 5.8 million cubic meters of lumber
with about 59% of wood waste materials (Marchesan, 2012). The yield of one log of
Jatoba, for instance, is approximately 45-55%, the remains fall into the category of by-
products such as dust, sawdust, chips, barks, rags, trimmings, and tips.

The importance of wood waste management is the worldwide spread of techniques
focused on the reduction and re-utilization of these waste materials as regards the
policies of each country (Jungmeier et al., 2002; European Commission, 2010;
Bittencourt et al., 2015). Considering the need to reduce carbon emission, wood waste
resources provide an alternative energy that helps to reduce the emission from landfill
(Roder & Thornley, 2017). The utilization of most common products of wood waste for
recycling and energy production using biomass has been highlighted in the field of
energy and sustainability mainly for environmental conservation (Altafini et al., 2003;
Daian & Ozarska, 2009a; Raud et al., 2014). Studies of awareness on wood waste utility,
economic benefits, and energy consumption are summarised in Table 1.

One of the factors affecting the utilization of wood waste is the dependency on
fossil fuel as a source of energy production. At a time when fossil fuels were much
cheaper than wood, wood wastes were destroyed by burning (Top, 2015). The amount
of carbon dioxide released into the atmosphere during burning or decomposition of wood
is the same as that which a tree absolves during growth. In developing countries about
70% of energy is supplied from fossil fuels and the remaining 30% is from renewable
sources. Environment impacts due to fossil fuel use include global warming, air quality
deterioration, oil spills and acid rain (Ming et al., 2014; Patel, 2014). However, the use
of wood pellets and briquettes from wood waste contributes less to air pollution than
fossil fuel (Giuntoli et al., 2013; Kim & Song, 2014; Singh et al., 2016). Wood waste is
considered a potential alternative for energy production. It does not compete with food
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and feed production with no direct impact on soil. Contrarily, it contributes to generating
energy security for the local population in the places where wood waste originates from
(Bergeron, 2016).

Classification of wood waste biomass varies from country to country. In European
Union legislation, waste management option is ranked in order of environmental
preference with the first priority being the reduction or avoidance of waste and the
recovering of energy (Knauf, 2015; van Dam, 2013). However, the classification obeys
three categories: Clean untreated wood (an e.g. pallet, wooden boxes, scraps lumber
and, plywood) which can sometimes contain nails, bolts or screws (Fig. 1, c, d); slightly
treated wood waste (wood painted or coated) and heavily treated (impregnated wood
waste).

Clean untreated wood waste biomass is widely used for commercial production of
bio—briquette fuel due to its suitable chemical and mechanical parameters. The
technology of high—pressure briquetting operates without using any external binders,
thus, ensures a high level of bio-briquette final quality (Emerhi, 2011). Differences
within energy potentials and level of suitability of specific wood types can be found
between deciduous and coniferous trees, trees from tropical and temperate zones and
even different parts of the trees (trunk, branch, bark).

In consequence, the aim of present paper is to state the potential of Jatoba and
Garapa wood waste biomass for energy generation in the form of bio—briquette fuel. The
aim was supported by chemical analysis of the wood waste biomass kinds (which
contained of testing of basic chemical parameters and elementary composition of
investigated samples) and subsequent mechanical analysis of bio—briquette samples
produced from such materials (which contained of testing of mechanical quality
indicators of investigated bio—briquette samples).

Figure 1. Different forms of wood waste biomass: a) pile of sawdust; b) wooden offcuts or scraps
from lumber; c) wood chips; d) old pallets.
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Table 1. Examples of studies on wood waste management: main features

Authors (year) Country Category Methodology Area of impact

Huron et al. FRA Treated wood waste  Lab analysis Environmental

(2017) awareness

Bergeron (2016) CHE Climate change Review plus modeling Wood waste utility

Tatano et al. ITA Waste management  Lab analysis Energy content

(2009)

Kim & Sang PRK Climate change LCA according to ISO Environmental

(2014) 14040 awareness

Massote etal. BRA Waste management  CP methodology by ~ Wood waste utility

(2013) UNEP

Hiramatsu etal. JPN Waste management  Lab analysis Wood waste utility

(2002)

Moreno & Font ESP Untreated waste Lab analysis Wood waste utility

(2015) management

Joshi et al. USA Waste management  Questionnaire survey Wood waste utility

(2015)

Top (2015) TUR Waste management  Questionnaire survey Economic awareness

Knauf (2015) DEU Energy policy A review of LCA Environmental
methodology awareness

Roder et al. UK Waste management  LCA according to Environmental

(2014) 1SO 14040 awareness

Warnken (2008) AUS Waste management  LCA methodology Environmental

awareness
Daian & AUS Waste management  Questionnaire survey Economic awareness

Ozarska, (2009b)

FR — France; NGA — Nigeria; CHE — Switzerland; ITA — Italy; PRK — Republic of Korea; BRA — Brazil;
JPN —Japan; ESP —Spain; USA —United States of America; TUR — Turkey; DEU — Germany;
UK — United Kingdom; AUS — Australia.

MATERIALS AND METHODS

The present chapter is divided into three subchapters sorted chronologically in
accordance with the experimental measurements process. Nevertheless, the whole
process of biomass definition investigated materials selection; preparation and
subsequent testing performed according to international technical standards
requirements. Specifically, we used following technical standards requirements: EN
14918 (2010), 1SO 1928 (2010), EN 15234-1 (2011), EN 643 (2014), EN 1SO 16559
(2014), EN 1SO 17225-1 (2015), EN 1SO 17831-2 (2015), EN 1SO 18122 (2015), EN
ISO 18134-2 (2015), EN ISO 16948 (2016) and EN ISO 18123 (2016).

Investigated samples

The samples used for this paper originated from Brazil in form of rough sawn
lumber, kiln dried (KD) at 10-12%, fumigated and then processed in the Czech Republic
into profiles for furniture industries. The samples investigated came from trees harvested
in 2015 and processed in 2017. The callected waste samples are produced during the
cutting of boards in the form of fine dust, during drilling and milling operations for
production of outdor furnitures.
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Generated biomass was primarily processed in the effort to meet the requirements
for bio-briquette production; such preparation mainly contained from drying (suitable
moisture content < 10%) and milling and grinding (suitable particle size <10 mm).
Investigated samples in prepared suitable form are expressed in Fig. 2.

Figure 2. Investigated wood waste biomass samples prepared for testing: a) Jatoba; b) Garapa.

Chemical quality indicators

Experimental measurements performed within the chemical analysis stated the
safety and suitability of investigated wood waste biomass for direct combustion (energy
generation). Following laboratory testing was performed. The measurements were
repeated; at least three reliable results were acquired for every sample with respect to the
reliability of obtained results and to the behavior of the sample during testing.

Moisture and ash content

Determination of investigated samples moisture content M. (%) was performed
according to the mandatory technical standard EN 181342 (2015) by using of thermo-
gravimetric analyser LECO, type TGA 701 (Saint Joseph, United States). Ash content
Ac (%), was determinate using the same equipment in accordance to the mandatory
technical standard EN ISO 18122 (2015). Primarily, the samples were dried at 107 °C
and further, the samples were burned at 550 °C until their constant weight.

Elementary composition

The content of Carbon C (%), Hydrogen H (%), Nitrogen N (%), Sulphur S (%)
and Oxygen O (%) was determined by using of laboratory instrument LECO, type
CHNG628+S (Saint Joseph, United States) which used helium as carrier gas. The process
of testing is completely defined by the mandatory technical standard EN ISO 16948
(2016). Investigated samples were burned in Oxygen while produced flue gases were
analyzed.

Calorific values

The results values of gross calorific value GCV (MJ kg™) were obtained during
experimental measurement described in mandatory technical standard EN 14918 (2010)
by using of isoperibol calorimeter LECO, type AC 600 (Saint Joseph, United States).
However, the results of net calorific value NCV (MJ kg™) were calculated according to
the mandatory technical standard 1SO 1928 (2010).
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Mechanical quality indicators

Set of experimental practical tests was used for determination of the final
mechanical quality of produced bio—briquette samples. Together, the result values of
following tests describe the efficiency of such densification process, thus, the suitability
of investigated materials for bio—briquette production and appropriateness of such bio—
briquette samples for commercial sale.

Volume density

The dimensions of produced bio —briquette samples were used for the statement of
their volume density p (kg m=3). Following formula (1) was used for its calculation:

P=7 @

where p —volume density (kg m=); m— bio-briquette samples mass (kg); V — bio-briquette
samples volume (md).

Mechanical durability

Mechanical durability DU (%), the
most important indicator of bio—briquette
samples mechanical quality, as stated by
the mandatory technical standard EN ISO
17831-2 (2015). A dustproof rotating
drum (Fig. 3) was used for experimental
part of the testing; the bio—briquette
samples was primarily weighted and then
placed into the drum and then subjected to Figure 3. Scheme of a mechanical durability
the controlled impacts due to the drum equipment testing DU (CULS, 2013).
rotation.

After a precisely stated time of rotation, the tested bio —briquette samples were
removed from the drum and weighted.The following formula (2) was used to calculate
mechanical durability DU (%) level of the samples.

DU = 2. 100 B

where DU — mechanical durability (%); ma.—samples weight after testing (Q);
me — samples weight before testing (g).

Rupture force LF T
Statement of rupture force RF | , I Lpper
1\ : 1 pressure
(N mm™) is not stated by any mandatory i plate
technical standards, but it is based on :
previous experimental testing of Brozek -'E'i‘_et-te
et al. (2012) and (Brozek, 2015). The i o

principle of the test (as shown in Fig. 4) I ! ] _pressure
consists in the loading of the force to the 'If - plate
bio—briquette sample and subsequent

measurement of the maximal force before Figure 4. The principle of rupture force
samples disintegration. (RF) testing.
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RESULTS AND DISCUSSION

Present chapter reports and evaluates obtained observations and result values of
specific experimental tests. In respect to the ‘Materials and Methods’ chapter
distribution, there are also three subchapters related to the specific biomass or bio-
briquette samples parameters.

Investigated samples

The experimental part of present research related to the bio-briguette samples
production is unfortunately represented only by the utilization of the Jatoba wood waste
biomass.

The process of bio-briquette
samples production was not possible in
case of Garapa wood waste biomass due
to its limitations. Mentioned limitations
were related to the area of materials origin
and its transportation. The available
amount of material did not correspond to
the required quantity material necessary
for bio—briquette samples production and
testing. Nevertheless, utilization of Jatoba
wood waste biomass for bio-briquette
production resulted in bio-briquette
samples expressed in Fig. 5.

The observation of produced bio-briquette samples dimensions (expressed in
Table 2) was important for further calculations and evaluation of subsequent
experimental tests.

Figure 5. Produced bio-briquette sample
before experimental testing.

Table 2. Dimensions of produced Jatoba bio—briquette samples

Bio—briguette sample Mean height (mm)  Mean diameter (mm) Mean weight (g)
Jatoba 54.51+9.15 51.45+0.39 101.78 £13.26

+ — standard deviation.

Chemical quality indicators

Data obtained during chemical analysis described the suitability of investigated
materials for direct combustion that ensured environmental conservation but also
described energy potential and burning efficiency of such biofuels. The detailed values
are noted in Table 3 and Table 4.

Table 3. Chemical parameters of investigated wood waste biomass samples (w.b.)

Waste biomass sample We (%) A; (%) GCV (MJ kg?) NCV (MJ kg™?)
Jatoba 7.46 0.31 20.16 18.92
Garapa 1.77 3.02 19.61 18.39

W, — moisture content; Ac—ash content; GCV —gross calorific value; NCV —net calorific value;
w. b. — wet basis. All values expressed here are average values.
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Table 4. The chemical composition of investigated wood waste biomass samples in dry basis (w.b.)

Biomass sample C (%) H (%) N (%) S (%) O (%)
Jatoba 52.62 571 0.23 0.03 41.10
Garapa 51.16 5.60 0.23 0.02 39.97

C — Carbon; H — Hydrogen; N — Nitrogen; S — Sulphur; O — Oxygen.

As the specific value indicates, it is obvious that the level of ash content A (%)
occurred at a high level (required result) in cases of both samples. Moreover, in the case
of Jatoba wood waste biomass, the values proved extremely good results. The mandatory
technical standard states maximal level of ash content A: < 10% in case of bio-briquette
fuel intended for commercial sale (EN 15234-1. (2011)).

The values of net calorific values NCV (MJ kg?) proved the extremely high level
of materials energy potential. Such results are highly recommended if consider the
mandatory technical standard of the level of net calorific value NCV > 15 MJ kg* within
the commercial bio—briquette production (EN ISO 17225-1. (2015)).

Within the elementary composition of fuel intended for direct burning, the content
of Oxygen O (%) is considered as an important indicator of materials ability to burn; the
higher content of Oxygen O (> 40%) can cause problems during the fuel burning. The
evaluation of obtained data indicates a satisfactory level of the monitored chemical
parameter in both cases; in case of Jatoba, the values occurred only slightly above the
theoretical maximal level. The expression of the chemical analysis in dry ash Free State
form was also used (noted in Table 5) for the evaluation of precise values of selected
chemical parameters without the influence of the presence of the ash.

Table 5. Chemical composition of investigated wood waste biomass samples in dry ash free state
(d.a.f.)

Biomass sample ¢ H N S © GV NCV
(%) (%) (%) (%) (%) (MIkg?)  (MJkg™)

Jatoba 52.79 5.73 0.23 0.03 41.22 20.23 18.98

Garapa 52.75 5.77 0.24 0.02 4121 20.22 18.97

C — Carbon; H-Hydrogen; N — Nitrogen; S - Sulphur; O —Oxygen; GCV —gross calorific value;
NCV - net calorific value; d.a.f. — dry ash free state.

Mechanical quality indicators

Present chapter provides the evaluation of the mechanical quality of investigated
bio-briquette samples produced from Jatoba wood waste biomass; detail values of
specific experimental measurements are noted in Table 6.

Table 5. Mechanical quality indicators of Jatoba bio—briquette samples
Bio-briguette sample We (%) p (kg m?) RF (N mm™) DU (%)
Jatoba 5.61 896.34 +105.93 47.05+18.78 77.60

W:. — moisture content; p — volume density; RF — rupture force; DU — mechanical durability; + — standard
deviation The values in Table 5 represent only average values.
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Volume density p (kg'm=) of investigated bio-briquette samples occurred at a
satisfactory level (ISO 13061-2, 2014) which indicated the suitability of such material
for densification process and proved the efficiency of such bio—briquette production.
Results of rupture force RF (N mm™?) and mechanical durability DU (%) described the
strength of the bio-briquette samples and their resistance to the handling, transportation
or long-term storage. The conditions of the bio—briquette samples after mentioned tests
are expressed in Fig. 6. It ought to be mentioned, that both of the tests are destructive,
thus, the destruction of tested bio-briquette samples is necessary for obtaining the
required data.

Figure 6. Jatoba wood waste bio-briquette samples after testing: a) Rupture force RF;
b) Mechanical durability DU.

Namely, the specific result of rupture force RF indicated a satisfactory level of such
indicator if compare with other previously published results of bio—briquette samples
produced from the wood waste biomass under the same conditions with the same
diameter (Brozek, 2013; Brozek, 2016). However, the values of mechanical durability
DU represented negative results of present research. The minimum level of mechanical
durability DU required for commercial bio—briquette production must be > 90% and is
stated by mandatory technical standard EN 1SO 17831-2 (2015). Obtained result of
mechanical durability DU equal to 77.60% is insufficient. Nevertheless, such result can
be improved by changing of one or more specific production factors related to the
densification process; e.g. increasing of briquetting press pressure, decreasing of
feedstock materials moisture content or mixing of Jatoba wood waste biomass with other
feedstock materials or external binders. All of those factors can positively influence final
mechanical durability DU produced bio—briquette samples.

CONCLUSIONS

Overall evaluation of obtained data within the chemical and mechanical parameters
of investigated wood waste biomass from Jatoba and Garapa tree species proved its
suitability for direct combustion, thus, its suitability for energy generation. The main
advantages of their utilization for such purposes were the great results of ash content Ac
(%) and their high level of energy potential expressed by the NCV (MJ kg™). Focused
on the efficiency of bio-briquette samples produced from Jatoba wood waste biomass,
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their volume density p (kg m~) and rupture force RF (N mm™) indicated that it is high-
quality biofuel, but the result of mechanical durability DU (%) expressed unsatisfactory
level. Nevertheless, as was mentioned in ‘Result and Discussion’ chapter, such result
can be easily influenced by changing of production parameters of such bio—briquette
production. The energy use of wood waste products for biomass combustion should start
from harvesting process and follow the all chain of custody to avoid the unnecessary
burning of these waste materials. The harvesting plans of these species should contain a
specific chapter that state how the wood waste post-harvest will be processed to
guarantee that sawmills are sustainably harvesting and make the use of the wood waste
as energy potential.
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Abstract. In contrast to a petroleum-based economy, which relies on the unlimited presence of
fossil fuels, a biobased economy utilizes a broad spectrum of natural crops and biomass as raw
substrates for the production of valuable materials. Biorefineries represent a promising approach
for the co-production of bioenergy (biofuels, biogas) and value-added products (biochemicals,
biomaterials, food). Within Europe, wheat straw represents the major crop residue and has been
extensively considered as a promising feedstock in the biorefining process. Firstly, wheat straw
is hydrolysed to obtain a sugar solution that is further converted into the desired product in a
biocatalytic manner. Microbial fermentation is the core component of biorefineries and yeast, as
for instance Candida guilliermondii, is an effective production platform for both, biofuels and
biochemicals. One limiting aspect in using yeast in the biorefinery approach is the presence of
inhibitors in lignocellulosic hydrolysates, such as acetic acid or furfural, influencing cellular
growth and diverse metabolic processes. In order to overcome this problem, several genetic
engineering approaches are used to increase yeast resistance towards these inhibitors and to
enhance the overall production. In this paper, we summarized: 1) the pretreatment technologies
for wheat straw bioconversion; 2) the Candida guilliermondii genetic engineering technologies
and their biotechnological potential. In conclusion, biorefineries are a crucial factor in the
transition towards a biobased and circular economy, and the implementation of yeast into this
system offers a great opportunity to develop innovative strategies for a sustainable production in
an environmentally friendly and economically feasible manner.

Key words: biorefinery, wheat straw, genetic engineering, yeast, Candida guilliermondii.
INTRODUCTION

Climate change, depletion of natural resources and an increased worldwide
population are three actual and future challenges faced by political leaders. The
replacement of a petroleum-based economy by a global biological-based economy
(bioeconomy) has become of great importance for European countries in the last decades
and is currently accepted as an economically feasible option to address these worldwide
issues. In order to achieve long term environmental and economical sustainability, the
European Commission set up a goal to implement a low carbon economy by 2050
(Scarlat et al., 2015). Bioeconomy is described as the part of an economy where
renewable biological sources are used for the production of vital compounds, biofuels
and bioenergy. During the last decades, many organizations contributed to raise public
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acceptance of these products and it is expected that by 2025, 15% of the chemicals
produced worldwide will derive from biological sources (Savvanidou et al., 2010;
Scarlat et al., 2015; Amin et al., 2017). The development of cost-effective technologies
for biomass processing and conversion into value-added products are key factors in the
implementation of a bio-based economy. Biorefinery systems, which are successfully
being used for the co-production of biofuels and biochemicals, are a great example of
the potential contribution of biotechnological processes to worldwide waste
management and a reduced energy demand (Almeida et al., 2012).

Within lignocellulosic feedstocks, wheat straw, corn fiber, corn stover, switchgrass
and barley straw are examples of biomass that has been succesfuly used as substrates for
the production of biochemicals and biofuels (Qureshi et al., 2013). In European
countries, wheat straw represents the major crop residue with an overall production of
170x108 tons per year, and can therefore serve as an easy accessible raw material for its
bioconversion in biorefineries (Dias et al.,, 2010). Additionally, its high
carbohydrate/sugar content makes it a promising substrate for microbial growth. The
three  main components of lignocellulosic  residues are hemicellulose
(heteropolysaccharide composed of glucose, galactose, xylose and mannose), cellulose
(polysaccharide from glucose) and lignin (aromatic polymer composed of three different
phenyl propane monomers: coumaryl alcohol, coniferyl alcohol and syringyl alcohol)
(Marcos et al., 2013). The common process to convert wheat straw into valuable
compounds consists of four major steps: biomass pretreatment, enzymatic hydrolysis,
fermentation and purification of the product (downstream processing) (Fig. 1) (Silveira
etal., 2015; A. Kumar et al., 2016). In order to get an efficient biomass (e.g. wheat straw)
reutilization, innovative technologies combining two key processes have to be
developed: 1) Biomass pretreatment technologies and 2) Optimization of yeast as a
whole-cell biocatalyst.

Biomass Product
(wheat straw) (biofuels, biochemicals)

N

1. Pretreatment

4. Downstreaming

2. Enzymatic
Hydrolysis

Intermediate Product =
Substrate for >
Fermentation

Productin
Fermentation-Matrix

3. Yeast Fermentation

Figure 1. Biorefinery circular system. Wheat straw as a substrate for the production of
biochemicals and biofuels in a four steps process that involves biomass pretreatment, enzymatic
hydrolysis, fermentation (by mean of yeast, e.g. C. guilliermondii) and product purification.
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The goal of the first two steps is to obtain a sugar solution, by pretreating wheat
straw and hydrolysing it enzymatically, which can then be utilized during the third step
as a fermentable substrate for yeast cells. In the last step, the synthesized product is
recovered and purified via downstream processing. During this cycle, several by-
products are released, (e.g. glycerol during biodiesel production) and can be re-
introduced into this circular system to a certain extent, providing an excellent
opportunity to generate a cost-effective system for continuous microbial growth.

During evolution, yeast has been an essential component of human societies, as it
is used for human activities, such as the making of bread, wine, beer or other distilled
beverages. Additionally, it is also a research model organism used in many laboratories
worldwide to elucidate the molecular mechanisms behind cellular processes relevant to
biotechnology (Mortimer, 2000). In the actual bioeconomy era, biotechnological
processes associated with yeast are believed to be a key factor for the establishment of a
circular economy, due to its potential to generate industrially relevant compounds from
natural sources and waste streams in a cost-effective and environmentally friendly
manner (Moore et al., 2017). Thus, exploiting yeast genetic diversity offers a great
opportunity to search for additional ways of increasing production yields, as well as the
spectrum of biochemicals and biofuels produced in biorefineries. For this aim,
researchers have developed numerous technologies to elucidate the molecular basis of
cellular metabolic processes in these microorganisms and applied them for the
bioprocessing of agricultural residues (Campbell et al., 2017).

Saccharomyces cerevisiae is the most commonly used yeast for biotechnological
applications and it is regularly used at industrial scale for the production of biochemicals
and biofuels (Mattanovich et al., 2014; Kavscek et al., 2015; Kwak & Jin, 2017). Other
non-conventional yeasts represent a great biocatalytic alternative to be used as an
economically feasible whole cell production platform, as for instance Candida
guilliermondii for the production of xylitol, the oleaginous yeast Yarrowia lipolytica
for the production of lipids and Ashbya gossypii for the production of riboflavin (Vitamin
B-) (Rodrigues et al., 2006; Revuelta et al., 2017; Niehus et al., 2018). Recent advances
in genetic engineering (GE) technologies, such as the discovery of the CRISPR-Cas9
system and ‘omics’ approaches, offer a great opportunity to explore the biotechnological
potential these non-conventional yeasts (Raschmanova et al., 2018).

In the first part of this paper, we summarize the main pretreatment methods applied
to wheat straw, as an example of a potential biomass substrate that can be used in
biorefineries. Then, specific GE approaches designed for C. guilliermondii are
discussed, as well as examples of potential industrially relevant compounds synthesized
by this yeast.

WHEAT STRAW PRETREATMENT TECHNOLOGIES

The first step in using wheat straw as a biomass source for the production of
industrially relevant compounds is the extraction of its contained sugars, which will then
be further utilized during microbial fermentation. The optimization of the different
pretreatment technologies is the main challenge for biorefineries, due to their high
energy demands and costs, as well as the negative effects of inhibitors released during
this process on microbial growth (Cardona & Sanchez, 2007).
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Regarding the pretreatment of lignocellulose, four different technologies are mostly
used: biological, physical, physico-chemical and chemical (Fig. 2). Independently of the
chosen pretreatment technology, wheat straw is chopped to increase the yield of the
subsequent steps (Eisenhuber et al., 2013). Overall, the described methods aim to
increase the enzymes’ accessibility to the hemicellulosic and cellulosic polymers.

Biomass Pretreatment Hydrolysis Hydrolysate

Biological

Physical

Wheat Straw S Enzymat_ic
Hydrolysis

Physico-

Chemical Inhibitors

Figure 2. Pretreatment methods used to facilitate wheat straw sugar polymers hydrolysis during
enzymatic hydrolysis and production of a fermentable hydrolysate solution.

s ]

L
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Biological — Biological pretreatment is done by different fungi, as for instance the
white rot fungus from the Trametes species (Knezevi¢ et al., 2016). The special
characteristic of this fungi is its ability to produce a lignin-degrading enzyme system,
containing a laccase, a lignin-peroxidase and a Mn-dependent peroxidase (Dias et al.,
2010). Biological pretreatment has been proven to be a cost-effective manner to delignify
wheat straw, thus representing a promising environmentally friendly method to be used
in biorefineries. Due to its high lignin and low nitrogen content, the decomposition of
wheat straw is a rather slow process (Dias et al., 2010). Lignin is a recalcitrant polymer
that offers mechanical resistance during its disruption and makes the subsequent
enzymatic hydrolysis step harder.

Physical — Mechanical processing of wheat straw, such as milling, grinding,
ultrasound or chipping, is a commonly used pretreatment method that confers a cheap
and rapid way to increase wheat straw surface area and facilitate the enzymes
accessibility to the substrate (Eisenhuber et al., 2013; Silveira et al., 2015). Due to its
inability to completely remove the lignin and hemicellulose, it is mostly used in
combination with the other pretreatment methods, which then increases enzymatic
hydrolysis efficiency.

Physico-Chemical — Physico-Chemical pretreatments combine chemical and
physical techniques to disrupt the structure of the lignocellulosic materials, as for
instance combination of water at high temperatures and high pressures (Liquid Hot
Water - LHW) or combination of liquid anhydrous ammonia, high pressure and moderate
temperature (Ammonia Fiber Explosion — AFEX) (Brodeur et al., 2011). Another
pretreatment technique is Steam Explosion (SE), which has been successfully applied to
wheat straw and other agricultural crops and wood residues (Guerrero et al., 2017).
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During this process, wheat straw is incubated at high steam temperatures and high
pressures during a defined time period. The rapid release of pressure provokes a
decompression of the steam and induce structural changes and partial disruption of wheat
straw fibers, but also transforms the lignin into other chemicals, e.g. acetic acid, formic
acid, furfural and 5-hydroxymethylfurfural (HMF), that can inhibit microbial growth
(Auxenfans et al., 2017). Optimization of SE parameters (temperature/time) was shown
to be an effective way to recover the maximum amount of the desired sugar (Marcos et
al., 2013; Alvira et al., 2016). Additionally, during this process different liquid and solid
fractions are recovered and can be used in the subsequent steps, depending on the desired
outcome (Alvira et al., 2016). On the one hand, SE is an attractive option requiring no
chemicals and having a low energy demand (Garcia-Aparicio et al., 2006). During this
process, different inhibitory compounds influencing microbial growth are formed and
released (Palmqvist & Hahn-Hégerdal, 2000). Further optimization of this process, for
example using N gas instead of compressed air, showed greater results in the overall
glucose recovery from wheat straw biomass (Raud et al., 2016; Tutt et al., 2016)
Chemical — The alkaline pretreatment process aims to remove the lignin and
partially degrade the hemicellulose to facilitate the enzymatic access to cellulose and
hemicellulose. This can be achieved for instance by using sodium hydroxide (NaOH). It
was shown that a higher concentration of this base positively influences the enzymatic
hydrolysis step (Han et al., 2012). Acidic pretreatment is performed at temperatures from
140 °C to 200 °C and involves the addition of acids, such as hydrochloric acid (HCI) or
sulfuric acid (H2SQ.), in a diluted or undiluted form, which hydrolyze and remove the
hemicellulose (Silveira et al., 2015). The main disadvantages of this method are the
requirement of special equipment, due to the high corrosive power of the acids, and the
production of a high concentration of microbial growth inhibitors (Sun & Cheng, 2005).

Candida guilliermondii — GENETIC ENGINEERING APPROACHES AND
BIOTECHNOLOGICAL PROTENTIAL

During metabolic engineering approaches, the knowledge of different disciplines,
such as systems biology, synthetic biology and ‘omics’ (genomics, proteomics,
transcriptomics and metabolomics) technologies are combined to enable the production
of a desired compound. Enzymatic reactions are improved by modulating specific
activities, or expanded by integrating heterologous genes using synthetic biology tools.
In this case, where a compound is not naturally produced by a host organism, synthetic
biology tools significantly reduced the time to generate genetically optimized production
strains. Recent advances in GE technologies, such as the discovery of the CRISPR-Cas9
system, provided an essential tool to rapidly integrate genetic modifications in non-
conventional yeast strains, as opposed to the genetic modifications performed using the
cellular DNA repair system (Raschmanova et al., 2018).

Using the inherent DNA repair mechanisms, researchers developed tools to
integrate foreign DNA into the yeast genome by using the natural DNA homologous
recombination (HR) and non-homologous end joining systems (NHEJ). Although
different yeast species usually prefer one of the systems, both of them have been
successfully used to genetically modify Candida guilliermondii (Papon et al., 2015).
Additionally, the novel CRISPR-Cas9 technology has been applied to perform genetic
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modifications on other Candida species, such as Candida albicans and Candida glabrata
(Vyas et al., 2015; Enkler et al., 2016).

Candida qguilliermondii  (teleomorph Meyerozyma guilliermondii) is an
ascomycetous yeast found in a wide number of environmental sources. During the last
decades, researchers studied the biotechnological potential of this non-conventional
yeast, including its ability to convert xylose to xylitol and efficiently utilize
hemicellulosic hydrolysates as an energy source (Canilha et al., 2003; Rodrigues et al.,
2006; Papon et al., 2013).

The complete sequenced genome of the C. guilliermondii reference strain
ATCC6260 allowed a more detailed study of Candida’s biology (Butler et al., 2009). In
contrast to other species from the subphylum Saccharomycotina, C. guilliermondii
belongs to the CTG fungal clade, where the CTG codon encodes serine instead of
leucine. Therefore, specific efforts have been made in order to design a standardized and
versatile genetic toolbox for genetic engineering of yeasts from this clade (Papon et al.,
2012; Defosse et al., 2018). This includes different drug-resistance cassettes, as for
instance nourseothrycin- and hygromycin B-resistance markers, which enable the
genetic transformation of wild type strains (Millerioux et al., 2011a; Foureau, et al.,
2013b). Additionally, a C. guilliermondii mutant strain, named NP566U (ura5), was
selected during a screening to identify uracil auxotrophic strains and enabled the
development of a URAS integrative cassette which can be used in combination with the
so-called URAGS blaster system (Millerioux, et al., 2011b). In this method, the cassette is
introduced at a desired position in the genome via homologous recombination and allows
the generation of mutant strains in which specific genes are overexpressed, knocked out
or proteins are tagged with fluorescence markers such as GFP (Courdavault et al., 2011).
Using this system, an optimized recipient strain (KU141F1) derived from the reference
strain ATCC6260, which presents an increased homologous recombination rate, has
been successfully used to knock out genes and elucidate factors responsible of
C. guilliermondii virulence in mouse models or for the production of long-chain a,o-
dicarboxylic acids (Foureau, et al., 2013a; Navarro-Arias et al., 2016; Werner et al.,
2017).

These new technologies offer an excellent opportunity to further explore the
biotechnological potential of C. guilliermondii. GE approaches, as well as growth
optimization processes for wild type strains, are strategies that are exploited by the
research community to optimize the production of valuable compounds within this yeast,
as for example:

Xylitol — Xylitol is a five-carbon polyol industrially produced by a chemical
hydrogenation reaction from the five-carbon sugar xylose, a main component of
lignocellulosic feedstocks. However, it is also synthesized naturally by some
microorganisms (Pal et al., 2016). This rare sugar alcohol is used by the food industry
as a sugar substitute for people suffering from diabetes, and it has shown beneficial
properties for human health (Granstrom et al., 2007). Over the last decades,
biotechnology research on C. guilliermondii was performed aiming to increase the levels
of xylitol produced by this yeast. For this, optimization of fermentation parameters or
influencing cell permeabilization were the strategies used to efficiently bioconvert
xylose to xylitol by wild type strains (De Albuquerque et al., 2014; Cortez et al., 2016).
Interestingly, microbial synthesis of xylitol was optimized using metabolic engineering
approaches on other yeasts belonging to the Candida genus. For instance, in Candida
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tropicalis, xylitol metabolism was modulated by knocking out the gene encoding a
xylitol dehydrogenase (XDH), an enzyme catalysing the conversion of xylitol to
D-xylulose, or expressing C. parapilopsis xylitol reductase (XR) in C. tropicalis. This
increased xylitol productivity by 25% and 33%, respectively (Lee et al., 2003; Ko et al.,
2006).

Riboflavin — Among other yeast species, C. guilliermondii belongs to the group of
flavinogenic yeasts, which are capable of overproducing riboflavin (vitamin B2) under
iron limitation conditions (Tanner et al., 1945). Interestingly, it was shown that this yeast
is capable of producing riboflavin when grown on media with xylose as a sole carbon
source. By using an insertion mechanism approach, the genes responsible for the
accumulation of this compound were recently identified (Leathers & Gupta, 1997
Boretsky et al., 2011).

Ethanol — S. cerevisiae is the most commonly used yeast strain in the bioethanol
industry for the production of ethanol (Meijnen et al., 2016). Within the non-
conventional yeasts, an osmotolerant C. guilliermondii strain was isolated and showed
the ability to obtain in 48 hours an ethanol yield of 0.46 g ethanol g* of sugar, using
soybean hull hydrolysates as feedstock (Schirmer-Michel et al., 2008).

Biodiesel — due to their ability to accumulate high concentrations of lipids within
the cell, oleaginous yeasts are the most efficient microorganisms used for biodiesel
production. In a recent study, using a high-throughput method to identify strains with a
high-lipid content, a novel C. guillermondii oleaginous strain (BI1281A) was identified
and characterized (Ramirez-Castrillon et al., 2017). Similarly to other oleaginous yeast,
such as Yarrowia lipolytica, this new strain is able to utilize raw glycerol, derived from
a biodiesel refinery, as a carbon source and represents a new possibility for biodiesel
production.

Citric acid and o-amylase — taking advantage of its ability to utilize glucose and
galactose, citric acid was produced by a C. guilliermondii UV mutagenized strain grown
on hydrolysed whey permeate as a substrate (Tisnadjaja et al., 1996). Additionally, date
wastes, containing high levels of starch, have been described as a possible growth
substrate for the production of a-amylase by this yeast (Acourene & Ammouche, 2012).

Inulinase — Inulin is a storage carbohydrate widely found in plants, consisting of a
mixture of fructose oligo- and polysaccharides of different lengths. The enzyme
hydrolysing these complex carbohydrates into fructose is called inulinase. Interestingly,
a C. guilliermondii strain isolated from the surface of marine algae showed the ability to
produce 60 U mL? of inulinase and was further optimized by UV-mutagenesis to
increase the production to 115 U mL™ of inulinase (Sirisansaneeyakul et al., 2007; Guo
et al., 2009).

CONCLUSION

Biorefineries are a promising alternative for the synthesis of chemicals and fuels in
an environmentally friendly manner. Agricultural crops, e.g. wheat straw, are used as a
biomass substrate and are converted into value-added products. To achieve this, several
biomass pretreatment technologies are used, as for instance steam explosion. Future
development of less energy intensive methods, including the combination of different
biomass processing technologies, will contribute to an economically more feasible
production within biorefineries.
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Yeast has been used over many years for the synthesis of products used by humans
on a daily basis. Exploration of yeast diversity offers a great chance to search and
increase the spectrum of industrially relevant compounds produced by microorganisms,
such as yeast. Recent advances in ‘omics’ technologies, such as proteomics and
lipidomics, might facilitate the rapid and efficient analysis of biological samples.
Additionally, new technologies for genome analysis and DNA editing greatly facilitated
the genetic optimization of production strains.

The yeast Candida guilliermondii, which was mostly studied for its ability to
produce xylitol, has been successfully modified genetically using drug-resistance
cassettes. Thus, the development and implementation of this yeast by a marker-free
genetic modification method, such as CRIPSR-Cas9, might contribute to broaden the
range of compounds that can be produced by this yeast and exploit its biotechnological
potential.
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Abstract. The effect of peas, faba bean and lupin seed inclusion in growing and finishing pig
diets was evaluated. The control diet included soybean meal at 15%, but in the trial groups diets
peas were 15 or 28%, faba bean 20 or 25%, lupin seed 12 or 15%, completely replacing soybean
meal. Diets formulated to be isoenergetic for ME and with the same crude protein content. The
faba bean and, especially, lupin seed meal inclusion in pig diets for growing period significantly
reduced ADG P = 0.02 and 0.01), and G : F was also significantly influenced (P = 0.02) for pigs
in lupin seed meal groups. There were no effects on finisher pigs average daily gain, inclusion
peas or faba bean, daily gain were, respectively 892 + 19 and 915 + 11, 867 + 12 and 828 + 11,
except lupin seed meal (P = 0.04) inclusion. There were no significantly effects on carcass quality
and to pork chemical content, but pigs fed the diets with peas 28% and faba bean 25% had less
of lean meat content, greater backfat thickness and internal fat than other groups which have a
similar results. The muscle chemical content show that inclusion of pulses increased the total fat
content in pork. In conclusion, results from this experiment suggest that pigs fed peas and faba
bean have equal or slightly lower growth performance and carcass traits than pigs fed soybean
meal, except lupin seed meal.

Key words: peas, faba bean, lupin, growing and fattening pigs, nutrition.
INTRODUCTION

The cereal grains commonly used as feed in pig diets contain insufficient of several
of the indispensable amino acids such as lysine, threonine and the sulfur containing
amino acids to meet the amino acid requirements of the rapidly growing pig (Sauer et
al., 1977). Therefore, it is essential that pig's diet contain a supplementary source of these
limiting amino acids.

Soybean meal is the most widely used as the main protein supplement in pig feed
(Jezierny et al., 2010) and it is generally a consistent, high quality product (Swick, 1994).
In temperate environments, soybeans are difficult to cultivate and pig industry relies
heavily on imported soybean meal (Fearnside, 2001). Thus, there is need to find a viable
alternative protein source for pig diets.
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The grain legumes such as pea, faba bean and also lupin are potential protein
sources that could be considered for pig feed in temperate regions. The peas and faba
beans have been increasingly grown in Europe during the last 15 years. Lupin (Lupinus
spp.) have been traditionally grown as a nitrogen-fixation crop in rotation with cereals.
Grain legumes are used in different quantities as dietary protein sources because the
levels of all nutrients can vary depending on the variety, location and growing
conditions.

The peas are composed of two major components, the hull, which consists primarily
of non-starch polysaccharides, and the kernel, which consists mainly of protein and
starch, with some ash, crude fat, fibre and sugars (Castell & Guenter, 1994). The pea
hull is largely indigestible fibre which has low nutritional value and may dilute the
nutrients in peas thereby lowering their nutritional value. The pea hull also contains
tannins which are known to interfere with protein digestion (Gdala et al., 1992). The
second grain legume which mostly used in pig diets is faba bean.

There are two major types of faba beans: those from white-flower varieties and
those from colourful-flower varieties. Their chemical composition and nutritive value is
about the same, but the colourful-flower varieties contain more tannins. Tannins (usually
about 0.3 to 0.5 percent in faba beans) reduce animal feed intake and depress digestibility
of protein and energy. The other major anti-nutritional factors in faba beans include
trypsin inhibitors and hemagglutinins. Faba beans have extremely low concentration of
methionine and cystine (Partanen et al., 2003).

The low content of methionine (2.2 g kg*DM)and tryptophan (3.2 g kg*DM) also
found in lupin cultivars comparison to soybean meal (6.7 and 6.9 g kg*DM) (Jezierny
et al., 2011). The amino acid profile in lupin is characterized also by a lower content of
threonine (Simon & K&hn, 2004) and by a much higher content of arginine (43.9 g kg
DM) which is often deficient in animal diets, comparison to soybean meal (39.8 g kg'*
DM) (Jezierny et al., 2011).

Lupins seeds is use in the animal feed industry was limited because of the high
concentration of alkaloids causing unacceptable taste. Consequently, plant breeders have
developed low-alkaloid lupins that are suitable for animal feeding.

The sweet lupin are currently utilised as a valuable protein source in pig diets. Lupin
seed is classified as a leguminous plant, a crop with high content of crude protein. Its
use as an alternative source of protein in pig diets is gradually increasing.

The seeds of sweet lupin contain 28 to 48% of crude protein relative to the variety
and climatic conditions (Linnemann & Dijkstra, 2002). However, considerable amounts
of anti-nutritional factors, such as non-starch poly-saccharides and oligosaccharides that
are known to influence physiological characteristics of digestive tract and nutrient
digestibility, are also present.

In the present study, we assessed the effects of including different levels of pea,
faba bean and lupin seeds meal in pig diets as a replacements of soybean meal, on
performance of pigs in the growing and finishing periods, and carcass quality.

MATERIALS AND METHODS

Animals and housing. A total of 70 local Yorkshire x Landrace growing-finishing
pigs with initial body weight 30 kg were selected from a commercial pig herd and used
in the experiment.
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Pigs were previously fed commercial soybean meal based diets and were allocated
to 1 of 7 dietary treatments for both grower (30 to 60 kg) and finisher (60 to 100 kg)
periods, balanced for body weight and sex. They were placed by 10 pigs per pen (5female
and 5castrated male). Pigs were housed on concrete floors with shavings and access to
drinking water at all times. A 2- hole feeder and nipple drinker were installed in each
pen. Ambient room temperature in the commercial animal house used ranged between
18 and 22 °C.

Dietary treatments and Performance Measures. Commercial sources of peas
(‘Almara’), faba bean (colourful-flowered spring bean ‘Fuego’), lupin seed (‘Sonet”) and

soybean meal were obtained for experiment (Table 1).

Table 1. Analyzed composition of main variable ingredients in the diets (on dry matter)

Indices Pea Faba bean Soybean Lupin seed
‘Almara’ ‘Fuego’ meal ‘Sonet’
ME,! MJ kg* 13.31 12.72 15.85 12.73
Nutrients, &
DM 92.25 91.84 92.21 92.64
CpP 22.83 27.1 29.91 32.8
CF 6.2 7.55 10.89 14.79
Fat 1.02 0.97 19.64 5.32
Ash 1.66 2.43 4.83 3.07
Ca 0.09 0.1 0.21 0.34
P 0.24 0.42 0.95 0.58
Indispensable AA, g kg
Arginine 20.83 19.45 20.05 39.22
Histidine 8.78 9.1 9.47 13.53
Isoleucine 10.31 10.32 13.17 14.29
Leucine 16.47 17.2 19.76 22.82
Lysine 15.92 15.07 19.12 14.03
Methionine 2.86 3.12 5.24 4.15
Phenylalanine 10.66 9.9 12.27 12.46
Threonine 8.6 8.19 11.39 12.0
Tryptophan 1.8 2.3 6.7 7.3
Valine 10.97 10.81 12.1 13.18

Calculated as: digestible energy (DE) MJ kg* dry matter DM = 17.47 + 0.0079 x CP + 0.0158 x EEAH —
0.0331 x Ash—0.0140 x NDF, where EEAH is ether extraction with an organic solvent after acid hydrolysis
(Mc Donald et al., 2002) and ME averaged 81.9% of DE for protein feeds (Morgan, 1975).

The seven dietary treatments were formulated for both periods (growing and
finishing) in a dose response feeding trial (Table 2). The control diet included soybean
meal at 15%, but in the trial groups diets peas were 15 or 28%, faba bean 20 or 25%,
lupins 12 or 15%, completely replacing soybean meal. Other ingredients were kept
constant and included barley, wheat, triticale, canola oil, salt and trace element — vitamin
premix. Diets formulated to be isoenergetic for metabolizable energy (ME) and with the
same crude protein (CP) content.
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Table 2. Composition of experimental diets for both (growing and fattening) periods (as-fed basis)

Indices Soybean  Pea, Faba bean, Lupin seed
meal, % % % meal, %
Ingredients, %
Pea ‘Almara’ - 15 28 - - - -
Faba bean ‘Fuego’ - - - 20 25 - -
Lupin seed meal ‘Sonet’ - - - - - 12 15
Soybean meal 15 - - - - - -
Wheat 36.7 36.7 23.7 31.7 267  39.7 36.7
Barley 30 30 30 30 30 30 30
Triticale 13 13 13 13 13 13 13
Vitamin-mineral premix 3.3 3.3 3.3 3.3 3.3 3.3 3.3
Canola oil 1.7 1.7 1.7 1.7 1.7 1.7 1.7
Salt 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Calculated analysis
ME! MJ kg 13.58 1353 1339 13.37 13.27 13.75 13.67
Lys, & 0.73 0.65 0.69 071 070 0.65 0.68
Analyzed composition
Nutrients, %
DM 88.2 87.9 87.8 878 878 883 88.2
CP 14.94 1438 14.08 1470 15.03 14.43 15.10
CF 4.15 3.01 3.38 370 405 3.65 3.95
Fat 6.24 3.45 3.27 3.4 338 437 4.56
Ash 5.26 4.53 4.58 488 499 474 4.61
Ca 0.83 0.81 0.80 082 087 0.86 0.85
P 0.56 0.55 0.51 052 0.6 0.63 0.62

! Calculated as: digestible energy (DE) MJ kgt dry matter DM = 17.47 + 0.0079 x CP +0.0158 x EEAH —
0.0331 x Ash —0.0140 x NDF, where EEAH is ether extraction with an organic solvent after acid hydrolysis
(Mc Donald et al., 2002) and ME averaged 81.9% of DE for protein feeds (Morgan, 1975).

Each diets was available on an ad libitum basis to pens with 10 pigs per pen for
period from weaning age till pigs reach 100 kg liveweight.

Every month the bodyweight (BW) for individual pigs and every week pen feed
intake recorded to assess average daily gain (ADG), average daily feed intake (ADFI)
and liveweight gain from one kg feed (G : F).

Slaughter and Carcass Quality Measurements. The finisher pigs at the 100 kg
liveweight, slaughtered at a commercial slaughter house. Hot carcass weights (HCW)
were obtained and backfat depth was measured at a specific site [i.e., the head of the last
rib, 6 cm from the mid back line (P2), using a probe (Introscope Optimal Probe; SFK,
Kolding, Denmark)]. For each individual pig, the percentage of lean meat (% Lean) was
calculated as: 66.6708 - 0.3493xP2 (Latvia reg.of the Cabinet of Ministers Nr. 307), and
killing out percentage was calculated as: HCW/BWx100%. The length of carcass was
measured in a straight line from the forward edge of the first rib to the forward edge of
the aitch bone and muscle eye area with the planimeter. The internal fat was removed
from carcass and weighed. One side of carcass was divided into fractions for
determination ham. The pork samples only of one carcass were taken from the musculus
longissimus lumborum et thoracis 24 hours post mortem and subsequently subjected to
the chemical analysis to assess water, fat and crude protein content, ph and cholesterol.
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Analytical Methods. Diets and ingredients were milled through a 1-mm screen
before analysis. The chemical content of feed samples were determined in Scientific
laboratory of Agronomic analysis of Latvia. The dry matter (DM), crude protein (CP),
crude fibre (CF), fat, ash, Ca and P contents were analysed based on standard
methodology, respectively DM with 1SO 6496: 1999, CP with LVS EN ISO 5983-2:
2009, Ca with LVS EN I1SO 6969: 2002, P with 1ISO 6491: 1998, crude fibre (CF) with
ISO 5498: 1981, fat ISO 6492: 1999, ash with 1SO 5984: 2002/Corl: 2005. The
metabolizable energy (ME) were calculated according to equation (Morgan, 1975;
Mc Donald et al., 2002).The amino acids contents in pea, faba bean, lupin seed and
soybean meal were determined by near infrared reflectance spectroscopy (NIRS). The
chemical analysis in pork were determined by LVS ISO 1442:1997 for water, LVS ISO
1443:1973 for fat and LVS 1SO 937:1978 for crude protein content, LVS ISO 2917:2004
for ph and BIOR-T-012-132-2011 for cholesterol content in laboratory of Food and
Environmental Investigations (BIOR) in Latvia.

Statistical analysis. All data were statistically processed to determine the
differences between protein sources. Statistical analysis was performed according to the
General linear Model procedure of SAS/STAT 9.22 software package (2010). Most data
was reported as arithmetic means with the pooled SEM. The treatment means were
compared using Student's t-test. Statements of statistical significance were based upon
P < 0.05.

RESULTS AND DISCUSSION

The mean of ADG, ADFI and G:F for pigs in growing period were 532 + 37 g,
1947 £69 and 0.27+0.02gg?, but for pigs in finishing period were 854 + 64,
2681 + 178 and 0.32 + 0.02, respectively (Table 3). The faba bean and, especially, lupin
seed meal inclusion in pig diets for growing period significantly reduced ADG (P = 0.02
and 0.01), and G : F was also significantly influenced (P = 0.02) for pigs in lupin seed
meal groups. There were no effects on finisher pigs average daily gain, inclusion peas
or faba bean, daily gain were, respectively 892 +19 and 915+ 11, 867 +12 and
828 £ 11, except lupin seed meal (P = 0.04) inclusion (Table 3). The use of peas and
faba bean as an alternative protein source in pig diets in early trials indicated that greater
than 20% inclusion levels reduced performance. (Castell, 1976; Gatel & Grosjan, 1990).
In other research (Smith et al., 2013) the ADG for grower and finishing pigs were more
higher than in our research, respectively in growing period 869 + 41 g and in finishing
1,000 + 40 g. It should be noted that the diets in our studies were not formulated to ensure
deficiencies of methionine or tryptophan. In previous studies using pea diets
supplemented with crystalline methionine or tryptophan to correct for this deficiency
have shown pig performance comparable to soybean meal (Gatel & Grosjan, 1990).
Similarly, a small number of trials supplementing faba bean diets with crystalline amino
acid demonstrate improved performance (Crepon, 2006). Thus, better peas, faba bean
and lupin seed inclusion results may be attainable provided diets are balanced for the
limiting amino acids. The results of our current study confirm this.
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Table 3. Effect of dietary treatment on performance of pigs

In growing period

In finishing period

Dietary treatment ADG, ADFI, G:F, ADG, ADFI, G:F,
g g gg* g 9 gg*

Soybean meal 555 1,848 0.300 897 2,560 0.351

Pea

15% 550 1,970 0.279 892 2,900 0.347

28% 554 1,831 0.303 915 2,980 0.335

Faba bean

20% 545 1,975 0.275 867 2,630 0.330

25% 540 1,995 0.270 828 2,580 0.321

Lupine seed meal

12% 528 2,000 0.264 853 2,680 0.318

15% 450 2,011 0.223 726 2,440 0.298

SEM 37 69 0.0246 64 178 0.0168

P-value

Soybean meal vs. pea 0.39 0.17 0.48 0.26 0.13 0.15

Soybean meal vs. faba bean 0.02 0.82 0.21 0.06 0.11 0.09

Soybean meal vs. lupine seed meal 0.01 0.57 0.02 0.04 0.36 0.07

Table 4. shows the slaughter measures: P2, lean meat , Killing out , the length of
carcass, muscle-eye area, internal fat and ham weight. Dietary treatment did not
significantly affect carcass traits. The mean of backfat, lean meat, killing out, the length
of carcass, muscle-eye area, internal fat and ham weight were 12.7 +£2.3 mm,

62.2+0.71%,76.0 £ 4.17%, 101.7+12.11cm, 525+154cm?  1.72+0.37 kg,
11.31 + 0.97 kg, respectively.
Table 4. Effect of dietary treatment on carcass traits

P2, Lean, Killing Carcass Muscle-eye Internal Ham
Dietary treatment mm % out, length, area, fat, weight,

% cm cm? kg kg

Soybean meal 10 63.1 79.0 89 54.8 1.3 10.5
Pea
15% 15 61.4 83.6 109 51.9 2.3 11.6
28% 12 62.5 75.6 110 50.8 2.0 10.3
Faba bean
20% 14 61.8 70.7 114 52.2 15 12.5
25% 11 62.8 73.2 90 53.8 1.4 104
Lupine seed meal
12% 16 61.1 72.1 115 50.4 2.1 12.9
15% 11 62.8 78.0 85 53.9 15 11.0
SEM 2.3 0.71 4.17 12.11 1.54 0.37 0.97
P-value
Soybean meal vs. 0.22  0.28 0.18 0.22 0.19 0.10 0.34
pea
Soybean meal vs. 0.49  0.42 0.13 0.49 0.37 0.19 0.44
faba bean
Soybean mealvs. 0.25 0.31 0.39 0.44 0.39 0.41 0.25

lupine seed meal
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The chemical composition of meat was shown in Table 5. The values of water
content in trial groups were in the range of 69.4-75.7%, the highest value of water was
found in pork which received 12% lupine seed meal in diet. The other authors also
presented the same water content in pork from 72.0-74.0% (Correa et. al., 2006). The
fat content were higher in pork samples of all pig groups which received pulses in diets,
especially with 28% pea and 25% of faba bean, respectively 1.9 and 1.8 times more than
of soybean meal pig group. The content of crude protein also was very different in the
groups (20.1-24.1%) and also the cholesterol concentration of pigs ranged in large, from
60.6 till 108.3 mg 100 g. In the researchers Kim et al. (2016) studies, a higher protein
content resulted in pork lower pH 24 Value, pH 5.7 (n = 90) 24.37%, but pH 6.1 (n = 56)
23.16% crude protein content (Kim et al., 2016). A number of previous studies reported
levels of cholesterol in longissimus muscle with 57 mg 100 g (Dorada et al., 1999) and
59 mg 100 g (Moss et al., 1983). Similarly Bohac & Rhee (1988) reported cholesterol
content of 55.7 mg 100 g. These figures are considerably lower than our current results.
Apparently, the obtained figures depended on the feeding of pigs, breed and rearing
environment.

Table 5. The chemical analyses of the musculus longissimus lumborum et thoracis

ltem Soybean Pea Faba bean Lupine seed meal
meal 15% 28% 20% 25% 12% 15%
Water, & 724 70.1 694 717 701 75.7 72.2
Fat content, & 3.8 6.5 7.2 53 6.7 3.6 4.4
Crude protein content, & 24.1 236 224 21.8 228 20.1 22.4
pH 5.48 538 541 549 528 5.62 5.47
Cholesterol, mg 100g  108.3 105.7 78.0 776 103.3 60.6 69.1

The pH of muscle in the living pigs is around 7.0 till 7.2. After slaughter, it drops
to around 5.5. Pork already reaches its lowest pH value of 5.4 to 5.8 at 6-10 hours after
slaughter. Glycogen is broken down to lactic acid when muscle turns into meat. The pH
of pork can range from 5.2 to 7.0. The highest quality products tend to fall in the range
of 5.7 to 6.0 (Kim et al., 2016). The pH of pork muscle in our research was from
5.28-5.62.

CONCLUSIONS

The results from the present study indicate that 20% and 25% faba bean, 12% and
15% lupine seed meal inclusion without crystalline amino acids may for pigs in growing
period significantly reduced average daily gain. The liveweight gain from one kg feed
was also significantly influenced for pigs in lupine seeds meal groups in growing period.
There were no effects of inclusion of peas or faba bean on pigs average daily gain in
finishing period, except lupine seed meal inclusion. There were no significantly effects
on carcass quality and to pork chemical content. But pigs fed the diets with peas 28%
and faba bean 25% had less of lean meat content, greater backfat thickness and internal
fat than other groups which have a similar results. The muscle chemical content show
that inclusion of pulses increased the total fat content in pork.
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Abstract. Round goby (Neogobius melanostomus) is an invasive fish species in the Baltic Sea.
While meat can be used for human consumption, fish processing residues are considered as a
waste. Within circular economy and bio-economy perspectives fish waste could be used as a
valuable feedstock for biogas production. However, the research is mostly focused on evaluating
biogas yield at mesophilic conditions (i.e. 37 °C). In this study the impact of low temperature on
Biochemical Methane Potential (BMP) tests has been investigated. Round goby’s processing
leftovers - heads, intestines and skin/bone mixture were tested in codigestion with sewage sludge.
Anaerobic digestion (AD) was carried out in 100 mL batch tests at low temperature 23 °C and
37 °C conditions, over an incubation period of 31 days. The results show that AD at low
temperature occurs twice as slowly as under 37 °C conditions. However, after 31 days the BMP
values for 23 °C samples were only 2% lower than for high temperature samples. Heads and skins
showed similar BMP values reaching on average 502 L CH4 kgvs™ and 556 L CH4 kgys™
respectively. BMP for fish intestines was higher, reaching on average 870 L CH4 kgys™. Average
BMP for mixes of fish heads, skins, intestines and bones was 660 L CH, kgvs™. Acquired BMPs
were further compared with the theoretical BMPs from Buswell's formula. Research results
suggests that anaerobic digestion of fish waste under low temperature conditions could be feasible
as the process still efficiently occurs, in fact opening a new opportunity to explore the overall
sustainability of technologies based on these conversion processes.

Key words: Biomethane, low temperature, fish waste, anaerobic digestion, Neogobius
melanostomus.

INTRODUCTION

In last decades’ the population of round goby (Neogobius melanostomus) has
spread into the Baltic Sea. Coming from Caspian Sea, this fish in Latvian coastline has
been firstly observed in 2004 and since then, the amount of it has increased significantly
reaching 25 tons in the year 2013 and more than 700 tons in year 2017 (Riekstin$, 2014;
2017). Currently in the nearshore waters of the Baltic Sea this is the second most caught
fish species after the Baltic herring. Distribution area is still expanding and has become
a huge problem regarding both environmental and economic aspects. This fish species
has become invasive in Latvia due to easy adaption to surrounding environment
(Charlebois et al., 2001). Since the amount of fish has been growing, it can represent a
valuable economic opportunity.
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Physiology of round goby allows using only 40% of it as a meat for food, creating
large amounts of waste. Waste biomass includes parts like skin, head, bones, fins and
intestines (Eiroa et al., 2012). In recent years potential use of this fish waste has become
a popular research topic. Melvere et al. (2017) describe many options for use of round
goby’s processing waste in bioeconomy. The author suggests using it as raw material to
produce a wide range of products including also high value-added end products like
enzymes, proteins and fish oil. Salam et al. (2009) claims that fish waste can also be
successfully used for energy production producing biogas in anaerobic fermentation
processes. However the high content of ammonia nitrogen might negatively affect
fermentation processes thus one of the best ways for fish waste biomethanation is co-
digestion (Tomczak-Wandzel et al., 2013).

Anaerobic fermentation has been used for waste treatment and biogas recovery
from many types of organic waste. Its numerous advantages, such as the recovery of a
renewable energy, waste volume and odour reduction are well documented (Gunaseelan,
1997; Wu et al., 2009). Anaerobic treatment of fish waste not only reduces unpleasant
odour but also gives the opportunity to regain some energy used for the production
processes. However, until recently, research has mainly been focused on anaerobic
digestion (AD) at mesophilic (25-45 °C) or thermophilic (45-65 °C) temperatures. It is
believed that a lower temperature in the psychrophilic range (< 25 °C) reduces microbial
activity and in fact is lowering the biogas yield (Connaughton et al., 2006; Saady &
Massé, 2013). One of the main advantages of psychrophilic temperatures would be the
lower energy input required for heating the reactor, consequently reducing the overall
operating cost (Smith et al., 2013). The most recent results on microbiological activity
in psychrophilic conditions show that lower temperatures require a longer fermentation
time and lead to higher methane content and lower accumulation of volatile fatty acids
compared to mesophilic conditions, although still keeping a similar cumulative
biomethane yield in both conditions (Wei & Guo, 2018).

In this study experiments on biogas production at mesophilic and lower
temperatures were carried out and the data have been compared. The aim of this study
was to assess the process performance of two BMP test setups inoculated with the same
sewage sludge for treatment of fish waste. One setup of 100 mL bioreactors was operated
at 37 °C, while the second was maintained at room temperature 21-23 °C. Comparative
investigations of biomethane production in both temperature ranges would allow
evaluation of the overall economic feasibility. In fact, it would be a key aspect to assess
the potential benefits in operational costs in terms of lower energy input required for
heating, reduction of the amount of waste in fish processing plants, energy recovery
capability within the production processes, although bigger digester volume may be
necessary.

MATERIALS AND METHODS

Substrate (collection, pre-treatment, and storage)

The Neogobius melanostomus used within the batch tests for the BMP evaluation
were freshly caught on Baltic sea costal area in August 2015 (biomass 2) and April 2017
(biomass 1), near the city of Liepaja, West Latvia. Whole fish samples were transported
within plastic bags to the Biosystem Laboratory at the Riga Technical University,
separated in smaller portions and then frozen at —18 °C. Prior experiments biomass was
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defrosted at room temperature. Then fish were skinned, gutted, deboned and beheaded.
Processing waste products — heads, intestines and skin/bone mixture were used for
further BMP testing. Each fish waste fraction was separately homogenized using
1,500 W kitchen blender and given to total solids (TS) and volatile solids (VS) content
analyses. Homogenized samples were frozen again at —18 °C, and defrosted a day before
the start of BMP tests.
TS and VS wvalues were
determined prior to the experiments Table 1. TS and VS content of inoculum and

based on ISO Standards (ISO  fish waste fractions

14780:2017, 1SO 18134-2:2017, ISO Substrate TS,% VS, %ofTS
18134-3:2015). TS were obtained by Inoculum 1 2.0 60.5
placing a sample into an oven for 18 Inoculum 2 1.9 60.5
hours at 105°C, and then the dry  Inoculums3 1.9 60.5

Heads! 20.5 76.5

sample was finely ground and placed

H vl

into an oven for 5 hours at 105 °C. VS Skm/ponel mix 22.2 753

. . Intestines 36.7 82.6
were obtained by placing 5g of totally Heads? 19.8 76.5
dry sample into an oven for 11 hours Skin/bone mix2 19.4 753
with a heating step 50 °C h* and then Intestines? 30.1 82.6
kept at 550 °C for 3 hours to be able to
obtain the VS content as a fraction of Inoculums 1, 2, 3 — inoculums for experiment 1,

TS (% of TS). The results are presented 2and 3; * - biomass 1; * — biomass 2.
in Table 1.

Inoculum

Sewage sludge was collected from local waste water treatment plant ‘Daugavgriva’
(Riga district, Latvia) directly from biogas bioreactors. Prior to the BMP experiments,
the inoculum was incubated for 6 days at 37 °C, with regular degassing. Inoculum was
always evaluated for TS and VS content using 1SO standards (ISO 14780:2017, 1SO
18134-2:2017, 1SO 18134-3:2015, ISO 18122:2015).

BMP test method

BMP tests were used to define the amount of methane produced per kilogram of
VS, for an inoculum to substrate ratio (ISR) equal to 3 based on a TS basis. Generally,
BMP measuring methods are based on liquid displacement or the displacement of a
syringe piston. An alkaline solution for cleaning the biogas (by absorbing the CO;
fraction) is added in both methods. The method is a well-known approach, but still
lacking true standardization (Esposito et al., 2012; Edward et al., 2015). A pH range
from 6.5 t0 8.2 (Agdag & Sponza, 2005; Chandra et al., 2012; Esposito et al., 2012) is
optimal for most anaerobic bacteria, including methanogens. Therefore, an alkaline
compound is normally added within the solution as a buffer capacity (i.e. sodium
hydroxide, sodium (bi)carbonate or sodium sulphide) (Chynoweth et al., 2000), in our
case a 0.7M NaHCOs solution was specifically prepared.
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BMP is a sensitive method, influenced by the conditions for the anaerobic bacteria
to grow. In this light, the analysis of the results can be difficult due to the amount of
potentially influential factors, resulting in likely possible errors and/or inaccuracies
(Angelidaki & Sanders, 2004, Wellinger et al., 2013). Moreover, sometimes the same
substrates don’t show the same BMPs based on the tests’ conditions (Del Borghi et al.,
1999).

Experimental set-up

BMP tests were conducted in a batch mode using 100 mL crimp neck ND20 vials
with a working volume of 50 mL. Each bottle was filled with 30 mL of distilled water,
20 mL of inoculum and 1mL of 0.7M NaHCOs buffer basal solution to maintain neutral
the pH. Different amount (fresh weight) of different fish waste fraction was added to
specific samples based on TS content and to maintain ISR around 3. Additionally,
reference samples (blanks) containing only inoculum were prepared both for high and
low temperature conditions to account for the methane production solely from the fish
waste biodegradation. Sample headspace was flushed with N for 30 seconds at flow rate
around 2 L min before sealing them with butyl rubber stoppers and aluminium crimps.
The tests were carried out in dark conditions at a mesophilic temperature (37 °C) in the
EcoCell LSIS-B2V / EC 111 incubator and at 23 °C, and lasted for 31 days. The batches
were manually shaken one time per day on average. All batch tests were prepared in
triplicates.

In total, three experiments were performed. In first experiment fish waste from year
2017 (biomass 1) was used. Tested samples contained heads, skin/bone mixture and
intestines. For second and third experiment fish waste from year 2015 (biomass 2) was
used. These samples also contained heads, skin/bone mixture, intestines and additional
biomass mixes (consisting of all waste fractions in different shares). First mix (M1)
contained all waste fractions in equal share based on TS. Second mix (M2) contained all
waste fractions in equal share based on wet weight. Third mix (M3) contained all waste
fractions in wet weight ratios: 2 parts heads, 2 parts skin/bone mixture, 1part intestines
(based on practical fish processing approach when intestines make up only one fifth of
total waste amount). Experiments were performed with one-month time shift between
them, thus also having slightly different inoculum for each test setup. In total 90 samples
were analysed for 6 different feedstock’s and two AD temperature conditions.

A volumetric measuring method was used by measuring the biomethane amount
through the displacement of a 20 mL syringe piston connected to a batch bottle. For
triplicates three best syringes were selected (with lowest friction) and slightly modified
(cutting off excess piston rubber to minimize friction). Each syringe was dedicated to
specific triplicate in consistent order, thus giving opportunity to see if piston friction
changes and affects measurements. To determine the methane concentration without the
CO; fraction, 5 mL of 3M NaOH alkaline solution was filled into the measuring syringes
before each measurement. For extra confidence some of measured samples periodically
were left overnight in closed syringes to see if all CO, has been absorbed during
measurement.
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Theoretical BMP according to Buswell’s formula

Depending on the type of biomass, the assessment of BMP can eventually require
time of up to 90 days (Hansen et al., 2004; Angelidaki et al., 2009; Kafle & Kim, 2013).
For a more rapid estimation, a theoretical biomethane potential (BMP1eo) can be used
from the Buswell equation (Allen et al., 2013) —see formula 1. Once the biomass’
chemical compositions of C, H, O are known, it is possible to calculate the BMPineo
(Angelidaki & Sanders, 2004) and the correspondent CH4 fraction as BMPineo.

a b n a b n a b 1
CHaOy + (n =3 -3)H:0 = (G+5-g)cHa+ (3-5+3)c0: @
where n — carbon atoms in biomass; a — hydrogen atoms in biomass; b — oxygen atoms

in biomass.

The methane yield (BMPyeo) from the Buswell’s equation can be recalculated with
a reference to the unit of gram (i.e. g-VS) in standard condition (i.e. STP) (Raposo et al.,
2011), see Formula 2.

n.,a b
(7+5-7) 224 ICH,
BMPipeo,yicta = 8 '(STP ) )
eoyie 12n+a + 16b g-Vs

where n — carbon atoms in biomass; a — hydrogen atoms in biomass; b — oxygen atoms
in biomass.

Experimental yields are usually lower but knowing the theoretical yield value
allows to calculate the efficiency of digestion.

Chemical composition of fish waste fractions was analysed by a Latvian State
Institute of Wood Chemistry. Results are presented in Table 2.

RESULTS AND DISCUSSION

Inoculum and substrate characterization

TS and VS content for all three inocula were similar, however, slightly different
methanogenic activity was observed referring to the methane volume produced from the
blanks (data not shown) and the total accumulated methane amount from samples.
Sludge was most active in the second experiment and especially at high temperature
conditions. However, that did not have a relevant impact on the final BMP values
acquired from batch tests.

Table 2. Chemical composition of different fish waste fractions (for biomass 2)

Substrate % of TS -
Carbon (C) Hydrogen (H) Oxygen (O) Nitrogen (N) Sulphur (S) Ash

Heads 37.82 472 22.51 11.14 0.29 23.51
Skin/bone mix 40.30 5.06 17.37 12.16 0.35 24.75
Intestines 57.17 6.78 12.12 6.17 0.34 17.43
M1 43.55 5.44 19.32 9.53 0.32 21.85
M2 46.89 5.83 16.09 9.64 0.33 21.22
M3 4151 5.51 20.62 9.77 0.32 22.27
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TS and VS content for fish heads and skin/bone mixture (furthermore also referred
as ‘skins’) was similar both for the biomass 1 and biomass 2 (Table 1). TS were around
20% and VS were 75-76% of TS. Although homogenized intestine samples seemed
more liquid, they showed the highest TS content varying between 36% for biomass 1
and 30% for biomass 2. This could be explained with high lipid content that is not lost
during TS drying operation.

Furthermore, this high lipid concentration is affecting BMP test results, showing
the highest methane yield for samples with intestines both for high and low temperature
conditions. Similar effect was observed by Nges et al., 2012. VS content for round
goby’s intestines was similar for both biomass sources reaching 82.6% of TS.

Biochemical methane potential

BMP testing was done with slightly modified 20 mL rubber piston syringes
containing 5mL of 3M NaOH solution for CO, absorption. Piston’s friction was
constantly monitored and no significant change was detected during all three
experiments. Periodically, accumulated gas samples were left overnight in closed
syringes to check NaOH solution’s CO; absorption efficiency during slow biogas
collection. Fortunately, no visible change in gas volume was ever detected.
Consequently, the measured biogas values pertain to the methane content produced.

Regarding to total accumulated biomethane volume per test vial, significant
difference can be seen between low temperature and high temperature batch samples.
Overall, for the samples that were incubated at 23 °C an average 23% reduction can be
observed in total accumulated biomethane volumes (Fig. 1, A). This matches with trends
reported in literature stating that lowering temperature by 10 °C biogas production slows
down approximately two times (Seadi et al., 2008; Zhu & Kumar, 2014).
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Figure 1. Total accumulated biomethane amount (A) and BMP per 1kgVS (B) during
experiments 1, 2, and 3. Index —H stands for 37 °C, —L stands for 23 °C.

After calculating the net biomethane volumes (by subtracting blank sample
volumes from the total accumulated biomethane volumes), the difference between low
and high temperature samples occurs to be very low. Furthermore, after calculating the
final BMP values (always based on the net biomethane volumes) per kg of VS, the
overall average BMP results for low temperature samples are only 2% lower than for
37 °C (Fig. 1, B).
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In total, the BMP difference per 1 kg of VS among the two sets of temperature
conditions was only 2%. Nevertheless, it must be clarified that the overall difference in
total accumulated biomethane amount is 23% (see Fig. 1, A). This result may be due to
an extra 23% of total biomethane volume that was contributed by the sewage sludge
inoculum at higher temperature. Methanogenic bacteria activity and growth is much
lower at low incubation temperature conditions, thus resulting in a slower augmentation
and decay (dead biomass methanation) of the microorganism consortium, thereby
lowering the amounts of total produced biomethane. This should be taken into account
when designing bioreactor for fish waste and sewage sludge co-digestion at low
temperature conditions in terms of bigger digester’s size. Nevertheless, results of this
study suggest that lowered temperature does not have a strong impact on fish waste
digestion efficiency and final BMP, however, it affects digestion Kinetics.

During all three experiments the highest BMP values were obtained from batch
samples containing fish intestines both for high and low temperature conditions
(Fig. 1, B). Average biomethane yield from all three experiments at 37 °C was
887 L CHs kgVS? and 853 L CHs kgVS™ at 23 °C. These high values are reached
because of high lipid and protein content, especially in gonads and fish eggs that were
present in Round Goby’s abdomens. The theoretical BMP yield for lipids is about
1000 L CH4 kgVS?, while the theoretical yield for protein is about 490 L CH4 kgVS?
(Nges et al., 2012). BMP values of first experiment are higher than those of second and
third, reaching 933 L CHskgVS?t at 37°C and 917 L CHskgVS? at 23°C. In
comparison, results from second and third experiment were only 850-878 L CH4 kgVS™
for high and 816-826 L CH4 kgVS™ for low temperature. Despite similar VS content
(82.6%) of round goby’s both biomasses this difference in results could be explained
due to the fact that for first experiment used fish biomass was caught in spring season
(April). In spring time fish are ready for new spawning season and have larger gonads
and contain more mature fish eggs, thus increasing overall lipid and protein relative share
in viscera.

These results are slightly higher than reported 500 L CH4 kgVS™ for perch (Perca
fluviatilis) intestines (Tomczak-Wandzel et al., 2013), however, this could be attributed
to the fact that relative share of gonads in perch abdomen is much smaller (if present at
all in different seasons).

The overall average BMPs acquired from three experiments for fish heads at high
temperature and low temperature was 494 L CHs kgVvS? and 508 L CHs kgVS™?
respectively. Skin and bone mix showed slightly higher results, therefore average BMP
at 37 °C was 542 L CH, kgVS™ but at 23 °C was 570 L CH4 kgVS™. It can be seen that
at lower temperatures average BMP values are slightly higher than at 37 °C both for
heads and skin/bone mixture. This could be explained due to the fact that for several
high temperature samples after 20 days’ biomethane production was delayed and a slight
inhibition of methane production was observable, as blank reference samples on daily
basis produced more gas than samples containing fish waste. This in fact resulted in
negative daily net biomethane values, indicating the start of inhibition which is
consequential after digestion of high organic content substrates and rapid VFA
accumulation, as can be observed also during dairy product anaerobic digestion (Labatut
etal., 2011). This also is in line with literature where it is suggested that AD under lower
temperature conditions is more stable and less volatile fatty acids are accumulated
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(Appels et al., 2008). However, no great change in pH was observed at the end of all
experiments, only for few samples lowering from pH8 to pH 7.7.

Summary of BMP values acquired during this research for different fish waste
samples can be seen in Table 3.

Table 3. Summary of estimated yields from Buswell’s equation and experimental CH, yields

Substrate BMPineo BMP at 37 °C BMP at 23 °C
(L CHq kgVS™) (L CHskgVS™) (L CHskgVS™?)

Heads! - 509.2 +£29.5 5063+ 1.0
Skin/bone mix* - 533.0+£17.8 565.4+110.8
Intestines! - 933.1+60.9 916.9 +39.7
Heads? 625.0 485.4+20.2 500.8 + 14.9
Skin/bone mix? 728.9 544.9 +£25.5 572.6 +£26.3
Intestines? 895.7 8498+ 154 826.1 £ 26.0
M12 719.4 639.1 +4.8 609.2 +11.6
M22 791.8 677.6+18.0 672.4+11.0
M32 769.0 626.3 +24.5 636.7+2.5
Heads® 625.0 488.8+ 18.6 519.6 +19.1
Skin/bone mix3 728.9 548.8 +24.4 572.2+229
Intestines® 895.7 877.7+41.8 816.3+51.9
M13 719.4 685.7+17.4 676.5+27.0
M23 791.8 709.2 +37.5 668.6 +30.7
M33 769.0 649.5+10.3 657.6 +18.4

1 _ experiment 1 (biomass 1); 2 — experiment 2 (biomass 2); 3 — experiment 3 (biomass 2).

Three different fish waste fraction mixes were also prepared. First mix (M1)
contained all waste fractions in equal share based on TS. Second mix (M2) contained all
waste fractions in equal share based on wet weight. Third mix (M3) contained all waste
fractions in wet weight ratios: 2 parts heads, 2 parts skin/bone mixture, 1part intestines
(based on practical fish processing approach). M1 average BMP at 37 °C and 23 °C was
662 L CHs kgVS? and 642 L CHs kgVS™? respectively. M2 average BMP at high
temperature was 693 L CH. kgVS™ and 670 L CH4 kgVS™? at low temperature. M3
average BMP at high temperature was 638 L CH4 kgVS™ and 647 L CH, kgVS™? at
23 °C. No significant difference can be seen regarding to anaerobic digestion of these
three mixes, thus any of these three compositions can be successfully used for
biomethane production. As expected, average BMP was around 660 L CH4 kgVS™, that
is similar to mathematical average from heads, skins and intestines BMPs’. Other authors
report similar results for Pacific saury, Nile perch, mackerel and cuttlefish wastes,
ranging between 562-777 L CH4 kgVS™? (Kassuwi et al., 2012; Kafle et al., 2013). BMP
for cod meat and intestine mix was reported to be 503-533 L CH, kgVS™ after 14 days
long incubation period (Almkvist, 2012; Shi, 2012). Regarding to 14-day period BMP
from round goby’s waste mix is slightly higher reaching approximately 640 L CH4
kgVS™. In this light, it would be advisable to measure BMP for more extended time
period, as far as it is reasonable, to obtain fully total BMP of biomass.
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Dynamics of biomethane production

Cumulative curves and dynamics of biomethane production are shown in Fig. 2.
For high temperature samples the main production was observed during the first
7-9 days, accounting for 95% of the total BMP. In turn for low temperature conditions
main biomethane production was observed during first 14-16 days, accounting for 94%
of the total BMP.
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Figure 2. Averaged triplicate methane production dynamics trough experiments 1, 2, and 3.
Indexes —H stands for 37 °C; —L stands for 23 °C; 1, 2, 3 stands for experiments 1, 2, 3.

Similar pattern regarding to fish waste highest production rate time shift was
reported by (Chen et al., 2010), where highest biogas production rate under thermophilic
conditions (50 °C) was achieved on day 10, in comparison to 17 days at mesophilic
(35 °C) conditions. Moreover, this great difference could be also attributed to type of
inoculum that was used in this research, because sewage sludge was gathered from
bioreactors that normally operate at 37 °C. Shift to low temperature conditions put extra
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stress on microorganism consortium. It is also suggested that more appropriate microbial
consortium can be developed and adapted for fish waste AD by sequential addition of
fish based feedstock, thus making optimized inoculum for substrates with low C:N ratios
(Quinn et al., 2016).

Nevertheless, slower biomethane production rate had no significant impact on final
BMP results. In addition, slower digestion time means that substrate needs longer
hydraulic retention time (HRT) in digester (Dhaked et al., 2010; Zhu et al., 2014), thus
slowing down biogas production or forcing to increase digesters size. On average,
lowering fermentation temperature by 10 °C required anaerobic digester’s size increases
2-2.5 times (Balasubramaniyam et al., 2008). However, digester’s size can be reduced
if shorter HRT is selected. In respect to this research results, it would be more reasonable
to use a HRT of 15 days instead of 30 days for low temperature fish waste anaerobic
digestion, as more than 94% of BMP is achieved during this short time.

CONCLUSIONS

The results of this research show that AD of round goby’s processing waste at 23 °C
is twice as slow as under 37 °C conditions. Thus prolonging hydraulic retention time
(HRT) needed for complete biomethanation of feedstock, in turn increasing necessary
size of digester. However, costs of digesters size increase should be compared to savings
on insulation materials and heat energy input. Thus most feasible approach regarding to
ratios of digesters size, HRT and fermentation temperature could be found.

For low temperature conditions an overall 23% reduction in total produced
biomethane volume was observed. However, this difference is attributable to the
inoculums specific activity at different temperatures and counteracting the contribution
to the total biomethane volume, rather than to feedstock’s biomethanation efficiency.
Despite the fact, that several fish waste fractions such as heads and skins showed higher
BMP values at lower temperature, based on overall averaged results, in general only a
2% reduction in total BMP outcome was observed for low temperature samples after
25 days, thus showing that biomethanation is still efficient also at lowered temperatures.

Round goby’s processing wastes could be successfully used for biogas production
in co-digestion, especially if containing intestines, however in-depth research is still
needed to find out possible inhibitory effects and mechanisms. Also volatile fatty acid
accumulation and inhibitory effect during continuous low temperature fermentation
should be researched. Furthermore, AD of Neogobius melanostomus under
psychrophilic conditions should be explored.

Research results suggests that anaerobic digestion of fish waste under low
temperature conditions could be feasible as the process still occurs with 98% efficiency
in respect to 37°C, in fact opening a new opportunity to explore the overall sustainability
of technologies based on these conversion processes.
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Abstract. Monitoring of cattle in the outdoor enclosure is a very important issue. Currently, the
increasingly stealing cows and other cattle from the pasture. For businesses that manage it, this
is a very lossy business. For thieves, the electric fences, which are currently the most widespread,
are easily surmountly. And the owner does not have a chance early on to learn the fact theft of
cattle. For this reason, a system for monitoring cattle on outdoor enclosure using IQRF (intelligent
local network topology) technology has been developed. We have been dealing with this issue
for a long time and the biggest problem was the monitoring of only the inner part of the enclosure.
Previously, there was an overlap of monitoring in the area beyond grazing. This problem has been
solved by using a shielded base for mounting IQRF receivers.

Key words: IQRF technology, wireless transmission, interference, livestock.
INTRODUCTION

Wireless technologies are increasingly being used. Whether it is wireless
transmission in surveillance systems, Wi-Fi networks, Bluetooth transmissions or
various RC models, their transmissions are ubiquitous. All in all, they basically define
the modern time and our civilization as such. Of course there are also many risks and
imperfections related to wireless networks that need to be considered. One of the most
frequent risks of wireless transmission is natural interference or a limited range of
wireless transmitters. Though being serious, these problems have their realistic solutions
provided by an IQRF MESH (intelligent local network topology) network which can at
least partially eliminate them (Dong et al., 2013; Elmasry, 2013; Behkami et al., 2017).

As for the above mentioned technologies, ISM bands (industrial, scientific and
medical) are mostly used for wireless transmissions. They are amply used in a variety of
industrial transmissions. Officially, these bands should only be used for industrial,
medical or scientific purposed. The Federal Communications Commission and the
European Telecommunications Standards Institute established just the ISM bands as
licence-free and given their licence-free usage they are also heavily preferred for
commercial purposes (Tahir & Shah, 2008; Hartova & Hart, 2017).
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It is therefore favourable to use these modern technologies in the licence-free ISM
bands to protect livestock in such a way that attempts at their theft are detected in time.
Although its purpose is clearly defined, following small modifications the resulting
technology could also help in monitoring animal welfare (Kucera et al., 2015; Lopes &
Carvalho, 2016; Hartova & Hart, 2017).

The problem was mainly to solve the directivity of the used receivers.
It is necessary to limit the reception of the signal from the area outside the supervised
area. This research builds on the already solved problem that was solved by Bloetooth:
‘Livestock monitoring system using bluetooth technology’ (Hartova & Hart, 2017).

Currently, the increasingly stealing cows and other cattle from the pasture. For
businesses that manage it, this is a very lossy business. For thieves, the electric fences,
which are currently the most widespread, are easily surmountly. And the owner does not
have a chance early on to learn the fact theft of cattle. For this reason, a system for
monitoring cattle on outdoor enclosure using IQRF technology has been developed.

IQRF technology is one of the other communications representatives on radio
frequencies and a potential participant in 10T combat. It was published in 2004 and is
mainly devoted to Czech developers (Kuchta et al., 2009; Sulc et al., 2009; Bazydlo et
al., 2015; Martin & Radovan, 2016).

The aim of the investigation was to design a livestock monitoring system. Based
on the discovery of the deficiencies in the system's predecessor design, the detection
technology was changed. At the same time a shielded pad was developed to correct the
detected area.

MATERIALS AND METHODS

Following in-depth market research a technology conforming to exacting criteria
for monitoring of livestock theft was selected. Due to the experience of the past, more
flexible technology has been chosen than it was in the first place in preliminary studies
(Hartova & Hart, 2017). IQRF technology (see Fig.1) has replaced Bluetooth
technology as it better meets the requirements of the overall system. The main demands
placed on the transmitters were their low
energy demands. In addition, their range
of coverage was evaluated and therefore
the IQRF technology was selected, which
enables transfer on [ISM868 bands
(industrial, scientific and medical)
(Hartova & Hart, 2017; Bazydlo et al.,
2015; Kuchta et al., 2009; Sulc et al., 2009).

For LPWAN (Low-Power Wide-Area
Network), it uses an atypical mesh
topology instead of a star topology that is
common for Sigfox or LoRa technologies.
This choice has its plus and minus. It uses Figure 1. IQRF elements.

a specially created IQRF MESH protocol,
which is integrated into the operating system's system for better and more efficient
routing. This is a packet-oriented technology where the payload is at most 64 B but
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where the actual size is given by the specific device requirements. The resulting range
of such a network ranges in tens of kilometers (Kuchta et al., 2009; Sulc et al, 2009;
Bazydlo et al., 2015; Martin & Radovan, 2016).

In the frequency spectrum, the technology is specified at frequencies of 868, 916
and 433 MHz. In these bands it uses a number of channels, which are different for all
three frequencies. It also varies with the maximum transmit power at 433 MHz 5 mW
and at 868 and 916 MHz at 3.5 mW (5.44 dBm). In the band around 868 MHz, which is
most discussed here, the frequencies range from 863.15 to 869.25 MHz, corresponding
to the European band g with subgroups g1 and g2. In the Czech Republic, it falls within
band h with subgroups h1 and h2 under General Authorization. There are 62 channels
with numbers from 0 to 61 with a standard 100 kHz bandwidth. Very often, channel 52
is used, which is a frequency of 868.35 MHz. These channels work at a transfer rate of
19,836 kbit s, which is the most common transfer rate for IQRF system (Kuchta et al.,
2009; Sulc et al., 2009; Bazydlo et al., 2015; Martin & Radovan, 2016).

A small farm was chosen for the purpose of designing the system, with an adjoining
pasture for cattle — see Fig. 2. The same farm was selected as in the previous proposal.
(Hartova & Hart, 2017)

Figure 2. The chosen farm (1 —barn for housing cattle; 2 — location of centralized drinking
troughs; 3 — fenced pastures; 4 — pasture).

The pasture was 100 m long and 70 m wide. There were 50 cows on grazing.
Measurements took place throughout the year 2017. In our design of location of the
receivers we have chosen the circuit procedure. By doing that we reached the optimal
range of transmission of across the area, however with an effective wireless coverage
even outside the supervised area. The distance of this effective transmission is referred
to as the declared distance, which is considered a distance over which the transmission
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should take place almost under any conditions. To reduce the declared distance of the
receivers, a shielding socket was created (Hartova & Hart, 2017).

Detection of an animal loss is based on a simple principle. When an IQRF nod
regularly sends data and the IQRF control unit receives regular messages of its presence
from the given IQRF nod, this indicates that things are in order and no alarm is launched.
There was a time window determined during which an IQRF nod must send a message
at least once, and this was set to 5 seconds. On a standard basis it should report five times
within this time, but an interference may occur thus this safeguard is set to prevent false
alarms. As in previous research on the topic: ‘Livestock monitoring system using
bluetooth technology’ (Hartova & Hart, 2017).

The size of the monitored areas is limited by the maximum number of nodes in the
network. Each knot has a range of up to 500 m in free space. These networks may be
displayed as several superstructures on top of each other, provided that frequencies are
not disturbed. The area can take up to several tens of kilometers, depending on the
structure.

RESULTS AND DISCUSSION
A problem of past research in the appeared when it came to outdoor grazing where

animals can move beyond the determined area without raising alarm — see Fig. 2. This
problem has remained unresolved in past research (Hartova & Hart, 2017).

Figure 2. Section of chosen farm (1 — barn for housing cattle; 2 — location of centralized drinking
troughs; 3 — pasture fencing; 4 — pasture; 5 — IQRF unit; 6 — monitored area; 7 — unmonitored
area).
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Due to the change of centralized monitoring to perimeter, technology change, and
shielded pad development (see Fig. 3), we have made some changes. With these changes,
we have achieved a minimum overlap outside the monitored area. We electrically ground
and separate the IQRF knot from the pad. This eliminated reception of the signal from
the unmonitored area (Hartova & Hart, 2017).

Although the use of Bluetooth

technology was initially considered, as 3
described in the article on ‘Livestock

monitoring system using bluetooth | |
technology’, it was given up for reasons

associated with effectiveness of the @ 7j®\®

detection method (Hartovd & Hart, =

2017). front view
As the selected method was proven

an optimal solution, just fine-tune a few

details and verify in real terms for a long

time., since as claimed by the authors of 1 5

the article ‘Livestock Low Power

floor plan
Monitoring System’, the development
of systems to monitor livestock theft is Figure 3. Scheme  of  shielding  pad
a necessity today (Lopes & Carvalho, (1 — shielded pad; 2 — space for placement of
2016; Hartova & Hart, 2017). Long- the IQRF unit; 3—shielding flaps with
term testing will run from 2018 to 2020. adjustable angle; 4 — electrical grounding).

CONCLUSIONS

Testing and improvement of existing technologies is very important. Due to the
continuous development in the field of livestock technology is always important to
continue to develop new and better systems.

The originally proposed system for livestock theft monitoring has been only
partially successful so far. Outdoor detection almost did not work. Currently has been
achieved on the system modification to achieve monitoring of an exactly defined area
without its spill-over to undesirable areas.

The centralized method was replaced by a perimeter method. Where the receivers
were placed on the perimeter of the guarded area. Additionally, it had to develop shielded
pad to limit the reception of signals from the unsecured area.

Wireless transmissions are unfortunately very susceptible to interference — both
interference caused by the environment, and interference caused by a targeted jammer.
It is important to have an overview of the reliability and functionality of each wireless
transmissions. Natural interference which may affect a wireless transmission occurs
rather rarely, still it is important for wireless transmissions to be able to either identify
such interference or replace the path of transfer. IQRF MESH systems do possess this
feature and therefore are more secure in real life operation than standard wireless
systems.
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Abstract. This paper addresses the issue of the control of activity and growth of the bee colonies
(brooding) in the early spring period. The bees are brooding up already in the late winter, and the
intensity of brooding in this period is determined by daytime temperatures and sunshine hours
that increase the temperature of the inner hive space. The objective is to design and verify a
technology that would ensure the conditions for the optimal brooding in the early spring period
and thus the numerically strong bee colonies. The experimental part was based on the temperature
regulation in the inner hive space. A preset temperature was maintained inside the hive by an
electric heating system with regulation. A differential thermal regulation which enabled the
optimal growth of the bee colonies in accordance with the phenophases was chosen for
verification. To verify the proposed method, two groups of the bee colonies were assembled. One
group of the bee colonies had a heating system with regulation installed inside the hive. The
second group of the bee colonies was in the hives without the heating system installed. The
dependence of the brood area on time was monitored for the evaluation of both groups of the bee
colonies. It was proven that the differential thermal regulation enables the optimal growth of the
bee colonies in the early spring period in accordance with the phenophases. The brood area
increased evenly for the group of the bee colonies with a regulated temperature of the hive space,
reaching a larger area.

Key words: bee colonies development, brood area, hive thermal regulation.
INTRODUCTION

This paper addresses the issue of the control of activity and growth of the bee
colonies (brooding) in the early spring period in commercial beekeeping. For
commercial beekeeping, the early spring development is a prerequisite for gaining
numerically strong bee colonies and efficient beekeeping with high production
capability. The objective is to design and verify a technology that will ensure the
conditions for the optimal brooding in the early spring period and thus the numerically
strong bee colonies in the main production period. The optimal brooding conditions were
simulated by the regulation of the temperature inside the hive. The experiment was
focused on the locations with less appropriate climate conditions (low number of
sunshine hours in the early spring period and altitude above 500 metres).
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Intensive agriculture is increasingly dependent on commercial beekeeping.
Beekeeping ensures honey production and pollination of agricultural crops by
commercially provided service (Williams, 1994). It is estimated that in case of cross—
pollination plants the bees participate in 80-90% increase in yield (Aizen et al., 2009).
For agricultural crops such as winter rape, fruit orchards or clovers, yields are increased
by 30-50% by bee pollination in comparison with the self—pollination (Klein et al.,
2007). The effectiveness of commercial beekeeping is thus determined by the seasonal
yield of honey and the ability to maximally pollinate agricultural plants (Gallai et al.,
2009). In both cases, the effectiveness of the beekeeping is directly impacted by the
number of bees that ensure nectar collection and thus pollination of plants.

In the main production period, a strong bee colony has more than 50-60 thousand
bees (Jaffé et al., 2010). In order to achieve this population density, the optimal
development (brooding) in the early spring period is necessary (Seeley, 1985). Brooding
is the ability to lay eggs by the queen. In the early spring period, the development of bee
colonies is influenced by several factors. Intense brooding capacity is affected by the
health condition of the queen and the bee colony, supply of pollen, honey, and climate
conditions (Herbert & Simanuki, 1978). In a broader sense, the intensity of the early
spring development depends on the successful overwintering of the bee colony and on
the climate conditions during the early spring (Eckert et al., 1994). Climate conditions
are a significant factor influencing bee colony development during the early spring
period. The bees are brooding up already at the end of the winter and the intensity of
brooding during this period is determined by daytime temperatures and sunshine hours,
which increase the temperature of the inner hive space.

Overwintering of bees and its influence on the early spring development

Overwintering is a perfectly developed physiological ability of bees. Successful
overwintering is not impacted directly by the climate conditions. The basic factors
influencing the success of overwintering are the bee colony's health conditions and
sufficient food supplies. Climate conditions only influence the activity of winter cluster
(its expansion and shrinkage depending on ambient temperature) and have a direct
impact on the consumption of food supplies (Matilla & Otis, 2006). At stable
nonfluctuating temperatures, the bee colony is calm (inactive) and the consumption of
supplies low (Kronenberg & Heller, 1982). On the contrary, with significant temperature
fluctuations or during a long above average temperature winter period, bee activity is
increased and leads to higher consumption of supplies (Jones et al., 2004).

In commercial and hobby beekeeping, a technology of brooding in the insulated
hives is expanded. The insulated hives eliminate (offset) the impact of climate changes
on the hive temperature. From this point of view, the technology of the beekeeping in
the insulated hives has an impact on the overall consumption of the supplies in the winter
(Stabentheiner et al., 2010). It has therefore an economic importance. On the contrary,
in the early spring and spring period, the insulated hives prevent the increase of the daily
temperature inside the hive and has a direct impact on the slower development of the bee
colonies in the early spring period (Severson & Erickson, 1990).

Climate conditions and their impact on the early spring development
The life cycle of the bee colonies and their activity in each season is closely related
to plant phenophases and climate conditions. Climate conditions and hence plant
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phenophases do not occur every year the same way. Plant phenophases may show a
certain shift in time against the calendar period (Gordo & Sanz, 2006). Even in areas
between which there is no great distance, there may be major differences due to, for
example, altitude or differences between the open country and the urban area. Central
Europe is characterized by great climate diversity. During the spring development, cold
and above average hot periods can occur. Vegetation responds to fluctuation between
cold and hot periods by slowing or accelerating its development, but nectar production
in its amount remains usually the same. Only the phenophases of the flower change. The
bee colonies can easily cope with the fluctuations in cold and hot periods during the early
spring period, but the cold periods reduce the activity of brooding and thus such bee
colonies enter into the main production period (to main brooding) with the lower
population density (Todd & Reed, 1970). Such bee colonies have lower production
capacity.

MATERIALS AND METHODS

The experimental part of the work was based on the measurement of the activity of
the early spring development of the bee colonies in dependence on the changing
temperature inside the hive. To verify the procedure whether it is possible to influence
the early spring development of the bee colonies, ten bee colonies were monitored. The
bee colonies were divided into two groups of five bee colonies. The first group of five
bee colonies (group A) was in the hives without the heating system and the natural
development was retained throughout the experiment. The second group of five bee
colonies (group B) was equipped with the heating system inside the hives. The heating
system has increased the temperature of the inner hive space by a set value. The
difference in the early spring development was continuously monitored in both groups
of bee colonies by the measurement of the brood area. The whole experiment ran from
23 January 2017 to 31 March 2017. The experiment included bee colonies with an equal
quantity and comparable supply of glycid and pollen. The term ‘glycid’ supply means
the sum of the original winter supply and the honey added by the insertion of the
honeycombs at the beginning of the experiment.

Construction of hives and their location

All bee colonies (group A and B) were in constructively identical hives. The hives
were double—spaced, not insulated all-wooden construction with an insulated cap. The
size of the frames 240 x 390 mm. The hives were located in the area with the altitude
520 metres. They were located in an open agricultural landscape. The position of the
hives was set so that the front side headed south into the open landscape (i.e. all day
sunshine exposure of the hive) and from behind they were protected against the
northwest winds by the forest. All hives were fitted with two temperature sensors. The
location of the sensors was the same for all hives (one sensor near the inner side wall
and the other near the inner back wall) so that they were out of reach of the winter cluster.
Both sensors were located about 200 mm under the insulated cap. The sensor on the side
wall was located between the first and second frames, i.e. about 40 mm from the inner
wall, the second sensor was located also about 40 mm from the inner back wall. In the
group B bee colonies, the heating system connected to a programmable control unit was
installed. The heating system was placed on the bottom board of the hive.
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Heating system and programmable control unit of thermal regulation

The diagram of the heating system connection and the programmable control unit
is shown in Fig. 1. The heat source was an electric heating system (1) located on the
bottom board (2) of each hive of the group B (3). In the hives of the group A (4), the
heating system was not installed. The heating system (1) consisted of two commercially
produced heating plates Solar TF03 of size 320 x 1,236 mm connected consecutively.
The total heating area then had a dimension of 320 x 272 mm. The rated output of the
heating system was 2 x 36 W. The heating system (1) was supplied with pulse voltage
via the programmable control unit (5). A 24 V safe voltage source was used for power
supply (6). The heating system of this design has been chosen with regard to both
construction and operational simplicity (easy manipulation, maintenance, low purchase
costs, no need for adjustment of the hive for use). Switching on the heating system was
ensured by the Siemens Desigo PXC36 programmable control unit (5). Siemens Desigo
PXC36 is the freely programmable control unit designed for controlling and regulation
of the technical equipment of buildings (heating, ventilation and air conditioning of
buildings). Temperature sensors Siemens QAP22 (7) were used as temperature sensors
in both inner and outdoor hive spaces. The sensor for the measurement of the outdoor
temperature was placed in a sealed plastic box (wind protection) located under the hives
(sunshine protection).

Figure 1. Diagram of the heating system connection and the programmable control unit:
1-heating system; 2—bottom board of the hive; 3—hive of the group B; 4-hive of the group A;
S—programmable control unit; 6—-power supply; 7-temperature sensors.

Adjustment of the programmable control unit and measurement methodology

The setting of the programmable control unit was accomplished so that the heating
system installed in the group B bee colonies simulated by its thermal power and time
switch the thermal power of the solar radiation, which would fall on the walls of the hive
during sunny day. This setting should ensure the basic condition for successful
verification of the proposed procedure. The heat supplied by the heating system into the
hive must increase the activity of the bee colony, encourage the brooding, but at the same
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time there must be no discrepancy between the increased activity of the bees and the
phenophases of vegetation in the given locality.

The solar radiation simulation was determined by the operating time and heat power
of the heating system and was performed only during the early spring period from 23
January 2017 to 31 March 2017 for the group B bee colonies. The programmable control
unit switched on the heating system daily between 9 am and 3 pm. The temperature at
which the inner hive space was warmed up during this time interval was set to be 5 °C
higher than the average temperature of the same hive at night between 9 pm and 3 am.
At the same time, the heating system was put out of operation once the inner hive space
temperature reached 10 °C. The average night temperature was evaluated by the
programmable control unit on the basis of the values measured by the temperature
sensors located inside the hive. With this setting of the programmable control unit, it was
ensured with an acceptable error that the bee colony was exposed to the natural climate
conditions in the given locality for a substantial part of the day (between 3 pm and 9 am).
The temperatures at which the inner hive space was warmed up between 9 am and 3 pm
followed the changes in the outdoor climate conditions, their development during the
whole early spring period and corresponded to the phenophases of the surrounding
vegetation.

Methodology for the monitoring of the early spring bees development

Bee colonies activity was evaluated by the size of the brood area on the
honeycombs. A commonly used measurement method so—called frame grid was used to
evaluate the brood area. By the frame grid, the brood area is measured in dm?, therefore
this unit is used in the following text. The measurement was performed irregularly with
an interval of approximately 14 days. The irregularity of the measurement interval was
due to two reasons: the requirement for optimal climate conditions for measurement
(windless sunny day, outdoor temperature at least 8 °C) and the requirement for minimal
disturbance to the bee colony.

RESULTS AND DISCUSSION

The suitable climate conditions to conduct an early spring control of the bee
colonies overwintering occurred on 23 January 2017. All monitored bee colonies were
checked for glycid and pollen supply, their health conditions were assessed subjectively,
and the initial values of the brood areas were recorded, see Table 1. In the hives from
the group B bee colonies, the heating system was put into operation and the
programmable control unit was set up. In the following period, the brood area was
measured at approximately 14 day interval (whenever appropriate climate conditions for
the opening of the hives occurred). The brood area was measured in all five bee colonies
from the group A (A1 to AS) as well as the group B (B1 to B5). The measured values are
recorded in Table 1. The programmable control unit continuously recorded the average
outdoor temperatures, the average temperatures of the inner hive space of the group A
and B bee colonies, and the maximum temperatures of the inner hive space of the group
A and B bee colonies.

The growth of the brood area in the monitored period is shown in Fig. 2. To create
a chart, the average brood areas in the monitored period were used, see Table 1. The
exponential trendline was used to plot the dependence of the growth of the brood area
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on time as it most closely reflected such dependence. Correlation reliability for
dependencies was above 0.95.

The brood area grew faster in the group B bee colonies during the monitored period,
where the daily temperatures of the inner hive space were increased by 5 °C compared
to the average night temperatures of the inner hive space. As shown in Fig. 2, at the end
of the monitored period the total brood area of the group B bee colonies reached
approximately double the values of the group A bee colonies, where the daily
temperatures of the inner hive space were not increased by the heating system. Thus, the
plotted course on dependency of the both groups of bee colonies indicate that the growth
of the brood area is temperature—dependent.
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Figure 2. The brood area in the monitored period.
Table 1. The brood area of each bee colony in the monitored period
Brood area, dm?
23.1. 3.2. 15.2. 28.2. 14.3. 31.3.
2017 2017 2017 2017 2017 2017
Bee colony Al 3 6 7 9 12 20
Bee colony A2 4 7 8 9 13 19
Bee colony A3 5 6 7 9 13 18
Bee colony A4 4 6 7 8 14 21
Bee colony A5 4 5 6 8 14 20
The average brood area of the
group A bee colonies, dm? 4 6 7 8,6 13,2 19,6
Bee colony B1 5 7 13 18 28 44
Bee colony B2 4 9 14 19 26 40
Bee colony B3 5 8 15 20 25 36
Bee colony B4 3 8 14 18 26 42
Bee colony B5 4 9 15 21 24 42
The average brood area of the
group B bee colonies, dm? 4.2 8.2 14.2 19.2 25.8 40.8
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During the experiment the condition of equal glycid and pollen supply was fulfilled.
At the same time, all monitored bee colonies were numerically balanced and were in the
equal health conditions based on the subjective assessment. The only objective variable
was the hive temperature. The temperatures at which the inner hive space of the group
B bee colonies were warmed up were not constant throughout the experiment, but
reflected the changes of the outdoor temperatures. As outdoor temperatures gradually
increased during the upcoming spring, the temperatures in the hives increased as well.
Once the temperature of the inner hive space reached 10 °C, the heating system was
disconnected. After disconnecting the heating system, the higher temperatures of the
inner hive space could only be achieved in a natural way (as a result of external climate
conditions). These climate conditions affected both groups of the monitored bee colonies
the same way, i.e. the temperature above 10 °C was in this case also in the inner hive
space of the group A bee colonies. This condition occurred during some warm days at
the end of the monitored period (March).

Nevertheless, for the group A bee colonies, the size of the brood area was delayed
behind the group B bee colonies. It can be estimated that the brood area depends not only
on the temperatures reached but also on the length of the period with balanced optimal
temperatures for the growth of the brood area. Although the programmable control unit
in the group B bee colonies in the second half of March regularly switched off the heating
system (higher temperatures above 10 °C were reached naturally) and thus the conditions
were equal for both groups of the bee colonies (A and B), the group B bee colonies
showed almost twice larger brood area.

In Fig. 3 the temperatures that were measured during the bee colonies’ monitoring
are plotted. The measured average outdoor temperatures, the average temperatures of the
inner hive space for both groups of the monitored bee colonies (A and B) and the
maximum inner hive space temperatures for both groups of the bee colonies are plotted.
The average outdoor temperatures as well as the average temperatures in the inner hive
space were calculated using the method of the hourly measurement. Measured
temperatures (average outdoor, average inner hive space and maximum inner hive space)
for each day of the monitored period represent a considerably large set of data. Therefore,
measured temperatures are not listed in a separate table, but are only plotted as the points
in Fig. 3. The average outdoor temperatures are plotted as a stacked line precisely
displaying temperature fluctuations in the monitored period. The average and maximum
inner hive space temperatures are for greater clarity plotted as a trendline. The
exponential course of the trendline with a correlation greater than 0.95 was used for the
plot.

From the plotted average temperatures of the inner hive spaces for all bee colonies
of the group A and group B is clear that they have a similar course but different values
of average temperatures in the monitored period. The average temperatures of the inner
hive spaces in the group B bee colonies (equipped with the heating system) were on
average 0.9 °C higher. It can be concluded that in the absence of the 0.9 °C measured
average temperature difference, the group B bee colonies was exposed to similar climate
conditions as the group A bee colonies (without the heating system) during the monitored
period and developed in accordance with the phenophases of the surrounding vegetation.
This assumption is based on a similar course of the average temperatures of the inner
hive space of the both groups of bee colonies. Thus, the heating system had little impact
on the average inner hive space temperature and had no influence on the achieved
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temperature course. The difference in the average inner hive space temperatures of an
average value of 0.9 °C is unlikely to significantly affect the activity of bees and the
growth of the brood area during this period. However, as shown in Fig. 2, all of the group
B bee colonies monitored showed the growth in the brood area. The reason for this
growth will not be average inner hive space temperatures but fluctuation in daytime and
nighttime temperatures. This would correspond to the course of the measured maximal
temperatures of the inner hive space.
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Figure 3. Temperatures measured in the inner and outdoor hive space.

The maximum temperatures’ course of the inner hive space is also plotted in Fig. 3.
At the beginning of the monitored period (January, February), the differences in the
maximum temperatures were reached by the heating system setup and in the group B
bee colonies reached values higher up to 5 °C. At the end of the monitored period
(March), as with the average inner temperatures, the difference gradually decreased. It
was again a result of the rising outdoor temperatures, which were the signal to disconnect
the heating system. It can be assumed that the difference in the maximum achieved
temperatures within the inner hive spaces between the bee colonies of both groups is the
factor that influences the activity of the bee colonies and affects the growth of the brood
area.
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CONCLUSIONS

The result of the experiment is the design of differential thermal regulation
technology of bee activities. The design of the technology is based on the increase of the
daily temperatures of the inner hive space to simulate the climate conditions of sunny
days (thermal power of solar radiation). During the early spring period, the outdoor
temperature varies greatly in sunny days. This is manifested by the great difference
between daytime and nighttime temperatures. Simulating the effect of solar radiation by
raising the temperature in the hives means increasing the temperature of the inner hive
space during the day, but allowing natural climate conditions to occur at night. The bees
are considered to be thermosensitive organisms. It can be assumed that they will actively
respond to the maximum daily temperatures that simulate solar radiation. The proposed
technology, its technical design and experimental verification confirm this assumption.

The realization of the experiment confirmed that the early spring bee development,
as measured by the growth of the brood area, is temperature dependent. By the
differential regulation of the temperature of the inner hive space was at the end of the
monitored period for the group B bee colonies (with a heating system) achieved about
twice the size of the brood area in comparison to the group A bee colonies, where the
daily temperatures of the inner hive space were not increased by the heating system.
From a detailed analysis of the measured temperatures of the inner hive spaces of the
two monitored groups of bee colonies (A and B), it is obvious that the average hive
temperatures have a similar course in the monitored period, but different values of the
average temperatures reached. The difference in average temperatures in the inner hive
spaces was about 0.9 °C. Such a small difference is unlikely to significantly affect the
activity of the bees and the growth of the brood area during the early spring period. The
reason for increased activity of bee colonies and the growth of the brood area will not be
the average temperatures of the inner hive space but fluctuations in daytime and
nighttime temperatures. This would correspond to the course of the measured maximum
daytime temperatures of the inner hive space, where the differences between the group
A and B bee colonies were about 5 °C. It can be assumed that the difference in the
maximum achieved temperatures within the inner hive spaces between the bee colonies
of the two groups is the factor that influences the activity of the bees and affects the
growth of the brood area.

Based on the proven results, the technology of differential thermal regulation of bee
activity can generally be considered as an operationally efficient technology. The
technical design of the proposed technology is structurally simple and has demonstrated
high technical and technological reliability under operating conditions.
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Abstract. The aim of the study was to evaluate the mechanized grape harvest conducted by the
trailed harvester. As a criterions was introduced the performance, harvest losses of grapes and
economic efficiency from the perspective of its introduction. The calculations consist of total
annual and partial unit costs also with regards to indirect costs which are formed by the grape
losses during the harvest. Evaluation was conducted on three varieties of grapes. The losses of
grapes, total annual and partial unit costs were calculated for selected varieties of grapes and also
for whole production area. The mean grape losses for whole production area were determined at
470 kg ha', while the greatest portion of these losses (9.7%) was observed in case of Neronet
variety. Among other analysed aspect were the efficiency of mechanized harvest introduction by
definition of labour costs and the ransom price of grapes in relation with minimum required area.
A substantial part of total costs for area 100 ha was formed by direct costs up to 15.24% greater
than the indirect costs. The efficiency of machinery introduction into the harvest process was
observed at minimum area of 16.92 ha in case of rental mechanized harvest of grapes. In case of
mechanized harvest conducted by previously bought trailed grape harvester the value of minimal
efficiency was determined at 27.42 ha year. As a result then serves an effective utilization of
mechanized grape harvest in selected company but it is not limited to it and can be applied on
any other scenario.

Key words: grapes, harvest, yields, harvest losses, economic benefits.
INTRODUCTION

Currently, in conditions of Slovakia there are almost 300 various vine production
and viticulture organisations (in different form of private production economies) which
grown vine grapes and produce vines. According to registration for year 2017, the total
area utilized for vine grapes production was calculated at area 17,598 ha (8,873 ha of
directly produced vineyards and 11,159 ha managed for vine production and similar
purposes), whereas this total area includes also not managed areas (UKSUP, 2016).

Mechanized vine grape harvest is spreading over Slovakia at slow motion in
comparison with ratio of its utilization in other European countries (e.g. Italy or France).
From the published statistics it is clear that mechanized vine grape harvest is fully
utilized at level from 20 to 30% of total area used as vineyards in case of north Italy
(Corazzina, 2010). In contrast, in case of Slovakia, mechanized vine grape harvest is
established only at 10% of total area utilized to production of vine grapes. The issue of
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establishment and utilization of mechanization in viticulture is limited due to several
specific conditions. As critical criterions for its full establishment was emphasised by
several conditions. Mainly, the selection of appropriate location of fields, it’s
landscaping in particular, since as a main issue which needs to be addressed are
following. Subsequently, the employment of support constructions produced as a narrow
aluminium pillars along with unified cropped varieties in single rows. In addition, on the
fields which are characterised by good level of transverse slope along with employment
of the appropriate landscaping techniques allows a non-problematic movement of
machinery and therefore it allows the reduction of damaged to cropped vine grapes
(Johnson et al., 2003; Jobbagy & Findura, 2013).

The main aim for introduction of mechanized vine grape harvest is to lower the
need of manual labour and reduction of annual costs however initial costs needed for
introduction of mechanized harvest are quite high (Bates & Morris, 2009; Jobbagy &
Findura, 2013; Pezzi & Martelli, 2015). On the other hand, introduction of mechanized
vine grape harvest cannot lead to decrease of harvested product quality (Morris, 2007;
Pezzi, 2013). As it was stated, spacing of the support pillars should be in range from 4.5
to 8.0 m in accordance to the weight of vine grape crop row and to appropriate leaf area.
In addition, the height of used support pillars should not exceed the height 1.8 m due to
utilization of mechanization which is limited by this value. Moreover, the support pillars
should not be produced from any wooden materials as they usually are (e.g. spruce wood,
bamboo). Mainly, due to the caused vibration can easily lead to its damage or destruction
and therefore the vine grape harvester mechanisms can be damaged or it may lead to
complication of postharvest treatment of harvested products. As another limiting factor
is considered the use of the same variety of vine grapes while it allows of the continual
harvest of whole row at a single passage of machinery. It is also important to replace
withered or other way damaged individual plants by the same variety (Fic, 1973;
Zufanek & Zemének, 1992; Zeméanek & Burg, 2003; Walg, 2007; Keller, 2010).

In Europe (e.g. Italy), the trend is in increasing of mechanization of harvest labour
in all phases of vine grape production including of its harvest. According to available
sources, in latest ten years, the number of machinery used in this field was doubled.
Statistics showed (UNIMA, 2013) that in case of Italy operates more than 2,600 vine
grape harvesters which mostly (86 to 88%) utilize the horizontal harvest mechanism
(horizontal impactors) while majority of this machinery is designed as trailed types (up
to 85%). Moreover, 170 to 190 of new self-propelled vine grape harvesters are
introduced into viticulture production which are subsequently also utilized by a various
adapters designed for other field operation in viticulture production, e.g. pest controls,
green and other operations (Pezzi & Balducci, 2012).

In conditions of Slovakia, as well as in other countries, the area for production of
vine grapes was increased rapidly at different levels. Majority if this area is, in case of
harvest, treated under mechanized harvest which is in year 2017 implicated in more than
10 companies of various types. By introduction of new technologies and machinery, the
aim is to decrease final costs on manual labour along with preservation of limit values
required for harvest losses and final quality of harvested product.

Due to the faster introduction of grape harvest by grape harvesters the aim of the
study was to evaluate the mechanized grape harvest conducted by the trailed harvester.
As a criterions was introduced the performance, harvest losses of grapes and economic
efficiency from the perspective of its introduction.
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MATERIALS AND METHODS

Field conditions

Field measurements were conducted on selected vine grape production company
JM Vinarstvo Dol'any, Ltd., Slovakia. Vineyards of selected company are situated at
southern slopes of Small Carpathians on the area of 115 hectares. In selected company
the mechanized vine grape harvest were tested on 3 different varieties of vine grapes,
namely: Ruland blue (Pinotnoir), Neronet and Veltliner green (Table 1). Varieties were
tested in near locations to the company with average altitude 251 above sea level
(48°25'03.5"N, 17°22'59.4"E).

Average yields of Ruland Blue variety range from 6 to 10 t ha* (Kraus et al., 2004).
The vineyard of this variety was established continuously in years 1997 till 2011 on the
area of 3 ha, 13,900 individuals (4,630 individuals per hectare), specifically.

The average yields of Neronet variety range from 7 to 12 t ha* (Kraus et al., 2004).
The vineyard of this variety was established in years 1997 till 2011 on the area of 4 ha,
18,500 individuals (4,630 individuals per hectare).

Average yields of Veltliner Green variety range from 12 t ha™ (at medium height
of support) up to 16 t ha® (at high height of support) (Kraus, 2004). The vineyard of this
variety was established in years 1997 till 2011 on the area of 16.1 ha, 74,500 individuals
(4,630 individuals per hectare).

Table 1. Characteristics of vineyards

Average Surface Number of Field Plant
Cultivar Spacing Harvest, h " rootstock, Trellissystem  slope, Age,
1 a 1
t ha pcs ha % years
Ruland Blue 2.4 x 0.9 6.23 3 4,630 Double Guyot 4 15
Neronet 24x0.9 7.30 4 4,630 Spur cordon 3 13
Veltliner 24 %09 9.70 16.1 4,630 Double Guyot 2 14

Green

Grape Harvester

For mechanized vine grape harvest of individual varieties was used the same type
of trailed vine grape harvester ERO LS Traction (ERO-Gerdtebau, GmbH,
Niederkumbd, Germany). The ERO LS Traction (Table 2) grape harvester has a special
hydrostatic transmission (the Load Sensing system) that actuates the wheels depending
on the pulling force measured at the drawbar. The detachment system is an oscillatory
shaker with bow rods on either side of the frame (maximum of ten per side). The grapes
are collected by a series of overlapping spring-loaded plates, which carry the grapes on
two lateral conveyer belts that unload into two lateral hoppers (3,000 L). The cleaning
system is composed of two lateral suction fans at the end of the catching surface and one
at the discharge into the hoppers.

Selected vine grape harvester was aggregated with four-wheel drive tractor
Lamborghini RF 75 (Lamborghini Trattori, Italy). Such combination allows harvest on
slopes at maximum 35% with maximum working speed 6 km h* (Table 3).
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Table 2. Technical parameters of grape harvester ERO LS Traction

Parameter Value

Height of hopper during emptying, mm 2,600
Dimensions: Length/Width/Height, mm 3,300/2,550/2,650
Minimal space between rows, mm 1,350

Capacity of hopper, m3 1

Maximum side slope, % 27

Maximum slope, % 35

Minimal power input from tractor, kW 37

Number of striping rods, pcs 2%5

Table 3. Technical parameters of tractor Lamborghini RF 75

Parameter Value
Cylinders/Displacement, cm3 4,000

Max. homologated power, kW 54.5

Nominal engine speed, rpm 2,200

Max. torque, Nm 257

Fuel tank capacity, L 55

Torque backup, % 15

Dimensions: Length/Width/Height, mm 3,440/1,460/2,090

Performance of vine grape harvester

The height of the bunch of grapes ranged from 0.8 to 1.35 m, from 0.5t0 1.1 m and
from 0.7 to 1.2 m above the ground in case of variety Ruland Blue, Neronet and Veltliner
Green, respectively. The harvest mechanism of vine grape harvester consists of 5 wattles
in the both sides of it. Therefore, it is able to harvest the whole range of grapes. Working
speed, oscillation frequency and amplitude of wattles were set according to previous
working experience and the results of preliminary harvest measurements. Post-harvest
treatment and separation of harvested vine grapes was conducted by two ventilators at
the bottom and single ventilator at the top of the harvest mechanism. The upper ventilator
is connected with shredders and finger conveyors. The hopper for harvested vine grapes
is equipped by screw separators which are responsible for empting of hopper from the
back of vine grape harvester. The effective field capacity of vine grape harvester C,
(ASABE, 2006) was evaluated according to measurements of effective working time
during the harvest of all varieties (Eq. (1)).

C.=0.1-s-w-Ef, (hah') 1)

where C,—area capacity (ha ht); s —field speed (km h); w — distance between rows
(m); Es—field efficiency, considering the time required for turning and manoeuvring at
the ends of the field and for hopper unloading (Srivastava et al., 2006; Pezzi & Martelli,
2015).

In case of all varieties of vine grapes were tested by measurements of effective
working time, time needed for turning of machinery at the edges of rows and empting of
hopper. Evaluation consists of considering the mean values and standard error (+SE).

Field experiments
Evaluation of field experiments of vine grape harvester work quality followed a
specific number of steps for all of the tested varieties. From each varieties were selected
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a specific sections of lines represented by length 10 m. These sections were located in
the middle part of rows. These procedures allows avoiding of influence of the results by
working conditions of vine grape harvester, working speed and setting of the harvesting
height and variety. The results then reflect the evaluation of losses which consist of the
losses of grapes left on shrubs and losses caused by the slumping to the ground below
vine grape harvester. The methodology of field measurements according to recorded
losses of vine grape was done according to standard ISO (1980). The losses of vine
grapes left on shrubs was measured by weighting of grape berries without the rest of
tassel, leafs and stem on selected part of rows in length of 10 m. For measurement of
grape losses by the slumping to ground was done by utilization of foil which was spread
on the surface in length of 11 m from both sides of measured row in width 1.2 m.
Subsequently, both parts of foils were then connected to avoiding of the slumping
outside of measured parts. After the vine grape harvester passage, collected leafs, tassels
and stems were removed and left grape berries were weighted. Statistical evaluation was
conducted by statistical software Statistica 10 (StatSoft, Inc., Tulsa, USA). For
evaluation of the results and analysis of statistically significant differences between
mean values was used one-way analysis of variance (ANOVA). The results are presented
as means =+ SE. The p value (p < 0.05) was used to determine significant differences.

Costs on vine grape harvest

Evaluation of costs on vine grape harvest was calculated with reflection of fixed
and variable costs on vine grape harvester and those caused by the harvest (hon-direct
costs). While the study was focuses on evaluation of work quality of trailed vine grape
harvester, the final costs needs to reflect also the cost of tractor which was used for
aggregation. Therefore, fixed costs on tractor then consists of costs on amortization,
interests, insurances and garaging (ASABE, 2005, 2006; Dud’ak, 2016; Pristavka et al.,
2017). Table 3 show the input parameters for determination of specific cost items which
are valid in conditions of Slovakia.
Total direct costs on vine grape harvest

Nmc = NmT + Nmz + No + Ne + erp ) (€ year_l) (2)

where (Nmt — direct costs on tractor (€ year?); [Nmz — direct costs on vine grape harvester
(€ year?); Ne—annual costs on energy (€ year?); No—annual costs on repairs of
machinery (€ year?); Nz, — annual costs on manual labour (€ year?).

Constant (fixed) costs

Nk =Na+ Ny + Nea + Ny +Ng , (€ year™!) 3

where (N, — annual costs on amortization (€ year?); \N,, — annual costs on capitalization
of equity and loan interest (€ year?); Ne—annual costs on road tax (€ year?);
Np — annual costs on mandatory insurance (€ year?); [Ny, —annual costs on voluntary
insurance (€ year?); Ny — annual costs on garaging (€ year).

Annual costs on amortization

Cs-a
N,= =
=T 100

, (€ year™) (4)

where Cs— purchase (input) cost of machinery (€ year?); a— depreciation rate, it is
depreciation percentage for the selected period of use and depreciation strategy.
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Annual costs on capitalization of equity and loan interest

Cs+ Cy)- -
tNzu = % , (€year 1) (5)

where Cs — purchase (input) cost of machinery (€ year?); z — interest rates on deposits
(%); C, — residual price of machinery (€ year).
Annual costs on insurances and taxes

Ns=(L+1) (B+1) Ngm2, (€ year') (6)

where L — length of machinery (m); B — width of machinery (m); Ngmz — costs on 1 m?
of area for garaging per year (€ m? year?).

Variable annual costs then consist of costs on repairs of machinery, energy and manual
labour.

Annual costs on repairs of machinery

No=RFy- Cz- (1 +1)" (o= )", (€ year”) (7)

where RF; and RF; — coefficients of machinery repairs (wide range dependent on type
and reliability of machinery) defined by ASABE Standards); Cs — purchase (input) cost
of machinery (€ year?); i —average inflation; n — age of machinery (years).

Annual costs on energy

rNe = Q' Ce' rW' 1.1 , (€ year—l) (8)

where Q — consumption of energy (L ha?); Ce—cost of energy (€ L?); W —annual
utilization of machinery (ha year?).

Annual utilization of vine grape harvester (machinery) was observed at value 300
hours. In selected company was harvested by this machinery about 100 ha from total
area. Daily working shift was from 7 to 8 hours during the whole vine grape harvest
season (35 days). Costs on garaging of machinery was calculate as 6 € m2 The
depreciation period time for vine grape harvester and tractor is usually set to 4 years. In
our case it means that the costs on depreciation rate in observed year was not considered
due to the age of machinery. For determination of annual costs on capitalization of equity
and loan interest was used average value for interests 5.0%. Variable annual costs
(repairs of machinery, energy and manual labour) were then determined according to
standards (ASABE, 2011) and following Dud’ak, 2016. Average fuel consumption was
monitored during the all measurements and then converted on consumption for specific
area. Average consumption of oil per hour was calculated considering its price 4.10 € L™,
Salary of vine grape harvester operator was considered 3.10 € without deductions. The
price of fuel (diesel) was in the year of study at level 1.34 € L.

Annual costs on manual labour

Nopm = 1N,y 1.352: Z2 (€ year™) 9)

where 1N, — salary of operator per hour (€ h''); W —annual utilization of machinery
(ha year?); C, — effective field capacity (ha h?).
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Direct cost per unit jNmc in conjunction with the period and strategy of depreciation
(utilization) then can be calculated by below equation.

rNmc , (€ ha-l) (10)

Njc =
T
] rW

where Nmc — total direct annual costs (€ year); ;W —annual utilization of machinery
(ha year?).

For the purpose of efficiency evaluation of vine grape harvester utilization was
considered three types of parameters. Firstly, the obtained results during the
measurements of different varieties of vine grapes. Secondly, by the costs which were
generated by organization where the harvest was utilized. Thirdly, by the costs of
services generated by other companies in form of outsourcing (Table 4). For this kind of
evaluation it requires consideration of different potential areas of vineyards and
estimation of maximum life period of vine grape harvester at 15 years. Economical
evaluation was then expanded also with evaluation of minimum area treated as vineyards
in subsequent differentiation of costs on manual labour which ranged from 2 to 14 € ht
not considering VAT.

Table 4. Machinery cost parameters

Parameter Units Trailed vine grape harvester Tractor
Purchase price Eur 60,000 45,000
Estimated life h 3,000 10,000
Annual use h 300 600
Remaining value* % 25 25
Depreciation Year - -
Insurance and housing € 50.49 85,13
Dimensions of machinery m X m 3.3x2.55 344 x 1.46
Repair factor RF1 0.11 0.02

RF 1.80 1.35

* based on purchase price of machinery.

Total costs were then considered also in case of utilization of manual vine grape
harvest within the scope of the same vineyard areas while the selected company do not
use mechanized harvest only at all of their vineyards. Total cost on manual labour (salary
of workers with insurances) were the considered as 3 € h™. However, in case of manual
harvest, the losses from harvest were considered at zero level while this type of harvest
is characterised by minimal losses (Johann et al., 2010). At the basis of our research the
time period was used in accordance of harvest needed for vineyard area 102 h ha™.

RESULTS AND DISCUSSION

Harvester working capacity

From the obtained results on vine grape harvester working capacity, total yields and
subsequently recorded losses from harvest the significant differences were observed.
Total yields were significantly dependent on variety of vine grape up to value 10 t ha™.
In case of variety Ruland Blue it was 6.23 + 0.34 t ha* (sugar content 23.2 NM), Neronet
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7.30+0.46 t hal (sugar content 24°NM) and Veltliner Green 9.7 +0.50 t ha® (sugar
content 21.5°NM) presented in form mean + SE.

In evaluation of performance parameters the significant differences were observed
i all harvested varieties as well. Working speed of harvester and frequency of wattle
oscillations were dependent on thickening of the plant and the time of grape harvest
(degree of maturation). The time needed for turning of machinery and emptying of
harvester hopper were partially affected by specifically used machinery (type of
machinery — self-propelled or trailed). However, at the first place, it is highly dependent
on experience and skills of machinery operator and land conditions of vineyards. On the
other hand, when the water content of vine grapes are at lower levels (degree of
maturation and previous precipitations), the grape berries were better situated in grape
tassels. Therefore the frequency of oscillations needs to be increased to the greater
values. It means that the every single variety of vine grape and specific year weather
conditions are also main driving factors which affect the operability and utilization of
machinery and its working settings. Similar results and conclusions can be found in other
studies (Bavaresco et al., 2008; Pezzi & Caprara, 2009; Caprara & Pezzi, 2011; Pezzi,
2011; Clingeleffer, 2013; Novak & Burg, 2013; Pezzi & Martelli, 2015).

In the evaluation of 3 varieties of vine grapes it was observed that the harvest with
the lowest need of oscillation frequency were for variety Neronet. During the observation
of times needed for turning of machinery and empting of harvester hopper there were
found out very low differences where the lowest values of these times were observed for
variety Ruland Blue. In evaluation of effective field capacity of vine grape harvester for
different varieties there were observed only slight differences while the maximum was
observed at level 6.4% in comparison of variety Neronet with Veltliner green. In
evaluation of material field capacity in relation with yields of selected varieties it can be
concluded that the highest yields was observed in case of variety Veltliner Green (about
36.11% higher in comparison to Ruland Blue). In contrast, evaluation of manual harvest
by the same person and all of the varieties in conjunctions with density of the plant and
size of the grape tassels were observed interested values which are shown in Table 5.
From these results it can be concluded that utilization of the manual harvest in
comparison with utilization of mechanization requires employment of dozens of workers
to be concurrent to mechanized harvest while field capacity of vine grape harvester is
immeasurably higher.

Table 5. Operating characteristics of vine grape harvesters (mean + SE)

Variety
Characteristic Units Cv. Cv. Cv.

Ruland Blue  Neronet Veltliner Green
Field speed km h! 22+0.1 21+0.1 1.9+0.1
Turning time S 82+14 90+1.8 103+2.1
Unloading time S 113+ 14 112+1.7 115+ 1.8
Frequency of oscillation beats mint 550 525 580
Field efficiency, Es - 0.61+0.00 0.65+0.00 0.69+0.00
Effective field capacity, Ca ha ht 0.32+0.00 0.33+0.00 0.31+0.00
Material field capacity tht 1.98+0.14 245+0.16 3.11+0.22
Field Capacity (manual harvest) 103hah! 2.12 2.22 2.01
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Evaluation of effective field capacity was the main aim of the study conducted by
Pezzi & Martelli (2015) with focus on cultivar variety cv. Trebbiano. In the study it was
reported at value 0.34 ha h%. It was concluded that the differences may be obvious,
however, utilization of smooth and flat vineyards in combination with used tractor
Tractor CNH T5060 aggregated with the same vine grape harvester ERO LS Traction
was the main difference driving parameter (Pezzi & Martelli, 2015). | comparison with
our results, the lower values about 5.88% in average for all of the tested varieties of vine
grapes harvested were observed. In other study, conducted by Zemanek & Burg (2005),
was used the same trailed vine grape harvester ERO LS Traction aggregated with tractor
Zetor 7311 and effective field capacity was reported at value 0.24 ha h?* (harvested
variety was Lemberger). It represents about 29.4% lower values in comparison with our
results. These differences may be caused by lower manoeuvrability of used machine
aggregation combined with specifications of harvested variety.

Harvest Losses

In the frame of research activities there were observed total losses of harvested vine
grapes caused by vine grape harvester and was divided into two groups. Firstly to the
losses due to slumping through the harvest mechanism on the ground and observed at
level of 3% from the total harvested volume. Secondly, to the losses due to omissions of
harvest where grapes were left on grape plants and observed at level 7%. From the results
it is possible to conclude that variety Neronet has a greater ability to stick on the grape
plants and has a greater resistance against grape tassels to be harvester by vine grape
harvester mechanisms. Therefore, increased attention should be paid to careful settings
of harvester mechanisms as well as utilization of greater values of oscillation frequencies
should be adopted. On the other hand, it can be concluded that the total harvest losses
were not excided 10%. These values are acceptable for mechanized harvest of vine
grapes. The greatest observed harvest losses were observed specifically in variety
Neronet (9.72%). In case manual harvest of vine grapes it was hardly to observe any
losses while precision of labour workers were in case of experimental measurement
naturally increased. Therefore, losses by letting grape tassels on grape plants was at
absolute minimum and losses by slumping was neutralized by picking up all grape tassels
even in case of their falling on to the ground.

The observed vine grape variety, Ruland Blue is variety designed mainly for high
height of support and its yields range from 7 to 12 tha?! (Hubatek & Misa, 1996;
Pospisilova, 2005). In our study, the variety was grown at medium height of support and
the average yields were observed as 6.23tha' with observed total losses about
152.64 kg ha. The differences among the individual measurements of losses due to
letting of vine grapes on grape plants demonstrated greater deviations. It was mainly
caused by the areas where the grapes were clamped on the grape plants. However,
harvest mechanism of vine grape harvester does not provide any lowest limits for its
settings according to lowest height. Therefore, adjustment of harvest mechanism should
be recommended and carefully conducted in case of every single harvested variety.

As another tested variety was used Veltliner Green. The maturation of grapes for
this variety is characterized as very late. The variety is designed to be grown at higher
and medium height of support and it is characterised by high yields where the value of
12 t ha* of grapes are not unusual (Kraus et al., 2004). These values are easy achievable
in high height support. However, in our case it was grown at medium height support
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which is suitable for grape plants itself however not so suitable for utilization of
mechanized harvest. Therefore, yields of this variety was observed only at 9.70 t ha! ,
and subsequently, average losses of vine grapes was measured at level 548.05 kg ha™.
In comparison with previous variety (Ruland Blue) were the losses increased by 3.2%.
According to fact that the harvest itself was performed during the appropriate term the
losses were still quite high. In this case it means that those two factors appear to be
among most important affecting variables. The first negative factor was the situation of
grape tassels on grape plants and its proximity to supporting pillars. An omission in
harvest of these vine grapes or its parts was therefore caused by the phenomenon that
the oscillation frequencies of harvest mechanism were near the pillars reduced. This
reduction was caused by prevention of damage caused to the support system and the
harvest mechanism itself. As a second factor which was responsible for increase in losses
were slight damage done on support system. Specifically, the upper mast was relaxed by
harvest mechanism which is not unusual in case of mechanized harvest however in case
of such a good yielding variety it means the great decrease of grape height position. This
phenomenon negatively affected the harvest and results by increase of harvest losses due
to slumping through harvest mechanism.

Observed variety Neronet is characterised by dense foliage along with earlier term
of maturation. It is suitable to be grown in combination with medium and high height of
support system however in case of harvest in later maturation the berries are easily
dispatched from grape tassels to the ground (Webb et al., 2011). Tested variety in our
study has the average yield at level 7.30tha' while average harvest losses were
observed as 709.52 kg ha*. This variety has showed the greater percentage of harvest
losses which was caused by three main factors. As the first negative factor can be
mentioned the very late harvest time which was conducted in second half of October due
to weather conditions. These conditions do not allow utilization of the earlier dates for
the harvest. As the second negative factor has to be mentioned was non-ideal distribution
of vine grapes at grape plants and their proximity to support pillars. As the third factor
were observed the same phenomenon as in previous harvested variety where the main
mast was relaxed. Therefore the weight of single grape tassels caused its easier falling
and it’s slumping through the harvest mechanism.

The issues and problems connected with quality of harvested products which is
caused by mechanized vine grape harvest are linked with mechanical damage cased on
berries. It is manifested mainly by the release of the mast. Delay in harvest time period
and post harvest treatment, in some cases also by the increased temperatures, is
responsible for direct increase of harvest losses by his release of must (Caprara & Pezzi,
2011).

The issue of evaluation of harvest losses in case of vine grapes are also addressed
by other researchers. For example, Zemanek & Burg (2003) has reported, in case of
grape variety Saint Laurent and utilization of the same trailed vine grape harvester ERO
LS — Traction, the total losses at level 7.90%. These losses were divided into two groups.
Losses defined as non-harvested was recorded as 2.6% and losses caused by slumping
of the grapes through the harvest mechanism into the ground were 5.3%. In case of
variety Lemberger the losses by slumping through the harvest mechanism was observed
as 3.9% and losses by non-harvesting of grapes was 1.8% which means that total losses
were calculated at level 5.7%. As contrast there was used another variant of vine grapes
and different machinery, namely self-propelled vine grape harvester NEW HOLLAND
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—BRAUD SB 58. In this case the total losses were calculated as 5.5% from which 0.6%
were characterised as losses caused by slumping of the grapes through harvester
mechanism and the rest (4.9%) as non-harvested losses (Zemanek & Burg, 2003).

Mechanised grape harvest and its effect on harvest losses were addressed also in
conditions of Italy by Pezzi & Martelli (2005). The same vine grape harvester was
utilised (ERO LS Traction) however aggregated with tractor CNH T5060. As
observation variety were used Trebbiano with recorded total harvest losses of 6.4%,
which consist of undetected grape (4.2%) and grapes on the ground of 2.2% (Pezzi &
Martelli, 2005).

According to some other researchers, mechanized harvest of grapes is firstly
dependent on technical parameters of grape harvester and secondly on physiological
properties of harvested vine grapes (variety). It was concluded that irregular distribution
of single grape tassels on individual grape plants, maturity of grape berries and density
of foliage has a greater influence on subsequently recorded harvest losses than the type
of supporting system or operating mode of vine grape harvester. It was also reported that
supporting pillars has a great effect on quality of harvest along with negative increase in
harvest losses (Novak & Burg, 2013).

Table 6. Harvest losses, % of production, cv. Ruland Blue, Neronet and Veltliner Green
(mean + SE)

Cultivar (Variety) Undetached Grape Grapes on the ground Total

Ruland Blue 0.48 £ 0.05 1.97+0.11 2.45+0.15
Neronet 6.74 £ 0.87 2.98 +£0.10 9.72 £0.97
Veltliner Green 3.68 +£0.93 1.97+0.15 5.65 +0.96

Moreover, analysis of the results in our study shows the dependence of harvest
losses on tested variety of vine grape. It was observed that the highest values of harvest
losses was recorded for variety Neronet with decreasing trend in case of Ruland Blue
and Veltliner Green (Table 6).

Harvesting costs

In calculation of cost units was total utilization of machinery assembly (tractor and
vine grape harvester) set at level 300 ha where the utilization of those machinery in other
type of use, e.g. providing services, was not considered. Total annual costs on whole
vineyards area (100 ha) by employment of mechanized harvest was calculated as
7,611.11 €, therefore total cost per hour are 25.37 € h. In evaluation of harvest costs
defined for different varieties the value of harvest costs were significantly higher. In case
of Ruland Blue variety it was 315.27 € h'%, 246.32 € ht and 65.67 € h! in case of Neronet
and Veltliner Green, respectively. From the results is can be concluded that by increasing
of the area treated by mechanized vine grape harvest is able to decrease the costs on
harvest per hour unit even to level where the costs meets the basic values for utilization
of harvest provided in form of services. (ca 200 € h'). Given that, in conditions of
Slovakia, there are not so many vine grape harvesters available on the market. Moreover
the price of those services is not given by any platform or agency. The prices of this kind
of services was obtained from the companies which posses vine grapes harvesters in
their machinery park and they were calculated as 200 € h! in case of trailed harvester
and 400 € ha in case of self-propelled harvester. Table 7 shows the total annual costs
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which are divided onto fixed (costs on amortization, equity interest, road tax, insurances
and costs for garaging) and variable (cost of repairs of machinery, energy and manual
labour) costs. All of the cost units were showed for single varieties as well as for total
area of vineyards where the mechanized harvest were employed Table 8). Costs on
amortization were considered as zero due to utilization of machinery with a higher age
and road tax on this type of machinery is not given in case of Slovakia. A great share of
costs was then represented by costs on equity interests from the total fixed costs (up to
95%). In evaluation of variable costs the greatest share was formed by costs on fuel
(diesel) in dependence on grape varieties and lower vineyard areas however in case of
considering the whole vineyard area treated by mechanized vine grape harvest (100 ha)
it was formed by costs on machinery repairs (Table 7).

Table 7. Total (fixed and variable) annual costs on mechanized harvest of vine grapes
Vineyards, varieties

Items costs Units Ruland Neronet  Veltliner  Total
Blue Green

Area ha 3 4 16.10 100
Costs of amortization, (N, €year! 0.00 0.00 0.00 0.00
Costs of interest on capital, (N €year! 2,625.00 2,625.00 2,625.00 2,625.00
Costs of vehicle tax, (Ncg €year! 0.00 0.00 0.00 0.00
Costs of insurance for damage, [N, € year® 55.00 55.00 55.00 55.00
Costs of optional insurance, Npp €year! 0.00 0.00 0.00 0.00
Costs of garaging, rNg €year! 80.62 80.62 80.62 80.62
Total fixed costs, [Nk €year! 2,760.62 2,760.62 2,760.62 2,760.62
Costs of repairs and maintenance, N, € year? 4.58 6.88 73.81 1,816.84
Costs of fuel, (Ne €year! 151.14 167.36 363.55 1,723.90
Costs of live labour, Nz €year! 39.29 50.80 217.67 1,309.75
Total variable costs, /Ny €year! 195.01 225.04 655.02 4,850.49
Total annual costs, [Nmc €year! 2955.63 2,985.66 3,415.65 7,611.11

Table 8. Total (fixed and variable) unit costs on mechanized harvest of vine grapes
Vineyards, varieties

Items costs Units  Ruland Neronet  Veltliner  Total
Blue Green
Area ha 3 4 16.10 100
Costs of amortization, jNa €hal 0.00 0.00 0.00 0.00
Costs of interest on capital, jN, €hal 875.00 656.25 163.04 26.25
Costs of vehicle tax, jNcq €hal 0.00 0.00 0.00 0.00
Costs of insurance for damage,jN, €ha!  18.33 13.75 3.42 0.55
Costs of optional insurance, jNnp €hal 0.00 0.00 0.00 0.00
Costs of garaging, jNg €hal 26.87 20.16 5.01 0.81
Total fixed costs, jNk €hal 920.21 690.16 171.47 27.61
Costs of repairs and maintenance, N, € ha'  1.53 1.72 4.58 18.17
Costs of fuel, jNe €hal 50.38 41.84 22.58 17.24
Costs of live labour, jN, €hal 13.10 12.70 13.52 13.10
Total variable costs, Ny €hal  65.00 56.26 40.68 48.50
Total annual costs, jNmc €ha!  985.21 746.42 212.15 76.11
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Graphical evaluation of the results of total unit costs on mechanized harvest in
relationship with different levels of annual utilization of machinery shows the decreasing
trend (Fig. 1). These relations present the results of individual varieties of grapes (Ruland
Blue, Neronet and Veltliner Green), for all vineyards which was treated by mechanized
harvest in contrast with costs in case of utilization of manual harvest. As another
indicator of economic benefits were selected definition of the turning points where the
mechanized harvest becomes cheaper than manual harvest from the point of costs view.
It was calculated at 16.91 ha year? in average for total area of vineyards 100 ha.
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Figure 1. Harvesting costs with harvested area, individual varieties and all vineyards
(MH — manual harvesting; Total —all vineyards, mechanized harvest; RM — Ruland Blue;
N — Neronet; VZ — Veltliner Green).

Indirect costs, caused by the measured total losses on yields should be then imputed
into direct costs. In determination of indirect costs were considered average purchase
price of vine grapes (market value) in time of harvest 0.30 € kg* with VAT. In our study,
the total harvest losses were observed at maximum of 9.72% (in case of Neronet variety).
Economical evaluation then reveal that the relevant results with regards on total losses
from yields are at level 45.79 € ha! (Ruland Blue variety), 212.86 € ha™ (Neronet
variety) and 164.42 € ha! (Veltliner Green variety). Graphical evaluation of the results
of indirect costs divided onto fixed and variable costs and showed at Fig. 1. The direct
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costs of mechanized vine grape harvest on the total area of vineyards of 100 ha were
characterised by the higher effect of indirect costs (in average) in comparison with direct
costs about 15.24%, specifically.

In evaluation of total costs on vine grape harvest were the results highly dependent
on individual country conditions where in many cases there are various changes in input
units for calculation of fixed but as well as variable components (e.g. years of
depreciation, costs on insurances, road taxes, cost on garaging, costs on machinery
repairs, costs of fuel and costs on manual labour). However, the highest important role
in calculation of costs are forming by direct costs (price of machinery or machines
assembly) and indirect costs which are caused by harvest losses on yields (Demaldé &
Spezia, 2006; Tudisca et. al, 2013; Pezzi & Martelli, 2015).

Break-even analysis

The possibilities of exploitation of mechanized vine grape harvest in contrast with
utilization of manual harvest are showed in Fig. 2 (left). In case of increasing of costs on
manual labour and by calculation of unit costs on mechanized harvest and manual
harvest results is decreasing trend of area of vineyards which needs to be treated. The
performance in manual harvest were observed at value 9.8x10° ha h, while the average
price of manual labour in our conditions can be calculated on level of 306 € ha™. The
efficiency of investment into a new machinery (vine grape harvester) are then
represented by minimal annual machinery utilization at level of 16.92 ha year?. If the
calculation includes also indirect costs on mechanized harvest (in case of grape price
0.3 € kg?) the minimum area of vineyards which need to be treated by mechanized
harvest will be increased at level 34.5 hayear!. According to indicated prizes of
mechanized harvest (rent of machinery) and services for purchase of own vine grape
harvester with economic benefits it needs to be treated 27.42 ha year? of vineyards. In
case of areas (vineyards), which are below those mentioned above the mechanized
harvest and its utilization, is more beneficial to be obtained in form of services (Tisseyre
et al., 2007).
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Figure 2. Break—even analysis under different combinations of harvested area and labour cost
and grape price (left), break-even areas under different combinations of harvested area and grape
price (right).
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The evaluation of machinery utilization and exploitation by the changes in grape
prizes in relationship with change in direct and indirect unit costs showed the significant
differences. By increasing of grape price the minimum area grows exponentially (Fig. 2,
right). In case of average vineyard areas (for all varieties) the increase in prize of grapes
results in more often utilization of manual harvest where are considered harvest losses
by slumping to the ground and non-harvested on grape plants as zero.

The cost-effectiveness of mechanized harvest compared to manual harvest is
obtained on small areas (7 to 14 ha) in both situations. Analysis of the cost-effectiveness
between mechanized and manual harvest cannot exclude other aspects that are not easily
guantifiable. Among the favours of manual harvest is the more intact product, which
leads to fewer problems in the successive phases of delivery to the winery and
winemaking companies. An aspect against manual harvest in the region is a shortage of
labour, which causes problems in the organization of field works and delivery of the
grapes (Letaief et al., 2008; Pezzi, 2011; Pezzi & Martelli, 2015).

The mechanized harvest can be effectively employed at minimum area of
16.92 ha according to our results. However if indirect costs are included into calculation
and considering the prize of grapes (market prize) at level of 300 € t* the minimum area
which needs to be treated by mechanized harvest is increased to 34.5 ha year?. By
comparison of obtained results which defines the costs on rent of machinery in form of
services the minimum treated area which will be needed for purchasing of own
machinery will be at minimum of 27.42 ha year™.

CONCLUSIONS

The aim of the study was to evaluate the quality of mechanized vine grape harvest
expressed firstly by total losses caused by harvest itself and secondly by total costs on
mechanized harvest involving three varieties of vine grapes. Although, the manual
harvest is defined by absolute minimum values of harvest the losses caused by
mechanized harvest was observed in average 470.07 kg ha for the whole treated area
of vineyards. Higher losses for variety Neronet was affected by non-ideal distribution of
grape tassels with close proximity to support pillars and also by the improper hanging of
individual grape stems which can be also affected by lower quality of used hanging
material. In economical evaluation of mechanized harvest of vine grapes it was showed
that cost-effective way of mechanized harvest is achievable however increased harvest
losses has to be considered as it was described in our study. Many companies and
individuals in the field of viticulture starting to employ mechanized vine grape harvest
however it is usually supported by consideration and utilization of greater areas of
vineyards as it was defined in this study (16.92 ha year™). The evaluation and following
specification of the turning point revealed that cost-effective utilization of mechanized
harvest is achievable in comparison with manual harvest in different levels of costs on
manual labour on one side and market prize of vine grapes on second side. As the greatest
benefit of mechanized grape harvest is the time period needed for harvest itself but also
regarding to decrease of work quality and increase in costs of hourly rate. However this
phenomenon’s combined leads to decrease of unit costs in both direct and indirect type.
From the perspective of Slovakia and overview of commonly utilized machinery in
viticulture can be concluded that greatest portion of mechanized harvest is done by
trailed types of vine grape harvesters however in case of small vineyard holders (area
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from 5-10 ha) it is mostly application of manual harvest. The consideration and
decisions for selection of appropriate harvest technology was provided at the basis of
proposed hypothesis of various labour costs and prizes of vine grapes. Those were
determined as driving factors for economical evaluation. In the study was also pointed
out that there is effect of indirect costs, harvest losses and other factors highly affect the
affectivity of mechanized grape harvest however those can be decreased by specific
changes in machinery settings.
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Abstract. An 8-week experiment was conducted to study the effect of adding phytase
(Natuphos® 5000 BASF) to low and normal available phosphorus diets of laying hens on the
excreta content and excretion of Ca, Mg, Zn and Cu. A total of 144 Hisex Brown laying hens that
were 22 weeks old at the start of the experiment were randomly assigned to four dietary
treatments. Treatments included three replicates (12 hens each) or 36 hens per treatment in total.
Four corn-soybean meal-based diets were formulated to contain two levels of available
phosphorus (AP; 0.12 and 0.46%) and two phytase levels (0 and 600 FTU kg™). The results
showed that there was no significant effect of added phytase on excreta Ca and Mg content
(P > 0.05), but there was a significant effect of the dietary treatment on the content of Zn
(P =0.0075) and Cu (P =0.0002). In terms of the excretion of these minerals, the dietary
treatment had no effect on Ca and Zn excretion and a borderline effect (P = 0.0522) on Mg
excretion measured as the amount of the mineral excreted per egg mass produced is observed.
The results however showed a very strong effect of all three factors (available phosphorus,
phytase and their interaction) on Cu excretion. The results indicate that adding 600 FTU to the
corn-soybean meal laying hen diet with 0.12% or 0.46% AP beneficially affects the content and
the excretion of Ca, Mg, Zn and Cu. Therefore, we can conclude that a laying hen diet containing
0.12% available phosphorus and 600 FTU during the first production cycle may not only
satisfactorily support hens’ performance but will also beneficially affect the environment.

Key words: excretion, manure, minerals, pollution.
INTRODUCTION

From the environmentalists’ point of view, animal production is one of the
industries, faced with complaints about the possible negative implications on the
environment. In this context, intensive animal production is a potential source of global
pollution through waste, liquids, gases and odours. It has been estimated that 250,000
tons of manure P are produced annually, which contributes to water pollution
(Kazempour & Jahanian, 2017). Waste products from livestock systems can directly
affect water resources and the atmosphere in the whole process of food production
(Owen, 1994). Phosphorus is an expensive element in poultry feed; however, it is
regularly given to poultry to cover their needs owing to the inefficient use of phytate P
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in plant ingredients used to feed them. Phytate P is the major natural storage form of
phosphorus in animal feed (cereal grains, legumes, and oilseeds) (Sumengen et al.,
2012). There is a danger of pollution of land from the excreta of animals owing to the
addition of minerals such are copper and zinc, which are used in animal feed to improve
their performance growth (Pallauf & Rimbach, 1997). Minerals are able to rapidly bind
to phytic acid and form a phytate—mineral complex that can be resistant to hydrolysis by
phytase of animal, vegetable or microbial origin (Maenz et al., 1999). Decreasing phytate
levels may improve the bioavailability of various minerals, such as iron, manganese and
zinc. Another tool to overcome such problems and also contribute efforts to improve the
nutritive worth of feedstuffs (Slominski, 2011) is the use of exogenous enzymes to
monogastric diets (Asmare, 2014) among which phytase was proven to additionally
benefit the release of many nutrients other than P, which makes possible the reduction
of the amount of high value ingredients in the complete feed (Silversides & Hruby,
2011). Common levels of phytase used in laying hen diets vary from were 300 FTU and
3% calcium in hens’ diets improves the digestibility of P and significantly reduces the
excretion of P. The addition of Ca increases the digestibility and reduces the excretion
of calcium and N (Schwarz, 1994; Mc Knight, 1996; Vargas-Rodrigez et al., 2015).
These authors pointed out the role of phytase in improving the relative retention time of
Ca in male chickens as a consequence of Ca release from Ca-phytate complexes.
Similarly, the results of many studies showed that the addition of phytase in diets with
different levels of Ca was effective in maintaining the growth parameters in chickens
and improving the uptake of macro and micro minerals. They found that the best
retention of Ca was observed when low—Ca diet (0.6%) was supplemented with phytase
which is well recognized tool to degrade phytate in animal feed (Dersjant-Li et al., 2015).
In his research on the impact of the addition of phytase in broiler corn—soybean meal
diets, Nelson (1994) showed significant improvement in retention of Zn and Cu. The
author assumed that such a high relative Zn retention improvement (62.3%), relative to
a phosphorus—deficient diet and without the addition of phytase, may result in higher
digestibility of zinc complexes within phytate-mineral complexes. The concentration of
Zn in the bones of chickens fed a diet with a high content of Zn can serve as a useful
criterion for assessing the bioavailability of zinc from inorganic sources (Sandoval et al.,
1997). Aoyagi & Baker (1995) reported that, despite expectations, the addition of
600 FTU microbial phytase per kg of feed had no positive effect on the efficiency of Cu
uptake from soy or cotton pellets. They explained this as a possible influence of phytase
leading to the increased utilisation of zinc, which can have an antagonistic effect on the
efficiency of Cu absorption. Swiatkiewicz et al. (2001) ran an experiment to investigate
the utilisation of Zn from organic and inorganic sources in chicks from 4 to 28 days of
age. They found that the utilisation of Zn from organic sources (Zn complexed with
amino acids) was better in the diet without phytase.

Sebastian et al. (1996) reported the ineffectiveness of phytase in improving the
retention of Mg, Zn, Fe and Mn, but did not have a suitable explanation for it. They note
only that their results correspond with the results of Roberson & Edwards (1994), who
found that the addition of phytase had no effect on the retention of Zn in broilers. Liu et
al. (2015) mention that standard (500 FTU kg™) and elevated (1,000 FTU kg™) phytase
inclusions in diets with reduced nutrient specifications have the capacity to enhance the
performance of broilers and compensate for these reductions. Viveros et al. (2002)
reported that chickens fed a low phytic phosphorus diet exhibited lower retention of Mg
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and Zn by 26.9% and 88.6%, respectively, in the third week and 24.5% and 91.2% in the
sixth week of feeding as compared to normal diets. The possible explanation for this is
that the wide Ca to P ratio in low—phosphorus diets causes increased pH in the intestine
and reduces the digestibility of the mineral fractions. Therefore, the addition of phytase
increases the retention of Zn and Mg, despite their adequate levels in feed. They believe
that the increased retention of Zn may be a result of its higher availability from mineral—
phytate complexes.

The use of large quantities of animal excreta as fertiliser for many years may
undoubtedly result in high concentrations of nitrogen, phosphorus and potassium in soil
and water (Webb & Archer, 1994). Calcium is the most important mineral in the diet of
all living organisms. The amount of endogenous calcium excreted via the excreta largely
depends on the efficiency of absorption of this mineral. Increasing the Ca content in the
diet from 3 to 4% may lead to an increase in the total non-phytic P in hens’ faeces.
Laying hens fed diets containing 4% Ca and 0.64% P from 50 to 72 weeks of age had
28.4% more P excreted in the form of phytate (Scheideler & Sell, 1987). There are
several papers reporting beneficial effects of different levels of phytase in performance
of laying hens. Englmaierova et al. (2015) found that supplementation with 350 FTU
microbial 3-phytase per kg in a low-P diet not only improved the digestibility of minerals
but also led to a change in the microflora of the digestive tract. In a meta—analytical study
done by Ahmadi and Rodehutscord (2012) analysing 14 experiments phytase levels from
150-500 FTU per kg were used in diets containing between 0.1-0.45% non-phytate
phosphorus levels. Kim et al. (2017) compared the super dosing effect of phytase
(10,000; 20,000 and 30,000 FTU) added to negative control diet with 0.26% non—phytate
phosphorus (NPP) diet with positive control diet containing 0.38% NPP. The found that
20,000 FTU were effective only in hen-day egg production (%) but no effect was
observed in all other productive and egg quality parameters.

Since the addition of microbial phytase to plant derived feed ingredients fed to
poultry improved growth performance and the retention of minerals such are P, Ca, Zn
and Cu (Singh, 2008), the objective of the experiment reported herein was to specifically
focus on the effect of the addition of phytase on excreta content and excretion of Ca,
Mg, Zn and Cu from laying hens fed low phosphorus diet.

MATERIALS AND METHODS

Animals and diets

The experiment reported here lasted 8 weeks and covered the first egg production
cycle (22—-30 weeks). The trial included 144 Hisex Brown laying hens aged 22 weeks at
the beginning of the experiment. Prior to experiment, laying hens were prepared during
two weeks. During this period, uniform groups in body weight (P = 0.6972) and egg
production (P =0.7747) were formed. During the pre—experimental period, the hens
were fed standard mixtures for this category of laying hens formulated according to NRC
(1994). Individual treatments consisted of 36 hens (three replicates with 12 hens). Diets
were based on corn and soybean meal, which are raw materials known to contain low
levels of available phosphorus.
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Two basal diets are formulated (mixtures A and B) to contain all the necessary
nutrients in accordance with the recommendations of NRC (1994), except total and
available phosphorus (Table 1). Two main ingredients used to formulate diets were corn
and soybean meal which are known to contain not only small amounts of phosphorus,
but also in the form of phytate. Kiarie et al. (2015) concluded that supplemental phytase
was effective in improving the nutritional value of corn- and soy-based diet formulated
to be suboptimal in terms of available Ca and P. therefore, in a diet A, no Dicalcium
phosphate was used to ensure low phosphorus content. The whole amount of feed
produced is divided into two parts. First half was used as treatment 1, while second part
of the same mixture (treatment 2) was afterward supplemented with 12 grams of phytase
per 100 kg feed similar to that used by Silversides & Hruby (2009) to ensure
600 FTU kg™. Applying the same procedure, the Diet B was used to prepare treatments
3 and 4. Therefore, four dietary treatments with two levels of Available phosphorus
(0.12% and 0.46%) and two levels of Natuphos 5000 phytase (0 and 600 FTU* kg *) were
used in this experiment. The enzyme used in this experiment was a product of BASF
Corporation—Canada with a guaranteed activity of 5,000 FTU kg and was derived from
the fermentation of Aspergillus niger. Analysis of Ca, Mg, Zn and Cu in the feed and
faeces was done using atomic absorption spectroscopy (Blanusa & Breski, 1981).

Table 1. The composition and nutritional value of experimental diets

Diet A (%) Diet B (%)
Raw materials TREATMENTS
0.12%AP no 0.12% AP + 0.46% AP no 0.46%AP +
Phytase 600 FTU2  Phytase 600 FTU
Ground yellow Corn 61.53 61.53 59.25 59.25
Soybean meal, 44% SP 26.64 26.64 27.08 27.08
Sunflower oil 2.00 2.00 3.00 3.00
Limestone 8.45 8.45 7.37 7.37
Dicalcium phosphate 0.00 0.00 1.92 1.92
Kitchen salt 0.30 0.30 0.3 0.3
Mineral Vitamin premix 1.00 1.00 1.00 1.00
DL-Methionine 0.08 0.08 0.09 0.09
Natuphos® Phytase - 0.012 - 0.012
TOTAL 100.00 100.00 100.00 100.00
Calculated nutrient content of diets
ME; MJ kg'* 12.17 12.25
Crude protein, % 17.00 17.00
Ca, % 3.30 3.30
Total P, % 0.35 0.70
Available P, % 0.12 0.46
Lysine, % 0.88 0.88
Met + Cys, % 0.64 0.64
Mg, % 0.12 0.12
Zn, mg 85.21 85.13
Cu, mg 15.31 15.36

L FTU stands for Phytase Unit and is defined as the amount of enzyme needed to release one micromole of
inorganic phosphorus per minute from an excess of sodium phytate at 37 °C (98.6°F) at a pH of 5.5.
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Statistical methods

For statistical processing of the data, the GLM procedure of SAS (1985) was used.
One way Analysis of Variance was used to find whether a significant probability value
(P < 0.05) exists. Duncan’s New Multiple-Range Test was used as a post hoc test to
compare individual means and determine to what extent they differ.

RESULTS AND DISCUSSION

There are many confirmatory studies on the efficacy of phytase enzyme for
maintaining optimum economical poultry production and laying hen performance (Shet
etal., 2017), egg quality (Kim et al., 2017), nitrogen and phosphorus excretion (Kamberi
et al., 2017), suggesting that this enzyme may be considered and eco-friendly feed
additive to enhance the nutritive quality of phytate (Park et al. 2012). However,
publications on the effect of phytase used with low phosphorus diets on Ca, Mg, Cu and
Zn content and their excretion as the amount per egg mass produced are scarce.

Content and Total Calcium Excretion
Results of egg mass produced and the content of minerals in excreta of minerals
included in this study are presented in Table 2.

Table 2. Results of egg mass produced and mineral content, % (Mean + SEM?)

Treatments Egg mass, Mineral content in dry faeces
AP? and Phytase kg per hen Ca, % Mg, % Zn, mg kg Cu, mg kg'*
0.12 AP/OFTU®  1.84+0.169° 7.90+0.31 2.54+0.15 387.92+1592% 38.11+0.743
0.12 AP/600FTU 2.84+0.057% 7.12+0.26 2.06+0.07 338.54+8.90> 28.64 + 1.31°
0.46 AP/OFTU  2.89+0.064* 7.58+0.85 2.36+0.17 402.08+8.33* 37.70+0.78°
0.46 AP/600FTU 2.67 +0.098% 7.36+0.26 2.08+0.09 353.54+3.61° 29.194+1.28°
Pr>F 0.0003 0.7128 0.0699 0.0075 0.0002
Main affect
Available Phosphorus, (%)
0.12 2.34+0238° 751025 230+0.13 363.23+13.72 33.37+2.22
0.46 2.88+0.0532 7.47+041 222+011 377.81+1159 33.45+202
Added phytase (FTU kg™)
0 2.37+0.249° 7.74+041 245+0.11* 395.00+8.63* 37.90 +0.49°
600 2.85+0.051* 7.24+0.17 2.07+0.05" 346.04 +5.45° 28.91+0.83"
Analysis of variance

Pr>F Pr>F Pr>F Pr>F Pr>F
AP 0.0010 0.9418 0.5371 0.1899 0.9462
Phytase 0.0019 0.3347 0.0155 0.0013 0.0001
AP and Phytase  0.0013 0.4601 0.5735 0.9684 0.0699

Values within

same

column with different

superscript

differ

ISEM — Standard Error of Mean; 2AP — Available Phosphorus; 3FTU Phytase Unit.

significantly (P <0.05);

As shown in Table 2, hens fed low available phosphorus with the addition of
phytase (treatment 2) managed to maintain comparable egg production with hens fed

normal AP.
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The average values of calcium in dry excreta of laying hens fed the different
treatments did not show statistically significant differences between treatments with
different levels of AP, so it can be concluded that phytase did not influence the content
of this element in dry hen excreta. However, considering the results of the total amount
of excreted calcium (g) in relation to the egg mass (kg) produced, it can be clearly seen
that the use of phytase had an impact in reducing the amount of excreted calcium.

Experimental treatments with different levels of available phosphorus and phytase
had a statistically significant effect on the total calcium excretion via faeces only in the
last stage of the experiment when the hens fed with the low—AP treatment excreted the
largest amounts of calcium per kg of egg mass produced (57.19 g).

Hens fed treatment two (low AP + phytase) excreted 21.99 g of Ca for each kg of
eggs while hens receiving treatments 3 and 4 excreted about the same amount of calcium
(18.99 and 18.75 g kg* of eggs). The average values for excretion of this element found
during this experiment suggest that the minimum amount excreted was seen in hens
receiving treatment 2 (35.87 g kg of egg mass) compared to all other treatments (57.32,
36.05 and 40.27 g kg of egg mass for treatments 1, 3 and 4, respectively).

Studies of Chung et al. (2012) showed that apparent retention of Ca was imporved
when dietary phytase was supplemented to low-phosphorus maize—soyabean meal diet
for broiler. However Rabie et al. (2015) found no effect of either non—phytate level or
phytase on Ca retention in Dokki-4 Laying Hens fed diets containing 0.4%, 0.3%, and
0.2% NPP without or with the addition of 0.05% microbial phytase.

The content of Ca in the excreta of laying hens increases linearly with the increase
of dietary Ca (Pelicia et al., 2009).

According to Lei & Stahl (2000), animals require less Ca when phytase is added as
a result of increased Ca retention, which can also lead to increased phosphorus utilisation
as a direct effect of increased Ca utilisation. It should be noted that, according to Parr
(1996) in experiments with laying hens, the use of phytase requires the adjustment of the
Ca amount owing to its higher utilisation after phytate degradation. This adjustment is
equivalent to the reduction of 0.3 g of Ca for layers that consume 100 grams of feed
per day.

Content and Total Excretion of Magnesium through Excreta

After just 14 days of feeding hens different available phosphorus and phytase diets,
an impact on the content of magnesium in dry excreta was observed, which was also
seen in the third phase. The highest content of magnesium in the excreta (3.08%) was
found in hens fed treatments 3 and 1 (2.97%). These treatments contained different
amounts of AP but no phytase was added. The excreta of laying hens fed treatment 4
contained 2.55% Mg, while hens fed treatment 2 had the lowest Mg content of 1.91% in
the excreta. Despite differences in the excreta of Mg content between treatments during
this experiment (seen as main effect), there was no significant effect of different
treatments on Mg content in the excreta of hens fed different AP level but there was a
significant effect of phytase seen as the means effect.

The results of this research show that there is no significant effect of various levels
of available phosphorus on the content of Mg in dry excreta. However, hens fed a diet
deficient in AP after phytase addition excreted, on average, significantly less magnesium
in relation to the egg output. The amount of excreted magnesium was the highest from
hens fed treatment 1 during all phases of the experiment. For the other treatments, except
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for the lower values, the content of magnesium in the excreta tended to be lower as the
experiment progressed. The levels of excreted Mg from treatments 2, 3 and 4 were
significantly lower in the third and fourth stage. Magnesium excretion from the laying
hens fed treatment 1 was 16.77 g and 19.37 g kg™ egg mass produced during the third
and fourth stage, respectively. Although hens that received treatment 2 were offered the
same dietary AP level, they excreted significantly less Mg: 10.42 vs. 18.30 g kg™ egg
mass compared with those that received treatment 1. This can only be attributed to the
addition of phytase. There was no difference in Mg excretion between treatments 3 and
4 with sufficient AP levels, despite the addition of phytase.

No recent publication on the effect of phytase on Mg excretion was found, however,
in a study done by Rabie et al. (2015), who investigated the effects of different NPP
levels and phytase, no effect of dietary level of phosphorus or the addition of phytase
was observed in terms of Mg retention. This may suggest no effect on excretion also.

Content and Excretion of Zinc through Excreta

In this study, the content of zinc in the excreta (%) was analysed and the total
excretion of this mineral, expressed in mg per kg of egg mass, is calculated. The results
of this study indicate that there was no significant difference in the content of zinc in dry
excreta regardless of different dietary treatments. However, the Zn content was observed
to decrease with the duration of the experiment. However, there were differences in the
average values during the whole experiment, particularly in the excreta of treatments
with the addition of phytase (treatments 2 and 4). Phytase addition resulted in less zinc
in the dry faeces compared with the treatments without phytase (treatments 1 and 3). The
effects of Available phosphorus and phytase were significant only in the fourth phase of
the experiment where hens given 0.12% AP excreted significantly less Zn
(295.83 mg kg egg mass) compared with treatment with sufficient AP where excretion
of 362.50 mg kg* of egg mass was observed. The amount of excreted zinc was about
22% lower.

From the data, it can be seen that the highest amount of excreted Zn in milligrams
per kilogram of produced eggs was obtained with treatment 1 during all phases of the
experiment. Laying hens fed treatment 2 (ow in available phopshorus with the addition
of phytase) excreted less Zn over the entire experiment (32.7%, 6.5% and 4.88%)
compared with treatments 1, 3 and 4, respectively.

It is already proven that dietary supplementation of Zn (especially in organic form)
increases its bioavailability resulting in lower excretion (Yenice et al., 2015). Our results
are generally consistent with the results of other authors stating that the addition of
phytase in diets with low available P, increases its utilisation in swine and poultry owing
to the high concentration of phytic acid. Lei & Stahl (2000) and Pallauf et al. (1994)
found that the addition of phytase in diets based on wheat, peas and barley (rich in phytic
acid) improved utilisation of phytate phosphorus and also increased the utilisation of Zn
and Mg in piglets. Through in vitro experiments, Pallauf & Rimbach (1997) concluded
that adding phytase at 500 FTU kg™ of diet led to an increase in utilisation of Zn by 31%
compared to the control group (5%). Zacharias et al. (2002) stated that the liberation of
zinc from the phytate complex may have an antagonist effect on copper utilisation
though Ao et al. (2009) found that the antagonism between Zn and Cu occurred only if
inorganic forms of these 2 minerals were included in a chick diet. Research done by
Mohanna & Nys (1999) also showed that the addition of phytase in food reduced the
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antagonistic effects of phytate on zinc bioavailability. Adding 800 FTU microbial
phytase per kg of feed in a corn—soybean meal-based diet for broilers allow a limited
reduction of the content of Zn in the diet (14 mg kg?).

Table 3. The effect of AP and phytase levels on excretion, (Mean = SEMY)

Treatments
AP? and Phytase

Mineral excretion, g kg™ egg mass

Ca, g Mg, g Zn, mg Cu, mg
0.12 AP/OFTU 57.32+11.29 18.30+2.93* 271.88+36.64 4599+4.73*
0.12 AP/600FTU 35.87 +2.96 10.42+0.15° 182.87+13.83 19.79+1.82°
0.46 AP/OFTU 36.05+5.97 11.70+0.68° 19548+ 1226  25.74+0.72°
0.46 AP/600FTU 40.27 £ 3.58 11.70+£1.92° 192.25+18.42  21.84+1.27°
Pr>F 0.1611 0.0522 0.0760 0.0004
Main affect
Available Phosphorus, (%)
0.12 46.59 + 7.09 14.36 £ 2.20 227.38 +26.51  32.89 +6.28°
0.46 38.16 = 3.25 11.70+0.91 193.86 £ 9.92 23.79 + 1.09°
Added phytase, (FTU kg™)
0 46.68 + 7.43 15.00+1.99* 233.68+2430 35.86+5.01°
600 38.07 = 2.30 11.06 £0.91° 187.56+10.51  20.812 +1.09°
Analysis of variance

Pr>F Pr>F Pr>F Pr>F
AP 0.2497 0.1748 0.1745 0.0087
Phytase 0.2404 0.0581 0.0744 0.0005
AP x Phytase 0.0956 0.0584 0.0929 0.0029

Values within the same column with different superscript differ significantly (P <0.05);
ISEM - Standard Error of Mean; 2AP — Available Phosphorus, 3FTU — Phytase Unit.

Content and Excretion of Copper through Excreta

The results show that lower copper content was found in the excreta of hens at all
stages of the experiment when diets were supplemented with 600 FTU. The highest
concentration of Cu in dry excreta was found in hens of treatment 1 (fed low AP) and
treatment 3 (normal AP) were 38.11 mg Cu kg™ and 37.70 mg Cu kg™ of dry excreta is
observed. This content is significantly different with treatments where phytase is added
indicating no effect of AP level. The addition of phytase significantly decreased Cu
content of dry excreta although the dietary Cu levels were the same for all treatments. In
a study with broilers, Skrivan et al. (2006) found that Cu concentration of the excreta is
strongly related with its content in a diet and will linearly increase with dietary Cu
supplementation. In a diets containing dietary Cu concentration in a range from 9.2 to
243.7 mg Cu kg? DM, they observed an increase of Cu in excreta from 25.3 to
396.8 mg kgt DM.

Copper excretion (mg kg™ egg mass) in the excreta of hens fed diets deficient in
AP with added phytase (treatment 2) was significantly lower (24.85% on average) than
for hens receiving treatment with the same content of phosphorus without phytase and
24.03% lower than in treatment with the appropriate amount of phosphorous
(treatment 3). In particular, it is quite obvious that the lower phosphorus content resulted
in higher excretion of Cu after calculating the egg mass produced. Differences in the
amount of excreted copper started to be statistically significant after the third stage of
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the experiment (27.64, 10.11, 16.48 and 9.35 mg kg egg mass) and also continued
during the fourth phase (108.17, 30.83, 44.34 and 35.87 mg kg'egg mass) for respective
treatments. There was also a significant difference in the average values of Cu excretion
(45.99, 19.79, 25.74 and 21.84 mg kgr'egg mass) for treatments 1, 2, 3 and 4,
respectively. Seen as the main effect, phytase is found to significantly (P = 0.0005)
affect the amount of copper excreted. There is significant effect of available phosphorus,
phytase and AP X phytase interaction (P > 0.05). Hens fed low phopshorus diet and
those without the addition of phytase excreted more Cu (9.1 and 15.05 mg kg*egg mass
respectively). Chung et al. (2013) found better retention of Cu from low phosphorus diets
of broilers after phytase supplementation. The rate of mineral excretion is related to the
level and the form of trace mineral supplementation (Yenice et al., 2015). Same authors
reported lower Cu excretion particularly if the mineral is given in organic form as a result
of better bioavailability. However, the amount of excreted Cu was linear with its dietary
level.

CONCLUSIONS

The addition of 600 FTU to a corn—soybean meal laying hen diet containing either
0.12% or 0.46% AP, in general, was beneficial in terms of the content and excretion of
Ca, Mg, Zn and Cu. The effect was more pronounced for Cu content and excretion,
especially when phytase was added to the low-available phosphorus diet, with a
reduction observed for all minerals. Thus, it can be concluded that a laying hen diet
containing 0.12% AP and 600 FTU during the first production cycle may not only
satisfactorily support hens’ performance but will also beneficially affect the
environment.
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Abstract. European cranberry (Vaccinium oxycoccos L.) and European bilberry (Vaccinium
myrtillus L.) are among the most popular wild-harvested fruits in Latvia, traditionally used in
folk-medicine and food. The commercial cultivation of American cranberry (Vaccinium
macrocarpon Ait.) and highbush blueberry (Vaccinium corymbosum L.) was successfully started
during last 20 years. With a berry production increase due to considerable hectarage of plantings
and growing consumer interest in health-improving foods cultivated blueberries and cranberries
have found a place in a daily intake as an excellent source of phenolic and nutritive compounds,
vitamins and minerals. As the chemical composition of Vaccinium spp. has an important
implication on human health, detailed information on the nutritional content of berries are of
special importance. The aim of this study was to compare the contents of twelve biologically
essential elements (N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, Mo, B) in berries of four Vaccinium
species: cultivated and wild blueberries (Vaccinium corymbosum and Vaccinium myrtillus) and
cranberries (Vaccinium macrocarpon and Vaccinium oxycoccus). Together 136 (leaf and berry)
samples were collected from 7 main cranberry and blueberry producing sites and 17 native
woodland areas and bogs in Latvia. A comparison of wild and cultivated species showed similar
concentrations for the macroelements K, Ca and S in cranberry and N, P in blueberry fruits. While
statistically significant differences were found for N, P and Mg in case of cranberries and Ca, K,
Mg and S for blueberries. The research revealed statistically significant differences of most
micronutrients in cultivated and wild berries. Plant leaf and fruit analysis revealed the organ-
specific distribution of mineral elements in all species studied. In most of the cases, leaf analysis
supported concentration differences in fruits.

Key words: Vaccinium myrtillus, Vaccinium corymbosum, Vaccinium oxycoccus, Vaccinium
macrocarpon, mineral composition of fruits.

INTRODUCTION

American cranberry (Vaccinium macrocarpon A.) and highbush blueberry
(Vaccinium corymbosum L.) are perennial flowering plants from the family Ericaceae
of the genus Vaccinium, commercial cranberry and blueberry varieties, in general, are
indigenous to eastern and central North America including the eastern territories of
Canada (Trehane, 2004). Commercial production of Vaccinium species in the United
States of America has existed since the latter part of the eighteenth century (Eck, 1990).
While European bilberry (Vaccinium murtillus L.) and European cranberry (Vaccinium
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oxycoccos L.) is one of the most popular wild-harvested fruits in many North countries,
traditionally used as healthy food as well as in folk medicine. Headaches, fever, eye
problems, diarrhea and other problems have all apparently been eased or cured by
various vacciniums. Unfortunately, there are wide fluctuations in yield from year to year
depending on several factors. The yield of wild berries are often reduced by insufficient
water in summer, winter damage and competition from other plant species (Karlsons &
Osvalde, 2017).

Many species of Vaccinum have a long history of being used for medical purposes.
Recent advances in nutrition science have shown that diet has a potential effect on human
health and development, dietary guidance is persistent in recommending greater
consumption of fruit and vegetables to promote health (Blumberg et al., 2016; Istek &
Gurbuz, 2017). Increased consumption of fruits and vegetables can replace foods high
in saturated fats, sugar and salt and thus improve the intake of most micronutrients and
dietary fiber (Ekholm et al., 2007). Cranberry and blueberry fruits are rich sources of
bioactive compounds, such as phenolics, organic acids, anthocyanins,
proanthocyanidins, flavonol glycosides, vitamin C, carbohydrates as well as dietary fiber
and minerals (Reed, 2002; Nile & Park, 2014; Liu et al., 2015; Michalska & Lysiak,
2015; Szajdak & Inisheva, 2016).

Bioactive compounds from blueberries and cranberries are widely reported to
demonstrate a number of health advantages including: inhibition of development and
progression of cancer and cardiovascular diseases, antimicrobial activities and
prevention of urinary tract infections, tooth and gum disease, stomach ulcers, obesity,
diabetes, aging, reduction of cholesterol and biofilm formation (Dugoua et al., 2008;
Mckay & Blumberg, 2008; Hwang et al., 2014; Koupy et al., 2015; Shi et al., 2017;
Dro6zdz et al., 2018).

Vaccinium berries are also valued for their fresh taste as well as their potential for
being processed. Today, an increasing demand for healthy ingredients by the food
industry and changed consumer consciousness provide great opportunities for further
progress of cranberry and blueberry production. The cultivation of American cranberries
and blueberries in Latvia is comparatively recent — while the first experimental
plantations were established in the middle of 1980's, commercial cultivation of these
berries started in last 20 years (Osvalde & Karlsons, 2010). In general, about 98% of
global production of cranberries and 85% of blueberries comes from the United States
of America and Canada alone (FAOSTAT). However, with more than 125 ha of
commercial plantings, Latvia is the sixth major cranberry producing country (10 top
countries in cranberry production, 2018). In 2018, there was an estimated 280 ha of
highbush blueberries planted in Latvia with increasing annual hectarage.

While the content of anthocyanins and other phenolic compounds, as well as the
role of different species of Vacciniums in health promotion is quite often determined and
compared, the concentration of essential mineral elements, which are also the important
components of fruits, was rarely reported (Dr6zdz et al., 2018). It should be noted, that
many external factors as growth environment (soil, geographical conditions), cultivation
and fertilization practices are widely diverse in different cranberry and blueberry
production and wild harvesting countries and could contribute to the mineral
composition of fruits.
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A survey was carried out to compare the contents of twelve biologically essential
elements (N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, Mo, B) in berries and leaves of four
Vaccinium species: cultivated and wild blueberries and cranberries. Plant tissue (leaf)
and berry analysis were used to evaluate the content of analyzed nutrients.

MATERIALS AND METHODS

Together 136 (leaf and berry) samples of four Vaccinium species: cultivated and
wild blueberries — Highbush blueberry, (Vaccinium corymbosum) and European
bilberry, (Vaccinium murtillus) and cranberries (American cranberry, (Vaccinium
macrocarpon) and European cranberry, (Vaccinium oxycoccus) were collected from 7
main cranberry and blueberry producing sites (Gaujienas, Talsu, Kraslavas, Babites,
Beverinas, Smiltenes and Varaklanu district) and 17 native woodland areas and bogs
(Jelgavas, Saldus, Marupes, Kekavas, Olaines, Livanu, Salaspils, Tukuma, Jurmalas,
Jaunpiebalgas, Valkas, Jaunpils district) in Latvia.

Berry and leaf materials were collected at each site as a composite sample from
locations representative of the planting or woodland area in berry harvest time (July —
August for blueberries, September for cranberries. For each composite sample
approximately 500 g of berries and 200 g of leaves were collected.

The leaf and berry material was oven-dried at 60 °C to a constant weight and finely
ground using a laboratory mill. Then the samples were dry-ashed in concentrated HNO3
vapors and re-dissolved in HCI solution (HCI — distilled water mixture 3:100) (Rinkis et
al., 1987). Concentrations of 12 biogenous elements (N, P, K, Ca, Mg, S, Fe, Mn, Zn,
Cu, Mo, B) were determined in all berry and leaf samples. The levels of Ca, Mg, Fe, Cu,
Zn, and Mn were estimated by atomic absorption spectrophotometer (Perkin Elmer
AAnalyst 700, acetylene-air flame) (Page et al., 1982) those of N, P, Mo, B by
colorimetry, S by turbidimetry, and K by a flame photometer (Jenwey PFP7, air propane-
butane flame). Mineral concentrations in plant tissue for macronutrients were expressed
as mass percent (%), and for micronutrients as mg kg* of dry weight, while macro- and
microelements in berries were expressed as mg 100 g of fresh weight. The contribution
of 100 g of fresh berries to the Recommended Dietary Allowance (RDA) for adults per
day was calculated. All chemical analyses were done in the Laboratory of plant mineral
nutrition of the Institute of Biology, University of Latvia. The levels of statistical
significance were determined with MS Excel 2016. Standard errors (SE) were calculated
in order to reflect the mean results of chemical analysis of leaves and berries. T-test
‘Two-Sample Assuming Unequal Variances’ (p < 0.05) was used to compare the mean
element concentrations of fruits and leaves of four Vaccinium species. To assess
differences between the chemical compositions of wild and cultivated cranberry and
blueberry leaves and berries, the principal component analysis (PCA) was done using
PC-ORD Version 6 (McCune & Mefford, 1999).

RESULTS AND DISCUSSION

The relationship between food and health becomes increasingly significant as
consumers now demand healthy, tasty and natural foods that have been grown in
uncontaminated environments. Mean macro- and micronutrient concentrations in berry
and leaf samples, as well as concentration range, are shown in Table 1 to Table 3. In
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general, our research revealed statistically significant differences for majority analyzed
mineral elements between studied species in fruits and leaves.

Table 1. Mineral element concentrations in Vaccinium spp. leaf samples

Element V. oxycoccos V. macrocarpon V. myrtillus V. corymbosum
Mean + SE Mean + SE Mean + SE Mean + SE
Macroelements (% dry weight)

N 0.81 + 0.048a’ 0.65+0.017a 1.08 + 0.051a 1.64 + 0.064b

P 0.07 +0.005a 0.12+0.011b 0.12 +0.006a 0.13 £ 0.005a

K 0.35+0.014a 0.54 +0.029b 0.77 £ 0.031a 0.43 £ 0.041b

Ca 0.75+ 0.039a 0.89 + 0.055a 0.84 + 0.046a 0.74 £ 0.049%9a

Mg 0.12 +£0.01a 0.22+£0.01b 0.32 + 0.029a 0.28 + 0.016a

S 0.09 + 0.004a 0.10 + 0.007a 0.15 + 0.005a 0.14 + 0.019a
Microelements (mg kg™ dry weight)

Fe 95.18 + 21.0a 71.31+7.71b 81.87 + 6.76a 102.45 £ 4.23b

Mn 1,531.76 + 158.9a 298.00 + 71.2b 814.40 + 146.42a 288.36 + 26.82b

Zn 36.94+1.7a 26.44+£1.2b 18.60 + 0.96a 9.59+0.19b

Cu 4.88 +0.42a 9.06 +£1.6b 4.97 + 0.24a 3.97 +1.50a

Mo 0.28 +0.02a 0.41 +0.05b 0.23+£0.01a 0.36 + 0.08b

B 23.94 + 1.34a 39.13+2.8b 22,73+ 1.21a 23.73+2.11a

IMeans with different letters separately for cranberries (V. oxycoccos and V. macrocarpon) and for
blueberries (V. myrtillus and V. corymbosum) in a row were significantly different (t-Test, p < 0.05).

Table 2. Mineral element concentration mg-100 g* in wild and cultivated cranberry fresh fruit

V. oxycoccos

V. macrocarpon

Element Range Mean = SE Range Mean = SE
Macroelements (mg 100 g* fresh weight)

N 14.9-81.8 54.9 + 6.1a’ 9.6-62.4 42.1+3.7b

P 5.0-8.7 6.12 + 0.26a 6.0-10.8 8.59 + 0.32b

K 50.8-89.3 67.19 + 2.86a 52.8-88.8 72.51 + 2.06a

Ca 8.7-17.4 12.74 + 0.63a 7.2-13.2 10.19 + 0.50a

Mg 7.4-9.4 8.09 + 0.16a 4.8-84 6.61+0.22b

S 50-17.4 8.14+1.10a 4.8-13.2 7.85+0.52a
Microelements (mg-100 g* fresh weight)

Fe 0.12-1.02 0.31+0.05a 0.22-3.88 0.72 +0.20b

Mn 0.97-4.19 2.59 +£0.20a 0.058-0.51 0.19 £ 0.04b

Zn 0.11-0.18 0.15 + 0.005a 0.04-1.18 0.16 + 0.06a

Cu 0.04-0.08 0.06 + 0.002a 0.03-0.07 0.049 £ 0.003a

Mo 0.002-0.006 0.003 + 0.0003a 0.0002-0.007 0.004 + 0.0004a

B 0.03-0.16 0.09 + 0.009a 0.03-0.11 0.065 £ 0.005b

IMeans with different letters in a row were significantly different (t-Test, p < 0.05).

In leaves, significant differences were stated for P, Mg, and all microelements in

cranberries and N, K, Fe, Mn, Zn and Mo in blueberries. Thus supporting previous
research on cranberries (Karlsons et al., 2009) and partly results gained by Pormale et
al. (2010) on blueberries.

As a nitrogen is one of the controlling elements for American cranberry nutrition
and adequate fertilization, in general, is used to maintain renewal growth, crop
production, and flower bud development for the next crop (DeMoranville, 1997).
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However, surprisingly similar (or even higher in wild cranberries) N concentrations were
found between wild and cultivated cranberry leaf samples. It should be stressed that wild
cranberry growing medium — sphagnum peat is especially N poor (Osvalde et al., 2010).
It is evident, based on the present results, that wild cranberry has the ability to improve
nitrogen uptake in suboptimal nutritional conditions.

Table 3. Mineral element concentration mg 100 g™ in bilberry and cultivated blueberry fresh fruit

Element V. myrtillus V. corymbosum
Range Mean + SE Range Mean + SE
Macroelements (mg 100 g fresh weight)
N 67.5-150.0 91.4 +6.9a’ 74.4-103.1 93.0+6.6a
P 12.2-36.4 19.3+2.2a 6.8-20.3 16.5+3.3a
K 60.0-180.5 110.8+8.9a 66.2-98.0 81.6 + 6.6b
Ca 12.3-51.6 21.8+3.7a 6.6-15.2 9.1+0.7b
Mg 6.3-28.5 12.45+2.0a 45-10.1 6.10 £ 0.5b
S 12.0-30.3 16.7+1.1a 10.1-25.4 20.7 £ 3.5b
Microelements (mg 100 g fresh weight)
Fe 0.23-0.68 0.38 £ 0.04a 0.25-0.59 0.47 £ 0.02a
Mn 0.23-4.35 1.72+0.3a 0.14-1.52 0.57+0.11b
Zn 0.09-0.30 0.15+0.02a 0.08-0.12 0.10 + 0.003b
Cu 0.047-0.14 0.072 + 0.008a 0.01-0.09 0.026 + 0.01b
Mo 0.001-0.005 0.002 + 0.0003a 0.003-0.012 0.008 + 0.002b
B 0.08-0.12 0.095 + 0.004a 0.07-0.15 0.095 + 0.007a

!Means with different letters in a row were significantly different (t-Test, p < 0.05).

Our research revealed a considerably higher content of Mn in V. oxycoccus leaves
(1,531.8 mg kg) in comparison to American cranberry leaves (298.0 mg kg?). In like
manner, Mn concentration in bilberries was 814.4 mg kg while in cultivated —
288.4 mg kg*. Such phenomenon could be explained by the different pH of the growing
substrate and genetic differences between species. As reported previously, fertilization
practice usually elevates substrata pH in cranberry and blueberry plantations (Osvalde
et al., 2010). While significantly lower pH consequentially promotes the availability of
Mn in natural high bogs. Fruit Mn contents of all analyzed Vaccinium species supported
these differences.

It should be noted, that numerous conditions, like plant variety, growing conditions,
harvesting, maturity stage can affect the chemical composition of fruit. Besides, the
methods of sample preparation and methodology of chemical analyses also influence the
obtained results. Thereby it can be complicated to compare and interpret the results
obtained by different researchers.

A comparison of wild and cultivated species showed similar concentrations for the
macroelements K, Ca and S in cranberry and N, P in blueberry fruits. While statistically
significant differences (p < 0.05) were found for N, P and Mg in case of cranberries and
Ca, K, Mg and S for blueberries. The obtained data indicated that nitrogen and potassium
were the major mineral constituents in all analyzed species. The richest source of Ca,
Mg (on average, 21.8 and 12.5 mg 100 g FW) in this study was cultivated blueberry,
while highest P (19.3 and 16.5 mg 100 g* FW) contents were found in both blueberry
species.
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The highest mean concentration of Fe (0.72 mg 100 g fresh fruit) was found in the
American cranberry, while the highest Mn and B (on average 2.59 and 0.09 mg 100 g*
fresh fruit, respectively) concentrations were found in the European cranberry.

Overall, there are scarce comparable data in the literature which show the detailed
mineral content of wild cranberries and wild blueberries. In general, our observations on
wild and cultivated blueberries mineral content support studies made by Dré6zdz et al.
(2018) in Poland, Miljkovi¢ et al. (2018) in Serbia and Pormale et al. (2010) in Latvia.
Droézdz et al. (2018) showed that the average Cu concentrations in wild and cultivated
berries were similar while in our research Cu content in V. myrtillus was more than three
times higher (0.072 to compare with 0.026 mg 100 g*) despite the fact that in leaves
concentrations were similar. Comparable results of Cu concentration in V. myrtillus
(0.60 mg 100 g?) berries show research made by Stanoeva et al. (2017) in Macedonia.
In the present research, relatively high level of Mn was found in the studied wild
blueberries and cranberries (2.59 and 1.72 mg 100 g). Similar Mn levels were reported
for bilberries consumed in Latvia (1.88 mg 100 g FW) (Skesters et al., 2014) and higher
in berries from Finland — 2.56 mg 100 g (Ekholm et al., 2007). While the content of
Mn in wild cranberry was similar in Finland (2.37 mg 100 g*) and previously
determined by Karlsons et al. (2009) in Latvia.

The nutritional value of studied fruits as a dietary source of minerals is related to
the contribution it makes to the Recommended Dietary Allowance (RDA). Our research
shows that berries of both wild species (V. oxycoccos and V. myrtillus) are excellent
sources of Mn (112.5% and 74.6% from recommended daily dose, accordingly) in
human nutrition (Table 4). Also, wild berries could be qualified as a valuable source of
macroelement P and microelements Cu and B. While cultivated berries provide more Fe
and Mo. It should be stressed that cultivated cranberries and blueberries had significantly
higher concentrations of Mo in their leaves and fruits, apparently due to use of Mo
containing fertilizers. Therefore 100 g of cultivated cranberry and blueberry fruits could
provide 8.9-18.1% Mo of RDA.

Table 4. The contribution of 100 g of fresh berries to the Recommended Dietary Allowance
(RDA) for adults per day

RDA*, % of RDA supplied by 100 g fresh berries

Element

mg V. oxycoccus V. macrocarpon V. myrtillus V. corymbosum
P 700 7.8 6.0 13.1 133
K 2,500 2.7 2.9 44 33
Ca 1,000 13 1.0 2.2 0.9
Mg 420 1.9 1.6 3.0 15
S 850 1.0 0.9 2.0 2.4
Fe 8 3.8 9.0 4.8 5.9
Mn 2.3 112.5 8.3 74.6 24.8
Zn 11 14 15 14 0.9
Cu 0.9 7.1 5.4 8.0 2.9
Mo 0.045 7.3 8.9 44 18.1
B 15 6.0 4.3 6.4 6.4

* USDA National nutrient database for standard reference, (2017).
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In general, the PCA of the chemical composition of cranberry leaves and berries
demonstrated a good structure of the sampling points in the ordination space according
to cranberry species. The first two components explained 55.15% and 48.53% of the
total variance for leaves and berries, respectively (Fig. 1. A, B). The most important
factors for the Axis 1 of the cranberry leaf PCA were Mn, K and Mg with eigenvector
values ranging from 0.820 (Mn) to 0.793 (Mg), for the Axis 2 — Ca, N and S, with
eigenvector values ranging from 0.720 (Ca) to 0.603 (S). The highest eigenvector value
for the PCA of the berry results was also characteristics for Mn (0.889). In general, the
samples of wild cranberry leaves were markedly located on the right side in the
ordination space in the direction of N, Zn, Mn, and Fe, but the cultivated cranberries —
mainly on the left side in the direction of K, Mg, Ca, B, Mo. The pronounced differences
in the chemical composition were also clearly demonstrated for berries of wild and
cultivated cranberries. The samples of wild berries were mainly located on the left side
in the ordination space in the direction of such nutrients as Mn, Mg, N, and B, cultivated
— on the right side in the direction of P and K.

Cranberry. leaves Cranberry: berries

o Wild *Wild
< Cultivated < Cultivated

Axis 2 (18.17%)
a3
L=}

Axis 2 (20.29%)

A 0 40 80 B o] 40 80
Axis 1 (36.98%) Axis 1 (28.24%)

Figure 1. Principal component analysis (PCA) of the chemical composition of wild and
cultivated cranberry leaves (A) and berries (B) in Latvia.

The PCA of the chemical results of wild and cultivated blueberry leaves and berries
also confirmed the differences in the nutrient concentrations between species. The first
two components of the PCA explained 55.74% and 70.04% of the total variance for
leaves and berries, respectively (Fig. 2. A, B). In both PCA, the leaf and berry samples
of cultivated blueberries were located on the side of the positive of the Axis 2, while the
individual sampling sites of bilberry on the opposite side in the ordination space. There
were two nutrient groups which mainly affected site distribution for leaf samples of
cultivated blueberries: N and Fe, as well as Mo, S, and Cu with eigenvector values from
0.678 (Fe) to 0.785 (S). Generally, these differences could be largely attributed to
peculiarities of management practices in blueberry cultivation. The distribution of
bilberry leaves in the ordination space was mainly determined by Mn, Zn, and K, with
eigenvector values in the range between 0.579 (Mn) and 0.811 (K).
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Figure 2. Principal component analysis (PCA) of the chemical composition of bilberry and
cultivated blueberry leaves (A) and berries (B) in Latvia.

The results of the PCA for blueberry berries (Fig. 2. B) revealed that the most
important elements for the 1%t axis, which explained 55.19% of the total variance, were
P, K, Ca, Mg, Zn and Cu with eigenvector values ranging from 0.930 to 0.979. The most
important factors for the Axis 2 were Mo and B with eigenvector values 0.826 and 0.681,
respectively. The PCA results showed a tendency that cultivated berries had higher
concentrations of Mo, while the samples of bilberry berries were located in the direction
of Mn. Although the most of the wild berry samples were located on the right side of the
ordination space, three sites were on the opposite site, thus manifesting also a relatively
wide variance of the wild berry chemical composition. Admittedly, the part of samples
was located in the center of ordination space revealing certain similarity in the chemical
composition of wild and cultivated blueberries.

CONCLUSION

As a conclusion, our study reveals, that studied species differ in their elemental
composition. In general, cultivated blueberry and cranberry fruits had a higher content
of Fe, Mo while wild berry fruits showed higher levels of Ca, Mg and especially Mn. All
berries studied could be qualified as a good source of microelements: excellent source
of Mn and valuable source of Fe, Cu, Mo, and B in human nutrition.
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Abstract. In recent years automated image and video analyses of plants and animals have become
important techniques in Precision Agriculture for the detection of anomalies in development.
Unlikely, machine learning (i.e., artificial neural networks, support vector machine, and other
relevant techniques) are not always able to support decision making. Nevertheless, experts can
use these techniques for developing more precise solutions and analysis approaches. It is labour-
intensive and time-consuming for the experts to continuously visit the production sites to make
direct on-site observations. Therefore, videos from the site need to be made available for remote
viewing and analysis. In some cases it is also essential to monitor different parts of objects in
agriculture and animal farming (e.g., bottom of the plants, stomach of the animal, etc.) which are
difficult to access in standard recording procedures. One possible solution for the farmer is the
use of a portable camera with real-streaming option rather than a stationary camera.

The aim of this paper is the proposition of a solution for real-time video streaming of agricultural
objects (plants and/or animals) for remote expert evaluation and diagnosis. The proposed system
is based on a Raspberry Pi 3, which is used to transfer the video from the attached camera to the
YouTube streaming service. Users will be able to watch the video stream from the YouTube
service on any device that has a web browser. Several cameras (USB, and Raspberry Pi camera)
and video resolutions (from 480p till 1,080p) are compared and analysed, to find the best option,
taking into account video quality, frame rates, and latency. Energy consumption of the whole
system is evaluated and for the chosen solution it is 645 mA.

Key words: precision agriculture, video streaming, visual observations.
INTRODUCTION

Precision agriculture and its sub-branches, such as Precision Livestock farming and
Precision Beekeeping (Zacepins et al., 2015) is based on detailed information on the
status of agricultural objects using various technologies (Terry 2006; Wrest 2009; Abassi
et al. 2014). Agricultural objects can be an individual plant, a set of plants or animals.
Crop and animal protection, plant watering and fertilization processes need frequent
updates in data, which afterwards is analysed and a decision is proposed to the farmer.
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In current years automated image and video analyses of plants or animals for
detection of anomalies in their development have become an important and emerging
techniques in Precision Agriculture (Vranken & Berckmans 2017). The technology
(hardware, camera and periphery) is relatively cheap and non-invasive, which facilitate
the collection of more frequent data over longer time periods. The use of cameras and
automated image processing techniques, makes it possible to obtain information on the
behaviour of animals, analyse the data and detect possible deviations from expected
values (Kashiha et al., 2013). The technology of monitoring animals by image processing
is not new and already have been widely applied by many scientists and practitioners
(Aydin et al., 2010). For example, broilers can be monitored by image analysis to
estimate daily body weight changes (De Wet et al., 2003), to assess the chicken activity
(Aydin et al., 2010), to investigate possibility of detecting leg disorders in broiler
chickens (Kristensen & Cornou, 2011). Also image processing is widely used for pig
monitoring (Tillett et al., 1997; Shao et al., 1998; Nasirahmadi et al., 2016; Nasirahmadi
et al., 2017) and for cow wellness monitoring (Cangar et al., 2008).

It should be mentioned that image processing could be used not only for animal
monitoring, but also for the plants. Image processing is a promising tool for non-
destructive analysis of biological objects, and has been widely used in botanical research
and practical agriculture (Ibaraki & Dutta Gupta 2010; Yadav et al., 2010; Dutta Gupta
et al., 2012; Vesali et al., 2015; Mahlein 2016; Bodner et al., 2017; Vesali et al., 2017).

Unfortunately, modern information and communication technologies (ICT), like
machine learning, satellite navigation, sensor network, grid computing, ubiquitous
computing and other relevant technologies supporting the domain for improved
monitoring and decision making capabilities (Shaikh, 2009) are not always able to
support adequate and fast decision making. Nevertheless, experts can be more precise in
analysing scenarios and supporting decisions, particularly when analysing images or
videos. In commercial livestock houses as well as greenhouses, image analysis for
behaviour/growth  classification becomes more complex. Lighting, camera
characteristics, background and the test subjects’ traits all influence the ability of the
system to detect or recognise the subject and determine its features accurately.

It is not always economically feasible for experts to visit geographically remote
production sites to make on-site observations, so there is a need for making videos from
the site available for remote viewing and analysis. Furthermore, it is necessary to provide
videos from different angles and perspectives (such as bottom of the plants leaves,
abdomen of the animal, etc.). Therefore, usage of automated recording is not always
possible. Additionally, experts require on-demand details on the observed object. Thus,
bi-directional real-time communication between the farmer and the expert is mandatory,
as pre-recorded videos are not always suitable for precise diagnosis.

The aim of this paper is to propose a solution for real-time video streaming of
agricultural objects (plants and/or animals) for remote expert evaluation and diagnosis.
The proposed system is based on a Raspberry Pi 3, which is used to transfer the video
from an attached camera to the YouTube streaming service. The system can be used by
farm workers to transmit real-time video for remote expert analysis.
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DEVELOPED SOLUTION BASED ON RASPBERRY PI

The proposed system is based on a Raspberry Pi 3, which is a replacement for the
Raspberry Pi 2 Model B, released in February 2016. The Raspberry Pi is a credit card
sized single board computer developed by the Raspberry Pi Foundation, United
Kingdom. The board is a miniature PC, packs extreme computing power and is capable
to develop sophisticated projects. The Raspberry Pi is well suited to perform a multitude
of computing tasks and for interfacing various types of devices via GPIO (Nayyar & Puri
2015). The key specification of the Raspberry Pi 3 is: Quad Core 1.2GHz Broadcom
BCM2837 64bit CPU, 1GB RAM, BCM43438 wireless LAN and Bluetooth Low
Energy (BLE) on board, 4 USB 2 ports, CSI (camera serial interface) camera port for
connecting a Raspberry Pi camera. Due to its small dimensions, low weight and power
consumption it is suitable for the development of wearable devices and solutions.

The proposed system architecture is shown in Fig. 1. The external web camera is
connected to the Raspberry Pi USB port, and is used to capture high definition video
(resolution 1,080p). The system automatically delivers the video stream to YouTube live
service using the wireless transmitting method. A Raspberry Pi is connected to external
Wi-Fi router. The intended users (experts) are able to watch the video stream from the
YouTube service on any supported device.

Figure 1. Schematic view of the developed system architecture.

In this study the YouTube service was used for real-time video streaming as it can
be considered as major video stream service nowadays. YouTube was started as a project
with the aim to remove the technical barriers to share videos online. YouTube continues
working on further optimization of their video streaming service.

YouTube is not the only service to choose from. For live video streaming, there are
several  services from  different  providers.  Netflix open  connect
(https://openconnect.netflix.com/) - Netflix works together with NGINX, this project
wants to improve the load balancing for video streaming over the whole network.
Another service is WOWZA (http://www.wowza.com/), which provides video
streaming for companies and universities.

Main advantage of the YouTube service is, that infrastructure solution is already in
place: for the described project there is no need for a special solution for video record
archiving, which is also valuable for agricultural experts.

To stream real-time video on YouTube it is necessary to use RTMP (real time
messaging protocol), which was originally developed for streaming data between a video
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player and a server. RTMP is encapsulated in HTTP to traverse firewalls. RTMP has
more video player options compared to normal HTTP, thus giving the user a better
experience. A disadvantage compared to normal HTTP is that it is sensitive for data
spikes. These data spikes can result in an overload of the buffer, which in turn can lead
to a stop in the video playing.

One more requirement of the YouTube service is that streamed videos should be
encoded in the H.264 format. Not every web camera provides raw access to this format
by hardware encoding, so there might be a need to transcode the camera output to H.264,
and this process is consuming significant CPU resources.

To activate the option for real-time streaming it is necessary to sign up for the
YouTube service. Then after log in and account confirmation, it is required to open the
Creator Studio and choose the Live Streaming option. Two main parameters for
streaming are: Server URL (for example, rtmp://a.rtmp.youtube.com/live2) and unique
stream name/key (in format like XXXX-XXXX-XXXX-XxXX). When this information is
known it is possible to start live streaming from a Raspberry Pi using the following Linux

command:
ffmpeg -re -ar 44100 -ac 2 -acodec pcm sl6le -f sl6le -i /dev/zero \
-input format h264 -video size 1,920x1,080 -i /dev/videoO \
-vcodec copy -acodec aac -ab 128k \
-f flv -movflags faststart \
rtmp://a.rtmp.youtube.com/live2/xXxXX-XXKXKX~XXKKXK~KXKXX

In this research FFmpeg is used which is a free software project that produces
libraries and programs for handling multimedia data. It is possible to configure audio
and video inputs, transcoding options and output parameters.

The system components with their approximate unit prices, which were available
for the authors, are summarized (Table 1) below.

Table 1. System components with approximate unit price used in this study

Quantity Price per piece
Nr.  Name of the component (pieces) (EUR)
1 Raspberry Pi 3 (including 8GB SD card) 1 44.00
2 Raspberry Pi 3 case 1 10.00
3 Logitech 920 web camera 1 84.00
4 Power Bank (Adata P12500D, capacity 12500mAbh) 1 18.00
Total 156.00

COMPARISON OF DIFFERENT CAMERAS

The described solution was developed iteratively: the authors tested different web
cameras and output modes. The results of the conducted experiments are summarised
below.

The Raspberry Pi 3 was set up with the Linux operating system Raspbian (release:
9.1). No additional configurations were performed, to reduce resource consumption.
During inactive periods (idling), the device consumed approximately 79 MB of RAM
with a load average of: 0.23, 0.24, 0.2 (average values during 1, 5 and 15 minute periods,
respectively) as provided by the htop utility. In such conditions the Raspberry Pi
consumed approximately 280 mA. Testing was conducted in the laboratory with
microclimate conditions with an ambient temperature of 22 °C and a relative humidity
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of 30%. Wi-Fi connection speeds were as follows: download speed up to 43 MBps and
upload speed up to 91 MBps. As the Raspberry Pi itself is a well exposed naked circuit
board which cannot be used without any extra casing for agriculture related surveys the
authors used standard a plastic casing with a radiator for CPU.

To test and compare resource and power consumption (crucial, when powering
from battery pack) a separate operating system (DietPi) was installed. DietPi is a
lightweight operating system for single board computers (http://dietpi.com/#noAction).

The core installation of DietPi was supplemented with the following software:
ffmpeg, Dropbear SSH server. During inactive periods, approximately 38 MB of RAM
was used with a load average of: 0.07, 0.07, 0.03. Tests proved that there was no
significant difference regarding power consumption — it was constant (approx. 280 mA).
To reduce the power consumption, the HDMI and activity LED of the Raspberry Pi 3
were disabled (as described by Geerling (2017). This resulted in a current reduction by
30 mA.

The very first attempt was to use the Raspberry Pi camera module, which is capable
to take HD videos as well as still photos, for video capturing. The Raspberry Pi camera
has effective resolution of 5 Mega-Pixel and supports video recording at: 1080@30fps,
720p@60fps and Vga@90fps. It can be connected to the Raspberry Pi via a CSI port
(Nayyar & Puri 2015).

In the second phase the authors used a Logitech HD PRO webcam C920
(https:/iwww.logitech.com/en-us/product/hd-pro-webcam-c920#specification-tabular)
as external USB web camera. The main features of importance for the research were:
full HD video recording (up to 1,920 x 1,080 pixels) and H.264 video hardware
compression. Camera output formats can be verified in the Linux system using the

command below:
S v4l2-ctl --list-formats -d /dev/videol
ioctl: VIDIOC ENUM FMT

Index : 0

Type : Video Capture
Pixel Format: 'YUYV'

Name : YUYV 4:2:2

Index : 1

Type : Video Capture
Pixel Format: 'H264' (compressed)
Name : H.264

Index HE

Type : Video Capture
Pixel Format: 'MJPG' (compressed)
Name : Motion-JPEG

Logitech C920 camera output is available in several formats: YUYV (raw), H.264
and MJPG. It is important, that the camera has built-in hardware compression to H.264
that is accepted by YouTube directly. Other formats should be transcoded to H.264 using
additional software. It should be taken into account that the camera can have hardware
encoding H.264 in the specification, but sometimes it is encapsulated in MJPG format
and can be used only by specific software, like Skype and cannot be transmitted to
YouTube directly (e.g. Logitech c925e web camera).

A comparison of different possible scenarios using the above-mentioned cameras
and different video formats was conducted. Several system parameters were compared,
such as: energy consumption, CPU load, amount of used RAM, consumed power by the
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Raspberry Pi, latency to broadcaster on YouTube (from viewer’s perspective) and video
quality.

Video quality was evaluated in a testing environment with room lighting conditions
(day lights): a printed document with 10 text rows written in different font sizes, starting
from 26 pt till 8 pt was placed in front of a camera with a distance of 50 cm. Image
quality is estimated by the smallest text row, that is easy human readable on resulting
video stream.

For real latency evaluation a real time clock was recorded, and it was compared
with the time on the local PC. The current consumed by the Raspberry was measured
using a KW203 USB Current and Voltage Detector, with a measurement range for
voltage of: DC 3.2-10 V; and current: DC 0-3 A (accuracy 1 percent (about 2 digits)).

For the Raspberry Pi CPU and RAM loads the Linux system utility (s ps -¢c ffmpeg
-0 %cpu, 3mem, cmd) Was Used. The stream bitrate was reported by ffmpeg software itself.

Conducting various experiments the authors strived to find the possible maximal
video resolution that can be streamed from Raspberry Pi 3 using software and hardware
transcoding.

Due to the YouTube service requirement necessity for the existence of an audio
channel in a video stream the authors faked the audio input by interpreting the /dev/zero
device output as audio stream.

The results of the experiments are summarised below in Table 2.

Table 2. Comparison of different streaming scenarios

Resolution Format = >3 < = Remarks
[3+

oo <o =
O ad€ delX o
Raspberry Pi camera hardware encoding
640x480 H.264 151 14 335 1.6 14  Partial FOV, 1  Yellow 1,350

ower,
at,
Quality
Score
Bitrate

Pixel bins
720 p H.264 173 16 380 1.7 10 Pixel bins 2 Green 2,300
1,640 x H.264 19.7 1.6 400 1.5 7  Full width 2 Yellow 3,900

922
1,080p H264 219 17 425 19 6  PartiallFOV 3  Green 5,000

Logitech 920 software encoding

640 x yuv422 223.0 8.2 565 3.2 13 5fps 1 Yellow 550

400

1,280 x yuv422 338.0 25.1 620 7.5 57 1fps 45 Red 1,500

800

1,280 x yuv422 1940 13.1 550 2.29 10 5fps, 4-5 Green 31,29

800 ultrafast 0

1,280 x yuv422 189.0 170 545 28 6 5fps, 56 Green 19,19

800 ultrafast,crf=12 0

1,280 x yuv422 161.0 17.1 515 3.65 12 5fps, 56 Green 11,10

800 ultrafast,crf=17 0
Logitech 920 hardware encoding

1,080 p H264 183 159 645 21 4 - 89 Green 3,030
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During the experiments with the Raspberry Pi camera, the highest achieved quality
score was 3, which is not acceptable for detailed observation of agricultural objects. The
following command for the video streaming utilizing the Raspberry camera was used

during the experiment:

raspivid -o - -t 0 -vf -hf -w 1920 -h 1,080 -fps 30 -md 1 -n -fl1i 50hz | \

ffmpeg -re -ar 44100 -ac 2 -acodec pcm sl6le -f sl6le -ac 2 -i /dev/zero \
-input format h264 -i - \
-vcodec copy \
-acodec aac -ab 128k \
-f flv -movflags faststart \
rtmp://a.rtmp.youtube.com/live2/xXXX-XXKXKX~XXKX~KXKXX

Different camera modes were selected by changing —w, -h and —md parameters of
raspivid command.

It was observed, that increasing the video quality, there are small increase in CPU
usage and in Raspberry power consumption. The amount of RAM stays the same. Real
latency decreased from 14 s to 6 s, this can be explained by the fact, that in lower video
quality there is pixel binning method applied, but in higher quality pixels are mapped
directly to camera pixel sensors. In several high-resolution modes the camera produces
partial FOV (field of view) images, which are not always suitable for agricultural object
observations.

During the experiments with the external web camera and software video encoding,
the highest achieved quality score was 5-6. The main limitation of software encoding is
the enormous CPU usage, which limits the highest resolution to be used for video

streamlng.
ffmpeg \
-re -—ar 44100 -ac 2 -acodec pcm sl6le -f sl6le -ac 2 -i /dev/zero \
-video size 1280x800 -pix fmt yuv422p -r 1 -i /dev/videoO \
-acodec aac -ab 128k \
-vcodec 1libx264 -g 8 -profile:v high422 -level 4.0 -bf 2 -coder 1 \
-f flv -movflags faststart \
rtmp://a.rtmp.youtube.com/live2/ - -

Different software encoding configuration parameters were selected by changing -
profile, -level, -bf and -crf parameters of £ smpeg cOMmMand.

The best results for software encoding can be achieved with parameters producing
video streams with high bitrates and lower image compression, which in turn uses less
CPU power. In this case the data transmission channel becomes the limiter for better
quality streaming. The authors tested bitrates up to 60 Mbit which did not achieve
significant quality improvement.

During the experiments with the external web camera and H.264 hardware video
encoding, the highest achieved quality score was 8-9 and it was considered to be the
best solution for real time video streaming. The streaming bitrate was about 3,030 kbps,
Raspberry CPU usage and RAM were also relatively low at 18.3% and 15.9%
respectively. The average power consumption was 645 mA. The observed real latency
was 4s, which is acceptable for the mentioned task.

Using the provided power bank with a capacity of 12,500 mAh the developed
system would be able to operate more than 13 hours. The battery life or capacity can be
calculated from the input current rating of the battery and the load current of the circuit.
The calculation to find the capacity of the battery can be mathematically derived from
the following formula (1):
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— BC,
BL=--07, 1)

where BL — Battery Life, BC — Battery Capacity, LC — Load Current, the factor of 0.7
makes allowances for external factors, which can affect battery life.

So in case of this study Battery Life = 13.57 Hours (2).

12,500
ez 07 )

That system life is extended enough for remote visual expertise of needed
agricultural objects.

Usually farms are located outside the urban areas, where Wi-Fi connection might
not be available. Therefore, an additional test was carried out to identify if the system
can operate using mobile internet connections. It was concluded that 3G technology is
not suitable for real-time video streaming. However, using the 4G technology system
performed well.

As Raspberry Pi is used with a plastic case in real environments, the CPU
temperature during streaming was measured. As in practice the video is streamed for
remote experts, one stream episode cannot not be longer than 30 minutes. The observed
CPU temperature was starting from 25 °C in idle state, increased by 4 °C in the first ten
minutes, then increased by 2 °C in next ten minutes. At the final time of 30 streaming
minutes the CPU temperature was still 31 °C. Measurements of the CPU temperature
conducted using a infrared thermometer Standard ST-8811.

BL =

CONCLUSIONS

Continuous and real time monitoring of agricultural objects has become a common
tool not only for research but also for practical agriculture and livestock farming.

Application of video observation systems has also become widely used in both
precision agriculture and farming systems. Unfortunately, not every task can be solved
by automated and fixed camera systems. There are cases, when it is necessary to record
video manually by changing the position of the cameras.

Proposed system can be used in various scenarios, when remote expert consultation
is needed.

Comparing different scenarios and camera configurations, the results showed that
usage of an external web camera with built-in H.264 encoding is the best option, despite
the price of such camera (up to 100 EUR).

Usage of video software encoding on a Raspberry Pi is challenging due to limited
CPU power, which needs to be considered for larger scale monitoring.

In the future, it is planned to test the described proof of concept in real agricultural
situation, with different environmental conditions (e.g., climate changes, lighting
situations for camera).
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Abstract. The aim of the study was the evaluation and comparison of energy potential of
briquettes and pellets produced from the maize straw and woody biomass based on various
diameters of pellets. By experimental measurements a calorific value and ash content was
observed. Calorific value was measured by laboratory calorimeter IKA C 6000 (IKA® Works,
Inc., USA) and laboratory combustion chamber Lindberg/Blue M (Thermo Fisher Scientific, Inc.,
USA). Individual calorific values and ash content was observed and subsequently confronted to
obtain differences with replication. The analysis showed that calorific value of pellets with
diameter 6 mm ranged from 16.99 MJ kg to 17.80 MJ kg*. Calorific value of pellets with 8 mm
diameter ranged from 16.63 MJ kg* to 17.20 MJ kg*. However, compared calorific value of
briquettes ranged from 14.99 MJ kg™ to 15.66 MJ kg*. Further analysis showed that ash content
of samples varied as well and it’s even affected by diameter of pellets. While ash content of pellets
with diameter 6 mm was observed as 4.9% of total volume in case of pellets with 8 mm it was
observed at value 5.5%. Briquettes produced from maize straw have ash content at value 5.4%.
In contrary, ash content of woody biomass was significantly higher, 11% of volume, specifically.
At the basis of observed parameters it can be concluded that maize straw densified in form of
briquettes and pellets have a great energy potential which is comparable and competitive with
currently used materials for production of briquettes and pellets.

Key words: biomass, maize straw, briquettes, pellets, calorific value, ash content.
INTRODUCTION

From the perspective of the combustion of biomass its properties are essential
where the main indicators of quality are values such as moisture content in biomass,
chemical content of biomass, volatile matter content and calorific value (Maga &
Piszalka, 2006). The usable biomass comes from a variety of plants and includes a wide
range of chemicals and even though its energy content is in the most cases similar. As it
was reported by Maga & Piszczalka (2006) and Pepich (2006) energy production from
biomass has a great potential in the frame of agriculture and similar fields even in case
of Slovakia (Table 1). Calorific value of dry biomass is typically in the range from 15 to
19 MJ kg™!. The heat produced from biomass materials can be obtained directly by
combustion or indirectly, e.g. by cooling of the engines combusting the biogas or by
electricity generation. In the case of direct way of energy production it means the
combustion of plant or woody biomass. And in combination with more currently
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advanced energy source devices defined by increased thermal efficiency it means less
bio fuel requirements for the same amount of energy produced (Piszczalka & Jobbagy,
2011). The harvest of energy crops can be realized by different technologies. An annual
willow or grass crops can be harvested by using machinery which is designed for harvest
of the maize (Urbanovi¢ova, 2011). Chopped biomass can be used for additional
purposes such as production of the briquettes. The particle fractions are one of the most
important features of chopped biomass (Lisowski et al., 2010). However, the harvest of
crops has a high energy demands and therefore it is inevitable to optimize the whole
harvest process (Lisowski et al., 2009).

Table 1. Energy potential of biomass in Slovakia (adopted from Maga & Piszczalka (2006) and
Pepich (2006))

Type of biomass Total amount Energy potential, PJ
Biomass from agriculture for combustion 2,031 Mt 28.6

Woody biomass 1,810 Mt 16.9

Wood processing industry 1,410 Mt 18.1

Mouldings in the production of bio fuels 0.1 Mt 1.8

Purpose-grown biomass for energy production by 100x103xha 10.6

combustion

Total - 76

PJ — Peta joules; Mt — Mega tons; ha — hectare.

Biomass is an ideal renewable energy with advantages of abundance resources and
neutral in the greenhouse gas circulation (Kristof et al., 2011; Fei et al., 2014). Maize is
one of the agricultural crops, which have wide use from the view of phytomass
production and is considered as the third millennium crop. Alcohol, oil and biogas, also
plastics, thermal insulation and other materials can be produced from maize, even
electric energy by means of biogas cogeneration. Maize is primarily an economically
profitable crop (Krizan et al., 2017). Considering combustion the characteristics of
biomass are important whereas the main indicators of quality are values of water content
in biofuel, chemical composition of combustible fuel, content of volatile matter, biofuel
heat value (Findura et al., 2006; Maga & Piszczalka, 2006; Jobbagy et al., 2011). Maize
stalks have a heat value of 14.4 MJ kg at moisture level of 10%, at the volumetric
weight of 100 kg m? in packages. However, straw, Miscanthus, maize, and horse
manure were reviewed in terms of fuel characteristics by Carvalho et al. (2008; 2013)
with conclusion that all the fuels showed problems with ash lumping and slag formation.

At the same time it needs to be noted that treatment of biomass is required for its
use improvement. Moreover, biomass material pressing at very high pressure is a
working process, which we refer to as compaction in the final phase (Pepich, 2006).
Traditional multi-operational maize straw harvesting is performed in the following steps,
which are defined by primary method of the grain maize harvesting, it means what type
of machine was used to harvest maize crop (Jandacka & Mikulik, 2008). Grain harvest
is performed by conventional combine harvesters with adapter for grain maize harvesting
with crushing maize stalks under combine-harvester. After that, maize straw crushing is
performed. This is followed by maize straw and stubble grinding by means of hammer
and knife mulching machine (Birrell, 2006; Collection of Laws, 2010).
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The aim of the study was the evaluation and comparison of energy potential of
briquettes and pellets produced from the maize straw and woody biomass based on
various diameters of pellets. By experimental measurements a calorific value and ash
content was observed.

MATERIALS AND METHODS

Since the aim of the study was to compare pellets and briquettes produced from
maize straw (residues) with regards to its physical and mechanical properties in
relationship with differences in diameters. Therefore, by experimental measurements
was observed calorific value and ash content as a main criterion. Various laboratory
devices were employed in measurements, e.g. laboratory calorimeter control unit (Fig. 1)
and laboratory combustion furnace.

Figure 1. Calorimeter IKA C 6000 control unit (IKA® Works, Inc., USA).

The experimental field was selected in accordance of sufficient experimental
sampling grid needed with area of 120 ha (N 48.069135, E 17.959389). From selected
area were collected samples in regular grid by manual harvest. Ten sampling points were
selected with average area represented by 1 m?, from which the whole maize were
collected at the end of maturity before field harvest. Subsequently, a maize cob were
removed and only leafs and stalks were utilized in pellets and briquettes production while
their represents the maize residues left on the field after harvest of maize. Obtained
residue mixture of leafs and stalks were shredded and crushed in order to produced an
appropriate particle size of this elements which can be utilized in pellets and briquettes
production. This mixture were then densified in form of briquettes by employment of
automatic briquetting press BrikStar MAGNUM (BRIKLIS — Slovakia, Inc., Slovakia)
which operates in pressure range from 12 to 18 MPa. Produced briquettes were then
analysed in order to determination of its calorific value by employment of calorimeter
device IKA C 6000 (IKA® Works, Inc., USA). For each sample of produced briquettes
were conducted ten replications. Subsequently, ash content of individual samples were
determined by employment of laboratory combustion chamber Lindberg/Blue M
(Thermo Fisher Scientific Inc., USA),
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The same methodologies were followed in case of production and analysis of
pellets produced from maize residues however two types of pressing matrices were
utilized. Those matrices differ in diameter of its holes (6 mm and 8 mm) and pelletizing
press was used (UDKL 120, TIANYUYOUDO, Shandong, China).

The production pellets and briquettes was conducted according following
standards: DIN 51900, BS 1016 part 51977, ASTN D3286-91, ASTM D240-87, ASTM
E711-87, 1SO 1928-1976, ASTM D 1989-91 and BSI. In case of determination of the
calorific value and ash content of produced briquettes were followed standards STN I1SO
1928 — Calorific value of biological materials and STN ISO 1171 — Ash content of
biological materials.

RESULTS AND DISCUSSION

According to Frei (2013) lignin is a plant component with important implications
for various agricultural disciplines. It confers rigidity to cell walls, and is therefore
associated with tolerance to abiotic and biotic stresses and the mechanical stability of
plants. In animal nutrition, lignin is considered an anti-nutritive component of forages
as it cannot be readily fermented by rumen microbes. In terms of energy yield from
biomass, the role of lignin depends on the conversion process. It contains more gross
energy than other cell wall components and therefore confers enhanced heat value in
thermo chemical processes such as direct combustion.

Our study as well as in those conducted by Kaliyan et al. (2009) and Kaliyan &
Morey (2010) confirmed that highly dense, strong, and durable briquettes and pellets
from corn stover and switch grass could be produced without adding chemical binders
(i.e., additives) by activating (softening) the natural binders such as water-soluble
carbohydrates, lignin, protein, starch, and fat in the biomass materials by providing
moisture and temperature in the range of glass transition of the biomass materials.
Moreover, the same study as well as those conducted by Urbanovic¢ova et al. (2017) has
proved that the roll press briquetting appears to be a promising low-cost, low-energy,
high-capacity densification approach for commercial production of the biomass
briquettes.

The energy potential analysis reveal that in case of produced pellets with diameter
of 6 mm the average calorific value was obtained at level 17,381.6 kJ kg while in case
of pellets with diameter of 8 mm was observed lower average value at level
17,041.7 kJ kg™. From this point of view it can be concluded that the lower diameter of
utilized holes matrices leads to increase of the pellets densities which was then
transformed into the increased energy potential. In comparison with the average calorific
value of produced briquettes the significantly lower value (15,402.8 kJ kgt). This
phenomenon can be explained by conclusion that in briquetting process do not secure
comparable densification of utilized material while its energy potential was observed at
level 15,402.8 kJ kg™ while in case of pellets were about 11.38 and 9.61% lower than in
case of pellets with diameters of 6 and 8 mm (Table 2).

Wongsiriamnuay & Tippayawong (2015) has reported that the compact density
increased with pressure and temperature to around 950-1,100% higher than the residue
density. The relaxed density was stable at 60—-80°C, but at 30 °C, it was found to decrease
from 800-1,000 kg m® to 660-700 kg m™. The durability index was observed to
improve with increasing pressure and temperature by 30-60% and 70-90%,
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respectively. This corresponded well with the lignin glass transition temperatures being
in the range of 60-80 °C at moderate pressure values between 150 MPa and 250 MPa.
Pellet density was also found to increase with increasing compression pressure and
temperature. Pellet density was three times higher than bulk density and similar to the
particle density. Heating the feed materials during compression decreased the
compaction pressure from 250 MPa to 150 MPa, resulting in the formation of pellets
with a higher durability index and more stable relaxed density.

Moreover, Brunerova et al. (2017) concluded that utilization of Poppy waste
material (by extension, all tested waste materials utilization) for briquette production can
be recommended, however, with necessary improvements related to their mechanical
parameters. It can be recommended using of extremely high briquetting pressure
(> 60 MPa) or using of external additives, for example wood dust or chips (with high
level of lignin), to improve mechanical properties of briquettes. Overall evaluation of all
obtained results proved satisfactory level of chemical quality and high energy potential
of all investigated materials but low level of their mechanical quality (Brunerova et al.,
2017).

Table 2. Comparison of calorific values and ash content of selected diameters of pellets and
briquettes

Calorific value, kJ kg™* Ash content, %
n Pellets, Pellets, Briquettes Pellets, Pellets, Briquettes

6 mm 8 mm 6 mm 8 mm
1 17,303 17,092 15,531 1.026 1.007 1.012
2 17,221 16,638 15,516 1.024 1.010 1.017
3 17,502 16,889 15,307 1.030 1.003 1.013
4 16,991 17,110 15,446 1.025 1.012 1.009
5 17,150 17,087 15,293 1.027 1.006 1.006
6 17,207 17,200 15,662 1.023 1.007 1.012
7 17,449 17,128 14,994 1.027 1.008 1.016
8 17,783 16,993 15,334 1.025 1.015 1.011
9 17,801 17,105 15,405 1.028 1.019 1.014
10 17,409 17,175 15,540 1.024 1.009 1.011
Mean 17,381.6 17,041.7 15,402.8 1.026 1.010 1.012

In order to maintain a high operating comfort for end users in the residential heating
sector, high ash content must be avoided. On the one hand because of the demand of
emptying the ash box at periodical intervals, on the other hand because of the increasing
danger of slag and deposit formation in the furnace as well as due to the rising dust
emissions. The ash content of pellets could be higher, however, if the pellets are used in
medium and large-scale applications due to the higher robustness as well as to the more
sophisticated combustion and process control technology applied for such plants
(Obernberger & Thek, 2004; Niedziotka et al., 2015).

The ash content analysis reveal that in the case of pellets with diameter 6 mm the
average value of ash content was recorded at level of 1.026% while in case of pellets
with diameter of 8 mm was observed lower average value at level 1.010%. In
comparison with ash content of produced briquettes it was observed at value 1.012%
which means the difference about 0.014% in case of pellets with diameter of 6 mm.
Moreover, in comparison of the briquettes and pellets with diameter of 8 mm there were
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observed significantly greater energy potential of pellets however in the case of ash
content the difference were at minimum 0.002% (Fig. 2).
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Where: Different letters means statistically significant differences
(A,B,C for calorific values; a, b, c for ash content); LSD test, a = 0.05.

Figure 2. Comparison of calorific values and ash content of selected diameters of pellets and
briquettes (according statistics: LSD test, « = 0.05; n = 10).

In comparison of pellets with the different diameters were energy potential
recorded at minimum however in the case of ash content of individual pellets was
observed difference about 0.016%. This phenomenon support the previous assumption
that with decreasing diameter of pellets with no difference in the pressing condition it
leads to increased and more efficient densification of pressed material and therefore to
increased energy potential and increased ash content of selected pellets.

On the other hand the differences may be caused by the different composition of
maize biomass used in densification process. According to Zhang et al. (2012) and Fei
et al. (2014), corn residues (cobs, leaves and stalks) are abundantly available renewable
materials that can be used as an energy source in gasification and combustion systems.
Proper understanding of the physical properties of these materials is necessary for their
use in thermo chemical conversion processes. It was observed that the leaves had an
increasing trend of particle size distribution between the particle sizes 0.106 and
0.925 mm. The average particle sizes for the cobs, leaves and stalks were 0.56, 0.70 and
0.49 mm, respectively. The average bulk density was 282.38, 81.61 and 127.32 kg m™
for the corn cobs, leaves and stalks, respectively. The average porosity was 67.93, 86.06
and 58.51% for the corn cobs, leaves and stalks, respectively. A positive relationship
between the average particle size and the porosity was observed for the corn residues.
The differences in the physical properties among the corn residues (cobs, leaves and
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stalks) observed in the study are due to variations in the compositions and structures of
these materials (Zhang et al., 2012).

The study of Witters et al. (2012) examines the renewable energy production of
crops used for phytoremediation. Cultivation of crops for energy purposes on such land
offers the opportunity to come up with an approach that efficiently uses contaminated
agricultural land and that can be beneficial for both farmer and society. Performing a
Life Cycle Analysis (LCA), it was examined the energy and CO, abatement potential of
willow (Salix spp.), silage maize (Zea mays L.), and rapeseed (Brassica napus L.)
originating from contaminated land. Taking into account the marginal impact of the
metals in the biomass on the energy conversion efficiency and on the potential use of the
biomass and its rest products after conversion, digestion of silage maize with combustion
of the contaminated digestate shows the best energetic and CO, abating perspectives.
The replacement of cokes based electricity by willow is more efficient in CO, abatement
than willow used in a Combined Heat and Power (CHP) unit, despite lower net energy
production in the former option. Willow reaches the same energy production and same
CO; abatement per hectare per year as silage maize when its biomass yield is respectively
13 and 8.7 Mg dm ha* y.

However, Meyer-Aurich et al. (2012) conducted a study to observe the impact of
uncertainties on greenhouse gas mitigation potential of biogas production from
agricultural resources. Their analysis demonstrates the variability of the mitigation effect
due to uncertainties with technical and environmental processes, which are difficult to
control. Uncertainties due to fertilizer induced N>O emissions from the soil had the
biggest impact on the mitigation effect of biogas use when the digestate is stored gas-
tight. Otherwise, the uncertainty of emissions from the digestate dominates the
variability of GHG emissions of the whole process. Moderate effects are caused by the
biogas yield from feedstock, methane leakage, the electrical efficiency of the combined
heat and power unit (CHP), and nitrate leaching. A minor impact can be expected from
fertilizer volatilization and from the power consumption of the biogas plant.

In addition, Prade et al. (2012) in their comprehensive study focused on energy
balances for biogas and solid bio fuel production from industrial hemp. This study
evaluated and compared net energy yields (NEY) and energy output-to-input ratios (Rox)
for production of heat, power and vehicle fuel from industrial hemp. Four scenarios for
hemp biomass were compared; (I) combined heat and power (CHP) from spring-
harvested baled hemp, (1) heat from spring-harvested briquetted hemp, and (I11) CHP
and (IV) vehicle fuel from autumn-harvested chopped and ensiled hemp processed to
biogas in an anaerobic digestion process. The results were compared with those of other
energy crops. Calculations were based on conditions in the agricultural area along the
Swedish west and south coast. There was little difference in total energy input up to
storage, but large differences in the individual steps involved. Further processing to final
energy product differed greatly. Total energy ratio was best for combustion scenarios (1)
and (I1) (Ron of 6.8 and 5.1, respectively). The biogas scenarios (I11) and (V) both had
low Ron (2.7 and 2.6, respectively). They suffer from higher energy inputs and lower
conversion efficiencies but give high quality products, i.e. electricity and vehicle fuel. It
was concluded that the main competitors for hemp are maize and sugar beets for biogas
production and the perennial crops willow, reed canary grass and miscanthus for solid
biofuel production. Hemp is an above-average energy crop with a large potential for
yield improvements (Prade et al., 2012).
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CONCLUSIONS

In this study was observed the energy potential and related ash content of sampled
briquettes and pellets produced from maize residues (leafs and stalks, cobs not included)
and following comparison of individual differences. The analysis of individual samples
reveals that energy potential of pellets with diameter 6 mm ranged from 16.99 MJ kg'*
to 17.80 MJ kg*. In case of pellets with diameter 8 mm it was observed in range from
16.63 MJ kg to 17.20 MJ kgX. The energy potential of compared briquettes produced
from the same material mixture was significantly lower and ranged from 14.99 MJ kg!
to 15.66 MJ kg*. Further analysis has shown that the differences were also in the
recorded ash content of briquettes and pellets moreover the differences were observed
also in case of pellets in relation with their different diameters. At the basis of this
information it can be concluded that maize residues in form of briguettes and pellets has
a great energy potential which is comparable with currently used materials for
production of briquettes and pellets. Taken together, utilization of all present waste
materials is highly recommended, as well as all kinds of waste materials (especially the
biological ones) in attempt to keep the main key factors of proper waste management.

ACKNOWLEDGEMENTS. This work was supported by AgroBioTech Research Centre built in
accordance with the project Building ‘AgroBioTech’ Research Centre ITMS 26220220180; and
by the Ministry of Education of the Slovak Republic, Project VEGA 1/0155/18.

REFERENCES

Birrell, S. 2006. Biomass harvesting, transportation and logistics. lowa state university. 2006,
www.bioeconomyconference.org/images/Birrell,%20Stuart.pdf.

Brunerova, A., Brozek, M. & Miiller, M. 2017. Utilization of waste biomass from post—harvest
lines in the form of briquettes for energy production. Agronomy Research 15(2), 344-358.

Carvalho, L., Lundgren, J. & Wopienka, E. 2008. Challenges in small-scale combustion of
agricultural biomass fuels. International Journal of Energy for a Clean Environment
9(1-3), 127-142.

Carvalho, L., Wopienka, E., Pointner, C., Lundgren,J., Verma, V.K., Haslinger, W. &
Schmidl, C. 2013. Performance of a pellet boiler fired with agricultural fuels. Applied
Energyl104, 286-296.

Collection of Laws. 2010. Emissions and technical requirements for stationer energy production
facilities (no. 356/2010). Slovak ministry of Agriculture, Environment and Regional
Development, Bratislava, pp. 2931-2945 (in Slovak).

Fei, H., Shi, J.-M,, Li, Y.-L. & Luo, K. 2014. Study on kinetics of straw stalk gasification in CO;
with random pore model. Applied Mechanics and Materials 618, 316-320.

Frei, M. 2013. Lignin: Characterization of a multifaceted crop component. The Scientific World
Journal 2013, Article ID 436517, 25 pages.

Findura, P., Maga, J., Jobbagy, J. & Ponji¢an, O. 2006. The effect of sowing technology on
production of biomass. Acta technologica agriculture 9(3), 75-78 (in Slovak).

Jandacka, J. & Mikulik, M. 2008. Ecological aspects of biomass and fosil fuel combustion.
GEORG press, Zilina, 116 pp. (in Slovak).

Jobbagy, J., Gabaj, D. & Arvay, J. 2011. Evaluation of selected agro-physical properties of a root
vegetables. Acta technologica agriculture 14(3), 61-66.

481


http://www.bioeconomyconference.org/images/Birrell,%20Stuart.pdf

Kaliyan, N. & Morey, R.V. 2010. Natural binders and solid bridge type binding mechanisms in
briquettes and pellets made from corn stover and switchgrass. Bioresource Technology
101(3), 1082-1090.

Kaliyan, N., Morey, R.V., White, M.D. & Doering, A. 2009. Roll press briquetting and pelleting
of corn stover and switchgrass. Transactions of the ASABE 52(2), 543-555.

Kristof, K., Blasko, M., Angelovi¢, M. & Chud4, Z. 2011. The use of maize stalks for energy
purposes and emissions measurement during their combustion. Mechanizace zemédélstvi
61, 178-185 (in Slovak).

Krizan, M., Kristof, K., Angelovi¢, M. & Jobbagy, J. 2017. The use of maize stalks for energy
purposes and emissions measurement during their combustion. Agronomy Research 15(2),
456-467.

Lisowski, A., Klonowski, J. & Syputa, M. 2010. Comminution properties of biomass in forage
harvester and beater mill and its particle size characterization. Agronomy Research 8(S I1),
459-464.

Lisowski, A., Nowakowski, T., Syputa, M., Chotuj, D., Wisniewski, G. & Urbanovicova, O.
2009. Suppleness of energetic plants to chopping. Annals of Warsaw University of Life
Sciences — SGGW. Agriculture, 53, 33-40.

Maga, J. & Piszczalka, J. 2006. Biomass as a source of renewable energy. Slovak University of
Agriculture in Nitra, Nitra, 104 pp. (in Slovak).

Meyer-Aurich, A., Schattauer, A., Hellebrand, H.J., Klauss, H., Plochl, M. & Berg, W. 2012.
Impact of uncertainties on greenhouse gas mitigation potential of biogas production from
agricultural resources. Renewable Energy 37(1), 277-284.

Niedzidtka, I., Kachel-Jakubowska, M., Kraszkiewicz, A., Szpryngiel, M., Szymanek, M. &
Zaklika, B. 2015. Assessment of quality and energy of solid biofuel production. Bulgarian
Journal of Agricultural Science 21(2), 461-466.

Obernberger, I. & Thek, G. 2004. Physical characterisation and chemical composition of
densified biomass fuels with regard to their combustion behaviour. Biomass and Bioenergy
27(6), 653-669.

Pepich, S. 2006. Economical aspects of biomass utilization as an energy source at farm.
Agrobioenergia 1, 9-10 (in Slovak).

Piszczalka, J. & Jobbagy, J. 2011. Bioenergy: Green energy. 1% edition. Slovak university of
agriculture in Nitra, Nitra. 2011. 143 pp. (in Slovak)

Prade, T., Svensson, S.-E. & Mattsson, J.E. 2012. Energy. balances for biogas and solid biofuel
production from industrial hemp. Biomass and Bioenergy 40, 36-52.

Urbanovi¢ova, O., Kristof, K., Findura, P., Jobbagy, J. & Angelovi¢, M. 2017. Physical and
mechanical properties of briquettes produced from energy plants. Acta Universitatis
Agriculturae et Silviculturae Mendelianae Brunensis 65(1), 219-224.

Zhang, Y., Ghaly, A.E. & Li, B. Physical properties of corn residues. American Journal of
Biochemistry and Biotechnology 8(2), 44-53.

Wongsiriamnuay, T. & Tippayawong, N. 2015. Effect of densification parameters on the
properties of maize residue pellets. Biosystems Engineering 139, 111-120.

482



Agronomy Research 16(2), 483-491, 2018
https://doi.org/10.15159/AR.18.040

The European performance indicators of broiler chickens as
influenced by stocking density and sex

A.J. Kryeziu, N. Mestani, Sh. Berisha and M.A. Kamberi”

University of Prishtina, Faculty of Agriculture and Veterinary, Department of
Biotechnology in Zootechny, “Bill Clinton” Boulevard, nn, XK10000, Prishting,
Republic of Kosovo.

“Correspondence: muhamet.kamberi@uni-pr.edu

Abstract. The aim of this study was to investigate the influence of different stocking densities
on the growth performance of Ross 308 broiler chickens up to six weeks of age. A total of 216
one-day broiler chicks were randomly assigned to three treatment groups based on the stocking
density: Low (LSD) = 14 chickens m?, Medium (MSD) = 18 chickens per m?> and High
(HSD) = 22 chickens m, with four replications. Higher body weight gain (TWG) was observed
for the low (2,043.89 g) and medium (2,008.03 g) compared to the high (1,901.51 g) density. The
study revealed that chickens of the LSD treatment consumed significantly (P < 0.01) more feed
compared to the HSD chickens. High stocking density (22 m?) tended to improve feed conversion
ratio compared to medium (18 m?) and low (14 m?) stocking density, but the differences were
not significant (P > 0.05). From the results of this study it can be concluded that broiler chicks
can be stocked up to 22 chickens m?, as far as required standards are assured.

Key words: broiler chickens, feed intake, growth, sex, stocking density.

INTRODUCTION

Broiler contribution in meat production has increased markedly in the last few
decades, and this is mainly due to improved genetic and management practices. Due to
its low fat and high protein content, broiler meat is considered as a high quality food by
consumers.

Broiler chicken can grow almost anywhere. They are small and therefore need less
space compared to other animals. Housing of broiler chickens in large numbers and
groups is a mean of reducing housing costs. A study by Package et al. (2015)
demonstrated that a closed cage housing system enables the control of the microclimate
inside the facilities, improves productivity, land and labour efficiency, and renders
broiler production more environmentally friendly. The housing environment is
extremely important and has an influence on broiler performance and welfare. Beyond
stocking density, another factor that is very important is the quality of litter material, as
meat type chickens spend most of their time lying on litter and their foot pads, hock and
breast are in constant contact with the material on the floor (Ter¢i¢ et al., 2015). Among
the many factors that can affect broiler growth performance, stocking density and sex
are very important (Abudabos et al., 2013b; Qaid et al., 2016). Stocking density can be
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expressed as a number of birds per unit area or body mass per unit area. According to
previous researchers (Estevez et al., 2007; Buijs et al., 2009), stocking density can be
different in various countries and husbandry systems. It is one of the most important
non-genetic factors in poultry breeding and has critical implications for the broiler
industry, as higher returns can be obtained as the number of birds per unit area increases.

From the farmers’ perspective, the housing of more birds per unit area may increase
the income. However, if densities are over exceeded, economic profit may be lower due
to the impairment of bird performance, health and welfare (Adeyemo et al., 2016).
Welfare standards of chickens kept for meat production are strictly defined by the
Council Directive (2007). This document describes the necessary welfare criteria
depending on the total load of yield per unit area. A load of maximum of 33 kg m™ is set
as a limit. This directive allows 39 kg m™ if stricter welfare standards are documented,
or even 42 kg m? if exceptionally high welfare standards are met over a prolonged
period.

The maximum stocking density may be defined as the number of birds or weight
per floor surface (Berg & Yngvesson, 2012) and could affect growth rate and body
weight per floor area. High stocking density can reduce growth and final body weight at
42 days (Sekeroglu et al., 2009; Hassanein et al., 2011; Simitzis et al., 2012). In studies
implemented by Uzum & Toplu (2013) and Das & Lacin (2014) effects of stocking
density on the final body weight, feed intake and feed conversion ratio were also
observed. Some researchers (Tsiouris et al., 2015) have also concluded that stocking
density may affect the viscosity of intestinal content and the prevalence of necrotic
enteritis in chicken. Sex is a factor that could also affect final body weight (Marcu et al.,
2013a) with males being superior to females (Azahan et al., 2014; Beg et al., 2016) in
growth parameters such as body weight. Being aware of the importance of the number
of birds kept in specific surface area, and due to the fact that in Kosovo broilers are
normally bred un-sexed, the goal of this study is to find the optimum stocking density
and its effects on growth performance in broiler chickens of both sexes.

MATERIALS AND METHODS

The present study was conducted at the experimental facilities of Agriculture and
Veterinary Faculty of the University of Prishtina and lasted six weeks. This experiment
was carried out using a total of 216 one day old commercial Ross 308 broiler chicks.
The experiment was organised in two factorial design with stocking density and sex as
independent variables. One day-old chicks obtained from a leading broiler commercial
company, KonSoni, were first feather sexed and individually weighed to make uniform
replicate groups (P > 0.05) for each density treatment. Chicks were randomly assigned
to 3 stocking density groups (treatments): High Stocking Density (HSD) = 22 chicks (11
female and 11 male), Medium Stocking Density (MSD) = 18 (9 female and 9 male) and
Low Stocking Density (LSD) = 14 (7 female and 7 male) birds m2. Each group was
replicated four times. Broiler chickens were housed in four tier wired cages with 1 x 1
metre dimensions for each floor. The height between floors was 0.5 metres. Birds were
kept under controlled environmental conditions from day one until day 42. All birds
were offered free access to feed and water during the entire rearing period. Diets were
formulated based on nutritional requirements according to recommendations by National
Research Council (1994). The chickens were fed starter (first three weeks) and grower
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diet until the end of trial (22—-42 days). Birds of each group were individually weighed
at 7, 14, 21, 28, 35 and 42 days of age. Total Weight Gain (TWG), Daily Weight Gain
(DWG), Total Feed Intake (TFI), Daily Feed Intake (DFI) and Feed Conversion Ratio
(FCR)) were calculated weekly and at the end of the feeding period. Feed intake was
calculated from the difference between the amount of feed added every week and feed
residues of each group at the end of the phase. In the case of mortality, the body weight
of the dead bird was recorded. After calculation of viability percentage and FCR, the
European Production Efficiency Factor (EPEF) and European Broiler Index (EBI) were
used to evaluate the growing performance of broilers as suggested by Van, (2003),
Marcu et al. (2013b) and Aviagen, (2015). EPEF and EBI were calculated according to
the following formula (Marcu et al., 2013b).

TWG = Body weight (g) at the end — Body weight (g) at start;

ADG (g/chick/d) = TWG/ days of growth period;

FCR (kg feed/kg gain) = Cumulative feed intake (kg) /Total weight gain (kg);

Viability, % = 100 — Mortality, %

Viability (%) x BW (kg)

Age (d) x FCR (kg feed/kg gain)
_ Viability (%) x ADG (g/chick/d ay)

FCR (kg feed/kg gain) x10

Statistical analysis: Raw data obtained from measurements was processed using the
Microsoft Excel spreadsheet application. Collected data on growth performance
parameters were subjected to analysis by statistical package JMP IN 7 (business unit of
SAS). One way Analysis of Variance was used to compare the means of the data and
alfa level of 0.05 were used as a borderline to define the significance. Tukey-Kramer
HSD post hoc test was used to compare mean group differences.

EPEF =

EBI x100

RESULTS AND DISCUSSION

Broiler chicken growth performance at two ages (1-35 and 1-42), housed in
different stocking densities is presented in Tables 1 and 2. The different number of
chickens per square metre has significantly (P < 0.05) influenced total weight gain, daily
weight gain and yield per unit area in both ages. Total (TFI) and daily feed intake (DFI)
were significantly affected by stocking density only in 1-42 days of age (Table 2). All
other performance indicators were not significantly affected by the number of birds per
unit area irrespective of the age. However increasing stocking density decreased total
weight gain (TWG).

This tendency is also observed by Farhadi et al. (2016), who reported lower weight
gain on day 42 in broilers kept at 18 compared to that reared at the stocking density of
22 birds m?. TWG was reduced from 142.38 g to 106.52 g with increasing stocking
density from 14 to 22 chickens m at the age of 42 days. Similar observations were also
made by Cengiz et al. (2015), who reported higher body weight gain in six week old
Ross 308 broilers reared at LSD (10 birds m?) than those at HSD (20 birds m2). Ghosh
etal. (2012) also concluded that the increase in bird stocking density significantly affects
body weight gain. In fact, our results are inconsistent with those of Nogueira et al.
(2013), who worked with 10, 14 and 18 birds m2. These authors found no significant
effect of the stocking density in total weight gain. However, they reported higher body
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weight gain of broilers at 14 and 18 birds m? (257.11 g and 330.97 g respectively)
compared with the results of the present study for same densities. Our results are also
different from that of Uzum & Toplu (2013), who reported lower TWG of birds reared
at densities of 18 birds m™,

Table 1. Main effect of treatment on growth performance of broiler chicken (mean+SEM) (1-35
days)

Treatment, birds m2

Parameters HSD MSD LSD P-value
TWG, g per bird 1511.10°% 24.16 1,626.15°+39.28 1,606.21% + 28.44  0.0372
DWG, g per bird per day 43.17°+ 0.69 46.462 + 1.12 45.85% + 0.81 0.0372
TFI, g per bird 2505.95+46.19 2,666.63+60.16 2681.96+-54.80  0.0586
DFI, g per bird per day ~ 71.59 + 1.32 76.18 + 1.72 76.62 + 1.57 0.0586
FCR 1.66 + 0,02 1.64+ 003 1.67+ 003 0.7312
Mortality, % 0.68 + 0.33 0.55 + 0.56 0.35+ 0.36 0.8641
YUA, (kg m?) 330324071  29.21°+ 0.37 23.14°+ 0.52 <.0001
EPEF 266.73+561  290.40 + 9.69 282.25 + 7.36 0.1135
EBI 258.82+546  282.21+9.55 274.33+7.28 0.1113

Note: HSD - High Stocking Density; MSD — Medium Stocking Density; LSD — Low Stocking Density;
SEM - Standard error of mean; TWG — Total Weight Gain; DWG — Daily Weight Gain; TFI — Total Feed
Intake; DFI—Daily Feed Intake; FCR —Feed Conversion Ratio; YUA-Yield per unit area;
EPEF — European Production Efficiency Factor; EBI — European Broiler Index.

3¢ _ means with different superscripts within the same row are significantly different at P < 0.05.

Table 2. Main effect of treatment on growth performance of broiler chicken (mean + SEM)
(1-42d)

Parameters Treatment, birds m™

HSD MSD LSD P-value
TWG, g per bird 1,901.51°+33.23  2,008.03% + 4548 2,043.892+31.81 0.0355
DWG, g per bird per day 45.27°+0.79 47.81% +1.08 48.66% + 0.76 0.0355
TFI, g per bird 3,337.77°+ 8554 3,589.132+65.20 3,731.52%+ 70.12 0.0041
DFI, g per bird perday ~ 79.47° + 2.04 85.46% + 1.55 88.85% + 1.67 0.0041
FCR 1.75+0.02 1.79+0.01 1.83+0.02 0.1044
Mortality, % 0.57+0.32 0.46 £0.32 0.30+0.30 0.8285
YUA, (kg m?) 41.30%+ 0.66 35.87° + 0.44 29.27¢+ 0.52 <.0001
EPEF 261.68 +£5.25 273.24 £ 7.66 273.06 +6.82 0.4083
EBI 255.47 £5.12 266.96 + 7.58 266.99 +6.72 0.3981

Note: HSD — High Stocking Density; MSD — Medium Stocking Density; LSD — Low Stocking Density;
SEM - Standard error of mean; TWG — Total Weight Gain; DWG — Daily Weight Gain; TFI — Total Feed
Intake; DFI —Daily Feed Intake; FCR —Feed Conversion Ratio; YUA —Yield per unit area;
EPEF — European Production Efficiency Factor; EBI — European Broiler Index.

abe _ means with different superscripts within the same row are significantly different at P < 0.05.

The DWG of LSD and HSD groups were 48.66 and 45.27¢g per day, respectively
(Table 2). This is not in accordance with the results of Adeyemo et al. (2016), who found
no effect on daily weight gain. This is probably due to the much lower stocking densities
in their research (10, 12 and 14 birds m2) and longer duration of experiment (8 weeks).
In our study, the LSD group had higher DWG (+8.95 g) compared with the results of
Adeyemo et al. (2016), at the same stocking density. However, TWG reported by the
same authors was 180.11 g higher than in our experiment. Other authors (Tong et al.,
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2012) have also reported different results for daily body weight gain as an effect of
different stocking densities (12.5, 17.5 and 22.5 birds m™).

Stocking density has also significantly affected (P < 0.05) feed intake (total and
daily) of broilers at six weeks of age (Table 2). Higher total (TFI) and daily (DFI) feed
intake were found in LSD and MSD compared to HSD group. Differences were also
observed between MSD-HSD while no significant feed intake was observed between
LSD-MSD treatment. Results show that chickens of the MSD group had higher TFI than
those reported by Uzum & Toplu (2013) and Tong et al. (2012), who also reported
different results for DFI. The total amount of feed intake (3,731.52 g per bird) reported
in the present study for the LSD group is lower than reported by Beg et al. (2011), who
observed intake of 4,307 g per broiler kept at the same stocking density (14 birds m?).
Differences in feed intake may be attributed to different feeding space available (Lemons
& Moritz, 2016). Birds in our experiment were offered 4.55; 5.56 and 7.14 cm feeder
space for HSD, MSD and LSD treatment respectively, which is higher than in
commercial practice.

Results for feed conversion ratio (FCR) and mortality are also shown in Tables 1
and 2. FCR was not significantly influenced (P > 0.05) by stocking density. However,
FCR tended to be lower in the HSD compared to the other groups. A possible explanation
is that birds of the LSD group had more available feeding and moving space, and
although consumed more feed, they did not convert it effectively into tissues due to
energy losses. This is in agreement with the results of Abudabos et al. (2013a) and
Tiirkyilmaz (2008), who observed that stocking density had no significant effect on FCR.
However, these results do not agree with those from trials of Ravindran et al. (2006),
who found significant differences in FCR as a result of three different stocking densities
(16, 20 and 24 birds m2). Moreover, according to the findings of the present study, it
seems that stocking density has no significant influence on mortality rates (P > 0.05),
since the applied stocking densities were not over the critical levels according to the
Council Directive (2007), and there was no competition of chickens for space. Our
findings are also in agreement with the results of Feddes et al. (2002), Guardia et al.
(2011), Zuowei et al. (2011), Tong et al. (2012), Adeyemo et al. (2016) and Farhadi et
al. (2016), which have shown that stocking density had no effect on mortality rates.
Results of the yield per unit area (YUA, kg m?) shown in Table 2 were significantly
(P < 0.05) different among density groups at the age of 42 days. As indicated, YUA
increased by raising stocking density.

Feddes et al. (2002) also reported that YUA was affected by stocking density. They
found a YUA of 46.9 kgm? in higher stocking densities (23.8 bird m?), which is
significantly higher than that of 34.6, 28.6 and 22.9 kg m™ produced in the stocking
densities of 17.9, 14.3 and 11.9 birds m™, respectively.

The performance of broiler birds was also evaluated in terms of European Broiler
Index (EBI) and European Production Efficiency Factor (EPEF), which includes daily
weight gain and survival percentage. Higher values of these indicators indicate that the
bird’s body weight gain is uniform and the flock is in good health (Bhamare et al., 2016).
No significant (P > 0.05) differences among groups in EPEF and EBI values were
observed. However these values were lower than those reported from Aviagen (2015).

The effect of sex on the performance of birds is shown in Tables 3 and 4. Results
show non-significant differences (P > 0.05) between male and female broilers at both
ages in all measured and calculated parameters.
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Table 3. Main effect of sex on growth performance of broiler chicken (mean+=SEM) (1-35 days)

Sex
Parameters Male Female P-value
TWG, g per bird 1,596.85 + 27.10 1,565.46 + 30.40 0.3980
DWG, g per bird per day 45.62+0.77 44,72 +£0.87 0.3980
TFI, g per hird 2,659.40 + 42.73 2,576.96 + 52.26 0.1930
DFI, g per bird per day 75.98 £1.22 73.63+£1.49 0.1930
FCR 1.66 +0.02 1.64 +0.02 0.4920
Mortality, % 0.54 +0.29 0.52+0.39 0.9688
YUA, (kg m?) 28.40+1.73 28.52+1.96 0.9628
EPEF 281.39 +7.70 278.20 +5.82 0.7301
EBI 273.10 £ 7.57 270.47 £5.78 0.7735

Note: HSD — High Stocking Density; MSD — Medium Stocking Density; LSD — Low Stocking Density;
SEM - Standard error of mean; TWG — Total Weight Gain; DWG — Daily Weight Gain; TFI — Total Feed
Intake; DFI - Daily Feed Intake; FCR —Feed Conversion Ratio; YUA-Yield per unit area;
EPEF — European Production Efficiency Factor; EBI — European Broiler Index.

Table 4. Main effect of sex on growth performance of broiler chicken (mean+SEM) (1-42 days)

Sex
Parameters Male Female P-value
TWG, g per bird 2012.90 + 33.468 1956.05 = 34.252 0.2478
DWG, g per bird per day 47.93 +0.796 46.57 £ 0.815 0.2478
TFI, g per bird 3,587.86 + 65.393 3,517.66 + 85.502 0.5205
DFl, g per bird per day 85.43 £ 1.557 83.75 £ 2.035 0.5205
FCR 1.78 £ 0.019 1.80 £ 0.020 0.6318
Mortality, % 0.45+0.263 0.43+0.248 0.9649
YUA, (kg m?) 35.54+2.121 35.42+2.344 0.9692
EPEF 274.50 + 6,080 264.15 +£4.440 0.1828
EBI 268.04 + 6.014 258.24 +4.406 0.2021

Note: HSD — High Stocking Density; MSD — Medium Stocking Density; LSD — Low Stocking Density;
Sem — Standard error of mean; TWG — Total Weight Gain; DWG — Daily Weight Gain; TFI — Total Feed
Intake; DFI —Daily Feed Intake; FCR —Feed Conversion Ratio; YUA -Yield per unit area;
EPEF — European Production Efficiency Factor; EBI — European Broiler Index.

However male broilers had slightly higher TWG and DWG (2.82 vs. 2.84%)
compared to females. The total feed intake and daily feed intake was nearly similar in
both sexes; however, female broilers consumed less feed (3,517.66 vs. 3,587.86 and
83.75 vs. 85.43) than males. Although feed intake was similar in both sexes (P > 0.05),
male chickens showed better FCR (1.78 vs. 1.80) than females. These findings are
comparable to those of San et al. (2010) who reported that up to eight weeks of
conventional rearing there is no significant benefit in separate sex growing of broilers.
However our results do not agree with those of Ozturk, et al. (1998) who found that Ross
PM3 female broilers grew slower than male ones (P < 0.05). Same authors observed
higher feed consumption of males at 35 days (P < 0.01) and 42 days (P < 0.01). Shim et
al. (2012), also observed significant effect (P < 0.001) of sex on body weight gain of
broilers during grower (0-35 days) and finisher phase (0-48 days).

Mortality was not significantly affected by the sex of chickens (P > 0.05) either at
1-35 (Table 3) or 1-42 days (Table 4) of feeding. A similar finding was reported by Beg
et al., 2016 who found that mortality was not different in male, female or unsexed
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chickens. Shim et al. (2012), reported no effect of sex on mortality during grower phase
(0-35 d), but they found significant effect (P < 0.005) on this parameter during finisher
phase (0—48 days). As seen from the results (Table 4), the average yield per unit area
(YUA) for both sexes was almost the same (35.54 and 35.42 g, respectively). Sex did
not significantly affect EPEF and EBI values, although these parameters were lower in
female chickens than in males.

CONCLUSIONS

Based on the results of this experiment, it can be concluded that growth rate of
broiler chickens decreased and the yield per unit area increased as a result of the increase
in the stocking density.

The results suggest that the best YUA is obtained when 22 birds per m? are reared.
Following recommendations of Council Directive (2007), this load requires high welfare
standards which cannot be actually assured in common rearing conditions in Kosovo. In
this case, slaughtering before the age of 42 days may be more appropriate. For example,
if slaughtering is done at the age of 35 days, a calculated load will be 34.26 kg m™, which
is very close to minimum welfare standard set by Council Directive (2007).

Regarding the sex of the broilers, results show no significant effect on the measured
parameters.
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Abstract. Water plays key role in a seed germination due to its participation in starting of many
metabolic processes that accompany the seed germination. Rate of water uptake into seeds is a
usual basis for determination of the three germination phases. The water uptake into seeds during
their germination was investigated by many researchers who used various methods (e.g. magnetic
resonance micro-imaging, near-infrared hyperspectral imaging and visualization with 1/KI
solution (Lugol's iodine)). The method of using 12/KI water solution for this purpose is quite
popular for its relatively applicability. In this paper we compared the seed surface area projection
and shape development of the seeds imbibed in the 15/KI solution and in the pure water via image
analysis. It was found that the presence of the I./K1 in water changes the increase of seeds volume
during germination and the effect is different during the initial imbibition and during the next
germination phases. The seed shape development is similar for both variants, pure water and 15/KI
solution.

Key words: imbibition, germination, image analysis, water diffusion.
INTRODUCTION

Seeds germination represents one of the key processes in a plant growth which
affects its subsequent grain yield. The water plays important role in this process because
it allows the start of the important metabolic activities in the seeds. The germination
phases are defined by seed water uptake and it is generally accepted that the process
consists of three phases (Bewley, 1997; Weitbrecht et al., 2011). The first phase (denote
as the phase I), which is distinguished by the initial rapid absorption of water, is referred
to as ‘early imbibition’. For wheat, this takes about 5-7 h (Abenavoli et al., 2006;
Dell’ Aquila, 2006; Rathjen et al., 2009; Harb, 2013). The early imbibition is followed
by a phase, termed phase Il, in which water absorption is lowered; in this phase the
previous seed increase of volume and mass is nearly stopped. Phase Il is finished by a
new increase in the seed’s moisture content that indicates start of phase III that is usually
termed ‘proper germination’ (Rathjen et al., 2009). The total increase in mass in phases
I-111 is about 100%, and slightly more than one half of this increase is achieved in the
phase I.
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Research works dealing with the water uptake in germinating seeds have been
regularly appearing for a long time ago (King 1984; Becker 1960; Shull 1913). However,
a significant amount of research works was published in the twenty-first century
(Alvarado & Bradford, 2002; Wiwart et al., 2006; Finch-Savage et al., 2007; Ribeiro-
Oliveira & Ranal, 2017). The water uptake is normally used as a chronological marker
in molecular biology and physiological studies focusing on seeds germination (Harb
2013; Ribeiro-Oliveira & Ranal 2017). Dong et al. (2015) presented the dynamic
proteome analysis of wheat seed germination. Authors revealed the dynamic changes in
the proteome involved in wheat seed germination. Authors also showed a connection
between the dynamic changes in the proteome and germination phase.

Many researchers used various methods for the water movement monitoring in the
seeds (Kikuchi et al., 2006). One of them consists in monitoring of the morphological
changes in the seed under microscope or electron microscope (Dell 1980; McDonald et
al., 1988). Nakanishi & Matsubayashi (1997) dealt with nondestructive water imaging
by the neutron beam analysis in living plants. Gruwel et al., (2001) used magnetic
resonance technique for the water uptake monitoring in barley seeds. Authors were able
distinguish two stages which correspond to the first and the second germination phase.
Rathjen et al. (2009) and Kikuchi et al. (2006) used micro-magnetic resonance imaging
for water movement monitoring during imbibition. This technique allowed precise
monitoring of the water movement during whole imbibition process.

Manley et al. (2011) and Lancelot et al. (2017) used near infrared hyperspectral
imaging for monitoring of water diffusion in wheat seeds. Lancelot et al. (2017)
presented that the developed system allows real-time monitoring of the diffusion of
water into different tissues of the wheat seeds and it can be fully automated.

In many cases a simple and time-saving method is required. These requirements
could be complied with the 1o/K1 solution (Lugol's iodine) (Kikuchi et al., 2006; Rathjen
et al., 2009). Rathjen et al. (2009) presented that I./K1 was found to be the most effective
marker for visualizing water uptake into the endosperm, due to its small solute size and
the ability to bind with and stain starch tissue.

However, the effect of the Io/KI solution is not wholly assessed. The aim of this
paper is to compare the effect on parameters of germination in pure water and standard
solution of 1/KI usually used for visualization of internal changes in the seeds.

MATERIALS AND METHODS

The imbibition process of two wheat varieties was monitored for 24 h. The seeds
were imbibed in pure water and in Io/K1 solution. The Io/K1 solution contains 1 g I,, 2.5 g
KI and 96.5 mL distilled water. Winter wheat (varieties: Tosca and Steffi, supplier:
Selgen Plc.) harvested in 2016 was used for the experiments. The moisture content (wet
basic) of the seeds was 6-7% (ASABE Standard S358.2, 2006). Data was collected
during four measurements, and they took place in December 2017. The imbibition
monitoring was performed on three layers of a polyester cloth (white Novolin, area
density: 100 g m). The polyester cloth and seeds were placed into a glass vessel and the
cloth was moisturized by 12 g of pure water or 12 g of I,/KI solution. For the purpose of
minimizing an evaporation the glass vessel was covered by a thin glass plate. The tests
with pure water were performed with 49 seeds and the tests with I./KI solution were
performed with 42 seeds.
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The seeds were monitored with a photographic camera (Canon EOS 750D with lens
Canon 18-55mm) on a stand. The second part of the laboratory setup for seeds
monitoring was an illumination LED panel that was used for illumination of the
specimens while taking pictures. The LED panel was placed under the glass vessel. The
whole laboratory setup was placed in a laboratory incubator (Friocell 111 — EVO,
manufacturer: BMT Medical Technology Inc.) that ensure a constant temperature 21 °C
during experiment. The camera and LED panel were controlled via computer using a
program written in the Python programming language (version 2.7). Images from the
camera were stored on a hard disk. The focal length was set to the top surface of the
seeds. The interval between each photograph was 120 s. The moisture content of each
seed was determined by the standard oven-dried method (ASABE Standard S358.2).

The image processing and the data analysis were partially mentioned in our
previous paper (Lev & Blahovec, 2017). The image processing and data analysis were
performed by Python 2.7 programming language and by its supporting libraries:
OpenCV 2.4.8, NumPy 1.8.2, and Matplotlib 1.3.1. The image processing started with
conversion to the grey scale. The blue channel was used for experiments with pure water
and the green channel for Io/KI solution. The next step was conversion to the binary
image using standard threshold method and application of erosion-dilation filter fir noise
reduction (Gonzalez & Woods, 2002). Outlines of the individual seeds as well as their
areas (surface area projections) were determined on the binary image. Each seed outline
was rotated so that its major axis was parallel with the x-axis. The angle of orientation
can be calculated as follows:

2
p=1 arctan(AJ (1)
2 Hao— Hop

where 0 —the angle of the seed outline major axis; w11, w20 and w2 — central image
moments.

The central image moments (Hu, 1962; Gonzalez &Woods, 2002) are defined by
the following equation:

My ZEZ(X—XC)p(y—yc)q f(xy) 2

where p, q — natural numbers; Xc, yc — components of a centroid; f(x, y) — a digital image.
The last step is determining of the normalized central moment #2,:

_ Ha o

2.0 mg,o (3)

where mo — the outline area.
For purpose of the 720 comparison, the data were recalculated by the following
formula:

Ny =120 =100 4)
where nzo —the moved normalized central moment; #020 — initial normalized central
moment.

The time development of the nyo contains a local maximum. For purpose of
maximum detect, the data were fitted (using the least squares method) by polynomial of
fourth degree. The desired maximum then corresponds to a local maximum of the
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polynomial function. This procedure was applied for each seed. The increase of seed
area (at all time steps), positions of the n,o maxima and seeds' moisture contents were
compared by the Mann-Whitney—Wilcoxon test (Mann & Whitney, 1947).

RESULTS AND DISCUSSION

The Fig. 1 shows the time development of the seed area. The Fig. 1 (a) depicts the
Tosca variety and the Fig. 1 (b) depicts the Steffi variety. The variants with pure water
and I/KI water solution are represented by black and grey colour, respectively. In both
cases (Tosca and Steffi variety) the time development of the seed area is possible divide
into two stages. The first stage is shown by mildly higher seed area increase for variant
with I/KI solution. During the second stage the seed area increase is higher for the
variant with pure water. For the Tosca variety the statistically significant differences
(p-value < 0.01) were found between 0.2 and 0.8 h and from 5.8 h for the first and the
second stages, respectively. For the Steffi variety the statistically significant differences
(p-value < 0.01) were found between 0.2 and 1.1 h and from 8.6 h for the first and the
second stages, respectively.
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Figure 1. Time development of the relative seed area. The variants with pure water and 1,/Kls
water solution are represented by black and grey colour, respectively. (a) Tosca variety, (b) Steffi
variety.
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The water enters the wheat seeds through the micropyle and it is known that the
water is located mainly in the embryo part during the initial state of the imbibition
(Gruwel et al., 2001; Rathjen et al., 2009). We reported in our previous paper (Lev &
Blahovec, 2017) that the embryo part where the micropyle is located significantly
influences the seed cross area increase during the first hour of imbibition. Then the water
enters the other seed parts and around 7 h after the start of the imbibition it enters the
seed endosperm (Gruwel et al., 2001; Rathjen et al., 2009). Results in the Fig. 1 show
that the embryo and the other seed parts respond differently to the attendance of the 1./KI
solution. It seems that the endosperm plays important role in this process. This idea is
supported by the fact that at the moment when the water or 1,/KI solution enters into
endosperm, the other parts of the seed are almost fully saturated by water and/or 12/KI
water solution (Rathjen et al., 2009). Also this is supported by our experiments that will
be published later.

The Fig. 2 depicts the time development of the normalized image moment nz. This
parameter corresponds with the ratio of the seed length and width so the increase of the
Nz, corresponds with the relative seed elongation. The time development of the n,o is
similar for both varieties and for both test variants. For variants with I./KI solution,
mildly higher increase during the initial phase of the imbibition is noticeable (primarily
for Steffi variety). This is probably due to the higher volume increase of the embryo part
in this phase.
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Figure 2. Time development of the moved normalized central moment n2,. The variants with
pure water and 1/KI water solution are represented by black and grey colour, respectively. (a)
Tosca variety, (b) Steffi variety. Vertical line in the plots denotes the mean values of the both
nz,0 maxima (the time differences between them is approximately 1 min. for all cases).
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The time development of the n,o contains a characteristic point (maximum) and the
position of the point is with high probability connected with the water movement in the
seed (Lev et al., 2017). A comparison of the n,p maxima positions is depicted in the
Fig. 3. The n,o maximum for Tosca variety was approximately 4.5 h and any statistical
significant difference was not found (p-value: 0.30) between the variant with pure water
and the variant with I/KI solution. The n;o, maximum for Steffi variety was
approximately at 3 h and any statistical significant difference between the variant with
pure water and the variant with Io/KI solution was also not found (p-value: 0.26).
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Figure 3. Comparison of the n,o maximums detected during imbibition. Mean values, quartiles,
outside values are depicted in the box-plot.

The behaviour described above could be significantly influenced by amount of
water absorbed during imbibition. The seeds moisture content after experiment was
assessed for this reason. The average moisture contents for Tosca variety were 29.17%
and 28.56% (standard deviations: 1.85% and 2.26%) for the variants with pure water and
the 1o/KI solution, respectively. For Steffi variety they were 27.62% and 27.58%
(standard deviations: 1.27% and 1.79%) for the variants with pure water and the I./KI
solution, respectively. No statistically significant differences between the variants with
pure water and Io/K1 solution were found. It confirms that the behaviour described above
is connected with Io/K1 solution attendance.

CONCLUSIONS

The I5/K1 solution influences the seed swelling during imbibition. The influence is
different during initial part of imbibition (appr. 1 h) and again during the next
germination phases at 5 and 8 h for Tosca and Steffi, respectively. The changes of the
shape and mass during seed germination in both liquids (pure water and I./KI solution)
exhibits similar time development.
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Abstract. Wheat (Triticum aestivum L.) is the most common cereal, which is grown in Latvia.
Nowadays, farmers are trying to get high grain yields in line with food quality, at the same time
trying to minimize production costs and to use environmentally friendly technologies. The
objective of this experiment was to clarify the impact of nitrogen fertilization on winter wheat
yield and yield quality under two soil tillage systems and after two forecrops. Trials were
conducted at the Research and Study farm ‘Peterlauki’ of Latvia University of Agriculture
(56° 30.658” N and 23° 41.580° E). Researched factors were (1) crop rotation (wheat/wheat and
oilseed rape (Brassica napus ssp. oleifera)/wheat), (2) soil tillage (traditional soil tillage with
mould-board ploughing at a depth of 22-24 cm and reduced soil tillage with disc harrowing at a
depth below 10 cm), (3) nitrogen fertilizer rate (altogether eight rates: NO or control, N60, N90O,
N120(90+30), N150(90+60), N180(90+60+30), N210(90+70+50), and N240(120+60+60)), and
(4) conditions of the growing seasons 2014/2015, 2015/2016 and 2016/2017. The results indicate
that winter wheat yield has been significantly affected by soil tillage, nitrogen fertilizer rate
(p <0.001) and forecrop (p < 0.05). Three-year research confirmed significant yield increase
until the nitrogen fertilizer rate N180. Significantly higher average grain yield was obtained under
traditional soil tillage. Nitrogen fertilizer affected significantly all tested yield quality indicators
(p < 0.001). Increase of nitrogen fertilizer rate secured significant increase of winter wheat grain
quality indices, except starch content, after both forecrops and in both soil tillage variants. Values
of yield quality indicators increased significantly enhancing N-rate from N150 up to N210

Key words: nitrogen fertilization, grain quality, winter wheat, soil tillage.
INTRODUCTION

In recent years, wheat areas have increased in Latvia. Winter wheat is the most
widely grown winter cereal in Latvia and farms are increasingly striving to use
agrotechnical measures that reduce production costs. Nowadays, not only yield amount
but also the quality of the produced grain is important, because the quality of the grains
determines their direction of use. That is why farmers are trying to get high grain yields
in line with food (accepted for bread baking) quality, while minimize production costs
and using environmentally-friendly technologies.
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One of the most important agro-technical measures is crop rotation. It is mentioned
that the unfavourable preceding crops decrease significantly the yield of wheat and yield
losses can be up to 10% (Sieling & Christen, 2015). In recent years, wheat growers have
increasingly used short crop rotation. Wheat is mostly grown after oilseed rape or
repeated several years after wheat, and this short crop rotation is combined with reduced
soil tillage. Soil tillage is also an important agrotechnical measure. In literature,
information about the effect of soil tillage impact on wheat yield and quality differs.
Some authors (e.g. Seibutis et al., 2009) found that the wheat grain yield was not
significantly affected by different soil tillage methods (conventional tillage — ploughing
at 20-22 cm depth, presowing tillage — shallow seed bed prearation at 4-5 cm depth and
reduced tillage — stubble cultivation at 10-12 cm depth were compared), but others (e.g.
Sip et al., 2013) indicated that soil tillage system effect on grain yield is significant
(conventional tillage — ploughing to 22 cm depth and reduced soil tillage — surface
stubble ploughing at 8-10 cm depth were compared). Moreover, soil tillage can affect
nitrogen leaching (Stenberga et al., 1999).

Optimal nutrient provision is an important factor to get high yield with high grain
guality. Nitrogen is one of the most important elements of plant nutrition, which often
to a great extent determines not only wheat yield level, but especially grain baking
guality. It is also one of the most mobile plant nutrients in the soil. Therefore, it is
important to evaluate the use of high nitrogen fertilizer rates, because unsuitable nitrogen
doses lead to increased nitrate leaching (Huang et al., 2018) which contributes to
eutrophication of surface waters. In Latvia, nitrogen influence on wheat yields has been
much studied, but with the development of agrotechnology and changing varieties
(implementing high yielding ones), the effect of nitrogen fertilization is also changing.
Therefore, it is important to look for cost-effective and environmentally friendly rates of
N-fertilizers in different tillage systems with different forecrops for winter wheat. The
objective of this experiment was to clarify the nitrogen fertilization impact on winter
wheat yield and yield quality under two soil tillage systems and after two forecrops.

The research was funded by the ‘State and European Union investment for
encouragement in agriculture’ theme ‘Determination of maximal fertilizer norms for
crops’.

MATERIALS AND METHODS

Field trials using equal methodology during all research years were conducted at
the Research and Study farm ‘Peterlauki’ of Latvia University of Agriculture
(56° 30.658° N and 23° 41.580° E). Trials were arranged using split plot design in four
replications. The researched factors were: (1) crop rotation (wheat/wheat and oilseed
rape (Brassica napus ssp. oleifera)/wheat), (2) soil tillage (traditional soil tillage with
mould-board ploughing at a depth of 22-24 cm and reduced soil tillage with disc
harrowing at a depth below 10 cm), (3) nitrogen fertilizer rate (altogether eight rates:
NO or control, N60, N90, N120(90+30), N150(90+60), N180(90+60+30),
N210(90+70+50), and N240(120+60+60)), and (4) the conditions of the growing season
(trial was repeated three years: 2014/2015, 2015/2016 and 2016/2017).

Trials were conducted in loam soil, Endocalcaric Abruptic Luvisol (Cutanic,
Hypereutric, Ruptic, Siltic, Protostagnic, Epiprotovertic). Soil agrochemical
characteristics were as follows: in 2014/2015 — pH KCL = 6.3 (potentiometrically in
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1 M KCI suspension), organic matter content (oxidizing the soil with potassium
dichromate (K2Cr,07)) 31 g kg?, P content (Egner— Riehm (DL) method) 30.08 mg kg™
and K content (Egner — Riehm (DL) method) 131.14 mg kg™ of the soil; in 2015/2016 —
pH KCL = 6.9; organic matter content 24 g kg, P content 107.69 mg kg™ and K content
272.24 mg kg? of the soil; in 2016/2017 —pH KCL =7.2; organic matter content
32 g kg, P content 74.56 mg kg and K content 171.81 mg kg™ of the soil.

Before sowing fertilizer was applied: P 17.44-28.34 kg ha? and K 33.2—
51.13 kg ha! depending on a year. Weeds were controlled by herbicides in all years, but
wheat diseases were controlled by fungicide application once per season (growth stage
(GS) 51 — beginning of heading (Lancashire et al., 1991)).

Cultivar ‘Skagen’ was sown at the rate of 450-500 germinable seeds m. ‘Skagen’
is characterized by a good winterhardiness, which is combined with disease resistance
and baking quality, notably high and stable falling number.

In spring, when the vegetation had renewed, nitrogen fertilizer (NHsNOs; N 34%)
was applied for all variants, except the control variant NO. The whole rate of fertilizer
was applied once for variants N60 and N9O; rate was divided into two applications for
variants N120 and N150, but into three applications — for variants N180 — N240. Second
top-dressing was done at GS 29 (end of tillering) until 31 (early stem elongation) of
winter wheat, but the third — at GS 47 (flag leaf sheet opening) until 51 (beginning of
heading).

After harvesting the whole plots, yield was weighted, grain purity and moisture
content detected, and yield data was recalculated to standard moisture (14%) and 100%
purity. Wheat grain quality indices were analysed at the Grain and Seed Research
laboratory of Latvia University of Agriculture using express method and standard
methods. Crude protein (CP), gluten and starch content (%), volume weight (g L) and
Zeleny index were detected by Infratec™ Grain Analyzer 1241 (FOSS); 1,000 grain
weight was determined using standard method LVS EN I1SO 520; the Hagberg falling
number was measured by the Hagberg-Perten method according LVS EN 1SO 3093.

Analysis of variance was used for data statistical processing. Bonferroni test was
used for comparison of means; the differences were considered statistically significant
when p <0.05. Significantly different means were labelled with different letters
(@bedetan or A B) in superscript. Data processing was done using R-studio.

Meteorological conditions in all three trial years differed obviously from the long-
term average data. Autumn of 2014 was long and cool, in 2015, it was relatively warm
and dry, and similarly in 2016, it was warm and dry. All winters during the trial period
were mild and favourable for good wheat overwintering. The vegetation renewed in mid-
March in all years. In 2015, spring was moderately warm and wet; however, summer in
June and August was dry, but July was characterized by high rainfall. In 2016, spring
was warm with a little rainfall, but summer was very rainy. Spring of 2017 was warm
with enough moisture; summer was rainy, especially with high rainfall in July, but in
August the amount of precipitation decreased.

RESULTS AND DISCUSSION

Wheat yield. The results showed that the average wheat grain yield was very high
in all three years of research (4.72 (NO) —9.45 (N240) t ha') (Table 1). All the
researched factors showed significant effect on grain yield. The effect of the nitrogen
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fertilization on the wheat grain yield was the same in all years of study. Increase of
nitrogen fertilization rate increased significantly the average grain yield in all years
(p <0.001) if compared to control. This result corresponds with the findings of other
researchers (Rieger et al., 2008; Sieling & Christen, 2015). All N rates used, from the
lowest (N60) to the highest (N240), have a significant effect on grain yield increase if
compared to control. In our trial a significant average yield increase was observed until
the nitrogen fertilizer rate N180, and further increase of N rate (i.e. till N210 and N240)
did not give a significant increase of wheat yield (Table 1).

Table 1. Winter wheat yield depending on nitrogen fertilizer rate, forecrop, soil tillage and
growing seasons, t ha*

N-rate, kg ha'*

NO N60 N90 N120 N150 N 180 N210 N240
Forecrops (p < 0.05)

Oilseed rape 4.772 6.83° 7.64° 8.469 8.82% 9.30° 9.46° 9.46° 8.094
Wheat 4.68° 6.69° 7.34° 8.34¢ 8.71% 09.18" 038" 943" 7.998
Soil tillage (p < 0.001)

Traditional 4.83? 7.05> 7.71> 863 8.87¢ 936 8.63¢ 950¢ 818"
Reduced 4.76° 6.57° 7.23°> 7.97° 836 8.72¢ 8.80% 888 7.71B
Growing seasons (p < 0.001)

2014/2015  4.20? 6.40° 7.42° 9,00 9.09 9.85° 10.22¢ 10.23° 8.30"
2015/2016  5.332 7.10> 756 8.15¢ 8.80¢ 9.12° 9.30° 9.36° 8.09°
2016/2017 4.63% 6.78" 7.49° 8.05% 8.40% 8.74° 8.75° 875 7.72¢
Average 4,724 6.76% 7.49° 8.40°° 8.76° 09.24F 942F 945F x

abcdefo _yields labelled with different letters are significantly different in rows depending on N-rate;

A B.C _average yields labelled with different letters are significantly different depending on forecrop, soil
tillage, growing season, and on average per trial period.

Factors Average

In the trial, soil tillage affected grain yield significantly (p < 0.001). Similar results
were observed in another study, which demonstrated that the soil tillage had a significant
effect on grain yield (Sip et al., 2013). Our result does not conform to the findings in
other studies concluding that the grain yield is not significantly affected by different soil
tillage methods (Seibutis et al., 2009; Sip, 2009), and over the long term, the yield of
winter wheat under reduced soil tillage did not differ markedly from that provided by
conventional soil tillage (Sip, 2009). In our trial, the grain yield was significantly lower
in variant, where the reduced soil tillage system (4.76-8.88 t ha') was used if compared
with the variant of traditional soil tillage (4.83-9.50 t hal).

Data mathematical processing shows that the forecrop had a significant (p < 0.05)
effect on the grain yield. The average grain yield was mostly higher in variant, where
oilseed rape was the forecrop (Table 1). Similarly, Sieling et al. (2005) found that the
wheat following oilseed rape provided a higher grain yield if compared with variant
where wheat was grown after wheat. However, when wheat was grown in repeated
sowings in three-year period, the third wheat crop reduced the yield by 20% if compared
with the first crop. In our trial, average grain yield was 4.77-9.46 t ha when wheat was
grown after oilseed rape depending on nitrogen rate, but in repeated wheat sowings
average grain yield was 4.68-9.43thal. Winter wheat grain yields increased
significantly until nitrogen rate N180 after both forecrops. Use of higher N-rates
smoothed out yield differences depending of forecrop, e.g. in the variant where N240
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was used, yields after oilseed rape and after wheat were almost equal: 9.46 and
9.43 t ha'l, respectively.

Despite the fact that winter wheat grain yield was very high on average per all
research years (7.72-8.30 t ha, Table 1) it was significantly (p > 0.001) affected by
conditions in the growing season. In growing season 2014 /2015, the highest grain yield
was obtained, but it was the lowest in 2016/2017.

Crude protein (CP) content. Grain CP content is the most important indicator of
wheat grain quality. CP content ranged from 8.7 to 13.7% on average per all trial years
depending on nitrogen fertilizer rate (Table 2). Results show that the nitrogen fertilizer
increased significantly (p < 0.001) the CP content in grain. It coincides with the results
of another study demonstrating that protein was significantly influenced by nitrogen
treatment (Weber et al., 2008). Average CP content per trial period in wheat grain
increased in correlation with the nitrogen rate increase. The highest protein content was
established when the highest fertilizer rates were used. CP content in grain increased
significantly until nitrogen fertilizer rate N180 (Table 2), and the next significant
increase was observed when N rate was increased until N240. The standards for food
guality wheat grain CP content is from 12% (https://dzirnavnieks.lv/lv/graudu-
piegadatajiem). In our trial, average CP content, which conforms to food quality lowest
border, was obtained using nitrogen fertilizer rate N180 (12.8%). Similarly, Weber et al.
(2008) concluded from research in Germany, that N-rate 180 kg N ha* is needed to
obtained CP content suitable for bread baking.

Table 2. Winter wheat crude protein content depending on nitrogen fertilizer rate, forecrop, soil
tillage and growing seasons, %

N-rate, kg ha
NO N60 N90 N120 N150 N180 N210 N240
Forecrops (p < 0.001)
Oilseed rape 9.0*0 9.1 10.0® 10.7° 12.0° 13.9« 1349 13.7¢ 114~

Factors Average

Wheat 852 8.8® 95 10.2° 115 12.6° 13.2°F  13.8" 11.08
Soil tillage (p < 0.001)

Traditional 8.8 9.1° 99% 105> 11.8° 129« 13.4¢ 13.8¢ 11.3~
Reduced 7.8 83 9.0° 10.0° 11.1¢ 12.1° 12.4°F 131" 10.58
Growing seasons (p < 0.001)

2014/2015 8.00 8.2* 84° 8.80 10.8> 11.4°c 123 12.7° 10.0"
2015/2016 9.8 9.82 10.6® 11.0° 12.6° 13.6¢ 14.1%  145° 12,08
2016/2017 7.90 83 93" 103 1119 12.2¢ 12.7F 132"  10.6°
Average 874 894 98% 104 11.8° 12.8° 133PF 137F X

abcdefo _ yields labelled with different letters are significantly different in rows depending on N-rate;
A B, C-average yields labelled with different letters are significantly different depending on forecrop, soil
tillage, growing seasons, and on average per trial period.

In the trial, the forecrop affected the wheat CP content significantly (p < 0.001).
This result does not conform to the findings of other research, where it was found that
the choice of forecrops had no significant influence on the CP content of wheat grain
(Jankowski et al., 2015). In our trial, oilseed rape was a better forecrop for higher winter
wheat CP content formation if compared with repeated sowing wheat after wheat. Soil
tillage also had a significant (p < 0.001) impact on the protein content. Under traditional
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tillage system (8.8-13.8%) the protein content of winter wheat was higher than under
reduced soil tillage (7.8-13.2%) in all N-fertilizer variants (Table 2). Conditions of
growing season affected significantly (p < 0.001) the grain protein content. On average,
the highest protein content was observed in growing season 2015/2016 (12.0%). Lower
protein content in the grains was observed during the growing season 2014/2015 (10.0%)
and 2016/2017 (10.6%). Seasons 2014/2015 and 2016/2017 characterize with a lot of
cloudy days, and the lack of sun can be one of reasons of lower grain CP content; in
addition, the highest yield was obtained in 2014/2015; thus more N can be used for yield
formation.

Gluten content. Nitrogen fertilization has a positive impact on gluten content of
grain and the content of nitrogen substances is closely related to the gluten content in
grain (Kozlovsky et al., 2009). Results of our trial show that the average gluten content
in wheat grain was 14.73-28.74% depending on nitrogen rate (p < 0.001). Similarly to
CP content, also gluten content in grain increased significantly until nitrogen fertilizer
rate N180 and the next significant increase was secured by N240. The lowest border of
food demand of gluten content was obtained when nitrogen fertilizer rate N180 was used.
Forecrop also affected the gluten content in grain significantly (p <0.01). Higher
average gluten content was observed when wheat was grown after oilseed rape. This
result is similar to the findings of other research showing that significantly lower wet
gluten concentrations were obtained when winter wheat was grown in monoculture if
compared with winter wheat growing after oil plants (Jankowski et al., 2015). Soil tillage
affected the gluten content significantly (p < 0.001). Under traditional soil tillage system
the gluten content was higher than under reduced soil tillage. Results show that the
growing season also had a significant (p <0.001) impact on gluten content, and
explanation can be the same as for CP content (see above).

Table 3. Average winter wheat quality indicators depending on nitrogen fertilizer rate

Grain quality N-rate, kg ha? Average
indicators NO N60 N90 N120 N150 N180 N210 N240 g
Gluten content (%) 14.73% 14.91* 16.89° 18.78" 22.79¢ 25.90° 27.47°¢f 28.74" 21.24
Zeleny index 17.58% 18.522 22.85° 27.90° 37.14% 45.11¢ 50.57° 54.61F 34.19

Starch content (%)  70.66* 70.89% 70.39% 69.69° 68.32° 67.13% 66.63% 66.13° 68.74
Volume weight 76.13% 76.76% 77.91% 78.74% 79.55Pd 80.24%d 80.57¢¢ 80.33% 78.77
(kg hi)

Falling number,s 3142 334% 379 361« 371°¢ 382¢ 383¢ 381¢Y 363
1,000 grain weight, g 44.84% 46.24% 46.38% 46.34 * 47.07° 47,73 48.09°¢ 47.76° 46.80

abcdety _ yields labelled with different letters are significantly different in rows depending on N-rate.

Zeleny index. Zeleny index determines quantity and quality of gluten proteins
(Kozlovsky et al., 2009). Results show that the nitrogen fertilizer increase has a
significant (p < 0.001) impact on Zeleny index (Table 3). Similar results were obtained
in other studies (Weber et al., 2008; Linina & Ruza, 2012). In our trial, significant
increase of Zeleny index was observed until nitrogen fertilizer rate N210. Zeleny index
was affected significantly (p <0.001) by the forecrop. Higher results were observed
when wheat was grown after oilseed rape if compared to wheat growing after wheat. In
addition, soil tillage had a significant (p <0.001) effect on Zeleny index. Under
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traditional soil tillage system Zeleny index was higher than under reduced soil tillage.
Growing season affected the Zeleny index significantly (p < 0.001). More favourable
conditions for higher Zeleny index formation were in 2015/2016 when also the highest
average CP content in grain accumulated.

Starch content. Starch content was affected significantly (p < 0.001) by the use of
nitrogen fertilizer, but this indicator decreased with increased nitrogen fertilizer rate.
Average starch content was 66.13-70.89% depending on N-rate. Our study confirmed
the negative relationship between protein and starch content in grain once more: protein
content decreased if starch content increased. In our trial, forecrop (p < 0.001), soil
tillage (p < 0.001) and conditions of growing season (p < 0.001) had a significant impact
on starch content. All obtained starch results depending on mentioned factors were
opposite to CP content. Criterion for starch content is not set for winter wheat if it is used
for bread baking.

Volume weight. It is an indicator of flour outcome at milling enterprise (Kozlovsky
et al., 2009). Higher volume weight indicated better grain maturation and richness with
nutrients; more flour can be obtained from such grain during processing as well (Linina
& Ruza, 2015). Our results showed a significant effect of nitrogen fertilizer on volume
weight, which agrees with results of other research (Skudra & Ruza, 2016). Average per
trial period volume weight was between 76.13-80.57 kg hl* depending on nitrogen
fertilizer rate. Increase of nitrogen fertilizer rate also increased volume weight, and a
significant (p < 0.001) increase was observed until fertilizer rate N150; applying higher
nitrogen fertilizer rates volume weight did not increase significantly. Volume weight
demand for food grain is 75.0 kg hl** and above. Our results showed volume weights that
were in line with food quality demands even in the control (76.13 kg hl). Result showed
that the forecrop had no significant (p = 0.062) impact on volume weight. This result
does not agree with other findings stating that the volume weight was significantly
affected by different forecrops, and winter wheat grown in monoculture was
characterized by significantly lower volume weight (Jankowski et al., 2015). Our results
showed significant (p < 0.001) impact of soil tillage on volume weight. Under reduced
soil tillage volume weight was higher than in variant with traditional soil tillage. Other
authors stated that the conditions of growing season had a significant effect on volume
weight (Skudra & Ruza, 2016). Our findings agree with it: the highest wheat grain
volume weight was produced in 2016/2017, but the lowest — in 2015/2016.

Falling number. It indicates the rate of alpha-amylase activity in grain. Falling
number increases up to its maximum value at full maturity during maturation. It is
mentioned in literature that the falling number value is mostly influenced by genetic and
environmental factors, especially weather conditions at maturation stage (Grausruber et
al., 2000). In our trial, falling number values ranged between 314-383 s on average per
all years. It is mentioned by Perten already in 1964 that bread volume is diminished and
a dry crumb results when the falling number is greater than 350 s. Increase of nitrogen
fertilizer rate had a significant (p <0.001) impact on falling number increase until
nitrogen fertilizer rate N180. This result does not agree with other studies, where
significant effect of nitrogen fertilizer application on falling number values was not
found (Erekul, 2012; Linina & Ruza, 2012). Criterion for falling number in Latvia is
280 s; a slightly higher result was obtained even in control variant with NO (314 s) in our
trial (Table 3). When growing wheat after oilseed rape, we observed a tendency that the
falling number was slightly higher than in variant where wheat after wheat was grown.
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This coincides with the observations of Jankowski et al. (2015), who found that the
wheat grown after winter rapeseed characterizes by higher falling number if compared
with winter wheat grown in monoculture. Results show that the soil tillage system had
no significant (p > 0.05) impact on value of falling number. Growing season affected
significantly (p < 0.001) the falling number in our trial. This agrees with conclusion of
Gooding et al. (2003) that the falling number is a grain quality indicator whose value is
affected by climate conditions during the grain filling period, and the precipitation during
maturation has a greater impact on falling number than fertilization. Despite the fact that
falling number in all trial years exceeded demands for bread baking, it was the highest
in 2015/2016.

1,000 grain weight (TGW) characterizes the size of seed and is used as one of the
parameters for assessing the quality of grain. Grains with higher TGW have better
milling quality and ensure better emergence (Proti¢ et al., 2013). At the same time, TGW
is also a yield component. Results showed that the nitrogen fertilizer rate affected the
TGW significantly (p <0.001). Effect of N-rate on TGW is shown also by Linina &
Ruza (2015). The average TGW depending on nitrogen fertilizer rates was 44.84—
48.09 g, total increase of 3.24 g was observed; although more expressed TGW increase
was observed until nitrogen fertilizer rate N150. Opposite results were obtained by Protic
et al. (2007) and Linina & Ruza (2015). Linina & Ruza (2015) found that increase of
nitrogen fertilizer rates causes significant decrease of TGW, and the highest TGW was
obtained when the nitrogen fertilizer rates N60 and N90 were used. Data mathematical
processing showed a significant (p < 0.001) effect of forecrop on the TGW. Average
TGW decreased when wheat was grown after wheat if compared with growing wheat
after oilseed rape. This result agrees with another study stating that the wheat as
preceding crop mainly decreased the TGW (Sieling & Christen, 2015). Seibutis et al.
(2009) found that soil tillage had no significant impact on TGW, but the slightly higher
TGW was found in the wheat monocrop if compared with other forecrops. Our results
showed that the soil tillage had a significant (p <0.001) impact on TGW. When
comparing the soil tillage systems, it was observed that the higher average TGW was
ensured in reduced soil tillage variant (48.88 g) than in traditional soil tillage (46.94 Q)
variant. Similarly to the results of Skudra & Ruza (2016), the growing season also had a
significant (p < 0.001) impact on TGW. TGW significantly varied over the years, and
the highest average TGW was observed in the growing season 2016/2017 (48.63 g), but
the smallest grain was observed in 2015/2016 (44.79 g).

CONCLUSIONS

Winter wheat yield has been significantly affected by nitrogen fertilizer rate, soil
tillage, conditions of growing year (p <0.001) and forecrop (p < 0.05). Average yield
increased significantly until the nitrogen fertilizer rate N180. Significantly higher
average grain yield was obtained under traditional soil tillage and in variants where the
forecrop was oilseed rape.

Increase of nitrogen fertilizer rate increased significantly almost all tested yield
quality indicators (p < 0.001), except starch content, after both forecrops and in both soil
tillage variants.
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Crude protein and gluten content in grain increased on average until nitrogen
fertilizer rate N210. However, protein and gluten content conforming to lowest food
quality demands was obtained from nitrogen fertilizer rate N180. Significant increase of
volume weight was observed until fertilizer rate N150, but that of falling number — until
nitrogen fertilizer rate N180; both quality indicators conform for food quality in all
fertilization variants, even in control variant.
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Abstract. There is an urgent need to develop novel approaches to enhance sustainable agriculture
while not reducing crop yields. Arbuscular mycorrhizal (AM) fungi establish symbiotic
associations with most crop plants improving plant performance and soil health. This study
investigated the extent of colonisation of potato roots by indigenous AM fungi in the arable soil
under conventional and organic farming systems. Potato roots had greater AM fungal colonisation
levels under organic than conventional farming, though in general, root colonisation levels were
extremely low in both farming systems. Potato root AM fungal colonisation was lower with
higher soil P content and higher with higher annual C input. Trap plant root AM fungal
colonisation was considerably higher than in field potato roots and showed that soil mycorrhizal
inoculum potential was higher in organic than in conventional farming. Thus, the positive impact
of manure application in organic fields to the potato AM fungal colonisation can be explained by
previous higher total annual C fresh organic matter input and lower soil P content under treatment.
Furthermore, the natural AM fungal abundance in the soil was sufficient to colonise trap plant
roots, suggesting a low mycorrhizal dependence of the studied potato cultivar.

Key words: Cropping systems, Glomeromycota, management practices, Solanum tuberosum L.
INTRODUCTION

Arbuscular mycorrhizal (AM) fungi are the most widespread symbionts of plant
roots in terrestrial habitats. AM fungi provide a major contribution to plant nutrient
uptake in most ecosystems and thus improve plant growth (Smith & Read, 2008; Smith
& Smith, 2011). In addition to nutritional benefits, AM fungi protect host plants against
root and shoot pathogens, including nematodes, other fungi and viruses, and enhance
host plant resistance to various abiotic stresses such as drought, salinity and high heavy
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metal concentrations in soil (Augé et al., 2015; Pozo et al., 2015). The ecosystem
services provided by AM fungi in agroecosystems make them an important group of soil
biota to be managed for crop production both in conventional and sustainable systems
(Gianinazzi et al., 2010; Mahmood & Rizvi, 2010; Bender et al., 2016).

Diversity and functioning of AM fungi in agroecosystems are affected by
differences in management regimes. Intensive agricultural management approaches are
characterised by high N and P inputs (Verbruggen & Kiers, 2010). Environmental
conditions with high nutrient input cause a decrease in host plant resource allocation to
AM fungi and therefore have a negative impact on AM fungal biodiversity and species
richness (Méder et al., 2000; Verbruggen et al., 2010). The low-input systems, on the
other hand, promote AM fungal colonisation, because plants benefit from the AM fungi
by increased soil nutrient uptake when these are available at low concentrations (Mader
et al., 2000).

AM fungi are native to agricultural soils and form a mutualistic symbiosis with the
majority of crop plants (Douds et al., 2007). Potato is a non-grain crop of global
importance but has one of the heaviest production demands for fertilizer and pesticide
inputs of all vegetable crops (Wu et al., 2013). For plants such as potato, which have a
low root density in soil, the AM symbiosis may be of particular significance in coping
with P-deficiency stress in natural ecosystems (McArthur & Knowles, 1993). Previous
inoculation studies have reported high levels of AM fungal colonisation in potato roots
(Davies et al., 2005; Douds et al., 2007), but the knowledge about AM fungi colonising
potato roots in field conditions under common agricultural practices is scarce.

Therefore, it is necessary to determine how the natural AM fungal colonisation in
potato roots is affected by different agricultural management regimes.

We specifically asked: (1) How do the conventional and organic farming systems
influence potato root AM fungal colonisation? (2) How do the conventional management
treatments with different mineral fertilization levels and different organic treatments
with cover crop and manure amendment influence potato root AM fungal colonisation?
We characterized AM fungal colonisation of potato roots in field grown potato plants
and in addition we determined AM fungal inoculum potential (IP) using a trap plant
bioassay.

MATERIALS AND METHODS

Field experiment

The field site was located in Tartu, Estonia (58°22’' N, 26°40" E). This field was
established in 2008 as a part of the 5-year crop rotation experiment with two organic
(OFS) and four conventional farming systems (CFS). In the crop rotation experiment,
red clover (Trifolium pratense L.), winter wheat (Triticum aestivum L.), pea (Pisum
sativum L.), potato (Solanum tuberosum L.) and barley (Hordeum vulgare L.) were
grown in succession. In both organic management systems, a winter cover crop (CC) for
green manure was used. Winter oilseed rape (Brassica hapus L.) seeds as CC were sown
at the rate of 6 kg ha™ before the potato cropping in September 2009 and ploughed under
in April the year 2010. No cattle manure was added to one treatment (CC), whereas
composted cattle manure (M) was added to the second organic treatment (CC+M). No
fungicides, herbicides or insecticides were applied under organic systems. Weeds were
removed mechanically. In a CFS, four mineral fertilizer treatments were used: NoPoKo,
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NsoP2sKes, N1ooP2sKgs, and NisoP2sKes. Conventional systems were treated with several
synthetic pesticides. Field operations and their timings are shown in Table S1.

Table S1. Field operations and their timings during year 2010 in the study site

Field operation

Conventional farming system

Organic farming
system

Planting date ~ May 6™ May 6™
Planting rate 3that 3thal
57,000 tubers ha 57,000 tubers ha'*
Harvest date August 301" August 30
Fertilization NoPoKo — not fertilized April 20 " Winter
NsoP25Kos cover crop
1) May 4th N20P2s5Kgs
(Kemira Grow How Power 5:14:28 400 kg ha't)
2) June 7™ N3oPoKo (AN* 34:0:0)
N100P25Ksgs April 20 " Winter
1) May 4" NpoP2sKos cover crop +
(Kemira Grow How Power 5:14:28 400 kg ha't) composted cattle
2) June 71" NgoPoKo (AN* 34:0:0) manure 40 t ha!
3) June 16™ N2oPoKo (AN* 34:0:0)
N150P25Kos
1) May 4th N20P25K95
(Kemira Grow How Power 5:14:28 400 kg ha')
2) June 7th N9OPOKO (AN* 34:0:0)
3) June 16th N4OPOKO (AN* 34:0:0)
Herbicide June 7" Titus 25 DF (50 g ha®) No herbicides
application (containing 12.5 g ha* rimsulfuron) applied
Insecticide July 22" Fastac 50 (0.3 L ha?) No insecticides
application (containing 15 g ha* alpha—cypermethrin) applied
August 6™ Decis 2.5 EC (0.2 L hal)
(containing 5 g ha* deltamethrin)
Fungicide June 25™ Shirlan 500 SC (0.4 L ha') No fungicides
application (containing 200 g ha* fluazinam) applied

July 8" and 22" Ridomil Gold MZ 68
(2.5 kg ha?) (containing 100 g ha
metalaxyl-M + 1.6 kg ha* mancozeb)
August 6" Ranman 400 SC (0.15 L ha®)
(containing 60 g ha* cyazofamid)

*AN — ammonium salpeter.

Treatments were arranged in a systematic block design with each plot in four
replications. The size of each test plot was 60 m2. Organic and conventional plots were
separated by an 18 m long section of mixed grasses to avoid contamination with
synthetic pesticides and mineral fertilizers. The distance between seed tubers was 27 cm,
and the distance between rows was 70 cm. The soil of the trial field was Stagnic Luvisol
(LVj)) with sandy loam texture with a humus layer of 20-30 cm. No irrigation was used.
The data of total annual carbon inputs from cover crops, straw, roots of pea, weeds and
cattle manure (kg Cha'y™!) to the soil before potato were obtained from earlier
publications about this field trial (Kauer et al., 2015; Madsen et al., 2016).
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Potato root samples were collected in July 2010 from plants of the locally bred
potato cultivar ‘Reet’ (Tsahkna & Tahtjarv, 2008). Three potato plants were sampled
randomly from each of the four replicate plots of all treatments of both farming systems
(a total of 72 samples). Roots were sampled at the potato flowering (BBCHG60) stage
(Hack et al., 2001). Root samples were dried with silica gel and preserved airtight at
room temperature as described by Uibopuu et al. (2012).

Trap plant bioassay

Narrowleaf plantain (Plantago lanceolata L.), as an AM host plant commonly used
in experiments, was used to evaluate the mycorrhizal inoculum potential (IP) of field
soil. Three soil samples were collected randomly from each of the four replicate plots of
all treatments before soil tillage in spring 2011, and stored in darkness at 10 °C until use.
Before the use in experiment, the three soil samples per plot were pooled and handled as
one composite sample. Each composite sample was thoroughly mixed with autoclaved
sand in a 1:1 v/v ratio to improve drainage and aeration of the soil mixture. P. lanceolata
seeds were germinated in Petri dishes on moist filter paper, following Uibopuu et al.
(2012). Three seedlings per pot were planted on January 2011 in plastic pots
(13 x 15 cm, depth x diameter). One seedling was retained per pot after four weeks of
growth. Plants were kept in a greenhouse under controlled conditions, watered as needed
with tap water and grown for 3 months. At harvest, shoots and roots were separated and
handled like described previously. The infectivity bioassay of Moorman & Reeves
(1979) was used to quantify the relative density of colonising propagules of AM fungi.

Root staining and assessment of AM fungal root colonisation

Root samples from both field and pot experiment were stained with Trypan blue
according to Koske & Gemma (1989). Briefly, roots were cleared in 109% KOH, acidified
with 1% HCI and stained with 0.01% trypan blue in lactoglycerol. Root colonisation by
AM fungi was estimated using the magnified grid-line intersections method (McGonigle
et al., 1990), by scoring 120 fields of view per sample under the compound microscope
at 400x magnification, as described in Uibopuu et al. (2012). Total root length colonised
was estimated.

Soil chemical analysis

In mid-April 2010, before tillage, soil samples were collected from the bulk soil at
a depth of 0-25 cm. Eight sub-samples were taken from each plot and mixed to obtain a
composite sample for each plot. Soils were air-dried and sieved through a 2 mm sieve.
Soil pH was determined in a 1 M KCI solution (1:2.5). Soil organic carbon (Corg) Was
measured using the Tjurin method (Vorobeva, 1998), and total nitrogen (Nio)
concentration was measured using the Kjeldahl method (van Reeuwijk, 1995). The
concentrations of plant-available nutrients in the soil (P, K, Ca and Mg) were determined
by the ammonium lactate (AL) method (Egnér et al., 1960).

Statistical data analysis

Statistical analysis was performed using R 3.22 (R Core Team 2015) within
R-Studio environment (0.99.484; RStudio 2015). First, normal distribution (Shapiro-
Wilk test) and equality of variances in treatment groups (Levene test) of data were
explored. Then, the non-parametric Kruskal-Wallis rank sum test was conducted to
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determine the differences in among treatments followed by the Dunn s test for pairwise
comparison. For the Dunn’s test, the P-values were adjusted according to the Bonferroni
correction. When comparing only two groups, the non-parametric Wilcoxon signed-rank
test was used. To study the relationship between soil parameters and AM fungal
colonisation Pearson’s correlation analysis was carried out.

RESULTS AND DISCUSSION

Potato root AM fungal colonisation

AM fungal colonisation level in roots of the potato cultivar ‘Reet” was higher in
OFS than CFS, though colonisation levels were very low in both systems (median 0%,
maximum 3.3% in CFS and 5.0% in OFS; Wilcoxon signed-rank test, W =415.5,
p =0.007; Fig. 1, A). Individual treatments influenced root AM fungal colonisation
levels differently. AM fungal colonisation was higher in treatment CC+M than
treatments N50 and N150 (Kruskal-Wallis test, »* = 11.85, df = 5, p = 0.037; Fig. 2, A).
There were no statistically significant differences among other treatments.
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% AM fungal colonisation
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1
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CFs }
OFs }

(A) (8)

Figure 1. Median values (+ min, max) of percent of arbuscular mycorrhizal (AM) fungal
colonisation of potato roots in conventional (CFS) and organic farming systems (OFS) in the field
trial (A) and narrowleaf plantain roots grown in pots in sand inoculated with soil from the same
conventional and organic farming systems (B). Box plots indicate median (bold horizontal line),
interquartile ranges (box) and minimum and maximum values (whiskers). Different letters above
the boxes indicate statistically significant differences at P < 0.05 among treatments (Wilcoxon
rank sum test). Grey boxes — CFS, open boxes — OFS.

Potato root AM fungal colonisation level was negatively correlated with soil
phosphorus content (r =-0.50, p =0.012, Fig. 3, A; Table S2) and positively with total
annual C input to the soil (r =0.46, p=0.023; Fig. 3, B; Table S2). When exploring
these relationships separately by treatment groups, the relationship between soil
phosphorus content and potato root AM fungal colonisation level remained for OFS
(r =-0.78, p = 0.022; Table S3), but not for CFS (r =-0.11, p = 0.67; Table S4). In the
case of relationship between total annual C input to soil and potato root AM fungal
colonisation level, there were no significant relationships neither for OFS (r = 0.26,
p =0.52; Table S3) nor CFS (r=-0.35, p=0.17; Table S4). Exceptionally, in OFS,
potato root AM fungal colonisation level was negatively correlated with Corg (r = -0.76,
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p = 0.03; Table S3). There were no significant relationships between soil pH, Corg, K,
Ca, Mg and total N content, and potato AM fungal colonisation (Table S2, Table S5).
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Figuer 2. Median values (+ min, max) of percent of AM fungal colonisation of potato roots in
different agricultural treatments in the field trial (A) and narrowleaf plantain roots in greenhouse
trial inoculated with soils from the same agricultural treatments in the field (B). Box plots indicate
median (bold horizontal line), interquartile ranges (box) and minimum and maximum values
(whiskers). Different letters above the boxes indicate statistically significant differences at
P < 0.05 among treatments (Kruskal-Wallis rank sum test, as post hoc test, was used Dunn test
with Bonferroni correction). Open boxes — organic farming systems, grey boxes — conventional
farming systems. CC — farming system with cover crops, CC + M — farming system with cover
crops and composted cattle manure, NoPoKg — control system with no additional fertilizers used,
NsoP25Kgs, N1goP25Kgs, and NisoP2sKgs — systems with different N rates used.
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Figure 3. Relationships between AM fungal colonisation of potato roots and (A) soil phosphorus
content and (B) total annual carbon input in the field trial. The points with whiskers indicate the
mean (+ standard error) of four replicate samples per treatment; the dotted lines present the linear
relationship. Closed circles — organic farming systems, open circles — conventional farming
systems. See Fig. 2 legend for treatment coding.
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Table S2. Linear correlation coefficients between soil characteristics and AMF colonisation in potato roots

pH Corg P K Mg Ca Total N Total Cinput  AM fungal colonisation
KCI (%) (mgkg")  (mgkg?!) (mgkg!) (mgkg') (%) (kgha'y) (%)

pH KCI 1

Corg (%) 0.57* 1

P (mg kg}) 0.63* 0.39 1

K (mg kg™?) 0.27 0.33 0.48* 1

Mg (mg kg™) 0.78* 0.45* 0.56* 0.38 1

Ca (mg kg?) 0.86* 0.67* 0.59* 0.4 0.85* 1

Total N (%) 0.55* 0.74* 0.41* 0.54* 0.44* 0.62* 1

Total C input 0.35 0.50* -0.24 0.12 0.25 0.43* 0.52* 1

(kg ha™'y')

AM fungal c -0.04 0.09 -0.50* -0.18 -0.09 -0.00 0.09 0.46* 1

olonisation (%)

Statistically significant relationships (p < 0.05) are indicated with asterisks.

Table S3. Linear correlation coefficients between soil characteristics and AMF colonisation of potato in OFS

pH Corg P K Mg Ca Total N Total Cinput  AM fungal colonisation
KCI (%) (mgkg")  (mgkg") (mgkg') (mgkg?) (%) (kgha'y™) (%)

pH KClI 1

Corg (%) 0.09 1

P (mg kg?) 0.67 0.59 1

K (mg kg% 0.53 0.35 0.32 1

Mg (mg kg™ 0.90*  -0.09 0.51 0.34 1

Ca (mg kg™ 0.96*  0.25 0.79* 0.53 0.87* 1

Total N (%) 0.37 0.56 0.44 0.81* 0.10 0.46 1

Total C input 0.28 0.07 -0.10 0.74* 0.25 0.31 0.67 1

(kgha'y™)

AM fungal -0.31 -0.76* -0.78* 0.00 -0.31 -0.47 -0.13 0.26 1

colonisation (%)

Statistically significant relationships (p < 0.05) are indicated with asterisks.

516



Table S4. Linear correlation coefficients between soil characteristics and AMF colonisation of potato in CFS

pH Corg P K Mg Ca Total N Total Cinput AM fungal

KClI (%) (mgkg?) (mgkg') (mgkg?l) (mgkg?h) (%) (kgha'y™) colonisation (%)
pH KCI 1
Corg (%) 0.63* 1
P (mg kg?) 0.82* 0.67* 1
K (mg kg™?) 0.26 0.62* 0.53* 1
Mg (mg kg™) 0.76* 0.68* 0.87* 0.57* 1
Ca (mg kg?) 0.81* 0.71* 0.85* 0.57* 0.88* 1
Total N (%) 0.61* 0.81* 0.72* 0.57* 0.72* 0.62* 1
Total Cinput (kgha'y™') 0.23 0.30 0.11 0.39 0.02 0.17 0.25 1
AM fungal colonisation (%) -0.26 0.04 -0.11 -0.18 -0.20 -0.15 -0.22 -0.35 1
Statistically significant relationships (p < 0.05) are indicated with asterisks.
Table S5. Average (+standard error) soil characteristics by treatments

Treatment

NO N100 N150 CcC CCtM
pH KCI 5.95 (£ 0.21) 5.83 (£ 0.22) 5.73 (£ 0.19) 5.72 (£ 0.11) 5.94 (£ 0.10) 6.03 (£ 0.19)
Corg (%) 1.22 (+0.12) 1.17 (+ 0.08) 1.30 (£ 0.12) 1.34 (+ 0.10) 1.46 (+ 0.06) 1.43 (£ 0.07)
P (mg kg}) 118.6 (x 11.4) 120.6 (£ 10.7) 120.8 (+ 13.5) 97.5 (£ 12.9) 103.4 (£ 12.9) 92.3(x9.0)
K (mg kg 146.4 (+ 5.3) 170.8 (+ 6.8) 167.4 (+ 8.8) 165.0 (+ 10.7) 139.1 (+ 9.7) 167.1 (+ 11.3)
Mg (mg kg™) 127.8 (+ 15.1) 147.0 (£ 12.6) 147.3 (+ 14.6) 120.7 (+ 15.0) 143.1 (£ 11.3) 161.3 (£ 33.4)
Ca (mg kg 1,156 (£ 143.0) 1,310 (=133.4) 1,247 (+ 84.0) 1,185 (+ 105.0) 1377 (£ 90.0) 1,452 (+ 137.8)
Total N (%) 0.122 (+0.007)  0.126 (+0.002) 0.127 (+0.010) 0.127 (+0.008) 0.129 (+0.011)  0.145 (+ 0.005)
Total C input (kg ha™'y™") 4,604 (£ 640.1)* 4,841 (+955.4) 4,900 (+ 615.1)* 6,241 (+ 445.0)"8 7,778 (+ 195.1)B 1,0394 (+ 195.1)¢

Means with different letters are statistically significantly different among treatments (p < 0.05, Tukey test). See Fig. 2 legend for treatment coding.
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AM fungal inoculum potential of arable soil

Root AM fungal colonisation of narrowleaf plantain in greenhouse trial was
significantly greater (p < 0.001) than that of field-grown potato roots in both farming
systems (data not shown). The median AM fungal colonisation levels in the narrowleaf
plantain roots were 10.6% (range 0-60%) in CFS and 25.0% (range 0-42.5%) in OFS.
The AM fungal colonisation of narrowleaf plantain showed an insignificant tendency to
be higher in the OFS than in the CFS (Wilcoxon signed-rank test, W = 451.5, p = 0.14;
Fig. 1B). AM fungal root colonisation values in soils from individual field treatments
varied considerably, but with no significant differences between treatments.

DISCUSSION

By combining a field trial and trap plant greenhouse assay we show that AM fungal
colonisation in potato roots in the field conditions was very low, regardless of sufficient
amount of AM fungal inoculum in the field soils to support moderate root colonisation
levels of trap plant narrowleaf plantain inoculated with these field soils. AM fungal root
colonisation tended to be higher in the organic farming systems both in the field grown
potato roots and greenhouse-grown plantain roots. The individual fertilizing treatments
in the conventional and organic farming systems did not show regular differences in root
AM fungal colonisation levels neither in the field potato roots, nor trap plant roots, with
the exception of positive effect of manure amendment in organic farming system as
compared to inorganic fertilizer addition in the conventional farming system. We found
that high soil P content decreased root AM fungal colonisation and higher annual C input
to the soil increased root AM fungal colonisation. Therefore, the positive impact of
organic farming on the potato AM fungal colonisation in our study system can be
explained by previous higher fresh organic matter input and lower soil P content under
manure amendment treatment. These results suggest that the potato cultivar studied by
us could be a relatively poor AM host, and that AM fungal abundance and functioning
is further decreased by higher soil fertility, but can be improved by organic farming
practices such as use of manure as fertiliser.

In the present study root mycorrhizal colonisation rate was measured for a locally
bred potato cultivar *Reet’. This relatively new cultivar is described by breeders Tsahkna
& Tahtjarv (2008). Breeding programs are generally conducted in experimental stations
under high nutrient levels (Philippot et al., 2013). This has resulted in several crops
showing lower root mycorrhizal fungal colonisation and lower mycorrhizal growth
response than their wild progenitors, though large variations exist (Martin-Robles et al.,
2018). It is therefore conceivable that modern potato varieties may have lower
mycorrhizal dependence caused by selective breeding under conditions where plants
receive little benefit from mycorrhizal symbiosis. This possibility is supported by
evidence that newer cultivated plant varieties tend to have lower AM fungal root
colonisation (Lehmann et al., 2012). Similar to our results, very low root colonisations
have also been reported in earlier field surveys of potato (Cesaro et al., 2008).
Furthermore, potato root AM fungal colonisation can vary to a large degree across plant
growth phases (Buysens et al., 2017).

Additionally, soil in our field experiment had high to very high plant-available P
levels (Schick et al., 2013), which could be one of the reasons for low observed AM
fungal root colonisation. Negative relationship between root AM fungal colonisation and
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soil P level as observed in this study, is frequently reported in other agricultural and
natural systems (Verbruggen et al., 2013). As P availability increases, plants in return
become less dependent on AM fungi and down-regulate their mycorrhiza formation
(Smith & Read, 2008). Still, not only phosphorus fertilization negatively affects AM
fungi, but previous studies have shown that high-input conventional farming as a whole
chemical-dependent system negatively affects AM fungi (Kabir, 2005; Verbruggen et
al., 2010; Prosser et al., 2015).

However, our root colonisation data verified the previous findings (Jansa et al.,
2006) that manure amendment has beneficial effect on plant colonisation by AM fungi
compared to the application of inorganic fertilizers. This is in accordance with findings
by Gryndler et al. (2006), who showed that in manured soil the concentration of AM
fungal spores and mycelial growth increased with mineral fertilization. Furthermore AM
fungal colonisation rate in plant roots might also be influenced by other factors related
to farming practices like cropping history. A meta-analysis conducted by Lekberg &
Koide (2005) showed that avoiding non-mycorrhizal plants in crop rotation has a
positive effect on subsequent mycorrhizal colonisation. The cover crop used in the
current study was winter oilseed rape, which is a non-mycorrhizal crop plant. Therefore,
low AM fungal colonisation rate in potato roots of our study could in part result from
usage of non-mycorrhizal crops as a cover crop, which possibly decreased the positive
effect of AM fungi for the following crop.

In comparison to the field crop, potato, the trap plant narrowleaf plantain roots
showed higher AM fungal colonisation, indicating that the field soils were not exhausted
of AM fungi. It is noteworthy that the higher root colonisation of plantains was obtained
on the field soil diluted with sand, effectively reducing the amount of available AM
fungal propagules for the host plants compared to that available for potato plants in the
field. Narrowleaf plantain is a widely used plant species because of its commonly high
mycorrhizal colonisation and responsiveness, as well as its broad range of AM fungal
partners (Schnoor et al., 2011; Davison et al., 2015). Our comparison of potato and
plantain also confirms that host plant-AM fungal relationships depend on both
symbiosis partners (e.g., Bever, 2002), whereby the same fungal inoculum may result in
very different plant root colonisation levels, fungal community compositions and plant
growth in the case of different host plant species. Host-AM fungal compatibility may
also influence potato yield, as shown earlier in inoculation trials of micropropagated
potatoes (Duffy & Cassells, 2000). Whether a different AM fungal community would
result in a different root colonisation (and ultimately, yield) of the potato cultivar studied
by us, requires further testing.

CONCLUSIONS

Our study demonstrated extremely low AM fungal colonisation rate in the roots of
potato in field conditions. At the same time, AM fungal colonisation was higher in
organic than in conventional farming system, and was related to higher fresh organic
matter input and lower soil phosphorus content. Interestingly, both soils from the
conventional and organic field had relatively high AM fungal inoculum potential as
detected by trap plant assay with narrowleaf plantain. These results suggest that plant
species or cultivar can have a strong influence on AM fungal colonisation levels. Further
research is needed to clarify whether other varieties of potato show similarly low levels
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of AM fungal colonisation as the cultivar used in this study, and to which degree plant
growth phase affects this measure. Furthermore, it is necessary to explore how AM
fungal species diversity in field potato roots relates to the root colonisation levels and
potato yield of different cultivars under the regionally used potato cropping systems.
This would provide guidelines for the most efficient management of AM fungi in these
cropping systems with regionally used cultivars, fertilization levels, cover crop and
pesticide usages considering optimal potato production at the regional scale.
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Abstract. The crop establishment belongs to crucial technology operations. The quality of
sowing is the basis for obtaining efficiency of production. Controlled Traffic Farming (CTF) is a
technology which prevents excessive soil compaction and minimizes compacted area to the
smallest possible area of permanent traffic lanes (PTL). There were two sowing systems
compared, namely row and band sowing when growing winter barley. Sowing parameters as well
as all other field operations were identical for both compared systems. Measurements were
conducted at an experimental field on non-compacted and traffic lane areas where CTF system
was introduced in 2009, with 64% of compacted and 36% of non-compacted soil. Six crop
parameters were analysed. Generally, it can be concluded that the band sowing performed better
in yield (by 9.3% in non-compacted area; by 3.8% in traffic lane), ear number (by 5.2% in non-
compacted area; by 10.1% in traffic lane) and grain number (by 6.3% in non-compacted area; by
8.1% in traffic lane) as well as crop height (by 6.6% in non-compacted area; and by 2.4% in
traffic lane). The only parameter performing worse was TGW with decrease of 6.6% in non-
compacted area and decrease 2.8% in traffic lane for band system. Differences in number of grain
per ear were negligible.

Key words: band sowing, drill, CTF, soil compaction, cereals.
INTRODUCTION

Controlled Traffic Farming (CTF) system currently belongs to modern methods
that are progressively becoming part of the efficient management of crop production in
precision farming (Rataj et al., 2014).

The essence of this system is to concentrate the individual machinery paths into one
trajectory with respect to the integer multiples of the working width of individual
machines, in order to reduce the trafficked area and consequently improve growing
condition compared to RTF (Random Traffic Farming) system. The reason for putting
this system into practice is a long-term trend in continuously increasing size and
especially weight of agricultural machinery (Kutzbach, 2000).
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Chaiman (2015), Goodwin et al. (2015), Kroulik et al. (2011), Kumbhala et al.
(2013) and others state, that the primary effect of implementing the CTF system is to
improve soil structure. According to the quoted authors this system can be used as a
long-term tool to prevent soil compaction. As a result of the decreasing soil compaction,
the pore volume and water infiltration capacity are increased, and the soil bulk density
is decreased (Kovar et al. 2016; Chyba et al. 2017). Improvement of these physical-
mechanical properties of the soil is subsequently reflected in the increase of crop yields.

Vermeulen et al. (2010) states, that within CTF system, besides the above benefits,
there is also a more effective use of agricultural machinery. Consolidated tracks allow
access to the field even in wetter soil conditions. There is a decrease in energy intensity,
a lower number of operations, shallower cultivation, and lower tractor power
requirement.

The CTF system is closely associated with conservation tillage systems eventually
direct drilling. CTF creates two zones: non-trafficked crop beds and cropped or non-
cropped traffic lanes (Chamen, 2015). This system can be established also with ordinary
machinery without special adjustment, with different percentage proportion of non-
trafficked area up to 68% (Gutu, 2015).

If the farmer decides to seed the CTF trafficked lanes, it is necessary to increase
intensity of soil preparation and seeding requirements. This is required, because these
lanes are caused by centralized traffic of all machinery during the growing season and
the soil is more compacted then soil located in non-trafficked areas (Arslan et al., 2015,
Kroulik et al. 2016).

Alternatively, it is possible to use special seed drills (combined seed drills with soil
preparation or seed drill for direct drilling), that are able to place seed into the required
depth evenly over the entire working width, including compacted CTF traffic lanes.

The aim of this work was to compare differences between two seeding systems in
CTF technology through selected crop parameters with emphasis on different intensity
of soil compaction.

MATERIALS AND METHODS

Experiment design

In 2010, a long-term field experiment was launched with the technology of
Controlled Traffic Farming (CTF) at Slovak University of Agriculture in Kolinany,
Slovakia. This technology is used on a 16 ha field. Soil texture class on top (0-35 cm) is
silty loam (51% silt, 30% sand, 19% clay) — analyses were conducted based on Slovak
standards (Hriviiakova et al., 2011). Type of CTF system is 6 m OutTrack (64% non-
compacted soil, 36% compacted soil). Commercially available machinery with standard
wheel spacing were used for work operations —as they were supplied by the
manufacturer. Field was cultivated within soil conservation tillage (without ploughing)
up to depth of 15 cm. More detailed information can be found in other publications (e.g.
Goodwin et al., 2015; Galambosova et al., 2017; Barat et al., 2017).
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The possibility of using direct seed drill with breaker tines for band sowing in CTF
system was studied in comparison with row sowing system during one-year experiment
in growing season 2016-2017.

It was necessary to respect the long-term experiment during setting up a sampling
layout, especially direction of CTF track lanes and simulated RTF strips on the research
field.

To solve the established aim of this paper, 18 monitoring points were designated,
of which 9 points were located in three RTF strips (see Fig. 1). The RTF strips are areas
trafficked wheel by wheel once a year with tractor John Deere 8230 (tire pressure 2.0
bar), perpendicularly to the direction of CTF.

direction of
CTF lines

Figure 1. Satellite image showing 1x passed compacted area for RTF simulation, direction of
CTF lanes and monitoring points (no. 1- 0) sampling layout.

The resulting matrix of experiment was based on 4 zones marked A, B, C, D, which
represented areas with 4 different compaction intensities. The least compacted soil was
in zone A, the most compacted in zone D. The soil compaction intensity was measured
as a penetration resistance in the vertical axis, with a device manufactured by
Eijlkelkamp. The values of penetration resistance (Fig. 2) show different intensity of soil
compaction, as well as the depth of long-term soil cultivation.

The seeding was carried out alternately in the direction of CTF lanes — two passes
with standard row seed drill, and two passes with combined direct drill for band sowing
(see Fig. 3). The four treatments (zones A, B, C, D), from within which measurements
were taken, were denoted as shown in Fig. 4. The samples were taken from each
monitoring point in three replications in each zone. Each sample consisteds of crops cut
nearly above ground from 1 m? area. Together 12 samples (6 from row sowing and 6
form band sowing area) were taken in each monitoring point with the mentioned process
(see Fig. 3).
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Figure 2. Intensity of soil compaction in experimental zones represented by vertical penetration
resistance (measured in 2015).
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Figure 3. Experiment design — example of taking yield sampling layout on two monitoring
points; 1 —non-cropped multiple-trafficked lanes —sprayer lanes (each 24 m), 2 — cropped
multiple-trafficked lanes (location of samples: C1, C2, C3 and samples D1, D2, D3 in RTF strip),
3 — non-trafficked crop beds (location of samples A1, A2, A3); and one pass trafficked crop beds
(location samples B1, B2, B3 in RTF strip), (the values given in the picture are t in meters).
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Figure 4. Matrix of experiment variants (‘+’ represents intensity of soil compaction from low +
to high level ++++).

Seasonal and long-term experiment conditions

Within agricultural production processes on experimental field, conservation tillage
is used together with growing crops as cereals, oil seed rape, and corn. Temperature and
rainfall in the 2016/2017 growing season and long-term averages are shown in Fig. 5.

In one-season experimental assignment it was hypothesized, that the 6 crop
parameters could be increased using the band sowing system in comparison to the row
sowing system in different soil compaction zones specified in CTF system. Experiment
conditions and all seasonal agrotechnical operations, were same for both sowing
systems.

Row sowing was done by John Deere 8100 tractor and Lemken Solitair 9 universal
seed drill with conventional row spacing of 12.5 cm. Band sowing was established by
Kirovec K7484 tractor and Claydon Hybrid T6 combined direct seed drill with partial
soil tillage, with band spacing of 30 cm (15 cm seed band + 15 cm free band without
seed). The depth of breaker tines was set to 15 cm to keep the cultivation depth the same
for both systems. Type of the seed, parameters of sowing and used drills are showed in
Table 1.
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Figure 5. Rainfall represented monthly as sum of precipitations and monthly means of air
temperature records for Kolinany, Slovakia (Slovak University of Agriculture in Nitra, 2017).

Table 1. Parameters of seed, sowing and used drills

Parameter SEED
Botanical name Hordeum vulgare L. (winter barley)
Variety WINTMALT
Generation C1
Seed disinfectant Lamardor 400 FS
Certified by Central Control and Testing Institute in Agriculture —
Slovakia
Parameter DRILLS
Lemken Solitair 9 Claydon Hybrid T6
Swath width, m 6 6
Number of sowing tines, pcs 48 19
Seed row/band spacing, cm 125 15
Weight, kg 1,600 6,500
Front breaker tines, pcs NA 19
Maximum depth of breaker tines, mm NA 300
Parameter SOWING
row sowing band sowing
Sowing rate, kgha'* 220 220
Depth of sowing, mm 30-40 30-40
Depth of breaker tines, mm NA 150

Note: NA — not available.

The following six parameters were analysed: ear number, yield, TGW — Thousand
Grain Weight, crop height, grain number per 1 m?, grain number per ear. Yield and TGW
were recalculated to uniform moisture content 14%.
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Parameters were determined using the methodology contained in the following
standards —STN EN ISO 520, STN EN ISO 24333/AC, STN EN ISO 712, STN 46 1025.
Pairwise comparison of monitored sowing systems was carried out according to Fisher's
LSD test (Least Significant Difference) statistical method.

RESULTS AND DISCUSSION

The assessment of band and row sowing systems was carried out in the CTF
experimental field. The aim was to find out, if there is a statistically significant difference
between the band and row sowing system with respect to 6 crop parameters. Calculated
mean values and their standard deviations of measured crop parameters are shown in
Table 2. Final results of Fisher's LSD test for all measured parameters are shown in
Table 3.

Table 2. Means and standard deviations of crop parameters recorded for row and band sowing
system, (n = 9; each value was calculated as the average of the area of 3 m?)

diff. between diff. between

£ Row sowing, Band sowing, means of means of band
E @ mean + STD mean = STD band and and row
$ N row sowing,  sowing *, %
Ear A 913.6+180.1 961.3+118.2 47.7 5.2%
number B 806.5+108.3 1,040.4+155.9 233.9 29.0%
ncs m'z, C 884.9+105.0 974.7+98.7 89.8 10.1%
D 845.6+79.9 993.3+106.4 147.7 17.5%
vield A 8.0£1.6 8.7+1.0 0.7 9.3%
(14%) B 6.9+1.1 8.8+1.2 2.0 28.8%
t hatt ’ C 7.8+0.7 8.1+0.7 0.3 3.8%
D 7.2+1.0 8.3+1.0 1.0 14.3%
Tew A 47.7+£1.8 44.6+6.8 -3.1 -6.6%
(14%) B 46.3+1.8 454432 -0.9 -2.0%
' C 46.3+1.9 45.1+3.7 -1.3 -2.8%
g D 48.3+4.3 43.3+4.0 5.0 -10.4%
Crop A 78.1+4.9 83.3+3.0 51 6.6%
height B 76.1+6.2 83.2+4.8 7.1 9.3%
om ' C 82.8+4.4 84.9+2.0 2.0 2.4%
D 77.0+5.3 82.4+3.0 5.3 6.9%
Grain A 16,987.7+3,497.3 18,055.7+2479.3 1,068.0 6.3%
number B 15,059.3+2,211.3 19,436.9+3618.5 4,377.6 29.1%
ncs m'z, C 16,547.1+1,970.8 17,893.5+£1950.6 1,346.4 8.1%
D 15,712.6+2,055.2 18,369.1+2717.7 2,656.5 16.9%
Grain A 18.6+0.7 18.8+1.5 0.2 1.3%
number B 18.7+0.8 18.6+1.3 -0.04 -0.2%
perear, C 18.8+1.4 18.4+1.1 -0.4 -2.1%
pcs/ear D 18.6+1.6 18.4+1.1 -0.1 -0.7%

diff. = difference; STD = standard deviation; * row sowing is interpreted in calculation as 100% accounting
basis; pcs = pieces.
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Table 3. Differences between means and significance of pairwise comaprisons; asterisks indicate
differences larger than LSD at p < 0.1 (*) LSD and p < 0.05 (**); ns = not significant

Crop Zone A Zone B Zone C Zone D
parameter
Ear number LSDo.os= 161.44 LSDo.os= 142.24 LSDo.05 = 108.04 LSDo.0s = 99.74
pcs.m LSDo1= 132.95 LSDo1=117.14 LSDo.1= 88.97 LSDo1= 82.14
47.70 ns 233.93 ** 89.78 * 147.70 **
Yield, t ha LSDo.05= 1.45 LSDo.05= 1.25 LSDo.0s=0.73 LSDo.0s= 1.08
LSDo1=1.19 LSDo1=1.03 LSDo.1= 0.60 LSDo.1=0.89
0.74 ns 1.97 ** 0.30 ns 1.04 *
TGW, g LSDo.0s5=5.31 LSDo.os= 2.72 LSDo.0s= 3.15 LSDo.0os = 4.39
LSDo.1= 4.38 LSDo1=2.24 LSDo.1 = 2.60 LSDo.1= 3.62
-3.14 ns -0.92 ns -1.28 ns -5.05 **
crop height,cm  LSDoos= 4.27 LSDo.05 = 5.86 LSDo.0s = 3.60 LSDo.0s = 4.55
LSDo.1= 3.52 LSDo1= 4.82 LSDo.1= 2.96 LSDo.1= 3.75
5.13 ** 7.09 ** 2.03 ns 5.34 **
Grain number LSDoos= 3,213.06  LSDo.os=3,178.35 LSDoos= 2,078.29  LSDg.0s= 2,553.79
pcs.m2 LSDo1= 2,646.17 LSDo.1= 2,617.59 LSDo1=1,711.61 LSDo1= 2,103.22
1,068.00 ns 4,377.59 ** 1,346.39 ns 2,656.52 **
Grain number LSDo.os= 1.26 LSDo.os=1.16 LSDo.os=1.30 LSDo.0s = 1.50
per ear pcsfear  LSDo1= 1.04 LSDo.1= 0.96 LSDo.1= 1.07 LSDo1=1.23
0.25 ns -0.04 ns -0.40 ns -0.14 ns

The obtained differences between the average yields, the number of ears, the
number of grain per 1 m? and the crop height were positive for the benefit of band sowing
in each zone (A, B, C and D).

Differences in ear number between band and row sowing system ranged from 5.2%
to 29% (Table 2). The differences were significant (p > 0.05) in zone B and D, and in
zone C (at p>0.1). In zone A, the differences were not significant as is shown in
Table 3. Based on this, it can be concluded that placing seed grain to strips, supported
tillering of sown cereal (winter barley). Next factor which supported tillering, was the
use of breaker tine placed before each seed coulter on combined drill. This breaker tine
creates trench in the axis of the seeding strip. Working depth (15 cm) of breaker tine
corresponds with maximum depth of soil tillage during season.

Increase of ear number influenced the grain number per 1 m? as well as yield.
Differences in grain number per 1 m? ranged from 6.3% to 29.1%. The differences were
significant (p > 0.05) in zone B and D. Differences in yield ranged from 3.8% to 28.8%
and were significant (p > 0.05) in zone B and in zone D (p > 0.1).

The authors Chamen (2015) and Kroulik et al. (2011) state, that CTF system
concentrates all machines passes to the track lanes. Soil compaction in these track lanes
causes increase of soil bulk density (limit value ~ 1.45 t m3; Lhotsky et al., 1991). On
this basis, it can be concluded that plants have problems with root growth.

Therefore, for CTF systems, the potential to increase the yield, or to reduce the
yield penalty, depends on the area ratio of permanent traffic lanes to permanent crop
beds and on tillage intensity of cropped traffic lanes (Galambosova et al., 2017).

Based on this study, it is important to pay attention to the soil tillage and quality of
sowing i.e. sowing depth, seed spacing in row or in band, mainly in cropped traffic lanes.
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Although for band sowing no yield differences were obtained between cropped
traffic lanes (zone C and D) and non-compacted soil (zone A), but this system seems to
support tillering of growing cereal (winter barley) as it was found in other experimental
zones where higher yields were obtained.

LSD test confirmed, that these yield differences were significant mostly in zones
with higher level of soil compaction.

Based on this it can be concluded, that band sowing performed by combined direct
seed drill with partial soil tillage is suitable way, to care for the cropped traffic lanes in
the CTF system.

For band sowing, the higher values of crop height were recorded in all experimental
zones. Mean values of this parameter ranged from 2.4% in zone C to 9.3% in zone B.
The LSD test confirmed, that the differences in this parameter were significant (p > 0.05)
in zones A, B, and D.

Means of TGW were lower for band sowing in all experimental zones. As stated
above, the ear number was larger for band sowing than for row sowing. However, the
grains in ears from band sowing were smaller then grains in ears cropped in row sowing
Zones.

Statistically significant differences of TGW (p > 0.05) were confirmed only in zone
D, which represented the highest soil compaction.

Measured data do not show statistically significant differences between grain
number per ear in band and row sowing.

CONCLUSIONS

Aim of this paper was to evaluate the band and row sowing carried out on soil with
different intensity of compaction in the CTF system. The conditions during the
experiment were the same for both sowing systems in each zone.

The yield of winter barley was higher at band sowing in all areas with different
levels of traffic intensity. However, the differences in yield between the band and row
sowing were significant mostly in zones with higher level of soil compaction. The basic
influence on the higher yield in band sowing resulted from better tillering. Next factor
was the use of breaker tine placed on combined drill before seed coulter.

Based on this knowledge, we can recommend band sowing performed by combined
seed drill with partial soil tillage, as one of the possibilities to care for the cropped traffic
lanes in the CTF system. The depth of breaker tine can vary, according to depth of the
compacted soil pan. The depth of this compacted soil pan depends on the depth of soil
tillage during the season or on some other factor.

If it is possible to adjust the depth of breaker tines individually, this depth could be
different - e.g. in CTF system: lower or zero depth for non-trafficked areas and higher
depth for cropped traffic lanes. Then we could use a tractor with lower power and cut
down the tractor fuel consumption. Following this, we could predict, that the yields
between cropped traffic lanes and non-compacted areas in the CTF system will be
equivalent.
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Abstract. The collection and recycling rate of paper and paper packaging material has been on a
rise. From 2010 to 2016 in Czech Republic, the recycled amount of all paper went up by 32%,
while the share of energy use in waste paper utilization decreased from 5.5% to 3.8%. However,
not every paper and cardboard product can be recycled, and some are rejected from the recycling
stream. Recycling specialty types of paper with other grades of recyclable paper is often not
possible and their production is not high enough for their separate recycling to be feasible. If
material utilization is not feasible then within the waste hierarchy the next best treatment is their
energy utilization. Therefore, this article evaluates selected types of specialty paper for their
energy content. They were silicone coated papers, polymer coated papers, and paper cores. For
all samples proximate, elemental and calorimetric analyses were determined and based on them
stoichiometric combustion calculations were performed. Silicon coated papers fared generally
well having small to reasonable ash content 1-10% and net calorific value from 15.10 to 17.10
MJ kg! on dry basis. Polymer coated papers had ash content around 6% and net calorific value
from value from 16.29 to 22.98 MJ kg™ on dry basis. With the exception of paper cores and self-
copying paper, all evaluated paper types could be recommended as a component in refuse derived
fuels. The least suitable samples were paper cores with nearly 20% wt. of ash and net calorific
value 12.45 MJ kg™ on dry basis.

Key words: non-recyclable paper, proximate analysis, stoichiometric calculations, heating value.
INTRODUCTION

Paper has the advantage of being both made from renewable resources as well as
being able to be recycled to yield its constituent fibres (Venditti et al., 2000). Recycling
waste paper normally means using it as a secondary raw material for the production of
new paper (Voronych et al., 2016). Waste paper is converted back to fibres that are
usually mixed with a portion of virgin fibres and new paper is produced from this mixture
(Ekvall & Finnveden, 2000). Papers with functional layers are generally more difficult
to recycle and they may not be suitable to mix with the most prevalent grades of sorted
paper (Hess et al., 2001).

Paper fibres cannot be recycled indefinitely, but they can go through the process
four to six times (Villanueva & Wenzel, 2007). After the fibres have been recycled, they
are gradually deformed and shortened until the last possible product is manufactured e.g.
paper cores or moulded pulp. Papers that are difficult to recycle or unprofitable for
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recycling often contain specific chemicals that hinder the recycling process. This
category includes waterproof papers, coated with PE foil, waxed, with adhesive layer,
etc. These types of paper are for example silicone coated papers, polymer coated paper,
self-copying paper and paper tubing. These types of paper may come from recycling bins
or from industry. Recycling of these types of paper with other grades of recyclable paper
is not possible. They may be used, for example, to make insulation materials (Vochozka
et al., 2016). However, in a paper sorting line these papers will mostly be discarded and
will generally be used in a waste-to-energy plant (Leyssens et al., 2014).

Therefore, it is advisable to find the optimal uses for these types of paper, including
the energy or construction industry (Mucahit & Sedat, 2009). It is also possible to
compost paper (Saludes et al., 2008; Alvarez et al., 2009; Torkashvand, 2009) or produce
biogas (Teghammar et al., 2010; Steffen et al., 2016; Rodriguez et al., 2017).

One of the transformation possibilities when using waste paper as an energy source
is briquetting, ideally with biomass (Kers et al., 2010; Gado et al., 2014). Briquetting
has some advantages over direct combustion technologies, mainly increasing the energy
density, avoiding dust emissions during handling and often enabling cleaner combustion
in small combustion devices (Malat’ak et al., 2017). Co-combusting of unwanted paper
with biomass-based materials can be expected to produce emission benefits because this
type of paper contains a low percentage of sulphur and a very low nitrogen content
compared to biomass fuels (Boavida et al. 2003; Salvador et al., 2004; Leyssens et al.,
2014).

According to the Ministry of the Environment of the Czech Republic (2017) the
recycled amount of all paper and cardboard in Czech Republic went up by 32% from
2010 to 2016, while the share of energy use in waste paper utilization decreased from
5.5% to 3.8%. However, the energy use still amounted to 17,000 t.

In the view of these facts, present paper deals with the issue of using specialty
papers as a source of energy. Main aim of experimental testing was to determine the
energy potential of chosen types of paper and evaluate the suitability for combustion as
a standalone solid fuel or as an additive to other wastes or biomass in production of
derived fuels.

MATERIALS AND METHODS

The types of specialty papers

Samples of various specialty papers were evaluated by elemental and proximate
analysis and based on them stoichiometric combustion calculations were performed. The
samples were obtained from companies producing these papers.

—  Self-copying paper (SC) allows to make copies without the use of office equipment
making it indispensable in some situations. It consists of two layers one of which
is coated with microcapsules which burst under the pressure of a pen and colour the
contacting layer.

—  Greaseproof polymer coated paper (GPC) with low permeability for fats is used for
food packaging or other packaging purposes. It is made from bleached sulphite and
sulphate pulps.

—  Silicone release paper (SR1) is white, smoothed, wood-free paper with one-sided
silicone coating. It is used as release layer for sticky tapes, envelopes etc.
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—  Silicone release paper (SR2) was discarded release paper with the adhesive layer
removed. It is coated on one side with a non-adhesive silicone layer. It is white,
smoothed, wood-free paper.

—  Silicone release paper (SR3) was the same as SR2 release paper with the adhesive
sticker layer present.

—  Silicone coated baking paper (BP) is a white, wood-free paper with silicone coating
on both sides. It is designed to be hygienically safe at high temperatures, resistant
up to 220 °C for single use.

— Packaging paper with one sided polyethylene coating (PEP) mostly used for
production of paper bags. It is designed to protect packaged goods against dust,
moisture and grease. According to the manufacturer, the unit weight of the paper is
70 g m2 and of the coating 20 g m™2.

—  Paper cores (PC) are paper tubes of mostly cylindrical shape intended to hold strips
of sheet material such as papers, foils, textiles, etc. The paper cores used were all
spirally wound with layers glued together. There was a variety of sizes.

Material preparation and laboratory equipment

Prior to collection, all samples were kept indoors. After collection, the samples
spent at least two weeks in laboratory climate (19-23 °C, relative humidity 40-55%). To
produce analytical samples the papers were firstly shredded in an office paper shredder
to 4 mm by 35 mm strips. The paper cores were shredded in a cutting mill Retsch SM100
on a 6 mm screen. For each material three 100 g samples were taken from the shredded
materials and dried at 105 °C until constant weight for at least 24 hours to find the
moisture in the original materials. The shredded samples were then milled in a rotor mill
Fritsch Pulverisette 14 under 1 mm size to produce analytical samples.

The proximate analysis was performed in a thermogravimetric analyser (LECO
TGA 701). The temperature programme first dried the samples at 105 °C to constant
weight to determine the analytical moisture. Ash content was determined after burning
the samples in oxygen at 550 °C until constant weight.

Elemental composition was analysed in an instrument LECO CHN628+S with
helium as carrier gas to find carbon (C), hydrogen (H), nitrogen (N) and sulphur (S)
contents. The analyser operates by analysing the flue gas from samples burned in
oxygen. C, H and S are measured in infrared absorption cells; N is measured by a thermal
conductivity cell. Oxygen was determined as difference from 100% of the sum of these
elements and ash in dry state.

Gross calorific value was measured in an isoperibol calorimeter (LECO AC 600).
The samples were pressed into pellets and burned in calorimetric bomb filled to 3 MPa.
The reference temperature was 28 °C. The correction for the creation of nitric and
sulphuric acid were not determined, otherwise the procedure and conversion to net
calorific value was done according to CSN ISO 1928:2010. At least three reliable results
were acquired for all samples.

The results of the analyses were converted to the original state and to dry state of
the materials.
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Stoichiometric calculation
The theoretical amount of oxygen Oz min (M® kg?) is based on the equation:

OZm’n zvm(oz{ C + H + S - O J (1)

| M(C) M(2-H,) M(s) M(0,)

where C, H, S, and O are contents of carbon, hydrogen, sulphur and oxygen in the sample

(% wt.); Va(Oz) =22.39 m® kmol? is the molar volume of oxygen gas at normal

conditions and M(X) (kg kmol?) are molar masses of hypothetical species X that
combine with O..

Where the theoretical amount of dry air Lmin (M kg?) is determined from the
equation:

100
I‘min =0 min A (A~ 2
’ Catm(OZ) ( )
where Cam(O2) = 20.95% vol. is volumetric concentration of oxygen in air.
The theoretical amount of dry flue gases vigmin (M kg?) is based on the equation:

_Vm(COZ) C+Vm(802)_s+vm(N2)_N+Catm(N2).L_

V] . = .
em M (C) M(S) M(N,) 100 mn ©)
where  Vm(X) (m® kmol?) are the molar volumes of flue gas components;
Cam(N2) = 78.05% vol. is the concentration of N2 in air.
The theoretical amount of emission concentrations of COzmax (M*\ kg?) is based
on the equation:

co, - M (9.
Vm (COZ)'Vfg,min
Volumetric amounts of combustion products:
Vm (COZ ) Catm (COZ )

-100 (4)

v(co,)= Mc) St 10 - ©)
— ZVm(HZO) Vm(HZO)

v(H:0)= 2-M(H,) H+M(H20) W ®)
— m(NZ). _Catm(NZ

MTMN,) T, 0,) @

where W (% wt.) is the moisture content in the fuel.

Adiabatic combustion temperature t, (°C) assumes stoichiometric amount of
combustion air and all released heat to be kept in the combustion products. Adiabatic
combustion temperature is expressed as:

t NCV ©
a
Vfg,m’n 'Csp
where NCV is the net calorific value of the fuel (kJ kg?); csp is the specific heat capacity
of the flue gas (kJ kg K1),

Adiabatic combustion temperature in excess of air ta (°C) is used to compare
different fuels at the same combustion conditions given by excess air coefficient n, fuel
enthalpy and combustion enthalpy. In this case, the chosen value was n=2.11. The
theoretical combustion temperature is given by the equation:
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where Qy is the enthalpy of the fuel (kJ kg?); Qair is the enthalpy of the combustion air
(kJ kg); Vi is the volume of flue gas (m®\ kg™2). Since the specific heat capacity of flue
gas is dependent on temperature, the combustion temperatures were determined using

iterative calculation. Calculations start using expected temperature and are iterated until
two consecutive results differ by less than 0.001 K.

air

RESULTS AND DISCUSSION

The results of the elemental analysis of the paper samples (see Table 1) show a high
concentration of ash, especially in PC, where the ash content was 19.69% wt. in the dry
matter. Such a large amount of ash significantly reduces the calorific value. High
contents of ash have detrimental effect on the combustion process as well as the
operation combustion plant, e.g. clogging of parts of incinerator by ash (Malatdk &
Passian, 2011). The ash contents were generally high compared to biomass fuels, e.g.
herbal biomass is 7.8% wt. (Vassilev et al., 2010; Thy et al., 2006) and pure wood
biomass averaging 0.5% wt. (Tao et al., 2012). In this regard, only GPC. SR2, BP and
PEP with ash content around 1% correspond roughly to the amount of ash in wood
biomass (Giirdil et al., 2009). In general, high ash contents lead to high concentration of
particulate matter in flue gas (Niu et al., 2016). With plant biomass it has been shown
that the amount and composition of fly ash can be affected by operational parameters of
a combustion device, e.g. the excess air amount (Bradna et al., 2016; Bradna et al., 2017).

Table 1. Proximate, elemental and calorimetric analysis of specialty papers, values are given in
original and dry state

W  Ash C H N S O GCV  NCV
% wt %wt. %wt. %wt %wt %wt. %wt. MIkgt MJkg!
Self-copying p. (SC)  5.30 13.36 37.34 496 0.17 0.05 38.82 1433 13.12

dry state 1411 3943 524 0.18 0.06 40.99 1513 13.99
Greaseproof p. (GPC) 6.16 1.04 4279 548 0.02 0.06 4445 16.49 15.14
dry state 111 4560 5.84 0.02 007 4736 1757 16.29
Silicone p. 1 (SR1) 538 9.40 39.03 535 0.05 0.12 40.67 1546 14.16
dry state 994 4125 565 005 0.13 4298 16.33 15.10
Silicone p. 2 (SR2) 651 059 4201 548 0.00 0.04 4537 1654 15.18
dry state 0.63 4493 587 0.00 0.04 4853 17.69 16.41
Silicone p. 3 (SR3) 520 941 4297 549 0.03 0.03 36.88 17.40 16.08
dry state 992 4532 579 0.03 0.03 3890 1836 17.10
Baking p. (BP) 6.10 1.19 4127 557 0.00 0.06 4580 16.60 15.23
dry state 127 4396 594 0.00 0.06 4877 17.68 16.38
Packaging p. (PEP)  6.04 0.75 5214 7.27 0.00 0.08 33.71 2316 21.44
dry state 0.80 5550 7.74 0.00 0.08 3588 24.67 22.98
Paper cores (PC) 554 1860 3424 402 020 008 3732 1264 11.63
dry state 19.69 36.25 4.25 021 0.08 3950 13.38 1245
Office paper — dry state* 13.17 3773 484 0.06 004 4415 1349 12.44
Printed paper — dry state* 21.31 36.86 4.49 0.09 0.03 37.22 13.77 12.80
Cardboard — dry state* 1217 4134 512 0.14 0.05 4118 1546 14.34

W — moisture; GCV — gross calorific value; NCV — net calorific value; *values from (Balada et al., 2016).
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The moisture content of the samples in their original state is low and averages to
5.82% by weight. In biomass such low moisture can only be kept after it has undergone
further treatment, for example pelletizing (Malatak & Bradna, 2017).

The amount of carbon, as the main carrier of calorific value was mainly influenced
by the high ash concentration. In samples of SC and PC, the carbon content in dry matter
was less than 40% wt. On the other hand, in PEP it reached up to 55.5% wt.

The resulting heat and calorific values of the materials correspond to the proportion
of combustible matter. Above all, a large amount of ash reduced the net calorific value
of PC to 12.45 MJ kg* in dry matter. Samples of SC, GPC, SR1, SR2, SR3 and BP
achieved net calorific values comparable to wood biomass (Vassilev et al., 2010). The
highest net calorific value of all samples was found in PEP with 22.98 MJ kg in dry
matter. Compared to ordinary recycling paper grades, i.e. discarded office paper, printed
magazine paper and cardboard (Balada et al., 2016), the presently studied papers, except
for PC and SC papers, are more favourable for energy use both in heating value and ash
content.

Sulphur content in a fuel has a direct effect on the formation of H,SO,4 and therefore
also on the service life of the combustion device. Someshwar (2015) shows that addition
of sulphur containing fuel may lead to increase in HCI concentration in the flue gas. On
the other hand, the presence of SO; in flue gas reduces the corrosion of metals by alkali
metal halides (Paneru et al., 2103). Highest sulphur concentrations of 0.13% wt. in dry
matter were determined in SR1. Sulphur concentrations in other samples correspond to
wood (Vassilev et al., 2010). Relatively higher contents of nitrogen were found in PC.
However, the maximum concentration of 0.21% wt. in dry matter corresponds to usual
levels in plant biomass (Vassilev et al., 2010).

Table 2. Stoichiometric volumes of combustion air and gaseous products, adiabatic temperatures
under stoichiometric and excess air conditions

L min Vfg,min V(COZ) V(HZO) V(NZ) COzmax ta te

m3n kgt miy kg? miukg? miykg! miykg! %vol. °C °C
Self-copy. p. (SC) 3.33 3.30 0.69 0.75 2.60 21.00 2,310 1,068
Greaseproof p. (GPC) 3.77 3.74 0.79 0.84 2.94 21.24 2,350 1,089
Silicone p. 1 (SR1) 3.53 3.48 0.72 0.80 2.75 20.80 2,360 1,088
Silicone p. 2 (SR2) 3.67 3.64 0.78 0.84 2.86 21.39 2,410 1,115
Silicone p. 3(SR3)  4.04 3.95 0.80 0.84 3.15 20.18 2,360 1,092
Baking p. (BP) 3.61 3.59 0.77 0.84 2.82 21.34 2,450 1,132
Packaging p. (PEP) 5.43 5.21 0.97 1.10 4.24 18,57 2,380 1,093
Paper cores (PC) 2.86 2.87 0.64 0.63 2.24 2212 2,350 1,095
Lmin — Stoichiometric volume of combustion air;, Vigmin — Stoichiometric volume of flue gas;
v(COz) — Stoichiometric volume of CO2; v(H20) — Stoichiometric volume of H20; v(N2) — Stoichiometric
volume of N2; CO2max — Stoichiometric concentration of COz in dry flue gas; ta — Adiabatic temperature in
stoichiometric combustion; t: — Adiabatic temperature in combustion with excess air.

The elemental contents affect not only the calorific value, but also the behaviour
during combustion. In particular, high content of fuel oxygen will affect the
stoichiometric consumption of combustion air and the total amount of flue gas produced
(Malat'ak et al., 2017). The resulting stoichiometric analysis (see Table 2) shows large
differences in these properties, especially between PEP and PC. These samples show
higher stoichiometric need for combustion air and therefore higher quantities of flue gas
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compared to other samples. The values determined for PEP and SR3 are comparable to
e.g. wood biomass (Malat'dk et al., 2013). On the other hand, PC was on the opposite
end with low stoichiometric volumes due to low carbon content. These large differences
in stoichiometric values of air consumption and flue gas production affect the selection
and adjustment of the combustion plant depending on their representation in the fuel
stream. Large differences were also found at the maximum carbon dioxide concentration,
where PEP is at 18.57% vol. CO, and PC 22.12% vol. CO.. The resulting stoichiometric
parameters have a major impact on the actual efficiency of combustion plants (Malat’dk
& Bradna, 2017) and on the total exhaust gas concentration. Similar results were
obtained when evaluating the potential of waste biomass in (Brunerova et al., 2017).

Table 2 gives the results of the adiabatic combustion temperatures under
stoichiometric and excess combustion air conditions. The highest adiabatic
stoichiometric combustion temperature was determined for BP and SR2 samples at
2,450 °C. Since this temperature is limited to stoichiometric amount of air, the adiabatic
combustion temperature with excess air is more useful for practical comparison. The
highest and lowest values were determined for BP (t: = 1,132 °C) and SC (t; = 1,068 °C),
respectively. Higher combustion temperature has a positive effect on complete
combustion and therefore also on lowering CO emissions (Eskilsson et al., 2004), but on
the other hand higher combustion temperature increases NOy emission production (Diaz-
Ramirez et al., 2014). The problem of lower combustion temperatures may in practice
be amended by co-combustion. There have been positively evaluated tests of firing
pellets made of cardboard paper and wood sawdust (Leyssens et al., 2014) where the
results showed that such pellets lead to a very good combustion and boiler efficiency.
Boavida et al. (2003) showed that co-combustion of paper with coal and plastics
improves the process of combustion increasing the combustion temperature and
improving emissions of CO, CO; and NOx.

CONCLUSIONS

The use of specialty types of waste paper for energy recovery e.g. in refuse derived
fuel can be recommended as long as material recovery is not effective. In practice,
according to EN 15359:2011 most of tested types of paper are suitable for addition to
refuse derived fuels up to class 3 without detrimental influence judged by their net
calorific value above 15 MJ kg* and ash content sufficiently low. Especially good were
silicone release paper 2, greaseproof paper, baking paper and polymer coated packaging
paper which had both high calorific value and low ash content. On the other end were
paper cores and self-copying paper which have calorific value corresponding to class 4,
although they could still be mixed for example with biomass to produce class 3 refuse
derived fuel. Sufficiently low chlorine content is another demand on refuse derived fuel.
As chlorine content was not analysed low level was only assumed, although in theory it
could pose some issue with chlorine-bleached papers.

The limiting factor for direct incineration, especially in smaller combustion devices,
is the high percentage of ash in some of the specialty paper types. In pressed fuels made
solely from paper the unburned remains often effectively prevent the combustion of the
inside portion of the pellet or briquette. A large amount of ash, the highest being 19.69%
wt. in the dry matter, can cause major problems during combustion, e.g. fouling of the
combustion equipment, failure of the fuel to be burn out, etc. For a complete assessment
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of the effect of ash on combustibility, it would be necessary to determine its composition
and the ash fusion temperatures as e.g. some inorganic species will react beneficially
with components of flue gas or, on the other hand, some will melt below combustion
temperatures causing the necessity of increased maintenance. To improve combustion
properties, it is advisable to burn paper together with plant biomass.
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Abstract. The economic result of growing winter oilseed rape is influenced by a number of
variables, such as natural influences, input prices and the used technology. One of the ways to
improve the business’s profitability is to use the experience and knowledge provided by
consulting companies. This paper analyses two data series covering the period of 5 to 10 years
regarding specific selected key parameters for companies using the counselling services of the
Union of Oilseeds Growers and Processors in Prague (UOGP) and some other companies that
make no use of these services (OTHERS).

For the selected key parameters, the risk analysis of reaching the gross margin and the break-even
point was conducted with the aid of the Monte Carlo stochastic simulation method. The results
of the calculations show that the companies using UOGP consulting achieve on average, at the
same level of risk, a gross margin higher by 30% and their break-even point is lower by 11%.
Taking advantage of the knowledge and services provided by a consulting company has positive
economic benefits, and it increases the competitiveness of companies.

Key words: risk analysis, Monte Carlo method, counselling and consulting services.
INTRODUCTION

Oilseed rape is one of the most important agricultural crops in the Czech Republic.
Winter oilseed rape on arable land in the production year 2015-2016 amounted to
359,243 hectares (Volf & Zeman, 2016), which meant on average 14.4% of the arable
land. The high amount of winter oilseed rape and its ongoing increase are mainly due to
its market attractiveness. This, on the one hand, means a higher market production,
mainly due to higher yields and farmer prices. On the other hand, it is necessary to use
more intensive growing technologies, which results in higher costs (Markytan, 2016).

Farmer prices (Fig. 1) and yields (Fig. 2) drive the market production. Both
components of market production are under the influence of the market environment,
the influence of weather and the level of compliance with the technological discipline in
the respective company. Strict adherence to technological discipline also has an impact
on input prices and thus on costs (Janotova, 2016; also see Fig. 3), concerning items that
the farmer generally cannot influence (such as purchase prices, taxes, fees) as well as the
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items which depend on his decisions (such as number of operations, machine sets, etc.).
In addition, the impact of consultancy in the Czech Republic leads to the positive
production results of winter oilseed rape, which are at a rather high level due to the
services provided by Union of Oil Seeds Growers and Processors Prague (hereinafter
referred to as ‘UOGP’). Quality advice means better adherence to technological
discipline and a better position for farmers to sell winter oilseed rape on the domestic
Czech market or on foreign export markets. Quality advice concerning farmer prices for
winter oilseed rape considers many factors. Of course, better compliance with
technological discipline also means higher unit costs.
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Figure 1. Development of winter oilseed rape yields (Source: UOGP Prague).
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Figure 3. Development of the costs (Source: UOGP Prague and www.agroconsult.cz):
(VC = variable costs; FC = fixed costs; TC = total costs).

The prosperity and competitiveness of the production depends on the mutual
relation between costs, prices and revenues in the market environment. For managerial
decision-making, it is therefore essential to analyse constantly the available information
and to evaluate the degree of feasibility of the managerial targets (Wolke, 2008), which
includes evaluating risks.

In order to outline model risky situations in the production of sugar beet, Gleifiner
& Berger (2004) used the algorithm of generating random numbers based on
predetermined conditions and statistical distribution. When examining crop vyield
efficiency, Koenker & Zhao (1996) found out that there is a quite a high number of
possible risk situations which can occur (e.g. technical, technological, economic and
market risks). Therefore, it is recommended to determine the type of distribution by
using the quantile method. Quantiles express the degree of random distribution
probability of the random variable. They shape the points in which the distribution
functions of a random variable intersect a given value. Therefore, according to Koenker
& Hallock (2001), it is necessary to establish a pessimistic and an optimistic estimates
of possible, expected situations concerning winter oilseed rape, and then to apply the
triangular distribution for modelling.

Producing winter oilseed rape is influenced by a number of factors, which are
intertwined. Unfortunately, greater attention has not been given to the benefits of the
expert experience from companies providing counselling on the economic results of
winter oilseed rape yet. Against this background, this paper evaluates the economic risks
of growing winter oilseed rape based on UOGP’s statistical data recorded over the last
5 to 10 years in order to quantify these risks using simulation models. The results are
divided into two groups: for members of the UOGP and for non-members of the UOGP
(hereinafter referred to as ‘OTHERS?’). The reason for such a segmentation is the above-
mentioned potential differences between these two groups. In the group of the UOGP
oilseed growers, data obtained from 47 agricultural enterprises were included; in the
group of OTHERS, data obtained from 41 agricultural enterprises were included. The
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total number of hectares on basis of what the average yield was calculated changed
depending on crop rotation and the number of sown hectares.

In this paper, the values given in the calculations are in CZK (Czech crowns).
Please note that the recent conversion rate of CZK to EUR is 25.50 CZK €.

MATERIALS AND METHODS

Modelling is based on the principle of generating random values within boundary
conditions for their triangular statistical distribution (Evans et al., 2000). The input
parameters are always based on optimistic and pessimistic estimations of the parameter
and its most frequent occurrence, which is a so-called distribution peak (Table 1). The
risk analysis was conducted with the aid of the stochastic Monte Carlo simulation
method’s algorithm; its principle was described by Kroese et al. (2011), concerning
generating a pseudo-random variable for input parameters. The calculation principle is
based on simulating a critical variable using 100,000 simulations (of risk situations) and
constructing a two-sided frequency distribution interval at a materiality level of 0.05.
The mathematical model created in Microsoft Excel using the Crystal Ball Ad-In is
utilised to determine the mean value of a magnitude that results from a random sample.
Consequently, data obtained through simulations can be statistically evaluated.

Table 1. Marginal conditions used for modelling

Indicators UOGP OTHERS

P ML 0] P ML 0]
Yield, t ha* 35 3.7 3.9 3 3.2 34
Farmer price, CZK ha 9,760 10,000 10,750 9,560 9,880 10,750
Total costs, CZK ha'? 30,700 29,700 28,400 29,500 28,500 27,300
Variable costs, CZK ha* 24700 23,700 22,600 23,470 22,500 21,450

Legend: P — pessimistic estimate; ML — most likely estimate; O — optimistic estimate.

Parameters, which are likely to change, were selected in order to be considered in
the modelling. With regard to market production, the parameters concern changes in the
oilseed yields and farmer prices related to one hectare of winter oilseed rape. On the cost
side, they concern changes in variable costs (such as labour, materials, maintenance of
machines), changes in outputs depending on the fluctuating demand each year, in price
changes or in total costs (= variable costs increased by fixed costs, e.g. overhead costs,
annual depreciation, insurance) related to one hectare of winter oilseed rape. As a
reference parameter, the value of gross profit (GP — see relation 2) and contribution to
the gross margin (GM — relation 3), which were reached per hectare, have been selected.
In order to compare the results reached by the group of farmers who were members of
the UOGP and a group of non-members, the parameter of an achieved break-even point
(BEP — relation 4) was selected.

Yield values were generated based on the input analysis in Fig. 1 and on the
boundary conditions in Table 1; values of the farm price, according to Figs 2 and 4, and
cost values, according to Fig. 3. For the calculation of an approximate probability
distribution, the so-called tree-point estimation technique was used. As the top of
triangular distribution (the ‘most likely’ value), an average value of the years 2012 to
2016 was determined. The ‘pessimistic estimation’ was determined by using the
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minimum from the year 2012. An ‘optimistic estimation’ reflects the potential possibility
of including new species under favourable cultivation conditions. Final values shown in
this paper were calculated based on data provided by UOGP experts, allowing for their
estimations and opinions, too.

Market production (MP) is set as:

MP =Y - P, (CZK ha') 1)

where Y —yield, t ha*; P —price, CZK t*.
Gross profit (GP) is set as:

GP = MP — TC , (CZK ha) @)

Where MP — market production, CZK ha*; TC — total costs, CZK ha™.
Gross margin (GM) is set as:

GM = MP - VC, (CZK ha) 3)

where VC — variable costs, CZK ha.
Break-even point (BEP), is the variant of relation 2 when:

GP =0 (4)

Subsequently, this question was determined for the model: ‘“Which risk can be
expected when a certain value of gross margin is reached by changing the parameters?’
(Table 1). The variation of this question was assessing the risk of reaching a break-even
point where the GP = 0, or at what farmer price of rapeseed this beak-point is reached.

Interpretation of the risk is also reflected in the results of the calculation. In general,
the interpretation of risk (Smejkal & Rais, 2009) does not follow a clear rule. The limit
of the permissible risk of the project depends on the manager's attitudes as well as on the
risks, which cannot be influenced like, for example, the development of world market
prices. The risk margins of one commodity often correspond to the risk level of other
commodities, which are included in the portfolio of the managerial entity. Risk estimates
(i.e. pessimistic, optimistic and unexpected) applied in the analysis of economic risks of
winter oilseed rape production were based on a qualified analysis of the production and
market situation in the Czech Republic. When interpreting the issue of crop risk, it is
appropriate to use a classification where the risk up to 20% is rated as low, 21 to 40% as
acceptable, 41 to 60% as high, and above 60% as very high (= unacceptable).

For the risk analysis, the gross profit (excluding overheads, taxes, etc.), gross
margin and break-even point values were used; all of them are important indicators for
managerial decision-making. The gross profit criterion is based on the principle of
neoclassical economic theory, which focuses on profit maximisation when taking
decisions. Planting technologies are also affected by natural influences and market
conditions, which the agricultural company cannot control itself. Therefore, special
attention should be paid to the point at which planting becomes profitable, as well as to
the gross margin analysis. In companies with a higher share of fixed total costs, the same
increase in sales will result in a higher gain in revenues than in enterprises with a lower
share of fixed total costs.
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ANALYSIS OF THE PARAMETERS FOR CALCULATION

1. Yield (Y)

According to the results monitored by UOGP (=Union of Oilseeds Growers and
Processors) in Prague, the average yield of winter oilseed rape (Fig. 1) for the last
10 years amounted to 3.48 t ha for UOGP members and to 2.97 t ha* for non-UOGP
members (hereinafter referred to as ‘OTHERS’). According to an analysis of the last
5 years, the average yield for UOGP members was 3.70 t ha and for non-members
3.18 t hal. Based on the comparison of the average yields over the last 10 and 5 years,
an increasing tendency was noticeable. Therefore, the marginal conditions (Table 1) of
the average values from the last 5 years have been used for modelling.

2. Farmer price (P)

The farmer price (which in this paper means their selling price) for winter oilseed
rape is directly dependent on the growing year, on the EUR to CZK exchange rate, the
situation on the commodity exchange MATIF and the initial sales strategy of each
agricultural company. Under such market conditions, larger companies, which are
generally involved with the UOGP have a competitive advantage.

For the analysis, the average prices tracked by UOGP were also taken into
consideration. By analysing these data (Fig. 2), the marginal conditions for the triangular
statistical division as per Table 1 were determined.

3. Costs

The value of the costs was broken down into variable (VC), fixed (FC) and total
costs (TC). It was first analysed on the basis of the data monitored by UOGP Prague and
then on the basis of an expert calculation done by the AgroConsult advisory system. The
value of the costs showed an increasing tendency, which corresponded with the
development of input prices and with the compliance with the technological discipline.

During the last 10 years, the average cost was 9,380 CZK t* for members of UOGP
and 9,280 CZK t* for OTHERS. In view of the slightly rising trend, the marginal
conditions (Table 4) were set based on the data from the last 5 years, where the average
price for UOGP members was 10,317 CZK t* and for OTHERS 10,117 CZK t™.

4. Market production (MP) and gross margin (GM)

The results of calculations concerning market production (Fig. 4) and gross margin
(Fig. 5) for UOGP members and OTHERS are shown in Table 2. The resulting values
were calculated by multiplying the relevant input parameters according to the equation
1 to 3. The SAPS subsidies were not included in calculating the market output; this fact
is important for the subsequent assessment of the risk connected to producing given that
the SAPS subsidies were gradually reduced by the EU. The tables depict a
comprehensive view of the situation in the winter oilseed rape production economy.
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Figure 4. Market production of winter oilseed rape.
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Table 2. Average MP, GM and BEP values

Indicators UOGP OTHERS
Market production, CZK ha' 37,000 31,616
Gross margin, CZK ha! 13,300 9,116
Break-even point, t ha 2.97 2.88

RESULTS AND DISCUSSION
Based on the modelling of the input parameters using the built-in model, the
following results were obtained. The results of the risk analysis are shown using the
probability distribution graphs of the gross margin and the break-even point. The results
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obtained from the risk situations were statistically evaluated using descriptive statistics.
For interpretation of the simulation results, a frequency curve was used. The frequency
curve displays the frequency of the occurrence of the generated values in the scope of
the selected range (between the minimum and the maximum value). Based on this range,
the variance distribution can be analysed. Each analysed value (parameter) represents
the result of one possible situation.

The form of the value distribution in the frequency curve indicates the nature of the
risk of the analysed parameter. The smaller the height of the curve and the range of the
minimum and maximum values, the smaller is also the probable risk connected to the
parameter being analysed.

The distribution curve displays the cumulative frequency of occurrence of the
analysed parameter. By means of the distribution curve, it is possible to determine the
probability with which the occurrence of individual generated values can be expected.
In this interval, therefore, the probability of occurrence of any (whichever) value of this
parameter can be analysed. The inverted value of probability determines the risk that the
values can exceed.

Gross margin

The overlay graph in Fig. 6 shows the distribution of the probability rates of the
pay-out amount reached for UOGP members and OTHERS. The statistical
characteristics of both values are shown in Table 3. Concerning UOGP members and
OTHERS, the same maximum value was reached in order to achieve the maximum
contribution rate of 3.9%. For OTHERS, the minimum was 5,788 and the maximum was
14,159 CZK-ha. For UOGP members, the minimum was 9,926, and the maximum was
CZK 18,715 ha.
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Figure 6. Distribution curves and distribution of the probability of reaching a gross margin.
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Table 3. Characteristics of statistical indicators GM and BEP

Gross margin (GM)

Break-even point (BEP)

Indicators CZK ha'l CZK t?

UOGP OTHERS UOGP OTHERS
Trials 100,000.00 100,000.00 100,000.00 100,000.00
Base Case 13,300.00 9,116.00 8,027.03 8,906.25
Mean 13,967.68 9,727.26 8,004.56 8,890.72
Median 13,933.97 9,689.89 8,002.62 8,884.52
Stand. Deviation 1,221.70 1,218.53 217.47 267.59
Variance 1,492,539.00 1,484,818.00 47,292.00 71,606.00
Skewness 0.16 0.17 0.05 0.10
Spikiness 2.78 2.79 2.65 2.65
Coeff. of Variation 0.09 0.125 0.027 0.03
Minimum 9,926.10 5,778.02 7,327.50 8090.02
Maximum 18,715.48 14,158.95 8,712.05 9778.99
Range Width 8,789.38 8,380.93 1,384.56 1,688.96
Mean Std. Error 3.86 3.85 0.69 0.85

For OTHERS, the arithmetic average was 9,727 CZK ha. Its value was slightly
higher than the median of 9,689 CZK-ha* and it had a slight movement of 0.17 — which
means that the distribution of the values around the centre is asymmetrical, with slight
deviation to the right. The basic payment allowance based on an expert estimate of
9,116 CZK ha! is achieved with a probability of 68%. The standard deviation,
expressing the probability of deviation from the arithmetic mean, was 1,219 CZK ha™.
The variation coefficient, which expresses the variability of the contribution to the risk
reimbursement, was 0.13. Spikiness of 2.79 indicates that the values are distributed more
densely and steeply around the centre than in the normal distribution.
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551




For UOGP, the arithmetic average value was 13,967 CZK ha?; the median,
13,933 CZK ha, and the movement, 0.16. Spikiness 2.78 shows that the values are
distributed densely and more steeply around the centre. The basic payment allowance,
based on an expert estimate of 13,300 CZK ha', is achieved with a probability of 69%.

Fig. 7 shows the cumulative frequency of the probability of obtaining a contribution
to cover fixed costs for UOGP members and OTHERS. Both distributions of the
likelihood of achieving the gross margin show similar data distribution characteristics.
These distributions were shifted jointly by 4,184 CZK ha. The UOGP members will
then retain variable costs of 4,184 CZK ha* for fixed costs. Thus, UOGP members can
achieve higher profits then OTHERS by expanding their production. Moreover, UOGP
members will reach the same probability of a higher gross margin, and there is a lower
risk of not meeting the prescribed contribution amount in order to cover the costs.

Break-even point

The break-even point determines the specific amount of production, which causes
neither profit nor loss. This point also determines the amount of farmer price that an
agricultural company must achieve so that its economic outturn is not negative. The
overlay graph in Fig. 8 shows the breakdown of frequency in achieving farmer price,
which makes the company neither profitable nor unprofitable. For OTHERS this value
was 8,906 CZK t* (obtained with a probability of 47%); for UOGP members it
amounted to 8,027 CZK t* (obtained with a probability of 46%). The absolute difference
between these two groups totalled 879 CZK t*.
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Figure 8. Distribution curves and distribution of the probability of reaching a break-even point.

UOGP members achieved a higher frequency of the mean value of 4.2%, compared
to OTHERS for whom the probability of the mean value was 3.5%. Both distributions
of frequencies reached almost an even distribution of data around the centre when the
arithmetic mean and median of the individual distributions had almost the same values.
The standard deviation was for OTHERS 268 and for UOGP members 217 CZK t. A
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higher value of the skewness was reached for OTHERS (0.09) compared with 0.05 for
UOGP members. They had a difference of minimum and maximum values of more than
304.4 CZK t. This is also evident from the values of standard deviation, which for
OTHERS was 267.59 and for UOGP members only 217.47 CZK t*. Statistical
characteristics of distribution of both values for the reference parameters are shown in
Table 3. Fig. 9 depicts a cumulative frequency probability of reaching the break-even
point. UOGP members achieve a lower BEP at the same level of probability, i.e. they
make a profit earlier when growing winter oilseed rape. The predicted BEP values for
each 10% interval rate (= 0%, 10%, 20%, 30%, ...) are shown in Table 4.
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Figure 9. Graph of the cumulative frequency of probability of reaching a break-even point.

Table 4. Prediction of probability distribution of GM and BEP

. Gross margin (GM) Break-even point (BEP)

Indicators CZK ha'l CZK t

Percentile UOGP OTHERS UOGP OTHERS
100% 9,926.10 5,778.02 7,327.50 8,090.02
90% 12,402.29 8,172.03 7,721.63 8,545.18
80% 12,905.59 8,670.27 7,813.26 8,655.90
70% 13,286.12 9,045.66 7,883.00 8,740.39
60% 13,615.14 9,375.31 7,944.50 8,813.98
50% 13,933.97 9,689.86 8,002.62 8,884.52
40% 14,255.34 10,004.37 8,060.00 8,956.90
30% 14,598.93 10,352.95 8,122.83 9,033.50
20% 15,007.48 10,762.66 8,193.30 9,123.81
10% 15,577.92 11,342.61 8,291.26 9,245.64
0% 18,715.48 14,158.95 8,712.05 9,778.99
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CONCLUSIONS

According to Rayburn (2009), the possible benefits of using the stochastic methods
are an improved performance and better economic results of the agricultural company.
Marin et al. (2017) applied the stochastic methods in order to model the crop yields. The
results of the evaluation of economic risks in producing winter oilseed rape using the
stochastic methods can lead to the following conclusions:

Companies which are taking advantage of the knowledge and services provided by
a consultancy company and which comply with a good technological discipline achieve
better economic results in winter oilseed rape production, despite the higher costs for the
planting technologies. In general, it can be said that the higher the gross profit the
company plans to achieve, the higher is the risk of reaching this target. Homolka &
Mydlar (2011) found out in their research that profit is significantly influenced by the
changes in the farmer prices of winter oilseed rape. When interpreting the issue of crop
production risk, it is possible to use a classification where the risk up to 20% is rated as
low, 21 to 40% as acceptable, and 41 to 60% as high and above 60% as very high
(unacceptable).

Companies that are members of UOGP achieve the same likelihood higher gross
margin (the average rank difference is 4,241 CZK ha). An increasing range of winter
oilseed rape production reduces unit fixed costs, and this results in growing profits. In
addition, these companies achieve lower values of the break-even point (the average
value difference is 886 CZK t?). This allows them at a lower purchase price of winter
rapeseed not to be in the red, in comparison with non-UOGP members.

The members of UOGP reach the value of the contribution to the fixed costs of
CZK 13,300 per hectare with a probability of 69%, and the OTHERS reach a fixed cost
allowance of 9,116 CZK ha* with a probability of 68%. The amount of the gross margin
is sufficient to cover the fixed costs of both above-mentioned groups. Accordingly, it
enables them to further development their companies.

The presented method of modelling the economic risks of growing winter oilseed
rape can be applied to other crops as well. The accuracy of the modelling results depends
on the accuracy of the input parameters of the assessed agricultural company and the
growing region. In other words: In order to obtain the most accurate and appropriate
results, it is highly recommended not to evaluate the average values collected within a
large area (such as an entire EU-country), but rather to apply this method precisely to
the input parameters specific for each agricultural company (considering its production
technology, used material and machinery, selling price, costs, etc.) or to smaller regions
with similar cultivation conditions.

List of used abbreviations:

BEP — break-even point, CZK t* MP — market production, CZK ha*
FC — fixed costs, CZK ha! TC — total costs, CZK-ha!

FP — farmer price, CZK ha! VC — variable costs, CZK ha!

GM — gross margin, CZK ha* Y —vyield, t
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Abstract. The Brazilian poultry industry is an activity in constant development due to the high
indices of productive efficiency. The accelerated evolution of poultry production has allowed to
obtain early and very efficient broilers able to convert different foods into animal protein.
However, due to this intensive breeding system, a series of metabolic and management problems
appeared, with emphasis on thermal stress. The objective of this work was to evaluate the
physiological responses of broiler chickens in the final stage of breeding (21 to 42 days of life),
submitted to two thermal conditions, one representative of the thermoneutrality situation (T1) and
one giving a situation of cyclic stress by heat (T2). For each experimental thermal condition, the
birds were submitted to different levels of metabolizable energy of 3,050, 3,125, 3,200,
3,275 keal kg*. At 28, 35 and 42 days, the birds and the feed leftovers were weighed to measure
the performance variables: CR (feed intake), GP (weight gain) and CA (feed conversion),
viability of the rearing (Vb), productive efficiency index (PEI).

As conclusions, the GP was 13.6% higher for the birds maintained at the thermoneutrality
situation T1. The PEI was 32.5% higher for the birds maintained in T1 condition, when compared
to those kept in T2. However, both in thermoneutral and in heat stress conditions, the increase in
the level of metabolizable energy in the diet did not influence the performance and the productive
efficiency index of broiler chickens aged between 21 and 42 days of age.

Key words: broilers, feed, metabolizable energy, productivity, thermal stress.

INTRODUCTION

The Brazilian poultry industry is an activity in constant development thanks to the
indexes of productive efficiency with the largest and most advanced technological
collection of the agricultural sector. The accelerated evolution of poultry breeding
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resulted in the production of early and very efficient broilers able to convert different
foods into animal protein. However, due to this intensive process, a series of metabolic
and animal management problems emerged, with emphasis on thermal stress. Broilers
have a large mass, so they produce great quantities of pollutants (Aarnink et al., 2009;
Kic & Ruzek, 2014) and metabolic heat. The thermal environment inside the barn is a
major factor influencing the performance, health and welfare of broilers in intensive
farms. Due to their considerable feed intake and the subsequent high metabolism,
broilers produce a high level of surplus heat (Syafwan et al., 2011) that can bring to heat
stress (Reiter & Bessei, 2000). High ambient temperature has a negative effect on broiler
production efficiency (Sandercock et al., 2001). Broilers exposed to high temperature
and relative humidity find it difficult to maintain their core body temperature (Borges et
al., 2007). To improve the thermal conditions inside the building in hot season it is
necessary to apply an intensive ventilation and sometimes a cooling of supplied air, but
also passive systems can be effective (Kic, 2016).

Feeding, besides influencing productive performance and carcass characteristics, is
the factor that affects the production costs of broilers. For this reason rations providing
the best cost/benefit ratio are explored. Dietary energy needs for maintenance increase
when broiler chickens are subjected to environmental temperature above their thermal
neutral zone (Hurwitz et al., 1980). Apparent metabolizable energy needs of broilers are
influenced by ambient temperature (Dozier 1l et al., 2007). Considering that birds
voluntarily reduce feed intake as the ambient temperature rises above the thermal
comfort range, a ration formulated for thermoneutral conditions would not be adequate
to meet the energy requirement of birds in a heat stress environment.

The utilization of metabolizable energy in growing broilers can be estimated by
using an energy balance technique (Lopez & Leeson, 2007). Metabolizable energy intake
is well documented to influence body composition (Morris, 2004) and performance of
growing broilers (Leeson et al., 1996). The determination of the nutritional requirement
of metabolizable energy is fundamental in the different phases of broiler breeding, as the
digestibility increases with the age of the bird due to the development of the digestive
tract, which leads to the improvement of its capacity to assimilate nutrients and energy
from feed (Mello et al., 2009).

According to Bou et al. (2005), the inclusion of vegetable oil in rations of birds
kept under heat stress reduces the depressive effects of temperature on its performance.
The beneficial effect of the addition of oil in the rations of animals submitted to heat
stress is associated to changes in gastrointestinal physiology and to the lower caloric
increment verified during the digestion, absorption and assimilation of nutrients of the
rations containing higher oil content (Bertechini, 2012).

On the basis of the above consideration, the objective of the present research was
to evaluate the effect of different levels of metabolizable energy in the diet of broilers,
raised under two levels of thermal conditions on performance and productive efficiency
index. In one case the temperature was maintained inside the thermoneutral zone and in
the other one conditions of cyclic heat stress were realized.
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MATERIALS AND METHODS

The experiment was conducted in four climatic chambers, located in the
experimental area of the Centre for Research in Environment and Engineering of
Agroindustrial Systems (AmbiAgro), belonging to the area of Rural Buildings and
Environment of the Department of Agricultural Engineering of the Federal University
of Vigosa, Minas Gerais, Brazil.

Each climate chamber has the dimensions of 2.5 x 3.5 x 2.5 m (respectively height,
length and width), equipped with an electric resistance air heater (2,000 W of power), an
air conditioner of the hot / cold split type of 3,500 W, an air humidifier with a capacity
of 4.5 L and a mist flow rate of 300 mL h.

The heater and humidifier were operated by an electronic controller MT-531 R i
Plus of temperature and humidity (0.1 °C resolution, control humidity 20 to 85% RH,
with 0.1% RH resolution).

Ventilation applied inside the climatic chambers was obtained through axial
exhausters, AMB, Model FD 08025S1M DC 12V 0.15A, with automatic activation,
during the whole experimental period. The ventilation was controlled in order to
maintain the desired temperatures and the quality of the air in accordance with the norms
described in the Protocol of Good Practices of Production of Chickens (Brazilian Poultry
Association, 2008). The axial fans were able to guarantee twice renews of air per hour
in the climatic chambers.

The experiment was carried out in the final stage of breeding, between the 21% and
42" day of life of the birds. For the trials 280 broilers of the Cobb 500 line, with an
average initial weight of 1,267 kg (+ 5%), were used. The birds were put in cages with
the following dimensions: 1.0 m wide x 0.5 m long x 0.5 m high (Fig. 1). To replicate
the field conditions each cage contained seven birds, with a density of 14 birds.m.
A new 5 cm thick bed of woodchips was provided at the beginning of the trials.

Figure 1. View of cages used for the trials. Each cage (1.0 m wide x 0.5 m long x 0.5 m high)
contained 7 broilers.

Two temperatures were applied, one representative of the thermoneutrality
situation (T1) and the other of the situation of cyclic stress by heat (T2), as determined
by Pareja (2014). In condition T1 the birds were submitted to a fixed temperature of
25 °C, during 24 hours a day throughout the experimental period. For condition T2, the
birds were subjected to 12 hours of heat stress from 7:00 AM to 7:00 PM at 31 °C while
during the other 12 hours they were kept at 25 °C, as shown in Table 1.
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Table 1. Experimental treatments, defined on the basis of air temperatures (°C), for broilers
between 21 and 42 days

Temperature Situation Temperature (°C) Temperature (°C)
7:00h to 19:00h 19:00h to 07:00h

T1 Thermoneutrality 25 25

T2 Heat Stress 31 25

The air relative humidity (RH) was controlled during the experimental period in
both treatments, in the range from 55 to 65%, through the automatic system present in
the climatic chambers.

For each imposed thermal condition, the birds were submitted to four levels of
metabolizable energy, 3,050, 3,125, 3,200 and 3,275 kcal kg, according to the
recommendations of Rostagno et al. (2011), presented in Table 2.

Table 2. Composition of rations used during experimental trials

Ingredients Metabolizable Energy kcal kg

3,050 3,125 3,200 3,275
Corn grain 65.6327 63.8867 62.1406 60.3946
Soybean meal 45% 27.1138 27.4137 27.7135 28.0134
Meat and bone meal 40% 3.8260 3.8392 4.5412 5.9846
Soybean oil 1.6544 3.0978 3.8524 3.8655
Limestone 0.4177 0.4125 0.4073 0.4021
Common salt 0.3886 0.3891 0.3896 0.3901
DI-methionine (99% purity) 0.3119 0.3135 0.3151 0.3167
L-lysine HCL (99% purity) 0.3040 0.2979 0.2918 0.2856
Vitamin supplement? 0.2500 0.2500 0.2500 0.2500
Mineral supplement? 0.2500 0.2500 0.2500 0.2500
L-threonine (99% purity) 0.0920 0.0918 0.0916 0.0914
Choline chloride 60% 0.0500 0.0500 0.0500 0.0500
L-tryptophan (99% purity) 0.0088 0.0078 0.0069 0.0059

100,00 100,00 100,00 100,00
Calculated composition
Metabolizable energy (kcal kg™?) 3,050.0 3,125.0 3,200.0 3,275.0
Crude protein (%) 19.8000 19.8000 19.8000 19.8000
Vegetable fat (%) 4.9015 6.2739 7.6464 9.0188
Calcium (%) 0.7600 0.7600 0.7600 0.7600
Phosphorus available (%) 0.3500 0.3500 0.3500 0.3500
Lysine dig. for birds (%) 1.1300 1.1300 1.1300 1.1300
Methionine + Cystine dig. for birds (%) 0.8300 0.8300 0.8300 0.8300
Methionine dig. for birds (%) 0.5721 0.5727 0.5734 0.5741
Threonine dig. for birds (%) 0.7300 0.7300 0.7300 0.7300
Tryptophan dig. for birds (%) 0.2040 0.2040 0.2040 0.2040
Sodium (%) 0.2000 0.2000 0.2000 0.2000

!Guaranteed levels per kg of product (minimum): Folic acid 0.3 mg, Pantothenic acid 12 mg, Nicotinic acid
50 mg, Biotin 0.05 mg, Niacin 30 mg, Vitamin A 10,000.000 IU, Vitamin B1 1. 5 mg, Vitamin B12 0.015
mg, Vitamin B2 6 mg, Vitamin B6 4 mg, Vitamin D3 2,000.000 1U, Vitamin E 28 1U, Vitamin K3 3 mg,
Excipient g.s. 1,000 g.

2Guaranteed levels per kg of product (minimum): Cobalt 2 mg, Copper 10 mg, Iron 50 mg, lodine 0.7 mg,
Manganese 78 g, Selenium 0.18 mg, Zinc 55 mg, Excipient g.s. 1,000 g.
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The rations were provided in order to keep feeders always full (ad libitum),
following the criteria used in the field. The water was also supplied ad libitum being
replaced three times a day, thus avoiding the heating of the water in the drinkers. The
feeders used were trough type and the drinkers were nipple type.

Data on productive performance were collected: weight gain (kg); feed intake (kg);
feed conversion.

The birds were weighed at 21, 28, 35 and 42 days of age to evaluate body weight
and weight gain (GP). The feed consumption was calculated on the basis of the
difference between the amount of feed supplied and surplus in these periods, following
a methodology by Sakomura & Rostagno (2007).

Mortality was recorded on a daily basis, for later conversion of the viability data
(Vb).

The productive efficiency index (PEI) was calculated using the following equation
(Stringhini et al., 2006).

weight gain x viability of creation
PEI = - - — x 100
days until the end of the experiment x food conversion

Statistical analysis

In order to evaluate the effect of the ambient temperature and metabolizable energy
levels on the average values of the analysed variables, representative of the productive
performance and the productive efficiency index, a statistical analysis was performed
using the subdivided plots scheme for T1 and T2 with four subplots (3,050, 3,125, 3,200
and 3,275 kcal kgt), in a completely randomized design, with five replications. The data
were interpreted by means of analysis of variance and, for the quantitative factor, by
regression, in which the models were chosen based on the significance of the regression
coefficients using Student's t test, at the 5% probability level. The averages were
compared using the Tukey test, at the 5% level of significance. For such analyses, the
software SAEG, System for Statistical Analysis, version 9.1 (2007) was used.

All procedures used in this experiment were approved by the Committee on Ethics
in the Use of Animals (CEUA) of the Federal University of Vigosa, Minas Gerais, Brazil,
Protocol No. 75/2014.

RESULTS AND DISCUSSION

Table 3 shows the ANOVA summary for the variables viability (Vb) and
productive efficiency index (PEI) corresponding to climatic chambers temperatures
(TEMP) and metabolizable energy levels (EL).

As it can be observed in Table 3, temperatures (TEMP) significantly influenced the
variables of the average weight gain (P <0.01) and the results of the productive
efficiency index (PEI) of the chickens (P < 0.05). The levels of metabolizable energy in
the diet did not significantly influence the productive efficiency index. Similar results
were found by Leandro et al. (2003), who verified that the different treatments did not
influence PEI, for the total period of rearing (1 to 46 days), although nutritional plans 1
and 2 obtained numerically better indexes for males and females.
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Table 3. Summary of variance analysis of the variables of average weight gain (GP), feed
conversion (CA) in kg, viability (Vb) and productive efficiency index (PEI) in %, for broilers
aged between 21 and 42 days, submitted to different temperatures (TEMP) and different levels
of metabolizable energy (EL) (DF: Degree of Freedom)

Factor DF GP CA Vb PEI

TEMP 1 0.327™ 0.034Ns 2,040.816NS 12,380.400"
Residue (a) 8 0.011 0.025 647.959 1,582.858
EL 3 0.041Ns 0.070Ns 34.013N8 846.730N5
TEMP x EL 3 0.005 0.028Ns 40.816 NS 117.017Ns
Residue (b) 24 0.015 0.026 386.054 1,255.247

** — significative 1%, * — significative 5%, NS — not significative.

Table 4 presents the results of the test of averages applied to the mean weight gain
variable (GP) of the birds, influenced by the temperatures.

It is observed in Table 4 that the average weight gain (GP) was 13.6% higher for
the birds maintained at the thermoneutral temperature (T1, 25°C), when compared to
those maintained at the temperature of cyclic stress by temperature (T2, 25-31 °C). This
is due to the fact that when kept under heat stress, broilers reduce their growth in a higher
proportion than feed consumption, which results in a worse feed conversion ratio, as
cited.

Table 5 shows the results of the test of averages applied to the index of productive
efficiency index (PEI) of broilers, influenced by temperatures.

Table 4. Mean values of the average weight Table 5. Average values of the productive
gain index (GP) in kg, for chickens at the efficiency index (PEI) in %, for chickens at the
temperatures T1 (25 °C) and T2 (25-31 °C) temperatures T1 (25 °C) and T2 (25-31 °C)

Temperature GP Temperature PEI

T1 1.494a T1 143.449a

T2 1.315b T2 108.263b

The averages followed by at least one letter in the The averages followed by at least one letter in the
column do not differ at the 1% level of column do not differ at the 1% level of significance
significance by the Tukey test. by the Tukey test.

In Table 5 it can be observed that the productive efficiency index (PEI) was 32.5%
higher for the birds maintained at the thermoneutral temperature (T1, 25 °C), when
compared to those maintained at the temperature of the cyclic stress by temperature (T2,
25-31 °C). This difference is due to the fact that birds exposed to high temperatures
reduce feed intake to decrease metabolic heat production and thereby maintain
homeothermia, which also results in a decrease in growth. This aspect is well
documented in literature (Hurwitz et al., 1980; Dozier Il et al., 2007).

The stress generated to the animal by the variation of the thermal environment
directly influences the productivity, in relation to variations in the heat exchanges with
the environment, the amount of feed consumed, the body weight gain and, consequently,
the nutritional requirements, as well documented in several works (Souza & Batista,
2012; Mohammed et al., 2018).
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CONCLUSIONS

As conclusion, the weight gain was 13.6% higher for the birds maintained in the
thermoneutrality situation (T1). This is due to the fact that when kept under thermal
stress, broilers reduce their growth in a higher proportion than food consumption, which
results in a worse feed conversion ratio.

The productive efficiency index was 32.5% higher for birds kept in condition T1.
This difference is due to the fact that birds exposed to high temperatures reduce feed
intake to decrease the production of metabolic heat and thus maintain homeothermia,
which also results in a decrease in growth.

However, both in thermoneutral and in heat stress conditions, the increase in the
level of metabolizable energy in the diet did not influence the performance and the
productive efficiency index of broiler chickens aged between 21 and 42 days.
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Abstract. Buffalo breeding is widely spread in rural areas of southern Irag, especially in
marshlands. In the Provinces of Basrah, Dhi Qar and Maysan the buffalo represents the main
source for survival of local people in marshlands. The paper shows the situation in these areas,
remarking the main critical points for buffalo breeding development. A survey in 24 buffalo farms
was carried out by the Department of University of Firenze to verify the situation of buffalo
farming in southern Iraq (years 2014—-2016). In particular the study shows problems related to the
shortage of food for animals, to the lack of suitable structures and infrastructures, to the poor herd
management by farmers. In the paper the main critical points, which compromise the success of
the breeding, are pointed out, with particular reference to animal welfare, animal health and
labour (care of animals and risks for workers). Solutions to mitigate the scarce results are
indicated. In particular some practical interventions carried out during a project funded by Italian
Agency for Cooperation and Development are presented and discussed. Such interventions refer
mainly to the application of feeding racks, systems for a safe capture of the animals, plants and
equipment for heat protection. As conclusion, also in difficult and poor areas like Iragqi marshes,
a correct design and a right application of simple constructive and plant solutions, with little
employment of technological resources, coupled with a good training of farmers, can give a
contribution to solve problems in buffalo breeding.

Key words: buffalo, livestock housing, marshlands, Iraqg.
INTRODUCTION

The marshlands in southern of Iraq historically comprised the largest wetland
ecosystem of Western Eurasia. The Mesopotamian marshes of southern Iraq (30° to 33°
N, 45° to 48° E) are considered the ‘cradle of western civilization’ and are often referred
as the ‘Garden of Eden’.

Livelihood of inhabitants of marshes, the marsh Arabs or Ma'adan which are the
descendants of ancient Sumerians, is entirely dependent, with a symbiotic relationship,
on domestic Asian water buffalo (Bubalus bubalis) (Al-Saedy & Al-Fartosi, 2013). The
buffalos provide to people dairy products, meat, skin, dung for fuel, and labour. There is
no house in the marshes area without buffalos (Al-Saedy & Al-Fartosi, 2011).
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Buffalos have high capacity to face adverse environmental conditions and a
remarkable longevity (up to 10 years production period) (Pawar et al., 2012). The ideal
habitats for water buffalo are floodplain environments with a mixture of abundant
grasses and available water bodies (Petty et al., 2007). Access to water is important also
for thermoregulation of buffalos which go to the marshes in the hot season to cool their
body temperature (Fazaa, 2007). The water buffalo feeds on common reeds by grazing
as well as on reeds cut by the farmers. Buffalos can be also fed with protein-rich
concentrated food when available (Abid & Fazaa, 2007).

Many factors led to decline of buffalo population, such as the Gulf wars, the
economic blockade, the removal of subsidies on feed for farmers (FAO, 2005; Al-Saedy,
2007). However, the systematic marsh drainage can be considered the main cause for
the reduction of buffalo population. During the period of 1991-2003, wide areas of reed
beds and lakes of southern Iragi marshes were ditched and drained by the previous Iraqi
regime for political reasons. Marsh desiccation was an environmental disaster that
severely affected the wildlife of southern Iraq (Richardson & Hussain, 2006).

The number of buffalos decreased from 141,450 heads in 1986 to 98,700 heads in
1993 (Ligda, 1996). Another study reported that in the early 1990s total buffalo
population in Irag was about 200,000, but by 2003 it dropped to 130,000 heads, with a
35% decrease (Al-Marsomy, 2005).

The re-flooding of the marshland areas after the second Gulf war of 2003 allowed
to many breeders to return to the marshes and buffalo breeding resumed developing.
Buffalo population increased in the study area after re-flooding, reaching numbers higher
than after desiccation and potentially close to the numbers recorded before desiccation.

In 2007 a report on Maysan and Dhi Qar Provinces showed a steady increase in the
number of buffalos, estimated in 40,008 head. About 83% were female, and
approximately 72% of these females were more than two years old, the age of fertility
and milk productivity (Abid & Fazaa, 2007).

Al-Saedy & Al-Fartosi (2013), reporting data from Ministry of Agriculture Census
(2008) about water buffalos distribution in Irag, indicated a total number of 285,537. In
Southern Mesopotamian marshes about 45% of buffalos of the entire lIraq were
concentrated, and in Dhi Qar Province 49,283 heads (29,270 female) were counted.

The management pattern of buffalo herd is based on small holders, which own
between 5 and 50 head. Only few herds can arrive to more than 150 head.

The main objective of buffalo breeding is the production of dairy products, in
particular fresh milk and thick cream. Males, used to produce meat, are slaughtered after
weaning.

The performance of adult buffalo female is considered in the range of 3—7 litres of
milk per day, with 7-8% of fat. Lactation lasts 250 days on average (Al-Saedy & Al-
Fartosi, 2011). The highest milk production is reached when the cow can be fed with
concentrated high protein food, but even in the best cases, the amount of milk produced
per cow is still low (Abid & Fazaa, 2007). Such relatively low milk yield cannot be
attributed definitely to the genetic potential of the Iraqi buffalo, since much of the genetic
potential is not fully performed for several environmental influences, such as inadequate
nutrition and poor management (Speedy & Sansoucy, 1989). Milk production can be
much higher, reaching up to 12 litres/cow per day, when good nutrition is available on a
constant basis (Abid & Fazaa, 2007). Researchers underline also the importance of
veterinary services, which have to be improved (Tabeekh et al., 2017b).
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About the restored wetlands, they need to be hydraulically designed to allow
sufficient flow of non-contaminated water and flushing of salts through the ecosystems
(Richardson et al., 2005).

The potential for developing new economic opportunities based on water buffalo
husbandry could have a great impact on marshland communities. The local population
needs assistance in developing this potential in a variety of ways. Tabeekh et al. (2017b)
suggest to improve housing conditions of the animals and to provide good nutrition with
government-supported feedstuffs, as well as to improve the living conditions of the
farmers (drinking water plants, supply electricity to the villages, realization of schools,
health clinics and veterinary clinics).

A cooperative, multi-disciplinary approach is needed to achieve such a goal and
additional studies will be required to support better planning (Tabeekh et al., 2017a).

The present study aims at assessing the situation of buffalo farms, pointing out the
main critical points, in order to propose simple solutions to improve the management
and, consequently, obtain better performance, taking into account animal welfare and
health conditions of the animals, and safety of the workers.

MATERIALS AND METHODS

A survey on 24 buffalo farms was carried out in 2014-2016 in marshes area. The
buffalo farms were located in Dhi Qar Province, in the area between the villages of
Suk-Al-Suyuyk and Al-Chubaish (30°48’ to 31°01° N, 46°49° to 47°08’ E), as
represented in Fig. 1. The survey was conducted by researchers of University of Firenze,
guided by colleagues of Dhi Qar University.

Figure 1. Position of buffalo farms examined during the survey in marshlands area (Dhi Qar
Province).

A guestionnaire containing different items focused on buffalo farming was fulfilled
during the visits of the farms. The questionnaire collected information by local buffalo
breeders concerning housing solutions, plant and equipment for feeding, plant and
equipment for heat protection, milking systems, manure management, milk storing and
processing. Information on food, health problems and management of the herd were also
collected.
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The farms were divided first of all into two groups, 12 intensive farms and 12
extensive farms. This classification is mainly based on the kind of keeping of the
animals.

In intensive farms the buffalos are housed in a barn (closed or open), tied or free in
pens with fences. The farms with animals tied by neck belt collar or leg chain are
indicated as a); the farms with animals free within fences/walls are indicated as b). In
both these cases the feed is brought to the animals by a worker and distributed on the
ground or inside a trough or a sack, but, generally, functional areas are not specifically
provided.

In extensive farms the buffalos are free to move outdoor during the day, generally
in marshlands, and to get food during grazing. This kind of farms is indicated as ¢). The
animals come back to the village for the night and kept close to the house of the farmer
without specific structures.

The survey, carried out in the farms, aimed at finding critical points for the breeding
of buffalos. The main critical points were divided into four groups: 1) animal welfare;
2) animal health; 3) labour; 4) farm management. Taking into account the main critical
points for the two kinds of breeding, solutions to improve the management of the herd
were identified and proposed.

RESULTS AND DISCUSSION

Due to the lack in data collection by the institutions present on the territory and the
poor propensity of farmers to provide information, it was impossible to acquire exact
information on the number of heads in the farms. The number of female buffalos per
farm is included between 20 to 150 cows, with an average number of cows per farm
around 50. The daily milk yield per cow is about 5 I, but the right amount is not collected
in an official way, also because the milk is often used once a day to feed the calves. For
the exposed reasons the performance of the herds was not evaluated during the survey.

Table 1 summarizes the main critical points related to the different keeping systems
of the buffalos. The information are divided into three groups, in relation to the keeping
system: a) animals kept in a barn, tied by neck collar or leg chain; b) animals kept free
in a barn within fences or walls; ¢) animals free to go outdoor during the day. This last
situation is referred to buffalos going to the marshlands for grazing during the day.

a) Animals kept in a barn - Tied by neck belt collar or leg chain

The animals tied in the barn have problems related to poor animal welfare
conditions. The buffalos are blocked in the same place during the day and cannot walk.
This situation hampers a functional exercise and forces the animals to be subjected to
the thermal environment of the barn. These conditions can have negative effects on
productive and reproductive life of buffalos.

The constraint of the animals has negative repercussions also on animal health.
Body condition is influenced by the scarce physical exercise. Furthermore the system to
tie the animals can cause body lesions to the neck or the legs. Another aspect remarked
during the visits concern the state of claws, feet and legs. In particular animals do not
consume the claws, causing negative effects on the health of the feet and legs. This
situation was found in all the farms included in the survey. Furthermore it has to be
remarked that regular interventions by farrier are not provided.
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Table 1. Main critical points related to different keeping systems of buffalos

Animal welfare Animal health Labour Farm management

a) Animals kept in a barn - Tied by neck belt or leg chain

1 >

<

- Functional exercise - Body condition - Care of animals - Collection of data
- Thermal comfort - Body lesions (cleaning, feeding, (individual head)

- Claws, feet, legs milking)

- Hygienic conditions

during milking

b) Animals kept in a barn — Free within fences/walls

- Design of the barn (not - Competition among - Lack of rational - Collection of data
suitable areas) animals solutions (cleaning, (individual head)
- Thermal comfort - Hygienic conditions feeding, milking)

during milking - Risks for workers

- Capture systems

¢) Animals free to go outdoor during the day

- Control of animals - Control of animals - Lack of rational - Collection of data
- Competition among  solutions (cleaning,  (individual head)
animals feeding, milking)

- Hygienic conditions - Risks for workers
during milking - Unavailable capture
systems

Also the labour is negatively influenced by this kind of housing for several reasons.
The care of animals requires time because each animal has to be managed individually:
the feed has to be brought directly to the single animals, the milking has to be made by
hand moving from head to head, the cleaning has to be made in each place. For these
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reasons the amount of labour is higher than in other keeping systems, and the quality of
work is worse, mainly due to the uncomfortable position of the workers during the
milking.

One of problems underlined during the survey concerns the absence of milk plants
to receive farmers’ milk that leads to loss of the products especially in hot season.

b) Animals kept in a barn — Free within fences/walls

Concerning the welfare of buffalos kept in an area within fences, problems have to
be remarked related to the poor design of the barn. The functional needs of the animals
are not kept into account, as the absence of functional areas proves. Usually mangers are
included in the resting area without a specific feeding alley. Furthermore no specific
solutions for heat protection are applied in the barn. This situation is common for the
totality of the farms.

Also animal health can be compromised by the poor housing solutions adopted in
the farms. For example, a specific feeding area is not realized, and for this reason
competition among the animals of the group is particularly strong during feed
distribution.

The lack of acceptable hygienic conditions during milking, mainly due to the
absence of a specific milking area, cause problems of quality of the milk and produce
risks for the health of people consuming the dairy products.

About the labour in this kind of farms, the lack of rational housing solutions gives
problems in terms both of amount and of quality: no manure evacuation systems are
adopted; feed has to be brought directly to the animals in a high trough; milking has to
be made inside the fence without specific areas designed. These conditions cause an
increase in times of work, and, for the uncomfortable positions of the workers, a
worsening in quality of labour. The total absence of systems for the capture of the
animals compromises the safety of the men (farmers, technicians, veterinarians), which
work in conditions of serious risks.

¢) Animals free to go outdoor during the day

In these extensive farms the buffalos, which are free to move outdoor during the
day, have to be checked at the return to barn or fence in the evening. From the animal
welfare point of view, it is required an accurate daily check of all the animals when they
come back from the marshlands, in order to assess the health conditions.

Competition among the heads of the herd can be relevant at the moment of
collection in the barn or in the fence for feeding.

A specific milking area is never realized and the buffaloes are milked by hand in
the same way of ones kept tied, causing the same problems.

About labour, the absence of rational solutions gives problems both in terms of
amount and of quality. Feeding and milking are important working activities that in
extensive farms are executed without specific safety procedures. Furthermore the risks
for the workers are notable due to movements of the animals coming back to the barn.
Also in this case capture systems of animals are unavailable in all the farms of the survey.

On the basis of the results of the survey, taking into account the main problems
summarized in Table 2, solutions to improve the management of the herd were studied
and proposed. The proposed solutions have to be suitable for the farmers living in poor
conditions in the marshlands, where lacks in the supply of means of production
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(including the electricity) represent the reality. The main objective taken into
consideration defining the solutions for the farmers is to favour the management both
for the welfare of animals and for the safety of farm workers. The solutions have to
assure easy interventions on the animals, minimizing stress conditions. Furthermore it is
necessary to guarantee the control of all the heads, including animals living far from the
villages.

Table 2. Main mistakes found in the 24 buffalo farms of survey

Feeding Feeding alley enough wide, but manger with high border
Rack too thin, not suitable for cows or buffalos
Rack does not allow to capture animals
Flooring of cows higher than the bottom of the manger
Kerb too wide and cutting
Manger with high border, not accessible from outside
Spaces for single animals not well calculated
Manger without rack, allowing animals to go inside
Manger too narrow, with high border, not accessible from outside
(problems of feed wastes)
Feed distribution without any control of feed intake by single animals
Drinking Water distributed in tanks too big
Water not continuously renewed
Water distributed in a unusual water tank (e.g. a boat)
Heat protection Barn too low for hot climate areas
Shading area too small to cover all the heads
Materials for covering not suitable (metallic sheets)
Milking No specific milking areas
Buffalos milked without the respect of hygienic rules
Specific areas for milk processing not available
Manure collection ~ Manure not collected, remaining inside the barn/fence
Floor wet, not hygienic
Developing of flies for poor conditions

Calves Situations with young animals not kept in an appropriate way
Safety-health of Relevant risks for safety and health of workers (biological risks, chemical
workers risks)

Loads handling (materials, animals, equipment, etc.)
Information system  No collection of data on single head, no specific management procedures
for the herd

Another important need is related to the safety of the workers. For this reason
solutions to capture the animals are proposed, based on fences or racks. The first solution
is given by a system of fences (corral) able to block a single animal in a cage. The second
solution is constituted by the self-capturing racks placed in a specific feeding alley. The
realization of well-designed functional area can improve the comfort of the animals and
simplify the labour of the farmers.

For milking, in relation to the low number of heads to milk each day and to the
uncertainty of availability of electricity, a specific milking parlour is not suggested. The
simple intervention, suitable also for marshlands area, is based on the realization of two
stalls provided with a self-capturing rack to guarantee the safety of workers, concrete
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floor to drain urines and cleaning water, and a cooling system to create a comfortable
area both for animals and for men. Fig. 1 shows the main interventions designed for the
farms located in marshlands area and realized in some pilot farms to train the farmers
involved in the project. Fig. 2 reports the two solutions proposed and realized to improve

the safety of the workers.
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Figure 1. Main interventions proposed to the farmers and realized in some pilot farms to carry
out FFS program.

Figure 2. Proposed interventions for capturing of the buffalos: a self-capturing rack (left); a
corral (right).

The selected pilot farms were used as Farmer Field Schools (FFS). Therefore an

intensive program of training was carried out in these farms to involve a large number
of persons: farmers with the whole family, technicians, and veterinarians.
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Fig. 3 shows some phases of activities: realization of a self-capturing rack in the
Training Centre of Dhi Qar University (a); training concerning the use of mobile
photovoltaic panels provided for farms of marshlands (b); training of the farmers living
in marshlands area (c). It is important to remark that this last activity of training was
carried out by local technicians trained during the main course kept by the staff of
University of Firenze. The training in FFS involved about 600 persons.

Figure 3. Examples of activities in the FFS: a self-capturing rack (a); photovoltaic panels (b);
training of farmers of marshlands (c).

CONCLUSIONS

As main conclusion, a correct design and a right application of simple constructive
and plant solutions, with little employment of technological resources, coupled with a
good training of farmers, can give a contribution to solve problems in buffalo breeding
also in difficult and poor areas like Iragi marshes. The solutions have to be applied taking
into account the different requirements of the animals which can be kept in intensive or
extensive system, and, at the same time, the need to create safety conditions for the
workers.

A strong and long-term work is required to improve the buffalo sector in the
marshlands area of South Iraq. The activities carried out during the project represent a
first step in the development of livestock production. The information brought by the
staff of University of Firenze in collaboration with Dhi Qar University has reached a
high number of farmers in the villages of the marshlands. This goal was reached thanks
to the involvement of several technicians of the various institutions of the Province,
which carried out the following important phase of training of farmers based on the pilot
interventions realized in the Farmer Field Schools.

To obtain a significant improvement in the productivity and to favour the
development of a suitable chain linked to buffalo breeding, in the next years the services
provided to the farmers have to be enhanced. The farmers of the small communities
distributed along the southern marshes demonstrated to appreciate the assistance given
by skilled technicians and are open to the introduction of innovations in the farm
management.

Urgent priorities for Iraqi buffalo breeders are related to the provision of suitable
foods for the animals, in particular concentrated feed, to the processing of the dairy
products in healthy conditions, to the valorisation of dairy products on the market.
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The next step that could be carried out in a further project is the realization of
modern infrastructures, mainly dairy factories, in carefully selected areas. A cooperative
approach, directly involving all the components of the dairy chain, is needed to achieve
such a goal.
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Abstract. The Department of Agricultural, Food and Forestry Systems of University of Florence
carried out cooperation projects in the South Iraq, funded by Italian Ministry of Foreign Affairs
and International Cooperation, focused on the development of rural areas. All the proposed
interventions were designed taking into account some key points, such as the development of
sustainable farming systems, the protection of the environment, the empowerment of women role.
Among the main activities, a particular importance is given to the simple solutions for poultry
breeding that represents an important economic resource for many farmers and a source of food
for a large segment of the population. Therefore the main aim of the project was to define new
building solutions to apply in the area of marshlands. A mobile poultry shelter was designed and
built to meet the demand for meat and eggs from a typical rural family. This shelter was designed
to be used for extensive breeding, with animals free to graze outside during the day. A suitable
self-building methodology was applied to obtain results from farmers without specific skills for
wood construction thanks to which they learn the appropriate way to build poultry shelters. As
conclusion, poultry breeding can be spread in the area of marshlands using the simple self-
building structures presented in the study.

Key words: marshlands, poultry shelter, rural development, self-building.
INTRODUCTION

According to the statistics section of the Food and Agriculture Organization of
United Nations (FAOstat, 2013), Iragq produced 85,630 Mt of chicken in 2013, with a
great increase from 2009 (33,000 Mt). Total poultry meat consumption reached
770,000 Mt in 2013, giving an average annual per capita consumption of 24 kg (USDA,
2013). The Iraqi farmers in South of Irag, whose main occupation may be the palm dates
production or the animal husbandry such as buffalos breeding, keep few local breed
chickens near their premises to be consumed by the family or to be sold at the market.
The local poultry breed, whose origin is difficult to trace, appears to be extremely rustic
and adapted, still with a fair attitude for meat production but less for laying eggs. This
kind of chicken is really appreciated on the local market and generally fetches a higher
price against selected breed or imported frozen chicken. Chickens are usually sold alive
in the market and slaughtered upon request of the buyer or directly from the consumer.
However the presence on the market of the chickens is scarce as these animals trickle

574


https://doi.org/10.15159/AR.18.058
https://doi.org/10.15159/AR.18.058
http://www.unifi.it/p-doc2-2012-200001-B-3f2a3d2e382c30.html
mailto:matteo.barbari@unifi.it

from the farms, from individual sellers and a few dealers. This trend confirms that
poultry breeding is an important economic resource for many farmers and a source of
food for a large segment of the population. However rural population does not have
sufficient skills to create optimal breeding conditions. Furthermore the lack of specific
facilities produces difficulties in the poultry farming. In order to solve this problem, the
research focused on solution ‘farm-made’ for breeding structures.

The mobile poultry shelter was designed respecting the self-building criteria. For
that reason the shelter can be built directly by the farmer in the place of utilization or, as
it is made up of independent components easily transportable, built in a simple carpentry
workshop and assembled on site by the farmer using simple tools. This solution is
suitable for poultry breeding located in marshlands area with high concentration of rural
families. Beneficiaries can be single families or small groups of them. In particular the
women, which are traditionally dedicated to poultry breeding within the family, can
benefit from the spreading of the solution proposed during the research.

MATERIALS AND METHODS

The mobile poultry shelter was designed first and foremost taking into account the
needs of outdoor poultry farming and the choice of building materials suitable and
available in the intervention area. Afterwards a logical workflow was identified,
sufficiently simple to be understood from farmers or people without specific skills in
construction, in order to obtain a self-construction of the shelter.

Chickens quickly destroy the turf adjacent to their house, and over time the damage
of the ground can prosecute for some distance in all directions, leading to a yard that is
alternately muddy and dusty. The concentration of manure in this area also leads to a
build-up of manure-borne pathogens and health problems can occur (mainly coccidiosis
and roundworms). The method chosen to deal with this problem has a profound effect
on the housing design. With portable houses, the chickens are moved to a new spot
before the damage becomes too great (Plamondon, 2003).

A simple and proper management of animal health requires the rotation of the areas
over which the breeding is carried out. For this reason, poultry shelters have to be
movable with simple means available in the farms, and, therefore, the shelters must be
very light. It is important to guarantee a free access to an open-air area, mainly covered
with vegetation and provided with protective fences. Rearing systems, with animals kept
in a free-range environment or with outdoor access, are perceived as natural,
environmentally friendly and animal welfare friendly (Husak et al., 2008).

Free movement systems are fundamental in the marshlands area in order to respect
environment and allow rural people to develop sustainable agriculture. This feature
determines the choice of the building materials, mainly based on solid wood, steel,
aluminium, synthetic materials.

For the realization of the shelter timber of small size and low quality, like building
lumber, was selected and used. Besides, the solid wood has, in general, some crucial
advantages. Under the same load-bearing capacity, the energy required to produce a
massive wooden structure is far less than that required by other materials. Indeed, the
wood is a natural storage of solar energy. Furthermore, the construction of the shelters
requires extremely simple and economic tools and equipment, and easy and quick
learning techniques.
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In the assessment of the size of the shelter, the rules of organic production in
compliance of EC Regulation 1804/99 and the EC Regulations 834/2007 and 889/2008
were considered (Table 1).

Table 1. EC Regulation 1804/99 — Minimum surface areas indoors and outdoors, and other
characteristics of housing in the different species and types of production

Outdoors area (m? of area

Indoors area (net available to animals) available in rotation/head)

N° animals m Perch/head Nest
(cm)

Laying 6 18 7 laying hens/nest 4
hens or 120 cm?/bird (if limit 170 kg N ha'*

(common nest) per year not exceeded)
Fattening 10, 20 4 broilers and guinea fowls
poultry in with maximum (guinea 4,5 ducks — 10 turkeys
fixed of 21 kg live fowls only) 15 geese
housing  weight m (if limit 170 kg N ha!

per year not exceeded)

Fattening  16®, in mobile 2,5
poultry in  poultry houses with (if limit 170 kg N ha*
mobile a maximum of 30 kg per year not exceeded)

housing  live weight m
@ Only in the case of mobile houses not exceeding 150 m? floor space.

The designed shelter has an internal useful surface of about 8 m?. The installations
can be fitted with perches for a total length of 24 m, and can be equipped with 8
individual nests. The capacity of the shelter in compliance of EC Regulation 1804/99
can be summarized in the following way:
—  Laying hens: 6 heads m? x 8 m? = 48 heads; perches required 48 x 0.18 = 8.64 m
—  Broilers (fixed shelter): 10 heads m? x 8 m? = 80 heads
—  Broilers (mobile shelter): 16 heads m? x 8 m? = 128 heads.

In Fig. 1 the exploded isometric drawing of the shelter shows 8 main frames: base
and roof (Frame01 and SCO01), 6 external surfaces (Frame02, Frame03a, Frame03b). The
figure shows also the four nets (Nest01).

Fig. 2 shows the drawing tables of the base of the shelter (Frame01). In the corners
of the base steel braces (R01) that allow to move the shelter are installed.

Fig. 3 shows the drawing tables for lateral frame. It is important to stress the
concept of workflow. In fact, thanks to the execution of individual actions such as
cutting, drilling, and assembling, it is possible to build all the frames. Each construction
procedure is not arbitrary of the farmer, but is a part of specific sequences which as a
whole give rise to the workflow.

The supporting structure is completely braced on all 6 external surfaces, so that it
can be stressed by even asymmetric actions without deforming. The main structure
consists of flat frames incapable of being deformed, which are assembled together using
only screws or nails. All frames of components have been designed with such weight
and dimensions that they can be easily handled by two persons and transported by means
of limited capacity. Assembling the shelter requires simple wood workshop equipment,
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but it is not possible to leave out all relevant safety measures, including the use of
personal protective equipment.
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Concerning the tools, the following ones are necessary: pliers, screwdriver, bolt
cutters, wire cutters, carpenters tools, power tool and table saw. Depending of raw
material wood and iron, some equipment, such as welding machine or friction sawing
machine, has to be added.

Fir boards from raw carpentry (sub-measures) prismatic, nominal thickness 25 mm,
length 4 m, width 100 mm, nominal thickness 40 mm, lengths 4 m and 5 m, width
240 mm or 250 mm are the main wood supply. The positioning of the metallic
cylindrical shank connectors, screws or nails, has complied with certain rules dictated
by current legislation, in particular from Eurocode 5: Design of timber structures —
General Common Rules and Rules for Buildings (EN 1995-1-1, 2004)

Floors, other surfaces, fittings and equipment must be designed, constructed and
maintained so as to minimise the risk of injury and disease, and to adequately support
the birds (PIMC, 2002). In order to maintain a good state of health and to guarantee a
more practical management, the shelter floor has been designed with plastic slats specific
for poultry farming with 1 m? of size each, but it is possible substitute plastic slats, if not
available, with wood slats. More important criteria to be respected concern the flooring
of the shelter, which has to be rested on the frame of the base, in order to avoid a direct
contact between shelter flooring and the ground.

RESULTS AND DISCUSSION

The concept of self-building has been applied during two pilot interventions carried
out by Department GESAAF during two cooperation projects in the south of Iraqg:
‘Training program for sustainable management of the Dhi Qar Marshlands’ and
‘Rational management of water resources for agricultural development of rural areas in
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South Iraq’, funded by Italian Ministry of Foreign Affairs and International Cooperation
(years 2012-2014). The specific activity presented in this study was executed in 2013.

For these pilot interventions Iraqgi trainees with different educational levels were
selected: farmers, technicians and students.

Workflow was applied during training carried out in the cooperation projects with
the support of Italian tutor that instructed trainees to the correct procedures of work. At
the end of the training the poultry shelter was built and all trainees were able to repeat
with success the activities of the project building new shelters. In Fig. 4 a brief photo
report shows some phases of the training related to the pilot intervention near Nasiriya.

Figure 4. Phases of construction with Iraqi trainees during pilot intervention in the project:
‘Rational management of water resources for agricultural development of rural areas in South
Iraq’.

579



After the training the capacity for two lIraqi trainees to rebuild the shelter
without the Italian tutor was tested. The two Iragi trainees, following the
workflow learned during the training and using the same wood workshop of the courses,
were able to replicate the shelter
approximately in 8 working days. In Table 2. Times of execution phases

the_ Tabl_e: 2 the results of the Phases Hours
building time are reported. Lumber selection and workshop 1
This test confirmed that organization
trainees have gained technical Cutting wood boards, thickness 40 mm 6
knowledge and expertise to self- Cutting wood boards, thickness 25 mm 4
building the shelter. Cutting wood boards, thickness 40 mm 4
One of the shelters built in Irag Preparation 6 wood boards \_Nith brackets 2
was donated to a women's NGO Assembly 4 lateral frame W|_th net 4
located in the marshlands. Thanks to ﬁssembly 2 frontal frame with net 2
. .. ssembly 2 roof frame with net 3
this fac_lllty the _NGO starteq the Assembly 2 door frame with net 1
production of broilers. According to Preparation iron sleigh 3
the interviews conducted during an Welding 1
inspection in 2015 (Fig. 5), the NGO Cutting wood boards for nest 5
manager confirmed that with the Assembly nest 3
new shelter an improvement in farm ~ Assembly base 2
management ~ was  obtained,  Final assembly _ 2
increasing the income due to selling %‘f{g’:me”t with linseed oil 37

alive broilers in the local market.

Figure 5. Poultry shelter donated to Iragi NGO.

CONCLUSIONS

The present work demonstrated that farmers can build the poultry shelter directly
within their farm, also because specific skills are not requested. However, in order to
reach this result it is important to follow correct procedures that in our research were
inside a workflow resumed in tables of drawings and specific actions.

This approach conducts to several benefits, for example allows to focus on
individual parts of the work restricting mistakes and waste of time. Furthermore, with
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this methodology, the farmer familiarizes immediately with the processes that bring to
the construction of the shelter.

As conclusion, the construction of poultry shelters could be spread in the villages
of Iragi marshlands bringing advantages in agricultural sector, favouring a sustainable
development with benefits also from the social point of view.
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Abstract. The objective of this study was to evaluate air quality of industrial farms of broilers
production, located at Zona da Mata region, Minas Gerais, Brazil. The environmental air quality
was evaluated during the last rearing week, between 35 and 42 days of life of broilers. Facilities
with beds constituted by two types of substrates were evaluated: coffee husks (6 reuse cycles)
and shavings (4 reuse cycles). A total of 30 facilities (3 per each of the 10 reuse cycles) were
investigated. Air quality was diagnosed by determining air temperature and relative humidity and
by ammonia and carbon dioxide concentrations. Air temperature and relative humidity were not
affected by reuse cycles in coffee husks bed, but these variables were affected by reuse cycles in
shavings bed. Ammonia and carbon dioxide concentrations increased linearly according to the
reuse cycles for both types of bed. The maximum concentrations of ammonia and carbon dioxide
were 25 ppm and 1,348 ppm in facilities with bedding of coffee husks and 10 ppm and 1,075 ppm
in facilities with bedding of shavings, respectively. Air quality of facilities using coffee husk bed
tends to be worse when compared to facilities using shavings bed due to the higher values of
ammonia and carbon dioxide concentrations, as observed in this study. In conclusion, regardless
bedding type, increases in reuse cycles tend to decrease air quality inside the facility, since a
linear increasing in ammonia and carbon dioxide concentrations can be observed in relation to
the number of bed reuse cycles.

Key words: air pollutants, air quality, gas concentration, livestock, poultry.
INTRODUCTION

Brazil is the second largest producer and the world's largest exporter of chicken
meat, with 12.9 million tons produced in 2016 (ABPA, 2017). This intensive production
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combined with increased production of waste in the facility can cause significant impacts
on soil, water and air (Calvet et al., 2011).

Air quality is one of the most important factors in poultry production (Menegali et
al., 2009), since air pollutants, possibly present in aviaries, can alter the ideal
characteristics of the air. Therefore, respiratory diseases may occur in animals and
people, besides damages in the production system by negative effects on animal
performance (Alencar et al., 2004; Nais et al., 2007).

Ammonia is an air pollutant that is frequently found in high concentrations in
aviaries (Owada et al., 2007). In broilers production facilities, ammonia is generated
during the microbial decomposition processes of wastes that are deposited in the avian
bedding. This process is influenced by air temperature, air humidity and pH of waste
(Manno et al., 2011; Marin et al., 2015; Cemek et al., 2016). When the ammonium ion
(NH4") present in waste is converted to ammonia (NHs), volatilization of ammonia
occurs to the environment (Oliveira & Monteiro, 2013). On the other hand, the
ammonium ion (NH4") by nitrification and denitrification processes can be converted to
nitrous oxide (N20), an important greenhouse gas (Felix & Cardoso, 2004; Marques,
1992).

The carbon dioxide production in animal production facilities is related to animal
metabolism (CIGR, 1994), which, in turn, is affected by air temperature and relative
humidity (Calvet et al., 2011). Under normal conditions carbon dioxide presents
concentration from 500 to 3,000 ppm in animal production facilities, which may
represent a health risk and affect animal production performance (CIGR, 1994).

Considering its impacts on the environment, more than a decade ago, the emissions
of polluting gases were the focus of studies of researchers in several countries of Europe
and North America (Scholtens et al., 2004; Mosquera et al., 2005; Faulkner & Shaw,
2008). In these regions, there are inventories that allow the establishment of protocols
for gases emission reduction. For these countries, the determination of emissions in the
structures is relatively simple, since most of the facilities are closed and, therefore, have
an adequate control on the volume of air.

However, for regions of tropical and subtropical climates, such as Brazil, the
determination of these emissions are much more complex (Mendes et al., 2014). In fact
in Brazil almost all animal production facilities are kept open for most part of time
(Tindco, 2001). Therefore, in such situations it is difficult to determine gases emissions
(Saraz et al., 2013). The same condition is observed for hybrid systems, where
installations can remain open or closed, according to environmental thermal variables.
This is the case of positive ventilation systems which are open-side facilities that rely on
fans to control the internal thermal environment (Manno et al., 2011).

The climatic conditions of warm climate countries allow animal production in open
facilities, and thus, provide ideal conditions for the practice of reusing the avian bed
(Marin et al., 2015). This practice has become a reality in Brazil mainly due to the
impossibility of using avian bed in ruminant feeding (Brasil, 2001) and also due to the
difficulty of acquiring new substrates. The avian bed reuse allows the reduction of waste
generated, and thus, contributes to minimize the environmental impacts (Vieira et al.,
2015). For hot climate regions there are few studies and methods to determine the
emission of polluting gases (Mendes et al., 2014). In addition, studies related to air
quality in livestock production are still limited to some initiatives related to animal and
worker health or odours problems close to the facilities.
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Knowledge of gas emission levels is a major guiding factor for national and
international regulatory agencies to exercise environmental control and eliminate
barriers in the commercialization of products in the poultry production (Osorio-Saraz et
al., 2014). As well as maintaining the position of the largest exporter of chicken meat,
Brazil must comply with international standards and requirements, taking into account
the required quality standards, animal welfare requirements and environmental issues
related mainly to air quality.

Consequently, research is needed in the area with the aim to identify and quantify
pollutants in facilities, and then to adopt systems for the mitigation of environmental
impacts. It will allow to improve the quality of the production environment due to lower
emission of gases with greenhouse potential for the planet, aiming sustainability of
production by preserving the environment for future generations (Marin et al., 2015).

Therefore, given the need of air quality monitoring in animal production
environments in hot weather conditions, that is the reality of Brazil, this study was
carried out aiming to make the diagnosis of air quality. The diagnosis was based on air
temperature and relative humidity, and ammonia and carbon dioxide concentrations in
industrial broiler production facilities commonly adopted in hot climate countries, i.e.
predominantly open facilities.

MATERIALS AND METHODS

This study was conducted in farms for broilers production, located in the region of
Zona da Mata of Minas Gerais, Brazil (Fig. 1). The poultry facilities were subjected to
similar climatic conditions. The climate of this region according to the Koppen
classification, is the type Cwb - tropical climate of altitude, with rainy summer and mild
temperatures.

MINAS GERAIS

Figure 1. Location of the Zona da Mata, Minas Gerais, Brazil.
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All facilities had the same construction typologies, representative of the poultry
industry of Minas Gerais state and Brazil, typical of the patterns adopted in hot countries.
The constructional features were the same; orientation East-West, width between 12 and
14 m, height in the eaves from 2.8 to 3.2 m, length greater than 100 m, walls of 20 cm
on the sides and closure with screens and curtains. The facilities had automatic feeders
and drinkers. They remained predominantly open and had a positive pressure ventilation
system with axial fans arranged on the sides, activated according to the necessity of
internal temperature control, especially in the final phase of breeding and in very hot
days (Fig. 2, A and B).

A layer of bedding was kept on the floor (approximately 10 cm depth) and the
stocking density was maintained between 14 and 18 birds per m?. The animals were
Cobb males. The birds were fed with the same feed, made using the ideal protein
concept, which is widely used for the broiler production industry (Campos et al., 2012).

Figure 2. External (A) and internal (B) view of one of the evaluated facilities.

The air quality was evaluated in facilities that had different types of substrate in the
bed (coffee husks and shavings) with different numbers of reuse cycles (up to 6 cycles
for coffee husks and up to 4 cycles for shavings). These materials are commonly used in
the mentioned regions, due to the great availability and low cost. A total of 10 different
avian beds were analysed: 4 shavings beds (from 1%t to 4" reuse cycle) and 6 coffee husks
bed (1%to 6" reuse cycle). For each of these 10 types of avian beds, 3 facilities containing
the same type of bed in the same reuse cycle were analysed, totalling 30 investigated
aviaries.

The diagnosis of air quality was performed by determining the instantaneous air
temperature and relative humidity, and ammonia and carbon dioxide concentrations. The
data were measured during the last week of rearing, between 35 and 42 days of life of
the chickens, in order to obtain homogeneous samples, representative of each case and
to ensure the presence of the largest possible waste load in bedding, i.e. the maximum
potential situation of greenhouse gas emissions.

The data of air temperature and humidity were obtained with use of data loggers
HOBO U14-002 (Onset Computer Corp.) with a resolution of 0.02 °C and 0.05%,
accuracy = 0.21 °C + 2.5% and range measurement from - 20 to + 50 °C and 0 to 100%.
The carbon dioxide concentration was measured by a CO. sensor with a resolution of
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1 ppm, accuracy of + 30 ppm (+ 5% of reading) and measurement range from 0 to
5,000 ppm. The ammonia concentration was determined using an electrochemical
ammonia detector 'Gas Alert Extreme NHs' (Honeywell / BW Technologies) with 1 ppm
resolution, measuring range from O to 100 ppm, properly calibrated before data
collection using a calibration gas standard (White Martins®).

The experiment was conducted in a completely randomized design, in which the
effects of different reuse cycles of coffee husks and shavings beds were evaluated. All
analyses were performed by analysis of variance (ANOVA), using the MIXED
procedure of SAS (SAS Institute Inc., 2008), according to the model presented in Eq. 1:

Yi =u+T +¢g; (1)

where Y;jj — dependent variable; « — overall constant; T; — treatment effect (reuse cycles);
&ij — random error.

Due to the different number of reuse cycles obtained for coffee husks (6 cycles)
and shavings (4 cycles), the ANOVA was conducted separately for each type of bed.
The effect of bed cycles was evaluated by the orthogonal decomposition of the fixed
effect of treatment into linear, quadratic and cubic effects. The denominator of degree of
freedom was estimated using the Kenward-Roger approximation, and significant
differences were declared when P < 0.05.

RESULTS AND DISCUSSION

Coffee husks bed

From the descriptive data referring to the facilities using coffee husks bed, it is
evident that the experiment was carried out under different climatic conditions, due to
the difference between maximum and minimum values of air temperature and relative
humidity (Table 1). It was observed that there was more than 10 °C of difference
between minimum (18.4 °C) and maximum (28.8 °C) temperatures and 35% of
difference between the extreme values of relative humidity, ranging from 43 to 78%.

The maximum ammonia concentration was 25 ppm. This value exceeds the
maximum recommended for both people and animals. The health tolerance limit set by
the Brazilian regulatory standard NR-15 (Brasil, 1978) for operations and unhealthy
activities of workers exposed to these contaminants is 20 ppm. On the other hand, the
recommended limit for ammonia that does not affect animal performance in the facility
is 10 ppm (CIGR, 1994).

Table 1. Descriptive data for bed of coffee husks

Variable n Avg. Std. Min. Max
Air temperature (°C) 18 24.8 27.6 18.4 28.8

Air relative humidity (%) 18 58.83 8.27 43.00 78.00
Ammonia (ppm) 18 12.44 6.71 4.00 25.00
Carbon dioxide (ppm) 18 974.94 194.01 662.00 1,348.00

The carbon dioxide concentration ranged from 662 to 1,348 ppm. The maximum
value observed in this study is lower than the limits established for animal and human
exposure. Carbon dioxide concentration up to 3,000 ppm does not affect the health and
performance of animals (CIGR, 1994) and the concentration of 3,900 ppm is defined as
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the limit of tolerance for health exposure of workers, established by the NR-15 (Brasil,
1978).

As expected, air temperature and relative humidity were not affected by the number
of reuse cycles of coffee husks bed (Table 2). These values were related to external local
climatic conditions at the time of data collection, since the facilities remained open
during the experimental period that was carried out in the last week of rearing of broilers,
when the temperature of thermal comfort is in the range of 21 and 23 °C (Macari, 1996).
According to the averages in the different reuse cycles it is observed that despite the use
of positive pressure ventilation systems as a way of lowering the air temperature, almost
all the installations were in a condition of thermal discomfort by heat.

The average values of ammonia and carbon dioxide concentrations increased
linearly (P < 0.05) as bed reuse cycle increased (Table 2). The highest averages occur in
the largest numbers of reuse cycles.

Table 2. Average values of air temperature (T), air relative humidity (RH), ammonia (NH3) and
carbon dioxide (CO.) concentrations in facilities using coffee husks bed in the different reuse
cycles

Variable Reuse cycles P-valor
1 2 3 4 5 6 Lin. Quad. Cub.
T (°C) 243 238 26.7 26.0 21.7 26.1 0.895 0.803 0.247

RH(%) 5800 59.33 5433 5433 68.00 59.00 0455 0.619 0.421
NHsppm) 566 833  8.00 13.00 1567 2400  <0.001" 0.111 0.337
CO, (ppm) 876.67 771.33 1,067.00 845.33 1,136.00 1,153.33 0.011° 0.507 0.833

* Significant (P < 0.05).

In general, the patterns of ammonia and carbon dioxide concentration were similar,
increasing due to the increase in the number of reuse cycles (Fig. 3).

30 1,400 -
A B .
1,300
25 L]
[3 [ ]
a e £ 1,200 4 ® .
= &
(=4 = -
5 = 1,100
5 8
= = 1,000 -
8 @
c 8 900 -
8 8
o o~
T o 800
z 8]
700 - * b
@
0 - ; : : . : 600 - .
1 2 3 4 5 6 1 2 3 4 5 6
Bed reuse cycles Bed reuse cycles

Figure 3. Pattern of ammonia (A) and carbon dioxide (B) concentrations as a function
of reuse cycle of coffee husk bed.
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The generation and emission of ammonia in wastes are influenced by air
temperature and relative humidity (Popescu et al., 2010; Arcidiacono et al., 2015; Cemek
et al., 2016), because these factors are able to directly influence the temperature and
humidity of the bed, thus favouring the microbial activity in the waste (Manno et al.,
2011). According to several studies (Webb & Misselbrook, 2004; Zhang et al., 2005;
Furlan, 2006; Furtado et al., 2006; Fabbri et al., 2007; Van der Stelt et al., 2007; Ndegwa
et al., 2008; Carvalho et al., 2009; Osorio et al., 2009; Rong et al., 2009; Vitorasso &
Pereira, 2009; Franga et al., 2014; Mendes et al., 2014) there is a relationship between
air temperature and ammonia concentration in animal production environments, in the
presence of waste. In situations of high temperatures (around 35 °C) the microbial
activity is intensified, allowing a higher rate of uric acid mineralization, which induces
the increase of the potential of both generation and emission of ammonia (Franga &
Tinbco, 2014).

Shavings bed

By the descriptive data of facilities that used shavings bed (Table 3), it can be
observed that the data collections were carried out under similar climatic conditions,
since there was a difference of only 3.5 °C between minimum and maximum air
temperature. However, the relative humidity ranged from 37 to 76%. The maximum
ammonia concentration was 10 ppm and the carbon dioxide concentration varied
between 726 and 1,075 ppm.

The maximum values of ammonia (10 ppm) and carbon dioxide (1,075 ppm) were
within the exposure limits recommended for animals and people. As previously
mentioned, in animal production facilities, the limit for ammonia concentration is
10 ppm (for animal) and 20 ppm (for people) and carbon dioxide concentration for
animals and humans is 3,000 and 3,900 ppm, respectively (Brasil, 1978; CIGR, 1994).

Table 3. Descriptive data for shavings bed

Variable n Avg. Std. Min. Max
Air temperature (°C) 12 27.6 1.37 25.8 29.3

Air relative humidity (%) 12 52.58 12.25 37.00 76.00
Ammonia (ppm) 12 5.63 2.65 2.00 10.00
Carbon dioxide (ppm) 12 891.83 99.61 726.00 1,075.00

The air temperature was linearly affected by reuse cycles, while air relative
humidity presented a cubic effect of reuse cycles (Table 4). However, as the facilities
were predominantly open during the data collection period, the effects observed for
temperature and relative humidity appear to be more related to environmental variations
than to the effect of the reuse cycles. From the average values of temperatures, it was
observed that the facilities with bed of shavings were in condition of thermal discomfort
by heat, with temperatures above 25 °C while the thermal comfort range for broilers in
the last week of breeding is in the range between 21 and 23 °C (Macari, 1996).

The average values of ammonia and carbon dioxide concentrations of shavings bed
increased linearly (P < 0.05) as the reuse cycles increased (Table 4). The highest average
values of ammonia and carbon dioxide were observed for the highest number of reuse
cycles.
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Table 4. Average values of air temperature (T), air relative humidity (RH), ammonia (NHs) and
carbon dioxide (CO2) concentrations in facilities using shavings bed in the different reuse cycles

. Reuse cycles P-valor
Variable 1 2 3 4 Lin. Quad.  Cub.
T (°C) 25.9 28.7 28.0 28.5 0.046" 0,125 0.105
RH (%) 57.67 41.00 66.00 45.67 0.746 0.818 0.002"
NHsz (ppm)  3.67 5.50 4.33 9.00 0.019*  0.184  0.108
CO; (ppm) 789.00 909.67 969.33  999.33 0.044" 0.071 0.763

*Significant (P < 0.05).

In general, ammonia and carbon dioxide concentrations increased as the reuse cycle
increased (Fig. 4), presenting similar pattern as observed for coffee husks bed and
previously discussed.
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Figure 4. Pattern of ammonia (A) and carbon dioxide (B) concentrations as a function of reuse
cycle of shavings bed.

Comparing the two types of bedding (coffee husks and shavings), from the first to
the fourth reuse cycle, it is observed that in general the values of ammonia concentration
in the facilities with coffee husks bed were higher than the values found in the facilities
with shavings bed. The same pattern is observed for the carbon dioxide concentration
values. By the general pattern of the carbon dioxide concentration values, for both the
shavings and coffee husks beds, an increasing linear pattern of the carbon dioxide
concentration with the increase in the number of bed reuse cycles is remarked.

The environmental air conditions influence the characteristics of the avian bed, as
the air temperature increases the beds become dryer (Tasistro et al., 2008; Oliveira &
Monteiro, 2013). The moisture content of the bed influences the ammonia volatilization,
which increases with the increase of moisture. According to data obtained in this study,
before the first use the shavings have a moisture content of 7%, while the coffee husks
have a moisture content of 15%. This higher moisture content of coffee husks may give
greater ammonia volatilization and consequently provides an environment with higher
ammonia concentration. On the other hand, the pH values obtained in this study for the
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shavings were around 4.0 and for the coffee husks were around 5.0. As the pH values of
both materials before the first use are quite similar, the factor that has greater influence
on the final bed pH is manure that is deposited in the avian bed over the reuse cycles.
Therefore, the increase in the number of bed reuse cycles causes increases in the
ammonia concentration in the environmental air of the aviaries. As conclusion, in
facilities with coffee husks bed the air quality tends to be worse when compared to the
facilities with shavings bed.

Regardless bedding type, it is observed that the increase in the number of reuse
cycles tends to decrease air quality due to the linear increase in ammonia and carbon
dioxide concentrations. Similar results were reported by Pereira & Mesquita (1992);
Oliveira et al. (2003); Miles et al. (2011); Marin et al. (2015). They evaluated the beds
of wood chips and coffee husks with up to four reuse cycles and concluded that the
increase in the number of reuse resulted in higher ammonia emissions.

CONCLUSIONS

The study allows to draw some conclusions. In particular, in relation to the type of
bedding, it has been remarked that facilities using coffee husks bed tend to have poorer
air quality when compared to facilities using shavings bed, due to the higher values of
ammonia and carbon dioxide concentrations.

Regardless of the reuse of the bedding, the increase in the number of cycles tend to
worsen air quality inside the facility, as shown by the linear patterns of ammonia and
carbon dioxide concentrations values in relation to the number of bed reuse.
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Abstract. The aim of the research was to determine the moisture, combustible and ash content in
selected biofuels, in dependence on temperature by the means of gravimetric method. For this
purpose, the furnace Nabertherm L9/11/SW/P330 was used. Analyzed samples consisted of
crushed biomass which is used in small heat sources (e.g. spruce wood, cherry wood, apple wood,
black locust wood) with bark and without additives. Biomass for larger heat sources (woodchips
cuttings from coniferous trees), sawdust mix (plum, cherry, walnut, apricot, apple) and pellets
(90% spruce and 10% fir) were also analyzed. The results are processed graphically and enable
to characterize the tested fuels. The highest content of combustible was found in spruce wood
sample without bark (99.889%), the lowest content of combustible indicated cuttings from
coniferous trees (88.402%). Gravimetric experiments were supplemented by DSC measurement
of selected samples on calorimeter Toledo DSC822e. The graphic courses of reactions are
provided up to 500 °C.

Key words: gravimetry, ash, biomass, combustion.
INTRODUCTION

Constantly increasing prices of fossil fuels and efforts to limit the production of
gaseous emissions facilitate rapid use of renewable energy sources (Jablonicky et al.,
2012). An environment protection, fossil fuels depletion in the near future, legislation
and development of new technologies are the main reasons for using biofuels (Kosiba et
al., 2016). It should be remarked that decrease in fuel consumption is an effective way
how to eliminate the negative aspects of the fuel combustion (Szabd et al., 2013a; Szabo
et al., 2013b). Renewable energy has become more important globally especially with
the current fuel and economic crisis (Branca & Blasi, 2015). Especially solid biofuels
will be increasingly used as a source of thermal energy. Biomass means all organic
matter that arose through photosynthesis, or material of animal origin. This term often
refers to plant biomass usable for energy purposes, as a renewable energy source (Maga
et al., 2010). Biofuel is the fuel derived from biomass. According to the chemical
composition, the biofuels can be divided into solid, liquid and gaseous. Quality of solid
biofuels as an energy source depends on the moisture and ash content and volatile
combustible matter (Mikulova et al., 2014; Holub¢ik et al., 2016). Research of the
amount and course of combustible release in selected biofuels in dependence on
temperature is described in the work (Mikulova & Vitazek, 2016). Chemical energy from
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biofuels is released mainly from the combustion process. The combustion process is
considered as oxidation process, wherein the combustible fuel components are oxidized
by atmospheric oxygen, where the energy content of fuel is transformed into heat. The
impact of the temperature affects the loss of moisture in the fuel as well. Biofuels as an
energy source depend on the quality of combustible and the proportion of ballast —
moisture and ash. Compared to solid fossil fuels, biomass contains significantly higher
proportion of volatile combustible matter, which is essentially due to its origin. Biomass
combustion does not pollute the environment by excessive production of CO,. Another
advantage of the biomass combustion is that the ash as a by-product of combustion may
be used as a high quality fertilizer. Biomass offers us a large variety of raw materials and
gradually finds its universal use in the energetics. It is a suitable fuel to replace heating
with natural gas or electricity. Moreover, it is used for heat and electricity generation in
modern combustion plants (Mizakova, 2014). The design and testing of a cost-effective
control system for medium-sized biomass boilers based on information regarding not
only the oxygen concentration in the flue gases but also the carbon monoxide emission
values is discussed in the work (Pitel et al., 2013). Original composition of solid biofuels
(wood, straw, corn) in terms of combustion is as follows (Piszczalka, 2010):

— Volatile combustible matter (wood gas) 60—70%,

— Anon-volatile solid combustible (charcoal in the case of wood) to 20%,

— Ballast water (up to cca 14%), and ash from the charcoal combustion 0.5-4%.

This paper presents the method of determining the proportion of the biofuel
components by the means of gravimetric method. We focused on the fuels that are used
by the heat producer for residential houses in Vrable, and also for the boilers for family
houses which use piece wood and pellets. Samples were collected from specific users.
An exception is the boiler room in Vrable, which burns wood biomass with different
moisture content and composition (waste from wood processing in forests and cuttings
from orchards).

Analysis of the course of the release of combustible materials for different fuels is
described. Thermal analysis of the samples was carried out using the DSC method
(differential scanning calorimetry) by the means of calorimeter Mettler Toledo
DSC822e.

MATERIAL AND METHODS

Currently, biomass is widely used for heating of the drying medium as a substitute
for natural gas. The use of solid biofuels in combustion process enhances the
competitiveness of the modern agriculture. Biomass is used to heat family houses and is
also used in boilers for central heat supply. An important factor in the combustion of
biofuels is the release of combustible. The residue is substantially ash. Ash content is
determined after the combustion of fuel. Analyzed samples consisted of crushed biomass
which is used in small heat sources (e.g. spruce wood, cherry wood, apple wood, black
locust wood) with bark and without additives. Biomass for larger heat sources
(woodchips cuttings from coniferous trees), sawdust mix (plum, cherry, walnut, apricot,
apple) and pellets (90% spruce and 10% fir) were also analyzed.
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To measure the proportions of components in solid biofuels, gravimetric method
was used. It was performed by the means of a furnace Nabertherm L9/11/SW/P330.
Input of the heating element is 3.0 kW. The controller P330 enables to program the
selected courses of heating and endurance by the computer. Heating of the tested samples
is possible up to the temperature of 1,100 °C. To measure weight during the course of
the experiment, digital scales were used. The device is connected to a computer and
enables to record the temperature and weight curves for the selected time intervals. This
device enables to determine the proportion of moisture, combustible and ash in the tested
solid biofuels.

Proportions of particular components are calculated according to the
following relations
Moisture content w:

USR] )
ml
Ash content in original sample 4"
A =100 @)
ml
Ash content in dry matter pps:
m3
=—100
Pe = ®3)
Combustible content in original sample 4"
m
h"=—100
. (4)
Combustible content in dry matter pps:
m4
=—2100
phs m2 (5)

where m; — original weight of sample, g; m, —weight of dry matter, g; ms — weight of
ash, g; ms — weight of combustible, g.

For the determination of the volatile matter, the standard STN EN 15148 is applied.
For the determination of ash content in solid biofuels, the standard STN EN 14775
applies together with STN I1SO 1171. The experiments were carried out in accordance
with standard STN ISO 1171. The required temperatures and operating times were
programmed by the means of PC. Table 1 shows the parameters during gravimetric
measurements. The given intervals allow determination of the moisture, combustible and
ash content. In the last interval, the sample was annealed at 815 °C for 60 minutes. The
same method is used by the Agricultural Technical and Testing Institute in Slovak
Republic (Rusiak & Smidova, 2010).
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Table 1. Parameters for gravimetric measurement procedure

Time interval

1 2 3 4 5 6
Impact period, minute 60 120 60 60 6 60
Temperature, °C 20-105 105 105-500 500 500-815 815

Source: EN 14775:2010, and ash content determination — STN 1SO 1171:2003.

The analysed sample is first heated to 105 °C + 2 °C and dried for 120 minutes.
Weight loss in this interval is considered as the removed moisture. Weight loss in the
fourth interval (500 °C) is considered as volatile combustible matter, whereas mass
residue at the end of the experiment consists of ashes.

For the thermal analysis of the samples by differential scanning calorimetry (DSC
method), Mettler Toledo DSC822e device was used. Two instances of the reaction up to
500 °C are presented — for samples of spruce wood and black locust wood.

RESULTS AND DISCUSSION

Processed results of gravimetric measurements are shown in Table 2. Proportions
of moisture, ash and combustible are calculated according to the relations (1) to (5).
Heating with biomass is increasingly used as an alternative to natural gas. The boiler
manufacturers have begun to react to this trend. Even with the gradual arrival of new
innovations of biomass boilers, high ash content and inadequate temperature can cause
sintering of ash. This can cause temporary interruption of combustion and lead to partial
or permanent damage to the boiler. Therefore it is necessary to take into account the
information about release of the combustible substances in solid biofuels.

Table 2. Processed results of gravimetric measurements of analyzed samples

BIOFUELS PARAMETER
W A' h' pps phs

Spruce wood without bark 8.742 0.101 91.157 0.111 99.889
Pellets 10.329 0.549 89.123 0.616 99.388
Black locust wood 6.204 0.239 93.557 0.255 99.745
Cherry wood without bark 13.551 0.425 86.024 0.492 99.508
Cherry wood with bark 17.197 1.198 81.605 1.447 98.553
Apple wood with bark 11.211 0.834 87.956 0.939 99.061
Woodchips from Vrable 58.782 0.657 40.562 1.593 98.407
Apricot wood with bark 7.320 1.628 91.052 1.757 98.243
Sawdust mix 9.206 2.399 88.394 2.643 97.357
Walnut wood with bark 24.869 2.352 72.779 3.131 96.869
Cuttings from coniferous trees 44.277 6.463 49.261 11.598 88.402
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Figs 1 and 2 show weight loss rate of analysed samples of solid biofuels.
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Figure 1. Weight loss rate of analyzed samples of solid biofuels.
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Figure 2. Weight loss rate of analyzed samples of solid biofuels.
Figures show samples of biofuels before the processing for the purpose of the

experiment. Fig. 3 shows Apple wood, Fig. 4 shows sawdust mix, Fig. 5 shows cuttings
from coniferous trees, Fig. 6 shows woodchips from Vrable.
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Figure 5. Cuttings from coniferous trees. Figure 6. Woodchips from Vrable.

The amount of volatile matter in biomass depends on the type of fuel and is
inversely proportional to water and ash content of the fuel. In terms of long-term storage,
the water content of 14-15% is considered as the most suitable. According to (Maga et
al, 2010), biomass combustion as a process does not always provide the maximum
amount of energy contained in it. More preferably, the biomass may be converted to the
kind of fuel that allows extracting the most out of its energy. As regards methods of
biomass conversion, thermal conversion is of significant importance. This method
enables to produce liquid, gaseous or solid fuel of higher quality from biomass, which
allows achieving a high energy yield and increase of combustible content in solid
biofuel. The results show a significant difference in the proportion of the combustible of
solid biofuels. The highest content of combustible was found in spruce wood without
bark (99.889%), the lowest content was present in cuttings from coniferous trees
(88.402%). The results show content of the substances in dry matter. When comparing
the content in original samples (moist), the highest content of combustible was present
in black locust wood (93.557%), the lowest content in woodchips from Vrable
(40.562%).

Figs 1 and 2 show weight loss rates of analysed biomaterial samples at a time
interval from 180 minute (after evaporation of moisture) to 420 minute, when volatile
combustible is being released and weight loss is apparent to the greatest extent. In
addition, Fig. 7 depicts weight loss rate at an interval from 200 to 230 minute. Fig. 8
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shows the course of the experiment for the fuels with the highest moisture content —
woodchips from Vrable and apricot wood with bark, when rapid weight loss occurs after
moisture removal. This weight loss is accounted for the release of volatile combustible.
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Figure 7. The fastest weight loss rate of analysed samples of solid biofuels at a selected time
interval.
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Figure 8. The fastest and slowest weight loss rates of analysed samples of solid biofuels.

Figs 9 and 10 show results of thermal analysis measurements of samples by
differential scanning method using the calorimetric device Mettler Toledo DSC822e.
Weight of the examined samples was 1.5 mg. The released energy is measured only in a
certain time interval and at the temperature up to 500 °C. For the sample from black
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locust wood, the amount of released energy equals 11,790 J g and for spruce wood it is
8,098 J g*. In the case of spruce wood, the beginning of the reaction was significantly
affected by the initial moisture, but the end of the reaction can be observed clearly. The
initial moisture content of the sample affects beginning of the reaction — an exothermic
reaction takes place continuously from endothermic.
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2 Peak 449.10 °C
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Figure 9. Graphic representation of the results of measurements for the black locust wood sample
— DSC method.
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Figure 10. Graphic representation of the results of measurements for the spruce wood sample —
DSC method.

In both cases, two peaks can be observed. The sample of woodchips from Vrable
shows even three peaks (not shown). The results for the different materials will be
processed after a special software is obtained. Selected samples will be examined by the
means of the method of thermogravimetry (TG). The results of the non-isothermal
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thermogravimetric analysis in the dynamic air atmosphere, which can be used for the
optimization of combustion process, are presented in the article (Ondro et al., 2017).

Experiments were carried out with fuels, which are used in family houses with low-
power heat sources as well as in the heat source for residential district heating in Vrable.
Samples were collected from specific users. An exception is the boiler room in Vrable,
which burns wood biomass with different moisture content and composition (waste from
wood processing in forests and cuttings from orchards).

With gradual expansion of biomass combustion, the given conditions will decline
(availability of suitable biomass). The results of wood show a high content of
combustible from 99.889% to 96.869%. The impact of bark in case of cherry wood
sample causes an increase in ash content of 0.955%. Softwood pellets (90% spruce, 10%
fir) have the same content of combustible and can be considered as equivalent
substitutes. The samples taken from boiler room (Vrable) had a high initial moisture
(woodchips up to 58.782%), but the combustible content in dry matter was 98.407%.
Cuttings from coniferous trees contained various additives, the combustible content
decreased to 88.402%. The heat source also enabled the combustion of these fuels.

We have carried out dozens of experimental measurements with various biofuels,
even in combination with coal dust (Mikulova et al., 2014). The method according to
STN ISO 1171 has been approved to evaluate moisture, combustible and ash content.
The unavailability of the originally intended fuel leads to the use of substitutes, where it
is necessary to know their properties and to set up the adequate process of combustion
and ash production (cleaning of the boiler). In addition, it is necessary to know the
proportion of volatile and solid combustible, which has an impact on the combustion
(supply of secondary and tertiary air). Further research is carried out in this area.

Similar results obtained from samples of another fuels are presented in the work
(Vitazek & Vitazkova, 2012) which shows processed gravimetric measurements of
selected types of biofuels. In terms of ash content, pellets from rape waste and cereals
contain 7.988%, maize straw pellets contain 5.194%, corn flake pellets contain 4.708%,
corncob pellets contain 4,378%, softwood pellets contain 1.029% and softwood pellets
without bark contain 0.462%. The results obtained in the paper (Mikulova et al., 2014)
show that the highest ash content was found in sample from cuttings from coniferous
trees — 11.59% and the lowest ash content has spruce wood — 0.11% and therefore
confirm the results presented in this work. Similar results are presented also in the work
(Chrastina et al., 2015) — distillery refuse from corn distiller’s dried grain has ash content
of 4.64%.

Research of biofuels includes other works from this field. Impact of the physical
properties of solid biofuels on the design of combustion devices is discussed in (Vitéz &
Travnicek, 2010). Influence of the input raw material properties on the quality and
energetic demand in briquette production is presented in the paper (Muntean et al.,
2017). Usage of additives has significant impact on the properties of wood pellets, which
include combustion and production of emissions (Jandacka et al., 2011; Jandacka et al.,
2015). The article (Ivanova et al., 2015) provides comparison of selected types of solid
biofuels for heating private houses. Efficiency of boilers and the production of gaseous
emissions is also observed. The work (Kirsanova et al., 2016) deals with the
thermodynamic model of biomass gasification and the impact on tar and char production.

In all cases, it is necessary to know the physical properties of the particular biofuels.
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CONCLUSION

Various types of biomass are used for the purpose of combustion. In small devices,
piece wood is often used. In the case of bigger devices, different types of woodchips,
cuttings or waste from wood processing are used. For this reason, the article is focused
on selected types of wood (pure and with bark) and fuels collected from the boiler room
in Vrable, Slovakia (cuttings from coniferous trees and woodchips). High moisture of
fuel (woodchips 58.78%) was observed. The second fuel indicated the highest content
of ash (cuttings from coniferous trees 11.598%). The heat source in question allows
combustion of these fuels without operational problems. Pure wood indicates the highest
content of combustible, bark additives increase the ash content. For small combustion
devices, a lower content of combustible may have an impact on the operation, for
example the increased need of cleaning. Apart from high combustible content,
proportion of volatile combustible and its rate of release also affects the quality and
properties of the fuel. The obtained results enable easy decision making when replacing
the type of fuel.

The experiments continue with further examination of biofuels and their
combinations with fossil fuels (pellets from sawdust and coal dust) and with analysis of
the content of volatile and solid combustible and its rate of release. Results of thermal
analysis of samples by DSC method will be subject to further examination and other
fuels will be analyzed.
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Abstract. Management of agricultural operations is currently rapidly changing caused by
increased attention to the concepts of sustainable development and sustainable intensification.
Enhancement of productivity and efficiency of agricultural machinery are the leading factors in
sustainable agriculture. The complete application and exploitation of engineering advances
require the revision of traditional agricultural machinery management process. The definition of
the farm fleet (tractors and implements), as well as machinery planning and management, must
consider different parameters, including not only the cost of the machines but also their
dimensions, weight, working width, needed power, etc. All of this information related to an
agricultural machine is eventually influencing the impact on productivity, on the return on the
investment, and also on the environment.

The present work is aimed at identifying the most relevant parameters which are influencing costs
and performances of sprayers, including tank volume, maximum flow, needed power, weight and
price. The different parameters are analysed in a correlation matrix, in order to allow
identification of dependencies and to extract reference models.

The study is based on linear and multiple linear regression analysis carried out on technical
specifications of about 700 models of sprayers. Relevant correlations were highlighted between
price and weight, between weight and tank capacity and in some cases between power and weight.
Following such correlations, models have been proposed, which can be implemented in order to
support the decision making phases.

Key words: agricultural machinery, sprayer, optimization model, stepwise regression,
correlation analysis.

INTRODUCTION

Agriculture is moving toward sustainable intensification. Information technology
developments applied in agriculture production are called to ensure sustainable
development of the sphere and solve the main challenge of last decades — to produce
more. According to the Strategic Research Report provided by the European Union for
Agriculture and Rural Development nowadays agricultural production currently directs
research towards increasing production per unit area, caused by population growth at the
global level, the consequent increase in food requirements and limited resources (Zarco-
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Tejada et al., 2014). Information-based and decision-making approaches of farm
management are designed to improve the agricultural process by precisely managing
each step, thus optimizing both agricultural production and profitability, leading to cost
savings and also environmental benefits (Sopegno et al., 2016; Dubbini et al., 2017).
However, the full exploitation of engineering advances requires the revision of
traditional agricultural machinery management processes, such as:

— agricultural machinery planning methods (tractors and implements) (Bochtis et al.,

2014);

— combination of different and appropriate technological operations (choice of
machine or implement) (Fountas et al., 2015a);

—  characterization of multiple parameters for ensuring the balance between economic,
environmental and social issues (Fountas et al., 2015b).

Application of proper decision parameters in agricultural mechanization is not
trivial since it supposes balanced choices and trade-off between proper machinery and
technological operation based on the actual needs arising from farm size, crop or
management approach, and other factors (Segaard & Serensen, 2004). The definition of
the farm fleet (tractors and implements), as well as machinery planning and
management, must consider different parameters, including not only the cost of the
machines but also their dimensions, weight, working width, working speed (or
efficiency), needed power, etc. All of this information related to an agricultural machine
is eventually influencing the impact of that machine on productivity, on the return on the
investment, and also on the environment.

One of the most critical agricultural operations is connected with plant protection:
in particular, there is a wide variability of machines and implements devoted to the
application of pesticides. The success of crop protection products (herbicides, pesticides
and fungicides) depends on the effectiveness of their timely application and plays a vital
role in ensuring better yields. Mechanization of application and correct selection of the
appropriate equipment are the most important key issues of plant protection.

Sprayers play essential importance both for the cultivation of herbaceous crops, and
for fruit tree crops or viticulture, as protection from adversity is, in many cases, a
determining factor not only of quantity but also of production quality (Matthews &
Thornhill, 1994; Matthews, 2000). The performance of crop protection machines and
implements is estimated by relative balance between environmental contamination and
biological efficacy (Duga et al., 2013). Which are caused by construction and operational
parameters of the sprayers, treated plant features and environmental conditions.

The sprayers on the market are characterized by a considerable variety, both in
terms of size and components, which makes them suitable for every type of crop and
situation. Based on the cultivated crop, in general, the sprayers can be divided into two
groups: ground sprayers and orchard sprayers. Representatives of the first group by
themselves can be designed as attachments to tractors (mounted or trailed) and as
individual machines (self-propelled) (Hunt, 1983), the second group include trailed or
mounted mistblowers and tunnel sprayers.

The basic structure, however, proves to be substantially constant despite this variety
and is characterized by some fundamental components that are always present regardless
of the specific machine. The necessary components of any sprayer are a tank with
agitator and strainer, a pump, a filter, a pressure regulator, valves, piping and nozzles
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(Pimentel, 2002). Depending on the crop being treated, the applied protection and
technology the main technical parameters are accordingly changed (weight, power,
dimensions, etc.). Thereby contributing to a variation in productivity and performance,
which are the fundamental factors for price formation.

The decision on the best solution for a farm is not easy since many variables are
influencing costs and performances. Therefore the aim of the present work is to identify
the most relevant functional parameters determining the performances and costs of
sprayers. In particular, the study pays specific attention to tank volume, maximum flow,
needed power, weight, working width and price. Regression analysis was then applied
in order to determine the dependencies of the variables and to extract reference equation
models, which can be implemented in order to support the decision making phases and
optimize the choice of the machine.

MATERIALS AND METHODS

Reference database

The reference database was populated with the support of Edizioni I'lnformatore
Agrario: it reports the main technical characteristics and list prices of all the categories
of machines on the Italian market and is updated annually thanks to the close
collaboration with the main companies of the agricultural sector. The categories of
agricultural machinery include tractors, harvesting machines, implements for tillage and
sowing, spraying and crop protection, mineral and organic fertilization, hay-making,
trailers, etc. Data (relating to over 6,000 machines in total) concern the technical
characteristics in numerical or category format.

The work here presented is based on main technical specifications of 729
commercial sprayers of 26 different machine producers from Italy, Germany,
Netherlands, Norway and Denmark. Considered data were as follows: constructing
company, type of machine (field or orchard), model/series name, type of attachment to
the tractor (self-propelled, mounted or trailed), weight, tank capacity and materials,
maximum pump flow rate, working width, number of sections and spray nozzles,
standard tires, list price, type of fan and diameter for atomizers, minimum power
required and nominal engine power, or engine characteristics for self-propelled
machines. Data provided were sorted, edited from errors, completed and a single
database for the study was created. The range for minimum and maximum values of the
considered variables in accordance with available dataset is presented in Table 1, which
additionally helps drawing a brief picture of the machinery considered within the current
work.

Table 1. The range for minimum and maximum values of the considered variables according to
dataset

Power. Tank _ Pump Working Weight, Price VAT
KW capacity, flovv_, width, kg excl.,
L L min?t m k€
Mistblower 10-70 300-4,000 50-250 - 100-1,700 2-38
Tunnel 5-40 300-3,200 60-250 900-2,800 23-73

Field sprayer ~ 5-100 120-6,000 40-520 9-32 200-5,000 1-100
Self-propelled 45-180  1,200-5,000 120400 16-40 3,000-10,000 80-420
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The dataset includes 453 implements for orchard crop protection and vineyards, 19
of which are tunnel machines. The designed and homogenised dataset for orchards is
constituted by 143 mounted, 5 semi-mounted, and 305 trailed implements. The
remaining 276 sprayers in the dataset are intended for field crop protection and are
available in all possible varieties (35 self-propelled, 156 mounted, 8 semi-mounted, 77
trailed). Available data represent a clear figure of the present plant protection machine
market and allow to produce comparisons and models for different groups of commercial
sprayers.

Data analysis

This study investigates the correlation between functional parameters of
commercial sprayers and their influence on the performance of the machines and price.
To this purpose, data were classified into four main groups according to the type of
machine (mistblowers, tunnel sprayers, self-propelled field sprayers, mounted/trailed
field sprayers) and analysed separately. Main parameters were investigated: power,
working width, weight, tank capacity, pump flow rate, price.

Statistical analyses were applied in order to design models describing the
relationship between technical characteristics of sprayers. The relevance of the models
was quantified by means of correlation studies and dependences modelled according to
linear (1) and multiple linear (2) characteristic equations:

y=m-X+q 1)

y:Zmi'Xi"‘q (2)

where x — and y — represent respectively independent and dependent variables; m; — is
the slope (or linear coefficient) related to the i-th independent variables; g - is the
intercept between y and x variables.

For model development and analysis, Microsoft Excel program and tools were
used. Excel spreadsheet was implemented to analyse data, to create the correlation
matrices between abovementioned six parameters, and to carry out and interpret
regression analysis. On the first step, simple linear regression was applied in order to
understand correlations and dependencies between selected variables. Data are reported
in simplified tables in terms of Pearson correlation coefficient r, slope m and intercept g
of the linear models. As a second step, one of the methods of multiple linear regression
(specifically stepwise regression analysis) was applied for estimating the relationships
between the dependent and independent variables as an alternative to linear regression.
Multiple linear equations are more complex and their implementation might be more
difficult in simulated scenarios where optimization or definition of break even points are
needed, however, they can be useful whenever a deeper description is needed for
different parameters. The applied stepwise regression analysis allows to identify and
avoid misleading regression of variables and overfitting of data. The regression model
explains the relationship between response and explanatory variables. In our study case,
the response variables were represented by power, weight and price; explanatory
variables converged time by time to tank capacity, working width, weight, power and
pump flow rate. Price was not included between independent variables, being itself a
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function of machines performances. Multiple linear regression output was evaluated in
terms of adjusted multiple coefficient of determination (adjusted R?).

RESULTS AND DISCUSSION

Linear modelling

Mistblowers

For the group of orchard sprayers, a linear regression analysis performed
comparatively high Pearson coefficients in particular between weight and tank capacity
(r = 0.88) and also between price and weight (r = 0.82), as reported in Table 2. Slightly
lower correlation was also found between price and tank capacity (r = 0.67), as well as
between price and pump flow (r = 0.55).

Table 2. Correlation matrix of Pearson coefficient for functional parameters of orchard atomizers

Required Tank _ Pump Weight, Price VAT
power, capacity, flow, K excluded,
r kw L L min?! g €
Required power 1
Tank capacity 0.458 1
Pump flow 0.467 0.41 1
Weight 0.448 0.884 0.465 1
Price VAT excl. 0.427 0.672 0.558 0.818 1

As a result of the linear regression, linear coefficient and intercept were estimated
for all of the variables combinations. Results are summarized in Table 3. It can be noticed
how a power supply of about 9.5 kW is needed for each additional cubic meter of tank
capacity, while for the same volume, a weight of about 0.34 tonnes has to be taken into
account. With regard to needed investment, a starting price of at least 4.7 k€ has to be
considered, increasing by 4.8 k€ for each cubic meter of tank capacity.

Table 3. Linear coefficient and intercept matrix for functional parameters of orchard atomizers

Required Tank Pump . Price
power, capacity, flow, Weight, VAT excl.,
Kw L L min‘t g €
m  Required power 0.0095 0.209 0.024 0.0012
Tank capacity 22.04 8.819 2.275 0.094
Pump flow 1.046 0.019 0.056 0.0036
Weight 8.367 0.343 3.884 0.044
Price VAT excl. 147.1 4.812 85.91 15.08
q Required power 30.46 16.79 28.25 28.53
Tank capacity 208.3 88.84 -102.8 164.4
Pump flow 73.19 94.91 86.39 79.51
Weight 191.1 152.4 83.49 85.96
Price VAT excl. 4,082 4,764 142.8 2,061
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Tunnel machines

Linear regression analysis on orchard tunnel implements gave lower evidence of a
high correlation with respect to other implements analysed here (Table 4). This is most
probably ascribable to the reduced number of models available in the market and a
progress stage still under development. However, a relatively high Pearson coefficient
was found between weight and tank capacity (r = 0.88) and also between price and tank
capacity (r = 0.70). Slightly lower correlations were also found between pump flow and
power needed by the machine to operate in standard conditions (r =0.54), and also
between price and weight (r = 0.55).

Table 4. Correlation matrix of Pearson coefficient for functional parameters of orchard tunnel
sprayers

Required Tank Pump . Price VAT
. Weight,
power, capacity, flow, K excluded,
r kw L L min?! g €
Required power 1
Tank capacity 0.492 1
Pump flow 0.538 0.309 1
Weight 0.323 0.884 0.234 1
Price VAT excl. 0.367 0.703 0.114 0.547 1

Estimated linear coefficients and intercepts are summarized in Table 5. It can be
noticed how a power supply of about 8.4 kW is needed for each additional cubic meter
of tank capacity, while for the same volume, a weight of about 0.7 tonnes has to be taken
into account. With regard to the price, a starting investment of at least 27 k€ has to be
considered, increasing by 13.6 k€ for each cubic meter of tank capacity.

Table 5. Linear coefficient and intercept matrix for functional parameters of orchard tunnel
sprayers

Required Tank Pump . Price
power, capacity, flow, \I:Velght, VAT excl.,
KW L L min't g €
m  Required power 0.0084 0.171 0.007 0.0003
Tank capacity 28.65 5.731 1.130 0.0363
Pump flow 1.694 0.017 0.016 0.0003
Weight 14.73 0.691 3.385 0.0221
Price VAT excl. 414.6 13.62 40.99 13.55
q Required power 8.11 -5.370 6.132 4.301
Tank capacity 714.4 444.3 -745.5 -351.2
Pump flow 108.7 119.5 111.8 126.3
Weight 1,490 901.7 1,290 791.2
Price VAT excl. 36,309 2,7030 38,290 20,120

Field sprayers (trailed/mounted)

Relatively higher correlations between the considered parameters have been
recognised after linear analysis in the case of trailed and mounted implements. As can
be seen from the Table 6, there high correlations arise between weight and tank capacity
(r =0.95), price and weight (r = 0.91), working width and pump flow (r = 0.87); slightly
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lower values can be recognised between price and working width (r = 0.85), price and
tank capacity (r = 0.83), weight and pump flow (r = 0.83), weight and working width
(r = 0.83), working width and tank capacity (r = 0.82), pump flow and tank capacity
(r = 0.82). The robustness of these results is supported by the numerosity of the related
starting data set.

Table 6. Correlation matrix of Pearson coefficient for functional parameters of trailed/mounted
field sprayers

Required Tank Pump Working Weight Price VAT
power, capacity,  flow, width, K ’ excluded,
r kw L L min'! m g €
Required power 1
Tank capacity 0.505 1
Pump flow 0.543 0.822 1
Working width 0.569 0.822 0.870 1
Weight 0.480 0.948 0.833 0.833 1
Price VAT excl. 0.579 0.830 0.791 0.854 0.910 1

Estimated linear coefficients and intercepts are reported in the Table 7. With regard
to the weight, about 0.94 t is needed for each additional cubic meter of tank capacity, or
0.15 t for each additional meter in working width. With regard to the price, a starting
investment of about 1.2 k€ is needed, increasing by 21.2 € per kilogram. Alternatively,
the price can be expressed also through the tank dimension, with about 18 € per litre of
capacity. For working width L larger than 9 m, the price Pr can be expressed also as
Pr=3,671"L-29,552.

Table 7. Linear coefficient and intercept matrix for functional parameters of trailed/mounted
field sprayers

Required Tank Pump Working Weight Price
power, capacity, flow, width, K ’ VAT
kw L L mint m g excl., €
m Required power 0.012 0.159 2.486 0.010 0.0006
Tank capacity 21.88 10.01 152.8 0.951 0.038
Pump flow 1.850 0.067 12.11 0.066 0.003
Working width 0.130 0.004 0.062 0.004 0.0002
Weight 22.29 0.945 10.56 154.2 0.039
Price VAT excl.  589.3 18.03 209.4 3,671 21.17
q Required power 34.83 24.06 14.06 40.51 37.84
Tank capacity 356.5 -308.2 -840.5 374.7 551.1
Pump flow 80.41 79.37 -4,690 99.24 106.2
Working width 8.977 8.904 4181 10.21 10.23
Weight 54.70 -235.2 -687.7 -1,145 156.0

Price VAT excl. -4,935 -2,115 -12,839 -29,552 1,207

Self-propelled

In comparison with above mentioned three groups, for self-propelled sprayers, the
high correlation is mainly associated with the power of the machines (Table 8). High
Pearson coefficients were found between tank capacity and power (r = 0.93), price and
weight (r = 0.85), as well as between weight and power (r = 0.83) or weight and tank
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capacity (r = 0.83). Slightly lower correlations performed between price and working
width (r =0.79), working width and tank capacity (r = 0.75), price and tank capacity
(r = 0.75) or weight and working width (r = 0.75).

Table 8. Correlation matrix of Pearson coefficient for functional parameters of self-propelled
field sprayers

Nominal Tank Pump Working Weight Price VAT
power, capacity,  flow, width, K " excluded,
r kW L L min?! m g €
Required power 1
Tank capacity 0.932 1
Pump flow 0.412 0.382 1
Working width 0.733 0.750 0.208 1
Weight 0.834 0.835 0.508 0.747 1
Price VAT excl. 0.728 0.748 0.206 0.790 0.853 1

Estimated linear coefficients and intercepts are summarized in Table 9. Self-
propelled machines exhibit a nominal which is typically higher than 42 kW and increases
by 26 W per litre of tank capacity. The weight M ranges between 4t and 10t, and is
about 54.5 kg per kilowatt of nominal engine power; related price can be expressed as
Pr=37.6 - M -60,020.

Table 9. Linear coefficient and intercept matrix for functional parameters of self-propelled field
sprayers

Nominal  Tank Pump Working  Weight,  Price
power, capacity, flow, width, kg VAT
kw L L mint m excl., €
m  Nominal power 0.026 0.258 4.951 0.013 0.0002
Tank capacity 33.05 8.457 179.8 0.453 0.009
Pump flow 0.660 0.017 2.255 0.012 0.0001
Working width 0.108 0.003 0.019 0.002 0.00004
Weight 54.55 1.539 20.73 330.2 0.019
Price VAT excl. 2,095 60.75 369.5 15379 37.55
q Nominal power 42.58 52.20 8.803 37.37 74.47
Tank capacity -1,003 729.7 -1,085 21.98 1,291
Pump flow 194.9 223.2 224.1 192.4 254.1
Working width 9,725 13.49 17.77 11.71 15.26
Weight 6,705 2,005 997.7 -900.1 2,994

Price VAT excl.  -65,548 6,189 90,337 -162,680 -60,020

Multiple linear modelling

In the simulation of different scenarios for optimization of agricultural machinery
management (Boscaro et al., 2015; Pezzuolo et al., 2014), some variables play a
particularly important role.
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The needed power is relevant to understand the suitability in relation to the
available tractors fleet and other available agricultural machinery. Also needed or
nominal power have a major influence on fuel consumption, which is eventually
determining the environmental impact in terms of gas emissions. Carbon footprint
related to implemented machinery has to take into account also the mass of the machines,
which is indeed another relevant characteristic. The latter is additionally important to
foresee and possibly prevent soil stress, which is of major concern in the case of tank
equipped machinery. Finally, the price is needed in many applications (Sopegno, 2016),
where optimization of costs is needed to schedule most profitable management
conditions. Thus, power, weight and price underwent multiple linear modelling. The
table below (Table 10) reports the results of stepwise regression analyses, considering
power, weight and price as response variables. In some cases, the relevant correlations
revealed after the linear regression were sufficiently high to properly describe model
equations, as was in the case of power for tunnel, self-propelled and field sprayer
machines and in the case of weight and price for tunnel machines. The most frequent
independent variables are tank capacity and pump flow, which appear in over 50% of
the equations; in the case of the price, a relevant influence is determined by the weight
of the sprayers, while the working width can be relevant for field and self-propelled
machines. In most of the cases the models demonstrate reasonably high predictive
ability, in particular in the case of weight and price estimation.

Table 10. Equation models for response variables (power, weight, price) determined by stepwise
regression analyses

Power Adjusted gz Stendard
error
Mistblower P=16.2+C-0.007 +N-0.15 0.300 11.8
Tunnel P=-537+N-0.17 0.248 10.7
Field sprayer P=14+L-2.49 0.320 19.9
Self-propelled P =4258 + C - 0.026 0.864 12.4
Weight Adjusted Rz Standard
error
Mistblower M=547+C-0.32+N"-1.03 0.792 120
Tunnel M =901.7 +C - 0.69 0.768 271
Field sprayer M=-493+C-0.77+N 1.4+ L -29.47 0.918 294
Self-propelled M =-11.23+C-1.382 + N -9.03 0.722 1,156
Price Adjusted Rz Standard
error
Mistblower Pr=-1121-C-165+N-349+M~-16.9 0.718 2,586
Tunnel Pr=27030+C - 136 0.465 10,200
Field sprayer Pr=-13407 +P-217-C-6+L-895+M-20.1 0.850 9,127
Self-propelled Pr=-31142 — N - 446.9 + L - 4877 + M - 34.87 0.806 42,600

where C — tank capacity, L; M — weight, kg; P — power, kW; N — pump flow, L min; L — working width, m;
Pr — estimated price for different groups of machines, €.

Proposed equation models can constitute a reference for practical implementation
of simplified forecasting and optimization approaches. Specifically, an application of the
proposed price models is now ongoing in connection with estimation of costs connected
with agricultural machinery. The models are being used by some regional Italian

612



authorities to estimate supports for investments in modernization of agricultural fleets,
in connection with the European Rural Development Programmes 2014-2020 (Zarco-
Tejada et al., 2014).

CONCLUSIONS

One of the most important and at the same time vulnerable aspects of agricultural
fleet management organization is the decision-making process, due to the wide range of
machinery types and performances. The current study was carried out in order to
investigate the correlation between functional parameters of commercial sprayers and
their influence on the performance and price of the machines. Based on the output of two
approaches (linear and multiple linear regression) it can be noted that the examined
parameters revealed especially in some cases relevant correlations, which enable to
model the most relevant characteristics of sprayers and the corresponding prices based
on weight, power and tank capacity as explanatory variables.

Based on the proposed analysis, it can be highlighted how power has relevant
influence only in the case of self-propelled machines where it highly correlates with tank
capacity, weight and price. For other implements, power plays only a secondary role:
this is mainly ascribable to the fact that needed power is not easily measured but is just
estimated by manufacturers. Conversely, the weight has a rather relevant influence and
is clearly correlated with tank capacity, in a different way according to the type of the
studied machines. For the price, which is a target parameter for our study, all the
considered parameters have quite an essential influence depending on the type of
sprayer. From the Pearson correlation coefficient it can also be noticed some expected
high correlation between weight and tank capacity, which eventually play a key role and
impact on the price formation and on the performance of the machines.

The applied stepwise regression analysis proposed as an alternative option to linear
regression, show a slight increase in correlations (quantified through adjusted R?) thus
providing more detailed prediction models. The developed multiple linear models are
comparatively more complex (mostly not linear), however are intended for deep analyses
and more accurate forecasting of required variables. In both cases the equation models
resulting from the study can be implemented by agricultural machinery and farm
management applications, programs or software as an initial reference for optimization
of simulated scenarios.
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