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Introduction

Triticale as a new type of small grain was created by crossbreeding wheat and rye. The
first triticale hybrids are thought to have originated in Scotland in 1875 (Stallknecht et
al., 1996). The same authors point out that the first genotypes obtained by crossing wheat
and rye were sterile, while the first fertile ones originated in Germany in 1888. The name
triticale was first mentioned in literature in 1935 in Germany.

1 Violeta Babi¢, Ph.D, Assistant Professor, University of Ni§, Faculty of Agriculture,
Kosancic¢eva 4, 37000 Krusevac, Serbia. Phone: +381 60 645 45 45, E-mail: babic.violeta@
ni.ac.rs, ORCID ID (https://orcid.org/0000-0001-9536-973X)

Faculty of Agriculture, Kosanci¢eva 4, 37000 Krusevac, Serbia. Phone: +381 65 229 32 55,
E-mail: verarajicic74@gmail.com, ORCID ID (https://orcid.org/0000-0002-4468-7073)

3 Nenad Duri¢, Ph.D, Senior Research Fellow, Associate Professor, Institute for vegetable
crops, Karadordeva 71, 11420 Smederevska Palanka, Serbia. Phone: +381 62 803 53 60,
E-mail: nenad.djuric@outlook.com, ORCID ID (https://orcid.org/0000-0001-5048-454X)

http://ea.bg.ac.rs 1089



Economics of Agriculture, Year 68, No. 4, 2021, (pp. 1089-1107), Belgrade

Triticale presents a plant hybrid species, a new botanical genus in the family Poaceae,
created by a man, with a tendency to combine the positive characteristics of wheat and
rye. Progress in the selection and breeding of winter triticale depends on the available
genetic variability, the manner of incorporation of desirable genes into superior genotypes,
as well as the efficiency of selected (chosen) genotypes, lines (Ivanova and Tsenov, 2014;
Milovanovi¢ et al., 2014; Duri¢ et al., 2015; Derejko et al., 2020).

Triticale as a new very successful type of small grain, which in the previous decades
has deserved more and more attention, is becoming more and more represented and
important, both among our producers and in the world. Nowadays, thanks to the
intensive breeding program, especially in the Center for Small Grains in Kragujevac,
there are new domestic commercial brands on the brand lists. They are characterized
by a whole range of good agronomic traits, which contribute to this species becoming
more attractive and occupy larger areas (Milovanovi¢ et al., 2014; Terzic¢ et al., 2018;

winter and spring triticale were created in Kragujevac (1980 and 1987), and this is the
result of the fact that intergenus hybridization in the Center for Small Grains has been
intensively worked on since 1960. They are characterized by a whole range of good
agronomic qualities, which contribute to this species becoming more attractive and
occupy larger areas. Milovanovic et al. (2007a), point out that the triticale is grown
worldwide on areas over 4 million hectares. Areas under this brand are constantly
increasing, so they have tripled in the past ten years. The largest areas under triticale are
in Poland, Germany, Russia, the USA, China, France and Hungary. In these countries,
the sown areas reached 100.000 to 700.000 ha (Benbelkacem, 2002). In Serbia, triticale
is grown on 19.482 ha (mainly winter varieties) with an average yield of 4.14 t/ha,
with an increasing trend of areas, so that it entered the ranks of important field plants
(Rajici¢ et al., 2020a). Triticale is a relatively new plant species in our area, and it
has only been intensively cultivated for about 20 years. In Central and Southeastern
Europe, it is grown mostly in Poland (up to one million ha), and it occupies significant
areas in Hungary and Ukraine. Although production has also started in Romania, which
has significant areas under small grains, satisfactory results have not been achieved
because winter wheat still has an advantage (Saulescu et al., 1998). Today in the world,
based on data from the FAO organization in 2019, triticale is grown annually on an area
of 3.808 mill. ha with an average grain yield of 3.69 t/ha. In 2019, triticale while in
the Republic of Serbia it is grown on an area of 25.725 ha, with a slightly higher grain
yields of 3.97 t/ha (FAO, 2021).

The significance of triticale and its prevalence

The newer brands of triticale generally reached the leading wheat sorts in terms of grain
yield, while they surpassed rye, barley and oats cultivars (Milovanovi¢ et al., 2014). As
a species, it showed high adaptability in our environmental and soil conditions, which
caused the obtaining of stable yields. It showed high tolerance to acid soils, as well
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advantage in terms of drought tolerance. It can be said that it inherited from his parental
species a very good to excellent tolerance to the most important pathogens and pests
of small grains.

Early ripening, resistance to lodging and drought, lower stems, high and stable grain
yield are some of the characteristics of KG varieties of triticale transferred from wheat,
as a second parent (Milovanovi¢ et al., 2006). Today, triticale is mostly used as a
granular nutrient in the diet of monogastric animals, especially in the diet of pigs and
poultry while in recent times it is increasingly used for silage (Djekic et al., 2011; Deki¢
etal., 2012a; b).

Experiments in different countries have shown that triticale grain, if not contaminated
with carob or fusarium, has similar nutritional values to wheat, and is superior to barley
(Milovanovi¢ et al., 2014). The same authors also state that the high sugar content in
the green mass of triticale provides a high nutritional value of the crop, and the large
production of biomass allows it to be used as a fodder plant and replace other traditional
crops such as rye and oats. In the United States, autumn and spring triticale crops are
used to graze livestock. Mowing winter triticale in the spring before the outbreak of the
first knee enables obtaining additional fodder, and it even has a favorable effect on the
crop, since it reduces the danger of lodging (Pekic¢ et al., 2018b). High and late brands
are used for green mass. The yields of the green mass reach 20 to 60 t/ha. It can be
used as hay, ground hay or for preparing silage. The potential of triticale, grown under
optimal conditions, in terms of yield is close to the potential of wheat and is much
higher than the potential of wheat under unfavorable growing conditions (Milovanovi¢
etal., 2011).

Triticale as a new plant species is quite tolerant to later sowing dates. Increasing the
sowing norm without grounds contributes to the reduction of vegetation space, greater
competition between plants for food and water. As a consequence of this condition, the
size of the ears decreases, the number of grains per class and the physical indicators of
grain quality decrease (weight of 1000 grains and volume weight). The current assortment
of triticale is resistant to low temperatures, and the causes of the deterioration of certain
surfaces are often shallow sowing, lack of rolling and late sowing dates (Ivanova and
Tsenov, 2014; Kendal et al., 2016; Lalevic and Biberdzic, 2016; Bielski, and Falkowski,
2017; Madi¢ et al., 2018; Derejko et al., 2020). Only tolerant triticale genotypes with
optimal plant composition and well-developed roots can withstand air and soil drought
(Djekic et al., 2011; Kirchev and Georgieva, 2017; Bielski et al., 2020).

Production properties and quality of triticale

Grain yield per unit area is one of the most important factors influencing the profitability
and economy of production. Grain yield, 1000 grain mass and hectolitre mass are
complex quantitative properties conditioned by the action of a large number of genes
under the strong influence of the external environment.
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According to Milovanovi¢ et al. (2014), the mass of 1000 grains in triticale ranges from
40-65 g, while the bulk density ranges from 65 to 75 kg. Milovanovi¢ et al. (2006),
examining the winter variety of triticale Favorit, in a three-year period (1998-2000), point
out that the average weight of 1000 grains was 44.1 g. The same authors noticed that
Favorit achieved a significantly higher average grain yield (7.21 t/ha) compared to the
standard variety Kg 20 (6.45 t/ha), ie 760 kg/ha more. Such a high yield is accompanied
by good technological properties of the grain, especially hectolitre mass, mass of 1000
grains, protein content and the number of falls according to Hagberg.

Perisi¢ et al. (2008), studied the winter triticale variety General. Compared to the older
varieties, which are widespread in production, the General variety is characterized by a
higher and more stable grain yield. In a two-year period, the General variety achieved
a statistical and highly important greater grain yield (6.78 t/ha) compared to the Kg 20
standard (5.77 t/ha). The protein content in the grain of the General variety averaged 14.6%.
Milovanovi¢ et al. (2007a), state that the new variety of winter triticale Knjaz is lower in
comparison with the standard (Kg 20) by 11 cm and that it is more resistant to lodging. In
addition, the Knjaz variety is 3.4 days earlier than the standard. All this makes the variety
Knjaz so far the lowest recognized, the earliest and the most resistant to lodging genotype
in our country and more broadly. In addition, the Knjaz variety is characterized by high
resistance to the causes of stem rust and powdery mildew, which is a general characteristic
of triticale. It is slightly shrunken and medium-sized grain with a mass of 1000 grains of
about 36 g. More than 93% of Knjaz grains belong to large fractions (above 2.5 mm).
In terms of grain yield, it also surpassed the Kg 20 variety, but the differences were not
statistically justified. It is a very fertile variety with wide yield adaptability. It achieved the
highest yield in Zajecar (8.36 t/ha) in the experiments of the Commission, but it showed the
genetic potential for grain yield in the experiments in Kragujevac and in the field, around 11
t/ha. The coefficient of variation for yield was lower in the variety Knjaz in relation to the
standard, indicating better stability of the yield of this new variety. Based on all this, Knjaz
variety was recognized by the Variety Commission in 1996.

Milovanovi¢ et al. (2009a), studying the winter variety of triticale Zarko, point out
another in a series of Kragujevac varieties of winter triticale with excellent agronomic,
physiological and technological characteristics. Thanks to a good genetic basis,
favorable climate conditions and their interaction, the variety Zarko achieved a
significantly higher grain yield of 8.36 t/ha, which is 783 kg/ha more than the standard
variety Kg 20 (7.57 t/ha). Observing the localities and years, the variety Zarko achieved
the highest grain yield of 9.97 t/ha in the 2004/2005 in Sremska Mitrovica. The weight
of 1000 grains is about 36 g, and the bulk density is about 82 kg, which is more than
the standard. The same authors point out that this variety has a high value of usage, ie it
can be used for haylage and silage, or for feeding livestock in the form of concentrated
nutrients. In the human diet, it can be used to produce rye-type bread.

beki¢ (2010) they studied three winter hexaploid varieties of triticale of Kragujevac
(Kg 20, Favorit and Trijumf). The best indicator of yield and grain quality in class
width, number of grains per class, grain weight, grain yield per plant and grain weight
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per class was achieved by the examined variety Favorit, and in plant height and class
length by the Triumph variety. The standard variety (Kg 20) had the highest number of
spikes in the class. The analysis of the obtained data revealed a significant dependence
of the examined components of grain quality on the genotype. It was found that there
were very significant differences in plant height, spike width and number of grains
per spike between the tested triticale cultivars (P<0.01). The determined difference in
significance between the examined triticale cultivars was important for the length of
classes and grain weight per plant. No significant differences in grain weight, number
of spikelets per spike and grain yield per plant were found between the examined
triticale varieties.

During the two-year study, Dekic et al. (2014a), they camo to conclusion that the highest
grain yield was achieved by the variety Trijumf (5.01 t/ha). The highest two-year mean
value of 1000 grains was achieved by the Favorit variety (44.02 g), and the smallest
by the variety Kg 20 (41.10 g). The average two-year value of hectolitre mass was the
highest in the varieties Favorit and Trijumf and its walue was 65.47 kg/hl. The analysis of
variance statistically determined very significant and important differences for grain yield
and weight of 1000 grains between the examined years, ie environmental factors. The
interaction of the examined factors (year x genotype) had a statistically very significant
influence on the yield and a significant influence on the mass of 1000 grains, which
indicated that the examined factors mutually had reinforced their effect.

During one decade of winter triticale breeding, two varieties (PKB Vozd and PKB
Kardinal) of good agronomic and technological properties were created at the PKB
Agroekonomik Institute (Puri¢ et al., 2011; 2015). The variety PKB Kardinal achieved
a completely satisfactory yield of an average of 8.0 t/ha of grain in all localities and
in different years from the aspect of climate, and can be recommended for the current
assortment of triticale in the Republic of Serbia.

The results of three years of research on four different varieties of triticale in the
Center for Small Grains in Kragujevac, Peki¢ et al. (2014b) indicate that all examined
varieties showed a high degree of adaptability in grain yield, weight of 1000 grains
and hectolitre weight, which suggested that as such they can be of great importance
in large-scale production of triticale in agricultural conditions of Serbia. During the
three-year trial, the highest grain yield was achieved by the KG Tempo and Trijumf
variety (5.38 t/ha and 5.31 t/ha). The highest three-year average value of 1000 grains
was achieved by the KG Tempo variety (45.03 g), and the smallest by the Kg 20 variety
(42.11 g). The average three-year value of hectolitre mass was the highest in the variety
KG Tempo and its walue was 66.56 kg/hl. Analysis of variance revealed statistically
very highly significant and very important differences for grain yield and weight of
1000 grains between the examined years, while the interaction of the examined factors
was statistically very highly significant for yield and weight of 1000 grains, indicating
that the examined factors mutually reinforced their effect.
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Lalevi¢ et al. (2012), showed a significant variation in grain yield and its quality
depending on the genotype, years and the dose of fertilization. In both years of testing,
the winter triticale variety Kg 20 achieved a significantly higher grain yield (5.99 t/ha)
compared to the other tested variety, Favorit (5.16 t/ha). Differences in yield between the
tested fertilization variants were statistically justified, the amount of 80 kg/ha of nitrogen,
both as optimal and as the most profitable for use in large-scale production. Due to the
poor filling of triticale grains, one of the disadvantages of this culture was the small
hectoliter mass, which prevented the full realization of the genetic potential for the yield.
On average, the hectoliter mass was significantly much higher in 2015 (83.81 kg/hl)
compared to 2014 (69.03 kg/hl). Terzic et al. (2018) examined the studies with a higher
nitrogen dose of 120 kg/ha on yield and yield parameters. They found that the hectoliter
mass during the three-year study varied from 68.21 kg/hl in the control variant to 69.89
kg/hl in the fertilized variant with 120 kg/ha of nitrogen, 100 kg/ha of phosphorus and
60 kg/ha of potassium. Biberdzic et al. (2012), point out that the production of triticale
on acid soils is most economically organized with the use of a combination of NPK, lime
and organic fertilizers, as well as the use of NPK fertilizers with an increased dose of
phosphorus. The most frequently applied quantities of nitrogen in Serbia ranged from 80
to 120 kg/ha depending on the agrochemical properties of the soil (Biberdzi¢ et al., 2017;
Pekic et al., 2018; Lalevic¢ et al., 2019).

According to the literature, there are significant variations in terms of chemical
composition and nutritional properties of triticale, which is a consequence of the
existence of a large number of genotypes with very different properties. In terms of
technological quality of grain, triticale still falls behind wheat for human nutrition
(lower content and poorer quality of gluten), so it is mostly used for domestic animal
nutrition (PeriSi¢ et al., 2019). As triticale grain has a high protein content (2-3%
more than wheat) and a very favorable amino acid composition, it is very suitable as
a nutrient (Deki¢, 2010). Changes in protein and grain mass in some cereals depend
on the location of the grain in the class. Milovanovi¢ et al. (2007a), describing the
variety of triticale Knjaz of Kragujevac, they have point out that its average content of
crude protein in cm was 14.1%, which was 1.2% more than the standard (Kg 20). The
protein content in the grain of Kragujevac varieties usually varies in the range of 14 to
17% (Milovanovic et al., 2007b). The same authors have pointed out that the Kg Rubin
variety has an average mineral content of 1.82% in the grain.

Perisic¢ et al. (2008), compared to the older varieties of triticale, the General variety is
characterized by a higher and more stable yield. In a two-year period, the General variety
achieved a statistically highly significant and higher grain yield (6.78 t/ha) compared
to the standard of Kg 20 (5.77 t/ha). The authors concluded that the General variety
has been an excellent component of feed mixtures and can partially or completely
replace other nutrients (corn, barley, oats). According to the data collected during the
test, the protein content of the tested varieties of triticale Kg 20 and Triumph varied in
the range from 11.36 to 14.12% cm. The Triticale Triumph variety had a higher average
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protein content than the Kg 20 variety (12.90 and 12.24% cm in the same order). Based
on that fact, the grain of the 7riumph variety can be said to have a relatively high protein
content (12.90% cm) of high nutritional value and can be characterized by good physical
and chemical properties (Peki¢, 2010). Triticale has a relatively high content of proteins,
which are important for the biological value and technological quality of products intended
for both human and domestic animal nutrition (Deki¢ et al., 2014a). There are significant
variations in terms of chemical composition and nutritional properties of triticale, which is
a consequence of the existence of a large number of hybrids with very different properties
(bekic, 2010).

The obtained results from the research of Djekic et al. (2011) confirm that newer varieties
and lines of winter triticale have lower protein content in the grain compared to the standard
(KG 20), except for Favorit, Vojvoda, Tr 102/6, Tr 71/5-2 and Tr 110/3-2. Compared to
wheat (Pobeda), they have lower protein content in the grain, except for the Favorit
variety (13.87% sm). The difference between the significance of the average values
of grain protein content of the examined cultivars and triticale lines with the standard
cultivar KG 20 was not significant (P>0.05). The values of protein content in this research
period are significantly lower than the values from previous studies (Milovanovic et al.,
2009b, 2011), which is a result of year conditions and tendencies to decrease protein
content in triticale due to continuous selection pressure to increase yields and grain bulk
improvements. Djekic et al. (2011) found that the protein content ranged from 13,074 to
14,694% DM. They found that there were no statistically significant differences in the
average values of protein content between the examined varieties of spring triticale and
promising genotypes in relation to the standard variety Vojvoda. The average protein
content of the cultivar Knjaz (14.694%) shows a statistically significant difference in
relation to the cultivar Vojvoda. All this indicates that the genotypes of spring triticale
have a higher protein content compared to winter.

Examining the chemical properties of grains of two Canadian winter varieties of
triticale Pika and Bobcat, Salmon et al. (2002), observed that the Pika variety had a
higher protein content of 13.1% than the Bobcat variety (12.9% sm), while the higher
fat content (1.78% sm) and starch content (55.36% sm) had the Bobcat variety.

The content of protein and mineral substances are correlated, which means that an
increase in the content of protein in the grain probably increases the content of minerals
in it (Djekic et al., 2011). The nutritional value of protein depends on the content of
essential amino acids (Peri$i¢ et al., 2019).

Application of triticale in poultry nutrition

Triticale is mostly used as animal feed. Numerous studies indicate that triticale successfully
replaces a part of corn, wheat or barley in animal feed without negative consequences on
the effect of domestic animals (Pekic¢, 2010). Triticale is a suitable nutrient for all types of
animals because it is a high source of energy. Triticale is already widely used to feed poultry
(broilers) worldwide (Johnson and Eason, 2006; De Brum et al., 2000). The nutritional
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value of triticale on the production traits of heavy line hybrids (food consumption, body
weight at the beginning and end of the trial period, mortality and food conversion) has been
studied by a large number of researchers (Hermes and Johanson, 2004), while there were
no similar researches in our country.

Camiruaga et al. (2001) examined the production characteristics of broiler chickens that
were fed with a mixture based on corn or triticale. The experiment was conducted on
broilers of the heavy line hybrid Hubbard. The diet was based on corn or triticale (D1 and
D2) which were used in different concentrations. Two hundred and forty-day-old broiler
chickens up to 28 days of age were fed with 8 different treatments (T1-T8). Treatments
with odd numbers are composed on the basis of corn and treatments with even numbers on
the basis of triticale. T1 and T2 had no added enzymes, T3 and T4 were with the addition
of cellulose, protease and phytase; TS and T6 with B-glucanase and phytase, and T7 and
T8 received phytase only. At the end of the experiment, two chickens from each group
were slaughtered to determine slaughter values. T6 group chickens had the highest body
weight. The chickens of the T7 group had significantly positive differences in relation to
T1, which indicates the influence of phytase in the corn grain. They found that slaughter
yields ready for roasting ranged from 75 to 77%, with the T6 group chickens having the
highest yield. Korver et al. (2004) show that triticale has great potential as a feed material
for chickens, as it could replace wheat in broiler fattening mixtures, which would further
reduce the cost of food production by about 5%. The authors concluded that by replacing
wheat with triticale in the broiler fattening mixture, there are no significant changes in the
production and slaughter characteristics of chickens, that the body weight of chickens fed
with triticale, as well as mortality and food consumption do not differ significantly from the
same characteristics in chickens which are fed with wheat.

The research was conducted to determine the best level of replacement of corn with
triticale in broiler fattening mixtures. De Brum et al. (2000) examined 1,560 one-day-
old chicks, male and female, which were used in the study from 1 to 42 days of age.
The experiment was performed according to a randomized block system with five
treatments: 0, 25, 50, 75% replacement of corn with triticale, and the fifth treatment
contains mainly triticale and soy flour. At the end of the experiment, 12 chickens, six
male and six female chickens were slaughtered. In the first phase of the experiment,
there were significant differences between the sexes for all examined treatments in food
consumption and conversion. Male chickens performed better than females.

Barneveld and Cooper (2002) examined six varieties of triticale in broiler feed mixtures.
The total food consumption for one kilogram of chicken body weight varied from 1.75
to 2.24 kg. They point out that the grain of triticale had a higher content of protein, lysine
and methionine, while the digestibility was the same as that of grain of wheat and corn.
Shakouri and Kermanshahi (2003) examined seven varieties of wheat and a variety of
triticale in the preparation of mixtures for broiler fattening. 3 groups of chickens were
examined, the first, which was fed with 60% corn in the mixture, the second with 60%
wheat and the third with 60% triticale in the mixture for broiler fattening. The content
of total proteins in wheat grain ranged from 9.19 to 13.68%, and in triticale 13.15%.
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Consumption of food in the first group of chickens in the period from 1-14 days ranged
from 416-438 g, in the second group 406-427 g and in the third 427-430 g. Feed conversion
in the examined chickens in the same period of age was 1.65-1.69 g/g (1), 1.62-1.80 g/g
(II) and 1.73-1.89 g/g in the third groups. In order to investigate the effects of corn, wheat
and triticale on the performance and digestive characteristics of broiler chickens Shakouri
and Kermanshahi (2007), conducted an experiment on 288 roosters up to 57 days of age.
Chickens fed with wheat and triticale had a significantly lower feed conversion. The body
weight of chickens fed with wheat with the addition of enzymes did not differ from the
weight of chickens fed only with corn and triticale. The stomachs of chickens fed with
wheat and triticale were heavier than those of chickens from other treatments.

Comparing triticale and wheat in the diet of broilers Korver et al. (2004), prefer triticale
due to higher average weekly growth of chickens, with the same amount of food intake.
The same authors, examining two groups of chickens: the first group-wheat and the second
group-triticale came to the conclusion that the body weight of chickens fed with triticale
at the end of the experimental period was 2.11 kg, while the first group had a body weight
of 2.10 kg. Higher mortality was noticed in the first group of chickens 5.5%. Hermes and
Johanson (2004) claim that triticale in the diet of heavy line hybrids, which participated
in different amounts in the broiler fattening mixture, did not show negative effects on the
production characteristics of chickens. The highest body weight of the tested chickens
was achieved with a 10% share of triticale in broiler fattening mixtures, while a higher
feed conversion was achieved with the formulation with a 15% share of triticale. Sarker
et al. (2006), concluded that the highest body weight at the end of the experimental period
was achieved by chickens fed with the following formulations: W, T  andW_T, . The

40~ 60 60~ 40°
lowest mortality was determined in the formulation W, T , in a mixture without triticale.

A study of 576 male broiler chickens (Cobb 500) witll(l)oaﬁ initial body weight of 41.5 g
that were included in the feeding experiment was performed by Jozefiak et al. (2007). The
study consisted of six treatments in 12 wire floor cages (72 cages) with 8 chickens in each
cage. Throughout the experimental period (1-35 days), chickens were given a mixture
based on triticale-variety Presto, rye-variety Dankowskie Zlote or wheat-variety Cobra,
which were fed with adlibitum starter mixture (1-14 days) and grower mixture (15-35
days). The best results were achieved by chickens fed with triticale. The body weight
of broilers at 35 days of age that were fed with triticale varied from 1.54-1.61 kg, in the
group fed with rye from 0.81-1.14 kg, while the group of chickens fed with wheat had a
weight in the range of 1.49-1.50 kg.

The share of triticale with 65% in the broiler fattening mixture up to 21 days of age was
investigated by Pourreza et al. (2007). The tests were performed on Ross hybrid chickens.
Based on the obtained data, the authors concluded that the body weight of chickens at 21
days of age that were fed with triticale was 477.4 g; food conversion 1.60 kg/kg; daily food
consumption per chicken 34.0 g/hour/day. Three different treatments of broiler diet (T1-
control, T2-triticale and T3-whole grain triticale) in broiler diet were examined by Santos
et al. (2007). At the end of the experimental period, the chickens of the T2 experimental
group fed with ground triticale (2.83 kg) had the highest body weight, and the smallest
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chickens were fed with whole grain of triticale (2.68 kg). Chickens of the third group (1.85
kg/kg) had the highest feed conversion during the experiment, and chickens of the second
group 1.77 kg/kg had the lowest. Santos et al. (2008), tested 2.561 one-day-old Ross 508
hybrid chickens. The experiment consisted of 4 dietary meals with 40 broiler chickens
per group. Dietary treatments were throughout the experimental period (from the 1 to 42
day). From the 1 to the 14 day, the chickens of the experimental group were fed with a
starter mixture with 58.04% triticale (22% protein), from 15 to 28 day grower mixture
with 64.71% triticale (20% protein) and from 29 to 42 they were given a finisher mixture
with 70.97% triticale (18% protein). The first group of chickens was fed with a mixture
with corn, the second with a mixture with whole grain corn, the third with triticale and
the fourth with whole grain triticale in the mixture. The chickens of the first group had the
highest body weight on the 14 and 28 day of age (405.2 g and 1.46 kg), while on the 42nd
day of age the chickens of the third experimental group fed with ground triticale had the
highest body weight (2.87 kg). Chickens of the third group (1.74 kg/kg) had the highest
feed conversion during the experiment.

Triticale is an excellent component for preparing feed mixtures, due to its high content
of amino acids and proteins, and it can partially or completely replace other or more
expensive nutrients. Pekic¢ et al. (2012a) made a comparison between chickens fed
with mixtures containing and chickens fed with mixtures that contained triticale. Based
on the obtained data, the authors concluded that there were statistically significant
differences only in feed conversion in the examined chickens, while there were no
significant differences in body weight, although chickens fed with a mixture of triticale
had a slightly higher body weight at the end of fattening. Examining triticale as a
nutrient in the diet of broiler chickens, Pekic¢ et al. (2012b) found that there are very
significant differences between the average body weight of chickens between K-group
chickens that were fed with standard mixture and O-II group fed with triticale variety
Favorit and O-I chickens fed with triticale variety Kg 20 and O-I groups. This points to
the conclusion that the average body weight of O-II group of chickens before slaughter
on the 42" day of fattening will be in 99% of cases 0.099 kg higher than the K-group
and 0.116 kg higher than the O-I group of chickens.

An important research was conducted by Peki¢ et al. (2014b), who examined the
influence of triticale as a feed on the production and slaughter characteristics of broiler
chickens. The research was conducted on 200 chickens for fattening, two groups, the
first was control group (classic mixture) and the second experimental group (mixture
with triticale Kg 20). In male chickens from the control group, the weight of thigh
(259.717 g) was slightly higher than the weight of thighs of chickens of the same sex
from the experimental group (243.250 g), while female chickens from the experimental
group (237.100 g) had a significantly higher weight of thigh to chickens of the same
sex from the control group (198.273 g), (P<0.01). In addition to weight, it is significant
that the proportion of abdominal fat was lower in the examined groups of chickens
of both sexes that were fed with triticale. The weight of meat of chicken drumsticks
of male, female and both sexes from the experimental group (173.933; 165.917 and
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169.925 g) was higher than the weight of chicken drumstick meat from the control
group (172.400; 159.617 and 166.008 g), but in the samples of meat of the drumsticks
of female chickens, the difference was significant.

bekié et al. (2015) examined how triticale in feed mixtures for broiler fattening affects
the growth, production and slaughter characteristics of broiler chickens. The research was
performed on 400 chickens for fattening, provenance Ross 308. On that occasion, four
groups or treatments were formed, with 100 chickens in each group. The first group was
fed with the classic broiler fattening mixture (starter, grower I, grower Il and finisher) and
served as a control group. Other groups of chickens were fed with mixtures containing
7.5%, 12%, 15% and 18% triticale. So, four groups of broiler chickens were formed,
with 100 broiler chickens in each group, control group fed with a classic mixture for
broiler fattening, B-group (fed with a mixture containing triticale of genotype Kg 20),
C-group (fed with the triticale Favorit) and D-group (fed with the triticale Triumph).
The experiment of feeding the chickens lasted 49 days. During the 49" day, the body
weight of chickens from the experimental C-group fed with the variety of Favorit was
higher by 6.59%, compared to the control group, while the body weight of chickens from
the D-group fed with variety of triticale Triumph, had a higher body weight by 2.02%,
than chickens fed with a mixture without triticale. The best results in the body weight of
chickens before slaughter, weight of chickens ready for roasting and ready for grilling
were achieved by broiler chickens in C-group after 49 days of age.

Given the above results (Djekic et al., 2011; Deki¢, 2010; Pekic et al., 2012b; 2014b),
it can be said that the obtained values related to body weight and weight gain, fit into
the general conclusion, that tririkale added to chicken feed, does not negatively affect
the absorption of nutrients from the experimental mixture. The authors concluded that
triticale can very successfully replace wheat and in broiler feed rations, because the
food needs in the world are increasing, and the areas under wheat are decreasing.

Application of triticale in pig nutrition

Triticale is mostly used as animal feed. Numerous studies indicate that triticale
successfully replaces a portion of corn, wheat, or barley in pig feed mixtures without
negative effects on their performance (Coffey and Gerrits, 2009). The possibility of
using triticale in the diet of pigs was studied by Kovcin and Stanacev (2004). Based
on a review of literature data, they point out that triticale can be included in pig feed
mixtures up to 60% of the total amount of cereals. Further increase of triticale in piglet
mixtures leads to a decrease in growth. Also, the amount of trypsin and chymotrypsin
inhibitors in older varieties of triticale is quite high, which negatively affects the use of
this nutrient in the diet of pigs.

The influence of triticale levels in the diet of chosen piglets was investigated by Erickson
et al. (1979). The authors examined the different participation of triticale in the diet of
chosen piglets in the following quantities: 0, 20, 40, 60, 80 and 100% of total cereals.
Based on the obtained data, they concluded that the increase of triticale in the diet of
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chosen piglets above 60%, leads to a decrease in growth, while food consumption is
higher. However, if synthetic lysine is included in the mix, a further increase in triticale
of up to 100% is possible, stopping the decline in piglet growth, but increasing food
consumption, which is justified by the high proportion of cellulose. Triticale in the initial
stages of fattening pigs has similar nutritional properties as, but in the final stage of
fattening Mayer and Barnett (2008) give preference to. In addition to, triticale is very
successfully replaced by soy flour in pig feed mixtures.

Mayer and Barnett (2008) point out that the content of the amino acid lysine in pig
fattening mixtures is more important than the content of crude protein, because
examining mixtures with and without triticale with the same crude protein content,
found that pigs fed with the mixture which contains triticale have higher growth and
meat yield. Sullivan et al. (2007) examined three groups of piglets that were fed in the
summer and winter months. The first group of pigs was fed with a standard mixture
without the participation of triticale, the second contained 40% triticale and the third
contained 80% triticale. The authors concluded that food consumption in the summer
months was higher compared to the winter months and that the lowest food consumption
per unit of growth was in the group fed with 40% triticale. Studies that were conducted
in Canada using triticale in pig nutrition (Robertson et al., 1999) indicate that and
barley grain can be successfully replaced with triticale grain in pig breeding mixtures
of 25-110 kg.

Economic significance of triticale

The concept of sustainable development of agriculture implies an integrated system of
agriculture, whose basic task is to achieve economic, environmental and social goals,
which are often opposite and contradictory. Agriculture is an activity in which natural
resources and the natural environment are used to implement the principles of sustainable
development, which farmers themselves shape through their activities (Marks-Bielska,
2019). Profitability of modern agricultural systems is not possible without reducing
agricultural inputs. By comparative analysis of input and output, we can assess the
efficiency of technology and the effectiveness of farm management. (Pozubenkova and
Galiullin, 2019). Haliniarz et al. (2018) point out that the analysis of economic effects in
the technology of spring wheat production indicates a clear advantage of lower intensity
technology in relation to more intensive technologies. This is primarily due to high
costsof mineral fertilizer that could not be compensated by the obtained yields. Bielski
and Falkovski (2017) stated that in the production of winter triticale, mineral fertilization
has the largest share and ranges from 30.3 to 61.5% of direct costs. Kadakoglu et al.
(2021), also conclude that mineral fertilization accounts for the largest share of direct
costs. Other authors point out that high production efficiency can be achieved by using
environmentally friendly agricultural methods and processing methods, which are less
harmful to the environment (Bielski, 2014; Marks-Bielska, 2019; Pozubenkova and
Galiullin, 2019). An analysis of two neighboring farms, Kotosovski and Dobek (2016),
found that the application of manure increases the cost of winter triticale production.
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The farm in which slurry was used, achieved a higher yield of winter triticale, which
influenced the realization of a better financial result of the farm. As product quality is a
very important factor, the decision on the choice of production technology must be based
on the characteristics of the quality of manufactured products (Pekic¢ et al., 2014a; Terzi¢
et al., 2018; Rajici¢ et al., 2020a).

In order to demonstrate the competitive advantage of agricultural holdings, products
or technologies, production costs and gross margin are used for comparison (Bielski,
2014). Pozubenkova and Galiullin (2019), point out that it is the production cost of
winter triticale per unit in the 2015 year is 360.8 rubles, in the 2016 year 338.08 rubles
and in the 2017 year 337.33 rubles and tends to decline. The same authors point out
that when marketing costs are taken into account, the costs for 100 kg of winter triticale
reach almost 362 rubles. By increasing costs and sales to a level higher than 30 and
43%, the company would make a profit of more than 2 million rubles by the third
year by producing and selling winter triticale grains. Kadakoglu et al. (2021), find that
the farms earned of the total triticale gross production value 8.58% from by-product
income and 7.34% from agricultural support income. Bielski and Falkovski (2017)
point out that the best economic indicators are achieved by applying the highest yield
technologies. Profitability of production depends on the price of grain and the ratio
of price and cost of production. Kotosovski and Dobek (2016) stated that a farm that
used manure made higher profits, which led to an increase in economic efficiency by
an average of 0.1. Kadakoglu et al. (2021), find that the relative profit value refers
to the production value of 1.22 units in return for 1.00 unit expenditure for triticale
production. The same authors point out it was determined that as the triticale production
areas increase, the relative profit value also increases.

Conclusion

Triticale is a type of cereal created by crossing wheat and rye. Thanks to the nutritional
values higher than, breeders and livestock nutrition experts have so far recommended
it in the diet of all types of domestic animals. Also, it can very successfully replace
wheat in meals for animal nutrition, because the needs for food in the world are
increasing, and the yields and areas under wheat are decreasing. It is especially
distinguished by the high protein content in the grain and the more favorable content
of essential amino acids compared to other cereals. Based on all the above, it can be
concluded that triticale, as the youngest type of small grain, has found its place in
farming, and its quality has also improved in livestock production. It is increasingly
present in the human diet. All of the above gives it the right position as one of the
promising plants of the future.
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