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Abstract

In the context of global food security and the intensification of sustainable agriculture, triticale has become a relevant
alternative cereal in food industry. In this paper, the status of triticale crop in the world, EU-27 and Romania was
analyzed based on the data provided by the FAOSTAT platform for cultivated area, production quantity and yield.
The results showed that in 2022, worldwide, the area cultivated with triticale was 3,616.7 thousand ha, the production
quantity was 14,157.9 thousand tons, and the yield 3,914 kg/ha. In the same year, the EU-27 held 71.5% of the world
cultivated area, producing 79.6% of the world production of triticale and obtaining a yield of 4,362 kg/ha, higher by
11.4% compared to the world yield. The main producers of triticale, by production, both in the world and in the EU-
27 were Poland, Germany and France. Romania occupied the 10th place in the world and the 6th place in the EU-27
in terms of cultivated area (57 thousand ha), as well as the 8th place in the EU-27 in terms of production (192.4
thousand tons). In order to increase the amount of triticale-based food products, it is necessary to develop and use

high-quality varieties that meet market demands, but also the development of new processing technologies.
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INTRODUCTION

Wheat, rice and maize are the most widely
grown and consumed traditional grains in the
world, providing a large part of human
nutrition requirements, but when food security
is considered there is a need to increase the
production of alternative, non-traditional
cereals. Currently, improving the compatibility
between environmental management and food
security is a worldwide emergency due to
climate change, rapid population growth, and
the current consumer preference for healthier
foods.

Triticale is one of the alternative, non-
traditional cereals that offer promising
solutions to these challenges/problems,

through its good environmental adaptability
and nutritional composition. According to [24],
triticale market size will grow from USD
554.22 million in 2023 to USD 640 million by
2028.

Triticale (x Triticosecale Witt) from the
Poaceae (Gramineae) family is an amphiploid
obtained from the artificial hybridization
between tetraploid wheat (Triticum aestivum)
and rye (Secale cereale). The first hybrid

between these two species was obtained in
1875 by the botanist Wilson (Scotland), but it
was sterile. Later, in 1888, through
spontaneous chromosome doubling, Rimpau
(Germany) developed the first viable hybrid
between these species, and in 1968, the first
commercial variety was released in Hungary.
Therefore, European countries can be
considered the pioneers in the creation and
breeding of this species [1].

In Romania, in 1927, the first wheat-rye
hybrids were described by Saulescu, and the
first octoploid form of triticale was obtained by
Priadcencu in 1939, but a breeding program for
triticale was initiated in 1971 at ICCPT
Fundulea [12].

By creating this species, the researchers
combined the most valuable traits of wheat
(baking quality, early maturity, large number
of ears in the ear, large number of grains in the
ear and high grain weight) with the valuable
traits of rye (resistance to drought, heat,
diseases, pests, and high utilization capacity of
poorly productive soils) [11, 12, 18].
According to the specialized literature, the
chemical composition and  nutritional
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properties of triticale vary significantly due to
the rather large number of genotypes.

The unique nutritional value of triticale grains
is due to a higher content of proteins and
essential amino acids (especially lysine), total
carbohydrates, macro elements (i.e. potassium
and  phosphorus) [2], phytoestrogen,
alkylresorcinols and vitamins [7], compared to
wheat and rye grains.

In terms of exchangeable energy content, on
average, triticale exceeds wheat and rye by
14% and 23%, respectively, and the
consumption of these fiber-rich triticale grains
can reduce the risk of weight gain and,
consequently, help reducing cardiovascular
disease and controlling type 2 diabetes [15].

In a previous study carried out on eight Polish
varieties of triticale, [7] reported the following
chemical composition in triticale grains:
protein 11.8% - 15.2%, lipids 1.9% - 2.4%,
starch 60.8% - 67.6%, ash 1.6% - 2%, lignin
2.1% - 3.2%, dietary fibber 11.7% - 13.6%,
total phenolic content 1.3 - 1.6 mg GAE/qg,
insoluble non-starch polysaccharides 7.7% -
9.1% and soluble non-starch polysaccharides
1.5% - 2.8%. A better mineral balance, higher
lysine content and a better protein digestibility
make ftriticale a suitable substitute or
supplement for other cereals in food or feed
[2]. Although the main destination of triticale
grains is the use in animal nutrition, many
previous studies have indicated that it can also
be used in human nutrition (bakery, malt,
pastry, crackers, macaroni, soups, bars of
cereals, etc.) [5, 8, 16, 28].

Its use on a large scale in the production of
bread is hindered by the quantitative and
qualitative insufficiency of gluten, which is
why triticale flour is indicated especially for
the preparation of unleavened dough products,
such as crackers and other similar products
[10]. However, flour obtained from triticale
can be used to obtain good quality bread
through new technologies. For example,
adding maltodextrins of potato to triticale flour
[23], mixing triticale flour with 5% and 10%
bran [16], or co-processing several cereals such
as triticale, wheat and rye in a ratio of 40:50:10
[14], triticale and oats in a ratio of 90:10 [8],
proved to be very promising in obtaining
quality bread.
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In another study, [7] found that it is possible to
obtain quality bread from triticale alone, by
using modern varieties suitable for baking. The
realization of some improvements in grain
plumpness and colour, quantity and quality of
gluten, could make triticale more attractive as
a food cereal [21].

In addition to its nutritional advantages, the
triticale crop stands out compared to wheat
through other agronomic traits, namely,
resistance to abiotic stresses (drought, heat,
cold), biotic stresses (diseases, pests), high
productivity, relatively low soil requirements
[4, 5, 21, 26], traits that have contributed to
increasing its popularity, especially among
organically farmers. According to [17],
triticale produces 11% more grain yield per
acre than wheat and 19% more when grown
with less fertilizer. Since the triticale crop
germinates and develops quickly covering the
land completely, it prevents the development
of weeds through the lack of light, and farmers
can thus avoid herbicides [10].

In the context of the above, this paper aims to
present information regarding the triticale
culture as an alternative, non-traditional cereal
for the food industry, globally, EU-27 and
Romania, highlighting its advantages and the
evolution of cultivated area, production and
yield.

MATERIALS AND METHODS

This paper was carried out on the basis of data
from the FAOSTAT [6] platform and research
articles.

The main indicators studied were: the
cultivated area, the production quantity and the
yield of triticale in the world, EU-27 and
Romania. The statistical parameters used,
namely, average, standard deviation (STDEV),
coefficient of variation (CV), regression
equations (y), coefficient of determination
(R?), coefficient of correlation (r) were
calculated using the EXCEL program.

RESULTS AND DISCUSSIONS

The world triticale -cultivated
production quantity and yield

area,
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In the world, in 1975, 467 ha were cultivated
with triticale and the production was 1,200
tons. An impressive growth of the triticale crop
was registered in the period 2001-2016,
respectively 34.8 times in cultivated area (the
largest producing region being Europe with
90.4%) and 79 times in production, compared
to the period 1975-1983, when the largest
producing region was Oceania with 70.9% [9].
For 2022, the area cultivated with triticale
worldwide was 3,616.7 thousand hectares, and
the production was 14,157.9 thousand tons.
The first ten producers of triticale in the world,
by cultivated area and their share were: Poland
(34.1%), Belarus (11.2%), France (9.4%),
Germany (9%), Spain (7.8%), China (5.5%),

Turkey (2.8%), Lithuania (1.7%), Australia
(1.7%) and Romania (1.6%).

The top ten triticale producers, by production,
and their share were: Poland (38.4%),
Germany (13.6%), France (11.4%), Belarus
(8.4%), Spain (4.5%), China (2.7%), Turkey
(2.3%), Russian Federation (2.2%), Australia
(2.1%) and Czechia (1.5%).

The world average of yield was 3,914 kg/ha,
the highest yields/ha being obtained by
Belgium (6,897 kg/ha), Luxembourg (6,475
kg/ha), Denmark (6,475 kg/ha), Switzerland
(6,016 kg/ha ), Germany (5,948 kg/ha), Austria
(5,686 kg/ha), Sweden (5,673 kg/ha),
Netherlands (5,583 Kkg/ha), Chile (5,556
kg/ha), Czechia (5,117 kg/ha)(Table 1).

Table 1. Top ten triticale producers in the world, by cultivated area, production and yield, 2022

Rank Cultivated area Production quantity Yield
Country | Thousand | Share Country | Thousand | Share Country kg/ha Share
ha in the tons in the in the
world world world
(%) (%) (%)
Total 3,616.7 100 Total 14,157.9 100 Total world 3,914 100
world world
1 Poland 1,232.7 34.1 Poland 5,440.3 38.4 Belgium 6,897 176.2
2 Belarus 406.0 11.2 Germany 1,929.7 13.6 | Luxembourg | 6,475 | 165.4
3 France 339.7 9.4 France 1,613.7 11.4 Denmark 6,303 161.0
4 Germany 324.4 9.0 Belarus 1,192.9 8.4 Switzerland 6,016 153.7
5 Spain 280.4 7.8 Spain 634.9 4.5 Germany 5,948 | 152.0
6 China, 199.7 5.5 China, 386.1 2.7 Austria 5,686 145.3
Mainland Mainland
7 Turkey 99.6 2.8 Turkey 320.0 2.3 Sweden 5,673 | 1449
8 Lithuania 63.1 1.7 Russian 306.9 2.2 Netherlands 5,583 142.6
Federation
9 Australia 61.9 1.7 Australia 292.9 2.1 Chile 5,556 141.9
10 Romania 57.0 1.6 Czechia 207.6 1.5 Czechia 5,117 130.7

Source: Own design and processing based on the data from [6].

Although triticale has several advantages
compared to wheat and rye, and the demand for
healthier food products has favoured the
popularization of this species, the worldwide
cultivated area and production are still low.
Comparing the value of the studied indicators
from 2022 with the values from 2013 (3,807.1
thousand ha, 14,462.3 thousand tons and 3,799
kag/ha, respectively) a slight decrease can be
observed, except for yield [6].

[27] believes that expanding the use of triticale
in food products by increasing the quality of
flour, could lead to an increase in the world's
amount of food, especially in the scenario of
climate changes and population growth. For

this, plant breeders are tasked with identifying
and developing new varieties with superior
quality to meet market needs [25].

The EU-27 triticale cultivated area,
production quantity, and yield

In 2022, the area cultivated with triticale in the
EU-27 was 2,585.2 thousand hectares,
representing 71.5% of the world area, and the
production was 11,276.7 thousand tons,
representing 79.6% of the world production.
The first ten producing countries in EU-27, by
cultivated area and their share were: Poland
(47.7%), France (13.1), Germany (12.5%),
Spain (10.8%), Lithuania (2.4%), Romania
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(2.2%), Hungary (2.1%), Austria (2.1%),
Czechia (1.6%) and Sweden (1.1%) (Table 2).
The first ten triticale producing countries, by
production quantity and their share were:
Poland (48.2%), Germany (17.1%), France
(14.3%), Spain (5.6%), Austria (2.6%),
Czechia (1.8%), Lithuania (1.8%), Romania
(1.7%), Hungary (1.7%) and Sweden (1.4%).
The average yield of triticale in the EU-27 was
4,362 kg/ha, higher by 11.4%, compared to the
global level, the highest yields being obtained
in Belgium (6,897 kg/ha), Luxembourg (6,475
kg/ha ), Denmark (6,303 kg/ha), Germany
(5,948 kg/ha), Austria (5,686 kg/ha), Sweden
(5,673 kg/ha), Netherlands (5,583 kg/ha),

Czechia (5,117 kg/ha), Slovenia (4,864 kg/ha)
and France (4,750 kg/ha) (Table 2).

It is surprising that although Poland ranks first
both worldwide and at the EU-27 level for
cultivated area and production, it is only
ranked 15th in the world and 13th at the EU-27
level for yield, with 4,413 kg/ha [6].

The advantage of the expansion of triticale
crops in Poland is represented by the high
demand for feed cereals on the domestic
market, as a result of the expansion of poultry,
pig, and cattle farms [13, 25]. Furthermore, in
Eastern Poland, where acidic soils and a cold
climate predominate, rye has been replaced by
triticale in bread production [5].

Table 2. Top ten triticale producers in the EU-27, by cultivated area, production and yield, 2022

Rank Cultivated area Production quantity Yield

Country | Thousand | Share Country | Thousand | Share Country kg/ha | Share
ha in the tons in the in the
world world world

(%) (%) (%)

Total 2,585.2 100 Total 11,276.7 100 | Total EU-27 | 4,362 100

EU-27 EU-27

1 Poland 1,232.7 47.7 Poland 5,440.3 48.2 Belgium 6,897 | 158.1
2 France 339.7 13.1 Germany 1,929.7 17.1 | Luxembourg | 6,475 | 1484
3 Germany 324.4 12.5 France 1,613.7 14.3 Denmark 6,303 | 1445
4 Spain 280.4 10.8 Spain 634.9 5.6 Germany 5,948 | 136.3
5 Lithuania 63.1 2.4 Austria 292.9 2.6 Austria 5,686 | 130.3
6 Romania 57.0 2.2 Czechia 207.6 1.8 Sweden 5,673 | 130.1
7 Hungary 55.3 2.1 Lithuania 204.6 1.8 Netherlands | 5,583 | 128.0
8 Austria 51.5 2.0 Romania 192.4 1.7 Czechia 5117 | 117.3
9 Czechia 40.6 1.6 Hungary 186.5 1.7 Slovenia 4,864 | 1115
10 Sweden 28.6 1.1 Sweden 162.5 14 France 4,750 | 108.9

Source: Own design and processing based on the data from [6].

The Romania triticale cultivated area,
production quantity, and yield

In 2022, Romania occupied the 10th place in
the world in the area cultivated with triticale
and the 6th place in the EU-27. In the same
year, Romania’s contribution to world triticale
production was 1.4%, and to EU-27 production
it was 1.7% (Tables 1 and 2).

Analyzing the evolution of the area cultivated
with triticale in the period 2013-2022, a
downward trend was observed with a decrease
rate of 33.1%. In 2022, the cultivated area
decreased to 57 thousand ha compared to 72.5
thousand ha in 2013 (-21.4%) (Figure 1).
Regarding the evolution of triticale production
in the period 2013-2022, a slightly downward
trend was observed, with a decrease rate of
6.8%. The lowest production was recorded in

102

2022 (192.4 thousand tons), 21.5% lower than
in 2013 (Figure 2).

For yield, the trend was slightly upward in the
analyzed period, the growth rate being 2.3%.
The highest triticale yields were recorded in
2017 and 2018 (4,139 kg/ha, respectively
4,272 kg/ha), and the lowest yields in 2020
(3,197 kg/ha) and 2022 (3,376 kg/ha) (Figure
3).

Crop yield is a complex trait influenced by both
genetic and agro-ecological factors (drought,
heat, agricultural practices, soil, plant
protection, etc.) [3].

The first Romanian variety of triticale was
released in 1984 by NARDI Fundulea [12], and
currently 11 autumn varieties created by
NARDI Fundulea are registered in the Official
Catalogue [20], the most recently released
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being the varieties Zaraza (in 2021) and FDL
Ascendent (in 2022).

According to [19], the years 2020 and 2022
were years of extreme drought for Romania. In
these extremely dry years in the southern part
of Romania (ARDS Teleorman), the new
Romanian varieties of triticale managed to
exceed the yield reported at the national level
(3,197 kg/ha in 2020, and 3,376 kg/ha in 2022,
respectively), the variety Zaraza achieving
5,235 kg/ha in 2020 and 6,393 kg/ha in 2022,
and the variety FDL Ascendent achieving
4,953 kg/ha, and 6,685 kg/ha, respectively

[26]. Also, in the pedoclimatic conditions of
central Moldova (ARDS Secuieni), the Zaraza
variety achieved 6,689 kg/ha in 2020 and 7,119
kg/ha in 2022 [22].

Therefore, by including these modern varieties
in their farms, Romanian farmers could ensure
better yields in unfavourable years.

The calculated coefficients of variation were
small for all the indicators studied (cultivated
area, production and yield of triticale), and they
did not vary too much and remained relatively
homogeneous (Table 3).
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Fig. 1. The evolution of Romania's triticale cultivated area in the period 2013-2022
Source: Own design and processing based on the data from [6].
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Fig. 2. The evolution of Romania's triticale production quantity in the period 2013-2022
Source: Own design and processing based on the data from [6].
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Fig. 3. The evolution of Romania's triticale yield in the period 2013-2022
Source: Own design and processing based on the data from [6].

Table 3. Average, standard deviation (STDEV) and
variation coefficients (CV) for cultivated area,
roduction and yield of triticale, Romania, 2013-2022

Indicators Average | STDEV | CV (%)
studied

Cultivated area 74.1 7.8 10.5
(thousand ha)

Production 274.4 45.1 16.4
quantity

(thousand tons)

Yield (kg/ha) 3,693.3 374.7 10.1

Source: Own design and processing based on the data
from [6].

The regression equations showed that the
increase by one hectare of the area cultivated
with triticale caused an increase in the
production of triticale by 4.61 units, and the
increase by one kg/ha in the yield caused an

increase in the production of triticale by 0.09
units (Table 4).

The correlation coefficients between cultivated
area and production (r = 0.798), as well as
between yield and production (r = 0.800), were
positive and significant, showing that triticale
production was influenced by both cultivated
area and yield. A positive but weak correlation
coefficient was recorded between cultivated
area and vyield (r = 0.281), expressing an
insignificant relationship.

Based on the coefficients of determination, it
was established that 64% of the variation in
triticale production was caused by the yield
variation; also 63.7% of the variation in
triticale production was determined by the
variation in cultivated area (Table 4).

Table 4. Regression equations and correlation coefficients between the indicators characterizing production of

triticale
Indicators studied Regression equation (y) Determination Correlation
coefficient (R?) coefficient (r)
Production  quantity and | y=4.614x — 67.54 R2=0.637 r=0.798**
cultivated area
Yield and cultivated area y = 13.49x + 2,693 R?=0.079 r=0.281"
Production quantity and yield y =0.096x — 81,54 R? = 0.640 r = 0.800**

**_ significant positive at 0.01 level; ns - non-significant

Source: Own design and processing based on the data from [6].

Table 5 presents the average values (2013-
2022) of cultivated areas, productions and
yields for the main small-grain cereals grown
in Romania. Comparing the cultivated areas
and productions at the national level, it can be
seen that triticale occupied the 4th place among
small grain cereals, after wheat, barley and
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oats. Even though these values are much lower
than for wheat, they are significantly higher
than for rice and rye. Also, the average yield
obtained by triticale (3,925 kg/ha), which
places it in 2nd place among small-grain
cereals, reflects the good potential of this
alternative cereal.
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Table 5. Averages of cultivated areas, production quantities and yields for the main small-grain cereals in the period

2013-2022, Romania

Cereal Cultivated area (thousand ha) Production quantity (thousand tons) Yield (kg/ha)
Wheat 2,127.8 8,726.1 4,101
Barley 460.1 1,718.4 3,750
Oats 145.9 321.6 2,205
Triticale 74.1 274.4 3,925
Rye 10.7 28.0 2,633
Rice 8.4 37.5 4,467

Source: Own design and processing based on the data from [6].

In the analyzed period 2013-2022, Romania's
potential for the export and import of triticale
recorded an upward trend as a result of the

increase in interest for this species, the highest
values being recorded in 2020 (Figure 4).
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Fig. 4. The import and export of triticale (thousand tons) in Romania in the period 2013-2022
Source: Own design and processing based on the data from [6].

CONCLUSIONS

The data analysis showed that, although the
demand for healthier food products has
favoured the popularization of this species, the
cultivated area and world production are still
low.

In 2022, worldwide the area cultivated with
triticale was 3,616.7 thousand ha, production
quantity of 14,157.9 thousand tons, and yield
of 3,914 kg/ha. In the same year, the EU-27
represented 71.5% of the world cultivated area,
producing 79.6% of the world production of
triticale and obtaining a yield of 4,362 kg/ha,
higher by 11.4% compared to the world yield.
The main producers of triticale, by production,
both in the world and in the EU-27 were
Poland, Germany and France. Romania ranked
10th in the world and 6th in the EU-27 in
cultivated area (57 thousand ha), as well as 8th
in the EU-27 in production (192.4 thousand
tons).

In the period 2013-2022, in Romania, the
fluctuation of the cultivated area and the
production of triticale from one year to another
was small, registering, on average, 74.1
thousand ha and 274.4 thousand tons,
respectively.

In order, to increase the amount of triticale-
based food products, it is necessary to develop
and use high-quality varieties that meet the
needs of the market, as well as the development
of new processing technologies.
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