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ABSTRACT

Recently, agricultural productivity and food security have been seriously threatened by climate changes, which has
increased poverty globally. So, it is necessary to address these changes and minimize their detrimental impacts by
sowing crops like triticale that are resistant to unfavorable environmental conditions and have consistency in
productivity. Triticale's high nutritional value, high productivity and ability to grow on marginal areas as well as
capability to adapt to tough environments make it fundamental for treating food deficiency and achieving global food
security. This makes it a promising crop and a viable alternative to wheat when environmental conditions are
unfavorable. Triticale combines the key characteristics of its parent crops, wheat and rye, with high seed protein
content, high-quality essential amino acid content, and high biological value, allowing it to be used not only as a raw
material in food products but also in animal feed. In addition to being less affected by environmental stresses and
resistant to various diseases. An increase in grain yield and quality and encourages the expansion of its food uses as a
result of the increasing demand for these products by consumers. Despite its advantages, its cultivation in Iraq is limited
and at an experimental level, which requires attention to this crop to provide a supporting source for wheat.
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INTRODUCTION

Triticale (Triticosecale x Wittmack) is an evolutionarily recent crop. The first varieties were
introduced into production a little over 30 years ago, Currently, its cultivation area worldwide exceeds
3 million hectares. The largest areas of triticale cultivation are located in Poland (840,000 hectares),
Germany (537,000 hectares), China (550,000 hectares), Australia (400,000 hectares), Ukraine
(130,000 hectares) and Russia the cultivated area ranges between 220,000 and 250,000 hectares
(Tutel'yan and Popova, 2002; Grabovec, 2004). Agricultural producers are steadily increasing their

attention in this crop and its cultivation areas are extending. It's potential to have a higher percentage
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of protein, better digestibility, high yield, tolerance to unsuitable soil and climate conditions, and
resistance to diseases when compared to wheat explain this special interest (De Zutter et al., 2023;
Gaviley et al., 2024). Triticale has been usage as green and grain fodder for many years, Recently,
breeders have worked to develop and introduce appropriate grain varieties for flour production to
making bread and confectionery products (Ghendov-Mosanu et al., 2024). Triticale is widely
produced in many countries of the world because it offers many agricultural advantages, such as high
yield potential, disease resistance, environmental tolerance, and high-quality grains that are a rich
source of protein and biologically active components. Although the quantities of soluble and insoluble
fiber vary, its dietary fiber contain is comparable to that of wheat grains. Despite this, its usage in
baking is restricted because of the a-amylase enzyme's activity and the dough's poor rheological
qualities, which make it a non-bread grain crop (Fras$ et al., 2016).

Triticale is a cereal crop bred by hybridizing wheat and rye, Its attention as a valuable crop
increased due to its ability to combine the desirable traits of its parent plants, Despite the well-known
successes in wheat breeding programs and the development of new varieties that combine high
productivity, good nutritional characteristics, lodging resistance, fertilization response, and other
characteristics, these varieties lack some important qualities, most notably weak resistance to certain
soil, climatic, and unfavorable environmental conditions compared to rye (Filip et al., 2023).

In contrast to wheat, rye is more resilient to low temperatures, high salinity and high soil acidity,
Furthermore, it requires less organic and in-organic fertilizers and is less prone to fungal infections,
Morphologically speaking, rye can produce 50—60 spikelets per spike, while wheat usually produces
about 20-25. This suggests that rye has the probable to produce more grain (Celestina et al., 2023).
Triticale stands out for its coveted properties from the combination of wheat and rye, as it inherited
lodging resistance, response to fertilizer and an increased florets number per spike from wheat,
whereas it got resistance to reverse environmental conditions, tolerance to abiotic stresses and an
increased spikelets number per spike from rye, Two major factors contributing to the potential for
increased triticale yield are the structural combination of more spikelets in rye and more florets in
wheat, This unparalleled combination allows triticale to adapt to varied environments and produce
high yields, making it an significant crop for human consumption and animal feed (Suhovici et al.,
2025).

Triticale has showed a more harmonious response to environmental conditions changing
compared to wheat, making it more flexible to climatic changes due to its high photosynthetic rate
and water-use efficiency, which boosts productivity in a varied environmental circumstances.
(Méndez-Espinoza et al., 2019). Furthermore, triticale proteins' high mineral contain and intrinsic
amino acid composition were significantly contributed to their nutritional value (Sokol, 2009). Due

to protein and energy insufficiencies, a significant portion of the world's population suffers from
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malnutrition and disease; the incidence of malnutrition-related diseases is predicted to rise from
147,672,757 cases in 2019 to over 160 million cases in 2044 (Jiang et al., 2023). The importance of
plant proteins utilizing in human nutrition is highlighted by the significant greenhouse gas emissions
from livestock farming because of the reliance on animal proteins (Albaladejo, 2023). The cultivation
of triticale crop and the necessary progressions in their agricultural technology should be prioritized
to treat nutritional insufficiencies and promote modern trends in healthful food consumption. This
includes agricultural applications such as seed priming, planting dates and rates, the application of
various types of fertilizers, spraying with growth regulators or micronutrients, and other applications
that enable the plant to demonstrate its genetic and physiological capabilities to the highest level
required for achieving food security. For the reasons mentioned above, the nutritional value of
triticale will be highlighted, along with the possibility of replacing some wheat with triticale. This
will be achieved by identifying their nutritional value and comparing their most important
morphological characteristics and resistance to abiotic stresses, given the need to develop healthier
foods while simultaneously utilizing other grains such as triticale.

Comparison between the nutritional value of wheat and triticale grains

Wheat (Triticum aestivum L.) is the largest cultivated crop and plays a key role in global
agricultural food supply chains (FAOSTAT, 2021). It is one of the oldest grains cultivated by humans
and the most common type of grain worldwide. In addition to their valuable chemical composition,
the main aim of cultivation is to produce varieties with high grain yield, superior baking qualities,
high nutritional value, and high disease resistance. Due to variations in farming methods and climate,
studies have revealed notable differences in chemical composition of wheat grains. (Khan and Zeb,
2007). Although wheat grains contain a relatively low percentage of protein (11.38%), they are of
great importance as a food source for humans and animals, especially in less developed countries
where bread and pasta are staple foods (Shewry, 2009; Sura and Al-Hilfy, 2022a). Furthermore, wheat
consumption represents about 19% of the calories in the global human diet and is used worldwide for
bread production. Pasta and other products, Therefore, one of the main aspirations for cereal
cultivation is to obtain varieties with higher protein content, but this is difficult to achieve due to its
inverse relationship with cereal productivity (Biel et al., 2020).

Triticale has a role to play in the growing health food market and in the development of new
grain products. As a hybrid of wheat and rye, it is designed to combine high yield potential, good
grain quality, multiple food uses, higher disease resistance, and greater tolerance to harsh
environmental conditions. Nutritionally, the chemical composition of triticale grain is closer to wheat
than to rye. Triticale grain contains slightly higher levels of most nutrients and a starch content similar
to wheat and higher than that of rye (61%, 60%, and 54%, respectively). A notable characteristic is

its protein content, which ranges from 12% to 17%, while wheat contains 10% to 14% protein.
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Triticale is therefore 15-20% higher in protein than wheat. High digestibility is another characteristic

of triticale protein (Salmon, 1984; Golenkov, 1985; USDA, 2018; Kamanova et al., 2023).

Triticale flour has a very varied and high-quality chemical composition, suggesting that it could
be used in place of whole wheat flour in the production of food and beverages (Zhu, 2018). Some
contemporary triticale varieties have a chemical composition that is appropriate from a technological
and nutritional standpoint, making them suitable raw materials for the production of flour and bread,
according to an analysis of the chemical composition of various triticale grains, flour, and bread.
Traditional wheat-based products manufactured in many countries suffer from deficiencies in
minerals and vitamins, and their nutritional and biological value can be enhanced by fully or partially
replacing wheat flour with nutrient-rich triticale flour (Vasiliev, 2018; Sachko et al., 2020; Siddiqui
et al., 2022). Although its bread-making potential is limited, triticale grain is characterized by its high
content of essential amino acids such as lysine and threonine, and its rich mineral content, including
essential elements like calcium, phosphorus, and potassium, which are vital for consumer health, This
makes them nutritionally superior to wheat (Tables 1 and 2). As a result, they can be used to make
bread and are a good substitute or addition to other grains in animal feed and human nutrition, due to
the low gluten content of triticale flour, it is added to wheat in a proportion ranging between of 10—
30% (Yaseen et al., 2007; McGoverin et al., 2011).

Table 1. Mineral content of wheat and triticale grains per kilogram of dry matter (Zhang et al.,
2010 and Biel et al., 2011)

Triticale Wheat
Macronutrients (g)
Potassium 4.70 4.14
Phosphorus 3.85 3.44
Sodium 0.17 0.17
Calcium 0.40 0.37
Magnesium 1.10 1.51
Micronutrients (mg)
Zinc 25 32
Iron 37 39
Copper 3.4 7.4
Manganese 26 48.8

Table 2. Wheat and triticale cereal protein's amino acid content (g 16 g~! nitrogen) (Biel et al.,
2009 and Biel et al., 2016).

Tritical Wheat
Lys 2.56 1.89
Met+Cys 3.43 2.77
Met 1.55 1.29
Cys 1.88 1.48
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Thr 2.99 2.25
Ile 3.51 2.39
Trp 0.90 1.02
Val 4.71 3.30
Leu 6.35 5.82
His 1.99 1.90
Phe+Tyr 7.43 5.77
Phe 4.44 3.68
Tyr 2.99 2.09
Arg 541 4.19
Asp 6.27 4.67
Ser 3.88 3.61
Glu 29.42 33.12
Pro 8.59 7.29
Gly 3.91 3.36
Ala 3.85 2.58

The potential to improve food security by substituting triticale for wheat:

Studies comparing wheat and triticale are crucial for a number of reasons. First, they shed light
on variations in productivity brought about by phenotypic traits and the crop's capacity to adjust to
different environmental circumstances, which is very important for making sure people have enough
food during climate change. Second, they help people understand how triticale and wheat vary in
terms of nutrition, which helps breeding programs that want to improve crop quality and quantity.
Third, these studies emphasize triticale's potential to improve the environment, sustain land
production, maintain soil health and fertility, reduce nutrient leaching, support biodiversity, and
decrease greenhouse gas emissions. So, inclusive comparative analyses are required.

The prospect of replacing wheat with triticale and enhancing food security stems from the
following reasons:

1. High productivity is due to:
1. 1. Triticale morphological traits:

Triticale's spike, which is a structural combination of the phenotypic characteristics of wheat
and rye, is accountable for its high productivity. According to Celestina et al. (2023), wheat spikes
have 20-25 spikelets, while rye spikes have 50-60. The triticale spike is multi-spikelets and multi-
flowered, two important components in boosting productivity reinforcement. The wheat spike is

distinguished by polyflora. Moreover, triticale is a remarkable crop for human consumption and
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animal feed because of this special combination, which enables it to adapt to vary environments
(Suhovici et al., 2025). Many researches have clarified that triticale excelled wheat in a many of
phenotypic characters that are decisive for raising yield, including spike length and spikelets number.
The spike length in triticale often reaches 15 cm and is usually umbrella-shaped and has awns, with
30-40 spikelets, whereas the spike length in wheat reaches 12.13 cm and the number of spikelets is
25.6 in each spike (Sokol, 2014; Khashan et al., 2021).

Additionally, triticale superiority wheat in terms of the 1000-grains weight (up to 50.20 g),
spikes number (675.2 spikes per m), grains number (62.56 grains spike™), and the plant height (up
to 171.6 cm, depending on the variety). Wheat, on the other hand, has a weight of 1000 grains (up to
45.103 g), a spikes number (up to 512.50 spikes per m2), a plant height (up to 98.29 cm, depending
on the variety), and a grains number of 51.25 grains spike™! (Al-Hassan et al., 2014; Dhahi, 2017; Al-
Hakam and Abdul-Alwahid 2024; Cui et al., 2025; Deli and Alag, 2025).

The increasing of grain yield of triticale is attributed to its higher total grains number and a
larger 1000-grain weight. Cui et al. (2025) observed significant correlations among growth traits and
grain and forage yields of triticale. Their findings clarified that the grain yield was positively
correlated with 1000-grains weight and spikelets number per spike, indicating that higher grain
weight and a greater spikelets number contribute to an increase grain production. Plant height is also
positively correlated with grain yield and forage yield. This may be duo to that the taller plants are
able to synthesis the dry matter and increase grain and green forage production. A positive correlation
was also observed between the quantity of grain yield and forage yield, that indicating that the
selecting genotypes with high grain yield is suitable for producing a large forage yield.

1. 2. Adaptation and resistance to environmental conditions:

Farokhzadeh et al. (2022) explained that the stability of triticale productivity in various
environments exceeds the stability of wheat productivity, as triticale pure lines show good
adaptability and stable productivity in diverse conditions.

Generally, triticale outperforms wheat in terms of yield potential and adaptability to various
environments, especially in water-limited conditions. Water use efficiency plays a crucial role in
determining the productivity and resilience of both crops. Triticale is more efficient in water use than
wheat, which is a major advantage in water-limited environments. This efficiency is related to high
chlorophyll contain in triticale's leaves, the efficiency of the photosynthesis process of the leaves, and
the maximum rate of electron transport, which contribute to it outperform productivity in both well-
irrigated and water-limited conditions (Méndez-Espinoza et al., 2019).

Grain and biological yields of wheat under suitable conditions reach 5.055 and 16.51 tons ha™!
respectively, while they are decreasing to 3.24 and 12.13 tons ha™! respectively under drought (Dhahi,
2017). These findings are consistent with Mohammed and Kadhem (2017), who indicating a decrease
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in productivity under drought stress as a result of reduction the yield components such as the spikes
number and 1000-grain weight. However, triticale demonstrates its ability to adapt to unsuitable
environments such as semi-arid environments and its ability to produce high-quality grains and
fodder, with grain production reaching 6.92 tons ha™! and total green fodder production reaching 29.78
tons ha™! according to varieties. Therefore, triticale is a valuable dual-purpose crop due to its ability
to achieve sustainable grain and fodder production in semi-arid conditions and its superior ability to
adapt and maintain consistent and stable production in those conditions where maximizing land
productivity and conserving resources are necessary (Cui et al., 2025).

Researches indicate that Triticale shows a yield advantage over wheat in arid regions due to its
high water use efficiency, large root system, and drought resistance (Ayalew et al., 2018; Giunta et
al., 2019).

Méndez-Espinoza et al. (2019), when comparing the productivity of triticale cultivars
Aguacero-INIA and spring wheat cultivars Pandora-INIA and Domo using data from ten regions in
2004 and 2005 (eight Mediterranean and two temperate) under conditions of well irrigation and water
scarcity, demonstrated a significant difference (according to regression equations) in productivity
based on the environmental index (Figure 1). The results of the regression analysis revealed that
triticale possessed a higher regression coefficient than wheat, indicating greater adaptability and yield
stability under varying environmental conditions. Such stability may contribute to its Greater
Productivity, even in difficult environments. Large differences in slope (p < 0.01) and crossovers (p
< 0.0001) between crops confirm triticale's superior adaptability and crop stability. Triticale also
outperforms wheat in grain yield due to its larger grain size. This highlights triticale's potential as a

energetic crop in diverse and challenging environments.

1400 - ® Tritcv Aguacero y=1,15x - 16.77; R?=0.92

1200 { w WhevPandora y=0.96x-1.12; R?=0.92

WhevDomo - g 875 +5.62; R2=0.93

—_
o
o
o

800 -
600 -

400 A

Grain yield (g m2)

200 A

0 1 1 1 1 1 1
0 200 400 600 800 1000 1200

Environmental index (g m?)

Figure 1. Triticale productivity (Aguacero-INIA variety) and spring wheat (Pandora-INIA and

Domo varieties) in relation to environmental index (Méndez-Espinoza et al., 2019)
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When comparing grain productivity between triticale and wheat under moderate and nitrogen-
stressed conditions, triticale was observed to be superior in grain production by large differences of
606 and 795 kg ha™! respectively, which indicating that its strong productivity performance, especially
under nitrogen-stressed conditions, makes it a strong candidate for difficult growing conditions with
balancing total productivity and nutritional value (Tamagno et al., 2022).

Triticale generally gives a higher grain yield compared to wheat, especially in Mediterranean
environments where water scarcity is common in the spring and summer. In contrast, wheat
production and protein content are negatively affected by drought, as there is a significant decrease
in grain and protein yield under drought conditions (Wan et al., 2022; Xu and Sun 2024).

Studies have documented triticale's ability to adapt to various environmental stresses, including
salinity. In salinity-affected areas, triticale varieties showed stable productivity and greater
adaptability compared to wheat. When four promising triticale varieties (PI-429166, P1-429152,
P1429101 and Syria-1) were evaluated under three salinity levels (15.6, 30.1, and 33.5 ds m™! soil
salinity), no significant differences were found between the triticale varieties in grain yield, straw
yield, or harvest index (Abu et al., 2017; Farokhzadeh et al., 2022).

2. Nutritional value of triticale grains:

Wheat is distinguished by its high grain yield, high nutritional value, and suitability for many
products. It also exhibits some degree of stress resistance. A key objective in cereal cultivation is to
develop varieties with higher protein content, which is difficult to achieve in wheat due to its inverse
relationship with grain productivity (Shewry, 2009; Biel et al., 2020). Therefore, triticale can be used
as an alternative crop because it offers a higher protein and more balanced amino acid content.
Although triticale's chemical composition (carbohydrate and starch content) is closer to wheat's, the
grains contain a higher percentage of vitamins, especially B vitamins, and a higher content of
minerals, particularly potassium, calcium, and phosphorus. These qualities make it more nutritious
than wheat (Tables 1 and 2). Wheat flour can be partially replaced with Triticale flour in several
applications:

2. 1. bread making

Wheat bread contributes approximately 50% of the daily calorie intake in many developing
countries. Whole-grain wheat bread is important for nutrition due to its carbohydrates, protein, dietary
fiber, vitamins, minerals, and antioxidants. In addition, gluten and gliadin proteins play a key role in
the quality and desirable characteristics of wheat bread, such as its high palatability, loaf rise, and the
colorful bubbles on its surface (Elsahookie et al., 2021). The nutritional value of cereal protein is due
to amino acid content. Therefore, interest in triticale as a grain crop has increased in recent years due
to its balanced amino acid profile, high glutamic acid and proline content, and 15-20% higher lysine

levels compared to wheat. The high yield potential and valuable nutritional characteristics of triticale
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have led to its rapid expansion across different countries and continents, with increasing incorporation
into the bread-making and animal feed industries (Suhovici et al., 2025). The texture and nutritional
value of the bread are enhanced by substituting some of the wheat flour with triticale flour. Triticale
flour can be mixed with wheat flour at a ratio of 30% to produce bread with a similar quality,
appearance, and color of the crumb as well as a pleasant taste and aroma. (Pena and Amaya, 1992)
2. 2. Other food products

The incorporation of triticale flour in sponge cake formulations results in products with
improved sensory properties and increased nutritional and biological value relative to cakes made
solely from wheat flour. Their increased concentration of vitamins, especially B vitamins, minerals,
protein, and essential amino acids is what gives them this advantage. Sponge cakes made from
triticale flour have twice the levels of threonine and valine and four times the levels of isoleucine,
lysine, and tryptophan, according to an analysis of the protein's biological value (Table 3), offering
substantial benefits to consumers. Whole grains, flakes, and flour are commercially available triticale
products for human consumption, but they are usually only found in specialty health food stores (Biel
et al., 2020).

Table 3. A comparison of the nutritional content of sponge cakes made with triticale and wheat
flour (Taraymovych and Lobanova, 2024).
Value of the final product per 100g

Composition
Triticale sponge cakes Wheat Sponge Cake
Protein (g) 11.6 9.9
Fat (g) 20.6 25.1
Carbohydrate (g) 46.1 44.56
Dietary Fiber (g) 13.3 11.5
Biological Value (%) 71 57.55
Energy 497 598
Minerals (mg)
Potassium 1470 3255
Calcium 1062 43
Magnesium 206 40.8
Phosphorus 1610 215
[ron 34 4.7
Vitamins (mg)
E 0.90 5.21
B6 0.73 0.45
B3 3.60 0.58
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B2 1.50 0.50
B1 0.65 0.40
Amino Acids
Valine 1822.5 880
Isoleucine 1812 690
Leucine 2539.2 1283.4
Lysine 1836.8 4679.7
Methionine 1054.8 423
Threonine 1567.2 508.8
Tryptophan 507.2 144.8
Phenylalanine 3291.2 1130.8

3. Environmental impact:
3. 1. Preserving the fertility and health of the soil:

The different influences of triticale and wheat on soil health and fertility are primarily due to
their difference nutrient requirements and residue management practices. Triticale has been shown to
be more efficient at using nitrogen than wheat, especially under nitrogen-deficiency conditions,
leading to lower nitrogen fertilizer requirements. Furthermore, triticale can absorb a significant
amount of nitrogen and phosphorus from soil, aiding in nutrient management and reducing the risk
of nutrient loss. Triticale cultivation also improves soil organic carbon content and maintains soil
health and fertility (Tamagno et al., 2022; Glaze-Corcoran et al., 2023; Janczak-Pieniazek, 2023).

3. 2. Biodiversity:

Triticale cultivation can positively impact biodiversity and agricultural systems because it
exhibits greater resistance to biotic stresses, thus reducing the need for chemical inputs such as
pesticides and fertilizers (Tamagno et al., 2022). This minimizes negative impacts on soil organisms
and improves biodiversity. Furthermore, its cultivation provides food sources for these organisms,
supporting the ecosystem (Glaze-Corcoran et al., 2023). In contrast, wheat cultivation requires higher
chemical inputs such as large amounts of fertilizer and the use of more herbicides, insecticides and
fungicides, which negatively affects biodiversity (Janczak-Pienigzek, 2023).

3. 3. Sustainability and Reduced Greenhouse Gas Emissions.

Triticale has been shown to produce a higher grain yield compared to wheat when using the
same inputs such as water and fertilizer (Tamagno et al., 2022). This resource efficiency translates
into reduced greenhouse gas emissions associated with fertilizer production or application to the soil

(Oldfield et al., 2018). Adopting triticale promotes sustainable agricultural production, improves
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resource use efficiency, preserves soil health and biodiversity, and reduces greenhouse gas emissions
(Xu and Sun, 2024).

Leaf area is indeed a fundamental element in environmental health. It is the primary source for
maintaining active photosynthesis, thus absorbing atmospheric carbon dioxide and converting it into
biomass. The flag leaf contributes a significant percentage of grain yield, reaching 35.29%.
Furthermore, it plays an economic role by consuming atmospheric carbon dioxide and releasing
oxygen and water vapor, which helps reduce greenhouse gas levels and improves environmental
sustainability. Triticale has a flag leaf area of 51.69 cm? compared to wheat (38.51 cm?) (Racz et al.,

2022, Sura and Al-Hilfy 2022b, and Hassouni and Al-Freeh 2025).

REFERENCES:

Abu, O. A,, Ismael, F. M., Al-Abdullah, M. J., Jamjum, K. ,Al-Riface M. K., Tawaha A. M. &
Dakheel, A. (2017). Impact of different levels of salinity on performance of triticale that is
grown in Al-Khalidiyah (Mafraq), Jordan. Am. Eur. J. Sustain. Agric., 11(1); 1-6.

Albaladejo R., A. EU feed autonomy: Closing the gaps in European food
securityAvailableonlinehttps://www.europarl.europa.eu/thinktank/en/document/EPRS BRI(2
023)739328 (accessed on 15.09.2024).

Al-Hakam, M. R. & Abdul-Alwahid, M. A. (2024). Nitrogen fertilizer effect on growth and yield
traits of triticale (X Triticosecale Wittmack). SABRAO J. Breed. Genet., 56(6): 2504-2510.
http://doi.org/10.54910/sabrao2024.56.6.32

Al-Hassan, M. F. H., Jadou, Kh. A. & Saudi, A. H. (2014). Response of several varieties of bread
wheat (Triticum aestivum L.) to different seeding rates. Journal of Thi-Qar University for
Agricultural Research, 3(1), 143-165.

Ayalew, H., Kumssa, T. T., Butler, T. J. & Ma, X.F. (2018). Triticale improvement for forage and

cover crop uses in the southern great plains of the United States. Front. Plant Sci., 9, 1130.

https://doi.org/10.3389/fpls.2018.01130

Biel, W., Bobko, K. & Maciorowski, R. (2009). Chemical composition and nutritive value of husked
and naked oats grain. J. Cereal Sci., 49, 413-418. https://doi.org/10.1016/}.jcs.2009.01.009
Biel, W., Jaroszewska, A., Stankowski, S., Sadkiewicz, J. & Bosko, P. (2016). Effects of genotype
and weed control on * the nutrient composition of winter spelt (7riticum aestivum ssp. Spelta
L.) and common wheat (Triticum aestivum ssp. Vulgare), Acta Agr. Scand., Sec. B - Soil Plant
Sci., 66(1), 27-35. https://doi.org/10.1080/09064710.2015.1062533.
Biel, W., Kazimierska, K. & Bashutska, U. (2020). Nutritional value of wheat, triticale, barley and
oat grains. Acta Sci. Pol. Zootechnica, 19(2), 19-28. https://doi.org/10.21005/asp.2020.19.2.03

45


https://doi.org/10.3389/fpls.2018.01130

MEDIP, Vol.4, No.1:35-49
Biel, W., Maciorowski, R., Bobko, K. & Jaskowska, I. (2011). Chemical composition and energy

value of dwarf oats grain. Ital. J. Food Sci., 23(2), 180-187.

Celestina, C., Hunt, J., Brown, H., Huth, N., Andreucci, M., Hochman, Z. & Kohout, M. (2023).
Scales of development for wheat and barley specific to either single culms or a population of
culms. European Journal of Agronomy, 147, 126824

Cui, L., Xu, L., Wang, H., Fan, X., Yan, C., Zhang, Y., Jiang, C., Zhou, T., Guo, Q. & Sun, Y. (2025).
Evaluation of Dual-Purpose Triticale: Grain and Forage Productivity and Quality Under Semi-
Arid Conditions. Agronomy, 15, 881. https:// doi.org/10.3390/agronomy 15040881

De Zutter, A., Landschoot, S., Vermeir, P., Van Waes, C., Muylle, H., Roldan-Ruiz, I. & Haesaert,
G. (2023) Variation in potential feeding value of triticale forage among plant fraction, maturity
stage, growing season and genotype. Heliyon, 9(1), e12760.

Deli, K. M. & Alag. M. K. (2025). Response of bread wheat yield and components to foliar silicon
under moisture depletion conditions. Iraqgi Journal of Agricultural Sciences, 56(4), 1492-1503.
https://doi.org/10.36103/ys88yt80

Dhahi, A. M. (2017). Evaluation of Pure Lines of Bread Wheat for Drought Tolerance. PhD
dissertation. College of Agriculture - University of Baghdad.

Elsahookie, M. M., Cheyed, S. H. & Dawood. A. (2021). Characteristics of whole wheat grain
bread quality. Syst. Rev. Pharm, 12(1), 593-597.

FAOSTAT, (2021). Food and agriculture Organization of the United Nations. Available at:
www.fao.org.

Farokhzadeh. S., Hassani H., Mohammadi-Nejad G. & Zinati Z. (2022). Evaluation of grain yield
stability of tritipyrum as a novel cereal in comparison with triticale lines and bread wheat
varieties through univariate and multivariate parametric methods, PLoS ONE, 77(9), e0274588.
https://doi.org/10.1371/journal.pone.0274588.

Filip, E., Woronko, K., Stepien, E. & Czarniecka, N. (2023). An Overview of factors affecting the
functional quality of common wheat (7riticum aestivum L.). International Journal of Molecular
Sciences, 24, 7524.

Fra$ A., Golebiewska K., Gotebiewski D., Mankowski D. R., Boros D. & Szecowka P. (2016).
Variability in the chemical composition of triticale grain, flour and bread. Journal of Cereal
Science, 71, 66-72.

Gaviley, O. V., Katerynych, O. O., lonov, L. A., Dekhtiarova, O. O., Griffin, D. K. & Romanov, M.
N. (2024). Triticale: A general overview of its use in poultry production. Encyclopedia, 4, 395-
414.

46



MEDIP, Vol.4, No.1:35-49
Ghendov-Mosanu, A., Popa, N., Paiu, S., Boestean, O., Bulgaru, V., Leatamborg, S., Lupascu, G., &

Codina, G. G. (2024). Breadmaking quality parameters of different varieties of triticale
cultivars. Foods, 7/3(11), 1671. https://doi.org/10.3390/foods13111671

Giunta, F., Pruneddu, G. & Motzo, R. (2019). Grain yield and grain protein of old and modern durum
wheat cultivars grown under different cropping systems. Field Crops Res, 230, 107-120.

Glaze-Corcoran S., Smychcovich A. & Hashemi M. (2023). Dual-purpose rye, wheat, and triticale
cover crops offer increased forage production and nutrient management but demonstrate
nitrogen immobilization dynamics, Agronomy, 13(6), 1517.
https://doi.org/10.3390/agronomy 13061517

Golenkov, V. F. (1985). Comparative amino acid composition of proteins of wheat, rye and triticale
grain. In Triticale (pp. 237-249). Springer.

Grabovec, A. I. (2004). Selekciya geksaploidnyh tritikale na povyshennuyu ekologicheskuyu
plastichnost' i produktivnost'. Evolyuciya nauchnyh tekhnologij v rastenievodstve, 2, 12-19.

Hassouni, A. A. & Al-Freeh, L. M. (2025). Physiological response of triticale (x Triticosecale
Wittmack) cultivars to different seeding rates. Tikrit Journal for Agricultural Sciences, 25(3),
98-118. https://doi.org/10.25130/tjas.25.3.7

Janczak-Pienigzek M. (2023). The influence of cropping systems on photosynthesis, yield, and grain
quality of selected winter triticale cultivars, Sustainability, 75(14), 11075.
https://doi.org/10.3390/sul51411075

Jiang, W., Zhao, Y., Wu, X., Du, Y. & Zhou, W. (2023). Health inequalities of global protein-energy
malnutrition from 1990 to 2019 and forecast prevalence for 2044. Public Health, 225, 102-109.

Kamanova, S., Yermekov, Y., Shah, K., et al. (2023). Review on nutritional benefits of triticale.
Czech Journal of Food Sciences, 41(4), 233-242.

Khan, I. & Zeb, A. (2007). Nutrition composition of Pakistan wheat varieties. J. Zhejiang Univ. Sci.,
B8(8), 555-559. https://doi.org/10.1631/jzus.2007.B0555

Khashan, A. A. A., Khalaf, H. S. M., Hassan, A. A. & Al-Hilfy, I. H. H. (2021). The Effect of seaweed
Spirulina platensis extract and micronutrients on wheat yield and yield components. IOP
Conference Series: Earth and Environmental Science, 923(1), 012052.

McGoverin, C. M., Snyders, F., Muller, N., Botes, W., Fox, G. & Manley, M. (2011). A review of
triticale uses and the effect of growth environment on grain quality. J. Sci. Food Agric., 91,
1155-1165. . https://doi.org/10.1002/jsfa.4338

Méndez-Espinoza A., Romero-Bravo S., Estrada F., Garriga M., Lobos G., Castillo D., Matus 1.,
Aranjuelo I. & Pozo A. (2019). Exploring agronomic and physiological traits associated with
the differences in productivity between triticale and bread wheat in mediterranean

environments, Frontiers in Plant Science, /0, 404. https://doi.org/10.3389/fpls.2019.00404

47



MEDIP, Vol.4, No.1:35-49
Mohammed, A. K. & Kadhem, F.A. (2017). Effect of water stress on yield and yield components of

bread wheat genotypes. The Iraqi Journal of Agricultural Sciences, 48(3), 729-739.

Oldfield E., Bradford, M. & Wood S. (2018). Global meta-analysis of the relationship between soil
organic matter and crop yields, Soil, 5(1): 15-32. https://doi.org/10.5194/s0il-5-15-2019

Pena, R. J. & Amaya, A. (1992). Milling and breadmaking properties of wheat-triticale blends.
Journal of the Science of Food and Agriculture, 60, 483-487.

Racz, 1., Hiriscau, D., Berindean, 1., Kadar, R., Muntean, E., Tritean, N., Russu, F., Ona, A., &
Muntean, L. (2022). The influence of flag leaf removal and its characteristics on main yield
components and yield quality indices on wheat. Agronomy, [2(10), 2545.
https://doi.org/10.3390/agronomy 12102545

Sachko, A.V., Sema, O. V., Vorobets, M. M., & Boruk, S. D. (2020). Food technologies. Features of
production and quality assessment of meat and dairy products: Training. Chernivtsi: Publishing
and Printing House of Chernivtsi National University.

Salmon, R. E. (1984). True metabolizable energy and amino acid composition of wheat and triticale
and their comparative performance in turkey starter diets. Poult. Sci., 63, 1664-1666.
https://doi.org/10.3382/ps.0631664

Shewry, P.R. (2009). Wheat. J. Exp. Bot. 60(6), 1537-1553. https://doi.org/10.1093/jxb/erp058

Siddiqui, S. A., Mahmud, M. M. C., Abdi, G., Wanich, U., Farooqi, M. Q. U., Settapramote, N.,
Khan, S. & Wani, S. A. (2022). New alternatives from sustainable sources to wheat in bakery
foods: Science, technology, and challenges. Journal of Food Biochemistry, 46(9), 14185.
https://doi.org/10.1111/jfbc.14185

Sokol, N. V. (2009). Biologicheskaya i pishchevaya cennost' hleba s pektinom iz muki sorta Veda.
Novye tekhnologii, 4, 49-52.

Sokol, N. V. (2014). Tritikale-kul'tura hlebnaya. Palamarium Academic Publishing, Saarbriicken,
Germany. pp. 137.

Suhovici, D., Paiu, S., Rumeus, 1., Boestean, O. G., Codina, G. G. & Ghendov-Mosanu, A. (2025).
Current and prospective directions in the use of the grain crops triticale’, Journal of Engineering
Science, 32(1), 136-150. https://doi.org/10.52326/jes.utm.2025.32(1).11

Sura, J. B & Al-Hilfy, I. H. H. (2022b). Effect of brassinolide on some growth traits and biological
yield of bread wheat . Iraqi Journal of Agricultural Sciences, 353(2), 322-328.
https://doi.org/10.36103/ijas.v53i2.1539

Sura, J. B. & Al-Hilfy, I. H. H. (2022a). Effect of foliar application of moringa leaves extract on
yield and quality of bread wheat. Iraqi Journal of Agricultural Sciences, 53(2), 315-321

Tamagno S., Pittelkow C., Fohner G., Nelsen T., Hegarty J., Carter C., Vang T. & Lundy M. (2022).

Optimizing water and nitrogen productivity of wheat andtriticale across diverse production

48



MEDIP, Vol.4, No.1:35-49

environments to improve the sustainability of baked products, Frontiers in Plant Science, /3:
952303. https://doi.org/10.3389/fpls.2022.952303

Taraimovych, 1. & Lobanova, S. (2024). Development of flour-based confectionery products with
increased nutritional value based on triticale flour. Commodity Bulletin. /7(1): 76-82.

Tutel'yan, V. A. & Popova, T. S. (2002). Novye strategii v lechebnom pitanii. Medicina, Moskva,
Rossiya. pp. 144.

USDA. (2018). US Department of Agriculture, Agricultural Research Service, Nutrient Data
Laboratory. USDA National Nutrient Database for Standard Reference, Legacy. Version
Current: April 2018.

Vasiliev, S. V. (2018). The national economic importance of triticale and the prospects of its use for
the expansion of the raw material base of food production. Grain Products and Mixed Fodder’s,
62(2), 13-18. https://doi.org/10.15673/gpmt.v62i2.138

Wan C., Dang P., Gao L., Wang J., Tao J., Qin X., Feng B. & Gao J. (2022). How does the
environment affect wheat yield and protein content response todrought? a meta-analysis,
Frontiers in Plant Science, /3, 896985. https://doi.org/10.3389/fpls.2022.896985

Xu, R. G. & Sun Q. X. (2024). Comparative analysis of triticale and wheat: yield, adaptability, and
nutritional content, Field Crop, 7(4): 201-211. https://doi.org/10.5376/fc.2024.07.0020

Yaseen, A. A., Shouk, A. A., & Selim, M. M. (2007). Egyptian balady bread and biscuit quality of
wheat and triticale flour blends. Polish Journal of Food and Nutrition Sciences, 57(1), 31-36.

Zhang, Y., Song, Q., Yan, J., Tang, J., Zhao, R., Zhang, Y., He, Z., Zou, C. & Ortiz-Monasterio, I.
(2010). Mineral element concentrations in grains of Chinese wheat cultivars. Euphytica, /74,
303-313. https://doi.org/10.1007/s10681-009-0082-6

Zhu, F. (2018). Triticale: Nutritional composition and food uses. Food Chemistry, 241, 468-479.
https://doi.org/10.1016/j.foodchem.2017.09.009

49


https://doi.org/10.1007/s10681-009-0082-6

