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Abstract: Triticale is recognized worldwide due to its high protein and lysine content, high
production capacity and adaptability to biotic and abiotic stress conditions, these qualities being
taken over from wheat and rye. Triticale is widely used in various fields such as animal feed in
various forms, in medicine, the bakery, beer, alcohol, cellulose, bioethanol industry and many
others. Thus, the demand for triticale grains is increasing, and this has led to the research and
improvement of culture technology to obtain superior products, both quantitatively and
qualitatively. The purpose of this study was to identify the best varieties of triticale cultivated in the
north-west of Romania, sown in different plots and fertilized on the ground or additionally, the
study being carried out over a period of two years at the Livada Agricultural Research and
Development Station, Satu Mare county. The study was located on an acidic soil with a pH between
5.19 and 6.65 and a humus content of 2.82%. The climatic conditions in the reference period were
extremely variable, in the first year a deficit of more than 90 mm/m?2 of precipitation was registered,
and in the second year of the study, an increase of more than 34 mm/m?2. The effects of additional
fertilization were influenced by the level of precipitation, so in the experimental variants
additionally fertilized, lower productions were obtained compared to the variants fertilized only on
the soil. Compared to the Negoiu control, the Utrifun variety proved to be the most productive, but
this will be proven in the following years of study, under different climatic conditions.

Keywords: triticale; technology; fertilization; production; climate change

1. Introduction

Triticale (Triticosecale Wittmack) are the result of artificial crossing between wheat (Triticum
aestivum) and rye (Secale cereale), taking over the essential characteristics from both parents.
Triticale has a high production capacity and a high protein content, characters borrowed from wheat.
From rye it borrowed the high content of lysine [1], higher than that of cereal grains, these being
between 0.33 and 0.71% [2], the adaptability to unfavorable climatic conditions, the soils poor and
acidic and a better resistance than wheat to diseases [3]. The protein content is close to that of wheat,
being different depending on the variety, region and applied technology, as a rule it is between 11.4
and 14% [4]. In India, in a study of two triticale genotypes, they had a protein content of 13.1% [5].
Unfortunately, triticale does not have the same superior baking characteristics as wheat. Gluten,
which is essential in baking, in triticale is difficult to wash, hard and less flexible [6,7]. For the most
part, triticale grains are used in animal feed, especially in feeding pigs and birds, in different forms
(grains, silage, straw, hay) [8]. Mixed with Lolium multiflorum, they can be used for grazing [9].
Recently, in addition to their use as animal feed, once with genetic progress, triticale has found
numerous uses, for example in the production of bioethanol [10]. n a study that took place in Lativa,
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the lunasin peptide was discovered in triticale grains, which has a preventive role against cancer, an
anti-inflammatory effect and in reducing cholesterol, a fact for which it can also be used in human
medicine [11]. The phenolic acids found in the flour and bran of triticale grains have an antioxidant,
anticancer and antibacterial role [12]. They are still used in the bakery industry, but due to the high
alpha-amylase content and the low gluten content, 100% triticale flour cannot be used, but in a
mixture with wheat flour [13]. It is used in the beer industry, in a ratio of 30% triticale malt and 70%
barley malt [14]. Due to the high content of essential amino acids, mineral compounds and dietary
fibers, triticale grains are valuable in human nutrition [15,16]. If Enterococcus faecium bacteria that
have microbial activity against Listeria innocua are added to the triticale flour component, active
films are obtained from triticale flour, these films have the ability to maintain anti-listerial activity for
a period of up to 45 days, a fact for that triticale flour together with these bacteria can be used in the
food packaging industry that can be used to soften cheese slices [17]. Having a high content of
vegetable matter, triticale straws have a high content of lignin and hemicellulose, thus they are an
alternative source in the cellulose industry [18,19]. Triticale grains are an important source for fish
feed [20-22].

Due to the wide areas in which triticale can be used, this species occupies considerable areas
worldwide. In 2022, according to FAOSTAT [23], the harvested area of triticale worldwide was over
3.6 millions hectares and a total production of over 14 millions tons with a yield of 3.9 tons/ha. Of the
3.6 millions hectares, over 3.1 millions hectares were cultivated in Europe alone, ensuring a total
production of 13 millions tons and a yield of 4.1 tons/ha. Due to the arid climate conditions in Africa,
triticale occupied an area of only 10 thousand hectares in 2022, harvesting over 23 thousand tons,
ensuring a yield of 2.2 tons/ha (Table 1).

Table 1. Cultivated areas and production of triticale worldwide in 2022 (FAQO, 2022).

Crt. No. The region Area (ha) Total production (t) Yield (kg/ha)
1 Mondial 3.616.655 14.157.880 3.914
2 Europa 3.152.094 13.008.741 4.127
3 Asia 300.155 707.688.63 2.357
4 Oceania 61.900 117.200 1.893
5 Americas 92.183 300.690 3.261
6 Africa 10.323 23.560 2.282

In 2022, the largest triticale grower in the world was Poland, with an area of 1.2 millions hectares
and a total production of over 5 millions tons. The second place is occupied by Belarus with an area
of 406 thousand hectares and a total production of 1.1 millions tons. The highest yield per hectare
was recorded in Germany (5.948 kg), followed by Austria (5.686 kg).

In Romania in 2022, triticale occupied an area of 56.900 hectares, registering a total production
of 192 thousand tons, and a yield of 3.376 kg/ha (Table 2).

Table 2. Largest growers of triticale (Triticosecale Wittmatck), 2022 (FAO, 2022).

Total production

Crt. No. Country Area (ha) (to) Yield (kg/ha)
1 Poland 1.232.710 5.440.270 4.413
2 Belarus 406.000 1.192.880 2.938
3 France 339.700 1.613.730 4.750
4 Germany 324.400 1.929.700 5.948
5 Spain 280.350 634.890 2.264
6 China 199.671 386.071 1.933
7 Russian Federation 108.810 306.874 2.820
8 Turkiye 99.930 320.000 3.211
9 Lithuania 63.100 204.560 3.241

10 Australia 61.900 117.200 1.893
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11 Romania 56.900 192.410 3.376
12 Hungary 55.340 186.480 3.369
13 Austria 51.500 292.870 5.686
14 Czechia 40.570 207.620 5117

The purpose of the research presented in this paper is to highlight the most productive varieties
of triticale cultivated in the northwest of Romania and to highlight the role of applied technology
(fertilization and plant selection) on production.

2. Materials and Methods

2.1. Experimental Sites, Soil and Climate

The study was carried out in Romania, in the north-west of the country, at the Agricultural
Research and Development Station in the city of Livada, Satu-Mare county (lat. 47°51'; long. 23°08,
altitude 120-130 m), during 2021/2022, and 2022/2023.

L 4

Motel Dan' ¥

Figure 1. The location of the Research Station and the experimental plots.

The type of soil on which the experiment was placed is a typical preluvosol (brown luvic soil)
which is part of the class of Luvisols, which has an acidic reaction with a pH between 5.19 and 6.65,
depending on the depth we are referring to. From the point of view of humus content, it is low,
having only 2.82% in the arable layer (Table 3).

Table 3. Soil characteristics from the experimental field in Livada.

MU Ap Ao AB Btiw Btaw
cm 0-18 18-40 40-55 55-70 70-110
cm 0.15 20-30 30-40 40-55 55-70 80-95
Humus (Cx1.72) % 2.82 1.44 0.90 0.90 0.84 3.24
N total % 0.168 0.102 0.072 0.068 0.064 -
CN - 8.21 9.15 10.14 10.34 10.57 -

pH in water - 5.19 6.24 6.65 6.53 5.62 528
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Clay (<0.002 mm) %glg 20.9 21.1 23.1 27.0 324 33.1
Apparent density g/cm? 1.35 1.54 1.49 1.48 - 1.48
Hydraulic Conductivity mm/h 31.27 5.87 3.11 0.35 - 1.04

As can be seen in Table 4, the climatic conditions varied from one year to another, with an
increase in average monthly temperatures from one year to another. The average temperature during
the triticale vegetation period in the first year of the study was 7.6°C, 0.6°C higher than the multi-
year average temperature, and the amount of precipitation was approximately 430 mm/m?2, recording
a deficit of over 90 mm/m2. The biggest precipitation deficit in 2021-2022 compared to multi-annual
amounts was in the months of October (-41 mm/m2), March (-44 mm/m2), May (-59 mm/m2) and
June (- 81 mm/m?2). In the second year of the study, the average temperature during the vegetation
period was 1.8°C higher than the average temperature in the first year, respectively 8.8°C. The biggest
temperature difference between the monthly average and the multiannual average occurred in
February 2023, +6.8°C. From the point of view of the precipitation level, it was approximately 563
mm/m?2, registering an additional precipitation of 34.8 mm/m?2. However, the rainfall was unevenly
distributed during triticale vegetation periods, so in October 2022, when the sowing was carried out,
a deficit of 25 mm/m?2 was recorded. In May and June, when the phenophase of grain formation and
filling takes place, the precipitation level was lower than the multiannual monthly amount, in May -
55.8 mm/m?2 and in June -20.6 mm/m2.

Table 4. Monthly and mean temperature and monthly and the amount rainfall during the two
cropping seasons (2021/2022 and 2022/2023).

Mean The

Year Climatic factor temp. amount
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. )
(°C) (mm/m )

Temp. (°C) 90 53 11 -18 28 44 89 163 221 7.6

Multiyear g0 4g 01 =21 01 47 105 158 190 7.0
average
2021/ pifterence+ -0.8 05 10 03 27 -03 -16 05 31 06
2022 painfall (mm/m? 135 654 1193 766 461 13 869 179 103 437.3
Multi-year sum 54.6 558 61.0 49.0 439 457 505 764 911 528.0
Difference+ -41.0 9.6 583 27.6 2.2 -44.0 364 -59.0 -81.0 -90.7
Temp.(°C) 118 62 31 48 15 64 96 163 197 88
Multiyear 5o 4s 01 20 01 47 105 158 190 7.0
average
2022 pitferencer 2 14 3 68 14 17 -09 05 07 18
(2023 sinfall (mm/m? 292 788 1113 691 660 458 733 197 702 563.4
Multi-yearsum 542 562 61.8 493 442 457 509 755 90.8 528.6
Difference+ -25 226 495 198 218 01 224 -558 -20.6 34.8

2.2. Biological Material

For the establishment of the experiment, four triticale varieties were used, created at NARDI
Fundulea [24]: Negoiu, Utrifun, Zvelt and Tulnic, which are registered in the official catalog of
varieties [25].

Negoiu is the longest-lived of the varieties tested, it was registered in 2012, and created through
individual selection repeated annually from the combination of two lines. It has a height of 110-120
cm, the ears are large, white-matte, ridged. The mass of one thousand grains is between 48 and 54 g,
and the hectoliter mass is 72-74 kg/hl. It has a good resistance to fusarium head blight and sepotroiosis
and a medium resistance to brown rust. It can be used in the spirits and bioethanol industry and in
the bakery industry in a ratio of 1 to 1 with wheat flour.
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Utrifun is a variety registered in 2018, with a plant height of 85-95 cm, with large, white spikes,
and the grains are large and red in color. The weight of one thousand grains is 45-50 g, and the
hectoliter weight is 72-76 kg/hl. Compared to the Negoiu variety, it shows better resistance to falling
due to the smaller plant size. It has good resistance to brown rust and fusarium wilt, medium
resistance to yellow rust and spike fusarium wilt. The protein content of the grains is 12.4%. The
usage domains of this variety are similar to those of the Negoiu variety.

Zvelt, is a variety of triticale registered in 2020, which has a plant height of 110-120 cm, with
medium spikes. The mass of one thousand grains is between 45-54 g, and the hectoliter mass between
75 and 77 kg/hl. It has an average resistance to yellow and brown rust. It presents an essential
resistance to sprouting in the ear. The protein content is located at 12.5%. It is used in animal feed in
different forms, in the alcohol, bioethanol and bakery industries.

The Tulnic variety was registered in 2017, and is classified as a semi-early variety, which has a
plant height of 110-118 cm, semi-dense, large and pointed ears. The mass of one thousand grains is
between 45 and 58 g, and the hectoliter mass between 73 and 75 kg. It is resistant to fall, fusarium
head blight, dwarf virus and septoriosis. All 4 varieties show a resistance to the toxicity of aluminum
ions. Tulnic, it is used in animal feed, the spirits industry, bioethanol and the bakery industry.

2.3. Experimental Design

The experiment was placed under the method of subdivided plots, being of the 4 x 3 x 3 type,
having 3 experimental factors.

Factor A is represented by variety;
v Al- Negoiu

v A2- Utrifun

v A3- Zvelt

v A4- Tulnic

Factor B represented fertilization

N4 B1:- chemical fertilization in autumn and spring
N B2- chemical fertilization + foliar fertilization
N B3 - chemical fertilization + foliar fertilization + biostimulator

Factor C was represented by the seeding rate of the 4 varieties of triticale (Figure 2):

N C1- 450 seeds/m2
v C2- 550 seeds/m?2
v C3- 650 seeds/m?2

B1 C1 C2 C3 C1 C2 C3 C1 C2 C3
Al B2 C1 C2 C3 Cc1 Cc2 C3 Cc1 Cc2 C3
B3 C1 C2 C3 C1 C2 C3 C1 C2 C3
B1 C1 Cc2 C3 C1 C2 C3 C1 C2 C3
A2 B2 C1 C2 C3 Cc1 Cc2 C3 Cc1 Cc2 C3
B3 C1 C2 C3 C1 C2 C3 C1 C2 C3
B1 C1 C2 C3 Cc1 C2 C3 c1 Cc2 C3
A3 B2 C1 C2 C3 C1 C2 C3 C1 C2 C3
B3 C1 C2 C3 C1 C2 C3 C1 C2 C3
B1 C1 C2 C3 C1 C2 C3 C1 C2 C3
A4 B2 C1 C2 C3 C1 C2 C3 C1 C2 C3
B3 C1 C2 C3 C1 C2 C3 C1 C2 C3

Figure 2. Layout of the experience.


https://doi.org/10.20944/preprints202411.0446.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 November 2024 d0i:10.20944/preprints202411.0446.v1

2.4. Technology and Materials Used

The preceding plant: in the two years of study, it was fodder pea (Magistra Liv variety). Soil
work: after the pea harvest, in July a disc harrow work was carried out, in September plowing was
carried out at a depth of 23-25 cm, two passes with a disc harrow were carried out.

Basic fertilization: with complex fertilizer of the type DAP 18:46:0 in a dose of 150 kg/ha, this is
a chemical fertilizer that contains the 2 essential macro-elements in plant life. It has a content of 18%
active substance in ammoniacal nitrogen (NH4) and 46% phosphorus petaxoid (P205). This type of
fertilizer rich in phosphorus is applied because lands in the reference area are poorly supplied with
phosphorus [26].

Preparation of the germination bed: with the combiner, through which the fertilizer was
incorporated into the soil.

The sowing: of the 4 varieties of triticale was carried out in experimental plots, in 3 repetitions,
which had an area of 12 m2, respectively 10 m/2 harvested with Wintersteiger seeders (Figure 3).

Figure 3. Sowing experiences with the Wintersteiger seeder.

Additional fertilization, spring: Ammonium nitrate 27% nitrogen, in a dose of 300 kg/ha, all
experimental variants. It contains 13.5% nitric nitrogen and 13.5% ammoniacal nitrogen, besides this
macroelement, it also contains microelements: calcium 7% and magnesium 5% [27].

Fighting weeds: Sekator Progress OD herbicide in a dose of 0.15 1/ha, all experimental variants.
This is a systemic herbicide used to control weeds in straw cereal crops. It contains three active
substances: 100 g/l amidosulfuron, 25 g/l iodosulfuron-methyl-Na and 250 g/l mefenpyr-diethyl.
Used in a dose of 0.15 1/ha to fight weeds such as: Cirsium arvense, Ambrosia artemisiifolia, Sonchus
arvensis, Capsella bursa-pastoris, Matricaria chamomilla, Atriplex patula, Chenopodiumm album,
Raphanus raphanistrum, Sinapsis arvense, etc.[28].

Fighting diseases: Nativo Pro in a dose of 0.6 1/ha, all experimental variants, in the month of May
before planting the plants. This is a systemic fungicide that fights foliar and ear diseases in cereal
crops. It contains two active substances: 175 g/l prothioconazole and 150 g/l trifloxystrobin. This
fungicide fights: Septoria tritici, Erysiphe graminis, Pyrenophora tritici-repentis, Puccinia striiformis,
Pucinia recondita and Fusarium spp.[29].

Before planting the plants, in May:

v the B2 variants of each variety were foliarly fertilized with the product Solar 10-10-10 +
Me in a dose of 3 l/ha; The product used has a nitrogen content of 10%, phosphorus 10%, potassium
10% and trace elements such as: zinc 0.15%, copper 0.03%, manganese 0.025% and boron 0.02%. It
ensures the necessary nutrients for the plants, controlling the imbalances produced especially in the
phenophases such as twinning, before flowering, formation of the grain [30].

v the B3 variants of each variety were foliarly fertilized with the Solar 10-10-10 + Me product
at a dose of 3 1/ha and with the Cropmax biostimulator at a dose of 0.5 I/ha. The biostimulator is also
approved for use in organic farming, it contains growth stimulants such as auxins, cytokinins,
gibberellins, organic amino acids, vitamins and vegetable enzymes. Besides these, it also contains
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macro and microelements: 0.2% nitrogen, 0.4% phosphorus, 0.02% potassium, iron 220 mg/l,
magnesium 550 mg/l, manganese 54 mg/l, zinc 49 mg/l, cuprin 35 mg/ 1, boron 70 mg/l, etc. [31].

Harvesting: it was done in July during the two years of testing with the Wintersteiger
experimental combine (Figure 4).

Figure 4. Harvesting experiences with the Wintersteiger combine.

2.5. Data Statistics and Analysis

The statistical processing of the data was carried out with the help of the analysis of variance
(ANOVA) in order to highlight the production differences between the control variant and the
variants that were fertilized with foliar fertilizer and bio-stimulator and at the same time to observe
the influence of the factors and the interaction between them on the production of triticale.

3. Results

3.1. Influence of Factor A (Variety) on Production

From the point of view of the variety's influence on production, the most productive variety was
Utrifun in 2023, registering very significantly positive differences, this having a production increase
of 3410 kg/ha compared to the control (Negoiu). This was followed by the Zvelt variety also in 2023
registering significantly positive production differences compared to the control variety, ensuring a
production increase of 1169 kg/ha. The lowest production was recorded by the Tulnic variety in 2022,
with a distinctly significant negative difference (-642 kg/ha). No significant production differences
were recorded in 2022 by Utrifun and Zvelt, and by Tulnic in 2023 (Table 5).

Table 5. The influence of the variety on triticale production, 2022-2023.

. Production The c g

Year Variant Symbol (ke/ha) % difference Significance
2022 Negoiu Al (Ct) 8202.07 100.0 0.00 Ct
2023 Negoiu Al (Ct) 7434.41 100.0 0.00 Ct
2022 Utrifun A2 8386.30 102.2 184.22 Ns
2023 Utrifun A2 10845.07 145.9 3410.67 i
2022 Zvelt A3 8130.89 99.1 -71.19 Ns
2023 Zvelt A3 8604.00 115.7 1169.59 *

2022 Tulnic A4 7559.93 92.2 -642.15 00
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2023 Tulnic A4 7810.37 105.1 375.96 Ns
2022: LSD (p 5%) 385.26 kg/ha; LSD (p 1%) 583.40 kg/ha; LSD (p 0.1%) 937.21 kg/ha. 2023: LSD (p 5%) 925.65
kg/ha; LSD (p 1%) 1401.69 kg/ha; LSD (p 0.1%) 2251.78 kg/ha. Ct — control, Ns — non-significant ,* - significantly

*3%%

positive, *** - very significantly positive, Lsd — Least Significant Difference.

3.2. Influence of Factor B (Fertilization) on Production

In 2022, due to the extreme climatic conditions, high temperatures and lack of precipitation,
foliar and biostimulator fertilization did not increase production, but on the contrary, the foliar and
biostimulator fertilized variants recorded significantly negative differences in production (-169 kg
/ha) in the foliar fertilized variants, and -212 kg/ha in the foliar fertilized varinates and with
biostimulator.

On the other hand, in 2023 when the average temperatures were close to normal and the
precipitation level was above the multi-year amount, the foliar fertilized and biostimulator variants
recorded increases in production. The foliar fertilized variants registered very significantly positive
differences compared to the variants fertilized only on the soil (884 kg/ha). The foliar and
biostimulant fertilized variants registered very significantly positive differences ensuring a
production increase of over 800 kg/ha (Table 6).

Table 6. The influence of fertilization on triticale production, 2022-2023.

Production The
Y . 1 o Lonifi
ear Variant Symbo (kg/ha) Yo difference Significance

2022 Chemical fertilization B1 (Ct) 8197.42 100.0 0.00 Ct

2023 Chemical fertilization B1 (Ct) 8099.03 100.0 0.00 Ct

2022 Chemical fer.t%hza.tlon + foliar B2 8027 44 979 169,97 0
fertilization

20p3 Chemical fertilization + foliar 5, 898375 1109 88472
fertilization

2022 Chemical fertilization + foliar B3 7984 53 974 212,89 0

fertilization + biostimulator
Chemical fertilization + foli
2023 - conea fertiization T OHAT gy 893761 1104 83858 wex
fertilization + biostimulator
2022: LSD (p 5%) 166.98 kg/ha; LSD (p 1%) 222.98 kg/ha; LSD (p 0.1%) 290.93 kg/ha. 2023: LSD (p 5%) 266.42
kg/ha; LSD (p 1%) 366.96 kg/ha; LSD (p 0.1%) 505.20 kg/ha. Ct — control, 0 — significantly negative, *** - very

significantly positive , Lsd — Least Significant Difference.

3.3. Influence of Factor C (Density) on Production

In North-West Romania, in the triticale cultivation technology, sowing is practiced at a density
of 500 seeds/m2. In 2022 and 2023, the sowing density did not register significant production
differences. Also, the control variant recorded the highest productions, with the exception of the
variants sown at 450 seeds/m2, which in 2023 brought a production increase of 125 kg/ha. The biggest
negative difference in production was in 2023 for the variants sown at 650 seeds/m2 (Table 7).

Table 7. The influence of sowing rate on triticale production, 2022-2023.

Variant Production The c g
Year (seeds/m?) Symbol (ke/ha) % difference Significance
2022 550 C2 (M) 8128,22 100.0 0.00 Ct
2023 550 C2 (Mt) 8683.53 100.0 0.00 Ct
2022 450 C1 8071.42 99.3 -56,81 Ns
2023 450 C1 8809.39 101.4 125.86 Ns
2022 650 C3 8009.75 95,5 -118,47 Ns

2023 650 C3 8527.47 98.2 -156.05 Ns
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2022: LSD (p 5%) 264.73 kg/ha; LSD (p 1%) 364.63 kg/ha;LSD (p 0.1%) 501.99 kg/ha. 2023: LSD (p 5%) 207.88
kg/ha; LSD (p 1%) 277.59 kg/ha; LSD (p 0.1%) 362.19 kg/ha. Ct — control, Ns — non-significant, Lsd — Least
Significant Difference.

3.4. Influence of Factors A x B (Variety x Fertilization) on Production

In the case of the interaction between the variety and fertilization, the biggest production
difference was obtained by the Utrifun variety fertilized on the ground, foliar and with biosimulator,
registering very significantly positive differences compared to the control, ensuring a production
increase of 4137 kg/ha in 2023 Utrifun fertilized on the ground and with foliar had very significant
positive differences, ensuring an increase of 4058 kg/ha in 2023. Utrifun, fertilized only on the ground,
recorded significantly positive differences in production in 2023, ensuring a production increase of
over 2000 kg /Ha. The Tulnic variety fertilized with the three fertilization schemes had distinctly
significantly positive differences, ensuring a production increase of over 1500 kg/ha. The Zvelt
variety in 2023 registered distinctly significantly positive differences ensuring a production increase
of over 1500 kg/ha when it was fertilized both on the soil and foliar. In the climatic conditions of 2022,
Utrifun fertilized on the ground recorded significantly positive production differences, surpassing
the control version by 836 kg/ha. The lowest production was obtained by the Tulnic variety fertilized
only on the ground, foliar fertilized and with biostimulator, registering a very significant negative
difference in production (Table 8).

Table 8. The influence of variaty and fertilization on triticale production, 2022-2023.

Production The
Y Vari 1 Y ignifi
ear ariant Symbo (ke/ha) Yo dif ferenceSlgnl icance

2022 Negoiu x Chemical fertilization AlxB1 7943.00 100.0 0.00 Ct

2023 Negoiu x Chemical fertilization AlxB1 755511 100.0 0.00 Ct

2022 Utrifun x Chemical fertilization A2xB1l 8779.44 1105 836.44 *

2023 Utrifun x Chemical fertilization A2 xB1 9590.89 126.9 2035.78 **

2022 Zvelt x Chemical fertilization A3 xB1 8156.44 102.7 213.44 Ns

2023 Zvelt x Chemical fertilization A3xBl1 9114.44 120.6 1559.33 i

2022 Tulnic x Chemical fertilization A4 xBl 8244.11 103.8 301.11 Ns

2023 Tulnic x Chemical fertilization A4xBl 6135.67 81.2 -1419.45 0

2022 Negoiu x Chemlc.a.l feI:tth&thl’l + foliar AlxB2 824467 10000  0.00 Ct
fertilization

2023 Negoiu x Chemlc.a} feI:tthﬁthl’l + foliar AlxB2 718644 1000  0.00 Ct
fertilization

2022 Utrifun x Chemlc'a'l fer.tlhzatlon + foliar A2xB2 799792 970 24744 N
fertilization

2023 Utrifun x Chemlc'a'l fer.tlhzatlon + foliar A2xB2 1124478 1565 405833 -
fertilization

2022 Zvelt x Chemlca.l .fertThzatlon + foliar A3xB2 813600 987 -108.67 N
fertilization

2023 Zvelt x Chemlca.l .fertThzatlon + foliar A3xB2 873911 1216 1552.67 -
fertilization

Tulni hemical fertilization + foli

2022 lulnicxChemical fertilization + foliar ) w0 7org 09 937 51578 Ns
fertilization

2023 Tulnic x Chemlce'ﬂ' fer‘flhzatlon + foliar AdxB2 876467 1220 157822 o
fertilization

2022 Negoiu X'(?her.mcal f(?rtll%zatlon + foliar AlxB3 841856 1000  0.00 Ct

fertilization + biostimulator
i hemical fertilizati foli
2023 Negoiu x Chemical fertilization + foliar AlxB3 756167 100.0 0.00 Ct

fertilization + biostimulator
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2022 Utrifun X.C.her‘mcal fe.rtﬂ%zatlon + foliar A2xB3 837922 995  -3933 Nis
fertilization + biostimulator

2023 Utrifun x.C.Zher.mcaI fetrtﬂ%zatlon + foliar A2 xB3 11699.56 1547 4137.89 e
fertilization + biostimulator

p0pp  2Vveltx Chemical fertilization +foliar o ot 01005 960 31833 Ns
fertilization + biostimulator

. et ot

2023 Zveltx Chemical fertilization +foliar 5 pe sgng 4y 1050 39678 Ns
fertilization + biostimulator
. . I

2022 Lulnicx Chemical fertilization + foliar -\ po' 205y 50 g36 135400 000
fertilization + biostimulator

2023 Tulnic x ?hen}lcal fe.rtlh‘zatlon + foliar A4xB3 853078 1128 96911 Nis
fertilization + biostimulator

2022: LSD (p 5%) 618.89 kg/ha; LSD (p 1%) 881.62 kg/ha,' LSD (p 0.1%) 1287.89 kg/ha. 2023: LSD (p 5%) 1021.06

kg/ha; LSD (p 1%) 1517.74 kg/ha; LSD (p 0.1%) 2372.49 kg/ha. Ct — control, Ns — non-significant , * - significantly

positive, ** - distinctly significant positive *** - very significantly positive , 0 - significantly negative, 000 - very

significantly negative, Lsd — Least Significant Difference.

3.5. Influence of Factors A x C (Variety x Density) on Production

The highest productions were obtained by Utrifun in 2023 for all three sowing schemes,
registering very significantly positive differences compared to the control. It brought increases of
over 3700 kg/ha sown at 550 seeds/m2, 3400 kg/ha at 650 seeds/m2 and over 3100 kg/ha sown at 450
seeds/m2. Distinctly significantly positive differences were recorded by Zvelt in 2023, signed at 550
seeds/m2 (+1488 kg/ha), and significantly positive differences sown at 450 seeds/m2 (+1231 kg/ha).
Distinctly significantly negative differences were registered by Tulnic in 2022 sown at 650 seeds/m2
(-726 kg/ha), and significantly negative differences in production, sown at 550 seeds/m2 obtaining a
lower production by 620 kg/ha compared to witness (Table 9).

Table 9. The influence of the variaty and the sowing thickness on triticale production, 2022-2023.

Production The
. 1 o ionifi

Year Variant Symbo (kg/ha) Yo difference Significance

2022 Negoiu x 450 AlxCl 8095.89 100.0 0.00 Ct
seeds/m?

2023 Negoiu x 450 AlxCl 7624.89 100.0 0.00 Ct
seeds/m?

2022 Utrifun x 450 A2xCl 8385.67 103.6 289.78 N
seeds/m?

2023 Utrifun x 450 A2xCl1 10728.56 1407  3103.67
seeds/m?

2022 Zvelt x 450 seeds/m2 A3 xCl1 7960.11 98.3 -135.78 Ns

2023 Zvelt x 450 seeds/m2 A3 xCl1 8856.44 116.2 1231.56 *

2022 Tulnic x 450 seeds/m? A4 xCl1 7844.00 96.9 -251.89 Ns

2023 Tulnic x 450 seeds/m2 A4 x C1 8027.67 105.3 402.78 Ns

2022 Negoiu x 550 AlxC2 8213.33 100.0 0.00 Ct
seeds/m?

2023 Negoiu x 550 AlxC2 7300.22 100.0 0.00 Ct
seeds/m?

2022 Utrifun x 550 A2 X C2 8408.89 102.4 195.56 Ns
seeds/m?

2023 Utrifun x 550 A2x 2 11010.44 150.8  3710.22 wox
seeds/m?

2022 Zvelt x 550 seeds/m?2 A3 x(C2 8292.56 101.0 79.22 Ns

2023  Zvelt x 550 seeds/m2 A3 x C2 8788.56 120.4 1488.33 o
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2022 Tulnic x 550 seeds/m2 A4 x C2 7592.56 92.4 -620.78 0
2023 Tulnic x 550 seeds/m2 A4 x C2 7634.89 104.6 334.67 Ns
2022 Negoiu x 650 AlxC3 8297.00 100.0 0.00 Ct
seeds/m?
2023 Negoiu x 650 AlxC3 7378.11 100.0 0.00 Ct
seeds/m?
2022 Utrifun x 650 A2xC3 8361.33 100.8 64.33 Nis
seeds/m?
2023 Utrifun x 650 A2 xC3 10796.22 1463  3418.11 wox
seeds/m?
2022 Zvelt x 650 seeds/m2 A3 xC3 8140.00 98.1 -157.00 Ns
2023 Zvelt x 650 seeds/m2 A3 xC3 8167.00 110.7 788.89 Ns
2022 Tulnic x 650 seeds/m? A4 x C3 7571.00 91.2 -726.00 00
2023 Tulnic x 650 seeds/m? A4 x C3 7768.56 105.3 390.44 Ns

2022: LSD (p 5%) 466.05 kg/ha; LSD (p 1%) 673.84 kg/ha; LSD (p 0.1%) 1010.69 kg/ha. 2023: LSD (p 5%) 983.59
kg/ha; LSD (p 1%) 1464.65 kg/ha; LSD (p 0.1%) 2297.10 kg/ha. Ct — control, Ns — non-significant, * - significantly

%

positive, *** - very significantly positive , 0 - significantly negative, 00 - distinctly significantly negative, Lsd —

Least Significant Difference.

3.6. Influence of Factors B x C (Fertilization x Density) on Production

In the case of the interaction between the experimental factors fertilization and sowing, the
different climatic conditions in the two years of the study played an essential role, so that in 2023 all
the variants recorded positive production differences compared to the control variant. Very
significantly positive production differences were obtained by the variants sown at 650 seeds/m2 and
fertilized chemically, with foliar and with biostimulator (+1071 kg/ha), the variants sown at 550
seeds/m2 and fertilized on the ground, with foliar fertilizer (+1026 kg/ha), the variants sown at 650
seeds/m2 and fertilized on the ground and foliar fertilizer (+940 kg/ha) and by the variants sown at
550 seeds/m2 and fertilized on the ground, with foliar fertilizer and biostimulator (+729 kg/ha).
Distinctly significantly positive production differences were obtained in the variants that were sown
at 450 seeds/m2 and had all three levels of fertilization (+714 kg/ha). The variants sown at 450
seeds/m2, fertilized on the ground and with foliar fertilizer in 2023 registered distinctly significantly
positive production differences (+687 kg/ha).

In 2022, due to the climatic conditions, the agreement to be signed did not favorably influence
the increase in production. Distinctly significantly negative differences in production were recorded
for the variants sown at 650 seeds/m2 that were fertilized with chemical soil fertilizer, foliar fertilizer
and biostimulator (-586 kg/ha). Significantly negative production differences were recorded for the
variants sown at 650 seeds/m?2 fertilized on the ground and with foliar fertilizer, these having a lower
production than the control by over 450 kg/ha (Table 10).

Table 10. The influence of the fertilization and the sowing thickness on triticale production, 2022-

2023.
. Production The .

Year Variant Symbol (ke/ha) Yo dif ferenceSlgmﬁcance

2022 Chemical fertilization x 450 seeds/m? B1xCl1 8176.42 100.0 0.00 Ct

2023 Chemical fertilization x 450 seeds/m? B1xC1 8342.08 100.0 0.00 Ct

202 2Chermcal fertilization + foliar fertilization x 450 B2xCl 798358 97.6 -192.83 Nis
seeds/m?

2023 Chemical fertilization + foliar fertilization x 450 B2xCl 902917 1082 687.08 o
seeds/m?

2022 Chemical fertilization + foliar fertilization + B3xCl 805425 985 -122.17 N

biostimulator x 450 seeds/m?
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Chemical fertilization + foliar fertilization +

202 B3 1 92 108.6 714. **
023 biostimulator x 450 seeds/m? xCL 90569 08.6 83

2022 Chemical fertilization x 550 seeds/m? B1xC2 8227.17 100.0 0.00 Ct

2023 Chemical fertilization x 550 seeds/m? B1xC2 8098.08 100.0 0.00 Ct

202 2Chermcal fertilization + foliar fertilization x 550 B2xC2 810992 98.6 -117.95 Nis
seeds/m?

2023 Chemical fertilization + foliar fertilization x 550 B2xC2 912467 1127 102658 .
seeds/m?

2022 Chemlca.l fe1;t111zat10n + foliar fertilization + B3xC2 804342 978 -183.75 N

biostimulator x 550 seeds/m?
2023 Chemlca.l fe1"t1112at10n + foliar fertilization + B3xC2 882783 109.0 729.75 o
biostimulator x 550 seeds/m?

2022 Chemical fertilization x 650 seeds/m? B1xC3 8438.67 100.0 0.00 Ct

2023 Chemical fertilization x 650 seeds/m? B1xC3 7859.92 100.0 0.00 Ct

2022Chem1cal fertilization + foliar fertilization x 650 B2xC3 798658 946 -45208 0
seeds/m?

2023 Chemical fertilization + foliar fertilization x 650 BIxC3 879742 112.0 94050 -
seeds/m?

hemical fertilizati foliar fertilizati
2022 Chemical fertilization + foliar fertilization + B3xC3 785175 93.0 -586.92 00

biostimulator x 650 seeds/m?
hemical fertilization + foliar fertilization +
a0z Chemical fertilization + foliar fertilization + o 3 0090 56 1136 107117 wox
biostimulator x 650 seeds/m?
2022: LSD (p 5%) 380.91 kg/ha; LSD (p 1%) 518.34 kg/ha; LSD (p 0.1%) 699.19 kg/ha. 2023: LSD (p 5%) 396.61
kg/ha; LSD (p 1%) 536.90 kg/ha; LSD (p 0.1%) 717.74 Kg/ha. Ct — control,Ns — non-significant, ** - distinctly

significantly positive, *** - very significantly positive , 0 - significantly negative, 00 - distinctly significantly

negative, Lsd — Least Significant Difference.

3.7. Influnence of Factors A x B x C (Variaty x Fertilization x Density) on Production

In the case of the interaction of the three experimental factors, the highest productions were
obtained in 2023, the production differences being very significantly positive. These productions
were obtained by the Utrifun variety at different sowing plots and fertilization schemes. The highest
production was obtained when it was sown at 550 seeds/m2 and fertilized on the ground, with foliar
fertilizer, fertilized with biosimulator, 11913 kg/ha, over 4500 kg/ha more than the control variant.
Also, the production of the Utrifun variety decreases with the number of fertilizations. Utrifun sown
at 650 seeds/m?2 and fertilized on the ground and with foliar fertilizer obtained 11343 kg/ha, ensuring
a production increase of 4378 kg/ha. Utrifun sown at 550 seeds/m?2, fertilized on the ground and with
foliar fertilizer recorded productions of 11400 kg/ha. The high plot to be signed at Utrifun did not
bring production increases, the variants sown at a plot of 650 seeds/m2 and fertilized on the ground,
foliar and with biostimulator, brought a production increase compared to the control of over 3900
kg/ha. Utrifun sown at 450 seeds/m2 and fertilized with chemical fertilizer on the ground, foliar
fertilized and with biostimulator recorded an increase in production compared to the control of over
3800 kg/ha. At a plot of 450 seeds/m2, only fertilized on the ground and with foliar fertilizer managed
to obtain a production of over 10900 kg/ha, the difference in production compared to the control
being very significantly positive.

Distinctly significantly positive production differences were registered in 2023 by the Utrifun,
Zvelt and Tulnic varieties, the productions being over 8800 kg/ha. The Utrifun variety sown at 550
seeds/m2 and fertilized on the ground obtained a production of 9718 kg/ha, having an increase of
over 2200 kg/ha compared to the control, and signed at 450 seeds/m2 managed to register a
production of 9645 kg/ha. The increase in the number of plants per square meter has a negative
influence on production in the case of Utrifun, thus sown at 650 seeds/m2 and fertilized on the
ground, it recorded a production of 9409 kg/ha. Slender sown at 450 seeds/m2 and fertilized on the
ground recorded a production of over 9500 kg/ha, and at 550 seeds/m?2 it recorded only 9188 kg/ha,
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the increase in the number of plants per square meter negatively influencing production, but the
interaction between Zvelt signed at 550 seeds/m2, fertilized on the ground, with foliar fertilizer
recorded a production of 9206 kg/ha, 2119 kg/ha higher than the control. The lowest production that
presented distinctly significantly positive production differences was of the Tulnic variety that was
sown at 550 seeds/m2 and received two fertilization options (+1719 kg/ha).

In 2022, significantly positive production differences were registered by Utrifun sown at 450
seeds/m2 and fertilized on the ground (+1048 kg/ha), and signed at 550 seeds/m2 (+ 902 kg/ha), thus
the increase in sowing thickness at Utrifun negatively influences production capacity. In 2023 the
varieties Zvelt and Tulnic recorded significantly positive differences in production, thus Zvelt sown
at 450 seeds/m?2, fertilized on the ground and with foliar fertilizer, obtained over 1260 kg/ha more
than the control variant, and Tulnic fertilized and signed in the same way as Zvelt obtained an
increase of 1332 kg/ha compared to the control variant. Zvelt sown at 650 seeds/m2 and fertilized on
the ground and with foliar fertilizer obtained 8235 kg/ha, with more than 1200 kg/ha compared to the
control, also Tulnic sown at 650 seeds/m2 and fertilized on the ground and with foliar fertilizer
recorded a production of over 8600 kg/ha, 1683 kg/ha more than the control.

In the two years of the experimental study, statistically ensured negative production differences
were recorded by the Tulnic variety. In 2022, sown at 650 seeds/m2 and fertilized on the soil, foliar,
biostimulator recorded very significantly negative differences in production, obtaining 6689 kg/ha
and a negative difference in production of 1571 kg/ha. Distinctly significant negative differences were
recorded when it was sown at 550 seeds/m2 (-1440 kg/ha) and at 450 seeds/m2 (-1140 kg/ha), and
when it received all three levels of fertilization, thus can deduce that in 2022 the production of Tulnic
decreased once with the increase of the sowing area. In 2023, it registered significantly negative
production differences, the biggest difference being when it was sown at 650 seeds/m2 and only
chemically fertilized (-1621 kg/ha). Sown at 550 seeds/m2 and fertilized on the ground, it obtained
6009 kg/ha, 1467 kg/ha less than the control. Tulnic sown at 650 seeds/m2 fertilized on the ground
and with foliar fertilizer obtained 7345 kg/ha and a negative difference in production of 1039 kg/ha,
the difference being significantly negative (Table 11).

Table 11. The influence of variety, fertilization and the sowing thickness on triticale production, 2022-

2023.
Production The
N , ) . .
ear Variant Symbo (ke/ha) %o dif ferenceSlgnl icance
2022 Negoiu x Chemical fertilization x 450 seeds/m?> A1xBlxCl 7746.33 100.0 0.00 Ct
Al x Bl
2023 Negoiu x Chemical fertilization x 450 seeds/m? )c(: . X 769333 1000  0.00 Ct
2022 Utrifun x Chemical fertilization x 450 seeds/m?  “* éfl X 879433 1135 1048.00 *
2023  Utrifun x Chemical fertilization x 450 seeds/m?2 A2 éfl X 9645.00 125.4 1951.67 g
2022 Zvelt x Chemical fertilization x 450 seeds/m?2 A3 éfl X 7980.33 103.0 234.00 Ns
2023 Zvelt x Chemical fertilization x 450 seeds/m? > éfl X 9506.67 123.6 1813.33 o
A4 x Bl
2022  Tulnic x Chemical fertilization x 450 seeds/m? é h X 814867 1057 43833 Ns
2023  Tulnic x Chemical fertilization x 450 seeds/m? Ad éfl X 6523.33 84.8 -1170.00 Ns
Al x Bl
2022 Negoiu x Chemical fertilization x 550 seeds/m? 22 X 784033 1000  0.00 Ct
Al x Bl
2023 Negoiu x Chemical fertilization x 550 seeds/m? é ) X 747633 1000  0.00 Ct
2022 Utrifun x Chemical fertilization x 550 seeds/m? -2 *B1X  gzan 67 1115 902.33 *

C2
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. . e s A2 x Bl x
2023  Utrifun x Chemical fertilization x 550 seeds/m? o 9718.00 130.0 2241.67 **
. e A3 x Bl x
2022 Zvelt x Chemical fertilization x 550 seeds/m? - 8453.00 107.8 612.67 Ns
. e A3 x Bl x
2023 Zvelt x Chemical fertilization x 550 seeds/m? o 9188.00 1229 1712.33 **
. . e A4 xBlx
2022  Tulnic x Chemical fertilization x 550 seeds/m? - 7872.67 1004 32.33 Ns
. . e . A4 x Bl x
2023  Tulnic x Chemical fertilization x 550 seeds/m? o 6009.33 80.4 -1467.00 0
. . e s Al xB1 x
2022 Negoiu x Chemical fertilization x 650 seeds/m? 3 8242.33 100.0 0.00 Ct
. . e s Al xB1 x
2023 Negoiu x Chemical fertilization x 650 seeds/m? 3 7495.67 100.0 0.00 Ct
. . e A2 x Bl x
2022  Utrifun x Chemical fertilization x 650 seeds/m? c3 8801.33 106.8 559.00 Ns
. . e A2 x Bl x
2023  Utrifun x Chemical fertilization x 650 seeds/m? c3 9409.67 125.5 1914.00 **
. e A3 xBlx
2022 Zvelt x Chemical fertilization x 650 seeds/m? 3 8036.00 975 -206.33 Ns
. e A3 x Bl x
2023 Zvelt x Chemical fertilization x 650 seeds/m? 3 8648.00 115.4 1152.33 Ns
. . e A4 x Bl x
2022  Tulnic x Chemical fertilization x 650 seeds/m? c3 8675.00 105.2 432.67 Ns
. . e A4 x Bl x
2023  Tulnic x Chemical fertilization x 650 seeds/m? c3 5874.33 784 -1621.33 0
Negoiu x Chemical fertilization + foliar Al xB2x
2022 fertilization x 450 seeds/m? C1 8044.67. 1000 0.00 Ct
Negoiu x Chemical fertilization + foliar Al xB2x
2023 fertilization x 450 seeds/m? C1 750833 1000 0.00 Ct
Utrifun x Chemical fertilization + foliar A2 x B2 x
2022 fertilization x 450 seeds/m? C1 795167 988 -93.00 Ns
Utrifun x Chemical fertilization + foliar A2 x B2 x ot
2023 fertilization x 450 seeds/m? C1 10991.00 1464 348267
2022 Zvelt x Chemical fertilization + foliar fertilization x A3 x B2 x 794733 988  -97.33 Ns
450 seeds/m? C1
2023 Zvelt x Chemical fertilization + foliar fertilization x A3 x B2 x 877633 1169 1268.0 .
450 seeds/m? C1
2022 Tulnic x Chemical fertilization + foliar fertilization A4 x B2 x 7990.67 993  -54.00 Nis
x 450 seeds/m?2 C1
2023 Tulnic x Chemical fertilization + foliar fertilization A4 x B2 x 8841.00 117.1 1332.67 .
x 450 seeds/m?2 C1
Negoiu x Chemical fertilization + foliar Al xB2x
2022 fertilization x 550 seeds/m? C2 830133 100.0 0.00 Ct
Negoiu x Chemical fertilization + foliar Al xB2x
2023 fertilization x 550 seeds/m? C2 7086.67. 1000 0.00 Ct
Utrifun x Chemical fertilization + foliar A2 x B2 x
2022 fertilization x 550 seeds/m? C2 8080.33  97.3  -221.00 Ns
Utrifun x Chemical fertilization + foliar A2 xB2x e
2023 fertilization x 550 seeds/m? Cc2 11400.33 1609 4313.67
2022 Zvelt x Chemical fertilization + foliar fertilization x A3 x B2 x 81100 989  -90.33 Nis
550 seeds/m?2 C2
2023 Zvelt x Chemical fertilization + foliar fertilization x A3 x B2 x 9206.00 129.9 2119.33 "
550 seeds/m?2 C2
2022 Tulnic x Chemical fertilization + foliar fertilization A4 x B2 x 784700 945  -45433 Nis
x 550 seeds/m? C2
2023 Tulnic x Chemical fertilization + foliar fertilization A4 x B2 x 8805.67 1243 1719.00 o

x 550 seeds/m? C2
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Negoiu x Chemical fertilization + foliar Al xB2x
2022 fertilization x 650 seeds/m? C3 8388.00 100.0 0.00 Ct
Negoiu x Chemical fertilization + foliar Al xB2x
2023 fertilization x 650 seeds/m? C3 6967.33  100.0 0.00 ct
Utrifun x Chemical fertilization + foliar A2 x B2 x
2022 fertilization x 650 seeds/m? C3 79967 949 42833 N
Utrifun x Chemical fertilization + foliar A2 xB2x
2023 11343.00 162.9 4378.67 o
fertilization x 650 seeds/m? C3
2022 Zvelt x Chemical fertilization + foliar fertilization x A3 x B2 x 824967 949 -138.33 Ns
650 seeds/m?2 C3
2023 Zvelt x Chemical fertilization + foliar fertilization x A3 x B2 x 8235.00 1182 1270.67 .
650 seeds/m? C3
2022 Tulnic x Chemical fertilization + foliar fertilization A4 x B2 x 7349.00  87.6 -1039.00 0
X 650 seeds/m?2 C3
2023 Tulnic x Chemical fertilization + foliar fertilization A4 x B2 x 8647.33 1242 1683.0 .
x 650 seeds/m? C3
Negoiu x Chemical fertilization + foliar Al x B3 x
2022 fertilization + biostimulator x 450 seeds/m? C1 8496.67. 1000 0.00 Ct
Negoiu x Chemical fertilization + foliar A1 xB3x
2023 fertilization + biostimulator x 450 seeds/m? C1 7673.0 1000 0.00 Ct
Utrifun x Chemical fertilization + foliar A2 x B3 x
2022 fertilization + biostimulator x 450 seeds/m? C1 841100 990 -85.67 Ns
Utrifun x Chemical fertilization + foliar A2x B3 et
2023 fertilization + biostimulator x 450 seeds/m?2 xC1 11549.67 1505 3876.67
2022 Zvelt x Cherfucall fertilization + foliar fertilization + A3 x B3 x 7950 67 93.6  -544.00 Ns
biostimulator x 450 seeds/m? C1
2023 Zvelt x Cher?lca.l fertilization + foliar fertilization + A3 x B3 828633 1080 61333 Ns
biostimulator x 450 seeds/m? xC1
2022 Tulnic x Cher.mc.al fertilization + foliar fertilization A4 x B3 x 735667  86.6 -1140.00 00
+ biostimulator x 450 seeds/m? C1
Tulni hemical fertilizati foliar fertilizati A4 xB
2023 ulnic x C er'mc? ertilization + foliar fertilization x B3 x 8718.67 113.6 1045.67 Ns
+ biostimulator x 450 seeds/m? C1
Negoiu x Chemical fertilization + foliar Al x B3 x
2022 fertilization + biostimulator x 550 seeds/m? C2 8498.33 1000 0.00 Ct
Negoiu x Chemical fertilization + foliar Al xB3x
2023 fertilization + biostimulator x 550 seeds/m? C2 7337.67. 1000 0.00 Ct
Utrifun x Chemical fertilization + foliar A2 x B3 x
2022 fertilization + biostimulator x 550 seeds/m? C2 840367 989  -94.67 Ns
Utrifun x Chemical fertilization + foliar A2 xB3x -
2023 fertilization + biostimulator x 550 seeds/m? Cc2 11913.00 1624 4575.33
Zvelt x Chemical fertilization + foliar fertilization + A3 x B3 x
2022 biostimulator x 550 seeds/m? C2 821367 96.7  -284.67 Ns
Zvelt x Chemical fertilization + foliar fertilization + A3 x B3 x
2023 biostimulator x 550 seeds/m? C2 7917.00 108.6  633.33 Ns
2022 Tulnic x Cher.mc‘til fertilization + foliar fertilization A4 x B3 x 7058.00 831 -1440.33 00
+ biostimulator x 550 seeds/m? C2
2023 Tulnic x Cher.mc‘jil fertilization + foliar fertilization A4 x B3 x 8089.67 1102 752.00 Ns
+ biostimulator x 550 seeds/m? C2
Negoiu x Chemical fertilization + foliar A1 xB3x
2022 fertilization + biostimulator x 650 seeds/m? C3 826067 1000 0.00 Ct
Negoiu x Chemical fertilization + foliar Al x B3 x
2023 fertilization + biostimulator x 650 seeds/m? C3 767433 1000 0.00 Ct
Utrifun x Chemical fertilization + foliar A2 x B3 x
2022 fertilization + biostimulator x 650 seeds/m? C3 8323.00 1008  62.33 Ns
Utrifun x Chemical fertilization + foliar A2 x B3 x ot
2023 fertilization + biostimulator x 650 seeds/m? C3 11636.00 151.6 3961.67
2022 Zvelt x Chemical fertilization + foliar fertilization + A3 x B3 x 813433 985 -126.33 Ns

biostimulator x 650 seeds/m? C3
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Zvelt x Chemical fertilization + foliar fertilization + A3 x B3 x

2023 biostimulator x 650 seeds/m? C3 761800 993 -56.33 Ns

2022 Tulnic x Che{nlc?l fertilization + foliar fertilization A4 x B3 x 6689.00 810 -1571.67 000
+ biostimulator x 650 seeds/m? C3

2023 Tulnic x Cher.mc‘til fertilization + foliar fertilization A4 x B3 x 878400 1145 1109.67 Ns
+ biostimulator x 650 seeds/m? C3

2022: LSD (p 5%) 776.62 kg/ha; LSD (p 1%) 1079.28 kg/ha; LSD (p 0.1%) 1513.49 kg/ha. 2023: LSD (p 5%) 1174.94
kg/ha; LSD (p 1%) 1696.50 kg/ha; LSD (p 0.1%) 2537.79 Kg/ha. Ct — control, Ns — non-significant, * - significantly
positive, ** - distinctly significantly positive, *** - very significantly positive , 0 - significantly negative, 00 -
distinctly significantly negative, 000 - very significantly negative, Lsd — Least Significant Difference.

4. Discussion

Obtaining high yields is due to their cultivation technology. In addition to choosing the most
productive varieties, it is necessary to ensure the plants' nutrient requirements during the growing
season and establish the optimal sowing density so that the triticale plants have enough space for
development. In this case, studies were carried out at the global level regarding the growth of the
stock through interventions in the cultivation scheme. Triticale responds very well to fertilization,
especially nitrogen fertilization. The yield of these is given by the dose of fertilizer and environmental
factors. Mainly the protein content is given by the amount of nitrogen that is available to the plants,
where it is possible to intervene with foliar fertilizer to supplement the necessary nutrients needed
by the plants. The accumulation of most amino acids in grains depends on fertilization, most being
accumulated at a quantity of 120 kg/ha of nitrogen. Fertilization is the factor that most influences
production growth and foliar fertilization can stimulate production growth [32].

In Estonia, a study was carried out on the influence of nitrogen fertilization in different
vegetation phenophases on grain yield and quality, and it was found that nitrogen fertilization in the
development stage of EC47 plants led to a reduction in plant fall and an increase in protein content
[33].

And the area where the triticale is located has an important influence in terms of production. In
Poland, this was demonstrated through a study that consisted in the testing of 11 triticale cultivations
that were evaluated in 58 localities in which two culture managements were used, moderate and
conventional and a high management [34]. Thanks to the genetic progress of the last decades, spring
triticale were also created, which were tested together with 55 genotypes of winter triticale in Poland,
it was found that the spring forms signed earlier, having a longer vegetation period , and on more
fertile soils they can ensure productions of 8000 kg/ha [35].

In a study from Bulgaria regarding the application of foliar fertilizers to the triticale crop, an
increase in yield was found, but this increase was not statistically significant, so it was concluded that
foliar fertilization cannot replace mineral fertilization or be used alone [36]. Studies were carried
out in which the fertilization took place with green organic fertilizer (Lumbricus rubellus) and in
which the plant preceding the triticale crop was also taken into account. The highest yield was in the
case of fertilization with 1750 kg/ka Lumbrical, having durum wheat as the precursor plant [37]. In a
study from Turkey, it was found that zinc-based foliar fertilizers were effective especially in drought
conditions, and that the application of foliar fertilizers had a positive effect on the yield, the number
of grains/ear and the weight of 1000 grains [38].

In Romania, 2 genotypes were tested, having, like the preceding plant, different soil works and
several doses and times of application, the yield being influenced by all these factors, responding
favorably especially to a limitation of soil preparation [39].Also in Romania, studies were done on
the impact of fertilization and weed control with the help of herbicides, in the Lapus depression, in
the north-west of the country, where productions of over 7400 kg/ha up to 9000 kg/ha were obtained
[40].

And sowing rate is an essential technological factor in increasing yield and decreasing sowing
expenses. In a study in Poland from the beginning of 2000, several batches of triticale were established
that were signed at different densities and it was found that at the density of 200 grains/m2, the plants
recorded an optimal number of shoots and leaves recording the highest yield [41]. In Turkey, the
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optimal density that was established following a study was 550 grains/m2 and a nitrogen dose of 12
kg/day [42]. In Mediterranean countries, the optimal sowing density is between 100 and 300
plants/m?2 and the sowing season should be as early as possible [43].

5. Conclusions

The current study was carried out over a period of 2 years, in North-West Romania on a typical
preluvosol with an acid pH. Following this study, we can note that the climatic factors are the ones
that influence the production capacity the most, especially the lack of precipitation. In a year with a
moisture deficit, the application of foliar fertilizers and the biostimulator does not increase
production. But in a favorable year, foliar fertilization and biostimulator brings significant increases
in production. The Utrifun variety reacted best to the fertilization factor, ensuring increases of over
4500 kg/ha sown at 550 seeds/m?2, this being the most productive variety, if the fertilization scheme
was reduced and the rate of sowing increased, it obtained an increase over 4000 kg/ha. It was followed
by Zvelt and Tulnic in the year with more precipitation. In 2022, in the absence of precipitation, the
least productive was Tulnic, which sown at 650 seeds/m?2 fertilized chemically, foliarly and with
biostimulator obtained only 6689 kg/ha. In the future, studies will be conducted to confirm that the
increase in triticale production through the use of high seeding rates and the use of additional
fertilizers is influenced by climatic conditions.
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