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ABSTRACT. The aim of the study was to evaluate the economic efficiency of production
of a hybrid genetic line of winter triticale in comparison with a short-straw form, at diffe-
rent intensity levels under cereal crop rotation conditions. Calculations were made based on
three-year (2017-2019) field trial results. The analysis included tillage methods (traditional
and simplified), differentiated nitrogen fertilization (0.90 and 120 kg N/ha) and two forms
of triticale: The rotondo variety and the hybrid genetic line — BOH 2415. The gross margin
was taken as a measure of economic efficiency. The economic effectiveness of cultivation of
both forms of winter triticale was assessed from the perspective of utilizing one of the basic
production factors, i.e., land. The gross profitability index for particular variants of the expe-
riment was also calculated as the relation of production value to direct costs. The analysis of
production and economic indices showed that the more favorable variant of winter triticale
cultivation was hybrid form cultivation technology with the use of traditional tillage (plough)
and a nitrogen fertilization rate at a level of 120 kg N/ha. The level of the obtained gross mar-
gin was more influenced by the level of the obtained yield and the purchase price of triticale
than by the level of incurred direct costs depending on the soil tillage method.

INTRODUCTION

The area of triticale cultivation in Poland is the largest among all countries in the world.
By 2015, the area of its cultivation in the country increased to 1.52 million ha [GUS 2020].
In 2019, triticale occupied 16.7% of cereal acreage. Triticale is, primarily, a fodder cereal
with a high nutritional value of grains [Djekic et al. 2011, Jaskiewicz, Szczepanek 2018].

One of the important elements of production technology is mineral fertilization, mainly
with nitrogen [Mut et al. 2005, Knapowski et al. 2009]. In agriculture, it plays a productive
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role, contributing to yield increase. Determining optimal rates of nitrogen fertilization
for triticale is difficult because of the uneven response of cultivars [Jaskiewicz 2010].
Breeding progress in recent years and, among others, the introduction of hybrid cultivars
(F1) to the selection, may have contributed to better nitrogen utilization [Broda et al.
2005]. The yield is better in comparison with population varieties, are characterized by a
higher tolerance to difficult habitat conditions and abiotic stresses. They also tiller better
and have a better developed root system than population forms.

Tillage aims to optimize soil productivity by changing the physical, chemical and
biological properties of the soil. Reduced tillage can cause nutrient accumulation in the
topsoil, which is important for plant growth and development [Smagacz 2012]. In a study
by Johan Arvidsson [2013], conducted between 1983 and 2012, it was shown that reduced
tillage, compared to plough tillage, results in yield reduction by several percent.

The profitability of triticale production, besides yield size, is determined by grain
purchase prices and the level of production technology intensity. The latter is measured
by direct costs, reflecting, in value terms, the consumption of production inputs, such as
seeds, mineral fertilisers and plant protection products [Krasowicz 2014]. The high prices
of production inputs, with relatively low prices of agricultural products, lead to a search
for technologies that ensure the highest production efficiency [Szpunar-Krok 2011]. The
appropriate selection of production technology, matched to soil and climatic conditions,
is the basic element of improving production profitability [Klikocka et al. 2011].

The aim of this study was to evaluate the economic efficiency of production of a hybrid
genetic line of winter triticale in comparison with a short-straw form at different intensity
levels under cereal crop rotation conditions.

MATERIALS AND METHODS

The experiments were conducted at the Agricultural Experimental Station of the
Institute of Soil Science and Plant Cultivation (IUNG-PIB), in Osiny, in 2017-2019, as
part of long-term cereal crop rotation on soil classified as a good wheat complex. Research
was conducted on plots with an area of 35 m?.

The first factor of the experiment was the tillage system, i.e., traditional (ploughing) and
simplified (no-tillage). In plough tillage, after harvesting the forecrop, straw was crushed,
and a disc aggregate was used. Subsoiling was done to a depth of 8-10 cm. Then, the soil
was harrowed with a heavy harrow, and sown to a depth of 3-4 cm. In the reduced tillage
system, after chopping the straw, the disc aggregate was used twice, followed by active
cultivation and sowing to a depth of 3-4 cm. In both tillage systems, triticale grains were
harvested with a combine and the straw was crushed (Table 1).
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Table 1. Agro-technical treatments, including tillage, depending on the tillage type

Conventional (plough) cultivation Reduced tillage (no-tillage)

Disc cultivation (3 m), NH110-90DT tractor (0.53 cnh)

Ploughing with a 4-plow rotary plough (1.6 m), |Disc cultivation (3 m),
NH TM150 tractor (1.19 cnh) NH 110-90DT tractor (0.53 cnh)

PK fertilisation, a spreader (12 m), a Zetor 7011 tractor (0.67 cnh)

Tillage with a heavy harrow (5.3 m),

Zetor 7011 tractor (0.53 cnh) Cultivation and sowing with Becker
- - cultivator + Amazone seed drill (3 m),
Sowing, Amazone seed drill (3 m), NH110-90DT tractor (0.91 cnh)

Zetor 7011 tractor (0.91 cnh)

N fertilization (50%), a spreader (12 m), Zetor 7011 tractor (0.67 cnh)

Crop protection (12 m sprayer), Zetor 7011 tractor (0.67 cnh)

N fertilization (50%), a spreader (12 m), Zetor 7011 tractor (0.67 cnh)

John Deere W540 combine harvester with a forage harvester (5.5 m) (0.74 kmbh)

Source: own analysis

The second factor of the study was the dose of nitrogen fertilization, i.e.: 0, 90, 120
kg/ha. 50% of the total dose of nitrogen fertilization was applied at the start of vegetation
and the next 50% at the stage of stem shooting (BBCH 30-31), in the form of 34%
ammonium nitrate.

The third factor of the study was the short-haired winter triticale cultivar Rotondo
(Strzelce Plant Breeding) and the hybrid genetic line— BOH 2415 (Danko Plant Breeding).

Sowing was done at an optimum date for local conditions, at 128 kg/ha for BOH 2415
and 168 kg/ha — Rotondo. Phosphorus and potassium fertilization was applied before
sowing the triticale at a rate of 60 kg/ha P,O, and 90 kg/ha K,O.

Protective treatments against pests were applied after they exceeded economic
harmfulness thresholds [Korbas, Mrowczynski 2011]. The protection of triticale against
insecticides was limited to one spray, while herbicides and fungicides were applied twice
on two triticale cultivars.

The production-economic evaluation was carried out in a simplified manner. The
average grain yield for the years 2017-2019 were used as the main criteria for assessing
production efficiency.

The calculations of direct costs took the actual input incurred according to experimental
instructions into consideration. All calculations were made in terms of 1 ha. The labor
input was determined based on technological cards kept at an Agricultural Experimental
Station IUNG, considering cultivation activities and treatments according to experimental
instructions (Table 1 and 2).
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Table 2. Use of seeds, mineral fertilizers and plant protection products

Specification Form of triticale
the mesenchyme the semi-dwarf
genetic line
The seed sowing rate (actual) [kg/ha] 128 168
The fertilizer application rate [kg/ha]:
- potassium (potassium salt) 90
- phosphorus (superphosphate) 60
- nitrogenous (ammonium nitrate) 0 ‘ 90 ‘ 120
Bizon (1.0 I/ha)
Herbicides Mustang Forte 195 SE (0.5 I/ha)
Puma Uniwersal 069 EW (1.0 1/ha)
Unix 75WG (0,6 kg/ha)
Fungicides Tilt Turbo 575 EC (0.6 kg/ha)
Elatus Era (1.0 1/ha)
Insecticides Fury 100 EW (0.1 1/ha)
Anti-sticker Moddus 250 EC (0.4 1/ha)

Source: own analysis

The analysis also considered the effect of differentiated nitrogen fertilization (0, 90
and 120 kg N/ha) and tillage methods (traditional and simplified) on the productive
and economic efficiency of tillage technology for triticale forms, by calculating fuel
consumption costs according to the formula proposed by Harasim [2006]. Fuel costs
were calculated as the product of tractor power expressed in kW, the coefficient defining
fuel consumption per unit of power (0.110 g/kW), and the fuel price expressed in
PLN/liter. For the conversion of fuel quantity from kilograms to liters, the density of
diesel was used (0.83 g/cm?).

The value of triticale grain production from 1 ha and direct production costs were
expressed in prices from the first half of 2021. For the triticale grain yield, the price of
PLN 816 per 1 ton was assumed, and for qualified material PLN 1,800 per 1 ton for semi-
dwarf triticale and PLN 3,000 per 1 ton for hybrid triticale. The price of 1 liter of diesel
fuel was assumed as follows 5.03 zl/liter'.

Taken as a measure of economic efficiency, the gross margin (N,) was calculated as
the difference between the harvested value (W) of grains and direct costs (K).

1

Price based on weekly quotations by Bankier.pl [https://www.bankier.pl/gospodarka/wskazniki-
makroekonomiczne/on-pol].
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The economic effectiveness of cultivation of both forms of winter triticale was evaluated
from the perspective of utilizing one of the basic production factors: land (the gross margin
in PLN/ha). The gross profitability index for particular variants of the experiment was
also calculated as the relation of the production value (W) to direct costs (K) (including
the value of consumed fuel).

RESULTS AND DISCUSSION

Analysis of production and economic data, summarized in Table 3, showed that the most
advantageous variant of winter triticale cultivation was hybrid form cultivation technology
with the use of traditional soil cultivation (ploughing) and a nitrogen fertilization rate at
a level of 120 kg N/ha (Table 3). It achieved the highest grain yield (8.31 t/ha) and, thus,
the highest value of harvested yield (6,781 PLN/ha). This technology, due to the tillage
method requiring the highest number of harvests and, thus, the highest fuel consumption
and the highest level of nitrogen fertilization (120 kg N/ha), had the highest direct costs
of 3,082 PLN/ha. Despite that, in this variant, the highest value of the gross margin was
obtained (3,699 PLN/ha), as well as the highest value of the profitability index — 220%.

Among technologies, in which mineral nitrogen fertilization was used, the technology
of cultivating the dwarf form of winter triticale with the application of simplified tillage
and nitrogen fertilization at a level of 90 kg/ha proved to be the least favorable variant
(Table 3). In this technology, the yield level of triticale was 6.47 t/ha, and the value of
the obtained yield was 5,280 PLN/ha. From among the analyzed group, this technology
brought the lowest value of direct costs (2,766 PLN/ha), however also the lowest value of
the gross margin (2,514 PLN/ha) and the lowest profitability index — 191% (comparable
for the technology of cultivating the hybrid form of triticale with identical soil tillage and
level of applied nitrogen fertilization).

For both analyzed forms of winter triticale, similar relationships between experimental
factors (the soil tillage and nitrogen fertilization level) and production and economic indices,
were observed. The technologies with traditional (plough) tillage were characterized by
higher triticale yield, irrespective of the level of applied mineral nitrogen fertilization.
Thus, they were characterized by a higher value of obtained yield — the production value.
These technologies also brought higher direct production costs (including the value of fuel
used), irrespective of the level of nitrogen fertilization. The level of the obtained gross
margin reached higher values in variants of technologies with plough tillage, irrespective
of the level of nitrogen fertilization. Similar relations also concerned the profitability
index. In the study by Bogustawa Jaskiewicz and Alicja Sutek [2018], carried out with
triticale of different production intensity, analysis of the gross margin value showed the
advantage of technologies with a higher level of intensity over technologies with a lower
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use of production means. In other research conducted by Bogustawa Jaskiewicz [2006],
cultivating the semi-dwarf form of triticale, in comparison with the traditional form,
ensured a higher economic effectiveness of the use of basic production factors.

It was also observed that the values of the analyzed production and economic indices
(the yield, the production value, direct costs, the gross margin and the profitability index)
increased with increasing levels of nitrogen fertilization, irrespective of the tillage method
used (Table 3).

In the conducted economic analysis of the effect of the tillage method in winter triticale
cultivation on the level of the obtained gross margin, a bigger effect was exerted by the level
of the triticale yield, and after considering high purchase prices — by the value of the obtained
production. It ranged from 228 PLN/ha (dwarf form and fertilization at 120 kg N/ha)
to 490 PLN/ha (hybrid form and fertilization at 90 kg N/ha). Their difference between
particular tillage methods (irrespective of the level of fertilization and the cultivated form
of triticale) amounted to 62 PLN/ha.

SUMMARY

With respect to the analyzed production and economic indices (the yield, the gross
margin and the profitability index), the most favorable variant of winter triticale cultivation
was the hybrid cultivation technology with the use of conventional (plough) tillage and
a nitrogen fertilization rate at a level of 120 kg N/ha.

In the conducted economic analysis of the effect of the tillage method in winter triticale
cultivation on the level of the obtained gross margin, a bigger effect was exerted by the
level of the obtained yield and the purchase price of triticale than by the level of incurred
direct costs depending on the tillage method.
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EKONOMICZNA EFEKTYWNOSC PRODUKCJI MIESZANCOWEJ LINII
GENETYCZNEJ PSZENZYTA O ROZNYM POZIOMIE INTENSYWNOSCI

Stowa kluczowe: pszenzyto ozime, odmiany, plon ziarna, nawozenie azotem,
uprawa roli, efektywnos$¢, nadwyzka bezposrednia

ABSRTAKT

Celem badan byta ocena ekonomicznej efektywnosci produkcji mieszancowe;j linii genetycznej
pszenzyta ozimego w poréwnaniu z formg krotkostoma, przy réznym poziomie intensywnosci
w warunkach ptodozmianu zbozowego. Obliczenia wykonano na podstawie trzyletnich (2017-
2019) wynikow badan polowych. W analizie uwzgledniono sposoby uprawy roli (tradycyjna i
uproszczona), zroznicowane nawozenie azotem (0, 90 1 120 kg N/ha) i dwie form pszenzyta:
krotkostoma — odmiana Rotondo i mieszancowa lini¢ genetyczng - BOH 2415. Za miarg
efektywnosci ekonomicznej przyjeto nadwyzke bezposrednig. Efektywno$¢ ekonomiczng uprawy
obu form pszenzyta ozimego oceniono z punktu widzenia wykorzystania jednego z podstawowych
czynnikoéw produkcii, tj. ziemi. Obliczono takze wskaznik optacalnosci brutto dla poszczegolnych
wariantow doswiadczenia, jako relacja wartosci produkcji do kosztow bezposrednich. Z analizy
wskaznikéw produkcyjno-ekonomicznych wynika, ze korzystniejszym wariantem uprawy
pszenzyta ozimego byla technologia uprawy formy mieszancowej z wykorzystaniem tradycyjnej
uprawy roli (ptuznej) i dawki nawozenia azotowego na poziomie 120 kg N/ha. Wigkszy wplyw na
poziomuzyskiwanej nadwyzki bezposredniej wywieral poziom uzyskiwanych plonéw i ceny skupu
pszenzyta niz poziom ponoszonych kosztow bezposrednich, zaleznych od sposobu uprawy roli.
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