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ENERGY EFFECTIVENESS OF HYBRID RYE PLOUGHED CULTIVATION
TECHNOLOGIES

Summary

The impact of hybrid rye ploughed cultivation technologies on the size and structure of energy inputs and on the value of pro-
duction energy effectiveness index were studied in a single-factor field experiment. The compared technologies differentiated
the size and structure of energy inputs to a minimal extent. Accumulated energy inputs supplied to rye production increased by
an average of 18.63 GJ-ha’* and depended mainly on energy input in materials (85%). The most advantageous energy effec-
tiveness index - 4.2 - was recorded when a technology which involved sowing 110 pcs-m sprouting caryopses was applied.
Delaying sowing by two weeks with respect to the recommended date caused substantial yield decrease which, in turn, caused
an energy effectiveness index decrease. The index value in this technology was only 3.01.
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EFEKTYWNOSC ENERGETYCZNA ORKOWYCH TECHNOLOGII UPRAWY
ZYTA HYBRYDOWEGO

Streszczenie

W jednoczynnikowym doswiadczeniu tanowym porownywano wplyw orkowych technologii uprawy zyta hybrydowego na
wielkos¢ i strukture nakladow energetycznych oraz wartos¢ wskaznika efektywnosci energetycznej produkcji. Porownywane
technologie w minimalnym stopniu roznicowaty wielkos¢ i strukture nakiadow energetycznych. Naktad energii skumulowa-
nej poniesionej na produkcje zyta wynidst przecietnie 18,63 GJ-ha' i zalezal w gléwnej mierze od wartosci energii wniesio-
nej w formie materiatow (85%,). Najkorzystniejszy wskaznik efektywnosci energetycznej uzyskano stosujgc technologie,
W ktorej wysiano 110 szt-m? kietkujgcych ziarniakéw, a jego wartos¢ wyniosta 4,2. Opodznienie wysiewu zyta hybrydowego
o dwa tygodnie od zalecanego terminu spowodowato wyrazne zmniejszenie plonu, co spowodowato pogorszenie wskaznika

efektywnosci energetycznej. Wartos¢ wskaznika tej technologii wyniosta zaledwie 3,01.
Stowa kluczowe: technologie uprawy, plon ziarna, wskaznik efektywnosci energetycznej, zZyto hybrydowe

1. Introduction

Introducing new varieties of agricultural crops entails
the necessity to develop and verify cultivation technologies.
Production of the right size and quality of yield is condi-
tioned on synchronising agrotechnical procedures with hab-
itat conditions [8]. Hybrid rye is a species whose economic
importance is continuously increasing. This stems mainly
from its favourable qualities such as plant height (they are
lower than population varieties) and their resistance to
lodging [3]. Such qualities make it possible to apply higher
rates of fertilizers which have a positive impact on yield
[2]. While developing technologies, a lot of attention is also
paid to sowing quantity. Rye is characteristic of its strong
ability of tillering for production purposes [8]. This is one
of the most important features which determines the size of
yield. An increase in sowing does not translate directly into
an increase in the number of ears per unit area, as the phe-
nomenon of field self-regulation occurs [14, 15]. Another
important agrotechnical factor is the time of sowing. It has
a decisive impact on the growth, development and, ulti-
mately, also productivity of cereal [5]. In research concern-
ing wheat, delaying sowing by 2 weeks resulted in a de-
crease of yield by approx. 15%, when the delay was 4
weeks, the decrease exceeded 30% [13].

Assessment of the amount and structure of energy in-
puts is widely used to compare agricultural production
technologies [16, 12, 17]. Comprehensive comparative as-
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sessment of the applied technologies which includes both
energy inputs and the energy value of yield allows to calcu-
late the energy effectiveness index [4].

2. Objective

The objective of the experiment was to analyse the
amount and structure of energy inputs supplied for the cul-
tivation of hybrid rye in production conditions and to define
and compare the value of the energy effectiveness index for
the cultivation technologies applied.

3. Methods and conditions

The single-factor field experiment was conducted in the
years 2010 and 2011 on the Farm Frites farm in Bobrowni-
ki near Stupsk.

On designated areas of 2 ha each, five cultivation tech-
nologies of Visello hybrid rye were applied:

1 - recommended technology (control) - caryopsis density
170 pcs'm2, sowing depth 2 cm, sowing date 15.09,

2 - sparse sowing - caryopsis density 110 pcs-m2, sowing
depth 2 cm, sowing date 15.09,

3 - dense sowing - caryopsis density 250 pcs'm , sowing
depth 2 cm, sowing date 15.09,

4 - deep sowing - caryopsis density 170 pcs:m, sowing
depth 5 cm, sowing date 15.09,

5 - delayed sowing - caryopsis density 170 pcs-m2, sowing
depth 2 cm, sowing date 30.09.
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Soil conditions on the entire area of the experiment
were similar. Soil of loamy sand granulometric composition
is included in the IVa class. Winter rye was sown in the
second decade of September in the amount of 60 kg-ha
which corresponded to 174 pcs.-m™ of sprouted seeds. Each
year, the forecrop was winter rape, the total amount of min-
eral fertilisation was 161 kg-ha® N, 69 kg-ha® K,0 and 69
kg-ha P,Os. Pursuant to the recommendations of the Insti-
tute of Plant Protection, comprehensive chemical protection
and retardants were used.

The Terrano ploughing aggregate, was used for stubble
cultivation, the Amazone ZA-M Compact 1750 spreader
was used for mineral fertilisation and the Gregoire Besson
9-furrow plough was used for ploughing. These tools were
aggregated with the 930 230 kW Fendt Vario tractor. The
Rapid RDA 600S seeder was used for sowing and the
Lemken 4000 sprinkler was used for the application of
plant protection products and foliar fertilisation.

The energy input (Ewch) supplied for the production of
winter rye was determined with the use of the accumulated
energy consumption method [1, 19].

Etecn = Z Emat + Z Eagr + z Epal + z E, (MJI-ha') (1)
Since it was not possible to determine the amount of human
labour energy supplied (2Er) in field conditions, this com-

ponent of accumulated energy was omitted and the follow-
ing formula proposed by Piskier [11] was adopted.

Etecn = Z Enmat Z Eagr + Z Epal (MJ-ha') (2)
where:
2Emat — total energy consumption of used materials
(MJ-ha'l),
2Eagr — total energy consumption of aggregates (MJ ‘ha1),
2Epal — total energy consumption of fuel (MJ ‘ha1).

The efficiency of machines was defined by simplified
timing and fuel consumption while performing particular
procedures was measured by direct measuring. Berofe the
start and after on each agrotechnical the tractors were refu-
el. The amount of fuel added was use as a consumption
value of the prefious agrotechnical operation.

Energy supplied in materials was calculated by multiplying
the weight of material used during the production and the
value of energy included in it, with the following values
adopted: seed material 9 MI-kg?, nitrogen fertilisers 77
MIJ-kg! N, potassium fertilisers 10 MJ-kg™* K;O, phosphate
fertilisers 15 MJ-kg? P,Os, diesel oil 48 MJ-kg?, pesticides
300 MJ-kg, active substance and rye grain 9 MJ-kg™ [19].

The energy effectiveness index was calculated by divid-
ing the energy value of rye grain yield by the accumulated
energy input used for its cultivation and nursing. The size
of yield was adopted according to data from the harvester.
The calculations did not include energy inputs related to the
storage of plants.

4. Results and discussion

The accumulated energy inputs used in the tested tech-
nologies of rye production was approx. 18.63 GJ-ha™ and
there were no significant differences among the tested tech-
nologies (table 1). Minimal differences of ca. 1% occurred
only in the case of diversified amount of seeds sown. The
structure of energy inputs was almost identical in the tested
technologies. The main accumulated energy input was in
materials. On average, this stream constituted 84.9% of the
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accumulated energy intake. In the technology where sparse
sowing was used, this value amounted to 84.7%, whereas in
the technology with dense sowing - 85.1%. Energy supplied
in aggregates and fuel was identical in all of the applied
technologies, because the same cultivation and nursing pro-
cedures were used in all cases. The value of energy sup-
plied in aggregates was 0.88 GJ-ha, which constituted
4.7% of the accumulated energy input, whereas the value of
energy supplied in fuel was 1.94 GJ-ha't, which constituted
10.4% (table 1).

Table 1. The size of accumulated energy inputs supplied in
the cultivation of hybrid rye in various cultivation technol-
ogies (on average, in the years 2010-2011)

— Supplied energy Accumulated
Selélr::ﬁgg; [GJ-ha] energy input
materials | aggregates | fuel [GJ-ha]
Recommended 15.81 0.88 1.94 18.63
Sparse sowing 15.63 0.88 1.94 18.45
Dense sowing 16.05 0.88 1.94 18.87
Deep sowing 15.81 0.88 1.94 18.63
Delayed 15.81 088 | 194 1863
sowing

Source: Own work

In experiments concerning the size and structure of en-
ergy inputs in the production of spring and winter barley
performed by Nasalski [9], the results were similar. Accu-
mulated energy input supplied for the production of spring
barley was 18.2 GJ-ha!, whereas in the case of winter bar-
ley - 17.7 GJ-ha. In both examples referred to above, the
energy supplied in materials, which constituted approx.
80% in the case of winter barley and 70% in the case of
spring barley, determined the size of energy inputs. In the
cited paper (as it is the case with own experiments) the sum
of accumulated energy supplied in aggregates and fuel con-
stitutes 16.7% in the case of winter barley. Spring barley
required a higher number of mechanical procedures which
entailed an increased share of energy inputs in aggregates
and fuel. Experiments concerning winter rape [6] confirm
that material inputs, which constituted 75%, determined the
size of energy inputs supplied for the production of plants.
Energy supplied in aggregates and machines in the cultiva-
tion of rape constituted only 3.1% and this number is signif-
icantly lower than the number obtained in own experiments.
A similarly significant difference occurs in the size of ener-
gy inputs supplied in fuel. In experiments conducted by
Jankowski and Budzynski [6], the participation of that
stream constitutes over 20%, whereas in own research, it
exceeds 10%. Research on energy effectiveness of winter
barley production with the application of diversified rates
of nitrogen fertilisation [10] showed similar correlations as
in the case of own experiments. This correlation concerned
the application of the recommended rate of nitrogen fertili-
sation. Accumulated energy input was approx. 18 GJ-ha?
and this value to a large extent depended on the value of
energy supplied in materials (approx. 82%).

The size of hybrid rye yield in the conducted experi-
ment depended on the technologies used (table 2). The
highest grain yield of 86.1 dt-ha was achieved with the
sowing rate decreased to 110 pcs'm? (sparse sowing). A
similar yield (85.0 dt-ha) was achieved when the sowing
rate was increased to 250 pcs-m? (dense sowing). Translat-
ed into yield energy value, these values amount to 77.49
GJ-ha! and 76.50 GJ-ha™ respectively.
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Table 2. Energy effectiveness of hybrid rye cultivation (on average in the years 2010, 2011)

Cultivation technology Grain yifld Yield energx value AccumL::]a;ﬁ? energy Energy gffectiveness
dt-ha GJ-ha GI-ha't index
Recommended 775 69.75 18.63 3.74
Sparse sowing 86.1 77.49 18.45 4.20
Dense sowing 85.0 76.50 18.87 4.05
Deep sowing 80.0 72.00 18.63 3.86
Delayed sowing 62.3 56.07 18.63 3.01

The application of too deep sowing resulted a grain yield of
80.0 dt-ha™ which corresponds to an energy value of 72.0 GJ-ha™.
Recommended technology (control) in field conditions allowed to
achieve a yield of 77.5 dt-ha™ which corresponds to 69.75 GJ-ha™.

The smallest yield was achieved in standard production tech-
nology, but delaying sowing by two weeks (delayed sowing). The
size of yield was 62.3 dt-ha? which corresponds to 56.07 GJ-ha™.

Accumulated energy inputs did not vary substantially depend-
ing on the technology used (table 2). The yield energy value de-
termined differences in terms of the energy effectiveness index. In
the recommended rye cultivation method, the energy effectiveness
index was 3.74. The most favourable value of the energy effec-
tiveness index was achieved using the technology with reduced
number of seeds sown (sparse sowing). It was higher by 12.2%
than in the control technology and totalled 4.20. In dense sowing
conditions the production energy effectiveness index was 4.05 and
in deep sowing conditions - 3.86. The lowest value of the energy
effectiveness index was observed in the case of delayed rye sow-
ing. This value was 3.01 and it was lower than in the case of the
recommended control technology by almost 20%, while with re-
spect to the most advantageous result (sparse sowing), the differ-
ence amounted to 28%.

Many authors point to the right selection of cultivation tech-
nology as the factor which determines whether it is successful and
effective [7, 18]. Own experiments confirm this correlation. Anal-
yses of energy effectiveness enabled to choose the most advanta-
geous hybrid rye cultivation method in given conditions. The en-
ergy effectiveness index depends on many factors, the most com-
plex of which is the value of accumulated energy input,. In barley
experiments conducted by Nasalski [9], the energy effectiveness
index depended on the plant cultivation method and in the case of
winter barley it amounted to 2.94 and in the case of spring barley -
2.37. The difference resulted from an increased number of agro-
technical procedures performed in the production of spring barley.
In other experiments concerning the diversification of rates of ni-
trogen fertilisation [10] the value of the energy effectiveness index
was 2.23 - in the case of 90 kg-ha™ nitrogen fertilisation rate. Re-
sults of own experiments show that the used technologies of hy-
brid rye cultivation have a more advantageous energy effective-
ness index. This is not conclusive, as Nasalski [10] included also
the value of energy input supplied for the harvesting of crops.

5. Conclusions

1. The sum of accumulated energy input supplied for the cultiva-
tion of hybrid rye is approx. 18.63 GJ-ha™ and is to a small extent
differentiated by the technologies used.

2. lrrespective of the rye cultivation technology used, energy in-
puts in materials, which constitute 85% of accumulated energy
inputs, determine the size of energy inputs.

3. The most advantageous hybrid rye cultivation method in
test conditions is the technology in which the amount of seeds
sown was reduced to 110 pcs'm2. Its energy effectiveness in-
dex was 4.20.
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Source: Own work
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