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Use of winter rye for production of biogas
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The purpose. To determine suitability of grades and hybrids of winter rye for production of
alternative kinds of fuel. Methods. Field, laboratory, statistical. Results. Variability in productivity of
green and dry mass, content of dry matter and exit of biogas depending on genotype, phases of
growth of a plant and hydrothermal conditions of vegetation is established. In phase of shooting
according to productivity of green material they selected 1 sample (26,7 t/ hectare), to phase of
swelling — 5 samples with productivity of 31,2 — 35,7 t/hectare. Conclusions. Grades and hybrids of
winter rye of domestic selection provide lump of biomass with high exit of biogas for a unit of the
area. But it is necessary for Ukraine to create power hybrids of winter rye with stably high
productivity of green mass and resistance to adverse conditions of vegetation.
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Now the renewable energy sources (RES) take the important place in an energy balance of the
countries of the world. One of the important sectors of RES in the world takes production and energy
use of biogas. It is known that the European Union is the leader in biogas production, at the same
time the important place is taken by Germany [1]. More than 70% of renewable energy sources are
made by biomass, in the agrarian sector it is, first of all, the energetic crops, processing waste of
agricultural production and raw materials for receiving biogas. In general, biomass takes the fourth
place among all fuel which is applied in the world. It gives about 2 billion t of the conditional fuel a
year that makes about 14% of the common consumption of primary energy supplies in the world [2].

Significant rise in the cost of traditional fuels for a short time term in Ukraine opens a way to an
intensification of use of its alternative types, including biogas. By realization of economic potential of
biomass, Ukraine can satisfy up to 18% of the common need for primary energy supplies [3].

The winter rye is considered an ideal crop for biogas production because of high reproduction
stability of a harvest due to resistance to abiotic stresses, in particular to a drought, and low input in
the soil's fertility. It is proved that when usage a winter rye on sandy soils makes it possible to
receive high vyield of energy [4]. The German scientists confirmed high suitability of any rye
genotypes for receiving a renewable bioenergy [5]. According to T. Piechota rye hybrids had
advantage over varieties on fresh and dry matter yield [6].

Literary data demonstrate that the main signs for a bioenergetic rye, to which the breeder has to
pay attention, are fresh and dry matter yield [7-8]. It is established that the highest amount of
biomass from rye plants can be received at the milk-ripening [9], but an exit of biomass depends on
the soil and climatic conditions: in some regions of the world the yield can be five times higher, than,
for example, in Germany [10]. In Ukraine there are no researches on using of winter rye for
bioenergy production, therefore our research is relevant.

Research objective. The research objective was to establish suitability of varieties and hybrids
of winter rye for production of alternative fuels, in particular biogas, by determination of fresh and dry
matter yield, dry matter content and biogas yield level per hectare.

Methods. Researches were conducted during 2015-2017 on the experimental field at Plant
Production Institute nd. by V.Ya. Yuriev of NAAS (PPl NAAS). Weather conditions in research period
were changeable. Features of the vegetative period of 2015-2016 were a very droughty period of autumn
vegetation (September-October HEC 0,2) and a sufficient supply with moisture during an overwintering



and spring - summer development of plants (April-June HEC 2,8). The vegetative period of 2016-2017
was characterized by a very cold spring vegetation period (average daily temperature in April did not
exceed 10 C, rainfall existence like a snow and frosts in separate days to - 5 C) and a droughty ripening
period (HEC 0, 5) that has an adverse effect on rye plants development.

Varieties and hybrids of winter rye for food usage of breeding at Plant Production Institute nd. by
V.Ya. Yuryev of NAAS, including four varieties Pamyat® Hudoyerka, Hamarka, Dikhar, Stoir and
three hybrids Jupiter F,, Saturn F,, Slobozhanets F, were used. A winter rye was sown with seeding
rate of 4 million grains ha™' on experimental plots of 10 m?. Winter rye plants were slanted at the
stem elongation and at the beginning of milk ripening to determinate a fresh matter yield. Plants
mowed manually by means of sickles from area of 1 m? in quadruple frequency. A dry matter yield
was defined when a fresh matter was dried up in an open air. A dry matter content and a biogas
yield were defined by a calculation method. Statistical data were processed by means of the
package Microsoft Excel 2010 and Statistics 10 programs.

Results. The variability of winter rye varieties” and hybrids™ fresh matter yield depending on a
genotype, plant development stage and hydrothermal conditions of the vegetative period were
established. So, on average at the milk ripening it has been received 1,2-2,0 times more fresh
matter, than at the stem elongation (table 1). At the stem elongation Hamarka was allocated with
high fresh matter yield 26,7 t ha™, which reliable exceeded the standard on 9,8 t ha™'. Hybrids Jupiter
F, (32,0 t ha), Saturn F, (32,7 t ha™) and varieties Pamyat’ Hudoyerka (31,2 t ha™'), Hamarka (31,8
t ha'), Stoir (35,7 t ha™') were allocated at the milk ripening. The excess over the standard
amounted from 11,5 to 15,3 t ha™' or 53,7-75,4%. The analysis of average data on varieties™ and
hybrids™ fresh matter yield has shown, that varieties exceeded hybrids on average in a two year trail.
Hybrids have been created for food use and therefore their breeding has been directed to decrease
in vegetative mass amount and increase in grain yield and also steady a short-stem manifestation,
that causes lower potential of hybrids on fresh matter yield than at varieties.

The weather conditions of the vegetative period had the considerable influence on fresh matter
yield. So, at the stem elongation in the conditions of 2017 on average it was received 2,1 times less
fresh matter, than in the conditions of 2016, that is caused by a snow mold damage because of
overwintering adverse conditions in 2017 and droughty conditions of vegetation during the spring
period. Hamarka was the best on fresh matter yield in the conditions of 2017, and hybrid Saturn F,
was the best in the conditions of 2016.

Table 1. Fresh matter yield of winter rye varieties and hybrids, t ha™

Sample Stem elongation Milk ripening
2016 2017 An average 2016 2017 An average
Slobozhanets F, (st.) 26,0 7,6 16,8 28,0 12,6 20,3
Jupiter F, 21,0 12,2 16,6 32,6 31,3* 32,0*
Saturn F, 20,2 21,6% 20,9 23,5 42,0* 32,7*
Hybrid average 22,4 13,8 18,1 28,1 28,6 28,3
Pamyat’ Hudoyerka 29,1 10,1 19,6 30,8 31,6* 31,2*
Hamarka 40,0* 13,3 26,7* 34,7 28,8* 31,8*
Stoir 22,1 13,5 17,8 25,6 45,8* 35,7*
Dikhar 29,3 9,4 19,4 25,4 23,9% 24,6
Variety average 30,1 11,6 20,8 29,1 32,4 30,8
Trail average 26,8 12,5 19,7 28,7 30,9 29,8
SSDy o5 6,9 71 6,8 6,8 8,2 7,3

*— reliable at the level 0,05

The essential difference on average fresh matter yield between years was not revealed at the
beginning of milk ripening. Essential differences between variants in 2017 were noted. If in 2016 the




fresh matter yield was within 23,5-34,7 t ha™', then in 2017 the index value fluctuated ranging from
12,6 up to 45,8 t ha™'. The maximal fresh matter yield (45,8 t ha™') was noted at Stoir. Hybrid Saturn
F, demonstrated less yield (42,0 t ha™'), that Stoir did. It was established that in the conditions of
2016, favorable for rye plants development, varieties were more productive, and in unfavorable
conditions of 2017 hybrids were more productive, as hybrid organisms are steadier against stressful
conditions of cultivation because of heterosis effect.

It is noted a small difference 1,9 t ha™ on fresh matter yield in the conditions of 2016 between
development stages and an essential difference 18,4tha" in the conditions of 2017. Plants’
reaction to hydrothermal conditions is in case of the former caused by the sustained drought during
the autumn period of vegetation, that led to late seedlings emergence (in the second decade of
October) and reduction passage of all rye plant development stages. As a result at the stem
elongation plants were developed unevenly, that affected a fresh matter yield level at the milk
ripening. In the second case damage by a snow mold led to a reducing of fresh matter yield at the
stem elongation, and droughty conditions of the vegetation period in June negatively affected yield of
Slobozhanets F, and Hamarka, Dikhar at the stem elongation, which was lower in comparison with
previous year. Despite of negative weather conditions impact on a rye fresh matter yield, positive
fact is that plants created a high yield level within 30 t ha™ at the milk ripening, that demonstrates
high compensatory properties of winter rye plants and provides to this crop appeal to use it as raw
materials by alternative fuel production.

Sufficient dry matter content in biomass and a fuel yield per area unit is an important index for
bioenergy crop. In the table 2 indicators of dry matter yield, biogas yield per area unit and dry matter
content in biomass, which we received as a result of the research, were showed.

Table 2. Dry matter yield, dry matter content in biomass and biogas yield of winter rye
varieties and hybrids, 2016-2017.

Stem elongation Milk ripening
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Slobozhanets F, (st.) 4,9 30,7 2968,1 9,5 44,5 3588,4
Jupiter F, 5,5 34,6 2930,9 14,6 45,3 5642,8*
Saturn F, 7,8 37,5 3692,4 16,1* 46,6 5778,9*
Hybrid average 6,1 34,3 3197,2 13,4 45,5 5003,4
Pamyat’ Hudoyerka 6,6 36,4 34547 16,1* 50,9 5516,4*
Hamarka 9,2* 35,7 4705,9* 15,3 50,1 5611,4*
Stoir 6,7 37,6 3143,3 20,0* 53,0 6295,8*
Dikhar 6,3 36,6 3420,3 11,8 48,5 43527
Variety average 7,2 36,6 3681,1 15,8 50,6 54441
Trail average 6,7 35,6 3473,7 14,8 48,4 5255,2
SSDy o5 3,2 14,9 1199,4 6,0 15,9 1293,7

*— reliable at the level 0,05

Variability of a dry matter yield, a dry matter content and a biogas yield depending on plant
development stages was established. At the milk ripening all of three indicators increased. A dry
matter yield were received from 4,9 to 9,2 t ha™ at the stem elongation. A dry matter content at the




stem elongation compounded from 30,7 to 37,6%. A biogas yield per hectare fluctuated within
2930,9-4705,9 m® ha™'. At the milk ripening an average of dry matter yield in trail increased by 2,19
times in comparison with the stem elongation stage and fluctuated within 9,5-20,0 t ha™, also a dry
matter content in biomass was 12,8% higher at the milk ripening. A calculated biogas yield at the milk
ripening was within 3588,4-6295,8 m* ha™!, which was 1,5 times higher, than at the stem elongation.

Thus, rye plants are more productive at the milk ripening. But despite a less dry matter yield, which
rye plants provide at the stem elongation in comparison with the milk ripening, a biomass already has
the dry matter content not less than 30,7% during this period, that means good sign for biogas
production.

It was statistically confirmed that samples were differed on dry matter yield and biogas yield, but
they were not significantly differ on dry matter content. Hamarka were allocated by dry matter yield
9,2 t ha'and biogas yield 4705,9 m® ha', which reliably exceeded the standard at the stem
elongation. At the milk ripening hybrid Saturn F,; and varieties Pamyat’ Hudoerka, Stoir exceeded
the standard on dry matter yield. Hybrids Jupiter F,, Saturn F; and varieties Pamyat® Hudoerka,
Hamarka, Stoir exceeded the standard on biogas yield. The usage of the allocated samples makes it
possible to receive 16,1-20,0 t ha”'of dry matter and 5642,8-6295,8 m® haof biogas.

Comparing data of biogas yield from a winter rye and a corn it is possible to confirm that from
winter rye varieties and hybrids of food use it is possible to receive rather a high yield of biogas.
According to corn breeding laboratory of PPl NAAS a modern corn hybrids provide from 35,0 to 52,0
t ha™'of fresh matter. Theoretically at the biogas yield of a corn silo 185,3 m?/t it is possible to receive
from 6485,5 to 9635,6 m® ha™'of biogas, that 2133,0 - 3340,0 m® ha™ higher, than from a rye. But the
prime cost of winter rye raw materials is lower than a corn at the expense of low costs of cultivation
and therefore both winter rye varieties and hybrids can be used with success in alternative fuel
production.

The analysis of dry matter yield, dry matter content and biogas yield demonstrates that varieties
are more productive, than hybrids, as the majority of the allocated samples on signs were varieties.
Average data on varieties and hybrids also confirm this fact.

The results of our researches point out that the hybrids of food use, created by us, are less
suitable for biogas production, than varieties, though the hybrid Saturn F, is an example of
successful domestic breeding development for energy needs of Ukraine.

Conclusions

Winter rye varieties and hybrids of breeding at Plant Production Institute nd. by V.Ya. Yuryev of
NAAS provides rather high biomass amount with a high biogas yield per area unit, and the padding
value of crop as bioenergetic crop consists in a possibility of winter rye to provide high amount of
raw materials during this period (May - June) when other crops, for example a corn, did not create
the maximal potential of raw materials yet. However in Ukraine there is a need of targeted breeding
of rye hybrids with a steadily high fresh matter yield and a resistance to adverse factors of vegetation
for energy needs of Ukraine.
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