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PECULIARITIES OF SUGAR SORGHUM GROWING AS A RAW MATERIAL FOR
BIOFUEL PRODUCTION IN CONDITIONS OF SOUTH-WESTERN FOREST STEPPE
OF UKRAINE

In the article, the research results on growing sugar sorghum in conditions of South-
Western Forest Steppe of Ukraine are highlighted. A correlation between sugar sorghum yield
productivity and quality, and stands density of such crop and their protection measures from weeds
on two soil types is established.
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Introduction. Recently, due to deterioration of environmental condition, a search of new
ecologically clean energy sources from renewable raw material for usage as a fuel has been
obtaining more and more urgency. At present, a lot of states of South and North America, as well as
those of Europe and Asia, are solving energetic problems on account of using biofuel of plant origin
[1].

In Ukraine, sugar sorghum may become one of potential raw material sources for sugar-
containing matters supply, which is a precious source of raw material for bioethanol production. The
cell sap of sugar sorghum contains up to 20 % sugar in leaves and stems.

The scientists’ research results of a range of states point to the fact that at present in nature,
there is no other plant existing which could synthesize sucrose so fast, which among cell sap
carbohydrates makes 60-80 % [2-4].

In a world farming, sorghum occupies over 30 mln ha. In Russia, sorghum is grown on area about
100 thousand ha. In our country, at the beginning of 90-s, the sowing areas of this crop were 20-25
thousand ha. Beginning from 2000, sorghum areas increased from 5000 to 76000ha. The soil-climatic
conditions of Ukraine are quite favourable for all sorghum species production, including the sugar one, the
vegetative biomass of which is an important raw material for biofuel production [5].

Recently, such crop production has become a rather actual theme, for an interest in sugar
sorghum processing as an alternative source for biofuel production (biobuthanol, biogas, fuel pellets,
biosyngas, biopetroleum, etc.) as in an advanced raw material for obtaining sugar-containing products
(sugar, food syrup, honey, etc.) has increased [6].

That is why, the aim of my research has become the investigation of sugar sorghum growth
and development peculiarities on alkaline black soil and on grey forest soil in conditions of South-
Western forest Steppe of Ukraine.

Materials and methods. The research was conducted on trial field of Bukovinian state
agricultural research station in conditions of South-Western Forest Steppe of Ukraine, in 2011-
2013. The effect on sugar sorghum productivity of stands density and protection means of crops
from weeds on alkaline black soil and on grey forest soil was investigated. Four stands densities
were used — 90, 120, 150, and 180 thousand/ha; the following crops protection means from weeds
were implemented: — without implementation of crops protection means from weeds; conducting
two hand-weeding at plants vegetation beginning, and applying a herbicide Prime-Extra Gold, 50%
s.c. (s - metholachlorine — 400g/L + atrasin 320g/L) — 3,0L/ha.

A total site area is 25 m”, accounting one — 20 M, repetition — 3-times. For the research, the
seed of sugar sorghum hybrid «Medoviy (“Honey”’)» of home selection was used. The accountings
and surveys were carried out according to generally accepted methods for cereals [7].

Results and discussion. Accessing the weather-climatic conditions formed in years of
research conducting, one may note the following: deviations of such basic meteorological elements
as air temperatures and precipitation quantities, from average multi-annual values, did not approach



critical indicators, which as a whole has favoured the harmonious shoots obtainment, and in further
has allowed to form high yield of sugar sorghum green mass (Table 1).

Table 1
Meteorological conditions for years of research conducting, the data of BSARS meteopost
Indicators
Months Precipitation quantity, mm airée\:]rfSGgrzglarlé,yo C
2011- 2011-
2011 2012 2013 2013 2011 2012 2013 2013
1 19,1 19,7 35,6 32 -2,4 -3,1 -4,5 -4,8
1 28,3 35,4 31,5 33 -2,6 -10,3 -0,8 -3,4
yil4 32,8 18,0 67,0 39 1,9 4,7 -0,2 1,8
v 39,3 90,3 62,1 57 10,2 13,0 11,1 8,3
V 28,2 68,7 101,5 73 16,2 16,8 17,7 14,5
Vi 166,0 63,7 137,2 89 20,8 21,1 20,2 17,4
vl 78,5 38,1 22,4 94 21,9 23,7 19,6 19,2
Vil 34,0 60,5 48,3 74 20,8 21,6 20,5 18,6
IX 21,8 25,9 83,5 57 17,7 17,1 14,1 14,2
X 15,3 32,0 5,0 48 10,8 11,3 10,6 8,8
X1 30,0 28,9 33,0 38 1,9 2,1 2,4 2,3
X11 25,6 31,2 35,0 33 -2,3 -2,6 -1,3 -2,4
Precipitation
sum 518,9 512,4 662,1 667
12 months
Average
year 9,5 9,6 9,1 7,8
t

However, weather conditions in years of research conducting were forming differently.
Thus, 2011 in a whole was droughty, excluding the second half of June, when showers passed.
During the crop sowing period and shoots obtainment, there was significantly less precipitation than
that of norm; humidity deficiency made - 44,8mm. Exactly the humidity deficiency in soil in that
period, in my opinion, stipulated the low effectiveness of herbicide Prime-Extra Gold action. That is
why, the crop green mass yield on variants with herbicide application by its value acceded the yield
of variants with hand-weeding in 2011. This difference made 10,9-14,3t/ha at using plant stands
different densities on alkaline black soil, and 10,7-22,0t/ha — on grey forest soil. The meteorological
conditions in 2012 — 2013 were more favorable for harmonious shoots obtainment and crop growth
and development; in May, there was quite enough precipitation. A significant soil humidity
favoured the high effectiveness of soil herbicide action. This is explaining the fact that the yield of
green- and dry mass in 2012 — 2013 was the highest on trial variants with herbicide application on
both soil types, and at using different densities (see Fig. 1, 2).
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Fig. 1. Green mass crop capacity of sugar sorghum hybrid Medoviy (“Honey”)»
on alkaline black soil, in 2011-2013
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Fig. 2. Green mass crop capacity of sugar sorghum hybrid «Medoviy (“Honey”) » on grey
forest soil in 2011-2013

For three years of research, on average, the highest yield on alkaline black soil has been
formed on the variant with density 180 thousand/ha at herbicide usage, exactly — 61 t/ha of green
mass and 18,33 t/ha of dry mass. On grey forest soil, the maximum yield has been obtained on
analogic variant, and has made 47,3 t/ha of green mass, and 12,2 t/ha of dry mass. In terms of one



density, the yield indicators of green- and dry mass, on average, for the three years of research, have
been more in value on variants with herbicide application than the analogic indicators on variants
with hand-weeding. The least yield indicators of green- and dry mass are obtained on variants
without conducting crop protection measures from weeds. Thus, the average crop capacity
indicators for the three years, of green mass on alkaline black soil have been 3,7-4,7 — fold less
than those of hand-weeding, and 4,3-4,9 -fold — than those of herbicide application variant. On grey
forest soil, on weeded trial sites, a green mass yield decrease has made 4,6-5,7 -fold.

On sites without conducting crop protection measures from weeds, heir quantity in different
research years has been within the limit from 1,44 min. pc/ha ( in weight measurement — 3,68 t/ha)
at using sugar sorghum density 180 thousand pc/ha, to 3,35 mln. pc/ha (in weight measurement
6,16 t/ha), at density 90 thousand pc/ha.

Among the present weed plants on sites variants without protection measures, green foxtail
is dominating. On alkaline black soil, its part makes on different trial variants from 54,55 to 77,58
%. On grey forest soil, this indicator makes from 72,41 to 94,44 %. On alkaline black soil, as well
as on grey forest soil, with increase of stand density of sugar sorghum, the general mass of weeds is
decreasing.

The results of phenological surveys of sugar sorghum plants on two soil types have shown
that already after fourth leaf formation on sorghum plants, their significant lag in development is
noted on variants without herbicides application, intercrop tillage, and hand-weeding. The plants
height indicators in period of crop harvesting on sites with herbicide application have exceeded the
analogic indicators of variants without protection measures, averagely on 125,6cm on alkaline black
soil, and on 106,2cm on grey forest soil.

The plants stands density influences the plants productivity by following means: as the
density is increasing, the green mass yield is increasing also. Such a tendency is observed in all the
years of research on both soil types. Thus, averagely for three years, on alkaline black soil, the
difference between indicators of green mass crop capacity at density 90 thousand/ha and at 180
thousand/ha on variants with hand-weeding has made 3,7t/ha, and on variants with herbicide
application — 11,23t/ha. On grey forest soil, such indicators have made 9,4t/ha and 6,6t/ha,
respectively.

Crop capacity indicators of green- and dry mass on alkaline black soil were higher than
those on grey forest soil analogic variants, in all research years. Averagely, this difference has made
25,5-50,7 % on variants with hand-weeding, and 28,9-40,0 % on variants with soil herbicide
application.

Conclusions. It is established, that mostly among the factors investigated, that is, plants
stands density, crops protection measures from weeds, and soil type, -exactly the protection
measures have influenced the plants growth, development, and productivity in sum. It is impossible
to obtain a crop green mass high yield without proper crops protection from weeds, on first stages
of plants development (up to the latters reaching 1m in height). It is possible to eliminate weeds at
growing sugar sorghum with the help of a soil herbicide Prime-Extra Gold. However, it is necessary
to apply it into a humid soil; that is why in a droughty spring period, one should pay a special
attention to timely humidity closing, and its maintenance and accumulation in soil with the help of
agrotechnical measures, by rains falling-out degree in pre-sowing period. The next factor is plants
stands density. With density increase, the green- and dry mass yield increase also. Concerning soil
factor, on alkaline black soil the green mass yield indicators in different years of the research have
been more than those of analogical variants on grey forest soil, by 23,7-99,1 %.

On alkaline black soil, at plants stands density 180 thousand/ha and using soil herbicide
Prime-Extra Gold 3 L/ha, at favourable weather-climatic conditions, it is possible to obtain a yield
of crop green mass up to 77,8 t/ha; of dry mass — up to 20,4 t/ha. On grey forest soil, at usage of the
analogic density and soil herbicide, one may obtain up to 50 t/ha of green mass, and 14,1 t/ha of dry
matter. At using the green mass as a raw material for rare fuel kinds production, bioethanol escape
makes 4746 L/ha on alkaline black soil, and 3193 L/ha on grey forest soil. In conditions of bio-raw
material usage for biogas production, its output will make 10997 and 6622 m’/ha, respectively.



References

1. Kopanpuyk B.II. IlykpoBe copro — LyKpOBMICHa CHpPOBHHA Ta MOTEHLIHHE IKEPEo
eneprii / Kosanpuyk B.I1., I'puropenko H.O., Koctenko O.I. // Lykposi Oypsku. — Kuis, 2009. —
Neb6. —c. 6-7.

2. lenens H.A. Copro // H.A. Illenens — Bonrorpaa: Komuter no neuaru. — 1994. — 448c.

3. Ucaxos S.1. Copro. —M.: Poccenbxo3uzaar, 1992. — 133 c.

4. Kanpipo C.B. Copro / C.B. Kagsipos, B.A. ®enopos, A.3. bonbmakos. —Pocros: 3A0
«Poctmu3mary», 2008. — 80 c.

5. Hykau B.H.TexHomnormdeckue OCOOEHHOCTH BO3JENBIBAHUS CaxapHOro (KOPMOBOTO)
copro // HaykoBo-BUpoOHNUMIT )KypHaN « ArpoBicHUK Ykpainu», 2009. — Ne 6. — C. 7-13.

6. Kymux M., Kpaiicsitniii I1., Piit O., KacbkiB B., Manaposceka C. BrmB morogaux ymoB
Ha YpO>KalHICTb COPro I[yKpOBOTO 3aJIE)KHO BiJl CTPOKIB CiBOM Ta TTUOWHU 3aropTaHHs HACiHHSA. /
Kymuk M., Kpaiicsitaiii I1., Piit O., KacekiB B., Manaposceka C. // 30ipHUK HayKOBHX IpaIlb.
Inctutyr Oioenepr. KyabTyp 1 mykpoBux OypskiB. — K., 2011. — Bun. 12: bioenepreruka:
BUPOIIYBaHHS 010€HEPTreTUYHHUX KYIbTYP, BUPOOHMIITBO Ta BUKOPUCTAHHS 0l0MaNuBa.

7. HocnexoB B.A. Meroauka nonesoro omnbita /b.A. JlocnexoB — M.: Arponpomusaar. —
1985. —351c.

Anomauin

T'ynuax T.1.

Ococonueocmi eupoOuy8anHs cop2o UYKp0o8020 68 AKOCHI CUPOBUHU O GUPOOHUUMEA
oionanuea ¢ ymosax Ilieoenno-3axionozo Jlicocmeny Ykpainu

Y cmammi euceimaeno pezynbmamu 000CniodceHb NO BUPOULYBAHHIO COP2O YYKPOBO2O 6
ymogax  Ilie0enno-3axionoco  Jlicocmeny — Vkpainu. Bcmawnosieno — 83aemo36’130K — Mmidc
NPOOYKMUBHICMIO MA AKICMIO YPOXHCAIO COP20 YYKPOBO2O MaA 2YCMOMOI0 HACAONCEHb Yi€i Ky1bmypu
Ul 3ax00amu 3axucmy nocieie 8io Oyp aHie Ha 080X MUNAX TPYHM).

Knrouosi cnosa: copzo yykpoge, 2ycmoma pociuH, yporcatHicme, 2epoiyuo, 3eieHa maca

Annomayus

T'ynuax T.U.

Ocobennocmu GuIpAWUEANHUSA COP20 CAXAPHO20 6 Kauecmee Culpbs Ol NPOU3E00CHEA
ouomonnuea 6 ycnosusax F0zo0-3anaonoii Jlecocmenu Ykpaunut

B cmamve ompadicenvt pezynbmamol ucciedo8anull no 8bIpAUUBAHUIO COP2O CAXAPHO20 8
yvenosuax — FOzo-3anaomoti  Jlecocmenu — Vkpaunvl.  Ycemauosenena — 83auMoceasb  Medcoy
nPOU3B00UMENLHOCIBIO U KAYEeCHEOM YPOHCASL COP2O CAXAPHO20 U 2YCMOMOU HACAHCOEHULl MOl
KYIbMypbl U Mepamu 3aujumul N0OCe808 OM COPHAKOE HA O8YX MUNAX NOYBbL.

Kniouesvte cnosa: copeo caxapnoe, 2cycmoma pacmeHull, YpOXCAUHOCMb, 2epouyuo,
3enenas macca



