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Abstract: The results of studying the growth and yield characteristics of hybrids of domestic and American selection during cultivation under the conditions
of the northern Ukrainian Steppe are presented. Fertilizing with nitrogen fertilizer and vermicomposting extract by fertigation helped to strengthen vertical
growth, and increase the yield of green hiomass and sweet sorghum grains. The greatest effect was obtained for American hybrids. For Ukrainian hybrids, the
application of nitrogen fertilizers had a positive effect on black soil and loess—like loam, while the effect of vermicomposting extract was noticed only on
loess—like loam.
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1. INTRODUCTION

Among the annual cereals, sweet sorghum (Sorghum saccharatum (L.) Moench) is the main alternative
source for the production of fuel ethanol and butanol (Sipos et al., 2009). Bioethanol is almost the only
substitute for gasoline, and so its global production is growing at a rapid pace. The cheapest bioethanol in
the world is made from tropical sugarcane. Soluble sugars in the form of glucose, fructose, and sucrose in
sweet sorghum are readily fermentable. Agronomic traits such as a short life cycle of approximately 4
months, unpretentiousness, low cost of cultivation, and C4 photosynthesis are especially helpful for its
adoption as a biofuel feedstock (Regassa and Wortmann, 2014; Mathur et al., 2017).

The yield and technological properties of sweet sorghum, which can be grown in a temperate climate, are
similar to those of the wild. Sorghum does not require the use of large doses of fertilizers and pesticides
(Ren et al., 2012; Fu et al., 2016). Numerous data show good adaptation abilities of sweet sorghum to
conditions of moisture and nutrient deficiency (Shoemaker and Bransby, 2010). However, water deficit
stress significantly decreased bioethanol yield (Koksal et al., 2021). Therefore, under growing conditions
affected by water shortage and nutrient deficiency, the optimal combination of irrigation and nitrogen (N)
fertilization rate is a central issue for sustainable farming systems (Scordia et al., 2021).

Among fertilizer treatments, inorganic fertilizer was found to be the most effective, since it gave higher
agronomic, sugar, and yield (Beltran et al., 2019). In the meantime, vermicompost can be an alternative
input of nutrients because it can enhance growth and productivity. Using prime land to grow crops for the
production of ethanol, biodiesel, or bioenergy feedstock is not a logical choice (Perrin et al., 2018). The
potential of marginal land for the cultivation of second generation crops as biofuels has received increased
attention in recent years (Blanco—-Canqui 2016).

The unpretentiousness of sorghum with respect to environmental conditions determines the prospect of
growing this plant on unproductive lands, thus avoiding a conflict between food production and biofuels
(Ameen et al., 2017; Mehmood et al., 2017). Therefore, reclaimed mining rocks may be used to grow this
energy plant. Such soils are considered marginal because they often contain few organic substances and
have physical and chemical characteristics that are unfavorable for plant growth. However, the cultivation
of sweet sorghum on such lands may be quite appropriate. Increasing profitability can be achieved through
the use of additives and fertilizers that improve fertilization of the soil.

The main objective was to study the dependence of the sweet sorghum hybrids on the management of
soil nutrition.

2. MATERIALS & METHODS

This research was carried out under the conditions of the Ukrainian steppe zone at the Pokrov land
reclamation station of the Dnipro State Agrarian and Economic University (DSAEU). In Ukraine, sorghumis
grown mainly in the southern and central regions of the steppe. A significant part of the steppes is
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concentrated in the zone where 400-450 mm of annual precipitation falls and the sum of effective
temperatures is optimal for the cultivation of sorghum.

Sweet sorghum can be grown as monoculture for 3-5 years without loss of yield, provided proper
protection against weeds and compensation for nutrient removal.

In the field, two Ukrainian selection sweet sorghum hybrids (Medove and Zubr) and two American hybrids
(SS506 and Mohawk) were investigated. A three—factor field experiment was established. Including factor
A—domestic and American origin; factor B—black soil (BS) and long—term meliorated loess-like loam (LLL);
factor C — plant fertigation with mineral nitrogen fertilizer and vermicomposting extract. The humus
content in the loess—like loam is about 1.1%, and in the black soil is 3.3. The ratio of humic and fulvic acids is
0.65 (LLL) and 1.36 (BS).

The sorghum seeds were seeded in early May and biometric indices, productivity, conservative sugar yield,
and theoretical ethanol yield were researched. The height of the plant was measured using a measuring
line. To determine the yield of above—ground biomass, each cultivar was harvested after the grain reached
the hard dough stage by cutting to a height of 10 cm from the ground level and weighing. After that, the
biomass was dried to a constant weight and then weighed again.

The sugar concentration in the sweet sorghum stalks is measured in Brix units, which represents the
percent of soluble sugars. One degree Brix is equal to 1 g of sugar per 100 g of juice. Brix was determined
using a hand-held refractometer “RHBO-50ATC”. Conservative sugar yield (t ha™) was calculated based
on an approach assuming that the sugar concentration is 75% Brix expressed in g kg —1 of sugar juice
(Wortmann et al., 2010; Rutto et al., 2013; Ekefre et al., 2017). The equation was used:

CSY = (FSY —DSY) - Brix-0.75 (1)
where, CSY is conservative sugar yield (t ha™), FSY is fresh stem yield (t ha™), DSYis dry stem yield (t ha
"). The theoretical ethanol yield was calculated as the sugar yield multiplied by a conversion factor (0.58 L
of ethanol per kg of sugar):

TEY =CSY - 0.58 (2)
where, TEY is theoretical ethanol yield (L ha™).
Data received in field experiments performed were processed using statistical methods using the
StatGraphics Pluss software package with all significance tests carried out at a type 1 error rate of 5%.
3. RESULTS
The height of the hybrid 'Zubr' plants was found to be slightly higher than in previous years (300-310 cm),
and the hybrid 'SS506', in contrast, was lower than 221 cm (Kharytonov et al., 2019). Differences in growth
rates and yields of the sugar sorghum hybrids studied were observed depending on the type of substrate
and different fertigation options.
The plants of the hybrid 'Medove' in loess were observed to be higher than in chernozem in all variants of
the experiment. The height of the plants of other hybrids in the variants without irrigation and fertilization
(control) was almost the same on both substrates.
The use of irrigation in black soil led to anincrease in plant height of 7-8% (hybrids ‘Zubr’ and ‘Mohawk’) to
30% (‘Medove’). At the same time, additional irrigation on loess like loam did not give a noticeable result
(Figure 1 and 2). Additional agricultural measures have helped increase the yield of the biomass of green
sorghum above ground. The greatest effect was obtained for American hybrids, especially for ‘Mohawk’.
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Figure 1 — Height of sweet sorghum cultivated in black soil, cm
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Figure 2 — Height of sweet sorghum grown in loess like loam, cm

The yield of the '"Mohawk' cultivar in black soil increased by 26, 55 and 29%, respectively, under the impact
of irrigation, nitrogen fertilizer and vermicomposting extract. This effect was even more noticeable on
loamy like loess: 52, 93 and 45%, respectively. The reaction of the hybrid 'SS506' was more significant on
black soil than on loamy soil such as loess. Nitrogen fertilization led to an increase in vertical growth of
sorghum in black soil, except for the hybrid 'Zubr', of 15-20%.
The addition of nitrogen fertilizer to loamy-like loess did not significantly affect Ukrainian hybrids, but had
a noticeable positive effect (21-36%) on the growth of American hybrids. Fertigation with vermicomposting
extract did not affect the growth of Ukrainian cultivars and had a weak effect (7.5-11%) on American
cultivars. The yield of the green biomass above ground of sweet sorghum in the control trials on different
substrates did not differ significantly.
Medove, Zubr and SS506 yield was slightly higher in loess like loam (by 2.5-7%), and hybrid Mohawk, in
contrast, was lower by 6.6% than in black soil (Table 1). For Ukrainian hybrids, the application of nitrogen
fertilizers had a positive effect on both substrates, while the effect of vermicomposting extract was
manifested only on loess like loam. The grain yield among the hybrids studied was the highest in the
'Medove' hybrid on both substrates (Table 2).

Table 1. The yield of aboveground biomass of sweet sorghum American hybrids

Black soil Loess like loam

Hybryds C | \ VE C | \ VE
[t/ha] [t/ha] [t/ha] [t/ha] [t/ha] [t/ha] [t/ha] [t/ha]
76.0 84.2 98.6 79.6 778 86.0 98.2 87.9
Zubr 85.6 96.0 105.8 86.2 91.6 95.6 104.0 103.8
55506 59.0 70.0 82.2 72.0 62.0 704 78.0 66.2
Mohawk 62.1 784 9.4 80.0 58.0 88.2 1118 84.0
(C— control, I — irrigation, Ngo — nitrogen, VE — vermicomposting extract
LSDogs | A-263 | B-256 | (=259 [ AB-271 | AC-281 | B(-29% | AB(-3.49

Black soil

Table 2. The yield of aboveground biomass of sweet sorghum Ukrainian hybrids

Loess like loam

Hybryds C | Neo VE C | Neo VE
[t/ha] [t/ha] [t/ha] [t/ha] [t/ha] [t/ha] [t/ha] [t/ha]
Medove 44 7.0 7.6 48 6.2 6.8 7.8 6.5
Zubr 1.2 32 42 25 32 34 6.1 6.0
55506 25 3.6 3.62 3.0 1.0 1.5 3.0 1.2
Mohawk 1.7 22 3.0 1.8 1.8 20 28 24
(C— control, I —irrigation, Ngo — nitrogen, VE — vermicomposting extract
LSDogs | A-123 | B-087 | (=123 | AB-174 | AC-246 | B(-174 | AB(-3.48

The grain productivity of the hybrid “Zubr’ on loess like loam was 2.5 times higher than on black soil, while
for the hybrid ‘SS506’ the opposite dynamics was observed. At the same time, the yield of the ‘Mohawk’
hybrid was almost the same on both substrates.

The greatest effect of additional irrigation, fertilizer application, and vermicomposting extract on black soil
was observed for the hybrid ‘Zubr’ (167, 250 and 108%, respectively). A significant increase in grain yield was
observed only in trials with fertilizer and vermicomposting extract in loess like loam. Irrigation and
application of mineral fertilizers in black soil increased grain yield by 30-76% for the hybrids ‘Medove’,
‘SS506” and ‘Mohawk’, while the effect of vermicomposting extract was rather insignificant (6—20%).
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A significant increase in grain yield of 200% was observed under the influence of nitrogen fertilizer on
loamy-like loess for the hybrid ‘SS506’. Irrigation and fertigation of vermicomposting extracts led to an
increase in productivity of 20 and 50%, respectively.
The addition of mineral fertilizer and vermicomposting extract (56 and 33%, respectively) had a positive
effect on the ‘Mohawk’ hybrid. A small increase in yield (26%) was observed for the 'Medove' hybrid in the
trial with mineral fertilizer. The amount of juice in the sweet sorghum stalks and their sugar content are
important indicators in the production of bioethanol.
The values of these parameters can vary depending on the growing conditions and the influence of
environmental factors (Zou et al., 2011). The highest sugar content in the sweet sorghum stems was found
in the milk-wax ripeness stage. During the years of research, it varied from 18% to 21% in black soil and from
17% 10 21% in loamy-like loess.
Among the hybrids studied, the highest sugar content of stemjuice is characteristic of the hybrid 'Mohawk'
and the lowest is characteristic of the hybrid ‘Zubr’. The influence of agronomic measures on the value of
sugar content in sorghum stalks was also observed in the ripeness phase of milk wax (Table 3).

Table 3. Sugar content in the sweet stems of sweet sorghum

Black soil Loess like loam

Neo | \ Neo

[ [%] [ 06 | [%]
Medove 18.0 18.7 20.7 183 17.7 183 20.0 18.0
Zubr 18.0 16.7 15.7 17.0 17.7 16.3 14.7 16.0
55506 202 19.5 203 19.5 19.3 18.7 19.7 19.0
Mohawk 20.8 20.0 20.0 19.8 207 19.2 19.0 19.3

(C— control, I — irrigation, Ngo — nitrogen, VE — vermicomposting extract
LSDogs | A-203 [ B-249 [ (=246 [ AB-343 | A(336 [ B(-32 | ABC—4.0

Anincrease in sugar content was observed in all trials of the field experiment for the hybrid ‘Medove’. The
highest effect was obtained in the nitrogen fertilizer trial. The sugar content in the stem biomass increased
by 13% (loess like loam) and 15% (black soil).

The dynamics of reducing the sugar content of stem juice took place for other varieties. The highest
deviations were observed for the hybrid 'Zubr": from 7.2 to 7.9% under additional irrigation conditions, from
5.5 to 9.6% with the addition of vermicomposting extract and from 12.8 to 16.9% in the nitrogen fertilizer
trial.

The decrease in sugar content was not significant for the ‘Mohawk’ hybrid due to lack of soil. However, it
ranged from 6.8% (vermicomposting extract) to 8.2% (nitrogen fertilizer) in the loess like loam. The most
stable sugar content was found in the stems of the hybrid ‘SS506’. Meanwhile, in loamy-like loess it was
less than in black soil by 4.5%. However, the fluctuations of this parameter in different experiments did not
exceed 3.5%.

The theoretical ethanol yield was calculated taking into account biomass productivity, the amount of juice,
and its sugar content as a sugar content in the sorghum stalks. It was found that on marginal lands of
Ukrainian cultivars ‘Medove’ and ‘Zubr’ it is possible to produce between 2536 and 4250 | / ha of ethanol.
The potential of American hybrids ‘SS506” and ‘Mohawk’ is slightly lower — 2248-3400 | / ha. Despite the
fact thatin the previous two years the yield of the above-ground green biomass and the sugar content of
the stemjuice inalmost all hybrids was higher than in the experimental year, the amount of juice was lower.
This led to a lower theoretical ethanol yield in black soil by 29-30% for Ukrainian hybrids and 15-18% for
American hybrids. On loess like loam, this decrease was 5-15% for Ukrainian hybrids and 22-29% for
American hybrids. The reaction of American hybrids to additional agronomic measures was more
pronounced compared to Ukrainian (Figure 3 and 4).

Forexample, the theoretical ethanol yield of the hybrid 'Medove' in black soil under conditions of additional
irrigation, nitrogen fertilization and vermicomposting extract increased by 11.0, 46.7 and 6.5%, respectively.
This increase in the American hybrid ‘Mohawk’ was 19.4, 49.3 and 20.6%. The effect was even greaterin the
loess like loam: 14.3, 42.6 and 14.9% for the '"Medove' hybrid, and 36.5, 68.3, and 29.9% for the '"Mohawk'
hybrid.

Increasing the yield of the above—ground green mass of the hybrid ‘SS506’ had a compensatory effect in
the tests with additional irrigation and nitrogen fertilization, despite the decrease in the sugar content in
the stems. As a result, the theoretical ethanol yield increased from 7.0 to 14.5% (irrigation) to 26.3 to 40.0%
(nitrogen fertilizer).
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Figure 3 — Production of theoretical ethanol from sweet sorghum in black soil, 1/ha
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Figure 4 — Production of theoretical ethanol from sweet sorghum in loess like loam, 1/ha
4. CONCLUSIONS
The biomass production of Medove, Zubr and SS506 above ground was slightly higher in loess like loam
(by 2.5-7%), and hybrid Mohawk, on the contrary, was lower by 6.6% thanin black soil. For Ukrainian hybrids,
the application of nitrogen fertilizers had a positive effect on both substrates, while the effect of
vermicomposting extract was manifested only onloess like loam. The grain productivity of the hybrid ‘Zubr’
on loamy-like loess was 2.5 times higher than on black soil, while for the hybrid ‘SS506’ the opposite
dynamics was observed. Among the hybrids studied, the highest sugar content of stem juice is
characteristic of the hybrid 'Mohawk' and the lowest is characteristic of the hybrid ‘Zubr’. The theoretical
ethanol yield of the ‘Medove’ in black soil under conditions of additional irrigation, fertilization with
nitrogen fertilizer and vermicomposting extract increased by 11.0, 46.7 and 6.5%, respectively. Meantime,
the effect was even greater in the loess-like loam: 14.3, 42.6 and 14.9% for the 'Medove' hybrid, and 36.5,
68.3, and 29.9% for the "Mohawk' hybrid.
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