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Abstract. This review presents a recent review of knowledge
on the possibilities of sorghum cultivation in Poland including
the strategies for its utilisation. Sorghum is the fifth cereal in the
world in terms of production scale. This position stems from high
tolerance of this plant to water shortages and, at the same time,
relatively good yields. Therefore, the main sorghum growing re-
gions are concentrated in Africa and Asia. In Europe, due to the
sufficient supply of consumer and fodder grains of the main cere-
als (wheat, triticale, rye, oats, and barley), there has been a lack
of interest from growers in sorghum cultivation. The plant also
has high temperature requirements during the emergence period
and requires a long growing season, hence food products from
sorghum came from imported grains. Although in Poland the
plant still has a small cultivated area, there are visible attempts
by growers to cultivate sorghum. The grains can be used more
widely in human nutrition, especially for people with gluten in-
tolerance. It is used in livestock feed production. It can be used
in the production of bioethanol. In addition to grain production,
sorghum can also be grown for green matter, which has applica-
tions in ruminant nutrition (cattle, sheep and goats) and biogas
production. The aim of this study is to analyse the potential of
sorghum cultivation in Poland and the possible directions of cul-
tivation (for grain and green matter) and use (for human food,
animal feed and energy purposes). The analysis of the world and
Polish literature in the field of sorghum cultivation shows that this
species can be cultivated and widely used in Poland. However, it
is necessary to popularize the nutritional value and food use of
grain in order to build a market. The forage use of both grain and
green sorghum mass should also be popularized. The possibility
of cultivating sorghum for energy purposes is also a future trend.
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POSSIBILITY OF GROWING SORGHUM
IN POLAND

European countries are significant producers of cereal
grains, with an annual production of 299.3 million tonnes
in European Union countries in 2019 (Eurostat, 2021). The
great importance of cereal grains is due to their direct use
for human food and for livestock feed. The threat posed
by climate change, associated with an increase in average
temperature and rainfall deficits, may result in a reduction
in the supply of cereal grain and thus in its high price. The
example of Poland shows how climate change is progress-
ing. There has been a decrease in the area of the temperate
cold region, with an increase in the area of the temperate
warm region, and the emergence of a warm region which,
according to forecasts, may increase in the future (Zier-
nicka-Wojtaszek, 2015). These observations also apply to
the whole European area, making it necessary to imple-
ment adaptation strategies, also in agriculture, to the on-
going climate change (Aguiar et al., 2018). The increase
in average temperature and the lengthening of periods fa-
vourable to plants with longer vegetation periods promote
the possibility of growing thermophilic plants from other
climatic zones (Kope¢, 2013). At the same time, with cli-
mate change, there is a risk associated with increasingly
frequent periods of drought, which negatively affects the
yield of cereals, especially spring cereals (Wojcik et al.,
2019). Such an extreme drought phenomenon occurred in
2018. It was one of the worst in 21st century Europe in
terms of severity, extent and duration. This drought caused
significant decreases in crop yields, especially cereals
(Thompson et al., 2020). In this context, the introduction
of new cereal species for cultivation in Europe may be ben-
eficial. On other continents struggling with water shortages
for efficient crop cultivation, sorghum is an alternative to
growing more water-demanding cereal species for ani-
mal feed (Selle et al., 2018). Also in Poland, increasingly
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frequent periods of drought pose a threat to stable cereal
yields. An alternative seems to be sorghum, which toler-
ates rainfall deficits well. It is a crop commonly grown in
African countries struggling with rainfall deficits (Taylor
et al., 2000). Its resistance to rainfall deficits, good yields,
as well as the existence of large drought areas in the world,
make sorghum the fifth largest crop in terms of acreage
grown worldwide, just behind wheat, rice, maize and bar-
ley (Wong et al., 2009). The introduction of this species
into cultivation in Poland may contribute to a higher sup-
ply of sorghum grain on the market, and thus to its wider
use. An increase in the area under sorghum cultivation in
Europe requires, however, that knowledge about its culti-
vation be disseminated. Therefore, a number of scientific
studies are conducted that focus on proper crop manage-
ment techniques and cultivation of this plant in different
countries. The results of field experiments on the possi-
bility of cultivating sorghum have shown that this cereal
can be successfully grown in Europe, both for grain and
for green matter. The next stage is their implementation in
practice and transfer of knowledge concerning the issues
related to effective sorghum cultivation. The critical period
of cultivation is the emergence period, which is related to
the high thermal requirements and the adjustment of the
appropriate sowing date to the climatic conditions of indi-
vidual countries. In order to initiate the seed germination
process, it is necessary for the soil to warm up to above
12 °C to the depth of 10 cm (Zhang et al., 2020). In Poland,
these conditions are usually met after 15 May. According
to growers’ experience, this is the optimal and safe sowing
date (Sus, 2020). Studies conducted on the possibility of
grain sorghum cultivation in Poland show that under fa-
vourable conditions, when the soil temperature is higher,
earlier sowing in the third decade of April is possible.
However, it depends on the current weather conditions. The
temperature in the sorghum sowing period from the end of
April to the second decade of May depends mainly on the
changes in the meridional component of the atmospheric
circulation. The maximum intensity of its influence falls on
May. At this time of the year, the shape of the barric field
in the areas located in the north-eastern Poland becomes
a factor determining the direction and magnitude of chang-
es in average temperatures (Kozuchowski, Degirmendzi¢,
2002). Thus, indicators of meridional circulation become
the measure of circulation influences on temperature in this
period. The role of mean pressure level in shaping thermal
conditions also increases — high pressure situations favour
insolation and temperature increase.

The results of a study by Sowinski and Szydetko-
Rabska (2013) showed that an earlier sowing date can have
a beneficial effect on yield, as sowing in the third decade
of April resulted in a higher plant density per 1 m?, which
results in obtaining a better yield. Early sowing is justified
only if no frost is forecast. The occurrence of a short-term

drop in temperature causes the plantation to freeze and the
need for re-sowing, which significantly increases costs and
brings losses. The study by Kruczek et al. (2014) showed
that under Polish climate conditions it is more beneficial to
sow sorghum later in the third decade of May. The varied
research results show that the sowing date of sorghum in
particular years, should be adjusted to the current weather
course. The optimum depth should be selected according to
soil type. On lighter soils, a sowing depth of 4—7 cm should
be used, while on heavier soils a shallower sowing depth of
3—4 cm can be used. Sorghum seeds should not be placed
deeper than 7 cm in the soil, as this lowers the plant den-
sity (Zou et al., 2019). As stated by Schaffasz et al. (2019),
it is possible to select varieties that are less sensitive to
cold during the emergence period, hence, according to the
researchers, it is possible to adapt certain varieties for cul-
tivation under European climate conditions. Their results
show high phenotypic variability and medium to high her-
itability for most traits, indicating that robust breeding pro-
gress is possible. Several varieties available in Europe are
well adapted to cooler climates have been identified that
can serve as valuable base material for sorghum breeding
in temperate areas. From the practice of sorghum growers,
seed sowing can be done with precision seed drills with
sowing discs with 2-3 mm openings. Such a sowing tech-
nique will result in the use of the recommended plant den-
sity per hectare of cultivated area. Uniform seed spacing
in the row (6—8 cm) will result in the production of main
shoots with evenly maturing panicles, which is important
for grain sorghum crops. Uneven seed spacing will result
in the plant producing a large number of unevenly matur-
ing side shoots, ultimately making it difficult to harvest
uniformly mature grain. The recommended sowing rate is
260 000 — 300 000 seeds/ha (6-7 kg) in grain crops under
Polish conditions (Sus, 2020). A significant influence on
the growth and yield of sorghum has the level of nitrogen
fertilisation. The application of a single dose before sow-
ing, limits the emergence of sorghum grains, which re-
duces the number of plants per unit area (Kruczek et al.,
2014). A one-time application of nitrogen in a high dose
may result in worse seedling emergence due to the salinity
of the soil in the root zone. This causes the death of young
seedlings and reduces the number of plants per 1 m? The
plant density and thus also the grain yield are reduced. Due
to row cropping and slow growth at the initial stage, weed
infestation is a problem in sorghum cultivation. A problem
in cultivation is insufficient availability of herbicides for
sorghum plantation protection, which is connected with
a small number of plant protection products labelled for
use in that crop. Only 5 herbicides were registered and au-
thorised (Matyjaszczyk, 2012). Appropriate herbicide pro-
tection of sorghum significantly affects the yield (Nowicka
et al., 2019). Under Polish conditions, sorghum yield is
also influenced by sowing date as well as weather condi-
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tions and soil type. Depending on the soil, grain yield can
be 6.0-6.5 t/ha (Sowinski, Szydetko-Rabska, 2013). The
economic efficiency of sorghum cultivation also depends
on the applied harvesting technology. This is strongly in-
fluenced by harvesting conditions. Sorghum starts flow-
ering along with the decreasing day length (in Poland it
is mid-July), while it reaches maturity for harvesting at
the beginning of October. Most often, then, a significant
amount of rainfall adversely affects the quality of the grain
(the grain must be dried and it may contain mycotoxins).
On the other hand, delaying harvesting causes significant
yield losses due to bird feeding (Sowinski, Kuta, 2015).
Of particular importance here is the economic efficiency
of sorghum cultivation, which depends on the applied har-
vesting technology. Sorghum panicles can vary in matu-
rity, making it necessary to adapt the harvesting method.
Two-stage harvesting provides a higher yield, but increases
costs, which negatively affects the rate of return. Single-
stage harvesting of sorghum, despite the lower yield,
brings higher profit (Sowinski, Kuta, 2015).

FOOD USE OF SORGHUM GRAINS

There are different types of sorghum varieties for dif-
ferent purposes. The sorghum varieties intended for food
grain are lower in height. Adult plants reach about 150 cm
(Kanbar et al., 2020). For food purposes, sorghum grains
are used primarily in the regions where they are grown.
This is particularly the case in the dry regions of Africa and
India. It is estimated that of the approximately 60 million
tonnes of sorghum grain produced annually in the world,
21 million is consumed by humans, with the remainder
used for feed (FAO, 1995). Overall, about 35-40% of
global sorghum grain production is used for food purposes
annually.

The composition of the seeds is dominated by starch,
which accounts for 60-80% . It occurs in the form of frac-
tions: amylopectin, which constitutes 70% of its total con-
tent and amylose 30%. Protein, depending on the variety
and agrotechnical factors (mainly nitrogen fertilisation), is
at the level of 7-15 g/100 g. The dominant spare protein
in sorghum grain is kafirin, whose percentage of total pro-
tein is 42.4 to 57.6% (Salinas et al., 2006). The amino acid
profile of sorghum protein contains many essential amino
acids. Other components are non-starch polysaccharides
(5-10%) and fat (2—6%). The fatty acid profile is domi-
nated by linoleic, oleic and palmitic acids. Many natural
carotenoids are dissolved in this fat, including lutein and
zeaxanthin, which are quite well absorbed (Moreau et
al., 2016) Sorghum grain is also a source of many impor-
tant minerals such as calcium, phosphorus, iron and zinc.
However, the content of these elements in the grain varies
and depends on the variety. Since sufficient production of
grains of the main bread cereals in Poland fully meets con-

sumer needs, sorghum products are not popular. However,
they can be an important alternative for those wishing to
limit or exclude gluten from their diet, and in particular for
people with intolerance to this protein.

Among sorghum varieties, two types of varieties are
distinguished by their tannin content: low and high tan-
nin. Tannins are considered an anti-nutritional ingredient.
Their harmful effect lies in the fact that these compounds
combine with proteins, with which they form a permanent
bond resistant to the action of digestive enzymes proteases.
This reduces the digestibility and assimilability of proteins.
However, they also have their positive aspect. Scientific re-
search has shown that high-tannin sorghum varieties used
in the preparation of meals slow down the passage of diges-
tive content. They cause the food to remain in the stomach
for a longer period of time and thus give a prolonged feel-
ing of satiety (Awika, Rooney, 2004). Therefore, they have
a low glycemic index and are recommended in the diet of
people with diabetes (Dicko et al., 2006). In addition, sor-
ghum grains are a source of fibre, which is desirable in the
human diet. Its content in sorghum grains is 6-6.5 g/100 g
of seeds (Kotodziejczyk, Michniewicz, 2018). The sterols
and polyphenols contained in the grains have a health-pro-
moting effect and in particular support the cardiovascular
system (Czerwinska, 2010). Sterols, by binding with cho-
lesterol, hinder fibre absorption into the bloodstream and
thus affect its lowering in the blood.

Among the culinary uses, sorghum grains can be used
for paste, which can be used to make bread and rolls and
other products. White-grained varieties are definitely pre-
disposed to this purpose. A problem in milling of sorghum
grains lies in the presence of two hard and soft fractions in
its endosperm, as well as brittle seed husks, small particles
of which may contaminate the flour fraction and deteriorate
the quality of the obtained flour (Zawadzki, 2011). New
improved methods of milling sorghum grains are being de-
veloped to obtain high quality flour (Zawadzki, 2013). The
quality of sorghum flour obtained is also influenced by the
variety as well as nitrogen fertilisation (Sobolewska et al.,
2018). Nitrogen fertilisation affects the protein content of
sorghum grains, which is an important discriminator of its
quality. Grains intended for food processing and especial-
ly for baking bread should contain a minimum of 11.5%
protein in dry matter (Sobolewska, Bury, 2020). Since
sorghum grains do not contain gluten, it is impossible to
prepare, solely on the basis of the flour obtained from it,
a dough with the desired properties for baking. Therefore,
in order to obtain a completely gluten-free product based
on sorghum flour, it is required to increase the starch con-
tent in the dough by adding potato starch and methylcellu-
lose (Czerwinska, 2010). It is then fermented, and after the
baking process, bread with the desired sensory properties
is obtained. The grains can also be used to prepare por-
ridge, which has good sensory and nutritional properties
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and is not sticky (Czerwinska, 2010). It is also possible to
prepare popcorn from sorghum grains, as from maize. It
is also used in multi-grain products such as cereal bars or
breakfast cereals. It is also possible to use sorghum seeds
for the production of malt, thus succeeding in replacing ce-
reals containing gluten. For economic reasons, the process
of malting sorghum seeds is used in countries where it is
widely grown and the cost of malting imported cereals is
much higher. It is used in brewing to make substitutes of
European branch beers (Harasym, Pieciun, 2010).

FODDER USE OF SORGHUM GRAINS

Sorghum grains are a widely used component of com-
pound feeds, for different groups of livestock. Annually,
about 65% of the world production of grain sorghum, is
used for feed purposes (Peerzada et al., 2017). Especially
in countries with dry and hot climates, where, as one of
the few crops, it yields quite well. The fodder value of this
cereal and its suitability for use in complete mixtures de-
pends on its feed value. Individual varieties of sorghum
have different levels of nutrients, but also substances with
anti-nutritional effects. Therefore, varieties with the best
possible feed value should be recommended for cultiva-
tion for feed grains (Baholet et al., 2018). The high genetic
variability among sorghum varieties and its hybrids indi-
cates the possibility of genetic improvement of varieties
for higher feed value, including protein and micronutri-
ent content (Badigannavar et al., 2016). One of the most
important components in terms of feed value is protein.
Sorghum grains contain between 6.6—11.4% of this com-
ponent, which is determined by the varietal factor (Salinas
et al., 2006).

The predominant spare protein in sorghum grains is ka-
firin, whose percentage of total protein is 42.4 to 57.6%
(Salinas et al., 2006). There are many essential amino ac-
ids in the amino acid profile of sorghum protein. Kafirin
is composed of three fractions: a-kafirin (is relatively the
most easily digested form of all kafirins) and accounts for
about 82%, and B- and y-kafirin forms (Selle et al., 2010).
Due to the predominance of the more difficult to digest
fractions of kafirin in order to improve protein digestibil-
ity, the addition of exogenous proteases in compound feeds
is justified. Another solution is also the targeted breeding
of varieties with reduced kafirin content, which is possible
through the identification of suitable sorghum genotypes
(Lietal., 2018). It is also possible to produce varieties with
much higher lysine content. The sorghum P721Q obtained
by Massafaro et al. (2016) is a variety with high lysine con-
tent and reduced kafirin content, which in digestibility tests
shows four times higher protein digestibility compared to
other sorghum varieties.

Sorghum grains have high energy value as they contain
60-80% starch. It occurs in the form of fractions: amy-
lopectin form, which constitutes 70% of its total content

and amylose fraction — 30%. The total content of starch in
sorghum grains depends on many factors, among others:
weather conditions and intensity of cultivation. As reported
by Benmoussa et al. (2006) the granularity of starch in sor-
ghum grain and its digestibility can be differentiated by
a genetic factor. The researchers concluded that it is possi-
ble to breed sorghum varieties in a targeted manner that ex-
hibit increased feed value as a result of higher protein con-
tent and higher starch digestibility. This provides the basis
for widespread cultivation of varieties with typical forage
use and high nutritional efficiency. A correlation between
starch digestibility and lower kafirin content, has also been
proven. Kafirin surrounding the starch in the endosperm
of sorghum grains, hinders its digestibility. However, as
proved by Salinas et al. (2006), there is a correlation be-
tween the increase in total protein in sorghum grains and
a decrease in the content of kafirin Its lower concentration
affects the release of starch and increases its digestibility
(Liu et al., 2013).

Sorghum grain contains 1.8-4.3% fat, influenced by
variety (Moreau et al., 2016; Patekar et al., 2017). Sor-
ghum grains are also a source of natural carotenoids, in-
cluding lutein and zeaxanthin (Moreau et al., 2016). These
carotenoids naturally enhance the colouration of egg yolk
and the skin and subcutaneous fat of slaughter birds.

Sorghum grains contain 2% fibre and 1.45 ash. It is
a source of many important mineral elements, however,
their content in the grains varies and depends on the culti-
var. This is confirmed by the results of a study conducted by
Badigannavar et al. (2016), who point to the possibility of
targeted selection of sorghum cultivars for increased min-
eral component content. In addition to nutrients, anti-nutri-
ents are present in sorghum grains. These include tannins
and phytates. The antinutritional effect of tannins is due to
the binding of these compounds with proteins, with which
they form a solid bond which is resistant to the action of
proteases. This reduces the digestibility of the protein and,
as a result, the efficiency of its utilization by the animals.
One of the solutions to the problem of tannin content is the
breeding and cultivation of varieties with a reduced content
of these compounds. Grain of low-tannin varieties contains
less tannin than 2.5 g/kg. Phytates, which are also present
in the grains of other cereals, are present in sorghum in
the amount of 2.66 g/kg of grains which is 77.6% of total
phosphorus contained in sorghum grains.

Similarly to other cereals, sorghum is infected by
pathogenic fungi of the genus Fusarium, which results in
mycotoxin contamination of the grains. The mycotoxin
content is determined by the weather during the growing
season. The same mycotoxins can occur in sorghum as in
other cereals. These include aflatoxins, zearaleon, deoxyni-
valenol, and fumonisins (Table 1). To date, there is no data
on the content of individual mycotoxins in domestically
grown sorghum grains due to a lack of ongoing research in
this direction.
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EFFECTIVENESS OF USING SORGHUM GRAINS
IN ANIMAL NUTRITION

Sorghum grains are widely used as a feed component for poultry,
especially in countries where the cultivation of maize or wheat is not
possible due to excessive water deficit. Therefore, most of the research
on the possibility of using sorghum in poultry feed mixtures, the use-
fulness of particular varieties and the maximum share for particular
poultry groups comes from the regions of Africa and Asia Minor. The
Polish Poultry Nutrition Standards stipulate a maximum share of sor-
ghum grain in feed for layers of up to 20% during rearing and up to
40% during laying, while for turkeys it is 20% (Smulikowska, Rut-
kowski, 2018). For other production groups and poultry species, there
are no designated maximum shares of this sorghum grain as a feed
component.

Currently in Poland, sorghum is most often used for feeding, both
ornamental and racing, pigeons. It is also a component of mixtures for
exotic ornamental birds. Due to the marginal area under sorghum cul-
tivation, there is still no national research into the possibility of using
this cereal for feeding productive poultry. In Poland, the vast majority
of poultry meat production comes from broiler chickens. The greatest
amount of fodder grain in Poland is used for the production of feed for
them. So far, triticale has been used most often. However, the intro-
duction of sorghum for grain to cultivation may result in greater utili-
zation of the grain of this cereal for the production of feed for broiler
chickens. In view of increasingly frequent droughts and a reduction in
grain yield, it may be necessary to replace some of the cereals used to
date with cheaper components. One of them may be sorghum grains.
As evidenced by the results of the study by Moss et al. (2017), it is
possible to effectively rear broiler chickens on compound feeds where
part of the wheat was replaced by sorghum. However, according to
the authors, it is necessary to use a phytase additive in the feed. The
introduction of sorghum in broiler chicken compound feeds is also
aimed at improving economic efficiency. In many African countries,
sorghum is a substitute for the much more expensive maize. Despite
its lower FCR (Feed Conversion Ratio), the use of sorghum in feeds
results in lower feed costs and the final economic outcome of fattening
is positive. Research shows that it is possible to substitute a signifi-

Table 1. Range of content of individual mycotoxins in sorghum grains (own
study based on quoted authors).

Range of The highest
Mycotoxin Yalue Author permissible
(min-max) level
[ng kg'] [ng kg']
. Kange et al. (2015)
Aflatoxins 5.4-61.5 Chala et al. (2014) 4.0
Oueslati et al. (2014)
Zearalenone 45.0-374.0 Chala et al. (2014) 100
.. Ediage et al. (2015)
Fumonisins 97.0-2041.0 Taye et al. (2016) 60
Deoxynivalenol  30.0-78.1 Huera-Trevinoetal. 2016) 5,

Chala et al. (2014)
According to Commission Regulation (EU) No. 165/2010

cant proportion of maize in feed, especially in
grover mixes. This is particularly true for low-
tannin sorghum varieties (Mburu et al., 2016).
As shown in a study by George et al. (2017), it
is possible to use sorghum as a partial substitute
for maize in broiler feeds without negative ef-
fects on production performance and meat qual-
ity.

There is also the possibility of using sor-
ghum in the feeding of laying hens. According
to a study conducted by Adamu et al. (2017)
on the feasibility of using the maximum pro-
portion of sorghum grain in laying hen feed,
it was shown that it can be up to 50%. At the
same time, by replacing maize with sorghum,
the researchers obtained measurable economic
benefits. On the other hand, Sriagtula et al.
(2019) recommend a maximum of 40% share of
sorghum grain in feed for laying hens, which is
in line with the recommendations of the Polish
Standards of Poultry Nutrition (Smulikowska,
Rutkowski, 2018)

Sorghum is also used in the feeding of tur-
keys for fattening. It is possible to partially sub-
stitute cereal grains with sorghum. However, its
share should not exceed 25% (Etuk, Ukaejiofo,
2007), which is higher than the value recom-
mended in the Polish Standards of Poultry Nu-
trition (Smulikowska, Rutkowski, 2018).

It is also possible to use sorghum grains in
the feeding of slaughter guinea fowl. A study by
Tjetjoo et al. (2013) showed that the feed con-
version ratio is higher when sorghum is used
than maize with simultanous maintaining of
similar slaughter performance.

Substitution of the more expensive maize
grains by sorghum in pig feed is also possible.
However, there is a need to respect the maxi-
mum proportion of sorghum grains in the feed.
As established by Pan et al. (2017), for young
piglets, the feed should contain a maximum of
20% of sorghum grains and for piglets no more
than 40%. Sorghum used as an alternative ener-
gy source to maize in diets fed to growing pigs
reduces protein utilisation and nitrogen excre-
tion in faeces. However, this problem can be ad-
dressed by the addition of exogenous protease
enzymes (Pan et al., 2017). Similarly, Pan and
Dong (2020) point out the poorer protein utili-
sation of sorghum grains by pigs, but its energy
value is comparable to maize. The possibility
of wider use of sorghum in pig feeding depends
on the variety and the content of the main an-
ti-nutritional component tannins. Low-tannin
varieties have a higher feed value for pigs and
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are more efficiently utilised by animals (Pan et al., 2019).
Other anti-nutritional substances are also contained in sor-
ghum grains, also like trypsin inhibitors, which reduce the
activity of digestive enzymes and are responsible for the
reduced utilisation of energy and protein from sorghum
grain in pigs (Pan et al., 2021). The use of an extrusion
treatment for sorghum grain has been shown to have good
results. Extruded sorghum grains have a higher energy
value and a higher proportion can be used in feed than non-
extruded seeds (Rodriguez et al., 2020).

SORGHUM GRAINS AS AN ENERGY SOURCE

Similarly to other cereals, sorghum grains can also be
used to produce bioethanol. Global production of bioetha-
nol from sorghum grains is low, with only 4% of the annual
crop being used. The energy potential of sorghum grains
has been recognized in the United States, where 1/3 of the
harvest of this cereal is used for this purpose (Zawadzki,
2015). According to a study by Chmielewska et al. (2014),
the efficiency of the ethanol production process from sor-
ghum grains of variety 251 containing high starch content
(66.5%) was 54.62— 83.23%. This indicates the possibil-
ity of effective bioethanol production from sorghum grain
grown under Polish conditions. In order to effectively uti-
lize the potential of sorghum for energy purposes, cultivars
with the highest possible yield should be recommended
for cultivation. It can be an alternative raw material to the
much more expensive maize, and the by-product DDGS
can be used as a valuable feedstock. It contains more pro-
tein and lower fat content, hence is a more valuable feed
raw material than maize DDGS (Zawadzki, 2015).

FODDER USE OF GREEN MATTER
FROM SORGHUM

Among sorghum varieties, we can distinguish those
which are characterised by a significant increase in vegeta-
tive weight (i. e. a taller plant stature). They are referred
to as silage varieties because the green matter is usually
preserved by ensiling. The nutritional value of the obtained
sorghum silage depends on the variety. Cultivars with
a high amount of green biomass and a small amount of
grain have a lower forage value. The varieties character-
ized by a high degree of green mass accumulation, and
at the same time giving an appropriate grain yield, have
a better forage value. It is related to the increased content
of starch (Veriato et al., 2018). Particularly useful for the
production of silage for dairy cows is midrib sorghum, the
silage of which has the same nutritional value as maize
silage (Sanchez-Duarte et al., 2019). Sorghum silage is
mainly used for ruminants, but it can also be used for hors-
es. Sorghum silage has a lower nutritive value than maize,
but sorghum has the advantage of being more drought re-
sistant than maize and has a higher yield of green matter

in the dry period. Research shows that there is scope for
targeted breeding of drought tolerant sorghum varieties
that can simultaneously deliver significant green matter
yield. Habyarimana et al. (2004) identified high yielding
and drought tolerant genotypes that can be directly used
for biomass production. High hybrid performance under
water deficit conditions may be of interest in developing
drought tolerant sorghum cultivars to increase and stabi-
lize biomass production. Under Polish climate conditions,
different varieties produce different amounts of biomass.
Therefore, the selection of a suitable variety is crucial for
the success and effectiveness of cultivation for the produc-
tion of silage for animals. It is also important to maximise
the proportion of ensiling plant parts such as leaves. In a
study by Nowicka and Waligéra (2020), different sorghum
cultivars grown for silage showed a different share of
stems and leaves, when grown under the same conditions.

The ensiled green mass of sorghum, as well as maize si-
lage can be used for feeding beef and dairy cattle. Feeding
fodder sorghum silage, appropriately supplemented with
maize meal as a complete replacement for maize silage,
ensured milk yield and feed efficiency, understood as the
ability of the cows to convert feed into milk. Replacing
maize silage with sorghum silage did not change the con-
centration of saturated and monounsaturated fatty acids,
but reduced the content of polyunsaturated fatty acids in
milk. Furthermore, n-6 and n-3 fatty acids were lower in
the milk of cows fed a sorghum diet compared to cows fed
a maize diet. Replacing maize silage with sorghum silage
in dairy cows did not change the milk coagulation proper-
ties, which are of great economic importance for the Italian
dairy industry. These preliminary results suggest that for-
age sorghum silage may have potential as a substitute for
maize silage in the diet of dairy cows Cattani et al., 2017).
Also, Polish studies have shown that whole plant sorghum
silage, can be an alternative to maize silage in areas threat-
ened by frequent soil drought. In cattle fed a forage based
on sorghum silage and grass silage at the same time, milk
yield was good as in the group that was fed maize silage
(Sliwinski et al., 2013). Also in lamb fattening, it is pos-
sible to replace maize silage with sorghum silage. The use
of sorghum silage in the lamb ration does not deteriorate
the post-slaughter quality of carcasses compared to maize
silage (Grabowicz et al., 2013).

The production of green fodder for ensiling and feed-
ing to animals is important in countries where there is
a shortage of rainfall or where it is necessary to maxim-
ise the production of green fodder from a small area of
arable land. An example of this is Brazil, where there is
a dry season when rainfall deficits prevent the production of
green matter for animals. Therefore, research has been un-
dertaken into the possibility of growing sorghum and using
the silage from its green matter in horse feed. Mangalarga
Marchador (MM) mares were weaned and randomly as-
signed to one of 2 groups with 7 foals in each: GS: fed with
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sorghum silage (Sorghum bicolor variety BRS655) or GH:
fed with Vaquero grass hay (Cynodon variety CD90160 x
cv. Mirage). Both groups received a commercially avail-
able concentrate daily at 1.5% body weight (BW) in dry
matter. The results show that the growth and development
of the fillies in both groups of the experiment was breed
appropriate. The use of sorghum silage for fillies aged
6 to 9 months, which receive an additional 1.5% BW of
a concentrate balanced for growing horses in the dry sea-
son, allowed normal growth and development of young
horses (da Silva Inacio et al., 2018b). Sorghum silage can
be used as an alternative to other roughages for horses,
which they also receive. Sorghum silage did not adversely
affect the body and health development, but it cannot be
used without the addition of concentrated feed and when
feeding for a longer period (da Silva Inacio et al., 2018a).

SORGHUM BIOMASS AS AN ENERGY SOURCE

Plants with rapid growth and green mass accumulation
are also predisposed to use as renewable energy sources.
In recent years, numerous studies have been undertaken on
the use of various crop species for energy purposes. Green
plant biomass is the least capital intensive source of green
energy. It is produced all the time in every place on earth
and it is practically a spontaneous process, which takes
place naturally by means of photosynthesis of plants. The
carbon compounds accumulated in the green mass are the
subsequent substrate for biogas production. At present, the
share of energy obtained from biomass is 15% of global
consumption. This share is higher in developing countries,
where it amounts to 38% of total energy production. Pro-
duction of biomass in many countries, including Poland,
is becoming an important branch of agriculture — it allows
for waste management and also opens up the possibility of
cultivation for energy purposes only. For this purpose, at-
tempts are being made to use many species of plants, with
grasses being the most effective. Among these, those with
C4-type photosynthesis such as maize and sorghum play
an important role. Sorghum has lower water requirements
than maize, but its cultivation for biogas is less efficient
compared to maize. Szemplinski et al. (2014), found that
sorghum had a lower efficiency compared to maize by
40%. However, the sorghum crop was 14% more efficient
than Virginia mallow. Other researchers showed the op-
posite relationship, as they obtained a higher green matter
yield of sorghum, but they used row fertilisation (Kruc-
zek et al., 2014). The efficiency of energy use of sorghum
green mass depends on the appropriate selection of the
variety. This is determined not only by the efficiency of
green mass production, but also of starch-rich grain. Dual
purpose grades with high starch content have the potential
to achieve a similar or higher methane yield compared to
maize (Windpassinger et al., 2015). A good solution for
higher green matter production is the simultaneous culti-
vation of maize and sorghum in mix cropping technology.

Appropriate selection of maize and sorghum varieties gives
a high yield of green biomass (Michalski et al., 2017). In
mixed cropping of sorghum and maize, the yield of green
matter is comparable to or slightly lower than that of pure
sowing of maize. The energy yield expressed in terms of
the efficiency of biogas and methane obtained per hectare
of cultivation is sometimes higher, especially when hybrids
of sugar sorghum are intercropped with maize (Grabovskyi
etal., 2021)

CONCLUSION

In Poland, sorghum is a cereal with marginal acreage
cultivation and low potential utilisation. However, there
is a perspective of introducing and popularising the cul-
tivation of this cereal. Since droughts are more and more
frequent in Poland and, as a result, unstable and lower
yields of cereals, they may contribute to increased interest
in alternative cereal species. Sorghum, which comes from
a warm climate, tolerates water shortages in the soil and
high temperatures quite well without a significant reduc-
tion in grain yield. Another advantage of this cereal is the
multi-purpose use of its grains. It can be used for food pur-
poses. Particularly among the growing group of consumers
with gluten intolerance, but also among people who care
about a varied diet. The possibility of using sorghum grains
for fodder purposes may diversify the fodder grain base in
Poland, which is extremely important in view of the chal-
lenges of adapting modern agriculture to climate change.
Another direction of grain use is the production of bioetha-
nol, which is also one of the possible directions of grain use
of this cereal. Green sorghum can replace the cultivation of
maize in sandy soils with a lower water-retaining capac-
ity. Therefore, the cultivation of sorghum for green mass
makes it possible to produce green fodder for ruminants
(mainly cattle, especially dairy). The production of biogas
is also a potential direction for the use of green biomass.
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