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ABSTRACT

According to the obtained data in 2019-2020, a plant height of the earliest variety Galiya was
201 cm, mid-season L-7897 and Tandem were 218 cm, late ripening Yarik was 282 cm. The
maximum yield was obtained from the hybrid Yarik 77.0 t ha™ of green matter and 21.5 t ha™
of dry matter. A significant yield of green and dry matter was provided by L-7897 and
Tandem. The data of the dry matter analysis show that the combinations Tandem and Yarik
exceed the rates of the best standard Silosnoe 88 in terms of crude protein content and have
high rates of metabolic energy. The crude fat content was similar to the standard rates. It was
also found to be significant in the varieties Tandem and L-7897. The presence of crude fiber
was low. The lowest rate was obtained in the hybrid Yarik. In comparison to the replaceable
amino acids, the essential amino acids in the dry matter of sweet sorghum, which was cut in
the milk-wax stage of ripeness, have a lower content. The average presence of essential amino
acids was found in valine, phenylalanine, and argirine. Leucine had a significant rate. The
maximum rates were found in the new combinations of Yarik and Tandem. Among the
replaceable amino acids, the highest content had glutamic, aspartic acids, proline, alanine.

Key words: sweet sorghum, protein, metabolic energy, amino acids, dry matter

QA ) 1189-1184:(5)53: 2022- 481l L1350 a glal) Alaa
slal) agacd) cile a5 ol
? s gala 34 gl ! onasish 2 ) gl
alaa alaa Ealy a5 s 3l

Mg ¢ dludgliline ¢ BN Jlady Sl Le)3l Eigad) 355
Mgy ¢ Jogtlion ¢ Adhad) GEeRN Jlad dnala s ¢ dsag Blia ¢ Lol dagSal) gy lin daala
oaliiual)
Chualic ¢ aw Galiya 201 dila il (e clill) Gl oS « 2019-2020 b lgde Jsand) a3 Al clilyll g
Lalil) ol o Jguanl) &l aw Yarik 282 jaliall @il olss ¢ aw 218 s Tandem 3 L-7897 awisall
Joana pdgi ai Adla) Balad) (e ,liSa [ b 21.5 5 slpadd) Balad) (e U8 [ oh Yarik — 77.0 Guagd) O
Tandem clidgll of Adladl salall Julad cilily edsi Tandem. g L-7897 daulgs ddlallg ¢ )padll salall (pa S
Alal) (e e <N e Lgpaly D) (g ) gsina Eua (e Silosnoe 88 las Juadl ciaea jglasi Yarik
O L-7897. s Tandem Cilial) b aga 4df ang LaS. dpull) c¥anall (gl il 2 al) g gina IS, 4l
AL il palaal) ae GG Yarik. cpagd) B Jaa Ji o Jaand) Al Uaddde alid) GldY) asag
aad gl Uaja B Lgadad a3 llg ¢ aladl dagd)l) 5,A0 ABlad) Salal) B Apala) Al Galaal) Gld ¢ Jlasudl
¢ ol Jid ¢ ol B Ll Al paleall agag bagia o gl a5 B8 ggiae o ggiad ¢ culal)
Om o Tandem. 5 Yarik (e saaad) clidsil) 3 g ualll cNaal) o jgindl ai S Jana Cpagd OIS0 Gaa My
O (Ol cdliiand) Galaal celualiglal) o ggiag gsina ol GlS ¢ Jlatadd AL Adul) paleal)

A3la) salal) (Auial) Galaal) (A A8Ual) (g ) (danddl 34 A alidal) culalsl)
Received:11/3/2021, Accepted:20/6/2021

1184



Iragi Journal of Agricultural Sciences —2022:53(5):1184- 1189

Kapustin & et al.

INTRODUCTION

Sorghum plays a leading role in ensuring food
security for more than half a billion people in
Asia and Africa. This crop is mainly cultivated
as fodder in industrialized countries. In recent
decades, it is cultivated as a raw material for
the production of bioethanol. Despite a similar
nutritional profile to other grain crops, which
IS even better in terms of health-promoting
elements, sorghum is considered a low-value
crop, primarily due to the poor digestibility of
its proteins. Sorghum varieties with a high
protein content, which can be digested, have
not been developed yet. These efforts are
frustrated due to the strong connection
between the characteristics of some easily
digestible proteins and the endosperm
phenotype. Transgenic sorghum lines with
improved protein digestibility have been
developed, but they are associated with a
phenotypically turbid endosperm. There are
indications that this may lead to the
development of varieties with easy protein
digestibility and vitreous endosperm texture.
Protein digestibility variability exists among
sorghum germ plasm and can be used to
improve characteristics by selection (12). In
studies by Tarig, A.S., Akram, Z., et al., (19)
the grain quality was improved by genetic
variation. The heterosis of sugar, crude protein
and crude fat content was established. The
proteins show significant differences between
the resulting hybrid and its parent forms (1, 4,
11, 13, 14). Fermentation of sorghum grain
increases the total content of amino acids. The
content of essential amino acids increases their
total content (17). At the same time, there is a
lack of lysine and threonine in sorghum (10).
Thorsoe, K. S., Bak, S., Olsen, C. E., etc. (20)
point out the role of glutamic acid, histidine,
serine, and arginine, which form hydrogen
bonds and stabilize the binding of the sugar
donor. The quality of fodder (sugar yield) may
depend on the density of the plants and the
amount of nitrogen fertilizers (6, 15). The
yield of sugar, stems, juice content, and the
percentage of sucrose contribute to a change in
the ethanol yield (16). The amount of sugar
also depends on the sowing period and the
plant genotype (2, 5, 7, 18, 22). The
accumulation of free amino acids is less in
seeds and seedlings with high tannin content
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(9). The content of sugar and amino acids
decreases in sorghum with leaf rust (3). The
concentration of sugar and amino acids
increases in the roots of plants treated with
aluminum (8). The aim of the research is to
determine the content of nutrition elements
(protein, fat, fiber, nitrogen-free extracts
(NFE)), metabolic energy, the level of
essential and other amino acids in different
varieties and hybrids of sweet sorghum in a
completely dry matter.

MATERIAIS AND METHODS

The study of forage quality indicators in new
varieties and hybrids of sweet sorghum was
carried out in 2019-2020. The research
methods were field and laboratory
experiments. Measures of Weende analysis
and amino acid composition of dry matter
were determined in the certified scientific
laboratory “Feed and Metabolism” at the
Stavropol State Agrarian University. The
content of 16 amino acids was studied (21).
Field studies were carried out on the
experimental field of North Caucasus Federal
Agrarian Research Centre, the soil cover of
which is represented by typical chernozem
with 120 cm of humus horizon depth. The
humus content in the plow layer of 0-30 cm is
3.2%. The level of active forms of mineral
nutrition in the soil is average.During the years
of experiments, insufficient precipitation, high
air and soil temperatures in July-September
caused drought. 13 numbers of sweet sorghum
were studied in the seed field of competitive
variety trial. Seeds were sown by wide-row
method with 70 cm of space between rows.
The number of replications was 4. The number
of rows in the working plot was 3. The plant
density was 150 thousand ha-1. The sowing
time was May 12. Indicators of forage value
and the content of amino acids in dry matter
were determined in lines, varieties and hybrids
of sweet sorghum in North Caucasus Federal
Agrarian Research Centre selective breeding.
We studied a new late ripening hybrid Yarik, a
middle-early variety Galiya, a line L-7897, as
well as a new mid-season variety Tandem,
which was sent to the state testing of new
varieties of agricultural plants in 2020. The
standards were the variety Stavropolskoe 36
and the hybrid Silosnoe 88.
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RESUITS AND DISCUSSION

According to the data in table 1, the duration
of the seed germination-maturation period for
standards was 96-97 days. The new mid-
season variety Tandem had a similar period of
104 days. This rate of late ripening hybrid
Yarik was 139 days. In the dry conditions of
2019-2020, the seeds of all varieties and
hybrids reached the firm ripe stage. Sweet
sorghum plants are characterized by different
rates of initial growth. This rate is also
important for improving the productivity of the
aftergrowth. On the 30th day of the growing
season, the plant height of the standard variety
Stavropolskoe 36 was like on the 58 day. L-

Tablel. Economic and biological
characteristics and quality of the dry matter
of sweet sorghum (average for 2019-2020)

7897 (67 cm), Galiya (65 cm) and Yarik (76
cm) had the maximum rates of this trait. At
later stages of development, the plant height
rates changed and depended on the weather
conditions, varietal features and high air
temperature tolerance. In this regard, at the
milk-wax stage of ripeness, the fluctuation in
the height of plants on the seed field reached
97 cm (from 185 cm to 282 cm). The plant
height of the earliest variety Galiya was 201
cm. The height of the mid-season L-7897 and
Tandem — 217-218 cm. The height of late
ripening Yarik was 282 cm. Standard varieties
reached a height of 185-192 cm.

season, the tallness of the plants and other
positive traits. A significant yield of green and
dry matter was provided by L-7897 (40.5-10.9

Plant

- ,l -
e height, cm Yield, t ha Weende analysis
S 3 S
= 3 c E % e ° S
%) — —
£2S S5 8, 8 5 . O 5
. . . T E® © < x N E = [ £ = © o - o o
Variety, line, hybrid  « 25 28 g2 S T £ T 5] o 5 < X 2 5
C8E Tgo =8 o I © > 15) 8 Q < Ui TS
SE8 2 12 % c € ® 5 © = @ H o<
o E E = = = = > O > o o (5] S = QO
EE 883 Es 2 ¢ § T ¥ =2 3 2 Z 328
25 g5 7 0° 5 ° 5 ° g
o F °© E
Stavropolskoe 36, St 97 58 185 133 303 88 257 686 264 1473 514 7063 10.27
Silosnoe 88, St 96 73 192 9.9 424 128 314 724 237 1489 599 6951 10.17
Galiya 99 65 2010 146 321 94 289 6.95 245 1432 6.06 70.23 10.19
Tandem 104 59 218 165 377 111 287 897 255 1540 454 6853 1055
L-7897 108 67 217 144 405 109 291 6.76 254 1422 515 7132 10.30
Yarik 139 76 282 120 770 215 337 868 238 1407 445 7042 1057
LSD ggs, t ha 29 094 031

Most of the new varieties and hybrids are
characterized by a low degree of tillering and
branching, similar height of plants, and the
simultaneous onset of phenological stage of
development. They are not damaged or have
low vulnerability to bacteriosis, smut and
aphids. The high sugar content in the stems
was found in the varieties Tandem (16.5%),
Galiya (14.6%) and L-7897 (14.4%). The
value of sucrose in sugar in the variety
Tandem was 7240%, glucose — 17.33%,
fructose — 10.26%. The stable yield of sweet
sorghum is an important trait of this crop.
Despite the unfavorable weather conditions in
the middle and second half of the growing
season, the green matter yield varied from 30.3
to 77.0 t hal. The maximum vyield was
obtained from the late ripening hybrid Yarik
(77.0 t ha* of green matter and 21.5 t ha™ of
dry matter). This was due to the long growing

t ha™) and Tandem (37.7 and 11.1 t ha™). The
quality of the obtained mass was evaluated in
air-dry matter. Samples were taken during the
cutting of sweet sorghum in the milk-wax
stage of ripeness. Crude protein is the total
amount of nitrogen-containing substances in
the forage. It is evaluated by the Kjeldahl
method. The content of crude protein includes
proteins and amides. Proteins consist of amino
acids which are linked together by peptide
bonds. The highest content of crude protein, in
the dry matter which was obtained in our
studies, was found in the new variety Tandem
(8.97%), the hybrid Yarik (8.68%). The best
standard Silosnoe 88 had 7.24%. The other
varieties had 6.76-6.95% of protein. Nitrogen-
free substances of the organic part of the
forage include fat, fiber, NFE. Crude fat is a
substance that is soluble only in organic
solvents and is a source of energy nutrition.
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The higher the concentration of desaturated
fatty acids that come in with the forage, the
softer the fat in the milk. The studied varieties
have a fat content that is similar to the
standard rates. It is high in the variety Tandem
(2.55%) and L-7897 (2.54%). Crude fiber
determines the degree of forage digestion.
Older plants contain more crude fiber with
poorer digestibility. The content of crude fiber
affects the milk fat synthesis. In our
experiment, the total crude fiber content was
low and varied in the range of 14.07-15.40%.

replaced by any other nutrient. Only a plant
can form protein from non-protein compounds.
About 20 different amino acids are involved in
the formation of animal protein. Some of these
amino acids must necessarily come with
forage (irreplaceable and essential for life).
Other amino acids are synthesized in the
animal's body directly. The content of essential
amino acids in the forage determines its
biological value. An optimal ratio of amino
acids, which is necessary for different animals,
is achieved due to the combination of various

The lowest rate was obtained in Yarik feed components. Essential amino acids are
(14.07%), L-7897 (14.22%) and Galiya valine, threonine, methionine, leucine,
(14.32%). NFE (nitrogen-free extracts) are all isoleucine, lysine, phenylalanine, histidine.

nitrogen-free  substances (starch, sugars,
pentosans), except fat and crude fiber. In the
obtained data, the NFE was associated with the
rates of crude protein. The varieties Tandem
and Yarik had 68.53% and 70.4%, where more
crude protein was obtained (8.97% and
8.68%). In general, there were no significant
differences in the content of NFE between the
varieties of the experiment. When determining
the amount of metabolic energy in the sheep
forage, it turned out that 1 kg of dry matter
contained 10.17-10.57 MJ. These rates in the
new combinations Tandem and Yarik were
10.55-10.57 MJ. Standards had 10.17-10.27
MJ. The forage crops which are used in animal
husbandry differ from each other significantly
in the content of the main nutrients. A
relatively high content of crude fat, NFE and
metabolic energy, as well as low crude fiber
content was obtained in the dry matter of
sweet sorghum. In feeding, protein cannot be

The replaceable amino acids, studied in our
experiment, are serine, aspartic and glutamic
acids, proline, glycine, alanine, tyrosine, and
arginine. Table 2 shows the content of 16
amino acids contained in the dry matter of
sweet sorghum, cut in the milk-wax stage of
ripeness. In comparison to the replaceable
amino acids, the essential amino acids in the
dry matter of this crop have a lower content.
Thus, methionine and histidine are contained
in a very small amount (0.11-0.22%). The
highest rates for almost all amino acids were
obtained in the new varieties Tandem and
Yarik. Also, a relatively low content of
essential amino acids (0.25-0.35%) was found
in threonine, isoleucine and lysine. The
average presence of essential amino acids
(0.35-0.50%) was found in valine,
phenylalanine, and arginine. Only leucine had
a significant rate and amounted to 0.85-0.92%.
Yarik and Tandem had the maximum rates.

Table 2. Amino acid content of green matter of sweet sorghum in 2019-2020

Amino acids, %
o El = )
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Stavropolskoe 051 023 031 144 053 024 058 035 011 029 085 031 0.39 015 0.21 0.27
36, St
Silosnoe 88, St 056 0.23 031 149 054 026 058 036 012 028 085 025 0.33 016 0.21 0.28
Galiya 055 022 032 148 055 025 057 037 012 027 086 024 034 0.17 020 0.29
Tandem 091 032 040 156 076 033 060 043 014 035 092 038 044 022 031 0.35
L-7897 052 024 032 148 052 023 059 034 012 030 0.87 032 040 0.16 022 0.26
Yarik 090 031 039 155 075 032 061 044 013 034 091 037 043 020 030 0.34
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Among these essential amino acids, isoleucine
is necessary for wound healing, the formation
of hemoglobin. Along with threonine, they
strengthen the immune system. Leucine
regulates blood sugar level. Phenylalanine is
the raw material for insulin. Histidine prevents
atherosclerosis, hypertension, heart attacks.
Valine helps regulate and prevent neurological
disorders. The replaceable amino acids that
can be synthesized by the body are aspartic
and glutamic acids, serine, proline, glycine,
alanine, tyrosine, arginine. Out of this number,
the highest content was obtained for glutamic
acid (1.44-1.49% for standard samples and
1.55-1.56% for Tandem and Yarik) in the dry
matter of sweet sorghum, which was cut in the
milk-wax stage of ripeness. A significant
presence of replaceable amino acids had
aspartic acid (0.51-0.91%), proline (0.53-
0.76%), alanine (0.57-0.61%). Serine (0.31-
0.40%), tyrosine (0.24-0.38%), arginine (0.26-
0.35%), glycine (0.23-0.33%) had lower rates.
The replaceable amino acids presented in the
studies also play an important role. Thus,
aspartic acid is very important for the proper
functioning of the nervous and endocrine
systems, stimulates the production of
testosterone and other hormones. Along with
alanine, this acid activates the production of
antibodies, which strengthens the immune
system. Glutamic acid is found in the brain
and spinal cord, the liquid part of the muscles.
It stimulates the production of new cells,
prevents premature aging. Arginine activates
the production of hormones, insulin.
CONCLUSIONS

The studies conducted in 2019-2020 showed
that the maximum plant height (218-282 cm)
and the yield of green and dry matter of sweet
sorghum (37.3; 77.0 tha* and 11.1; 21.5 t ha™,
respectively) were obtained from a new hybrid
Yarik and the variety Tandem. The Weende
analysis data of dry matter indicate that the
combinations of Tandem and Yarik exceed the
rates of the best standard Silosnoe 88 in terms
of protein content by 1.44-1.73% and have
high rates of metabolic energy (10.55-10.57
MJ kg-1). The variety Tandem and the hybrid
Yarik provide a higher content of amino acids
in the dry matter in comparison with other
studied samples. The presence of glutamic and
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aspartic acids, proline, alanine and leucine is
especially significant.
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