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The purpose of the research is to evaluate the varieties of grain sorghum of the “North Caucasus 
Federal Agrarian Research Centre” selection, to carry out Weende analysis and chemical composition 
analysis, to find out the presence of essential amino acids in their grain. On average, in 2019-2020, the 
minimum plant height was obtained in KiM (101 cm) and Ayushka (112 cm) varieties. The extension of 
the panicle from the ochrea of the upper leaf (19 cm) is established in the variety Atlet. In Ayushka, 
Krusta, and Zersta 97, this trait was 10-11 cm. The varieties Atlet and Ayushka had the highest rates of 
thousand-kernel weight (24.1-24.4 g). According to the length of the panicle, thousand-kernel weight and 
the high grain yield, Ayushka and Atlet were superior. Grain sorghum plants damage caused by aphids, 
smut, and bacterial blight was insignificant during the studied years. The highest content of crude protein 
(10.8%) was found in the variety Faraon. 10.36-10.50% of this feed component was found in the grain 
varieties KiM, Ayushka, Atlet. The most significant content of crude fat in sorghum grain was found in 
KiM (3.29%), Krusta (3.44%), Sostav (3.01%). The maximum amount of metabolic energy in 1 kg of 
grain was obtained in the varieties Ayushka (12.33 MJ kg-1) and KiM (12.30 MJ kg-1). According to the 
presence of sodium, calcium and phosphorus in sorghum grain, the varieties Atlet and Krusta had an 
advantage. Among the studied amino acids in sorghum grain, threonine (0.27-0.35%) and lysine (0.21-
0.27) had the most significant amount. According to the sum of the mentioned essential amino acids, the 
varieties Faraon (1.08%) and KiM (1.06%) had the most of them. The content of these five amino acids 
in the grain of the varieties Atlet and Ayushka was 1.05%. 
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INTRODUCTION 

In the arid conditions of the North Caucasus, 
due to the natural fertility of the soil, the 
requirements of sorghum in nitrogen are met by 
38.7%, phosphorus by 53.2%, and potassium by 
93.7%. Nitrogen provides plant growth, 
phosphorus affects the starch hydrolysis, which 
speeds up seed germination. Potassium is 

important for the accumulation of starch and sugar 
in sorghum grains (Alabushev et al. 2013). 
Sorghum grain is a source of zinc, iron, copper, 
manganese, magnesium, calcium, sodium and 
other elements. It is used in diets for diabetics. 

Sorghum grain contains biologically active 
compounds with antioxidant, anticancer and anti-
inflammatory properties (Ahire et al. 2018; 
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Vanamala et al. 2018). If the grain is processed 
correctly and balanced with other ingredients, 
sorghum can serve as the main source of grain in 
the diets of poultry, goats, and pigs (McCuistion et 
al. 2018). The quality of the feed depends on the 
sowing time and the genotype of the plants 
(Baranovsky et al. 2019; Baranovsky et al. 2020; 
Kapustin et al. 2020). Correlations of grain yield 
and morphological characteristics of sorghum 
plants were established (Kapustin et al. 2018; 
Kapustin et al. 2019; Konoplya et al. 2020). 

The plant height, thousand-kernel weight and 
panicle size of the studied crop are controlled by 
genes with an additive effect (Kibalnik, 2017). The 
quality of grain, the content of iron and zinc in it 
and drought tolerance of plants can be improved 
by genetic variation (Dimkpa et al. 2019; 
Hariprasanna et al. 2014). There is a lack of lysine 
and threonine in sorghum (De Arellano et al. 
1998). Fermentation of sorghum grain increases 
the content of essential amino acids to their total 
content (Mohapatra et al. 2019). 

The lack of moisture increases the hardness 
of the kernel and the total protein in the grain, 
reduces the digestion of the protein and trace 
nutrients, especially zinc, iron, manganese, 
copper (Impa et al. 2019). Sweet sorghum 
reduces the presence of Na+ in the roots, which 
ensures its low concentration in the shoots by 
protection of the photosynthesis structures (Yang 
et al. 2020). An increase in the sorghum grain 
production is promising for improving the diet of 
the population, using it as raw materials for the 
production of starch, alcohol and other products 
after processing. Therefore, the development and 
study of new varieties of grain sorghum for arid 
steppe conditions are relevant. 

The aim of the research is a substantive 
evaluation of new varieties of grain sorghum of 
“North Caucasus Federal Agrarian Research 
Centre” (North Caucasus FARC) selection – 
Weende analysis and chemical composition 
analysis, as well as confirmation of the presence 
of essential amino acids and the suitability of grain 
for fattening poultry.. 
  
MATERIALS AND METHODS 
The study of the quality indicators of grain 
sorghum varieties in 2019-2020 was carried out 
using the methods of field and laboratory 
experiments. The amino acid, chemical and 
Weende analyses of grain were performed in the 
laboratory of Biochemical Analysis of FSBSI 
“Omsk ARC”. Field researches were carried out 
on the experimental field of the sorghum breeding 

laboratory of “North Caucasus FARC”. The soil 
cover of the experimental field was represented 
by micellar-carbonate medium-loamy chernozem 
with humus horizon to a depth of 120 cm. The 
humus content in the soil layer of 0-30 cm was 
3.2%. The level of active forms of mineral nutrition 
in the soil was average. 
During both years of the experiments, the 
precipitation for May – September at a standard of 
329 cm was 216 and 228 mm. In addition, the 
average daily air temperature was +2,2oС more 
than multiyear rates. The lack of precipitation, 
high air and soil temperatures in July and 
September caused drought. In the competitive 
testing of grain sorghum, sowing was performed 
in a wide-row method with row spacing of 70 cm, 
plant density was 150 thousand ha-1. Sowing time 
was on May 12 with four-fold replication. Mineral 
fertilizers were applied at N60P60K30 kg ha-1 rate of 
application in autumn before the basic cultivation. 
Grain sorghum varieties of FSBSI “North 
Caucasus FARC” selection were used as an 
object of the research. The standard was the 
variety Zersta 97. 
 
RESULTS  
According to the data in table 1, the studied 
varieties of grain sorghum significantly differed in 
phenological and morphological characteristics. 
The shortest duration from germination to 
blooming period of panicles was obtained in the 
sample Atlet (71 days). In the standard Zersta 97 
and the varieties Sostav and Ayushka, this period 
was 75-76 days. The length of the growing 
season from germination to full-ripe stage of the 
grain ranged from 94 to 122 days. Due to the 
intense heat in August and September 2020, 
sorghum plants were in anabiosis and their 
development slowed down, so the duration of the 
study period was 8-11 days longer than in 2019. 
On average, in two years, the length of the 
germination – full-ripe stage period of grain of the 
early-ripening variety Atlet was 94 days. The 
period for middle-early Zersta 97 and Sostav was 
108-109 days. For the middle-late Faraon it was 
122 days. 

The processes of plant growth in different 
varieties were not the same. The high intensity of 
the initial growth of plants on the 30th day of 
growing season (54-55 cm) was noticed in the 
varieties Atlet, Ayushka, and Faraon. This trait in 
the standard Zersta 97 was 48 cm. 

During the ripeness stage, the plant height 
varied between 101-137 cm. The varieties KiM 
(101 cm) and Ayushka (112 cm) had the minimum 
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height of the plants. 
The varieties Krusta and Atlet were 134-137 

cm high. The varieties KiM (30 cm), Ayushka (27 
cm) and Atlet (26 cm) had the most significant 
panicle length. The panicle extension from the 
ochrea of the upper leaf (19 cm) was noticed in 
the variety Atlet. In Ayushka, Krusta, and Zersta 
97 this trait was 10-11 cm. The highest values of 
the thousand-kernel weight (24.1-24.4 g) were 
obtained from the varieties Atlet and Ayushka. 
According to the panicle length, thousand-kernel 
weight and high grain yield (4.87-5.07 t ha-1), the 
varieties Ayushka and Atlet were superior. The 
yield of green matter in grain varieties was 
insignificant and ranged between 8.71-14.5 t ha-1. 
Its maximum rates were obtained in the varieties 
Atlet and Faraon. Grain sorghum plants damage 
caused by aphids, smut, and bacterial blight was 
insignificant during the studied years. 

The main nutrients of the feed are proteins, 
carbohydrates and fats. In feeding, protein cannot 
be replaced by any other nutrients. Only a plant 
can form protein from non-protein compounds. 
Crude protein is the total amount of nitrogen-
containing substances in the feed. It consists of 
proteins and amides. Proteins consist of amino 
acids, which are linked together by peptide bonds. 

The highest content of crude protein 
(10.82%), in the sorghum grain obtained in our 
experiments, was found in the variety Faraon 
(table 2). About 10.36-10.50% of this feed 
component was found in the grain of the varieties 
KiM, Ayushka and Atlet. Its content was 9.97% 
and 9.47% in the varieties Krusta and standard 
Zersta 97. 

Nitrogen-free substances of the organic part 
of the feed include fat and fiber. Fat is part of the 
protoplasm of plant and animal cells. It is 
necessary for the functioning of the digestive 
glands. It is a source of energy nutrition and 
vitamins. Unsaturated fatty acids (linoleic, 
linolenic, arachidonic) are not synthesized in the 
animal body, so they must be delivered with food. 
Fat contributes to the growth, prevents disorders 
of cholesterol metabolism. The most significant 
content of crude fat in sorghum grain was found in 
the varieties KiM (3.26%), Krusta (3.44%), Sostav 
(3.01%). The standard Zersta 97 had 2.73% of it. 

The crude fiber contains the substance of the 
cell walls of plants – cellulose, hemicellulose, etc. 
The nutritional value of crude fiber depends on the 
content of cellulose, the degree of lignification. 
With an increase of crude fiber content in forage 
plants, their overall nutritional value decreases. In 
our studies, the standard variety Zersta 97 

(0.64%) and Sostav (0.83%) had the lowest 
content of crude fiber in sorghum grain. The 
varieties Atlet, Ayushka, KiM had average level of 
crude fiber (1.06-1.11%). 

The metabolic energy is a part of the gross 
energy of the feed, which is necessary to ensure 
the level of vital function, biosynthesis and 
deposition in the substance of the product. 
According to the data obtained during laboratory 
analysis, the most significant amount of metabolic 
energy in 1 kg of grain was obtained in the 
varieties Ayushka (12.33 MJ kg-1) and KiM (12.30 
MJ kg-1). Significant rates of this trait were 
provided by the varieties Krusta (12.24 MJ kg-1), 
Atlet (12.21 MJ kg-1), as well as the standard 
Zersta 97 (12.19 MJ kg-1). 

According to the presence of sodium (0.20-
0.22%), calcium (0.16-0.20%) and phosphorus 
(0.33-0.5%) in sorghum grain, the varieties Atlet 
and Krusta had an advantage. 

Threonine is an essential amino acid. It is not 
produced by the body itself. Along with lysine, 
cysteine, alanine and aspartic acid, threonine 
activates the process of antibodies production in 
the body, strengthens the nervous, immune, and 
cardiovascular systems, has a beneficial effect on 
the liver, and participates in the production of 
glycine and serine. 

Methionine is classified as an essential sulfur-
containing amino acid, the source of which is food 
containing casein. Methionine has antioxidant 
properties, helps purify an organism from toxins 
and heavy metals. Deficiency of this amino acid 
causes mental disorders, liver disease, edema, 
hair breakage. In case of an excess of 
methionine, it makes heart diseases and 
atherosclerosis worse. 

Lysine is an essential amino acid that is part 
of all proteins in the human body. It is important 
for diabetics, as it lowers blood sugar level and 
also helps the body avoid excess fat. Cystine and 
tryptophan are also extremely important for the 
normal development and functioning of animals. 

Among the presented amino acids in sorghum 
grain, the most significant amount was obtained in 
threonine (0.27-0.35%) and lysine (0.21-0.27%). 
Other acids had lower content and it varied from 
0.14-0.18% in cystine, 0.13-0.17% in methionine, 
and 0.09-0.11% in tryptophan. According to the 
given amino acids, the most of them were in the 
varieties Faraon (1.08%) and KiM (1.06%).  
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Table 1: Economically relevant traits of grain sorghum plants (average for 2019-2020) 
 

Variety 

Number of days 
from germination to: 

Plant height, cm 

Leaf length, 
cm 

Panicle 
length, cm 

Panicle extension 
, cm 

Yield, t ha-1 
thousand-

kernel 
weight, g blooming 

period 
full-ripe 
stage 

on the 30th day 
of the growing season 

full-ripe 
stage 

grain 
green 
matter 

Zersta 97, St 75 108 48 125 63 18 10 4.04 13.6 23.1 

Sostav 75 109 52 121 67 22 9 4.38 2.1 23.4 

Krusta 81 117 50 134 72 24 11 4.74 12.06 23.1 

Atlet 71 94 54 137 69 26 19 4.87 14.5 24.4 

Ayushka 76 114 55 112 68 27 10 5.07 12.4 24.1 

KiM 84 119 50 101 74 30 7 4.15 8.71 23.0 

Faraon 88 122 55 119 73 23 5 4.37 14.4 23.6 

LSD 05, t ha-1        0.24 0.53  

 
 

Table 2: Chemical and amino acid content of sorghum grain (2019-2020) 

Variety 

Weende analysis and chemical composition analysis Amino acid content 

Crude 
protein, 

% 

Crude 
 Fat % 

Crude 
 

fibre, % 

Crude 
 ash, 

% 

Metabolic 
energy, 
MJ kg-1 

Sodium 
% 

Calcium 
 

% 

Phosphorus, 
 % 

Available 
phosphorus 

% 

Lysine 
% 

Methionine 
% 

Cystine 
% 

Threonine 
% 

Tryptophan 
% 

Zersta 

97, St 
9.47 2.73 0.64 0.92 12.19 0.09 0.18 0.20 0.08 0.24 0.15 0.16 0.31 0.10 

Sostav 8.29 3.01 0.83 1.20 12.08 0.10 0.40 0.23 0.09 0.21 0.13 0.14 0.27 0.09 

Krusta 9.97 3.44 1.20 1.46 12.24 0.20 0.20 0.35 0.14 0.25 0.16 0.17 0.33 0.10 

Atlet 10.36 2.86 1.11 1.48 12.21 0.22 0.16 0.33 0.13 0.26 0.16 0.18 0.34 0.11 

Ayushka 10.38 2.78 1.10 1.02 12.33 0.09 0.20 0.11 0.04 0.26 0.16 0.18 0.34 0.11 

KiM 10.50 3.26 1.06 0.92 12.30 0.10 0.14 0.25 0.10 0.27 0.17 0.17 0.34 0.11 

Faraon 10.82 1.80 1.26 1.06 11.99 0.06 0.22 0.21 0.08 0.27 0.17 0.18 0.35 0.11 
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The amount of these amino acids in the grain of 
the varieties Atlet and Ayushka was 1.05%. The 
lowest amount of them was found in the variety 
Sostav (0.84%) and the standard Zersta 97 
(0.96%). 
 
CONCLUSION 

On average, according to the panicle length, 
thousand-kernel weight and high grain yield in 
2019-2020, the varieties Ayushka and Atlet were 
superior.  

The greatest amount of crude protein 
(10.82%) was found in the variety Faraon. About 
10.36-10.50% of this feed component was found 
in the grain varieties KiM, Ayushka and Atlet. The 
most significant amount of metabolic energy was 
obtained in the varieties Ayushka (12.33 MJ kg-1) 
and KiM (12.30 MJ kg-1). 

The amino acids threonine (0.27-0.35%) and 
lysine (0.21-0.27%) predominate in sorghum 
grain. The highest content of the essential amino 
acids, studied in the experiment, was found in the 
varieties Faraon, KiM, Atlet and Ayushka. 
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