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Abstract  
 
Discussion on the impact of climate change on various aspects of life is of increasing concern to the scientific 
community. Providing food for the growing population in adverse climatic conditions is a major challenge. This 
includes the provision of high-quality animal feed. Applying environmental approaches in this direction is key to 
restoring ecological balance. In this study, we investigated the effect of novel biostimulants on the synthesis of amino 
acids in alfalfa. Green mass and alfalfa hay are high in protein and essential amino acids, the main indicators that 
determine the quality of the biomass produced. The use of biostimulants in this study leads to an improvement in the 
biological value of proteins - the total amount of essential amino acids is increased and the ratio of essential amino 
acids to the other proteinogenic amino acids is changed in favor of the essential and increased the nutritional value of 
feed. The results obtained are crucial for the successful implementation of green practices in agriculture. 
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INTRODUCTION 
 
Current methods in the development of alfalfa 
as a crop are directed at the use of mechanisms 
for direct impact on production and quality. In 
the cultivation of various high quality alfalfa 
varieties, techniques are used to directly 
influence the protein content, fiber (Petkova et 
al, 2018; Toktarbekova et al., 2020) or by 
increasing the percentage of leaves (Kephart et 
al., 1990; Huset et al., 1991). Modern varieties 
and hybrids have high productive potential, 
which is not fully realized in production 
conditions. The factors limiting the expression 
of their productive capacities are various, but 
among the most important are the 
environmental conditions and the applied 
agricultural technology. The use of modern 
techniques to improve the adaptability of plants 
to changing environmental conditions is an 
important prerequisite for nature conservation 
in the development of sustainable agriculture. 
Different products are used, which are a variety 
of chemicals applied to plants or soils to 
improve crop viability, yield, quality and 
resistance to abiotic stress. Biostimulants 
influence by improving plant metabolism 
leading to increased yields; increasing the 

resistance of plants to abiotic factors (meteoro-
logical factors, pollution, pesticides, etc.); 
facilitate the assimilation of trace elements and 
digestibility of nutrients; increase the quality of 
production and more, (Niewiadomska et al., 
2019; 2020). Feeding plants is a specific 
process, the primary place where nitrogen 
occupies. In legumes, the basic amount of the 
element is ensured by biological fixation of 
atmospheric nitrogen. The advantage of 
legumes is that they can grow on soils with a 
very low concentration of bound nitrogen, 
where other plants cannot. By increasing 
mineral nitrogen in the soil (ammonium and 
nitrate), its absorption from nitrogen-fixing 
plants increases and symbiotic nitrogen fixation 
decreases (Blumenthal et al., 1999; Campbell, 
1999; Ruselle and Birr, 2004). In addition to 
environmental factors, productive potential is 
also influenced by the age of the alfalfa crop 
and the intensity of use (Brink et al., 2010). 
Two different enzymatic systems may be 
involved in the uptake of nitrogen by legumes. 
One is the nitrogenase system, which is part of 
the arsenal of symbiotic microorganisms and 
provides the fixation of atmospheric nitrogen 
(Ruselle and Birr, 2004; Hristozkova et al., 
2010; 2011). The second system involves 
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nitrate reductase, which is responsible for the 
reduction of nitrate nitrogen from soil (Ruselle 
and Birr, 2004; Hristozkova et al., 2011; 
Petkova et al., 2018; Nedyalkova et al., 2019). 
In the subsequent steps for the primary 
incorporation of the resulting ammonium ions 
into an organic molecule, the enzymes 
glutamine synthetase and asparagine synthetase 
take part (Hristozkova et al., 2011). The end 
result is a large number of amino acids and 
amides, and their quality and quantity depend 
on environmental factors and the physiological 
state of the plants. Knowledge of the processes 
involved in their production enables them to be 
modulated and to improve the quality of the 
final output. For example, in addition to 
molybdenum, induction of nitrate reductase 
activity is induced by cytokinins, a combination 
of cytokinins and gibberellins, humic acids, 
carbohydrates, mainly glucose and sucrose, 
certain organic acids, ammonium sulfate, 
organic acids included in the Krebs cycle 
(Aranjielo et al., 2011). 
The possibility of regulating the biosynthesis of 
amino acids and proteins in legumes through 
the use of biostimulants and leaf fertilizers 
(containing microelements, phytohormones and 
other growth regulators) in the face of changing 
climatic factors is a challenge in modern 
agriculture. This determined the purpose of this 
study on the effects of new biostimulants on the 
quantity and quality of amino acids in alfalfa. 
During 2017-2019 period at the experimental 
field of the Agricultural University of Plovdiv 
it was conducted a field experiment under the 
following conditions: alluvial-meadow soil 
type of pH - 6.7-7.1 (H2O) and medium level of 
basic nutritive elements. 
The investigation was performed by the 4 
replications block method in 10 m2 lots. 
The sowing was done in spring 2017 and the 
plants are treated by generally accepted 
technology for alfalfa forage production 
(Yankov et al., 1996). 
During the investigation 4 variants were 
controlled: 1. treated by Tecamin max; 2. 
treated by Amino Bore; 3. treated by Plantafol; 
4. treated by Fertigrain Foliar. 
Tecamin max contains amino acids 14.4% of 
which free 12%, organic matter 60%, total 
nitrogen 7%. It activates the growth and 
development of crops, promotes the restoration 

of plants after stressful situations – frost, hail, 
herbicide effect, phytotoxicity, and helps for 
the transport in plants of mineral nutrients, 
including trace elements. Also, it increases 
plant productivity and yield and improves 
product quality. 
AminoBore is an organic biostimulant contain-
ning nitrogen 4%, water soluble boron (B) 9% 
and free amino acids 5%. It is used in oilseeds, 
alfalfa, fruits, vineyards and more (Meets 
organic farming standard NFU 42-003-2). It 
promotes faster absorption and movement of 
boron in the plant, restoration of cultures under 
stress of abiotic character (cold, drought, hail) 
stimulation of photosynthesis and fruit forma-
tion, overall balanced development of crops. 
Plantafol is a N:P:K 20:20:20 mineral leaf 
fertilizer enriched with micro elements chelated 
with an EDTA chelating agent. Its content 
includes total nitrogen 20% (of which nitrate 
nitrogen - 4%, ammonium nitrogen - 2% and 
amide nitrogen - 14%), phosphorus (as 
diphosphorus pentoxide) - 20%, potassium (as 
potassium sulfate) - 20%. Of the trace 
elements, boron (B) - 0.02%, copper (Cu) - 
0.05%, iron (Fe) - 0.1%, manganese (Mn) - 
0.05% and zinc (Zn) - 0.05% are present. 
Fertigrain Foliar - biostimulator for leaf 
application. It contains amino acids 10%, 
nitrogen 5%, organic matter 40%, zinc 0.75%, 
manganese 0.50%, boron 0.10%, iron 0.10%, 
copper 0.10%, molybdenum 0.02% and cobalt 
0.01%. It has a powerful effect of stimulating 
plant growth and development of the plants due 
to the unique combination of organic nutrients 
in the form. Free amino acids and the most 
important trace elements in the form of chelates 
are the starting components for protein and 
enzyme biosynthesis. 
The treatment of each swath was performed at 
stage by 2 l/ha of the preparations. 
 
MATERIALS AND METHODS 
  
Plant material 
Mnogolistna 1. The variety is representative of 
the newest generation of multifaceted  alfalfa. 
Over 50% of the leaves of the plants hold from 
5 to 7 petals on a single leaf handle. 
Legend. The variety is registered by the US 
company Land O'Lakes. It is part of the new 
generation of so-called multifaceted  alfalfa 
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with more than 3 leaf handles, and has better in 
vitro digestibility than standard three-leaf sorts. 
 
Used preparations 
Four leaf treatments were used, with different 
contents and a combination of active 
substances at a dose of 3 l/ha twice. The 
products were Tecamine Max, Amino Boron, 
Plantafol and Fertigrain Foliar. 
Samples for enzymatic analyzes (roots with 
nodules and aboveground part) were collected 
in the budding and flowering phases when 
nitrogen fixation was most intense. The activity 
of four key enzymes of nitrogen assimilation - 
nitrogenase, glutamine synthetase, asparagine 
synthetase and nitrate reductase - was 
investigated. 
Nitrogenase activity (EC 1.7.99.2.) was 
determined by the method of Hardy et al. 
(1973) with modification (Popov et al., 1985). 
The activity of glutamine synthetase (EC 
6.3.1.2.) was determined by orthophosphate 
separated from ATP, which was determined by 
the Sumner method (Evstigneeva et al., 1980). 
Asparagin synthetase activity (EC 6.3.5.4.) was 
determined by the same procedure as for the 
determination of the enzyme glutamine 
synthetase, except that glutamate is replaced by 
aspartate in the incubation mixture. 
Nitrate reductase activity. Nitrate reductase 
(EC 1.6.6.2.) catalyzes the reduction of nitrates 
to nitrites. The method for determining the 
amount of nitrite is based on the color complex 
formed by the interaction of the nitrite ions 
with sulfanylamide in acetic acid and with N-
(1-naphthyl)-ethylenediamine (Berova et al., 
2013). 
Samples for analysis of the type and amount of 
amino acids (roots with tubers and 

aboveground part) were collected in the 
budding and flowering phases, when nitrogen 
fixation was most intense. The research was 
done in an accredited laboratory at the 
Agricultural University of Plovdiv. 
Measurement of amino acids was done with an 
automatic amino analyzer. 
 
Statistical processing 
The obtained data were mathematically 
processed by the method of variance analysis 
using the SPSS program, and the Dunkan 
multivariate test with the smallest significant 
difference (LSD) - 0.05 (5%) was used to 
determine the differences between the tested 
variants. Correlation analysis was performed 
with the SPSS program. 
 
RESULTS AND DISCUSSIONS 
 
The production, quality and longevity of alfalfa 
depend on both external (environmental 
conditions) and internal (genetically 
determined) factors. These factors are in 
complex relationships and the elimination of 
any of them reduces the effect of the others and 
ultimately affects both the yield and the 
longevity of the alfalfa crops. 
Research on alfalfa shows that yields have 
increased by 20% over the last hundred years 
(Kertikova, 2000), with only 10% of this 
increase being due to genetic improvements. As 
a protein culture, in addition to yield, protein 
content, and in particular the amino acid 
composition, is also essential. 
Alfalfa green mass and hay are characterized 
by high protein content and essential amino 
acids, essential indicators that determine the 
quality of the produced biomass.  

Table 1. Essential amino acids content in Mnogolista 1 biomass (% by weight of dry matter) average for the study 
period 

Variants Control Tecamin Max Amino Bore Plantafol Fertigrein Foliar 
 Amino acids 

Lysine 1.71b 1.72b 1.56c 1.57c 1.92a 
Threonine 1.12b 1.14b 1.13b 1.14b 1.25a 
Valine 1.12c 1.26b 1.19c 1.23b 1.35a 
Methionine 0.13a 0.11b 0.09c 0.09c 0.11b 
Isoleucine 0.84c 0.98ab 0.89bc 0.91b 1.05a 
Leucine 1.71b 1.78b 1.57c 1.57c 1.86a 
Phenylalanine 1.22b 1.24b 1.19c 1.21bc 1.45a 
Total 7.85c 8.23b 7.62c 7.72c 8.99a 

The different letters (a, b, c) after the average show statistically significant differences between the analyzed variants. 
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A number of scientific studies show that the 
application of different growth regulators has a 
positive effect on the quality of alfalfa forage 
(Wang et al., 2003; Radu et al., 2010). 
Proteinogenic amino acids in the alfalfa 
vegetative mass are related to the biological 
value and protein balance. Their amount in the 
individual protein fractions is under genetic 
control and difficult to change, but the ratio of 
protein fractions, and through them, the quality 
of the protein can change under external 
influences. The application of the tested 
products in the present study positively affects 
the total content of proteinogenic amino acids 
in both varieties. At Mnogolistna 1 variety, the 
application of different products significantly 
increased by 14.52% the content of essential 
amino acids in only one variant (Fertigrein 
Foliar), in Tecamin Max the increase was 

insignificant, and in the variants Amino Bore 
and Plantafol it was lower than the control 
(Table 1). 
The results are similar for the other 
proteinogenic amino acids, except for the 
Plantafol variant wich has a 3.3% higher total 
amino acid composition, obtained mainly 
because of the aspartic acid. All tested amino 
acids, show higher content when Fertigrein 
Foliar is applied - aspartic acid by 27%, glycine 
by 21.8%, arginine by 21.4%, valine by 20.5% 
compared to the control (Table 2). 
The reaction to the used products shows also 
variety differences. In the second alfalfa variety 
- Legend, a higher effect of treatment was 
observed with the Tecamin Max variant both 
for total proteinogenic and irreplaceable 
proteinogenic amino acids (Table 3). 

Table 2. Total proteinogenic amino acids content in the alfalfa biomass at Mnogolistna 1 (% by weight of dry matter), 
averaged for the study period 

Variants Control Tecamin Max Amino Bore Plantafol Fertigrein Foliar 
Amino acids 
Lysine 1.71b 1.72b 1.56c 1.57c 1.92a 
Histidine 0.57b 0.61a 0.59ab 0.59ab 0.64a 
Arginine 1.31c 1.49b 1.11e 1.25d 1.59a 
Aspartic acid 3.11c 3.29c 3.34bc 4.24a 3.95b 
Threonine 1.12b 1.14b 1.13b 1.14b 1.25a 
Serine 1.33b 1.31b 1.44a 1.47a 1.45a 
Glutamic acid 2.49b 2.61ab 2.29c 2.36b 2.84a 
Proline 1.99a 1.97a 1.99a 1.83b 1.83b 
Glycine 1.01b 1.17a 0.98b 1.04ab 1.23a 
Alanine 1.29b 1.41a 1.27b 1.23b 1.52a 
Cysteine 0.09a 0.09a 0.11a 0.08a 0.09a 
Valine 1.12c 1.26b 1.19c 1.23b 1.35a 
Methionine 0.13a 0.11b 0.09c 0.09c 0.11b 
Isoleucine 0.84c 0.98ab 0.89bc 0.91b 1.05a 
Leucine 1.7b 1.78b 1.57c 1.57c 1.86a 
Tyrosine 0.76b 0.81a 0.71b 0.71b 0.86a 
Phenylalanine 1.22b 1.24b 1.19c 1.21bc 1.45a 
Total 21.79c 22.99b 21.45c 22.52b 24.99a 

The different letters (a, b, c) after the average show statistically significant differences between the analyzed variants. 
 

Table 3. Average content of essential and nonessential amino acids in aboveground biomass of alfalfa Legend variety 
(% by weight of dry matter) 

Variants Control TecaminMax AminoBore Plantafol FertigreinFoliar 
Amino acids 
Lysine 1.52c 1.86a 1.66b 1.61b 1.66b 
Threonine 0.97b 1.23a 1.12a 1.07b 1.06b 
Valine 1.09c 1.46a 1.27b 1.32b 1.22bc 
Methionine 0.04b 0.09a 0.06ab 0.07a 0.03b 
Isoleucine 0.88c 1.11a 0.91b 1.06a 0.92b 
Leucine 1.51bc 1.91a 1.56b 1.8a 1.61b 
Phenylalanine 1.11b 1.31a 1.26a 1.24ab 1.16b 
Total 7.12b 8.97a 7.84b 8.17a 7.66b 

The different letters (a, b, c) after the average show statistically significant differences between the analyzed variants. 
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The total irreplaceable amino acids content 
increases from 7.58% at Fertigrein Foliar up to 
26% at Tecamin Max. The valine content  
increased the most - by 34% and the lowest of 
phenylalanine - by 18% (Table 3).  
For other proteinogenic amino acids, the 
increase was between 8.09% for Fertigrein 
Foliar and 24.54% for Tecamin Max. The 
content of aspartic acid was significantly 
increased (by 77%) in the Tecamin Max treated 
variant, 57.8% in the Amino Bore variant, 
31.0% in the Plantafol variant, 46.3% in the 
Fertigrein Foliar variant (Table 4). 

At Legend variety, from all tested 17 
proteinogenic amino acids, only proline 
reduced its content, and it significantly 
decreased from 25.2 to 28.73%. The most 
significant decrease was observed when 
Plantafol was applied (Table 4). Proline is 
thought to be a stress indicator amino acid and 
its amount increases with different types of 
stress. For water stress, for example, the higher 
the content of endogenous proline is in bean 
leaves, the greater is the decrease in water 
potential (Zlatev, 2005). 

Table 4. Total proteinogenic amino acids content in the biomass of alfalfa Legend variety (% by weight of dry matter), 
average for the study period 

Variants Control Tecamin Max AminoBore Plantafol Fertigrein Foliar 
Amino acids 
Lysine 1.52c 1.86a 1.66b 1.61b 1.66b 
Histidine 0.54b 0.66a 0.66a 0.57b 0.58ab 
Arginine 1.21c 1.47a 1.29c 1.29c 1.31b 
Aspartic acid 2.42c 4.3a 3.82ab 3.17b 3.54b 
Threonine 0.97b 1.23a 1.12a 1.07b 1.06b 
Serine 1.03d 1.45a 1.34b 1.21c 1.23c 
Glutamic acid 2.17c 2.74a 2.35b 2.39b 2.38b 
Proline 2.82a 2.01b 2.18b  1.91c  2.11b 
Glycine 0.94c 1.21a 0.97c 1.08b 0.95c 
Alanine 1.11c 1.38a 1.16c 1.29b 1.19c 
Cysteine 0.09a 0.09a 0.09a 0.07a 0.08a 
Valine 1.09c 1.46a 1.27b 1.32b 1.22bc 
Methionine 0.04b 0.09a 0.06ab 0.07a 0.03b 
Isoleucine 0.88c 1.11a 0.91b 1.06a 0.92b 
Leucine 1.51bc 1.91a 1.56b 1.8a 1.61b 
Tyrosine 0.68b 0.79a 0.72a 0.73a 0.73a 
Phenylalanine 1.11b 1.31a 1.26a 1.24ab 1.16b 
Total 20.13c 25.07a 22.42b 21.88bc 21.76bc 
The different letters (a, b, c) after the average show statistically significant differences between the analyzed variants. 
 
In both alfalfa varieties, the content of aspartic 
acid and the irreplaceable amino acid valine is 
significantly increased. Aspartic acid is a 
starting substrate in the biosynthesis of the 
essential amino acids lysine, threonine, 
isoleucine and methionine, as well as 
asparagine, directly related to the activity of 
aspartic acid. In addition, asparagine is one of 
the transport forms of amino acids due to the 
low C:N ratio in its molecule. If we compare 
this data with the results of the effect of the 
tested products on the efficiency of nitrogen 
fixation (unpublished data), the logic behind 
this is: Tecamin Max increases the activity of 
the enzymes related to the efficiency of 
nitrogen fixation in the tested varieties of 
alfalfa. As a result, larger amounts of glutamine 
and asparagine, respectively glutamic and 

aspartic amino acids, are obtained, as our 
results show. The trends presented here give 
rise to the following summary: TecaminMax 
treatment improves the biological value of 
proteins - increases the total amount of 
essential amino acids and changes the ratio of 
essential amino acids to other proteinogenic 
amino acids in favor of the essential ones. 
As a result of the treatment, there was detected 
a difference between varieties regarding the 
amount of proteinogenic amino acids. At 
Legend variety, the highest amount of 
proteinogenic amino acids was when treated 
with Tecamin Max, and at Mnogolistna 1 
variety, when Fertigrein Foliar was applied. 
Mnogolistna 1 variety has higher crude protein 
content in the biomass compared to Legend 
variety in all studied variants. The tendency of 
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protein increase is kept in all swats. The crude 
protein content at Legend variety is highest 
when Tecamin Max is applied (21.65, 21.92 
and 21.02% by weight of dry matter, 
respectively, for first, second and third swats). 
At Mnogolistna 1 variety, the highest protein 
content is after Fertigrein Foliar treatment in all 
three swaths was 23.86, 22.23 and 23.89% to 
absolutely dry matter (Table 5). 
Cellulose content data by swaths shows that 
Fertigrein Foliar treatment influences this 
indicator, which is kept at all three swaths at 
Mnogolistna 1 variety. 
As a result of this research, it is clear that the 
use of leaf products can significantly increase 
the content of irreplaceable proteinogenic 

amino acids as well as the quality of the protein 
in the alfalfa biomass. The product containing 
molybdenum and cobalt (Fertigrain Foliar) has 
the most significant effect in increasing the 
amount of amino acids and protein in the 
biomass. This can be explained by its 
stimulating effect on the enzymes of nitrogen 
metabolism – nitrogenase, glutamine 
synthetase and asparagine synthetase 
(unpublished data). These results are in 
agreement with those obtained by other authors 
working with alfalfa and leaf products 
(Niewiadomska et al., 2020; Toktarbekova et 
al., 2020; Niewiadomska et al., 2019; Petkova 
et al., 2018).  

 

Table 5. Crude protein and cellulose content by swats, average for the experimental period 

Variants 1st swat 2nd swat 3rd swat 
 % by weight of dry matter 

Mnogolistna 1 Protein Cellulose Protein Cellulose Protein Cellulose 
Control 19.58c 22.28c 20.38b 29.39bc 23.12a 33.41a 

Tecamin Max 21.94b 25.55b 20.43b 30.84b 23.60a 33.84a 
Amino Bore 23.10a 25.96b 21.94ab 31.5ab 23.69a 28.15c 

Plantafol 21.76b 27.74a 20.39b 29.94b 23.63a 31.74b 
Fertigrein Foliar 23.86a 27.59a 22.23a 32.41a 23.89a 34.27a 

Legend       
Control 18.11c 28.08a 20.75b 30.48b 20.20b 35.17a 

Tecamin Max 21.65a 27.24b 21.92a 31.76a 22.02a 33.41b 
Amino Bore 20.13b 28.77a 21.01a 31.41a 21.67a 35.14a 

Plantafol 20.22b 27.14b 21.13a 30.83b 21.19ab 33.91b 
Fertigrein Foliar 21.24a 29.31a 21.90a 29.94c 21.86a 32.02b 

In the lines, the numbers followed by the identical letters (a, b, c) are not statistically proven. 
 
CONCLUSIONS 
 
The use of Tecamine Max and Fertifrain Foliar 
significantly increases the total content of 
proteinogenic amino acids and protein, 
including essential and nonessential amino 
acids. 
There are variety differences in response of 
plant reaction to the products. Mnogolistna 1 
variety has higher crude protein content in the 
biomass compared to Legend variety in all 
studied variants. 
All used growth regulators led to a decrease in 
proline content in both studied varieties. 
Proline is considered to be a stress indicator 
amino acid, on the basis of which the applied 
products can be used at multifolium alfalfa 
varieties to support the culture to overcome 
various types of stress. 

Cellulose content is also influenced by the 
treatment - all used products led to an icrease of 
the researched indicator.  
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