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Abstract. To increase the legumes’ nitrogen fixation, the seeds were treated
with a mixture of biopreparations of 4-aminobenzoic acid (PABA) at a
concentration of 0.05% aqueous solution, to with adding of “Nikfan”
biopreparation in an amount of 0.1% of the solution volume. The seeds of
leguminous grasses such as clover and alfalfa were soaked in this mixture,
and 10-15 days after emergence of seedlings, foliar feeding of this
concentration was carried out. In the phase of budding and the beginning of
flowering, plant productivity was accounted and active nodules were
counted. We used variants with seed treatment by industrial strains for each
culture, as well as without biopreparation treatment, as a control experiment.
As a result of the obtained data, it was found that the use of a biopreparations
mixture significantly increases the number of nodules, more biological
nitrogen is accumulated in the soil, and protein content in the herbage
increases. Correlation was established between the number of nodule
bacteria and leaf area at the 4th-5th internodes in clover and the 6th-7th in
alfalfa.

1 Introduction
Clover and alfalfa are the traditional legumes in the North Caucasus, therefore biological
nitrogen is accumulated in the soil, which is necessary for the subsequent crop rotation. To
increase their nitrogen-fixing ability, the industrial strain – Rhizobium is used in most cases.
However, with this treatment (seed inoculation), a competition between natural, often
ineffective races and artificially created strains occurs, in favor of the latter [1,2,3,4].
Therefore, it becomes necessary to create varieties with high nitrogen-fixing ability, that is,
formation of nodules of bacteria that are capable of fixing nitrogen from the air with
formation of the rhizobium-legume symbiosis.
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It is known that the rhizobium-legume symbiosis is a consequence of the evolutionary
activity of leguminous plants and nodule bacteria, the result of conjugate natural selection in
the process of its historical development. The high degree of heritability of symbiotic
characters and the direct relationship between nitrogen-fixing ability and plant productivity
testify in favor of the effectiveness of symbiotic selection [5,6,7].
For a long period of time microbiologists dealt with issues of nitrogen fixation of legumes
without contacting the plant breeder on such an important matter [8,9,10].
A number of agricultural scientists and plant breeders found that the sign of nodule
formation in the rhizosphere of leguminous plants fully depends not only on the use of
industrial strains, i.e., on inoculation of seeds, but also on optimal options for soil moisture,
varietal differences, micronutrient feeding (boron, molybdenum, vanadium and others),
temperature, and most importantly – soil acidity [8,11,12].
Given these important parameters for the full development of nitrogen fixation of
leguminous plants, agricultural methods that have proved the possibility of increasing the
mass of nodules of each plant, their leghemoglobin content, their size and the amount of
biological nitrogen accumulated in the soil have been developed [10,11,13].
At the All-Russian Williams Fodder Research Institute and a number of other
organizations have gained vast experience in creating new varieties of clover, adaptive to
acidic soils and accumulate biological nitrogen in sufficient quantities [9,11,12].
Having knowledge in the field of increasing nitrogen fixation of legumes, scientists have
proved that there are a number of biological products that can increase the leghemoglobin in
nodules and their amount in accumulation of biological nitrogen on leached chernozems of
the North Caucasus region [6].
One of these biological products are the para-aminobenzoic acid and “Nikfan”, which
were used in a mixture.
However, such mixtures were not used directly on legumes. Besides that, the effects of
these mixtures on the number of nitrogen-fixing bacteria were not observed during the period
of the onset of development and after mowing down.
The objective of our research is to study the effect of a mixture of two biopreparations on
increasing the nitrogen-fixing ability of legumes.

2 Materials and methods
The experiments were conducted during 2017-2019 at the experimental site of the North
Caucasus Research Institute of Mountain and Piedmont Agriculture. Regional varieties of
“Daryal” clover and “Kevsala” alfalfa were used for the experiment. The experimental soils
were the leached chernozem, medium loamy, with acidity of pH 5.9-6.1.
Before sowing, the seeds were kept for 2-3 hours in an aqueous solution of PABA at a
concentration of 0.05%, i.e. 5 g of powder per 1 liter of water. Biopreparation “Nikfan” was
introduced into such a solution in 0.1% of the total volume of the solution. Before preparing
the solution, PABA powder was dissolved in hot water at a temperature of 70-80 °C. After
cooling the PABA solution to a temperature of 20-25 °C, 10 ml of the “Nikfan” product was
introduced and the clover and alfalfa seeds were kept in it.
Nodules were taken accounted during the budding phase and the beginning of flowering,
since the maximum number of nitrogen-fixing bacteria accumulates during this period.
Nitrogen-fixing ability was determined by the accumulation of plant biomass and biological
nitrogen in the soil, by counting the number of nodule bacteria and their mass and by staining
with pink or red color of 10 plants at least.
The clover and the alfalfa leaf areas were determined at the 4 th-5th and the 6th-7th
internodes, respectively, during the period of complete budding, as well as their protein
content, which was determined in the laboratory of the Gorski SAU. The staining intensity
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of nodules indicates a high content of leghemoglobin in bacteria strains of the legume root
system. The same solution was additionally used for foliar feeding 10-15 days after seedling
emergence, that is, when the development of nodule bacteria begins.
The control experiment was the option without seed treatment and foliar feeding, as well
as a commercial industrial bacterial strain – 348 for clover and 425 for alfalfa [2]. The
correlation coefficient was determined between the number of active nodules and the rate of
regrowth after mowing (r1), and also between the herbage protein content and the number of
formed nodules (r2).

3 Results and discussions
Biological product “Nikfan” is an extract of phytohormones that are obtained from
microorganisms of certain strains. This biofertilizer is intended for seed treatment and plant
vegetation. It is highly active during the period of lack of moisture in the soil as a strong antistress drug and root-forming agent.
Simultaneously with an increase of nodule bacteria, the aboveground biomass of
cultivated crops also increases, the immunity of plants increases, the ripening time is reduced
by 1-2 weeks, and yield is increased by 30-70%. The used product has a multifaceted effect
on the activation of root formation, an increase in the leaf surface, the stem thickness, and
the photosynthesis intensity. An increase in the volume of the root system also contributes to
an increase in the number of nodules.
The main active components of the preparation are the primary producer’s metabolism
products: amino acids, enzymes, growth substances, including phytohormones (cytokinins,
auxins), as well as components containing humic substances that ensure stability of the
preparation’s properties. The observed biological effects of the biological product are
achieved by improving the nutrition of the vegetative organs, stimulating photosynthesis, and
regulating the plant’s own genes at the molecular level by the principle of hormonal signals
in plants due to the penetration of the active parts of the product using protein receptors
through the plant cell membrane.
The biopreparation in such a concentration (0.1%) of an aqueous solution achieves high
efficiency, while reducing soil toxicity. Especially, its effectiveness is manifested when the
prepared solution is dissolved in a 0.05% PABA aqueous solution. This dose is justified by
the stimulating effect as an activator of living organisms, including various strains contained
in “Nikfan”. At a higher concentration, the solution is acidified, which does not provide the
full activity of “Nikfan”.
PABA, as a vitamin H1, is widespread in the nature. The growth factor of numerous
organisms (including those inhabiting the intestines of animals and humans) that synthesize
folic acid from it.
Being an integral part of folic acid, PABA promotes the synthesis of purines and
pyrimidines, and, therefore, the RNA and DNA, and affects the metabolism of some biogenic
amines.
The results of the experiments showed that the number of active nodules (stained in pink
or red) positively correlates with the growth rate after mowing, and the protein content in the
leaves with their maximum area. The maximum leaf area was noted at the 4 th-5th internodes
in clover and the 6th-7th in alfalfa, which, in comparison with the control variants, determined
the stimulating effect of the mixture of PABA and “Nikfan”.
Table 1 presents the results of studies on the effect of a mixture of biopreparations on the
legume nitrogen-fixing ability.
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Table 1. Effect of PABA and “Nikfan” biopreparations on nitrogen-fixing ability of clover.

Experiment
options

Control (without
biopreparations)
Inoculation with
the 348 strain
Pre-sowing
treatment in the
PABA aqueous
solution
Pre-sowing
treatment in the
“Nikfan”
aqueous solution
Pre-sowing
treatment by
PABA +
“Nikfan”
Pre-sowing
treatment with a
biopreparations
mixture + foliar
fertilizing 10-15
days after
germination

Number
of
active
nodules
per
plant,
pcs.

Regrowth
after
mowing
the
herbage,
cm

Correlation
coefficient,
r1, between
regrowth
and
number of
nodules

Accumulation
of biological
nitrogen in
the soil, kg/ha

Leaf
protein
content,
%

Correlation
coefficient
between
protein
content and
number of
active
nodules, r2

38

1.28

0.67

95.8

18.8

0.72

46

1.46

0.79

138.5

19.1

0.76

54

1.76

0.82

153.6

19.6

0.78

59

1.85

0.91

174.3

20.1

0.80

72

1.92

0.92

186.8

20.8

0.88

92

2.10

0.94

218.6

21.2

0.90

The experimental results indicate that the correlation coefficient between the number of
nodule bacteria and the protein content in the herbage is quite high, since the amount of
biological nitrogen directly affects the quality indicators. In addition, its content in the soil
also increases, which is very important for subsequent crops in the crop rotation, going along
the layer of legumes. The results on germination of seeds treated with such a composition
were also noted.
It was determined that in the optimal case, when using a mixture of two biopreparations,
germination occurred 2-3 days earlier than in the control cases (without fertilizers and
inoculation with an industrial strain.). Similar data were obtained during the processing of
alfalfa seeds, from which it follows that the increase in the nitrogen fixation is quite closely
correlated with the regrowth rate of plants after mowing, and an increase in the protein
content of plant leaves, the number of active nodules increases significantly. Table 2 presents
data on the indicators of nitrogen-fixing ability of alfalfa depending on phenotypic features.
According to Table 2, we can determine the positive properties of a mixture of 2
biological products during seed treatment and additional foliar feeding, after which the
number of active nodules increases from 64 pcs. in the control experiment to 158 pcs. in the
optimal case, the protein content growths from 19% to 20.8%, and most importantly, the
content of biological nitrogen in the soil, which is replenished due to the proposed
agricultural methods, increases.
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Table 2. Effect of a biopreparations mixture on the nitrogen-fixing ability of alfalfa.

Experiment
options

Control (without
seed treatment
and feeding)
Inoculation with
the 425 strain
Pre-sowing seed
treatment in the
PABA aqueous
solution
Pre-sowing seed
treatment by
“Nikfan”
Pre-sowing seed
treatment by the
PABA +
“Nikfan” mixture
Pre-sowing seed
treatment + foliar
fertilizing 10-15
days after
germination

Regrowth
after 2-3
days after
mowing,
in cm

Correlation
coefficient,
r1,
between
regrowth
and
number of
nodules

Accumulation
of biological
nitrogen in
the soil, kg/ha

Leaf
protein
content,
%

Correlation
coefficient
between
protein
content
and
number of
active
nodules, r2

64

1.32

0.68

124.0

19.0

0.74

74

1.46

0.74

146

19.4

0.76

78

1.48

0.72

156

19.6

0.78

82

1.52

0.76

162

19.8

0.78

126

1.62

0.78

172

20.1

0.82

158

1.54

0.82

188

20.8

0.82

Number
of
active
nodules
per
plant,
pcs.

4 Conclusion
The use of the biological product “Nikfan” in 0.1% aqueous concentration, previously mixed
with 0.05% PABA composition for seed treatment, at an exposure time of 2-3 hours, provides
a significant increase in the number of nodule nitrogen-fixing bacteria, thereby increasing the
amount of biological nitrogen in the soil, and the protein content in the legumes’ herbage,
and the regrowth rate after mowing. Additional feeding 10-15 days after germination helps
to increase the nitrogen fixation of clover and alfalfa, thereby increasing the productivity and
quality of plants of important legumes that are needed in the crop rotation system.
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