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Abstract

The amount of fixed nitrogen per decare was studied in the experimental field of Research Institute of Mountain
Stockbreeding and Agriculture-Troyan of bird'sfoottrefoil cultivars, such as Targovishte 1, Alvena, Lotanova and
Frilo (Italy), Polom (Slovakia), Bonnie (France), Bull (Canada). The Lotanova and Polom varieties have increased
nitrogen-fixing capacity and level of tuber formation, as well as fixed nitrogen per decare (17.40 and 17.17 N fix,
kg/da), which is a prerequisite for increasing soil fertility and the ecological effect. These two varieties could be
recommended as suitable for implementation in production from an economic and ecological point of view. The
correlation analysis proved a high positive correlation dependence of gross revenue with yield (r=0.9999),
production costs (r=0.9982), and the amount of fixed nitrogen (r=0.9998). Plant nitrogen storage through symbiotic
nitrogen fixation of bird'sfoottrefoil, as a suitable meadow legume species for mountain conditions, determines its

ecological effect.
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INTRODUCTION

Agriculture in the 21st century is faced with
the challenge of overcoming the effects of
climate change and at the same time
preserving the environment. To achieve this
balance, the application of appropriate
agricultural practices related to improving soil
fertility and biological diversity is essential
[25].

For the conditions of sustainable agriculture,
legumes are becoming increasingly popular.
With their unique ability to establish
symbiotic relationships with  Rhizobium
bacteria and atmospheric nitrogen fixation,
they are an essential component for ecological
forage systems and allow to obtain high yields
using less /or no/ mineral nitrogen fertilizers
[15, 31].

Legume-rhizobium symbiosis is a significant
source of nitrogen and has a huge ecological
and agronomic impact on the structure of
sustainable agriculture [28, 42, 36]. Nitrogen
from biological nitrogen fixation is used
directly by plants and is less sensitive to
denitrification and leaching [32, 14, 17]. Most

legumes through biological nitrogen fixation
can meet between 50 and 80% of their
nitrogen  requirements  [20].  Increased
symbiotic nitrogen fixation leads to increased
nitrogen use efficiency. According to [2], this
could be achieved by including more legumes
in crop rotations.

Thanks to their nitrogen-fixing capacity, they
are an alternative to industrial nitrogen
fertilizers and a way to protect the
environment [27]. The potential for nitrogen
fixation through symbiosis is estimated to
average 450 kg N/ha per year. According to
[37], legumes fix between 15 and 25 kg of
nitrogen per ton of dry matter. About 50
million tons of nitrogen are fixed annually in
agroecosystems worldwide [18]. Crops such
as alfalfa, red clover, peas, soybeans, and
vetch fix about 65 to 335 kg N/ha [35, 22, 34].
Bird's foottrefoil is a valuable legume
nitrogen-fixing species [41, 24]. In a study by
[39] on the level of tuber formation of
different forage legumes, the highest level of
tuber formation was found for
bird'sfoottrefoil. Likewise, bird'sfoottrefoil
has the best phosphorus utilization efficiency
(one of the factors that affect the process of
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tuber formation and nitrogen fixation) for
tuber formation, both as a monoculture and in
mixtures.

To increase biological nitrogen fixation and
plant productivity, selecting highly productive
genotypes with increased nitrogen-fixing
potential is important, and in the case of
already created varieties to study their
capacity for tuber formation [29]. This
phenomenon acquires special relevance under
the conditions of mountain and foot-hill
regions, both in agroclimatic terms and in
terms of the reaction and fertility of the soil.
Therefore, current farming systems need
sustainable intensification by incorporating
legumes.

In modern agricultural conditions, the
requirements for obtaining ecologically clean
plant production are increasing. Biological
nitrogen fixation is a process related to the
complete or partial replacement of nitrogen
fertilizers in several crops and to protect the
environment and production from pollution.
Symbiotic nitrogen fixation is characteristic of
forage legumes and is carried out by tuber-
formation bacteria bacteria. It has been
established that the amount of fixed nitrogen
from symbiotic nitrogen fixation is 3 million
tons per year. This directs the attention of
researchers to search for ways to solve the
nitrogen problem, so that the obtained forage
production is ecologically clean, and the costs
incurred in its production are minimal. The
findings of [11] that depending on the legume
species [30] and its symbiosis with bacteria
from the genera  Rhizobium  and
Bradyrhizobium, they fix  atmospheric
nitrogen in amounts up to 30 kg/da, determine
further work in this direction.

Symbiotic nitrogen fixation determines the
possibility of supplying the grass component
with nitrogen in the mixed cultivation of
forage grasslands [14]. The presence of a
legume component in mixed crops regulates
the processes of tuber formation and nitrogen
fixation [26] and lowers the requirements for
mineral nitrogen [5], which determines the
positive impact on the nutritional value of the
forage. Alfalfa, clover, and bird'sfoottrefoil
accumulate 180, 170, and 92 kg/ha® N per
year in the soil, respectively, and exhibit good
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adaptability to soil-climate  conditions,
altitudes, and other environmental conditions
[12].

Scientific experiments defining the role of
grass forages as one of the keys to increasing
soil fertility, reducing the application of
chemical  fertilizers, and  preserving
agrobiodiversity are scarce [7, 38]. At the
present stage, there are no comprehensive
studies of the production of biological forage
production from artificial grasslands in terms
of its ecological effect [19].

The present research work aims to study the
ecological effect of nitrogen fixation in
different varieties of bird's foottrefoil varieties
and to make a statistical analysis of the
economic indicators in forage production.

MATERIALS AND METHODS

The study includes four-year data (2016-
2019) from an experiment in the field of
Research Institute of Mountain Stockbreeding
and Agriculture — Troyan. The experimental
design was a complete block with 4
replications with a plot size of 5 m? The
following bird'sfoottrefoil cultivars were
tested and compared with the Bulgarian
variety Targovishte 1: Alvena, Lotanova and
Frilo (Italy), Polom (Slovakia), Bonnie
(France) and Bull (Canada). The data, on
which basis the ecological effect was
determined, were in the annual report P 163
on the scientific research activity of the
Agricultural Academy of Bulgaria.

The indicators that determine the ecological
effect are related to the study of the impact of
the nitrogen-fixing capacity of different
bird'sfoottrefoil varieties on the amount of
bird'sfoottrefoil, to obtain quality forage
production.

The ecological effect [33] of nitrogen fixation
was interpreted by analyzing the relative share
of bird'sfoottrefoil in the grassland and the
impact of nitrogen fixation [40] on the share
of the economically significant sown grass
species in different bird'sfoottrefoil varieties.
Soil fertility was analyzed based on the
amount of fixed nitrogen in the soil [16]. For
this purpose, tuber formation was registered
as the number of tubers/plant at the beginning
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of blossoming of the bird'sfoottrefoil (second
regrowth) by taking soil monoliths [1].
According to the formula of [6] for a rough
determination of the amount of fixed nitrogen
in field conditions, it was calculated by years
and averaged over the period. Experimental
data were processed statistically using SPSS
(2020) software.

The main methods used are index, graphic,
tabular, comparative method, method of
analysis and synthesis, descriptive statistical
analysis, method of economic and index
factorial analysis, method of establishing the
complex influence of several factors, and
correlation analysis.

The statistical processing of the data includes
the relative level of the amount of fixed
nitrogen, expressed as mean value, standard
deviation, minimum and maximum values.
Brave and Pearson’s correlation coefficients
were calculated to prove the relationships
between vyield and the main economic
indicators [21].

Data were processed using Microsoft Excel.

RESULTS AND DISCUSSIONS

The soil of the experiment is a light gray
pseudopodzolic with an acidic (pHu20 5.2-5.5;

pHkcL 4.3-4.4) reaction, which defines it as
suitable for growing forage grasses. The
availability of total and digestible phosphorus
is 1.2-2.4 mg/100 g soil, which is very low,
and absorbable potassium with 5.9-9.9
mg/100 g soil. The humus content (0.96-
1.44%) is low. Their mechanical composition
is from light to heavy sandy loam.

Amount of fixed nitrogen of
bird'sfoottrefoil cultivars

The amount of fixed nitrogen per decare
(Table 1) during the experimental period is
influenced by weather conditions and the dry
matter yield formed [10], as well as by the
level of tuber formation. The growth of bird's
foottrefoil and its rates of development largely
determine the productivity of the grassland
[3, 8], the activity of tuber-formation bacteria
[14], and the degree of nitrogen fixation in
individual bird's foottrefoil varieties. The least
amount of fixed nitrogen per decare was
found in the first experimental year, when the
variation was from 4.12 to 5.78 kg/da, with an
average value of 5.15 kg/da. The low values
of fixed nitrogen correspond to low
productivity, which is typical of the species
during the initial stage of development.

Table 1. Amount of fixed nitrogen per decare of bird's foottrefoil varieties (N fix, kg/da)

2016 2017 2018 2019 Average for the
Cultivars - - - - - period

N fix, +, - N fix, +, - N fix, +, - N fix, +, - N fix, +, -

kg/da kg/da | kg/da | kg/da | kg/da | kg/da | kg/da | kg/da | kg/da kg/da
Targovishte 1 5.13 - 13.25 - 20.40 - 20.19 - 14.74 -
Alvena 5.55 +0.42 | 14.69 | +1.44 | 21.63 1.23 24.47 4.28 16.58 +1.84
Lotanova 412 -1.01 14.38 1.13 20.70 0.30 30.39 | 10.20 | 17.40 +2.66
Frilo 5.78 +0.65 | 13.14 -0.11 18.78 | -1.62 | 26.91 6.72 16.15 +1.41
Polom 5.10 -0.03 15.65 2.40 21.16 0.76 26.78 6.59 17.17 +2.43
Bonnie 5.20 +0.07 | 1341 0.16 20.97 0.57 24.35 4.16 15.98 +1.24
Bull 5.16 +0.03 | 15.40 2.15 1716 | -3.24 | 23.49 3.30 15.30 +0.56
Average 5.15 14.27 20.11 25.23 16.19
Stdev 0.52 1.04 1.58 3.21 0.96
Min 412 13.14 17.16 20.19 14.74
Max 5.78 15.65 21.63 30.39 17.40

Source: Own calculations.

The maximum value was reported for Frilo,
followed by Alvena. Alvena has the highest
level of tuber formation and the highest dry
matter yield. In the second experimental year,
the dry matter yield was twice compared to

the first year, and the amount of fixed
nitrogen exceeded the values of the first year
by almost three times. The variation is from
13.14 to 15.65 N fix,kg/da, as Polom and Bull
cultivars had the highest values. The
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combination of favorable soil-climatic
conditions, a high level of tuber formation,
and high productivity determine the high
nitrogen-fixing  capacity in the third
experimental year. Fixed nitrogen in Alvena
and Polom cultivars per a decare registered
almost similar values of the amount of fixed
nitrogen per decare, 21.63 and 21.16 N fix,
kg/da, respectively. The lowest amount of
fixed nitrogen per decare was found in Bull
(17.16 N fix, kg/da). In the fourth
experimental year, the cultivars reached the
highest amount of fixed nitrogen, from 20.19
to 30.39 N fix, kg/da, respectively, as
Lotanova variety appeared as the most
suitable of the studied varieties in terms of
this indicator. On average over the study
period, Lotanova and Polom had the highest
yield of fixed nitrogen per decare (17.40 and
17.17 N fix, kg/da), exceeding the standard
variety by 2.66 and 2.43 N fix, kg/da. These
two varieties could be recommended as
suitable for implementation in production
from an economic and ecological point of
view. The relatively high content of nitrogen
fixed by them predetermines low costs in
terms of fertilizing and defines the species as
a suitable component for growing subsequent
crops. The lack of mineral nitrogen fertilizer
also proves the ecological effect of growing
these varieties, due to the lack of nitrates in
the soil.

The statistical processing of the nitrogen
fixation data of bird's foottrefoil varieties
shows the highest average value x=25.23 fix,
kg/da of the fixed nitrogen in the fourth year
of the experimental period, and the lowest
(x=5.15 fix, kg/da) in the first experimental
period year when the plants are weak and not
strong. The standard deviation has a
maximum value (Stdev = 3.21) in the fourth
year when the average value of the amount of
fixed nitrogen is the highest. The maximum
amount of fixed nitrogen in the fourth
experimental year for the Lotanova variety is
30.39 fix,kg/da.

Ecological effect of nitrogen fixation

The capacity of bird'sfoottrefoil to accumulate
a certain amount of atmospheric nitrogen from
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the air contributes to its assimilation by
plants. In this way, plants naturally acquire
the necessary amount of nutrients for their
growth and development. The increased
nitrogen-fixing capacity and level of tuber
formation, as well as the amount of fixed
nitrogen per decare, are a prerequisite for
increasing soil fertility of Lotanova and
Polom bird's foottrefoil varieties. Plant
nitrogen storage through symbiotic nitrogen
fixation of bird's foottrefoil, as a suitable
meadow legume crop for mountain
conditions, determines the ecological effect of
forage legumes. Nitrogen fixation is also
important for increasing the quality of forage
because nitrogen is the main element in the
composition of all amino acids. The lack of
chemical substances, which are introduced in
the form of mineral fertilizers, complements
the role of legumes in their cultivation in an
ecological aspect related to improving soil
fertility.

Figure 1 shows the impact of nitrogen-fixing
capacity on the share of bird'sfoottrefoil (%)
in the grassland over the years. In the first
experimental year, the Alvena variety had the
highest share of bird's foottrefoil in the
grassland (54.5%), followed by the Frilo
variety (50.0%), whereas the lowest share was
registered in the Bull variety (18.8%) and
Bonnie (19.5%).

There is a correlation between the high share
of bird's foottrefoil in the grassland and the
amount of fixed nitrogen by the legume
species [13], which proves that bird’s
foottrefoil forms root tubers that accumulate
nitrogen and stimulate the development of the
sown crop [23].

In the second year, the combination of
favorable climatic conditions with maximum
growth and development of the plants
justified the reported high values regarding
the share of the bird's foottrefoil in the
grassland [4].

Polom (97.0%) and Alvena (93.8%) had the
highest relative share of bird's foottrefoil,
registering the highest amount of fixed
nitrogen per decare, respectively 15.65 and
14.69 N fix, kg/da.
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Fig. 1. The impact of nitrogen-fixing capacity on the share of bird's foottrefoil (%) in the grassland over the years.

Source: Own design and results.

This again proves the stimulating effect of the
amount of fixed nitrogen of these varieties on
the growth and development of the
bird'sfoottrefoil [4].

In the third experimental year, all tested
varieties registered a high share of
bird'sfoottrefoil in the grassland at both
mowings. Alvena (83.3%) and Polom (80.8%)
N fix kg/da had the highest relative share of
bird'sfoottrefoil in the grassland.
Bird'sfoottrefoil maintains a high percentage
share in a large part of the tested varieties in

the fourth year of the experimental period. Its
share was maximum in the grassland with
Lotanova variety (87.1%) with the highest
amount of fixed nitrogen per decare,
respectively 30.39 N fix, kg/da.

Correlation dependences

Table 2 presents the correlation dependences
between the main economic indicators with
the dry matter yield and the amount of fixed
nitrogen per decare [9].

Table 2. Correlation dependences among the average yield, the amount of fixed nitrogen, and the main economic
indicators in forage production from bird's foottrefoil varieties

c @ = = >, =
o | x | §2| £ | ge 2 = | §2
g2 | z | 38| 3 5 8 2 £ SE
=3 & o ° 3 = S 5 g
a O 3 g w3
Average yield 1
N fix 1.0000 1
Production costs | 0.9990 | 0.9991 1
Cost price -0.9992 | -0.9991 | -0.9984 1
Gross income 0.9999 | 0.9998 | 0.9982 | -0.9990 1
Gross profit 0.9998 | 0.9998 | 0.9982 | -0.9990 1 1
Profitability 0.9998 | 0.9998 | 0.9981 | -0.9990 1.0000 1.0000 1
Efficiency
coeficient 0.9995 | 0.9995 | 0.9978 | -0.9986 0,9998 0.9998 0.9998 1

Source: Own calculations.

A high degree of correlation was observed
between forage yield and the amount of fixed
nitrogen per decare (r=1.0000). This
dependence proves the role of legumes as a

nitrogen source that affects plant growth and
development and determines the high
dependence between production costs and
yield (r=0.9990). This  dependence
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predetermines and explains the reduced costs
of dry matter production with reduced
fertilizer inputs.

Gross revenues are highly positively
correlated with yield (r=0.9999), production
costs (r=0.9982), and the amount of fixed
nitrogen (r=0.9998). Profitability is also
highly  correlated with gross revenue
(r=1.0000) and gross profit (r=1.0000). The
efficiency coefficient is highly correlated with
yield (r=0.9995), amount of fixed nitrogen
(r=0.9995), production costs (r=0.9978), gross
revenue  (r=0.9998), gross profit and
profitability (r=0.9998). The correlation
dependence of the cost price of production
with gross revenues (r=-0.9990), gross profit
(r=-0.9990), profitability (r=-0.9990), and
respectively the efficiency ratio (r=-0.9986) is
negative. The obtained values of the
correlation coefficients confirm the obtained
data on the economic indicators of the
increased gross profit, gross revenue, and
profitability, and reduced cost price of the
obtained forage production from bird's
foottrefoil varieties.

CONCLUSIONS

In the comparative test of seven
bird'sfoottrefoil varieties, it was found that the
Lotanova variety had the highest tuber-
forming capacity. This predetermines the
resulting high amount of fixed nitrogen per
decare.

The amount of fixed nitrogen largely
determines the average yield, gross revenue,
and profitability of the obtained forage
production, which is proven by the high
values of the correlation coefficients.

The high nitrogen-fixing capacity and
accumulated nitrogen per decare enhanced
natural soil fertility and increased the
ecological effect of meadow legume crops.
Lotanova and Polom with their high
productivity, amount of fixed nitrogen per
decare, economic efficiency and ecological
effect can be recommended as suitable for
growing in mountain conditions.
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