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Abstract. The aim of the research was to determine the effect of L-alpha prolina and Azotoba vinelandii
against the background of mineral nitrogen fertilization on the content of microelements in spring wheat
grain. Field research work was conducted on a family-owned farm located in Krzymosze. The following
two factors were examined: | biological preparations: control where no biological preparations were
applied, L-alpha prolina, Azotoba vinelandii, L-alpha prolina+Azotobacter vinelandii; Il mineral nitrogen
fertiliser regime: non-fertilised control, 60 kg N<ha?, 90 kg N=ha, 120 kg N=ha. Spring wheat grain
was sampled to determine microelements. The obtained results revealed that the application of biofertilizers
increased iron and zinc contents but reduced manganese and copper concentrations in spring wheat grain.
The highest content of iron and zinc, and the lowest concentration of manganese and copper were recorded
in spring wheat grain after application of L-alpha prolina +Azotoba vinelandii biological preparations with
a dose of mineral nitrogen fertilization of 90 kg N ha™.
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Introduction

Due to the occurrence of years with a shortage of precipitation and high temperature
in Poland, cereal crops do not yield consistently and bring lower yields than expected.
Thus, climate warming poses threats to arable crops (Radkowski and Radkowska, 2013;
Colla et al., 2014; Du Jardin, 2015). To combat this adverse climate change, biological
methods must be used in developing a system of sustainable agriculture. One of the ways
is the use of biostimulants, which have a positive effect on the growth and development
of plants and have a protective function for cells, which makes plants resistant to rainfall
deficiency during the growing season (Michalak and Chojnacka, 2013; Calvo et al., 2014;
Du Jardin, 2015). A good biological substance may be the amino acid L-alpha proline,
which is easily absorbed by plants. Proline is the most widely distributed metabolite that
accumulates under stress conditions (Delauney and Verma, 1993) the significance of this
accumulation in osmotic adjustment in plants is still debated and varies from species to
species (Hoai et al., 2003). According to Qotob et al. (2019) data obtained could be
concluded that the using of plant growth regulators as a proline reduced the consumption
of mineral fertilizers. There are no studies determining the effect of this amino acid on
the chemical composition of grain for consumption. Moreover, in sustainable agriculture
it is recommended to limit the use of mineral nitrogen fertilization, in favor of biological
nitrogen. The use of nitrogen bacteria is not only a source of nitrogen for plants, but also
improves the chemical, biological and physical properties of the soil. This enables plants
to take up other nutrients, including micronutrients, which are so important in the human
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diet, especially when used together with biostimulants (Calvo et al., 2014; Muhammed et
al., 2016). Bacteria stimulate the growth of the root system, which improves the plant's
water and nutrient management. The climate changes that have been noticeable over the
last few years, resulting in seasonal droughts, require the intensification of the search for
new, but at the same time cheap and pro-environmental solutions, leading to an increase
in the use of water by crops. A new solution is the use of bacterial preparations. These
goals can be implemented within the framework of the European Green Deal, which
assumes the protection of the soil environment by 2030, e.g. by limiting mineral nitrogen
fertilization by 20%. Taking into account the advantages of using biological preparations
in plant cultivation, research was undertaken to determine the effect of the amino acid
L-alpha proline and nitrogen bacteria Azotobacter vinelandii on the background of
mineral nitrogen fertilization on the content of microelements in the grain of spring wheat
grown in changing weather conditions.

Materials and Methods

A field experiment was conducted in 2017-2019 on a family owned farm located in
Krzymosze (52° 03 27°°N, 22° 33’ 74”’E) near Siedlce, Poland. The experimental soil
was Stagnic Luvisol (soil classification according to WRB). Available macroelement
contents were as follows: P 8.2 mg 100 g™* soil, K 18.7 mg 100 g* soil and Mg 4.8 mg
100 g*soil. Microelement contents amounted to: Mn 131 mg:kg™? soil, Cu 4.9 mg=kg™
soil, Zn 5.5 mg=kg™? soil and Fe 845 mg=kg™ soil. The mineral nitrogen contents were
N-NHs + 4.97 mgkg™ of soil and N-NO3_78.4 mg kg of soil. Soil reaction was neutral
and humus content was 1.88%. Chemical analyzes of the soil were performed at the
Chemical and Agricultural Station in Warsaw. The experiment was set up with three
replicates. The size of the plot for the collection was 16 m2. Spring wheat was sown at a
row spacing of 11 cm. The following two factors were examined: (I) biological
preparations: control where no biological preparations were applied, L-alpha prolina 2
g=hal, Azotoba vinelandii 1 l:zha?, L-alpha prolina 2 g=ha™+ 1 Azotoba vinelandii; (11)
mineral nitrogen application regime: non-fertilised control, 60 kg N::ha (preplant), 90
kg N=ha (60 kg N=hat preplant + 30 kg N«ha at the stem elongation stage), 120 kg
Nzha' (60 kg Nha preplant + 30 kg N:zhat at the stem elongation stage + 30 kg N<:ha®
1 _ foliar application of 8% urea solution applied as the stage of initial ear formation).
Spring wheat cv. Mandaryna was preceded by maize. After harvesting the forecrop, pre-
winter plowing was performed, and spring crops were sown before wheat. Phosphorus
and potassium fertiliser rates were chosen based on soil availability and amounted to 30.8
and 99.6 kg:zha of P and K, respectively. Mineral nitrogen regime was as described for
factor 11 above. Mineral nitrogen fertilization before sowing and in the shooting stage
(BBCH 30) was applied in the form of 34% ammonium nitrate. On the other hand, foliar
fertilization with 46% urea in the form of an 8% solution in the heading stage (BBCH
50). Spring wheat was sown in early April at the rate of 500 grains per 1 m?. Biofertilizers
were applied once at the stage of spring wheat tillering (BBCH 20). First biological
preparation contains the Azotobacter vinelandii MVY-010 (1x10 CFU/I) a biological
product intended for increasing nitrogen content in the soil. Contains non-symbiotic, free-
living soil bacterium Azotobacter vinelandii, which effectively assimilates the
atmospheric nitrogen and extracts bioactive substances that improve the development of
plants, and polysaccharide alginates having influence on the formation of water-resistant
units in the soil. Second biological preparation contains the L-a proline (purity, 5%) a
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biostimulator increasing the natural resistance of plants to the stress. It contains L-a
proline 5 (amino acid) easily assimilated by plants that has a multiple effect on the growth
and development of plants and performs a protective function of cells as well as helps to
adapt to adverse environmental conditions. L-a proline balances the metabolism
processes of vital substances and compensates their shortage. Biological preparations
should be dissolved in water and sprayed with 250 | ha™* of water. The distributor of
biological preparations in Poland is PHU Biotel Sp. zoo. Dzikowice 87, 67-300
Szprotawa. During the plantation, the herbicide Gold 450 SC at a dose of 1.25 | ha?,
fungicide (the first treatment Bumper Super 490 EC at the dose of 1 | ha'*; the second
treatment Falcon 460 EC 0.6 | ha™*) and the growth regulator Cerone were used. 480 SL
0.75 I hal. Spring wheat was harvested in early August. During spring wheat harvest,
grain was sampled to perform chemical analyses. From each plot after the grain was
harvested, a representative sample with a volume of 250 g was taken. Determinations
included selected macroelements (Fe, Zn, Cu and Mn) by means of Inductively Coupled
Plasma Optical Emission Spectrometry (ICP-OES). Mn (FAAS), Cu (FAAS), Zn (FAAS)
and Fe (FAAS). Then the plant material was taken up in acids in a microwave digestor
Milesone Ethos Plus. The content of micronutrients was determined in the mineralisation
by emission spectrometry with excitation in inductively coupled plasma and an optical
detector (ICP OES), using an emission spectrometer Perkin Elmer Optima 8300. The
assay was performed in triplicate. The results for each characteristic were subjected to
analysis of variance (ANOVA). Comparison of means for significant sources of variation
was achieved by means of Tukey’s test at the significance level of P < 0.05. ANOVA
with regression was calculated for mineral nitrogen application and content of
micronutrients. Significance was tested using Fisher-Snedecor test at significance level
at P <0.05 and P <0.01 (Hill and Lewicki, 2006). All the calculations were performed in
STATISTICA®, version 12.0.

Results and Discussion
In Table 1 described significance of the effects in ANOVA (2017-2019).

Table 1. Significance of the effects in ANOVA , results from 2017-2019 years

N Trait -content of:
Source of variability -
Iron Cooper Manganese Zinc
Year ns ns ns e
Biological preparation faleie faleie faleie falaied
Nitrogen application falaled falaled falaled *x
Year*Biological preparation ns ns ns ns
Year*Nitrogen application ns ns ns ns
Biological preparation*Nitrogen - .
S ns ns
application
Year*Biological
. . C ns ns ns ns
preparation*Nitrogen application
Variability coefficient V% 4.98 4.36 4.07 5.16

ns- non significant, * significant at p <0.05, significant at p<0.01, significant at p<0.001
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Iron content in spring wheat grain was significantly affected by the experimental
factors and their interaction (Table 2).

Table 2. Iron content in spring wheat grain (means across 2017-2019), mg kg™ DM

. . Mineral nitrogen fertiliser regime (B), kg N=ha'!
Biological preparatons (A) Means
Control 60 90 120
Control 34.23a* 37.48a 36.21a 35.44a | 35.84D
L-alpha proline 41.12b 49.44a 54.17a 51.12a | 48.96C
Azotoba vinelandii 55.25b 62.31a 68.53a 65.43a | 62.88B
L-alpha proline + Azotobacter vinelandii 98.21c 109.17b 118.50a 112.17ab | 109.5A
Means 57.21C 64.60B 69.35A 66.04AB -

*Values in columns followed by the same small letter and values in rows followed by the same capital
letter do not differ significantly at P<0.05

The regression line between fertilization of mineral nitrogen and iron content in grain
spring wheat showed that increasing the dose of nitrogen to 90 kg ha increased the iron
content in spring wheat grain. The maximum iron content in spring wheat grain was
obtained with the use of mineral nitrogen fertilization in the dose of 99.5 kg Nha
(Figure 1).
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Figure 1. Regression line between ferilization of mineral nitrogen (x) and iron content in grain
(y), mean for 2017-2019 years

Iron concentration was the lowest in control spring wheat grain produced with mineral
nitrogen input and no biological product application. Also Johansson et al. (2001), Sutek
and Cacak-Pietrzak (2008), Gondek and Gondek (2010) as well as Buczek et al. (2011)
found the lowest iron content in cereal grain following an application of the highest
mineral fertiliser rates. High mineral fertiliser rates, including nitrogen, pose a threat to
the natural environment. This leads to pollution of groundwater with nitrates, and

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(6):4505-4514.
http://www.aloki.hu e ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1906_45054514
© 2021, ALOKI Kft., Budapest, Hungary



Ptaza - Rzazewska: The effect of amino acid L-alpha proline and nitrogen bacteria Azotobacter vinelandii on the content of
microelements against the background of mineral nitrogen fertilization
- 4509 -

contributes to poorer crop yield quality due to, among others, less iron which is a valuable
microelement (Gondek and Gondek, 2010). In the present study, an application of
biofertilizers, in particular Azotoba vinelandii and L-alpha proline + Azotobacter
vinelandii, increased iron content in spring wheat grain. L-alpha proline and Azotobacter
vinelandiiare microbiological products containing, respectively, the nitrifying bacteria
Azotobacter vinelandii, and the essential amino acid L-alpha proline. Mona et al. (2012)
have demonstrated that the nitrifying bacteria Azotobacter chroococum and Azospirillum
brastlensel contribute to an increase in the wheat grain content of Fe compared with
control. A possible explanation is that microorganisms metabolise and then mineralize
organic matter, which introduces into circulation the elements which are essential in plant
nutrition, including iron which is a microelement so important for human health (Srinivas
etal., 2002; Mahamed and Kaharia, 2012). In the experiment reported here, an application
of L-alpha proline significantly reduced Fe content in spring wheat grain compared with
the bacteria based product. It is due to the fact that bacteria-free L-alpha proline contains
only an amino acid which contributes to a lower release of Fe from the soil environment.
In the present work, nitrogen fertilisation at lower rates, that is 60 and 90 kg N=ha,
resulted in Fe increase in spring wheat grain compared with control. It was also confirmed
that an application of the highest nitrogen rate contributed to a decline in the iron content
in spring wheat grain, which was due to the fact that too high nitrogen rates cause soil
environment degradation, and reduce microelement uptake by plants. In turn, low mineral
nitrogen rates positively affect soil microorganisms which decompose organic matter and
release minerals, including iron, for uptake by plants. In the present work, an interaction
was confirmed indicating that the highest iron concentration was determined in the grain
of spring wheat treated with accompanied by an L-alpha proline + Azotobacter vinelandii
application of 90 kg N:=ha™, It can be explained by the fact that an application of products
containing the bacteria Azotobacter vinelandii, which reduce elemental nitrogen from the
air, and the amino acid L-alpha proline, accompanied by nitrogen fertiliser at the rate of
90 kg «-ha* create favourable conditions for the growth and development of spring wheat,
which results in iron accumulation in spring wheat grain. In contrast, an application of
the highest nitrogen rate negatively affects the soil environment, similarly to lack of
nitrogen fertilisation in the control unit, which resulted in the lowest iron concentration
in spring wheat grain.

Statistical analysis demonstrated a significant influence of the experimental factors on
manganese content in spring wheat grain (Table 3).

Table 3. Manganese content in spring wheat grain (means across 2017-2019), mg kg* DM

. . . Mineral nitrogen fertiliser regime (B), kg N=ha
Biological preparations (A) Means
Control 60 90 120
Control 74.81c 76.23c 78.31c 84.81c 78.54A
L-alpha proline 70.12b 73.21b 74.39b 76.20b 73.48B
Azotoba vinelandii 68.85b 71.10b 73.14b 77.34b 72.61B
L-alpha proline + Azotobacter vinelandii | 63.87a 65.14a 66.38a 69.15a 66.14C
Means 69.41C | 71.42BC | 73.06B 76.88A -

*Values in columns followed by the same small letter and values in rows followed by the same capital
letter do not differ significantly at P<0.05
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The regression line between fertilization of mineral nitrogen and manganese content
in grain spring wheat showed that increasing the dose of nitrogen from 60 to 120 kg ha
increased the manganese content in spring wheat grain (Figure 2).
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Figure 2. Regression line between ferilization of mineral nitrogen (x) and manganese content in
grain (y), mean for 2017-2019 years

The highest concentration of this element was recorded in the grain of spring wheat
grown in the control plot where no biofertilizers had been applied. Also research by
Johansson et al. (2001), Wang and Malhi (2008) and Jarecki (2019) revealed the highest
manganese content in the grain of cereals cultivated using mineral fertiliser input only. In
the present study, an application of biofertilizers contributed to a significant decline in
Mn concentration in spring wheat grain compared with control. The lowest manganese
content was recorded in the grain of spring wheat treated with the two biofertilizers
L-alpha proline + Azotobacter vinelandii. It agrees with findings reported by Mona et al.
(2012) and Muhammad et al. (2016) who demonstrated that, following an application of
nitrifying bacteria, there was observed a decline in the wheat grain content of Mn. It was
due to the fact that bacteria have a positive effect on an accumulation of organic matter
in which manganese is accumulated. In the experiment reported here, L-alpha proline or
Azotobacter vinelandii applied separately increased Mn content in spring wheat grain but
its concentration in grain was significantly lower compared with control wheat grain.
Nitrogen fertiliser regime significantly affected manganese content in spring wheat grain.
An application of increasing nitrogen rates was followed by an increase in the spring
wheat grain content of manganese. The highest concentration of this microelement was
recorded in the grain of spring wheat fertilised with 120 kg N=ha’. Also Buczek et al.
(2011) as well as Jarecki et al. (2019) demonstrated that mineral fertilisation contributed
to an increase in the cereal grain content of Mn. A possible explanation is that an
application of excessive mineral fertiliser rates leads to soil environment degradation due
to reduction in humus which accumulates Mn.

Zn content in spring wheat grain was significantly affected by the experimental factors
(Table 4).
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The regression line between fertilization of mineral nitrogen and zinc content in grain
spring wheat showed that increasing the dose of nitrogen to 60 kg ha* increased the zinc
content in spring wheat grain. The maximum zinc content in spring wheat grain was
obtained with the use of mineral nitrogen fertilization in the dose of 67.59 kg Nha
(Figure 3).

Table 4. Zinc content in spring wheat grain (means across 2017-2019), mg kg* DM

. . . Mineral nitrogen fertiliser regime (B), kg N=ha
Biological preparations (A) Means
Control 60 90 120
Control 17.94a 19.42a 18.56a 18.14a |18.52D
L-alpha proline 20.37b 23.74b 25.10b 22.75b | 22.99C
Azotoba vinelandii 25.92c 27.12c 29.31c 26.40c |27.19B
L-alpha proline+Azotobacter vinelandii 28.41d 29.83d 31.47d 29.05d |29.69A
Means 23.16C 25.03AB 26.11A 24.09BC -

*Values in columns followed by the same small letter and values in rows followed by the same capital
letter do not differ significantly at P<0.05
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Figure 3. Regression line between fertilization of mineral nitrogen (x) and zinc content in grain
(y), mean for 2017-2019 years

Zinc plays an important part in plant metabolism. Both the shortage and excess of this
element leads to reduced plant growth and development (Srinivals et al., 2002; Sharma et
al., 2004; Luo et al., 2013). In the present work, the lowest zinc content was recorded in
control spring wheat grain produced without an application of biological products. By
contrast, when applied, the products contributed to an increase in Zn content in spring
wheat grain. The highest concentration of zinc was determined in the grain of spring
wheat treated with L-alpha proline + Azotobacter vinelandii. It can be explained by the
fact that nitrifying bacteria present in the Azotoba vinelandii positively influence the soil
content of organic matter, which after mineralisation releases Zn as confirmed in the study
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by Mona et al. (2012) whore corded similar relationships following an application of other
strains of nitrifying bacteria. In the experiment reported here, nitrogen fertilisation up to
the rate of 90 kg N«ha! increased Zn concentration in spring wheat grain. However, the
highest nitrogen rate was followed by a decline in zinc content in spring wheat grain,
which agrees with find in s reported by Sutek and Cacak-Pietrzak (2008) as well as

Barczak et al. (2018).

Statistical analysis demonstrated a significant impact of the experimental factors and
their interaction on copper content in spring wheat grain (Table 5).

Table 5. Copper content in spring wheat grain (means across 2017-2019), mg kg-1 DM

Mineral nitrogen fertiliser regime (B), kg N=ha'

Biological preparations (A) Means
Control 60 90 120
Control 4.73c 5.12c 5.79b 6.31a | 5.49A
L-alpha proline 4.32c 4.69bc 4.83ab 5.18a | 4.76B
Azotoba vinelandii 4.11b 4.26ab 4.37ab 459a | 4.33C
L-alpha proline+Azotobacter vinelandii 3.84a 4.07a 4.19 4.31a | 4.10C
Means 4.25D 4.54C 4.80B 5.10A -

*Values in columns followed by the same small letter and values in rows followed by the same capital

letter do not differ significantly at P<0.05

The regression line between fertilization of mineral nitrogen and cooper content in
grain spring wheat showed that increasing the dose of nitrogen from 60 to 120 kg ha

increased the cooper content in spring wheat grain (Figure 4).
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Figure 4. Regression line between ferilization of mineral nitrogen (x) and cooper content in

grain (y), mean for 2017-2019 years

The highest copper content was determined in the grain of control spring wheat which
had been treated with no biofertilizers. An application of the products, particularly
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Azotoba vinelandii and L-alpha proline + Azotobacter vinelandii, contributed to adecline
in copper concentration in spring wheat grain. Bacteria Azotobacter vinelandii which
positively affect an accumulation of soil organic matter. The organic matter accumulates
an excessive Cu amount, which provides protection against too much copper being take
up by the plants, the notion confirmed in the study by Mona et al. (2012) and Chennappa
et al. (2017) who applied other nitrifying bacteria strains.

In the present work, increasing nitrogen fertiliser rates contributed to an increase in the
spring wheat grain content of Cu. Also research by Johansson et al. (2001), Buczek et al.
(2011) and Jarecki et al. (2019) demonstrated that increasing nitrogen fertiliser rates
produced an increase in copper content in cereal grain. However, the values were lower
than WHO/FAO standards and thus posed no threat to human and animal health (2012).
In the experiment reported here, an interaction was confirmed indicating the at the highest
copper content was recorded in control spring wheat grain fertilised with 120 kg N=ha,
it being the lowest following treatment with L-alpha proline + Azotobacter vinelandii
without nitrogen fertiliser input.

Conclusions

1. The weather conditions significantly differentiated the content of micronutrients in
the spring wheat grain. An application of biofertilizers increased iron and zinc
contents, and reduced the concentration of manganese and copper in spring wheat
grain.

2. Increasing nitrogen fertiliser rates, up to 90 kg N«=ha, contributed to an increase
in the spring wheat grain content of the examined microelements.

3. The highest content of iron and zinc, and the lowest concentration of manganese
and copper were recorded in spring wheat grain after application of L-alpha proline
+ Azotobacter vinelandii biological preparations with a dose of mineral nitrogen
fertilization of 90 kg N ha.

4. In conditions of sustainable agriculture, it is recommended to cultivate spring wheat
with the use of the amino acid L-alpha proline with the bacteria Azotobacter
vinelandii, at the level of mineral nitrogen fertilization with 90 kg N ha%, for broad
agricultural practice.

5. Research should continue on the use of other strains of nitrogen bacteria and growth
promoters in the cultivation of spring wheat.
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