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Abstract. Application of biostimulants instigates many physiological processes that enhance
nutrition efficiency, abiotic stress tolerance, and quality traits of crops, regardless of their nutrient
content. One of such preparations is Atonik which contains nitrophenol compounds naturally
occurring in plant cells. Several studies have confirmed its beneficial effect on the growth,
development, and improved metabolic activity of plants. Therefore, it seems advisable to investigate
the effect of Atonik preparation on the photosynthetic activity of Moldavian dragonhead
(Dracocephalum moldavica L.). The reported study was carried out in 2014 in Perespa, Poland.
Over the growing season, Atonik was foliar-applied at a dose of 0.3 L/ha (0.1%) and 0.6 L/ha
(0.2%) by single and double spraying of plants. Chlorophyll content and nitrogen status (N) were
estimated by a Chlorophyll Meter SPAD-502 Plus. The foliar application of Atonik was found to
improve the efficiency of the photosynthetic apparatus and chlorophyll content in the leaves of
Dracocephalum moldavica plants, but the results were dependent on biostimulant concentration and
number of its applications, and on the date of measurement. To conclude, Atonik is an
environmental-friendly preparation which has a positive impact on the metabolic processes of
plants.

1 Introduction
It is commonly believed today that high yields of crops
results from agriculture intensification. However,
attempts have been undertaken in recent years to apply
preparations that would ensure high yields of highquality crops under minimized use of pesticides and
fertilizers. These preparations include, e.g., biostimulants
which aside the above benefits are also environmentfriendly. The application of biostimulants accelerates
many physiological processes that enhance nutrition
efficiency, abiotic stress tolerance, and quality traits of
crops, regardless of their nutrient content; and this
stimulation effects improvement in crop yield [1, 2, 3].
The use of biostimulants has been reported to influence
the metabolic processes in plants by stimulating the
synthesis and enhancement of phytohormones, and also
to improve their photosynthetic activity [4, 5]. One of
the biostimulants is Atonik preparation which contains
nitrophenolic compounds naturally occurring in plant
tissues: sodium para-nitrophenolate PNP (0.3%), sodium
*

ortho-nitrophenolate ONP (0.2%), and sodium 5nitroguaiacolate 5NG (0.1%). Several studies have
confirmed the beneficial effect of this biostimulant on
the growth, development, and improved metabolic
activity of plants. [6, 7, 8, 14]. Therefore, it seems
advisable to investigate the effect of Atonik preparation
on the photosynthetic activity of Moldavian dragonhead
(Dracocephalum moldavica L.).

2 Materials and Methods
2.1. Plant materials and growth conditions
The study was carried out in 2014 in Perespa (50°66ʹN;
23°63ʹE), Poland. The soil type was characterized as
Cambic Rendzic Phaeozems. It is alkaline (pH in 1M
KCl 7.4–7.5) and rich in phosphorus, potassium, and
magnesium. The experiment was established in a
randomized block design in four replications with an
elementary experimental plot area of 5 m2. The sowing
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rate was 15 plants·m2. Moldavian dragonhead seeds
were sown in the third 10-day period of April at a depth
of 1-1.5 cm, with the spacing of 45 x 20 cm. over the
growing season, Atonik was foliar-applied at a dose of
0.3 L/ha (0.1%) and 0.6 L/ha (0.2%) by single spraying
(at the 10-12 leaf stage – 20th June) and double spraying
of plants (at the 10-12 leaf stage - 20th June and at the
beginning of plant blossoming – 4th July). The
preparation was applied using a GARLAND FUM 12B
battery field sprayer (Lecher LU 120–03) at a pressure of
0.30 MPa, using 300 L of liquid per hectare. The
following experimental combinations were investigated:
control: where plants were treated with the same volume
of water (no biostimulant), 1- or 2-fold spraying with
0.3% Atonik, and 1- or 2-fold spraying with 0.6%
Atonik. All results from experimental plots were
compared to these from the control plots. Tillage of the
plants was done following good agricultural practices.
No pesticides were used (number of pests did not exceed
the thresholds of harmfulness).
The average temperature and rainfall in the soybean
growing season are shown in Table 1.

biostimulant application. For the single spraying
combination, the second measurement was carried out in
the second term at the appropriate plant development
stage. To estimate the actual photochemical activity of
PSII in situ, chlorophyll a fluorescence was measured in
plants using a pulse amplitude-modulated (PAM)
fluorimeter (Mini PAM, Walz, GmbH, FRG, Germany)
with a light emitting diode at 650 nm and a standard
intensity 0.15 mol m-2s-1 PAR (photosyntheticallyactive radiation). A Leaf-Clip holder 2030-B was used in
all measurements. Standard settings optimized for
measurements with leaf samples at approx. 12 mm
distance between fiberoptics and leaf surface were used
for measurements. The parameters listed hereinafter
were set. Measuring light: on; Measuring pulse
frequency: 0.6 KHz; Actinic illumination time: 30s;
Actinic light intensity: 5 (relative intensity 5.5); Actinic
light factor: 1.00; LC-WIDTH: 10s; LC INT: 3; IntTemp: on; Light gain: 1.00; Temp. gain: 1.00; Saturating
light pulse width: 0.8; Saturation pulse intensity: 8;
Electronic signal damping: 2 (0.2s); Measuring light
intensity: 8. The Auto-Zero function was applied in
order to suppress any unavoidable background signal.
All the measurements were done under field condition
with the assumption that a photon flux density is below
the saturation level. The following fluorescence
parameters were measured: F - the present fluorescence
yield, M - fluorescence after saturation pulse was
applied, Yield = (M – F)/M, PAR – photosyntheticallyactive radiation, and ETR-electron transfer rate
calculated as: ETR = Yield · PAR · ETR – factor; i.e.
ETR = Yield · PAR · 0.5 · 0.84. The standard factor 0.84
corresponds to the fraction of incident light absorbed by
a leaf [5]. In turn, Fm' stands for the maximum yield of
fluorescence of an illuminated sample. Based on the
above information, various parameters of fluorescence
were determined which are useful in photosynthesis
yield determination. The maximum Photosystem II (PS
II) quantum yield of the dark-adapted samples and the
effective PS II quantum yield of the illuminated samples,
Y(II) = (Fm'-F)/Fm' = ΔF/Fm' were determined [9]. The
Y (II) parameter corresponds to the fraction of energy
which is photochemically-conversed into PS II
(consumed during photosynthesis).
Chlorophylls and nitrogen status (N) were estimated
by Chlorophyll Meter SPAD-502 Plus (Konica Minolta)
(ten plants of each experimental combination). SPAD is
the chlorophyll content

Table 1. Temperature (T) and precipitation during the soybean
growing season 2014-2016.
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2.3 Statistical analysis
Data on photosynthetic parameters of four replicates of
each combination were subjected to statistical analysis.
The Shapiro-Wilk test was performed for the normal
distribution of data. The results were analyzed using
one-way analysis of variance, ANOVA. The significance
of differences between evaluated mean values was
estimated by Tukey’s test intervals of confidence at a
significance level of p < 0.05. Statistical analysis was
performed with Statistica ver. 12 software (StatSoft,
Inc.).

2.2 Photosynthetic activity of plants
The photosynthetic activity of plants was measured over
the entire growing season starting from one week after
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3 Results and Discussions

Table 2. Effect of Atonik on the PS II chlorophyll fluorescence
and photosynthetically-active radiation of Moldavian
dragonhead (Dracocephalum moldavica L.) plants.

Fluorescence measurements conducted in the first term
(measurement I) demonstrated the single foliar
application of a 0.1% solution of Atonik to cause over
three-fold increase in photosynthetically-active radiation
(PAR) of the plants, compared to double spraying of the
biostimulant in the same concentration (table 2). Kocira
et al. [5,12,13] reported that single foliar spraying of a
biostimulant, based on algae and amino acids (Fylloton)
used in a lower concentration, had the most beneficial
effect on PAR enhancement. This parameter indicates
the amount of energy accumulated by a plant in a
specified time of measurement. Result of this
measurement obtained in the current study suggests that
considering no distinct differences in weather conditions,
the differences occurred probably at the molecular level
and were additionally affected by the physical status of
Moldavian dragonhead plants (energy levels in the
photosynthetic apparatus). In addition, an increase in the
photosynthetically-active radiation informs indirectly
about the consumption of solar energy by plants. The
photosynthetically-active radiation (PAR) is linked with
the maximum yield of sample fluorescence under
natural/field (F) conditions; namely an increase in F is
accompanied by a decrease in PAR. Usually this
parameter indicates the fraction of energy that is not
consumed in the process of photosynthesis in the course
of the experiment.
Results obtained demonstrated a 16% increase in the
effective photochemical yield of PS II (Y (II)) upon the
single spraying of 0.1% Atonik solution, compared to the
double spraying of the biostimulant in the higher
concentration (measurement II) (table 3). The single
spraying of Moldavian dragonhead plants with 0.1%
Atonik solution increased the electron transport rate
(ETR) by almost 80% compared to the control
(measurement I). However, an increase in biostimulant
concentration to 0.2% (at the same stage of plant growth)
caused over threefold decrease of ETR. In turn, during
measurement II the highest value of ETR was
determined as a result spraying the plants with Atonik in
a higher concentration, regardless of the number of
applications. The highest value of ETR was determined
in plants during measurement I, when plants of
Moldavian dragonhead were at the stage of 10-12
developed leaves, which is indicative of their more
intensive growth at this stage than at the stage of
blooming.
The foliar application of Atonik preparation caused
an increase in chlorophyll content in leaves of
Moldavian dragonhead plants in both measurement I and
II. This observation confirms findings reported in the
study by Kocira et al. [5], where spraying plants of
Moldavian dragonhead with a Fylloton biostimulant
increased chlorophyll content in leaves. The stimulating
effect of Atonik preparation on chlorophyll content
increase in plant leaves was also confirmed in
investigations conducted with Arabidopsis thaliana,
oilseed rape, and common osier [6, 8].

F
Fm’
PAR

Control

Parameter

Experimental combination

Single
Double
Single Double
spraying spraying spraying spraying
with
with
with
with
0.2%
0.2%
0.1%
0.1%
Atonik
Atonik Atonik Atonik

I

399.63a 422.88a

350.75a

430.25a 432.25a

II

364.12a 342.14a

324.29a

324.00a 367.57a

I

1028.50a 1069.25a 1473.75b 843.13a 811.88a

II

1434.43a 1744.71b 1330.71ab 1479.43a 1204.14a

I

449.25a 919.50b

II

78.57a

242.63a

113.00ab 77.00a

376.00a 424.13a
178.00bc 209.85c

I – measurement at the 10-12 leaf stage; II measurement at the beginning of plant blossoming.
Means in the same column with different letters are
significantly different (α=0.05).
Percival et al. [10] demonstrated chlorophyll content
in leaves to be associated with leaf photosynthetic rates.
Like in the previous study [5], the correlations between
values of SPAD and F-Fm’/Fm’ as measures of
photosystem II efficiency were weak. The F-Fm’/Fm’
ratio is positively correlated to the PSII quantum yield
and an indirect measurement of plant physiological
status for which the values of 0.8 ± 0.05 correspond to
highly efficient use of the excitation energy in
photochemical processes. In our study, such a value was
obtained only upon single spraying the plants with
Atonik in the lower concentration (II measurement). In
addition, the F-Fm’/Fm’ ratios of 0.6-0.8 were associated
with SPAD values between 50.5 and 63.8.
Many authors confirmed the beneficial effect of
biostimulants on enhanced intensity of photosynthesis of
cultivable plants like Dracocephalum moldavica, basil,
rocket, Arabidopsis thaliana, and oilseed rape [5-f7, 11].
Table 3. Effect of Atonik on the photosynthetic and
chlorophyll parameters of Moldavian dragonhead
(Dracocephalum moldavica L.) plants.

Y(II)
ETR
SPAD

Control

Parameter

Experimental combination

I

Single
spraying
with
0.1%
Atonik

0.597a 0.583a

II 0.742ab 0.804b
I

Double
sprayin
g with
0.1%
Atonik

Single Double
sprayin spraying
with
g with
0.2%
0.2%
Atonik Atonik

0.683a

0.596a

0.583a

0.752ab 0.757ab 0.693a

110.79a 198.71b 107.88a 54.08a

II 24.63a 38.07ab 24.11a
I

121.10ab

58.90b

60.37b

51.1a

63.8d

62.8cd

60,0c

60.0b

II 50.5a

61.3d

59.7cd

56.7bc

55.0ab

I – measurement at the 10-12 leaf stage; II measurement at the beginning of plant blossoming.
Means in the same column with different letters are
significantly different (α=0.05).
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3 Conclusions
The foliar application of Atonik preparation improved
the efficiency of the photosynthetic apparatus and
chlorophyll content in the leaves of Dracocephalum
moldavica plants, but the results were dependent on
biostimulant concentration and number of its
applications, and on the date of measurement (growth
stage of plants). The photosynthetic activity of
Moldavian dragonhead leaves was most positively
affected by the single spraying with Atonik preparation
in the lower concentration. Foliar application of Atonik
preparation increased chlorophyll content in leaves of
Dracocephalum moldavica. Atonik was found to be an
environmental-friendly preparation which has a positive
impact on the metabolic processes of plants.
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