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Abstract: Currently, in agricultural engineering, plant growth regulators or biostimulants, immunity
stimulants or bacterial vaccines are becoming standard elements in the production technology of
many types of field, fruit and vegetable crops. The research was based on a three-year field experiment
carried out in 2018–2021 at the Agricultural Experimental Station of northeastern Poland. The aim
of the research was to determine the effect of biostimulators containing microorganisms and micro
and macro elements, phosphorus and potassium and silicon on the morphological features of the
leaf rosette and the increase in fresh and dry mass of the above-ground part of the rosette and the
root system of three winter rape cultivars. The conducted research showed that the application of the
organic preparation Ugmax significantly increased the number of rosette leaves (by an average of
13.9%), the length of the tap root (by an average of 2.3 cm), root neck diameter (by an average of 4.2%),
fresh and dry weight of the above-ground part of the rosette (by an average of 6.0% and 6.6%) and
fresh weight of the root system (by an average of 0.88 g) compared to the control variant. The hybrid
morphotypes that were restored compared to the population cultivar Chrobry were characterized by
a weaker autumn development of the leaf rosette.

Keywords: Brassica napus; Ugmax; bioregulator; leaf rosette; morphotype

1. Introduction

Many authors [1–3] emphasize that winter oilseed rape (Brassica napus) is one of the
most important oil–protein plants in the world. It is a plant that is highly sensitive to
adverse environmental conditions. Therefore, substances are sought that will reduce the
impact of various types of stress negatively affecting the growth and development of plants.

Currently, in agricultural engineering, plant growth regulators or biostimulants, im-
munity stimulants or bacterial vaccines are becoming standard elements in the production
technology of many types of field, fruit and vegetable crops [4].

Rutkowska [5] mentions that a biostimulant is a fertilizing product which, irrespective
of the nutrient content, contains an active substance (substances) or microorganisms. When
applied to a plant or within the rhizosphere, it stimulates natural processes that lead
to increased nutrient use efficiency, tolerance to abiotic stress or improved crop quality
characteristics.

Sharma et al. [6] and Kocira et al. [7] also emphasize that these substances strengthen
the mechanisms of plant resistance to stress.

Ruzzi and Aroca [8] emphasize that microbiological biostimulants containing benefi-
cial plant fungi and bacteria play an important role. Plants are not autonomous in their
environment because they are associated with bacterial microorganisms and fungi which,
as a result of external and internal interactions, respond to biotic and abiotic stress [9,10].
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According to Du Jardin [11], the most important group in this category that stimulate plant
growth are Rhizobacteria. These bacteria colonize the plant rhizosphere, improve growth,
control plant pathogens, improve plant nutrient and mineral uptake and increase plant
resistance to biotic and abiotic stresses. This group includes nitrogen-fixing bacteria, such
as: Rhizobium, Azotobacter, Azospirillum, Pseudomonas, Bacillus [12,13].

Fageria et al. [14]; Kocoń [15]; Szewczuk and Sugier [16] emphasize that the application
of foliar fertilizers containing micro and macro elements during the autumn development
has a positive effect on winter plants.

It should be emphasized that preparations containing stimulants do not replace fertil-
ization; they can only have a positive effect on the use of nutrients contained in fertilizers,
mainly due to a better developed root system of plants. Despite the nutrient content, they
cannot be treated as fertilizing products and used in doses higher than recommended,
because they may have a toxic effect on plants [5].

Winter oilseed rape sown for harvest in 2021 amounted to over 0.9 million ha. The
harvest was estimated at 3.2 million tons.

Fageria et al. [14] emphasize that winter oilseed rape has very high nutritional require-
ments, and both soil and foliar fertilization is important in its cultivation.

Due to the few studies on the beneficial effects of biostimulants on the morphometric
features of winter oilseed rape, research was undertaken to determine the effect of bios-
timulators containing microorganisms and micro and macro elements, phosphorus and
potassium and silicon on the morphological features of the leaf rosette and the increase in
fresh and dry mass of the above-ground part of the rosette and the root system of three
winter rape cultivars.

2. Materials and Methods
2.1. Experimental Design and Research Area

The research was based on a three-year field experiment conducted in 2018–2021 at
the Agricultural Experimental Station (52◦03′N and 22◦33′E), Siedlce, in the climatic and
soil conditions of northeastern Poland. The experiment was set up in a split-plot design
with three repetitions. The area of one plot for harvesting was 18 m−2.

2.2. The Research Factors

I three morphotypes of winter oilseed rape:

n population morphotype (Chrobry variety),
n hybrid morphotype restored with a traditional type of growth (PT 271)
n hybrid morphotype restored with a semi-dwarf growth type (PX 113)

II four ways to use growth stimulants:

n variant 1—control object—without the use of stimulators,
n variant 2—organic preparation containing microorganisms as well as micro

and macro elements (UGmax) used in the following autumn before sowing
rape seeds, in doses of 0.9 dm3·ha−1. Microbiological preparation Ugmax
was used, which includes yeast, lactic acid bacteria, photosynthetic bacteria,
Azotobacter, Pseudomonas and Actinomycetes, and nutrients such as: potassium
(3500 mg·dm−3), nitrogen (1200 mg·dm−3), sulphur (1000 mg·dm−3), phos-
phorus (500 mg·dm−3), sodium (200 mg·dm−3), magnesium (100 mg·dm−3),
zinc (20 mg·dm−3), manganese (0.3 mg· dm−3).

n variant 3—biostimulator containing 13.0% P205 and 5.0% of potassium oxide
(K2O) (Rooter) applied in autumn in the 4–6 leaves phase (Biologische Bunde-
sanstalt, Bundessortenamt und Chemical Industry—BBCH 13–15) in the doses
of 1.0 dm3·ha−1

n variant 4—biostimulator containing silicon (Optisil) used in autumn in the
4–6 leaf stage (BBCH 13–15) in doses of 0.50 dm3·ha−1.
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2.3. Experimental Design
2.3.1. Soil Conditions

The experiment was carried out on soil classified according to the World Reference
Base for Soil Resources [17] to the Haplic Luvisol group, sanded, belonging to the very
good rye soil complex, of the IVa class. In the years of the experiment, the pH of the soil was
slightly acidic and ranged from 5.68 to 5.75. The soil was characterized by a low content of
the available forms of phosphorus and average bioavailability in potassium, magnesium,
boron, sulphur.

2.3.2. Fertilization

After harvesting the forecrop, a set of post-harvest cultivations was made with a
stubble cultivator and a string roller, and then two weeks after the first treatment, the
ploughing was carried out to a depth of 20 cm along with the ring roller. In order to
prepare the soil for sowing and mixing fertilizers, a combined tilling set was used. Before
sowing, phosphorus and potassium fertilization was applied at a rate of 40 kg P·ha−1 and
110 kg K·ha−1 and the first rate of nitrogen at 40 kg N·ha−1. Fertilization under oilseed
rape was applied in the form of Lubofos at a rate of 600 kg·ha−1, i.e., 21 kg N·ha−1,
26.4 kg P·ha−1, 92.1 kg K·ha−1, 34.8 kg S·ha−1, 1.2 kg B·ha−1. Fertilization rates were
supplemented with 55.9 kg·ha−1 ammonium nitrate (19 kg N·ha−1), 29.6 kg·ha−1 triple
superphosphate (13.6 kg P·ha−1) and 29 kg·ha−1 potassium salt (17.9 kg K·ha−1).

2.3.3. Sowing

Winter oilseed rape was sown in the inter-row spacing of 22.5 cm, keeping the planting
density of 45 plants per m−2. Sowing was performed at the optimal date recommended for
this region (from 10–15 August).

2.3.4. Chemical Protection

Chemical protection against weeds, diseases and pests was applied in accordance with
the recommendations of good agricultural practice. The preparation Command 480 EC
(0.25 dm3·ha−1) and Fusilade Forte 150 EG (2.0 dm3·ha−1, BBCH 13–14) were used to
control weeds.

2.3.5. Features of the Autumn Habit of the Plants

Immediately before the autumn vegetation was stopped, the following biometric
features were determined on a randomly selected sample of 20 plants:

n number of rosette leaves (pcs.)
n root neck diameter (mm)
n height of the growth cone (cm)
n length of tap root (cm)
n fresh weight of the above-ground part of 1 rosette (g)
n dry weight of the above-ground part of 1 rosette (g)
n fresh weight of the root system of 1 plant (g)
n dry weight of the root system of 1 plant (g)

2.4. Statistical Analysis

The study results were statistically analyzed by means of the analysis of variance. The
significance of the sources of variation was tested with the Fisher–Snedecor F test, and the
significance of differences at the significance level α = 0.05 between the compared means
was assessed using Tukey’s range test.

2.5. Water Conditions

The study calculated the value of the Sielianinov hydrothermal coefficient (K) for the
summer–autumn period of plant growth, i.e., the months from August to October in the
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research year. The calculations of the index were made according to the formula provided
by Skowera [18]:

K =
10 P
∑ t

where P—monthly sum of rainfall (mm), Σ t—monthly sum of average temperatures
On the basis of the values of the calculated indices, it was possible to determine the

influence of temperature increases on hydrothermal conditions.
During the summer and autumn development of plants and winter dormancy, various

humidity and thermal conditions prevailed (Figures 1–3). In the first year of the research,
during the sowing and emergence of plants, the average air temperature was higher than
the multi-year average. In August, the sum of rainfall was more than twice lower than
the average for the years, and during the emergence of plants, the sum of rainfall was
on average 27.4 mm (Figure 1). On the basis of the calculated Sielianinov hydrothermal
coefficient, which was 1.77, it was found that the season was quite humid (Table 1).

Table 1. Sielianinov hydrothermal coefficient during the summer-autumn development.

Years
Sielianinov Hydrothermal Coefficient *

Mean
VIII IX X

2018 1.19 1.72 2.42 1.77

2019 2.20 1.22 0.89 1.43

2020 0.90 2.50 4.39 2.59
* Coefficient value [18]: Extremely dry k ≤ 0.4; Very dry 0.4–0.7; Dry 0.7–1.0; Rather dry 1.0 < k ≤ 1.3; Optimal
1.3 < k ≤ 1.6; Rather wet 1.6 < k ≤ 2.0; Wet 2.0 < k ≤ 2.5; Very wet 2.5 < k ≤ 3.0; Extremely wet k > 3.0.
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Figure 3. Monthly rainfall totals and average air temperature during the growing season 2020.

In 2019, during sowing, the total rainfall was more than 17 mm lower than the multi-
year average, and in September and October, more than twice as low as the multi-year
average. The average air temperature was slightly higher than the average for the years
1996–2010 (Figure 2). In the second year of the study, the autumn period was optimal
(K = 1.43) (Table 1).

In the last period of the autumn development, the total rainfall during sowing was
three times lower than the multi-year average, while in September, it was close to the
multi-year period, and while in October, it was twice as high. The average air temperature
in this period was higher than the average from 1996–2010 (Figure 3). On the basis of the
calculated Sielianinov coefficient, it was found that the autumn was very wet (K = 2.59)
(Table 1).

The climatic conditions prevailing in the period of summer and autumn vegetation
and winter dormancy significantly influenced the morphometric features of the leaf rosette.
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The highest values of the examined features were found in the last, most humid and
warmest year of the research, where the total rainfall was 177.7 mm, while the average air
temperature was 10.3 ◦C.

3. Results and Discussion
3.1. Largest Number of Rosette Leaves

On the basis of the conducted research, it was found that the largest number of
rosette leaves, on average 9.9 pcs., was possessed by the population cultivar Chrobry, and
the lowest, significantly, on average, 8.5 pcs., by the PX113 semi-dwarf hybrid (Table 2).
Gugała et al. [19] reached similar conclusions, who also received the highest number of
rosette leaves in the Monolit population morphotype. Wielebski and Wójtowicz [20]
showed the highest value of this trait in the Starter population cultivar, and significantly
lower in the restored hybrids, Poznaniak and PR45D03. Different research results were
presented by Velička et al. [21] finding, on average, 15.3% more leaves in the rosette in the
Kronos restored hybrid compared to the population form, whereas Sikorska et al. [22] did
not show a significant effect of the morphotype on the value of this trait.

The conducted research proved that the greatest significant increase in the number of
leaves in the rosette by 1.2 pcs. on average compared to the control variant was recorded
after the application of the microbiological preparation Ugmax. However, after the use
of biostimulators containing P205 and K20 (variant 3) and silicon (variant 4), the average
values of this characteristic were, respectively, 9.4 pcs. and 9.0 pcs. Sikorska et al. [22],
after using an amino-acid-containing biostimulant, showed that the number of leaves
in the rosette was the same as in the control. The authors obtained a largest significant
increase in the value of this feature of 1.9 pcs. In comparison to the control variant after
the application of foliar fertilizer containing sulphur and boron in combination with a
biostimulant, Gugała et al. [19] found a significant increase in the number of leaves in the
rosette only after the use of the Asahi SL biostimulant, containing the active substance in
the form of sodium o-nitrophenol, sodium para-nitrophenol and sodium 5-nitroguaiacol.
However, the remaining biopreparations containing titanium and silicon, according to the
authors, equally increased the number of rosette leaves in relation to the control variant.
Jankowski et al. [23], after foliar application of macro and micronutrients in the BBCH 14
and 16 phase, noted an average 5% higher number of rosette leaves.

This research showed a diversified response of varieties to the applied biostimulants.
The population cultivar had the same number of leaves in the rosette after the application
of the organic preparation Ugmax and the stimulator containing phosphors and potassium.
The silicon-containing biostimulator did not significantly increase the number of leaves in
rosettes in this cultivar. A similar tendency was noted in the long-stemmed hybrid, with
statistically insignificant differences in the case of this morphotype also for subjects 3 and 4.
The use of biostimulators significantly increases the number of leaves in the semi-dwarf
hybrid, while the values of the studied traits were the same on subjects 2, 3 and 4.
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Table 2. Morphological features of winter rape cultivars depending on the factors of the experiment.

Cultivars
Years

WAYS TO USE GROWTH STIMULANTS

Mean
OBJECTS

1. 2. 3. 4.

2018–2019 2019–2020 2020–2021 Control Variant Organic Preparation UGmax Biostimulator Rooter Biostimulator Optisil

Number of leaves per rosette (pcs.)

Chrobry 10.1 9.0 10.7 9.3 a 10.6 d 10.2 de 9.6 a 9.9 a

PT 271 9.5 8.2 9.8 8.6 b 9.9 e 9.3 a 8.9 ab 9.2 b

PX 113 8.8 7.8 9.0 7.9 c 8.9 ab 8.7 b 8.5 b 8.5 c

Mean 9.5 a 8.3 b 9.8 c 8.6 a 9.8 b 9.4 c 9.0 d -

Height elevation of shoot apex (cm)

Chrobry 2.33 2.15 2.22 2.27 2.29 2.22 2.16 2.23 a

PT 271 2.16 2.10 2.13 2.06 2.14 2.16 2.17 2.13 b

PX 113 2.17 2.13 2.08 2.04 2.13 2.18 2.13 2.12 b

Mean 2.22 a 2.13 b 2.14 b 2.12 a 2.19 a 2.19 a 2.15 a -

Pile root length (cm)

Chrobry 21.26 19.43 23.54 20.20 22.70 21.79 20.96 21.41 a

PT 271 20.27 18.28 22.49 19.09 21.51 20.68 20.10 20.34 b

PX 113 18.64 17.82 20.48 18.10 19.94 19.67 18.20 18.98 c

Mean 20.06 a 18.51 b 22.17 c 19.13 a 21.39 b 20.71 c 19.75 a

Diameter of root collar (mm)

Chrobry 8.53 8.03 9.03 8.39 a 8.77 d 8.61 g 8.34 a 8.53 a

PT 271 7.97 7.65 8.18 7.80 bi 8.07 e 8.00 ef 7.87 b 7.93 b

PX 113 7.75 7.53 7.97 7.58 c 7.92 bf 7.80 bi 7.70 i 7.75 c

Mean 8.08 a 7.74 b 8.39 c 7.92 a 8.25 b 8.14 c 7.97 d
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Table 2. Cont.

Cultivars
Years

WAYS TO USE GROWTH STIMULANTS

Mean
OBJECTS

1. 2. 3. 4.

2018–2019 2019–2020 2020–2021 Control Variant Organic Preparation UGmax Biostimulator Rooter Biostimulator Optisil

Green matter of one plant (g)

Chrobry 43.53 37.68 46.32 42.67 a 44.19 d 42.23 a 40.96 h 42.51 a

PT 271 36.86 36.66 37.65 36.02 b 38.21 e 37.33 ei 36.66 bi 37.06 b

PX 113 34.91 32.09 35.52 32.87 c 35.91 f 34.60 g 33.31 c 34.17 c

Mean 38.43 a 35.48 b 39.83 c 37.19 a 39.44 b 38.06 c 36.97 d

Dry matter of one plant (g)

Chrobry 10.96 9.51 11.64 10.74 a 11.22 d 10.60 a 10.24 g 10.70 a

PT 271 9.27 9.26 9.52 9.02 b 9.68 e 9.46 ei 9.23 i 9.35 b

PX 113 8.88 8.16 8.95 8.38 c 9.11 b 8.73 f 8.42 c 8.66 c

Mean 9.70 a 8.975 b 10.04 c 9.38 a 10.00 b 9.60 c 9.30 d

Green matter of the root system of one plant (g)

Chrobry 10.17 8.17 13.11 10.10 a 10.92 d 10.62 d 10.28 a 10.48 a

PT 271 8.96 6.01 11.40 8.33 b 9.44 e 8.87 h 8.51 bh 8.79 b

PX 113 7.22 5.10 8.33 6.52 c 7.23 f 7.03 fg 6.73 cg 6.88 c

Mean 8.78 a 6.43 b 10.94 c 8.32 a 9.20 b 8.84 c 8.51 d

Dry matter of the root system of one plant (g)

Chrobry 2.63 1.68 3.27 2.41 2.82 2.50 2.37 2.53 a

PT 271 2.19 2.19 2.83 1.91 2.29 2.10 3.32 2.41 b

PX 113 1.69 1.08 2.09 1.51 1.77 1.63 1.58 1.62 c

Mean 2.17 a 1.65 b 2.73 a 1.94 a 2.29 a 2.08 a 2.42 a

Using Tukey’s range test, values indicated with the same letter do not differ significantly at = 0.05.
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3.2. Growth Cone

The authors’ own research showed that in the population variety, the growth cone
was placed the highest, while in the case of the restored hybrids, no significant differences
in the value of this feature were found (Table 2). Other authors [19,22] have shown that the
population morphotype did not differ significantly in the height of the growth cone from a
restored hybrid with a traditional type of growth. Wielebski and Wójtowicz [20] obtained
a higher growth cone by an average of 1.3 cm in the population cultivar compared to a
restored hybrid with a traditional type of growth.

The types of biostimulants used did not significantly affect the value of this feature.
According to Sikorska et al. [22], after the application of the Aminoplant biostimulant, the
height of the growth cone elevation was the same as in the control object, and on the sites
where foliar fertilizer containing sulphur and boron was applied, the height of the growth
cone elevation decreased by an average of 0.06 mm compared to the control object.

3.3. Length of the Tap Root

The population cultivar Chrobry (21.41 cm on average) had the greatest length of
the tap root, and the PX113 semi-dwarf hybrid (18.98 cm) was the smallest. Similarly,
Gugała et al. [19] showed that the population cultivar Monolit was characterized by a
longer tap root, 17.3 cm on average, compared to the heterotic ones, PR 44D06 and PT 205.
Sikorska et al. [22] reached different conclusions, finding that the largest length of the
tap root was distinguished by a restored hybrid with a traditional type of growth, one
significantly smaller by a semi-dwarf hybrid, and the smallest by the population variety.

The highest value of this feature was obtained after the application of the Ugmax
preparation, which was, on average, higher by 2.26 cm compared to the control variant. It
should be emphasized that after applying the preparation containing silicon, the length
of the tap root was the same as in the control object. Aisha et al. [24] as well as Albayrak
and Çarnas [25], after using humic acids, noted a higher value of this feature, while
Sikorska et al. [22] concluded that the amino acid biostimulant increased the length of
the tap root by only 0.19 mm. Other authors [23], after foliar application of macro and
micronutrients in the BBCH 14 and 16 phase, noted an average 3% longer tap root length.

3.4. Diameter of the Root Neck

The morphotype significantly influenced the diameter of the root neck. The highest
value of this feature of, on average, 8.53 mm was recorded in the population variety,
significantly lower in the restored hybrid, and the lowest, on average, 7.75 mm, in the semi-
dwarf hybrid (Table 2). This is confirmed by the research results of Sikorska et al. [22]. The
authors noted the highest value of this trait in the population cultivar Monolit, significantly
lower in the restored hybrid PT248, and the lowest in the semi-dwarf hybrid PX115.
According to Veliček et al. [21] restored hybrids are distinguished by a larger diameter of
the root neck compared to the traditional cultivar. Different research results were presented
by Wielebski and Wójtowicz [20], who noted statistically insignificant differences between
the examined morphotypes.

The largest diameter of the root neck of, on average, 8.25 mm, was obtained after
the application of the organic preparation Ugmax. After the use of a silicon-containing
stimulant, no significant differences were found between this object and the control object.
Sikorska et al. [22], after using a biostimulant containing amino acids, noted an average
increase of 0.12 mm in the value of this feature, which was a statistically insignificant
difference compared to the control variant. Wenda-Piesik et al. [26], after the application of
a growth activator based on amino acids of plant origin and extracts from marine brown
algae, obtained a reduction in the diameter of the root neck of plants by an average of
0.1 cm compared to the control object. Jankowski et al. [23], after foliar application of
macro and microelements in the BBCH 14 and 16 phase, noted an average 9% larger root
neck diameter.
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This research showed the interaction of the cultivars with the types of growth stim-
ulants used. In the population cultivar and the long-stemmed hybrid, after the use of a
silicon-containing stimulator, the same value of the root neck diameter was demonstrated
as in the control object. In hybrids restored with PT271 and PX113, statistically insignificant
differences were also found in the objects where the organic preparation UGmax and the
biostimulator containing phosphorus and potassium were used.

3.5. Fresh and Dry Mass of the Above-Ground Part of the Rosette and the Root System

Fresh and dry mass of the above-ground part of the rosette and the root system was the
highest in the population variety and the lowest in the restored hybrid with a semi-dwarf
type of growth (Table 2). Many authors have come to similar conclusions [20,27–29]. On the
other hand, different research results were obtained by Jankowski and Budzyński [30] as
well as Wielebski [31], who showed that it was the heterotic forms that produced a rosette
with a larger fresh and dry mass of one plant and the root system.

The types of growth stimulants used significantly increased the fresh and dry weight
of the above-ground part of the rosette and the fresh weight of the root system. The highest
values of these features were obtained after the application of the Ugmax preparation,
which wraps microorganisms, which was applied in the autumn before sowing rape seeds
at a dose of 0.9 dm3·ha−1. Similarly, Sikorska et al. [28,29] and Gawrońska et al. [32]
showed an increase in the value of these features under the influence of biostimulants.
The beneficial effect of humic acids on fresh and dry mass of the above-ground part of the
rosette and fresh mass of the root system was demonstrated by Albayrak and Camas [25],
Soheir et al. [33] and Aisha et al. [24].

The interaction found between the cultivars and the methods of using biostimulants
indicates that the cultivars reacted differently to the growth bioregulators. The population
cultivar had the same fresh and dry weight of the above-ground part in the control object
and after the application of the preparation containing phosphorus and potassium. In
the long-stem cultivar, the preparations used in the experiment significantly increased the
values of the examined traits as compared to the control object, but the differences between
subjects 2 and 3 as well as 3 and 4 were statistically insignificant. The same values of these
properties were obtained in the semi-dwarf hybrid after the application of the preparation
containing silicon as in the objects without biostimulants.

The studies showed that the fresh mass of the root system in the population mor-
photype and long-stemmed hybrid was the same in the control and the silicon-containing
biostimulator. Population and semi-dwarf varieties had the same value of this trait in
objects 2 and 3, and the hybrid semi-dwarf and long-stemmed varieties in variants 3 and 4.

4. Conclusions

The conducted research showed that the application of the organic preparation Ugmax
significantly increased the number of rosette leaves (by an average of 13.9%), the length of
the tap root (by an average of 2.3 cm), root neck diameter (by an average of 4.2%), fresh
and dry weight of the above-ground part of the rosette (by an average of 6.0% and 6.6%)
and fresh weight of the root system (by an average of 0.88 g) compared to the control
variant. Regardless of the applied growth stimulator, the height of the growth cone was the
same. The hybrid morphotypes that were restored, PT 271 and PX 113, compared to the
population cultivar Chrobry were characterized by a weaker autumn development of the
leaf rosette. Diverse climatic conditions in the periods of summer–autumn vegetation and
winter dormancy in the years of the research influenced the habit of plants.
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