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Abstract. The field experiment was carried out in 2016-2019 at the Agricultural Experimental Station -
Zawady belonging to the University of Natural Sciences and Humanities in Siedlce. The experiment was
established in a random split-plot system in three repetitions. The surface of one plot was 21 m™. The
examined factors were I - three varieties of winter rape: Monolit (population variety), PX115 (hybrid
variety restored with a semi-dwarf growth type), PT248 (hybrid variety restored with a traditional growth
type). II - four types of foliar feeding: 1. control object (without foliar feeding and biostimulator were
sprayed with distilled water), 2. biostimulator Aminoplant, 3. Foliar fertilizer Siarkomag + foliar fertilizer
Bormax, 4. Foliar fertilizer Siarkomag + foliar fertilizer Bormax + biostimulator Aminoplant. The aim of
the study was to determine the effect of foliar feeding on the growth of fresh and dry mass of plants (leaf
rosette, root) of three winter rape varieties. On the basis of the conducted research, it was found that
autumn foliar feeding of plants significantly increased the fresh and dry weight of the rosette and the root
system in comparison to the control variant. The highest growth of plant weight and root system was
recorded on object 4, which proves that the biostimulator applied with foliar fertilizers had a positive
effect on the uptake and accumulation of micro and macro-elements provided with foliar fertilizers. The
Monolit population variety was distinguished by the largest green and dry mass of the rosette and root
system. In the growing season 2018-2019 characterized by very hot and dry autumn, the largest fresh and
dry mass of plants (rosettes and root system) was found.
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Introduction

Insufficient feeding of plants leads to the disturbances of basic physiological
processes, which adversely affects the growth and development of plants, contributing
as a consequence to a decrease in yields (Kocot and Grenda, 2004). Sienkiewicz-
Cholewa and Kieloch (2015) and Jankowski et al. (2016b) they emphasize that during
the growing season some nutrients can be delivered directly on the plant leaves.

Foliar feeding of plants supplying, in addition to the necessary nutrients,
biostimulator compounds, is more and more often treated as permanent elements of the
proper agrotechnology of many crop plants. According to Harris et al. (2018) the foliar
application is the fastest method of providing nutrients for plants.

Szewczuk (2003) and Kocon (2009) in their research emphasized the beneficial
effect of foliar nutrition in winter plants in the period of autumn growing season.

The macro and microelements provided at the time influence the accumulation of
sugars in plant cells, which is associated with the hardening of plants and increased
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resistance to wintering conditions (Szewczuk and Sugier, 2009). Noreen et al. (2018)
and Yakhin et al. (2017) they stated that plants well fed with essential nutrients have
greater tolerance to environmental stress.

According to Jankowski et al. (2016a) and White et al. (2015) foliar fertilization is an
alternative method of providing macro-elements, it can be used only to reverse the
effects of nutritional deficiencies and can serve as the main technique of fertilization
only to provide plants with the required micronutrients.

Kocira et al. (2016) and Ziotek and Wojcik (2014) biostimulators and agents
containing micronutrient additives are safe to use and do not exhibit any destructive
effects on the environment.

The study assumes the hypothesis that the use of foliar fertilizers and biostimulators
may affect the growth of fresh and dry mass of plants (rosettes, root system). The aim of
the research was to determine the effect of foliar nutrition on the growth of fresh and
dry mass of the aboveground part of the rosette and fresh and dry mass of the root
system of three varieties of winter rape.

Materials and methods
Experimental and agronomic management

The field experiment was carried out in 2016-2019 at the Agricultural Experimental
Station Zawady (52°03°N and 22°33’E) belonging to the University of Natural Sciences
and Humanities in Siedlce. The experiment was established in a random split-plot
system in three repetitions. The surface of one plat was 21 m™.

The following factors were studied in the experiment:

Factor I - three varieties of rape:

1. Monolit (population variety)
2. PT 248 (hybrid variety restored with a traditional growth type)
3. PX 115 (hybrid variety restored with a semi-dwarf growth type)

Factor II - four types of foliar feeding:

1. Control object - without using foliar feeding and a biostimulator were sprayed
with distilled water

2. Biostimulator Aminoplant (N - 8.5%): 1 term - in autumn in the 4-6 leaf
phase (BBCH 14-16) at a dose of 1.0 dm’-ha

3. Foliar fertilizer Siarkomag (MgO - 5%. SOsotar - 85%. SOjzgompie In Water -
10%) + foliar fertilizer Bormax (B - 11%): I term - in autumn in the 4-6 leaf
phase (BBCH 14-16) at a dose of 2.0 dm’-ha™ + 0.5 dm’-ha

4. Foliar fertilizer Siarkomag + foliar fertilizer Bormax + biostimulator
Aminoplant: I term - in autumn in the 4-6 leaf phase (BBCH 14-16) at a dose
0f2.0 dm’-ha™ + 0.5 dm>-ha™ + 1.0 dm’-ha™

The forecrop for winter rape in particular years of the research was spring wheat (1st
year of research), winter triticale (2nd year of research), winter triticale (3rd year of
research). The experiment was carried out on soil classified in the order of soils with
clay translocation, type — Luvisols, subtype - Albic Luvisols (WBR FAO 2014). This
soil was classified as IVa bonitation class soil, of very good rye complex for agricultural
use. During the years of the experiment, soil pH (in 1n KCl) was slightly acidic, ranging
from 5.68 to 5.75. The soil was characterized by a low total content of nitrogen (on
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average 0.85 g-kg™), phosphorus (on average 0.44 g-kg™), potassium (on average 0.65
g-kg") and calcium (on average 0.83 g-kg") and the medium content of magnesium (on
average 0.42 g-kg") and sulphur (on average 0.13 g-kg™). It demonstrated low content
of available phosphorus forms (on average from 75 to 80 mg-kg") and medium content
of available forms of potassium (on average from 200 to 205 mg-kg™) and magnesium
(on average from 59 to 61 mg-kg™).

After forecrop harvest, a set of post-harvest procedures was carried out using the
ploughing aggregate + open cage roller, and then two weeks after the first procedure,
pre-sow ploughing at the depth of 20.0 cm was carried out, using a ring roller at the
same time. To prepare the soil for sowing and to mix fertilizers, a complex soil tillage
unit was used. Before sowing, phosphorus-potassium fertilization was applied at the
dose of 40 kg P-ha™ and 110 kg K-ha™ and the first dose of 40 kg N-ha™. Fertilization
was applied in the form of Lubofos at the dose of 600 kg. Fertilizing doses were
supplemented with 55.9 kg-ha™ of ammonium nitrate (19 kg N-ha™), 29.6 kg-ha™ triple
superphosphate (13.6 kg P-ha™) and 29 kg-ha™ potassium salt (17.9 kg K-ha™). The
second dose of nitrogen in the amount of 100 kg-ha” was applied in spring, before
vegetation started (BBCH 28-30) applying ammonium nitrate at the dose of
255.5 kg-ha™ (86.9 kg N-ha™) and ammonium sulphate at the dose of 62.5 kg-ha™. The
third dose of ammonium 60 kg-ha™ was applied at the inflorescence emergence (BBCH
50) by applying ammonium nitrate at the dose of 176.5 kg-ha™ (60 kg N-ha™).

Winter rapeseed sowing was made at spacing between rows of 22.5 cm, assuming the
sow of 60 pcs'm™. Sowing was made at the optimal time recommended for this region
(in 2016 - on 12 August, 2017 - on 14 August, and in 2018 - on 13 August).

Chemical protection against weeds, diseases and pests was applied in accordance
with the recommendations of good agricultural practice.

Immediately before the inhibition of the autumn vegetation the following biometric
characteristics were identified on the randomly selected sample of 20 plants:

e Fresh mass of the aboveground part of 1 rosette (g)
e Dry mass of the aboveground part of 1 rosette (g)
e Fresh mass of the root system of 1 plant (g)

e Dry mass of the root system of 1 plant (g)

In all years of conducting experiments, plant samples were collected in the 16-19
BBCH phase, in the second decade of October.

The method of determining air dry matter in fresh plant material consisted in drying
the sample to air-dry state in a natural way, and then at a temperature not exceeding
105 °C for 3 h.

Statistical analysis

The results of the study were statistically analysed with the use of the analysis of
variance. The significance of variation sources was tested with the “F” Fischer-
Snedecor test and the assessment of significance at the significance level of p=0.05
between compared means with Tukey’s range test.

Weather conditions

In autumn, varied weather conditions prevailed in the analysed vegetation seasons
(Table I). In the first year of research, autumn was quite dry (K= 1.30). The period
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from August to October was characterized by a smaller average of 11.3 mm of rainfall
compared to the average of that period from 1996-2010, while the average air
temperature was similar to the long-term period of 13.3 °C. In the growing season of
2017-2018 based on the calculated Sielianinow coefficient (Skowera, 2014), it was
found that autumn was quite wet (K =1.76). The sum of precipitation from August to
October was higher by an average of 61.9 mm compared to the average for many years,
and the average air temperature was higher by 0.5 °C. In the last year of research,
autumn was very dry (K = 0.68). The sum of precipitation from August to October was
lower by 51.2 mm compared to the long-term, and the average air temperature was
higher on average by 2.1 °C compared to many years.

Table 1. Characteristics of weather conditions in the years 2016-2019 (Zawady
Meteorological Station, Poland)

Rainfalls (mm) Air temperature (°C)
Months Multiyear sum Monthly sum Multiyear mean Monthly mean
1996-2010 2016-2017|2017-2018 (2018-2019 1996-2010 2016-2017| 2017-2018 | 2018-2019
VIII 59.9 31.7 54.7 245 18.5 18.0 18.4 20.6
IX 423 13.6 80.6 27.4 13.5 14.9 13.9 159
X 242 69.8 53.0 233 7.9 7.0 9.0 9.6
X1 20.2 19.5 213 9.8 4.0 2.4 4.1 7.9
X1I 18.6 22.5 15.8 9.0 -0.1 0.0 2.7 0.3
I 19.0 04 10.1 7.9 3.2 -6.6 -0.7 -3.0
Mean 184.2 157.5 235.5 101.9 12.1 5.9 7.9 8.5
Sielianinovs hydrothermic coefficients*
2016-2017 2017-2018 2018-2019

VIII 0.61 1.00 0.40

IX 0.28 1.92 0.71

X 3.02 2.36 0.94

Mean 1.30 1.76 0.68

*Index value (Skowera, 2014): extremely dry k < 0.4, very dry 0.4 <k <0.7, dry 0.7 <k < 1.0, rather dry 1.0 <k < 1.3, optimal
1.3 <k < 1.6, rather humid 1.6 <k <2.0, humid 2.0 <k <2.5, very humid 2.5 <k < 3.0, extremely humid k > 3.0

Results and discussion

On the basis of the conducted research, it was found that the applied foliar nutrition
significantly influenced the increase of fresh and dry mass of the aboveground part of
the rosette and root system in comparison to the control variant (Tables 2, 4, 6 and 7).
This is consistent with the results of Gawronska et al. (2008) and Sikorska et al. (2017).
The authors after using biostimulators Asahi SL, Tytanit and Silvit noted an increase in
the value of these features compared to the control object. Albayrak and Camas (2005),
Soheir et al. (2012) and Aisha et al. (2014) under the influence of stimulation with
humic acids received a greater fresh and dry mass of the aboveground part of the rosette
and root system in comparison of the object on which no fertilization was applied.
Similarly, Krawczyk and Skoczynski (2008) showed a beneficial effect of the foliar
fertilizer Route on the fresh and dry mass of the root system. In own studies, the largest
increase in plant mass and root system was noted on object 4, where the foliar fertilizer
Siarkomag. Bormax and biostimulator Aminoplant were used. This proves that the
applied biostimulator positively influenced the uptake and accumulation of micro and
macro-elements provided with foliar fertilizers. In our own research, the genetic factor
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significantly affected the fresh and dry mass of aboveground part of the rosette and root
system. The highest values of the discussed features were found in the Monolit
population variety, while the lowest in the restored hybrid with a semi-dwarf growth
type (PX 115) (Tables 2, 4, 6 and 7). This is in line with the results of studies by
Kotecki et al. (2007) and Sikorska et al. (2017). These authors also recorded the largest
fresh and dry mass of the aboveground part of the rosette and root system in the Monolit
population variety, while the smallest in the semi-dwarf PR44D06. Similarly, Wielebski
and Wojtowicz (2018) showed that the hybrid morphotype with a semi-dwarf growth
type PR45D03 was characterized by a smaller fresh mass compared to the varieties with
a traditional type of growth: hybrid Poznaniak and population Starter. Jankowski and
Budzynski (2007) and Wielebski (2007) came to different conclusions, who showed
that hybrid forms produced a rosette with a larger fresh and dry mass of 1 plant and the
root system. The largest fresh and dry mass of the above-ground of 1 rosette and the
root system was noted in the last year of research, in which autumn was very dry and
warm, while the lowest in the fairly humid vegetation season 2017-2018 (Tables 2, 4, 6
and 7). In turn, in earlier studies by Sikorska et al. (2017), the highest values of the
discussed features were demonstrated in the season characterized by heavy rainfall in
August and alternate rainfall in September and higher than the average air temperature
in September and October, while the lowest in the season in which strong drought
occurred in August and the first two decades of September.

Table 2. Green matter of one plant (g) depending on factors of experience

Types of foliar feeding
Years Objects
1. 2. 3. 4.
Cultivars . - Foliar fertilizer Mean
Foliar fertilizer . .
Control | Biostimulator Siarkomag + Siarkomag + foliar
2016-2017 (2017-2018|2018-2019 . . . o fertilizer Bormax +
variant | Aminoplant foliar fertilizer ..
biostimulator
Bormax .
Aminoplant
Monolit 34.708 27.542 41.033 32.533 32.833 35.733 36.611 34428 a
PT 248 31.650 25.458 35.800 29.322 29.933 31.600 33.022 30.969 b
PX 115 27.083 23.075 32.508 25.811 26.467 28.256 29.689 27.556 ¢
Mean 31.147a | 25.358b | 36.447¢c [29.222a 29.744 b 31.863 ¢ 33.107d

LSDy s for: years - 0.460; cultivars - 0.460; types of foliar feeding - 0.331; interaction: years x cultivars - 0.796; cultivars x types
of foliar feeding - 0.522

The statistical calculations showed the interaction of years and studied varieties with
the fresh and dry matter of the aboveground part of 1 rosette and the root system, which
means that varieties reacted to the humidity and thermal conditions differently in the
years of research (Tables 2, 4, 6 and 7). Based on the conducted studies, the interaction
of varieties and types of foliar feeding was found, which means that varieties reacted
differently to the types of foliar feeding (Tables 2 and 4). The fresh and dry mass of the
above ground part of 1 rosette of the Monolit variety after the application of the
Aminoplant biostimulator containing amino acids was the same as in the control object.
In all studied varieties, the highest increase in fresh and dry matter was recorded as a
result of the application of the Aminoplant biostimulator with foliar fertilizers
Siarkomag and Bormax. The impact of biostimulators and foliar fertilizers on the fresh
and dry mass of the aboveground part of 1 rosette was determined by the climatic
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conditions prevailing in the years of research (7ables 3 and 5). In autumn in the
growing seasons 2017-2018 and 2018-2019, the fresh mass of aboveground part of
rosette after the application of the Aminoplant biostimulator was the same as in the
control object, while the dry mass of the aboveground part after using the bioregulator
with the amino acid was the same as in the control object only in the last growing
season.

Table 3. Green matter of one plant (2) depending on the years and types of foliar feeding

Types of foliar feeding
Objects

1. 2. 3. 4.
Years Mean

Foliar fertilizer
Siarkomag + foliar
fertilizer Bormax +

biostimulator Aminoplant

. Foliar fertilizer
. Biostimulator . .
Control variant . Siarkomag + foliar
Aminoplant o1
fertilizer Bormax

2016-2017 29.611a 30.189d 31944 g 32.844 31.147

2017-2018 23.356b 23.867b 26.367 h 27.844 k 25.358

2018-2019 34.700 ¢ 35.178 ¢ 37.278 i 38.6331 36.447
Mean 29.222 29.744 31.863 33.107 -

LSDy s for: years - 0.460; types of foliar feeding - 0.331; interaction: years x types of foliar feeding - 0.522

Table 4. Dry matter of one plant (g) depending on factors of experience

Types of foliar feeding

Years Objects
1. 2. 3. 4.
Cultivars . - Foliar fertilizer Mean
Foliar fertilizer . .
Control | Biostimulator Siarkomag + Siarkomag + foliar
2016-2017|2017-2018(2018-2019 . . . e fertilizer Bormax +
variant | Aminoplant foliar fertilizer ..
biostimulator
Bormax .
Aminoplant
Monolit 7.633 6.058 9.075 7.144 7.222 7.889 8.100 7.589 a
PT 248 6.958 5.600 7.867 6.433 6.556 6.956 7.289 6.808 b
PX 115 5.950 5.067 7.208 5.711 5.844 6.211 6.533 6.075 ¢
Mean 6.847a | 5575b 8.050c | 6.430a 6.541b 7.019¢ 7.307d -

LSDy s for: years - 0.097; cultivars - 0.097; types of foliar feeding - 0.065; interaction: years x cultivars - 0.169; cultivars x types
of foliar feeding - 0.102

Table 5. Dry matter of one plant (g) depending on the years and types of foliar feeding

Types of foliar feeding
Objects
1. 2. 3. 4.
Years Mean
Foliar fertilizer Siarkomag
Control iant Biostimulator Foliar fertilizer Siarkomag | + foliar fertilizer Bormax
ontrolvarian Aminoplant + foliar fertilizer Bormax + biostimulator
Aminoplant

2016-2017 6.500 a 6.644 d 7.022 £ 7.222 1 6.847
2017-2018 5.133b 5244 ¢ 5789 g 6.133 ] 5.575
2018-2019 7.656 ¢ 7.733 ¢ 8.244 h 8.567k 8.050

Mean 6.430 6.541 7.019 7.307 -

LSDy s for: years - 0.097; types of foliar feeding - 0.065; interaction: years x types of foliar feeding - 0.102
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Table 6. Green matter of the root system of one plant (g) depending on factors of experience

Types of foliar feeding
Years Objects
1. 2. 3. 4.
Cultivars . - Foliar fertilizer Mean
Foliar fertilizer . .
Control |Biostimulator| Siarkomag + Siarkomag + foliar
2016-2017(2017-2018({2018-2019 . . . o fertilizer Bormax +
variant | Aminoplant | foliar fertilizer L.
biostimulator
Bormax .
Aminoplant
Monolit 8.975 7.433 11.483 8.744 8.933 9.578 9.933 9.297 a
PT 248 8.367 6.875 10.025 7.956 8.089 8.600 9.044 8.422b
PX 115 8.275 6.225 9.100 7.356 7.511 8.078 8.522 7.867 ¢
Mean 8.539a 6.844b | 10.203¢c | 8.019a 8.178 b 8.752 ¢ 9.167d -

LSDy s for: years - 0.116; cultivars - 0.116; types of foliar feeding - 0.088; interaction: years x cultivars - 0.201; cultivars x types

of foliar feeding - n.s.

Table 7. Dry matter of the root system of one plant (g) depending on factors of experience

Types of foliar feeding
Years Objects
1. 2. 3. 4.
Cultivars . - Foliar fertilizer Mean
Foliar fertilizer . .
Control |Biostimulator| Siarkomag + Siarkomag + foliar
2016-2017(2017-2018({2018-2019 . . . P fertilizer Bormax +
variant | Aminoplant | foliar fertilizer L.
biostimulator
Bormax .
Aminoplant
Monolit 2.075 1.925 2.975 2.189 2.233 2.378 2.500 2.325a
PT 248 1.900 1.825 2.617 1.989 2.056 2.156 2.256 2.114b
PX 115 1.883 1.792 2.400 1.900 1.956 2.078 2.167 2.025¢
Mean 1953 a 1.847b 2.664 ¢ 2.026 a 2.082b 2.204 ¢ 2.307d -

LSDy s for: years - 0.041; cultivars - 0.041; types of foliar feeding - 0.04; Interaction: years x cultivars - 0.07; cultivars x types of
foliar feeding - n.s.

Conclusions

1. Autumn foliar feeding of plants significantly increased the fresh and dry mass
of the rosette and root system in comparison to the control variant. The highest
growth of plant weight and root system was noted on object 4. Biostimulator
applied with foliar fertilizers had a positive effect on the uptake and
accumulation of micro and macro-elements provided with foliar fertilizers.

2. Spraying plants of the Monolit variety only with the Aminoplant amino acid
meant that dry and fresh mass of the aboveground part of 1 plant was at a
similar level as in the control object.

3. From the compared morphotypes, the Monolit population variety was
characterized by the largest green and dry mass of the rosette and root system,
whereas the smallest hybrid variety with a semi-dwarf growth-type PX 115.

4. The largest fresh and dry mass of the aboveground part of rosette and root
system was obtained in the warmest and driest autumn period.
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