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ABSTRACT

The research was carried out in 2018-2021 at the Agricultural Experimental Station, in Poland. The factors of the
experiment were three morphotypes of winter oilseed rape: population morphotype, long-stemmed morphotype,
semi-dwarf morphotype. The second factor of the experiment corresponded to three ways of using the prepara-
tions: 1. Control variant, 2. Organic preparation (Ugmax) 3. Biostimulator containing P-0s and K-O, 4. Biostimula-
tor containing silicon. The aim of the study was the reaction of three morphotypes of winter rape to soil and foliar
application of microorganisms as well as inorganic preparations in different growing seasons. Elements of yield
structure and yielding of winter rape were determined by a genetic factor. In all growing seasons, the best yield-
ing was in the restored hybrid with the traditional type of growth, while the seed yield of the semi-dwarf form
was lower by 5.8% on average, and by 10.0% on average in the population form. The number of seeds in the pod
and the value of the yield index (HI) was the most favourable in the restored forms, and the thousand-seed weight
and yield in the population form. The preparations applied to the soil and leaves increased the parameters of yield
structure and yielding in all tested cultivars. Soil preparation with microorganisms as well as micro and macro ele-
ments applied in autumn before sowing seeds and in spring in the BBCH 21-36 phase significantly increased the
number of seeds per pod by 3.4% on average; weight of a thousand seeds by 3.5% on average, seed yield by 15.7%
on average, straw yield by 4.5% on average compared to the control variant. The ratio of seed yield-to-biomass
yield was higher in the heterosis cultivars by an average of 9.2% compared to the population cultivar. The elements
of the yield structure as well as the main and by-products were the highest in the growing season with the highest
annual rainfall and the highest average air temperature.

Keywords: number of seeds in a pod, thousand-seed weight, seed yield, side yield, harvest index.

INTRODUCTION

The currently registered morphotypes of win-
ter rape, both population and heterosis, differ sig-
nificantly in biometric and functional characteris-
tics and show a varied response to environmental
as well as climatic conditions and agricultural
practices. According to Jarecki (2021), the rape-
seed yields in agricultural practice are much lower
than those obtained in post-registration experi-
ments. According to the researcher, it is important
to examine the yield-forming potential of individ-
ual types of varieties, optimise their agricultural

technology and suitability for a given cultivation
region. Abiotic stresses, such as drought or high-
temperature stresses, are among the most impor-
tant stress factors caused by the environment, lim-
iting the yield potential of rapeseed. That is why
every action that will contribute to increasing the
resistance of plants and stimulating their growth
and development is important. Over the last de-
cade, a significant increase in the use of biostimu-
lators has been observed in agricultural practice.
In modern agriculture, foliar and soil application
of nutrients is becoming a commonly used proce-
dure (Kolari¢ et al. 2021; Spalevic et al. 2022), but
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both new and known preparations in agricultural
practice should be tested under field experiments
(Beres et al. 2019, Rios et al. 2019).

Natural mineral and organic substances con-
tained in bio-fertilisers affect the physiological
processes taking place in plants, contributing to
higher yields. Many authors (Siringam et al., 2011;
Ahmad et al., 2014; Karim et al., 2016; Nawaz et
al., 2015; Noreen et al., 2018, Florin et al. 2022)
confirmed in their studies the beneficial effect of
foliar application of nutrients on plants and the
significant impact of this type of treatments on
mitigating the effects of drought. Wenda-Piesik
and Hoppe (2018) emphasise that fertilisation
with macro- and microelements is of particular
importance in winter oilseed rape agriculture. This
applies to both the optimisation of soil and foliar
fertilisation. According to Ganya et al. (2018) and
Amiri et al. (2020), the effects of foliar fertilisa-
tion vary depending on the date of application and
dose, and are modified by climatic conditions.

The aim of the study was the reaction of three
morphotypes of winter rape to soil and foliar ap-
plication of microorganisms and inorganic prepa-
rations in different growing seasons. The research
thesis assumed that the number of seeds in a pod,
the weight of a thousand seeds, the main and by-
product yield and the harvest index will depend
on the morphotype and the types of soil and foliar
applied microorganisms and inorganic prepara-
tions, which will allow recommending the best
type of genotype under changing climatic condi-
tions in the research region.

MATERIAL AND METHODS

The research was carried out in 2018-2021 at
the Agricultural Experimental Station belonging
to the University of Natural Sciences and Hu-
manities in Siedlce, in Poland. The experiment
was carried out in three repetitions in a split-plot
system. In this arrangement, the experience is di-
vided into blocks, and each block is divided into
units called first-order units. Moreover, first-order
units are divided into smaller, second-order units.
In such an experimental setup, second-order units
are nested in first-order units, which in turn are
nested in blocks. Levels (variants) of factor A are
placed on first-order units, and levels (variants)
of factor B are placed on second-order units. The
factors of the experiment were three morphotypes
of winter oilseed rape are as follows:
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population morphotype (Chrobry)
heterosis long-stemmed morphotypes (PT 271)
heterosis semi-dwarf morphotype (PX 113)

The second factor of the experiment included
three ways of using the preparations, namely:

1. Control variant (without the application of
preparations)

2. Organic preparation (Ugmax) applied twice: in
autumn before sowing seeds and in spring in
phase BBCH 21-36, in doses 0.9 dm*-ha'.

3. Biostimulator containing 13.0% of P20s and
5.0% of K20 (Rooter) applied twice: in autumn
in phase BBCH 13-15 and in spring in phase
BBCH 28-30, in doses 1.0 dm?-ha’!

4. Biostimulator containing silicon (Optisil) ap-
plied twice in autumn in phase BBCH 13-15 and
spring in phase BBCH 51, in doses 0.5 dm*-ha™'.

Soil conditions

The experiment was carried out on soil classi-
fied to the Haplic Luvisol group, sandy, very good
rye soil complex, valuation class [Va (WRBSR,
2014). The pH of the soil was slightly acidic and
ranged from 5.68 to 5.75 in the years of research.
The soil was characterised by low abundance in
assimilable forms of phosphorus and medium as-
similability in potassium and magnesium.

Yield structure elements:

Assessments and biometric measurements
were performed in each plot. In the experiment
on 20 plants, the following were determined:

e number of seeds in a pod (pcs.),
thousand-seed weight (g),

seed yield (Mg-ha'),

side yield (Mg-ha™),

harvest index (HI).

The yield was given per 1 ha, taking into ac-
count the humidity of 14%.

Statistical analysis

The obtained test results were subjected to
the analysis of variance. The significance of the
sources of variation was tested with the Fischer-
Snedecor “F” test. F-Snedecor test, also known as
the F test or homogeneity of variances test, is a sta-
tistical test used to compare the variances of two
samples of a population. It is used to determine
whether the variances of two groups are equal or
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not. The test is based on the F distribution, which
is a probability distribution comparing the ratio of
two variances. In turn, the assessment of the sig-
nificance of differences at the significance level
of a = 0.05 between the compared means was car-
ried out using multiple Tukey intervals.

Climatic conditions

The research seasons differed in terms of ther-
mal and humidity conditions (Table 1). On the ba-
sis of meteorological data, it was shown that, the
highest rainfall (average 419.0 mm) and the high-
est average air temperature, which was 10.1°C on
average, were recorded in the second year of the
study. On the basis of the calculated Sielianinow’s
hydrothermal coefficient, it was a very wet grow-
ing season (K =2.68). In the first growing season,
the lowest amount of precipitation was recorded
(average 244.0 mm), and the average air tempera-
ture was 9.7°C. In the third year of the study, the
lowest average air temperature was 9.3°C on av-
erage. It was a very wet research year (K=2.99).

RESULTS AND DISCUSSION

On the basis of the research, it was shown that
the number of seeds in the pod was the highest

in the restored hybrids PT271 and PX113 and
averaged to 26.43 g and 26.00 g (Table 2). Jar-
ecki (2021) showed, confirming statistically, the
smallest value of this feature in the heterosis of
Mentor F,. Czarnik et al. (2015) found statisti-
cally insignificant differences in the value of this
feature between the population variety Arot and
the hybrid Primus.

The methods of applying soil and foliar
preparations significantly increased the number
of seeds in the pod. After application of the fo-
liar preparation containing 13.0% P20s and 5.0%
K-0, the greatest significant increase in this fea-
ture was shown, on average, by 4.73 items com-
pared to the control variant. Foliar application of
silicon increased the number of seeds per pod by
an average of 3.38 pcs. Microorganisms applied
to the soil slightly but statistically significantly
increased the value of this feature (Table 2). Dif-
ferent research results were obtained by Czarnik
et al. (2015), who did not show a significant in-
crease in the value of this parameter after foliar
application of the fertiliser at the end of budding
compared to the control variant. Similar conclu-
sions were drawn by Jarecki et al. (2022) as a re-
sult of applying a varied number of foliar feeding
treatments in spring. Climatic conditions signifi-
cantly differentiated the number of seeds in pods.
The highest value of this feature, on average

Table 1. Monthly precipitation sums (mm), average air temperature (°C), the value of the Sielianinov hydrothermal
coefficient in years 2019-2021 (Agricultural Experimental Station, Poland)

Years of research
Multi-year Multi
Month | 2018- | 2019- | 2020- sum 2018- | 2019- | 2020- utti-year | | i
2019 | 2020 | 2021 (1996- | 2019 | 2020 | 2021 |, 3vera9°
(1996-2010)
2010)
The value of
Precipitation (mm) Air temperature (°C) the Sielianinov
hydrothermal *

VIl 245 43.9 18.2 59.9 20.6 19.9 20.2 18.5 1.19 2.20 | 0.90
IX 27.4 17.4 38.8 42.3 15.9 14.2 15.5 13.5 1.72 1.22 | 2.50
X 23.3 9.5 52.7 24.2 9.6 10.7 12.0 7.9 242 0.89 | 4.39

Xl 9.8 17.8 34.0 20.2 3.3 6.1 5.0 4.0 - - -

Xl 9.0 29.1 34.0 18.6 0.4 2.9 -1.0 -0.1 - - -

| 7.9 12.9 22.6 19.0 -3.0 1.9 -1.9 -3.2 - - -

1l 4.7 26.8 104 16.0 2.2 2.9 -2.5 -2.3 - - -
] 15.0 59 9.6 18.3 4.8 4.5 2.7 24 3.13 1.31 3.55
[\ 5.9 6.0 42.0 33.6 9.8 8.6 6.6 8.0 0.60 0.70 | 6.36
V 59.8 63.5 29.5 58.3 13.3 M7 12.4 13.5 4.49 542 | 2.38
Vi 35.9 118.5 33.8 59.6 21.4 19.3 20.4 17.0 1.68 6.14 1.66
ViI 29.7 67.7 50.0 57.5 18.5 19.0 22.7 19.7 1.60 3.56 | 2.20

Sum
VII-VII/ 244.0 419.0 375.6 427.5 9.7 10.1 9.3 8.2 2.10 2.68 | 2.99
Mean

Note: *Coefficient value according to Skowera (2014): extremely dry (ss) k<0.4; very dry (bs) 0.4-0.7; dry (s)
0.7-1.0; rather dry (ds) 1.0<k<1.3; optimal (0) 1.3<k<1.6; rather wet (dw) 1.6<k<2.0; wet (w) 2.0<k<2.5; very wet
(bw) 2.5<k<3.0; extremely wet (sw) k>3.0.
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28.21 g, was found in the second, very wet grow-
ing season, and the lowest in the year with the
lowest annual rainfall (Table 1, 2).

No interaction of cultivars with the years of
research was demonstrated, which confirms that
the cultivars reacted similarly to climatic con-
ditions in the years of research. The interaction
found between the cultivars and the methods of
application of soil and foliar preparations shows
that the cultivars reacted differently to the prepa-
rations applied to the soil and leaves. On all stud-
ied objects, the restored hybrids were character-
ised by a significantly higher value of this feature,
while the differences between the semi-dwarf va-
riety and the long-stemmed hybrid were statisti-
cally insignificant (Table 2).

The interaction of years and methods of ap-
plication of soil and foliar preparations has been
statistically proven, which proves that these prep-
arations act differently under changing climatic
conditions in the years of research (Fig.1). In

all objects, the highest value of this feature was

shown in the 2019-2020 growing season, and the

lowest in the first year of the study with the low-

est annual rainfall and average air temperature of

9.7°C on average:

e B1 — Control object (without the application
of preparations)

e B2 — Soil preparation with microorganisms as
well as micro and macro elements (Ugmax)

e B3 — Foliar preparation with 13.0% P:0s and
5.0% K20 (Rooter)

e B4 — Foliar preparation with silicon (Optisil)

The weight of a thousand seeds was deter-
mined by the genetic factor. The value of this
parameter was the highest in the population va-
riety and averaged 5.52 grams. Restored hybrids
had a lower value of this trait on average by 0.14
grams (Table 3). Different research results were
obtained by Sikorska et al. (2020), who showed
a higher value of this trait by an average of 0.37

Table 2. Yield structure elements — number of seeds in the pod (pcs.) depending on experience factors

Years of research Ways of application of soil and foliar preparations
Experiment Control Soil preparation with Foliar preparation Foliar
factors I I 1] obiect microorganisms as well as | with 13.0% P,0s and | preparation | Average
) micro and macro elements 5.0% K0 with silicon
Chrobry |[21.63|27.39|25.63| 23.22 26.99 25.33 23.98 24.88
PT271 23.28 [ 28.70 | 27.31 | 24.68 28.57 27.44 25.03 26.43
PX113 22.36 [ 28.53 2712 | 2412 28.29 27.02 24.57 26.00
Average |22.42|28.21|26.68| 23.22 24.01 27.95 26.60 -
Note: LSD  for: cultivars — 0.34; years — 0.34; ways of application of soil and foliar preparations — 0.59

interactions: cultivars x years — n.s. cultivars x ways of application of soil and foliar preparations — 0.58.
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Figure 1. Yield structure elements — number of seeds in the pod (pcs.) depending
on years and ways of application of soil and foliar preparations
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Table 3. Elements of the yield structure — thousand-seed weight (g) depending on the experimental factors

Years of research Ways of application of soil and foliar preparations
Experiment Soil preparation with Foliar Foliar
factors I I Control | microorganisms as well | preparation with reparation Average
object as micro and macro 13.0% P,05 and f’NitE silicon 9
elements 5.0% K,0O
Chrobry 5.46 5.86 5.64 5.59 5.74 5.67 5.63 5.66
PT271 5.25 5.77 5.55 5.39 5.66 5.57 5.48 5.52
PX113 5.47 5.57 5.53 5.45 5.60 5.55 5.48 5.52
Average 5.40 5.73 5.58 5.48 5.67 5.60 5.53 -

Note: LSD  for: cultivars — 0.017; years — 0.017; ways of application of soil and foliar preparations — 0.019

0.05

interactions: cultivars x years — 0.030; cultivars x ways of application of soil and foliar preparations — 0.034.

grams in the semi-dwarf hybrid (PX 115) com-
pared to the population variety Monolit.

The soil preparation with microorganisms
as well as micro and macro elements used in the
experiment caused the most significant increase
in the weight of a thousand seeds compared to
the control variant. After the application of fo-
liar preparations containing 13.0% P20s, 5.0%
K20 and silicon, the value of this feature was
5.60 and 5.53 grams (Table 3). Similarly, Jarecki
and Bobrecka-Jamro (2008) after the application
of mixed foliar fertilisers showed a significant
increase of 24% in the weight of 1,000 seeds in
comparison to the control object. In subsequent
studies, the authors (Jarecki et al. 2019) confirmed
the beneficial effect of the foliar preparation Insol
5 on the value of this feature, while further studies
(Jarecki et al. 2022) did not show a significant im-
pact of a varied number of spring foliar fertilisers
on the value of this feature. Sikorska et al. (2020)
obtained the largest increase in the weight of a
thousand seeds by an average of 3.4% compared
to the control variant on the objects with foliar
application of sulphur, boron and a biostimulator
with amino acids, while Jankowski et al. (2016a)
after the application of foliar fertilisers found an
increase in the value of this feature on average
from 1.3% to 3.8%. Many authors (Czarnik et al.
2015; Szczepanek et al. 2016) did not confirm the
statistically significant effect of foliar feeding on
the weight of a thousand seeds.

As a result of own research, it was found that
the weight of a thousand seeds was the highest in
the second year of research, in which the highest
total precipitation was recorded (average 419.0
mm) and the highest average air temperature
(Table 3). Statistical calculations also showed
the interaction of years and the tested cultivars,
which proves the different response of the culti-
vars to changing climatic conditions in individual

growing seasons, as well as the cultivars and ways
of applying soil and foliar preparations, which
confirms the differentiated response of the tested
cultivars to the applied preparations (Table 3).

In own research, the highest seed yield, on
average 4.10 Mg-ha'! was recorded in the long-
stemmed hybrid PT271, and the lowest, on aver-
age 3.69 Mg-ha! in the population form Chrobry
(Table 4). Similar research results were obtained
by Oleksy et al. (2019), who also showed a high-
er seed yield in the hybrid variety (Nelson) than
in the population variety (Digger). Hoppe and
Wenda-Piesik (2018) found that hybrid morpho-
types of winter rape were distinguished by a 2%
higher average seed yield than population variet-
ies. However, Sikorska et al. (2020) indicated that
among the compared varieties, the restored hybrid
with a semi-dwarf type of growth (PX 115) stood
out with the highest yield. The value of this pa-
rameter was higher on average by 0.42 Mg-ha! in
comparison to the population morphotype Mono-
lit. Different results of studies conducted in north-
eastern Poland were obtained by Jankowski et al.
(2016 c), who showed that the population variety
was characterised by a higher yield index com-
pared to the semi-dwarf form. Bujak et al. (2008)
and Czarnik et al. (2015) found no differentiation
in the value of this feature between the population
and hybrid form.

The greatest significant increase in seed yield
compared to the control variant was recorded
after the application of the soil preparation with
microorganisms as well as micro and macro el-
ements, and the smallest after application of the
foliar preparation with silicon. In the research of
Czarnik et al. (2015), foliar fertilisation increased
the seed yield by an average of 12.3% compared
to the control. Similarly, Grzebisz et al. (2010)
confirmed an increase in yields from 0.36 to 0.49
Mg-ha'! after foliar application of micronutrient
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fertilisers. Jarecki and Bobrecka-Jamro (2008)
after the application of Basfoliar 36 Ex fertiliser
together with Solubor DF or Basfoliar 12-4-6 +
S fertiliser together with Solubor DF, the seed
yield increased by 14.1% on average, and in later
studies the authors (Jarecki et al. 2023) obtained
a significantly higher seed yield after double and
triple spring foliar spraying compared to the con-
trol. According to Jankowski et al. (2016b), inten-
sive variants of foliar fertilisation of winter rape
increase seed yield on average from 0.43—0.69
Mg-ha!, and in subsequent studies, the authors
(Jankowski et al. 2019) showed that foliar ap-
plication of macro and microelements in autumn
(BBCH 14 or BBCH 14 and 16) increased the
seed yield by 0.19-0.23 to 0.30-0.34 Mg-ha'’.

In own research, the highest seed yield, on
average 4.72 Mg-ha! was shown in the second,
very wet growing season calculated on the basis
of the Sielianinov coefficient (Table 4). A signifi-
cant interdependence between years and cultivars
was demonstrated, which proves different reac-
tions of rapeseed cultivars to changing weather
conditions in the years of research. All the tested
morphotypes yielded the best in the 2019-2020
growing season. Statistically insignificant differ-
ences in seed yield were found between hybrids
restored in the second and third year of the study.
The population variety and the semi-dwarf hy-
brid had the lowest seed yield in the first year of
the study. On the basis of the analysis of vari-
ance, an interaction was found between the years
of research and the methods of applying soil and
foliar preparations. In all variants, the highest
seed yield was shown in the second year of the
study, and the lowest in the 2018-2019 growing
season (Table 4).

The highest straw yield, on average, 5.79
Mg-ha! was obtained in the population culti-
var, and the lowest, on average 5.29 Mg-ha'! in

the semi-dwarf hybrid (Table 5). It is consistent
with the results of Sikorska et al. (2020). The au-
thors also obtained the highest straw yield in the
population variety Monolit, and significantly the
lowest, on average, by 0.38 Mg-ha'! in the semi-
dwarf hybrid PX114.

The largest by-product was obtained on ob-
ject 2, where a soil preparation with microorgan-
isms as well as micro and macro elements was ap-
plied. On the objects where the preparations con-
taining 13.0% P20s, 5.0% KO and silicon were
applied to the foliage, the side yield was 5.57 and
5.60 Mg-ha'', respectively (Table 5). Similarly,
according to Jankowski et al. (2016c), intensive
variants of foliar fertilisation of winter rape in-
crease straw yield by an average of 0.59-1.69
Mg-ha'l. In turn, Sikorska et al. (2020) recorded
the largest by-product on objects where sulphur
and boron as well as sulphur, boron and amino
acid were applied by foliar application.

Climatic conditions significantly affected the
value of this feature. The highest straw yield was
obtained in the season with the highest annual
rainfall (Table 5). On the basis of own research,
the interaction of years with varieties was shown,
which means that varieties reacted differently to
changing climatic conditions. In all tested cul-
tivars, the highest straw yield was recorded in
the second year of the research and amounted to
7.41 Mg-ha'! for the population variety, and 7.10
Mg-ha'! for the long-stemmed hybrid (Table 5).

The cultivars reacted differently to the types
of preparations used. It should be emphasised that
the population variety and the long-stemmed hy-
brid had the highest straw yield after application
of the soil preparation with microorganisms. The
research showed that in the population variety and
the semi-dwarf hybrid, after foliar application on
objects 3 and 4, the differences were statistically
insignificant (Table 5).

Table 4. Seed yield (Mg-ha') depending on the experimental factors

Years of research Ways of application of soil and foliar preparations
Experimant Control misc?'ggrreg;rs?\t:gr:agcvlll Foliar preparation Foliar
factors | Chrobry| PT271 | PX113 . '9 with 13.0% P,0s | preparation Average
object as micro and macro I
and 5.0% KO with silicon
elements
| 3.36 3.98 3.52 3.28 4.00 3.80 3.39 3.62
Il 4.09 4.43 3.88 4.07 453 4.33 414 4.27
1 3.62 3.88 3.78 3.52 4.07 3.86 3.59 3.76
Average 3.69 4.10 3.86 3.63 4.20 4.00 3.71

Note: LSD  for: cultivars — 0.047; years — 0.047; ways of application of soil and foliar preparations — 0.057;

0.05

interactions: cultivars x years — 0.08; years x ways of application of soil and foliar preparations — 0.099.
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Table 5. Straw yield (Mg-ha') depending on the experimental factors

Years of research Ways of application of soil and foliar preparations
Experiment Soil preparation with Foliar Foliar
factors m Control microorganisms as well | preparation with reparation | Average
object as micro and macro 13.0% P,05 and 5‘/“2 silicon 9
elements 5.0% K.0
Chrobry 4.90 7.41 5.05 5.69 5.88 5.78 5.79 5.79
PT271 4.69 7.10 4.84 5.40 5.62 5.54 5.62 5.54
PX113 4.58 6.59 4.71 5.02 5.34 5.40 5.40 5.29
Average 4.72 7.03 4.86 5.37 5.61 5.57 5.60 -

Note: LSD  _for: cultivars —

0.05

0.053; years — 0.053; ways of application of soil and foliar preparations — 0.04;

interactions: cultivars x years — 0.092; cultivars x ways of application of soil and foliar preparations — 0.07.

The analysis of variance showed interactions
between the years of research and the methods of
application of soil and foliar preparations in rela-
tion to the by-product, which proves the varied ef-
fect of the preparations used in changing climatic
conditions in the years of research. It should be
emphasised that the highest residual yield in all
variants was shown in the second year of the study,
and the differences in the value of this feature after
the use of microorganisms and inorganic prepara-
tions (objects 2, 3, 4) were statistically insignifi-
cant. A similar trend was demonstrated in the first
year of research, where the lowest value of this
feature was recorded (Fig. 2):

e BI1 — Control object (without the application of
preparations).

e B2 — Soil preparation with microorganisms as
well as micro and macro elements (Ugmax).

e B3 — Foliar preparation with 13.0% P:0s and

5.0% K20 (Rooter).

e B4 —Foliar preparation with silicon (Optisil)

The ratio of seed yield to biomass yield (har-
vest index — HI) was the highest in the restored

8,00 -

689
7,08

7,00 -

6,00

453

5,00 -

4,00 1

2,00 -

1,00 -

0,00 T T

hybrids (Table 6). Similar conclusions were
drawn by Sikorska et al. (2020), who obtained the
most favourable value of this indicator in a re-
stored cultivar with a semi-dwarf type of growth.
The highest value of the harvest index was re-
corded on object 2 after soil application of mi-
croorganisms. The foliar application of silicon re-
duced the value of this indicator compared to the
control variants, but the recorded difference was
not statistically significant (Table 6). Similarly,
Jankowski et al. (2016b) as a result of application
of foliar fertilisers showed a decrease in the value
of this indicator. In turn, Sikorska et al. (2020) af-
ter application of the amino acid showed the same
value of this feature as in the control variants.
Other authors did not find a significant impact
of the fertilisers containing zinc (Abdulkhaleq et
al. 2018) and sulphur, nitrogen and phosphorus
(Kaur et al. 2019) on the value of this indicator.
The value of the harvest index was the highest in
the first and last growing season, and the lowest in
the first year of the study (Table 6). The coopera-
tion between the tested cultivars and the climatic

1 st year of research
u2 nd year of research
B3 rd year of research

7,05
o

4,86

474
495

S
S

Bl B2

B3 B4 LSD

Figure 2. Straw yield (Mg-ha') depending on years and ways of application of soil and foliar preparations
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Table 6. Harvest index — HI depending on the experimental factors

Years of research Ways of application of soil and foliar preparations
; Soil preparation with Foliar
Experiment >0 prepal preparation Foliar
factors Il I Control | microorganisms as well with 13.0% preparation Average
object as micro and macro = no I
P,05 and 5.0% with silicon
elements
K,O
Chrobry 0.406 | 0.355 | 0.418 0.379 0.409 0.403 0.381 0.393
PT271 0.458 | 0.384 | 0.445 0.420 0.446 0.434 0.416 0.429
PX113 0.435 | 0.394 | 0.445 0.422 0.441 0.429 0.407 0.425
Average 0.433 | 0.378 | 0.436 0.407 0.432 0.422 0.402 -

Note: LSD | for: cultivars — 0.004; years — 0.004; ways of application of soil and foliar preparations — 0.004;
interactions: cultivars x years — 0.007; cultivars x ways of application of soil and foliar preparations — 0.007.
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| 03%
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8
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Figure 3. Harvest index depending on years and ways of application of soil and foliar preparations

conditions prevailing in the years of the study was
demonstrated, and a varied response of the culti-
vars to the methods of application of soil and foliar
preparations was found (Table 6). The analysis of
variance showed the interaction of the years and
the biostimulators used, which proves that the bio-
stimulator works differently under the changing
climatic conditions during the research (Fig. 3). In
all years of research, the highest value of the har-
vest index was shown in object 2, where microor-
ganisms were used. It should be emphasised that in
the first year of research, the value of this feature
on the control object was the same as on the object
where silicon was used. A similar trend was dem-
onstrated in the second year of the study:
e B1 — Control object without the application of
preparations)
e B2 — Soil preparation with microorganisms as
well as micro and macro elements (Ugmax)
e B3 — Foliar preparation with 13.0% P20s and
5.0% K20 (Rooter)
e B4 — Foliar preparation with silicon (Optisil)
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CONCLUSIONS

Elements of yield structure and yielding of
winter rape were determined by a genetic factor.
In all growing seasons, the best yielding was in
the restored hybrid with the traditional type of
growth, while the seed yield of the semi-dwarf
form was lower by 5.8% on average, and by
10.0% on average in the population form. The
number of seeds in the pod and the value of the
yield index (HI) was the most favourable in the
restored forms, and the thousand-seed weight and
yield in the population form.

The preparations applied to the soil and
leaves increased the parameters of yield structure
and yielding in all tested cultivars. Soil prepara-
tion with microorganisms as well as micro and
macro elements applied in autumn before sow-
ing seeds and in spring in the BBCH 21-36 phase
significantly increased the number of seeds per
pod by 3.4% on average; weight of a thousand
seeds by 3.5% on average, seed yield by 15.7%
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on average, straw yield by 4.5% on average com-
pared to the control variant. The ratio of seed
yield to biomass yield was higher in the heterosis
cultivars by an average of 9.2% compared to the
population cultivar.

The elements of the yield structure as well as
the main and by-products were the highest in the
growing season with the highest annual rainfall
and the highest average air temperature.
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