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Introduction
Many authors [Kwiatkowski 2012; Beres et al. 2019; Jarecki et al. 
2019; Sikorska et al. 2019] confirm in their studies that winter 
rape requires fertilization already in the autumn vegetation pe-
riod. This is also confirmed by Su et al. [2015], who reported that 
the development of winter rape rosettes is significantly impacted 
by the availability of mineral components. Similarly, Jankowski et 
al. [2019] confirmed in their studies that foliar fertilization phases 
stimulated the development of rosettes in autumn, affecting the 
condition of plants and hardening them before winter. 
Rapeseed before the autumn vegetation is stopped, in order to 
survive the winter period properly, should develop the prop-

er plant habit, i.e. 8-12 leaves, the rosette should be compact 
enough to ensure that the apical shoot meristem does not pro-
trude more than 2-3 cm above the soil surface. Before winter, the 
root system should be extensive enough to occupy the entire ar-
able layer, and the root neck diameter should be at least 5 mm 
[Velicka et al. 2012]. Jankowski et al. [2019] emphasize that such 
plants are the most resistant to frost and temperature fluctua-
tions and are characterized by high vigour at the beginning of the 
growing season, effectively compete with weeds, produce a large 
number of buds and are predictors of high yields. 
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According to Beres et al. [2019], Rios et al. [2019], foliar fertiliza-
tion is a commonly used procedure in modern agriculture, but 
both new and well-known preparations in agricultural practice 
should be tested in field experiments. In rapeseed agronomy, it 
is beneficial to apply foliar fertilizers already in autumn and then 
in spring. According to Jarecki [2021], foliar feeding provides culti-
vated plants with essential nutrients during the vegetation period.

Rios et al. [2019] emphasize that foliar fertilization is highly effi-
cient, minimizes pollution and is goal-oriented. However, the low 
mobility of several nutrients and low penetration through the leaf 
cuticle must be addressed.

A very important element for rapeseed is manganese (Mn). To-
gether with copper, it takes part in the most important physio-
logical processes of the plant, increases resistance to diseases, 
intensifies the photosynthesis process, but also has a beneficial 
effect on the absorption of phosphorus by plants. This element 
also takes part in the proper development of the root system. 

Molybdenum (Mo) is another essential component in the mi-
croelement fertilization of rapeseed. This element reduces the 
amount of nitrates taken up by the plant, which helps incorporate 
nitrogen into protein structures. In practice, this means greater 
winter hardiness. It should be emphasized that excessive con-
centration of nitrates in the plant causes its greater sensitivity 
to frost. 

Zinc (Zn), in turn, regulates the hormonal balance, thanks to 
which plants have greater resistance to diseases. According to 
Barrajón-Catalán et al. [2010], Sun et al. [2013], this element is 
involved in various biochemical pathways, such as protein bio-
synthesis and carbohydrate metabolism, and plays an important 
role in the expression of genes related to environmental stress. 
Zn deficiency reduces plant growth. Manconi et al. [2006], Riy-
ajan et al. [2012] emphasize that zinc deficiency in plants of the 
Brasicaceae family causes strong inhibition of the photosystem II 
reaction centre, as well as reduced stomatal opening and growth 
of epicuticular waxes, which leads to increased water accumula-
tion. According to Alloway [2009], Zn deficiency reduces the con-
centration of this element in edible parts of plants, which leads 
to an average of 31% of the world’s population being exposed to 
Zn deficiency.

The aim of the study was to determine the effect of preparations 
containing molybdenum, manganese, and zinc on biometric fea-
tures of plants before the inhibition of vegetation, such as: the 
number of rosette leaves before the inhibition of autumn vege-
tation, the diameter of the root neck, the height of the growth 
cone, the length of the taproot, the fresh and dry mass of the 
above-ground part of 1 rosette, the fresh and dry mass of the 
root system of 1 plant.

The research hypothesis assumed that the morphometric fea-
tures of plants would depend on the morphotype, environmental 
conditions and supplementary feeding, which would allow for the 
recommendation of the best morphotype type in diverse climatic 
conditions in the study area.

Materials and Methods
Experimental design and study location

Field experiment was conducted in 2019-2022 at the Experimen-
tal Station of the University in Siedlce, Poland. The experiment 
was set up in a random subblock design according to the split-plot 
models in three repetitions.

The experimental factors were: 
three rapeseed lines:
1.	 Gemini (population line), 
2.	 PT 275 (complex hybrid line with a traditional growth type),
3.	� PX 126 (complex hybrid line with a semi-dwarf growth type).

foliar fertilization:
1.	 control without foliar fertilization,
2.	 molybdenum (33 g Mo/dm3),
3.	 manganese (160 g Mn/dm3),
4.	 zinc (112 g Zn/dm3).

Foliar fertilization was applied in autumn in the 4-8 leaf stage, in 
doses of 0.5-1 l/ha.

Soil and agrotechnical conditions
The experiment was conducted on soil classified as Haplic Luvi-
sol, sandy, very good rye soil complex, IVa quality class [WRBSR 
2022]. The soil pH was slightly acidic and averaged from 5.68 to 
5.75 in the years of the study. The soil was characterized by an 
average content of nitrogen, phosphorus, potassium and a low 
content of magnesium. 

The fore-crop for winter rape in the individual years of the study 
was winter triticale. 

Chemical protection was applied in accordance with the rec-
ommendations of good agricultural practice. Immediately after 
sowing, a product containing clomazone, i.e., was applied to the 
soil at a dose of 0.25 dm3·ha-1. In the BBCH 13-14 phase, fluazi-
fop-P-butyl was applied at a dose of 2.0 dm3·ha-1, while in the 
BBCH 14-18 phase, the Horizon 250 EW fungicide was applied at a 
dose of 0.75 dm3·ha-1.

Statistical analysis
The results of the study were statistically developed using the 
analysis of variance. The significance of the sources of variation 
was tested using the Fischer-Snedecor “F” test, and the assess-
ment of the significance of differences at the significance level 
of p=0.05 between the compared means was performed using 
Tukey’s multiple intervals. Statistical calculations were per-
formed based on our own algorithm written in Excel according to 
the mathematical model.

Climatic conditions 
Climatic conditions during the summer-autumn vegetation and 
winter dormancy periods are presented in Table 1. In the 2019-
2020 growing season, during sowing, the total rainfall was 43.9 
mm and was 16.0 mm lower, while the average daily tempera-
ture was 19.9°C and was 1.4°C higher than the multi-year average. 
In September, rainfall was recorded more than twice as low as 
compared to the multi-year average, while the average air tem-
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perature was higher by an average of 0.7°C. Based on the cal-
culated Sielianinov’s coefficient (k=1.16), September was shown 
to be quite dry. In October and November, precipitation totals 
were lower than the multi-year average and warmer by 2.8°C and 
2.1°C, respectively, while in December the average temperature 
was similar to the multi-year average, and precipitation totals 
were 10 mm higher. In the period from January to March, aver-
age air temperatures were significantly higher compared to the 
multi-year average, while in March, precipitation totals were 
three times lower than the multi-year average.

In the second year of the study, during sowing, the total rainfall 
was more than three times lower than the average for the years, 
while the average daily air temperature was 1.7°C higher. 

In September, the total rainfall was similar to the multi-year aver-
age, and the average air temperature was higher by an average of 
2.0°C. In October, the total rainfall was more than twice as high, 
while the average air temperature was 3.9°C higher than the an-
nual average. In January, the total rainfall was close to the multi-
year average, in February it was 5.6 mm lower, and in March it was 
twice as low, while the average air temperatures were close to the 
annual average.

In the last year of the study, August was extremely humid 
(k=5.23). The total rainfall was higher by an average of 35.5 mm, 
while the average air temperature was higher by an average of 
1.4°C than in the multi-year period. In September, the average 
daily temperature and rainfall were close to the multi-year aver-
age, while October was very dry. In November and December, the 
average air temperature was higher compared to the multi-year 
period. In the period from January to March, the total rainfall was 
significantly lower, i.e. in January: almost three times, in February 
more than five times, and in March twelve times compared to the 
annual average.

The highest rainfall total in the autumn growth period and winter 
dormancy was recorded in the second period of the study. Based 

on the calculated Sielianinov’s coefficient, it was a very humid 
season. The average air temperature in this period was 6.4°C. The 
2019-2020 growing season was optimal, the total rainfall in this 
period was 163.3 mm, and the average air temperature was the 
highest and was 7.9°C.

Results and Discussion
Foliar feeding

As a result of using the preparation containing molybdenum, the 
greatest significant increase in the number of rosette leaves by 
an average of 1 piece per plant was shown. The application of zinc 
did not significantly increase the value of this feature. Jankowski 
et al. [2019] obtained an increase in the value of this feature by an 
average of 5% under the influence of foliar feeding, while Sikorska 
et al. [2019] obtained an increase in the number of rosette leaves 
by an average of 27.1% by foliar feeding plants with sulphur, bo-
ron in combination with amino acids. Budzyński and Jankowski 
[2000] as a result of the application of urea solution (10 kg N/ha) 
in September in the 4-5 leaf stage produced 1 leaf more in the 
rosette than those fertilized only before sowing at the level of 40 
kg N/ha. Similar conclusions were reached by other researchers 
[Gaveliene et al. 2004; Miliuviene et al. 2004], who found that the 
use of growth regulators increases the number of leaves in the 
autumn period.

A statistically significant increase in the height of the growth cone 
compared to the control treatment was demonstrated as a result 
of the application of molybdenum, manganese and zinc. It should 
be emphasized that the differences between these treatments, 
where foliar feeding was used, were statistically insignificant. 

The root neck diameter was larger by an average of 0.3 mm com-
pared to the control variant as a result of the application of man-
ganese. As a result of the application of molybdenum and zinc, 
a smaller but statistically significant increase in the value of this 
feature was also shown. Similarly, Sikorska et al. [2019] as a result 
of foliar feeding with sulphur, boron in combination with amino 
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Table 1. Average air temperature (˚C), Monthly precipitation sums (mm),the value of the Sielianinov hydrothermal coefficient in during 
the autumn growth period and winter rest in years 2019-2022 (Agricultural Experimental Station, Poland)

* �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 (o) 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

** I:       2019-2020; II:2020-2021; III: 2021-2022
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acids obtained an increase in the diameter of the root neck (on 
average by 11.0%) compared to the control variant. Similarly, Gav-
eliene et al. [2002]; Miliuviene et al. [2004] showed that the use of 
growth regulators increases the diameter of the root neck.

Studies have shown that the top root was 1.5 cm longer than the 
control object after the application of the preparation containing 
molybdenum. Sikorska et al. [2019] showed that foliar feeding 
with sulphur, boron in combination with amino acids increased 
the length of the tap root by an average of 9.7%. Similarly, Jan-
kowski et al. [2019] obtained an increase in the length of the tap 
root as a result of foliar application of macro and microelements.
 
The fresh mass of the above-ground part was the highest after 
the application of the preparation containing molybdenum. This 
value was higher by an average of 2.04 g compared to the control 
object. It should be emphasized that after the application of zinc, 
the fresh mass of the above-ground part of the rosette was the 
same as in the object where no additional feeding was applied. 

A similar trend was observed in the case of the dry mass of the 
above-ground part. The studies showed that the highest fresh 
and dry mass of the root system was found after the application 
of molybdenum, followed by manganese and zinc (Table 2).

Genetic factor 
The genetic factor influenced the morphometric features of 
plants marked in autumn before the vegetation stopped. The 
highest number of rosette leaves, an average of 10, was shown in 
the Chrobry population variety. In the long-stem hybrid, this val-
ue was 9.2 pieces, while in the semi-dwarf one, 8.5 pieces per one 
plant. On the other hand, Sikorska et al. [2019] did not find any in-
fluence of the genetic factor in three morphotypes of winter rape 
on the value of this feature Wielebski and Wójtowicz et al. [2018] 
obtained the highest value in the population form, significantly 
lower in the restored hybrids. In turn, Velička et al. [2012] noted 
an average of 15.3% more rosette leaves in the restored hybrid 
compared to the linear variety.

Similarly, the height of the growth cone was the highest in the 
traditional variety. Statistically insignificant differences in the val-
ue of this feature were shown in the restored hybrids. In turn, 
Sikorska et al. [2019] showed that the population morphotype 
and the long-stem hybrid had the same height of the growth 
cone.

The largest tap root length of 20.14 cm on average was character-
istic of the population variety, followed by the hybrid variety with 
a traditional growth type of 19.74 cm on average and the semi-
dwarf variety of 17.56 cm. 
The studies showed that the largest root neck diameter was in the 
population variety, significantly smaller in the restored hybrids. 
Fresh and dry mass of the above-ground part and the root sys-
tem were the highest in the population morphotype (Table 2). 

Interaction of varieties and foliar feeding 
The conducted studies showed that the varieties responded dif-
ferently to the applied foliar feeding. The population variety and 
the restored hybrid with a traditional growth type increased the 
number of rosette leaves under the influence of the preparation 
containing molybdenum and manganese. The application of zinc 

in both varieties did not significantly increase the value of this 
feature. Similarly, the semi-dwarf hybrid had a greater number 
of leaves after the application of Mo and Mn and Zn. The same 
value of this feature was recorded in the objects where Mo (ob-
ject 2) and Mn (object 3) were used, as well as Mn (object 3) and 
Zn (object 4). The fresh mass of the above-ground part was the 
same in the population variety after the application of Mo and 
Mn. A similar trend was demonstrated in the long-stem hybrid 
PT271. It was shown that the dry mass of the above-ground part 
of the population variety was the same on the control object and 
after the application of manganese. It should be emphasized that 
in this variety, the differences in the value of this feature after 
the application of Mo and Mn were statistically insignificant. The 
greatest significant increase in the fresh mass of the root system 
in all tested varieties occurred after the application of the prepa-
ration containing molybdenum. In the Chrobry variety, the zinc 
application did not significantly increase the value of this feature 
compared to the control variant. In the long-stem hybrid, the 
value of this feature was the same in the control object and in 
the objects where manganese and zinc were applied, while in the 
semi-dwarf hybrid, the same value of the fresh mass of the root 
system was shown in all objects where foliar feeding was applied. 
A similar response of the varieties to the applied preparations 
was noted in the case of the dry mass of the root system (Table 2).

Interaction of years and tested varieties
The studies showed interactions of years and tested varieties in 
relations to the number of rosette leaves. All tested varieties had 
the lowest value of this feature in the first year of the study, with 
the population variety having the highest value of this feature, 
on average 8.8 pcs. It should also be emphasized that this variety 
had the same value of this feature in the second and third year 
of the study, an average of 10.6 pcs. The same trend was shown 
in the restored hybrids. The studies showed that the height of 
the growth cone was the same in all tested varieties in the first 
growing season. The highest value of this feature was shown in 
the second year of the study in the population variety, an average 
of 2.32 cm. The PT271 variety showed the same value of this fea-
ture in the second and third year of the study. A similar trend was 
shown in the semi-dwarf hybrid PX113. The tap root length was 
the greatest in the 2020-2021 season in all tested varieties and 
averaged 21.33 cm. It should be emphasized that the population 
variety had the highest value of this feature in the first two study 
periods, while in the last growing season it was the long-stem hy-
brid PT271. In all studied morphotypes, the root neck diameter 
was the smallest in the first year of the study. It should be noted 
that the highest value of this feature was demonstrated in the 
second year of the study in the population variety. In this season, 
the restored hybrids showed the same value of this feature. The 
fresh mass of the above-ground part in the second and third year 
of the study was the highest in the Chrobry population variety. 
The study showed that in the first year of the study, the popu-
lation variety and the restored hybrid with a traditional growth 
type had the same value of this feature. It should be emphasized 
that in the PT271 variety in all vegetation seasons the value of this 
feature was statistically insignificant. A similar trend was demon-
strated in the case of the dry mass of the above-ground part. The 
fresh and dry mass of the root system in all studied varieties was 
the highest in the second season of the study, with the highest 
value of this feature being demonstrated in all years of the study 
in the population variety (Table 3). 
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Interaction of years and foliar feeding 
In the first year of the study, the number of rosette leaves in-
creased under the influence of foliar feeding compared to the 
control object. It should be emphasized that the value of this fea-
ture was the same in the objects where manganese and zinc were 
used. In the second year of the study, the number of leaves was 
the same in the control object and in the object where zinc was 

applied, and in the third in the objects where manganese and zinc 
were applied. The study showed the same value of this feature on 
the control object and on objects where molybdenum and man-
ganese were applied. The height of the growth cone elevation in 
the first and last year of the study was significantly higher in the 
objects where foliar feeding was applied, but the value of this fea-
ture was the same as a result of the application of Mn, Mo, Zn.  

The Impact of Mo, Mn, Zn on Morphometric Features of Plants Marked in Autumn Before of Three Forms of Winter Rape

Table 2. Features of winter rapeseed rosette depending on genetic factor, foliar feeding and climatic conditions
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In the second season of the study, the height of the growth cone was 
the same on all objects as on the control object. It should be noted 
that the value of this feature in the individual variants with supple-
mentary feeding was the same in all years. The tap root length was 
the same in the objects where Mo, Mn and Zn were used. In the 
second growing season, the value of this feature was the highest 
under the influence of the preparation containing molybdenum. In 
the last year of the study, the same value of this feature was shown 
in the fertilized objects. Fresh and dry mass of the above-ground 

part was the same in all years of the study on the control object and 
on the object where zinc was applied. On the other hand, the fresh 
and dry mass of the root system has the same value on the control 
object and on the object where zinc was applied in the first and last 
season of the study. The root neck diameter was the same under 
the influence of molybdenum and zinc application in the first and 
second year of the study, while in the third year of the study on the 
control object and where zinc was applied and on the object with 
molybdenum and manganese (Table 3). 

Table 3. Features of winter ra peseed rosette depending on years of research and types of foliar feeding.
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Conclusions
The rosettes with the highest values of habit features were pro-
duced by the linear variety. Application of preparations contain-
ing molybdenum, manganese, zinc significantly affected plant 
parameters marked in autumn before vegetation was stopped. 
The greatest increase in the parameters studied in all studied va-
rieties was demonstrated by the application of molybdenum. The 
leaf rosette achieved the most favourable parameters in the sec-
ond and third period of summer-autumn vegetation and winter 
dormancy, and the weakest in the first vegetation season.
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