
Abstract
The emergence of plants is especially important for the winter

crops that are grown in the challenging environmental conditions
of many countries in Central and Eastern Europe. The emergence
and initial growth of winter rapeseed were compared in field trials
in a randomized block design with three replicates for plants sown
in conventional tillage systems (CT) and strip-till (ST), which had
different weather conditions and on soil with a non-uniform
texture over a period of two years. Sowing in the CT was carried
out using Horsch Pronto 4DC (Germany) at a row distance of 0.29
m. The ST operations were performed using a Pro-Til 4T drill
manufactured by Mzuri Limited (Great Britain) - row spacing of
0.36 m. In favourable rainfall and thermal conditions, the density
of winter rapeseed plants two weeks after sowing was found to
be higher if it was sown after the CT than in the ST system. In
the year that had a serious shortage of rainfall during the sowing
period, a considerably higher density of plants was achieved using
the ST system. The uniformity of plant growth using the ST
technology in soil with a varied texture, especially in a year with
an unfavourable distribution of rainfall, was proven by less
variability in the number of leaves in the rosette, in the dry mass
of the leaf rosette and in the root neck thickness of the winter

rapeseed than in the CT system. The ST system can create good
conditions for the initial development and preparation of rapeseed
plants for wintering. 

Introduction
Rapeseed (Brassica napus L.) is one of the most important

oilseed crops in the world (Dyer et al., 2008; Hu et al., 2017). Its
winter form is mostly cultivated in Europe. The winter rapeseed
acreage in Poland is about 0.7-0.8 m ha annually (FAO, 2016).
Cultivation success and seed yield considerably depend on the plant
development in autumn and overwintering (Balodis and Gaile,
2015). The conditions for the crops to reach the optimal
development stage and good overwintering are their evenly
distributed emergence and a field that is composed of plants that
are even in terms of size and condition (Velicka et al., 2005; Velicka
et al., 2012). The emergence rate and speed depend on e.g. soil
properties, especially the seedbed (Håkansson et al., 2011). This is
of special importance for plants with small seeds, including
rapeseed (Håkansson et al., 2013; Alizadeh and Allameh, 2015).
The reasons behind uneven emergence and initial growth of
seedlings within a plantation are varied soil conditions in the field.
Even in small-sized fields, the soil can be strongly diversified in
terms of its origin, classification and properties (Brevik et al., 2003;
Godwin and Miller, 2003). Soil properties, especially the physical
ones, such as moisture, temperature, bulk density, soil penetration,
are all shaped by the tillage system (Strudley et al., 2008; Alvarez
and Steinbach, 2009).

Tillage should facilitate a shallow precise sowing and ensure
evenly-distributed germination conditions for all of the seeds.
According to many research reports, the best tillage method for
plants such as rapeseed is traditional plow tillage (Vanda et al.,
2009). Unfortunately, this is very energy-consuming (Kusek et al.,
2016). Frequently, it also has a deteriorating effect on the properties
of soil and other elements of the environment (Kertesz and
Madarasz, 2014). Inversion of soil and deep soil loosening strongly
aerate soil and cause water loss (Guan et al., 2015). For that reason,
today reduced tillage and direct sowing are frequently applied. In
those tillage systems, much post-harvest residues or mulch remains
on the soil surface, thus protecting it against erosion. Conservation
tillage enhances water management and organic matter, requires
low inputs and produces low emissions (Derpsch et al., 2010;
Busari et al., 2015; Choudhary, 2015). Plant residues, however, can
make sowing difficult and limit germination, emergence and initial
plant growth (Wuest et al., 2000). Zero tillage often results in a
decreased rapeseed yield and economic effectiveness of its
cultivation (Khakbazan and Hamilton, 2012). 
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In contemporary agriculture, strip-till, which combines the
advantages of conventional tillage, zero tillage and direct sowing,
is often used. Hybrid machines in strip-till technology are especially
valuable because in a single go they till the soil deep, apply mineral
fertilisers and sow seeds (Morris et al., 2010). Compared with the
traditional tillage, this system has shows a very favourable effect
on the agricultural soil properties, economic and organisational plant
growing effectiveness and on the environment (Licht and Al-Kaisi,
2005; Jabro et al., 2014). Al-Kaisi et al. (2014), when comparing
the effect of five tillage systems, e.g. strip-till and plow tillage, on
the soil structure found that the effect of zero tillage and strip-till
were most beneficial for the stability of micro- and macro-
aggregates. A significant positive correlation was also recorded
between the content of organic carbon in soil and the water-
resistance of micro- and macro-aggregates. As reported by
Fernández et al. (2015), after only a few years of applying strip-till,
the content of organic matter in soil increased. Strickland et al.
(2015) demonstrated that after five years of plant cultivation
following the principles of conservation agriculture with a winter
soil coverage with rye and pea biomass and strip-till, the content of
organic carbon and total nitrogen in soil increased. Most, about 70-
80%, of the organic carbon got deposited in the surface layer. For
the emergence and further plant growth, a favorable effect on soil
moisture and temperature, especially in the seedbed, is of similar
importance (Al-Kaisi and Yin, 2005). According to Overstreet
(2009), strip-till is also favourable due to the lower production costs
resulting from decreased fuel consumption as well as a shortening
of work time. For that reason, strip-till technology is being more
and more frequently applied in plant cultivation, especially those
sown in wide-spaced rows (Jackson et al., 2011), mostly corn
(Trevini et al., 2013) or sugar beets (Morris et al., 2007). However,
there are a few results of research into growing plants with a narrow
row spacing, e.g. cereal crops (Hossain et al., 2014) and rapeseed
(Schwabe et al., 2016). There are no such results for Poland. 

A hypothetical assumption has been made that in spite of the
beneficial effects of strip-till on soil properties, which is especially
important for plant growth and yield, winter rapeseed that is grown
in compliance with that technology will have an evenly-distributed
emergence and at the end of the autumn plant vegetation period, the
plants will be even in terms of size, which determines the final
cultivation success. Such an assumption was justified when
considering the earlier observations of the performance of a hybrid
machine that permits three agrotechnical practices to be performed
in one go – soil belt tillage, mineral fertiliser application and rapeseed
sowing in 36 cm-spaced rows, which is to the result of the machine
design. In traditional winter rapeseed tillage technology in Poland,
the row-spacing is smaller and, depending on the seeders that are
used, it is 15-30 cm. The scientific literature shows, however, that the
effect of row-spacing on rapeseed growth and yield depends on
genetic factors, the environmental conditions and agrotechnical
practices and that the largest yields can be produced for even 60 cm
row-spacing (Waseem et al., 2014; Kuai et al., 2015). 

Materials and methods

Field trial design
In 2014-2015 and 2015-2016, a one-factor field experiment in

a randomised block design was carried out on Cambisols at a farm
in the village of Śmielin, North Poland (53°09′04″N; 17°29′11″E),
which collaborates with the Department of Agriculture and
Biotechnology of the Bydgoszcz University of Science and
Technology. The subject of research was the winter rapeseed cv.
‘Apanaci’, which was cultivated in a region with low rainfall - about
500 mm per year. Two tillage and sowing systems were compared
- conventional (CT) and strip-till (ST) on large plots (24×300 m) in
three replicates. In the CT, after the forecrop harvest (spring barley),
the following were used: a stubble field cultivator, a plough, a
fertiliser spreader, a pre-sowing cultivation unit and a seed drill. A
Horsch Pronto 4DC (Germany) seed drill sowed seeds to a depth of
2.5-3.0 cm at a row spacing of 0.29 m. In the strip-till system, a one-
pass tillage, fertiliser application and rapeseed sowing operations
were performed using a Pro-Til 4T hybrid machine manufactured
by Mzuri Limited, Great Britain. The row spacing was 0.36 m and
the sowing depth was also 2.5-3.0 cm. Prior to sowing, 18 kg N ha–1

and 20 kg P ha–1 (ammonium phosphate) and 67 kg K ha–1

(potassium chloride) were applied. The winter rapeseed was sown
at a density of 45 seeds m–2 on 9 August 2014 and 12 August 2015
respectively.

Soil samples and properties
Prior to establishing the trials, soil samples were collected from

all of the replicates from the 0-20 cm layer every 20 m. The soil
texture was determined for each sample (Table 1). The soil within
the trial field was diversified. Its texture was loam, sandy loam and
silt loam. Knowing the impact of the applied tillage and sowing
methods on the uniformity of the emergence and initial growth of
plants in different environmental conditions of the selection of the
research site was justified.

Plant samples
In both study years, plant density was measured three times, 2

and 4 weeks after sowing and at the end of the autumnal growing
season. Plant density was assessed for an area of 1 m2 every 20 m
at 15 spots for each replicate. At the end of October, random samples
of 20 plants were taken from the exact same spots in order to
examine the leaf rosette and root neck. The examination included
the number of leaves in the rosette of the winter rapeseed, the dry
mass of leaves and the thickness of the root neck. 

Statistical analyses 
Data were subjected to a statistical assessment. A one-factor

ANOVA analysis of variance was carried out. The significance of
the differences between the means was estimated post-hoc using the
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Table 1. The percentages of sand, silt, and clay particles in experimental field soil and their variation. 

Particle size                                               Relative proportion (%) in soil                                                       Coefficient of variation 
                                                                                                                                                                                               (%)
                                         Minimum                            Maximum                              Mean                                                     

2-0.05 mm                                         32.2                                                  50.2                                                41.1                                                                    13.1
0.05-0.002 mm                                  42.2                                                  59.9                                                52.0                                                                     9.7
<0.002 mm                                         5.7                                                    7.9                                                  7.0                                                                      8.4
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Tukey’s test. The variability of plant densities and biometric
properties of winter rapeseed plants within the trial field was
evaluated for the respective tillage and sowing systems in both
years. The basic statistics that were determined for this purpose were
the minimum (min), maximum (max) and mean values; standard
deviation (SD) and standard error (SE). Statistica 12.5 (StatSoft Inc.,
Tulsa, USA) statistical software was used for the data analysis.

Results
The two years differed in terms of weather conditions during

the periods of sowing, emergence and initial growth of winter
rapeseed. In 2014, in the decade (10-day period) immediately
preceding the sowing and following the sowing, the precipitation
was uniform and at a level that was close to the long-term mean
(LTM). At the same time, the air temperature in the second and third
decade of August was lower than the LTM. August 2015 was, on
the other hand, very hot and dry. The sum of rainfall in the two
decades following the sowing of the winter rapeseed did not exceed
10 mm, while the air temperature in every decade was higher
(Figures 1 and 2).

In the favorable precipitation and thermal conditions in 2014,
the initial density of the winter rapeseed plants was higher than in
2015. Two weeks after sowing, the plant density after the CT was
considerably greater than in the ST system, but it did not increase
any further in the following weeks of the growing period (Figure 3).
In 2015, which had a serious shortage of rainfall in August, a
significantly higher plant density was observed in the CT system in
the first assessment period. Only after the rains at the beginning of
September did the plant densities equalise in both tillage systems
four weeks after sowing. At the end of the autumnal growing season,
the plant densities were similar and equaled 32.6-35.6 plants m–2 in
both years and in the CT and ST systems. 

The beneficial influence of the ST system on the speed and
uniformity of emergence in the case of the water shortage in the soil
occurred especially in 2015. This was proven by a lower SD and
SE and fewer differences between the max and min values than for
the CT system (Table 2). The number of leaves in a rosette, the dry
mass of the aboveground part of the plants and the thickness of the
root neck for the ST technology in both years were higher and more
uniform than for the CT. There was a better uniformity of the plants
from various places in the differentiated experimental field in the
ST system than in the CT, especially in the unfavorable water and
thermal conditions of 2015, which caused the lower values of the
SD and SE.

Discussion
The uniform emergence of plants is the first and foremost

condition for appropriate canopy formation and good yield in crops.
The extent and rate of emergence depends on the quality of the
sowing material. Ghassemi-Golezani et al. (2010) found that the
emergence of rapeseed from seeds with a lower vitality is poorer
and lasts longer. No less important are the habitat factors, especially
the soil properties and weather conditions, as well as the techniques
of soil preparation and sowing. In field production, these factors
usually exert a combined influence. Kutcher and Malhi (2010),
when conducting research into the impact of forecrop plant residue
and tillage with various properties on the yield of plants,

                   Article

Figure 1. 10-day period mean temperature trend during the sow-
ing and initial rapeseed growth in 2014, 2015, and long-term
period (LTM) at the experimental site.

Figure 2. 10-day period (decade) and monthly sum of rainfall
during the sowing and initial rapeseed growth in 2014, 2015,
and long-term period (LTM) at the experimental site. 

Figure 3. Winter rapeseed plant density (plants m–2) in two years
depending on tillage and sowing system (CT, conventional; ST,
strip-till) 2, 4 weeks after sowing and at the end of the autumnal
growing season. a, b, significant differences; ns, insignificant dif-
ferences. 
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determined, among others, that the habitat and tillage system
interacted in their influence on rapeseed emergence. A larger
emergence after zero-tillage than in the conventional system
occurred in one of two locations, in four out of five years of the
research. The authors attributed this to a higher soil moisture content
and a lack of destruction of the top soil layer in the zero-tillage
system. The results of model tests (Rinaldi et al., 2005) indicate that
the germination and emergence of plants is greatly influenced by
the soil moisture content and its texture. In our study, when the
quantity and distribution of rainfall in the winter rapeseed sowing
period of 2014 was favourable for plant emergence, over 90% of
the maximum number of plants that were later determined to be
growing on individual establishments had emerged after only two
weeks, regardless of the tillage system that was used. On the other
hand, in 2015, when rainfall was scarce and the soil that was tilled
in the CT was severely overdried, the plant density two weeks after
sowing failed to reach as little as 50% of the sowing density. This
was probably due to the lack tillage after the forecrop harvest and
the straw that was used as mulch on surface of the soil and then the
rapeseed drilling in the ST system, which allowed the soil to retain
enough moisture to permit the seeds to germinate. Thus, the
emergence of the winter rapeseed was good and more uniform
within the trial field with varied soil conditions than after the CT.
Earlier research by other authors indicated that eliminating
ploughing may increase the degree of rapeseed emergence
(Taghinezhad et al., 2012). Strip-till also has a beneficial influence
on the emergence of plants due to the top soil layer being protected
against water evaporation and temperature increases in the
cultivated strip. Soil conditions, emergence and initial growth of
plants in the strip-till system, however, depends on the depth and
width of the strip under cultivation and the weather in the respective
period (Schillinger, 2005; Celik et al., 2013).

In 2015, a rainfall shortage at the time of rapeseed sowing and
initial growth caused a considerable, generally greater than in 2014,
differentiation of emergence and, subsequently, seedling size within
the trial field with a varied soil texture. The uniformity of plant
density, the number of leaves in a rosette, the dry mass of leaves
and the root neck diameter after the ST was, nevertheless, much
higher than after the CT. This was proven by the lower values of
the standard deviation of the plant properties, which were
investigated in the experiment. Coupled with the results of other

research, this is to be attributed to the beneficial influence of
conservation tillage on those soil properties that play a role in plant
emergence and growth. The results of numerous research projects
(Fuentes et al., 2009; Brunel et al., 2013) indicate that minimum-
tillage systems retain more water in the soil than conventional
systems. This is made possible by the plant residue that is left on
the surface, less water runoff, better water infiltration, lower
evaporation and a higher organic matter content. Wang et al. (2007)
determined that the beneficial influence of conservation tillage on
soil moisture and plant yield was especially visible in the dry years.
Soil moisture is the key property that impacts plant emergence and
growth. In the research conducted by Hosseini et al. (2009), a
decrease in the soil moisture content from 75% to 25% field
capacity led to the shrinking of chickpea emergence from 86.4% to
56.5% and extended the emergence period from 6.2 to 13.9 days.
The plants were 15.3 cm shorter, had a 79.3 cm lower leaf area and
a 0.62 g lower mass of the aboveground part. Our and other authors’
research indicates that for the emergence to be fast and seedling
growth to be uniform, the tillage system used ought to shape other
soil properties as well, especially the seedbed. According to Nasr
and Selles (1995), the extent and rate of emergence depends on soil
density, the size of the aggregates and the interaction between the
two. A high soil density and aggregate size are the limiting factors
for plant emergence. High soil density is found to have a negative
influence on emergence, mainly when the seedbed contains small
aggregates. Önemli (2004) demonstrated that plant emergence
improves together with an increase of the organic matter content in
the soil. Its role is particularly important in years with little rainfall
and high air temperatures.

Conclusions
In the year in which the period preceding the sowing of the

winter rapeseed and immediately afterwards saw a high shortfall of
rain, it was the ST system that promoted the fast and uniform
emergence of rapeseed. In such weather conditions and in a field
with a spatially varied soil texture, the plants grown using the ST
system were more uniform prior to wintering than after the CT. The
higher uniformity of the plants grown using the ST technology in a
field with a varied soil texture than in the CT system, especially in
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Table 2. Mean value of characteristics of winter rapeseed plant, their range and variability. 

Tillage method                                                                                 2014                                                                        2015
                                                                         Mean       Min           Max          SD        SE                Mean       Min       Max            SD       SE

Plant density (pcs. m–2)
     CT                                                                                       37.2            30.0                44.0             4.07         0.74                      21.2             8.0            33.0                7.49         1.36
     ST                                                                                        33.8            27.0                42.0             3.97         0.73                      29.8            21.0           41.0                5.67         1.03
Number of leaves in rosette (pcs.)
     CT                                                                                       11.2             9.7                 12.5             0.70         0.13                       9.0              6.3            11.0                1.23         0.22
     ST                                                                                        11.9            10.7                13.0             0.55         0.10                      10.6             9.0            12.0                0.87         0.16
Dry mass of leaf rosette (g d.m.)
     CT                                                                                        5.1              4.7                  5.5              0.23         0.04                       3.8              2.8             4.8                 0.60         0.11
     ST                                                                                         5.6              5.1                  6.0              0.19         0.04                       4.8              4.0             5.2                 0.32         0.06
Root neck thickness (mm)
     CT                                                                                       14.2            12.1                15.6             0.90         0.17                      10.3             8.7            12.4                1.10         0.20
     ST                                                                                        15.7            13.7                17.3             0.82         0.15                      13.9            12.5           14.8                0.66         0.12
Min, minimum values; Max, maximum values; SD, standard deviation; SE, standard error; CT, conventional; ST, strip-till.
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a year with an unfavorable distribution of rainfall, was proven by
lower factors of variability in the number of leaves in a rosette, the
dry mass of the leaf rosette and root neck thickness. The probability
of such plants overwintering and then producing high yields is
greater than with strongly diversified plants in terms of their
morphology and physiology. The ST may very well be a good
system for the tillage and sowing of rapeseed in unfavorable field
habitats that have rainfall shortages and different soil textures. 
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