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Effect of pre-sowing soil tillage for wheat on the crop structure and the yield components in
Dobrudzha region
P. Yankov*, M. Drumeva
Department of Plant Production, Faculty of Shipbuilding, Technical University Varna, 1 Studentska, 9010 Varna, Bulgaria
(Manuscript received 6 March 2017; accepted for publication 15 May 2017)

Abstract. The investigation was carried out in the trial field of Dobrudzha Agricultural Institute on slightly leached chernozem soil. In order to clarify the effect of
some types of pre-sowing soil tillage for wheat on the crop structure and certain yield components, the following variants of a stationary field experiment were
analyzed: double disking at depth 10-12 cm (check variant); ploughing at 14-16 cm + disking; no-tillage (direct sowing) – pre-sowing treatment of the area with
total herbicides. Wheat was sown after previous crop grain maize and was fertilized with N140P120K80. Wheat cultivar Enola was planted at norm 550 germinating
seeds/m2. The number of emerging wheat plants was read using square sampling frames sized 50 cm x 50 cm. Using the same sampling frames, the tillering in
autumn prior to the wintering of the crops was followed, and in spring – prior to booting stage. The number of productive tillers was also read using these
sampling frames. To determine the length of spike, the number of grains in it, and their weight, 30 spikes from 8 replications of each variant were analyzed. The
emerging of the wheat plants, under the conditions of slightly leached chernozem soil in Dobrudzha region, was more uniform after sowing following disking,
and after direct sowing. The minimal pre-sowing tillage and no-tillage for wheat ensured better autumn development of the crop and the plants. In these
variants, higher number of overwintering plants and productive tillers per unit area were registered. Spike length was the highest after ploughing as pre-sowing
tillage. Significant variations in the number of grains per spike of the investigated variants were not found. Grain weight per spike was the lowest under direct
sowing.

Keywords: wheat, pre-sowing tillage, crop structure, yield components

Introduction
Wheat is a main cereal crop in Bulgaria and occupies the
greater part of the agricultural areas. The obtaining of stable yields
and quality production from wheat under the conditions of the
contemporary intensive agriculture is directly related to a complex of
breeding (Chamurliyski et al., 2015; Kirchev and Delibaltova, 2016;
Raykov et al., 2016; Tsenov et al., 2017) and agronomy (Delibaltova
and Kirchev, 2010; Ivanova and Tsenov, 2010; Ivanova and Tsenov,
2012; Delchev, 2013; Georgiev, 2015) practices, soil tillage being a
major one. The various ways and tools for soil tillage have different
effects on the soil properties, the emergence, growth and
development of the plants and the size of the produce (Klochkov,
1983; Boydaș and Turgut, 2007; De Vita et al., 2007; Fernández et
al., 2007; Bakirov, 2008; D'Haene et al., 2008; Arvidsson et al.,
2014).
The fast and full germination of the wheat seeds and the uniform
emergence of the plants are prerequisites for good yields (Nasr and
Selles, 1995). The different ways used for preparation of the soil
influence the formation of the planting beds of the seeds and hence –
the emergence of the crops (Mohanty and Painuli, 2004). The plants
emerging earlier contribute more to the formation of the yield in
comparison to those emerging later (Gan et al., 1992). Boydaș and
Turgut (2007) observed lower rate of emergence in wheat sown on
ploughed areas in comparison to areas with minimal tillage. While
investigating the effect of the different types of pre-sowing tillage for
winter wheat on soil type Albic Luvisols, Małecka et al. (2015) found
lower tillering capacity and lower number of productive tillers per
* e-mail: p_s_yankov@abv.bg
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square meter after direct sowing, averaged for three years.
According to López-Bellido et al. (2000), the various types of
soil tillage used in growing of wheat do not significantly influence the
number of grains in spike. Małecka et al. (2015) reported higher
values of this index in the variant with direct sowing. These authors
pointed out that grain weight per spike was mainly affected by the
meteorological conditions.
The aim of this investigation was to follow the effect of some
ways of pre-sowing tillage of soil for wheat on crop structure and
yield components under the conditions of slightly leached
chernozem soils in Dobrudzha region.

Material and methods
The investigation was carried out during 2008 – 2011 in the trial
field of Dobrudzha Agricultural Institute – General Toshevo. The
effect of the different types of soil tillage on the development and the
productivity of the agricultural plants, and some physical and
chemical characteristics of the slightly leached chernozem soil
(FAO, 2002) have been investigated in a stationary field trial initiated
in 1987. The agricultural crops typical for this region (wheat, grain
maize, bean and sunflower) were involved in a 6-field crop rotation.
According to Yolevsky et al. (1959), the mechanical
composition of the slightly leached chernozems determines
favorable water and air regime. Their bulk density characterizes
them as having loose structure down the entire soil profile, without
presence of compact horizons. The soil reaction is neutral. The

humus horizon is about 70 cm thick, and the mean humus content in
the plough layer is 3.7%. The total nitrogen content characterizes
this type of soil as having moderate reserves. The reserves of P2O5
are low to moderate, and of К2О – moderate to good.
The mean diurnal air temperatures at the initial stages of plant
development in two of the years (2008 and 2009) were with similar
values and higher than the norm (Figure 1). The same period of 2010
was cooler than normal. During the heading stage, the mean diurnal
air temperatures in the three years of the investigation varied within a
narrow range, from 14.7°С to 15.6°С, and did not deviate
significantly from the mean long-term value.
The precipitation sum at the initial stages of wheat development
in two of the years (2009 and 2010) exceeded the long-term norm by
84.5 and 45.2%, respectively. The rainfalls during this period in 2008
were below the norm by 72.1%. The moisture reserves in soil during
the autumn and winter periods of 2008/2009 and 2010/2011 were
below the mean value by 23.2 and 10.2%. In 2009/2010 they were
above the mean long-term value, reaching 416.2 mm. The amount of
vegetation rainfalls as an important factor for the plants development
exceeded the norm in one of the years (2010), in 2011 was close to it,
and in 2009 was below the long-term value of 207.2 mm.
The following variants of pre-sowing soil preparation for wheat
were selected for the purpose of this investigation:
џ Double disking at depth 10-12 cm (check variant);
џ Ploughing at 14-16 cm + disking;
џ No-tillage (direct sowing) – pre-sowing treatment of the area

with total herbicides.
Wheat was sown after previous crop grain maize. Immediately
before the pre-sowing soil tillage, fertilization with phosphorus (120
kg/ha P2O5) and potassium (80 kg/ha K2O) was done. One third of the
nitrogen norm (140 kg/ha N) was applied prior to sowing of wheat,
and the remaining amount – at tillering stage in spring. Seeder
Bettinson 3D was used for direct sowing. Cultivar Enola was sown at
norm 550 germinating seeds/m2. Weeds were controlled by applying
suitable vegetation herbicides. The number of the emerging wheat
plants was read in sampling frames sized 50 x 50 cm. The same
frames were used to follow the tillering in autumn before wintering of
the crops, and in spring – before booting stage. The number of
productive tillers was also read in these permanent sampling
frames. Thirty spikes from 8 replications per variant were analyzed
to determine the length of spike, the number of grains in spike and
the grain weight.
The statistical processing of the data was done with a software
Microsoft Excel 2010 and SPSS 16.0.

Results and discussion
Averaged for the three years of investigation, the emerging
plants, after the completion of this growth stage, were the lowest
under ploughing – 80.5% from the total number of planted
germinating seeds (significant at Р=0.001), (Table 1). On the areas

°C

mm

25

140
120

20

100
15

80

10

60
40

5

20

0

0

X

-5

XI

XII

I

II

III

IV

V

VI

VII

X

XI

Months
2008/2009

XII

I

II

III

IV

V

VI

VII

Months
2009/2010

2010/2011

Temperature °C and precipitation (mm) norm

Figure 1. Air temperature and precipitation during the autumn-winter and the vegetation period of 2008-2011
Table 1. Number of plants (emerging, entering the winter season and overwintering) and tillers per plant under different
types of pre-sowing tillage of soil for wheat

Pre-sowing tillage

Pre-sowing tillage
Disking at 10-12 cm
Ploughing at 14-16 cm + disking
No-tillage a
LSD 0.05
b

LSD 0.01

c

LSD 0.001

482
443c
499
17.86
24.78
34.46

482
478
495
15.45
21.44
29.81

465
445a
484
19.51
28.46
39.58

2.4
1.6c
2.5
0.29
0.40
0.56

5.1
5.0
5.3a
0.16
0.22
0.30
125

Table 2. Number of productive tillers, spike length, number of grains per spike and grain weight under different types of
pre-sowing tillage of soil for wheat

Pre-sowing tillage

Number of productive
tillers, m2

Disking at 10-12 cm
Ploughing at 14-16 cm + disking
No-tillage
a
LSD 0.05
b

LSD 0.01

c

LSD 0.001

665
613c
659
26.60
36.92
51.35

number

weight, g

10.5
10.9a
10.4
0.37
0.51
0.72

39
40
39
3.39
4.71
6.55

1.04
1.05
1.00a
0.03
0.09
0.14

with pre-sowing minimal and no-tillage, 87.6% and 90.7% of
emerging plants were respectively registered. The lower number of
germinating seeds in the soil with intensive and minimal tillage can
be explained by the insufficient contact of the soil with the seeds, a
large part of which fall in the macro pores formed at the tillage, while
during sowing in areas without tillage, the seeds fall on hard bed and
are in better contact with the soil.
Under disking and direct sowing, the number of plants read at
the end of emergence did not in practice change till the beginning of
winter, while under shallow pre-sowing ploughing their number
increased with 7.9%. This is an indication that the end of emergence
under this type of tillage is relative to the respective dates of reading.
The longer duration of this stage was due to the seeds which had
fallen to greater depth with insufficient moisture in the year with a
dryer autumn (2008). This phenomenon is often observed in
practice. In individual years, the emergence of the planted wheat
seeds continues till spring in areas with deeper or low-quality tillage
under insufficient autumn precipitation.
In spring, the number of wheat plants per unit area was the
lowest in the variant involving intensive tillage with turning of the
surface soil layer, significant at Р=0.05. Under all technologies for
pre-sowing tillage of soil, lower number of plants was registered after
the winter. The highest number of plants perished after shallow
ploughing – 33 plants/m2 on average. The number of perishing plants
after disking and direct sowing was 17 and 11 plants/m2,
respectively. The high number of plants perishing in the crops with
deeper soil tillage is determined by their insufficient development
and poor rooting at their entering into the winter season.
Furthermore, there are the consequences of the direct and
indirect winter damages due to the greater diurnal temperature
variations of the deeply ploughed soil with low compaction in the
cultivated areas. When sowing is done in soil with no-tillage or
minimal tillage, the uniform emergence of plants, the stability of the
soil layer and the lower soil temperature amplitudes during the winter
season determine the lower winter damages and perishing of plants.
The results from the autumn tillering gave evidence in support of the
better autumn development of the plants after minimal and notillage. The tillering coefficient was the lowest after ploughing,
statistically significant at Р=0.001. The mean tillering under disking
and direct sowing was within the range 2.4-2.5. The tillering
coefficient determined in spring, was relatively the same under
ploughing and disking. Under no-tillage it was higher, the difference
being significant at Р=0.05.
The variations in the number of productive tillers, at
comparatively similar tillering in spring under the different
technologies for pre-sowing soil tillage for wheat, underlined the
greater importance of the autumn tillering for the formation of the
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Pre-sowing tillage

Spike length,
cm

productive tillers (Table 2). The lowest number of productive tillers,
averaged for the investigated period, was read under ploughing: 613
per m2, statistically significant at Р=0.001. After direct sowing and
disking, the values of this index were 659 and 665 productive tillers
per m2, respectively. The highest spike length was measured under
ploughing – 10.9 cm, statistically significant at Р=0.01. Significant
variation in the number of grains per spike was not found. This index
was with a higher value under ploughing in comparison to minimal
and no-tillage. Jug et al. (2011) reported similar results. Under
disking and ploughing, grain weight per spike was relatively the
same – 1.04 and 1.05 g, respectively. It was the lowest under direct
sowing, statistically significant at Р=0.01. The decrease in the length
of spike, the number of grains in it and their weight after the minimal
and reduced pre-sowing types of tillage for wheat was a result of the
Table 3. Dispersion analysis on the effect of the
investigated factor on the crop structure and the
components of the yield from wheat

Indices

df

Mean Square

Number of plants, m
emerging
error
entering the winter season
error
overwintering
error

2
21
2
21
2
21

F

2

6668.042
367.327
645.125
500.012
3023.375
719.226

18.153

2.038
0.074
0.292
0.073
6539.542
870.774
0.504
0.116

27.390

0.292
7.655
0.005
0.006

0.038

1.290
4.204

Tillers per plant
in autumn
error
in spring
error
number of productive tillers, m2
error
Spike length, cm
error

2
21
2
21
2
21
2
21

4.003
7.510
4.338

Grains per spike
number
error
weight, g
error

2
21
2
21

0.808

greater crop density in these variants. The higher soil compaction of
the root-deep layer in the areas with direct sowing, as compared to
the other two types of soil tillage, also had a suppressing effect on
the development of the plants (Yankov, 2007; Małecka et al., 2015).
Furthermore, at no-tillage, a large part of the applied mineral
fertilizers and the post harvest residues from the previous crop are
accumulated on the soil surface, which causes differentiation in the
soil fertility in the top and bottom parts of the plough layer. In parallel,
the increase of the soil pathogens transmitted through the plants
residues also influences the lower results from direct sowing in
comparison to the other ways of pre-sowing tillage of soil. This
underlines the importance of the crop rotation under minimal
systems for soil tillage (Arvidsson et al., 2013; Małecka et al., 2015).
The analysis of the dispersions proved at P=0.05 the
significance of the effect of the “pre-sowing tillage” factor on the
number of overwintering plants, the spring tillering of wheat and the
length of spike (Table 3). The effect of the investigated index on the
number of productive tillers was significant at P=0.01. The effect of
the factor “pre-sowing tillage” on the number of emerging plants and
the autumn tillering of wheat was with the highest level of
significance (P=0.001). The influence of this index on the number of
the wheat plants prior to the beginning of the winter season, the
number of grains in spike and their weight was not significant.

Conclusion
The emergence of the wheat plants, under the conditions of
slightly leached chernozem soil in Dobrudzha region, was more
uniform after sowing following disking, and after direct sowing. The
minimal pre-sowing tillage and no-tillage for wheat ensured better
autumn development of the crops and plants. In these variants, a
greater number of overwintering plants and productive tillers were
read per unit area. Spike length was the highest after pre-sowing
tillage performed as ploughing. Significant differences in the number
of grains per spike of the investigated variants were not found. Grain
weight per spike was the lowest under direct sowing.
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