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Abstract. The article presents the results of the effectiveness studies of No-till technology on chernozem in
a typical forest-steppe zone of the Volga region. Research has shown that No-till technology provides water,
agrophysical and agrochemical properties of soil that are favourable for plant growth while effectively
controlling weeds. There is also a tendency to increase the yield and product quality. According to our
estimates, direct sowing increases the yield of spring wheat grain by 0.5 kg/ha, the mass fraction of gluten
from 13.6% to 15.0%, the mass fraction of protein from 11.0% to 11.6% in comparison with traditional
technology.

1 Introduction
Priority areas for the development of agriculture on a
global scale include the search for effective, low-cost,
environmentally acceptable agricultural technologies that
guarantee the stable development of agricultural
production while reducing the cost and the negative
impact of intensification means on the environment.
In recent years, minimal tillage systems and No-till
technologies [1] are becoming more widespread in the
world, including in Russia [2]. The modern strategy of
the No-till system provides for a gradual transition to
soil-protective and energy-saving agriculture based on
the development of biologization techniques [3].
The technology meets certain requirements. It
minimizes interference with the soil while ensuring the
constant presence of plants and their live roots in the
soil, maintaining fertility, reducing the cost of fuels and
lubricants, depreciation and repair of equipment. This is
not a simplification of existing systems, but a
sophisticated technology, the correct application of
which minimize the main problems of agriculture [4, 5].
The advantage of No-till technology lies in several
aspects. The technology will allow the accumulation of
plant residues of previous crops on the surface, which
provides the soil with wind resistance, reduces
unproductive evaporation of moisture, protects plants
from weediness, reduces losses of organic matter and
others [6]. Some scientists and practitioners evaluate the
effectiveness of the No-till system differently. So in their
opinion, the development of this system increases crop
yields in about 15% of cases, in 5% there is a decrease,
and the yield does not change in 80% of cases comparing
with traditional methods of land use [7].
The methodology of studying No-till technology in
Russia is in the stage of development. Only individual

enterprises have appreciated the advantage of this
technology and successfully continue to learn and
implement it. Given the territorial fragmentation, the
diversity of soil and climatic conditions, scientists have
to undertake many studies and design practical
recommendations for the development of this
technology.
Purpose of the study: to evaluate the efficiency of
No-till technology on chernozem typical in the
conditions of the forest-steppe zone of the Volga region.
The tasks include:
- to study the dynamics of the agrophysical properties
of the soil, depending on the technologies used;
- to study the dynamics of soil moisture and the
content of productive moisture with various
technologies;
- to identify changes in agrochemical indicators of
soil fertility;
- to establish the effect of No-till technology on
weediness of crops;
- to study the dependence of the spring wheat yield
and its structure on the studied factors.

2 Research Methodology
The studies were carried out in the production
environment of LLC Agrostandart of the Novospassky
district of the Ulyanovsk region.
The soil of the experimental plot is a typical
carbonate light loamy chernozem. The content of humus
in the soil is 6.05%, the reaction of the soil solution is
neutral (pHKCl = 6.86), the content of mobile phosphorus
is 149 mg/kg of soil, exchange potassium is 220 mg/kg
of soil, sulfur is 11 mg/kg of soil.
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wheat, its density was 1.02 g/cm3, whereas in the case
without tillage it was 1.08 g/cm3. In a soil layer of 10–20
cm we observed a more substantial increase in soil
density, from 1.08 to 1.20 g/cm3. In the soil layer of 2030 cm, there were no significant differences in density
(Table 1).
The technology of cultivating spring wheat without
tillage led to an increase in penetration resistance,
especially in the soil layer of 20-30 cm, but the
indications did not go beyond the optimal values for
plants.
The analysis of other indicators of soil water
properties before sowing and before harvesting shows
that traditional tillage (ploughing) is inferior to the
option with direct sowing technology. Before sowing,
we established that the reserves of productive water of 030 cm layer were 35.3 mm with traditional technology,
and 40.2 mm with the No-till system. By harvest, the
available moisture reserves decreased to 18.6 mm with
ploughing, and up to 21.2 mm in direct sowing (Fig. 1).

The object of research is spring wheat, located in a
grain-crop rotation: clean fallow - winter wheat sunflower - barley - soybeans - spring wheat. We studied
two options for sowing technology and protecting plants
from weediness: 1) combined tillage as the main one in
crop rotation, applying herbicide to protect plants from
weediness during plant vegetation 2) direct sowing of all
crops, chemical protection of crops from weeds in
spring, summer and autumn periods.
Combined cultivation of the soil in a crop rotation
involved ploughing under sunflower and soybean to a
depth of 25-27 cm. For grain crops (barley, spring
wheat), we used shallow tillage included double-disking
of 10-12 cm, early spring harrowing and sowing with a
DMC seeder -9000. In the second option, we did not
cultivate the soil after harvesting; in the spring we
carried out the direct sowing with the Amazone DMC9000 seeder. The sowing rate of spring wheat is 4
million pcs germinating seeds per 1 ha, the variety is
Grani.
We conducted the research using generally accepted
methods [8, 9].
The research period (2019) had arid conditions with
36 mm of precipitation on May, which is 10% lower
than normal, while the hydrothermal coefficient (HTC)
was 0.70 units, and on June 8.4 mm of precipitation fell
(HTC was 0.14 units). Weather conditions in August had
a large amount of precipitation, 73.0 mm, and high air
temperatures (HTC = 1.21 units).

Dynamics of nitrogen content in the soil
The content and availability of nitrogen in the soil are
one of the most important indicators for creating a highquality crop. Our studies showed that the nitrogen
content in the soil before sowing spring wheat was
different and depends on technology. According to
traditional soil cultivation in the spring, the soil
contained 10 mg/kg of nitrate soil and 5.6 mg/kg of
ammonia nitrogen soil. In direct sowing, the proportion
of nitrate nitrogen decreased by 2 times, to 5.2 mg/kg of,
but there was an increase in the concentration of
ammonium nitrogen to 7.4 mg/kg of soil (Table 2).
The traditional technology of tillage with autumn
ploughing contributed to an increase in the process of
soil nitrification and increased in the content of nitrate
nitrogen. The increase in the concentration of nitrate
nitrogen because of ploughing indicates insufficient
supply of carbon microorganisms with carbon
compounds [15].
Before harvesting spring wheat, we did not reveal
significant differences in the content of ammonium and
nitrate nitrogen in the soil.

3 Results and discussion
Agrophysical indicators of soil fertility
Chernozem soils have biological, agrophysical and
agrochemical properties favourable for plants. Currently,
many researchers point to the degradation of soil
fertility.
This is due to intensive soil cultivation, violation of
the regime of organic matter, insufficient application of
mineral fertilizers, erosion processes, etc. [10].
No-till technology solves a number of indicated
problems, however, it also has drawbacks [11–13]. It is
believed that the cultivation of crops without tillage (Notill technology) leads to the problem of exposure of the
running gear to the soil on harvesting machines and
equipment destroying its structure and re-compaction.
One of the important indicators of the agrophysical
properties of the soil is its density, which determines the
water-air and biological properties, as well as the water
permeability of the soil, water-holding ability, root
distribution and the creation of favourable conditions for
growing cultivated plants and yield.
In studies conducted on the southern chernozem of
the Stavropol Territory, the cultivation of agricultural
crops without tillage for 8 years led to a significant (3
times) decrease in the dust fraction and an increase in the
water resistance of soil aggregates by 10.5–24.6%
compared to traditional technology with tillage [14].
Our studies showed that as a result of autumn dump
tillage, in a soil layer of 0-10 cm before sowing spring

Crop weediness
Protecting plants from weediness is an important
prerequisite for effective agricultural technologies. Many
researchers point to an increase in weediness of crops
when replacing ploughing with nonmoldboard
cultivation, minimal and No-till technology [16–18].
However, modern agricultural technologies make it
possible to control the weediness of crops through
effective methods even without tillage [19].
Our studies showed a change in the quantitative and
species composition of the weed component of cenosis
in crops during the transition to direct sowing
technology. In spring wheat sowing during traditional
tillage, we found 6 species of weed plants, while using
direct sowing technology we found 3 species.
No-till technology is distinguished by the creation of
a mulching layer due to plant residues of previous crops,
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Yield and quality of spring wheat

which reduces moisture loss and the germination of
weed seeds.
However, it requires developing additional measures
to protect crops from perennial weeds. During our
research, we found only perennial weeds Convolvulus
arvensis, Cirsium arvense and Euphorbia virgata in
spring wheat crop. We did not notice any significant
differences in the number of weeds: there were 16.5
pcs/m2 with traditional tillage and 14.6 pcs/m2 using Notill technology, only the species composition was
different (Table 3).

Crop yield is an integral indicator of the efficiency of
cultivation technologies. Analysis of the crop structure
showed that direct sowing increased the number of
grains in an ear and the weight of grain from 1 ear
compared to traditional technology, which ensured a
yield increase of 0.05 t/ha. Also, when cultivating spring
wheat using the No-till technology, there was an increase
in gluten by 1.4% and protein by 0.6% (absolute values),
in comparison with the technology involving ploughing
(Table 4).

Table 1. Dynamics of soil density depending on the technology of cultivation of spring wheat.

Indicators

Soil layer,
cm

Soil density, g/cm3

Soil moisture, %

Penetration resistance, MPa

3

Soil density, g/cm

Soil moisture, %

Penetration resistance, MPa

0-10
10-20
20-30
0-30
0-10
10-20
20-30
0-30
0-10
10-20
20-30
0-30
0-10
10-20
20-30
0-30
0-10
10-20
20-30
0-30
0-10
10-20
20-30
0-30

Technology options
Traditional
Before sowing
1.02
1.08
1.13
1.08
21.3
21.1
21.1
21.2
7,8/0,76
10,5/1,03
12,0/1,18
10.1
Before harvesting
1.11
1.10
1.13
1.11
23.8
23.3
22.0
23.0
0.75
0.86
1.05
0.89

LSD 05

No tillage
1.08
1.19
1.17
1.15
22.2
19.3
19.7
20.4
8,7/0,85
16,4/1,61
15,3/1,50
13.4

0.05
0.07
0.05
0.06
1.2
1.9
2.0
1.9
2.1
2.7
2.9

1.12
1.15
1.18
1.15
23.6
22.5
17.1
21.1
0.80
1.04
2.00
1.28

0.05
0.08
0.03
0.06
2.1
3.4
3.2
2.5
0.13
0.23
0.41
0.4

2.4

Table 2. Dynamics of the nitrogen content in the soil with various technologies for the cultivation of spring wheat

No.

Indicators

Technology options
Traditional

No tillage

5.6
10.0
3.6

7.4
5.2
1.8

5.4
7.0
Ff ≤ Ft

5.6
3.6
Ff ≤ Ft

Before sowing
1
2

Exchange ammonium nitrogen, mg/kg
Nitrate nitrogen, mg/kg
LSD05

3
4

Exchange ammonium nitrogen, mg/kg
Nitrate nitrogen, mg/kg
LSD05

Before harvesting
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Table 3. Quantitative and species composition of the weed component of agrophytocenoses with spring wheat using
various technologies

No.

Technology

Weed species

Number of
weeds, pcs/m2
1
Traditional
Chenopodium album
1.3
Descurainia sophia
4.0
Echinochloa crus-galli
0.6
Elytrigia repens
0.3
Сonvolvulus arvensis
7.3
Euphorbia virgata
3.0
2
No tillage
Сonvolvulus arvensis
13.3
Cirsium arvense
1.0
Euphorbia virgata
0.3
* - number above the line indicates the total weeds, number below the line includes perennial weeds

Total weeds,
pcs/m2 *
16,5/10,3

14,6/14,6

Table 4. Yield and grain quality of spring wheat

No.
1
2
3
4
5
6

Indicators
Grain size, g/l
Falling number
Moisture, %
Mass fraction of gluten,%
Mass fraction of protein,%
Productivity, t/ha

Traditional
738
180
12.4
13.6
11.0
1.65

No tillage
738
108
13.6
15.0
11.6
1.70

LSD 05
14
1.3
0.9
0.17

Studies conducted in various soil and climatic
conditions show that the direct sowing system helps to
reduce the intensity or eliminate the manifestation of
erosion processes, significantly reduce the loss of soil
organic matter, reduce soil contamination, increase yield
and product quality [20–22]. These directions are
relevant for the conditions of the forest-steppe zone of
the Volga region, which makes it necessary to continue
research to assess the effectiveness of this technology.
This work has been implemented under the support of grant
МD-2909.2019.11.
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