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Abstract

The article presents the results of studies on the study the No-till technology influence depending on mineral fertilizers
on the change in the agrochemical parameters of leached chernozem. Studies have shown that the seven-year use of No-
till technology without fertilizers led to a decrease in the content of alkaline hydrolyzable nitrogen in leached
chernozem by 10.1-13.7 mg/kg of soil, mobile phosphorus by 10.3-16.0 mg/kg, mobile potassium by 9.5-13.1 mg/kg of
soil. The application of mineral fertilizers in the form of ammonium nitrate, sulfoammophos and ammophoska
increased the content of alkaline hydrolysable nitrogen in the 0-30 cm layer by 12.1-13.6 mg/kg. The content of mobile
phosphorus increased only in the 0-30 cm layer in the variants with the use of phosphorus-containing fertilizers by
17.7-19.9 mg/kg, and the content of mobile potassium in the variant with the potassium-containing fertilizer by 3.7-12.3
mg/kg of soil. The use of complex fertilizers such as sulfoammophos and ammofoska did not lead to a sharp decrease in
PpH. An increase in acidity was observed only in the variant with the use of ammonium nitrate.
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INTRODUCTION This system has established itself as an
agricultural practice and a distinct way of
Over the past 50-60 years, in countries  thinking about the sustainable management of
developing intensive technologies for the  an agroecosystem. With the No-till system, the
cultivation of agricultural crops, the soil  influence of nature and climate is reduced to
fertility of agricultural land has deteriorated  20%. The remaining 80% is accounted for by
more than twice. Traditional methods of  technology and management in agriculture
intensive tillage sooner or later lead to a  (Derpsch etal., 2010).
decrease in the stock of soil humus, a decrease In increasing yields with direct sowing, the
in soil biological activity and (or) erosion up to decisive role is played by mineral fertilizers, of
soil degradation, as well as a decrease in  which nitrogen fertilizers are of paramount
productivity (Chekaev et al., 2015; Derpsch et ~ importance (Liang et al., 2016). The use of No-
al., 2010). till technology preserves soil nutrients and
According to a number of authors, resource-  promotes better absorption of nitrogen,
saving technologies help preserve the level of  phosphorus and potassium by plants, which
humus content and reserves, mainly by  leads to an increase in the economic efficiency
reducing the loss of organic matter by slowing  of fertilizer use. (Yang et al., 2020; Borges et
down the mineralization processes and al., 2000; Medvedeva et al., 2020).
increasing its labile part from the remaining  No-till technology assumes that no fertilizer is
plant residues (straw, chaff) (Huang et al., applied during the period from the end of
1999; Vogeler et al., 2009; Martinez et al.,  harvesting of the precrop to sowing. The key to
2016). obtaining a high yield using this technology is
At present, the No-till technology is recognized  the application of fertilizers during sowing and
as the highest level of minimization of soil  feeding during the growing season of the crop
tillage and sowing in the world. No-till farming  (Chekaev N. et al., 2015).
can no longer be seen as a temporary fad or fad.
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MATERIALS AND METHODS

Studies to assess changes in agrochemical
parameters of leached chernozem in No-till
technologies with the use of mineral fertilizers
were carried out in 2013-2019. at the
experimental sites in LLC Kameshkirsky feed
mill, Kameshkirsky district, Penza region,
according to the following scheme:

1. Without fertilizers (control);

2. N2o in the form of ammonium nitrate (60
kg/ha);

3. N20P20S14 in the form of sulfoammophos
(100 kg/ha);

four. N20P25K25S23 in the form of ammophoska
(166 kg/ha);

The research was carried out in a crop rotation
with alternating crops: peas (Pisum sativum L.)
- winter wheat (Triticum aestivum L.) -
sunflower (Helianthus annuus 1.) - spring
wheat (Triticum aestivum L.) - buckwheat
(Fagopyrum esculentum). The soil of the
experimental plots is represented by leached
chernozem, low-humus, medium-thick, light
clayey. The upper thirty-centimeter soil layer
before sowing peas in 2013 was characterized
by the following indicators: humus content 5.2
... 5.6% (average content), pH (KCL) 4.9 ... 5.2
(weakly acidic), alkaline hydrolysable nitrogen
95.3 ... 106.7 mg/kg (low content), mobile
phosphorus  67.3 70.3 mg/kg (average
content), mobile potassium 120.0 ... 136.0
mg/kg soil (increased content). The area of the
accounting plot is 42 m?.

Fertilizers were applied during sowing with
seeding machines for No-till technology.
Laboratory analyzes of soil samples were
carried out by the following methods:

- mobile compounds of phosphorus and
potassium - according to the method of F.V.
Chirikov (GOST 26204-91);

- alkaline hydrolysable nitrogen - according to
the Kornfield method (modified by CINAO);

- pH of the salt extract on a pH meter (GOST
26483-85);

Yield accounting - by the gravimetric method
according to the variants of the experiment in
3-fold repetition from 1 m?.

RESULTS AND DISCUSSIONS

Among the agrochemical parameters of the
agroecological state of soils, traditionally, the
greatest attention is paid to the content,
reserves and quality of humus, available forms
of basic nutrients (NPK) with assessment
scales, pH values adapted to the conditions of a
particular region.

Long-term application of no-till technology
leads to differentiation of nutrient content in the
upper and lower layers of the soil profile
(Martinez et al., 2016; Messiga et al., 2012).
Mobile  alkaline  hydrolysable  nitrogen
characterizes the content of nitrogen potentially
available for plants.

The content of alkaline hydrolyzable nitrogen
in the 0-30 cm layer in the first year of the
introduction of the No-till technology was in
the range of 95.3-106.7 mg/kg soil, which was
characterized by both very low and low
content.

In the soil layer of 30-50 cm, the content of
alkaline-hydrolyzed nitrogen was lower than in
the wupper 30-centimeter soil layer, and
amounted to 84.5-99.2 mg/kg of soil (Table 1).

Table 1. Change in the content of alkaline hydrolyzable nitrogen in leached chernozem in No-till technology

. Alkaline hydrolysable nitrogen, mg/kg soil
. Soil layer, —
Option 2013 (first year of Deviations from the
cm ] . December 2019 L
implementation) original data
. . 0-30 106.7 93.0 -13.7
1. Without fertilizers (control) 30-50 992 391 o1
2 N20 0-30 95.3 107.4 12.1
30-50 86.0 80.3 -5.7
0-30 98.0 111.8 13.8
3. N20P20S13 30-50 84.5 77.0 -7.5
4 N20P25K25523 0-30 99.6 113.2 13.6
' 30-50 97.6 90.7 -6.9
NSRO5 0-30 3.2
NSRO5 30-50 2.7
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Seven years after the introduction of the No-till
technology (2019), the content of alkaline
hydrolysable nitrogen was 93.0-113.2 mg/kg in
the 0-30 cm layer and 77.0-90.7 mg/kg in the
30-50 layer cm. On the option without
fertilizers, the content of alkaline hydrolyzable
nitrogen decreased by 13.7 mg/kg in the 0-30
cm layer and by 10.1 mg/kg in the 30-50 cm
layer. On the options with the introduction of
mineral fertilizers, the nitrogen content in the
0-30 cm increased by 12.1-13.8 mg/kg. A
decrease was observed in the 30-50 cm layer in
all variants.

Thus, the use of nitrogen-containing fertilizers
leads to the accumulation of alkaline
hydrolyzable nitrogen in the upper 30-cm soil
layer and to a decrease in its content in the 30-
50 cm layer. At the same time, the dynamics of

a clear differentiation of its content in the soil
profile begins to appear.

Phosphate regime of soils means their ability to
supply plants with phosphorus, which is
characterized by: 1 - capacity factor, meaning
the amount of phosphorus available to plants; 2
- an intensity factor characterizing the degree of
mobility of the stock of soluble phosphates
available in the soil (or the possibility of using
mobile phosphates by plants).

The content of mobile phosphorus in the first
year of the introduction of the WNo-till
technology was 67.3-70.3 mg/kg of soil, which
was characterized as an average content for
grain crops and low for fodder crops, root crops
and potatoes. In the layer of 30-50 cm, the
phosphorus content was lower compared to the
0-30 cm layer by 4.3-17.7 mg/kg (Table 2).

Table 2. Change in the content of mobile phosphorus in leached chernozem in No-till technology

Mobile phosphorus, mg/kg soil
Option Soil layer, cm ot
P y 2_013 (first year of December 2019 Dev1a_t1(_)ns from the
implementation) original data
0-30 67.3 57.0 -10.3
1. Without fertilizers (control) 30-50 596 436 160
- . . -12.
2 N20 0-30 69.7 56.8 9
30-50 57.3 41.5 -15.8
3. N20P20S13 0-30 70.3 85.0 17.7
) 30-50 68.0 59.9 -8.1
0-30 68.0 87.9 19.9
4.N20P25K25S2

0P25K25523 30-50 63.7 53.0 -10.7

NSRO5 0-30 3.1
NSRO5 30-50 2.9

The data obtained in 2019 confirm the decrease
in the content of mobile phosphorus in the
variant without fertilizers both in the 0-30 cm
layer and in the 30-50 cm layer. In the variant
with ammonium nitrate, the decrease in mobile
phosphorus was 12.9 mg/kg in layer 0 -30 cm
and 15.8 mg/kg in a layer of 30-50 cm. The use
of phosphorus-containing fertilizers
sulfoammophos and ammophos increased its
content in the layer 0-30 cm by 17.7-19.9
mg/kg, and in the layer 30-50 cm, a decrease of
8.1-10.7 mg/kg was observed, which can be
explained by the low mobility of phosphorus
compounds and weak migration along the soil
profile. An increase in the phosphorus content
was observed only in the variant with the use of
phosphorus-containing fertilizers in the 0-30
cm layer. In the 30-50 cm layer, its decrease is

observed in all variants, which will further lead
to a clear differentiation of its content along the
soil profile.

The content of mobile potassium in the soil
after a seven-year period of introduction of No-
till technology has decreased in almost all
variants, with the exception of the variant with
the wuse of potassium-containing fertilizer
ammophoska. In these variants, the decrease
was from 9.5 without fertilizers to 17.8 mg/kg
in the layer of 0-30 cm and from 13.1 to 18.0
mg/kg in the layer of 30-50 cm. On the variant
with the use of ammophos in the layer 0-30 cm,
an increase in mobile potassium was observed
by 12.3 mg/kg, and in the layer 30-50 cm by
3.7 mg/kg of soil (Table 3). On options without
the use of potassium-containing fertilizers,
seven years after the introduction of no-till




technology, a decrease in its content is
observed both in the 0-30 cm layer and in the

30-50 cm layer, while no clear differentiation
was observed.

Table 3. Change in the content of mobile potassium in leached chernozem in No-till technology

Mobile potassium, mg/kg soil
Option Layer 2013 (first year of Deviations from the
soil, cm . ye December 2019 L
implementation) original data

. . 0-30 136.0 126.5 -9.5

1. Without fertilizers (control) 30-50 271 1140 11
0-30 128.3 110.5 -17.8
2. N20 30-50 125.3 109.0 -16.3
0-30 120.0 107.0 -13.0
3. N20P20S13 30-50 120.0 102.0 -18.0
0-30 133.8 146.1 12.3

4. N20P25K23523 30-50 108.8 112.5 3.7
NSRO5 0-30 2.2
NSRO5 30-50 1.4

Table 4. Changes in pH(KCI) of leached chernozem in No-till technology

pH(KCL), units
Option Soil layer, cm 2013 Deviations from the
’ (first year of December 2019 original data
implementation) &

1. Without fertilizers 0-30 5.09 5.01 -0.09
(control) 30-50 5.13 5.10 -0.03
0-30 5.06 4.75 -0.31

2.N20 30-50 5.17 5.15 -0.02
3. N20P20S13 0-30 4.93 4.81 -0.12
) 30-50 5.10 5.03 -0.07
0-30 5.05 4.95 -0.10

4 N20P25K25523 30-50 5.04 5.06 0.02
NSRO05 0-30 0.07
NSRO5 30-50 0.03

Determination of soil acidity is one of the most ~ CONCLUSIONS

common analyzes, both in theoretical and
applied research.

Plants show varying sensitivity to acidic and
alkaline environments. The negative effect of
acidity is especially dangerous in the initial
growing season.

Studies have shown that the use of No-till
technology reduces the processes associated
with soil acidification.

The use of the soil without fertilization
practically did not lower the pH level.

The use of complex fertilizers such as
sulfoammophos and ammofoska reduced the
pH by 0.10-0.12 units. in the 0-30 cm layer.

In the variant with the use of ammonium
nitrate, an increase in acidity is observed in the
0-30 cm layer by 0.31 units. pH. In a layer of
30-50 cm, changes in pH values were within
the experimental error.

Studies have shown that the use of No-till
technology without fertilizers for seven years
led to a decrease in the content of alkaline
hydrolyzable nitrogen in the leached
chernozem in the upper thirty centimeter layer
by 13.7 mg / kg of soil, mobile phosphorus by
10.3 mg / kg, and mobile phosphorus by 10.3
mg / kg. potassium per 9.5 mg / kg of soil. The
introduction of mineral fertilizers in the form of
ammonium  nitrate, sulfoammophos and
ammophoska increased the content of alkaline
hydrolyzable nitrogen in the 0-30 cm layer by
12.1-13.8 mg / kg. The content of mobile
phosphorus increased only in the 0-30 cm layer
in the variants with the use of phosphorus-
containing fertilizers by 17.7-19.9 mg / kg, and
the content of mobile potassium in the variant
with the potassium-containing fertilizer by 12.3
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mg / kg of soil. Over the seven years of using
fertilizers in No-till technology, there has been
a tendency for a clear differentiation of the
content of alkaline hydrolyzable nitrogen in
soil layers of 0-30 and 30-50 cm when using
nitrogen-containing fertilizers. According to the
phosphorus content, differentiation according
to the studied layers is manifested when using
phosphorus-containing fertilizers. In terms of
potassium content, no clear differentiation was
observed in layers of 0-30 and 30-50 cm over
the seven years of research.

REFERENCES

Borges, R., Mallarino, A.P (2000) Grain yield, early
growth, and nutrient uptake of no-till soybean as
affected by phosphorus and potassium placement.
Agronomy Journal, 92(2), 380-388.
https://acsess.onlinelibrary.wiley.com/journal/143506
45.doi: 10.2134 / agronj2000.922380x

Chekaev N., Kuznetsov A. (2015) The economic
efficiency of the no-till technology by the example of
spring wheat. Russian Agricultural Economic
Review, 2(2), 95-104. doi: 10118334 / raer.2.2.510

Derpsch, R., Friedrich, T., Kassam, A., Hongwen, L.
(2010) Current status of adoption of no-till farming in
the world and some of its main benefits. Journal of
Agricultural and Biological Engineering, 3 (1), 1-25.
http://www.ijabe.org/index.php/ijabe/article/view/22/
114 doi: 10.3965 / j.issn.1934-6344.2010.01.001-025.

Huang, L.F, Zhuang, H.Y, Liu, S.P (1999) Effect of
long-term minimum and zero tillage on rice and
wheat yields and soil fertility. Journal of Yangzhou
University (Natural Sciences), 2(1), 48-52.

33

Liang, X., Zhang, H., He, M., Yuan, J., Xu, L., Tian, G.
(2016) No-tillage effects on grain yield, N use
efficiency, and nutrient runoff losses in paddy fields.
Environmental Science and Pollution Research,
23(21), 21451-21459. http://www.springerlink.com/
content/0944-1344 doi: 10.1007 / s11356-016-7338-1

Martinez, 1., Chervet, A., Weisskopf, P., Sturny, WG,
Etana, A., Stettler, M., Forkman, J., Keller, T. (2016)
Two decades of no-till in the Oberacker long-term
field experiment: Part 1. Crop yield, soil organic
carbon and nutrient distribution in the soil profile.
Soil  and  Tillage Research, 163. 141-151.
www.elsevier.com/inca/publications/store/5/0/3/3/1/8
. doi: 10.1016 /j.still.2016.05.021

Medvedeva, A.M., Biryukova, O.A, Ilchenko, Y.I,
Minkina, T.M, Kucherenko, A.V., Bauer, T.V,
Mandzhieva S.S, Mazarji, M. (2020) Nitrogen state
of Haplic Chernozem of the European part of
Southern Russia in the implementation of resource-
saving technologies. Journal of the Science of Food
and Agriculture, doi: 10.1002 / jsfa.10852

Messiga, AJ, Ziadi, N., Morel, C., Grant, C., Tremblay,
G., Lamarre, G., Parent, L.E. (2012) Long term
impact of tillage practices and biennial P and N
fertilization on maize and soybean yields and soil P
status. Field Crops Research, 133. 10-22. doi:
10.1016 / j.fcr.2012.03.009

Vogeler, 1., Rogasik, J., Funder, U., Panten, K., Schnug,
E. (2009) Effect of tillage systems and P-fertilization
on soil physical and chemical properties, crop yield
and nutrient uptake. Soil and Tillage Research,
103(1), 137-143. doi: 10.1016 / j.still.2008.10.004

Yang, J., Liang, X., Li, H., Chen, Y., Tian, G. (2020)
Effects of no-till and rice varieties on nitrogen and
phosphorus balance in rice fields. Environmental
Sciences Europe, 32(1). doi: 10.1186 / s12302-020-
00302-z.



