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Abstract

The study analyses the changes of the fractional composition of potassium of the main soils of southern
Ukraine — ordinary chernozem and southern chernozem under influence of irrigation and fertilization
systems. The research was conducted in two stationary experiments, laid on chernozem ordinary (11-year
of crop rotation) and on chernozem south (3-year multifactorial experiment). It is established that under
the influence of irrigation in ordinary chernozem the sum of groups of potentially available potassium in
a layer of 0-30 cm increases by 40.3 and 57.5% in comparison with rainfed conditions. The content of
exchangeable potassium in chernozem usually varies considerably depending on the soil moisture (r = -
0.80). The norm of fertilizers — manure 200 t/ha + N20oP200Kso, introduced under the basic cultivation of
the first crop rotation, in the aftermath after 11" year provides a positive balance of exchangeable
potassium in ordinary chernozem even with a decrease in the initial content in 2.1 times. In the southern
chernozem, the total amount of potentially available potassium is much lower than in chernozem
ordinary: 19.0% in the layer 0-30 cm and from 45.5 to 52.6% with a depth of 120 cm. The distribution of
the depth and direction of irrigation and fertilizer systems are similar to those of ordinary chernozem.
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INTRODUCTION

Potassium belongs to the group of main
elements that determine the geochemical
features of the landscape, the conditions for
the migration of other elements. Among the
elements of mineral nutrition consumed by
plants in the largest quantities, potassium
holds one of the first places. Under the
conditions of high potassium presence, the
following qualities of the agricultural products
improves: content of sugar in fruits and
vegetables, starch — in potatoes, fat — in the
oilseeds, the filling in grains of cereal crops,
the strength of fibres in the barns.

The potassium in the soil increases the water-
retaining capacity of cells, affects the plant’s
resistance to drought and crops’ infestation of

diseases [15]. This element contributes to the
increased winter and frost resistance of winter
wheat, as well as the frost resistance of spring
crops [11]. In ordinary and southern
chernozems  of  heavy  granulometric
composition, the gross content of potassium is
quite high and ranges from 2.1 to 2.4% [17],
though its main share constitutes a potential
reserve of an exchangeable equilibrium. The
gross availability of the element to plants
depends on many factors, the main among
which is the moisture regime and
scientifically grounded use of fertilizers.

In the period of intensive use of chemicals in
agriculture, most of Ukraine’s soils had a high
degree of supply with exchangeable
potassium. Since 1991, the level use of
mineral fertilizers has decreased: in 1991-
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1995 biennium average was 73 kg (active
substance - a.s.) of NPK, in 1996-2000 — 19
kg a.s. of NPK. Since 2001, a gradual increase
has been observed and currently 43 kg a.s.
NPK has been achieved, including only 8 kg
of K20 per hectare of sown area [6]. As we
can see, the level of potassium fertilizers is
very low. Some authors [7] consider that the
important determinant of this phenomenon
resides in the belief of many researchers,
farmers, and specialists of the Ministry of
Agrarian Policy and Food of Ukraine that
most of the soils of the Forest-Steppe and
Steppe  areas, especially the heavy
granulometric composition, are well-supplied
with the potassium available to plants.
However, the data collected during the recent
agro-chemical survey reveals that the area of
soils with low and average content of
exchangeable potassium and the growth of its
balance deficit from (-56.4) kg/ha in 2001 to
(-64.2) has increased as for 2009 [12].

With the increase in the level of agricultural
technology, spreading the use of techniques
aimed at the accumulation and preservation of
soil moisture, and the optimization of nitrogen
- phosphorous nutrition, the agrochemical and
economic effect of the use of potassium
fertilizers on the ordinary and southern
chernozems (the zone of the Steppe) has
increased significantly. The role of potassium
in irrigation and the application of high doses
of nitrogen-phosphorus fertilizers in intensive
crop rotation is especially evident [8].
Primarily, the plants assimilate the most
mobile forms in the process of nutrition which
is potassium of the soil solution. Then they
consume exchangeable forms and during the
development of the plant — unchangeably
fixed forms, which must be taken into account
when describing the fertility of soils with
respect to potassium [13].

There is no consensus among the scientists
about the effect of the long-term systematic
introduction of fertilizers on the content of
certain  potassium fractions and their
correlation in soils. For example, according to
the studies of Nosko and Gladkyh on ordinary
chernozems, it is established that when
systematically applying medium and elevated
potassium fertilizer rates, the content of
396

mobile potassium increases by 23-37%, easily
soluble and loosly-bond — by 30-35%,
exchangeable — by 80-110% up to a depth of
100 cm [16]. According to their data, this
process occurs even with a poor balance of
potassium in crop rotation.

There also exist studies which confirm the
same peculiarity in respect to the mobile
element of the podzolic chernozems [3]. Data
obtained on the chernozem drainage
demonstrates that even for a positive balance
of potassium, its accumulation occurs mainly
in light - exchangeable forms. Alongside with
this, as the content of potassium increases, its
strongly bonded fractions also go up [14].

In contrast, Voronkov and Khramtsov argue
that the systematic use of mineral fertilizers
and straw as a source of organic matter did
not significantly affect the accumulation of
exchangeable forms of potassium in the
recovered chernozem, which, in their opinion,
is explained by the high dynamism of
equilibrium between them [21]. The relative
stability of the content of exchangeable
potassium was observed in their experiments
during 15-18 years with an annual carryover
of 25-37 kg/ha.

In a stationary experiment on a dark-grey
podzolic soil, fertilizer systems for the period
from 2001 to 2012 provided an increase in the
content even of the gross forms of potassium:
mineral to a depth of 60 cm, organic and
organic-mineral to 80 cm. In addition, they
significantly changed the ratio of different
forms of potassium to a depth of 60 cm; at a
depth of up to 1 m, there was a sharp decrease
in the exchangeable form almost to the
indicators of the control variant.

According to the conclusions of Lopushnyak
[10], an organic-mineral system with organic
fertilizer saturation of 15 t/ha of crop rotation
area has provided the highest rates of water-
soluble, exchangeable and unchangeably fixed
potassium in soil as compared to mineral and
organic systems.

The influence of irrigation regimes on the
state of the chernozem potassium stock was
practically not studied, except for individual
studies [18, 19, 23]. Some authors noted the
effect of soil moisture on the mobility of
potassium fractions and the evidence of its
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available form in soils of the steppe and dry-
steppe zones [24], the Carpathians [22] and
meadow-chernozem soils [9].

Thus, if the data on the effectiveness of long-
term use of fertilizers in relation to the
potassium regime of soils is quite
contradictory, and in the conditions of
irrigation is practically absent, it is necessary
to systematize already received results and
accumulate new types of soils, climatic zones
and research methods for the establishment of
certain regularities.

The aim of the study is to investigate the
effect of long-term irrigation and fertilizer on
the potassium regime of chernozems.
MATERIALS AND METHODS
Observations were conducted in two
stationary experiments.

First, the irrigation regimes on different
backgrounds of soil cultivation (ploughing to
a depth of 25-27 cm to 40-50 cm) and
organic-mineral fertilizer system within the
Southern Bug Irrigation System were studied.
The water from the South Bug river was used
for irrigation. The chemical composition of
hydrocarbon-calcium water with
mineralization of 300-680 mg/dm?® is as
follows: ~among anions,  hydrocarbon
predominates (171.3-288.9 mg/dm®) — an
average of 54.1% of the sum of all anions;
among cations — calcium (43.1-82.4 mg/dm?d),
which is an average of 40.6% of their amount.
The irrigation rate in the years of research
from 1,200 to 3,500 m®/ha. Irrigation rate
350-600 m?/ha.

The soil ordinary chernozem is a shallow
semi-humus lethargic on the loess (study field
of the Ochakiv station). The average amount
of humus in an arable layer of 0-30 cm —
4.81%, the content of which on the profile has
gradually decreased. Among the absorbed
bases, calcium prevailed (80.7-84.7%), the
amount of sodium absorbed was negligible
and amounted to 0.1% of absorption capacity.
A characteristic feature of the soil is the high
pH of the aqueous extract: the plough-treated
horizon of 7.8-7.9, the under plough horizon
and below — exceeded 8.2. Carbonation was
noted from a depth of 40-50 cm.

Rotation of crops: corn for grains, winter
wheat, corn for green feed, annual grasses,
fodder beet, corn soda with silage, corn mix
with  perennial  grasses.  Agricultural
procedures for crops cultivation is typical for
this zone.
Variations of fertilizer systems: 1. 40 t/ha
manure + NeoPsoKis; 2. 100 t/ha manure +
N1ooP100Kz0; 3. 200 t/ha manure +
N20oP200Keo. Fertilizers were introduced once
for rotation wunder the corn for basic
cultivation. The repetition of the experiment is
four times, the area of the plot is 0.15
hectares, the location is renamed. Potassium
chernozem stock is presented depending on
irrigation norms and fertilizer system, because
there were no significant differences in
ploughing variants.
The second multifactorial field experiment
was laid on the territory of the
Nizhnednistrovsk irrigation system at the
fields of “Agrofirma Petrodolynskoe” in
Odessa region. The type of crop rotation is
grain and feed. Alternate crops: maize for
silage, winter wheat, fodder beet. Agricultural
procedures for crops cultivation is typical for
this zone.
The source of irrigation in  the
Nizhnednistrovsk Irrigation System is the
Dniester River. Total mineralization of water
from March to October varies within 430-648
mg/dm3. The dominant anion is a hydro-
carbonate, the content of which varies from
195.2 to 274.5 mg/dm3, and the averaged
value is 52.3% of the sum of the content of all
anions. Content of other anions: SO4* — 75,2-
171,8 mg/dm® or 27.6%; ClI° — 32-76,7
mg/dm? or 19.8%; CO3*> — 0-9,0 mg/dm?, or
0.4%. Irrigation rates: maize for silage — 300
m3/ha — 5 irrigations; winter wheat — water
storage — 400 m®/ha and 3 plots of 300 m%/ha;
fodder beet — 300 m®ha — 11 irrigations.
The soil is southern low-humus heavy-bodied
chernozem on loessed loam. Humus content
in the arable layer is 3.4%. The capacity of the
humus horizon does not exceed 60 cm and the
humus content in its lower part is 1%. The
composition of the absorbed bases is
dominated by calcium, content of which in the
arable layer is 26.5 mmol/100 g of soil, with
the depth down to 23.3. The amount of
397
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saturated sodium is 1.4-1.2%. Carbonation is
noted from a depth of 50-60 cm, but the field
is aligned with this indicator only from 60-80
cm; the pH of the aqueous extract in the
arable horizon ranges from 6.9 to 7.0.

The effectiveness of 19 variants of fertilizer
systems was studies, the potassium fund was
investigated on seven variants: 1. Control
(without fertilizers); 2. Manure 40 t/ha —
background; 3. Background + PigoKiso; 4.
Background + NigoP1g0K1so; 5. Background +
N1soKigo; 6. Background + NigoPiso; 7.
Background + NazgoP1soKsoo. The fertilizers
were introduced once for rotation for corn
silage. The area of the sown area is 550 m?,
the location is renamed, the repetition is 4
times. The exchangeable potassium was
determined by the Maslova method [4], the
fractional composition of potassium by the
Dashevsky method in the modification of the
Sokolovsky NSC ISSAR [1, 20].

RESULTS AND DISCUSSIONS

Under conditions of irrigation in ordinary
chernozems, the sum of potassium groups in
the layer of 0-30 cm increases by 40.3 and
57.5% (Table 1).

Table 1. The fractional composition of potassium in
ordinary chernozems with irrigation

Readily- | Exchange- | Hydro- | Unchange-
. Depthof | Feadh- [ Eereioe [ e [ Uy | sum
Variant sampling, -
cm mg/100 g of soil
0-30 15 175 | 435 | 3500 | 4125
Drviand 30-50 1.0 165 | 49.0 | 4950 |5615
v 50-80 05 105 | 525 | 3200 | 3835
80-120 05 105 | 395 | 3000 |3505
120-150 | 05 9.0 395 | 350.0 | 399.0
ricati 0-30 13 135 | 540 | 5100 |5788
frigation ™ 35.50 1.0 165 | 490 | 4750 |5415
70-80 %
50-80 05 155 | 455 | 3450 | 4065
80-120 05 85 435 | 4150 | 4675
ricati 0-30 2.0 200 | 975 | 5300 | 6495
rrigation 30-50 0.8 135 | 51.0 | 4770 |5423
80-90%
50-80 05 155 | 455 | 3600 |42L5
80-120 05 210 | 455 | 3750 | 4420

Source: Own determination.

It is depending on the irrigation regime, in the
horizon of 30-50 cm, changes in relation to
the rainy conditions range from 3.3 to 9.9%,
and in the layer 80-120 cm — higher than the
control variant in 33.4 and 26.6.

At the same time, the changes in the content
of the easily soluble and exchangeable forms
are not significant, and the potential reserves
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increase to a large extent. Hence, an increase
in the content of potassium that is easily
hydrolysed, the more significant, the more
intense irrigation. A similar trend is also
applicable to the unchangeably fixed group.
According to Zhukov and Nikitina [24], it is
due to the predominance of hydrosulphite
minerals in the content of silty fraction,
alkaline reaction of soil solution, saturation
with divalent bases, high content of organic
matter and periodic drying of soils.

According to Zhantalay [23], irrigation
increases the content of hydrocarbons in the
soil and the gross content of potassium, as
well as the intensification of the processes of
meltmorillonite’s ilitization, where in the
process it loses the ability to expand the
lattice and turns into mixed-layer hydrosulfide
- montmorillonite formation.

Study of fractional composition of potassium
of southern chernozems under irrigation
conditions  within  the limits of the
Nizhnednistrovsky irrigation system showed
that the sum of potassium groups in them is
much lower than in ordinary chernozems — in
the layer 0-30 cm at 19.0% and from 45.5 to
52.6 % with a depth of 120 cm (Table 2).
Probably this is due to the gross reserves of
potassium. The distribution on the profile is
identical — there is a slight uniform decrease
in potassium content with depth.

Compared with ordinary chernozems, in the
southern chernozems, the proportion of light-
hydrolytic potassium increases slightly and
proportion of unchangeably fixed decreases
accordingly. It is evident that the content of

In the most mobile (readily soluble) reliability
of the changes is the lowest. With increase of
the potassium bond strength with the soil
environment, the reliability of its content in
this group increases. The unchangeably fixed
potassium is most closely related to the soil,
which stipulates high reliability of this
indicator. It should be noted that in all
variants of the experiment in the layer of 30-
40 cm the content of the unchangeably fixed
potassium is sharply reduced, which can be
explained by the high biological activity of
the irrigated soil in the indicated layer.
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the first three groups of potassium — readily
soluble, exchangeable and hydrolysed —
throughout the profile, with the background of
all variants of the experiment, have very low
reliability. This can be explained by the fact

that the potassium of these three groups is
characterized by mobility and is easily
transformed from one to another depending
on the environment.

Table 2. The fractional composition of potassium in the southern chernozem depending on the fertilizer system with

the background irrigation (mg/100 g of soil, n=5).

Variant Depth of Readily-soluble Exchangeable Hydrolyzed Unchangeably fixed Sum

sampling, % sy In% X sy In% X sy In% X Sx In %

cm from from from from

sum sum sum sum
Control 0-30 051 005 015 944 017 282 49.70 052 1487 27460 1098 8215 334.25
without 30-40 022 001 007 670 015 219 4490 0.62 14.67 25430 2.80 83.07 306.12
fertilizers 40-50 0.17 0.02 007 505 030 199 4380 1.41 1724 20500 5.15 80.70 254.02
50-80 011 001 005 431 049 205 3980 046 18.89 16650 4.01 79.01 210.72
80-120 0.10 0.01 0.06 373 029 225 36.11 035 2173 12620 4.86 75.96 166.14
Background 0-30 0.16 0.02 0.05 11.02 057 371 4868 0.28 16.38 237.36 1047 79.86 297.22
40 t/ha 30-40 0.08 0.01 003 6.38 035 236 4419 054 1638 21919 400 81.23 269.84
of manure 40-50 0.10 0.00 0.04 507 0.02 202 4456 0.78 1776 201.22 9.50 80.18 250.95
50-80 0.10 0.01 0.04 489 011 211 40.16 0.33 1732 186.66 8.28 80.52 231.81
80-120 0.09 0.01 0.05 399 019 203 3995 0.28 2032 15261 4.18 77.61 196.64
Background + 0-30 048 0.01 0.17 1201 053 438 5237 0.84 19.08 209.60 18.70 76.37 274.46
NoP1soK1so 30-40 032 003 012 716 020 258 4880 0.76 1759 221.10 14.07 79.71 277.38
40-50 0.09 0.01 0.03 1201 053 426 4880 0.76 17.33 220.74 1357 78.38 281.64
50-80 0.06 0.00 0.02 529 0.15 178 4527 0.26 1525 246.21 15.78 82.95 296.83
80-120 0.17 0.02 0.08 4.01 019 19 3951 0.77 18.75 167.08 1876 79.27 210.77
Background + 0-30 197 0.05 064 1328 1.07 431 5958 125 19.34 23330 20.17 7571 308.13
N18oP180K1s0 30-40 0.22 0.01 0.07 59 028 198 46.17 0.78 1534 248.62 3.24 82.61 300.96
40-50 0.23 0.02 007 581 030 179 5058 0.81 1557 268.14 4.64 8257 324.76
50-80 0.18 0.01 007 425 012 174 4418 046 18.09 19557 155 80.09 244.18
80-120 0.12 0.01 0.06 419 0.28 216 4201 0.44 2166 14762 952 76.12 19394
Background + 0-30 0.27 003 009 795 052 279 5133 129 1799 22574 6.19 79.13 285.29
N1soPoK1s0 30-40 0.20 0.03 0.07 507 034 174 4478 0.33 1539 24099 4.62 8280 291.04
40-50 0.13 0.02 005 595 019 208 4823 050 16.88 231.37 5.97 80.99 285.68
50-80 0.10 0.01 004 550 031 214 4134 050 16.06 21050 1572 81.77 257.44
80-120 0.21 0.02 010 449 035 223 3801 031 1887 158.76 4.43 78.80 20147
Background + 0-30 341 015 098 1616 104 466 6297 095 1815 26446 11.77 76.21 347.00
N1soP180Ko 30-40 039 002 012 636 014 188 5473 109 1620 276.38 5.84 81.80 337.86
40-50 0.11 0.00 0.04 743 042 245 46.17 0.75 1525 249.04 187 82.26 302.75
50-80 0.13 001 0.06 444 013 202 40.75 1.09 1857 17407 588 79.34 219.39
80-120 021 0.01 0.0 498 013 242 3990 0.61 1943 16028 256 78.04 205.37
Background + 0-30 0.34 0.04 0.13 10.05 0.15 377 49.66 090 1861 206.78 10.82 7750 266.83
N300P180K300 30-40 029 0.02 008 779 053 227 4720 143 1373 28855 458 8392 343.83
40-50 0.16 0.01 005 6.05 022 201 4355 035 1450 25050 9.72 83.43 300.26
50-80 019 0.01 0.09 497 009 238 3846 0.21 1842 165.12 10.19 79.10 208.74
80-120 0.22 0.01 011 481 0.06 242 3929 0.21 19.77 15440 430 77.70 198.72

Source: Own determination.

As our long-term studies have shown, the  horizons in all soil, to a certain extent and

layer of chernozem ground of 30-40 cm with
irrigation is sharply different from other

according to the mobile indicators.
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The application of fertilizers almost did not
affect the content of readily soluble
potassium, only on a background of balanced
nutrition (background + NigoP1s0Kigo) its
content in the arable layer increased by 3.9
times compared to absolute control.

This variant was distinguished by the most
even distribution of potassium in groups in the
arable horizon. Under the organic fertilizer
system, the lowest content of readily soluble
potassium (0.16 mg/100 g) was observed. It
can be noted that the application of manure
facilitates the transfer of potassium into more
tightly connected forms.

The study found that the content of
exchangeable potassium in chernozem usually
varies significantly depending on the moisture
content of soil samples. In the damp, there is a
significant decrease compared to air-dry in all
layers of soil, both in irrigated areas: from 1.7
to 2.9 times, and in areas without irrigation:
2.2-4.4 times (Figure 1, 2).

1] 5 10 15 20 25 30 35

Dryland

Irrigation, 70-
80%

= K20

Irrigation, 80-90%

= Humidity, %

Fig.1. Effect of soil moisture level on the content of
exchangeable potassium (mg/100 g soil) in ordinary
chernozem (fresh soil samples)

Source: Own determination.

The high correlation value revealed the
dependence of the content of exchangeable
potassium on the soil moisture: r = - 0.80. The
data is reliable at a Student’s level of
significance 0.01. Fewer fixation of potassium
on wet soils compared with drying was noted
in the experiments of Kucher [9].

The influence of the moisture condition of the
samples on the variability of potassium forms
in chernozem and grey forest soils in the
Carpathian Highland region was noted by
Warhol [22], but the direction of these
changes was the opposite: wet samples
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showed a significant increase, compared to
dry, exchangeable forms of potassium, while
the amount of non-exchangeable — changed
insignificantly.

As a rule, domestic and foreign soil scientists
explain this by the nature of the mineralogical
composition of the soil and their ability to
retain and fix potassium during humidification
and drying [2, 5].

The content of exchangeable potassium
determines the degree of plant provision with
this element of nutrition. We investigated
changes in its content, depending on the soil
and year of aftermath of the fertilizer systems.

u|K20

m(Humidity, %

<3
=
=
=)
=
a0
o
X
=
@
<
=]
=
@

Fig.2. Effect of soil moisture level on the content of
exchangeable potassium (mg/100 g soil) in ordinary
chernozem (air-dry soil samples)

Source: Own determination.

Due to increase in the moisture content of
irrigated soil in comparison with the non-
irrigated, as well as the higher vyield of
agricultural ~ crops, the content of
exchangeable potassium under the influence
of 11 years of irrigation decreased almost
twice throughout the profile of ordinary
chernozem to 120 cm (Table 3, 4).

Table 3. The content of exchangeable potassium in
ordinary chernozem in the result of different fertilizer

rates, mg/100 g of soil

. Depth of Initial Year after fertilizers
Variant | sampling, | gare [ 3rg 4th 7th sth | 11th
0-30 58.9 24.8 28.0 545 28.2 315
w0 gﬂ;‘et’f 30-50 36.7 16.9 202 29.7 18.7 23.7
NoPaKe 50-80 30.8 134 134 224 15.2 18.6
80-120 | 29.4 96 75 131 114 13.0
i 0-30 57.7 243 35.8 263 26.6 39.2
lyggn"::g of 73050 375 243 132 18.7 22.7 19.5
NosPuks | 50-80 325 16.7 94 9.1 17.2 16.2
80-120 | 294 143 6.2 71 10.7 11.9
0-30 63.5 352 373 40.0 355 304
Zn‘ignvu*;g of [ 30-50 387 35.7 18.9 17.8 217 253
NosPaoKe, |_50-80 347 19.6 74 11.7 15.7 16.4
80-120 | 294 145 6.2 74 11.0 93

Source: Own determination.
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The reason for this phenomenon may be an
increase in the biological activity of irrigated
soil, as in this case, the content of N-NO3
increases. And as known, N-NOz is an
antagonist of exchangeable potassium, and
according to our calculations, the content of
N-NO3z and K>O is closely correlated (r = -0.9;
the data is reliable at the Student’s level of
significance 0.01).

In conditions of experiment, despite the
different amount of introduced potassium
fertilizers, the content of exchangeable
potassium was almost unchanged in the
variants of fertilizer systems. But at the time
of the end of the rotation (the 11" year after
the fertilizer) the content decreased compared
to the initial one: on fertilizer system with a
minimum norm of mineral fertilizers in 1,9
times, in average — in 1.5 times and with a
maximum — in 2.1 times.

Table 4. The content of exchangeable potassium in
southern chernozem in the result of different
fertilization rates, mg/100 g of soil

The Year after fertilizers

i i initial

Variant sampling, a 1st 2nd 3rd
cm state, corn for winter | fodder
n=18 green feed wheat beets

0-30 14.8 9.8 8.5 1.6
Control 30-40 10.0 6.6 8.7 0.7
without 40-50 9.8 5.4 1.6 13
fertilizers 50-80 6.6 6.2 8.2 0.7
80-120 6.7 6.5 6.0 0.6
0-30 16.6 9.6 16.0 3.1
Background 30-40 11.8 6.8 10.2 14
40 t/ha of 40-50 11.3 5.4 8.7 1.6
manure 50-80 9.2 3.7 74 1.2
80-120 6.7 3.6 6.6 1.2
0-30 12.3 12.1 32.2 1.4
Background 30-40 86 6.2 6.0 13
40-50 8.1 4.1 3.9 0.8
NoPsaoKazo 50-80 6.0 41 438 0.7
80-120 5.3 3.0 6.1 0.6
0-30 9.7 22.3 25.3 2.1
Background 30-40 55 114 6.1 2.0
40-50 8.9 9.1 6.1 1.7
NisoPsaokizo 50-80 6.6 10.3 53 17
80-120 6.2 8.6 5.2 13
Background 0-30 12,2 24,7 34,0 1,7
+ 30-40 9,6 13,4 10,1 0,9
N1goPoK1s0 40-50 9,6 12,2 8,2 0,8
50-80 7,2 14,4 7,3 0,6
80-120 5,4 12,0 6,2 0,6
Background 0-30 13,6 10,1 18,0 13
+ 30-40 9,2 54 12,7 0,8
N1goP180Ko 40-50 76 6,0 9,1 0,8
50-80 8,4 53 6,6 0,7
80-120 6,6 53 44 0,6
Background 0-30 12,0 9,0 26,1 3.4
+ 30-40 8,9 5,0 15,2 2,1
N300P180K300 40-50 8,9 3,5 21,5 1,1
50-80 7,8 6,1 15,0 1,0
80-120 6,4 5,1 12,6 1,0

Source: Own determination.

However, while on the background of the first
two fertilizer standards in the crop rotation, a
negative potassium balance is formed, its
deficit-free balance (Table 5) - +533.3 kg/ha

per rotation of crop rotation is created at the
background of the maximum (manure 200
t/ha + N200P200Ks0).

On the southern chernozems before the laying
of the experiment, the soil content of
exchangeable potassium was characterized as
medium-sized (Table4). In the control
version, without introducing the main
fertilizer over the years, gradual reduction of
exchangeable potassium to a low level of
supply occurs.

Table 5. The balance of nutrients in crop rotation for
ordinary chernozem

. . Nutrition elements, kg/ha
Variant Indicators N P,O: G0
manure Added with
40 t/ha + fertilizers 426 322 285
NsoPsoKis Off set of crops
and non-produc- 709,7 285,1 678,1
tive losses
Difference -283,7 +36,9 -393,1
manure Added with
100tha+ | fertilizers 790 | 580 | 660
N10oP100K3o | Off set of crops
and non-produc- 749,9 300,3 710,3
tive losses
Difference +40,1 +229,7 -50,3
manure Added with
200tha+ | fertilizers 1430 | 910 | 1290
N20oP200Keo | Off set of crops
and non-produc- 797,9 319,7 756,7
tive losses
Difference +632,1 | +590,3 | +533,3

Source: Own determination.

The most favourable potassium regime was
on the background of the introduction of
organic-mineral fertilizers: manure 40 t/ha +
N1soP180K180 and manure 40 t/ha + N1goK1so.
The dynamics of the content of exchangeable
potassium in soil over the years to a certain
extent characterizes the crops’ need in
potassium fertilization. Its lowest content was
indicated in the autumn after the harvest of
fodder beets, which is explained by the
increased need of this crop in potassium.

At the same time, it is likely that potassium
was actively used at the end of the vegetation
of beets, which did not allow to restore the
stocks of its exchange forms at the expense of
more tightly connected. The corn for green
feed and winter wheat do not use potassium
from the soil in large quantities until the end
of the growing season.
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CONCLUSIONS

The research allowed to draw the following
conclusions:

-Under the influence of irrigation in ordinary
chernozems the content of potentially
available potassium in the layer of 0-30 cm
increases by 40.3% and 57.5% in comparison
with rainfed conditions.

-The content of exchangeable potassium in
ordinary chernozem varies considerably
depending on the soil moisture content (r = -
0.80). In moist ones there is a significant
decrease compared to air-dry on all layers of
soil. both in irrigated areas (from 1.7 to 2.9
times). and without irrigation (2.2-4.4 times).
-Fertilizer norm of manure 200 t/ha +
N200P200Keo, introduced under the main
cultivation of the first crop rotation in the
aftermath of 11 years provides a positive
balance of exchangeable potassium in
ordinary chernozem even with a decrease of
the initial content in 2.1 times.

-In the southern chernozem. the total amount
of potentially available potassium is much
lower than in ordinary chernozem: in 19.0%
in a layer 0-30 cm and from 45.5 to 52.6%
with a depth of 120 cm. The nature of the
distribution of depth and direction of
irrigation and fertilizer systems are similar to
ordinary chernozems.
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