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Wzyuensl 3akoHOMepHOCTH (HOCPOPHOTO U KAJTHIHOTO PEKUMA ITOYB MPU COBEPILICHCTBOBAHUH
arpoTEXHOJIOTHI opolaeMoro 3emiesnenus. JJuTeabHbIe UCCIeIOBAHNS MPOXOIUIN B IKCIIEPH-
MEHTAJILHOM 3€PHOTPABSIHOM CEBOOOOPOTE Ha OPOIIAEMO JTyTOBO-4epHO3eMHON TTouBe. OTBITHEII
YYacTOK pacIloIOKeH B FOKHOHN JecocTenn OMcKo# obnactu. VIHTEHCHBHOE MCTIOIB30BaHNE OPO-
[1aeMol MalTHU MPU PalMOHATHFHOM COYETAaHUH PEKMMOB BIAKHOCTH U MHUHEPAIBHOTO MUTAHUS
CIOCOOCTBYET IMOJIyYCHUI0 MaKCHMAJIbHBIX YPO)XKaeB KOPMOBBIX M 3€PHOBBIX Kyibryp. Co3maHue
Pa3IMYHBIX YCIOBUH MHHEPAJIBHOTO MUTAHUS 32 CYeT (DOHOB C MOBBIIICHHON M BHICOKOW oOecte-
YEHHOCTBHIO ITOABUKHBIM (1)0C(1)0p0M C HAJIO)KCHUECM Ha HHUX PA3HBIX BAPUAHTOB aI‘pOTeXHOHOFI/Iﬁ
ITO3BOJIMIIO CMOJICTIPOBATh BO3MO)KHBIE arpOdKOIIOTHYECKHE YCIOBHA, (POPMHUPYIOIINE KOHTPACT-
HBIE TTOKa3aTeNl MPOAYKTUBHOCTH KynbTyp. CpaBHUTENbHAs OleHKa d()()EKTHBHOCTH pa3IMIHBIX
arpornpueMoB IO BBIPANTUBAHHIO KYJIBTYP Ha opomiaeMoM (OHE CBUACTEIHCTBYET, YTO TIPUEMBI 00-
PpabOTKHU MOYBBI U MPEIIECTBEHHUKHA HE OKa3bIBAJIM CYIICCTBEHHOTO BIIMSHUS HA COJCPKAHUE JI0-
ctynHoro (ocdopa B nmouse. PaBHOBecHOE cojepkanue MoBUKHOTO (hochopa Mpu MHOTOJIETHEM
OTPHIIATEIIBHOM 0ajlaHCEe U3MEHHIIOCHh He3HaunTeNIbHO. CrucTemMaruueckoe BHeceHue dhochopcosaep-
JKaIX YIOOpEeHWH 3aMeTHO MOBBICHIIO (pocdaTHBIN cTaryc mouBbl. OQHAKO aJeKBaTHAs OICHKA
(hochaTHOTO COCTOSTHUS MAaXOTHBIX TIOYB BO3MOYKHA MPH HUCIIOIB30BAHUH HECKOIBKUX AMArHOCTHU-
YECKUX MHJIEKCOB (MeTOAOB). JTMTeThHOE HHTEHCHBHOE HUCIIOIh30BAHNE OPOIIAEMON TTAITHA CHU-
3WJIO 3ar1achl JISTKOOOMeHHOro Kanus oT 4 10 1-2 mr/100 1 mouBsl B naxotHoM ciioe. Cozepikanue
O0OMEHHOTO KaJis TaKKe CHU3MIOCH IMTOYTH B 2 pa3a, HO MOYBa OCTACTCSl B BBICOKOM M OYEHb BbI-
COKOM Kitacce obecniedeHHOCTH M. OJHAKO psiji MTOKa3aTeNiell CBUICTENLCTBYET O HapacTarolieM
WCTOUICHNHN ee HanOoJiee MOIBMKHBIMU (PpaKIUAMU TOYBEHHOTO Kasins. boJee yCTONYMBEI 3amachl
HEOOMEHHOT0 Kajus, KOTOpble CHU3MWINCH 3a 40 et npuMepHo Ha 19%, 1 mouBa neperua B pa3psin
C HEyCTOMUNBOM 00€CIIeYeHHOCTHIO.

KiroueBble cjioBa: uepHO3eM, OpOILICHHE, MUHEpaIbHOE TUTanue, pocdop, Kanuii, ynoopeHus

NUTRIENT REGIME OF IRRIGATED MEADOW-CHERNOZEM SOILS
UNDER LONG-TERM INTENSIVE USE

Khramtsov LF., & Boyko V.S.

Omsk Agrarian Scientific Center
Omsk, Russia
(<) e-mail: boicko.vasily2011@yandex.ru

The patterns of phosphorus and potassium status of soils were studied given the improvement
of agricultural technologies of irrigated agriculture. Long-term studies were carried out in an
experimental grain-grass crop rotation on irrigated meadow-chernozem soil. The experimental plot
is located in the southern forest-steppe of Omsk region. Intensive use of irrigated arable land with a
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rational combination of moisture and mineral nutrition regimes contributes to obtaining maximum
yields of forage and grain crops. The creation of various conditions for mineral nutrition due to an
increased and high supply of mobile phosphorus and with the application of different options of
agricultural technologies made it possible to simulate possible agro-ecological conditions that form
contrasting indices of crop productivity. A comparative assessment of the effectiveness of various
agricultural approaches to growing crops under irrigation conditions indicates that soil cultivation
techniques and forecrops did not significantly affect the content of available phosphorus in the
soil. The equilibrium content of mobile phosphorus given a long-term negative balance changed
insignificantly. The systematic application of phosphorus-containing fertilizers significantly
increased the phosphate status of the soil. However, an adequate assessment of the phosphate
status of arable soils is possible using several diagnostic indices (methods). Long-term intensive
use of irrigated arable land has reduced the reserves of easily exchangeable potassium from 4 to
1-2 mg/100 g of soil in the arable layer. The content of exchangeable potassium has also decreased
by almost 2 times, but the soil remains in a high and very high class of its availability. However, a
number of indicators show its increasing depletion in the most mobile fractions of soil potassium.
The reserves of non-exchangeable potassium are more stable, which have decreased by about 19%
over 40 years, and the soil has passed into the category with an unstable supply.
Keywords: chernozem, irrigation, mineral nutrition, phosphorus, potassium, fertilizers

Jas uutupoBanus: Xpawyos U.D., boiiko B.C. IluTarenpHBIl PeKUM OPOIIAEMBIX JYTOBO-4YEPHO3EMHBIX IIOYB IPH
JUTUTEJIbHOM MHTEHCUBHOM MCIIOb30BaHHU // CHOMPCKHUil BECTHHUK celbCKoxo3sticTBeHHON Hayku. 2021. T. 51. Ne 2. C. 5-12.
https://doi.org/10.26898/0370-8799-2021-2-1

For citation: Khramtsov L.F., Boyko V.S. Nutrient regime of irrigated meadow-chernozem soils under long-term intensive
use // Sibirskii vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2021, vol. 51, no. 2, pp. 5-12.
https://doi.org/10.26898/0370-8799-2021-2-1

KonduukT nnrepecon

ABTOPBI 3asBISIFOT 00 OTCYTCTBUH KOH(IIHKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION It is well known that the optimal dose of
phosphorus fertilizers is weakly dependent on
the type of the soil. The pre-sowing application
of P . is practically equally effective both on
infertile soddy-podzolic soils and on typical
and ordinary chernozems. There are practically
no soils rich in phosphorus in nature, the level
of dynamic equilibrium of phosphate systems
of extensively used soils is at the border of low

and medium values of phosphorus supply [6,

Long-term scientific and practical experi-
ence shows that the efficiency of irrigated ag-
riculture increases with the introduction of or-
ganic and mineral fertilizers, as well as micro-
elements. Irrigation creates prerequisites for the
most effective use of fertilizers for all crops and
on all soils. The main condition for obtaining
the maximum effect of the application of fer-

tilizers is the correct combination of irrigation
regime and fertilizers.

An important sign of fertility is the phospho-
rus regime in soils. Purposeful regulation of its
agrotechnical and reclamation methods affects
the reserves of natural phosphorus compounds
in soils in order to increase their mobility and
accessibilty' [1-5].

71.

Potassium as a nutrient is less studied than
phosphorus, due to the fact that in arid condi-
tions with low productivity and high potassium
supply of the soil, the issue of using potash fer-
tilizers is not as relevant as phosphorus fertiliz-
ers. The need for potassium increases due to the
more intensive use of arable land with high pro-

'Kolbin S.A., Samokhvalova L.M., Prozorov A.S. The influence of the moisture conditions of the growing season on phosphorus
removal by spring wheat in the forest-steppe of the Ob region // Soil resources of Siberia: challenges of the XXI century: materials
of the All-Russian. scientific. Conf., dedicated to the 110th anniversary of R.V. Kovalev. Novosibirsk, 2017. P. 209-212.
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ductivity and saturation of crop rotations with
crops with a high removal of potassium from
the soil [8—10].

The aim of the work is to study the patterns
of the nutritive regime of soils while improving
the agricultural technologies of irrigated agri-
culture.

MATERIALS AND METHODS

The experimental part of the work was car-
ried out in stationary experiments laid down in
1977-1978 in two four-field crop rotations -
grain-grass and fodder, combined since 1996
into one eight-field grain-grass crop rotation.
The experimental site is located in the southern
forest-steppe of the Omsk region.

The climate of the area is typically conti-
nental. The sum of the average monthly tem-
peratures for a period> 10 ° C varies within the
irrigation zone on average from 1900 to 2200 °.
The amount of precipitation during the growing
season is about 200 mm.

The soil is meadow-chernozemic, medi-
um-thick, medium-humus, heavy loamy with
a humus content in the 0-0.4 m layer of 6.0—
6.5%, the thickness of the humus horizon "A"
is 0.45 m. The reaction of the soil environment
in the arable layer is neutral: pH - 7.0-7.2.

The soil moisture regime (background) was
maintained by irrigation within narrow limits
(WRC - 0.9-1.0 HB) in layers of 0.5-1.0 m,
depending on the phase of development and
biology of crops. The irrigation rate is mainly
300 m3 / ha.

Experiments are two- and three-factor. At the
initial stage (from 1978 to 1985), they included
four nutritional backgrounds: control (without
fertilizers) and with fertilization based on an
increase in yield (backgrounds I — III) and 4-5
variants of soil cultivation for fodder and grain
crops. Due to the positive balance of phospho-
rus, backgrounds with increased and high con-
tent of phosphorus are created. At the second
stage (1986—-1995), four backgrounds in terms
of the content of mobile phosphorus in the soil

were combined with different seeding rates for
crops and nitrogen fertilizers (1986—1990).
Then (1991-1995), nitrogen fertilizers (N ., ¢, 4,)
and micronutrients (Zn, Mo, Cu) were super-
imposed on these backgrounds. In addition, a
spare application of manure of 40 t / ha (and
without it) was carried out, as well as compen-
sation for the removal of phosphorus within 10
years by the introduction of 60 kg ai / ha on
backgrounds I — III.

From 1996 to 2020, the fundamental dif-
ference between the experimental schemes
was the refusal to compensate for the remov-
al of phosphorus and its positive balance by
the background application of P with their
further detailing by superimposing the vari-
ants with the introduction of phosphorus (P,)
and without it in combination with nitrogen
(N, 30, 0.90) With fertilizers, depending on the bi-
ology of crops.

The crops included in the crop rotation at dif-
ferent periods of the years have been: lucerne,
fodder galega, awnless rump in single-species
and mixed crops, biennial white and yellow
sweet clover, annual legume-bluegrass mix-
tures for green fodder of the main and interme-
diate crops, for grain silage - for spring sowing,
winter crops ( rye, triticale), Sudanese grass of
the main and post-cut crops, including mixed
with vetch, fodder beans, panic grass of cut-
down crops, sugar sorghum, cabbage, cereals
and legumes.

Allocation of plots is systematic; their area
is 360 m? (18 x 20 m). Repetition is three and
four times. Watering was carried out by SSR-64
"Volzhanka". In the field experiments we used
the appropriate serial tillage, sowing and har-
vesting equipment.

The organization of field experiments, ob-
servations, records and laboratory analyzes was
carried out in accordance with the methodolog-
ical manuals and guidelines generally accept-
ed in agriculture and agrochemistry. These are
guidelines for setting up field experiments and
conducting field observations?, methods for
chemical analysis of the soils®.

“Dospekhov B.A. Field experiment technique. Moscow: Kolos, 1979.416 p.
*Agrochemical methods of soil research: monograph. Moscow: Nauka, 1975.656 p.
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The analysis of the content of mobile phos-
phorus by various methods and forms of po-
tassium was carried out simultaneously in the
original (archived) samples and modern soil in
2018 and 2019 respectively.

RESULTS AND DISCUSSION

The experience of conducting intensive ag-
ricultural production has shown that obtaining
high yields is impossible without a radical im-
provement in the phosphate regime of soils.

A comparative assessment of the effective-
ness of various agricultural practices for grow-
ing crops on an irrigated background indicates
that soil cultivation techniques and predeces-
sors did not significantly affect the content of
available phosphorus in the soil.

The level of phosphorus nutrition was deter-
mined by the creation, due to a positive balance
of backgrounds, with an increased, high and
very high supply of P, O, and compensation
of the removal by the introduction of phospho-
rus-containing fertilizers.

The level of mobile phosphorus in the con-
trol variants of experiments on meadow cher-
nozem soil changed insignificantly, despite the
long-term alienation of the element from the
soil. At the same time, with the systematic ap-
plication of phosphorus fertilizers, the content
of mobile phosphorus increased significantly
(see Table 1).

It can be assumed that the value of this in-
dicator as a diagnostic parameter when moni-
toring the phosphate state of the soils in agro-
cenoses reflects the mode of accumulation of
this element rather well and much worse - the
scale of its consumption (removal) by crops.
This indicates the advisability of the integrat-
ed use of several diagnostic indices for an ade-
quate assessment of the phosphate state of ara-
ble soils.

Over the entire research period, taking into
account the transformation of the experimen-
tal schemes while maintaining control and,
to varying degrees, fertilized options, various
amounts of mineral fertilizers, including phos-
phorus-containing ones, were introduced in
fodder and grain-grass crop rotations. So, in the
fodder crop rotation, taking into account the bi-
ology of the crops, over 40 years in the fertilized
version, 2739 kg of ai / ha of nitrogen and 3288
kg of ai / ha of phosphorus were introduced, in
the grain-grass - 3138 and 2796 kg of ai / ha,
respectively. The annual dose of phosphorus in
the fodder crop rotation was approximately 82
kg of ai / ha, in the grain-grass - about 70 kg of
ai / ha. However, a significant annual removal
of phosphorus with two- and three-mowing use
of perennial grasses and two harvests of annu-
al forage crops reduced the content of mobile
forms of phosphorus in comparison with grain-
grass crop rotation.

Tao6a. 1. Conepxxanne hocdaroB B TOUBE IPH TUTEIBHBIX MMOJIEBBIX ombITax (1978-2019 1T))

Table 1. The content of phosphates in the soil of long-term field experiments (1978-2019)

Phosphorus content, mg / kg of the soil
Variant Soil ayer, m acéﬁ{fﬁ?fvto according to Franceson | according to Karpinsky
Raw land (parent) 0-0,2 4,0 60,0 215
0,2-0,4 2,7 51,9 193
Fodder crop rotation
Without fertilizers 0-0,2 1,8 32,5 179
0,2-0,4 0,8 24,2 168
NP 0-0,2 1,2 32,1 174
0,2-0,4 0,6 25,4 170
Grain crop rotation
Without fertilizers 0-0,2 1,6 30,3 170
0,2-0,4 0,7 20,1 165
NP 0-0,2 1,1 30,7 169
0,2-0,4 0,6 20,4 168
LSD,, 0,3 4.4 15
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According to A.E. Kochergin!, the most
sensitive assessment of the phosphate state
of the West Siberian soils is provided by the
Franceson method. The stable content of easi-
ly exchangeable phosphorus in the upper layer
of the control variants of meadow-chernozem
soil in comparison with the initial content and
a clear tendency of its corresponding increase
in the underlying soil layers are obvious (see
Table 1). The reason for this phenomenon can
be both a relatively low mobility of phosphorus
compounds in this soil, and their certain bio-
genic accumulation in the upper soil horizons
during long-term cultivation of grasses, accom-
panied, possibly, by a slight increase in the de-
gree of mobility of the available soil phosphate
fractions. With the systematic use of phospho-
rus fertilizers, the level of readily mobile phos-
phorus in meadow chernozem soil significantly
increased, indicating a high supply of available
forms of this mineral element to crops.

The high buffering capacity of the meadow
chernozem soil and its increased natural fertility
contributed to the preservation of a certain lev-
el of phosphorus ions in the soil solution even
with prolonged agricultural use. However, a
significant decrease in the productivity of crops
in extensive agrocenoses indicates that the soil
possibilities are generally not unlimited.

Potassium is also an important element of
plant mineral nutrition. It occupies a leading
position among other biophilic elements in the
removal of many agricultural crops, especial-
ly fodder crops, with the harvest. However,
less attention is paid to the optimization of the
potassium state of the soils in agrocenoses in
comparison with nitrogen and phosphorus. The
use of potash fertilizers in modern agriculture
in Siberia is at a minimum. This approach is
usually justified by the fact that the main ara-
ble soils contain rather high reserves of gross
potassium and its mobile forms. However, it is
often not taken into account that long-term in-
tensive agricultural use of soil can affect soil
potassium reserves, influencing the yield and
quality of crop production [11].

Optimization of nitrogen-phosphorus nutri-
tion of plants in experiments on meadow-cher-
nozem soil contributed to a significant increase
in the yield of forage and grain crops in relation
to unfertilized options. At the same time, a sig-
nificant additional removal of potassium with
the crop was noted. The high initial reserves
of potassium available to plants did not limit
the potassium nutrition of crops, providing an
increased removal of an element alienated by
plants and the possibility of a long-term nega-
tive balance of potassium in agrocenoses.

The potassium fund of the soil is subdivid-
ed into four interrelated components (forms),
based on the strength of the bond of certain
groups of potassium cations with the solid phase
of the soil: easily exchangeable potassium (soil
solution), exchangeable, non-exchangeable,
potassium of the mineral skeleton (structural).
The first three forms determine the effective
soil fertility with respect to potassium, which
necessitates their quantitative and qualitative
assessment when monitoring the soil potassium
state of the soil [11, 12].

Due to its small absolute values, easily ex-
changeable potassium is rarely used to char-
acterize the potassium state of arable soils, al-
though the available data indicate a fairly close
relationship of this indicator with productivity
and its good diagnostic capabilities [12, 13].
The level of easily exchangeable potassium
gives an idea of the degree of depletion of the
soil, its ability to desorb the ions of this element
into the soil solution.

The content of easily exchangeable potassi-
um in the soil is a fairly universal index of the
provision of crops with soil potassium. Under
similar conditions of potassium nutrition of
plants on different soils, the level of easily ex-
changeable potassium in them is approximately
the same regardless of the absolute values of
the content of other potassium forms in these
soils. The gradations of the supply of potassium
in the main arable soils of the Western Siberia
according to the content of its easily exchange-
able form in them were published earlier [12].

“Kochergin A.E. Phosphate soils fund and its availability to plants / Soils of Western Siberia and an increase of their fertility.

Omsk: Omsk Agricultural Institute. 1984.P. 12-19.
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The content of easily exchangeable potassi-
um in the original soil was very high - 4.0 mg /
100 g in the 0-0.2 m layer and 2.7 mg/ 100 g in
the 0.2-0.4 m layer (see Table 2).

Long-term agricultural use of the soil in the
control variant caused a significant decrease in
the reserves of this form of potassium both in
the arable layer and especially in the subsoil.
The systematic use of mineral fertilizers in the
NP variant contributed to an increase in crop
productivity and, accordingly, a further de-
crease in the content of easily exchangeable
potassium in the soil. The increased potassium
fund of the meadow chernozem soil and the
high buffering capacity of its potassium system
made it possible for many years to maintain
the intensity of the processes of potassium de-
sorption into the soil solution at a sufficiently
high level. However, over 40 years of experi-
ments, the supply of the studied soil with easily
exchangeable potassium decreased from very
high (4 mg/ 100 g of soil) to unstable (1-2 mg)
in the arable layer of all variants and low (<1
mg per 100 g) in the subsoil. This circumstance
testifies to the growing need of grown crops for
additional potassium nutrition.

In the arable and subsoil layers, the con-
tent of exchangeable potassium has decreased

over 40 years by almost 2 times from the ini-
tial (from 52-60 to 20-32 mg / 100 g), while
remaining, nevertheless, in a high and very
high class of availability according to standard
gradations (see Table 2). However, the vector
of changes in the potassium state of this soil
is obvious, which makes it possible to predict
its transition in the future to the class of supply
with problematic potash nutrition of crops. The
options “without fertilizers” and NP did not dif-
fer in the scale of the decrease in the content of
exchangeable potassium. At the same time, it
is possible to note a tendency for the intensi-
fication of this process in the grain-grass crop
rotation in comparison with the forage one.

In the topsoil, over 40 years of the experi-
ment, the content of non-exchangeable potas-
sium decreased by 3646 mg / 100 g of soil,
which was approximately 19% of the original
reserves. In the grain-grass crop rotation, the
potassium reserves in the arable and subsoil
layers of the soil were used more intensively
than in the fodder (see Table 2). According to
the proposed gradations [13], the studied heavy
loamy soil was initially considered to be opti-
mally provided with a non-exchangeable form
of potassium (180-250 mg / 100 g). During the
experiments, it passed into the category with an
unstable supply (<180 mg).

Ta6a. 2. KanmiiHoe coCTOsIHKE JTyTOBO-4€pHO3EMHOM ITOYBBI B JNTUTEIHHOM M07IeBOM oribiTe (1978-2018 rr)

Table 2. Potassium state of meadow-chernozem soil in the long-term field experiment (1978-2018)

The content of forms of potassium, mg / 100 g of soil
Variant Soil layer, m Easily exchangeable Exchangeable | Non-exchangeable
potassium potassium potassium
Raw land (parent) 0-0,2 4,0 60,0 215
0,2-0,4 2,7 51,9 193
Fodder crop rotation
Without fertilizers 0-0,2 1,8 32,5 179
0,2-0,4 0,8 242 168
NP 0-0,2 1,2 32,1 174
0,2-0,4 0,6 25,4 170
Grain crop rotation
Without fertilizers 0-0,2 1,6 30,3 170
0,2-0,4 0,7 20,1 165
NP 0-0,2 1,1 30,7 169
0,2-0,4 0,6 20,4 168
LSD,, 0,3 4.4 15
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CONCLUSIONS

1. The content of mobile phosphorus in the
control variants changes insignificantly during
long-term alienation from the soil. Compensa-
tion of phosphorus removal from intensively
used meadow chernozem soils and its positive
balance reliably maintain the created optimal
level of its content, without reducing either
crop yields or soil fertility, which is equivalent
to the full use of phosphates.

2. Long-term agricultural use of the soil in
the control variants significantly reduced the
reserves of easily exchangeable potassium. The
content of exchangeable potassium has almost
halved over 40 years, remaining in a high class
of abundance. The meadow-chernozem soil is
highly supplied with available potassium and,
after 40 years of use, formally belongs to this
category. However, a number of additional in-
dicators demonstrate an increasing depletion of
its most mobile fractions of soil potassium.
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