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ABSTRACT
Losses of soil calciumdue to migration from Umbric Albeluvisols Abruptic soil meliorated by
various doses of chalk were studied in column experimentwith 16 washings. It has been
established that the dynamic of calcium leaching from soil limed with optimal dose (1) and
increased dose (2) is of a similar nature. In both treatments in the first 5 and 3 washes,
respectively, there was a sharp decrease in the amount of calcium in the soil as described by
exponential model. Starting from 6 and 4 washes, respectively, stabilizationin Ca losses
occurred. It was found that an increase in the chalk dose by 2.7 times increases the leaching
of calcium by 4.8 times. It was concluded that an attempt to create in soil a certain reserve of
available calcium for plants by increasing the dose of a finely ground ameliorant is
ineffective because it increases unproductive losses of calcium. It has been suggested that in
the soil there is a buffer system: exchangeable calcium ↔ calcium of soil solution, which
even in the conditions of intensive wetting maintains the presence of a certain amount of
water-soluble calcium.
Keywords: calcium losses; liming; empirical models
INTRODUCTION
Liming of acid soils is aworld-wide practice in agriculture (Adomaitis et al., 2013; Paradelo
et al., 2015; Litvinovich et al., 2017; Holland et al., 2018) aimed to reduce soil acidity and to
replenish leached out soil cations.
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From all the cations migrating in soil, calcium is the most mobile one(Litvinovich et al.,
2012;Adomaitis et al., 2013;Fernández-Sanjurjo, 2014;Goulding, 2016). In humid climate the
main cause of calcium losses is a vertical migration with atmospheric precipitations
(Kopáček et al., 2017).
High mobility of Ca in soils of percolation and periodically percolation types of water
regime is associated with a large ionic radius of Ca (1,06 Å) (Sekine et al., 2017) that does
not allow it to participate in the construction of the crystal lattice of minerals and be fixed in
soils.
According to Shilnikov et al., (1987)exchangeable Ca is resistant to migration with
washing water, but it is in equilibrium with the calcium of the soil solution (FernándezSanjurjo, 2014).
Bakina(2012) explains the high mobility of Ca in soils of podzolic type by their weak
ability to retain Ca preconditioning its rapid removal from soil profile.
Thus, the leaching out of Ca from soils of the podzolic type is associated with the
climatic conditions of the region, as well as with the physico-chemical properties of the soils.
The methods used to study the loss of Ca from soils due to leaching can be divided into:
lysimetric (Shepherd and Bennett, 1998; Bélangeret al., 2008), chromatographic (Youngil et
al. 2009; Kaurichev and Yashin, 1973), tracer method(Lehmann and Schroth, 2003), column
experiments (Litvinovich et al., 1999; Pousada-Ferradás, et al., 2012), calculation of Ca
losses with drainage runoff (Pestryakov, 1987), calculation method for studying Ca losses
from soils in long field experiments (Shilnikov et al., 2004).
To date, an extensive experimental material has been accumulated in the early literature
on the amount of leachable calcium from the soils because of washing (Lapenis, 2008;
Youngil et al., 2009; Adomaitis et al., 2013). It was found that the washout intensity depends
on the initial calcium content in the soils, the amount of precipitation, the granulometric
composition of soils, the dose of the applied ameliorant, the amount of fertilizer used,
etc.(Litvinovich et al., 2012).However, there is few new researches studying calcium
transport from lime with leachate(Kabrick et al., 2011) and secondly, collection of only
experimental material is often not sufficient to explain all the mechanisms of Ca transport
with leaching water, because such data differ quantitatively and therefore are not comparable.
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Because in soil, the vertical movement of waters affects the amount of solute calcium
leached from soil and applied lime (Kabrick et al., 2011), the systematic testsof eluvial losses
of Ca with leachatefrom repeated washing is useful and important for sustainable use of lime
fertilizers on acidic soil. Such information is best obtained from the studies with large
number of tests providing the data and regularities, which allow building corresponding
empirical models and further to predict the Ca losses and to maintain correct liming of soils.
Aimofthisstudy was to establish theintensity of calcium migration from the meliorated
soddy-podzolic sandy loam soil due to repeated washings in a column model experiment
withempirically description of the processes of Ca migration from soil limed with various
doses in time.
MATERIALS AND METHODS
The research on pot experiment was conducted on soddy-podzolic sandy loam soil (Umbric
Albeluvisols Abruptic) (IUSS-WRB, 2007) selected under a natural perennial meadow in
2006-2010. In 2011 the column experiment was performed. The physicochemical
characteristics of the soil were: pHKCl 4.1; hydrolytic acidity (Ha)-5.4 mmol-eq. 100 g-1;
humus content - 3.02%; particle content less than 0.01 mm is 18.6%.
Conversion chalk - a by-product of the nitric acid treatment of phosphate raw materials
in the production of mineral fertilizers was used as an ameliorant after sieving through 0.25
mm mesh. The CaCO3 content in the chalk is 90%.
The soil was limed with the doses of chalk corresponding to 0.9 (optimal) and 2.5
Ha(increased) from the total dose calculated by hydrolytic acidity. The dose corresponding to
2.5 Ha is not used in practice, but such accumulation of ameliorant can take place in
individual soil foci with uneven application of the ameliorant over the field surface
(Litvinovich, 2007). The mineral fertilizer was applied annually at dose of 0.2 g NPK per kg
of soil). The experiment lasted 5 years in three replications for each treatment. Each pot
contained 5 kg of soil with packing density – 1.1 g cm-3. Growing crops were rapeseed,
spring vetch, spring barley, spring rapeseed and spring rapeseed, successively.
After the completion of the experiment, the soil was removed from the vessels and
placed in columns for washing. The mass of soil in each column was 600 g. The replication
of the column experiment was 4-fold.
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The washingswere carried out with a precisely calculated amount of distilled water,
simulating the volume of moisture percolating through the soil thickness every year, based on
the data ofmean annual precipitation in the Northwest of Russia that is around 600 mm
(http://www.meteo.nw.ru/articles/index.php?id=2),

and

transpiration

by

plants

and

evaporation from the soil surface that is around 400 mm (Pestryakov, 1987).
Thus, 200 mm of precipitation percolates annually through the soil stratum. The
amount of water required for a single wash of one column was calculated from the
formula:

, where,  = 3.14; r column radius, mm;

According to the equation, 800 ml of distilled water corresponds to the volume of
moisture percolating yearly. In our studies, 400 ml of water was used for a single washing. In
total, 16 washings of each sample were carried out. The duration of the experiment was 1.5
months. The periods between the individual washings were 1-2 days. In each of the filtrate
portions the concentration of calcium was determined by the complexometric method.
RESULTS AND DISCUSSIONS
The initial content of water-soluble calcium (WSCa) in virgin soil was 12.6 mgkg-1 soil. After
completion of the experiment and before the washings, the content of WSCa in the treatment
with a chalk dose corresponding to 0.9 Ha was 160 mgkg-1 soil and in in the treatment with
2.5 Ha-660 mgkg-1 soil.
Thus, during the dissolution of the ameliorant, the calcium compounds available for
plants were formed and its reserves considerably exceeded the annual requirement of plants.
This predetermined the high probability of loss of this element from the soil via leaching.
The amount of leachable calcium in the experiment depended on its initial content in
the soil and the volume of leaked moisture (Table 1). The maximum content of leached
calcium was in the first washing. As the experiment continued, the concentration of calcium
in the washing waters decreased.
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Table 1Leaching of Ca from soil limed with various doses of chalkin 16 washings, mg
Number of
washing
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
Total

Liming at 0.9 hydrolytic acidity (Ha)
64.0±3,4
16.0±2,5
8.0±1,1
4.0±0,42
3.2± 0,19
4.8± 0,25
4.0± 0,20
4.8 ±0,20
2.4± 0,12
2.2± 0,11
6.1± 0,73
3.9± 0,25
2.7 ±0,14
2.3 ±0,15
1.8 ±0,11
3.2±0,25
133.4

Treatments
Liming at 2.5 hydrolytic acidity(Ha)
462.0 ±15,3
30.0 ±6,3
18.0 ±3,4
14.0± 2,5
8.8± 1,1
10.0± 1,0
8.4 ±0,3
6.8 ±1,1
7.9 ±1,3
12.8 ±1,9
10.9± 0,9
12.2 ±1,2
9.3± 1,5
7.7± 0,8
7.7±0,7
10.9 ±0,8
637.4

In the 16 washes of the soil limed with a dose of chalk corresponding to 0.9Ha, 133.4 mg of
Ca was removed, and from soil limed with a deliberately increased dose - 637.4 mg. So, an
increase in the dose of chalk by 2.7 times increased the leaching of calcium by 4.8 times.
When washing the soil limed with 0.9Ha chalk the amount of WSCa in it decreased in
16 washes from 160 mg kg-1 to 21 mgkg-1soils (84% of the original content). In the treatment
limed with a 2.5Ha chalk, the concentration of calcium decreased from 660 mgkg-1 to 22
mgkg-1 (i.e., for 97%).
Thus, the results of the study show that the fund of calcium compounds prone to
migrate in the soil after liming proved to be very significant. Regardless of the dose of chalk,
most of the WSCa is easily removed from the soil by eluviation.
Figure 1 shows the dynamics of Ca (liming by 0.9 Ha) in all 16 washes. To describe the
experimental data, an empirical dependence of the following type was obtained:
(

( )

(

))

,

(1)

where the argument x is a conditional time (integer value of argument - the number of
washing).
As calculations have shown, the mean square deviation for the dependence (1) is S =
0.89, which indicates a good level of approximation to the experimental data.
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From the dependence and the analysis of the experimental data it follows that the
dynamics of the index for liming with 0.9Ha can be divided into two phases: in the first five
washes (1-5), a sharp exponential decrease occurred, from the sixth washing (6 - 16) a
stabilization described by some fluctuations of the indicator at the same level occurred.
To describe the first phase (an exponential decrease), a simpler model was build:
( )

(2)

The mean square deviation for the dependence (2) is S = 0.61, which also indicates a
good level of approximation of the experimental data. The quality of the approximation for
the first five “washes” was higher, which is due to the simpler nature of the dynamics of the
studied index in the first phase.
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Figure 1 Dynamic of Ca leaching from soil limed with chalk at 0.9 Ha during 16 washings

Figure 2 shows the dependence (2) and the experimental results for the first five washes
in 0.9Ha liming treatment.
Figure 3 shows the experimental results for the all sixteen washings of the soil lime
with 2.5Ha and a plot of empirical dependence:
(

( )

6

(

))

(3)
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In the model (3) the standard deviation was S = 0.71, which also indicates a good fit of
the model (3) to the experimental data.
The general character of the dynamics of Ca when liming with 2.5Hawas the same as
for 0.9Ha, but a sharp drop in the index occurred more rapidly (Fig. 3).Already in the third
washing the second phase of the dynamic has started - the oscillatory process was stable,
while the value of the indicator at the second washing was less than 7% of the value at the
first washing, i.e., 6.49 %.
This experiment allows making an important practical conclusion: the attempt to apply
a deliberately high amount of finely ground ameliorant, counting on the creation of a
“reserve” of calcium in soil is ineffective and leads to increased unproductive losses of Ca
due to leaching.
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Figure 2 Dynamic of Ca leaching from soil limed with chalk at 0.9 Ha in 5 washings

7

Eluvial losses of Ca, Pavlova et al.,

ZEMLJISTE I BILJKA, VOL. 68, No. 2, 8-12

500
Liming at 2.5 Ha (1-16 washings)

Amount of Ca, mg

400
y=9,11572exp((14,19-2,64x)/(x^2,2+1,8)+0,2cos(0,995(x-4))

300

200

100

0
0

5

10

15

20

Number of washings

Figure 3 Dynamic of Ca leaching from soil limed with chalk at 2.5 Ha in 16 washings

Important is, despite the significant loss of calcium from the soil due to vertical
migration the complete removal of water-soluble Ca in none of the treatments was achieved.
In both treatments the amount of calcium extracted from the soil by distilled water after 16
washes was established at 21-22 mgkg-1 of soil mass. Similar results were obtained by
Fernández-Sanjurjo (2014) on column experiment with NPK fertilization.
CONCLUSIONS
After 16 washes of the soil limed with a dose of chalk corresponding to 0.9Ha, the 133.4 mg
of Ca was removed, and from the soil limed with increased dose - 637.4 mg. An increase in
the chalk dose by 2.7 times increased the loss of calcium by 4.8 times
The use of a deliberately increased dose of ameliorant aimed to make a “reserve” of Ca
in soil is ineffective because leads to an increase in non-productive losses of this element.
The dynamic of the migration of calcium from the soil limed with scientifically-based
and deliberately increased doses of chalk is of a similar nature.
Soil buffer system: exchangeable calcium ↔ calcium of the soil solution, maintains the
presence of some amount of water-soluble calcium.
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У експерименту са 16 испирања у земљишту мелиорисаним различитим дозама креча,
проучавани су губици калцијума у земљишту због миграције из Umbric Albeluvisols Abruptic.
Утврђено је да је динамика испирања калцијума из земљишта са оптималном дозом (1) креча и
повечаном дозом (2) креча сличне природе. У оба третмана у првих 5 и 3 испирања, дошло је
до наглог смањења количине калцијума у земљишту, како је описано експоненцијалним
моделом. Почевши са шестим испирањем у првом третману и четвртим испирањем у другом
третману, дошло је до стабилизације губитака Са. Утврђено је да се повећањем дозе креде за
2.7 пута, губици калцијума повећавају за 4.8 пута. Закључено је да је покушај стварања у
земљишту одређене резерве расположивог калцијума за биљке повећањем дозе фино мљевеног
амелиоранта неефикасно, јер повећава непродуктивне губитке калцијума. Предложено је да у
земљишту постоји пуферски систем: разменљиви калцијум ↔калцијум у раствору земљишта,
који чак и у условима интензивног влажења одржава присуство одређене количине калцијума
растворљивог у води.
Кључне речи: губици калцијума; кречење; емпиријски модели
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