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daudzums bija tieSi atkgs no fosfora (r=0.97**) un gbeKka (r=0.86*) satura, kas itduts ar
organisko un min@fmeéslojumu.
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Abstract

The present problem is mass soil acidificationhia whole of Lithuania, especially in the eastern
and western regions and soil variability in theddidation stages. The results of the last stage
(2002-2006) of the long-term experimental work e@rout at the LIA Voke branch since 1972,
demonstrate that the effect of primary soil limiisgstatistically significant only for mobile Al.
Changes in the periodically limed soil pH, hydratygicidity and mobile Al were more intense and
their restoration to previous levels is slower canmgpto primary limed. In such soils even after 14-
23 years since last the lime application the pradilg of crop rotation is still higher than in
unlimed soils.

Our conclusions clarified questions about the Usagacultural soils with stopped liming — what
soil parameters can identify soil acidity and whaheslime requirement of previously limed soils?
It suggest further investigations into the effeofsstopping liming on soil profile chemical
properties changes, especially the dynamic of m&Wilestoring. The selection of new criteria for
lime requirements and the optimal lime rate deteatibn concerning ecological and economical
efficiency are the most important questions for ntaning the productivity of these acidifying
soils. Only the further monitoring of the soils walhable a more detailed evaluation of the liming
effect on the environment and make accurate piedi&tabout the restoration of soil acidity
possible.
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Introduction

The territory of Lithuania is located in the traimial climatic zone between maritime West
European and continental East European and Asiacording to the hydrothermal conditions,
Lithuania is located in the zone of excessive pigion and moderate organic matter
decomposition. (Buzast al, 1966). The mean annual air temperature is %6,2and the mean
annual atmospheric precipitation constitutes 661 mm.

Areas with acid soils an mainly distributed in tleastern and western parts of Lithuania
(Eidukevitiene, 1993; Eidukeviciene, Vasiliauskign2001). Agricultural soils with a pH value
below 5.5 have been regularly limed for several desg1965-1990), resulting in a decrease in the
total area of acid soils from 40.7 to 18.6 percent (Ma=tik.,2004 ).

With the period of economical changes, since 1991 the peaattieoil liming significantly declined
and has practically stopped at the present times THu to the secondary acidification of limed
soils and resulted in a negative effect upon cnaguyction and the economics of Lithuania. The
dynamics of agrochemical soil properties have changdwif3i y. period passed since the primary
liming analyzed in the current work. The restoratansoil acidity after regular liming are the
stopping of naturally acid soils and the methods of evialuaff limed soil acidity are discussed.

Materials and Methods

Experiments were conducted at the Lithuanian mstiof Agriculture’s Vok Branch (located in
latitude 5437" North and longitude 268" East.) during 1972-2006. The experimental phase
established in sandy loam on carbonaceous fluléalig) gravel soil,Haplic Luvisols (LVh)
according to the FAO-UNESCO classification. The Hept carbonate effervescence was 60-80
cm. It was a typical arable soil in the eastern phttithuania characterized by low organic matter
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content (1.6-2.0 % of humus), very acid soil reacf{jai«c< 4, 5) and a low content of available
plant phosphorus and potassium (100-150 mg)k®ust limestone was used as liming agent, with
95-98% of CaC@ Lime requirements were calculated according to the sadohyic acidity (H).
Primary soil liming was executed in 1972. Primanydi rates were 1,0 r from H (7,18 t*ha
CaCQ). Regular liming was repeated in 5-10 year cycleth warious dust limestone rates in
various treatments. In this paper we discuss thieiafty of moderate intensity liming when
during 4 cycles (20 years) 1,0-3,5 rates of Ca&xfoording H have been applied (table 1). Liming
efficiency was tested in a crop rotation that wasgosed of 50% cereals. The average rates of
mineral fertilizers were: N.so Pso-60Keo kg ha® active matter.

Table 1 The intensity of liming in experiment of permaliliming

Treatment Date of liming and lime rates

1973 1978 1983 1988 total
rate thd rate thd rate thd rate thd rate thd

Regularly limed 1,0 r Ca C@very 1,0 7,86 0 0O 10 786 O 0 2,0 15,72
10 year

Regularly limed every 5 year: 0,5r- 0,25 1,96 0,25 196 15 11,78 15 11,78 35 27,48
0,5r+1,5r+1,5r CaC®

Methods of analyses$oil samples from the arable layer (0-20 cm) far determination of agro-
chemical properties were collected at the beginmhdghe experiment and after every rotation
(1972, 1977, 1982, 1987, 1992, 1996, 2002, and 200&¢r R# years since the beginning of
regular liming (in 1996), soil samples from indivadyrofiles (to 1m depth, every 20cm) were
collected, for the evaluation of dust limestone effec$wrsoil layer properties.

Agrochemical analyses of the soil samples wereopmed applying the following methods: soil
pHkcl by the method of potentiometry (1 M KCI suspenkidtydrolytic acidity (H) — by Kapen,
exchangeable acidity and mobile aluminum (mob. Aby-Sokolov, the amount of absorbed bases
(S) — by Kapen—Hilkovic methods.

For the statistical analysis, the ANOVA procedureswesed. The data of the plant and soil
agrochemical analyses were processed applyingrthlysis of variance and the LSD téktttle,
T.M., Hills, F.J., 1978).

Results and Disccusion

The analysis of the changes in soil acidity char@ng properties (pH, hydrolytic acidity,
absorbed bases, mobile Al) during the 34 year pestumv that natural soil acidity is determined
by such abiotic factors as the pH of precipitatitwe, soil moisture regime, the development of the
root system of crops and the errors of laboratoghyses. Altogether these factors led to variations
in pH and mobile Al in unlimed soil during the experimémpiriod (Figure 1).
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Figure 1. Changes of pil and mobile aluminum in unlimed soil (Voke, 1972-2006)
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The total experimental period variation of pH was from t6.40.2 counted from the primary level
(4.4 pH), the variation of the mobile Al from -20 to +1§ ky*, (counted from primary 63 mg Kg
Al). The application of average mineral fertilizers 30-gthia" N, 30-60 kg ha P and 60 kg ha
K didn’t stimulate soil acidification. Soil pH and mobile l&lels did not differ significantly

between unlimed unfertilized soils and unlimed fertilized. At the 4.4 pH level the removing of
Ca with the yield was negligible (7-8 kg'h€a per year) and didn’t decline the soil pH. Because
higher yield from fertilized plots respectively incredisie removal of Ca (10-12 kg'h&a), but it

was partly compensated by the input of Ca with superpladspBuring the experimental period

about 18 kg HaP was applied.

Primary liming with an optimal dust limestone rdfie0 r CaCQ according H ) decreased soil
acidity from pH 4,4 to 5,2 (Fig. 2). After five yeaising efficiency started to decline and during
the tenth year after liming the pH was just 0.2 afn@ higher compare to the unlimed plots. pH
change was still significant after 15 year, butraf@ year the soil return to its primary acidity
level. Intensive regular liming for 20 years (inaloR,0 to 3,5 rates according H) had a more
significant effect for pH changes and led to défd@rdynamic changes. Every new cycle of liming
compared to the primary was more effectively insieg soil pH. Application of 2 rates of
limestone in total allow one to achieve a 5.7 pkHeldin 1992), application of 3.5 rates — 6.4 pH.
With stopped regular soil liming acidification dta. The speed of the acidification was similar to
acidification in the primary limed soil. The speefl the acidification is expressed by the
logarithmic equation - ypHkc) = -0,413Ln(x)+1,466. The correlation of pH changethwime
passed after liming is very strong (R 0.95). Respelti acidification after regular liming is
described in yregular, 2,0 rates) = -0,612Ln+3,12 (R 0,24) anttegular, 3,5 rates) = -
0,779Ln+4,40 (R 0.45).

pHkal primary 1,0 r
— — regular (2,0r)

pHkc ) - - = =regular (3,51)

4972 1977 1982 1987 1992 1996 2002 2006

Figure 2 The effect of primary and periodical liming oil gblkc, in Luvisol

Primary liming declined hydrolytic acidity by 200nel kg-, regular more — 290 cmol Kgf 2.0
rates were applied, and by 430 cmol'kfy3,5 rates were applied (Fig. 3.). In the caserahary
liming hydrolytic acidity returns to its initial lels slightly latter then pH, and after 20 year was
similar to unlimed soil. The effect of regular ligimn hydrolytic acidity was more intense. Five
year since liming stopped hydrolytic acidity comuiimgy to decrease and later signs of restoration
appeared.
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Figure 3 The effect of primary and periodical liming onraygtic acidity in Luvisol

The 20 year period after liming shows an increase in hyticayidity 120-70 cmol k§depending
on the limestone rate, but stays 2-4 times lowen tha primary level. The third and one of the
main soil acidity characterizing parameters is neohiuminum. Before liming the mobile Al level
was 70 mg kg. To apply 1 rate of limestone was enough to bindimoAl to the immobile
compounds. Primary liming kept Al immobilized foeth years - at the level 4 mgk@Fig 4). A
significant increase was registered after 15 yaadscontinued to increase slightly with time. But
even after 34 years the mobile Al concentrationdih was twice as low (34 mg Rycompared to
the primary status (66 mg Ky Regular liming also immobilized almost all of thebile Al, but
not after a first single application of 0.25 ratesQ0;. Minimal mobile Al levels in the soil after
the whole regular liming cycle were similar to thosf primary liming - 2-4 mg k§ The
restoration of that parameter after liming had pamp and was slow compared to others. The
amount of mobile Al was negligible — 1-3 mg@ven 20 years after the last liming.
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Figure 4 The effect of primary and periodical liming on ffehliuminium concentration in
Luvisol

Another important soil chemical property is the amioof absorbed bases. At the beginning of the
experiment the background level was as low as 200-@8nol kg (Fig. 5). Primary liming
increased the amount to 480 cmol‘kdput because of decalcification processes androng
decline after 20 years, the amount was similar éophmary state. Regular liming increased the
amount of absorbed bases to higher levels - bycsdl kg’ if 2.0 rates CaCOwere applied, and
by 690 cmol kgl if 3.5 of CaCQwere applied. A significant decline in regularlynéd soil was
registered 10 years after the last liming, but eaftar 20 years it was 2,5-3,4 times higher then
before the first liming.
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Figure 5 The effect of primary and periodical liming on amtof absorbed base in Luvisol

Productivity evaluation of the last crop rotati@002-2006) shows that the primary liming effect
continued to stimulate yield 30-34 years after (fat) liming — the total productivity of crop
rotation compared to the unclimbed soil was 8% éigiThe regular liming affected productivity
even more, because after the last liming a shoeeog passed (20 years) and more limestone was
used in total. From the plant production point ofaienost effective was soil liming every 10 year
with 1 rate of limestone, which resulted in pH aof@® from 4.4 to 5.7 and the immobilizing of
mobile Al. More intensive neutralizing — up to g 6.4, didn't stimulate plant production and
even had a negative effect compared to pH 5.7 seihetless, the productivity of crop rotation
compare to unlimed soil was still 18% higher in th& géar.

The results of long-term experiments shown thanhary liming efficiency in various Lithuanian
regions and foreign countries relate to the limaig, lime material (type and particle size) as well
as on soil properties (genesis, initial chemical rbgftermal) (Ahern, Weinand, 1995; Motowicka-
Terelak, 1985). Regular liming compared to primargharacterized by a lower economic effect,
but stabilize soil acidification processes, imprea#l physical properties and the microbiologic
background (Plesetius, 1995; Tripolskaja, Marcinkonis, 2005; Bernataal, 2005).

The results of the experiment proved that in Litliaa climate conditions for light textured soils
formed on calcareous parent materials liming isifgga long-term effect. The liming effect on
very acid soils (pH< 4.5) with 1.0 rate CaCQaccording H persist for 34 years. The fastest
restoration (after 17-20 y) to previous levels own by pH, slower (20-25 y) for hydrolytic
acidity and absorbed bases. The mobile Al restadyngamic is slowest. 34 years after limestone
(1.0 rate accord. H, or 7.18 t Haapplication, the mobile Al concentration in soisvhalf that
before liming. Analogical results of liming publieid by Shilnikovet al(2002) summarizing long-
term experimental results in Russia: the dynamisaof acidity characterizing parameter changes
are similar to our soils dynamics. A lower concetidraof mobile Al after primary liming had a
positive effect on plant production. After 30-34 gehecause of the primary liming effect crop
production was still 8% higher compared to unlinsed, even pH, hydrolytic acidity and absorbed
bases were restored to primary levels. Accordingléseviciene (2000) data, the effect of primary
liming depends on the lime rates and persists UpOtgears for light loam acidity properties. It
should be noticed that pH level restoration to phienary state during the shortest period (20 y.)
where slaked lime was applied, but persisted foyedys where tufa had been applied. Similar to
other experiments the slowest was mobile Al restoring.

Periodical soil liming changed soil the reactioonfrpH 4.4-4.5 to pH 5.7 or 6.4 depending on the
lime rates. Crop production evaluation concludest theutralizing to pH 6.0 or higher is not
productive because it does not stimulate produdtiorease. A similar opinion was published by
Russian scientists, who registered that during geb4 period highest crop production was from
soil limed with 0.5 or 1 ratesl{Imisaukos et al, 2002).
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Our research on soil acidification in regularly échsoil was conduced for a shorter time than the
primary limed one — just 20 years. During this petioe soil pH in soils above 5.5 declined by 0.5
unit and the downgrade was close to those in pyirtigaed soil. But the amount of absorbed bases
and mobile Al increased much slower. Practicallyera®0 years since the last liming which led to
the decline of mobile Al to 2 mg Kgt was stabilized. Netherless after primary limthg mobile

Al started to increase after 10 years, and inceagmificantly after 15 years (32 mg®g There

IS a substantial difference between the sloweoragbn of mobile Al. Regular liming is a more
intensively changing structure of exchangeableiggidonsisting of hydrogen and aluminum ions
concentration in the soil liquid phase. For instaincg4th year of the experiment at same pH level
(PHker 4.5) in unlimed and 1.0 rate limed the soil promorsi between Hand AF* ions was
different - 4,10 and 3,39 respectively. This proportion besolass with the increase in the number
of liming cycles. After 20 years since the last higniH and AF* ratio was 2,09 in 2,0 limed soil
and 0,85 —in 3,5 rates limed soil. Significant clesngf acidity structure in the periodically limed
soil limit options to evaluate the real soil acidity of pH value.

Studies of soil acidity characterizing propertieshia soil profile of the 25th year of the experiment
suggest that long-term liming acidity declined oaty in the arable layer but also in the subsoil
(Eidukevicieneet.al, 2001). In relation to liming rates, the duration &od texture neutralizing
effect can cover up to 100 cm of the soil profilethe calcareous layer is laying at 80-100 cm
depth the liming effect getting in touch with tre@areous layer has a neutralizing effect. It means
that the parent material relieve the soil acidiyimization in the whole profile. Other researchers
had to similar evaluations (lvanov, 2000; Bernaial, 2005).

Field studies of soil acidity changes in 1998-2@@2ved the conclusions of the experimental
studies. With stopped liming since 1991 acidificatie slower than the prognosis predicted. The
comparison of results from 1995-2000 and 1986-1828Mimes an increase in the area of acid soils
(<5.5) only by 1.7 % (Mazvileet al, 2004). The most intensive acidification was regesten
Western Lithuania soils where soils are naturalyryvhigh in acidity and the depth of the
calcareous layer is quite deep (~300 cm). Duringpér@od of the study the acid soils in western
Lithuania increased by 3.6%, in Eastern Lithuania.3%l in Central Lithuania — 0.8%. Soll
acidification is a natural cross border phenomenon amdeaegulated by agrochemical means.

Conclusions

Modern environmental protection requirements aridmotection among them also as economic
factors stimulate investigations into new critefxr the determination of ecologically and
economically based lime rates. Changes is the agnacll properties listed above in regularly
limed soils (structure of exchangeable acidity, reBi, absorbed bases, subsoil acidity) warning
from use of same principles of lime requirementedatnation as in unlimed soils — pH and
hydrolytic acidity. To answer the question — whathis optimal liming strategy of regularly limed
soils, further investigation is required. At the Vokeanch of LIA studies of various lime
requirement determination methods (to immobilize Mdutralizing a part of the hydrolytic acidity
suggested by Nebolsin, according to base saturatiomodified Adam-Evans method) have started
since 2000. The first phases do not have a cleandiage over any other method, but proved that
the increasing of pH in sandy soils above 6.0 isneetded because in earlier regularly limed soils
at pH above 5.0 mobile Al is almost completely inmtiged and the negative effect on crop
production is minimal.

The experience of Western Europe countries, whemg-ferm liming practice and soil acidity
optimization suggest that in Lithuanian conditiénssoils with mobile Al below 10 mg Ky, for

the stabilizing of the acidification processes dabee method can be applied. It means lime
requirement calculation to cover Ca leaching amdoreal with crops. The calculated amount can
be corrected according to the soil texture whicteheines sorption capacity and the depth of the
calcareous layer.

References

1. Ahern C. R., Weinand M. M. G. (1995) Does climatfluencethe pH of Queensland surface soils. /In:
Plant-soilinteractions at low pH: Principles and megementDate R. A., Grundon N. J.,. Rayment G. E,
Probert M. E. (ed.) Kluwer academic publishers;19®1.

255



AGRONOMIJAS ¥STIS (Latvian Journal of Agronomy), No.11, LLU, 30

2. Bernotas S., Ozeraitiene D., Koncius D. (200%vd@emio rugstejimo procesa salygojanciu veiksniu
analize Zemes ukio moksla2, 22-32.

3. Buzas A., Doruman C., Garbaliauskas C. (edsg)LGiétuvos klimatasVilnius. 159.

4. Eidukeviciene M. (1993peochemical and geographical validation of optimation of liming acid soils
in Lithuania.The work of doctor habilitatis. Vilnius, 99 .

5. Eidukeviciene M., Ozheraitiene D.J., Tripolskijal., Marcinkonis, S.I. (2001) The effect of lotgrm
liming on the chemical properties of Lithuanianisdturasian Soil Scien¢g&4, 999-1005.

6. Eidukeviciene M., VasiliauskiérV. (eds) (2001).ietuvos dirvoZzemiaiietuvos mokslas, Vilnius. 1243.
7. Little T.M., Hills F.J., (1978Agricultural Experimentation: Design and Analysimhn Wiley and Sons,
New York, NY.

8. Mazvila J., Adomaitis T., Eitminavicius L. (200€hanges in the acidity of Lithuanian‘s soils #eeed
of non liming.Agriculture,4, 88, 3-20.

9. Motowicka-Terelak T. (1985) Influence of the fmgcal origin of parent rocks and the granuloneetri
composition on the acidification and the resulttiraing of soils.Soil Science AnnuaB6,151-156.

10. Ozeraitiene D., Gipiskis V., Pleseviciene A0@8) Duration of lime fertilizers action and impaxt soil
chemical properties Agriculture Akademija, .93, 1, 3-17.

11. Pleseviciene A. (2000) Kalkiniu trasu veikimmokime ir itaka dirvozemio agrochemims savybms.
Zemdirbyste, 71, 49-61.

12. Plesevicius, A. (1995) Periodicity of liming 6ddy podzolic and soddy podzolic weakly gleyeitbso
Agriculture, 48, 6-22.

13. Tripolskaja L., Marcinkonis S. (2005) Kalkintlirvozemiu rugstumo ir cheminiu savybiu pokyciu
desningumai Rytu Lietuvos salygom&mes ukio mokslad, 18-26.

14.sanoB A.M.(2000)HekoTopbie 3aKOHOMEPHOCTH U3MEHEHHUS KHCIOTHO-OCHOBHOT'O COCTOSIHHS ISPHOBO-
MOJI30JIUCTHIX JISTKOCYTIMHUCTHIX MOYB MPH CEIbCKOX03IHCTBCHHOM UCIOIb30BaHum. Aepoxumus, 10, 28-33.
15. MluneuukoB U. A., AxanoBa H. WU., Ymamosa JI. II., Hecrepor A. A. (2002) DddexTuBHOCTD
W3BECTKOBAHMS W MHWHEPAIBHBIX YIOOpPEHHH Ha JEPHOBO-TIOA30JUCTON JIETKOCYTJIMHUCTOH IOYBE.
Arpoxumus, 6, 44-52.

AUGSNES SKABUMA PAK APES RADITAJI AUGSNEM AR PARTRAUKTU
KA LKOSANU

Marcinkonis S., Tripolskaja L.
Lielakas ddas augsu paskbinaSaris un augsnes padknasSaras pakipes daZdiba ir niisdienu
probema vis Lietuvas teritorij, ipasSi austrumu un rietumugienos. Kops 1972. gada Lietuvas
Zemkopbas instiita Voke nodt veikto ilglaiago izngginajumu Edeja posma (no 2002.-2006.
gadam) rezuifti pamdija, ka augsnesakotrgjas kdkoSanas ietekme statistiski mozga tikai
kustigajam Al. Saldzinot ar &kotrgji kalkotam augsem, periodiski k¢kotu augau pH,
hidrofitiska skabuma un kugta Al izmainas bija interivakas un to atjaunoSas iepriekgja [imen
lenaka. Sidas augsls pat gc 14-23 gadiem kop3egejas kdkoSanas augu sekas produktitgt
joprojam ir augsika neki nekdkotas augsas.
Petfjuma iegatajos seciajumos tika noskaidroti Sofat aktiilie jaujumi lauksaimnietbas augsu
ar partrauktu kdkoSanu izmantoSanai -adi augsnesaditaji raksturo augsnes skumu un Eda ir
kalkoSanas nepiecieSama agik kakotam augsem? NepiecieSama alika kdkoSanas
partraukSanas ietekmes uz augsnes préfitmiskoipadbu izmanam, it ipasi kusiga Al dinamikas
atjaunoSanos, igpe. Jaunu kririju izvéle kakoSanas nepiecieSamas un optiralas kdku normas
noteikSanai attiaba uz ekolgisko un ekonomisko efektivti ir visnoamigakais jaugjums, lai
saglalatu So skbo augfu augigumu. Tikai &laks augfu monitorings dos iesju detali£ti
novertét kalkoSanas ietekmes uz vidi un pizak prognozt augsnes optiata skaibuma imepa
atjauno3anos.
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