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Abstract

The paper describes the influence of long-term (more than 30 years) fertilizer and lime application on the soil
acidity (pH,,) and identifies the influence of soil acidity on the productivity of crops.

At the Research Institute of Agriculture of Latvian University of Agriculture in Skriveri, a long-term subsurface
drainage field experiment was established in 1981 under the guidance of professor J. Stikans on the uncultivated
gleyic sod-podzolic Hypostagnic Endogleyic Albeluvisol (Hypereutric, stw-ng-AB(he)) loam. Four (slate ash with
80% neutralizing value) lime rates 0 (LO), 2.58 (L1), 5.70 (L2) and 11.40 (L3) t ha"' CaCO, were used. Primary
liming was done in 1981; the maintenance liming was performed in 1994 and in 2014. Four rates of mineral
fertilizers: without fertilizers (F0), N,.P, K,. (F1), N, P, K  (F2)and N ,.P, K .. (F3) were applied annually.
Since 1994, a seven-year crop rotation was created: (1) winter triticale — (2) potatoes — (3) spring wheat — (4)
spring oilseed rape — (5) spring barley — (6) and (7) perennial grasses (red clover, timothy), 1 and 2™ year of use.
At the beginning of the experiment, the soil in treatments FO and F2 was very strongly acid (pH,, 4.7) but in
treatments F1 and F3 — moderately acid (pH,, 5.6). In limed treatments the soil acidity decreased from pH 4.8 to pH
5.8-6.0. In the following years till 1994, the soil acidity in limed treatments gradually increased (for about 0.4-0.6 pH
units). After the first maintenance liming, the soil acidity reached nearly the previous highest level. Within the next
twenty years, in the treatments with highest liming rate (11.40 t ha'' CaCO,) the soil acidity increased to pH 5.2. In
treatments with low liming rate (2.58 t ha'' CaCO,), the soil acidity increased to pH 4.6, which was even lower than at
the beginning of the experiment (pH 4.8). Without maintenance liming, the soil acidity during 20 years increased by

0.7-0.8 pH units. In the unlimed treatments, the soil acidity gradually increased from pH 4.8 to 4.4.

Key words: liming, long term trials, mineral fertilizers, productivity, soil reaction.

Introduction

Soil acidity is one of the most important
parameters of soil degradation. Increased soil acidity
significantly reduced plant production (Kemmita et al.,
2006). The soil pH affects all stages of plant growth,
disease resistance, tolerance of low temperature, the
lifetime of the crop, forage yield and quality (Su, Evans,
1996). However, soil acidity had little effect on the levels
of soil organic C and N stored in the soil. Research
results indicated that pH significantly affected a range of
properties associated with the soil microbial community
(Fernandez-Calvifio et al., 2011) and its ability to process
C and N. In particular, increased soil acidity seems to
reduce the intrinsic activity of the microbial community
probably by a number of direct and indirect routes
including: reducing plant production and the amount of
substrate entering the soil, inhibiting certain members
of the community (e.g., nitrifiers), and increasing Al
in the soil, which reduces substrate bioavailability and
induces toxicity (Kemmita et al., 2006). In addition to
the lack of calcium, acid soils are characterized by a high
prevalence of easily mobile forms of Al, Fe and Mn, and
low contents of available P, K and Mo (Su, Evans, 1996).
The results of researches in Austria show that soil pH
increased with soil depth, but different tillage systems
(mouldboard ploughing, no-tillage, deep conservation

tillage and shallow conservation tillage) for seven years
had no effect on soil pH (Neugschwandtner et al., 2014).

Satisfactory yields of crops on acid soils can
be achieved if the repair is carried out by lime fertilizers
(Grewal, Williams, 2003; Repsiené, Skuodiené, 2010).
The main task of soil liming is to ensure favourable
conditions for plant nutrition. Liming increases soil
organic matter in mineral soils due to higher C inputs
and productivity (Paradelo et al., 2015). Long-term
experiments in Lithuania show that systematic periodical
liming over 56 years (by 0.5 rates every 7 years and 2.0
rates every 3—4 years) on the background of minimal
organic fertilizing and conventional tillage, has a positive
effect on the structure of moraine loam soil (Bathygleyic
Dystric Glossic Retisol). The largest amount (68.4—
72.1%) of water stable aggregates (>0.25 mm) occurred
in intensively limed soil. Systematic periodical liming
decreased the soil organic carbon amount in the soil.
Soil organic carbon amount was approximately by 0.11—
0.18 percentage points lower compared to the unlimed
plots (1.44%). Periodical soil liming resulted in lower
dissolved organic carbon content due to the decrease
in biologically toxic Al at higher pH. Periodical liming
significantly decreased the content of humic and fulvic
acids. Fulvic acids were dominant in the soil in all
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treatments as a consequence of the low carbon content
and slow humification processes in the soil (Karcauskiené
et al., 2015). Other researches show that liming had little
effect on soil structure variables but increased microbial
activity in soil (Stenberg et al., 2000; Fuentes et al., 2006;
Cepuliené et al., 2013), soil microbial biomass C and N
by improving the soil environment for micro-organisms
(Soon, Arshad, 2005). The benefits of liming include
increased nutrient availability. A reduction of soil acidity
to close to neutral soil pH values (pH,, 6.7) improved
the rate of phosphorus supply in the soil and enhanced
the ability of plants to absorb phosphorus (Jokubauskaité
et al., 2015). This agrees with the results obtained by
Wheeler (1998).

The aim of the present paper is to analyse the
influence of long term (more than 30 years) fertilizer and
lime application on the changes of soil acidity (pH,,) and
to identify the influence of soil acidity on the productivity
of crops.

Materials and methods

Siteandsoil description. Theresearch was carried
out at the Research Institute of Agriculture of Latvian
University of Agriculture in the long-term subsurface
drainage field experiment “Sidrabini” established in
Skriveri in 1981 under the guidance of professor Juris
Stikans. The paper presents the experimental data from
the 1981-2015 period. The long-term drainage field
experiment was established on the uncultivated gleyic
sod-podzolic  Hypostagnic  Endogleyic  Albeluvisol
(Hypereutric, stw-ng-AB(he)) loam that had not been
used in agriculture for 20 years before. At the beginning
of the experiment (1981), the soil properties (at 0-22 cm
depth) were pH (KCI) 4.7-5.6, hydrolytic soil acidity 32—
34 mequiv kg, available phosphorus (DL-method) 10—
20 mg kg' P,0,, exchangeable potassium (DL-method)
40-60 mg kg K O and soil organic matter 19-21 g kg
(Tyurin method).

Experimental design. The four rates of mineral
fertilizers: FO — without fertilizers, F1 — N, P, K
F2 - N, P, K, and F3 — N P K . calculated in form
of PO, and K,O were used together with four rates of
liming: LO — without liming, L1 — 2.58 t ha' CaCO,,
L2 —5.70 and L3 — 11.40 t ha' CaCO, (slate ash with
80% neutralizing value) (Fig. 1). Primary liming was
done in 1981 (Estonian oil shale ashes with 415.4 g kg'!
CaO, 44 g kg MgO, 21 gkg' K 0, 2.1 gkg"' P,0, and
76 g kg' SO,), the maintenance liming was performed
in 1994 (dolomitic limestone with 97.0% neutralizing
ability, 188 g kg' Ca, 120 g kg' Mg, humidity content
<0.2%, amount of particles smaller than 1 mm — 99.5%)
and 2014 (BALTKALK with 97.6% neutralizing ability,
333 g kg! Ca, 6.9 g kg'! Mg, humidity content 8—16%,
amount of particles smaller than 1 mm — 88.8%). The
total area (1.6 ha) of the experimental field was divided
into 16 plots (15 x 50 m).

Agronomic practices. Since 1994, a seven-
year crop rotation was created: (1) winter triticale — (2)
potato, — (3) spring wheat — (4) spring oilseed rape —
(5) spring barley undersown with perennial grasses —
(6) perennial grasses, 1* year of use, and — (7) perennial
grasses, 2™ year of use. In the sowing year, mixtures of
herb species were sown under barley. In the first rotations
the components of mixtures were Phleum pratense and

Trifolium pratense, but in 2012 a mixture of Trifolium
pratense, Festuca pratensis, Phleum pratense and
Festulolium was made.

NoPK, (I;(ilfl(e)ll CaCo, NooP ol gztlfl?ll CaCo,

NoPoK, ll:?lfic ha'! CaCo, NooPiotso 5-28131'[ ha't CaCo,
NoP K, 15:.07Lt2ha'1 CaCo, NyoPeoKoo 15:.27Lt2h81'1 CaCo,
NPK, g%Ls 1t ha'' CaCo, NooPeoon 11:12]:13t ha!' CaCo,
N,sP3oKys gltlflgl CaCo, NissPookss 535;121 CaCo,

NysPsokes I1:1“:13t ha'' CaCo, NissPoo s 5.38]31t ha! CaCo,
N,5P3oKes 15:.17Lt2ha’1 CaCo, NissPookss 15:.37L‘[2h€1'1 CaCo,
NosPoes 51813 1t ha' CaCo, NissPooKss 11:131‘13'5 ha™t CaCo,

Figure 1. The design of the long-term subsurface drainage
field experiment “Sidrabini”

Traditional soil tillage was used including
mouldboard ploughing (for winter crops — in the previous
autumn and for spring crops — after harvest of previous
crops, cultivation and rototilling before sowing. Mineral
fertilizers were applied according to the anticipated rates
of plant nutrient elements annually during the pre-sowing
cultivation of soil. For winter crops the phosphorus as
single superphosphate and potassium as potassium
chloride were applied before the sowing in autumn and
nitrogen in the form of ammonium nitrate was applied
the next spring at the beginning of vegetation and at
the tillering stage. During the growing season all the
required common soil and crop management practices
were applied — treatment with herbicides, fungicides and
insecticides.

Experimental methods and assessments. The
soil for agrochemical analyses was sampled from
0-20 cm depth annually after harvesting. Soil samples
were taken in each plot using a 12 mm diameter steel
auger, and the samples from each plot were mixed, dried
and sieved. After maintenance liming in 2014, the soil
samples for assessment of liming efficacy were taken in
two depths: 0—10 and 11-20 c¢m in spring. Soil acidity
(pH,,) was determined according to the standard LVS ISO
10390:2006 Soil quality — Determination of pH. Calcium
(Ca) and magnesium (Mg) in yield was determined
according to the standard LVS EN ISO 6869:2002 Animal
feeding stuffs — Determination of the contents of calcium,
copper, iron, magnesium, manganese, potassium, sodium
and zinc (by atomic absorption spectrometry). The yields
were determined from 25.38 m? (for cereals and oilseed
rape), 39.20 m? (for potatoes) and 27.55 m? (for perennial
grasses) in four replications.

Statistical analyses. The data of soil chemical
properties and crop yield were processed using a
two-factor ANOVA with replication, correlation and
regression analysis methods. All data were evaluated
according to Fisher criteria (/) and LSD, . The symbols
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used in the article * denote statistically significant at 95%
significance level.

Meteorological conditions. The long-term
experiment is located in the central part of Latvia (latitude
N 56°38', longitude E 25°08"). The annual precipitation
amount is normally 670 mm. The annual air temperature
is +5.7°C. The winter average air temperature is —4.3°C.
The duration of the growing season is 180-210 days.

Results and discussion

The data of the long-term experiment show that
during 34 years soil parameters showed significantly
different soil acidity related to the different level of
fertilizer application and liming rates. At the beginning
(1981) of the experiment the soil in treatments FO and F2
was very strongly acid (pH,, 4.7) but in treatments F1
and F3 it was moderately acid (pH, , 5.6).

In unlimed treatments, the changes of soil
acidity depended on the rate of mineral fertilizers. During
34 years in unfertilized treatment (FO) the soil acidity
increased slightly by 0.3 pH units (Fig. 2). In this treatment
very low crop yields were obtained, thereby the removal
of Ca and Mg by yield was significantly lower than in
the treatments with fertilization, small amount of plant
residues for decomposition and not used physiologically
acidic synthetic fertilizers. The removal of calcium by
yield for spring oilseed rape in this treatment was as low
as 0.22 kg ha!, whereas in unlimed treatments at F1 —
2.66 kgha'!, at F2 — 3.83 kgha! and at F3 — 7.27 kg ha'!
(LSD,,, = 1.23 kg ha', = 0.99). The removal of magne-
sium by yield in unlimed and unfertilized treatment was
only 0.17 kg ha'!, whereas in unlimed treatments at F1
—1.77 kg ha'!, at F2 — 2.61 kg ha! and at F3 —5.06 kg ha!
(LSD,,,=0.76 kg ha'', 7= 0.99). Similar effect was observed
also for other crops in the 3™ crop rotation. Lowering of
soil pH in the unfertilized treatment was also documented
by Vasak et al. (2015). In a long-term experiment in
Czech Republic after 14-years, the decrease of pH was
0.11-0.63 units depending on the experimental sites. The
biggest decrease was ascertained in lighter soils with
lower sorption capacity. The decrease in pH is likely to
have been caused by leaching of basic ions and removal
of basic ions by plants. For Ca and Mg leaching the annual
rainfall is important (Vasak et al., 2015).
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Figure 2. Changes of pH
1981-2015

<o Without liming, during

In treatment with low rate of mineral fertilizers
(F1), the changes of soil acidity were not significant,
the value of soil pH even increased by 0.1 units. In
treatment F2, the processes of soil acidification were
faster than in treatment F1 and the value of soil pH

decreased by 0.4 units. The biggest changes of soil
acidity were ascertained in treatment F3 with the highest
rate of mineral fertilizers (N, P, K ..). During 34 years
the soil acidity decreased by 1.1 pH units. The similar
results were documented in Lithuania (BaksSiené etal.,
2014). During 10 years in conventional-chemical
farming system where physiologically acidic synthetic
fertilizers are used the soil pH and exchangeable bases
showed clear tendency towards decrease from 6.0 to 5.5
and from 8.2 to 6.3 mequiv kg'. The soil acidification
after the application of NPK agrees with the results in
Czech Republic (Vasak et al., 2015). The results obtained
in the long-term field experiment in Slovenia show that
conventional tillage and application of crop residues
together with NPK fertilizers increased pH by 0.06 and
0.03 units per year, respectively, which means that the
pH in the soil increased by14% and 8%, correspondingly,
between 1994 and 2011 (Simansky, Kovacik, 2015).
Four years after the primary liming the soil
acidity in all limed treatments decreased significantly
and soil pH reached 6.0—6.4 units, which corresponded
to moderately acid and slightly acid soils. The changes
of soil acidity in treatments with the highest rate of lime
(L3) depending on the rate of mineral fertilizers are
shown in Figure 3. The next nine years in treatments FO,
F1 and F3 the soil acidity changed only by 0.1 pH units
but in treatment F2 the soil acidification was faster — by
0.5 pH units. After maintenance liming in 1994, the soil
acidity decreased by 0.1-0.3 pH units. During the next
twenty years (1994-2014) the maintenance liming was
not done. During 20 years, the soil acidity in all fertilized
treatments exceeded the level detected at the time of
setting up the experiment only by 0.2-0.4 pH units. In
unfertilized treatment, the soil pH decreased by 0.6 units
but was 0.9 pH units higher than before the experiment.
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Figure 3. Changes of soil pH in variant with liming rate
11.40 t ha'' CaCO,, during 1981-2015

The results in other long-term experiments
show that only a long-term regular combined application
of organic (Repsien¢, Skuodiené, 2010) and mineral
fertilizers together with liming once in crop rotation
made it possible to maintain the soil pH value at initial
level. The regular application of lime resulted in a
successive, 1999 through 2008, increase in soil pH value
in all fertilization treatments by 1.7-2.7 units (Jaskulska
et al., 2014). Changes in the periodically limed soil pH,
hydrolytic acidity and mobile Al were more intense and
their restoration to previous levels is slower compared to
primary limed soils. In such soils even after 14-23 years
since the last lime application the productivity of crop



132

The changes of soil acidity in long-term fertilizer experiments

rotation is still higher than in unlimed soils (Marcinkonis,
Tripolskaja, 2008).

The maintenance liming in 2014 was done with
6.0 t ha! CaCO, before sowing in the 0-10 ¢cm soil layer.
After liming, soil acidity in soil layer 0—10 cm decreased
by 0.5-0.9 pH units but in the deeper layers the changes
of soil acidity were minor (Table 1).

Table 1. Changes of soil pH, ., after maintenance liming

KCl
(soil layer 0—10 cm)
Variants Before liming 2014 After liming 2015
FOLO 5.0 5.0
FOL1 5.2 6.1*
FOL2 53 6.2%
FOL3 5.6 6.5%
FI1LO 5.5 5.5
F1L1 5.9% 6.5%
F1L2 5.9*% 6.5%
FIL3 5.9*% 6.6*
F2L0 4.4 43
F2L1 49 5.7%
F2L2 5.0 5.9*%
F2L3 5.1 6.0*
F3L0 4.6 4.5
F3L1 5.0 5.7%
F3L2 5.7* 6.2%
F3L3 5.8*% 6.4*
LSDy.0s 0.64 0.56

Table 2. Yields (t ha') of crops in 3™ rotation (2008-2014)

Long-term fertilization and periodical liming
affected the productivity of crops. The yields of crops in
the 3" rotation are presented in Table 2.

Triticale is very suitable for growing in Latvian
agroclimatic conditions. Such traits as high yield potential,
good nutrient efficiency, resistance to diseases are
advantages for growing triticale in Latvian organic and
conventional fields (Kronberga, 2008). Triticale is grown
in moderately acid and slightly acid soils (pH_, 5.6-6.5)
which was the case in our long-term experiment. Triticale
is a pH tolerant species and had the least response to soil
pH (Liu et al., 2004). The grain yield varied from 0.74 to
5.46 tha and depended on the rate of fertilizers (p < 0.05,
r=0.91) and rate of lime (p < 0.05). If soils are more acid,
the experiments show that in order to raise the fertility of
acid soils and increase the yield of cultivated plants, it is
necessary to use a combination of NPK, lime and organic
fertilizers, as well as to apply NPK fertilizers with increased
dose of phosphorous (Biberdzic et al., 2012).

Potato grows in strongly acid and moderately
acid soils with pH 5.0-6.0 The yield of potato varied
from 10.08 to 39.10 t ha' and depended on the rate of
mineral fertilizers (p < 0.05, » = 0.99). There was not
found significant influence of rates of liming.

Spring wheat and barley are sensitive to soil
acidity. Barley had the largest yield response to soil pH
in comparison with wheat and triticale (Liu et al., 2004).
There was found a significant positive relationship

Sori Spring Spring barley PerennieilSl I—"erennig}]d
Variants Triticale Potato pring oilseed undersown with Erasses, - Erasses, 2
wheat rape perenmial grasses year of using year of using
(dry matter) (dry matter)
FOLO 0.74 10.19 1.28 0.07 0.44 0.18 0.90
FOL1 0.74 10.08 1.35 0.25 0.99* 0.28* 1.21
FOL2 0.78 10.14 1.48 0.15 0.85 0.21% 1.27
FOL3 0.79 11.13 1.12 0.11 0.66 0.22 1.07
F1LO 3.45% 20.56* 2.44* 0.59% 2.43* 2.80* 6.12%
FIL1 3.27% 20.82* 2.20* 0.78%* 3.05* 3.52% 6.55%
F1L2 3.11%* 21.48%* 2.44%* 0.68* 2.68* 2.54% 5.31%*
F1L3 3.23% 19.44* 2.53* 0.66* 2.65% 2.78* 6.17*
F2L0 4.18* 30.63* 2.32% 0.87* 3.09* 4.02* 4.32%
F2L1 4.53* 31.23* 2.46%* 0.82* 2.95% 4.31%* 4.71*
F2L2 4.69%* 31.83* 2.90* 0.90* 3.21% 4.58% 5.30*
F2L3 4.89* 31.67* 2.79* 1.05% 3.34* 5.58% 5.59%
F3LO 4.73% 35.66* 2.78* 1.58* 3.41* 6.62* 6.85%
F3L1 5.46* 35.78* 2.90* 1.76* 4.23% 6.50% 6.56*
F3L2 4.52% 35.46* 2.85% 1.73* 4.36* 5.73% 6.48%
F3L3 3.69% 39.10* 2.75* 1.86* 5.26* 4.39* 5.93*
LSDy.05 0.43 6.28 0.21 0.31 0.50 0.41 0.57
between top soil (0-10 cm) pH and yield of wheat,
and top and subsoil (11-20 cm) pH and yield of barley 70
(Flower, Crabtreec, 2011). The optimal soils for growing 6.0
of these cereals are slightly acid or neutral soils (pH,, % 50 - +_
6.0-7.0). The yields of spring wheat were very low and B _j_
varied from 1.12 to 2.90 t ha! and depended on the rate g 40 f B
of fertilizers (p < 0.05, » = 0.88) and rate of lime (p < 3.0 —j_ —
0.05). Similar effect of fertilizing (p < 0.05, » = 0.93) 20 T T 1 I |
and liming (p < 0.05) was observed on spring barley T —1— 1]
productivity (Fig. 4). The yields of barley varied from 191 B
0.0

0.44 to 5.26 tha' Oilseed rape is very sensitive to soil
acidity. The optimal soil reaction for oilseed rape is pH,,
6.2-7.5. The yields of oilseed rape were very low and
varied from 0.07 to 1.86 t ha'. Both mineral fertilizers
(» <0.05, = 0.96) and liming (p < 0.05) had significant
effect on the productivity of oilseed rape (Fig. 4).

4.8 5.3
soil pH KCI1
D spring barley

Figure 4. The yields of crops (spring oilseed rape and
barley) sensitive to soil acidity under different soil pH

5.7

Ospring oilseed rape
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The mixture of perennial grasses was made
from grasses bred at Research Institute of Agriculture in
Skriveri and is suitable for growing in moderately acid
to slightly acid soils (pH,., 5.6-6.5). The dry matter
yields of perennial grasses in the 1% year of use varied

from 1.99 to 9.44 t ha'!, in the 2" year — 0.90-6.85 t ha™'.
The main factor that influenced productivity was rate of
fertilizers (p < 0.05, » = 0.94). It significantly influenced
the botanical composition of swards, too (Table 3).

Table 3. The botanical composition of swards, 1% year of use, 2013

Botanical composition %

Variants Trifolium pratense Festuca pratensis Phleum pratense Festulolium
FOLO 10 33 3 52
FOLI 20 22 10 49
FOL2 16 37 3 42
FOL3 13 33 7 47
FILO 53 7 8 33
FILI 50 9 6 36
FIL2 42 7 19 31
FIL3 43 8 16 33
F2L0 13 ! 13 72
F2L1 14 2 11 73
F2L2 17 1 11 72
F2L3 15 1 11 73
F3LO 0 16 3 80
F3L1 0 14 4 81
F3L2 0 14 6 80
F3L3 0 13 6 81

In Slovenia, the liming significantly affected the
increase of green forage and hay yield. In the mixture with
red clover and Italian ryegrass, the red clover proportion
in total hay yield decreased as a result of the application
of liming to increase the share of Italian ryegrass (Tomic
etal., 2012).

Conclusions

1. During 34 years, in the unlimed treatments the
changes of soil acidity depended on the rate of mineral
fertilizers. In the unfertilized treatment, the soil acidity
increased slightly — by 0.3 pH units. In the treatment with
low rate of mineral fertilizers (NP, K,/), the value of
soil pH increased by 0.1 units. In the treatment F, P, K,
the value of soil pH decreased by 0.4 units. The largest
changes of soil acidity were ascertained in the treatment
with the highest rate of mineral fertilizers (N , P, K ,.) —
the soil acidity decreased by 1.1 pH units.

2. Nine years after the primary liming, the soil
acidity in all limed treatments decreased from pH, .
5.6 to 6.7 and from pH, ., 4.7 to 6.2. After maintenance
liming in 1994, the soil acidity decreased by 0.1-0.3 pH
units. During 20 years, the soil acidity in all fertilized
treatments exceeded the level determined at the time of
setting up the experiment only by 0.2-0.4 pH units. In
unfertilized treatment, the soil pH decreased by 0.6 units
and was 0.9 pH units higher than before the experiment.

3. Long-term fertilization and periodical liming
affected the productivity of crops. The grain yield of cereals
(triticale, spring barley and spring wheat) and spring oilseed
rape depended on the rate of fertilizers and rate of liming
while the main factor which influenced the productivity
of perennial grasses was rate of fertilizers. It significantly
influenced the botanical composition of swards.
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DirvoZemio rigStumo pokyciai ilgalaikiame tresimo

eksperimente

J. Vigovskis, A. Jermuss, A. Svarta, D. Sarkanbarde

Latvijos zemés iikio universiteto Zemés iikio tyrimy institutas

Santrauka

Straipsnyje apraSoma ilgalaikio, daugiau nei 30 mety, tr¢Simo ir kalkinimo jtaka dirvozemio riigtumui (pH,) bei

augaly produktyvumui.

Latvijos zemés Gkio universiteto Zemés tkio tyrimy institute 1981 m. Hypostagnic Endogleyic Albeluvisol
(Hypereutric, stw-ng-AB(he)) priemolio dirvozemyje buvo jrengtas pavirSinis drenaZzas ir vykdytas ilgalaikis lauko
eksperimentas. Naudotos keturios normos kalkiy (skaltiny peleny): 0 (L0), 2,58 (L1), 5,70 (L2) ir 11,40 (L3) t ha'
CaCO,. Pirminis kalkinimas atliktas 1981 m., palaikomasis — 1994 ir 2014 m. Kasmet tr¢Sta keturiomis normomis

mineraliniy traSy: be trady (F0), N P, K . (F1), N, P K  (F2)ir N P K

(F3).
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Nuo 1994 m. taikyta septyniy lauky séjomaina: (1) Zieminiai kvietrugiai — (2) bulvés — (3) vasariniai kvie¢iai — (4)
vasariniai rapsai — (5) vasariniai mieziai su jséliu — (6) ir (7) daugiametés Zolés (raudonieji dobilai ir motiejukai).

Eksperimento pradzioje FO ir F2 varianty dirvozemis buvo labai riig§tus (pH
5,6). Kalkinty varianty dirvozemio pH padidéjo nuo 4,8 iki 5,8-6,0. Kitais metais iki

vidutiniSkai ragstus (pH,,

4,7), o F1 ir F3 varianty —

KCl

1994-yjy kalkinty varianty dirvozemio riig§tumas palaipsniui didéjo (apytiksliai 0,4-0,6 pH vieneto). Po pirmojo
palaikomojo kalkinimo dirvoZemio rigStumas beveik pasieké prie§ tai buvusj auksciausig lygj. Per kitus 20 mety
variantuose, kalkintuose didZiausia norma kalkiy (11,40 t ha"' CaCO,), dirvoZemio riig§tumas padidéjo iki pH 5,2.
Varianty, kalkintuose maZa norma kalkiy (2,58 t ha” CaCO,), dirvoZemio rligtumas padidé¢jo iki pH 4,6 ir buvo
netgi mazesnis nei bandymo pradzioje (pH 4,8). Be palaikomojo kalkinimo, dirvoZzemio riig§tumas per 20 mety
padidéjo 0,7-0,8 pH vieneto. Nekalkinty varianty dirvoZzemio rig§tumas palaipsniui padidéjo nuo pH 4,8 iki 4,4.

ReikSminiai ZodZiai:
produktyvumas.

dirvozemio rigStumas,

ilgalaikiai eksperimentai, kalkinimas, mineralinés trasos,
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