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Abstract

The land surface of the European continent is dominated by loamy sand and sand, and soils of this texture are
usually characterised by very low agronomic value. Land use change in coarse textured soils affects the agro-
chemical properties and helps to assess their impacts on soil fertility. The present study investigated the effects
of conversion of arable soil to managed grassland, abandoned land and pine-afforested land on the agro-chemical
properties of an Endocalcaric Cambic Arenosol.

In the temperate climatic zone, it is expedient to convert low-productivity soils into fertilised, managed grassland
to stop soil degradation: during 21 years, C__ content increased by 15.7% in the A horizon and provided the
opportunity to regulate soil nutrient elements and acidity. Abandoned land formation on arable land improved soil

fertility: during 21 years, C__ content increased by 24.4% in the A horizon, but K content in this horizon decreased

o

due to the leaching. The establishment of pine-afforested land on sandy soil stimulated eluvial processes, increased
soil acidity and decreased the amount of nutrients and organic carbon content.

Key words: available nutrients, land use conversion, organic carbon, soil acidity.

Introduction

Requirements for the rational use of land
resources oblige the re-evaluation of the use of infertile
soils for agricultural production. The preservation of
soil fertility is especially relevant in light-textured
soils, which are less resistant to the impacts of agro-
technical practices and the effects of climate change. In
such soils, it is often appropriate to abandon agricultural
activities and to change the land-use. However, land use
change affects soil morphological, physical, chemical
and biological properties, as it changes both the type of
vegetation and the nature of the agrotechnical measures
applied (Prokofeva, Poputnikov, 2010; Kalinina et al.,
2013; Novikova, Konyushkova, 2013). Lv and Liang
(2012) propose that by reducing the anthropogenic
load and the intensity of the economic activity, due to
agroecosystem self-regulation and prevailing zonal
paedogenic processes, the soil partially regains its
original condition, although it does not fully recover its
natural properties. Signs of agrogenic activities in the
soil profile can be recorded 100 years after the cessation
of agrarian activities (Kalinina et al., 2009). Veenstra
and Burras (2015) suggest that due to the application of
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agrotechnical operations, the variation in morphological
and agro-chemical properties of the soil profile can reach
adepth of up to 100—150 cm, although the largest changes
are recorded in the upper (0-30—45 cm) soil layers.
When converting arable soil areas into other land
uses, the impacts of the new land use on the prevention of
soil fertility degradation and the possibility of obtaining
economic benefits should be assessed. Agricultural land
fertility is characterised by the following key indicators:
the content of organic carbon, nutrient elements and
acidity. The accumulation of organic carbon is closely
related to the species composition of the vegetation
and to soil morphological and agro-chemical properties
(Kalinina et al., 2010). Soil acidity is an important
indicator of agro-chemical properties in areas of
excessive rainfall and determines the bioavailability of
nutrient elements to plants and microorganisms, while
influencing plant productivity and microbial activity
(Wasak, Drewnink, 2015). Acidity is also directly related
to parent material, climatic conditions and vegetation
type (Gregory, Nortcliff, 2013). In this way, changes in
soil properties after arable land conversion into other land
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uses are determined by the interaction of anthropogenic
and natural factors with various changes in soil properties
in different climatic zones.

In this context, the aim of this study was to
investigate the changes in agro-chemical properties of
sandy soil of fluvioglacial origin after its conversion into
other land uses: managed grassland, abandoned land and
pine-afforested land.

Materials and methods

Study object and experimental site. Experimental
site was arranged at the Lithuanian Centre for Agriculture
and Forestry, Voké Branch (54°33'49.8” N 25°05'12.9" E)
on an Endocalcaric Cambic Arenosol (WRB, 2014).
The soil had formed on fluvioglacial deposits and had
the following profile: Ap-AB-B1-B2-1C-C2. Carbonates
were located at a depth of 80—100 cm. The soil texture (by
FAO) of the Ap horizon was determined by a pipette and
sieve method and was as follows: sand (63 um—2 mm)
88.7-89.4%, silt (2—-63 um) 8.2-8.8%, clay (<2 pum)
2.4-2.5% (Guidelines..., 2006). The study area is located
in the temperate climate zone with a mean annual air
temperature of +6.0°C and mean annual precipitation of
664 mm. Such a relationship between air temperature and
precipitation determines soil moisture and leaching and
is favourable for organic matter mineralisation.

The field experiment for studying the changes
in soil properties after the conversion of arable land to
other land uses was established in 1995. Up to 1995, this
soil was considered as arable. The field experimental
design includes three most relevant land uses in Europe
1) managed grassland (MG, — unfertilised, MG
fertilised with optimal rates of NPK), 2) abandoned land
and 3) pine-afforested land. The total size of each land
use site was 400 m? (20 x 20 m). The managed grassland
site was divided into two subplots — unfertilised and
fertilised ones (200 m? each). The land use conversion
methodology used is currently the most recommended
methodology to aid decision-making on environmental
issues in Europe (Poeplau, Don, 2013) and the USA
(Martens et al., 2003).

A grass-legume mixture was grown in the
managed grassland site. During the period from 1995
to 2006, it included a hybrid lucerne (Medicago
variaL.) and four grass species: red fescue (Festuca
rubra L.), bromegrass (Bromus inermis Leyss.), cock’s-
foot grass (Dactylis glomerata L.) and meadow-grass
(Poa pratensis L.). In 2007, the grasses were reseeded
and the same grass mixture was grown in 2007-2015,
only cock’s-foot was replaced by timothy (Phleum
pratense L.). The grasses were fertilised with NP, K
and cut twice during the vegetation period. The mass of
the phytocenosis was removed from the experimental area.

During the study period, a natural vegetation
phytocenosis typical of sandy soils in this region was
formed on the site of abandoned arable land. The botanical
composition of the phytocenosis varied depending on the
hydrothermal conditions of the growing season. In 1995,
39 plant species were established, while in 2015 — only
18. The dominant species were couch grass (Elytrigia
repens L.), birds-foot trefoil (Lotus corniculatus L.),
tall fescue (Festuca arundibances Schreb.), cock’s-foot
grass (Dactylus glomerata L.) and Canadian horseweed
(Conyza canadiensis L.).

Scots pine (Pinus sylvestris L.) was grown in
a site planted with pine trees during the study period. In
1995, 10,000 seedlings ha' were planted. After thinning
in 2009 and in 2015, the tree density was 3,509 trees ha''.

Soil sampling and analytical methods. Soil
samples for the determination of agro-chemical indicators
were taken before the experiment establishment in
1995 and in 2015. In 1995, the topsoil (0-25 cm) of the
experimental area had similar agro-chemical properties.
Four soil samples (n = 4) were taken from different land
use sites (20 x 20 m). Soil acidity (pH, ) ranged from 6.0
to 6.8, plant-available phosphorus (P,O,) — from 157 to
177, potassium (K,O) — from 170 to 192 mg kg™, organic
carbon (C, ) —9.5-9.9 gkg™. '. In 2015, soil samples were
taken in three replications from each land use site (n =
12). Further, for soil and plant sampling, each land use
plot was divided into three replicates. Soil samples were
collected using a stainless-steel cylindrical soil auger.
The soil samples for analytical determinations were air-
dried, gently crushed and passed through a 2-mm mesh
sieve. Soil bulk density was determined by the core
method, using a metal ring pressed into the soil (intact
core) and determining the weight after drying (McKenzie
et al., 2004).

Soil agro-chemical properties were determined
as follows: pH, ., — by ISO 10390:2005 potentiometric
method (1 mol I! KCI suspension, soil and solution ratio
1:2.5); COrg — ISO 10694:1995 (determination of COrg
after dry combustion; Dumas method); plant-available

,0, and K,O — Egner-Riehm-Domingo (A-L) method
(ammonium lactate extraction).

In the A horizon soil organic carbon (SOC)

stocks were calculated as follows (Poeplau et al., 2017):

SOC (Mgha")=SOC, x BD,, . * depth =10,

where SOC_ =~ is the soil organic carbon
concentration (g kg 1) BD mple — the bulk density of the
total sample (t m?), depth "the thickness of the soil A
horizon (cm), 10 — coefficient to calculate SOC stocks
(Mg ha).

Statistical analysis. The experimental data were
evaluated by analysis of variance (ANOVA), using the
Fisher’s least significant difference as post-hoc test. The
probability level was set at 0.05. Duncan’s post-hoc test
was used to carry out multiple comparisons. Standard
error (SE) values were used to estimate the deviations of
agro-chemical parameters from the mean values (Clewer,
Scarisbrick, 2001).

Results and discussion

Organic carbon (C, ). At the beginning of
the experiment, the COrg content in the soil A horizon
were similar for all sites and amounted to 9.5-9.9 g kg'!
(Fig. 1A). The conversion of arable land into other land-
uses changed the ratio of plant residue humification and
mineralisation processes in the soil as well as the rate of
accumulation of new humic substances.

Land use change of arable land to managed
grassland had various impacts on the accumulation
of C, " which depended on fertilisation. In the soil of
grassland without fertiliser use over a period of 21 years,
the amount of C__slightly decreased from9.9t09.4 g kg
(Fr. > Fioor)- T%erefore the mineralisation of organic
matter in the soil was more distinct in comparison with
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MG — managed grassland

Figure 1. Changes in the organic carbon (C, ) amount (A) and stocks (B) in the soil Ap horizon

the formation of humic substances from the postharvest
residues and the dead root systems. Grassland fertilisation
with mineral N60P90K120 increased herbage yields and
thus C_, accumulation in the soil. Throughout the 21
years, the amount of C 1n the upper layer increased by
0.9 gkg!, or 43 mg kg yr " ™ Flrn)

Previous studies (Stypinski, Mastalerczuk,
2006; Barancikova et al., 2016; Kampf et al., 2016) have
reported that grassland phytocenoses are characterised
by carbon accumulation in the soil. De Deyn et al. (2009)
found that C_ 1s more 1ntens1ve1y accumulated in the soil,
when several ¢ grass species are grown and their functional
group ratio is important for the conservation of C
stocks in grassland soils. In this experiment, a mixture
of hybrid lucerne and four highly productive grasses was
cultivated; however, an increase in the content of C_ in
the A horizon was established only in the fertilised soil. It
should be noted that in the soil of a grassland older than
21 years, A horizon thickness increased by 2 cm in the
unfertilised soil and by 4 cm in the fertilised soil. In spite
of an increase in A horizon thickness, the stocks of C_
in the soil of the unfertilised grassland decreased only
by 0.87 t ha'!, while in the soil of the fertilised grassland
they increased by 5.40 t ha'!, or 257 kg ha' yr! (Fig. 1B).
This difference was determined by a better-developed
root system and a larger aboveground mass in the soil
fertilised with NPK fertilisers (Katterer et al., 2012;
Lal, 2013). Fornara and Tilman (2008) suggest that C,
accumulation in a grassland phytocenosis depends on the
biomass of the root system, and the combination of the
main grasses and legumes (C,-type plants) facilitates its
accumulation increase in the soil.

A similar increase (+4 cm) in humus horizon
thickness of the soil was established also on the
abandoned land site. In the soil, the C__ amount also
considerably (+0.6 g kg') increased (i’ et > Fier)-
Although vegetation of a significantly lower productivity
(LSD, 16.59, P <0.05) is naturally formed in abandoned
land (24.8 GJ ha'! yr') compared to unfertilised managed
grassland (54.7 GJ ha' yr'). The aboveground part is
not removed from the field and at the end of the growing
season plant residues are mineralised on the soil surface.
This determines a higher Corg accumulation in the soil A
horizon as compared to unfertilised managed grassland
(P < 0.05). In the abandoned land soil, on average, the
C,,, amount increased by 29 mg kg yr' and stocks —
by “460 t ha' yr! ie. by 24.4% in the A horizon over
21 years. Zhang et al. (2012) have found that the rate of
C,,, accumulation in a plant phytocenosis depends on the

herbaceous species. According to their data, conversion
of arable land into natural fallow land resulted in a Co

reserve increase by 5.1% in the 0—20-cm soil layer over 6
years, and when the arable land was sown with cultivated
grasses and subsequently transformed into fallow land,
the C . reserves increased by 22.6%.

* The afforestation of low- productivity soils
substantially changes the carbon cycle within the
ecosystem. Carbon accumulation content in the tree
biomass and COrg stocks in the soil are replenished at
the expense of carbon from microbiota and tree debris.
The role of the root system in the carbon accumulation
process within the forest ecosystem decreases. According
to the experimental data, 21 years following arable land
transformation to pine-afforestation, the C_ o AIOUNT in
the A horizon of sandy soil decreased by 0.9 g kg! (F
); however, its thickness increased by 3 cm.

Compared to the abandoned land and unfertilised
managed grassland, the mineralisation of organic matter
in pine-afforested land was higher. Over the 21-year
period, C  amount in the soil A horizon decreased by
10.2%, but the C, org stocks only by 1.0% (—12.4 kg ha’!
yr!). Similar data have been published by Zhiyanski et al.
(2016), who found that afforestation with coniferous tree
species allowed the accumulation and preservation of soil
C,,, stocks, but even several decades after the conversion
from arable land to forest areas this effect was expressed
only weakly and did not compensate for the COrg losses
due to previous active cultivation. It is maintained that
the accumulation of C_ in a grassland phytocenosis
was accelerated due to the abundant and well-developed
grass root system (Wei et al., 2012; Conant et al., 2017).
Barcena et al. (2014) specify that C accumulatron in
coniferous forests depends on the renaturalisation perrod
In young (up to 30-years old) forests, a decrease in the
volume of organic matter stocks in the soil is observed,
while an increase is observed in more mature forests.
This is associated with the amount of debris, which
depends on the age of the trees and on their biochemical
composition.

Content of plant-available phosphorus (P,0)
and potassium (K,0). Changes in plant-available PO,
and K,O content in the soil after the conversion of arable
land to other land-uses depend on the fertilisation with
P and K fertilisers, the productivity of plants and the
leaching of these elements. Over the 21-year period, the
amount of plant-available P,O; in the A horizon in the
unfertilised managed grassland decreased by 93 mg kg

O, (443 mgkg' yr') (F,_ > F,...), while that of K, O
decreased by 113 mg kg K,0O (5.38 mg kg yr') (F
) (Table).

In the fertilised soil with a positive P balance
(+30.7 kg ha! yr'), P accumulation was observed, and

fact.
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Table. Changes in plant-available phosphorus (P,0,) and potassium (K,O) amount in the soil A horizon

P,O, K,0
Land use mg kg
1995 2015 1995 2015
Fertilised managed grassland 177 £4.9 210d 174 £4.7 99 b
Unfertilised managed grassland 177 £4.9 84 a 174 £4.7 6l a
Abandoned land 157+4.9 171 ¢ 170 + 4.7 123 ¢
Pine-afforested land 168 £4.9 126 b 192+4.7 96 b

Note. Data expressed as means + standard error; means in a column followed by different letters are significantly different

(P <0.05).

after 21 years the amount of plant-available P,O, had
increased by 33 mg kg' (1.57 mg kg yr') (F, > F, )
Potassium content decreased both in the fertilised and
unfertilised soils, although K incorporated together with
fertilisers completely compensated for its amount removed
with herbage yield (balance +8.7 kg ha'! yr'). Most likely,
the decreased K content in the soil is associated with its
more intensive leaching from fertilised grassland soil. A
consistent accumulation of P occurred in the abandoned
land site during the 21-year period with an increase
by 14 mg kg' (F,, > F,.,.)- Plants, absorbing P from
deeper soil layers, accumulated it in the aboveground
parts, which were mineralised into plant-available PO,
compounds and accumulated in the upper A horizon. A
similar process took place with K compounds; however,
due to a weaker K sorption in sandy soils, the amount
of plant-available K,O decreased to 47 mg kg' (F,
F,...) over the 21-year period.

During the study period, the plant-available
P,O, amount in the soil A horizon of the site planted with
pine trees decreased by 42 mg kg (F, > F, ), while
the amount of plant-available K,O decreased even more
— by 96 mg kg (F,, > F,.,)> mainly because P and K
accumulated in the tree biomass were not returned to the
soil, as is the case with the mineralisation of the biomass
of abandoned land.

Based on the results of current study, changes in
the soil properties after arable land conversion into other
land-uses on sandy soil are dependent on fertilisation, the
type of land use and the sorption of elements in the soil.
The establishment of unfertilised managed grassland and
pine-afforestation in arable soils accelerated A horizon
degradation. After 21 years, the amount of plant-available
K,O in the soil of these land-uses decreased to 49—
96 mg kg™'. The amount of plant-available P,O,, which is
characterised by strong sorption ability, only decreased
to 84 mg kg in unfertilised managed grassland.

Soil acidity (pH ). The conversion from arable
land to other land-uses had a strong but uneven influence
on soil acidification processes. As a result of the earlier
applied periodic liming, the pH,, of the upper A layer
in the experimental sites was 6.0-6.8. The establishment
of managed grassland, whose sward was formed of
hybrid lucerne and four other grasses, accelerated the
acidification of the A horizon, and over the period of
21 years the pH decreased by 0.7 units (—0.03 units per
year) in the unfertilised site and by 1.9 units (—0.09 units
per year) (P < 0.05) in the site fertilised with NP, K .
(Fig. 2).

The different rates of acidification in unfertilised
and fertilised soils were determined by the differences in
Ca and Mg accumulation in the herbage. The herbage
yield in the fertilised site was 1.71 times higher compared
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MG — managed grassland
Figure 2. Changes in soil acidity (pH,,) in the A horizon

to that of the unfertilised site; consequently, the removal
of Ca and Mg with plant biomass was higher, resulting
in changes in the pH. Harvesting reduced the amount
of Ca and Mg with annual biomass of phytocenose: by
on average 68.7 kg ha' Ca and 8.9 kg ha' Mg on the
fertilized site and by on average 38.8 kg ha' Ca and
6.8 kg ha! Mg on the unfertilized site. The acidification of
the humus horizon was also associated with Ca leaching
with atmospheric precipitation. On average, in Arenosol,
the losses of Ca due to leaching amounted to 259 kg ha'!
yr'! (Management of agoecosystem..., 2010). However, in
grassland, such losses might have been influenced by the
sward age. It has been established that with sward aging
and depending on the amount of legumes, Ca leaching
can increase from 15-22 kg ha' during the first year of
grass cultivation to 92—104 kg ha'! during the fourth year
of cultivation (Semyonov, Muromtsev, 2006).

In this experiment, grasses were grown for 10
years without reseeding and this could have increased
Ca and Mg leaching and, accordingly, accelerated soil
A horizon acidification. The experimental results show
that the establishment of managed grassland in arable
soils, whose acidity had been reduced by periodic liming,
increased acidification processes. To avoid degradation
of soils, it is necessary to monitor their properties and to
apply appropriate agrotechnical measures.

The opposite changes in soil acidity occurred
due to the renaturalisation of arable land, its abandonment
and leaving it as abandoned land. Over the course of 21
years, the pH of the A horizon in the abandoned land
decreased from 6.0 to 6.6 units (+0.03 units per year) (F,
> F, ..)- Unlike in managed grassland, the aboveground
part of the plants growing in abandoned land was not
removed and, after the end of the growing season, the
plant residues were deposited and mineralised on the soil
surface, releasing the base elements that accumulated in
the humus horizon and reduced its acidity. For the period
of 21 years, 149 kg ha' Ca and 56 kg ha' Mg were
accumulated per year in the abandoned site biomass.
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Pine-afforestation in arable soils accelerated the
acidification of the A horizon and decreased the acidity
by 0.4 + 0.12 pH units (F,, > F, ) over the course of
21 years (+0.02 pH units per year). Soil acidification is
determined by three factors: the absorption of Ca and Mg
by growing pine trees, their leaching with atmospheric
precipitation and the organic acids formed during
the decomposition of pine tree debris. According to
Yesilonis et al. (2016), the acidity of the soil and content
of Ca and Mg depend on the forest age, with young soils
having higher Mg and Ca content and higher pH values.
Kalinina et al. (2013) showed that 17 years following the
establishment of a natural coniferous forest resulted in
a decrease in soil acidity by as much as 1.9 pH units.
Similar data regarding the effect of afforestation on soil
acidity have been reported by Holubik et al. (2014) and
Mostovaya et al. (2015).

Thus, the conversion from arable to afforested
land in sandy soils stimulates eluvic processes in the
subsoil and prevents the stabilisation of C_ . These are
zonal paedogenic processes in cool, humid areas and
characterise the initial renaturalisation processes of
agrogenic soils.

Conclusions

1. In the temperate climate zone of Eastern
Europe, it is expedient to convert arable, low-productivity
land, characterised by weak sorption and soil water
storage capacity into fertilised managed grasslands.
This land use can stop the degradation of soil fertility:
increased organic carbon (Cmg) accumulation by 15.4%
over the course of 21 years in the A horizon regulated
nutrient content and soil acidity.

2. The conversion of arable land into natural
abandoned land stimulated Co sequestration by
24.4% during 21 years in the A horizon and stabilised
acidification processes, but reduced the content of plant-
available K,O. This land use is ecologically efficient,
albeit economically unprofitable.

3. The establishment of pine-afforestation
areas in arable land on an Endocalcaric Cambic Arenosol
accelerated eluvial processes that stimulated soil
degradation, resulting in increased acidity and decreased
amount of basic nutrients (P and K), basic elements (Ca
and Mg) and C__ stocks.
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Kuri Zeménauda labiau didina buvusiy ariamy smélZemiy

derlinguma?

A. Kazlauskaité-Jadzevicé', L. Tripolskaja', J. Volungevicius?, E. Baksiené'

Lietuvos agrarriniy ir misky moksly centro Vokés filialas
?Lietuvos agrarriniy ir miSky moksly centro Zemdirbystés institutas

Santrauka

Visame Europos Zemyno pavirS$iuje dominuoja priesmélis, o Sios granuliometrinés sudéties dirvozemiai
dazniausiai yra labai mazos agronominés vertés. Stambios granuliometrinés sudéties dirvozemyje
zemeénaudos kaita lemia jo cheminiy savybiy poky¢ius ir padeda jvertinti jy jtakg dirvozemio derlingumui.
Tyrimo metu analizuotas ariamojo smélzemio agrocheminiy savybiy pokytis, jo naudojimo biidg kei¢iant j
kulttirines pievas, apleistas Zemes ir pusyna.

Nustatyta, kad vidutinio klimato zonoje nederlingus dirvozemius tikslinga paversti kultirinémis pievomis.
Toks zeménaudos biidas padeda stabdyti dirvoZzemio degradacija: per 21 metus A horizonte organinés anglies
(€, ) kiekj padidino 15,7 %. Jis suteikia gahmybq reguhuotl dirvoZzemio mitybos elementy kiekj ir riig§tumo
lyg; Apleisti zemés plotai buvusioje ariamoje Zeméje pagermo dirvozemio derhnguma, ir per 21 metus A
horizonte C klek1 padidino 24,4 %, taciau dél iSplovimo Siame horizonte sumazéjo kalio (K) kiekis. Misko
prlesmelyje augmamos pusys stlmuhuOJa eliuvinius procesus, didina dirvozemio rig§tuma, mazina mitybos
medziagy koncentracija ir organinés anglies kiekj.

ReikSminiai zodziai: dirvozemio riig§tumas, judrieji elementai, organiné anglis, zeménaudos konversija.
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