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Abstract: The Typic Hapludalfs soils under two old shelterbelts (200 years dRdpinia pseudacacia and
Crataegus monogyna, multi species of trees (young shelterbelt - 28rgeld) and neighbouring cultivated fields
were investigated. The function of shelterbeltglifferent age and plant composition in agricultdazidscape and
estimation of biochemical and chemical soil comdisi for the decrease of greenhouse gases relemsesdil to
the atmosphere was the aim of the research. Is soder shelterbelts were estimated activitiegeésal enzymes
participating in the oxidation-reduction processesic and ferrous ions and the evolutions of gdé@ N,, N;O,
CQO,, and CH. The soils under old shelterbelts characterizegthéri peroxidase activity than in young shelterbelt
and adjoining cultivated fields. However, no sigraht differences were observed for nitrate redsectactivity
between old and young shelterbelts. There wereepralifferences between emission ofONin soils under
shelterbelts and in adjoining cultivated fields.rthermore, it was observed significant effect oé tyoung
shelterbelt on the decrease of carbon dioxide selézan in the adjoining cultivated field. The npatation of the
landscape through the introduction of shelterbeftglifferent age and the composition of plants &eaal the
modification of biogeochemical soil conditions 8O and N formation and finally decrease of the greenhouse
gases evolution from soils to the atmosphere. Thescreation of new shelterbelts is favourable diador
agricultural landscape.
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Introduction

Agriculture is the main supplier of greenhouse gdde NO, CGO,, and CH to the
atmosphere. These gases are formed during sewtddia and anaerobic conversions and
pathways controlled by the biogeochemical cond#iofithe sites. Therefore, the search for
the methods which may significantly decrease tleeginouse gases evolution from soils to
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the atmosphere is needed. The introduction of etibetits (mid-field rows of trees
afforestation or shrubs in linear configurationsjoi agricultural landscape may be such
a possibility [1].

One of the most important functions of shelterbaitagricultural landscape is water
retention. Shelterbelts significantly affect theeaper water storage capacity of their soil
organic matter layer than in adjoining cultivatégds [2]. Plant cover increases infiltration
rates by slowing runoff. Shelterbelts as biogeodbahbarriers in agricultural landscape
fulfil significant positive functions also by redag soil erosion from wind and protecting
plants from wind-related damage. In addition, theyt the spread of chemical compounds
in agricultural landscape between ecosystems, @omatter cycling and protect the
accumulation of toxic chemicals and threats. Moegpthey improve microclimate for
agricultural production and are able to counteoachinimize the effect of extreme climatic
or weather phenomena (particularly low and highperatures). However, the shelterbelts
efficiency dependent of water flux intensity, spédrmeability, meteorological and weather
condition changes and the type and quantity of miocganatter accumulated under the
canopy. Institute for Agricultural and Forest Exviment, Polish Academy of Sciences has
a deep tradition of long-term researches undertesbelts in many aspects: control of
diffuse pollution, investigations of humic and fidwacids, estimation of hydrophilic and
hydrophobic properties of humic compounds, evabumatif amino acids and phytohormone
- indole-3-acetic acids, enzymes activity, diversif plants and animals, heat and water
balance.

Taking into account all positive functions of skeltelts in rural areas, the Council of
Europe Committee of Ministers in Recommendation R¢{4)6 of the Committee of
Ministers to Member States for Sustainable Develpnand use of the Countryside with
the Particular Focus on the Safeguarding of Widhkind Landscapes [3] suggested the
limitation of pollutions concentration and theirrepd into natural habitats and control
non-specific sources of pollution, especially tlgbwimple and inexpensive means such as
windbreaks, natural meadows, ponds and buffer zones

Oxidation-reduction reactions play a key role in olegically important
biogeochemical processes in soil and influence oil shemical, biochemical and
biological properties. The redox potential is atical environmental factor because it
develops the chemical and biochemical form of mamypounds and their availability for
soil microorganisms and plants and it also inflenthe products of microbial metabolism
in soil. Moreover, redox gradient regulates thecimiéation of phosphorus, and oxidation of
sulphides, and the breakdown of toxic organic camps in soils, and the ratio
Fe(I)/Fe(lll) responsible for the of iron oxidatiolron forms stable compounds in both
divalent and trivalent states depending on the renmiental conditions. However, the
complexation of iron in forest soils depends onesaV soil solution factors (redox
potential, solution pH) [4].

In addition, redox gradients may be used as ancawdi of potential
nitrification-denitrification reactions, which gowes the release of nitrous oxide,( and
dinitrogen (N) from soils to the atmosphere, and the formatiboasbon dioxide (C§),
and methane (CHl from the degradation of organic matter. Howevbe proportion of
these gases varies greatly with environmental ¢omgi [5, 6].

Nitrification is an aerobic microbial process oxida of ammonium to nitrate ions,
performed both by autotrophs and heterotrophs miganisms. Gaseous nitrogen
compounds (NO, PO and N) can be produced as a by-product of nitrificatidlowever,
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this process depends on redox potential whichdsattration parameter characterizing the
intensity of soil redox transformations. Therefoveg of the major factors controlling the
magnitude of nitrification and denitrification iroits is the availability of @ However,
denitrification is defined as the “microbial redioct of nitrate or nitrite coupled to electron
transport phosphorylation resulting in gaseous tNeeias molecular Nor as an oxide of
N,O" [7, 8].

Denitrification is fundamentally important in thdobal biogeochemical N cycle
because it is the major route by which inorganidiaed N compounds in the soil return to
the atmospheric N pool. Inorganic N transformati@me also influenced by alternate
aerobic and anaerobic conditions. Generally thesfoamation of nitrogen in soils depends
on water-filled pore space (WFPS). The highest N®ek are expected in 30-60 % WFPS,
when nitrification is most active. Furthermore ginsive production of YD is observed at
above 70 % WFPS, whereas production occurs mainly in soils saturated withtev [9].

In addition, other factors controlling denitrifite are the content of nitrogen oxides,
availability of electrons in organic carbon compdsinpH and temperature.

Soil enzymes are indicators of microbial activitinssoil and are often considered as
an index of soil health and fertility [10]. The eodf soil enzymes is important in terms of
ecosystem functioning and describes the relatipndiétween soil enzymes and the
environmental factors affecting their activitied]J1

Nitrate reductase is an enzyme involved in the ggsef denitrification. This enzyme
participates in the process of nitrate reductiomitate. Next, the formed N ions are
reduced with the participation of nitrite reductéaséN,O. The reduction reaction of,8 to
N, is catalyzed by nitrous oxide reductase. Directssibns of NO from soils occur via
nitrification (ammonia oxidation) and nitrate disdiation (denitrification and nitrate
ammonification) pathways [12].

Peroxidase is an enzyme, which is involved in threnfition of carbon dioxide (GP
from the degradation of organic matter in soils &modh the internal conversions of organic
compounds in soils. This enzyme catalyzes the tixida@f phenols and aromatic amines in
the presence of hydrogen peroxide as an electrogpar in the biochemical conversions.
The release of carboxyl and methoxyl groups fronermlic substrates is ascribed to
microbial activity and lead to GOproduction in soil [13]. Besides nitrate reductase
peroxidase and forms of iron are sensitive faadbredox potential in soils.

The objective of our works was to assess the méatipn of the agricultural
landscape, through the introduction of shelterbeftdifferent age and the composition of
plants in agricultural landscape, modification led biogeochemical soil conditions fopM
and N formation, and finally the decrease of the gre@isBogases evolution from soils to
the atmosphere.

Materials and methods

The investigations were carried out in Dezyderyapblvski Landscape Park in Turew
(40 km South-West of Poznan, West Polish Lowlaié8453 E and 52°01N). This area,
from Polish climatic conditions, is warm, with amraal mean temperature of 9 °C.
Therefore, thermal conditions are favourable fogetation growth. The growing season,
with air temperatures above 5 °C, lasts 225 dalys.most advantageous component of the
landscape shows its shelterbelts (rows or clumgeeet). They were planted in Turew due
to initiative of Dezydery Chlapowski in f9century. Shelterbelts show characteristic
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features of this landscape. The system of shelterbstablished in Dezydery Chlapowski

Landscape Park is unique and resembles a netwothl @rea of all shelterbelts located in

Dezydery Chlapowski Landscape Park is equal to F#0Shelterbelts and afforestations

cover 14 % of the whole area. Although this are@haracterized by different kind of

shelterbelts:Pinus sylvestris (65.5 % of the total afforested are&uercus petrea and

Quercus robur (14.5 %),Robinia pseudaccacia (5 %), Betula pendula (4.3 %) and other

totaling 24 species. However, oaks, false acaniaples, lindens, larch, poplars dominated.

Shelterbelts and adjoining cultivated fields wend¢rdduced onTypic Hapludalfs soils

(according to Food and Agriculture Organizationtbé United Nations classification).

The soil samples were taken from three shelterloifitsring the age and the composition

of trees:

1) first 200-years “old shelterbelt” consists mgstf R. pseudoacacia (99.5 %),

Q. robur (0.4 %), Larix decidua (0.1 %); shrubs (represents 10 % of the area of
shelterbelt)Sambucus nigra (20 %),Prunus serotina (20 %), R. pseudoacacia (40 %),

Q. robur (20 %). The humus horizon layer of this shelterbediches a depth of 15 cm.

It is 2 km long and 36 m wide. This shelterbelt sists of multiple rows of trees
occurring along the sandy way. In tRepseudoacacia shelterbelt the mean tree total
height is 13 m, the average diameter at breashh@iBH) is 21 cm and total volume

is 350.8 m-ha™;

2) the second 200-years “old shelterbelt” congiststly of Crataegus monogyna (98 %),
Fraximus excelsior (0.2 %), Q. petraea (0.2 %), Q. robur (0.7 %), R. pseudacacia
(0.6 %)andUImus leavis (0.3 %); shrub&ambucus nigra (46 %),Rosa canina (42 %),
Acer sp. (0.3 %) Fraximus excelsior (0.4 %) andR. pseudacacia (0.5 %). The humus
horizon layer of this shelterbelt reaches a depthCocm. It is 300 m long and 10 m
wide. TheCrataegus monogyna shelterbelt is made of single row of trees. Thialley
shelterbelt. The total height of this shelterbelfim and the DBH is 20.5 cm;

3) the third “young shelterbelt” was created in 398y the Institute for Agricultural and
Forest Environment, Polish Academy of Sciencesamn@n, Poland. It includes the
following speciesTilia cordata (10 %),Larix decidua (9 %), Sorbus aucuparia (9 %),
Populus nigra (9 %), Betula pendula (8 %), Pinus sylvestris (8 %), Acer
pseudoplatanus (8 %), Fraxinus excelsior (7 %), Carpinus betulus (5 %), Q. robur
(5 %), Sorbus intermedia (5 %), Picea abies (5 %), Acer campestre (3 %), Alnus
glutinosa (3 %), Ulmus sp. (3 %),Q. petraea (2 %), Fagus silvatica (1 %); shrubs
R. canina (95 %), Prunus serotina (5 %). It reveals a small humus layer. It is 340 m
long and 17.5 m wide. The young shelterbelt cossiteleven rows. The highest trees
in this shelterbelt arBopulus nigra (height: 15 m, DBH: 25 cm and volume: 37§ m
andB. pendula (height: 11 m, DBH: 12 cm and volume: 144)nTheL. decidua is
8 m height and has DBH of 14 cm and volume of 148Te average height tfimus
sp. is 8 m, DBH - 14 cm and volume - 133 mvhile P. sylvestrisis 7.5 m height, and
has DBH of 14 cm and volume 186%nThe mean height of other trees in this
shelterbelt is 6 m, whereas the average DBH is 9Tdrare are 397 trees with a total
volume 104 498 mha' in the shelterbelt.

During the three years of research triticale wasivetied on the fields adjoining to

R. pseudacacia shelterbelt. The field was supplied with nitrogghpsphorus and potassium

fertilizers. The mean yearly amount of fertilizéNPK) was 136 N, 30 P, 45 K kg-fan

2007, 136 N, 50 P, 140 K kg-fhan 2008 and 161.4 N, 76 P, 96 K kg-hia 2010.

The crops in the field adjoining 8. monogyna shelterbelt were cultivated using a crop
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rotation system. Triticale was grown in 2007, migtubarley, oat, wheat) in 2008 and
barley in 2010. The average yearly amount of feeiis NPK used in the field were 206.3,
56.0, 88.0 kg-h& 113.3, 55.2, 151.2 kg-Ha137.0, 76.0, 96.0 kg-Hain 2007, 2008 and
2010 respectively. The crops cultivated on thedfigighboring with the young shelterbelt
were also grown using the crop rotation systentiqéle, maize and winter wheat).
The mean yearly amount of fertilizers was 112.0 N-Ha' in 2007; 183.6 N,
134.3 K kg-ha in 2008; and 39.5 N, 60.0 K kg-fhin 2010.

Soil samples were collected once a month from tiddie of each shelterbelt areas
and from adjoining cultivated field - from surfa@@20 cm) of soils (humus horizon), and
100 m from the shelterbelts during the period témsive plant growth in 10 replicates (for
three years 2007, 2008 and 2010, once a month fAgrl to October). These
10 sub-samples were mixed thoroughly to prepa@aosite mixture. Plant materials and
other debris were removed by hand from the sangiessoil was sieved through a 5 mm
mesh sieve. One part of soil material was air-daed crushed to pass through a 1 mm
mesh sieve the second part were stored at —20t#CGanalysed. All chemicals used in this
study were of analytical grade of purity.

Soil pH was measured in 1 N KCI from air dried ssaimples using a 1:2.5 v/v soll
solution suspension. Soil bulk density was deteechim soil cores collected at depths of
0-10 cm and porosity calculated. The particle dgnsas determined by water pycnometer
method.

Water filled pore space (WFPS) refers to the volwhevater filled pores present in
the soil relative to the total volume of pores. Ttheal organic carbon was analysed on
Total Organic Carbon Analyzer (TOC 5050A) with Sofample Module (SSM-5000A)
produced by Shimadzu (Japan). Hot water extractatgianic carbon (Gwe) was evaluated
on TOC 5050A equipment produced by Shimadzu (Jafia}j) Total nitrogen TN) was
estimated by the Kjeldahl method. Ammonium ionsevassayed on ion chromatograph
Waters 1515 (USA) equipped with a 1515 Isocratid @Rpump, conductivity detector
Waters 432, a rotary valve fitted with 20-4@n? sample loop and column PRP-X200
(150 x 4.1 mm 1.D. - Internal Diameter) from Haroilt protected with a guard column of
the same material (25 x 2.3 mm 1.D.). Nitrate ieveve measured on ion chromatograph
HIC-6A Shimadzu (Japan) equipped with a LP-6A laticr HPLC pump, conductivity
detector CDD-6A, a rotary valve fitted with 20-30dn?® sample loop and column
PRP-X100 (150 x 4.1 mm |.D.) from Hamilton, protgtiith a guard column of the same
material (25 x 2.3 mm 1.D.) [1]. The ferric ions ngeestimated by thiocyanate technique.
The ferrous ions in soils were determined by phthwaline method [15].

Nitrate reductase activity was identify using petas nitrate as a substrate and
2,4-dinitrophenol as inhibitor of nitrite reductaadfield moist soils [1]. Peroxidase activity
in soils was amounted by Bartha and Bordeleau miths).

Factor of biochemical transformation may be usedstimate of the direction and the
rate of biochemical conversion in the layers of smking into account the properties as
bulk density and porosity. Thus, the factor revehés efficiency of the transformation of
the substrate of own enzyme in soil conditionanéty be expressed in different units of
volume and time: [mol- /- h, [mol- m™> year.

F=ABdPT, (1)

where:F - factor of biochemical transformatios, - activity of enzyme [mmolfg™;
Bd - bulk density [kg- ii]; P - porosity [%];C, - volumetric coefficient.
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The volumetric coefficient is calculated from trguation:
C.=dIw 2

where:d - depth,| - length,w - width. For our investigatio®. = 0.2 m - 100 m - 100 m =
2000 nf.

For measurement of gas flux rates soil cores (256) ¢o a depth of 0-10 cm
(5 replicates) were obtained from three differdmlt®erbelts and adjoining cultivated fields
from five randomly selected locations. The samplesre taken in April 2010. Soil
temperature during the sampling amounted to 7.@rf{&rRobinia pseudacacia shelterbelt,
11.3 °C in adjoining cultivated field, 7.8 °C und&ataegus monogyna shelterbelt, 12.3 °C
in adjoining cultivated field, 6.9 °C under younbekerbelt, and 8.9 °C in adjoining
cultivated field. Emission of nitrous oxide, dimitren, methane and carbon dioxide was
measured directly by a helium atmosphere incubatiethod which similarly works to the
principle described by Butterbach et al. [16].dtd steady state flow-through chamber
system (incubation vessels) combined with gas aealgquipment.

All the experiments were run in triplicate, and thesults were averaged.
The confidence intervals were calculated usingfdliewing formula:x *t -1y SE, where:
X - mean,t ,,-1) value of the Student test fer = 0.05, andn-1 degree of freedom,
SE - standard error. Linear correlations betweerviiiges were calculated.

Results and discussion

Significant differences were observed in biocheicaemical and physical properties
among soils under shelterbelts of different age #med content of plants and adjoining
cultivated fields (Table 1).

Table 1
The physical and chemical properties of soils uridiese different shelterbelts and in adjoiningivalied fields
. Bulk . _
. pH  [Moisture " |WFPS| TN |N-NH; |N-NOs | TOC | Cuwe _
Site densit _ . °. ~ =, | C:N
[l 8 | g Cm_%]' [%] |[9-kg™ [mg- kg I[[mg-kg™]| [9-kg™ | [9-kg™]
Robinia
. 1.03 | 46.9 | 398 | 59 3.4¢ 31.5 | 2.46
pseudacacia | 4.3 | 228 | 550 | 454 | 037 | +1.4 | +14 | +61 | 021 |104°
shelterbelt
. . 149 | 403 | 083 | 49% | 114 | 426 | 028
Cultivated field | - 6.8 | 108 | 14 | 453 | 024 | +20 | 027 | 0.24 | =0.04 | >13
Crataegus b
096 | 46° | 330 | 7.9 | 3.2 21.6 | 1.84
monogyna | 4.7 | 191 | 4543 | 413 | 037 | 29 | +19 | +64 | z025 |12
shelterbelt
. : 163 | 523 | 084 | 747 | 133 | 575 | 0.3F
Cultivatedfield | 5.3 | 109 77 | g2 | 018 | +0.98 | 037 | #0.30 | z0.01 | 8-8°
Young shelterbelt . ¢ 112 | 139 [ 40Z | 150 5.3 1.99¢ | 935 | 048 8.35
(20 years old) | > ' +0.08 | #6.7 | 024 | #1.3 | +0.65 | +0.86 | +0.06 | &
) } 158 | 42.0 | 0.90 1.9 3.g 6.38 | 0.27
Culivatedfield | 6.2 122\ (419 | 478 | 027 | +16 | +1.2 | +015 | 2003 | 7'0°

Values in a column followed by the same subscraitet(s) are not significantly different at = 0.05;
WFPS - water filled pore space, Mean 95 % comitdeinterval

The chemical, biochemical, physical and biologigabcesses in organic matter
represent catalytic features. The pH was very acahd acidic in soils under old
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shelterbelts (4.3-4.7), but in adjoining cultivafezlds and under young shelterbelt pH was
slightly acidic and neutral (5.3-6.8) (Table 1) eféfore, those differences should influence
many physical, chemical and biological propertipggcesses and mechanisms in these
soils. Simek et al. [17] postulated neutral andidanditions as an optimal for
denitrification. However, the soil under old shdtt is much more acidic than young
shelterbelt and in the corresponding cultivateltifie

Soil organic matter affects biochemical, chemiaad ahysical properties that control
soil microbial activity. It has been demonstrathdttthere is a correlation between the age
of shelterbelts and the amount of total organicbaar (TOC) in research soils. Our
investigations revealed that the quantityT@C was significantly higher in soils under
Robinia pseudacacia (31.45 g-kg'") and Crataegus monogyna (21.65 g-kg') shelterbelts
than in the soil under young shelterbelt (9.35 gkand adjoining cultivated fields. Thus,
the accumulation of organic matter may proceedefast shelterbelt soils than in the
adjoining cultivated fields (Table 1). Partyka amthmkalo [18] suggest that the
predominance of more resistant to oxidation andmlingly stable part of soil organic
matter is typical of the forest soil to the depfhdd cm. Similar changes likEBOC were
measured for the hot water extractable organiccorar@iwe) in research soils. Higher
contents of Gwe were observed in soils undeR pseudacacia (2.46 g-kg) and
C. monogyna (1.84 g-kg') shelterbelts than in soil under young shelterbet8 g-kg".
Furthermore, the concentration ofyfz in soils under adjoining cultivated fields ranged
from 0.27 to 0.31 g-kg (Table 1). 20 years old shelterbelt characteriaescontents of
organic matter because process of withdrawal of osyanic matter is shorter than in old
shelterbelts R. pseudacacia andC. monogyna) [7]. Cqwe is related to a microbial activity
and it influences on enzymes activity. In additidnmay act as a substrate for microbial
growth, but its production is also partly mediatgdmicrobes. Therefore, higher contents
of Cywe in soils underR. pseudacacia and C. monogyna than in young shelterbelts and
adjoining cultivated fields should indicate highmeicrobial and enzymatic activity in these
soils. Remarkable differences FOC under shelterbelts of different age and the
composition of plants led to the high moisture eont The impact of the kind of shelterbelt
on the moisture content in organic matter was oleskerThe moisture content of research
soils was higher irRobinia pseudacacia (22.8 %) andCrataegus monogyna (19.1 %)
shelterbelts than young shelterbelt and adjoininigivated fields, where it ranged from
10.8t0 12.2 %.

Bulk density is a dynamic property that varies vifib structural condition of the soil.
Our results showed significantly lower soil bulkndity 1.03 and 0.97 g-¢hin soils under
old shelterbeltsR. pseudacacia andC. monogyna) than in young shelterbelts and adjoining
cultivated fields (1.39-1.63 g-¢W This may suggest higher content of organic maitte
soils under old shelterbelts than in young shedtiérland adjoining cultivated fields.
The type and frequency of tillage may influencd pobperties. Fortunately bulk density is
closely linked with soil organic matter. The incsean organic matter causes the decrease
in bulk density [19]. Therefore, the results ofl snilk density are in line with that of total
organic carbon. The WFPS is the factor affectinthemnenzymatic activity and emission of
gases from soils. The WFPS in soils under shellsrtznd adjoining cultivated fields
ranged from 40.20 to 52.26 %. The highest (52.26WFPS was observed in soil under
cultivated field toC. monogyna shelterbelt. While the WFPS in soil underpseudacacia
andC. monogyna shelterbelts were 46.95 and 45.61 %. In soils updeng shelterbelt and
in adjoining cultivated fields, and in adjoining ltvated fields to R. pseudacacia
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shelterbelts the WFPS ranged from 40.20 to 41.99réble 1). However, there were no
significant differences in WFPS from the all res#asoils.

In addition, the effect of the age and the contdnplants on the quantities aN in
soils under shelterbelts were visible. The conegioins of TN in soils under old
shelterbelts R. pseudacacia and C. monogyna) were significantly higher than in young
shelterbelt and adjoining cultivated fields. Th contents in soil under old shelterbelts
ranged from 3.30 to 3.98 g-Rghowever, in adjoining cultivated fields to allesterbelts
(from 0.83 to 0.90 g-kg), and under young shelterbelt 1.50 g'kdTable 1).

A R. pseudacacia is characterized by the presence of root nodwlkih bind free nitrogen
from the air. It was observed average 2.7 timeshdrigcontent of TN in soil under
R. pseudacacia than in young shelterbelt. Large differences imidl C content in the soil
under young and old shelterbelts were recordedusecaf different rates of decomposition
of organic matter. Our results showed also sigaificcorrelation coefficient between
concentration of N andTOC (r = 0.85,a = 0.05).

The concentration of nitrates and ammonium ionsaa@her important regulator of
nitrification and denitrification processes. We eh®d a disparity in the quantities of
ammonium in soils under shelterbelts and adjoicinitjvated fields. In soils under old and
young shelterbelts the concentrations of ammoniums ivere no significantly different and
ranged from 5.25 to 7.93 mg-RkgThe significant differences in the concentratioih
ammonium were observed in the soil under youngsatieit and adjoining cultivated field.
The contents of nitrates in the soils un@emonogyna, R. pseudacacia shelterbelt and in
the cultivated field neighbouring with the youngekrbelt were not significantly different
and amounted to 3.21, 3.43 and 3.83 mg; kgspectively. However, these amounts were
significantly higher than in the soil in adjoining the cultivated field adjoining to
R. pseudacacia. It was also observed that the concentration wéata ions in the soil under
young shelterbelt was significantly lower than ihet adjoining cultivated field
(1.99 mg-kg' under young shelterbelt, and 3.83 mg'kip adjoining cultivated field)
(Table 1).

The contents of iron forms in soils under sheltiésbend adjoining cultivated fields Tavle2
Fe(ll) Fe(ll) Fe(Il)/ Feéotal
_ _ [mg-kg] [mg-kg] Fe(lll) [mg-kg]
e | B
Cultivated field 242 g 0.77 5.56
13 3
o heterba iy e 088 12.50
Cultivated field 2r 3 0.79 6.13
bc 3
e |8
Cultivated field 32 ; oy 3t 0.74 7.60

Values followed by the same subscript letter(s)ratesignificantly different a& = 0.05; Mean +95 % confidence
interval
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In flooded soils hydrates reduce Fe(lll) oxide &(IB. Ferric iron ions and dissolved
oxygen in soil solution are reactants in the redeactions. It seems that the complexation
of Fe with dissolved organic matter plays a fundatae part in acidification and
pedogenesis and prevents immobilization by preatipih like inorganic metal complexes
[20]. The pH and temperature are the factors adtétite ferrous and ferric ions amounts in
soils. Our research showed that there were no fiignt differences in the ferric ions
concentration in soil und€®. monogyna and young shelterbelts than in adjoining cultidate
fields to these shelterbelts. However, the amoohtsrric ions were significantly higher in
soils underR. pseudacacia shelterbelt than in neighbouring cultivated figfable 2).
Similar changes like in case of ferric ions wersaed for the concentrations of ferrous
ions in soils undeR. pseudacacia shelterbelt. There were significant higher corgeoit
ferrous ions than in adjoining cultivated fieldsafle 2). Moreover, simultaneously total
iron was the highest in soil und@rpseudacacia shelterbelt (16.75 mg-kj and the lowest
in soil in adjoining cultivated field tdR. pseudacacia shelterbelt (5.56 mg-kY. Our
investigations have shown that in research soilsewmore ferric than ferrous ions. This
suggests that in the soils are favourable oxygewitons.
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Fig. 1. The average value of peroxidase activitysoils under three different shelterbelts and in
adjoining cultivated fields: A Robinia pseudacacia shelterbelt, B - adjoining cultivated field to
Robinia pseudacacia shelterbelt, C Crataegus monogyna shelterbelt, D - adjoining cultivated
field to Crataegus monogyna shelterbelt, E - young shelterbelt (20 years okl); adjoining
cultivated field to young shelterbelt

Soil enzymes are important for their role in nuttieycling and were considered to be
early indicators of specific biochemical reactidnssoil, because of their relationship to
soil biology, ease of measurement and rapid regpémschanges in soil managements.
Peroxidase is the enzyme participating in oxidatieduction processes in soils. Peroxidase
has been the most studied because of their ralegenic matter degradation and release of
nutrients in the soils. Tian and Shi [21] hypothkesdi that peroxidase could enhance soil C
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and N mineralization via improving the bioavailatyilof reducing sugars and amino acids.
Their results indicated that the effects of perasi on organic matter degradation.
Generally significantly higher activity of peroxisiin soils under old shelterbelts than in
adjoining cultivated fields was observed. Howevbe highest activity of peroxidase was
determined in soil undeRobinia pseudacacia shelterbelt (15.49 nmol-gh™). This value
was significant higher than in adjoining cultivatéiéld (0.14 nmol-g~-h™) (Fig. 1).
Moreover, the peroxidase activity in soil und@rataegus monogyna shelterbelt was
20 times higher than in adjoining cultivated fieldpwever, in young shelterbelt
1.9 times higher than in adjoining cultivated fi€kig. 1). Previous studies Meysner and
Szajdak [15] confirmed that the changes of persgidictivity are in line witAfOC.

The factor of biochemical transformation is a ukédol for the estimation of the rate
of biochemical conversion based on the enzymesityctn the layers of soil taking into
account the properties as bulk density and poroshgse factors calculated for peroxidase
activity were higher in soils under shelterbeltarttadjoining cultivated fields. The number
of moles of phenols and aromatic amines converyggeiboxidase in the volume unit and in
the unit of time was from 1.00 to 17.91 mol*rii* under shelterbelts and from 0.14 to
0.51 mol-m>h* in adjoining cultivated fields (Fig. 2). Howeven soil under young
shelterbelt the factor of biochemical transformatias significantly lower than under old
shelterbelts, where contentsT@C and G were higher.
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Fig. 2 Factors of biochemical transformations for peresi activity in soils under shelterbelts and
adjoining cultivated fields: A Robinia pseudacacia shelterbelt, B - adjoining cultivated field to
Robinia pseudacacia shelterbelt, C Crataegus monogyna shelterbelt, D - adjoining cultivated
field to Crataegus monogyna shelterbelt, E - young shelterbelt (20 years okl); adjoining
cultivated field to young shelterbelt

Nitrate reductase is an enzyme participating inréaiction of nitrate to nitrite. This is
one of the steps of dissimilatory reduction by aa#ly aerobic bacteria. A higher activity
of this enzyme was discovered in the soils undeftstbelts than in adjoining cultivated
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fields. The yearly mean value of nitrate reductasgivity of in soil under young,
Robinia pseudacacia and Crataegus monogyna shelterbelts were 0.22, 0.23 and
0.16 pg N-gd.m.- 24 ', respectively. There was no significant differeircéhe activity of
this enzyme in all researched shelterbelts. Sicpmifi differences in nitrate reductase
activity were observed in soil under young shebkéirtand adjoining cultivated field.
However, the lowest value of nitrate reductase’svitg was found in the soil in the
cultivated field adjoining to young shelterbelt @@. pg N-g* d.m.-24 R (Fig. 3).
The nitrate reductase’s activity was positivelyretated with concentratiomOC, Cywe
and TN (r = 0.32,r = 0.30 andr = 0.30). The factors of biochemical transformation
calculated for nitrate reductase activity were gigantly higher in soils under shelterbelts
than in adjoining cultivated fields except field igigoring to Robinia pseudacacia
shelterbelt. The number of moles nitrate convetteditrite by nitrate reductase in volume
of soil and in time was from 0.64 to 0.92 mot*iii* under all shelterbelts and from 0.22 to
0.70 mol- m*h*in adjoining cultivated fields (Fig. 4). This factmay wide range than the
same enzyme activity explain about activity of ati#y reductase in the volume of soil (one
ha area and the depth of 20 cm) taking into accalsa the porosity and bulk density of
research soils. However, bulk density and porasitgoils characterizes the availability of
the substrate to enzyme. Thus, the factor of bimited transformation reveals the
efficiency of the transformation of the substratetlee own enzyme in specific soil
conditions. Askin and Kizilkaya [22] demonstratdte tmid-sized macroaggregates had
enhanced microbiological properties and organiba@arcontents. The main effect of the
macroaggregates on the microbiological propertiay e arisen by the accumulation or
decomposition of organic matter erosion and dejoosit
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Fig. 3. The mean value of nitrate reductase agtiwvit soils under three different shelterbelts and i
adjoining cultivated fields in 2007, 2008 and 2010:- Robinia pseudacacia shelterbelt,
B - adjoining cultivated field tdRobinia pseudacacia shelterbelt, C -Crataegus monogyna
shelterbelt, D - adjoining cultivated field tGrataegus monogyna shelterbelt, E - young
shelterbelt (20 years old), F - adjoining cultivhfeeld to young shelterbelt
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Fig. 4. Factors of biochemical transformations for nitne@euctase activity in soils under shelterbelts and
adjoining cultivated fields: A Robinia pseudacacia shelterbelt, B - adjoining cultivated field to
Robinia pseudacacia shelterbelt, C Crataegus monogyna shelterbelt, D - adjoining cultivated
field to Crataegus monogyna shelterbelt, E - young shelterbelt (20 years okl); adjoining
cultivated field to young shelterbelt

The evolution of nitrous oxide from soils is aneeff of the soil denitrification and
nitrification processes. Our results revealed $icgmt lower values of nitrous oxide
evaluated from soils und&obinia pseudacacia and young shelterbelts than from adjoining
cultivated fields (from 1.4 to 18.3 times lower)a@dle 3). It was observed the relationship
between the age of shelterbelt and the amounteohitious oxide emission. The lowest
amount nitrous oxide evolution was determined freoils under young shelterbelt
(19.2 pg N-NO-nm%h™). The highest evolution was observed from soil armnadjoining
cultivated field to young shelterbelt (351.0 ug BENm%h?). These results suggest
positive effect of shelterbelt on the lowering esioa of nitrous oxide from soils. Kesik
et al. [23] also showed that the®lemissions from agricultural soils are averagetiters
stronger compared to the forest soils. Furthermibrere were no significant correlations
between nitrous oxide emission and WFPS. The madmitNO emission increased with
increasing WFPS, in agreement with studies Abbagi/&dams [24]. Diffusion of oxygen
in soil is limited by increasing of soil water cent and anaerobic conditions predominate
[9]. According these authors emissions gfONincrease after fertilizer N application with
increasing soil water content and most rapidly &0 % WFPS where denitrification is
higher. Bateman and Bags [5] proved that the aypbic nitrification was the main source
of N,O in soils at 35-40 % WFPS, while at 70 % WFPZNwvas produced during
denitrification. In the research soils under shibltts and the adjoining cultivated fields the
WFPS were from 40 to 50 %. These data may suggesttn N,O by autotrophic
nitrification. Furthermore, no significant corrétat was found between nitrate reductase’s
activity and the evolution of nitrous oxide. Kodl &l. [12] hypothesized that nitrifier
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denitrification is an important source of®l from the drier soil, whereas denitrifiers were
identified as the dominant producers gfINfrom the wetter soil.

Table 3
The evolutions and accumulation of greenhouse des@ssoils under shelterbelts and adjoining calidd fields
Robinia pseudaccacia Crataegus monogyna Young
Gasses shelterbelt culft;gated shelterbelt culft;gated shelterbelt Cu'}}g%ted
N 0.0° 0.0° 0.0° 0.3 0.0° 0.
[mg N-N,-nT%h7 +0.0 +0.0 +0.0 +0.4 +0.0 +1.1
N.O 37.6 50.8 377 66™ 19.7 351°
[1g N-NO- T b 7.4 +4.8 +21 +24 9.1 114
CH, 1.7 -5.7¢ -2.5 5.7 -3.7¢ —-2.5¢
[ug C-CH,- % HY +0.6 +3.0 +1.2 +1.3 +1.7 +4.3
CO, 20.4 26.5" 28 12.F 14.6* 54°¢
[mg C-CQ-m>hY +55 +5.7 +10 1.4 +6.6 +24

Note. Plus indicates gas release from the soil and ngagsuptake by the soil, Mean £ 95 % confidenoervat.
Values followed by the same subscript letter(s)ratesignificantly different a& = 0.05.

Our results on the evolution of nitrous oxide ardime with the data of Ullah et al.
[25]. They investigated the evolution of,® from forest soil and cultivated soil. They
measured lower emission of nitrous oxide from forgsls than from cultivated fields.
They suggests the following explanations of thiscpss: the delay of gas flow at moisture
states above field capacity, an increase non-dilsgory nitrate reduction and
an alternation at higher moisture states in the tgpd amount of available C, which is
essential to the denitrification process and disoet appears to be critical stage in moisture
beyond which the process of denitrification slovesvd, thus altering the timing of peak
denitrification with respect to a typical agricultl soils. In addition, no emission of
dinitrogen from soils under all shelterbelts wassabed. However, the evolution of
dinitrogen from soils under adjoining cultivate@lél to Crataegus monogyna and young
shelterbelt were observed 0.3 and 0.4 mg NaiN- i, respectively (Table 3). Significant
correlation coefficient were found betweepNand N concentrationsr(= 0.86,a = 0.05).

Both denitrification and methane formation depeadghe oxygen status of the soil.
Khalil and Baggs [9] found positive correlations theen °C-CH, and NH'
concentrations, indicating possible temporary iitlib of CH, oxidation. Methane fluxes
from or to soils result from the interaction of eeal biological and physical processes in
the soil. Our results have shown remarkable negatborrelations between GH
concentrations and bulk density£ —0.51). We did not observe any emission of nmetha
from soils under all adjoining cultivated fields &helterbelts and from soils under
Crataegus monogyna shelterbeltand young shelterbelt. However, the evolution offrare
was only determined from soil undBobinia pseudaccacia shelterbelt and was equal to
1.22 mg C-CH m%h* (Table 3).

Opposite to this, in other soils of shelterbeltsufyg andC. monogyna) and adjoining
cultivated fields the consumption of methane wasasneed and ranged from —5.2 to
—-2.5 mg C-Ch-n%H* (Table 3). These results may suggest that in relsesoils under
shelterbelts and adjoining cultivated fields thenditon to formation of methane are
unfavourable. It may suggest that in research WUEPS were from 40 to 52 %) are
preferential treatment conditions to oxidation CKhalil and Baggs [9] showed that most
rapid oxidation rate CHwas measured at 45 % WFPS but the lowest at 30 BRIV
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Luyssaert et al. [26] studies consider emissions seguestration of carbon dioxide (§0
in forest ecosystems. Although, the majority ofi#s to date have been focused on soils as
sources, soils can also however act as §laks. Our results have shown significant lower
3.6 times emission of GOfrom soils under young shelterbelt than adjoinqutivated
fields. However, soil undelC. monogyna revealed higher 2.3 times than adjoining
cultivated field the evolution of COFurthermore, soil under young shelterbelt shothed
lowest evolution of CQin comparison to all shelterbelts. The smallesil@ion of CQ
from soils under young shelterbelt suggests low ft mineralization and high rate of
humification. This process can lead to the formmatad humic and fulvic acids, which
representing the main fraction of humic substanttemay show that in soil under young
shelterbelts the anabolic process is dominatedabgbolic. Maryganowa et al. [27] and
Szajdak et al. [28] have proved significant differes of the humic (HA) and fulvic (FA)
acids properties estimated by optical, thermal enadecular weight distribution extracted
from soil underR. pseudacacia and young shelterbelt. They suggest that the H#nfthe
soil under the old shelterbelt exhibited a highegrée of aromatic condensation and
polyconjugation, i.e. was more humified and cheifhicamature compared to the reference
HA. The HA from the young shelterbelt had a lowegike of humification, i.e. was
younger compared to the HA from the adjoining fielthis indicates that the processes of
humification with the formation of the young immeguthumic molecules in the soil under
the young shelterbelt were more intensive tharmésoil of adjoining cultivated field and
in the soil under the old shelterbelt. This facbwhk the presence of easily degradable
organic matter in soil under young shelterbelt.

Furthermore, our investigation showed different pemties of soil under young
shelterbelt than under old shelterbel® pseudacacia and C. monogyna). In soil under
young shelterbelt the opposite to the soils und@rsbelterbelts lower emissions oft®I
were showed. Soil under young shelterbelt was cleviaed quite the contrary properties
(lower: organic matter content,,® emission,TN and bulk density) than soils under old
shelterbelts. This lower content of organic maftersoil under young shelterbelt may
contribute to the lower emissions of gases frora #uil. It is assumed that the availability
of soil organic carbon limits microbiological grdwand enzymes activity in soils.

We observed significant correlation between enzignatctivity and hot water
extractable organic carbon, & can be a substrate for microbial growth, but rtsdpiction
is also partly mediated by microbes. This fraci®responsible for microbiological activity
[14]. These authors proved that the molecular gigigibution and chemical composition of
dissolved organic matter were similar in the soitgler three tree species.

The results show that manipulation of plant coweragricultural landscape is an
important factor to control the quality and quantif chemicals in soils that can appear
some unwanted effects on the evolution of greerdogases from soils into the
atmosphere. Our results suggest that the creatioew shelterbelts is one of the positive
factors restrict the evolution of greenhouse g&®es agricultural landscape.

Conclusions

1. Significant higher peroxidase activity was olsdr in soil under old than young
shelterbelts and adjoining cultivated fields. Thelifferences may affect organic
matter contents. In soils under old shelterbelkésttital organic carbon and hot water
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extractable organic carbon were significantly highiean in young shelterbelts and
adjoining cultivated fields.

Our research showed no significant differenatsvben old and young shelterbelts for
nitrate reductase activity. There was no impadhefage and plant composition on the
activity of this enzyme. Significant differencesreehowever, found between the soils
under the young shelterbelt and in the adjoinirigwated field.

The total nitrogen, total organic carbon, hottewaextractable organic carbon and
peroxidase activity in the soil under the young evsignificantly lower than in the
soils under both old shelterbelts. The evolutionndfous oxide was significantly
higher underRobinia pseudacacia shelterbelt than under the young shelterbelt.
However, there were no significant differenceshi@ ¢mission of carbon dioxide from
soils under the three researched shelterbelts.

Creating new shelterbelts is important elememtgricultural landscape not only for its
structure, as well as improving physical, chemaradl biochemical properties of soils
and restricting fluxes of greenhouse gases.
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