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GENERAL INTRODUCTION AND AIMS

Nitrous oxide emissions from pasture soils

After carbon dioxide (C® and methane (CHl nitrous oxide (NO) is the most potent
greenhouse gas contributing to global warming (@dni996). NO, whose emissions into the
atmosphere are controlled under the Kyoto Protamblthe United Nations Framework
Convention on Climate Change, has a global warrpioigntial about 320 times greater than
that of CQ and has a lifetime of approximately 120 years (bkovic and Swart, 2000).
Moreover, NO contributes to the destruction of the stratospherone layer (Crutzen and
Ehhalt, 1977) and has become the most dominantesdepleting substance (Ravishankara et
al., 2009). After further reactions in the atmogeh®&,O can also produce photochemical smog
and acid rain (Vitousek et al., 1997). Its atmosghabundance before industrialization was
270 ppb, and in 2005 the concentration reached23dth (World Meteorological Organization,
2006), exceeding the concentration of preindustinats by 18%.

Although important sources of ,8 emissions include fossil fuel combustion, biomass
burning, waste dumps, industrial and chemical petido (e.g., nylon production), soils are
responsible for more than two-thirds of globglONemissions because of the many microbial
transformations of nitrogen compounds in the soilimnment (Conrad, 1996; Schimel and
Holland, 1998). Agricultural soils have been idéet as the major source of®, accounting
for about 35% of the global annual emission (Kroetzal., 1999). Velthof et al. (1996) showed
that grasslands are particularly important source$\N,O emissions (the quantity of ,®
released per unit of fertilizer is generally gredte grasslands than for arable cropland) and
also suggested that,®@ emissions are greater in grazed grassland (gs$ttman in mowed
(ungrazed) grassland. Hynst et al. (2007) summauseseral possible reasons for the largé N
emissions from pastures: (1) pasture soils are iricbrganic carbon, which originates from
plant roots, litter, and animal excreta; (2) pastgoils are compacted because of animal
trampling, especially under moist or wet conditioleading to anaerobiosis; (3) animal excreta
(dung and urine) deposition in grassland soil tesinl a patchy distribution of nitrogen and
carbon and, consequently, enhanced biogenic tranafns of the nutrients; and (4) grazing
and defoliation in grasslands reduce nitrogen upthit plants, leading to the temporary

accumulation of mineral forms of nitrogen in thd.so



In 2002, agricultural land occupied about 50 £ K®F globally (Smith et al., 2007). Most
of this area was under pasture (69%), and croptandpied 28%. During the last four decades,
agricultural land gained almost 5 x°1km* from other land uses, a change driven largely by
increasing demands for food by a growing populatiorery year during this period, an average
of 6 x 10 kn?? of forestland and 7 x f&km? of other land were converted to agriculture, with
most of this conversion occurring in the developimgrlid. This trend is also projected to
continue into the future (Smith et al., 2007).

Biological emissions of M0 from soils are largely controlled by two micrdljy@ocesses:
nitrification and denitrification (Firestone et,al.980; Conrad, 1996)..® is a by-product of
the first step of nitrification, whereas it is amdrmediate or end product in denitrification.
Denitrification is the dominant process ofNemission from grazed pastures (e.g., de Klein
and van Logtestijn, 1994; Saggar et al., 2004, ¢ual., 2008). Because of the enlarging global
area of grasslands and their impact on environrtfenigh NO emissions, it is necessary to
identify possible mitigation strategies to lowegONemissions from these ecosystems. Such
mitigation, however, would be impossible withoutther in-depth research on the processes
involved in NO production in pasture soils, with special emphasi denitrification. The
required research would include not only studies tbe environmental controllers of
denitrification rate and O fluxes, but studies also on the interactions agthese controllers

and on their possible impact on the community ofittiéying microorganisms.

Denitrification and denitrifiers

Denitrification represents sequential dissimilatregluction of nitrate (N§) via nitrite
(NOy) to gaseous nitric oxide (NO), nitrous oxide,@y, and finally molecular dinitrogen ¢N
via four enzymatic complexes. Denitrification ietlast step in the global N cycle by which
fixed N is returned back to the atmosphere. Althrodgnitrifying organisms normally respire
and metabolize aerobically when oxygen is presemwer partial pressure of oxygen causes
them to use oxidized forms of nitrogen as altexeaterminal acceptors of electrons in their
respiration chain. Thus, denitrification allows defiers to grow and gain energy under
anaerobic conditions.

Denitrification is the only biological process of,@ consumption (Conrad, 1996);
however, the denitrification process usually pragumore MO than it consumes because the
denitrification sequence is usually incomplete, in®t all of the N@ is reduced all the way to

N,, resulting in two main denitrification products;®and N. Denitrification rate and the ratio
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of N,O and N are affected by a number of environmental factdoese (1995) summarized that
the most important regulators of the denitrificatiate and the stochiometry of its products are:
the composition and availability of organic matéey a source of energy, the availability of
NOgs, the partial pressure of oxygen, temperature,saiicpH. All these parameters are affected
in pasture soils by the activities of grazing ansn@8ecause pO is an intermediate in the
denitrification pathway, both the amount ofONproduced and the ratio of the two products
(N,O and N) are important in understanding and predicting® Nluxes from soils. Without
data on N formation, it is difficult to study the influencef environmental parameters on
denitrification activity or to find any linkage beten the structure and function of the
denitrifying community.

Despite the ecological importance of denitrificatimr environment, there are very few
reports about Nemissions (Groffman et al., 2006), likely due tethodological limitations.
Quantitative analysis of Nis much more difficult than quantitative analysit N,O. The
acetylene (gH,) blockage method (Balderson et al., 1976; Yoshiaad Knowles, 1976) has
been extensively used to quantify both denitrifmatproducts. 6H, inhibits reduction of BO
to N,. Thus, the amount of ® produced with addition of &, represents the overall
production of NO and N, and the production of Ns then calculated as the difference between
N,O production with and without added,H;. This method has been applied in laboratory
experiments under controlled conditions (e.g., $maa et al., 1993; Dendooven and
Anderson, 1994) and also in the field (e.g., Ryded Dawson, 1982; Ryden et al., 1987) but
has some disadvantages and limitations. Firgtl, @lso inhibits nitrification (Klemedtsson et
al., 1988) and fermentation (Flather and Beauchda®p2), and has other side effects on soil
processes. Second, theHz blockage is generally not suitable for situ measurements. In
contrast to the £, blockage method, the addition of a labeled deratdifon substrate (e.g.,
K'NO,) to soil and subsequent analysis of the isotopimpsition of NO and N by mass
spectroscopy offers a useful tool to quantify emiss of both NO and N in situ (Stevens and
Laughlin, 1998; Stevens et al., 1998).

Denitrifiers are primarily heterotrophic microorgems and are characterized by two
principal traits: (1) their growth yield is propmmal to the amount of N oxide present, and (2)
they are able to reduce NGOnto N,O or N, (Tiedje, 1988; Mahne and Tiedje, 1995). The
ability to denitrify is present in many prokaryotiamilies such as Thermoproteaceae,
Cytophagaceae, Corynebacteriaceae, Streptomycindagillaceae, Rhodospirillaceae,
Rhodobacteraceae, Rhizobiaceae, Burkholderiaceamsdmonadaceae, Neisseriaceae, and

Pseudomonaceae (Philippot and Germon, 2005). Bvenlyi 0.1-5% of the soil bacteria are



denitrifiers (Chéneby et al., 2000), the diversifythe denitrifying community in soil is huge
(Philippot and Germon, 2005).

Despite the broad taxonomic and phylogenetic dityeod denitrifiers, the enzymes in the
denitrification pathway (reductases) are highly semed among phylogenetically distant
denitrifiers, and the reductases are encoded bylasinfunctional genes (Zumft, 1997).
Denitrifying bacteria can express two types of Nfeductase, Nar and Nap NQeductase,
which primarily differ in their location in the delNar NG, reductase is associated with the
cytoplasmic membrane, and its functional subunierisoded by the genearG. Nap NQ
reductase is located in the cell periplasm, anduitetional subunit is encoded by the gene
napA Similarly, two types of N@ reductase have been identified in denitrifierppzr (Cu)
NO, reductase is encoded by the gei&, and cytochromed, NO, reductase is encoded by
the genenirS (Zumft, 1997). Both types are functionally equesa but are not present in the
same bacteria. The reduction of NO tgONs catalyzed by NO reductase, which consistsvof t
functional subunits encoded by the genesC and norB (Philippot, 2002). The last step in
denitrification is catalyzed by J reductase, which is encoded by the geosZ However,
denitrifiers may possess a truncated denitrificatipathway as revealed by the complete
genome sequencing dfgrobacterium tumefacien€58, which lacks thenosZ gene and is
unable to reduce nitrous oxide (Wood et al., 200d)theory, it is not essential that each
denitrifying organism is capable of performing stiéps in denitrification because the different
steps in the pathway are relatively independentcamdbe performed by different components
of the soil community; the entire denitrificatiomopess has been described as of modular
organization of the different steps (Zumft, 1997).

Formerly, most studies on denitrification andONemissions assumed that the process
depended on environmental parameters rather tharthenstructure of the denitrifying
community. Holtan-Harwig et al. (2000) and Cavigelhd Robertoson (2000), however,
indicated that differences in the structure of dieaitrifying community in soil can be of great
importance for regulating denitrification activitgnd N emissions. Recently, the linkage
between function and ecology of denitrifiers hasdme an active research area concerning the
microbiology of nitrogen cycling, and the possibigact of the abundance or composition of
the denitrifier community on the denitrificationteaand the ratio of X0 and N has been
extensively debated (Rich and Myrold 2004; Enwalble, 2005; Philippot and Hallin, 2005;
Ma et al., 2008; Miller et al., 2008, 2009; Hal&hal., 2009). Philippot (2006) pointed out that
studying the diversity of a functional communityoislimited value for understanding N fluxes
if the abundance of this functional community ikoown; Philippot emphasized the necessity

to quantify denitrifiers.
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Quantitative PCR (gqPCR) of functional denitrificati genes is a useful molecular
technique for quantifying denitrifiers; in contraguantification based on the ribosomal gene is
unrealistic for denitrifiers because the denitdfion trait is present in a broad variety of
bacterial species. Moreover, gPCR allows quantificeof denitrifiers capable of performing a
single step in the denitrification pathway, wherapproaches based on cultivation only allow
quantification of denitrifiers that are capable pErforming several steps (Philippot, 2002).
With qPCR of functional denitrification genes, them ofnirkK andnirS genes can be used as
an estimate of the total number of denitrifiersgdaese each denitrifier can have only one type
of NO, reductase (Philippot, 2002) and the presence of M@uctase is the main criterion for
identifying a bacterium as a denitrifier (Mahne anddje, 1995). Further, the summifK and
nirS genes can be proportional to the measured déeatiiin activity. Similarly, the ratio of
gene abundancewsZ(nirK+nirS) can be used as an indicator of the proportiodesfitrifiers
having the genetic capacity to perform the lasp sté denitrification (reduction of )D).
However, the real importance of denitrifier abundafor denitrification activity and JO/N,

ratio remains unclear.

Spatial distribution of soil bacteria and denitrifiers

Although microbial processes exhibit substantiahtish variability at the field scale
(Parkin, 1993), it is not clear whether the micedlmommunities that mediate these processes
also exhibit spatial distribution patterns. Thisalso true for denitrifiers because while many
studies have dealt with the spatial variabilitytioé denitrification process (Parkin, 1993), the
spatial variability of the corresponding functionebmmunity has largely been ignored.
Although microorganisms are key players in ecosystanctioning, investigations into the
spatial distribution of microbial communities hawely recently been reported (Martiny et al.,
2006). Most previous studies investigating the igpdistribution of soil bacteria have focused
either on the total bacterial community or on marar species (Green et al., 2008). However,
this taxon-centered perspective is unlikely to detthe possible linkage between the
composition and function of bacterial communitie®cause a broad range of functional
variation may occur among similar organisms whilengque function may be present among a
broad variety of bacterial species. Therefore, Gmrteal. (2008) highlighted the use functional
trait-based approaches for studying the spatidriligion of microorganisms. Analysis of
functional guilds (communities of populations tisdiare certain traits) could bridge the gap

between the ecology of microbial communities andsgstem functioning. Denitrifiers have
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been recently considered as a model guild of glabakern in functional ecology (Philippot
and Hallin, 2005), and so spatial analysis of tmahmunity is now needed. Spatial patterns of
denitrifying communities at the field or landscegmales deserve special attention because the
patterns could be linked with land use; understampdihe patterns could lead to better
management strategies for loweringINemissions from soils.

From the taxon-centered point of view, the detecti spatial patterns of taxon-specific
groups of bacteria largely depends on the choicdagbnomic level used to define the
operational unit (Levin, 1992; Ramette and Tied?€07). At which level of taxonomic
organization can spatial patterns of distributiendbserved remains one of the unanswered and
central questions in microbial ecology. Spatialtgrails of bacteria are more likely to be
observed at low taxonomic levels (strain or spgcigscause there is a higher probability that
organisms will share similar responses to envirantalegradients if they belong to the same
strain or species than if they belong to, for exianihve same genus or family. However, Fierer
et al. (2007) have recently suggested that celiaaterial phyla could be differentiated irto
andK-selected ecological categories, which providessishfor the hypothesis that ecological

traits and therefore patterns of spatial distrimuiliffer among bacterial phyla.

Effect of pH on denitrification

pH is a master soil variable because it affectssall properties, whether chemical,
physical, or biological (Brady and Weil, 1999). $hs$ also true for denitrification, and pH is
one of the most important factors influencing baéhmitrification rate and ratio of the two main
denitrification products, }0 and N (Simek and Cooper, 2002). In general, denitrifarat
activity increases with increasing pH (until the ptimum), while the BD/(N,O+N,) ratio
decreases with increasing pH (Tate, 1995). UndeliapH, the activity of NO reductase is
lowered, and the synthesis of new,(N reductases is inhibited, resulting in increased
accumulation of BO. This means that at low pH, the major denitrifima product is often pD.
In soils with higher pH values, the activity anchthesis of NO reductase is supported and
therefore more N is produced. This relationship has been charaetgriin laboratory
experiments (e.g., Simek et al., 20@hel and Simek, 2011), but it is unclear whether th
same relationships exist in the field because othoublogical limitations forin situ
measurement of Nemissions (Groffman et al., 2006). However, advathderstanding of the
effect of pH on the regulation of field fluxes obth denitrification products is essential if

liming is to be used to increase soil pH and thetetver N,O emissions from pasture soils.
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Fierer and Jackson (2006) have recently showrthieastructure of bacterial communities
in soil is not random but is significantly drivery lIpH. They used a ribosomal DNA-
fingerprinting method to quantitatively compare tbemposition and diversity of bacterial
communities in soils from across North and Southefina. Surprisingly, bacterial diversity
was not related to those variables that typicatdirt the diversity of plants and animals. The
diversity and richness of soil bacterial commusitdiffered by ecosystem type, and these
differences could largely be explained by soil gtiese findings were further expanded and
verified by Lauber et al. (2009), who used the @xdled pyrosequencing technique to examine
the structure and diversity of bacterial commusifie a similar set of soils; these authors found
that the influence of soil pH on bacterial commyrdbmposition is evident at even relatively
coarse levels of taxonomic resolution. Rousk ef(2010) compared data from Lauber et al.
(2009) with their own results of bacterial commuyrstructure across a 180-m pH gradient (pH
4.0-8.3) that was achieved by long-term liming ofa@able soil and showed that there was as
much variability in bacterial communities across ttBO-m distance (Rousk et al., 2010) as
across soils sampled in a wide range of biomesarttNand South America (Lauber et al.,
2009). This suggests the dominance of pH in esfaibly the structure of bacterial
communities. Because of the broad taxonomical ditserof denitrifiers and because
denitrification represents only a facultative trait denitrifiers, soil pH is likely to also be
important in structuring denitrifying communitieshich has been already shown in several
studies (Parkin et al., 1985; Enwall et al., 208%ilippot et al., 2007). This raises the
possibility that soil pH influences the denitrifita rate, the ratio of the denitrification
products, and subsequent N gas emissions not oingctlg through the kinetics of
denitrification reductases but also indirectly thgb its impact on composition and abundance
of the denitrifier community. The denitrifier commity, in turn, acts as a transducer through
which the direct effect of pH on denitrification taty and N,O emissions is realized
(Wallenstein et al., 2006). However, the relatiigngicance of direct and indirect controls by
pH on denitrification remains unclear.

In-depth research on the effect of pH on denittiien is limited by the high buffering
capacity of most soils, which makes difficult tohase fast and long-lasting changes of soil
pH; it follows that experimental control of soil pld difficult. Therefore, studies on the
influence of pH on denitrification and other adii@s of soil microorganisms commonly use
either a set of soils differing in pH (e.g., Bremma&d Shaw, 1958; Drury et al., 1991; Baath
and Anderson, 2003) or soils whose pH was modi§jextiually over time (e.g., Adams and
Adams, 1983; Aciego Pietri and Brookes, 2008; Niebhl., 2008) by application of lime or

other compounds. In both cases, however, possiblades between pH and biological
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processes or variables might not represent diregsal relationships because variables other
than pH may differ among different soils and beeatise effect of pH may be indirect.

Moreover, pH manipulation can take years and requpeated lime applications.

Aims of the thesis

The overall aim of this Ph.D. thesis was to deteasmwhether production of J and N
via denitrification, subsequent emissions of th@sses into the atmosphere, size of the
denitrifying community, and environmental factore inked to each other in pasture soils. The

specific objectives of the thesis were:

1. To describe the shifts in the abundance of funeligienitrification genes, denitrification
activity, and NO emissions in a cattle overwintering area as altre$ different cattle-
induced impacts on soil physico-chemical parameters

2. To explore spatial patterns of size and activitytieé denitrifying community in a
grassland field subjected to different cattle grgziegimes, and to investigate whether
the pattern of denitrifier abundance was relatethtse of denitrifying activity, the ratio
of the denitrification products @@ and N), and environmental regulators of
denitrification.

3. To investigate the effect of changes in soil pHrositu N,O and N emissions, potential
denitrification activity, and the size of the mibral community possessing the different
denitrification genes, and to detect possible i@tahips among these characteristics.

4. To determine how soil pH influences the denitrifica rate and the relative production of
N,O both directly (through kinetics of denitrificaticeductases) and indirectly (through

changes in the structure of denitrifier community).

To meet these objectives, a set of field and laboyaexperiments and measurements were
conducted using a unique methodological approaah ¢bmbined the traditional acetylene
blockage method;°N-labeling techniques (to provide information ionsitu emissions of both
N,O and N), molecular techniques (to quantify denitrifierahd geostatistics (to characterize

and map spatial patterns).
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DESCRIPTION OF SAMPLING SITES

All experiments, measurements, and soil samplirsgrileed in this thesis were conducted
at an upland pasture of the Borova Farm néasky Krumlov in South Bohemia, Czech
Republic (latitude 48°5R; longitude 14°1%; altitude 630 m). The farm is situated in the
Protected Landscape Area Blansky Les and is spemiafor beef cattle husbandry and hay
production under an organic farming regime; theitheesearch, however, was focused only on
the parts of the pasture more or less impactedaktjec The mean annual precipitation in the
area is 650 mm, and the annual average tempeliatéréC (data from meteorological station
located 7 km from the pasture). The soil at the wtclassified as Haplic Phaeozem (arenic;
World Reference Base system) containing 60 to 8a8#a,s14 to 32% silt, and 6 to 14% clay
(USDA classification system). The plant cover of fasture is a mixture of grasses, clovers,
and other dicotyledonous plants.

The first study Paper I) was performed at an overwintering area withinghsture. This
so-called winter pasture occupied 4.04 ha and kad bised since 1995 for overwintering of ca.
90 cows. In this husbandry system, the cattle lienresent at the winter pasture each year
from October/November to April/May. Because the rawstering area is adjacent to a cow
barn with open access to the pasture, the cowsheseverwintering area very unevenly. Soon
after the cattle arrive in autumn, a gradient dfleampact becomes apparent on the winter
pasture. Along the gradient, three sites differingcattle impact were identified. Site Sl
represents a severely impacted part of the pastess the cow barn. At the end of the
overwintering period in spring, site Sl is charaieted by destroyed plant cover, degraded soil
structure, and an oversupply of excrements. Thewgith moderate impact, Ml, is ca. 100 m
from the cow barn; cattle are irregularly presergig MI. Site NI represents a control with no
or slight cattle impact. A more detailed descriptiof the sites is provided by Simek et al.
(2006a) and Hynst et al. (2007).

Another experimental site was selected within tlestpre area for studying spatial
distribution of the size and activity of the deffiér community Paper IlI) and spatial
distribution of the abundance of selected bactaaah Paper Ill). Since 1998, different
grazing regimes had been applied to the site, wigshlted in three adjacent areas or plots that
differed in the following manner in spring 2007 dFil): (i) plot covered with original
vegetation, under very low impact of cattle (estidaaverage density of two to four heads per
ha); (ii) plot lacking vegetation because of highpact of cattle for about 6 months preceding

soil sampling (estimated average density of upOtd@ds per ha); and (iii) plot under medium
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impact of cattle (estimated average density of POk@ads per ha). A total of 60 soil samples
(20 per plot) were collected from the 39.6 by 1#h.4rid (the combined area of the three plots)
with 3.6 m between sampling points (Fig. 1).

The third experimental site was also at the BorBaam and concerned the artificial
manipulation of soil pHFapers IV and V). The experimental field (12x18 m) was divided
into 24 plots (3x3 m each), 12 of which were sutgdcto one of the following three pH
manipulations: (i) four random plots were amendéth & KOH solution to increase the pH, (ii)
four random plots were amended with agSB, solution to decrease the pH, and (iii) four
random plots were amended with water (control phate a natural pH) (Fig. 2). The KOH and
H,SO, solutions were applied three times before thewa# sampled or N gas emissions were
measured. The KOH and,8l0, solutions were applied uniformly to the whole sgg of each
plot with a sprinkling can, and the same volumevater was applied to the control plots (for
details sedaper V).

Low cattle impact ! High cattle impact ! Moderate cattle impact
1 1
e<>0 © o o o o o o o o o
3.6m ' !
1 1
e © o ©o: 06 © © 0. 06 0o o o
] 1
1 1
1 1
® © © o 06 o o 0. 0 o0 o o N e
1 1
1 1
® © © .06 o o 0. 0 o0 o o
| 1
1 1 W
e © o o .06 o o o 06 0o o o s
Fig. 1. Distribution of 60 sampling points for the geowstiatal research.
E
s
N
w

Fig. 2. Distribution of experimental plots with differeqiH treatments. The plots with
application of urea were not used in the thesis.
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RESULTS AND GENERAL DISCUSSION

This thesis research began with a study of thetiomof the denitrifying community in
relation to its abundance at a cattle overwintednga. Previous studies at the same area had
shown that different levels of cattle impact had te the differences in denitrification activity,
physico-chemical properties including pH (Simelakt 2006a), field N gas emissions (Simek
et al., 2006b; Hynst et al., 2007), compositiorbaéterial communities (Elhottova and Simek,
2002), and abundance and activity of methanogeribaea (Radl et al., 2007). We used gPCR
to quantify three functional denitrification gen@srK, nirS, andnos? at the three sites that
differed in degree of cattle impact; samples weslected in spring (before cattle left the
overwintering area) and in autumn (before cattterreed to the overwintering area). The results
were further related to soil physico-chemical prtips (especially carbon and nitrogen content)
as well as potential denitrification rates and achpO emissionsn situ (Paper I).

The degree of cattle impact was positively coreslawvith total N, organic C, pH, and
moisture in the pasture soils. These changes Ipkgsico-chemical properties also influenced
soil microbial processes (Simek et al., 2006a)luitiog denitrification in that the activity of
denitrifying enzymes (DEA) followed the increasidggree of cattle impact: DEA was highest
in the severely impacted soil (SI) and lowest ie thl soil (which had no or slight cattle
impact). Similar results were obtained by Meneerlet(2005), who described a significant
increase of denitrification rates in soil dependmgthe intensity level of animal treading. In
contrast to DEAjn situ N,O emissions were highest at the moderately impasitedMI) and
lower N,O emissions at the Sl site indicated that most@aséoss of N was in the form of,N
from soil SI. This inference is supported by Simetkal. (2006b), who used tHeN tracer
method to determine emissions of botfONand N from the same sites. One of the reasons for
the reduced D emissions from the Sl site could be higher soihpaction (due to the animal
impact), which would reduce J® diffusion rates and thereby prolong the resideimoe of
N,O in the soil profile and increase the probabitifycomplete denitrification (all the way to
N,) (Weier et al., 1993). Another explanation for ther N,O emissions from the Sl site could
be the site’s significantly higher soil pH, which known to reduce relative ,8 production
(Simek and Cooper, 2002); the latter inferencaujpsrted by the higher ®-reducing ability
of the Sl soil during the DEA assay. Nevertheldiss,discrepancy between the results of DEA
and NO emissions highlights the necessity of determiffiielgl emissions of both JO and N.

The abundance of the genes encoding M&luctasen(irK andnirS) was congruent with

animal impact on soils, and positively correlatethvDEA. In spring, these genes were most
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abundant at the Sl site and least abundant at ltisgeN The gene abundances also decreased in
autumn, which is related to the reduced values BADOnN the other hand, the size of the
community possessing the genesZ was not changed as significantly as nirS and nirkK
community: thenosZabundance was relatively stable under differerglieof cattle impact and
also during the season. The ratick/(nirS+nirK) was higher at the NI site than at the Sl or Ml
sites for both sampling periods, which might be daepreferential niche differentiation
between NirK and NirS denitrifiers (Oakley et &Q07; Smith and Ogram, 2008). Jones and
Hallin (2010) hypothesized that NOconcentration was driving the community assembly
process amongirS denitrifiers in their study whereasrK denitrifiers may be responding to a
different environmental parameter, e.g., soil Cotent as indicated by Enwall et al. (2010). In
summaryPaper | demonstrated that it is possible to find a linkhgéwveen the abundance and

activity of the denitrifier community in pastureilsadiffering in cattle impact.

The next part of the thesiBdper Il) investigated the spatial distribution of the siwel
activity of the denitrifier community. This reselrased geostatistical modelling in a grassland
field with three areas that had experienced differeattle grazing regimes (Fig. 1).
Geostatistics is used to quantify spatial varigtiaith geostatistics, researchers can estimate
values in non-sampled areas and produce detaiterholation maps of specific parameters by
kriging (Krige, 1951). The size of the denitrifeommunity was determined with quantification
of the genesarG, napA nirK, nirS, andnosZ

We observed a nonrandom distribution pattern of ghme abundances with a spatial
autocorrelation range of 6-16 m. Given this autagation range, the distribution of denitrifier
abundance could be modelled at the field scale. Kitgied maps of the genemrG, napA
nirK, andnosZrevealed a gradient in their distribution betwésnnorth and south areas of the
field. The spatial distribution of the 16S rRNA gealso followed this gradient, which confirms
that the denitrification trait is not a strong farctcontrolling abundance of denitrifying
community and that the sizes of both the total dyéait community and of the denitrifier
community are controlled by the same factors. Sifeke total bacterial community and of the
denitrifier community were not affected by the mmese of cattle, and none of the soil
properties were significant predictors of the 168NA, narG, napA, nirK and nosZ gene
distributions. This indicates that factors that evemot taken into account in our study (e.g.,
topography) were driving the abundance of dendtrifiand total bacteria. The exception is the
distribution ofnirS gene abundance, which exhibited a completely diffepattern from that of
the other geneg)irS abundance was highest in the central area ofi¢tek dnd was positively

correlated with several soil properties such as; NM@d NH" concentrations, pH, and soil
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moisture. This result is consistent with Hallin at (2009), who reported that among the
denitrification genes, only the abundance mifS was correlated with soil properties.
Interestingly, thenosZnarG and nosZ16S rRNA ratios, which represent the proportion of
bacteria genetically capable to perform the lagp sh the denitrification cascade compared
with those genetically capable to perform the figgtp in the cascade or to total bacteria,
respectively, were higher in the central area @& fleld. These results indicate that the
proportion of bacteria able to reduceNis not constant and can be affected by enviromahen
gradients. As was found Paper |, analysis of the distribution of therS/nirK ratio revealed
significantly lower ratios in the area of the fieftbre impacted by cattle, which indicates again
that NirK and NirS denitrifiers prefer differentchies.

In contrast to the abundance of most denitrificatgenes, the spatial distributions of
DEA and relative DO production were strongly affected by the presesfceattle. Significant
correlations between DEA and N@nd NH" concentrations, pH, soil moisture, and organic C
indicated that the spatial distribution of somel spbperties, as altered by cattle activity,
imposed significant control on denitrification. Wieund that the distribution patterns of
denitrifier abundance and activity were correlatdten the genairS was used as a molecular
marker. These results can be directly comparechtealt et al. (2010), who used geostatistical
modelling to map spatial patterns of the activtize, and structure of denitrifiers on a 44-ha
farm (thus, at a scale compatible with land managejn Enwall et al. found that the rate of
potential denitrification was more closely relatedhe spatial pattern farirS gene abundance
than fornirk gene abundance. Moreover, the spatial patterrenitrification activity in their
study was reflected in the maps of thieS community structure but not in the maps of i
community structure (as determined with terminatnietion fragment length polymorphism).
Denitrifiers with thenirS gene are clearly of special importance in detemgirdenitrification
rate.

We found that relative }O production was higher in the low impacted arpashaps due
to the lower soil pH compared with the more impdcteeas (Simek and Cooper, 2002);
accordingly, we documented a significant negativeatation between the JW/(N,+N,O) ratio
and pH. Moreover, the relative abundance of baxtaith the nosZ gene encoding D
reductase in the total bacterial community wasrangt predictor of relative )0 production,
indicating that the proportion of bacteria ableréduce NO would be crucial in determining
the nature of the denitrification end product,, i or NbO. Thus, we provided evidence for a
relationship between bacterial community compositmmsed on the relative abundance of
denitrifiers in the total bacterial community andosystem processes. More generally, the

presented geostatistical approach allows integratadping of microbial communities, and
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hence can facilitate our understanding of relatigys between the ecology of microbial

communities and microbial processes along envirorahgradients.

Paper Il does not fully meet the objectives and scope f tifesis, because it is not
focused on denitrification. Nevertheless, becauseused the same soil samples and DNA
extracts as ifPaper Il and because we used similar methods (QPCR anthgjstisal analysis)
to describe and map the spatial patterns of gavefelieve thaPaper 11l should be included
in the thesis. IiPaper Ill, we investigated the spatial distribution of theiadance of bacterial
groups at high taxonomical levels (phylum or clasAridobacteria a-Proteobacteria
Actinobacteria  Bacteroidetes p-Proteobacteria Gemmatimonadetes Firmicutes
Verrucomicrobia and the total bacterial community. Recent coasiol of 32 16S rRNA gene
clone libraries had revealed these to be the predornbacterial taxa in soil (Janssen, 2006).
The distributions of the relative abundance of ntaga (excepFirmicuteg displayed strong
spatial patterns at the field scale and could bedipted at the field scale. Moreover, the
interpolated maps of the relative abundance of tthe revealed differences between the
northwest, central, and southeast areas of the, fiehich mainly reflected the degree of cattle
impact. Comparison of the interpolated maps alseaked that some of the targeted taxa
displayed different or even contrasting spatialtggas, which indicates that they respond
differently to spatially structured environmentalcfors. This indicates that, within a given
environment, members of a bacterial clade definetigh taxonomic levels shared specific
ecological characteristics. While researchers gtitstion whether the branching pattern of the
tree of life corresponds to anything in nature (ldtle and Bapteste, 2007), our results provide
evidence that the 16S rRNA gene tree divisionsnateonly based on evolutionary theory but

also are mirrored in the nature.

The results described iRapers | and Il indicated that soil pH could greatly affect
denitrification activity (especially the ratio dfi¢ products BD and N) and the abundance of
denitrifiers in the studied pasture ecosystem. Blgiees with previous findings that pH is one
of the most important factors influencing denitifiion (Simek and Cooper, 2002) and that pH
affects the structure of denitrifier communitiesafliin et al., 1985; Enwall et al., 2005).
Therefore, we decided to conduct a field experimdmat included the relatively rapid
adjustment of soil pH (Fig. 2), where the impactpbf on the denitrification process could be
explored more deeply.

The field experiment was conducted using replicailats in which the soil pH was

modified by addition of either acid or hydroxide dbtain soil that was acidic, pH natural, or
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alkaline. A™N-tracer method was used to provide informationNe® and N emissions. In
addition to measuring DEA, we measured the sizheflenitrifier community by qPCR of the
denitrification genesRaper 1V). Because the application of the acid and hydexalthe soil
also affected soil properties other than pH, theratations between pH and N fluxes or
denitrifying community size observed in our work gimi not represent direct causal
relationships, as confounding effects cannot bedrolut.

Analysis of the denitrification process in the soilith different pH treatments Raper
IV revealed a significant decrease in N gas productiith decreasing soil pH for both
cumulative N fluxesin situ and DEA, which agrees with previous findings of éw
denitrification rates in acidic soil (Simek et &002; Enwall et al., 2005). In contrast, we did
not find any differences in JO emissions between the pH treatments for eitheictimulative
in situ N,O emissions or potential ® production. This result was quite strange becahigteer
N,O emissions in acidic soils have been reportedeireml studies (Mkhabela et al., 2006;
Weslien et al., 2009). Calculation of the@M(N,O+N,) ratio showed a decreasing molar ratio
with increasing soil pH, which agrees with previosisidies (Simek and Cooper, 2002).
Surprisingly, the BO/(N,O+N,) ratio in the field was significantly correlateditv the
N,O/(N,O+N;) ratio calculated from the DEA assay under lalmsaconditions. Moreover, the
total N fluxesin situ were significantly correlated with potential deifitation (DEA). This is
an important finding indicating that determinatioihthe NO/(N,O+N,) ratio under laboratory
conditions can reflect treatment differences inftakl. Overall, our results confirm the role of
soil pHin situ in determining the nature of the denitrificatiordgoroducts and process rates.
We emphasize, however, that many variables in gpemental field study, such as pH and
NOg, were correlated with each other.

The abundance of the denitrification genes wascooklated with total N fluxem situ,
and only the abundance of th&S gene was correlated with DEA. This positive cottiela
betweemirS gene abundance and DEARaper IV, which was also found iRapers landll,
suggests a link between nirS denitrifiers and diicition rate. Further, we found a positive
correlation between the relative abundance of #r@egirS and soil pH, which indicates that
soil pH influences denitrification also through &l-gdriven change in the structure of the
denitrifier community. In contrast to the resulsdribed irPaper Il, which suggested that the
proportion of bacteria able to reduceNcould be of importance in determining the natifre
the denitrification end products, we did not finshegative correlation between the proportion
of denitrifiers possessing thesZgene and the JD/(N,O+N,) ratio. This indicates that, not

surprisingly, the routes for J production are humerous and that the relativeontapce of
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denitrification enzyme regulation, denitrifier comnity composition, and the proportion of

denitrifiers lacking the gene for an® reductase remains to be experimentally demoesitrat

As noted earlier, soil pH can influence denitrifioa both directly through effects on the
kinetics of denitrification reductases and indihecthrough changes in the denitrifier
community. This agrees with the concept of proximadl distal control of denitrification, as
proposed by Wallenstein et al. (2006). In the pasi study Paper IV), we observed a
relationship between soil pH, the abundance of tdBeis possessing theirS gene, and
denitrifying activity (DEA). It was unclear, howavevhether soil pH influenced denitrification
directly or indirectly; thus, it was also uncleanather there is a causal relationship between the
size and activity of the denitrifying community 8oils differing in pH. Consequently, we
explored how soil pH influences the denitrificaticate and BO/(N,O+N,) ratio both directly
and indirectly inPaper V. We subjected the soils from the field pH manifiataexperiment to
further pH adjustment just before DEA measureméatsgetermine the effect of short-term
changes in pH.

Our results clearly indicated that DEA (overallONand N production) was more
affected by the relatively long-term pH manageniethe field, which led to the changes in the
abundance of denitrifiers possessing tieS gene, than by short-term changes in pH. It was
evident that the denitrification rate was contrdlley pH indirectly, i.e., denitrification was
more affected by the size and composition of th@tdfying community than by the current or
direct pH effect. On the other hand, the ratioha tlenitrification products @ and N) was
affected by the current pH value of the soil sksrduring measurement rather than by the long-
term pH value. Thus, the balance betwees© Nbroduction and reduction was controlled
exclusively by the direct pH effect. These findingartly refute the results froRaper I,
where we found a correlation between the relatiy® Nroduction and the proportion of
bacteria genetically capable of performingONreduction relative to the total bacteria. We
suspect that there probably was no causal reldtiprmetween the relative,® production and
the relative abundance of,®-reducing bacteria iRaper Il, because the JD/(N,O+N,) ratio
was also negatively correlated with soil pH.

The finding that the ratio of denitrification praozta is directly controlled by pH agrees
with Liu et al. (2010), who recently reported thla¢ dependency of the ratio on soil pH is a
post-transcriptional phenomenon because the rel&i® production from soils differing in pH
in their study did not correspond to the relatibeiredances or to the relative transcription rates
of the denitrification genesosZandnirS. Liu et al. suggested that pH affects the traisiat

protein assembly, or the activity ob® reductase. We demonstrated only the direct inflae
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of pH on the activity of BO reductase because during the DEA measurementtiodwof new
denitrification reductases does not occur (Smith @redje, 1979). Similarly, Cheneby et al.
(1998) indicated that the presence of nlesZgene is a poor predictor of the ability of bacteri
to reduce DO to N, among denitrifying isolates. In contrast, Philipgsd al. (2011) inoculated
three different agricultural soils with serial dibns of the denitrifying strain lacking thsz
gene so as to modify the proportion of denitrifiér@aving the genetic capability for.,®
reduction; in general, they provided evidence thatinability of denitrifiers to synthesize,®
reductase can affect the ratio of the denitrifmatproducts, which indicated that the extent of
N,O reduction can have a genetic basig [droduction in their study, however, increased/onl
when the size of the inoculated population wahédame range as the indigenous community
having thenosZgene, which may not occur under field conditions.

These discrepancies in results from different stsidhnay be explained by the fact that
detection of denitrifying genes in soil does notessarily indicate that the organisms with
those genes are actively denitrifying at the tinfenmasurement. In other words, gene
abundance is not likely to be completely correlatétth potential denitrification rate or ratio of
the denitrification end products because the gempatol only partly contributes to the activity
at a given time (Enwall et al.,, 2010). Moreoverg thevelopment of primers for the
denitrification genes is an ongoing process. Tloeeef the targeting of the denitrifying
community by approaches based on DNA remains areicige tool for determining the linkage
between the ecology and function of denitrifiers. Getter determine the relationship between
community structure and function, we require therovement and utilization of methods
based on targeting mRNA or proteins of the dergaifon enzymes for better detection of

active denitrifiers in soil, as underlined by Pyilot and Hallin (2005).

In conclusion, the results obtained in this Phiigsts have increased the understanding
of the microbial control and regulation of denité#tion in and of the N gas emission from
pasture soils. We detected shifts in both the ahooel and activity of the denitrifying
community as the result of increased cattle impactrtificial changes in soil pH. Most
importantly, we found a linkage between the size thé denitrifier community, the
denitrification rate, and the proportion of the idéiication end products. We also determined
that relative NO production under laboratory conditions can réftezatment differences in the
field. Moreover, the information obtained by vasowmanipulations of soil pH provided
insights into the possible ways in which soil pHluances denitrification activity and the ratio
of N,O and N. More generally, the results have increased oderstanding of relationships

between the ecology of microbial communities andrahial processes along environmental
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gradients. It is crucial in future studies to cong to bridge the gap between studies of
denitrifier ecology and of N fluxes for a comprehime understanding of the role of denitrifier
community ecology in determining not only total defication rates but also the nature of the

denitrification end products.
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Abstract

Pasture soils used for cattle overwintering mayesgnt significant sources ob® emissions from soils.
Therefore, the long-term effect of cattle overwimg on the abundance and activity of a denitrifyin
community was explored. The study was performed ahttle overwintering area in South Bohemia
(Czech Republic), where three sites differing ie tegree of animal impact were selected: severely
impacted (Sl) and moderately impacted (MI), as vaslla control site with no impact (NI).,® flux
measurement and soil sampling were performed img@nd fall of 2005. The activity was measured in
terms of potential denitrification activity. Badi@rnirK, nirS andnosZ genes were used as functional
markers of the denitrifying communities; abundangas analyzed using a real-time PCR assay.
Surprisingly,in situ N,O emissions were the highest in spring at Ml agdifcantly differed from those

at Sl and NI, while in autumn, rates of emissioaragally decreased. In contrast potential derdgatfon
rates were highest at Sl, followed by MI, and tbedst at NI. An overall significant shift in,®/N,
molar ratio was shown in cattle impacted sites. filghest abundance of all genes measured at both
sampling times was found at site Sl, whereas atMltincreased numbers were observed only in spring
Our results indicate a strong influence of catttetbe abundance as well as the activity of microbes
involved in denitrification.

Abstrakt

Pastevni fidy vyuzivané pro jf@zimovani dobytka mohouigdstavovat vyznamny zdroj emisi,
Proto jsme studovali, jakiezimovani skotu na paste¢irdlouhodols ovliviiuje abundanci a aktivitu
denitrifikatniho spoléenstva. Tato prace byla provedena na zimovistiuskojiznich Cechach Ceska
republika), kde byly vybrany 3 plochy 8znou z&Zi pasoucimi se zkdty: plocha silg zastizena (Sl),
stredré zastizena (M) a kontrolni bez vlivu #af (NI). Stanoveni emisi J® spolu s odérem pidnich
vzorkii prokghlo na j&e a na podzim roku 2005. Byla stanovena potencidémiitrifikatni aktivita.
Bakteridlni genynirK, nirS a nosZ byly pouzity jako funkni markery denitrifikéniho spoléenstva;
jejich abundance byla stanovena s vyuzitim meto@R R/ realnéméase. Emise PO in situ byly
prekvapiw nejvyssi na jge na ploSe Ml a liSily se od emisi na plochach Sll,azatimco na podzim byly
emise NO obec# nizsi. Na druhou stranu byla potenciélni denkaifni aktivita nejvyssi v jdé Sl, poté
v pidach se zéFi zvirat. Nejvyssi abundance vSech stanovenychi ¢ta zaznamenana vigé Sl na
jare i na podzim, zatimco vigé MI byly zvySené hodnoty abundanci jenom niejeNaSe vysledky
naznauji silny vliv skotu na abundanci a aktivitu deffikacnich mikroorganisrin

Nasledujici pasaz o rozsahu 7 stran obsahuje gkasti chrarné autorskymi pravy a je obsazena
pouze v archivovaném origindle disefta prace uloZzeném naifPodowdecké fakult Jihoceské
univerzity vCeskych Bugovicich.
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Abstract

There is ample evidence that microbial processeseghibit large variations in activity on a fieldade.
However, very little is known about the spatiaftdizition of the microbial communities mediatinge e
processes. Here we used geostatistical modellirexpdore spatial patterns of size and activity loé t
denitrifying community, a functional guild involveth N-cycling, in a grassland field subjected to
different cattle grazing regimes. We observed a-mamwlom distribution pattern of the size of the
denitrifier community estimated by quantificatiofi the denitrification genes copy numbers with a
macro-scale spatial dependence (6—16 m) and mappetistribution of this functional guild in theefd.
The spatial patterns of soil properties, which wstengly affected by presence of cattle, imposed
significant control on potential denitrificationtadgty, potential NO production and relative abundance
of some denitrification genes but not on the sik¢he denitrifier community. Absolute abundance of
most denitrification genes was not correlated witd distribution patterns of potential denitrifigat
activity or potential NO production. However, the relative abundance atdréa possessing theoszZ
gene encoding the  reductase in the total bacterial community was@ng predictor of the JD/(N, +
N,O) ratio, which provides evidence for a relatiopshetween bacterial community composition based
on the relative abundance of denitrifiers in th@altbacterial community and ecosystem processese Mo
generally, the presented geostatistical approdotvalintegrated mapping of microbial communitiesd a
hence can facilitate our understanding of relatigrsbetween the ecology of microbial communitied a
microbial processes along environmental gradients.

Abstrakt

Rychlost mikrobialnich procége v polnim ngtitku velmi variabilni. Na druhou stranu mame k dispi
velmi malo informaci o prostorovém usadani mikrobiélnich spalenstev, které jsou za tyto procesy
zodpowdné. V této praci jsme pouzili geostatistické mogtéhi, abychom v pastevniiggé s tiznym
rezimem pastvy skotu stanovili prostorového wéagani velikosti a aktivity denitrifikaniho spoléenstva
— funkeéni skupiny zapojené do cyklu N. Pozorovali jsme aextiné prostorové usfgmani velikosti
spolegenstva denitrifikatar stanovené kvantifikaci denitrifikaich geri. Prostorové usgadéani fdnich
parametii, které bylo zn&né ovlivnéno pritomnosti dobytka, statisticky jgtazre ovlivnilo rychlost
denitrifikaéni aktivity, potencialni produkci O a relativni abundanciékterych denitrifik&ni geri,
ovSem neovlivnilo velikost denitrifikamiho spoléenstva. Absolutni hodnoty abundanceétSiny
denitrifikacnich geri nekorelovaly s prostorovym usf@aanim denitrifikéni aktivity nebo relativni
produkce NO. Nicmér relativni abundance bakterii majici gansZ pro NNO reduktasu z celého
bakterialniho spotenstva byla silnym prediktorem pém N,O/(N,+N,O), coz poskytuje ikaz o
vztahu mezi sloZzenim bakterialniho sgelestva zalozeném na relativni abundanci denittiika
z celého bakterialniho spdknstva a ekosystémovymi procesy. Popsany geostafigtistup umo#uje
integrované mapovani mikrobialnich sp@estev a tak lepSi porozeéni vztalim mezi ekologii
mikrobidlnich spoléenstev a mikrobialnich prodepodél environmentélnich gradiént

Nasledujici pasaz o rozsahu 9 stran obsahuje gkagti chrd@né autorskymi pravy a je obsazena
pouze v archivovaném origindle diseft& prace uloZzeném na/Podowdecké fakult Jihoceské
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Abstract

Whether bacteria display spatial patterns of distion and at which level of taxonomic organization
such patterns can be observed are central questiangrobial ecology. Here we investigated how the
total and relative abundances of eight bacteriad & the phylum or class level were spatiallyritisted

in a pasture by using quantitative PCR and gessitzdl modelling. The distributions of the relative
abundance of most taxa varied by a factor of 25%-afd displayed strong spatial patterns at the fiel
scale. These spatial patterns were taxonspecificcanrelated to soil properties, which indicateatth
members of a bacterial clade defined at high tamoocal levels shared specific ecological traits he t
pasture. Ecologically meaningful assemblages ofao@cat the phylum or class level in the environtme
provides evidence that deep branching patternsofl6S rRNA bacterial tree are actually mirrored in
nature.

Abstrakt

Zda bakterie vykazuji prostorové usadani a na jaké taxonomické Urovni Ize toto égani pozorovat,
jsou klicové otazky mikrobiélni ekologie. V této praci jsmma vyuziti metod kvantitativni PCR a
geostatistického modelovani studovali, jak jsokeet a relativni abundance osmi bakteridlnich téxon
na Urovni kmenei tridy prostoro¥ uspdadany v pastevnitplé. Distribuce relativnich abundancitSiny
taxoni kolisalo s faktorem 2,5-6,5 a v polnimsifitku projevovala silny prostorovy vzorec. Prosta@ov
uspdadani relativnich abundancétsiny taxori bylo pro dany taxon specifické a korelovalodslipimi
parametry, coZz nazdaje, Zze se zastupci vysSich taxonomickych skupinpaatvirg vyznaovali
podobnymi ekologickymi charakteristikami.

Nasledujici pasaz o rozsahu 9 stran obsahuje gkasti chrarné autorskymi pravy a je obsazena
pouze v archivovaném origindle diseft& prace uloZzeném na/Podowdecké fakult Jihoceské
univerzity vCeskych Bugovicich.
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Abstract

The objective of this study was to investigate hehanges in soil pH affect the,® and N emissions,
denitrification activity, and size of a denitrifieommunity. We established a field experiment,atéd in

a grassland area, which consisted of three treasme&hich were repeatedly amended with a KOH
solution (alkaline soil), an $¥$0, solution (acidic soil), or water (natural pH saler 10 months. At the
site, we determined field #0 and N emissions using tHEN gas flux method and collected soil samples
for the measurement of potential denitrificatiotivaty and quantification of the size of the deifiting
community by quantitative PCR of tlmarG, napA nirS, nirK, andnosZdenitrification genes. Overall,
our results indicate that soil pH is of importamteletermining the nature of denitrification enadgucts.
Thus, we found that the ®/(N,O + N,) ratio increased with decreasing pH due to changdise total
denitrification activity, while no changes in,® production were observed. Denitrification activénd
N,O emissions measured under laboratory conditions werrelated with N fluxem situand therefore
reflected treatment differences in the field. Thxe ©f the denitrifying community was uncoupledrfrin

situ N fluxes, but potential denitrification was correld with the count of NirS denitrifiers. Signifidan
relationships were observed betweers, napA andnarG gene copy numbers and thgOM(N,O + N,)
ratio, which are difficult to explain. However, shhighlights the need for further studies combining
analysis of denitrifier ecology and quantification denitrification end products for a comprehensive
understanding of the regulation of N fluxes by d&figation.

Abstrakt

Cilem této prace bylo zjistit, jak 2my pidniho pH ovliviuji emise NO a N, denitrifikatni aktivitu a
velikost denitrifik&niho spoléenstva. V pastevni oblasti byl zaloZzen polni experit skladajici se zéit
variant, které byly po dobu 10é&sial opakovag oSefovany gidavky roztoku KOH (zasaditatga),
roztoku HSQO, (kysela fiida) nebo vodou {ma s pirozenym pH). Na této pokusné ploSe byly stanoveny
emise NO a N s pouZitim metody toku plynznasenych'®N a byly odebrany jmini vzorky pro nsieni
potencidlni denitrifikéni aktivity a pro stanoveni velikosti denitrifikaiho spoléenstva pomoci
kvantitativni PCR denitrifikénich geri narG, napA nirS, nirK anosZ NaSe vysledky celk@nazn&uiji,
Ze midni pH je vyznamnéipstanoveni poru koncovych produktdenitrifikace. Zjistili jsme, Ze po&n
NoO/(N,O+N,) vzristd se zvySujicim se pH #v zménam v celkové denitrifikeni aktivité, zatimco
nebyly pozorovany zimy v produkci NO. Denitrifikasni aktivita a emise PO netené za laboratornich
podminek korelovaly stoky Nn situ, a proto odrazely rozdily v polnich variantach. likest
denitrifikatniho spoléenstva nebyla spojena stoky iN situ, avSak potencialni denitrifikace byla
korelovana s piiem denitrifikdtofi majicich gemirS. Byly pozorovany pikazné vztahy mezi gtem
kopii geni nirS, napA a narG a ponérem NO/(N,O+N,), coz je ¥zké objasnit. Tento fakt nicmé&n
upozonuje na patebu dalSich studii kombinujicich analyzu ekologenittifikatord a kvantifikaci
koncovych produkt denitrifikace pro ucelené pochopeni regulace elidénitrifikaci.

Nasledujici pasaz o rozsahu 9 stran obsahuje gkagti chra@né autorskymi pravy a je obsazena
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Abstract

Soil pH can influence denitrification both proxifyaland distally. Proximal control by pH
involves direct changes in denitrification reduetastivity while distal control by pH involves
changes in the denitrifier community, which is & l@mponent affecting the denitrification
rate. The current study separated the proximaldistal control by pH of the denitrification
rate and of the relative proportion of two denitation gas products @9 and N). The
potential denitrifying enzyme activity (DEA) was asured in the presence or absence of
acetylene in three pasture soils differing in pHhagement in the field. The pH of these soils
was further manipulated just before DEA measuremerdetermine the effect of short-term
changes in pH. DEA was driven by the pH managernmetite field rather than by current pH
resulting from short-term changes in pH. Howevie, BO/(N,O+N,) ratio was driven by the
effects of the current pH value on the kineticsNg©D production and reduction. The data
suggest that even if the pH-induced changes insthecture of denitrifying community can
control the absolute denitrification rate (distaintrol by pH), the community does not
influence the proportion of denitrification prodsicivhich is regulated solely by the proximal
control by pH.

Abstrakt

Padni pH mize ovliviovat denitrifikaci jak pimo tak nepimo. Rimy vliv pH spaiva
v okamzitém ovlivini aktivity denitrifikainich reduktas, zatimco némy vliv pH spa@iva
ve zneénach denitrifikéniho spoléenstva, které je Klbvou sowéasti kontroly denitrifikace.
Tato prace oddila ptimy vliv pH na rychlost denitrifikace a na relativiprodukci
denitrifikatnich produkl (N,O a N) od vlivu negimého. Potencialni aktivita denitrifikaich
enzymi (DEA) byla stanovena s acetylenem a bez acetyeritech pastevnichgglach liSicich
se v polni manipulaci pH. pHdhto pid bylo jeS¢ dale ovliviovano &sns pied stanovenim
DEA, abychom mohli zaznamenat vliv kratkodobychémnpH. DEA bylatizena spiSe polni
manipulaci pH nez-li okamzitou hodnotou pH vychéder kratkodobych zgm pH. AvSak
pomsr N,O/(N,O+N,) byl fizen vlivem okamzité hodnoty pH na kinetiku prodelle redukce
N.O. Vysledky naznauji, Zze i kdyZz zminy ve struktile denitrifikatniho spoléenstva
indukované pdni reakci (pH) mohou ovlilovat absolutni rychlost denitrifikace (riépy
vliv), tak spol€enstvo neovlitiuje pongr denitrifikatnich produki, ktery je regulovan pouze
piimym vlivem pH.
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