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Abstract

This research sought to evaluate the effect ofgitban forest tree species with emphasis on
bio-available phosphorus obtained via phosphorabroy Soil samples were collected at root
zone depth from areas of varied altitudes andgpeeies thus H-horizon soils from the
mountain Spruce forest at Bily Kriz, A-horizon soifom both the young Spruce monoculture
at Rajec and Beech forest at Stitna. Acid phosgkatativity of the various soil samples was
measured in optimal conditions of the enzyme inldberatory using the already in use
protocol developed by Tabatabai and Bremner (1868)some modifications made by
Rejsek (1991). Two other protocols were developethis research by replacing the buffer
component of the first with water to mimic the waidé pH situation which occurs in nature
and simulating a drought situation in the labonatoy incubating the soil sample with
powdered form of the substrate used in the originadocol and adding water after the hour-
long incubation. The laboratory analyses provet giabal climate changes affects
conservation of forest soil fertility via decreasgsoil biological activity evaluated through
phosphorus bioavailability. Soil phosphorus is spginsable for forest tree species' breeding
hence important for European Forestry.

Key words: Drought, acid phosphatase, phosphorus cycleatdirohange, forest tree species



Abstrakt

Cilem tohoto vyzkumu je zhodnotit viiv sucha natdrlesnich strorin Daraz byl kladen na
biopristupny fosfor, ktery je ziskavan z koltiu. Vzorky pidy byly sbirany v kenové
hloubce v oblastech s odliSnou nadekou vySkou a s odliSnymi druhyad®y horizontu H

byly odebrany v horském smrkovém lese na BiléiiziKpady horizontu A v mladé smrkové
monokultde v Rajci a v bukovém lese ve Stitné. Aktivita k§desfatazy ve vzorcich byla
méiena za optimalnich laboratornich podminek za popitokolu vyvinutého v Tabatabai a
Bremmer (1969) s mirnou modifikaci od RejSka (19%19amci tohoto vyzkumu byly
vyvinuty dalSi dva protokoly, prvni nahrazuje puédou pro napodobeni nestalého pH, které
se vyskytuje v firod. Sucho bylo simulovano inkubaci vzorkidy s praskovou formou
substratu, ktery byl pouzit vigodnim protokolu, a naslednyntigganim vody po hodif
inkubace. Provedené laboratorni analyzy dd&li vliv globalni klimatické znény na
urodnost testovanych lesnictigoprostednictvim sniZeni biologicke aktivityagdy, zde

meiené v pime vazl na gistupnost zakladniho faktoru plodnosti rostlin féos. Tento

poznatek ma vSeobecnou platnost pro lesnictvi Bvrop

Kli ¢éova slova sucho, kysela fosfataza, kolbfosforu, klimatické zrny, druhy lesnich

stromi
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Statement of problem

Future forests have to provide sufficient amoumtsigh quality timber due to the increasing
demand. However, reduction in water availabilitypagsult of the global climate change is
expected to greatly reduce forest stability andipaobivity (Churkina and Running 1998,
Chapin lll, Callaghan et al. 2004, Malhi, Robettgle 2008). Prompt response is needed to
curb the negative effects of climate change onstsrgiven the long life span and thus the

long rotation periods of trees.

1.2 Water availability in a future climate

Global climate change has markedly increased riefeels in the winter and spring in the
North of Europe (Bardossy and Caspary 1990, Bestqhkit et al. 2007). Climate models
reveals that, this sequence will be deepened ifutiiee as higher precipitation levels in the
winter and spring is to be expected in these regigesulting in a higher risk of flooding
periods (Kramer, Vreugdenhil et al. 2008, Krysand@aiteveld et al. 2008Dn the other

hand, rainfall levels in the Central and North of&pe is expected to experience marked
reduction in future summers (Gregory, Mitchell et1®97, Beniston, Stephenson et al. 2007).
Current studies predicts warmer summers warminghvwll lead frequent summer drought
periods (Fink, Bricher et al. 2004, Schar and Jerkgr2004, Schér, Vidale et al. 2004,
Fischer, Seneviratne et al. 2007, Founda and Gkapoailos 2009, Kreuzwieser and Gessler
2010). There is a prediction of great variabiliythe weather, which is expected to hasten the
occurrence of extreme weather periods such asmyetbdrought periods. Though rainfall
levels are expected to reduce in Europe during semnineavy rainfall periods is also

expected to occasionally occur during this sam@sge his will lead to flooding even during



vegetative periods (Christensen and ChristenseB, 208ehl, Arblaster et al. 2005),

especially in areas with low water permeabilityeldreas with high clay content.

1.3 Tree nutritional aspects

Inorganic nutrient uptake by the roots of treesasjust dependent on nutrient availability but
also on how efficient the uptake systems of esfigdtee mycorrhizal roots of trees (Geliler,
Jung et al. 2005, Selle, Willmann et al. 2005). fdw surface area is very important for
nutrient uptake. Organic matter turn-over by mi@®positively influences nutrient

availability in the ecosystem.

On a smaller level, a function of the spatial sgrefnutrients in the vertical manner within
the soil profile and in the horizontal manner iSuenced by the heterogeneity of the soil and
the gaps in the forest canopy. The three-dimenkgpraad of roots in the soil which relates
to the varying nutrient concentration gradientsrigcal. The ability of roots to take up soil
area in search of nutrients thus the soil's forggapacity is the yardstick to measure the
soil's resource acquisition efficiency. Plantsigbtb acquire available nutrients in the
rhizosphere can be explained by the kinetic nahedransporters of the nutrients thus the
transporter affinity and maximum uptake capacityn(Wirén, Gazzarrini et al. 1997,
Bassirirad 2000). In the case of plant speciesiiest ecosystems, biotic interactions that
cause competitive hindrance or facilitation becameial nutrient availability and its uptake
efficiency. These interactions occur among plantsl@etween plants and microbes. The
nature of these interactions might cause a rigallon nutrient availability for roots and/or
uptake efficiency of roots (Ortiz-Castro, Contre@asnejo et al. 2009). Both flooding and
drought affect the above and below-ground physiluigrees as well as properties of the
soil. Aside, the drawbacks water deficit has onvilager and carbon balance of trees and
forests (Ciais, Reichstein et al. 2005), mineratfitian is a crucial factor which will also be

affected by extreme water conditions in the future.

Current reviews evaluating the effects of the fasted global climate change mainly focuses
on the effects of temperature on tree nutritions@@aad 2000). Reviews that takes into
consideration flood or drought situations is moflgused on the activity of enzymes

(Kreuzwieser and Gessler 2010) or on specific$peEeies (Rennenberg, Loreto et al. 2006).
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This thesis will attempt to also evaluate how dfttuaffect forest tree nutrition with

emphasis on bio-available phosphorus obtainedhisphorus cycling. Forest tree nutrition

in drought conditions has become a topic of gmagiirtance because of the decreasing water
availability resulting from the global climate clggn All experiments will be conducted in a
laboratory setting with drought simulation and vl preceded by the following hypothesis
generated from literature and researches madehiey stientists;

* Water stress or drought has negative effect onabial activities and in effect

enzymatic activities hence limits bioavailabilitiyghosphorus.

» H-horizon solil has the highest soil enzymatic atiéis due to high microbe

content as a result high organic matter content.

» Unstable soil pH negatively affects soil enzymattvities.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Drought and its effect on nutrient availabilityto plants/trees

Although organic forms of nitrogen in soil and tihezosphere play a crucial role in nitrogen
supply to forest trees in boreal and temperateystess (Nasholm, Huss-Danell et al. 2000,
Persson, Hogberg et al. 2003), available formsafganic nitrogen such as nitrates and
ammonium, is still deemed crucial (Lucash, Eissdrettal. 2007, Rennenberg, Dannenmann
et al. 2009). Inorganic sulphate represents thd mygsortant sulphur source taken up by
roots of plants (Buchner, Takahashi et al. 2004rk@a 2006). Phosphorus and a lot of
nutrient elements are mainly taken up in the inoigenineral forms (Schachtman, Reid et al.
1998, Marschner and Marschner 2012). This suggfestsany negative effect of drought on
microbe mineralization actions that affects the am@f available nutrient is detrimental to

tree nutrition.

Less available soil water hinders microbe actiotheésoil. Depending on the level of the
water stress, the microbe metabolism can be coeipleindered (Muhr and Borken 2009). In
another scenario, the diffusion of the organic salss to enhance microbial mineralisation
becomes restricted (Lawrence, Neff et al. 2009 piAgthe movement of microbes and other
co-enzymes such as proteases decreases with ingréasught. Drought periods cause a
reduction in bacterial activity which comes witthgldration and as the drought persists it
leads to dieback of soil microbes (Schimel, Batgeal. 2007).

Clearly, the decrease in microbe action has somgtoi do with the length and persistence of
the drought period and the manner in which micranigms will adapt to it. Generally, the
specific effects of drought on mineralization ac® spot on due to the inconsistency of results
in existing literature. In terms of nitrate and aomum concentrations in soil solution

(Melillo, Butler et al. 2011), Johnson et al. (2D@bserved no effects of drought in a
deciduous forest for nitrogen availability. Higlnmonification rates was noted in the
summer on a drought beech area in comparisonolaaod moist area (Gel3ler, Jung et al.

2005). Carbon and nitrogen mineralization were chédebe influenced variedly by drought



(Beier, Emmett et al. 2009). In the case of orgaai®on, decomposition was mainly hinged
on temperature but ammonification though also dépe@m temperature but reduced soil
water availability is a great hindrance to thisqass. The amount of organic nitrogen in the
soil increases during drought events, probablytdukeback of microbes (Luyssaert, Ciais et
al. 2010). The benefits of this potential nitrogkeming the drought periods are not known.
Therefore the extent to which drought affects miotmiavailability in terms of microbial

action can still not be evaluated.

2.2 Phosphorus presence in the soil

The majority of phosphorus in the soil existsha form of organic phosphorus, calcium
bound inorganic phosphorus and iron or aluminiumnabinorganic phosphorus (Witkowski
and Mitchell 1987). The average amounts of organatinorganic phosphorus differs
markedly from soil to soil. The soil solution coim&both organic and inorganic phosphorus,
but a lot of the phosphorus in these groups idulmlity hence unavailable to plants.
Phosphorus content in soil solution is usually acbQ,001 mg/ | in very infertile soils to
about 1 mg/ | in fertile as well as heavily fe#éd soils (Pierzynski, Logan et al. 1990). A
number of organic phosphorus compounds can be foutie soil, but it is difficult to know
their identity and measure their amounts. Curremigsitol phosphates are regarded as the
most abundant organic phosphorus compound in théTswner, Paphazy et al. 2002).
Phosphorus mineralization and immobilization areegoed by a lot of the same processes
that govern decomposition of soil organic matteisttemperature, moisture and nitrogen
availability (FOG 1988). The conversion of orgapimsphorus to mineral phosphorus in
soils of temperate regions generates between 2@ikd P/ ha/yr (Stevenson and Cole 1999).
The mineralised phosphorus enters the soil solwtloere it is re-immobilised into organic
matter and taken up by plants. As a general rutbuwhb, available phosphorus for plant
uptake is within soil pH of 6 and 7 (Jackson, Manmget al. 1990). Most of the compounds
with which phosphorus reacts are in the finer gaiticles. If soils with similar pH values and
mineralogy are compared, phosphorus fixation wilbé more evident in soils with higher

clay contents (Parton, Stewart et al. 1988).



2.3 Mineralization and immobilization of Phosphorus

Mineralization and immobilization of organicallyldghosphorus is by the same general
processes that release nitrogen from organic mattée soil. Floors of forests represent
sinks and sources of phosphorus (Bohlen, Schdu22@4). When organic debris with low
phosphorus but high carbon and other nutrienténam@porated to the soil, the microbes will
immobilize the phosphorus in the biomass. AccordanBrady & Weil (1999), net
immobilization of soluble phosphorus occur if tlesidues added to the soil have a carbon to
phosphorus ratio more than about 300:1 (Strém, Gatveh 2005), while net mineralization
occur if the ratio is smaller than 200:1. HoweWwaoore et al. (2006) presented markedly
different ratios for Canadian temperate to subarfotiests (Manzoni, Trofymow et al. 2010).
They found a strong relationship between the ingireosphorus content in litter and the
pattern of phosphorus release. Litters with higtialhphosphorus contents lost phosphorus
and those with low contents retained phosphorus, avcritical carbon to phosphorus
guotient for release of 700-900. They suggestetnbiaphosphorus loss probably occurred at
carbon to phosphorus quotients between 800 an®.1¢C2bno & Takeda (2004) investigated
the influence of lignin to phosphorus ratios asralicator of phosphorus dynamics in litter in
a cool temperate forest in Japan. The lignin tasphorus ratio from which mobilization
began was 500-620 (Osono and Takeda 2004). Theatralues of the lignin to phosphorus
ratios showed convergent trends among litter tgsesompared to their initial values, and
reached those of the underlying humus layer (OsmaoTakeda 2004). According to Brady

& Weil (1999), mineralization of organic phosphornsoils of temperate regions typically
release between 5 and 20 kg P/hal/yr. These vaturebecjuxtaposed with the yearly uptake of
phosphorus by crops, trees and grasses, whichalgn@mge from 5 to 30 kg P/halyr. In

spite of the fact that phosphorus may hinder prodiiy of forest ecosystems, much less
attention has been given to phosphorus mineratizats compared to nitrogen mineralization.
According to Brady & Weil (1999), mineralization ofganic phosphorus is subject to many
of the same influences that control the generabeigposition of soil organic matter thus
temperature, moisture and availability of nitrogBecause of the lack of information
available with regard to the mineralization of pblosrus, a description of the major factors
that controls decomposition in general follows. dmber of studies have also showed
markedly increased rates of organic phosphorusnatlination in response to soil phosphatase

activity.



2.4 Phosphorus cycling
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Figure 1: Phosphorus cycling diagram

Source: Canola Encyclopedia, “Crop Nutrition: CanalCouncil of Canada (online)”, Accessed Februang,2
2015.

Phosphorus cycling is governed by varied proceseese can be more complication
compared to nitrogen cycling. In the nitrogen eyd is possible to remove nitrogen through
export of dissolved nitrogen to streams, duringnplgptake, and gas emissions. While the
conversion to nitrogen gas is a permanent nitrageroval process, the phosphorus cycle
does not have such a mechanism thus almost ndhgapimorus by-products are released.
Phosphorus removal is through export in solutiemind) plant uptake, precipitation and
adsorption onto mineral surfaces (Kadlec, 2005nPliptake of Phosphorus is not lasting
since microbe decomposition of dead plant remaresteially converts organic Phosphorus
into mineral Phosphorus. However, there can b& dlecomposition as a result of sediment
deposition and burial of plant material. This irages the potential to permanently store
Phosphorus (Kadlec, 2005). Adsorption is the doig-term phosphorus removal process
due to the generally low solubility of some phodphainerals (Dunne and Reddy, 2006).

Phosphorus in the soil can exist as both orgarddrmorganic. Total phosphorus can be
subdivided into Particulate phosphorus, Dissolveghoic phosphorus and Soluble reactive
phosphorus with the latter being the bio-availdbten of phosphorus.



Biological transformation is required to conver fharticulate and organic forms of
phosphorus to bio-available forms (Dunne and Red@§6). At the heart of this
transformation is phosphatase, a system of enzyihnehvbreaks down the particulate and

organic forms of phosphorus into mineral phosphorus

In a study by Freeman et al. (1996), phosphatasgmnactivities in peat soils markedly rose
over an 18 week water table drawdown experimentpeoed to an unchanged wetland
control. Since microbial respiration was not erdehby water table drawdown, the authors
were not able to link these outcomes to increasetbinal action. Rather, Freeman et al.,
(1996) noted that increased enzyme action duringgdown was caused by mobilization of

enzymes attached to mineral surfaces and orgariterma

By using a slightly varied hydrologic treatment,r&anje and Reddy (2004) examined the
effect of water table drawdown followed by re-fligl on phosphatase enzyme production
and microbial action. It was realised that, thegghatase action in the beginning increased
during the 30 day re-flooding part of the experimerhich reflected the anaerobic respiration
rates. These two studies suggest that phosphettagee action can be improved by both

water table drawdown and re-flooding in marshyssoll

Calcium contents in basic marshy soils, determihesavailability of inorganic phosphorus
but in acidic soils, Iron and Aluminum are the detmants (Dunne and Reddy, 2006).
Phosphate has a negative charge hence attraatatidns with positive charges (Ca2+, Fe3+

and Al3+). This results in phosphorus precipitation

The solubility of iron bearing minerals is alsoeaffed by redox potential and in effect the
availability of Phosphorus in soils. Iron exisssfarric iron in oxidizing conditions but in
more reducing conditions it is reduced to ferraos.i For this reason, phosphorus adsorbed
onto iron-containing minerals may become mobile mfgric iron is reduced to ferrous iron.
Since phosphorus retention depends on the hydmbtagiditions in soils, many publications
have sought to describe the impact of drying andding soils and its influence on nutrient
retention in both laboratory and field researciddous et al. (2005) did a laboratory
experiment using restored and natural wetland smilseasure phosphorus release when soils
were maintained under varied hydrologic conditiainéch included flooding, moist and dry
followed by re-flooding. Results revealed thatséiom restored wetlands released
phosphorus in all hydrologic conditions, with tlegest release from flooded and dried soils

(Aldous et al., 2005). Phosphorus release aftedittg was explained by the presence of high

8



aluminum and iron bound phosphorus parts in bothraband restored wetland areas. This

was pinned on phosphorus release due to changedadr potential.

Under flooded conditions thus lower redox potenfedric iron was reduced to ferrous iron
hence phosphorus originally attached to iron misesas released into the water column. It
was again speculated that mineralization of orgph@sphorus during the dry treatment

could be another factor that aided phosphorusselapon flooding (Aldous et al., 2005).

Another study revealed that the rate at which wiatadded to dry or moist soils can also
affect phosphorus mobilization in a laboratoryiegttBlackwell et al (2009) collected soils
from the United Kingdom to find out how Phosphocositents changed after the addition of
water at different rates to moist and dried s@lsed soils released marked amounts of
dissolved Phosphorus in all forms during the fiestetting period as compared to the field
moist soils. These results established that ravgetlry soils can improve phosphorus release
as compared to moist soils. A faster rate of agldiater also increased dissolved phosphorus
release during the beginning of the rewetting mkfoy dried soils, reflecting that dry
antecedent soil conditions have the potential leasee phosphorus during heavy rainfall
periods (Blackwell et al., 2009).

2.5 Drought impact on the nutrient status of treesn the European context

Regardless of whether changes in the availabifigod nutrients or in the normal nature of
nutrient transporters in mycorrhizal tree rootsaffected, drought generally causes a
reduction of the nutrient content and concentratiortrees (Minoletti and Boerner 1994,
Sardans, Pefiuelas et al. 2008). However, not #llenis get affected in the same way. A 6
year long drought which caused about a third otdt@ phosphorus content in a stand
biomass of Holm oak to reduce was observed (Samlah$enuelas 2007). In contrast, there
was no effect of water deficit for contents of msiam. Peuke and Rennenberg (2004)
observed that phosphorus and phosphate contentseekth above and below ground tissues
in varied European beech stands after 3 weeksooigtht treatment to simulate a typical
summer drought period (Peuke and Rennenberg 2B@®#)ever, concentrations of nitrogen
and sulphur were not clearly affected in these expnts. Apart from the nutrient-specific

variations, varied tree species show varied storaetric plasticity in response to water stress

9



conditions. Penuelas et al.(2008) compared thatwanis in element concentrations in
response to water stress conditions for varied wddediterranean species in order to define
biogeochemical niches for varied species in a raliftiensional nutrient niche area. It was
observed that, nutrient/element stoichiometry ghhyi different in the midst of co-existing
species and there is a species-specific plastioiigerning the total and relative nutrient
content in response to water stress conditiongast also observed that water stress
conditions reduces nutrient content in above grdainthass especially for a lot of drought-
sensitive species, predominantly via the redudtiagrowth and transpiration (Sardans,
Pefiuelas et al. 2008)

Studies directed towards drought effects on nitnagetrition of trees showed that
concentrations and compound detail of the solubleprotein nitrogen compounds can be a
crucial indicator of short-term physiological resges, highlighting variations in the state of
their internal nitrogen more detail than total ogten concentrations, which are constant
within a wide range of climatic and nutritional ctitions (Rennenberg, Dannenmann et al.
2009). Moderately lower water availability resuliadeduced content of soluble nitrogen in
various tissues of European beech and was takan iaslication of lower nitrogen uptake in
summer and changes in nitrogen re-mobilizatiorpimg and storage patterns in autumn
(Nahm, Radoglou et al. 2006). However, an incré@asiee concentration of amino acids has
also been noticed in various tissues under watess{Fotelli, Rennenberg et al. 2002). This
was as a result of the decomposition of proteirdeusevere drought indicated by the
simultaneous reduction in protein nitrogen cont&here is no straightforward picture of how
drought influences tree nutrition but in generairig, reduction of nutrient contents is
observed but that might not be true for all nutisdmence we require in-depth information on
the cumulative effects of drought on the avail@ptiutrient elements and the plant's capacity
to take them. We also require experiments evalgatow variations in these factors influence
tree nutrition and growth. There is also the latkxperiments focusing on the changing
drought conditions and evaluation of nutrient baéaduring repeated drought and recovery
periods. Such experiments will be very helpful hesgathe global climate changes in Europe
with respect to drought is predicted to be follovbgdntermittent heavy downpour of rain
which will most likely to result in floods. Althodmit is a proven fact that water stress limits
the bioavailabilty of a lot of soil nutrients, lodgought periods followed by flood as a global
climate change prediction for Europe could pustofean Forestry to depend more on
natural cycles such as phosphorus cycle for itstimurt.
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2.6 Measurement of soil phosphatase activities

Before the use of the simple, accurate and rapgirea assay based on the use of p-
nitrophenyl phosphate (pNPP) by Tabatabai and Beeri969) (Eivazi and Tabatabai 1977)
and modifications by Rejsek (1991) (Dundek, Holikle 2014), phosphatase assays used
natural substrates such as b-glycerolphosphatawacidic acids (Malcolm 1983).

The use of artificial substrates began with phgindsphate (Marchesi and Barrnett 1963),
phenolphthalein phosphate (Malcolm 1983), pNPP B#rtrand and de Wolf 1968
(Nannipieri, Giagnoni et al. 2011), a-naphthyl pbleeste with Hochstein 1962 (Nannipieri,
Giagnoni et al. 2011) and b-naphthyl phosphate (RemMartinez and McLaren 1966). The
choice of artificial substrates eliminated the d@ieation of released phosphate. The success
of the pNPP assay can also pinned on the fachigthblysis of pNPP is more rapid than that
of natural substrates such as nucleic acids. TH&PpN hydrolysed to p-nitrophenol (pNP),

which is usually analysed with the spectrophotomatd10 nm under alkaline conditions.

Although, this current use of pNPP assay has olsvitvawbacks, which have been noted and
well discussed by several authors, it is almosaggmnot considered when interpreting soil
enzyme activities. It should be clearly noted th& assay only measures potential enzyme
activities because the conditions created arerdiftsfrom the real in situ conditions where
temperature and soil moisture keep changing asasdiaving a rarely optimum soil pH and

substrate nature for enzymatic activities.

2.7 How the Spectrophotometer works

The spectrophotometer is designed to record theianwas light absorbed by a solution
(Sakthivel, Janczarek et al. 2004). This sensitiggument is a very important tool for
biologists. It can be used to find out a molecus#sorption spectrum, the wavelengths of
light that the specific molecule absorbs (for exlnPNA is able to best absorb UV light

with a wavelength of 260 nm and 410 nm for the mesment of acid phosphatase)
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(Sreekanth, Krishnamurthy et al. 2011). A more emtiated solution will take up more light
than a less concentrated one.

Using the spectrophotometer, we can quantitatiredtasure absorbance. This information
can be used to find out the concentration of tremdiing molecule. The spectrophotometer
can be used to quantify what is going on in altkiof biological processes. For example, if
an enzyme reaction generates or destroys a colownokstule, the spectrophotometer can be
used to measure how much of that molecule is ptémzte can quantity the activity of the

enzyme.

Technically, the spectrophotometer does not medkaramount of light absorbed, but the
amount transmitted. However, the percentage tratenintould be easily converted to
absorbance. Most spectrophotometers do this csiovefor automatically. There are no
units for absorbance, but the wavelength shoulédgdvibe mentioned when absorbance data

IS reported.
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CHAPTER THREE

3.0 METHODOLOGY

3.1 Site and Stand description

This laboratory research was done with soils frobnee areas namely the Young Spruce
monoculture in the mid-altitude of the Ecosysteatigh at Rajec-Nemcice, Mountain Spruce
of the Bily Kriz Experimental Ecological Researdati®n and Beech forest of Ecosystem

station at Stitna.

3.1.1 Brief description of the Ecosystem station &ajec-Nemcice

The Institute of Forest Ecology of the Mendel Umsity, Brno in 1968 created this study
area. This station has some connection with TheedMNations Educational, Scientific and
Cultural Organization (UNESCO) in the InternatioBablogical Programme as well as ‘Man
and the Biosphere’ programme. The Spruce starfisratea was artificially established by
reforestation of a clear-cut area. This was donteling the mature spruce stand of the first
generation in 1978 (Pokorny, Rajsnerova et al. 203 Geographical coordinates of the
area are 49° 29" N, 16° 43" E with a mid-altitudeclv ranges from 610 — 625 m above sea
level. The main soil type in this area is Modalgotrophic Cambisol (KAmd”) with very

acidic nature thus very low pH.

Climatic condition at The Ecosystem station ateRdjlemcice: Annual precipitation during

growing season and duration of growing season 20em and 140 — 160 days respectively.
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Figure 2: Spruce stand at Ecosystem station at Raj¢gemcice

3.1.2 Brief description of the Experimental Ecologial Research Station at Bily Kriz

The Spruce stand in this area was establishedcteagcut area. This was done by felling the
mature spruce stand of the first generation andtipig 4-year old seedlings in 1981 (Pokorny
and Tomaskova 2007). The Geographical coordindtdsearea are 49° 30" N, 18° 30" E
with a high-altitude which ranges from 860 — 91@love sea level. The main soil type in
this area is Humo-ferric podzol with very acididura thus very low pH.

Climatic condition at The Experimental Ecologi®asearch Station at Bily Kriz: Annual
precipitation during growing season and duratiogrofving season are 650 mm and 120 —
140 days respectively.
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Figure 3: Spruce forest stand at The Experimentat@ogical Research Station at Bily Kriz

Source: Zajimava mista v okoli Gréh“Horska Chata v Beskydech (online)”, Accessed F2®, 2015

3.1.3 Brief description of the Ecosystem station &titna

The Geographical coordinates of the area are 492242" North latitude 18° 0" 28.180"

East longitude with an above sea level elevatiobd®f m. This station is located at the Bile
Karpaty and the ecosystem has a Beech forest &yegehrs. This Ecosystem has been under
the watch of the CzechGlobe, who are constantlyimgasome physiological investigations
(e.g. transpiration, photosynthesis etc) to beiftelerstand the Ecosystem and predict how it

will respond to the inevitable future changes imelte.

Climate condition at the Ecosystem station ah&tiAnnual precipitation and temperature
from 2009 to 2012 are 770.9 mm and 8.37 degreduSaisspectively.
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Figure 4: Beech forest stand at the Ecosystem statat Stitna

Source: CzechGlobe, “Ekosystémova stanice Stitnd Wé&#i (online)”, Accessed Feb 28, 2015.

3.2 Soil sampling

The main guide was to sample soil at root zoneusexd is at this depth that trees can derive
nutrition. For this reason, soils were sampled ftbenA-Horizon from the Beech forest of
Stitna and the Young spruce monoculture of Rajée. @nzymatic activities at this horizon
are predicted to be low but it is very importantdese it will give a vivid tree nutrition status
in terms of natural nutrient cycling. At Bily Kribecause the root zone is mainly in the
organic layer due to the shallow rooting systerthefMountain Spruce, H-Horizon soils were
sampled. The sampling which was done using Kopackgil sample rings of 100 cubic
centimetre capacity. It was randomly done and epeddent on season or plot
differentiation.
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Figure 5: Organic layer (H-horizon) soil sampling
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Figure 6: Mineral layer (A-horizon) soil sampling

3.3 Laboratory procedures

The main laboratory analysis performed was the areasent of the activity of acid
phosphatase using p-nitrophenyl phosphate. Thagdddxy procedure mimics how
extracellular acid phosphatase converts organisgtarus to inorganic phosphorus for the
bioavailability of phosphorus for plant uptake.

All the three separate soil samples were sieveddnmm sieve and mixed or homogenised to
get a representative sample. The representativpleamf the three areas were duly stored in

the refrigerator at about 5 degrees Celsius wiir triginal moisture content.

Three protocols were employed to measure acid pladape activity. The first protocol is the
one already in use developed by Tabatabai and Bre(f869) and some modifications made
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by Rejsek (1991). The other two protocols werenapts to mimic real in-situ situations in

terms of real soil pH and most importantly, drougbrditions.

Protocol 1
Chemicals used:
Succinate — Borate buffer of pH 4.8

p — nitrophenylphosphate (p-NPP) solution preparedissolving 1 tablet in 100 ml of
Succinate — Borate buffer (p-NPP represents tliecat substrate)

1 M KOH
Standard p — nitrophenol solution (p-NP)
Procedure followed:

12 ml of S-B buffer was added to a gram of soil glenand put in an incubator at 37 degree
Celsius for an hour. After incubation, filtrate walkalised with 8 ml of 1 M KOH and later
diluted in 1:2 thus a portion of filtrate to 2 gorts of S-B buffer. The resultant solution was
analysed for acid phosphatase activity using tleetspphotometer at a wavelength of 410

nm. The outcome was then recalculatef gg-NP/g dry soil /hour.

Protocol 2

This protocol followed the same procedure as Paotb@xcept using water instead of S-B
buffer. This was to get close to the natural pkhefsoil as a laboratory improvised strategy

to mimic natural situation.
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Protocol 3

This protocol represents the drought simulatiorr@g@gh done in a laboratory setting. This
protocol was a combination of Protocols 1 and thensense that, water was used instead of
S-B buffer and the artificial substrate (p-NPP) wdded in powder form to the soil samples
and put in an incubator without water or S-B buffsiter the hour long incubation, water
instead of S-B buffer was added. All parameterstdpam the changes made remained the

same at in protocol 1. This in real natural situatiepresents a period of drought.

3.4 Calibration curve for data evaluation

p-NP Concentration in standard solutions versus absorbance

/ y = 0,048x + 0,04

e R*=0,9702

Absorbance
O L N W b U1 O N O O

0 20 40 60 80 100 120 140 160

Concentration (micro grams)

Figure 7: Standard curve used to evaluate data

3.5 Statistical data analysis

Analysis was done using A Single Factor Anova \aithalpha value of 0.05 thus a confidence

interval of 95%.
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4.0 RESULTS

CHAPTER FOUR

4.1 Acid phosphatise activity measured using the viaus Protocols employed

Acid phosphatase activity measured using Protocdl

Absorbance values

Acid phosphatase activity (pg p-

Area of sampling | Triall | Trial2 | Trial3 | Average NP)

Rajec (A-horizon) 0.7 0.9 0.8 0.8 15.8
Bily Kriz (H-horizon) 2.6 2.1 2.1 2.3 471

Stitna (A-horizon) 1.8 1.8 1.1 1.6 32.5

Table 1: Acid phosphatase activity measured usirrgtBcol 1
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Area of sampling versus Acid phosphatase activity

Stitna (A-horizon)

Figure 8: A graph of Acid phosphatase activity measd using Protocol 1
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Acid phosphatase activity measured using Protocol 2

Absorbance values

Acid phosphatase activity (ug p-

Area of sampling | Triall | Trial2 | Trial 3 | Average NP)

Rajec (A-horizon) 0.52 0.54 0.51 0.5 9.6
Bily Kriz (H-horizon) 1.37 1.39 1.36 1.4 28.3

Stitna (A-horizon) 0.73 0.74 0.71 0.7 13.8

Table 2: Acid phosphatase activity measured usimgtBcol 2
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Figure 9: A graph of Acid phosphatase activity measd using Protocol 2
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Acid phosphatase activity measured using Protocol 3

Absorbance values

Acid phosphatase activity (pg p-

Area of sampling | Triall | Trial2 | Trial3 | Average NP)

Rajec (A-horizon) 0.29 0.33 0.34 0.32 5.8
Bily Kriz (H-horizon) | 0.81 0.81 0.86 0.83 16.5
Stitna (A-horizon) 0.61 0.63 0.63 0.62 12.1

Table 3: Acid phosphatase activity measured usirrgtBcol 3

Acid phosphatase activity (ug p-NP)

Rajec (A-horizon)

Bily Kriz (H-horizon)
Area of sampling

Area of sampling versus Acid phosphatase activity

Stitna (A-horizon)

Figure 10: A graph of Acid phosphatase activity meaed using Protocol 3
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4.2 Comparison of Acid Phosphatase activity measuden each area sampled using the
various Protocols 1, 2 & 3.

A-horizon soil from the young spruce monoculture oRajec

Acid phosphatase activity (ug p-
Protocol NP)
Protocol 1 15.8
Protocol 2 9.6
Protocol 3 5.8

Table 4: Acid phosphatase activity measured fortallee protocols for Rajec sample

= 18 Tprotocol versus Acid phosphatase activity (ng p-NP)
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Protocol 1 Protocol 2 Protocol 3
Protocol

Figure 11: A graph of Acid phosphatase activity neemed from all three protocols for Rajec sample
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H-horizon soil from the Spruce stand at Bily Kriz

Acid phosphatase activity (ug p-
Protocol NP)
Protocol 1 47.1
Protocol 2 28.3
dProtocol 3 16.5

Table 5: Acid phosphatase activity measured frorhthtee protocols for Bily Kriz sample

Protocol versus Acid phosphatase activity

5 B
o un
1 1

w
(%3]
1

w
o
1

N
o

[uny
wuv
I

Acid phosphatase activity (ug p-NP)
= N
o w

Protocol 1 Protocol 2 Protocol 3

Protocol

Figure 12: A graph of Acid phosphatase activity neemed from all three protocols for Bily Kriz
sample



A-horizon soil from the Beech forest of Stitha

Acid phosphatase activity (ug p-
Protocol NP)
Protocol 1 325
Protocol 2 13.8
Protocol 3 12.1

Table 6: Acid phosphatase activity measured frorhtatee protocols for Stitha sample

35 Protocol versus Acid phosphatase activity

30 -

20 A

15 A

10 A

Acid phosphatase activity (ug p-NP)

Protocol 1 Protocol 2 Protocol 3
Protocol

Figure 13: A graph of Acid phosphatase activity ngaied from all three protocols for Stitha

sample



4.3 Statistical analysis of data using single faat&ANOVA

NB: Values in the columns represents Acid phosphatetséty (1g) measured using

Protocols 1,2 & 3

Rajec (A-horizon) | Bily Kriz (H-horizon) Stitna (A-horizon)
15.8 47.1 32.5
9.6 28.3 13.8
5.8 16.5 12.1

Table 7: Acid phosphatase activity measure for sdimples using all three protocols

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Rajec (A-horizon) 3 31.2 10.4 25.48
Bily Kriz (H-horizon) 91.9 30.63333 238.1733
Stitna (A-horizon) 58.4 19.46667 128.1233
ANOVA
Source of Variation SS Df MS F P-value F crit
Between Groups 616.2866667 2 308.1433 2.359584 0.175376 5.143253
Within Groups 783.5533333 6 130.5922
Total 1399.84 8

Table 8: Anova for Acid phosphatase activity meastior all samples using all three protocols
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Overview of results obtained from the statistial analysis data (ANOVA)

From the statistical analysis data as shown indsabl& 8, there were marked variations in
the measured enzymatic action firstly betweensaiples and secondly between the

different Protocols employed.

From Table 8, it can be noticed that the p-valus faamore than the alpha value of 0.05
used to make this single factor ANOVA. This shots significant variations in the groups of
values. The sources of variations which were dtate¢he ANOVA as “Within groups and
Between groups” represents the variations in thesmmement of enzymatic action due
changes in Protocol used and differences in soipses. The former had the greatest effect in
pushing the p-value far above the alpha value tsedlculate the single factor ANOVA.

This is evidence that the simulated drought andmtisituation had great impact on the
phosphorus mineralisation. It should also be nitatithe soil samples were not dried hence
had some natural moisture content and this coultideeason for this not so strong drought
effect as compare to soil pH effect. The detailtheffactors that contributed to significant

variations of the measured enzymatic actions aeudsed below:

5.1.1 The effect of soil pH on acid phosphatase aadty and in effect bioavailability of
phosphorus

The pH of soil solution exerts a strong controlemzyme activity, because it influences the
conformation of the enzyme, its adsorption on sslidfaces, and the ionization and solubility

of substrates.

Protocol 1was conducted at the optimum pH and temtype of 4.8 and 37 degrees Celsius

respectively for maximum potential enzyme actiondeethe measured enzymatic activity
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was markedly greater than that of Protocols 2 aad $hown in Table 1 and Figure 8 in the
results. The values measured represent the maxenagmatic activity level since all the
factors for example the soil pH needed for enzyoretiion were in optimal levels and also

stable which seldom occurs in nature.

This was evident in Protocol 2 where water was usgdiace of buffer. The buffer serves as a
control for pH fluctuations. This was an attempgéa to the real soil pH which though
averagely hovers around the 4.8 in the sampled arsd in Protocol 1. The soil pH in real
natural situations, is hardly optimum for the actal enzymes and not always stable as it was
made to be by the used of buffer in Protocol 1. Gingtable and uncertain soil pH affected the
enzymatic activity in Protocol 2 hence the valuesasured was almost half of that measure in
the optimal enzymatic factors of Protocol. Thisomme is a strong indication of the
significance of soil pH in the bioavailability ohpsphorus to tree species.

5.1.2 The effect the sampling depth on acid phosptase activity and in effect
bioavailability of phosphorus

The samples for this research were taken fromdbezone because at that depth, bio-
available nutrients and in this case phosphorusdeanaken up by trees. At Rajec and Stitna,
because the Spruce stands were deep rooted, Aohawils were sampled and H-horizon
soils sampled in the case of the Beech forest saaBiy Kriz due to its shallow rooting
system. The enzymatic activity recorded for alltiimee Protocols employed for the A-
horizon soil sample from Bily Kriz, was significéynhigher than the other two samples. This
is a confirmation of the positive impact organictteahas on enzyme activities and in effect

bioavailability of phosphorus.
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5.1.3 The effect of soil texture and age of standh@cid phosphatase activity and in effect

bioavailability of phosphorus

Parent material affects the mineralisation ratphaisphorus. Finer textured soils favours
higher mineralization rates as compared to coadered soils. Again, older forest stands has
more microbial action in the soil hence higher matisation is realised. This was evident in
this research particularly when the enzymatic @@t of soil samples collected from Rajec
and Stitna are compared. In all Protocols emplotfezisoil sample from Stitna recorded
higher enzymatic action compared to soil samplefRajec. This sequence is attributed to
the finer soil particles, almost clayey of soil saenfrom Stitna and the older age of the

Spruce stand from which the soil samples were taken

5.1.4 The effect of drought on acid phosphatase agty and in effect bioavailability of

phosphorus and the likely implications for EuropeanForestry

This final part of the discussion is the highlighthe entire research. The results supported
the already proven phenomenon of the negativetedfecight has of enzymatic action in the
soil. Water stress puts stress on microbes hengedes their rate of action in the soil which
in effect affects enzymatic action and consequehgybioavailability of nutrients to tree
species which in this case is phosphorus. The med&mzymatic activity of Protocol 1
which had all factors that aids enzymatic actiooptimal state for all soil samples was
markedly higher than for Protocol 2 and 3. Thisadiesupports literature and numerous
researches made by scientists in that respect.

The activity and diverse nature of soil microbegasy crucial in sustainability as they control
very important soil health functions which involearbon and nutrient cycling. Soil microbial
activity is an important soil health indicatoridtnow more than ever crucial for the
nourishment of European forests due to the drousyidsntermittent heavy downpours
Europe has began facing in the summers and witirme® to face intensively as global

climate changes takes full effect.
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CHAPTER SIX

6.0 CONCLUSION

Forestry in Europe is presently under the influesicglobal climate changes. This situation
has directly and indirectly affected atmospheriaperatures and precipitation. Because this
MSc-thesis dealt with drought, the reinforcing megationship between the scientific work
for this MSc-thesis and European forestry is needed

Considering the results of this MSc-thesis, a rattan of available phosphorus content due to
true soil pH degree, can be directly linked to ph@ven fact that a water deficit reduces the
activity of enzyme studied. It is obvious that tpté of soil was not sufficient for the
conversion of phosphorus sources into its bio-atl form. Therefore, drought caused by an
impact of global climate change can negativelyafteuropean forestry through soll
biochemistry as well. The results obtained frons #iSc-thesis appear to be important from
forest management point of view. In addition, tesult punctuates the importance of forest
soil biochemistry for a modern forestry at the Eagan scale and can add value to forestry

science in general.

Finally, in view of the prediction of dry summerghvintermittent heavy downpours or
precipitations and the supporting researches byesmentists that reveals that more
bioavailable phosphorus is released by enzymes ¥ibed follows a long drought period
(Aldous et al., 2005), phosphorus cycling will lvaasal for forest tree species in the

uncertain future of climate changes.

The value of this piece of research can be, thaes) &1 the other evidences for European

forestry about the role of global climate changed @rest soil biological activity.
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CHAPTER SEVEN

7.0RECOMMENDATIONS

Finally, the under-listed approaches are duly ssiggeto guide future researches geared
towards investigating the actual rate of acid phasgse activity in the mineralisation of

phosphorus into bio-available form to tree nutntio

» If an experiment of this nature will be done irabdratory setting, the temperature
should be altered to suit close to real temperdtured in soils at the areas under
investigation. This will be time consuming sincedta averagely low temperatures of
most European forests, the mineralisation of phosghwill be at slow pace in the
laboratory but it will be worth it because it wilfing to bear what is likely to happen
in nature.

» Secondly, this research investigation should bguieatly done on the field to get a
clearer understanding of enzymatic activities tmlgudorest management planning
process in terms of forest tree nutrition.

» Thirdly, a flooding dimension should be added tmfe experiment so that a clearer
case can be made for the importance of phosphgulisg in the future of European

forestry.
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8.0 Summary

Future forests have to meet the ever increasingddrfor high quality timber. However,
reduction in water availability due to global cliteaxhange is expected to greatly reduce the
stability and productivity of forests. Phosphorsi®ften lacking in tropical and subtropical
forests. Global climate changes has led to chamge®cipitation patterns in the forests of
temperate regions in the recent years, which heastably affected phosphorus cycling and in
effect tree nutrition. It is very important to ketlye forest alive and well-nourished as it plays
an irreplaceable role in mitigating global climateange through carbon capture but at the
same time it must adapt to climate change. Thisares sought to evaluate the effect of
drought on forest tree species with emphasis omabailable phosphorus obtained via
phosphorus cycling. Soil samples were collectadaitzone depth from areas of varied
altitudes and tree species thus H-horizon soils filee mountain Spruce forest at Bily Kriz,
A-horizon soils from both the young Spruce monagéltat Rajec and Beech forest at Stitha.
Acid phosphatase activity of the various soil saaaplias measured in optimal conditions of
the enzyme in the laboratory using the alreadysmprotocol developed by Tabatabai and
Bremner (1969) and some modifications made by R&[s@91). Two other protocols were
developed by this research by replacing the bufbenponent of the first with water to mimic
the unstable pH situation which occurs in natur gimulating a drought situation in the
laboratory by incubating the soil sample with povedeform of the substrate used in the
original protocol and adding water after the haurg incubation. The results supported the
earlier assumptions held before start of the rebeahich were;

1. Water stress or drought has negative effect onahbial activities and in effect
enzymatic activities hence limits bioavailabilitiyghosphorus.

2. H-horizon solil has the highest soil enzymatic atés due to high microbe content as
a result high organic matter content.

3. Unstable soil pH negatively affects soil enzymattvities.

Again soil sample from Stitna though had the saameding depth as the Rajec soil sample,
had higher acid phosphatase activity due to itgesldexture. The laboratory analyses proved
that global climate changes affects conservatidiorafst soil fertility via decreasing soil
biological activity evaluated through phosphorusaailability. Soil phosphorus is

indispensable for forest tree species' breedingdanportant for European Forestry.
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8.0 Souhrn

Spoteba deva vysoké kvality neustale rigta a jefieba, aby lesy budoucnosti tuto jmitu
pokryly. OvSem sniZeni dostupnosti vody, kterépiesnbené klimatickymi zgénami, sniZzuje
také stabilitu a produktivitu lesa. V tropickyclsabtropickych lesich je nedostatek fosforu.
Globalni klimatické zrény vedly ke znmindm v p@tu srazek v lesich mirného pasma, coz ma
za nasledek zémy v kolokehu fosforu a z nich vyplyvajici zény ve vyziw stromi. Je
dulezité udrZzovat zdravé a di@bZivené lesy, protozZe hraji &bivou roli @i zmimovani
dopad klimatickych zngn skrze lapéni uhliku. Zarowese vSak lesy musi zmam
prizpusobovat. Cilem tohoto vyzkumu je zhodnotit viivisa®a druhy lesnich stramDiraz
byl kladen na biopstupny fosfor, ktery je ziskavan z kotblu. Vzorky mdy byly sbirany v
kotenové hloubce v oblastech s odliSnou naidhkmu vyskou a s odliSnymi druhyady
horizontu H byly odebrany v horském smrkovém les@fém Kizi, pady horizontu A v
mladé smrkové monokulte v Rajci a v bukovém lese ve Stitné. Aktivita kgdesfatazy ve
vzorcich byla nifena za optimalnich laboratornich podminek za pbpetokolu vyvinutého
v Tabatabai a Bremmer (1969) s mirnou modifikacRegEka (1991). V ramci tohoto
vyzkumu byly vyvinuty dalSi dva protokoly, prvnilimazuje pufr vodou pro napodobeni
nestalého pH, které se vyskytujeirpdé. Sucho bylo simulovano inkubaci vzorkidy s
praskovou formou substratu, ktery byl pouzitiw@dnim protokolu, a naslednyniig@anim

vody po hodig inkubace. Vysledky potvrdilyiti¢jSi predpoklady, které byly nasledujici:

1. Velké mnozstvi vody nebo sucho negatienliviiuji aktivitu mikrohi a tim také

aktivity enzymi, ¢imZ je omezovéana bidistupnost fosforu.

2. Fada horizontu H ma nejvysSi miru enzymatické altidiky piitomnosti velkého
mnozstvi mikrol, které je dsledkem vysokého obsahu organické hmoty.

3. Nestélé pH negati¥rovliviiuje aktivity enzynd.

Vzorek ze Stitné, ktery byl ze stejné hloubky jakorec z Rajce, vykazuje vy3si aktivitu
kysele fosfatazy diky svoji jilovité strukti Provedené laboratorni analyzy dm&vli vliv
globalni klimatické zrény na Urodnost testovanych lesnicid prostednictvim snizeni
biologické aktivity midy, zde ngiené v gimé vazls na gistupnost zakladniho faktoru

plodnosti rostlin, fosforu. Tento poznatek mé v@&swiou platnost pro lesnictvi Evropy.
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