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V' letoSnim roce uplynulo 25 let od vydani Metodiky monitorovani zemedél-
skych a lesnich pad a pld chranénych Gzemi Ceské republiky, od vybéru
a wytyCeni pozorovacich ploch a zahdjeni zékladniho odbéru vzorkd na
zemédélskych plidach. Bylo tak dovrSeno velmi intenzivni obdobi navazovani
mezinarodni spoluprace v oblasti monitorovani pdd a potfebné metodické
pFipravy. Za podpory Ministerstva zemédélstvi a Ministerstva Zivotniho prostfedi CR
a pfi ucinné spolupraci s partnerskymi organizacemi ve Spolkové zemi Bavorsko
(pfedevsim nynéjsi Landesanstalt fUr Landwirtschaft Mnichov - Freising) se
podafilo v kratké dobé vytvofit a zprovoznit funkéni a flexibilni systém Bazalniho
monitoringu ptd.

Pdda je v zdsadé neobnovitelny zdroj a velmi dynamicky systém, ktery
zajiStuje radu fyzikdlnich a biologickych funkci a je pro lidské preziti
a prezitl ekosystém( nenahraditelny. Rada sledovanych indikator(l prokazuje, Ze
se v poslednich desetiletich znac¢né zwsila intenzita procesd degradace pUdy,
a jsou navic vyslovovany obavy, ze bez Uclinnych opatreni tento trend dale
poroste. Predevsim neustald intenzifikace zemédélské vyroby fizend snahou
o0 minimalizaci nédkladd a zvySovani ziskl, globdlnim trhem se surovinami
a produkty a navic provazend extrémnim pribéhem pocasi poslednich let
indikujic’/m moznost globalnich klimatickych zmén tyto obavy posiluje. Pdda
je tak v celém civilizovaném svété pod rostoucim environmentalnim tlakem, ktery
je zplsoben ¢i zhorSovan lidskou cinnosti, nejen nevhodnou zemédélskou
a lesnickou praxi, ale i primyslovou ¢innosti, cestovnim ruchem nebo urbannim

rozvojem.

Ackoli je plda vétSinou v soukromém vlastnictvi, je ohniskem spole¢ného zajmu
lidskych generaci a jeji nedostatecna ochrana budoucnost lidstva bezprostredné
ohrozuje. Také tématickd strategie pro ochranu puldy, pfijatd EU, je orientovana
predevSim smérem k zastaveni a zvraceni trendu degradace puady, jejiz
jednotlivé aspekty jsou popsany (eroze, Ubytek organické hmoty, kontaminace,
zasolovani, utuzovani, pokles biologické rozmanitosti puady, zakrytl, sesuvy
a zaplawy). Je vSak Skoda, Ze se nepodarilo kodifikovat spole¢né zajmy clenskych statd
EU formou Rdmcové smérnice pro ochranu pldy tak, jak je to obwyklé u ostatnich
zakladnich slozek zivotniho prostredi (ovzdusi, voda).

Uc¢innost budoucich nezbytnych opatfeni je bezprostfedn& posilovédna existenc
objektivnich systém( sledovani vyvoje a progndzy trendd a zde hraje efektivni
a dynamicky systém pddniho monitoringl zésadni roli.




Ctvrtstolet! provozovani Bazélniho monitoringu zeméd&lskych pld jednoznacné
prokazalo jeho opravnénost. Reprezentativni vybér a presna lokalizace odbérovych
mist monitoringu umoznuje sledovani casovych fad parametr, ale i rychly
screening  nowych  parametr(, rozvoj a rozsifeni rozsahu monitorovani
i objektivni validaci nové pouzivanych  analytickygch  metod.  Vyznamné
je také to, ze byl polozen pevny legislativni, metodicky a materialovy
zaklad rozsahu a systému monitorovani, byly navazany nezbytné narodni
i mezinarodni spoluprace a jsou prabézné publikovany wvysledky provedenych
Setreni, analyz a pozorovani.

Konference vénovana 25. vyro¢i Bazalniho monitoringu zemédeélskych pdd navazuje

na predchazejici prezentace dosaZenych vysledkld sledovani i novym moZnostem
rozvoje a je urcena domaci i zahrani¢ni odborné verejnosti.

Ing. Daniel Jurecka
Feditel Ustavu




This year, 25 years have passed since the release of the Methodology for
Monitoring Agricultural and Forest Soils and Soils of Protected Areas of the
Czech Republic, since the selection and identification of monitoring areas
and beginning of basic sampling in agricultural soils. Thus, a very intense period
of establishing international cooperation in soil monitoring and necessary
methodological training was accomplished. With the support of the Ministry
of Agriculture and Ministry of Environment and in effective cooperation with
partner organizations in Bavaria (especially the current Landesanstalt far
Landwirtschaft Munich - Freising) a functional and flexible system of Basal
Soil Monitoring was established and deployed within a short period of time.

Soil is an essentially non-renewable resource and a very dynamic system
performing many physical and biological functions as well as irreplaceable
resource that is fundamental to human well-being and ecosystem survival.
A number of monitoring indicators show that in recent decades, there has been
a significant increase in soil degradation, and concerns that without effective
measures this trend will continue to grow are expressed. Above all, the continual
intensification of agricultural production conducted in an effort to minimize costs
and increase profits, the global market for raw materials and products, as well
as the impact of extreme weather in recent years indicating the probability
of global climate change reinforce our concern. Thus, the soils in the civilized
world are coming under increasing environmental pressure which is caused
or exacerbated by human activities comprising not only inappropriate agricultural
and forestry practices but also industrial activities, tourism or urban
development.

Although the land is mostly privately owned, it is the focus of common concern
of human generations, and poor soil conservation is an immediate threat
to the future of mankind. Moreover, the Thematic Strategy for Soil Protection,
adopted by the EU, is oriented mainly towards halting and reversing soil
degradation, whose various aspects are described (erosion, organic matter decline,
contamination, salinization, compaction, soil biodiversity loss, sealing, landslides,
and flooding). However, it is regrettable that common interest of the EU Member
States failed to be codified in the form of the Soil Protection Framework Directive,
as is customary with other basic components of the environment (air, water).

The efficiency of future necessary measures is immediately strengthened by
the existence of objective monitoring systems of development and market




forecasts in which an effective and dynamic system of soil monitoring plays
a vital role.

A quarter century of Basal Agricultural Soil Monitoring has proved its worth.
A representative selection and exact location of monitoring plots allows for tracing
of parameters in time series, as well as rapid screening for new parameters,
development and extending the scope of monitoring and objective validation
of new analytical methods. Of importance too is that the foundations for a sound
legislative, methodical and material basis for the monitoring scope and scheme
were laid down, essential national and international cooperation was established
and results of investigations, analyses and monitoring are regularly disclosed.

A conference dedicated to the 25th anniversary of the Basal Agricultural
Soil Monitoring builds on a previous presentation of results achieved in the
monitoring and new possibilities of development and is intended for both domestic
and foreign experts.

Ing. Daniel Jurecka
Director




1 Uvod

Jaroslav Staria
Historie pldy a zajmu ¢lovéka o jeji zachovani:

Abychom pochopili podminénost vzniku, existence a rozvoje suchozemského Zivota
v celé §ifi jeho soucasnych forem a existenci pldnf vrstvy pokryvajici povrch Zemé,
je potfeba si pfipomenout geologickou historii nasi planety.

Planeta Zemé vznikla pred 4,6 mid. let. Z plvodné homogenniho shluku
hmoty - chladnouci prvotni Zemé, se postupnou diferenciaci stala ,ziva" planeta
nasi geologické soucasnosti. Proces diferenciace zemské struktury byl vyvolan
druhotnym ohfivanim planety a spocival v postupném rozvrstveni hmoty
do koncentrickych vrstev - sfér, které se vzajemné liSily svymi fyzikalnimi i chemickymi
vlastnostmi.

Jako prvni se pravdépodobné diferencovala atmosféra. Po celkovém ochlazeni zemé
doslo ke kondenzaci vodnich par v ovzdusi a vznikl vodni obal - hydrosféra. Postupnou
gravitacni diferenciaci vnitfni hmoty Zemé se tak vyvinula zakladni sféricka zonalnost
planety.

Od povrchu do nitra Zemé rozliSujeme zemskou kdru, plast a jadro. Migrace
zeleza a dalSich kovowych prvkd, zejména niklu, smérem do nitra, podminila
vytvofeni zemského jadra. Vnitfni jadro je pevné, vnéjsi tekuté. Na vnéjsi jadro
navazuje zemsky plast. Je ve stavu taveniny — magmatu a previadajicimi prvky jsou
kyslik, horcik, Zelezo a kfemfk. Nejsvrchnéjsi sférickou zénou Zemé je kira - litosféra.
prevazné na bazi kremicitanC.

Postupnym osidlovanim svrchni ¢asti zemské klry rostlinami a Zivocichy a rozkla-
dem téchto organisml a za pUsobenf dalsich tzv. pldotvornych ciniteld vznika
plda - padnf vrstva - pedosféra, kterd se stdva zpétné zékladnim Zivotnim
predpokladem a podminkou Zivota vcetné Zivota lidské civilizace. Pro cloveka -
zemédélce z jeho Uzkého pohledu ma nejvétsi vyznam plda Urodnd, tedy plda
se schopnosti poskytnout vhodné podminky pro rlst rostlin, umoznujici cloveku
produkovat potraviny a dalsi suroviny.

V soucasné dobé vsak dochazi ke zméné pohledu na pUdu jako na neobnovitelny
zdroj v souvislosti s udrzitelnym hospodarenim. Udrzitelnost v zeméedélstvi znamena
nejen zabezpecleni kvalitni produkce pro lidskou populaci, ale zaroven zachovani
zivotniho prostredi vSech ostatnich Zivych organizm( a neposkozovani souvise-
jicich prirodnich zdrojd - v prvé fadé samotné pldy (jeji ochrana pred erozi, zhut-
novanim, znecistovanim, Ubytkem organické hmoty), ale také vody (vznik pitné vody,
zadrzeni vody v krajiné) a slozeni atmosféry (produkce kysliku, regulace mnozstvi
sklenfkovych plynd).

Zem&dalstl podnikatelé dnes v CR hospodaff na pfiblizng 4,22 mil. ha zemé&délské
pldy, kterd tak tvofi pfiblizné 46,4 % celkové rozlohy statu. Na jednoho
obyvatele republiky pfipadd 0,40 ha zemédélské pldy, z toho 0,28 ha pUdy
orné, coz je priblizné evropsky primeér. Zatimco vyméra zemédélské a orné
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pldy v poslednich deseti letech trvale klesa, vyméra pozemkd evidova-
nych v katastru nemovitosti jako lesni parcely mirné roste na soucasnych
33,8 % celkové rozlohy statu. Polovina zemédeélského pldniho fondu se nachazi
v oblastech méné priznivych pro hospodareni (tzv. LFA oblasti) a to jsou prave
oblasti, kde se podporuje zalesrovani pldy nebo zakladani a udrZovani luk
a pastvin.

Jakych kvalit dosahuje nase zemédélska plida, na ¢em vlastné hospodarime?
Jakymi zménami nase plda prochazi?
Mé&ni se nékteré jeji parametry a klesa jeji Grodnost?

Tyto a fada daldich otazek zaznivaji stale naléhavéji v situaci rychlého rdstu lidské
populace na Zemi, trvalého Ubytku ploch vhodnych k zemédeélské produkci
potravin a moznych rizik globalni klimatické zmény. Naléhavost pokladanych otazek
je dale umocnovana Sirokou medializaci vznikajicich rizik, zalozené mnohdy
na nespravné interpretaci nepodloZenych nebo nereprezentativnich vysledkd,
na snaze okamzité zaujmout a publikovat jednoducha a snadno pochopitelna
feSeni. A pravé monitoring zemédélskych pld nabizi systém poskytujici spolehlivé
a overené podklady a umoznuje tak pfedchazet moznym desinterpretacim.

Co je to monitoring pad?

Podle zavedené definice je monitoring spojité nebo pravidelné opakované sledovani
vybranych parametrd, funkcf ¢i zmén urcitého systému v ¢ase a prostoru. Monito-
ring zemédélskych pad je tedy sledovani stavu a dynamiky pldnich viastnosti a viivd
pUsobicich na pldu, zejména ve vztahu k produkénim a ekologickym funkcim pady,
provadéné na stalych, definovanych a reprezentativnich bodech/plochach presné
definovanym a stabilnim souborem meéricich postupd.

K zajisténi takového dlouhodobého sledovanf vybranych parametr( slouZi programy
monitoringu. Prdbézné vyhodnocované vysledky téchto program umoZiuji vcas
odhalit zmény parametr(, identifikovat negativni vlivy snizujici/ohrozujici kvalitu

pldy ¢i jiného monitorovaného prostfedi a doporucit postupy a prostredky,
jak snizit rizika, popf. zachovat nebo i zlepSit soucasny stav.

Historie sledovani sloZeni a stavu pldy a monitoring ptdy v evropském
kontextu:

Védomé sledovani fyzikélnich a chemickych vlastnosti zemédélskych pld méa

dlouhou tradici sahajici az k starovékym a antickym kulturam, kvalitativni sledovani
sahéd k zédkladdm zemédélského zkusebnictvi v pocatku 19. stoleti.

.

Liebigovy prace odhalujici souvislosti mezi slozenim pldy a mnoZzstvim Zivin
dodanych hnojenim a vynosem polnich plodin byly dobrym ddvodem, proc se
zabyvat padnimi rozbory poskytujicimi dopliikovou informaci k polnim vyzivarskym
pokustim. Rozbory zemédélskych pdd a hledani souvislosti s déavkou hnojent
se tak staly nezbytnou néplIni zkuSebnich a vyzkumnych Ustavd zemédélskych,
které v druhé poloviné 19. stoleti vznikaly v celém prostoru stfedni Evropy.
Systém, pravidelnost a dokonce povinnost analyzovat pldy byl zaveden ve
valeCnych letech, kdy opatreni pro zasobovani obyvatel a armad potravinami

zemeédeélské produkce dostala vysokou prioritu.

10 Introduction



Sledovani zakladnich rostlinnych Zivin bylo postupné doplnovano zkoumanim

dalSich parametrd pld, vyzkumem vzniku a vyvoje pdd a jejich kategorizaci.

V podminkéach Ceskoslovenska byl vyznamnym pocinem navazujicim na predcha-
zejici pedologické a agrochemické tradice Komplexni prlzkum pld provadény
na zékladé vladniho nafizeni v letech 1961 az 1970. V prlbéhu deseti let bylo
vykopano a popsano na plose celého pldniho fondu CSR na 700 000 pdldnich
sond a provedeno na 2 miliony laboratornich analyz. Vysledky prlzkumu byly
vyhodnoceny na zékladé genetickoagronomické klasifikace pld a zpracovany
na podnikovych mapach v méritku 1:5 000, okresni souhrny pak v méritku mapy
1:50 000. Na zé&kladé Komplexniho prizkumu pld byla vypracovana bonitace
pld a zaveden svetové jedinecny systém bonitovanych pldné ekologickych jednotek
(BPEJ) pouzivany dosud pfi ocenovani pozemkd.

Tak jak narUstala industrializace rozvinutych zemi Evropy a Spojenych statl
v povaleCnych letech, byla stale intenzivngji pocitovana potreba ochrany
zemédélského pldnfho fondu jako nezastupitelné a neobnovitelné podminky
existence Zivota na Zemi - zajem se z oblasti uzitné hodnoty pldy presouval
k nezbytnosti jeji efektivni ochrany. Vyznamnym dobovym dokumentem v tomto
sméru je Evropskd charta o pldé z roku 1972 ndsledovana Svétovou chartou

o padé prijatou 21. konferenci FAO v roce 1981.

Tento zasadni posun v orientaci zajmu o padu otevrel logicky otazku rizikovych
slozek pldy (jak sloZzek anorganickych tak i organickych) a potfebu sledovat vyvoj
pldnich vlastnosti v ¢ase. A pravé sledovani casovych zavislostf slozenf plidy na pevné
definovanych plochach je zakladni podstatou ptidniho monitoringu.

Pro historii monitoringu na nasem Uzemi je nezbytné zminit aktivity pracovnich
spolecenstvi stfedoevropskych zemf a regionl (ARGE Alpen-Adria a ARGE Donau),
které v oblasti zamérené na ochranu zivotniho prostredi postupné polozily zaklady
metodologie monitoringu pld pouZivaného Bavorskym zemédélskym zemskym
Ustavem (BLA), ze které vychazi také metodika Bazalntho monitoringu pdd CR.

Pocatkem devadesatych let byly navazany odborné kontakty s BLA ve Freisingu,
ktery poskytl vlastni pouzivanou metodologii zalozeni a vedeni Bazalniho monito-
ringu pdd a ve spolupraci s Ministerstvem Zivotniho prostredi zapocala spolecna
priprava Metodiky monitorovani zemédélskych a lesnich ptd a ptd chrénénych Gzemf
CR. Posledni detaily byly dofedeny v rdmci odborné stdze na BLA v prvnim pololet
1992 tak, ze na podzim téhoz roku mohla byt metodika monitorovani publikovana.
Doplnéna a aktualizovana verze byla publikovana v roce 1995.

V predstihu byly vyfeSeny nasledujici problémy:

Kompetence k provadéni monitoringu - na zakladé kompetencniho zakona
i na zdkladé zdkona ¢ 334/1992, o ochrané zemédélského pladniho fondu,
je prislusnym Ustrednim Uradem Ministerstvo zivotniho prostredi, proto byly vSechny
pripravy provadény v jeho gesci. Odpovédnost za monitoring zemédélského pldniho
fondu prevzal od pocatku UstFedni kontrolnf a zkusebni Ustav zemédélsky (UKZUZ),
monitoring lesnich pld provadél v souladu s celoevropskou monitorovaci sitf
Ustav wyzkumu lesnich ekosystémd s.r.o. Praha, pozd&ji prevzal tuto kompe-
tenci Vyzkumny Ustav lesntho hospodéarstvi a myslivosti Praha. Monitoring ptd
chranénych oblasti provadél Cesky Ustav ochrany pffrody transformovany do Agentury

ochrany prirody a krajiny.
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Vybér a pocet monitorovacich ploch - v souladu s doporucenim ARGE
Alpen-Adria byl zvolen pristup vybéru plosné nerovnomérné sité s Umernym zastou-
penim hlavnich padnich typt a druh@ a jednotlivych péstovanych zemédélskych kultur.
K vybéru optimalniho zastoupeni hlavnich genetickych pdadnich typd bylo vychdzeno
z popisu specialnich padoznaleckych sond Komplexniho prézkumu pld.

Dale byl stanoven:

tvar, velikost a zpUsob vytycenf pozorovacich ploch v terénu,
vybér monitorovanych parametrd a jejich periodicita,
zpUsob skladovani odebiranych vzorkd,

zpUsob zpracovani vysledkd a jejich prezentace.

T

Bazalni monitoring pld byl od pocatku chdpan jako rozvijejici se systém, dopl-
novany podle aktudlnich potreb, proto byl v pribéhu ¢asu doplnén o subsytém
kontaminovanych ploch a dale byly pridavany nové sledované parametry hlavné
z oblasti organickych polutantl a nova padné biologicka Setfent.

Na zavedeny systém pldniho monitoringu byly od pocatku kladeny
nasledujici poZadavky:

Optimalni pocet zvolenych pozorovacich mist a reprezentativnost jejich rozmis-
téni. Vysledky statistického zpracovani kazdého parametru stanoveného na
monitorovacich plochach musi reprezentovat situaci na celém Uzemi statu.
Jako priklad Ize uvést Setfeni obsahu radioaktivnino cesia po cernobylské
udélosti: bavorsky zemsky Ustav porovnanim aktivity Cs-137 odebranych vzork(
se vzorky archivovanymi stanovil ve velmi kratkém case po havarii intenzitu
zatéze jednotlivych oblasti Bavorska. V podminkach CR bylo napfiklad prokazano,
ze vysledky stanoveni zakladnich Zivin na pozorovacich plochach monitoringu
maji obdobné statistické rozlozeni jako vysledky zivin v agrochemickém zkou-
Seni pld, coZ je soubor s podstatné vyssim poctem stanoveni. Prilis vysoky pocet
monitorovacich ploch je pak vzhledem k nakladnosti Setfeni neekonomicky.

Identifikace monitorovacich ploch. Pavodni topograficky planek polohy moni-
torovaci plochy byl rozvojem pfislusné techniky nahrazen souradnicemi
ploch v systému GPS.

Soustavnd archivace shromaZdovanych ddaji o hospodareni na pozorovaci
plose a archivace odebranych vzorki je zékladem pro vyvoj novych metod,

jejich ovéfovani a validaci a pro vyhodnocovani globalnich viivd na Sifi
a zmény zaméreni zemédélské produkce a na Urodnost pady.

BazdIni monitoring pdd musi umoZriovat sledovdni zmén jednotlivych parametrdi
v case v zavislosti na zméndach zastoupeni zemédélskych kultur, na klimatickych
zmeéndch i na vyvoji industrializace zemédelské krajiny.

Flexibilni moZnost nahrazovdni zrusenych ploch a doplriovani novych parametrd.
Ke 190 pozorovacim boddm zakladnfho monitoringu bylo doplnéno od roku 1995
27 mist na kontaminovanych plochach. Sledovani atmosférické depozice, které
bylo od pocatku provadéno podle metodiky BLA Freising, bylo postupné rozsi-
feno az na 160 monitorovacich ploch spolecné sité instituci rezortu zemedélstvi.
Od rijna 2005 byl tento monitoring pozastaven.

Zpracované vysledky prvnich 25 let provozovani Bazalniho monitoringu pld CR

.

prokazuji opravnénost systému a oteviraji dalsi moznosti jeho rozvoje.
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1 Introduction
Jaroslav Stafa
The history of the land and the human interest of its preservation:

To understand the conditionality of the existence and development of terrestrial
life across the whole range of its current forms and the existence of the soil layer
covering the Earth's surface, it is necessary to remember the geological history
of our planet.

The Earth was formed 4.6 billion years ago. Through a process of differentiation,
the initially homogenous clumps of matter of the early cooling earth formed the
“living” planet of our geological present. The process of differentiation of the Earth's
structure resulted from secondary heating of the planet and consisted of the
gradual formation of concentric layers which differ in physical and chemical
properties.

The atmosphere probably differentiated first. After global cooling of the Earth,
condensation of the water vapour in the atmosphere occurred and the hydrosphere -
water covering - emerged. The basic spherical zonation of the planet was developing
by gradual gravitational differentiation of the inner matter of the Earth.

Distinguished from the Earth's surface to its centre, the Earth can be divided
into the crust, the mantle and the core. The formation of Earth's core was deter-
mined via migration of iron and other metals, especially nickel, towards the centre.
The outer core is composed of an alloy, the inner core is solid. The mantle is a layer
between the crust and the outer core. The mantle is composed of molten rock -
magma with most abundant elements as oxygen, magnesium, iron and silicon. The
Earth's outermost layer is the crust - lithosphere. From all of the above mentioned
spheres, the crust is the least dense layer and biggest proportion of lithophile elements
on a silicate support.

Due to gradual colonization of the Earth's outermost layer by plants and animals
and their decomposition and as a result of other soil-forming factors - the soil - soil
layer - pedosphere was formed, which becomes a precondition for life including
the life of human civilization. In the strict sense, of greatest value for a man -
a farmer - is the fertile soil, i.e. the soil able to provide optimum conditions for plant
growth enabling people to produce food and other raw materials.

The approach to the soil has changed and soil is currently considered
a non-renewable resource in connection to sustainable management. Sustainable
agriculture means ensuring the production of high quality for humans; but,
at the same time environmental conservation of all other living organisms, preventing
exploitation of relevant natural resources, in the first place including the soil
(protection against erosion, compaction, pollution, decrease of organic mass) but
also water (fresh water origin, water retention landscapes) and atmospheric
composition (oxygen production, regulation of greenhouse gases).

Agricultural entrepreneurs currently now farm around 4.22 million hectares
of agricultural land in the Czech Republic, around 46.4% of the total area
of the country. There is 0.40 hectares of agricultural land per one member
of the population of the country; 0.28 hectares of this being arable land (roughly
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the European average). Whereas the area of arable land has continued to decline
in recent decades, the area of land registered in the real estate cadastre as forest
plots as risen by 33.8%. Half of the agricultural land fund is located in areas which
are less favourable for farming (so-called LFA areas), being the very areas in which
the afforestation or creation and maintenance of meadows and pastures
is supported.

What is the quality of our agricultural land, what land do we actually manage?
What changes does the land undergo?
Do some soil parameters vary and is there any soil fertility decline?

These and many other issues have become increasingly urgent as there is rapid
increase in human population, permanent loss of land suitable for agricultural
production of food and potential risks of global climate change. The urgency
of the questions being raised today is further intensified by wide media coverage
of emerging risks, often based on a misinterpretation of unsubstantiated
or unrepresentative results, and on efforts to immediately adopt and publish simple
and easily understandable solutions. Agricultural land monitoring offers a system
providing reliable and verified documents and thus makes it possible to prevent
possible misinterpretations.

What is soil monitoring?

According to the established definition, monitoring is the continuous or regularly
repeated observation of selected parameters, functions or changes of a particular
system in time and space. Monitoring of agricultural land refers to monitoring
of characteristics and dynamics of soil properties and soil-influencing factors,
mainly in relation to productivity and ecological functions of soil carried out at stable,
well-defined and representative points (plots) using a set of well-defined and stable
measurement procedures.

Monitoring programmes serve to ensure such long-term monitoring of selected
parameters. Ongoing assessment of these programmes allows early detection
of changes in parameters, determination of negative impacts reducing / threatening
the quality of soil or other monitored environment and recommendation
on procedures and means to reduce the risk or to maintain or even improve
the current situation.

The history of soil composition and condition monitoring and soil monitoring
in the European context:

Intentional monitoring of physical and chemical properties of agricultural land
has a long tradition dating back to ancient cultures; quality monitoring goes back
to the basics of agricultural testing in the early 19th century.

Liebig's work revealing the connection between soil composition and the amounts
of nutrients in manure compared to crop yield was a good opportunity to deal with
soil analysis providing additional information on field feeding experiments. Analyses
of agricultural land and searching for connections with the amount of fertilizer
became the essential role of agricultural research institutes which in the second
half of the 19th century would be established throughout the whole area of
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Central Europe. System, regularity, and even the obligation to analyse the soil were
introduced during the war years, when measures for supplying the population
and armies with agriculturally produced foods were given high priority.

Monitoring of basic plant nutrients was gradually supplemented by examination of
other soil parameters, research into the soil origin, development and classification.

In former Czechoslovakia, Komplexni prlzkum ptd (a Comprehensive Soil
Survey), conducted by means of governmental regulation from 1961 to 1970, was
an important achievement building on previous pedological and agrochemical
traditions. During ten years, over 700 000 soil pits were dug and described
and 2 million laboratory analyses were carried out in whole Czechoslovakia. The
survey results were assessed on the basis of genetic-agronomic soil classification and
introduced into corporate maps at a scale of 1:5,000; the district summaries were
introduced into maps at a scale of 1:50,000. On the basis of Komplexni prizkum pdd
(@ Comprehensive Soil Survey), land evaluation was introduced together with
a worldwide unique “Bonitované pUdné ekologické jednotky” (BPEJ) Estimated
Pedologic-Ecological Unit used in land valuation so far.

With the increasing industrialisation in developed countries in Europe and
the United States in the postwar years, it was felt necessary to protect agricultural
land resources as being irreplaceable and non-renewable condition for life
on Earth - the focus on land value has moved to the necessity for its efficient protection.
In this respect, an important historical document is the European Soil Charter
(1972) followed by the World Soil Charter adopted by the 21st session of the FAO
Conference in 1981.

This paradigm shift in the focus on land has logically raised the issue of hazardous
constituents of soil (both inorganic and organic) and the need to monitor
the development of soil properties over time. Monitoring of time dependency
of the soil composition on well-defined plots forms the components of soil monitoring.

Regarding the history of monitoring in our territory, it is necessary to mention
activities of the working communities of Central European Countries and Regions
(ARGE Alpen-Adria and ARGE Donau) which in the area aimed at protecting
the environment gradually laid the foundations for methods for soil monitoring used
by the Bavarian Provincial Agricultural Institute (BLA) on which Basal Soil Monitoring
System in the CR is also based.

In the early 1990s, professional contacts with the BLA in Freising were established;
BLA provided its own methodology for establishment and maintenance of Basal Soil
Monitoring System and in cooperation with the Ministry of the Environment the
development of methodology for monitoring agricultural and forest soils and soils of
protected areas of the Czech Republic was initiated. The last details were resolved
within a professional internship at the BLA in the first half of 1992, so that in
the autumn of the same year the methodology for monitoring could be issued.
Amended and updated version was issued in 1995.

The following problems were solved in advance:

Competence in monitoring - in compliance with the Act of Competencies as well
as in compliance with the Act No. 334/1992 Coll., on the protection of the agricultural
land fund, the Ministry of the Environment is the competent central authority;
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thus all preparations were directed through its office. Responsibility for monitoring
of agricultural land fund was taken by the Central Institute for Supervising and
Testing in Agriculture (UKZUZ) from the outset, the monitoring of forest soils was
performed in compliance with Europe-wide soil monitoring network by the Institute
of Forest Ecosystem Research in Prague, this competence was later overtaken
by the Forestry and Game Management Research Institute in Prague. Monitoring
of soils of protected areas was conducted by the Czech Institute of Nature Protection
later changed to the Agency for Nature Conservation and Landscape Protection
of the Czech Repubilic.

Selection and number of monitoring plots - in accordance with the recom-
mendation by ARGE Alpen-Adria, an approach to the selection of an unequalnetwork
with proportion of main soil types and sorts and individual agricultural crops
was chosen. Selection of optimal proportion of main genetic soil types was
determined by a special pedological description within “Komplexni prlizkum ptd*
(Comprehensive Soil Survey).

Furthermore, the following were laid down:

* shape, size and demarcation of monitoring plots

* selection of monitoring parameters and their periodicity
* the manner of storage of collected samples

* the manner of analysing and reporting results

Basal Soil Monitoring System has initially been understood as a developing system,
extended depending on current needs; thus, in course of time, it was extended
with a subsystem of contaminated areas and new monitoring parameters mainly
from the area of organic pollutants and new soil-biological testing.

The following demands were made in respect of the implemented system
of soil monitoring:

*  Optimal number of selected monitoring plots and representativeness of their
distribution. Results of statistical analysis of each parameter adjusted to
monitoring plots must represent the situation throughout the national
territory. Investigation on content radioactive caesium after the Chernobyl
accident can be mentioned as an example: by comparing the activity
concentrations of Cs-137 in collected samples to archived samples, the Bavarian
State Institute was able to determine the exposure rate at different locations
of Bavaria in a very short time after the disaster. In the Czech Republic, for example,
it was shown that the results from determination of essential nutrients
in  monitoring plots have similar statistical distribution as results
of agrochemical soil testing on nutrients, which is a set with a substantially
higher number of determinations. Excessively large number of monitoring
plots is due to the cost of investigation uneconomical.

* [dentification of monitoring plots. In relation to development of appropriate
equipment, the early topographic map showing distribution of monitoring
plots was replaced by GPS coordinates.

» Systematic archiving of collected data on management in monitoring plots
and archiving of collected samples is essential for the development of
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new methods, their verification and validation, for evaluation of global
impacts on the scope and refocusing of agricultural production and soil
fertility.

* Basal Soil Monitoring System must enable to monitor changes in individual
parameters over time in response to changes in the proportion of crops, climate
changes and the development of agricultural industrialization.

»  Flexible possibility of replacing cancelled plots and adding new parameters. Since
1995, 27 plots in contaminated areas have been added to 190 monitoring points
of basic monitoring. Monitoring of atmospheric deposition, which was from
the outset conducted according to the BLA Freising methodology, was gradually
extended up to 160 monitoring plots of a corporate network of institutions
of the Ministry of Agriculture. Since October 2005, this monitoring has been
suspended.

Presented results from the first 25 years of the Basal Soil Monitoring System
in the CR prove the legitimacy of the system and open up further possibilities
for its development.
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2 Metodika

Sdrka Poldkovd

2.1 Monitorovaci plochy

Sit monitorovacich ploch Bazélniho monitoringu zemédélskych pld (BMP) vznikla
v roce 1992, kdy také probéhly prvni odbéry pldnich vzorkl v zékladni siti
190 pozorovacich ploch. Vroce 1995 byly odbéry zopakovany za pouziti optimalizované
metody vzorkovani. V roce 1997 byl zaloZzen subsystém kontaminovanych ploch.
Na lokalitach charakteristickych anorganickym znecisténim jak antropogenniho tak
geogenniho plvodu vzniklo 27 pozorovacich ploch. Obrédzek 1 ukazuje soucasné
rozmistenf lokalit BMP.

Obrdzek 1. Lokalizace pozorovacich ploch Bazdlniho monitoringu pdd.

Hlavni zasady vybéru pozorovacich ploch v zakladnim subsystému monitoringu:

« dodrzeni vzajemného poméru mezi pddnimi typy tak —aby odpovidal
plosnému vyskytu ptdnich typl v Ceské republice,

+  zastoupeni kultur podle vyskytu v Ceské republice (Obrézek 2),
e rovnomérneé rozlozeni pozorovacich mist na plose okresu (regionu),
* vystizeni rozdilnych vyrobnich podminek regionu.

Nejvyznamnejsi podminkou pro zaloZeni plochy v subsystému kontaminovanych ploch
byly nadlimitni obsahy rizikovych prvkd v pddé (ve smyslu tehdy platné vyhlasky MZP
¢. 13/1994 Sb.).
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Obrdzek 2. Procentudini zastoupeni kultur zemédélské plidy v Ceské republice a Bazdinim monitoringu
pud v roce 1992.

Ceska republika / Czech Republic Bazalni monitoring ptd /
Basal Soil Monitoring System
24,01 20,4
2 ~_
113 o 2,99
o\ iy
027_— 2,49 _—
\_74,13 \72,64

®orna plda / arable land ® chmelnice / hop gardens ®orna pada / arable land ® chmelnice / hop gardens
vinice /vineyards W ovocné sady / orchards vinice /vineyards W ovocné sady / orchards

W TTP / permanent grassland WMTTP / permanent grassland

Pozorovaci plochy jsou definovany jako obdélntky o délce stran 25 x 40 m; o celkové
rozloze 1000 m? Kazda plocha je charakterizovana zemeépisnymi souradnicemi,
morfologif terénu, klimatickymi a padnimi pomeéry. V tésné blizkosti kazdé plochy byla
vykopana a popsana pedologicka sonda.

Ne v3echny pozorovaci plochy se nachézl v majetku UKZUZ. Vétsina ploch leZi
na pozemcich nélezejicich pravnim subjektdm, které zde hospodari zpdsoby, jez jsou
pro nase zemédélstvi obvyklé. Z tohoto ddvodu se v prabéhu uplynulych vice nez
20 let zménil u nékterych pozorovacich ploch zplsob vyuzivani, popf. musely byt
nékteré plochy zruseny, to znamena, Ze v jednotlivych vzorkovacich cyklech se mohl
pocet ploch BMP lisit (tabulka 1).

Tabulka 1. Zastoupeni jednotlivych kultur v Bazdlnim monitoringu pud v jednotlivych letech zdkladniho
vzorkovani

Pocty ploch v jednotlivych letech /
Kultura / Cultures Number of plots in periods

1995 2001 2007 2013
Orna plda / Arable land 163 161 155 154
Trvalé travni porosty / Permanent grassland 31 35 43 44
Sady / Orchards 7 6 6 6
Vinice / Vineyards 4 5 5 5
Chmelnice / Hop gardens 7 7 5 5
Celkem / Total 212 214 214 214
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Obrdzek 3. Pedologické sondy na orné plde na pozorovaci plose 70058 Jaromerice nad Rokytnou
(hnédozem modadini slabé oglejend) a na TTP 4901KO JeniSov (pseudoglej modalni)

V' ramci celého souboru pozorovacich ploch monitoringu existuji tfi odbérova
schémata:

Jednorazové odbéry jsou provadeny pri wvykopu pedologické sondy.
Odebiraji se neporusené puadni vzorky, tzv. fyzikdIni vélecky ke stanovenf
vybranych fyzikalnich viastnosti pld, a porusené pldni vzorky, ke stano-
venf chemickych a fyzikdlné-chemickych vlastnosti pdd. Tato stanoven/ jsou
provedena na vsech pozorovacich plochdch sité monitoringu.

Zakladni odbéry jsou provadény v Sestileté periodé. ZjiStovany jsou
predevsim (agro)chemické viastnosti pad. Odbéry v zdkladni periodé probihaji
na vsech pozorovacich plochdch monitoringu.

KaZdoro¢ni odbéry jsou zaméreny na sledovani stavu a vyvoje znecisténi
pld organickymi polutanty, a na moZnou kontaminaci potravinového
fetézce prostrednictvim zemeédélskych plodin (odbéry rostlin). Tyto odbéry
probihaji na vybraném souboru pozorovacich ploch.
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Tabulka 2. Parametry stanovované ve vzorcich pdd a rostlin odebranych v jednotlivych odbérovych

schématech

Jednorazové odbéry
a identifikace
pozorovaci plochy

Zakladni vzorkovani
v Sestileté periodé

Kazdorocni
odbéry

e Fyzikdlni parametry -
momentni vihkost, objem.
hmotnost red., porovitost,
max. kapilarnf vodnf
kapacita, minimalni
vzdusna kapacita

e Zrnitost

° Cox’ Ntot

e Sorpcni kapacita pady -
potencialni, aktualni

e Prvkova analyza (As, Be,
Cd, Co, Cr, Cu, Mo, Ni, Pb,
V, Zn) - lu¢avka kralovska

° Hgtot

e Popis ptdni sondy

e Zaznam identifikacnich
Udajl o pozorovaci plose

Aktivni a vyménné pH
Pristupné zZiviny - P, K, Mg,
Ca (Mehlich 11

Pristupné
mikroelementy - B, Mo,
Mn, Zn, Cu

C N

ox! * “tot
Sorp¢ni kapacita pady -
aktualni
Prvkova analyza (As, Be,
Cd, Co, Cr, Cu, Mo, Ni, Pb,
V, Zn) - lucavka krélovska,
2M HNO,

Hgtot

Mineraini dusik - N __

Mikrobiélni a biochemické
parametry

Organické polutanty -
HCH, HCB, latky skupiny
DDT, PCB, PAH

Obsah rizikovych prvk{

v zemédélskych plodinach

Evidence davek hnojeni
a pripravkd na ochranu
rostlin

Odbéry vzorkd pri zdkladnich odbérech jsou provadény po Uhloprickach; odebirajf

se vzdy Ctyfi smésné vzorky z ornice a podornici (obrazek 4). Pri kazdoroc¢nich odbé-
rech se vzorkovani provadi metodou ,po lomené care” (obrazek 5).

Obrdzek 4. Odbérové schéma vzorkovani zemeédélskych pld v zdkladni Sestileté periode odbeért

40 m

25m

umisténf individualnich odbérd k ziskani 4 smésnych vzork{

c1 QO

2 @ ¢3 @

¢4 QO
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Obrdzek 5. Odbérové schéma vzorkovdni zemeédelskych pud pri kaZdorocnich odbeérech (,po lomené
care”)

.

Vzorky orné pldy se odebiraji z ornice (dle mocnosti horizontu, maximalné
do 25 cm) a podornic¢fi (35-60 cm), v sadech a vinicich taktéZ ze dvou horizontd
(0-30 cm, 30-60 cm), na chmelnicich z ornice (10-40 cm) a podornici (40-70 cm);
u trvalych travnich porostl ze tff horizontl (0-10 ¢cm, 10-25 cm, 25-40 cm; vzdy
po odstranéni svrchni drnové vrstvy).

2.2 Hodnoceni parametru

Parametry hodnocené v rédmci jednotlivych odbérovych cykld byly hodnoceny
v celém rozsahu BMP, tzn. u vsech 214 monitorovacich ploch.

Pro hodnocenf zmén a pfipadnych trendd byly ze souboru pozorovcich ploch
Bazalniho monitoringu pld wbrany ty plochy, které jsou v databézi monito-
ringu od zacatku sledovani (tzn., ze nebyly v prdbéhu monitoringu z jakych-
koli dlvodd zruSeny, posunuty, ¢i zaloZeny jako nové plochy), jsou kontinualné
obhospodafovany jednim zpldsobem (nedo$lo na nich ke zmeéné kultury)
a nezmenilo se jejich umisténi v terénu (zplUsobené napf. rozdélenim pozemku
vice najemcdm, rozdiinym hospodafenim na pozorovaci ploSe, zastavbou,
pUdné-klimatickymi zménami, jez opét vedly k rozdilnému vyuZivani plochy). Celkem
se jedna o 177 ploch (tabulka 3).

Tabulka 3. Struktura souboru BMP pro hodnoceni zmén a pripadnych trendd v obdobi 1995-2013

Zakladni Kontaminovany
T | e | Eon
subsystem |of contaminated plots
Ornéa plda / Arable land 127 15 142
Trvalé travni porosty / Permanent grassland 18 3 21
Sady / Orchards 5 0 5
Vinice / Vineyards 4 0 4
Chmelnice / Hop gardens 3 2 5
Celkem / Total 157 20 177
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2.3 Principy laboratornich metod

VEechny analyzy jsou provadény v Narodni referencni laboratofi UKZUZ s vyuZitim
metod akreditovanych podle ISO 17025.

2.3.1 Stanoveni fyzikalnich vlastnosti neporusenych padnich vzorki

Vazenim Cerstvého, vodou nasyceného, odsatého a vysuseného vzorku a stanovenim
jeho zdanlivé hustoty se ziskaji zakladnf Gdaje pro vypocet téchto ukazatell:

*  maximalni kapilarni vodni kapacita,

* objemova hmotnost redukovana,

*  porovitost,

* minimalni vzdusna kapacita.

2.3.2 Stanoveni chemickych parametrd v porusenych
pldnich vzorcich

Vzorky urcené ke stanoveni chemickych parametrt byly vysuSeny na vzduchu a prosaty
2mm sitem.

Stanoveni rtuti na pfistroji AMA-254

Rtut byla mérena v upravenych vzorcich pld na principu atomové absorp¢nf spektro-
fotometrie na analyzatoru rtuti AMA-254.

Extrakce pud lucavkou kralovskou (As, Be, Cd, Co, Cr, Cu, Mo, Ni, Pb, V, Zn)

Upravené vzorky pld byly extrahovény smési koncentrované kyseliny chlorovo-
dikové a koncentrované kyseliny dusicné (3:1) za zvySené teploty. Postup vychazi
z normy ISO 11466. Sledované parametry byly stanoveny optickymi analytickymi
metodami, tj. ICP-OES a FAAS.

Extrakce pud zfedénou kyselinou dusi¢nou

(As, Be, Cd, Co, Cr, Cu, Mo, Ni, Pb, V, Zn)

Upraveny puadnfi vzorek byl extrahovan kyselinou dusi¢nou o koncentraci
2 mol.I" za laboratorni teploty v klidu po dobu 16 hod. a po 1 hod. trepani
Sledované parametry byly méreny optickymi analytickymi metodami ICP-OES a FAAS.

Stanoveni pFistupnych Zivin (P, K, Mg, Ca) podle Mehlicha 3

Plda se extrahovala kyselym roztokem, ktery obsahoval fluorid amonny pro
zvySeni rozpustnosti rlznych forem fosforu vazanych na hlinik. V roztoku
je pfitomen i dusicnan amonny, ktery priznivé ovliviuje desorpci drasliku, horciku
a vapniku. Kysela reakce wvyluhovaciho roztoku je nastavena kyselinou octovou
a kyselinou dusi¢nou. Pritomnost EDTA zajiStuje dobrou uvolnitelnost nutricné
vyznamnych mikroelement.

Pro méfeni se wyuzivd plamenova atomova absorpce a atomova emise.
Draslik je stanovovan emisné primo v M3 extraktech. Obsah vapniku a horciku
se po naredéni extraktu pridavkem lanthanu stanovi metodou atomové absorpcni
spektrofotometrie v plameni acetylen-vzduch.

Fosfor se v pddnim extraktu stanovi bud metodou ICP-OES, nebo na UV-VIS
spektrofotometru.
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Stanoveni obsahu Cu, Fe, Mn a Zn v extrakénim roztoku DTPA-TEA
podle Lindsaye a Norvella

Pidda se extrahovala roztokem, ktery obsahoval 0,1 moll" triethanolaminu,
0,01 mol.I" chloridu vapenatého a 0,005 moll" DTPA. Extrakce probiha pri
pH 7,3 teploté 20 °C a pfi poméru (plda : extrakéni roztok = 1 : 2) (m/V) za presné
definovanych podminek extrakce. Mirné alkalickd reakce extrakéniho Ccinidla
a prftomnost iontl vapniku omezuje rozpousténi karbonatl a tim se sniZi i extrakce
okludovanych mikroelement(, které jsou pro rostliny nepristupné.

Vlastni stanoveni obsaht Cu, Fe, Mn a Zn v pldnim extraktu se provadi metodou
FAAS.

Stanoveni obsahu B extrakci plidy vodou za varu podle Bergera a Truoga
Vzorek pudy se extrahoval definovanym zpUsobem vodou za varu.

Extrakt se pouZije pro vlastni stanoveni obsahu B, které se provadi spektrofotometricky
azomethinem-H.

Stanoveni obsahu Mo extrakénim roztokem AO-OA (1995)

Vzorek pudy byl extrahovan extrakénim roztokem 0,1M kyseliny oxalové a 0,2M oxalatu
amonného pri pH 3,3.

V ziskaném extraktu je vlastni stanoveni Mo provedeno metodou AAS-ETA.

Stanoveni polychlorovanych bifenylt (PCB) a organochlorovych pesticid(i (OCP)
ve vzorcich pady

PCB a OCP se z upraveného vzorku extrahuji do smési rozpoustédel hexan-
-aceton (v poméru 3:1). Extrakt s pfidavkem vhodnych vnitfnich standard(
se precisti na sloupci modifikovaného silikagelového sorbentu, sirné slouceniny
se odstrani reakci s elementarni medi a zkoncentrovany extrakt se analyzuje metodou
GC-MS ve vhodném rezimu méreni (SIM, MRM). Timto postupem Ize dosahnout
meze stanovitelnosti 0,1-1 pg.kg" susiny vzorku pro indikatorové kongenery
PCB (28,52,101,118,138,153a180)ipro vybrané organochlorové pesticidy (DDT/D/E,
HCH a HCB).

Po celou dobu trvani monitoringu zlstal zachovéan princip metody, jednotlivé ¢asti
postupu byly optimalizovany spolu s novym pristrojovym vybavenim laboratore.
V' prvnich letech BMP (do roku 2000) tyto analyzy provadéla povérena
externi laboratof, od roku 2000 jsou analyzy PCB a pozdéji i OCP prova-
dény wyhradné v brnénské laboratofi UKZUZ. V roce 2004 byla tato zkouska
akreditovdna a zajisténa kompatibilita vysledk(. Detekéni limity byly vyrazné
snizeny, nastavend mez pro zépis vysledkl je 0,5 pgkg! pro PCB a 1 pgkg’
pro OCP.

Stanoveni polycyklickych aromatickych uhlovodik( (PAH) ve vzorcich pady
Polycyklické aromatické uhlovodiky (PAH) se stanovi po extrakci acetonem

v vy

a precisténi na pevné fazi (SPE) metodou HPLC na reverzni fazi s gradientovou eluci
a s fluorometrickou detekci (kromé acenaphtylenu - UV detekce).
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Vzorky zemin (10g) jsou extrahovany acetonem, extrakt se precisti prfes SPE
kolonku C8. Nepolarni latky - PAH se zachyti na sorbentu C8, odkud jsou eluo-
vany tetrahydrofuranem. Analyzovany jsou vysokoucinnou kapalinovou chromato-
grafil (HPLC) s fluorescencni detekci a gradientovou eluci. Méfeni a vyhodnoceni
se provadi pomoci chromatografického integracniho software CSW, od roku 2005
chromatografickym systémem - Agilent ChemStation. Od listopadu 2015 se PAHSs
analyzuji na novém HPLC Ultimate 3000, Thermo Fisher Scientific, vyhodnoceni
se provadi pomoci softwaru Chromeleon.

2.3.3 Stanoveni mikrobiologickych parametrt
Stanoveni C mikrobialni biomasy fumigacni extrakéni metodou (MBC)

Béhem fumigace (pUsobenf par chloroformu) na pldnf vzorek jsou intaktni mikrobi-
alnf bunky lyzovany a mikrobidlni organickd hmota uvolnéna do pldy. NeZiva orga-
nickd hmota nenf fumigaci vyznamné ovlivnéna. Padnf vzorky jsou fumigovany
chloroformem 24 hodin. Organicky uhlik extrahovany 0,5 M siranem draselnym
je stanoven ve fumigovanych a nefumigovanych vzorcich a z rozdilu je vypocten
obsah mikrobidlniho uhliku (MBC).

Bazalni respirace

Padnivzorek se inkubuje v uzaviené lahvi nad roztokem hydroxidu sodného, do kterého

je jiman uvolnény CO,. Mnozstvi respirovaného CO, se stanovi z rozdilu spotreby HC
na titraci blanku a vzorku.

Substratem indukovana respirace (RS) a specificka rlistova rychlost (RKR_p)
stanovené pomoci systému Oxitop (WTW, Némecko)

Padni vzorek je inkubovan spolu s roztokem hydroxidu sodného v uzaviené lahvi
s mérici hlavici Oxitop. Spotfeba kysliku vede k poklesu tlaku v lahvi, nebot uvolnény
oxid uhlicity je jimam do roztoku hydroxidu. Méfici zafizeni prdbézné zaznamenava
pokles tlaku, ktery je poté prepocten na mnozstvi spotrebovaného kysliku. Prida-
vek substratu obsahujici glukdzu vede k okamzitému zvySeni respirace (substratem
indukovana respirace), ktera je stanovovana béhem 10 nasledujicich hodin
po pridavku glukdzy. Po urcité dobé pddni mikroorganizmy za¢nou vyuZivat substrat
ke svému rastu. Ziskana respiracni ristova kfivka zavislosti spotieby kysliku na ¢ase
méa sigmoidalni prlbéh. Z exponencidlni faze je vypoctem stanovena specificka

respiracni rychlost p, jejiz reciproka hodnota odpovida generacni dobé. Stanoveni
RKR_p bylo zavedeno v roce 2003, RS v roce 2006.

Anaerobni amonifikace - anaerobni N mineralizace

Padni vzorek je inkubovan tyden pri 40 °C v uzavrené zkumavce naplnéné vodou,
aby bylo zamezeno pristupu kysliku a oxidaci amonnych iontl na nitratové. Z rozdilu
koncentraci NH,* na konci a na pocatku inkubace je stanovena rychlost amonifikace.

Kratkodoba nitrifikacni aktivita (SNA)

Vzorek je inkubovan 6 hodin v tfepané suspenzi pfi saturaci substratem
(NH,250,/ s pridavkem NaClO,, ktery inhibuje oxidaci NO, na NO,, takze
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se stanovuje pouze pfirlstek NO,. Kratkd inkubacni doba neumoznuje zvySenf
poctu nitrifikdtorl a vyslednd hodnota predstavuje potencidlni nitrifikac¢ni aktivitu
v okamziku zahdjeni pokusu. Na rozdil od ostatnich uvedenych mikrobidlnich
vlastnosti SNA neodraZf transformaci padni organické hmoty, zde ji uvadime jako
citlivy parametr zmén v ptdnich vlastnostech, zejména pH.
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2 Methodology

Sdrka Poldkovd

2.1 Monitoring plots

The network of monitoring plots in Basal Soil Monitoring System (BSMS) was
developed in 1992 when first samples of soil in the basic network comprising
190 monitoring plots were collected. In 1995 samples were repeatedly taken using
optimized sampling methods. In 1997 a subsystem of contaminated plots was
established. 27 monitoring plots were set in locations with inorganic pollution
of both anthropogenic and geogenic origin. Figure 1 shows the current location of
BSMS plots.

Figure 1. Location of monitoring plots in Basal Soil Monitoring System

Guiding principles in the selection of monitoring plots in basal monitoring
subsystem:

e respecting ratio between soil types in such a way that it corresponds to the
occurrence of soil types in the Czech Republic,

* representation of cultures by their occurrence in the Czech Republic (Figure 2),

* even distribution of monitoring plots within a district (region),

» description of different production conditions of a region.

Excess contents of hazardous elements in soil (in the intention of Decree No. 13/1994
applicable at that time) were the most important condition of establishing of plots
in subsystem of contaminated plots.
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Figure 2. Percentage of representation of cultures of agricultural soil in the Czech Republic and Basal
Soil Monitoring system in 1992
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W TTP / permanent grassland W TTP / permanent grassland

Monitoring plots are defined as rectangles 25 x 40 m, with area of 1,000 mZ2
Each area is defined by geographical coordinates, landscape morphology, and
the nature of the soil and climate. A pedological pit was excavated and documented
in close proximity to each plot.

Not all monitoring areas are contained in the UKZUZ property. Most plots are
located on parcels belonging to legal entities that manage the land in a manner
characteristic of our agriculture. For that reason, the use of some monitoring plots
has changed over the 20 years or some plots have been cancelled, which means
that the number of plots may have been different in individual sampling cycles
(Table 1).

Table 1. The representation of individual cultures in Basal Soil Monitoring System each year of basic
sampling

Pocty ploch v jednotlivych letech /
Kultura / Cultures Number of plots in periods

1995 2001 2007 2013
Ornéa plida / Arable land 163 161 155 154
Trvalé travni porosty / Permanent grassland 31 35 43 44
Sady / Orchards 7 6 6 6
Vinice / Vineyards 4 5 5 5
Chmelnice / Hop gardens 7 7 5 5
Celkem / Total 212 214 214 214
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Figure 3. Pedological pit excavated into the arable soil in monitoring plots 70058 Jaromérice nad
Rokytnou (haplic Luvisols) and on permanent grassland 4901KO JeniSov (Stagnosol)

Within the whole set of monitoring plots there are three sampling schemes:

* One-shot sampling is carried out within excavation of a pedological pit.
Both undisturbed soil samples, so called physical cylinders, are collected
to determine selected physical properties of soils and disturbed soil samples
serving to determine chemical and physico-chemical properties of soils. These
determinations are made in all plots of the monitoring network.

e Basic sampling is carried out in the six-year period. in particular, (agro)
chemical properties of soil are detected. Sampling in basic period is done
in all plots of the monitoring network.

* Annual sampling is focused on monitoring of the condition and development
of soil pollution by organic pollutants and on possible contamination of the food

chain through agricultural crops (sampling of plants). The samples are collected
from a selected file of monitoring plots.
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Table 2. Parameters determined in soil and plant samples collected in individual sampling

schemes.

One-shot sampling
and identification

of the monitoring plot

Basic sampling
(six-year period)

Annual
sampling

Physical parameters -
actual moisture, reduced
bulk density, porosity,
maximum capilarity,
actual air capacity

Texture
Cox' Ntot
Cation exchange capacity

Determination

of hazardous elements

in Aqua Regia mineralisates
(As, Be, Cd, Co, Cr, Cu, Mo,
Ni, Pb, V, Zn);

Hgtot
Soil pit description

Identification
of the monitoring
plot - arecord

pH - active, exchangeable

Available nutrients (P, K,
Ca, Mg according
to Mehlich Il1)

Available micronutrients
(B, Mo, Mn, Zn, Cu)

C Ntot
Cation exchange capacity

ox!

Determination

of hazardous elements

in Aqua Regia mineralisates
and 2M HNO, (As, Be, Cd,
Co, Cr, Cu, Mo, Ni, Pb, V,
Zn);

H gtot

N

Microbiological
and biochemical
parameters

Organic pollutants - HCH,
HCB, DDT and
its metabolites, PCB, PAH

Hazardous elements
content in agricultural
plants

Evidence of fertilization
and pesticides application

min

Basic sampling is conducted diagonally; four composite samples are always taken

from the topsoil and subsoil (Figure 4); in annual sampling samples are collected using

the method “zig-zag" pattern (Figure 5).

Figure 4. Sampling scheme of agricultural soil in basic six years sampling period
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Location of individual samplings for obtaining four composite samples
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Figure 5. Sampling scheme of agricultural soil in annual sampling (zig-zag pattern)

Arable soil samples are taken from the topsoil (according to the soil horizon
thickness, up to 25 c¢cm) and subsoil (35-60 c¢cm); in orchards and vineyards also
from two horizons (0-30 c¢cm, 30-60 cm); from the topsoil (10-40 c¢cm) and the
subsoil in hop gardens (40-70 cm); from three horizons in permanent grasslands
(0-10 cm, 10-25 cm, 25-40 cm; always after removal of the upper turf layer).

2.2 Assessment of the parameters

Parameters measured within individual sampling cycles were assessed in whole
BSMS, i.e. in all 214 monitoring areas.

For the assessment of changes and potential trends, the plots selected
from the set of BSMS monitoring plots were the plots stored in a monitoring database
from the beginning of the monitoring up to now (i.e. they were not cancelled,
shifted or established as new plots for any reason within the monitoring), they were
continuously managed in one way (there was no change in culture), and their
location was not changed (e.g. caused by splitting it between more tenants, different
management of the monitoring plot, development, or soil and climate change
that would result in different land use). This concerns a total of 177 plots
(Table 3).

Table 3. Structure of the BSMS set for assessment of changes and potential trends 1995-2013

Zakladni Kontaminovany
Kilidiculiine N omeal | /Subsystem | /BSMS tora
subsystem |of contaminated plots
Orna plda / Arable land 127 15 142
Trvalé travni porosty / Permanent grassland 18 3 21
Sady / Orchards 5 0 5
Vinice / Vineyards 4 0 4
Chmelnice / Hop gardens 3 2 5
Celkem / Total 157 20 177
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2.3 Principles of laboratory methods

All analyses were conducted in UKZUZ National reference laboratory using methods
accredited according to I1SO 17025.

2.3.1 Determination of physical properties of undisturbed
soil samples

By weighing of a fresh, water saturated, drained and dried sample and determining its
apparent density, basic data for determining the following indicators were obtained:

* maximum capillary water capacity

* reduced bulk density

*  porosity

* minimum air capacity

2.3.2 Determination of chemical parameters in disturbed
soil samples

Samples submitted to determination of chemical parameters were air-dried and sifted
in a2 mm sieve.

Determination of mercury using an AMA-254 device

Contents of mercury were determined in prepared soil samples by atomic absorption
spectrophotometry using AMA-254 Advanced Mercury Analyser.

Extraction of soil using Aqua Regia (As, Be, Cd, Co, Cr, Cu, Mo, Ni, Pb, V, Zn)
Prepared soil samples were extracted with a mixture of hydrochloric acid and concen-
trated nitric acid (3:1) at elevated temperature. The procedure was based on standard

ISO 11466. The observed parameters were determined by optical analytical methods,
i.e. ICP-OES and FAAS.

Extraction of soil using a dilute nitric acid

(As, Be, Cd, Co, Cr, Cu, Mo, Ni, Pb, V, Zn)

Prepared soil sample was extracted with 2 mol.l-1 nitric acid for 16 hours without
shaking and 1 hour with shaking at laboratory temperature. The observed parameters
were measured using ICP-OES and FAAS.

Determination of available nutrients (P, K, Mg, Ca) according
to the Mehlich 3

The soil was extracted with acid solution containing ammonium fluoride
to increase the solubility of different forms of phosphorus that are bound
to aluminium. Ammonium nitrate was also present in the solution having a posi-
tive effect on potassium, magnesium and calcium desorption. Acid reaction
of leaching solution was supplemented with acetic acid and nitric acid. EDTA
presence ensured that nutritionally important microelements could be easily
released.

Flame atomic absorption and atomic emission were used for measuring.
Potassium was determined by emission directly in M 3 extracts. Calcium and
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Determination of Cu, Fe, Mn, and Zn in DTPA extracted soils according
to Linsay and Norvell

The soil sample was extracted by the solution comprising 0.1 mol.l”
triethanolamine, 0.01 mol.I" CaCl and 0.005 mol.I" DTPA. The pH was adjusted to
7.3 at 20 degrees Celsius and the extraction was done at soil extract ratio 1:2 (m/V)
under precisely defined extraction conditions. The slightly alkaline extraction
reaction and the presence of calcium ions limited carbonate dissolution, which
also contributed to the increase in extraction of occluded microelements available
to plants.

In fact, FAAS was used for determination of Cu, Fe, Mn, and Zn in soil samples.

Determination of B using hot water extraction according to Berger
and Truog

The soil sample was extracted by boiling in water for a specified time period.
The extract was used for determination of B concentration which was carried
out by using Azomethine H spectrophotometric method.

Determination of the AO-OA extractable Mo contents (1995)

The soil sample was extracted with 0.1 M oxalic acid and 0.2 M ammonium oxalate
at pH 3.3. The technique ETA-AAS was used for Mo determination.

Determination of polychlorinated biphenyls (PCBs) and organochlorine
pesticides (OCPs) in soil samples

PCBs and OCPs were extracted from the pre-treated sample into a mixture
of hexane-acetone solvents at 3:1 ratio. The extract with added suitable internal
standards was purified using a of modified silica gel column, sulphur compounds
were removed by reaction with elemental copper and the concentrated extract was
analysed using the GC-MS method in appropriate monitoring mode (SIM, MRM).
In this way, we were able to obtain the limit of detection of 0.1-1 pg.kg' for dry
matter in the sample for indicator PCB congeners (28, 52, 101, 118, 138, 153 and 180)
and for selected organochlorine pesticides (DDT/D/E, HCH a HCB).

Throughout the entire monitoring, the principle of the method was maintained and
individual parts of the procedure were optimised with new laboratory equipment.
In the first years of BSM (until 2000), these analyses were conducted by an external
authorized laboratory, in 2000 PCB and later also OCP analyses started to be
conducted solely in an accredited laboratory in UKZUZ Brno. In 2004 this test
was accredited and compatibility of results was ensured. The limit of detection was
reduced substantially; the limit for recording results was set at 0.5 pg.kg' for PCB,
and 1 pg.kg' for OCP.

Determination of polycyclic aromatic hydrocarbons (PAHSs) in soil samples

Polycyclic aromatic hydrocarbons (PAHs) were determined after acetone
extraction and solid phase extraction (SPE) using a reverse-phase HPLC with
gradient elution and fluorometric detection (except for acenaphtylene - UV detection).
Soil samples (10 g) were extracted with acetone, the extract was purified
by a C8 SPE column. Non-polar PAHs were captured by a C8 sorbent, where they
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eluted with tetrahydrofuran. They were analysed by high performance liquid
chromatography (HPLC) with fluorescence detection and gradient elution. Measuring
and evaluating was conducted using the chromatographic integration software CSW,
in 2005 a chromatography system - Agilent ChemStation started to be used.
PAHs analysis using new HPLC Ultimate 3000, Thermo Fisher Scientific, began to be
conducted on November 15; the results were evaluated using Chromeleon software.

2.3.3 Determination of microbial parameters

Determination of microbial biomass C by the fumigation-extraction (FE)
method

During soil sample fumigation (with chloroform vapours), intact microbial cells
were lysed and microbial organic matter was released to the soil. Inanimate
organic material was not significantly affected by fumigation. Soil samples were
fumigated with chloroform for 24 hours. Organic carbon extracted with 0.5 M
potassium sulphate was determined in fumigated and non-fumigated samples and
microbial biomass carbon (MBC) was calculated as the difference between extracts.

Basal respiration

The soil sample was incubated in a closed bottle and CO, was trapped into
a solution of sodium hydroxide. The amount of respired CO, was determined
as the difference between blank and sample after titration with HCI.

Substrate-induced respiration (Rs) and specific growth rate (RKR-p)
determined using OxiTop (WTW, Germany)

The soil sample was incubated with a solution of sodium hydroxide in a bottle sealed
with an OxiTop measuring head. The consumption of oxygen led to a decrease
in pressure inside the bottle, since the released carbon dioxide was collected by
sodium hydroxide. The measuring device continuously recorded a pressure
drop, which was then expressed as the amount of oxygen consumed. Addition
of a substrate containing glucose led to an immediate increase in respiration
(substrate-induced respiration) which was determined within the next 10 hours
following the addition of glucose. After a specified time, soil microorganisms began
to use the substrate to grow on. The resulting growth curve of rate of respiratory
oxygen consumption had a sigmoidal shape. Specific respiration rate p, whose
reciprocal corresponded to generation time, was calculated from the exponential
phase.

Anaerobic ammonification - anaerobic N mineralisation

The soil sample was incubated for one week at 40 °C in a sealed test tube
filled with water in order to prevent access of oxygen and oxidation of ammonium
ions to nitrate ions. The difference between the concentrations of NH,” at the end
and beginning of the incubation showed the ammonification rate.
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Short-term nitrification activity (SNA)

The sample was incubated with shaking for 6 hours in a suspension with
(NH,)250, saturation and addition of NaClO, which inhibits NO? to NO* oxidation,
therefore only NO, increment was determined. Short incubation period did not
allow for increasing the number of nitrifiers and the resulting value showed a potential
nitrification activity at the commencement of the experiment. Unlike the other
microbial properties, SNA did not reflect the transformation of soil organic matter;
it was referred to as a sensitive parameter for changes in soil properties,
especially pH.
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3 Pedologické charakteristiky pud
Bazalniho monitoringu pad (BMP)
Ladislav Kubik

3.1 Klasifikace ptid - minulost a soucasnost

Klasifikace pldnich typl se provadi na zékladé popisu pldniho profilu a jeho
diagnostickych horizont(. Pfi klasifikaci se nejcastéji vyuziva Zldbkovy jednodilny
vrtdk (sondyrka) - rychld, ale méné presnd metoda urceni pldniho typu, nebo
se vykope pudni sonda - casové naro¢nd metoda uprednosthovana pfi urcovani
pldnich typd na pozorovacich plochach (PP) v Bazalnim monitoringu pld, z niz
se ziska vice informaci o pddnim profilu.

Od zalozeni sité monitoringu v roce 1992 doSlo dvakrat ke zméné klasifikacniho
systému pUd. Pri zaloZzenf byly padnf typy a stratigrafie pldniho profilu popsany
podle Geneticko-agronomické klasifikace pad, pouzivané pri komplexnim prizkumu
zemédélskych pld. V devadesétych letech se zacal pouzivat nové vytvoreny
Morfogeneticky klasifika¢ni systém pld (MKSP), ktery jiz sjednocoval klasifikaci
zemédélskych a lesnich pad (Hrasko, 1991) Systém se déle rozvijel, zejména
v navaznosti na dokoncovani svetoveho klasifikacniho systému World Reference
Base (WRB). Tento proces byl v roce 2001 zavrSen publikovanim nove klasifikace
pld CR s ndzvem Taxonomicky Klasifikacni systém pad Ceské republiky (TKSP),
ktery je pouZitelny pro zemédélské i lesni pldy, je maximalné kompatibilni s WRB
a pouziva se s drobnymi zménami do dnes (Némecek, 2001). Po zméené klasifikace
na TKSP doslo také k preklasifikovanf ptdnich typd v BMP. Tato zména byla provedena
pouze ,na papife” a mohly tak vzniknout chyby v klasifikaci.

Nasledkem zmény vyuziti pozemku na stavebni parcelu musela byt v roce 2009
presunuta plocha BMP 4901KO, zaroven doslo k jejimu precislovani na 4904KO
a byl uskutec¢nén vykop a popis pldni sondy podle nové klasifikace TKSP a odbér
pldnich vzorkd. Tento pfesun a wySe popsané mozné nepresnosti pfi prevodu
mezi klasifikacnimi systémy vedly v roce 2010 k rozhodnuti znovu vykopat
a popsat pedologické sondy u v3ech pozorovacich ploch BMP, vcetné odbeért
neporusenych a porusenych pldnich vzork(d. V soucasné dobé je provadén vykop
az 14 pddnich sond roc¢né. Pri novém wvykopu sond se ukdazalo, Ze mulZe nastat
nékolik situacf: v extrémnim pripadé nejsou ve shodé pldni typy urc¢ené pfi vwwkopu
prvni sondy a pudni typy zjisténé pri druhém wykopu sondy, druhou eventualitou
je nesoulad v subtypech a varietach a tfeti nejpriznivéjSi moznosti je, Zze se v3e
shoduje, tak jak prezentuji obrazky 6, 7 a 8. K 31. 12. 2016 byly preklasifikovany pldni
typy na 61 plochach BMP.
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3 Pedological characteristics of soils
of the Basal Soil Monitoring System (BSMS)

Ladislav Kubik

3.1 Soil classification - past and present

Classification of soil types is performed on the basis of a description of the soil
profile and its diagnostic horizons. Identifying different soils types, a Single gouge
auger (a Soil core sampler) is most commonly used - a quick but less accurate
soil classification method, or a soil pit is buried in the soil - a time-consuming
method preferred when determining soil types in monitoring plots (MP) in Basal
soil monitoring system that provides us with more information on soil profile.

Since the establishment of the monitoring network in 1992, the soil classification
system has changed twice. Formerly, soil types and stratigraphy of the soil profile
were described according to Genetic-agronomic Soil Classification used in
a comprehensive survey of agricultural soils. In the 1990s, a newly created
,Morfogeneticky klasifika¢ni systém pad” (MKSP) (Morphogenetic Soil Classification
System) which had already unified the classification of agricultural and forest soils
became applicable (Hrasko, 1991). The system continued to develop, notably
following the completion of the world classification system named World Reference
Base for Soil Resources (WRB). This process was completed in 2001 by issuing
new classification of soils in the Czech Republic entitled ,Taxonomicky klasifikacni
systém pdd Ceské republiky” (TKSP) (Taxonomic Soil Classification System
of the Czech Republic) which is applicable to agricultural and forest soils, maximally
compatible with the WRB and which has remained in use with minor changes
until today (Némecek, 2001). After reclassification for TKSP, there was also
reclassification of soil types in BSMS. The change was made just to the document,
whereby errors in classification could occur.

Changes regarding the use of the land for construction purposes resulted
in transfer of plot BSM 4901KO in 2009; at the same time the plot was
renumbered to 4904KO and the soil pit was buried and described according
to the new TKSP classification and soil samples were collected. This transfer together
with the above mentioned possible inaccuracies in the transfer between
the classification systems resulted in 2010 in the decision to excavate and
describe the pedologic pits again in all BSMS monitoring plots, including collecting
undisturbed and disturbed soil samples. At present, up to 14 soil pits are buried
per year. Burying new pits has shown that several situations may arise: firstly,
in extreme cases the soil types described after digging the first pit into the soil
do not conform to the soil types determined after the second pit excavating; secondly,
there inconsistency between subtypes and varieties may occur; finally, the third
most favourable possibility is that everything coincides with everything, as shown
in pictures 6, 7 and 8. As of December 31st 2016, soil types in 61 BSMS plots
were reclassified.
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Obrdzek 6. Popis ptdniho profilu plochy 7902KO - Chrlice: pavodni padni typ cernozem moddini CEm,
novy cernozem moddini CEm

Figure 6. Description of soil profile in plot 7902KO - Chrlice: the original soil type is Haplic Chernozem
(CH-ha), the new soil type is Haplic Chernozem (CH-ha)

Obrdzek 7. Popis pudniho profilu plochy 7014B - Brezi u Mikulova: pavodni pldni typ cernozem moddinf
CEm, novy Cernozem arenickd CEr

Figure 7. Description of soil profile in plot 7014B - Brezi u Mikulova: the original soil type is Haplic
Chernozem (CH-ha), the new soil type is Haplic Chernozem (Arenic)(CH-ha-ar)
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Obrdzek 8. Popis pudniho profilu plochy 7016B - Nikolcice: pdvodni pddni typ cernozem karbondtovd
CEc, novy Koluvizem karbondtovd slabé oglejend KOcg ”

Figure 8. Description of soil profile in plot 70168 - NikolCice: the original soil type is Calcic Chernozem
(CH-cc), the new soil type is Calcaric Gleyic Fluvisol (FL-gl-ca)
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3.2 Zastoupeni plidnich typt v BMP v porovnanis CR
a jejich identifikace v terénu

Pocet pozorovacich ploch (PP) s jednotlivymi genetickymi padnimi typy je Umérny
jejich plosnému vyskytu v padnim fondu CR. Z tohoto hlediska byl zakladem pro
vybér pozorovacich ploch seznam lokalit, na kterych byly popsany specialni
pedologické sondy pro Ucely komplexniho prlzkumu pld, provedeného v obdobf
1961-1970. Zakladnim podkladem pro wvybér konkrétniho pozemku s danym
genetickym pddnim typem byla statni odvozend mapa bonitovanych pddné
ekologickych jednotek (BPEJ) vyjadrenych pétimistnym kdédem v meéritku 1:5000.
Genetické pldnf typy jako hlavni padni jednotka (HPJ) jsou v ni uvedeny dvoj-
Cislim druheho a tretiho znaku kodu BPEJ. V grafu 1 Je znazornéno porovnani
procentického zastoupeni jednotlivych pldnich typd v BMP a v Ceské republice.

Pldni typ byl kritériem pouze pro wbér pozorovacich ploch na orné puadé,
nikoliv pri vybéru pozorovacich ploch na trvalych travnich porostech (TTP), sadech,
vinicich a chmelnicich. U téchto kultur je padnf typ pouze evidovan.

Obrézek 9 zobrazuje rozmisténi ploch BMP po Ceské republice spolu s popsanymi
pldnimi typy.

Mezi nejcastéjsi pldni typy se zastoupenim nad 5 % podle obrazku 10 patfi jak
v CR tak i v BMP nésledujici pldni typy: kambizem (Cambisols), hnédozem
(haplic Luvisols), cernozem (Chernozems), pseudoglej (Stagnosols), fluvizem (Fluvisols)
a luvizem (Albeluvisols). NiZe v textu jsou tyto ptdni typy blize popsany.

3.2 Representation of soil types in BSMS compared to the CR
and their identification in the field

The number of monitoring plots (MP) with individual genetic soil types
is proportionate to their occurrence in land resources of the Czech Republic.
In this respect, the basis for the selection of monitoring plots was a list of sites
in which special pedologic sampling was described for comprehensive soil research
that was conducted from 19671 to 1970. A basis for selection a specific plot with
a given genetic soil type was a state derived map of “Bonitované pldné ekolo-
gické jednotky” (BPEJ) (Estimated Pedologic-Ecological Unit) identified as a 5-place
code in 1:5000 scale. Genetic soil types as the main soil unit are set out therein
in two digits of the second and third code character of BPEJ. Graph 1 shows
comparison of the percentage of individual soil types in BSMS and in the Czech
Republic.

The soil type was only a criterion for selection of monitoring plots on arable
land not for selection of monitoring plots on permanent grasslands, in orchards,
vineyards and hop gardens. The soil type in these crops is only registered.

Figure 9 shows location of plots in BSMS within the Czech Republic together
with described soil types.

The most common soil types with the representation of over 5% according
to Figure 10 both in the CR and BSMS are as follows: Cambisols, haplic Luvisols,
Chernozems, Stagnosols, Fluvisols, and Albeluvisols. These soil types are further
described below.
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Obrdzek 9. Zastoupeni a rozloZenf padnich typd na plochdch BMP

Figure 9. Representation and location of soil types in BSMS plots
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Obrdzek 10. Procentické zastoupeni plidnich typl v Bazdlnim monitoringu pid (BMP) a v Ceské
republice

Figure 10. Percentage of soil types in Basal Soil Monitoring System (BSMS) and in the Czech
Republic

BMP (BSMS) Ceska republika (Czech Republic)
® kambizem / cambisols 30,8 % B kambizem / cambisol 45,0 %
B hnédozem / haplic Luvisols 15,9 % u hnédozem / haplic Luvisols 12,7 %
 fluvizem / fluvisols 14,0 % m fluvizem / fluvisols 5,9 %
m éernozem / chernozems 8,4 % m ¢ernozem / chernozems 11,4 %
m pseudoglej / stagnosols 9,8 % m pseudoglej / stagnosols 6,7 %
o luvizem / albeluvisols 10,3 % o luvizem / albeluvisols 5,1 %
mglej / gleyosols 4,2 % m glej / gleyosols 4,4 %
W regozem / regosols 4,2 % m ranker, litozem, regozem / hyperskeletic, lithic Leptosols,Regosols 1,4 %
rendzina / rendzic Leptosols 1,4 % rendzina a pararendzina / rendzic and calcaric Leptosols 3,7 %
m Cernice / phaeozems 1,4 % m &ernice / phaeozems 1,8 %
W pararendzina / calcaric Leptosols 0,5 % m kryptopodzol / entic Podzols1,4 %
3edozem / greyic Phaeozems 0,5 % organozem / histosols 0,3 %
antropozem / technosols 0,5 % podzol / haplic Podzols 0,1 %
koluvizem / fluvisols 0,5 % antropozem / technosols 0,1 %
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Kambizem

Je nejvice zastoupenym pUdnim typem zemédélskych pld nejen v rdmci ploch
Bazalniho monitoringu pld, ale i v rdmci pdd celé Ceské republiky. Kambizemé
jsou typické svym kambickym hnédym (braunifikovanym) horizontem By, vyvinu-
tym na rlznych pldotvornych substratech znacenych C nebo na souvrstvi IIC.
Kambizemé predstavuji pldy s velmi Sirokou ekologickou amplitudou vyskytujic
se v rlznych klimatickych podminkéach, od niZzin po wy3Si polohy, a na rdznych
pldotvornych substratech. Jsou to pldy prevazné stfedné Urodné. Pri znecisténf
tézkymi kovy je predpoklad vyssiho transportu do péstovanych plodin vzhledem
ke kyselejsi reakci téchto pld. Tyto pldy jsou nejvice ohrozeny procesy acidifikace
a ztratami humusu.

V BMP se tento pldni typ nachazi na 66 plochach, zastoupeni tak dosahuje
30,8 %, v CR zastoupeni ¢ini 45,0 %.

Cambisols

Cambisols constitute the most common agricultural soil type not only within
the plots of Basal soil monitoring system but also throughout the Czech
Republic. Cambisols are determined by brown cambic (braunified) horizon By, formed
in various soil-forming substrates marked C or in lIC strata. Cambisols are soils
with a very wide ecological amplitude that occur in different climatic conditions
in both the lowlands and higher altitude areas, and in various soil-forming
substrates. There are soils of rather average overall fertility. Heavy metal
contamination results in increased plant uptake of heavy metals regarding acidic
reaction of these soils. Such soils are most at risk from acidification and loss
of humus.

Regarding BSMS, this soil type occurs in 66 plots, thus reaching 30.8%;
in the Czech Republic it constitutes 45.0%.

Obrdzek 11. Plocha 40198 Horni Cdstkov, kambizem moddini mesobazickd (KAma~) s popsanymi
pldnimi horizonty, je typickd pro oblasti pahorkatin

Figure 11. Plot 40198 Horni Cdstkov, Eutric Cambisol (CM-eu) showing the soil horizons and its typical
occurrence in upland areas
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Hnédozem
Je druhym nejast&jsim pldnim typem na plochdch BMP i v Ceské republice.

Patri k luvisoldm, protoze v profilu dochazi k vertikdlnimu posunu jilu do spod-
nich vrstev - tzv. ilimerizaci a vzniku eluvialniho Ev horizontu, ktery je obvykle zcela
nebo z casti pfioran do ornice. Hnédozemé se vyvinuly prevazné na sprasich
Ci sprasovych hlinach a svahovinach ve strednich polohach, hlavné v rovinatém
¢i mirné zvinéném reliéfu, s prdmérnou rocni teplotou 7,5-8,5°C a srazkami
500-650 mm. Jedna se o pldy s vysokou Urodnosti, typické pro Feparské vyrobnf
oblasti, v suchych Iétech dosahuji vysSich vynost nez cernozemé diky zvysené
retencni vodni kapacité luvickych horizontl. Hnédozemé jsou zranitelné z hlediska
zachovani obsahu a kvality humusu, a pokud jsou na svazich, je tfeba je chranit

pred erozi.

V BMP se tento pldnf typ nachazi na 34 plochach, zastoupeni tak dosahuje
15,9 %, v CR zastoupeni ¢inf 12,7 %.

haplic Luvisols

Haplic Luvisols are the second most common soil type in plots of BSMS and
in the Czech Republic. They belong to Luvisols, since there is a downward
movement of that clay throughout profile, so-called illimerisation, and formation
of the eluvial horizon (Ev) which is usually wholly or partly ploughed into the
topsoil. Haplic Luvisols developed mainly in loesses or loess-like loams, in hill soils
at medium altitudes, predominantly in flat or undulating relief with average annual
temperatures of 7.5-8.5°C and precipitation between 500 and 650 mm. There
are soils of high fertility, found typically in sugar beet growing regions; in dry
summers yields achieved are higher than in Chernozem due to higher water holding
capacity of luvic horizons. Haplic Luvisols are at risk in terms of maintaining the
humus content and quality, and Luvisols on steep slopes require erosion control
measures.

Regarding BSMS, this soil type occurs in 34 plots, thus reaching 15.9 %; in the Czech
Republic it constitutes 12.7 %.

Obrdzek 12. Plocha 6017B Cepi, hnédozem moddini (HNm) s popsanymi ptdnimi horizonty a jeji
typicky vyskyt v rovinatém terénu

Figure 12. Plot 60178 Cepi, Haplic Luvisol (LV-ha) showing the soil horizons and its typical occurrence
in flat regions
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Cernozem

Tretim nejrozsifengjsim typem pld v CR jsou cernozemé, ale v BMP jsou na
Ctvrtém miste. Vyvinuly se v nejsussich a nejteplejsich oblastech nizin a pahorkatin
v rovinatém az mirné zvinéném terénu prevazné na sprasich. Pldotvornym proce-
sem je akumulace a preména organickych latek tzv. humifikace v podminkach
nepromyvného az periodicky promyvného vodniho rezimu. Jsou charakteristické
mocnym (az 70 c¢cm), tmavym humusovym (Cernickym) horizontem Ac s priznivymi

biologickymi a fyzikalnimi vlastnostmi a kvalitni drobtovou strukturou. Limitujicim
faktorem drodnosti je Casto nedostatek pristupné vody pro rostliny.

V BMP se tento pldnf typ nachazi na 18 plochach, zastoupeni tak dosahuje
8,4 %, v CR zastoupeni ¢ini 11,4 %.

Chernozems

Chernozems are the third most common soil type in the Czech Republic but
they take the fourth place in BSMS. They form in the driest and warmest plain areas
and hilly regions in a flat to slightly undulating terrain, mainly in loesses. The sail
formation process concerns accumulation and conversion of organic matter,
so-called humification, under conditions ranging from non-percolation to
periodic percolation regimen. They are characteristic of a thick (up to 70 cm), dark
humus-rich (cernic) horizon Ac possessing favourable biological and physical
properties and crumb texture of very high quality. The limiting factor in fertility
is often lack of water available to plants.

In BSMS, this soil type is found in 18 plots accounting for 8.4%, in the Czech Republic
it reaches 11.4 %.

Obrdzek 13. Plocha 20318 Tursko, cernozem moddlini (CEm) s popsanymi pudnimi horizonty a jeji typicky
vyskyt v rovinatém az mirné zvinéném terénu

Figure 13. Plot 2031B Tursko, Haplic Chernozem (CH-ha) showing the soil horizons and its typical
occurrence in a flat up to slightly undulating land
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Pseudoglej

Patif k Cast&ji se vyskytujicim pddnim typdm jak v rémci BMP tak i CR. Vznikaji
na rlznych nekarbondtovych substratech v podminkdch promyvného vodniho
rezimu s prebytkem povrchovych vod. Nejcastéji se vyskytuji na Upatf svahl nebo
v rovinatych partiich. Jsou typické vyluhovanym svétlym eluvidlnim horizontem En
a pod nim lezicim mramorovanym (rezivo Sedivym) horizontem Bm. V zemeédeélstvi
se wyuzivaji prevazné jako trvalé travni porosty méné casto jako ornad plda.
Pro vyuZiti pseudogleje jako orné pldy jsou limitnimi faktory nepfiznivé fyzikalnf
vlastnosti - vysoka ulehlost, nizka nekapilarni porovitost a zamokrenost od povrchu.

V BMP se tento pldni typ nachadzi na 21 plochach, zastoupenf tak dosahuje
9,8 %, v CR zastoupeni ¢ini 6,7 %.

Stagnosols

Stagnosols belong to soil types frequently occurring both within  BSMS
and the Czech Republic. They form in various non-carbon substrates under
conditions of percolation regimen with excess surface water. They are most
frequently found at foothills or in lowland parts. They are characteristic by their
light coloured, leached eluviated horizon En with the underlying marbled (grey and
rusty) horizon Bm. In agriculture they are mainly used as permanent grassland,
less frequently for arable farming. The limiting factors in arable land use include
unfavourable physical properties - high density, low non-capillary porosity,
and top-layer soil moisture.

Within BSMS this soil type is found in 21 plots, thus representing 9.8%; in the Czech
Republic it shows 6.7%.

Obrdzek 14. Plocha 80208 Stard Cervend Voda, pseudoglej moddini (PGm) s popsanymi pldnimi
horizontya typickym vyskytem v dolni ¢dsti svah(i

Figure 14 Plot 80208 Stard Cervend Voda, Albic Eutric Stagnosol (ST-eu.ab) showing the soil horizons
and its typical occurrence at the bottom of slopes
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Fluvizem

Prestoze jsou fluvizemé v CR a7 na patém misté v pocetnosti, v BMP jsou tietim
nejcastéjsim pldnim typem. Jsou to pldy mladé, v inicidlnim stadiu vyvoje, vyvi-
nuté wylucné na holocénnich fluvidlnich sedimentech v nivach rek a vétsich potokd.
Typickd je pro né zrnitostni rozmanitost, rdzna mineralni bohatost, rozdily v mnoz-
stvi humusu, rdzné vysokd hladina podzemni vody a tzv. azondlnost - mohou
se vyskytovat v rtznych nadmorskych vyskach a klimatickych oblastech. U fluvizemi
je duleZity jejich monitoring na kontaminaci rizikovymi prvky a latkami vzhledem
k moznému znecisténi podzemni vodou nebo kaly. Limitujicim faktorem pro
zemédélskou vyrobu mUze byt kontaminace rizikovymi prvky.

V BMP se tento pudnf typ nachdzi na 30 plochach, zastoupeni tak dosahuje
14,0 %, zastoupeni v CR ¢ini 5,9 %.

Fluvisols

Although Fluvisols are the fifth most abundant soil type in the Czech Republic,
they are the third most frequently occurring soil type in BSMS. They are young
soils, at an early stage of development, formed exclusively in Holocene fluvisol
sediments in floodplains of rivers and larger streams. They are characterised by
grain variety, the vast scale of mineral wealth, different amounts of humus, variably
high water table and so-called azonality - they may occur at different altitudes and
in different climates. It is necessary to monitor fluvisols from the point of view
of contamination by risk elements and substances due to potential pollution by ground
water or sewage. Risk elements pollution may be the limiting factor in agricultural
production.

Within BSMS this soils type occurs in 30 plots, thus representing 14.0%; its
representation in the Czech Republic shows 5.9%.

Obrdzek 15. Plocha 4902KO Krimice, fluvizem moddini slabé oglejend (FLmg’) s popsanymi ptadnimi
horizonty a typickym vyskytem v krajiné podél vodnich toku

Figure 15. Plot 4902KO  Kfimice, Eutric Fluvisol (Toxic) (FL-eu-tx) showing the soil horizons and
its typical occurrence in landscape along water courses
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Luvizem

Zastoupeni luvizemi v CR a v BMP je nad 5 % a miZeme je tak Fadit k Castdji
se wvyskytujicim pGdnim typlm. Vznikd z nekarbonatovych substratd (polygene-
tické hliny, svahoviny) v podminkach promyvného vodniho rezimu. Ma vyvinuty
eluvidlni svétlejsi horizont El, pod nimz lezi hutny luvicky horizont Bt s az trikrat vySsim
obsahem jilu, ktery byl procesem ilimerizace translokovan z horizontu El. Luvizem
se vyskytuje v oblastech prechodu nizin v pahorkatiny - v rovinatéjSim terénuy,
v miré chladném a vih¢im klimatu. Jsou to stfedné Urodné slabé kyselé pldy
a je treba vapnéni a dostatecného hnojeni pro ziskani dobré urody. Vzhledem
ke svému geografickému vyskytu mohou trpét erozi, jsou nachylné na utuzeni (zejména
podornici) a mohou byt od povrchu zamokrené.

V BMP se tento pldni typ nachazi na 22 plochach, zastoupeni tak dosahuje
10,3 %, v CR zastoupeni ¢inf 5,1 %.

Albeluvisols

The percentage of occurrence of Albeluvisols in the Czech Republic is more
than 5% and they can be considered to be more common soil types. They
developed from non-carbon substrates (polygenetic clay, slopes) under conditions
of percolation water regimen. Albeluvisols are soils with a distinctive bleached
eluvial horizon El, and underlying dense luvic horizon with up to three times higher
clay content that was through an illimerization process translocated from horizon
El.  Albeluvisols are found mainly in the areas between plains and hilly
regions - in more or less flat landscapes and moderately cool and wet climate.
They are moderately fertile, slightly acidic soils and liming and sufficient
fertilization is necessary for obtaining good harvest. Due to their geographic
location they may suffer from erosion, they are prone to compaction (especially
subsoil) and increased top-layer soil moisture.

Within BSMS this soils type occurs in 22 plots, thus accounting for 10.3 %,
its representation in the Czech Republic shows 5.1%.

Obrdzek 16. Plocha 4024BO Zruc, luvizem moddini (LUm) s popsanymi pldnimi horizonty a typickym
vyskytem v dolni ¢dsti svahd

Figure 16. Plot 4024BO Zruc, Haplic Luvisol (LV-ha) showing the soil horizons and its typical occurrence
in lower parts of slopes
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3.3 Fyzikalni charakteristika ptid BMP

.,

FyzikaInf vlastnosti hrajf prvoradou roli z hlediska zpracovani pdy. Rozhoduji o tom,
jakym zpUsobem a intenzitou mUze byt plda obdélavana, aby bylo dosazeno opti-
malniho stavu pddnfho prostiedi pro péstované rostliny. PGdni fyzika se zabyva
studiem stavu jednotlivych &asti pldniho celku. Popisuje tedy rozlozeni a zastou-
peni pevnych ¢astic, vody a vzduchu v prostoru pldniho profilu. Zména zastoupenf
jednotlivych sloZek byva vétsinou odpoveédi na mechanicky zasah do pady.

Obrazek 17. Vdpneéni a provddéni agrotechnickych zdsaht za optimdlinich fyzikdinich podminek musfi
byt zdkladni dovednosti kazdého zemédélce.

Figure 17. Liming and application of agro-technical measures under optimal physical conditions are
essential every farmer must master.
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3.3 Physical properties of BSMS soils

Taking into account soil cultivation, physical properties play an overriding role.
They decide what techniques and intensity should be used for soil tilling to achieve
the optimal soil environment for cultivated plants. Soil physics deals with the study
of condition of soil complex components. Thus, it describes the distribution
and contents of soil solids, water and air within soil profiles. Changes in the contents
of individual components are predominantly the answer to soil mechanical
intervention.

Obrdzek 18. Kombinace spatnych fyzikdlnich viastnosti pldy a nevhodnd a nesprdvné nacasovand
agrotechnika md za nasledek vytvoreni velkych hrud na poli popfipadé i zhutnéni podornici, coz
se negativné projevi na vynosu péstované plodiny a energetické ndrocnosti provadénych agrotechnickych
operaci.

Figure 18. A combination of poor soil physical properties and unsuitable and ill-timed
agro-technology results in formation of large lumps in fields or subsoil compaction, which negatively
influences the crop yield and energy performance of agro-technical operations.
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3.3.1 Odbéry porusenych a neporusenych ptidnich vzorku

Stanovenf fyzikalnich vlastnosti pddy se provadi jak v porusenych, tak v neporu-
Senych pldnich vzorcich.

Porusené pudni vzorky se v BMP odebiraji z pozorovaci plochy (Obrédzek 19)
pomoci pldnich vrtakl, anebo z pedologické sondy (Obrazek 20) pomoci nere-
zového néradi. Neporusené puadni vzorky se odebiraji vyhradné z jednotlivych
diagnostickych horizontl pedologické sondy za vyuziti Kopeckého fyzikélnich valeckd
(Obrazek 21 a 22).

3.3.1 Disturbed and undisturbed soil sampling

Determination of physical properties of the soil is carried out both in disturbed and
undisturbed soil samples.

Disturbed soil samples were collected from BSMS monitoring plots using
soil augers (Figure 19) or from a soil pit using stainless steel tools (Figure 20).
Undisturbed soil samples are collected solely from individual diagnostic horizons
of a soil pit using Kopecky rings (Figures 21 and 22).

Obrdzek 19. K odebirdni porusenych pidnich vzorki z plochy BMP se pouZivd Edelmandv vrtdk pro pady
o priiméru 3 cm

Figure 19. Edelman auger is used for collection of undisturbed soil samples by taking approx.
3-cm-diameter soil cores in BSMS
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Obrdzek 20. Odbér porusenych pudnich vzorkd ze sondy

Figure 20. Collection of disturbed soil samples from a soil pit

Obrdzek 21. K odebirdni neporusenych pldnich vzorkd ke stanoveni objemové hmotnosti redukované
(OHR) a pérovitosti se pouZivaji sady Kopeckého fyzikdlnich vdleckd

Figure 21. Undisturbed soil core samples are taken to determine reduced bulk density (RBD) and porosity
using Kopecky sample ring kit
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Obrdzek 22. Pri odbéru se vdlecky zatloukaji do pddy, po vyjmuti se prebytecnd zemina opatrné
odstrani a vdlecek se uzavre vicky

Figure 22. Within sampling the ring are hammered into the soil, after the extraction the redundant
soil is cautiously sliced apart with a knife and the ring is sealed with a cover
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3.3.2 Zrnitost pudy

Vyznamnou fyzikaln{ vlastnosti, od které se v mnoha pfipadech odvijeji dalsi vlast-
nosti pddy, je zrnitostni slozenf pldy. Zrnitostni sloZenf je déno zastoupenim
jednotlivych velikostnich kategorii mineralni slozky pldy. Jednou z metod zjistovani
zrnitostniho slozeni pddy je pipetovaci metoda (Obrazek 26). Z hlediska ptdnich

s

vlastnostf je zvlast vyznamna kategorie zrn mensich nez 0,01 mm (tzv. jilnaté ¢astice).

Podle hmotnostniho zastoupeni jiinatych castic se wvyclenuji pddni druhy, které
se kategorizuji podle Novékovy stupnice. Padni druh je zakladni ukazatel, ktery
charakterizuje pldu. Z celkové vyméry zemédélské pldy v CR zaujimajf lehké pldy
19 %, pady stfednfi 59 % a pady tézké 17 % (Obrazek 23). Zbyvajicich 5 % pripada
na kamenité a silné Stérkovité pldy, zcela nevhodné pro zemédélskou produkci.
V BMP je rozloZenf pldnich druhl nasledujici - lehké pady 27 %, pldy stfedni 55 %
a pldy tézké 18 % (Obrazek 23).

Na obrazku 24 je ukazéno procentické zastoupeni jednotlivych pldnich druhd na
plochach BMP s rozdélenim na ornici a podornici. Z grafu je patrné, Ze previadaji pldy
hlinité.

Tabulka 4 prezentuje zakladni statistiku obsahu castic mensich nez 0,01 mm
v pldach BMP. Jednotlivé plochy s urc¢enym pldnim druhem jsou predstaveny
na obrazku 25. S druhem pUldy Uzce souvisi i dalsi ukazatelé - objemové hmotnost

a porovitost.

3.3.2 Soil texture

An important physical property, from which in many cases other characteristics
of the soil are derived, is the soil texture. The grain size distribution describes
the relative proportions of particles of various sizes. The pipette method is often
used as the standard for detection of particle size distribution (Figure 26). In terms
of soil properties, the category of grains smaller than 0.01 mm (i.e. clay particles)
is of particular importance.

According to the percentage of clay particles by weight, soil types, which
are categorized according to Novak scale, are assessed. Soil type is a basic
indicator that characterizes the soil. Of the total agricultural land in the Czech
Republic light soils constitute 19%, medium heavy soils constitute 59% and heavy soils
constitute 17% (Figure 23). The BSMS shows the following distribution of sail
types - light soils constitute 27%, medium heavy soils constitute 55%, and heavy
soils constitute 18% (Figure 23).

Figure 24 shows the percentage of individual soil types in BSMS plots divided
into topsoil and subsoil. The graph shows that loamy soils prevail.

Table 4 shows basic statistics of the content of particles smaller than 0.01 mm
in BSMS soils. Individual plots with the specified soil type are shown in Figure 25.
Other indicators also closely related to a soil type are bulk density and porosity.
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Obrdzek 23. Procentické zastoupeni jednotlivych skupin pid podle zrnitostniho sloZeni v CR a na
plochdch BMP

Figure 23. Percentage of individual soil types according the grain size composition in the Czech Republic
and in BSMS plots
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Obrdzek 24. Procentické zastoupeni jednotlivych pldnich druhd na plochdch BMP
Figure 24. Percentage of individual soil types in BSMS plots
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Tabulka 4. Deskriptivni statistika obsahu cdstic mensich nez 0,01 mm v puddch BMP (%).

Table 4. Descriptive statistics of the content of particles smaller than 0.07 mm in BSMS soils (%).

Kultura / Horizont / Primér / . Median /

Cultures Horizon Mean Lt MERE (22 Median SRl
Orna pida / Ornice / Topsoil 33,80 15,65 78,10 26,51 32,68 39,08
Arableland | oo rnici / Subsoil 37,42 430 7545 27,95 36,85 4578
TTP/ Ornice / Topsoil 30,40 16,00 61,10 22,59 28,80 36,56
Permanent
grassland Podornici / Subsoil 32,60 10,85 67,60 21,83 29,90 40,23
Sady / Ornice / Topsoil 33,09 23,95 39,75 27,08 32,20 39,55
Orchards Podorni&i / Subsoil 36,32 29,95 46,05 31,60 34,80 41,80
Vinice / Ornice / Topsoil 31,16 15,00 46,60 17,89 31,58 4416
Vineyards Podorni&i / Subsoil 29,98 19,00 41,90 20,11 29,50 40,31
Chmelnice / Ornice / Topsoil 31,14 27,15 38,90 27,80 28,45 35,83
Hop gardens | p,qqrnici / Subsoil 35,04 26,70 39,50 28,70 39,15 39,33

Obrdzek 25. Zastoupeni a rozlozeni pldnich druhd na plochdch BMP v ornici (svrchni vrstvé pddy)

Figure 25. Distribution and amounts of individual soil types in BSMS plots in the topsoil (the upper part
of the soil)
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Obrdzek 26. Ke stanoveni zrnitostniho sloZeni pldy se pouZivd nekolik riznych metod. Pipetovaci metoda
na obrdzku patii mezi presné zptsoby zjisténi zrnitosti pldniho vzorku

Figure 26. Several different methods are used for determination of the grain size composition of soils.
Pipette method belongs among the most accurate test methods for the grain-size analysis
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3.3.3 Objemova hmotnost redukovana (OHR) a pérovitost

Objemova hmotnost redukovana se pouziva k vyjadfeni stupné nakypreni nebo
utuzenf pldy. Stanovuje se z neporusenych vzork( jako hmotnost pldy po vysusent
na konstantni hmotnost. Obecné plati, Ze ¢im je hodnota objemové hmotnosti vyssi,
tim je pUda ulehlejsi. Pro polnf plodiny by se méla hodnota objemové hmotnosti
v ornici pohybovat od 1,2 do 1,5 g.cm?3, ve spodnich vrstvach od 1,6 do 1,8 g.cm?.
Objemova hmotnost pldy kolem 1,8 g.cm* je hranici biologické ¢innosti a objemova
hmotnost 2,0 g.cm? charakterizuje pldu bez Zivota.

Zhuthovani je problémem predevSim nespravného zemeédélského vyuzivani.
V Ceské republice je nadmérnym zhutnénim v rlizném stupni postizeno zhruba
45 % zemedélského pldniho fondu, z toho u 15 % je zhutnéni genetické, dané
prirozenymi vlastnostmi téZzkych pld a zbyvajici podil pfipadé na zhutnéni technogennf
v dlsledku nevhodného zpUsobu strojniho obdélavani pady (Javirek, 2008).

Pérovitost pldy je charakterizovdna celkovwym objemem pérd, jejich tvarem,
velikosti a prostorovym rozmisténim. Vyjadiuje pomér mezi pevnou fazi a volnymi
pldnimi casticemi, pfipadné jejich shluky. Ma rozhodujici vliv na Urodnost pCdy,
protoZe umoznuje pronikanf korenl rostlin, vody a vzduchu do pldy a jejich pohyb
v ni a existenci pddnich mikroorganismu. Pérovitost se vyjadfuje v objemovych
procentech (objem port v urcitém objemu pldy), v ornicich kolisa v rozsahu hodnot
asi 40-60 % a s rostouci hloubkou zpravidla klesa. Podle vnitfniho priméru pérd
rozliSujeme pory na kapilarni (< 0,2 mm) a nekapilarni (> 0,2 mm). Pro vodni
a vzdusny rezim pUdy je dilezity zejména vzajemny pomeér kapilédrnich a nekapilarnich
pord, ktery je také dobrym ukazatelem ulehlosti a kyprosti pQdy.

OHR a porovitost mohou byt jednim z orientacnich kritérii pro posuzovani
strukturniho stavu pldy a ulehlosti pldy jak uvadi napf. Kutilek (1978) (Tabulka 5,
Obrazek 27-30) a Lhotsky a kol. (1984) (Tabulka 6, Obrazek 31 a 32), pficemz plati,
Ze obé charakteristiky jsou ¢astecné v neprimé Umeérnosti.

3.3.3 Reduced bulk density (RBD) and porosity

The reduced bulk density is used for determining the degree of soil loosening
or compaction. It is determined from undisturbed samples as the weight of dry
soil divided by the total soil volume. In principal, bulk density increases with soil
compaction. Optimum bulk density for field-grown plants ranges from 1.2 to 1.5 g.cm?
in the topsoil and 1.6 do 1.8 g.cm= in the subsoil. The critical value of bulk density
for restricting biological activity is around 1.8 g.cm; bulk density exceeding 2.0 g.cm
indicates a lifeless soil.

Soil compaction is a problem, particularly caused by poor agricultural use. In the
Czech Republic, approximately 45% of rural land holdings are to differing degrees
endangered by excessive soil compaction, of these up to 15% by soil compaction
of genetic nature, determined by natural properties of heavy sails; the remaining
percentage accounts for technogenic soil compaction resulting from inappropriate
mechanized tillage (Javirek, 2008).

Soil porosity is determined by pore volume, shape, size, and spatial arrangement.
It expresses the ratio of the solid phase to loose soil particles, eventually their
clusters. Soil porosity plays a crucial part in soil fertility as it enables plant
roots, water and air to penetrate and move in the soil and allows for the life
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of microorganisms. It is expressed in percent of volume (the ratio of the pore
volume to total soil volume); porosity of topsoil varies within the range of about 40%
to 60% and usually decreases with increasing depth. According to the inner
diameter, the soil pore sizes can be classified into capillary (< 0.2 mm) and
non-capillary (> 0.2 mm) pores. The ratio of capillary to non-capillary pores
is particularly important for water and air regimen and is also a good indicator
of the degree of soil loosening or compaction.

RBD and porosity may be one of the criteria for assessing the soil condition and
compaction, as mentioned by e.g. Kutilek (1978) (Table 5, Figures 27-30)
and by Lhotsky et al. (1984) (Table 6, Figures 31 and 32), the principle
being that both characteristics are partly in inverse proportion.

Tabulka 5. Zhodnoceni strukturniho stavu pudy organominerdinich horizonti na pozorovacich
plochdach BMP v zdvislosti na objemové hmotnosti redukované a porovitosti podle Kutilka (1978).

Table 5. Evaluation of the texture of organo-mineral soils in BSMS plots in relation to reduced bulk
density and porosity according to Kutilek (1978).

Hodnoty spliujici
Kritérium / Criterion Pocet | s
zédznaml Stav horizontu / Value meeting
/ Records Horizons condition the limit
. Limit / number Pocet /
ST [ ENIE Limit Number [%]
<12 Vyborny / Excellent 32 15
Objemova hmotnost 1,2-14 Dobry / Good 75 34
redukovana / 218 — -
Bulk density [g.cm?] 1,4-1,6 Nevyhovujici / Unsuitable 98 45
1,6-1,8 Nestrukturni / Nonstructure 13 6
>54 Vyborny / Excellent 34 16
Pérovitost / 46-54 218 Dobry’ / Good 95 44
Porosity [%] 39-46 Nevyhovuijici / Unsuitable 75 34
31-39 Nestrukturni / Nonstructure 14 6
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Obrdzek 27. Procentické vyjadreni strukturniho stavu pudy organominerdinich horizontt (ornice)
pozorovacich ploch BMP podle kultury a objemové hmotnosti redukované

Figure 27. Percentage of the texture of organo-mineral soils (topsoil) in BSMS plots according to culture
and reduced bulk density
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Obrdzek 28. Procentické vyjadreni strukturniho stavu pddy organominerdlnich horizontd (ornice)
pozorovacich ploch BMP podle kultury a pdrovitosti

Figure 28. Percentage of the texture of organo-mineral soils (topsoil) in BSMS plots according to culture
and porosity
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Obrazek 29. Hodnoceni strukturniho stavu ornice na plochdch BMP na zdkladé objemové hmotnosti
redukované

Figure 29. Evaluation of the topsoil texture in BSMS plots according to reduced bulk density
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Obrdzek 30. Hodnoceni strukturniho stavu ornice na plochdch BMP na zdkladé pérovitosti

Figure 30. Evaluation of the topsoil texture in BSMS plots according to porosity
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Tabulka 6. Zhodnoceni ulehlosti pldy na pozorovacich plochdch BMP v zdvislosti na objemové
hmotnosti redukované podle Lhotského (1984).

Table 6. Evaluation of soil density in BSM plots depending on reduced bulk density according to Lhotsky
(1984).

. Hodnoty spliujici limit
. Kritérium / Criterion Pocet / Value meeting
b zaznamu |y o tegorie / Classification the limit
Horizon Limit / / Records Potet/
3 number 9
NS Limit u Number [%]
e et/ s | 2
Objemova Y
. hmotnost 0,95-1,15 Kypra / Loose 15 7
Ornice / .
Topsoil | fedukovana/ 218 ISiab& ulehla /
Bulk density 1,15-1,25 . . 24 11
i Weak soil density
[g.cm”] e Siln& ulehla / o o0
' Strong soil density
<120 Velmi kypré / Highly loose 3 1
Objemova = z
.| hmotnost 1,20-1,35 slabé ulenlé / - 22 10
Podornici . Weak soil density
/ Subsoil | Fedukovana/ 214 TUlehlé / Medium soil
Bulk density 1,35-1,45 densi 43 20
[g.cm”] Siing Liehié/
e Strong soil density I >/

Obrdzek 31. Procentické vyjddreni ulehlosti pddy organominerdinich horizontt (ornice) pozorovacich
ploch BMP podle kultury v zavislosti na OHR

Figure 31. Percentage of density of organo-mineral soils (topsoil) in BSMS plots according to culture
depending on RBD
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Obrdzek 32. Hodnoceni ulehlosti pldy na plochdch BMP v zdvislosti na objemové hmotnosti
redukované

Figure 32. Evaluation of soil density in BSMS plots depending on reduced bulk density
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4 Pudnireakce a obsah Zivin

Lenka Praskova

Padni reakce (pH) neboli kyselost pddy je ddlezitym ukazatelem stavu pldniho
prostfedi a je jednou z nejvyznamnejsich vlastnosti podilejicich se na uUrodnosti
pldy a pfijmu Zivin. Reakce pldy usmérfiuje témér vSechny procesy v pldé
od prvopocéatecnich zvétravacich a padotvornych az po chemické, fyzikalné-chemické
a biologické procesy v jiz vytvorenych pldach. Jednd se hlavné o koncentraci
a zastoupeni iontd v padnim roztoku, rozpustnost sloucenin a latek v padé,
sorpci zivin, biologickou ¢innost mikroorganismd nebo pddni koloidy. PGdni pH tak
neprfimo wytvari vhodné ¢i nevhodné Zivotni podminky pro rlst rostlin a nasledné
ovliviiuje mnozstvi a kvalitu produkce (Vanék et al, 2012). Pldni reakce patfi
i mezi ukazatele degradace pldy. V nasich podminkdch hrozi zejména nebezpeci

acidifikace - okyselovani (Vopravil et al., 2010).

.

Jednotlivé druhy zemédélskych plodin maji rozdilné pozadavky na pH. Obecné
Ize shrnout, Ze polni plodiny bramborarské a horské vyrobni oblasti a trvalé
travni porosty vyzaduji pH kyselejsi, zatimco plodiny fepafské a kukuricné vyrobni
oblasti spiSe pH neutralni. U zelenin previdda pH neutralni az zasadité (Richter
et Hlusek, 1999). Podle Vanka et al. (2012) je pro rist a vyzivu rostlin podle ptdnich

podminek vhodné pH nejcasteji v rozsahu 6,0-6,5.
Celkové mnozstvi fosforu (P) v pldé kolisd v rozpéti 0,01-0,15 %. Fosfor

je obsazen v mineralnich a organickych formach. Vy3si obsah P vykazuji vétSinou pady
s vy3sim obsahem organické hmoty, zatimco pldy lehké s malym obsahem orga-

nické hmoty maji obsah P nizky. Prevazna ¢ast celkového P v padach je pro rostliny
neprijatelna a slouzi jako potencialni zdroj P.

U vétsiny pld ¢inf celkovy obsah drasliku (K) 0,5-3,2 %. Draslik se nachdzl v pldé
predevsim v anorganickych slouc¢eninach. V organickych molekulach je obsazen zridka.
V pldé Ize K (podobné i Ca a Mg) rozlisit na tfi kategorie. Nevyménny K, vyménny
a vodorozpustny. Nevyménny K se nachézi ve strukturdch primérnich mineral(
a v mezivrstvach sekundéarnich jilovych minerdld. Primarni minerdly obsahujici
draslik tvori hlavni potenciélni zdroj K v padé. Vyménny draslik je kation K, ktery
je vézan na puadni sorpéni komplex a mUze byt ,vwyménén” jinym kationtem.
Pri hodnoceni zastoupeni K v sorpcni kapacité je tfeba mit na zfeteli relace k ostatnim
kationtlim, hlavné Mg, ktery by mél mit asi tfi krat vys$si zastoupenf nez K.

Pldy obsahuji v primeéru 0,4-0,6 % hofciku (Mg); na dolomitech az 10 %.
Vyznamnymi slouceninami obsahujicimi Mg jsou uhli¢itany. Pomérné vysoka
rozpustnost a slabsi sorpce Mg?* ovliviiuje snadnéjsi vertikalni pohyb, a tim jeho ztraty
z ornice. V nékterych padéch proto mutze byt vy3si obsah Mg ve spodnich horizontech
nez v ornici. V sumé kationtd v sorpénim komplexu by mél Mg zaujimat postavenf hned
za Ca, a to 10-15 % KVK (kationtové vymeénné kapacity). Rozhodujici je i vztah k dalsim
kationtdm, predevsim ke K. Pomér v ekvivalentnim zastoupeni Mg : Kby mél byt 3: 1,
nejméné 2 : 1.

Dostatek vapniku (Ca) v pGdé ma velky vyznam z hlediska chemickych,
fyzikalnich i biologickych procest (eliminace iontl H*, AP**, Mn?", koagulace koloidg,
syceni sorpcniho komplexu, vyskyt i aktivita mikroorganismd, aj.). Jeho celkovy
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obsah se mize pohybovat v Sirokém rozmezi od 0,15 % na kyselych piscitych
pldéach v humidnich oblastech az do 10 % i vice na pUdach karbonatovych.
Prevazna cast Ca v pldéach se nachézi v téZko rozpustnych slouceninach. Vapnik

v

je prevazujicim kationtem v pldnim roztoku.

Obsahy pristupnych Zivin a vyménného pH v pldé jsou tfidény do katego-
rif zadsobenosti pld podle kritérii uvedenych ve vyhldsce ¢ 275/1998 Sb. v aktu-
alnim znéni (P, K, Mg) a v Pracovnich postupech UKZUZ pro agrochemické
zkoudeni zemédélskych ptid v Ceské republice v obdobf 2011 az 2016 (Ca).
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4 Soil reaction and nutrient content
Lenka Praskova

Soil reaction (pH) or soil acidity is an important indicator of conditions of soil
environment and is one of the most significant characteristics involved in soil fertility
and nutrient intake. The soil reaction directs almost all processes in the soil from
primal weathering and soil-forming to chemical, physicochemical and biological
processes in soils already existing. This includes the abundance of ions in the soil
solution, solubility of compounds and substances in the soil, sorption of nutrients,
biological activity of microorganisms or soil colloids. Thus, soil pH indirectly creates
suitable or unsuitable living conditions for plant growth and consequently affects
the quantity and quality of production (Vanék et al., 2012). Moreover, soil reactions
are included among indicators of soil degradation. Particularly in our conditions,
there is a risk of acidification (Vopravil et al., 2010).

Individual types of crops have different pH requirements. The overall conclusion
is that field crops in potato and mountain production areas and permanent
grassland require a more acidic pH, while crops in sugar beet and corn
production areas require rather a neutral pH. Neutral or alkaline pH prevails
in vegetables (Richter et HluSek, 1999). According to Vanek et al. (2012), a pH range
from 6.0 to 6.5 is most often suitable for growth and nutrition of plants regarding
soil conditions.

The total content of phosphorus (P) in the soil ranges from 0.01 to 0.15%.
Phosphorus occurs in mineral and organic forms. Higher P content is usually
present in the soils with higher organic matter levels, while light soils with low organic
matter levels show low P content. Most of the total P content in soils is inacceptable
for plants and serves as a potential source of P.

For most soils, the total content of potassium (K) ranges from 0.5 to 3.2%.
Potassium is present in the soil mainly in inorganic compounds; rarely occurring
in organic molecules. There are three categories of K found in the sail
(similarly to Ca and Mg): non-exchangeable, exchangeable and water-soluble K.
Non-removable K occurs in the structures of primary minerals and in the
interlayers of secondary clay minerals. Primary minerals containing K constitute
a major potential source of K in the soil. Exchangeable K is the cation K" which
is bound to the soil sorption complex and can ,exchange” with other cation.
In assessing K content in sorption capacity, consideration should be given
to relations to other cations, particularly Mg which should be about three times higher
than K.

Soils contain 0.4-0.6% of magnesium (Mg) on average; dolomites may
contain up to 10% of Mg. Important compounds containing Mg are
carbonates. The relatively high solubility and weaker sorption of Mg?* have
an influence on easier vertical movement and thereby its loss from the topsail.
Thus, some soils may present higher Mg content in lower horizons than in the
topsoil. With 10-15% of CEC (cation-exchange capacity) Mg should occupy
a position behind Ca in terms of the sum of cations in the sorption complex.
Relations to other cations, particularly to K, are crucial as well. The equivalent
representation ratio of Mg to K should be 3:1, or 2:1 at least.
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Sufficient content of calcium (Ca) in the soil is of great importance in terms
of chemical, physical and biological processes (elimination of H*, AP, Mn*
ions, coagulation of colloids, saturation of sorption complex, occurrence and
activity of microorganisms, etc.). The total Ca content may range widely between
0.15% in acid sandy soils in humid areas and 10% and over in more calcareous
soils. Most of Ca in the soil occurs in poorly soluble compounds. Calcium
is the most abundant cation in the soil solution.

The contents of available nutrients and exchange pH in the soil are placed
in categories of soil nutrient supply based on the criteria referred to in the Ministry
of Agriculture Decree No. 275/1998, as amended (P, K, Mg), and in UKZUZ work
practices on agrochemical testing of agricultural soils in the Czech Republic
2011-2016 (Ca).
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4.1 Vyménna padni reakce (pH/CaCl,)

V prabéhu trvani BMP doslo k poklesu prdmérnych hodnot vyménného pH.
Zmény jsou statisticky velmi vyznamné. Ke snizeni pH doslo ve vSech kulturach,
nejvétsi zména byla zaznamenana u TTP (pokles vyménného pH o 0,6). U ornych pad
a sadl kleslo vyménné pH o 0,3, u vinic 0 0,4 a u chmelnic 0 0,5.

Nejvice zastoupenou kategorii padnf kyselosti ve vSech sledovanych cyklech byla
kategorie ,slabé kysela”. Tato kategorie zaujimala v roce 1995 42 % a jeji procento
zastoupeni postupné narUstalo na 51 % v roce 2013. Naopak u druhé nejobsahlejsi
kategorie - ,neutralni” - se procento zastoupeni snizovalo (34 % v roce 1995 az 20 %
v roce 2013).

4.1 Exchangeable soil reaction (pH/CacCl,)

During basal soil monitoring (hereinafter BSMS) the average values of exchangeable
pH decreased. The changes are statistically significant. The pH decreased
in all cultures, the biggest change was recorded in permanent grassland
(exchangeable pH decreased by 0.6). Exchangeable pH in arable land and orchards
decreased by 0.3, in vineyards by 0.4 and in hop gardens by 0.5.

The most frequent soil acidity category in all observed cycles was the “weakly acidic”
category. In 1995 this category constituted 42% and its percentage representation
increased steadily to 51% by 2013. In contrast, the percentage of the second most
frequent “neutral” category decreased (from 34% in 1995 to 20% in 2013).

Tabulka 6. Kritéria pro hodnoceni vymeénné pudni reakce (pH)

Table 6. Criteria for assessing exchangeable soil reaction (pH)

Kategorie pﬁdpl’ reak;e / Hodnota pH / pH value
Category of soil reaction
Extrémné kysela / Extremely acidic <45
Silné kysela / Strongly acidic 4,6-5,0
Kysela / Acidic 51-55
Slabé kysela / Weakly acidic 5,6-6,5
Neutralni / Neutral 6,6-7,2
Alkalicka / Alkaline 7,3-77
Silné alkalicka / Strongly alkaline >7,7
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Tabulka 7. Deskriptivni statistika vymeénné pddni reakce (pH) na plochdch BMP v jednotlivych odbérovych

Cyklech (ornice)

Table 7. Descriptive statistics of exchangeable soil reaction (pH) in the BSMS plots in individual

sampling cycles (topsoil)

Kultura/ | Cyklus/| POt |pramer| 010 | 025 | 075 | 090
- Number Min Max Median
Cultures Periods / Mean perc. perc. perc. perc.
of plots
1995 142 6,5 47 7,7 5,7 6,0 6,5 7,0 73
Orna puda / 2001 142 6,4 4.8 7.8 5,6 6,0 6,4 6,9 73
Arable land 2007 142 6,3 4,7 7,7 55 59 6,3 6,8 72
2013 142 6,2 4,7 7,5 53 5.7 6,1 6,7 72
1995 21 6,1 4,1 72 4,7 5,7 6,5 6,8 7,0
U= 2001 | 21 60 46 75 49 56 62 64 66
Permanent
2007 21 5,7 4,2 73 49 53 5,7 6,0 6,2
grassland
2013 21 55 4,2 73 4,8 54 55 58 59
1995 5 6,7 56 7,6 56 6,5 6,8 7,0 7,6
Sady / 2001 5 6,6 6,3 7,5 6,3 6,3 6,5 6,5 7,5
Orchards 2007 5 6,4 54 7,5 5,4 6,3 6,4 6,5 75
2013 5 6,4 57 7,4 57 59 6,5 6,5 74
1995 4 7,7 7,5 7,8 7,5 7,6 7,7 7,8 7.8
Vinice / 2001 4 7,5 73 7,7 73 74 74 7,6 7,7
Vineyards 2007 4 74 72 7,7 72 73 7,4 7,6 7,7
2013 4 73 7,1 7,6 7,1 72 73 7,5 7,6
1995 5 74 73 7,5 73 73 73 7,5 7,5
Chmelnice / 2001 5 7,0 58 7,6 58 6,6 74 7,6 7,6
Hop gardens | 2007 5 7,1 6,8 7,4 6,8 6,9 7,1 73 74
2013 5 6,9 6,4 73 6,4 6,9 6,9 7,1 73

Obrdzek 33. Procentické zastoupeni ploch BMP v odbérovych cyklech v jednotlivych kategoriich vyménné
pldni reakce (pH)

Figure 33. Representative percentage of the BSMS plots in sampling cycles in individual categories
of exchangeable soil reaction (pH)
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Obrdzek 34. Zmény procentického zastoupeni vymeénné pudni reakce (pH) v pudeé v jednotlivych kategoriich
mezi 1. a 4. odbérovym cyklem na plochdch BMP

Figure 34. Changes of representative percentage of exchangeable soil reaction (pH) in the soil in individual
categories between the first and the fourth sampling cycle in the BSMS plots
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Obrdzek 35. Vyménnd pudni reakce (pH) na plochdch BMP v jednotlivych odbérovych cyklech (podle
kategorii pudni reakce)

Figure 35. Exchangeable soil reaction (pH) in the BSMS plots in individual sampling cycles (according
to soil reaction categories)

70 Soil reaction and nutrient content



4.2 Fosfor (P)

Prmérny obsah pristupného P se v orni¢nim horizontu zemédélskych pld BMP
mezi prvnim a ctvrtym cyklem mirné snizil. K nejvétsimu snizeni doslo u sadd (pokles
039 mgkg") a uvinic (0 31 mg.kg").

Nejvice zastoupenymi kategoriemi obsahu pfistupného P ve vSech sledovanych
letech byly kategorie ,vyhovujici” a ,dobry”, pricemz kategorie ,vyhovujici’ postupné
narUstala a kategorie ,dobry” se zmenSovala. Tyto kategorie zaujimaly 26 % a 35 %
(,vyhovuijici” rok 1995 a 2013)a 27 % a 18 % (,dobry” rok 1995 a 2013). Kategorie , nizky"

meéla podobny trend jako kategorie ,vyhovujici”; jeji procento zastoupeni postupné
narUstalo.

4.2 Phosphorus (P)

The average available P content in the topsoil horizon of BSMS agricultural soils
decreased slightly between the first and the fourth cycle. The most significant
decrease occurred in orchards (decrease by 39 mg.kg') and in vineyards (decrease by
31 mg.kg™).

The most frequent categories of available P content in all observed years were
the categories “suitable” and “good”, with the first continuously increasing
and the latter decreasing. These categories held 26% and 35% (“suitable” in 1995
and 2013) and 27% and 18% (“good” in 1995 and 2013). The category “low" followed
a similar trend to that of the category “suitable”; its percentage representation
continuously increased.

Tabulka 8. Viybrand kritéria pro hodnoceni obsahu pristupného fosforu (P) v pude (Mehlich Ill, mg.kg’,
ornice)

Table 8. Selected criteria for assessing available phosphorus (P) content in the soil (Mehlich Ill, mg.kg™,
topsoil)

Kategorie obsahu pfistupného
fosforu / Category of available Orna puda / Arable land | TTP / Permanent grassland
prosphorus content

Nizky / Low <50 <25
Vyhovujici / Suitable 51-80 26 - 50
Dobry / Good 81-115 51-90
Vysoky / High 116 -185 91 - 150
Velmi vysoky / Very high >185 > 150
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Tabulka 9. Deskriptivni statistika obsahu pristupného fosforu (P) v pldé na plochdch BMP v jednotlivych
odberovych cyklech (Mehlich Ill; mg.kg’, ornice)

Table 9. Descriptive statistics of available phosphorus (P) content in the soil in the BSMS plots
in individual sampling cycles (Mehlich Il, mg.kg, topsoil)

Kultura / Cyklus / Pocet/ | o tmer . 0.10 0.25 . 0.75 0.90
Cultures Periods N le12r7 / Mean uully S perc. perc. eI perc. perc.
of plots
1995 142 105 14 553 40 60 91 128 187
Orna plida/ | 2001 142 100 19 411 41 58 92 125 182
Arable land 2007 142 100 16 510 39 56 82 127 180
2013 142 89 16 444 31 50 71 117 154
1995 21 69 13 297 20 33 48 91 104
iy 2001 21 51 9 201 12 25 42 64 77
;f;:;gr:jnt 2007 21 58 7 255 21 28 48 64 82
2013 21 55 6 270 15 23 46 53 85
1995 5 139 85 199 85 112 120 180 199
Sady / 2001 5 137 93 192 93 105 141 152 192
Orchards 2007 5 124 66 176 66 82 128 167 176
2013 5 100 65 152 65 90 94 97 152
1995 4 110 86 127 86 97 113 123 127
Vinice / 2001 4 131 94 160 94 113 136 150 160
Vineyards 2007 4 93 62 110 62 78 101 109 110
2013 4 79 32 122 32 53 81 105 122
1995 5 419 119 1063 119 212 287 415 1063
Chmelnice/ | 2001 5 262 151 374 151 223 272 290 374
Hop gardens | 2007 5 484 101 1178 101 172 432 538 1178
2013 5 429 154 1049 154 160 226 554 1049

Obrdzek 36. Procentické zastoupeni ploch BMP v odbérovych cyklech v jednotlivych kategoriich obsahu
pristupného fosforu (P)

Figure 36. Representative percentage of the BSMS plots in sampling cycles in individual categories
of available phosphorus (P) content
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Obrdzek 37. Zmény procentického zastoupeni obsahu pristupného fosforu (P) v pudé v jednotlivych
kategoriich mezi 1. a 4. odbérovym cyklem na plochdch BMP

Figure 37. Changes of representative percentage of available phosphorus (P) content in the soil
in individual categories between the first and the fourth sampling cycle in the BSMS plots

2 . o 1995
Pristupny fosfor (P) / Available phosphorus (P
” pny (P)/ phosp (P) 2013

60 -

50 -

40 - +31%

+45%
30 -
-35%
-13%
20 -

-40 %
10 -

o il 1 1
nizky / low vyhovuijici / dobry / good vysoky / high velmi vysoky /
suitable very high

Obrdzek 38. Obsah pfistupného fosforu (P) na plochdch BMP v jednotlivych odbérovych cyklech (podle
kategorii obsahu pfistupného fosforu)

Figure 38. Available phosphorus (P) content in the BSMS plots in individual sampling cycles (according
to categories of available phosphorus content)
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4.3 Draslik (K)

Pramérny obsah pristupného K se v orni¢nim horizontu zemédélskych ptd BMP
v sledovanych 4 cyklech mirné snizil. K nejvétSimu ubytku doSlo u chmelnic
(0 126 mgkg™"); ostatni kultury vykazaly navzajem si podobny pokles (v Fadu desitek
mg.kg™).

Nejvice zastoupenou kategorii obsahu pfistupného K v letech 1995, 2001 a 2007
byla jednoznacné kategorie ,dobry”. V roce 2013 vsak byla zastoupena pouze 37 %
a podil kategorie ,vyhovuijici” vzrostl na 43 %.

4.3 Potassium (K)

The average available K content in the topsoil horizon of BSMS agricultural
lands decreased slightly in four monitored cycles. The most significant decrease
occurred in hop gardens (decrease by 126 mg.kg™"); other cultures showed a similar
decline (amounting to tens of mg.kg™).

The most frequent category of available potassium content in 1995, 2001 and 2007
was clearly the category “good”. However, its percentage representation in 2013
was only 37% and the percentage of the category “suitable” increased to 43%.

Tabulka 10. Vybrand kritéria hodnoceni obsahu pristupného drasliku (K) v pidé (Mehlich 1ll, mg.kg’,
ornice)

Table 10. Selected criteria for assessing available potassium (K) content in the soil (Mehlich Ill, mg.kg’,
topsoil)

A Orna puda / Arable land TTP / Permanent grassland
Kategorie obsahu
pristupného Druh pudy / Soil texture classes Druh pudy / Soil texture classes
drasliku /
Catego fedni fedni
oo tenka/ | e/ reas | oLenkas | e rangy
potassium content Light soil heavy soil Heavy soil Light soil heavy soil Heavy soil
Nizky / Low <100 <105 <170 <70 <80 <110
Vyhovujici/ 101-160 | 106-170 | 171-260 | 71-150 | 81-160 | 111-210
Suitable
Dobry / Good 161 -275 171 -310 261 -350 151 - 240 161 - 250 211 -300
Vysoky / High 276 - 380 311 -420 351 -510 241 - 350 251 - 400 301 -470
Velmi vysoky / > 380 > 420 > 510 > 350 > 400 > 470
Very high
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Tabulka 11. Deskriptivni statistika obsahu pristupného drasliku (K) na plochdch BMP v jednotlivych

odbérovych cyklech (Mehlich Ill; mg.kg, ornice)

Table 11. Descriptive statistics of available potassium (K) content in the soil in the BSMS plots

in individual sampling cycles (Mehlich Il, mg.kg’, topsoil)

Kultura/ | Cyklus/| PO |pramer| 0.10 | 0.25 | 075 | 0.90
Cultures Periods bl s / Mean Min Max perc. perc. el perc. perc.
of plots
1995 142 227 75 834 124 156 204 266 360
Orna pada/ | 2001 142 220 80 779 124 153 203 265 322
Arable land 2007 142 225 75 722 120 156 216 260 340
2013 142 196 68 555 109 138 177 239 313
1995 21 148 4 539 67 81 125 140 284
iy 2001 21 161 68 509 73 101 120 157 259
Permanent
grassland 2007 21 149 61 554 91 95 119 155 217
2013 21 128 46 468 74 83 94 130 212
1995 5 271 233 315 233 248 256 305 315
Sady / 2001 5 288 234 328 234 245 306 325 328
Orchards 2007 5 279 237 333 237 252 260 313 333
2013 5 232 188 286 188 220 233 234 286
1995 4 266 223 315 223 227 264 306 315
Vinice / 2001 4 310 195 366 195 261 339 359 366
Vineyards 2007 4 281 194 322 194 247 304 315 322
2013 4 234 126 337 126 175 237 294 337
1995 5 691 309 1193 309 499 689 766 1193
Chmelnice/ | 2001 5 599 349 796 349 429 687 734 796
Hop gardens | 2007 5 741 276 1202 276 535 759 933 1202
2013 5 565 300 1018 300 382 466 658 1018

Obrdzek 39. Procentické zastoupeni ploch BMP v odbérovych cyklech v jednotlivych kategoriich

obsahu pristupného drasliku (K)

Figure 39. Representative percentage of the BSMS plots in sampling cycles in individual categories

of available potassium (K) content
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Obrdzek 40. Zmény procentického zastoupeni obsahu pristupného drasliku (K) v pude v jednotlivych
kategoriich mezi 1. a 4. odbérovym cyklem na plochdch BMP

Figure 40. Changes of representative percentage of available potassium (K) content in the soil
in individual categories between the first and the fourth sampling cycle in the BSMS plots
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Obrazek 41. Obsah pristupného drasliku (K) na plochdch BMP v jednotlivych odbeérovych cyklech
(podle kategorii obsahu pfistupného drasliku)

Figure 41. Available potassium (K) content in the BSMS plots in individual sampling cycles (according
to categories of available potassium content)
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4.4 Horcik (Mg)

Prémérny obsah pristupného Mg v zemédélskych ptidach BMP v sledovanych 18 letech
kolisal. Mezi rokem 1995 a 2013 kles| jeho obsah v orni¢nim horizontu o 7 mg.kg™.
K poklesu doslo v orni¢nim i podorni¢nim horizontu u orné pGdy a TTP (v radu
jednotek a desitek mg.kg") a u sadd (pouze v ornici). U vinic a chmelnic naopak
doslo k mirnému nardstu obsahu Mg.

Nejvice zastoupenou kategorii obsahu pristupného Mg v letech 1995, 2001 a 2007 byla
jednoznacné kategorie ,dobry”, ktera zaujimala v jednotlivych letech 34 %, 35 % a 36 %.
V roce 2013 se této kategorii témer vyrovnala kategorie ,vyhovujici” (32 %). Kategorie

.,

,dobry” zaujimala v roce 2013 34 %.

4.4 Magnesium (Mg)

The average available Mg content in the BSMS agricultural lands fluctuated
over the 18 years. Between 1995 and 2013 its levels in the topsoil horizon
decreased by 7 mgkg'. The decrease occurred in the topsoil and subsoil horizon
in arable soil and permanent grassland (in the range of the unit values
and tens of mgkg') and in orchards (only in the topsoil). However, the Mg content
increased slightly in vineyards and hop gardens.

The most frequent category of available Mg content in BSMS agricultural
lands in 1995, 2001 and 2007 was clearly the category “good”, showing 34%, 35%
and 36% in individual years. In 2013 this category was almost equalled by the
category “suitable” (32%). The category “good” was recorded as 34% in 2013.

Tabulka 12. Viybrand kritéria pro hodnoceni obsahu pristupného horciku (Mg) v padé (Mehlich Ill, mg.kg',
ornice)

Table 12. Selected criteria for assessing available magnesium (Mg) content in the soil (Mehlich I, mg.kg™,
topsoil)

Kategorie obsahu Orna puda / Arable land TTP / Permanent grassland
57'"5tlulfnéh° Druh pudy / Soil texture classes Druh pudy / Soil texture classes
rasliku /
Categor ¥ i F i
e e Lehka / f\;rez‘i'sg Téska/ | Lehka/ f\;rez‘i'sg Tézka /
potassium content Light soil heavy soil Heavy soil Light soil heavy soil Heavy soil
Nizky / Low <80 <105 <120 <60 <85 <120
\S’mg‘éll’é'c" 81-135 | 106-160 | 121-220 | 61-90 | 86-130 | 121-170
Dobry / Good 136 - 200 161 - 265 221 -330 91 -145 131 -170 171 - 230
Vysoky / High 201 - 285 266 - 330 331 -460 146 - 220 171 - 245 231 -310
x:'r';h‘i’;’?ky / > 285 >330 > 460 > 220 > 245 >310
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Tabulka 13. Deskriptivni statistika obsahu pristupného horciku (Mg) na plochdch BMP v jednotlivych
odberovych cyklech (Mehlich Ill; mg.kg’, ornice)

Table 13. Descriptive statistics of available magnesium (Mg) content in the soil in the BSMS plots
in individual sampling cycles (Mehlich Il, mg.kg ", topsoil)

Kultura/ | Cyklus/| POt |pramer| 0.10 | 0.25 | 075 | 0.90
Cultures Periods b / Mean Min Max perc. perc. Lt el perc. perc.
of plots
1995 142 194 50 1160 87 118 173 239 31
Orna pada/ | 2001 142 196 51 1081 85 122 171 242 313
Arable land 2007 142 192 44 1013 94 123 168 236 304
2013 142 184 49 992 94 120 158 221 285
1995 21 239 46 444 119 172 231 283 428
I 2001 21 253 75 572 138 165 232 300 399
Permanent
grassland 2007 21 233 76 477 118 162 212 280 365
2013 21 232 89 496 138 168 208 294 319
1995 5 197 31 312 31 160 229 255 312
Sady / 2001 5 237 169 321 169 169 228 300 321
Orchards 2007 5 231 152 345 152 167 221 271 345
2013 5 223 134 329 134 154 232 267 329
1995 4 261 147 357 147 167 271 356 357
Vinice / 2001 4 266 163 361 163 177 269 354 361
Vineyards 2007 4 277 139 471 139 155 248 398 471
2013 4 277 149 453 149 170 253 384 453
1995 5 346 251 474 251 261 362 380 474
Chmelnice/ | 2001 5 372 239 517 239 327 367 411 517
Hop gardens | 2007 5 429 288 550 288 296 503 509 550
2013 5 387 242 536 242 284 409 464 536

Obrdzek 42. Procentické zastoupeni ploch BMP v odbérovych cyklech v jednotlivych kategoriich obsahu
pristupného horciku (Mg)

Figure 42. Representative percentage of the BSMS plots in sampling cycles in individual categories
of available magnesium (Mg) content
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Obrdzek 43. Zmeény procentického zastoupeni obsahu pristupného horciku (Mg) v pade v jednotlivych
kategoriich mezi 1. a 4. odbérovym cyklem na plochdch BMP

Figure 43. Changes of representative percentage of available magnesium (Mg) content in the soil
in individual categories between the first and the fourth sampling cycle in the BSMS plots
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Obrazek 44. Obsah pristupného horciku (Mg) na plochdch BMP v odbérovych cyklech (podle kategorif
obsahu pristupného horciku)

Figure 44. Available magnesium (Mg) content in the BSMS plots in individual sampling cycles (according
to categories of available magnesium content)
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4.5 Vapnik (Ca)

Pri porovnani roku odbéru 1995 a 2013 (1. a 4. cyklus) klesl pramérny obsah
pristupného Ca v orni¢nim horizontu pld BMP o 540 mgkg'. Ke sniZzeni doslo
u orné pady, TTP a chmelnic. ZvySeni nastalo u sadl a vinic.

Nejvice zastoupenou kategorii obsahu pristupného Ca v letech 1995, 2001 a 2007
byla jednoznacné kategorie obsahu ,dobry” (stejné jako v pfipadé pristupného
K a Mg). Kategorie ,dobry” zaujimala v jednotlivych letech 35 %, 36 % a 37 %.

V roce 2013 tuto kategorii predstihla kategorie ,vyhovujic”, kdyz dosahla 36 %.
Kategorie ,dobry” zaujimala v roce 2013 33 %.

4.5 Calcium (Ca)

In comparing the sampling years 1995 and 2013 (the first and the fourth cycle),
the average available Ca content in the topsoil horizon of BSMS lands decreased
by 540 mg.kg'. The decrease occurred in the arable land, permanent grassland
and hop gardens. An increase was shown in orchards and vineyards.

The most frequent category of available Ca content in 1995, 2001 and 2007
was clearly the category “good” (as in the case of available K and Mg).
The category “good” showed 35%, 36% and 37% in individual years.
In 2013 this category was outstripped by the category “suitable” which
reached 36%. The category “good” showed 33% in 2013.

Tabulka 14. Kritéria pro hodnoceni pristupného vdpniku (Ca) v pldeé (Mehlich Il, mg.kg', ornice)

Table 14. Criteria for assessing available calcium (Ca) content in the soil (Mehlich lll, mg.kg™, topsoil)

. Druh pudy / Soil texture classes
Kategorie obsahu
pristupného vapniku / o .
Category of available Lehka / Light soil SECL L ) T&2k4 / Heavy soil
calcium content heavy soil
Nizky / Low <1000 <1100 <1700
Vyhovuijici / Suitable 1001 - 1800 1101 - 2000 1701 - 3000
Dobry / Good 1801 - 2800 2001 - 3300 3001 - 4200
Vysoky / High 2801 - 3700 3301 - 5400 4201 - 6600
Velmi vysoky / Very high > 3700 > 5400 > 6600
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Tabulka 15. Deskriptivni statistika obsahu pristupného vdpniku (Ca) na plochdch BMP v jednotlivych
odbérovych cyklech (Mehlich Ill; mg.kg, ornice)

Table 15. Descriptive statistics of available calcium (Ca) content in the soil in the BSMS plots in individual

sampling cycles (Mehlich Ill, mg.kg”, topsoil)

Kultura/ | Cyklus /| 2Ot/ [primer| 010 | 025 | 075 | 090
Cultures Periods L1317 / Mean Min LS perc. perc. ey perc. perc.
of plots
1995 142 3413 920 13050 1627 1975 2593 4063 6209
Oorna pl'flda / 2001 142 3162 791 10715 1488 1880 2507 3605 5835
Arable land 2007 142 2943 743 11073 1465 1745 2273 3478 5503
2013 142 2834 760 11225 1303 1660 2238 3335 5425
1995 21 3508 1235 9683 1818 2138 2803 4175 6118
TP/ 2001 21 3599 1608 13200 1698 1983 3190 4210 5180
Permanent
grassland 2007 21 3066 1355 11023 1543 1868 2513 3570 5330
2013 21 2868 1323 9328 1555 1618 2160 3598 5028
1995 5 3560 348 7945 348 2248 3400 3860 7945
Sady / 2001 5 3983 2550 7890 2550 2783 3128 3563 7890
Orchards 2007 5 3745 2230 7860 2230 2363 2955 3315 7860
2013 5 3686 2188 7223 2188 2258 3150 3610 7223
1995 4 8539 3643 17775 3643 4243 6369 12835 | 17775
Vinice / 2001 4 8656 3470 19975 3470 4220 5590 13093 19975
Vineyards 2007 4 9662 3100 25075 3100 3380 5237 15944 25075
2013 4 10220 2768 27125 2768 3881 5493 16559 27125
1995 5 6102 4073 6853 4073 6255 6478 6850 6853
Chmelnice/ | 2001 5 4624 2445 6443 2445 3478 5348 5408 6443
Hop gardens | 2007 5 4866 4320 5215 4320 4635 4980 5180 5215
2013 5 4743 3080 5348 3080 4990 5143 5153 5348

Obrdzek 45. Procentické zastoupeni ploch BMP v odbérovych cyklech v jednotlivych kategoriich obsahu
pristupného vapniku (Ca)

Figure 45. Representative percentage of the BSMS plots in sampling cycles in individual categories
of available calcium (Ca) content

100%

Pfistupny vapnik (Ca) / Available calcium (Ca)

90%

80%

70% +

60%

50%

40% +

30%

20%

10% |

0%

1995

W nizky / low

Dvyhovuijici / suitable

2001

Edobry / good

2007

Ovysoky / high

DOvelmi vysoky / very high

2013

Padni reakce a obsah Zivin

81



Obrdzek 46. Zmeény procentického zastoupeni obsahu pristupného vdpniku (Ca) v pudé v jednotlivych
kategoriich mezi 1. a 4. odbérovym cyklem na plochdch BMP

Figure 46. Changes of representative percentage of available calcium (Ca) content in the soil in individual
categories between the first and the fourth sampling cycle in the BSMS plots
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Obrdzek 47. Obsah pfistupného vdpniku (Ca) na monitorovacich plochdch BMP v odbérovych cyklech
(podle kategorii obsahu pfistupného vdpniku)

Figure 47. Available calcium (Ca) content in the BSMS plots in individual sampling cycles (according
to categories of available calcium content)
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5 Pristupné mikroelementy
Lenka Praskovad

Intenzivni zemédélska vyroba vede k vysokym hektarovym vynostm. Vysoké hektarové
vynosy odcerpavaji z pldy kromeé vétsiho mnozstvi makroelementd, také odpovidajici
mnozstvi mikroelementl (stopovych prvk{), které jsou rovnéz biogennimi prvky
nezbytnymi pro existenci rostlin a je tedy trfeba sledovat jejich obsah v pldé.
Zvwysené nebezpedi pasivni padnf bilance mikroelement’ vznika na ptdach s chudsi
pfirozenou zdsobou urcitého prvku, na pldéach se zhorSenymi podminkami pro
jeho prijeti a také u trvalych kultur, kde se stanovisté trvale jednostranné ochuzuje
o urcity prvek, ktery je pro plodinu specificky. Naopak na druhou stranu je mozny
i jejich zvySeny obsah v pUdé, ktery predstavuje mozZné nebezpeci Skodlivosti
Obecneé v kyselejSim prostredi se zvySuje rozpustnost a tim i pfijatelnost Fe, Mn, Zn, Cu
a B a naopak se snizuje prijatelnost Mo.

v

Mikroelementy se v pldé nachdazeji v rdznych forméch a jejich obsah i dynamiku
ovliviiuje frada faktord. Jsou to jednak faktory statické jako je matecnd hornina,
klimatické podminky, rocni obdobi, geomorfologie terénu apod., a jednak faktory
dynamické jako je obsah a kvalita humusu, pldni reakce, zrnitost, propustnost,
sorpcni kapacita, mikrobialni aktivita, redoxpotencial, celkovy chemismus apod. (Benes,
1994).

V padéch a rostlinach je bér (B) pritomen jako trojmocny. Nedostatek B se casto
vyskytuje v pldach prevapnénych a prehnojenych draslikem (BeneS, 1994). Bor
je dobre prijatelny do hodnoty pH 6,3 a se zvysSujici se hodnotou se pfijatelnost
snizuje (Vanék et al., 2012). Narocné na B jsou cukrovka, krmna fepa, mak, repka,
vojtéska, len, jetel, jablon, hrusen, vinna réva (Richter et Hlusek, 1999).

Méd (Cu) je v pldach a rostlindch pfitomna z nejvétsi ¢asti jako dvojmocny kation,
ovsem v organickych vazbach casto vystupuje jako jednomocna. Nedostatek Cu
je nejcastéjsi na lehkych podzolovych pldéch, v oblastech s vysokymi srézkami,
na pUdach rendzin, na vépnitych sedimentech, ale také na pldach prehnojenych
N, P, Zn a pfi prevapnéni (Benes, 1994). Vysoké obsahy Cu mohou mit pady
kontaminované z daini ¢innosti, z kovohuti a z aplikacf fungicidd (Vanék et al., 2012).
VySSi naroky na Cu maji obiloviny, salat, cibule, Spenat, mrkev, slunecnice, bob,
jetel a dalsf (Richter et HluSek, 1999).

Zelezo (Fe) sehrava dllezitou Ulohu v chemismu pldy. Jeho oxidacni stupné,
hlavné Fe?" a Fe*, se Ucastni rdznych padnich reakci, vyznamné ovliviujf fyzikalnf
a chemické vlastnosti pldy a tim i rozpustnost a prijatelnost Zivin rostlinami.
V kyselych a periodicky zavlazovanych padéach je Fe znacné mobilni a mUze
na rostliny pasobit toxicky. Mimoto je pri nadbytku Fe snizen prijem Ca, Mn a B, ale
také P a K. Nedostatek Fe se u nas vyskytuje zfidka. Je to v oblastech alkalickych,
raselinnych a karbondatovych pld a na pldach prehnojenych P, kde zvlasté na
lehkych padach vznikaji mélo pohyblivé Fe-fosfaty (Benes, 1994). Nejvice Fe vyZaduijf
ovocné stromy, vinna réva, brambory, rajcata, oves, kukurice (Richter et HluSek,

1999).
Mangan (Mn) je v pldé pritomen ve formé Mn?, Mn** a Mn*, z nichZz pouze Mn?*

je prijiman rostlinami. Nedostatek Mn se projevuje na suchych stanovistich,
neutralnich a7 alkalickych ptdéach s pH nad 7. Nadbytek Mn je patrny vétSinou

na silné kyselych stanovistich, po hnojenf kysele pUsobicimi hnojivy a v pldach,
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kde je mald aktivita mikroorganisma oxidujicich Mn?* na méné pristupny Mn*" a
Mn“*. Nadbytek Mn?* v pddach omezuje pfijem Mg a Fe rostlinam a podobné jako Fe
pUsobi na rostliny toxicky (Benes, 1994). Mezi rostliny citlivé na nedostatek Mn
patff cukrovka, brambory, oves, hrach a ovocné stromy a vinna réva (Richter et HluSek,

1999).

Molybden (Mo) je v plidach a rostlindch pfitomen predevsim jako Sestimocny,
méneé jiz jako ctyrmocny a petimocny (Benes, 1994). Nejméné rozpustny a pro rost-
liny nejméné prijatelny je v piscitych kyselych pldach a naopak dobre rozpustny
a pohyblivy je v padach neutréinich az alkalickych, pfipadné po vapnénf (Vanék et
al., 2012). Molybden se mudze hromadit v pletivech rostlin. Fytotoxicky tyto zvysené
obsahy nepUsobf a tim se mize Mo v nadmérném mnoZstvi dostavat do potravniho

vvvvv

.,

je pro skot toxicka. Vysoké naroky na Mo maji brukvovité rostliny a rostliny bobovité
(Richter et HluSek, 1999).
V pldéach a rostlinach je zinek (Zn) pritomen prevazné jako dvojmocny kation Zn®'.
Nejcastéji se nedostatek vyskytuje v kyselych piscitych pldach humidnich oblasti,
v pldéach s vysokym obsahem jilu a P, v pldach karbondtovych a v pladach
s vysokym podilem organické hmoty. Vysoké obsahy Zn se vyskytuji v pldach mést-
skych aglomeraci, v blizkosti ddinich hald a Upraven rud. Toxicitu mdze zpUsobit i pouZi-
vani cistirenskych kall a méstskych odpadl jako hnojiva (Benes, 1994). Narocnymi
plodinami na obsah Zn jsou kukurice, len, fazol, sdja, chmel, ovocné stromy a vinna
réva (Richter et Hlusek, 1999).

Obsahy pfistupnych mikroelementd v pddé jsou hodnoceny podle kategorif
zasobenosti pld, které v roce 1990 publikoval Neuberg v Komplexni metodice vyZivy
rostlin.

Tabulka 16. Kritéria pro hodnoceni obsahu stopovych prvkd v pddeé (Neuberg, 1990)

Table 16. Criteria for evaluation of the micronutrients in the soil (Neuberg, 1990)

Obsah v padé (mg.kg") /

Mikroelement / Druh pady / Content in soil (mg.kg™)
Microelement Soil texture classes L Stiedni / A
Nizky / Low Medium Vysoky / High
Lehka / Light soil <0,40 0,40-0,70 >0,70
Bor (B) / Boron (B) Stredni / B
(Berger-Truog) Medium heavy soil <t st =100 e
TéZzka / Heavy soil <0,80 0,80-1,50 >1,50
Lehka / Light soil <6,40 6,40 - 7,00 >7,00
Molybden (Mo) / Stredni /
Molybdenum (Mo) Medium heavy soil <6,80 6,80 -7,80 >7,80
(Grigg)'
Tézka / Heavy soil <720 7,20-8,20 > 8,20
Méd'(Cu) / Copper (Cu) B
(Lindsay-Norvell) LS T/L M H <0,80 0,80-2,70 > 2,70
Mangan (Mn) / Manganese (Mn) )
Lindsay-Norvell) LS T/LMH <10 10-100 > 100
Zinek (Zn) / Zinc (Zn)
Lindsay-Norvell) LS T/L M H < 1,00 1,00 - 2,50 > 2,50
Zelezo (Fe) / Iron (Fe) LS T/L M H <3 8-75 s 75

(Lindsay-Norvell)

'... wyjadfeno tzv. molybdenovym ¢&islem Moc. Moc = pH (KCI) + 10 x Mo (v mg.kg ™ zeminy)
'... represented by the molybdenum constant Moc. Moc = pH (KCl) + 10 x Mo (in mg.kg™" in soil)
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5 Available microelements
Lenka Praskovad

Intensive agricultural production leads to high yields per hectare. Due to high yields
per hectare carry away from the soil, in addition to large quantities of macroelements,
also a greater amounts of microelements, which are likewise biogenic elements
necessary for plants and whose levels in the soil require monitoring. There is
an increased risk of passive soil micronutrient balance in soils poorly supplied
with a particular natural element, in soils degraded for its absorption and also
in the case of perennial crops, where the habitat is permanently and
unilaterally deprived of a certain element specific to the crop. Conversely, there
may be an increased level of such elements in the soil, which poses a potential risk
of harmfulness or even toxicity to higher animals and plants. For both animals
and humans, Mo and Cu are primarily toxic. Generally, solubility increases in more
acidic environments leading to better absorption of Fe, Mn, Zn, Cu and B.
Conversely, absorption of Mo decreases.

Microelements can be found in soils in different forms and their levels and dynamics
are influenced by several factors. These are either static factors such as parent
material, climate, season, topography, etc., or dynamic factors such as the content
and quality of humus, soil reaction, grain size, permeability, sorption capacity,
microbial activity, redox potential, the overall chemistry, etc. (Benes, 1994).

Boron (B) is present in the soil and plants in the trivalent state. Boron deficiency
often occurs in soils that have been over-limed or under excessive application
of potassium fertilizer (Bene$, 1994). Optimum availability of B is up to pH 6.3;
as pH increases, B availability tends to decrease (Vanék et al, 2012). High
boron-demanding crops are, in particular, sugar beet, mangolds, poppy seed,
rapeseed, lucerne, linseed, clover, apple tree, pear tree and vines.

Copper (Cu) is most likely to occur in the soil and plants as a divalent cation;
however, in organic forms it can be often present in the univalent state. Copper
deficiency occurs most frequently in light-textured podzolic soils, in places with
high rainfall, on calcareous sediments, but also in soils under excessive application
of N, P and Zn fertilizers and in over-limed soils (Benes, 1994). High Cu levels
may be present in soils contaminated by mining activities, smelting plants and
application of fungicides (Vanék et al., 2012). High copper-demanding plants
are cereals, lettuce, onions, spinach, carrots, sunflowers, beans, clover, etc.
(Richter et HluSek, 1999).

Iron (Fe) plays an important role in soil chemistry. Iron oxidation states,
particularly Fe?* and Fe**, are involved in many soil reactions, and significantly
affect physical and chemical characteristics of the soil together with solubility
of the nutrients and their uptake by plants. Iron is very mobile and can cause
toxicity in plants in acidic and periodically irrigated soils. Moreover, in the case
of high Fe content, uptake of Ca, Mn, B, as well as P and K is reduced. Iron
deficiency is rare in the Czech Republic. It may occur in the areas of alkaline,
peat and carbonate soils and soils under excessive application of P fertilizer,
where, particularly in light-textured soils, low mobile Fe-phosphates are formed
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(Benes, 1994). Iron is essential mainly for fruit trees, vines, potatoes, tomatoes, oats,
or maize (Richter et HluSek, 1999).

Manganese (Mn) is present in the soil as Mn?, Mn® and Mn*, whereas only Mn2*
is absorbed by plants. Manganese deficiency occurs on dry sites, and in neutral
to alkaline soils with a pH above 7. Excess Mn is evident mostly on strongly acidic
sites, after use of acid-acting fertilizers and in soils where there is little activity
of microorganisms oxidizing Mn?* to less accessible Mn** and Mn*. Excess Mn#
in soils reduces the Mg and Fe uptake by plants and like Fe can cause toxicity
in plants (Benes, 1994). The plants susceptible to Mn deficiency are sugar beet,
potatoes, oats, peas, fruit trees, and vines (Richter et HluSek, 1999).

Molybdenum (Mo) occurs in soils and plants mainly as hexavalent, less frequently
as tetravalent and pentavalent (Benes, 1994). Molybdenum is the least soluble
and least available to plants in sandy acidic soils, on the other hand, it is highly
soluble and mobile in neutral to alkaline soils or after liming (Vanék et al., 2012).
Molybdenum may accumulate in plant tissues, however high concentration of
Mo have no phytotoxic effects, which enables excessive amounts of Mo to enter
the food chain and negatively affect higher animals. Fodder containing more
than 5 mgkg' Mo is toxic to cattle. High molybdenum-demanding plants are
cruciferous and legume plants (Richter et Hlusek, 1999).

Zinc (Zn) occurs in the soil and plants predominantly as a divalent cation (Zn#).
Zinc deficiency mostly occurs in acidic sandy soils in humid regions, in soils high
in clay and P content, in carbonate soils and in soils with a high content
of organic matter. High concentration of Zn can be found in soils in conurbations,
in the vicinity of mine dumps and ore mills. Toxicity can also be caused by use
of sewage sludge and municipal waste as a fertilizer (Benes, 1994). High
zinc-demanding plants are maize, flax, beans, soy, hops, fruit trees, and vines
(Richter et HluSek, 1999).

Contents of available micronutrients in the soil are evaluated by categories
of soil reserves (Table 16) that were published in Komplexni metodika vyzivy rostlin
(Neuberg, 1990) (Comprehensive Methodology in Plant Nutrition by Neuberg
in 1990).
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5.1 Bo6r(B)

V pribéhu let 1995-2013 doslo k mirnému snizeni prdmérného obsahu pristup-
ného B v ornicnim horizontu zemédeélskych pdd BMP z 0,97 v roce 1995
na 0,87 mg.kg' v roce 2013. Pokles mezi 1. a 4. cyklem monitoringu ¢inil 0,170 mg.kg"
(10,3 %). K nejvétsimu snizeni B doslo u sadl (0 0,20 mg.kg"), naopak u vinic doslo
ke zvySenf (0 0,31 mg.kg™).

Nejvice zastoupenou kategorii zasobenosti ve vSech sledovanych letech byla
kategorie obsahu ,stfedni”. Tato kategorie zaujimala 36 % (rok 1995) a 43 %
(rok 2013).

5.1 Boron (B)

Between 1995 and 2013, the average content of available B in the topsoil layer
of agricultural soils in BSMS slightly decreased from 0.97 in 1995 to 0.87 mg.kg"
in 2013. The decrease between the first and the fourth monitoring cycle
was 0.10 mgkg' (10.3%). The most significant drop occurred in orchards
(by 0.20 mg.kg"), in contrast vineyards saw a rise (of 0.31 mg.kg™").

The most frequent category of supply in all years considered was the category
“medium” which accounted for 36% (1995) and 43% (2013).

Tabulka 17. Deskriptivni statistika obsahu pfistupného bdéru (B) na plochdch BMP v jednotlivych odbéro-
vych cyklech (Berger-Truog;, mg.kg’, ornice)

Table 17. Descriptive statistics of the content of available boron (B) in the BSMS plots in individual
sampling cycles (Berger-Truog, mg.kg, topsoil)

Kultura/ | Cyklus /| (Ot [ pramar| 010 | 025 | 075 | 090
Cultures Periods L7337 / Mean Min LS perc. perc. el perc. perc.
of plots

1995 142 0,99 0,12 335 037 0,52 0,83 1,31 1,85

Oorna p[]da / 2001 142 0,95 0,24 2,95 0,46 0,54 0,78 1,25 1,79
Arable land 2007 142 1,20 0,29 7,37 0,56 0,76 0,94 1,38 1,88
2013 142 0,87 0,16 1,99 0,45 0,59 0,83 1,07 1,42

1995 21 0,71 0,09 1,80 0,21 0,42 0,68 0,82 1,29

Lk 2001 21 0,88 0,43 2,03 0,51 0,57 0,84 0,95 1,60
;f;';rs'lgr:]ednt 2007 21 1,02 0,44 1,93 0,54 0,60 0,97 1,31 1,58
2013 21 0,75 035 1,79 0,39 043 0,66 1,02 1,18

1995 5 1,09 0,86 1,58 0,86 0,97 1,02 1,03 1,58

Sady / 2001 5 1,06 0,71 1,32 0,71 1,04 1,09 1,13 1,32
Orchards 2007 5 1,00 0,74 1,54 0,74 0,77 0,89 1,08 1,54
2013 5 0,89 0,68 1,13 0,68 0,74 0,95 0,96 113

1995 4 037 024 0,65 0,24 0,25 0,29 0,49 0,65

Vinice / 2001 4 0,88 0,49 1,30 0,49 0,63 0,87 113 1,30
Vineyards 2007 4 0,93 0,54 1,38 0,54 0,71 0,90 1,15 1,38
2013 4 0,68 0,49 0,82 0,49 0,59 0,70 0,77 0,82

1995 5 1,72 0,95 235 0,95 1,48 1,80 2,02 2,35

Chmelnice / 2001 5 1,74 1,24 2,20 1,24 1,37 1,78 2,09 2,20
Hop gardens | 2007 5 1,68 1,01 2,59 1,01 1,37 1,45 1,96 2,59
2013 5 1,56 1,04 2,74 1,04 1,26 1,31 1,46 2,74
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Obrdzek 48. Procentické zastoupeni ploch BMP v jednotlivych kategoriich obsahu pristupného béru (B)
(odbérové cykly 1995-2013)

Figure 48. Representative percentage of the BSMS plots in individual categories of the content
of available boron (B) (sampling cycles 1995-2013)
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Obrdzek 49. Obsah pfistupného bdéru (B) na plochdch BMP v jednotlivych odbérovych cyklech (podle
kategorii obsahu pfistupného boru)

Figure 49. The content of available boron (B) in the BSMS plots in individual sampling cycles (by categories
of the content of available boron)

Kategorie obsahu béru

Boron content category
Rozdéleni cykll
Periods

2013 1995 . n izky

low
20072001 O stfedni
medium

(O vysoky

high

Berger - Truog

88 Available microelements



5.2 Méd (Cu)

Prdmérnd hodnota obsahu pristupné Cu se v pribéhu sledovaného obdobf
(1995-2013) v orni¢nim horizontu zemédélskych pld BMP zvySovala z 3,57 mg.kg
v roce 1995 na 3,83 mgkg' v roce 2013. Navyseni mezi 1. a 4. cyklem Ccinilo
0,26 mg.kg' (7,3 %). K nejvetsSimu zvyseni Cu doslo u vinic a chmelnic (0 2,26 mg.kg"
a 4,17 mg.kg"). Naopak v sadech se prdmérny obsah mirné snizil.

Nejvice zastoupenou kategorii ve vSech letech byla jednoznacné kategorie
,Stfedni” obsah Cu. Tato kategorie zaujimala 65 % (rok 1995) a 64 % (rok 2013).
Kategorie ,vysoky” obsah Cu se v roce 2013 oproti roku 1995 zwsila o 3 %
na celkovych 32 %.

5.2 Copper (Cu)

The average level of the content of available Cu increased during the period
considered (1995-2013) in the topsoil layer of agricultural soils in BSMS from
3.57 mgkg' in 1995 to 3.83 mgkg' in 2013. The increase between the first and
the fourth cycle was 0.26 mgkg' (7.3%). The most significant rise in Cu occurred
in vineyards and hop gardens (by 2.26 mgkg' and 4.17 mgkg"), in contrast
the average content decreased in orchards.

The most frequent category in all years was clearly the category “medium” Cu
content which accounted for 65% (1995) and 64% (2013). The category “high”
Cu content increased by 3% to 32% in 2013 compared to 1995.

Tabulka 18. Deskriptivni statistika obsahu pristupné médi (Cu) na plochdch BMP v jednotlivych odbérovych
cyklech (Lindsay-Norvell; mg.kg™', ornice)

Table 18. Descriptive statistics of the content of available copper (Cu) in the BSMS plots in individual
sampling cycles (Lindsay-Norvell; mg.kg™, topsoil)

Kultura/ | Cyklus /| 2O/ [primer| 010 | 025 | 075 | 090
Cultures Periods U177 517 / Mean Min Rl perc. perc. e perc. perc.
of plots
1995 142 2,85 0,30 449 0,94 1,26 1,86 2,55 3,82
Orna ptda / 2001 142 3,05 0,71 43,6 1,30 1,58 2,06 2,88 4,26
Arable land 2007 142 2,61 0,44 23,5 0,98 1,35 1,84 2,66 372
2013 142 2,90 0,75 37,2 1,09 1,44 1,87 2,69 427
1995 21 3,20 0,43 10,7 0,95 1,31 2,14 4,07 7,08
Ly 2001 21 3,70 1,02 10,9 1,48 1,99 2,81 4,28 6,78
Permanent 21 314 | 073 | 932 | 141 172 | 219 | 391 6,03
grassland
2013 21 3,74 0,72 14,7 1,23 1,76 3,14 4,59 6,50
1995 5 4,34 1,18 15,8 1,18 1,37 1,59 1,74 15,8
Sady / 2001 5 436 1,41 13,8 1,41 1,88 232 2,38 13,8
Orchards 2007 5 4,30 1,27 14,9 1,27 1,49 1,74 2,08 14,9
2013 5 411 1,52 11,8 1,52 1,66 1,67 397 11,8
1995 4 5,87 2,72 9,13 2,72 3,60 5,81 8,14 9,13
Vinice / 2001 4 9,81 3,55 13,7 3,55 7,03 11,0 12,6 13,7
Vineyards 2007 4 10,9 8,62 12,6 8,62 9,61 11,1 12,1 12,6
2013 4 8,13 6,78 9,92 6,78 6,93 791 9,34 9,92
1995 5 22,9 11,9 43,7 11,9 12,5 16,3 30,2 43,7
Chmelnice / 2001 5 314 16,0 53,8 16,0 24,3 25,8 371 53,8
Hop gardens | 2007 5 29,8 18,2 58,7 18,2 19,2 253 27,5 58,7
2013 5 27,1 17,1 48,7 17,1 19,1 20,5 29,9 48,7
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Obrdzek 50. Procentické zastoupeni ploch BMP v jednotlivych kategoriich obsahu pristupné médi (Cu)
(odbérové cykly 1995-2013)

Figure 50. Representative percentage of the BSMS plots in individual categories of the content of available
copper (Cu) (sampling cycles 1995-2013)
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Obrdzek 51. Obsah pristupné médi (Cu) na plochdch BMP v jednotlivych odbérovych cyklech (podle
kategorii obsahu pristupné médi)

Figure 51. The content of available copper (Cu) in the BSMS plots in individual sampling cycles (by categories
of the content of available copper)
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5.3 Zelezo (Fe)

Za uplynulych 18 let trvani BMP se prlmérnd hodnota obsahu pristupného Fe
v zemeédélskych pldach v orni¢nim horizontu wyrazné zwysila ze 71,4 mgkg’
v roce 1995 na 105 mgkg' v roce 2013. NavySeni mezi 1. a 4. cyklem bylo statis-
ticky velmi vyznamné a ¢inilo 33,6 mg.kg' (47,1 %). Ke zvySeni prumérnych hodnot
doslo u v3ech kultur; nejvice u sadl (0 58,9 mg.kg").

Zastoupenymi kategoriemi ve vSech letech byly kategorie ,stredni” a ,vysoky”
obsah Fe. Pomeéry téchto kategorii se pri porovnani 1. a 4. cyklu vzajemné vymenily.
Ve 4. cyklu prevlada kategorie ,vysoky” obsah (62 %) nad kategorif ,stfedni” obsah
(38 %). V 1. cyklu to bylo naopak. Kategorie ,nizky” obsah se vyskytovala pouze
v 1. odbérovém cyklu a byla zastoupena pouze 0,6 %.

5.3 Iron (Fe)

Over the last 18 years of duration of BSMS, the average level of the content
of available Fe in the topsoil layer of agriculture soils significantly increased from
714 mgkg! in 1995 to 105 mgkg' in 2013. The increase between the first
and the fourth cycle was statistically significant and amounted for 33.6 mg.kg’
(47.1%). The rise in average values was in all cultures; mostly in orchards
(by 58.9 mg.kg").

Categories represented in all years were categories “medium” and “high” Fe
content. Ratios of these categories exchanged bilaterally comparing the first cycle
with the fourth cycle. In the fourth cycle the category “high” content (62%) prevailed
over the category “medium” content (38%). On the contrary, the category “low”
content occurred only in the first sampling cycle and amounted just
for 0.6%.

Tabulka 19. Deskriptivni statistika obsahu pristupného Zeleza (Fe) na plochdch BMP v jednotlivych
odbeérovych cyklech (Lindsay-Norvell; mg.kg?, ornice)

Table 19. Descriptive statistics of the content of available iron (Fe) in the BSMS plots in individual sampling
cycles (Lindsay-Norvell; mg.kg™', topsoil)

Kultura/ | Cyklus/ ,\T °Ce; " pramer i " 010 | 025 |, .| 075 | 090
Cultures Periods umoer / Mean in ax perc. perc. edian perc. perc.
of plots
1995 142 71,7 430 320 25,7 35,9 58,2 886 145
Ornaptda/ | 2001 142 102 157 464 31,4 485 81,3 132 188
Arable land | 2007 142 80,2 16 411 309 44,6 66,8 96,6 134
2013 142 96,2 15,0 358 380 56,0 84,0 11 71
— 1995 21 94,8 438 224 47,7 59,1 97,0 123 150
b 2001 21 211 63,4 473 116 134 204 262 335
ermf"%"t 2007 21 167 64,9 333 85,7 114 140 200 307
grassian 2013 21 196 554 365 113 136 177 248 329
1995 5 45,1 8,23 104 8,23 27,1 34,1 52,0 104
Sady / 2001 5 78,8 226 =2 226 57,2 64,2 718 132
Orchards 2007 5 80,4 11,1 205 11,1 49,5 538 82,9 205
2013 5 104 10,7 309 107 413 48,7 110 309
1995 4 16,3 13,1 21,9 131 132 157 194 21,9
Vinice / 2001 4 29,4 196 518 196 21,0 23,1 37,9 518
Vineyards 2007 4 228 137 42,0 137 15,0 177 30,5 42,0
2013 4 222 16,9 309 16,9 172 206 27,2 30,9
1995 5 36,4 9,98 75,7 9,98 11,8 38,7 458 75,7
Chmelnice / | 2001 5 54,2 348 83,7 348 23 534 57,9 837
Hop gardens | 2007 5 36,6 239 58,1 239 30,7 30,9 39,2 58,1
2013 5 516 36,5 638 36,5 48,6 518 57,3 638
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Obrdzek 52. Procentické zastoupeni ploch BMP v jednotlivych kategoriich obsahu pristupného
Zeleza (Fe) (odbérové cykly 1995-2013)

Figure 52. Representative percentage of the BSMS plots in individual categories of the content of available
iron (Fe) (sampling cycles 1995-2013)
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Obrdzek 53. Obsah prfistupného Zeleza (Fe) na plochdch BMP v jednotlivych odbérovych cyklech (podle
kategorii obsahu pristupného Zeleza)

Figure 53 The content of available iron (Fe) in the BSMS plots in individual sampling cycles (by categories
of the content of available iron)
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5.4 Mangan (Mn)

Primérnd hodnota obsahu pristupného Mn se v zemédélskych pldéach v ornic-
nim horizontu v ramci BMP v poslednich 18 letech mirné zvySovala z 45,9 mgkg
v roce 1995 na 52,0 mgkg' v roce 2013. Navyseni mezi 1. a 4. cyklem bylo
statisticky velmi vyznamné a cinilo 6,10 mg.kg" (13,3 %). Narlst prdmérné hodnoty
byl zaznamenan u vSech kultur kromé vinic.

Nejvice zastoupenou kategorii ve vSech sledovanych letech byla stejné jako
v pfipadé B a Cu kategorie ,stfedni”. Tato kategorie byla v pfipadé Mn dominantnf
a zaujimala 89 % (rok 1995) a 92 % (rok 2013). Podil kategorie ,nizky” obsah byl v roce
2013 nepatrny (0,6 %).

5.4 Manganese (Mn)

The average level of the content of available Mn in the topsoil layer of agricultural
soils in BSMS slightly increased over the last 18 years from 459 mgkg’
in 1995 to 52.0 mgkg' in 2013. The increase of 6.10 mgkg' (13.3%) between
the first and the fourth cycle was statistically significant. The rise of the average level
was recorded in all cultures except for vineyards.

The most frequent category in all years considered, as in the case of B and Cu,
was the category “medium” which was dominant in Mn and amounted for 89%
(1995) and 92% (2013). Percentage of the category “low” content was in 2013
negligible (0.6%).

Tabulka 20. Deskriptivni statistika obsahu pristupného manganu (Mn) na plochdch BMP v jednotlivych
odbérovych cyklech (Lindsay-Norvell, mg.kg”, ornice)

Table 20. Descriptive statistics of the content of available manganese (Mn) in the BSMS plots in individual
sampling cycles (Lindsay-Norvell; mg.kg™, topsoil)

Kultura / Cyklus / Pocet/ | o tmer . 0.10 0.25 . 0.75 0.90
Cultures Periods N 127 / Mean lly LS perc. perc. LB perc. perc.
of plots
1995 142 483 5,11 214 173 24,8 39,7 57,4 80,4
Orna ptda / 2001 142 47,0 725 205 15,5 23,4 36,4 56,7 93,5
Arable land 2007 142 39,4 6,58 143 18,4 25,2 36,6 49,4 66,2
2013 142 53,0 12,0 192 21,7 28,8 46,5 64,5 90,7
1995 21 41,1 8,80 124 15,5 22,3 35,5 50,9 65,7
Ly 2001 21 62,1 15,8 156 25,5 39,0 49,2 81,3 99,6
Permanent 21 498 | 124 | 785 | 290 | 439 | 532 | 573 | 673
grassland
2013 21 56,7 25,7 171 335 36,6 48,3 62,3 77,7
1995 5 37,9 16,6 53,7 16,6 26,1 39,5 53,7 53,7
Sady / 2001 5 42,7 17,9 72,8 17,9 22,1 40,2 60,7 72,8
Orchards 2007 5 413 10,7 56,9 10,7 38,5 43,5 56,9 56,9
2013 5 50,9 797 133 797 252 433 44,7 133
1995 4 21,7 18,1 29,5 18,1 18,3 19,6 25,1 29,5
Vinice / 2001 4 22,3 20,7 24,1 20,7 20,9 22,3 23,8 24,1
Vineyards 2007 4 15,2 11,1 19,9 11,1 12,7 14,8 17,6 19,9
2013 4 21,6 133 32,2 133 14,0 204 29,1 32,2
1995 5 23,1 109 419 10,9 18,7 19,3 24,4 419
Chmelnice / 2001 5 23,6 14,6 45,4 14,6 14,8 18,3 24,7 45,4
Hop gardens | 2007 5 25,8 173 37,0 173 24,4 24,8 253 37,0
2013 5 29,0 20,8 43,7 20,8 22,6 26,1 31,9 43,7
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Obrdzek 54. Procentické zastoupeni ploch BMP v jednotlivych kategoriich obsahu pristupného manganu
(Mn) (odbérové cykly 1995-2013)

Figure 54. Representative percentage of the BSMS plots in individual categories of the content of available
manganese (Mn) (sampling cycles 1995-2013)
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Obrdzek 55. Obsah pristupného manganu (Mn) na plochdach BMP v jednotlivych odbérovych cyklech
(podle kategorii obsahu pfistupného manganu)

Figure 55. The content of available manganese (Mn) in the BSMS plots in individual sampling cycles
(by categories of the content of available manganese)
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5.5 Molybden (Mo)

Obsah molybdenu v plddach BMP byl analyzovan pouze v 1. cyklu odbérd v roce
1995. 7 vysledkl vyplyvéd prdmérnd hodnota obsahu Mo pro orni¢ni horizont 0,15

Nejvyssi prlimérna hodnota byla zjisténa na chmelnicich (0,20 mg.kg™).

Nejvice zastoupenou kategorii v roce 1995 byla kategorie ,vysoky” obsah Mo.

5.5 Molybdenum (Mo)

Molybdenum content in soils of BSMS was analysed only in the first
sampling cycle in 1995. The results show that the average level of Mo
content in the topsoil layer was 0.15 mgkg'. The lowest Mo content (0.07 mg.kg')
occurred in vineyards in 1995. The highest average level (0.20 mgkg'") was
recorded in hop gardens.

The most frequent category in 1995 was the category “high” Mo content.

Tabulka 21. Deskriptivni statistika obsahu pristupného molybdenu (Mo) na plochdch BMP v roce 1995
(Grigg; mg.kg’!, ornice)

Table 21. Descriptive statistics of the content of available molybdenum (Mo) in the BSMS plots in 1995
(Grigg; mg.kg’!, topsoil)

Pocet / N
Kultura / cyk.IUS/Number Pramér Min Max 0.10 0.25 Median 0.75 0.90
Cultures Periods / Mean perc. | perc. perc. | perc.
of plots
O [P 1995 | 174 | 016 | 003 | 090 | 008 | 011 | 014 | 018 | 025
Arable land
TTP/
Permanent 1995 | 34 | 012 | 005 | 028 | 006 | 008 | 012 | 015 | 020
grassland
Sy 1995 | 7 014 | 008 | 022 | 008 | 009 | 014 | 018 | 022
Orchards
VAL 1995 5 007 | 003 | 009 | 003 | 006 | 007 | 009 | 0,09
Vineyards
el 1995 7 020 | 004 | 034 | 004 | 011 | 020 | 031 | 034
Hop gardens
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Table 22. Procentické zastoupeni ploch BMP v roce 1995 v jednotlivych kategoriich obsahu pristupného
molybdenu (Mo)

Table 22. Representative percentage of the BSMS plots in 1995 in individual categories of the content
of available molybdenum (Mo)

Kategorie obsaht / Categories of the content
Kultura / Culture Nizky / Low Stfedni / Medium Vysoky / High

(%) (%) (%)
Orna plda / Arable land 7,6 33,1 59,3
TTP / Permanent grassland 281 25,0 46,9
Sady / Orchards 0,0 14,3 85,7
Vinice / Vineyards 0,0 20,0 80,0
Chmelnice / Hop gardens 0,0 14,3 85,7

Obrdzek 56. Obsah pfistupného molybdenu (Mo) na plochdch BMP v roce 1995 (podle kategoril
obsahu pristupného molybdenu)

Map 56. The content of available molybdenum (Mo) in the BSMS plots in 1995 (by categories
of the content of available molybdenum)
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5.6 Zinek (Zn)

Primérnd hodnota obsahu pristupného Zn se v zemédélskych pldach v orni¢nim
horizontu v ramci BMP mirné zvySovala z 4,89 mg.kg"' v roce 1995 na 541 mg.kg’
v roce 2013. NavySeni mezi 1. a 4. cyklem bylo statisticky velmi vyznamné a cinilo
0,52 mgkg' (10,6 %). U vSech kultur kromésadl bylo zaznamenano navysenf
prameérnych obsaht. Nejvétsi nardst byl u chmelnic (0 2,00 mg.kg™). U sadl prdmérna
hodnota poklesla 0 4,40 mg.kg™".

Nejvice zastoupenou kategorii byla kategorie ,stfedni” a ,vysoky” obsah ve vSech
letech. Ve 4. cyklu previadala kategorie ,vysoky” obsah (59 %) nad kategorif
,Stredni” obsah (38 %). V 1. cyklu previadala kategorie ,stfedni” obsah nad kategorif
,Vysoky” obsah (obdobné jako tomu bylo v pripadé Fe).

5.6 Zinc(Zn)

Over the last 18 years the average level of the content of available Zn in the topsoil
layer of agriculture soils in BSMS slightly increased from 4.89 mg.kg' in 1995
to 541 mgkg' in 2013. The increase between the first and the fourth cycle was
statistically significant and amounted for 0.52 mgkg' (10.6%). In all cultures,
except for orchards, an increase in average contents was recorded. The biggest
increase was in hop gardens (by 2.00 mgkg'). The average value decreased
by 4.40 mg.kg™ in orchards.

The most frequent category was the category “medium” and ,high” content
in all years. In the fourth cycle the category ,high” content (59%) prevailed over
the category “medium” content (38%). In the first cycle the category “medium”
content predominated over the category ,high” content (as in the case of Fe).

Tabulka 23. Deskriptivni statistika obsahu pfistupného zinku (Zn) na plochdch BMP v jednotlivych
odbérovych cyklech (Lindsay-Norvell, mg.kg”, ornice)

Table 23. Descriptive statistics of the content of available zinc (Zn) in the BSMS plots in individual
sampling cycles (Lindsay-Norvell; mg.kg™, topsoil)

Kultura/ | Cyklus/ ,\T °Ce; " pramer i " 010 | 025 |, .| 075 | 090
Cultures Periods umoer / Mean in ax perc. perc. edian perc. perc.
of plots

1995 142 430 0,40 60,8 119 162 2,23 3,01 5,36

Ornaptda/ | 2001 142 4,86 0,81 69,5 171 222 2,77 3,69 5,41
Arable land | 2007 142 4,39 032 67,6 125 164 2,32 3,34 6,04
2013 142 4,87 0,65 58,9 154 1,98 2,75 3,53 587

— 1995 21 3,18 0,62 9,20 1,08 151 2,77 410 5,31
b 2001 21 438 0,84 124 145 227 3,44 5,86 714
ermf"%"t 2007 21 3,49 0,67 8,79 130 142 2,62 477 6,08
grassian 2013 21 412 0,96 8,80 1,60 2,45 3,55 547 7,92
1995 5 25,2 123 118 123 151 197 3,40 118

Sady / 2001 5 189 2,40 83,1 2,40 2,55 2,67 4,04 831
Orchards 2007 5 208 136 95,9 136 162 195 3,41 95,9
2013 5 208 1,08 96,3 1,08 164 2,22 2,65 96,3

1995 4 179 110 2,42 110 139 181 218 242

Vinice / 2001 4 4,39 235 6,58 235 3,18 432 561 6,58
Vineyards 2007 4 322 228 4,60 2,28 2,29 3,01 416 4,60
2013 4 2,81 166 5,47 1,66 175 2,06 3,88 5,47

1995 5 11,0 2,20 212 2,20 2,95 9,01 19.8 21,2

Chmelnice / | 2001 5 137 2,84 228 2,84 3,725 197 19,8 28
Hop gardens | 2007 5 124 216 248 216 2,59 107 218 248
2013 5 130 222 24,4 222 4,20 9,9 24,2 244
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Obrdzek 57. Procentické zastoupeni ploch BMP v jednotlivych kategoriich obsahu pristupného zinku (Zn)
(odbérové cykly 1995-2013)

Figure 57. Representative percentage of the BSMS plots in individual categories of the content of available
zinc (Zn) (sampling cycles 1995-2013)
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Obrdzek 58. Obsah pristupného zinku (Zn) na plochdch BMP v jednotlivych odbérovych cyklech (podle
kategorii obsahu pfistupného zinku)

Figure 58. The content of available zinc (Zn) in the BSMS plots in individual sampling cycles
(by categories of the content of available zinc)
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Obrdzek 59. Zmeény procentického zastoupeni obsahl pristupnych mikroelementt v jednotlivych
kategoriich obsaht mezi 1. a 4. odbérovym cyklem (1995 a 2013) na plochdch BMP

Figure 59. Changes in percentage of contents of available microelements in individual categories
of contents between the first and the fourth sampling cycle (1995 and 2013) in BSMS plots

a) Bér (B) / Boron (B) b) Méd'(Cu) / Cooper (Cu)

c) Zelezo (Fe) / Iron (Fe) d) Mangan (Mn) / Manganese (Mn)

e) Zinek (Zn) / Zinc (Zn)
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6 Rizikové prvky
Sdrka Poldkovd

Slovni spojeni rizikové prvky se ustdlilo relativné nedavno a nahradilo dfive
pouzivany termin tézké kovy. Za tézké kovy jsou povazovany prvky s hustotou vyssi
nez 5 g.cm?3. S rozvojem poznani bylo konstatovano, Ze rizikové mohou pro jednot-
livé slozky zivotniho prostfedi i Clovéka byt i prvky s nizsi hustotou (Be, Se, ..).
Za nejrizikovéjsi z hlediska zdravi a Zivotniho prostredi jsou povazovany As, Be, Cd, Cr,
Cu, Hg, Ni, Pb, Se, V, Tl a Zn (Kabata-Pendias et Pendias, 2001). Vétsina z téchto prvki
vsak nemUze byt za rizikové povazovéna automaticky. O Ucinku, kterého prvky
v zivych organismech dosahnou, rozhoduje jejich koncentrace a faktory prostredi
(biotické a abiotické). Tak napr. Cu, Mo a Zn jsou prvky zminované v kapitole 5
jako prvky nezbytné pro wvyvoj rostlin. Jestlize vsak jejich koncentrace presahne
kritickou hranici, dostavi se negativni odpovéd organismu. U jinych prvkd
(Cd, Pb, Hg) se vsak zadna kladna reakce organismu (ani pfi nizkych davkach)
nedostavuje.

Rizikové prvky se v zivotnim prostredi nachazi prirozené, ovsem pouze v malych
mnozstvich a v relativné nepfistupnych formach. Komercni zpdsob Zivota vede
k neustalému zvySovani vyroby a tim zaroven k stale rostoucimu zatizeni vSech slozek
prostfedi latkami antropogenniho plvodu. Rizikové prvky vstupujici do prostiedf
nez prvky plvodu geogenniho a to predevsim diky mobilnéjsim formam vyskytu
a zaroven diky neustéle se zvysujicim hladindm jejich obsaht jak v pldé, tak v dalsich
slozkach zivotniho prostfedi. Snahou nas vsech by mélo byt omezovani vstupu
rizikovych prvkd na zemédélskou pldu tak, aby nedochazelo ke vzniku z&dnych

zdravotnich rizik, nebo k pripadnému poskozeni rostlinné produkce.

V roce 2015 vstoupila v platnost novela zdkona o ochrané zemédélského ptdniho
fondu, kterd zasadnim zplsobem zménila systém hodnocenf kvality pady z hlediska
obsahi rizikovych prvkl a latek v padé. Byly zruseny maximalni pripustné obsahy
latek v pldé a zaveden dvoustupnovy systém hodnoceni pldy. Byla stanovena
horni mez variability pfirodniho a diflizné-antropogenniho pozadi rizikovych prvkd
v puadé (preventivni hodnota), kterd predstavuje hranici omezujici urcité zpdsoby
hospodareni na pldé tak, aby jiz déle nedochdzelo ke zvySovani obsahl prvkd
a latek v pldé, a déle byly stanoveny pro vybrané prvky a latky indikac¢ni hodnoty,

které predstavuji hranici, kdy jiz mize byt ohrozeno zdravi lidi, zvifat a rostlin
(tabulka 24).

Systém monitoringu byl v zavislosti na obsazich rizikovych prvkd rozdélen na
subsystém zakladni a subsystém kontaminovanych ploch (kapitola 2) a proto v této
kapitole je toto ¢lenéni zachovéno. Rozsah obsahl prvkl je charakterizovan pro
odbérovy cyklus 2013 (tj. pro vsech 214 monitorovacich ploch), zmény obsah(
v obdobi 1995 az 2013 jsou popsany pro vybranych 177 stabilnich ploch (kapitola 2).
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6 Potentially toxic elements
Sdrka Poldkovd

The term potentially toxic elements has stabilized relatively recently and replaced
the previously used term heavy metals. Heavy metals refer to elements whose
densities are greater than 5 g.cm?=. With increased knowledge, it was concluded
that even elements with lower density (Be, Se ..) may pose risks for individual
components of the environment and humans. As, Be, Cd, Cr, Cu, Hg, Ni, Pb, Se, V, Tl
and Zn are considered the most dangerous elements having the potential
to threaten the natural environment and or adversely affect people's health
(Kabata-Pendias et Pendias, 2001). Most of these elements cannotbe automatically
considered high risk. The effects that elements in living organisms reach
are influenced by their concentration and environmental factors (biotic and abiotic).
Thus, e.g. the elements Cu, Mo and Zn are described in Chapter 5 as elements that
are essential for plant development; however, should their concentrations
exceed a critical threshold, the organism will respond negatively to their occurrence.
Nevertheless, regardingoccurrence (even in small quantities) of other elements
(Cd, Pb, Hg), no positiveresponse in organisms is induced.

Potentially toxic elements occur naturally in the environment but only in small
quantities and in relatively unavailable forms. The commercial way of life results
in ever-growing production and thus, also in ever-growing burden of substances
of anthropogenic origin polluting all environmental compartments. In terms
of health risk, potentially toxic elements entering the environment through human
activities are more dangerous than elements of geogenic origin, mainly due to more
mobile forms of occurrence and at the same time, due to the constantly higher
concentrations in both soil and other environmental components. The efforts of
all of us should be limiting inputs of hazardous elements into agricultural soil to avoid
any health risks or potential crop production losses.

In 2015, the amendment to the Act on the Agricultural Land Fund Protection came
into force, which substantially changed the scheme for soil quality assessment
with regard to contents of hazardous elements and substances in the soil.
The maximum permissible levels of substances in the soil were cancelled and
a two-tiered soil assessment scheme was introduced. An upper limit of natural
and diffusely-anthropogenic background variability of risk elements in the soil
(a precautionary value) was established, which represents a threshold limit restricting
certain forms of land management so as to avoid further increase in contents
of elements and substances in the soil (Table 24), moreover, indicative values
representing a threshold concentration above which health effects may be life
threatening to people, animals and plants were established for selected elements
and substances (Table 24).

Depending on the contents of potentially toxic elements, the monitoring system
was divided into two subsystems: the basal and subsystem of contaminated plots
(see chapter 2), and therefore this subdivision was maintained throughout this
chapter. The content range of the elements was detected over the sampling
cycle in 2013 (i.e. in all 214 monitoring plots); the content changes were described
in 177 selected stable plots in the period from 1995 to 2013 (see chapter 2).
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Tabulka 24. Preventivni hodnoty obsahd rizikovych prvki v zemédeélské padé zjisténé extrakci lucavkou
krdlovskou (mg.kg! susiny; vyhldska ¢. 153/2016 Sb.)

Table 24. Precautionary concentration levels of potentially toxic elements in agricultural soils determined
by Aqua Regia extraction (mg.kg' DM; Decree no. 153/2016 Coll.)

As Be cd Co Cr Cu Hg Ni Pb Vv Zn

Bézné pudy / Other soils 20 20 | 05 30 90 60 03 50 60 | 130 | 120

Lehké pldy / Light soils 15 1.5 | 04 20 55 45 03 45 55 | 120 | 105

Bézné pldy: piscito-hlinité, hlinité, jilovitohlinité a jilovité pldy, které zaujimaji prevdznou cdst
zemédélsky vyuzivanych pud. Jednd se o pldy s normdlini variabilitou prvkd, s normdlnim pddnim vyvojem
v ruznych geomorfologickych podminkdch vcetné pld na karbondtovych hornindch.

Lehké pddy: pddy vzniklé na velmi lehkych a chudych matecnich hornindch jako jsou pisky a stérkopisky.
Pri vymezeni téchto pad se vychdzi ze zastoupeni jemnych Cdsti (do 0,01 mm,), které tvori maximdlné 20 %.
Tyto pldy se vyznacuji velmi nizkou absorpcni kapacitou.

Other soils: sandy loam, loam, clay-loam and clay soils which occupy a large share of agricultural land.
These soils are soils with a normal variation of soil elements, with normal soil formation in different
geomorphological conditions including soils developed from carbonate rocks.

Light soils: soils developed from very light and poor parent rocks such as sands and gravels. These Soils
are classified according to percentage of fine particles (< 0.01 mm), showing a maximum of 20%. They
are characterized by a very low absorption capacity.
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6.1 Arzén (As)

V' zemédeélskych pldéach v celém souboru dat BMP se obsahy arzénu v roce
2013 pohybovaly v rozsahu 3,59-536 mg.kg' (v ornici), median pfiblizné kolem
hodnoty 8 mg.kg" v zakladnim subsystému, v subsystému kontaminovanych ploch
byly hodnoty vysSi. VysSi obsahy As Ize olekavat spiSe v Ceské casti republiky.
Z hlediska platného limitu - preventivni hodnoty, nélezi As do skupiny tfi prvk{
(As, Cd, Zn), u nichz v ramci BMP dochazi k prekroceni limitu na vice nez 10 %
monitorovacich ploch. Preventivni hodnota pro As byla prekroCena celkem
na 29 plochach BMP (13,6 %).

Medidny obsaht As v zékladnim subsystému se béhem obdobi 1995-2013 postupné
zvySovaly; statisticky prikazné zwySeni je vSak doloZeno pouze pro orné pudy.
V' subsystému kontaminovanych ploch jsou mediany v uvedeném obdobi
vyrovnané. Ke zwyseni obsahl As doslo na vétsiné ploch BMP. Ze sledovanych
177 ploch se narlst obsahl projevil na 161 plochach. V priméru se obsah As zwsil
priblizné o 1,7 mg.kg™ (zvySeni proti roku 1995 ¢ini cca 30 %).

6.1 Arsenic (As)

In 2013, arsenic concentrations in agricultural soils in the whole BSMS data set ranged
from 3.59 to 536 mgkg' (in the topsoil) with the median value of approximately
8 mg.kg' in the basal subsystem and higher in the subsystem of contaminated
plots. Higher concentrations of As were likely to be expected mainly in
the Bohemian region in the Czech Republic. In the light of an applicable limit -
the precautionary value, As belongs to a group of three elements (As, Cd, Zn)
whose contents were exceeded in more than 10% of monitoring areas. Arsenic
precautionary value was exceeded in 29 BSMS plots (13.6 %).

Median As content showed a gradual increase in the basal subsystem during the
period 1995-2013; however, a statistically significant increase was recorded just
in arable soil. Median values in the subsystem of contaminated plots were balanced
during the period indicated. The As amounts increased in most BSMS plots.
Arsenic content increased in 161 plots out of 177 monitoring plots. On average,
As content increased approximately by 1.7 mgkg' (the increase against 1995
is approximately by 30%).
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Tabulka 25. Deskriptivni statistika obsaht arzénu (As) v pdddch BMP, 1995-2013 (mg.kg’!, zdkladni
subsystém, ornice, ostatni pudy (stredné tézké a tézké), extrakce lucavkou krdlovskou)

Table 25 Descriptive statistics of arsenic (As) concentrations in BSMS soils, 1995-2013 (mg.kg’,
basal subsystem, topsoil, other soils (medium heavy and heavy), Aqua Regia extraction)

Ostatni pudy / Other soils
Kultura / Rok / ¢
Cultures | Periods nownar PROMEF | 1040 | 025 | 075 | 0.90
/ Mean perc. perc. perc. perc.
of plots
1995 117 9,73 2,83 202 4,75 5,45 7,25 9,78 13,6
Oorna pﬁda / 2001 117 10,4 3,06 165 5,80 6,54 7,96 104 14,9
Arable land 2007 117 10,9 2,76 221 531 6,47 7,79 10,4 14,7
2013 117 11,7 4,47 196 6,15 7,38 8,90 12,0 15,4
1995 15 8,06 3,23 259 4,50 5,20 6,73 8,68 11,4
Lk 2001 15 9,16 4,99 26,3 512 594 7,67 10,8 13,5
Permanent 2007 15 9,30 3,85 27,8 4,47 6,40 7,73 9,93 135
grassland
2013 15 12,8 5,39 49,1 5,88 6,45 8,06 12,4 31,6
1995 5 89,4 6,25 420 6,25 6,40 6,85 7,70 420
Sady / 2001 5 106 537 500 537 6,84 7,58 7,70 500
Orchards 2007 5 116 6,97 550 6,97 7,37 7,65 7,81 550
2013 5 93,2 7,68 433 7,68 8,19 8,32 8,96 433
1995 2 6,20 5,50 6,90 5,50 5,50 6,20 6,90 6,90
Vinice / 2001 2 7,51 7,01 8,02 7,01 7,01 7,51 8,02 8,02
Vineyards 2007 2 7,36 735 737 735 735 7,36 737 737
2013 2 8,54 7,92 9,17 7,92 7,92 8,54 9,17 9,17
1995 3 7,08 6,40 8,30 6,40 6,40 6,55 8,30 8,30
Chmelnice / 2001 3 9,53 7,98 12,4 7,98 7,98 8,18 12,4 12,4
Hop gardens | 2007 3 8,57 7,37 10,1 737 737 8,20 10,1 10,1
2013 3 9,27 7,77 11,5 7,77 7,77 8,56 11,5 11,5

Obrdzek 60. Rozpéti obsaht arzénu (As) v puddch BMP, 1995-2013 (mg.kg', zdkladni subsystém, ornice,
extrakce lucavkou krdlovskou)

Figure 60. Range of arsenic (As) concentrations in BSMS soils, 1995-2013 (mg.kg', basal subsystem,
topsoil, Aqua Regia extraction)
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Obrdzek 61. Obsahy arzénu (As) v puddch BMP, 2013 (214 monitorovacich ploch); obsahy jsou vyjddreny
Jako procento preventivni hodnoty

Figure 61. Arsenic (As) concentrations in BSMS soils, 2013 (214 monitoring plots), concentrations
are expressed as a percentage of the precautionary value

Obrdzek 62. Zmény obsahd arzénu (As) mezi periodami 2013 a 1995 (mg.kg', extrakce lucavkou
krdlovskou, 177 monitorovacich ploch)

Figure 62. Changes in arsenic (As) concentrations between the periods 2013 and 1995 (mg.kg”', Aqua Regia
extraction, 177 monitoring plots)
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6.2 Berylium (Be)

Rozsah obsahl Be v celém souboru dat BMP pro orni¢ni horizont ¢inil v roce
2013 0,26-9,22 mg.kg', mediany se pohybuji kolem hodnoty 1 mg.kg'. ZvySené
obsahy Be nalézame v karlovarském a sokolovském okrese. V pfipadé hodnoceni
obsahl Be v pldé na zdkladé preventivnich hodnot dochézi k prekroceni limitu
Castéji u pld lehkych. Limit byl prekrocen na 12 % monitorovacich ploch
s lehkou pddou a na 3,7 % ploch s ostatni pddou. Celkem byla preventivni hodnota

prekrocCena na 4,7 % monitorovacich ploch.

Medidny obsahl Be od roku 1995 Kklesly ve wvSech kulturdch zakladniho
subsystému. Snizeni obsahl Be je statisticky prdkazné pro orni¢ni i podorni¢ni
horizonty ornych pld, TTP a v pfipadé sadd pro orni¢ni horizont. V. subsystému
kontaminovanych ploch jsou mediany vyrovnané s vyjimkou chmelnic (zde dochazi
k poklesu obsahl Be). Ke sniZeni obsahl Be doSlo témér na vSech plochach
BMP - ze sledovanych 177 ploch doslo kjeho poklesu na 170 monitorovacich plochach.
Obsah Be klesl v priméru o 0,25 mgkg' (pokles priblizné o 40 % proti roku
1995).

6.2 Beryllium (Be)

In 2013, Be concentrations in the whole BSMS data set ranged from 0.26 to
9.22 mgkg' in the topsoil horizon with the median value of around 1 mgkg™.
High levels of Be were recorded in Karlovy Vary and Sokolov region. Assessing
the content of Be in the soil in relation to the precautionary value, the limits were
exceeded more frequently in light soils. The limit was exceeded in 12% of monitoring
plots in light soils and in 3.7% of plots in other soils. In total, the precautionary value
was exceeded in 4.7% of monitoring plots.

Median values of Be have shown a decrease in all cultures of the basal subsystem
since 1995. The drop in Be concentration was statistically significant for the topsoil
and subsoil horizons in arable land, permanent grassland, and for the topsoil
horizon in orchards. In the subsystem of contaminated plots, medians were balanced
except in cases of hop gardens (there was a drop in Be concentration here).
Beryllium content decreased in almost all BSMS plots - of the 177 monitoring
plots the decrease in contents was recorded in 170 monitoring plots. On average,
the Be content decreased approximately by 0.25 mgkg' (a decrease by about
40% in relation to 1995).
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Tabulka 26. Deskriptivni statistika obsahl berylia (Be) v plddch BMP, 1995-2013 (mg.kg’!, zdkladni
subsystém, ornice, ostatni pudy (stredné tézké a tézké), extrakce lucavkou krdlovskou)

Table 26. Descriptive statistics of beryllium (Be) concentrations in BSMS soils, 1995-2013 (mg.kg, basal
subsystem, topsoil, other soils (medium heavy and heavy), Aqua Regia extraction)

Ostatni pudy / Other soils
Kultura / Rok / &
Cultures | Periods i wor| Pramér| || 010 | 025 | .| 075 | 090
/ Mean perc. perc. perc. perc.
of plots
1995 117 1,26 0,60 3,00 0,85 1,00 1,25 1,48 1,65
Orna ptida/ | 2001 117 1,29 0,57 2,63 0,78 1,00 1,25 1,51 1,71
Arable land 2007 117 1,03 0,49 2,36 0,66 0,76 0,98 117 1,42
2013 117 0,97 0,47 2,37 0,63 0,76 0,92 1,11 1,31
1995 15 1,38 0,90 1,93 1,00 1,10 1,25 1,73 1,88
Lk 2001 15 1,50 0,79 2,55 1,00 1,20 1,38 1,82 2,35
;f;;z;::]ednt 2007 15 1,11 0,62 1,72 0,65 0,82 1,01 1,38 1,68
2013 15 1,07 0,63 1,69 0,64 0,75 1,06 1,34 1,59
1995 5 1,22 0,93 1,40 0,93 1,10 1,28 1,40 1,40
Sady / 2001 5 1,20 0,52 1,55 0,52 1,16 137 1,42 1,55
Orchards 2007 5 0,92 0,80 1,00 0,80 0,85 0,98 0,99 1,00
2013 5 0,89 0,75 1,00 0,75 0,83 0,94 0,96 1,00
1995 2 1,23 1,20 1,25 1,20 1,20 1,23 1,25 1,25
Vinice / 2001 2 1,27 1,05 1,49 1,05 1,05 127 1,49 1,49
Vineyards 2007 2 0,87 0,78 0,97 0,78 0,78 0,87 0,97 0,97
2013 2 0,81 0,71 0,92 0,71 0,71 0,81 0,92 0,92
1995 3 1,43 0,90 1,88 0,90 0,90 1,53 1,88 1,88
Chmelnice / 2001 3 1,79 1,44 2,25 1,44 1,44 1,70 2,25 2,25
Hop gardens 2007 3 1,29 0,97 1,60 0,97 0,97 1,29 1,60 1,60
2013 3 1,19 0,94 1,43 0,94 0,94 1,20 1,43 1,43

Obrdzek 63. Rozpeti obsahu berylia (Be) v plddch BMP, 1995-2013 (mg.kg', zdkladni subsystém, ornice,
extrakce lucavkou krdlovskou)

Figure 63. Range of beryllium (Be) concentrations in BSMS soils, 1995-2013 (mg.kg, basal subsystem,

topsoil, Aqua Regia extraction)
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Obrdzek 64. Obsahy berylia (Be) v plddch BMP, 2013 (214 monitorovacich ploch);, obsahy jsou
vyjddreny jako procento preventivni hodnoty

Figure 64. Beryllium (Be) concentrations in BSMS soils, 2013 (214 monitoring plots), concentrations
are expressed as a percentage of the precautionary value

Obrdzek 65. Zmény obsaht berylia (Be) mezi periodami 2013 a 1995 (mg.kg!, extrakce lucavkou
krdlovskou, 177 monitorovacich ploch)

Figure 65. Changes in beryllium (Be) concentrations between the periods 2013 and 1995 (mg.kg', Aqua
Regia extraction, 177 monitoring plots)
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6.3 Kadmium (Cd)

V celém souboru dat BMP se obsahy Cd v roce 2013 v orni¢nim horizontu
pohybovaly v rozmezi <0,2-7,45 mgkg'. Mediany v zakladnim subsystému jsou
v rozsahu <0,2-0,36 mgkg', v subsystému kontaminovanych ploch jsou hodnoty
vySSi. ZvySené obsahy tohoto typického antropogenniho kontaminantu lze oleka-
vat v okoll Ostravy, v priimyslowych oblastech severnich a severozapadnich Cech,
v okoli Pribrami, Berouna, Kladna, Slaného, Liberce a také v Praze. Z hlediska
hodnocenf obsaht Cd v pddé pomoci preventivnich hodnot fadime Cd do skupiny
tfl prvkd (As, Cd, Zn), u nichZ v rédmci BMP dochézi k prekroceni limitu na vice
nez 10 % monitorovacich ploch. Preventivni hodnota pro Cd byla prekrocena
na 32 plochach BMP (15 %).

Medidny obsahd Cd v zékladnim subsystému kolisaji, trend neni jasny, pouze
v orni¢nim horizontu ornych pdd Ize pozorovat pokles hodnot. V subsystému
kontaminovanych ploch Ize pozorovat vyrazny pokles hodnot mediand, s vyjimkou
chmelnic. Na chmelnicich se obsahy Cd drzi stale na stejné drovni.

6.3 Cadmium (Cd)

In 2013, Cd concentrations in the whole BSMS data set ranged from
<0.2-7.45 mgkg' for the topsoil horizon; the median values were between
<0.2-0.36 mg.kg", higher values were recorded in the subsystem of contaminated
plots. High concentrations of this typical anthropogenic contaminant were likely
to occur in Ostrava region, in the industrial areas of northern and north-western
Bohemia, in Pribram, Beroun, Kladno, Slany and Liberec region as well as in Prague.
Assessing contents of Cd in the soil in relation to the precautionary value, this
element belongs to a group of three elements (As, Cd, Zn) whose contents were
exceeded in more than 10% of monitoring plots. Cadmium precautionary value
was exceeded in 32 BSMS plots (15%).

Median values of Cd fluctuated in basal subsystem, the trend was not clear;
a decline in the values could be seen in the topsoil in arable lands. A severe
drop in median values was recorded in the subsystem of contaminated plots, except
in cases of hop gardens where the Cd concentrations were maintained at the same
level.
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Tabulka 27. Deskriptivni statistika obsaht kadmia (Cd) v puddch BMP, 1995-2013 (mg.kg', zdkladni
subsystém, ornice, ostatni pudy (stredné tézké a tézké), extrakce lucavkou krdlovskou)

Table 27. Descriptive statistics of cadmium (Cd) concentrations in BSMS soils, 1995-2013 (mg.kg”, basal
subsystem, topsoil, other soils (medium heavy and heavy), Aqua Regia extraction)

Ostatni pudy / Other soils
Kultura / Rok/ | poget/ | _ . .
Cultures Periods |Number Pramér Min Max 0.10 0.25 Median 0.75 0.90
/ Mean perc. perc. perc. perc.
of plots
1995 117 0,28 0,00 0,73 0,20 0,20 0,23 033 0,40
Oorna pﬁda / 2001 117 0,26 0,11 0,83 0,14 0,18 0,22 0,31 0,43
Arable land 2007 117 0,37 0,35 0,78 0,35 0,35 035 0,35 0,38
2013 117 027 0,20 0,94 0,20 0,20 0,22 0,32 0,44
1995 15 0,41 0,20 0,80 0,20 0,25 0,40 0,58 0,60
Lk 2001 15 0,37 0,15 0,70 0,18 0,25 0,34 0,46 0,69
Permanent 2007 15 0,39 0,35 0,58 0,35 0,35 035 0,41 0,47
grassland
2013 15 0,39 0,20 0,79 0,20 0,25 0,37 0,47 0,70
1995 5 1,00 0,20 4,20 0,20 0,20 0,20 0,20 4,20
Sady / 2001 5 1,07 0,16 4,61 0,16 0,16 0,18 0,24 4,61
Orchards 2007 5 1,14 0,35 4,28 0,35 0,35 0,35 0,35 4,28
2013 5 023 0,20 0,26 0,20 0,20 0,23 0,24 0,26
1995 2 0,30 0,20 0,40 0,20 0,20 0,30 0,40 0,40
Vinice / 2001 2 0,25 0,18 0,32 0,18 0,18 0,25 0,32 0,32
Vineyards 2007 2 0,35 0,35 0,36 0,35 0,35 035 0,36 0,36
2013 2 0,27 0,22 032 022 022 0,27 0,32 0,32
1995 3 0,32 0,20 0,55 0,20 0,20 0,20 0,55 0,55
Chmelnice / 2001 3 0,26 0,13 0,51 0,13 013 0,15 0,51 0,51
Hop gardens 2007 3 0,48 0,35 0,75 0,35 0,35 035 0,75 0,75
2013 3 0,40 0,20 0,80 0,20 0,20 0,20 0,80 0,80

Obrdzek 66. Rozpéti obsaht kadmia (Cd) v plddch BMP, 1995-2013 (mg.kg, zdkladni subsystém, ornice,
extrakce lucavkou krdlovskou)

Figure 66. Range of cadmium (Cd) concentrations in BSMS soils, 1995-2013 (mg.kg', basal subsystem,
topsoil, Aqua Regia extraction)
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Obrdzek 67. Obsahy kadmia (Cd) v puddch BMP, 2013 (214 monitorovacich ploch); obsahy jsou
vyjddreny jako procento preventivni hodnoty

Figure 67. Cadmium (Cd) concentrations in BSMS soils, 2013 (214 monitoring plots), concentrations
are expressed as a percentage of the precautionary value

Obrdzek 68. Zmény obsahd kadmia (Cd) mezi periodami 2013 a 1995 (mg.kg’, extrakce lucavkou
krdlovskou, 177 monitorovacich ploch)

Figure 68. Changes in cadmium (Cd) concentrations between the periods 2013 and 1995 (mg.kg', Aqua
Regia extraction, 177 monitoring plots)
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6.4 Kobalt (Co)

Rozsah obsahl Co v pldach BMP v roce 2013 v orni¢nim horizontu cinil
1,94-32,9 mg.kg'. Mediany pro jednotlivé kultury v zakladnim subsystému se pohy-
buji kolem hodnoty 11 mg.kg', v subsystému kontaminovanych ploch jsou hodnoty
vyssi. Lze konstatovat, Ze obsahy Co mirné rostou smérem do hloubky, prikazné
rozdily ~mezi vzorkovanymi horizonty vSak nebyly statisticky prokazany.
Preventivni hodnoty pro Co byly prekroceny pouze na Ctyfech monitorovacich
plochach (1,9 %). ZvySené obsahy Co Ize ocekavat v severoleském regionu
a pripadné v ficnich nivach.

Mediany obsahd Co v zakladnim subsystému od roku 1995 mirné rostou,
statisticky prikazné zvyseni obsahl vSak nebylo prokdzéno. V subsystému
kontaminovanych ploch jsou mediany vyrovnané. Ke zvyseni obsahu Co v orni¢nim
horizontu do$lo na 85 % ornych pdd v zakladnim subsystému; v celém systému
monitoringu vzrostl obsah Co na 75 % ploch priblizné o 1,1 mgkg"' (zvySeni cca
0 10 % proti roku 1995).

6.4 Cobalt (Co)

In 2013, Co concentrations in the whole BSMS data set ranged from 1.94
to 32.9 mgkg' in the topsoil horizon; the median values for individual cultures
in the basal subsystem showed approximately 11 mgkg', higher values were
recorded in the subsystem of contaminated plots. It can be concluded that
the concentrations of Co showed a downward trend; however, significant
differences between the sampled horizons were not statistically proven.
The precautionary value for Co was exceeded in four monitoring plots (1.9%).
High concentrations of Co were likely to occur in the North Bohemian region and
possibly in river basins.

Median values of Co in the basal subsystem have been growing moderately
since 1995; however, no statistically significant increase was recorded. The median
values were balanced in the subsystem of contaminated plots. An increase
in the Co content in the topsoil horizon occurred in 85% of arable land in basal
subsystem; in the whole monitoring scheme, the Co content increased to 75%
of monitoring plots by approximately 1.1 mgkg' (an increase by about 10%
in relation to 1995).
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Tabulka 28. Deskriptivni statistika obsahl kobaltu (Co) v pliddch BMP, 1995-2013 (mg.kg', zdkladni
subsystém, ornice, ostatni pudy (stredné tézké a tézké), extrakce lucavkou krdlovskou)

Table 28. Descriptive statistics of cobalt (Co) concentrations in BSMS soils, 1995-2013 (mg.kg!, basal
subsystem, topsoil, other soils (medium heavy and heavy), Aqua Regia extraction)

Ostatni pudy / Other soils
Kultura / Rok/ | poget/ | _ . .
Cultures Periods | Number Prumér Min Max 0.10 0.25 Median 0.75 0.90
/ Mean perc. perc. perc. perc.
of plots
1995 117 10,9 3,80 28,5 6,20 8,40 10,1 13,2 16,3
Orna puda / 2001 117 11,2 3,13 30,1 6,52 8,21 10,3 133 16,5
Arable land 2007 117 11,4 3,38 30,2 6,61 824 104 14,0 16,7
2013 17 12,0 3,55 31,6 7,01 9,15 11,1 14,3 17,1
1995 15 13,2 3,63 21,1 8,55 9,05 12,9 16,6 20,8
Lk 2001 15 12,7 3,63 24,0 8,03 8,69 12,2 16,5 189
gf;:;:::]%nt 2007 15 12,8 3,75 22,8 8,40 9,38 11,7 16,4 20,7
2013 15 13,8 3,70 23,6 8,90 9,84 13,6 17,1 22,6
1995 5 8,55 6,53 9,95 6,53 745 9,15 9,68 995
Sady / 2001 5 8,26 5,56 10,3 5,56 6,89 9,15 9,39 10,3
Orchards 2007 5 9,00 7,09 9,98 7,09 8,42 9,71 9,84 9,98
2013 5 9,60 7,08 11,4 7,08 7,97 10,5 11,1 1,4
1995 2 7,43 6,50 8,35 6,50 6,50 7,43 8,35 8,35
Vinice / 2001 2 713 592 8,35 592 592 713 8,35 8,35
Vineyards 2007 2 7,66 6,08 9,23 6,08 6,08 7,66 9,23 9,23
2013 2 8,92 7,26 10,6 7,26 7,26 8,92 10,6 10,6
1995 3 10,4 8,55 13,7 8,55 8,55 9,00 13,7 13,7
Chmelnice / 2001 3 12,9 10,3 15,6 10,3 10,3 12,7 15,6 15,6
Hop gardens | 2007 3 11,7 10,3 14,4 10,3 10,3 10,5 14,4 14,4
2013 3 11,9 9,56 14,3 9,56 9,56 11,8 14,3 14,3

Obrdzek 69. Rozpéti obsaht kobaltu (Co) v plddch BMP, 1995-2013 (mg.kg, zdkladni subsystém, ornice,
extrakce lucavkou krdlovskou)

Figure 69. Range of cobalt (Co) concentrations in BSMS soils, 1995-2013 (mg.kg ™, basal subsystem, topsoil,
Agua Regia extraction)

35

Zakladni subsystém - Basal subsystem
ornice - topsoil

30 L J

25

20 .

Co (mykg™)

15

10

orna puda

arable land @

4
1

TTP
permanent grassland

sady
orchards

5g a0

vinice
vineyards

FELE

chmelnice
hop gardens

L

1995 2001

2007 2013

1995 2001 2007 2013

1995 2001 2007 2013

periody periods

1995 2001 2007 2013

1995 2001 2007 2013

Rizikove prvky

113



Obrdzek 70. Obsahy kobaltu (Co) v puddch BMP, 2013 (214 monitorovacich ploch); obsahy jsou vyjddreny
Jako procento preventivni hodnoty

Figure 70. Cobalt (Co) concentrations in BSMS soils, 2013 (214 monitoring plots), concentrations
are expressed as a percentage of the precautionary value

Obrdzek 71. Zmény obsahd kobaltu (Co) mezi periodami 2013 a 1995 (mg.kg', extrakce lucavkou
krdlovskou, 177 monitorovacich ploch)

Figure 71: Changes in cobalt (Co) concentrations between the periods 2013 and 1995 (mg.kg'!, Aqua
Regia extraction, 177 monitoring plots)
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6.5 Chrom (Cr)

Obsahy Cr v orni¢nim horizontu celého souboru dat BMP se v roce 2013 nachazely
v rozsahu hodnot 10,2-18 050 mg.kg'. Mediany vypoctené pro jednotlivé kultury
zékladniho subsystému BMP jsou v rozmezi 34-38 mgkg'. V Ceské republice
existuji oblasti typické zvySenymi obsahy Cr v pddé, napr. oblast tfebi¢ského masivu.
V pldéach BMP nalézdme zwy3ené obsahy Cr na Vysociné a v jiznich Cechéch.
U chromu jako typického geogenniho kontaminantu je ocekavan narlst obsahi
smérem do hloubky. Na lokalitdch BMP vSak nebyly rozdily v obsazich Cr mezi
horizonty potvrzeny. Preventivni hodnota pro Cr byla prekroc¢ena celkem na 9 plochach
BMP (4,2 %).

Obsahy Cr v orni¢nim horizontu v celém systému monitoringu na 60 % ploch
od roku 1995 klesly, pricemz pokles cini priblizné 20 %. Na ostatnich plochach
doslo cca k 10% nardstu obsahl. Ke zvy3eni obsahd doSlo zejména v oblasti
Jihomoravského kraje a priléhajicich castech kraje Zlinského, Olomouckého a kraje
Vlysocina. Celkové obsahy Cr v uvedené oblasti nijak nevybocuji z celorepublikového
priméru, ale v tomto Uzemf doSlo k nejvétsimu zvySeni obsahd chromu v rdmci

BMP.

6.5 Chromium (Cr)

In 2013, Cr concentrations in the whole BSMS data set ranged from 10.2
to 18,050 mg.kg" in the topsoil horizon; the median values calculated for individual
cultures of BSMS basal subsystem were between 34 and 38 mgkg'. There
are some locations in the Czech Republic characterised by elevated levels of Cr
in the soil, for example an area around the Trebi¢ Massif. High concentrations
of Cr in BSMS soils were recorded in Vysocina region and in South Bohemia.
Concentrations of Cr as a typical geogenic contaminant were likely to show
a downward trend. In BSMS plots, no differences in Cr contents between horizons
were confirmed. The precautionary value for Cr was exceeded in 9 BSMS
plots (4.2%).

Since 1995, Cr contents in the topsoil horizon in the whole monitoring scheme have
decreased in 60% of monitoring plots, approximately by 20%. In other plots, there
was an increase in the content by about 10%. The South Moravian Region and
the adjacent areas of Zlin and Olomouc regions showed the largest increase
in Cr concentration compared to initial values. The total content of Cr in these areas
did not deviate from the national average; however, this area showed the highest
increase in Cr content within the BSMS scheme.
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Tabulka 29. Deskriptivni statistika obsaht chromu (Cr) v pdddch BMP, 1995-2013 (mg.kg', zdkladni
subsystém, ornice, ostatni pudy (stredné tézké a tézké), extrakce lucavkou krdlovskou)

Table 29. Descriptive statistics of chromium (Cd) concentrations in BSMS soils, 1995-2013 (mg.kg”, basal
subsystem, topsoil, other soils (medium heavy and heavy), Aqua Regia extraction)

Ostatni pudy / Other soils
Kultura / Rok/ | poget/|_ . .
Cultures Periods | Number Prumér Min Max 0.10 0.25 Median 0.75 0.90
/ Mean perc. perc. perc. perc.
of plots
1995 117 37,7 17,1 106 22,1 28,5 34,7 43,0 53,8
Oorna pﬁda / 2001 117 379 15,8 87,8 22,8 29,8 358 44,0 55,5
Arable land 2007 117 37,2 13,3 119,1 20,7 26,9 329 44,6 54,2
2013 117 373 17,6 92,8 22,2 28,0 34,4 439 54,3
1995 15 48,1 13,9 80,9 29,3 32,7 51,5 67,6 68,7
uuby 2001 15 45,9 13,5 68,9 30,6 32,8 48,6 60,5 64,3
;f;:;g?\%nt 2007 15 44,6 25,0 90,3 26,3 285 43,8 571 62,2
2013 15 45,5 12,5 73,7 27,2 319 453 61,5 69,2
1995 5 334 24,4 42,2 24,4 29,3 3338 373 42,2
Sady / 2001 5 34,5 24,2 43,8 24,2 30,1 355 39,1 43,8
Orchards 2007 5 37,2 21,8 45,7 21,8 353 40,1 432 45,7
2013 5 36,2 22,0 49,6 22,0 25,0 38,6 45,8 49,6
1995 2 374 36,9 379 36,9 36,9 374 379 379
Vinice / 2001 2 33,0 31,7 34,4 31,7 31,7 330 34,4 34,4
Vineyards 2007 2 30,0 25,6 34,4 25,6 256 30,0 34,4 34,4
2013 2 38,6 334 43,9 334 334 38,6 439 439
1995 3 38,8 32,8 48,3 32,8 32,8 354 48,3 48,3
Chmelnice / 2001 3 41,7 36,5 45,0 36,5 36,5 43,6 45,0 45,0
Hop gardens 2007 3 54,3 30,9 75,5 30,9 30,9 56,7 755 755
2013 3 34,8 30,9 36,9 30,9 309 36,5 369 369

Obrdzek 72. Rozpéti obsahti chromu (Cr) v puddch BMP, 1995-2013 (mg.kg!, zdkladni subsystém, ornice,
extrakce lucavkou krdlovskou)

Figure 72. Range of chromium (Cr) concentrations in BSMS soils, 1995-2013 (mg.kg!, basal subsystem,
topsoil, Aqua Regia extraction)
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Obrdzek 73. Obsahy chromu (Cr) v plddch BMP, 2013 (214 monitorovacich ploch);, obsahy jsou
vyjddreny jako procento preventivni hodnoty

Figure 73. Chromium (Cr) concentrations in BSMS soils, 2013 (214 monitoring plots), concentrations
are expressed as a percentage of the precautionary value

Obrdzek 74. Zmény obsahl chromu (Cr) mezi periodami 2013 a 1995 (mg.kg', extrakce lucavkou
krdlovskou, 177 monitorovacich ploch)

Figure 74. Changes in chromium (Cr) concentrations between the periods 2013 and 1995 (mg.kg', Aqua
Regia extraction, 177 monitoring plots)
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6.6 Méd (Cu)

Obsahy Cu ve vzorcich orni¢niho horizontu kolfsaly v roce 2013 v rozsahu
4,7-231 mgkg'. V3 obsahy Cu lze ocekdvat zejména v severnich Cechach
(v Usteckém kraji), na Kutnohorsku a vysoky obsah byl zjistén také v okrese Bruntal.
V pripadé Cu byly zjistény statisticky prikazné rozdily mezi obsahy v jednotlivych
kulturdch. Obsahy Cu v ornych pldach, TTP a sadech v zakladnim subsystému
jsou wvyrovnané a statisticky prlUkazné nizsl, neZ obsahy z vinic a chmelnic.
Vysoké obsahy Cu ve vinicich a chmelnicich jsou jasnym ddsledkem dlouhodo-
bého pouzivani pripravkd na ochranu rostlin s obsahem médi. U vinic a chmelnic
byly déle zjistény prikazné vyssi obsahy Cu v orni¢nim horizontu proti obsahtm
z horizontu podornicniho. Preventivni hodnota pro Cu byla prekrocena ve 12 % ploch
na lehkych padach, na pddéach ostatnich v 5,8 %. Celkem byla preventivni hodnota
prekroCena na 14 monitorovacich plochach (6,5 %).

Obsahy Cu na monitorovacich plochach BMP jsou vyrovnané s vyjimkou vinic
a chmelnic, na nichZ dochézi k neustalému zvySovani obsaht Cu. V Ceské republice
Ize vytycCit dvé oblasti s absolutnimi rozdily mezi obsahy v roce 2013 a 1995 véetsimi
nez 4 mg.kg'. Prvni oblast, na jizni Morave, je tvofena prevazné vinicemi, druha
oblast se nachazi v Cechach a prevazné ji tvoff chmelnice.

6.6 Copper (Cu)

In 2013, Cu concentrations in the topsoil horizon ranged 4.7-231 mg.kg".
Higher Cu contents were likely to be expected mainly in northern Bohemia
(in Usti nad Labem region), Kutnd Hora region and decreased levels were also
recorded in the region of Bruntal. In the case of Cu, statistically significant
differences between the contents in various cultures were found. The Cu contents
in arable land, grassland and orchards in the basal subsystem were balanced
and statistically significantly lower than the contents recorded in vineyards and hop
gardens. High contents of Cu in vineyards and hop gardens were a clear consequence
of the prolonged use of plant protection products containing copper. Moreover,
the topsoil in vineyards and hop gardens showed significantly higher levels of Cu
in comparison to the subsoil. The precautionary value for Cu was exceeded in 12%
of the areas in light soils, and 5.8% in other soils. Overall, the precautionary value
for Cu was exceeded in 14 monitoring plots (6.5%).

The Cu contents in BSMS plots were balanced with the exception of vineyards
and hop gardens which showed a constant increase in Cu content. In the Czech
Republic, two regions with absolute differences between the contents higher
than 4 mgkg' recorded in 2013 and 1995 were determined. The first area,
located in South Moravia, consists mainly of vineyards; the second area, located
in Bohemia, consists mainly of hop gardens.
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Tabulka 30. Deskriptivni statistika obsahi médi (Cu) v pdddch BMP, 1995-2013 (mg.kg', zdkladni
subsystém, ornice, ostatni pudy (stredné tézké a tézké), extrakce lucavkou krdlovskou)

Table 30. Descriptive statistics of copper (Cu) concentrations in BSMS soils, 1995-2013 (mg.kg”, basal
subsystemn, topsoil, other soils (medium heavy and heavy), Aqua Regia extraction)

Ostatni pudy / Other soils
Kultura / Rok / ¢
Cultures | Periods nyornar PROMEF | 1040 | 025 | 075 | 0.90
/ Mean perc. perc. perc. perc.
of plots
1995 117 19,2 6,62 50,7 9,73 12,7 18,6 22,7 31,4
Orna plida/ | 2001 117 18,2 6,36 52,0 9,03 12,8 17,1 21,2 28,6
Arable land 2007 117 18,7 534 454 9,86 12,7 17,2 22,2 29,9
2013 117 19,2 6,54 45,4 10,8 13,0 18,2 22,9 30,2
1995 15 24,8 7,74 51,2 11,2 16,8 193 30,2 50,9
LBy 2001 15 21,3 6,29 44,1 11,5 14,6 16,9 30,7 374
Permanent 2007 15 22,4 8,10 49,1 12,5 15,2 17,2 31,0 36,7
grassland
2013 15 233 7,70 46,2 12,1 16,2 18,6 31,1 38,8
1995 5 24,3 11,9 554 11,9 14,4 19,4 204 55,4
Sady / 2001 5 23,4 11,1 61,0 11,1 12,8 154 16,8 61,0
Orchards 2007 5 250 13,7 60,1 13,7 14,2 18,2 18,9 60,1
2013 5 26,0 13,9 59,0 13,9 16,2 19,9 213 59,0
1995 2 299 26,6 333 26,6 26,6 299 333 333
Vinice / 2001 2 358 31,0 40,7 31,0 31,0 358 40,7 40,7
Vineyards 2007 2 453 43,2 47,5 43,2 43,2 45,3 47,5 47,5
2013 2 42,4 40,7 44,1 40,7 40,7 42,4 44,1 44,1
1995 3 56,4 48,6 61,4 48,6 48,6 59,3 614 614
Chmelnice / 2001 3 74,4 63,8 87,5 63,8 63,8 719 87,5 87,5
Hop gardens 2007 3 82,5 59,3 107 59,3 59,3 81,7 106,5 107
2013 3 77,6 67,9 93,7 67,9 67,9 71,1 93,7 93,7

Obrdzek 75. Rozpeéti obsaht medi (Cu) v puddch BMP, 1995-2013 (mg.kg', zdkladni subsystém,
ornice, extrakce lucavkou krdlovskou)

Figure 75. Range of copper (Cu) concentrations in BSMS soils, 1995-2013 (mg.kg!, basal subsystem,

topsoil, Aqua Regia extraction)
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Obrdzek 76. Obsahy médi (Cu) v paddch BMP, 2013 (214 monitorovacich ploch);, obsahy jsou vyjddreny
Jako procento preventivni hodnoty

Figure 76. Copper (Cu) concentrations in BSMS soils, 2013 (214 monitoring plots);, concentrations
are expressed as a percentage of the precautionary value

Obrdzek 77. Zmény obsahi meédi (Cu) mezi periodami 2013 a 1995 (mg.kg', extrakce lucavkou
krdlovskou, 177 monitorovacich ploch)

Figure 77. Changes in copper (Cu) concentrations between the periods 2013 and 1995 (mg.kg”!, Aqua Regia
extraction, 177 monitoring plots)
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6.7 Molybden (Mo)

V rémci BMP ¢inil v roce 2013 rozsah obsahd Mo v orni¢nim horizontu celého
souboru dat <0,3-3,58 mg.kg". Nejvwyssi obsahy Mo byly zjistéeny na chmelnicich
v subsystému kontaminovanych ploch v severnich Cechéach. Preventivni hodnoty
pro Mo nejsou stanoveny. Mapa obsahd Mo v roce 2013 zde neni zobrazena,
protoZe mapy obsahd prvk{ v roce 2013 jsou vztazeny k preventivnim hodnotam.

Mediany obsah{ Mo ve vSech kulturdch a horizontech v obdobf 1995-2013 vzrostly.
Nardst obsahl je statisticky prikazny pro ornou pldu, TTP a sady v zakladnim
subsystému. Na 175 plochach (ze 177 sledovanych) vzrostl obsah Mo pfiblizné

0 0,32 mg.kg"', na zbyvajicich dvou plochach klesl obsah Mo 0 0,2 mg.kg" (cca o 40 %).
Relativné doslo ke zvySeni obsahu Mo 0 110 % proti roku 1995.

6.7 Molybdenum (Mo)

In 2013, Mo concentrations in the whole BSMS data set ranged from
<0.3-3.58 mgkg' in the topsoil horizon. The highest Mo contents were found
in hop gardens in the subsystem of contaminated plots in Northern Bohemia.
Precautionary Mo values were not recorded. There is no map showing Mo
contents in 2013 since the maps of element contents in 2013 were related
to precautionary values.

Median values of Mo in all cultures and horizons in the period 1995-2013 increased.
The increase in content was statistically significant for arable land, grassland
and orchards in the basal subsystem. In 175 plots (out of 177 considered),
the Mo content increased by about 0.32 mgkg' in the other two plots,
the Mo content decreased by 0.2 mg.kg' (by about 40%). The Mo content showed
a relative increase by 110% compared to 1995.
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Tabulka 31. Deskriptivni statistika obsahd molybdenu (Mo) v paddch BMP, 1995-2013 (mg.kg'!, zdkladni
subsystém, ornice, ostatni pudy (stredné tézké a tézké), extrakce lucavkou krdlovskou)

Table 31. Descriptive statistics of molybdenum (Mo) concentrations in BSMS soils,

1995-2013

(mg.kg, basal subsystem, topsoil, other soils (medium heavy and heavy), Aqua Regia extraction)

Ostatni pudy / Other soils
Kultura / Rok/ | poget/|_ . .
Cultures Periods | Number Prumér Min Max 0.10 0.25 Median 0.75 0.90
/ Mean perc. perc. perc. perc.
of plots
1995 117 0,33 0,08 2,67 0,14 0,20 0,25 0,35 0,59
Oorna pﬁda / 2001 117 0,45 0,13 3,19 0,21 0,29 0,38 0,50 0,72
Arable land 2007 117 0,72 0,50 314 0,50 0,50 0,53 0,80 1,12
2013 117 0,67 0,30 3,58 038 0,48 0,59 0,74 1,01
1995 15 0,31 0,12 1,40 0,12 0,18 0,24 0,35 0,40
uuby 2001 15 0,39 0,13 0,93 0,24 0,30 0,36 0,42 0,63
Permanent 2007 15 0,61 0,50 1,54 0,50 0,50 0,53 0,61 0,69
grassland
2013 15 0,68 0,43 1,70 0,48 0,52 0,56 0,78 0,97
1995 5 0,25 0,20 0,32 0,20 0,20 0,26 0,30 0,32
Sady / 2001 5 0,43 0,27 0,82 0,27 0,31 033 0,40 0,82
Orchards 2007 5 0,75 0,52 1,05 0,52 0,58 0,60 1,02 1,05
2013 5 0,61 0,45 0,78 0,45 0,48 0,60 0,76 0,78
1995 2 0,35 0,25 0,45 0,25 0,25 0,35 0,45 0,45
Vinice / 2001 2 0,48 0,37 0,58 0,37 0,37 0,48 0,59 0,59
Vineyards 2007 2 0,73 0,61 0,86 0,61 0,61 0,73 0,86 0,86
2013 2 0,77 0,66 0,88 0,66 0,66 0,77 0,88 0,88
1995 3 0,29 0,10 0,58 0,10 0,10 0,20 0,59 0,59
Chmelnice / 2001 3 0,32 0,12 0,70 0,12 0,12 0,13 0,71 0,71
Hop gardens 2007 3 0,61 0,50 0,79 0,50 0,50 0,53 0,79 0,79
2013 3 0,64 0,48 0,95 0,48 0,48 0,49 0,95 0,95

Obrdzek 78. Rozpéeti obsahl molybdenu (Mo) v pdddch BMP, 1995-2013 (mg.kg, zdkladni subsystém,
ornice, extrakce lucavkou kralovskou)

Figure 78. Range of molybdenum (mo) concentrations in BSMS soils, 1995-2013 (mg.kg™', basal subsystem,
topsoil, Aqua Regia extraction)
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Obrdzek 79. Zmeény obsaht molybdenu (Mo) mezi periodami 2013 a 1995 (mg.kg', extrakce lucavkou
krdlovskou, 177 monitorovacich ploch)

Figure 79. Changes in molybdenum (Mo) concentrations between the periods 2013 and 1995
(mg.kg', Aqua Regia extraction, 177 monitoring plots)
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6.8 Nikl (Ni)

Rozsah obsahU Ni v orni¢nfim horizontu celého souboru dat BMP cinil v roce 2013
3,9-136 mgkg'. Tradicné vysSi obsahy Ni se nachazi v oblasti tfebi¢ského masivu
a jizni Moravy, zejména v severni ¢asti okresu Znojmo a v okresech Zlin a Uherské
Hradisté. Mezi obsahy Ni v rdznych kulturdch nebyly zjistény zadné prikazné
rozdily, ale byly potvrzeny statisticky prtkazné nizsi obsahy Ni v ornici ornych pad
zakladniho subsystému, vzhledem k podornici. Preventivni hodnota pro Ni byla

prekrocena celkem na 13 monitorovacich plochach (6,1 %).

Obsahy Ni v pldach zdkladniho subsystému od roku 1995 mirné rostou, vice
v sadech a vinicich. V pldéach subsystému kontaminovanych ploch jsou obsahy Ni
od roku 1995 vyrovnané. Z hodnocenych 177 monitorovanych ploch doslo ke snizeni
obsahu Ni na 67 plochach, pricemz snizeni Cinilo priblizné 10 % proti roku 1995.
Naopak ke zvySenf obsaht Ni doslo na 108 plochach a vzhledem k roku 1995 ¢inilo
cca 17 %. Nejvétsi pocet ploch, na kterych byl zaznamenan ndrlst obsahd Ni,
se nachazf v Jihnomoravském kraji a prilehlych castech kraje Zlinského, Olomouckého
a kraje Vysocina. Zvyseni obsah se projevuje jak v ornici, tak v podornicf.

6.8 Nickel (Ni)

In 2013, Ni concentrations in the whole BSMS data set ranged from 3.9
to 3.58 mgkg'in the topsoil horizon. Traditionally, higher contents of Ni were
recorded in the region of Trebi¢ Massif and South Moravia, especially in the northern
district of Znojmo and in the districts of Zlin and Uherské Hradisté. No significant
differences among the Ni contents in various cultures were recorded; however, lower
Ni contents in the topsoil of arable land in basal subsystem were found statistically
significant in relation to the subsoil. The precautionary value for Ni was exceeded
in 13 monitoring plots (6.1%).

Since 1995, Ni content in the soils of the basal subsystem have been slightly rising,
more in orchards and vineyards. In the soils of the subsystem of contaminated
plots, the content of Ni has been balanced since 1995. Of the 177 evaluated
monitoring plots, Ni levels were reduced in 67 plots, whereby the reduction was
approximately 10% compared to 1995. In contrast, an increase in Ni content occurred
in 108 plots and compared to 1995 it was about 17%. The largest number of plots
in which there was an increase of Ni content is located in the Southern Moravia
Region and adjacent parts of the region of Zlin and Olomouc. An increase
in the contents reflected both in the topsoil and in the subsoil.

124 Potentially toxic elements



Tabulka 32. Deskriptivni statistika obsahl niklu (Ni) v plddch BMP, 1995-2013 (mg.kg', zdkladni
subsystém, ornice, ostatni pudy (stredné tézké a tézké), extrakce lucavkou krdlovskou)

Table 32. Descriptive statistics of nickel (Ni) concentrations in BSMS soils, 1995-2013 (mg.kg', basal
subsystem, topsoil, other soils (medium heavy and heavy), Aqua Regia extraction)

Ostatni pudy / Other soils
Kultura / Rok / &
Cultures | Periods nywnar PROMEF 1040 | 025 | | 075 | 0.90
/ Mean perc. perc. perc. perc.
of plots
1995 117 22,7 8,52 62,6 11,9 16,1 23,1 26,9 333
Orna plida / 2001 117 20,5 7,25 53,8 10,1 14,0 19,6 24,3 29,8
Arable land 2007 117 23,6 5,98 62,0 11,3 15,7 214 29,2 374
2013 117 24,1 8,56 59,2 11,7 159 22,4 29,2 39,0
1995 15 26,2 7,54 47,6 14,5 16,9 21,9 43,2 45,1
Lig 2001 15 233 7,01 43,7 11,9 16,7 20,9 28,4 42,9
Permanent 2007 15 264 11,7 56,8 13,8 18,5 22,6 29,5 43,4
grassland
2013 15 27,7 6,53 52,3 17,4 20,2 24,4 31,9 47,5
1995 5 20,3 15,7 25,1 15,7 16,8 21,1 23,0 25,1
Sady / 2001 5 17,1 6,80 23,8 6,8 13,6 20,3 21,2 23,8
Orchards 2007 5 24,2 14,8 30,8 14,8 23,0 25,7 269 30,8
2013 5 24,2 15,1 34,9 15,1 154 24,9 30,7 34,9
1995 2 23,1 224 23,9 22,4 22,4 23,1 239 23,9
Vinice / 2001 2 20,6 18,6 22,6 18,6 18,6 20,6 22,6 22,6
Vineyards 2007 2 249 22,2 27,6 22,2 22,2 24,9 27,6 27,6
2013 2 29,8 27,0 32,6 27,0 27,0 29,8 32,6 32,6
1995 3 22,7 20,1 26,1 20,1 20,1 21,9 26,1 26,1
Chmelnice / 2001 3 24,6 22,1 28,0 22,1 22,1 23,8 28,0 28,0
Hop gardens 2007 3 324 22,4 421 22,4 22,4 32,8 42,1 42,1
2013 3 24,3 21,1 26,2 21,1 21,1 25,6 26,2 26,2

Obrdzek 80. Rozpéti obsahd niklu (Ni) v pdddch BMP, 1995-2013 (mg.kg’, zdkladni subsystém, ornice,
extrakce lucavkou krdlovskou)

Figure 80. Range of nickel (Ni) concentrations in BSMS soils, 1995-2013 (mg.kg, basal subsystem, topsoil,
Agua Regia extraction)

100

Zakladni subsystém - Basal subsystem

ornice - topsoil

75

50

Ni (mgkg™)

25

orna pada
arable land

:

TTP
permanent grasslagd

sady
orchards

&

i

vinice
vineyards

N

chmelnice
hop gardens

=

1995 2001 2007 2013

1995 2001 2007 2013

1995 2001 2007 2013

periody periods

1995 2001 2007 2013

1995 2001 2007 2013

Rizikove prvky

125



Obrdzek 81. Obsahy niklu (Ni) v piddch BMP, 2013 (214 monitorovacich ploch); obsahy jsou vyjddreny
Jako procento preventivni hodnoty.

Figure 81. Nickel (Ni) concentrations in BSMS soils, 2013 (214 monitoring plots); concentrations
are expressed as a percentage of the precautionary value.

Obrdzek 82. Zmeény obsahd niklu (Ni) mezi periodami 2013 a 1995 (mgkg’, extrakce lucavkou
krdlovskou, 177 monitorovacich ploch)

Figure 82. Changes in nickle (Ni) concentrations between the periods 2013 and 1995 (mg.kg', Aqua Regia
extraction, 177 monitoring plots)
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6.9 Olovo (Pb)

Obsahy Pb v orni¢nf vrstvé Bazéalniho monitoringu pdd v roce 2013 se pohybo-
valy v rozsahu 11,5-894 mg.kg". Typické oblasti se zvySenymi obsahy Pb se nachazi
na Plzensku, Pribramsku a Kutnohorsku, v pfipadé BMP tyto oblasti doplniuje
lokalita z k.U. Utin, okres HavlickQv Brod. ZvySené obsahy Pb se nachazi na celém
katastralnim Uzemi Utina. Obsahy Pb v ornici jsou wyssi, nez v podornici a to
u vSech kultur v zakladnim subsystému, coz je pro Pb jako antropogenni kontaminant
typické. Statisticky prikazny rozdil obsaht Pb mezi horizonty byl potvrzen pro orné
pldy a TTP. Déle byly statisticky potvrzeny prikazné nizsf obsahy Pb ve vinicich
a chmelnicich proti ornym ptdam, saddm a TTP. K prekrocenf preventivni hodnoty
pro Pb doslo celkem na 17 monitorovacich plochach (7,9 %).

Mediany obsaht Pb v pldach zakladniho subsystému od roku 1995 rostou. Statis-
ticky prikazné zvySeni obsahd bylo v zakladnim subsystému doloZzeno u ornych
pld, TTP a vinic. Medidny obsahd Pb v subsystému kontaminovanych ploch jsou
u TTP a chmelnic vyrovnané, u ornych pdd dochézi k meziro¢nimu kolisani.
V celém souboru ploch BMP klesly obsahy Pb proti roku 1995 pouze na 28 plochach
ze 177 sledovanych, pricemz pokles cinil priblizné 2,5 mgkg' (cca 10% pokles).
Na zbyvajicich plochach se obsahy Pb zwsily priblizné o 5 mg.kg" (cca 25% zvysen).
Ke zvySovani obsahl Pb dochézi na celém tzemi Ceské republiky.

6.9 Lead (Pb)

In 2013, Pb concentrations in the whole BSMS data set ranged from 11.5
to 894 mgkg' in the topsoil horizon. Areas with elevated levels of Pb are
typically located in the region of Plzen, Pribram and Kutna Hora; regarding the BSMS
scheme, the cadastral area Utin, the district of Havlickdv Brod complements
these areas. Increased concentrations of Pb were recorded within the whole cadastral
area of Utin. The contents of Pb in the topsoil were higher than in the subsail,
namely in all cultures in the basal subsystem, which is typical of an anthropogenic
contaminant such as Pb. A statistically significant difference between the contents
of Pb horizons was confirmed for arable land and permanent grassland. Further
on, lower contents of Pb in vineyards and hop gardens in comparison to arable
soils, orchards and permanent grassland were confirmed statistically significant.
The precautionary value for Pb was exceeded in a total of 17 monitoring plots (7.9%).

Since 1995, median contents of Pb in the soils of basal subsystem have been growing.
A statistically significant increase in the basal subsystem was recorded in arable
land, permanent grassland and vineyards. Medians contents of Pb in the subsystem
of contaminated plots were balanced in permanent grassland and hop gardens,
there were annual variations in arable land. Compared with 1995, the contents of
Pb decreased only in 28 plots of the 177 considered, whereas the decline amounted
to approximately 2.5 mg.kg' (a decrease by approximately 10%). In other plots,
Pb content increased by about 5 mg.kg' (an increase by about 25%). In the Czech
Republic, the contents of Pb increased.
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Tabulka 33. Deskriptivni statistika obsaht olova (Pb) v puddch BMP, 1995-2013 (mg.kg', zdkladni
subsystém, ornice, ostatni pudy (stredné tézké a tézké), extrakce lucavkou krdlovskou)

Table 33. Descriptive statistics of lead (Pb) concentrations in BSMS soils, 1995-2013 (mg.kg’, basal
subsystem, topsoil, other soils (medium heavy and heavy), Aqua Regia extraction)

Ostatni pudy / Other soils
Kultura / Rok / ¢
Cultures | Periods nownar PROMEF | 1040 | 025 | 075 | 0.90
/ Mean perc. perc. perc. perc.
of plots
1995 117 20,8 9,68 54,5 14,1 16,4 20,2 233 27,7
Oorna pﬂda / 2001 117 21,3 10,6 48,8 14,3 17,0 20,2 24,4 28,6
Arable land 2007 117 22,7 13,0 53,7 16,1 18,2 21,3 24,9 30,8
2013 117 253 15,4 102 17,2 20,2 235 28,7 34,3
1995 15 258 11,6 39,6 16,4 21,0 24,4 32,1 36,5
Lk 2001 15 28,6 18,7 45,0 19,8 22,3 26,6 36,3 41,3
Permanent 2007 15 294 18,7 471 193 224 26,0 36,7 39,8
grassland
2013 15 33,6 20,3 56,9 22,1 273 31,3 41,6 44,7
1995 5 50,8 14,2 169 14,2 15,7 17,7 37,8 169
Sady / 2001 5 65,5 13,3 260 133 159 18,7 20,2 260
Orchards 2007 5 82,9 16,8 341 16,8 17,5 193 20,2 341
2013 5 67,4 18,0 256 18,0 20,7 213 21,7 256
1995 2 10,8 10,4 11,2 10,4 10,4 10,8 11,2 11,2
Vinice / 2001 2 12,7 11,8 13,7 11,8 11,8 12,7 13,7 13,7
Vineyards 2007 2 133 13,2 13,4 13,2 13,2 133 134 134
2013 2 15,6 15,4 15,8 15,4 15,4 15,6 15,8 158
1995 3 12,6 11,5 13,6 11,5 11,5 12,8 13,6 13,6
Chmelnice / 2001 3 18,8 12,6 29,9 12,6 12,6 14,1 29,9 29,9
Hop gardens 2007 3 16,3 133 20,4 133 133 151 204 204
2013 3 17,3 13,7 238 13,7 13,7 14,5 2338 238

Obrdzek 83. Rozpéti obsahd olova (Pb) v plddch BMP, 1995-2013 (mg.kg’', zdkladni subsystém, ornice,
extrakce lucavkou krdlovskou)

Figure 83. Range of lead (Pb) concentrations in BSMS soils, 1995-2013 (mg.kg'!, basal subsystem, topsoil,
Aqua Regia extraction)
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Obrdzek 84. Obsahy olova (Pb) v puddch BMP, 2013 (214 monitorovacich ploch); obsahy jsou vyjddreny
Jako procento preventivni hodnoty

Figure 84. Lead (Pb) concentrations in BSMS soils, 2013 (214 monitoring plots); concentrations
are expressed as a percentage of the precautionary value

Obrdzek 85. Zmeny obsaht olova (Pb) mezi periodami 2013 a 1995 (mg.kg’, extrakce lucavkou
krdlovskou, 177 monitorovacich ploch)

Figure 85. Changes in lead (Pb) concentrations between the periods 2013 and 1995 (mg.kg’, Aqua Regia
extraction, 177 monitoring plots)
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6.10 Vanad (V)

Rozsah obsahl vanadu v orni¢nim horizontu v pldach BMP ¢inil v roce 2013
13,8-203 mgkg'. Medidny obsahl vanadu pro jednotlivé kultury zakladniho
subsystému se pohybuji kolem hodnoty 40 mgkg' v pldach ostatnich a kolem
hodnoty 24 mgkg' v pldach lehkych. Ve vzorcich ze subsystému kontaminova-
nych ploch jsou hodnoty medidnd vyssi. Oblasti se zvySenym obsahem vanadu Ize
nalézt v severnich Cechéch (okresy Karlovy Vary, Chomutov, Louny) a na Klatov-
sku. Preventivni hodnota pro vanad byla prekrocena pouze na dvou lokalitach BMP
(0,9 %).

Medidny obsahCl vanadu od roku 1995 v zékladnim subsystému i subsystému
kontaminovanych ploch ve vSech kulturach klesaji; v trvalych travnich porostech
zakladniho subsystému statisticky vyznamné. Celkem doSlo ke snfZzenf obsaht
vanadu na 127 monitorovacich plochach a to priblizné o 5 mg.kg' (cca 10% snizen).
Na ostatnich plochach byly zjistény vySsi obsahy vanadu v roce 2013 nez v roce 1995,
pricemz zvySeni ¢ini necelych 6 % (cca 2,3 mg.kg'). Vétsina ploch se vzristajicim
obsahem vanadu se nachazi na Morave.

6.10 Vanadium (V)

In 2013, vanadium concentrations in the whole BSMS data set ranged from 13.8
to 203 mgkg' for the topsoil horizon. Median contents of vanadium for individual
cultures in the basal subsystem were roughly between 40 mgkg' in other soils,
and around 24 mgkg' in light soils. Median values were higher in samples from
the subsystem of contaminated plots. Areas with high vanadium concentrations
were found in northern Bohemia (districts of Karlovy Vary, Chomutov, Louny) and
in Klatovsko region. The precautionary value for vanadium was exceeded in only
two BSMS plots (0.9%).

Since 1995, the median content of vanadium in the basal subsystem and
the subsystem of contaminated plots in all cultures have been in decline;
it has increased in permanent grassland in the basal subsystem significantly. In
total, there was a reduction in vanadium content in 127 monitoring plots by about
5 mgkg' (a reduction by about 10%). In other plots, higher levels of vanadium
were detected in 2013 in comparison to 1995, while the increase was less
than 6% (approximately 2.3 mg.kg'). Most plots with increasing vanadium content
were |ocated in Moravia.
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Tabulka 34. Deskriptivni statistika obsaht vanadu (V) v puddch BMP, 1995-2013 (mg.kg', zdkladni
subsystém, ornice, ostatni pudy (stredné tézké a tézké), extrakce lucavkou krdlovskou)

Table 34. Descriptive statistics of vanadium (v) concentrations in BSMS soils, 1995-2013 (mg.kg’,

basal subsystem, topsoil, other soils (medium heavy and heavy), Aqua Regia extraction)

Ostatni pudy / Other soils

Kultura / Rok / &
Cultures | Periods nyowner PROMEF 1040 | 025 | 075 | 0.90
/ Mean perc. perc. perc. perc.

of plots

1995 117 47,5 22,6 194 29,3 35,3 424 53,7 71,0
Orné pida/ | 2001 117 49,2 19,7 210 31,9 38,5 45,6 53,0 70,0
Arable land 2007 117 46,8 18,2 211 29,8 37,1 42,2 52,4 63,2
2013 117 44,6 20,5 203 27,6 34,5 39,7 49,6 59,3
1995 15 59,4 21,4 115 31,8 41,6 533 731 90,2
Lk 2001 15 57,6 258 93,0 37,0 41,4 55,7 77,0 85,7
;s;g;;r:;nt 2007 15 56,0 24,2 89,1 374 40,4 51,6 69,4 81,0
2013 15 54,4 19,4 89,9 34,0 41,4 46,3 71,7 81,0
1995 5 394 31,2 44,8 31,2 37,2 39,1 44,7 44,8
Sady / 2001 5 42,6 33,1 50,3 33,1 333 46,6 49,9 50,3
Orchards 2007 5 39,7 30,8 44,6 30,8 37,5 41,8 44,0 44,6
2013 5 37,6 273 45,3 273 32,7 40,4 42,2 45,3
1995 2 384 37,0 39,8 37,0 37,0 384 39,8 39,8
Vinice / 2001 2 46,1 44,0 48,2 44,0 44,0 46,1 48,2 48,2
Vineyards 2007 2 38,7 36,0 413 36,0 36,0 38,7 41,3 41,3
2013 2 374 354 394 354 354 374 394 394
1995 3 53,1 36,0 759 36,0 36,0 47,5 759 759
Chmelnice / 2001 3 65,7 55,4 85,3 55,4 554 56,4 853 85,3
Hop gardens 2007 3 52,3 37,1 70,7 37,1 37,1 49,2 70,7 70,7
2013 3 49,1 37,2 66,7 37,2 37,2 43,3 66,7 66,7

Obrdzek 86. Rozpéti obsaht vanadu (V) v piddach BMP, 1995-2013 (mg.kg'!, zdkladni subsystém, ornice,
extrakce lucavkou krdlovskou)

Figure 86. Range of vanadium (V) concentrations in BSMS soils, 1995-2013 (mg.kg’, basal subsystem,

topsoil, Aqua Regia extraction)
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Obrdzek 87. Obsahy vanadu (V) v paddch BMP, 2013 (214 monitorovacich ploch);, obsahy jsou vyjddreny
Jako procento preventivni hodnoty

Figure 87. Vanadium (V) concentrations in BSMS soils, 2013 (214 monitoring plots), concentrations
are expressed as a percentage of the precautionary value

Obrdzek 88. Zmény obsahl vanadu (V) mezi periodami 2013 a 1995 (mg.kg', extrakce lucavkou
krdlovskou, 177 monitorovacich ploch)

Figure 88. Changes in vanadium (V) concentrations between the periods 2013 and 1995 (mg.kg', Aqua
Regia extraction, 177 monitoring plots)
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6.11 Zinek (Zn)

Obsahy Zn se v orni¢nim horizontu celého souboru dat BMP v roce 2013
pohybovaly v rozmezi 22,4-1102 mg.kg'. Lokality se zvySenymi obsahy Zn jsou
v rémci Ceské republiky roztrouseny mozaikovité, nicméné hlavnimi problematickymi
oblastmi jsou Lounsko, Pfibramsko, Kutnohorsko. Zinek je nutno fadit k prvkdm
(As, Cd, Zn), u nichz dochazi v ramci BMP k prekracovani preventivni hodnoty na
vice nez 10 % monitorovacich ploch. Celkem byla preventivni hodnota prekrocena
na 33 monitorovacich plochach (15,4 %).

Medidny obsahl Zn od roku 1995 v zé&kladnim subsystému i subsystému
kontaminovanych ploch ve vsech kulturdch vzristaji; k statisticky prdkaznému
zvyseni obsaht Zn doslo v ornych pddéch zakladniho subsystému. Ke zvyseni obsah(l
vzhledem k roku 1995 doslo celkem na 144 plochach, pricemz zvySeni obsahu Zn
¢inf v prdméru 85 mgkg' (pfiblizné 13 %). Na zbyvajicich plochach bylo
zjiSténo snizeni obsahu Zn a to priblizné o 5 mg.kg' (cca 6 %). Ke zvySovani obsahu Zn
dochazi na izemi celé Ceské republiky.

6.11 Zinc (Zn)

In 2013, Zn concentrations in the whole BSMS data set ranged from 22.4 to
1,102 mgkg' for the topsoil horizon. Areas with higher Zn levels were scattered
mosaic throughout the Czech Republic; nonetheless, the main areas of concern
were Lounsko, Pfibramsko, Kutnohorsko. Zinc requires inclusion among the elements
(As, Cd, Zn) whose levels exceed precautionary values in more than 10% of BSMS
monitoring plots. In total, the precautionary value was exceeded in 33 monitoring
plots (15.4%).

Since 1995, the median contents of Zn in the basal subsystem and the subsystem
of contaminated plots in all cultures have been growing; a statistically significant
increase in Zn content was recorded in arable land in the basal subsystem.
An increase of the content in relation to 1995 occurred in a total of 144 plots,
whereas the increase of Zn content was 85 mgkg' (approximately 13%)
on average. In other areas, the reduction in the content of Zn was about 5 mg.kg
(6%). An increase in Zn content occurred across the whole Czech Republic.

Rizikove prvky 133



Tabulka 35. Deskriptivni statistika obsahl zinku (Zn) v pdddch BMP, 1995-2013 (mg.kg', zdkladni
subsystém, ornice, ostatni pudy (stredné tézké a tézké), extrakce lucavkou krdlovskou)

Table 35. Descriptive statistics of zinc (Zn) concentrations in BSMS soils, 1995-2013 (mg.kg’, basal
subsystem, topsoil, other soils (medium heavy and heavy), Aqua Regia extraction)

Ostatni pudy / Other soils
Kultura / Rok/ | poget/|_ . .
Cultures Periods | Number Prumér Min Max 0.10 0.25 Median 0.75 0.90
/ Mean perc. perc. perc. perc.
of plots
1995 117 64,1 27,5 129 43,8 50,2 60,8 72,3 91,3
Ornéa pada / 2001 117 66,5 27,8 135 457 539 62,3 78,6 91,8
Arable land 2007 117 66,2 30,2 137 46,4 52,9 62,7 75,6 92,8
2013 17 71,6 29,0 153 49,4 59,2 66,4 82,4 103
1995 15 90,2 36,8 142 55,1 65,9 88,3 104 141
Ly 2001 15 92,2 383 144 51,6 80,0 91,2 117 129
gf;:;;r:]ednt 2007 15 89,9 42,5 132 59,5 76,1 84,5 110 118
2013 15 100 42,2 144 683 80,3 106 119 138
1995 5 156 46,4 559 46,4 53,0 60,3 60,4 559
Sady / 2001 5 163 49,2 588 49,2 53,5 61,4 63,2 588
Orchards 2007 5 156 48,5 548 48,5 55,7 60,6 65,5 548
2013 5 162 48,8 567 48,8 58,5 66,7 69,7 567
1995 2 54,8 54,8 54,9 54,8 54,8 54,8 54,9 54,9
Vinice / 2001 2 63,7 62,8 64,5 62,8 62,8 63,7 64,5 64,5
Vineyards 2007 2 59,7 56,1 63,3 56,1 56,1 59,7 63,3 63,3
2013 2 64,4 634 65,5 63,4 63,4 64,4 65,5 65,5
1995 3 78,6 51,0 116 51,0 51,0 69,4 116 116
Chmelnice / 2001 3 94,8 57,7 154 57,7 57,7 72,5 154 154
Hop gardens 2007 3 94,9 61,0 150 61,0 61,0 738 150 150
2013 3 101 59,4 164 59,4 59,4 789 164 164

Obrdzek 89. Rozpéti obsaht zinku (Zn) v plddch BMP, 1995-2013 (mg.kg!, zdkladni subsystém,
ornice, extrakce lucavkou krdlovskou)

Figure 89. Range of zinc (Zn) concentrations in BSMS soils, 1995-2013 (mg.kg’, basal subsystem,
topsoil, Aqua Regia extraction)
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Obrdzek 90. Obsahy zinku (Zn) v pdddch BMP, 2013 (214 monitorovacich ploch); obsahy jsou vyjddreny
Jako procento preventivni hodnoty

Figure 90. Zinc (Zn) concentrations in BSMS soils, 2013 (214 monitoring plots);, concentrations
are expressed as a percentage of the precautionary value

Obrdzek 91. Zmény obsahl zinku (Zn) mezi periodami 2013 a 1995 (mg.kg’, extrakce lucavkou
krdlovskou, 177 monitorovacich ploch)

Figure 91. Changes in zinc (Zn) concentrations between the periods 2013 and 1995 (mg.kg', Aqua
Regia extraction, 177 monitoring plots)
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6.12 Rtut (Hg)

Obsahy Hg ve vzorcich orni¢niho horizontu celého souboru dat BMP v roce 2013
kolfsaly v rozsahu 0,028-40,2 mgkg'. Medidny v pldach zakladniho subsystému
dosahuji maximalné 0,09 mg.kg', v subsystému kontaminovanych ploch jsou hodnoty
vysSi. Nejvyssi obsahy byly nalezeny na trech plochach TTP, pricemz dvé se nacha-
zeji v okrese Novy Ji¢in a treti v okrese Louny. Zatéz Hg v okrese Novy Ji¢in se jevi
jako typicka. K prekroceni preventivni hodnoty pro Hg doslo celkem na 10 plochach

BMP (4,7 %).

Obsahy Hg na vétSiné monitorovacich ploch BMP od roku 1992 klesaji. Statis-
ticky prlkazné snizeni obsahl Hg bylo doloZeno pro orni¢ni horizont ornych ptd
a vinic v zakladnim subsystému a pro podornici u TTP také v zakladnim subsystému.
Na 2/3 ploch doslo k poklesu obsaht Hg pfibliZzné o 20 % proti roku 1992, na plochach
s rostoucim obsahem Hg se projevilo zvySenf obsaht cca o 10 %.

6.12 Mercury (Hg)

In 2013, Hg concentrations in the whole BSMS data set ranged from 0.028 to
40.2 mgkg' in the topsoil horizon. Median values in soils in basal subsystem
amounted to a maximum of 0.09 mg.kg"; the values were higher in the subsystem
of contaminated plots. The highest values were recorded in three permanent
grassland plots, two of which are located in the district of Novy Ji¢in and the third
is located in the district of Louny. The burden of Hg seems to be characteristic
for the district of Novy Jicin. The precautionary value for Hg was exceeded in a total
of 10 BSMS plots (4.7%).

Since 1992, the contents of Hg have been declining in most BSMS plots.
Statistically significant reduction in Hg content was recorded in the topsoil
horizon of arable lands and vineyards in the basal subsystem and in the subsoil
of permanent grassland in the basic subsystem, too. In two-thirds of plots, the Hg
content decreasedby about 20% compared to 1992; the raise of Hg levels by about
10% was noted in plots with high Hg contents.
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Tabulka 36. Deskriptivni statistika obsahl rtuti (Hg) v pdddch BMP, 1995-2013 (mg.kg', zdkladni
subsystém, ornice, ostatni pudy (stredné tézké a tézké), extrakce lucavkou krdlovskou)

Table 36. Descriptive statistics of mercury (Hg) concentrations in BSMS soils, 1995-2013 (mg.kg’,
basal subsystem, topsoil, other soils (medium heavy and heavy), Aqua Regia extraction)

Ostatni pudy / Other soils
Kultura / Rok/ | poget/ | _ . .
Cultures Periods |Number Pramér Min Max 0.10 0.25 Median 0.75 0.90
/ Mean perc. perc. perc. perc.
of plots
1995 0
Orna pﬁda / 2001 117 0,09 0,04 0,78 0,05 0,06 0,07 0,09 0,15
Arable land 2007 117 0,09 0,03 0,74 0,04 0,05 0,07 0,09 014
2013 117 0,08 0,04 0,75 0,04 0,05 0,06 0,09 0,14
1995 0
Lk 2001 15 0,17 0,07 0,97 0,08 0,08 0,10 0,14 0,21
Permanent 2007 15 0,18 0,05 1,40 0,06 0,08 0,10 0,11 0,19
grassland
2013 15 0,18 0,06 1,26 0,06 0,08 0,09 0,13 0,22
1995 0
Sady / 2001 5 0,09 0,05 0,20 0,05 0,06 0,06 0,07 0,20
Orchards 2007 5 0,08 0,05 0,19 0,05 0,05 0,05 0,06 0,19
2013 5 0,08 0,05 0,21 0,05 0,05 0,06 0,06 0,21
1995 0
Vinice / 2001 2 0,04 0,03 0,05 0,03 0,03 0,04 0,05 0,05
Vineyards 2007 2 0,04 0,03 0,04 0,03 0,03 0,04 0,04 0,04
2013 2 0,04 0,04 0,05 0,04 0,04 0,04 0,05 0,05
1995 0
Chmelnice / 2001 3 0,11 0,04 0,26 0,04 0,04 0,04 0,26 0,26
Hop gardens 2007 3 0,08 0,04 0,17 0,04 0,04 0,05 017 017
2013 3 0,09 0,03 0,19 0,03 0,03 0,03 0,19 0,19

Obrdzek 92. Rozpéti obsahu rtuti (Hg) v puddch BMP, 1992-2013 (mg.kg', zdkladni subsystém, ornice,
extrakce lucavkou krdlovskou)

Figure 92. Range of mercury (Hg) concentrations in BSMS soils, 1992-2013 (mg.kg', basal subsystem,
topsoil, Aqua Regia extraction)
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Obrdzek 93. Obsahy rtuti (Hg) v ptddch BMP, 2013 (214 monitorovacich ploch); obsahy jsou vyjddreny
Jako procento preventivni hodnoty

Figure 93. Mercury (Hg) concentrations in BSMS soils, 2013 (214 monitoring plots); concentrations
are expressed as a percentage of the precautionary value

Obrdzek 94. Zmény obsahd rtuti (Hg) mezi periodami 2013 a 1992 (mg.kg’, extrakce lucavkou
krdlovskou, 177 monitorovacich ploch)

Figure 94. Changes in mercury (Hg) concentrations between the periods 2013 and 1992 (mg.kg’, Aqua
Regia extraction, 177 monitoring plots)
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7 Perzistentni organické polutanty (POPs)
a polycyklické aromatické uhlovodiky (PAH)

Sdrka Poldkovd

Perzistentni organické polutanty (POPs) jsou latky dlouhodobé setrvavajici v prostredi.
Maji neékolik typickych vliastnosti - vyznacuji se vysokou lipofilitou, velkou schopnosti
bioakumulace, vysokym stupnem chemické a biologické stability a tendenci k dalko-
vému prenosu. Diky témto vlastnostem se mohou Sifit tisice kilometrd od zdroje
a kontaminovat celou biosféru. VSeobecné je prijimano, ze hlavnim mechanismem
vysvétlujicim pohyblivost POPs v prostredf je cyklické odparovani z povrchu pld a vod,
jejich unaseni vzduchem ve formé par, ¢i sorbovanych na prachové castice a jejich

naslednou depozici deStém, snéhem nebo tuhymi casticemi zpét na zemsky povrch.

Perzistence a bioakumulace POPs v tkanich Zivych organismd mize vést k dlouho-
dobému néarlstu hladin téchto latek zejména u konzumentd na vyssich trofickych
Urovnich, vcetné clovéka. POPs mohou mit karcinogenni Gcinky, mohou zpUsobovat
reprodukcni poruchy, zmény vyvojového a imunitniho systému a endokrinni narusent,
coz mize vést ke snizenf reprodukénich schopnosti a v krajnim pripadé az ke ztraté
biodiverzity.

Perzistentni organické latky vznikaji pfirodnimi procesy (napf. sopecnou ¢innosti,
pozary), prevazna Cast jejich zdrojd je viak antropogenniho plvodu. Aby se prede-
Slo dalsimu narCUstu obsaht POPs v Zivotnim prostredi a zaroven se snizili negativni
dopady Ucink& POPs na zdravi lidi a Zivocichd, byla vypracovana tzv. Stockholm-
skd umluva o perzistentnich organickych polutantech. Umluva vstoupila v platnost
dne 17. kvétna 2004 a smluvni strany zavazuje ke zruSeni vyroby a pouZziti nebo
k omezenému pouzivani vyjmenovanych organickych latek. V dobé podpisu se Umluva
tykala 12 perzistentnich organickych latek a jejich skupin. Postupem Casu byl seznam
Stockholmské umluvy rozsiren o dalsi latky.

Ustfedni kontrolni a zkudebni Ustav zemédélsky sleduje v zemédélskych plidach
BMP pravidelné obsahy HCH (4 izomery a-, - y-, 6-), HCB, latky skupiny DDT
(op’-app - izomery DDT, DDE, DDD), PCB (7 kongenert - 28, 52, 101, 118, 138,
153, 180) a 16 EPA PAH. VSechny uvedené POPs jsou vyjmenovany ve Stockholmské
umluve.

O zarazeni polycyklickych aromatickych uhlovodiké (PAH) mezi POPs se stéle
diskutuje, protoze nesplnuji definici POPs ohledné schopnosti bioakumulace.
V tkanich a pletivech vznikaji z materskych sloucenin derivaty, které vsak ¢asto maji
mnohem toxictéjsi ucinky nez pdvodni slouceniny. Vzhledem ke svym karcinogen-
nim a mutagennim vlastnostem jsou PAH fazeny mezi environmentalné prioritnf
polutanty.

Ceskd legislativa umoznuje hodnotit obsahy POPs a PAH na zakladé vyhlasky
C. 153/2016 Sb. (tabulka 37) k jiz zminovanému zakonu o ochrané zemedélského
pldniho fondu (kapitola 6).
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Tabulka 37. Preventivni hodnoty obsahd rizikovych Idtek v zemédeélské pldé (mg.kg' susiny, vyhldska
¢. 153/2016 Sb.)

Table 37. Precautionary values of hazardous substances in agricultural land (mg.kg' DM, Decree
no. 153/2016 Coll.)

Latka / Substance PAH PCB DDT HCB HCH

Preventivni hodnota / Precautionary value 1.0 0.02 0.075 0.02 0.01

PAH: suma 12 PAHs (ANT, BAA, BBF, BKF, BAP, BPE, PHE, FLT, CHR, IPY, NAP, PYR)
PCB: suma 7 kongenerd (28, 52, 101, 118, 138, 153, 180)

DDT: suma o,p”-ap,p - izomerl DDT, DDE, DDD

HCH: suma a-, B-, y- izomerd

PAH: sum of 12 PAHs (ANT, BAA, BBF, BKF, BAP, BPE, PHE, FLT, CHR, IPY, NAP, PYR)
PCB: sum of 7 congeners (28, 52,101, 118, 138, 153, 180)

DDT: sum of o,p"-and p,p”-isomers of DDT, DDE, DDD

HCH: sum of a-, 3-, y- isomers

Monitoring POPs byl zahajen jiz v roce 1994, pficemz postupné doslo k Upravam
metodiky zejména ve vztahu k poctu monitorovacich ploch a sledovanym
parametrdm. Odbéry vzorkd pldy pro stanoveni organickych polutantd probihajf
na vybranych 40 pozorovacich plochach BMP a na 5 plochach v chranénych tzemich
(Krkonossky narodni park, Orlické hory, Kokorinsko, Palava a Bilé Karpaty). Pro
Ucely hodnoceni parametrl v obdobf 2004-2015 byla pouzita data pouze z tzv.
stabilnich ploch (kapitola 2). Jednd se o 35 ploch na zemédélské pidé a 5 lokalit
v chranénych uzemich.

Metody stanoveni POPs a PAHs jsou od roku 2004 akreditovany podle ISO 17025.
V této souvislosti byla u pouzitych analytickych metod provedena jejich validace.
Pro wvyhodnoceni wysledkll to znamend zaruku jejich wvySSi porovnatelnosti.
Z tohoto dlvodu byla do statistické analyzy zahrnuta data ziskand az po roce 2004
(véetné).
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7 Persistent Organic Pollutants (POPSs)
and Polycyclic Aromatic Hydrocarbons (PAH)

Sdrka Poldkovd

Persistent organic pollutants (POPs) are chemical substances that persist in
the environment for long. They have a number of common properties - they are
characterized by high lipophilicity, high bioaccumulation potential, high chemical and
biological stability and ability for long-range environmental transport. Due to these
characteristics, POPs can spread thousands of kilometres from the source and
contaminate the entire biosphere. It is generally accepted that the main explanatory
mechanism for POPs mobility in the environment is cyclic evaporation from a soil
and water surface, distribution through air in the vapour phase or adsorbed on
atmospheric particles and, subsequently, their deposition back on Earth either in rain,
snow or particles.

Persistence and bioaccumulation of POPs in the tissues of living organisms can result
in a long-term increase in concentrations of these substances, especially for
consumers at higher trophic levels, including humans. POPs can have carcinogenic
effects and may cause increased susceptibility to reproductive disorders,
developmental changes in the immune system and endocrine disruption, which may
lead to impaired reproductive capacity and, in extreme cases, to loss of biodiversity.

Persistent organic pollutants enter the environment through various natural
processes such as volcanic eruptions; however, the majority of POPs are
of anthropogenic origin. In order to prevent a further increase in environmental
concentrations of POPs and at the same time to reduce the adverse effects
of POPs on human and animal health, the Stockholm Convention on Persistent
Organic Pollutants wasinstituted. It came into force on 17 May 2004 and requires
that Parties to the Convention take measures to eliminate or restrict the production
and use of certain hazardous chemicals on the List of Persistent Organic
Pollutants (POPs) in the Convention. At the time of signature, there were 12 chemicals
on the List in the Convention; since that time, other chemicals have been added
to the Convention.

The Central Institute for Supervising and Testing in Agriculture monitors regularly
the levels of HCH (a-, B-, y-, &- isomers), HCB, DDT-group substances (sum
of o,p- and p,p- isomers of DDT, DDE, and DDD), PCB (7 congeners - 28, 52, 101,
118, 138, 153, 180) and 16 EPA PAH in agricultural soils of BSMS. All these POPs are
listed in the Stockholm Convention.

Labelling polycyclic aromatic hydrocarbons (PAH) as POPs is still under discussion,
they do not meet the definition of POPs regarding bioaccumulation. Derivatives
are produced from parent compounds in tissues; however, many times these
metabolites are more toxic than the parent compound. Due to their carcinogenic
and mutagenic properties, PAH are classified as environmental priority pollutants.

Czech legislation allows to assess contents of POPs and PAH under Decree
no. 153/2016 Coll. (Table 37) referring to the already mentioned Agricultural
Land Protection Act (Chapter 6).
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Monitoring of POPs was launched in 1994, whereas the methodology was gradually
revised, especially in relation to the number of monitoring plots and parameters.
Soil sampling for the determination of organic pollutants is currently being
carried out on 40 selected BSMS monitoring plots and 5 plots in protected areas
(The KrkonoSe Mountains National Park, The Orlické Mountains, Kokorin region,
Palava and Bilé Karpaty). In assessment of parameters covering the period 2004-2015,
only data from so called “stable plots” were used (see Chapter 2). These comprise
35 plots of agricultural land and 5 plots in protected areas.

In 2004, methods for determination of POPs and PAHs were accredited according
to ISO 17025. In this respect, a validation of employed analytical methods was
carried out, which ensures greater comparability for interpretation of results.
For that reason, data collected only after 2004 (inclusive) were included in
the statistical analysis.
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7.1 Hexachlorcyklohexan (HCH)

UKzUZ stanovuje 4 izomerni modifikace HCH (a-, B-, y-, -), pro vypocty byly obsahy
jednotlivych izomer( secteny. V drtivé vétsiné pripadd jsou nélezy jednotlivych
izomerl mensi nez mez stanovitelnosti (0,5 pgkg'). Obsahy nad mezf stanovi-
telnosti byly nalezeny pouze na 9 monitorovacich plochach, z toho na 5 plochach
se jedna o opakované ndlezy. Ve vzorcich jsou detekovany a-, B- i y- izomery v rdzném
pomeru.

VWvoj obsahd HCH na plochdch BMP ve sledovaném obdobi 2004-2015 nebyl
hodnocen vzhledem k nizkému poctu ndlezd.

K prekroceni soucasné preventivni hodnoty pro HCH (10 pg.kg™' sus.) doslo pouze 1x
atovroce 2010.

7.1 Hexachlorocyclohexane (HCH)

UKZUZ determined 4 isomeric forms of HCH (a-, -, y-, &-); the contents
of individual isomers were calculated by adding. In the overwhelming majority
of cases, detection of individual isomers was below the limit of quantification
(0.5 pgkg"). The contents above the limit of quantification occurred only in 9 plots,
out of which 5 plots showed repeated occurrence. a-, 3- and y- isomers were
detected in varying proportions in the samples.

HCH content development in BSMS plots in the period 2004-2015 were not
evaluated due to the low number of detections.

The current precautionary value for HCH (10 pgkg' DM) was exceeded only once
in 2010.

Tabulka 38. Deskriptivni statistika obsaht sumy HCH na monitorovacich plochdch BMP (2004-2015;
ug.kg' sus.)

Table 38. Descriptive statistics of the levels of the sum of HCH on BSMS monitoring plots (2004-2015;
pg.kg' DM)

Kultura / . . Pramér / - 0.10 0.25 |Median/| 0.75 0.90
Cultures Horizont / Horizon Mean Min Max perc. perc. | Median | perc. perc.
L. Ornice / Topsoil 1,14 1,00 4,46 1,00 1,00 1,00 1,00 137
Orna puda /
Arable land »
Podornici / Subsoil 112 1,00 3,88 1,00 1,00 1,00 1,00 1,42
TTP/ Svrchni hor. / Topsoil 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
Permanent
grassland Spodni hor. / Subsoil 1,02 1,00 1,35 1,00 1,00 1,00 1,00 1,00
i Ornice / Topsoil 343 1,00 12,5 1,00 1,30 2,67 3,75 6,65
Chmelnice /
Hop gardens s )
Podornici / Subsoil 2,41 1,00 8,68 1,00 1,00 1,13 2,66 8,68
Chranéna Svrchni hor. / Topsoil 1,31 1,00 553 1,00 1,00 1,00 1,00 1,75
uzemi /
Protected areas | spodni hor. / Subsoil 1,03 1,00 1,35 1,00 1,00 1,00 1,00 1,00
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Obrdzek 95. Rozlozeni hodnot obsahti HCH v paddch BMP (2004-2015)
Figure 95. Distribution of the HCH contents in BSMS soils (2004-2015)
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Obrdzek 96. Obsahy HCH v plddch BMP; horni hranice stupnice je preventivni hodnotou podle vyhldsky
¢. 153/2016 Sb. (medidn 2004-2015; vsechny kultury, ornice, Lig.kg™)

Figure 96. The HCH contents in BSMS soils; the uppper limit of the scale is a precautionary value
in accordance with Decree no. 153/2016 Coll. (median 2004-2015; all cultures, topsoil, Lg.kg")
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7.2 Hexachlorbenzen (HCB)

Rozsah obsahl HCB v zemédeélskych padach BMP ¢inf < 0,5-52,1 pg.kg' a mediany
rostou v poradi TTP < ornd plda < chmelnice. Obsahy HCB z chmelnice jsou
statisticky vyznamné vysSi, nez obsahy z ostatnich kultur. Trvale zvySené obsahy
(nad 10 pgkg') jsou pravidelné detekovény na plose Malenovice na vychodé CR.
Primérné obsahy od 5 do 10 pgkg' Ize otekdvat zejména v zépadni ¢asti CR
(obrazek 2hch).

Obsahy HCB maji klesajici tendenci témér na vsech plochach se zemédélskou padou.
Vyjimkou jsou lokality Filipov u Céslavi a jiz zmifiované Malenovice. Na plochach
v chréanénych Uzemich se objevuje trend zvySovani obsahl HCB, nicméné ten
je zpUsoben neustalym rdstem obsahd na lokalité KrouZek (Kokorinsko).

K prekrocCeni preventivni hodnoty pro HCB (20 pg.kg') dochazi na lokalitach BMP
pouze sporadicky. Preventivni hodnota pro HCB byla v obdobi 2004-2015 prekrocena
pouze ve trech vzorcich na tfech monitorovacich plochach.

7.2 Hexachlorobenzene (HCB)

HCB concentrations in BSMS agricultural soils are <0.5 to 52.1 pg.kg' and median
levels increase in permanent grassland < arable land < hop garden, respectively.
The concentration levels of HCB in hop gardens are significantly higher in comparison
to other cultures. Persistently increased concentrations (above 10 pgkg') are
regularly detected on the plot in Malenovice in the east of the country. The average
concentrations of 5 to 10 ugkg' are likely to be recorded especially in western
part of the Czech Republic (figure 2hcb).

HCB concentrations show a decreasing tendency in almost all plots of agricultural
land. The exceptions are locations in Filipov u Caslavi and the above mentioned
area of Malenovice. Plots in protected areas show a trend towards increasing
HCB content, but that is due to a constant rate of increase in concentrations on
a plot in Krouzek (Kokofin region).

A precautionary limit for HCB (20 pgkg') was exceeded on BSMS plots only
sporadically; in the period 2004-2015 it was exceeded only in three samples
on three plots.

Tabulka 39. Deskriptivni statistika obsahl HCB na monitorovacich plochdch BMP (2004-2015; Lig.kg'" sus.)

Table 39. Descriptive statistics of the levels of HCB on BSMS monitoring plots (2004-2015; ug.kg' DM)

Kultura / . . Pramér / . 0.10 0.25 |Median/| 0.75 0.90
Cultures A EAEITE Y e e Mean I LR perc. perc. | Median | perc. perc.
Orna pada / Ornice / Topsoil 4,13 <0,5 52,1 1,00 2,00 2,94 4,78 9,12
il et Podornici/Subsoil | 339 | <05 | 195 | <05 | 118 | 246 | 410 | 7,80
TTP/ Svrchni hor. / Topsoil 1,54 <0,5 3,19 <0,5 0,54 1,84 2,51 2,70
Permanent

grassland Spodni hor. / Subsoil 1,75 <05 5,05 <05 <05 1,81 293 3,26
Chmelnice / Ornice / Topsoil 7,56 3,77 9,98 511 6,74 7,72 8,91 9,66
Hop gardens Podorniéi / Subsoil 6,92 2,16 18,4 2,16 3,10 6,48 7,83 18,4
Chranéna Svrchni hor. / Topsoil 1,22 <0,5 5,33 <0,5 <0,5 0,60 1,64 3,99
uzemi/

Protected areas | Spodni hor. / Subsoil 0,43 <05 2,61 <05 <0,5 <0,5 <0,5 0,94
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Obrdzek 97. Rozlozeni hodnot obsaht HCB v puddch BMP (2004-2015)
Figure 97. Distribution of the HCB contents in BSMS soils (2004-2015)
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Obrdzek 98. Obsahy HCB v plddch BMP; horni hranice stupnice je preventivni hodnotou podle vyhldsky
¢. 153/2016 Sb. (medidn 2004-2015; vsechny kultury, ornice, Lg.kg")

Figure 98. The HCB contents in BSMS soils; the uppper limit of the scale is a precautionary value
in accordance with Decree no. 153/2016 Coll. (median 2004-2015; all cultures, topsoil, Lg.kg’)
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7.3 Latky skupiny DDT

s

Na plochdch BMP obsahy DDT vzrastaji v poradi chrdnéna Gzemf < TTP < ornd
plda < chmelnice. V33i hodnoty obsahl DDT se nachazi v zdpadnich Cechéch
a Vv jizni Casti republiky.

Obsahy DDT na monitorovacich plochach BMP mirné klesaji. V systému BMP je v3ak
Sest ploch s opacnym trendem. Na lokalitach z chranénych Uzemi dochazi k postup-
nému pomalému (v jednotkach pg.kg') zvySovani obsahl DDT. Tento trend je ovliv-
nén zejména pribéhem obsah’ DDT na lokalitdch KrouZek (Kokofinsko) a Bukacka
(Orlické hory).

74té7 zemadélskych pld CR témito latkami je relativng vysokd, vzdyt 16 monito-
rovacich ploch z 35 sledovanych (45 %) vykazuje prekroceni preventivnich hodnot
pro DDT (75 pgkg'). Na 11 monitorovacich plochdach dochazi k prekrocent
preventivni hodnoty jen zfidka (2x-4x v uvedeném obdobi), na Ctyrech plochach
byla preventivni hodnota prekrocena kazdy rok.

7.3 DDT-group substances

On BSMS plots, DDT concentrations tend to increase in protected areas < permanent
grassland < arable land < hop gardens, respectively. Higher DDT concentrations were
recorded in western Bohemia and a southern part of the country.

The concentrations of DDT on BSMS plots decline marginally, the trend on six
plots in BSMS scheme is opposite. The levels of DDT increase slowly but gradually
in locations of protected areas (in pgkg'). This trend is mainly influenced
by developing DDT contents in the location of Krouzek (Kokofin region) and Bukacka
(The Orlické Mountain).

Pollution of agricultural land in the Czech Republic by these agents is relatively
high since 16 monitoring plots out of the 35 (45%) exceed a precautionary value
for DDT (75 pg.kg"). Eleven plots rarely exceed the precautionary value (2 -4 times over
that period), four plots exceed the precautionary value each year.

Tabulka 40. Deskriptivni statistika obsaht DDT (suma Idtek skupiny DDT) na monitorovacich plochdch BMP
(2004-2015; pg.kg' sus.)

Table 40. Descriptive statistics of the levels of the DDT (the sum of DDT-group substances) on BSMS
monitoring plots (2004-2015; ug.kg' DM)

Kultura / . . Pramér / . 0.10 0.25 |Median/| 0.75 0.90
Cultures SR e e Mean i LEE perc. perc. | Median | perc. perc.
Orné piida / Ornice / Topsoil 56,6 1,50 722 4556 7,50 235 53,8 124
Arable land Podorniéi / Subsoil 433 1,50 710 2,59 4,53 14,4 47,1 102
TTP/ Svrchni hor. / Topsoil | 9,68 2,60 330 2,80 5,50 7,87 11,7 16,6
Permanent

grassland Spodni hor. / Subsoil 10,3 2,10 357 2,50 4,95 9,68 13,7 14,2
ET— Ornice / Topsoil 201 134 316 167 175 182 225 235
Hop gardens Podornit / Subsoil 107 21,1 185 21,1 58,7 88,4 177 185
Chranéna Svrchni hor. / Topsoil | 17,3 1,50 110 2,15 2,74 3,66 14,1 65,4
uzemi/

Protected areas Spodni hor. / Subsoil 3,54 1,50 23,7 1,50 1,50 2,21 3,75 6,60
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Obrdzek 99. RozloZeni hodnot obsaht DDT (suma ldtek skupiny DDT) v plddch BMP (2004-2015)
Figure 99. Distribution of the DDT contents (the sum of DDT-group substances) in BSMS soils (2004-2015)
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Obrdzek 100. Obsahy DDT (suma Idtek skupiny DDT) v paddch BMP; horni hranice stupnice je preventivni
hodnotou podle vyhldasky ¢. 153/2016 Sb. (medidn 2004-2015; vsechny kultury, ornice, Lig.kg™)

Figure 100. The DDT (the sum of DDT - group substances) contents in BSMS soils; the uppper limit
of the scale is a precautionary value in accordance with Decree no. 153/2016 Coll. (median 2004-2015;
all cultures, topsoil, Lig.kg™)
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7.4 Polychlorované bifenyly (PCB)

V pldnfich vzorcich BMP je stanovovano 7 kongenert PCB (28, 52, 101, 118, 138, 153
a 180). Nélezy jednotlivych kongenerl jsou ve vétsiné pripadd nizsi nez mez
stanovitelnosti (0,5 pg.kg'). Stfedni hodnoty (mediany) PCB se ve vSech kulturach
pohybuji v jednotkach pg.kg’, zatimco maximalni obsahy se blizi 100 pgkg”.
Obsahy PCB v jednotlivych kulturach rostou v poradi chranéna Uzemi < orna
plda < TTP < chmelnice. Nejvyssi obsahy PCB se vyskytuji na trech lokalitach.
Dvé se nachazi v Jihomoravském kraji, treti v kraji Zlinském. VSechny tyto lokality
leZf v blizkosti pramyslovych zén. Klesajici trend obsaht PCB se v obdobf 2004-2015
projevil jak u zemédélskych pld, tak u lokalit z chrénénych Uzemi. Ke zvySovanf
obsahi dochazi na ¢tyfech monitorovacich plochach na zemédélské ptdé.

Preventivni hodnotu pro PCB prekrocilo v obdobf 2004-2015 26 vzorkd zemédél-
skych pld ze tff monitorovacich ploch. Jednd se o jiZz zminované plochy
v Jihomoravském a Zlinském kraji.

7.4 Polychlorinated biphenyls (PCB)

Seven PCB congeners (28, 52, 101, 118, 138, 153 and 180) were determined in BSMS
soil samples. The results for individual congeners were in most cases below the limit
of determination (0.5 pg.kg'). Mean values (medians) of PCBs in all cultures were
in the range of pgkg!, while the maximum values reached 100 pgkg'. PCB
concentrations in different cultures increase in protected areas < arable
land < permanent grassland < hop gardens. The highest levels of PCBs
concentrations occurred in three locations; two of them are in Southern Moravia,
the third is in Zlin region. All these locations are close to industrial zones.
In the period 2004-2015, a downward trend of PCB concentrations occurred both
in agricultural land and in protected areas. An increase in concentration levels
was recorded in four plots of agricultural land.

In the period 2004-2015, the limit of the precautionary value for PCB was exceeded
in 26 samples from 3 monitoring plots of agricultural land.

Tabulka 41. Deskriptivni  statistika obsahl PCB na monitorovacich plochdch BMP (2004-2015;
ug.kg' sus.)

Table 41. Descriptive statistics of the levels of the PCB on BSMS monitoring plots (2004-2015;
pg.kg’' DM)

Kultura / Horizont / Pramér / Min Max 0.10 0.25 |Median/| 0.75 0.90
Cultures Horizon Mean perc. perc. | Median | perc. perc.
orna pﬁda / Ornice / Topsoil 593 1,75 98,9 1,75 1,75 2,17 4,27 9,69
Arable land Podornici / Subsoil | 5,51 175 | 883 1,75 1,75 188 | 367 | 102
TTP/ Svrchni hor. / Topsoil 2,93 1,75 6,90 1,75 1,75 2,59 3,56 4,45
Permanent

grassland Spodni hor. / Subsoil 2,77 1,75 7,60 1,75 1,75 2,07 2,78 6,90
GhmelniceY Ornice / Topsoil 4,84 3,14 8,48 3,18 3,47 3,78 6,18 7,50
Hop gardens Podornici / Subsoil 3,57 1,75 6,30 1,75 2,09 3,44 4,71 6,30
Chranéna Svrchni hor. / Topsoil | 3,88 1,75 16,6 1,75 1,75 2,08 515 9,14
uzemi /

Protected areas Spodni hor. / Subsoil 2,78 1,75 8,42 1,75 1,75 1,75 2,50 5,90

Perzistentni organické polutanty (POPs) 149
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Obrdzek 101. RozloZeni hodnot obsahl PCB v plddch BMP (2004-2015)
Figure 101. Distribution of the PCB contents in BSMS soils (2004-2015)
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Obrdzek 102. Obsahy PCB v plddch BMP; horni hranice stupnice je preventivni hodnotou podle vyhldsky
¢. 15372016 Sh. (medidn 2004-2015; vsechny kultury, ornice, ug.kg")

Figure 102. The PCB contents in BSMS soils; the uppper limit of the scale is a precautionary value
in accordance with Decree no. 153/2016 Coll. (median 2004-2015; all cultures, topsoil, Lg.kg™")
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7.5 Polycyklické aromatické uhlovodiky (PAH)

Ve vzorcich z Bazélntho monitoringu pld se nynf stanovuje 16 indikatorovych EPA
PAH. Z tabulky 42 je vidét, Zze obsahy PAH rostou v fadé chranéna dzemf < orna
plda = chmelnice < TTP, pficemz obsahy v pldach TTP jsou statisticky prikazné
vySSi nez v ostatnich kulturach.

Klesajici tendence obsahl sumy 16 PAH v obdobfi 2004-2015 se projevuje jak
u zemedélské pUldy, tak v chranénych Uzemich. V systému BMP je pét pozorovacich
ploch na zemédélské pldé, u nich? je pozorovana naopak tendence rostouct.

Preventivni hodnota 1000 pgkg' byla prekrocena celkem na 18 plochach se
zemédélskou pldou. Na osmi plochach doslo k prekroceni preventivni hodnoty
pouze 1-2%, na zbyvajicich plochach dochazi k prekroceni preventivni hodnoty
opakovaneé (7-11x). Preventivni hodnota byla prekrocena také v 9 vzorcich
pochazejicich ze Studni¢ni hory (KrkonoSsky narodni park). Lze predpokladat,
ze zvwysené obsahy PAH na této lokalité jsou dlsledkem dalkového atmosférického

transportu.

7.5 Polycyclic aromatic hydrocarbons (PAH)

In samples from the Basal Soil Monitoring System 16 indicators for EPA PAH are
now determined. Table 42 shows that the levels of PAHs concentration are increasing
in protected areas < arable land = hop gardens < permanent grassland, respectively;
the concentrations in permanent grassland soils are statistically significantly higher
than in other cultures.

The sum of the 16 PAHs in the period 2004-2015 indicates a declining trend both

in agricultural land and in protected areas. Conversely, the BSMS scheme includes
five monitoring plots of agricultural land showing an increasing trend.

The precautionary limit of 1000 pg.kg' was exceeded in 18 plots of agricultural land.
The precautionary limit was exceeded only 1-2 times in eight plots, in other plots
the limit was exceeded on repeated occasions (7-11 times). The precautionary value
was also exceeded in 9 samples from Studni¢ni hora (The KrkonoSe Mountains
National Park). It can be assumed that the increased concentrations of PAHs in this area
result from long-range atmospheric transport.

Tabulka 42. Deskriptivni statistika obsaht sumy PAH na monitorovacich plochdch BMP (2004-2015;
pg.kg-" sus.)

Table 42. Descriptive statistics of the levels of the sum of PAH on BSMS monitoring plots (2004-2015;
pg.kg’' DM)

Kultura / . . Pramér / . 0.10 0.25 |Median/| 0.75 0.90
Cultures SR e e Mean i LEE perc. perc. | Median | perc. perc.
Orné ptida / Ornice / Topsoil 801 66,7 6071 188 333 573 914 1740
Arable land Podornici/ Subsoil | 568 | 503 | 4378 | 102 147 281 647 | 1442
TTP/ Svrchni hor. / Topsoil | 880 496 2479 528 590 782 1007 1250
Permanent
grassland Spodni hor. / Subsoil | 698 252 1260 356 428 655 924 1181
i Ornice / Topsoil 587 380 1161 419 444 542 600 726
Hop gardens Podornit / Subsoil 396 174 591 174 223 454 542 591
Chranéna Svrchni hor. / Topsoil | 470 814 | 2302 107 150 179 381 1522
uzemi/
Protected areas Spodni hor. / Subsoil 133 46,3 917 54,0 58,9 87,3 139 205
Perzistentnf organické polutanty (POPSs) 151
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Obrdzek 103. RozloZeni hodnot obsahl PAH v plddch BMP (2004-2015)
Figure 103. Distribution of the PAH contents in BSMS soils (2004-2015)
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Obrdzek 104. Obsahy PAH v paddch BMP; horni hranice stupnice je preventivni hodnotou podle vyhldsky
C. 153/2016 Sb. (medidn 2004-2015, vsechny kultury, ornice, ug.kg')

Figure 104. The PAH contents in BSMS soils, the uppper limit of the scale is a precautionary value
in accordance with Decree no. 153/2016 Coll. (median 2004-2015; all cultures, topsoil, Lg.kg")
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8 Pudni mikrobiologie
Stanislav Maly

Aktivita mikroorganizm0 je klicovéa z hlediska zajisténf fady ekosystémowvych funkci
pldy, jako je transformace organické hmoty a s ni souvisejici tvorba pdadnf struk-
tury, zpristupnénf Zivin rostlindm, biodegradace organickych polutantd nebo fixace
vzdusného dusfku. Tato skutecnost ma prakticky dopad pro aplikaci mikrobiologie
v systému pldniho monitoringu: musime zvolit vyvéZenou sadu parametr(
pokryvajici biomasu, rlizné aktivity a v pripadé Sirsiho zdbéru i diverzitu pldnich
mikrobidlnich spolecenstev. Zakladni Ukol pddnfho monitoringu spociva jednak
v nalezni vztahl mezi abiotickymi a mikrobiologickymi pddnimi vlastnostmi, coz
umoznuje definovat rozsah hodnot mikrobiologickych parametrl s ohledem
na urcujici fyzikalné-chemické padni vlastnosti, jednak vyhodnotit trendy v case, které
jsou ddsledkem zmén v obhospodarovani pldy.

Zakladni sada mikrobiologickych parametrl byla do systému padniho bazélniho
monitoringu UKZUZ zavedena v roce 1999. Tento piispévek je zaméfen zejména
na hodnocenf téch parametr(, které charakterizuji procesy akumulace a minerali-
zace pudni organické hmoty. Zahrnuta je i nitrifikacni aktivita, kterd predstavuje citlivy
parametr zmén v pddnich vlastnostech, zejména pH. V Gvodni &asti jsou pomoct
mnohorozmérné analyzy prehledné zobrazeny vztahy mezi mikrobiologickymi
charakteristikami a pldnimi vlastnostmi a je ukazano, jakym zplsobem mikrobiolo-
gické vlastnosti ovlivnilo obhospodarovani pddy. Druhd ¢ast je zamérena na popis
zmeén jednotlivych mikrobidlnich parametrd na plochach, kde se béhem sledovaného
obdobi zménil zplsob obhospodarovan.

Odbér a skladovani vzorkt

Vzorky pro mikrobiologické analyzy jsou odebirany ze 118 ploch, z nichz 76 je
na orné ptdé (Orna) a 27 na travnich porostech (TTP). Na 15 plochach doslo ke zméné
obhospodarovani (Zména). Z uvedenych travnich ploch jich 22 nélezi do sité
monitoringu UKZUZ (TTP,,) a pét se jich nachazi na Uzemi chranénych krajin-
nych oblasti (TTP.,.). Jedna se o Bilé Karpaty, Ceské stfedohori, Kokorinsko,
Slavkovsky les a Trebonsko. Od roku 1999 do roku 2004 bylo kazdoroc¢né vzorko-
vano 60 ploch, v roce 2005 byla sada rozsifena o dalsich 58 ploch a perioda odbéru
prodlouzena na dva roky. Vzristajici pocet analytickych metod si vyZzadal dalsf
Upravu v roce 2010, kdy doslo k rozdéleni lokalit do tfi skupin, které jsou vzorkovany
jednou za tri roky. Vzorky jsou odebfrany z vrstvy 0-15 cm, vzdy béhem prvniho
tydne mésice ffjna. Pady jsou prosety (2 mm) a pred analyzou zamrazeny (-20 °C).
Po rozmrazeni jsou skladovany v lednicce. Analyzy byly provadény dle Jednotnych
pracovnich postupt UKzZUZ.

Plochy se zménou obhospodarovani

Z celkového poctu 15 ploch, na kterych doslo od roku 1993 ke zméné obhospo-
darovani, se ve 12 pripadech jednalo o zatravnéni orné pldy, ve dvou pfipadech
0 zménu TTP>0rna. V jednom pripadé (7020) se jednalo o pritomnost travniho
porostu béhem kratkého obdobf na jinak orné ptdé. Uvedené zmény spolu s terminy
odbéru vzorkd shrnuje tabulka 43.
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Vliv obhospodarovani na padni mikrobidlni vlastnosti a vztahy mezi
mikrobiologickymi a abiotickymi ptidnimi vlastnostmi

Celkovou predstavu o vlivu ohospodarovani pldy na mikrobidlni parametry a vztahu
mezi biologickymi a abiotickymi plddnimi vlastnostmi podavé ordinacni diagram
zaloZzeny na analyze hlavnich komponent (PCA), ktera byla spoctena z hodnot
mediant jednotlivych parametrl v Case (obrazek 105). Hlavni komponenty (PC1,
PC2), které jsou linedrni kombinaci pdvodnich proménnych, jsou na sobé nezavislé
a jsou spocteny tak, aby vysvétlily maximum variability v datech (55,3 % pro PC1,
18,9 % pro PC2). Z hlediska interpretace diagramu plati, Ze body, které jsou sobé blize,
zobrazuji plochy s podobnymi hodnotami sledovanych parametr. Pokud promit-
neme body kolmo na Sipku zobrazujici dany parametr, seradi se ve smeéru Sipky
pfiblizné podle stoupajicich hodnot daného parametru. Sipky mffici stejnym smérem
zobrazuji parametry, které spolu pozitivnée koreluji. Pokud Sipky miff opacnym smérem,
je mezi nimi negativni korelace, pravy Uhel znamena nulovou korelaci.

Diagram ukazuje témér dokonalé oddéleni pld ornych a pdd pod travnimi porosty,
kdy pro pldy TTP jsou charakteristické wy$3f hodnoty mikrobidlni biomasy
(MBC - celkova biomasa fumigacné-extrakcni metodou, R, - substratem indukovana
respirace predstavujici aktivni frakci mikrobialni biomasy) a celkové mikrobialni aktivity
(bazéIni respirace R,, anaerobni amonifikace AMO). Korelace téchto parametrd s C_,
potvrzuje vyznamny vliv obsahu padnf organické hmoty (SOM) na uvedené charakte-
ristiky. MUZe se pfitom jednat jak o vliv primy (zdroj C a energie pro pldni mikroorga-
nizmy), tak neprimy (napf. vyssi schopnost zadrZzovat vodu v ptidach s vy$sim obsahem
SOM). Specificka rlstova rychlost (RKR_p) charakterizujici mikrobialnf rist v exponen-
cialnf fazi po pridavku substratu byla vyssi v ornych pldach. Pravdépodobné se jedna
0 adaptaci mikroorganizmd na fluktuaci koncentrace nizkomolekuldrnich organic-
kych sloucenin v ornych pldach béhem vegetacni sezény, kterd je dlsledkem rozvoje
koFenového systému rostlin po aplikaci hnojiv. Usp&snéj&i jsou ty mikroorgani-
zmy, které umi dostupny substrat rychle vyuzit. Naopak v ptdach travnich porostd
je limitace substratem behem sezény nizsi. Kratkodoba nitrifikacni aktivita (SNA)
se na oddéleni pdd ornych a pod travnimi porosty vwrazné&ji nepodilela, jeji hodnoty
zavisely zejména na pldnim pH (obrazek 106). V plGdach TTP byly podle ocekavani
nalezeny vyssi hodnoty C_, coZ se projevilo i vySSimi hodnotami kationtové vyménneé
kapacity (CEC) (obrazek 106).

Ordinacni diagram ukazuje, Ze pUldy, na kterych doslo ke zméné obhospodarovani,
se nachazeji jak mezi pddami ornymi, tak pddami travnich porostd (obrazek 107).
Hodnoty mikrobidlnich parametrl ploch 4012, 6021, 7020 a 8020 odpovidajf
ornym pldédm. V pfipadé lokalit 4012 a 8020 (ornd=>TTP) je tato skutecnost
pravdépodobné vysledkem kratsi doby od zatravnéni (rok 2008 resp. 2010).
V prvnim prfipadé se navic mohlo projevit, Zze plocha byla vzorkovana az od roku
2005. Plocha 6021 byla na ornou preménéna jiz v roce 1995 a vsechny odbeéry byly
realizovany v dobé, kdy plocha byla obhospodarovéna jako ornd. Pdda na lokalité 7020
byla zatravnéna pouze béhem kratkého obdobi, které skoncilo Sest let pred prvnim
odbérem. PUdy 2017 a 2018 (ornd>TTP), nachazejici se v ordina¢nim diagramu
na hranici ornych pdd, vykazuji hodnoty MBC 298 ug.g' resp. 331 pg.g’, které se
blizi medidnu pro TTP,,,, (336 pg.g"). Vysoké hodnoty SNA naopak fadi obé pudy
do skupiny ornych pld s vysokou nitrifikaci (obrdzek 105, rozdéleni podle PC2).
Tato skuteCnost pravdepodobné souvisi s vySsimi hodnotami pH (7,4 pro 2017;
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7,2 pro 2018) v ptdach obou lokalit. Vsechny plochy se zménou obhospodarovani,
které se v ordinacnim diagramu nachazeji mezi plochami na travnich porostech
(5007, 6005, 6022, 7042, 8007, 8011), predstavuji pdvodné orné pldy preménéné
na TTP jiZz v letech 1994-1999. Obdobi, kdy doslo k pfeméné orné pldy na travnf
porost na plochach 4011 a 5010 (2004-2005), odpovida umisténi téchto lokalit
na pomezi mezi pddami ornymi a pldami travnich porostd. V pfipadé plochy 6013,
kterd se rovnéZ nachézi na rozhrani TTP a ornych pdd, se jedna o lokalitu, na které
byl do roku 2000 trvaly travni porost.

Vliv obhospodarovani na padni mikrobialni vlastnosti - jednotlivé parametry

V kapitolach vénovanych jednotlivym parametrim je ukdzano jakym zpUsobem
obhospodarovani ovlivihovalo mikrobialni charakteristiky. Statisticky bylo Wilco-
xonovym neparametrickym testem provedeno srovnani pid ornych a TTP, ...
Pro tento Ucel byly pouzity medidny z dat ziskanych na kazdé plose v pribéhu
Casu. Pady TTP,,, nebyly do analyzy zahrnuty z dlvodu odlehlosti nékterych
Charakteristik ve srovnani s TTP,,,, a nizkeho poctu ploch v této skupiné (5).
Casova variabilita byla spoctena jako variacni koeficient dat namérenych na dané
plose v prabéhu sledovani. Korelace byla vypoctena pomoci Spearmanova korelacniho
koeficientu. Trendy analyzovanych charakteristik na plochach se zménou
ohospodarovani jsou prezentovany graficky pomoci lokalné vazené regrese.
Na tomto misté je tfeba zdUraznit, Ze se jedné o popis namérenych dat, na ktery navaze
statisticka analyza.
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8 Soil microbiology
Stanislav Maly

Activity of microorganisms is crucial to ecosystem functions provided by soil, such
as organic matter transformation and related soil structure formation, nutrient
availability to plants, biodegradation of organic pollutants, or atmospheric nitrogen
fixation. This has a practical impact on the application of microbiology in soil
monitoring system: balanced parameters covering biomass and various/different
activities must be applied; for more detailed survey/analysis diversity of soil
microbial communities should be applied. The fundamental task of soil monitoring
consists, first, in efforts to investigate the relationships between abiotic and
microbiological soil properties, which allows to define a range of microbiological
parameters with respect to defining physico-chemical properties of soil and, second,
in assessing trends over time resulting from changes in land management.

A set of basic microbiological parameters was introduced into basal soil monitoring
scheme by UKzZUZ in 1999. This implementation aims to contribute, in particular,
to assessment of parameters that characterize soil organic matter accumulation
and mineralization. Nitrification activity, which is a sensitive parameter of changes
in soil properties, in particular pH, was also included. The introductory section
shows the relationships between microbiological characteristics and soil properties
based on multivariate analysis and reflects the effect of land management
on soil microbial properties. The second section outlines changes in individual
microbial parameters in plots where land management practices changed during
the period considered.

Sample collection and storage

Samples for microbiological analysis were collected from 118 plots, 76 of which
are on arable land (Arable) and 27 on permanent grassland (PG). In 15 plots land
management practises were changed (“Change). 22 out of the above-mentioned
grasslands belong to the UKzUZ monitoring network (PG, @nd 5 are located
in protected landscape areas (PG, ,). These include White Carpathians, Central
Bohemian Uplands, the Kokorin region, The Kaiserwald, and the Trebon region.
From 1999 to 2004, 60 plots were annually sampled; in 2005 the network was
extended by further 58 plots and the sampling period was extended by two years.
The increasing number of analytical methods required further adjustment in 2010,
when the plots were divided into three groups sampled once every three years.
Samples were taken from the 0-15 cm layer, always during the first week in October.
The soils were sieved (2 mm) and frozen (-20 °C) prior to analysis. After thawing,
they were kept in the refrigerator. Analyses were performed according to UKzZUZ
Standard Operational Procedures.

Plots with land management change

Out of the total of 15 plots where land management has changed since 1993,
12 cases concerned grassing of arable land, and 2 cases concerned conversion
of PG>Arable. One case (7020) related to the presence of short-term grassland
on the otherwise arable land. The above-mentioned changes along with the dates
of sampling are summarized in Table 43.
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The influence of land management on soil microbial properties
and relationships between microbiological and abiotic soil properties

A complete overview of the influence of land management on soil microbial
parameters and the relationship between biological and abiotic soil properties
is shown in the ordination plot based on principal components analysis (PCA) which
was calculated from the median values of each parameter over time (Figure 105).
The main components (PC1, PC2), which are linear combinations of the original
variables, are independent, and are calculated in order to explain the maximum
variability in the data (55.3% for PC1, 18.9% for PC2). In terms of interpretation
of the ordination plot, the points that are closer together show plots with similar
values of monitored parameters. If we project the points perpendicular to the arrow
showing the parameter, they shall be approximately arranged in the direction
of the arrow according to the rising values of the parameter. The arrows pointing
in the same direction indicate parameters which are positively correlated with
each other. If the arrows are pointing in the opposite direction, there is a negative
correlation between them; the right angle represents zero correlation.

The ordination plot shows almost complete separation of arable soils and soils under
grassland; the PG soils are characterized by higher values of microbial biomass
(MBC - total biomass by fumigation-extraction method, R, - substrate-induced
respiration representing the active fraction of microbial biomass) and the total
microbial activity (basal respiration R, anaerobic ammonification AMO). The
correlation of these parameters with C_confirms a significant influence of the soil
organic matter (SOM) on the above-mentioned characteristics. The effect may
be both direct (a source of carbon and energy for soil microorganisms) and
indirect (e.g. greater water retention in soils with higher SOM content). The specific
growth rate (RKR_u) characterizing the microbial growth in the exponential phase
after substrate addition was higher in arable soils. This is probably an adaptation
of microorganisms to fluctuating concentrations of low molecular weight organic
compounds in arable soils during the growing season, which is a consequence
of plant root system development after application of fertilizers. Microorganisms
that can quickly take advantage of an available substrate are more successful. In
grassland soils, however, limitation by the substrate during the season is lower.
Short nitrification activity (SNA) was not significantly involved in the separation
of arable soils and soils under grassland, its values were dependant especially upon
the soil pH (Figure 106). Higher C_ levels expected to be found in PG soils were
reflected in higher cation exchange capacity (CEC) values (Figure 106).

The ordination plot shows that the plots with land management change are among
arable soils and soils of grassland (figure 107). The values of the microbial parameters
of plots 4012, 6021, 7020 and 8020 correspond to arable soils. The values of plots
4012 and 8020 (arable>PG) are likely a result of a shorter period of grassing
(in 2008, 2010 respectively). In the first case, moreover, sampling in the plot
only from 2005 could be of some relevance. Plot 6021 had already been converted
to arable in 1995, and all samples were collected at a time when the plot was used
as arable. Soil in plot 7020 was grassed only during a short period which ended
six years before the first sampling. Plots 2017 and 2018 (arable=>PG), located
in the ordination plot at the border of arable soils, show MBC values of 298 pg.g”' and
331 pg.g”', respectively, which approach the median for PG, , (336 pg.g").
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Based on high SNA values, on the contrary, both soils are classified into the group
of arable soils with high nitrification (Figure 105, classification according to PC2).
This fact is probably associated with higher pH (7.4 in 2017; 7.2 in 2018) in soils
of both plots. All plots with land management change which are in the ordination
plot in the group of grassland plots (5007, 6005, 6022, 7042, 8007, and 8011)
represent original arable lands converted to PG in 1994-1999. The period, when
arable land was converted to grassland in plots 4011 and 5010 (2004-2005),
corresponds to their location at the interface between arable land and grassland.
Plot 6013, which is also situated at the interface between arable land and grassland,
was permanent grassland until 2000.

The influence of land management on soil microbial properties -
individual parameters

The chapters concerning individual parameters describe the influence of management
practices on microbial characteristics. Statistical comparison of arable soils
and PG, was carried out using the Wilcoxon non-parametric test. For this
purpose medians from the data obtained in each plot over time were used.
PG, , soils were not included in the analysis due to some outlying feature values
compared with PGy, and a low number of plots in this group (5). Temporal
variability was calculated as the coefficient of variation of data measured in a given
plot during monitoring. Correlations were calculated using the Spearman correlation
coefficient. Trends of analysed characteristics in the plots with land management
change are presented graphically using locally weighted regression. It should
be stressed here that a statistical analysis will follow this measurement data
description.

Tabulka 43. Prehled ploch, na kterych doslo ke zméné obhospodarovdni

Table 43. Overview of plots where land management has changed

Plocha  Plot Forignal cutture. M ehangein | samplesfrom |  Série/ Series
2017 Ornd / Arable 2006 2005 s2.s2
2018 Orna/ Arable 1998 1999 s1.s2
4011 Orna/ Arable 2005 2005 s2.52
4012 Orna/ Arable 2008 2005 s2.s1
5007 Ornd / Arable 1997 2005 s2.s3
5010 Orna / Arable 2004 2005 s2.s3
6005 Orna/ Arable 1993 2005 s2.52
6013 TTP / Permanent grassland 2001 1999 s1._s1
6021 TTP / Permanent grassland 1995 1999 s1.s1
6022 Orna / Arable 1994 2005 s2.s2
7020 Orna/ Arable 1994 - 1999 2005 s2.s3
7042 Orna/ Arable 1999 1999 s1.s3
8007 Ornd / Arable 1996 1999 s1.s1
8011 Orna / Arable 1998 2005 s2.s2
8020 Orna/ Arable 2010 1999 s1.s3

1 plcniny a travni porost / fodder plants and grassland;
Odbéry / sampling: s1_s71: 1999, 2000...2004; 2006, 2008, 2010, 2013; s1_s2: 1999, 2000...2004; 2006, 2008, 2011,
2014; s1.s3: 1999, 2000...2004; 2006, 2008, 2012, 2015; s2_s1: 2005, 2007, 2009, 2010, 2013; s2_s2: 2005, 2007,
2009, 2011, 2014; s2_s3: 2005, 2007, 2009, 2012, 2015
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Obrdzek 105. PCA ordinacni diagram. AMO - anaerobni amonifikace, MBC - mikrobidlni biomasa,
RES - bazalni respirace, RS - substrdtem indukovand respirace, SNA - krdtkodobd nitrifikacni aktivita,
RKR_u - specifickd rdstovd rychlost

Figure 105. PCA ordination plot. AMO - anaerobic ammonification, MBC - microbial biomass, RES - basal
respiration, RS - substrate-induced respiration, SNA - short nitrification activity, RKR_u - specific growth
rate

Obrazek 106. PCA ordinacni diagram spocteny na mikrobiologickych parametrech s fyzikalné -chemickymi
vlastnostmi promitnutymi do ordinacniho diagramu. CEC - kationtovd vymeénnd kapacita, Cext - extraho-
vatelny C (0,5 M K2504), Cox - oxidovatelny C, Jil - obsah dstic mensich nez 0,002 mm, pH - v 1 M KCl.
Mikrobiologické parametry viz obrdzek 105

Figure 106. PCA ordination plot calculated on microbiological parameters with physico-chemical properties
projected into the ordination plot. CEC - cation exchange capacity, Cext - extractable carbon (0.5 M K2504),
Cox - oxidisable carbon, Clay - the content of particles less than 0.002 mm in diameter, pH - in 1 M K.
Microbiological parameters (see figure 105)
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Obrdzek 107. Umisténi ploch se zménou zplsobu obhospodarovdani v PCA ordinacnim diagramu mezi
plochami ornymi a pddami travnich porostd. Legenda viz obrdzek 105

Figure 107. Distribution of plots with land management change in PCA ordination plot between the arable
and grassland plots. Legend, see figure 105

8.1 Mikrobialni biomasa a pudni organicka hmota (SOM)

C mikrobidlni biomasy predstavuje labilnf frakci pddnf organické hmoty a pomér
MBC k celkovéemu C (MBC/C ), nazyvany mikrobialni kvocient, charakterizuje
schopnost pldnich mikroorganizmC vyuzit organickou hmotu ke svému rUstu.
Substratem indukovana respirace odrazi aktivni frakci mikrobidlni biomasy.
VySSi hodnoty MBC a mikrobidlniho kvocientu pfi srovnatelnych abiotickych

v

podminkach ukazuji na priznivé podminky pro rozvoj mikrobialnich spolecenstev.

Medianové hodnoty Casové variability cinily (9,45, 9,78, 24,0) % pro C_; (18,0,
20,0, 28,1) % pro C_, (18,1, 21,6, 37,6) % pro MBC a (19,8, 16,3, 29,1) % pro R,
vzdy v poradi orna puda, TP, a TTP ..

Nalezené vysledky potvrzuji zndmou skutecnost, Ze jak obsah pddni organické
hmoty (C_, C_) tak mikrobidlni biomasy (MBC, R.) jsou wys&i v plddach travnich
porostll neZ v padach ornych (p<0,001 pro vSechny parametry; orna vs TTP ).
Casovy pribéh sledovanych parametr(l je na obrézcich 108-111. Obecnym rysem
je podobny trend v C_, C_.a MBC. Vzristajici hodnoty téchto charakteristik byly
nalezeny na ornych plochach, které byly zatravnény v obdobi 1994-1999 (2018,
5007, 6005, 6022, 7042, 8007, 8011). Procesy akumulace organické hmoty
a zwysujici se hodnoty MBC byly detekovany bezprostiedné po preméné orné
pldy na travni v letech 2006 a 2004 na lokalitdch 2017, resp. 5010. Na ornych
plochach 4011 a 4012, na kterych dosSlo k preméné na travni porost v letech
2005, resp. 2008, k vyraznym zmenam v C , C_a MBC nedoslo. Uvedeny rozdil
Ize vysvétlit vy3Simi hodnotami pH v pldach 2017 a 5010 (obrazek 114), cozZ vytvari
prihodné podminky pro mikrobialni aktivitu. V pfipadé plochy 6021, pfeménéné
v roce 1995 z TTP na ornou, byl zaznamenan pokles MBC do roku 2004, poté
hodnoty nevykazuji zadny trend. Prekvapivé plsobi skute¢nost, ze podobny trend
ve sledovanych charakteristikach nebyl zaznamenan na lokalité 6013, kde ke zméné

TTP->orné doslo v roce 2001 a kterd je vzorkovana od roku 1999. MUze to souviset
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se skuteCnosti, Ze hodnoty C_, a MBC se jiz od prvnich odbérd nachazejf
na horni hranici rozmezi, které je typické pro orné pldy. Ve vétsiné pripadd
nebyl nalezen vyrazny Casovy trend v R.. Zde se pravdépodobné projevil disledek
toho, ze uvedend metoda byla zavedena az v roce 2006 a s vyjimkou ploch 4012
a 8020 se tak stalo az po zméné obhospodarovani.

8.1 Microbial biomass and soil organic matter (SOM)

Microbial biomass carbon represents a labile fraction of soil organic matter and
MBC ratio to the total C (MBC/C ), called microbial quotient, characterises the ability
of soil microorganisms to utilize the organic matter to grow. Substrate-induced
respiration reflects the active fraction of microbial biomass. Higher levels
of MBC and microbial quotient indicate favourable conditions for development of
microbial communities under comparable abiotic conditions.

Median values of temporal variabilities were (9.45, 9.78, and 24.0)% for C_;
(18.0, 20.0, and 28.1)% for C_,; (18.1, 21.6, and 37.6)% for MBC and (19.8, 16.3,
and 29.1)% for R,; always in the following order: arable land, PG,,,,, and PG, ,.

The findings confirm a well-known fact that both the content of soil organic
matter (C_, C,) and the content of microbial biomass (MBC, RS) are higher in
grassland soils than in arable soils (p <0.001 for all parameters; arable vs PG, ).
The time course of monitored parameters is shown in figures 108-111. The general
feature is similar to the trend in C , C . and MBC. Increasing values of these
characteristics were recorded in arable lands that were grassed over the period
1994-1999 (2018, 5007, 6005, 6022, 7042, 8007, and 8011). Processes
of accumulation of organic matter and MBC increasing values were detected
immediately after the conversion of arable land to grassland in 2006 and 2004
in plots 2017 and 5010, respectively. In arable plots 4011 and 4012, where there
was a conversion to grassland in 2005 and 2008, respectively, no significant
changes in C_, C_.and MBC occurred. The difference can be explained by higher
pH values in soils of plots 2017 and 5010 (Figure 114), which creates conditions
favourable for microbial activity. Regarding plot 6021, converted in 1995 from
permanent grassland to arable land, a decrease in MBC by 2004 was recorded;
the values do not show any trend thereafter. Surprisingly, a similar trend
in the monitored indicators was not recorded in plot 6013, where there was
a change PG - arable land in 2001 and which has been sampled since 1999. This
may be related to the fact that since the first sampling, the C_  and
MBC values have been located at the wupper limit of the range that
is typical for arable land. In most cases, no significant time trend
in the R, was shown. It may be a consequence of the fact that the above-mentioned
method was introduced in 2006 and with the exception of plots 4012 and 8020
it was after the change in land management.
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Tabulka 44. Deskriptivni statistika

Table 44. Descriptive statistics

Pocet / S
Parametr /|Jednotka / Kultura/ Number Pramér / Min | Max 0.25 Median 0.75
Parameter Unit Cultures of plots Mean perc. perc.
Orna/ Arable 76 38,0 172 86,6 28,0 353 43,6
Con ug.g’ TTP iz ! PGorasz 22 67,3 39,5 187 52,9 65,5 70,3
TTP o / PGoys 5 69,0 354 | 781 69,3
Orna / Arable 76 1,78 0,90 3,61 1,37 1,68 1,93
C, % TTP s/ PGiasz 22 2,99 1,79 | 425 | 258 2,81 343
TTP o / PGoys 5 3,95 2,10 | 5718 4,07
Orna/ Arable 76 201 75 638 163 185 230
MBC g’ TTPyssz ! PGias 22 44 238 | 848 336 375 529
TTP o / PGy 5 609 252 | 993 671
Orné/ Arable 76 1,16 066 | 1,94 0,96 1,15 1,26
MBC/C,, % TTP oz ! PGz 22 1,48 078 | 2,25 1,24 1,40 1,67
TTP o / PGopy 5 1,49 1,02 | 1,97 1,43
Orna/ Arable 76 20,1 717 37,2 14,8 18,6 23,8
R, pg 0,8 h" | TTPuoss/ PGian 22 34,7 127 | 66,1 253 34,2 429
TTPoo / PGopa 5 32,6 163 | 576 21,9

C,,, - extrahovatelny C (0,5 M K,SO,), C_ - oxidovatelny C, MBC - C mikrobialni biomasy, R, - substratem indukovana respirace.

ext

V pfipadé pdd TTP,,,,, jsou uvedeny pouze vybrané charakteristiky z dlivodu nizkého poctu vzorkd.

C,, — extractable carbon (0,5 M K,SO,), C - oxidizable carbon, MBC - microbial biomass carbon, R, - substrate-induced
respiration. Concerning PG, , soils, only selected characteristics are listed due to a low sample size.
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Obrdzek 108. Casovy pribéh C,, na plochdch se zménou obhospodarovadn. Sipka oznacuje rok zmény.
Pokud lezi mimo rozsah osy, je uveden numericky. Zelend barva znamend zmeénu ornd = travni porost,
Cervend travni porost = ornd

Figure 108. C_, time course in the plots with land management change. The arrow indicates the year
of a change. When located outside the range of the axis, it is shown numerically. Green colour indicates
a change of arable land = grassland, red colour a change of grassland = arable land

Obrdzek 109. Casovy pribéh C,,. na plochdch se zménou obhospodarovani. Sipka oznacuje rok zmény.
Pokud leZi mimo rozsah osy, je uveden numericky. Zelend barva znamend zmeénu ornd => travni
porost, Cervend travni porost = ornd

Figure 109. C,, time course in the plots with land management change. The arrow indicates the year
of a change. When located outside the range of the axis, it is shown numerically. Green colour indicates
a change of arable land = grassland, red colour a change of grassland - arable land
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Obrdzek 110. Casovy priitbéh C mikrobidini biomasy na plochdch se zménou obhospodarfovani. Sipka
oznacuje rok zmeny. Pokud lezi mimo rozsah osy, je uveden numericky. Zelend barva znamend zmeénu
ornd => travni porost, Cervend travni porost = ornd

Figure 110. Microbial biomass carbon (MBC) time course in the plots with land management change.
The arrow indicates the year of a change. When located outside the range of the axis, it is shown numeri-
cally. Green colour indicates a change of arable land = grassland, red colour a change of grassland >
arable land

Obrdzek 111. Casovy priibéh substrdtem indukované respirace na plochdch se zménou obhospodarovani.
Sipka oznacuje rok zmény. Pokud leZi mimo rozsah osy, je uveden numericky. Zelend barva znamend
zmeénu ornd => travni porost, Cervend travni porost = ornd

Figure 111. Substrate-induced respiration (RS) time course in the plots with land management change.
The arrow indicates the year of a change. When located outside the range of the axis, it is shown
numerically. Green colour indicates a change of arable land->grassland, red colour a change
of grassland = arable land
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8.2 Ca N mineralizace (respirace a amonifikace)

Bazalni respirace a anaerobni amonifikace charakterizuji rychlost mineralizace
pldni organické hmoty. V pddach bazdlntho monitoringu, kde nepredpokla-
dame vyznamnou pfitomnost stresovych faktor(, jako je napf. kontaminace, jejich
hodnoty zavisi na obsahu, dostupnosti a chemickém slozeni organické hmoty
a abundancdi a fyziologickém stavu pldnich mikroorganizm. V pfipadé respirace hraje
zasadni roli provzdusnéni pldy. Oba studované parametry charakterizuji celkovou
mikrobidlni aktivitu. V pripadé respirace je ale tfeba zdlraznit, Ze v pldé je pfitomna
fada mikroorganizml, které k ziskani energie vyuzivaji jiny zplsob neZ oxidaci
organickych sloucenin s kyslikem jako termindlnfim akceptorem elektrond.
Z vySe uvedeného wyplyva, ze hodnotit C a N mineralizaci bychom meéli vzdy spolu
s relevantnimi chemickymi (obsah SOM) a mikrobiologickymi (MBC) pGdnimi

charakteristikami.

Medianové hodnoty Casové variability Cinily (26,7; 20,6; 30,2) % pro bazalni respiraci
a (27,5; 25,4; 45,0) % pro anaerobni amonifikaci; vzdy v poradf ornd pClda, TTP
aTTP o

Jak v pripadé bazalni respirace, tak anaerobni amonifikace byly namérené
hodnoty vyssi v padach travnich porostl nez v pidach ornych (p<0,001 pro oba
parametry; orna vs TTP, ..). Korelacni analyza ukazala pozitivni vztah mezi
rychlosti mineralizace (respirace, anaerobni amonifikace) a C_, C, a MBC. Spear-
mandv korelacnf koeficient se pohyboval v rozmezi 0,45-0,75 (p<0,001). Nenf proto
prekvapujici, Ze casovy pribéh respirace a amonifikace v pldéach se zménou
obhospodarovani sledoval podobny trend jako C_, a MBC (obrazky 109-110,
112-113). Vzrlst C mineralizace v pldach 4011 a 4012 naznacuje, 7e respirace

Vv

UkzUz

mezi ornymi plochami zatravnénymi v obdobf 1994-1999 byl zaznamenan na ploSe
2018. Patrné se v tomto pripadée projevila skutecnost, Ze se jedna o plochu s nejvys-
Sim pH (obrazek 114), coz mohlo vést k rychlejSimu rozvoji mikrobialniho spolecenstva
a CasngjsSimu vzniku nové rovnovahy. Vyznamna zména respirace v Case nebyla
zaznamenana na plochach 6013 a 6021, které byly z TTP pfeménény na ornou
pldu v letech 2001 resp. 1995. DOvod neni zfejmy v prvnim pfipadé, protoze
odbéry vzorkll z této plochy zacaly jiz v roce 1999. Namérené hodnoty ale
odpovidaji spiSe pidam ornym nez pldém travnich porostd (tabulka 44), podobné
jako tomu bylo v pripadé C_ . a MBC. Vyrazny rozdil mezi respiraci a amonifikaci
byl nalezen v pldé 6022, kde byl zaznamenan mirny narlst C mineralizace, ale
pokles N mineralizace.

8.2 C and N mineralization (respiration and ammonification)

Basal respiration and anaerobic ammonification characterize the rate of
mineralization of soil organic matter. In soils of basal monitoring, where
no significant presence of stress factors such as contamination are expected,
the values depend on the content, availability and chemical composition
of the organic matter and the abundance and physiological condition of sail
micro-organisms. Soil aerating plays a crucial role in respiration. Both studied
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parameters characterize the overall microbial activity. However, it should
be emphasized that in respiration there are a number of microorganisms that
obtain energy otherwise than by oxidation of organic compounds with oxygen
as a terminal electron acceptor. It follows from the above that C and N mineralization
shouldalways be assessed along with relevant chemical (SOM content) and
microbiological (MBC) soil characteristics.

Median values of temporal variabilities amounted (26.7, 20.6, and 30.2)% in basal
respiration and (27.5, 254, and 45.0)% in anaerobic ammonification; always
in the following order: arable land, PG, and PG, ,.

Both basal respiration and anaerobic ammonification rates were higher in grassland
soils than in arable soils (p <0.001 for both parameters; arable soil vs PG, ).
Correlation analysis showed a positive relationship between mineralization rate
(respiration, anaerobic ammonification) and C , C . and MBC.  Spearman
correlation coefficient ranged from 0.45 to 0.75 (p<0.001). It is thus no surprise
that the time course of respiration and ammonification in soils with land
management change followed a similar trend as that of C_ a MBC (Figure 109-110,
112-113). Increase in C mineralization in plots 4011 and 4012 indicates that
respiration was more responsive to grassing than C_ and MBC. The lowest increase
of respiration over time among arable plots grassed from 1994 to 1999 was
recorded in plot 2018. This may be reflected by the fact that it is a plot with
the highest pH levels (Figure 114), which may have implied faster development
of microbial community and achieving new balance earlier. No significant change
in respiration over time was recorded in plots 6013 and 6021 that were
converted from PG to arable land in 2001 and 1995, respectively. No reason
is apparent as to the first case since sampling in this plot has already started
in 1999. However, the measured values are more relevant to arable soils than
permanent grassland soils (Table 44), similar to that of C_a MBC. A considerable
difference between respiration and ammonification was recorded in plot 6022,
where a slight increase in C mineralization but a decrease in N concentration
and mineralization were recorded.

Tabulka 45. Deskriptivni statistika

Table 45. Descriptive statistics

Pocet/

Parametr /| Jednotka / Kultura/ Number Pramér/ Min | Max 0.25 Median 0.75
Parameter Unit Cultures of plots Mean perc. perc.
RES Orné/ Arable 76 088 | 048 | 220 | 067 | 0,73 | 092
RES  |ugCO,-C.g"h'| TTPy, / PG 22 128 | 079 | 1,72 | 1,04 | 117 | 135
RES TTP. o / PGos 5 164 | 1,05 | 236 1,27
AMO Orné/ Arable 76 4,67 145 | 13,0 | 319 3,98 5,29
AMO  |ug NH,-N.g".d"| TTPy,.1, / PG 22 877 | 356 | 166 | 664 | 842 | 110
AMO TTP. o / PGops 5 115 | 488 | 182 10,1

RES - bazalni respirace, AMO - anaerobni amonifikace. V pfipadé pad TTP
pouze vybrané charakteristiky z d@vodu nizkého poctu vzorka.

o JSOU uvedeny

RES - basal respiration, AMO - anaerobic ammonification. Concerning PG, , soils, only selected
characteristics are listed due to a low sample size.
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Obrdzek 112. Casovy priibéh bazdini respirace na plochdch se zménou obhospodarovani. Sipka oznacuje
rok zmeény. Pokud leZi mimo rozsah osy, je uveden numericky. Zelend barva znamend zmeénu ornd = travni
porost, Cervend travni porost = ornd

Figure 112. Basal respiration (RES) time course in the plots with land management change. The arrow
indicates the year of a change. When located outside the range of the axis, it is shown numerically.
Green colour indicates a change of arable land = grassland, red colour a change of grassland - arable
land

Obrdzek 113. Casovy priibéh anaerobni amonifikace na plochdch se zménou obhospodarfovani. Sipka
oznacuje rok zmeény. Pokud lezi mimo rozsah osy, je uveden numericky. Zelend barva znamend zmeénu
ornd => travni porost, Cervend travni porost = ornd

Figure 113. Anaerobic ammonification (AMO) time course in the plots with land management change.
The arrow indicates the year of a change. When located outside the range of the axis, it is shown
numerically. Green colour indicates a change of arable land = grassland, red colour a change
of grassland > arable land
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8.3 Nitrifikace

Nitrifikace predstavuje dvoustupnovy proces, béhem kterého je amonny dusik
oxidovan na dusitanovy a nasledné na dusi¢nanovy. Prvni faze nitrifikace je zajisto-
vana Uzkou skupinou mikroorganizmC z domén Bacteria a Archaea, které ji vyuZivajf
k ziskani energie. Za béZnych podminek jsou dusitany v pldé okamZzité oxidovany
na dusi¢nany, které mohou byt snadno vyplaveny do spodnich vod. Z uvedeného
dlvodu je na oxidaci amonného N pochéazejictho z minerélnich hnojiv nahlizeno
jako nezadouci proces, ktery je Castym objektem mikrobiologického vyzkumu. Protoze
amoniak oxidujici mikroorganizmy predstavuji taxonomicky Uzkou skupinu, inhibice
nitrifikace se Casto vyuziva jako indikator kontaminace. K tomuto Ucelu lze vyuzit
jak méreni rychlosti tohoto procesu, tak molekularné-biologickou analyzu spole-
Censtev nitrifikatord. V plddéach bazalnitho monitoringu byla stanovovéna kratkodoba

nitrifikacni aktivita (SNA) jako rychlost oxidace amoniaku.

Medidnové hodnoty ¢asové variability SNA cinily 31,8 % a 71,17 % pro pldy orné resp.
TTP - Vysokd hodnota ve druhém pfipadé je zplsobena skutecnosti, Ze v fadé
pld pod travnimi porosty byly nalezeny velmi nizké hodnoty SNA. Jedna
se pravdépodobné o dlsledek nizstho pH v pldach TTP nez v padach ornych

(p<0,001).

V ornych pldéach, které byly zatravnény a kde byl nalezen wvyrazny pokles pH
(obrazek 114) byl zjistén i pokles SNA (5007, 6022, 7042) (obrazek 115). Vyjimkou
je plda 7020, kde pfi pocatecni hodnoté pH 4,9 byla SNA jiZ prilis nizkd na to, aby
se podarilo detekovat dalSi pokles. Na plochach 2017 a 2018 nedoslo po zatrav-
néni k poklesu pH a zména zpUsobu obhospodafovani se neprojevila ani na SNA.
Vzrlstajici nitrifikace byla zjisténa na obou pudach pod travnimi porosty, které
byly preménény na ornou (6013, 6021). Vzhledem k tomu, Ze hodnoty pH byly
v obou pfipadech stabilni, miZe se jednat o vliv aplikace amonného N v minerdl-
nich hnojivech nebo snizeni obsahu néekterych organickych sloucenin, které mohou

pUsobit jako inhibitory nitrifikace.

UkzUz

8.3 Nitrification

Nitrification is a two-stage process during which ammonia is oxidised to
nitrite and then to nitrate. The first stage of nitrification is performed by
a small group of microorganisms from the domains Bacteria and Archgea that
can derive their energy from this process. Under normal conditions, nitrites in soil
are immediately oxidized to nitrates which can be easily leached to groundwater.
Thus the oxidation of ammonium N originating from mineral fertilizers is viewed
as an undesirable process which is often the subject of microbiological testing.
As ammonia oxidizing microorganisms are a narrow taxonomical group, nitrification
inhibition is often used as an indicator of contamination. For this purpose,
both measurement of the rate of this process and molecular biological analysis
of nitrifying microbial community can be employed. In soils of basal monitoring
a short nitrification activity (SNA) was set as the rate of oxidation of ammonia.

Median values of SNA time variability were 31.8 % a 71.1 % in arable soils

and PG, Soils, respectively. The high value in the second case is due to very low SNA
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levels recorded in many soils under grassland. This may be the result of a lower pH
in PG, soils than in arable soils (p<0.001).

uKzuz
In grassed arable plots with a severe drop in pH (Figure 114), a drop in SNA (5007,
6022, and 7042) was also observed (Figure 115). One exception is plot 7020 where
with initial pH 4.9 SNA was too low to detect further decrease. In plots 2017
and 2018 pH levels did not decrease after grassing and land management change
had no impact on SNA. Increasing nitrification was recorded in both soils under
grasslands that were converted to arable (6013 and 6021). Whereas pH levels
in both cases were stable, it may be the influence of application of ammonium N
in mineral fertilizers or reduction of certain organic compounds which can act
as nitrification inhibitors.

Tabulka 46. Deskriptivni statistika, hodnoty SNA jsou uvedeny v NO, - g'.h

Table 46. Descriptive statistics, the SNA values are expressed in NO, - g'.h’

Kultura/ Pocet/ Pramér/
Number Min Max 0.25 perc. | Median | 0.75 perc.
Cultures of plots Mean
Orna/ Arable 76 491 29 1410 164 396 688
TTPyr0z 7 PGuyass 22 226 10 700 31 84 360
TTP o / PGy 5 198 0 1067 5

V pripadé pad TTP
vzorkd.

cuko JSOU uvedeny pouze vybrané charakteristiky z ddvodu nizkého poctu

Concerning PG, , soils, only selected characteristics are listed due to a low sample size.
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Obrdzek 114. Casovy priibéh pH (1 M KCl) na plochdch se zménou obhospodarovdni. Sipka oznacuje
rok zmeény. Pokud leZi mimo rozsah osy, je uveden numericky. Zelend barva znamend zmeénu ornd = travni
porost, Cervend travni porost = ornd

Figure 114. pH (1 M KCl) time course in the plots with land management change. The arrow indicates
the year of a change. When located outside the range of the axis, it is shown numerically.
Green colour indicates a change of arable land = grassland, red colour a change of grassland - arable
land

Obrdzek 115. Casovy pribéh nitrifikace na plochdch se zménou obhospodafovdni. Sipka oznacuje
rok zmeny. Pokud lezi mimo rozsah osy, je uveden numericky. Zelend barva znamend zmeénu ornd = travni
porost, Cervend travni porost = ornd. Z technickych davodd se nepodarilo zmérit SNA v roce 2009

Figure 115. Nitrification time course in the plots with land management change. The arrow indicates
the year of a change. When located outside the range of the axis, it is shown numerically. Green colour
indicates a change of arable land > grassland, red colour a change of grassland > arable land.
For technical reasons, SNA could not be measured in 2009
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