o
evropsky
socialni
fond v CR

EVROPSKA UNIE

D)

OP Vzdélavani

pro konkurenceschopnost

INVESTICE
DO ROZVOJE
VZDELAVANI

OPAD

Rozvoj a inovace vyuky ekologickych obori formou komplementarniho propojeni

Cykly zivin v terestrickych
ekosystémech (EKO/CZ)

Mgr. Jan Mladek, Ph.D. (2012/2013)

S AR
5
A 2 %
S S L5/
% = /o

studijnich programu Univerzity Palackého a Ostravské univerzity

Cz.1.07/2.2.00/28.0149



Prednasky
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Na uvod nékolik témat k diskusi, hladiny makroprvki v biosfére,
disproporce v koncentracich zivin, hlavni toky zivin v ekosystémech

Biologicka fixace dusiku, dekompozice opadu, atmosférické depozice

Cyklus uhliku, mineralizace a imobilizace Zivin v ptdé, korenove exudaty
a mykorhiza, diskuse vybranych hypotéz

Studentske prezentace kritickych rozbort publikovanych studii

Koncept stoichiometrie zivin, Redfield ratio (C: N : P), limitace vegetace
zivinami (Liebiglv zakon minima)

Metody stanoveni dostupnosti Zivin a celkové zasoby Zivin v pade,
izotopové metody pro determinaci prijmu a retence Zivin rostlinami

Metody stanoveni transferu Zivin herbivory, kalkulace bilance Zivin
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Kolb’s learning cycle

Concrete

Experience
(doing / having an
experience)

Y

Active Reflective

Experimentation Observation
(planning / trying out (reviewing / reflecting
what you have learned) on the experience)

k Abstract l

Conceptualisation

(concluding / learning
from the experience)
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Na uvod nekolik temat k diskusi

a) Proc dusik vetsinou limituje rist vegetace na geologicky
mladych a fosfor na geologicky starych substratech?

b) Kdy je fosfor pro rostliny nedostupny i na mineralne
bohatem podlozi? Adaptace rostlin — tzv. ,cluster roots”

c) Dlouhodobé experimenty s hnojenim — idealni pro studium
limitace dusikem, fosforem, draslikem i efektu acidifikace

d) Megaherbivori (napf. zirafa, mamut) vyzaduji velkeé
mnozstvi mineralnich zivin v pici pro stavbu skeletonu.
V pripadeé nedostupnosti — ADAPTACE nebo EXTINKCE

ekolos CZ.1.07/2.2.00/28.0149



a) Proc dusik vétsSinou limituje rast vegetace na geologicky mladych a fosfor na

geologicky starych substratech?

fosfor: element horninového pavodu (minerdl) — postupné odcerpavan vegetaci resp.
herbivory, vyplavovan srazkami, podlozi prevrstveno padou (organickym materidlem)

dusik: element atmosférického plvodu — fixovdn do organické hmoty ze vzduchu (volné

Zijici bakterie a sinice, nodulujici rostliny z osmi ¢eledi —

naprt. Fabaceae, Elaeagnaceae,

Myricaceae, Rhamnaceae, Rosaceae, Betulaceae)

ﬁ limitace dusikem

158° 156°
e 4,100 kyr

1,400 kyr
‘aMaul 150 kyr

20 kyr
ol :

SR ® 1999 Macmill

NATURE WO | FEERLIAKY 199 ) www satuire.com

b limitace fosforem
Ef c_wro]psky’ - ,X%I
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-nicméné chybéjici mineralni Ziviny (P, Ca, Mg, K)
mohou byt transportovany vzduchem na velké
vzdalenosti (Chadwick et al. 1999)

review articie

Changing sources of nutrients
during four million years of
ecosystem development

Q. A, Cradwick, LA, Derry, . M. VRousek, B, /. Huehert & L. O. Hean

As solle & 9 In hanld envl h-dedved abs W g adachly bast, end under cavatant canditiens it
nuuﬂlll mv‘lmu sheuld reech & state o' o We show bes ou-u Inpwin
of from the " can al of Nawatan an highly herod soibs,
Cadone ars supplied ln marne secennls m‘ph«m o dupositod in dust from esrtml Asin, whieh o over € 000k
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a)

Proc dusik vétSinou limituje rist vegetace na geologicky mladych substratech ...

Chadwick et al. 1999, Nature 397:491-497
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Figure 2 Plant-available nutrients in sof and nutrients |n leaves. a, Ca and Mg
exchangeably bound 1o soil colloids™ b, Phosphate-P and ammonium-N plus
nitrate-N In soil solution or exchangeably baundto colloids, forms that are readily
available for plant uptake® (P A, Matson, unpublished data). ¢, Ca and Ma in

Meotrosidaros leaves®™. d, P and N in Metrosidaros leaves®
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Figure 3 Change in soll element content integrated over the top metre of soil,
comparad with element contents in the lava parent matenal®. Measured element
concentrations (a, Mg, Ca, Si; b, Al, Pywere comected for changes in density and
loss of mass durng soil formaton”, In ¢, the rates of loss of P and Ca are
calculated using the mass of an element lost between two siles and the

corresponding difference in age.
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b) Kdy je fosfor pro rostliny nedostupny i na mineralné bohatém podlozi? Adaptace

rostlin - mykorrhiza nebo ,,cluster roots”

PRICINY NEDOSTUPNOSTI FOSFORU
kysely substrat: sorpce oxidy Zeleza (strengit, vivianit)
a oxidy hliniku (variscit)
zasadity substrat: sorpce vapnikem (apatit)

MOBILIZACE FOSFORU
mykorrhiza nebo kofenové exudaty

Amount af phosphionss sorption

-unikatni adaptace rostlin z celedi Proteaceae — tvorba
tzv. cluster roots, které zajistuji vysoké koncentrace
kofenovych exudati v malém objemu substratu a
uvolfuji tim fosfor z tézko rozpustnych minerald

Javary X010 PERSPECTIVES ON THE MODERN N CYOLR
Eowdogtond Dppdoatinn, JNTE M pps & 18
0 Wy e Kbl Rotty o Aier
Terrestrial phosphorus limitation; mechanisms, implications,

andl nitrogen phosphorus interactions

Proom M, Virotsen,' ™ Sovmien Pompen,” Bizoawms Z. Hoviron,” avo Ouven A, Crianwnen
Avols of Wosson THR 320 N8, 3112 \.\_\l.\l ,.\ ("'
Aot WA LI At 1 W0 mhidio iy ol

BOTANY
INVITED REVIEW: PART OF A SPECIAL ISSUE ON ROOT BIOLOGY

Phosphorus-mobilization ecosystem engineering: the roles of cluster roots and
carboxylate exudation in young P-limited ecosystems

Homs Lambers™™, John G, Iib-hop". Stephen 1. Hopper™, Etlenne Laliberte! snd Algjandes Zosmige-Feest!
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b) Kdy je fosfor pro rostliny nedostupny ... Lambers et al. 2012, Annals of Botany

110: 329-348

- druhy rostlin vylucujici kofenoveé exudaty — ‘carboxylates’

- z evropskych druhii: olSe (Alnus), ostice (Carex) a rakytnik (Hippophaé)

- Casto druhy schopné symbiotické fixace dusiku — ‘potentially diazotrophic’

TAaBLE 2. Species with specialized roots (cluster roots or dauciform roots), or withowt mycorrhizas or specialized roots that are known to be capable of exudation of
large amounts of carboxviates, in young landscapes; their habitat characteristics and their geographical and taxenomic distribution

(Potentinlly)

Habitot chamclerisices

Geogrmiphical ongin

Relerences for carbox ylate exuddion and
cither presence
of chster/dauciform moots, or habitit

Species Fnmily diazotrophec®
Alnus species Betuluceae Yes
Cawer flacca Cypernene No
Carex atrofusca Cyperacenes No
Hippaphae rhamnoides Eloeamoceae Yes
Lupinus albus Faboceae Yes
Lueptnics angusilfoliug Fabuccae Yes
Lupiris lweus Fabaceae Yes
Lapienies eetabilis Faleceas Yes
Lupmus sevicens Fahoceae Yes
Morella cordifolia Myricaccae Yes
Morella (formerly Myrcaccue Yos
Myrica) specics

Emboshrium coccineion Proteaceas No
Geveina avellang Protexeae No
Empodismn muns, Restionxeae Nor

Sporadanthus fermeginens.
Sparadanthus traversii

Poor soils. sand hills/dunes, glacial till, wet

bogs, mine dumps. gruvel, wusteland, volcanic

ash

Wet dune slacks, with i and Feanich dune
seopage; calarvous grasshands

Alpine and circumpolnr distnbution,
nulrient- poor soiks

Caleureous sund dunes, coastal sreqs

Poor sundy soils

Young voleanic ash deposits

Sandy, actdic solls

Unknown, s mastural populaions no onger
cxist

Wide mnge of soils

Calcurcous sund dunes

Acidic bogs, sand dunes, mine wastes
Acid volcanic scil

Acid volcanic sail

Ombotrephie bogs

Europe, Siberia, North Amecica, Japan,
Andes

Furope
Evmsta andd Greenland

Asin, Burope, fmm Himaluyos to Areric
Circle

Maditermanean basin
Madierrancan busin

Maliteranean basin

Andes

Westemn North America

South Africa

Many tropical, subropical and tempemte
regions, exeending nealy W Arctic Circle
Southem South America

Southermn South America

New Zealand

Torrey, 1978; Hurd and Schwintzer, 1996

Willis, 1963; [Xives et al, 1973; Barbaro
et al 2000 Bakker et of | 2005
Schianswetter et al., 2006: Yaro ot al
2001

Oremus and Oxten, 1981 Gardner er af
1984: Kallio er al., 2002: Chen er al.
2000

Gurdner er al.. 1981; White, 1990
Clements er af,, 1993 Pearse er al., 2007,
Dimopoulos er al, 2010

Hocking and Jet¥ery, 2004; Wolko er al,,
2001

Hocking and Jeffery, 2004; Woko ef al
2001

Welsh, 1978 Weir er al., 2006

Cramer and Havkins, 2009

Tomey, 1978; Crocker and Schwintzer,
1993

Prunce and Planw, 1998; Zimige-Feest

et al,, 2010

Prapce and Plana, 1998, Ramirez er al.,
2004

Agnew et al, 1993; Clarkson er al, 2005;
Hodges und Rapson, 2014
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b) Kdy je fosfor pro rostliny nedostupny: pripady limitace fosforem ... Vitousek et
al. 2010, Ecological Applications 20: 5-15

Taece 1. Pathwavs. mechanisms, and timescales of P limitation to primary production in terrestrial ecosystems.

Pathway Mechanism Timescale
Depletion driven loss of inorganic and dissolved organic P via leaching; millions of years
exhaustion of primary minerals in soil
Soil barrier formation of soil lavers that physically prevent/inhibit hundreds to tens of thousands
access by roots to potentially available P of years
Transactional slow release of P from mineral forms, relative to the supply decades to centuries
of other resources
Low-P parent material low inputs of P via weatherning due (o low concentrations all; develops quickly and persists
of P in rock
Sink driven sequestration of available I in an accumulating pool within decades to millenia
ecosystems
Anthropogenic enhanced supply of other resources (especially NJ causes years o decades
P limitation
i, 2. The effect of the texture of parent material on the
= 1001 = Coarse texture ] extent of P imitation to plant growth in voung voleanic sites in
< = Intermediate Hawaii. Forests on coarse pahochoe lava, intermediate-texture
% 80 = Fine texture a‘a lava, and fine volcanic cinder all respond most strongly 10
S additions of N plus P. but the effect of added P (alone) is
= &0 strongest in the coarse-textured site, where low surface area
g - slows weathering: the effect of P is intermediate on the
@ intermediate parent material texture, and absent in the finest-
p 401 textured substrate. The fine-textured substrate supports the
% greatest particle surface area where weathering can take place.
& 20 - - vliv textury (zrnitosti) substratu na limitaci zivinami
0 || | - hrubozrnné substraty zvétravaji (uvolnuji Ziviny) pomaleji

M

P NP - umélé dodani fosforu nejvice relativné podpofilo rist na
Nutrient added hrubozrnném substratu - ‘coarse texture’
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c) Dlouhodobé experimenty na Rothamsted Research Station (1850’s — dosud)
PARK GRASS EXPERIMENT — rGizné varianty hnojeni N, P, K a gradient vapnéni

Fin.5 Park Grass. Changes In species number over time

Number of spacies compraing
1% or mora of hiomass
@

T
1840 1850 830 o 1620 1640 1960 1980 Nm 2020

e N0 fatlians  =—O=No forilizer + chalk i N ZPKNSMQ s N 2FKNGMG + ik
® = 0 A mriad vew ok U Pk Gam wnant beotany ohias nnt 0. Lekion v
PQ'-‘"’(M —Q—Mr’(ﬂw“ + chalk sty of wasch ars Ol ily dertarcated by U 1 Vet

-aplikace dusiku v amonné formeé (varianta N2PKNaMg v grafu) vedla k acidifikaci a nejvetsi redukci poctu
druht (tolerantni k silné kyselému substratu — pH 3,7 — jen travy: Holcus lanatus, Anthoxanthum odoratum)

-hranice mezi kontrolou (vlevo - 156 let
bez hnojeni) a plochou hnojenou
fosforem (vpravo)

-vyskyt Trifolium pratense (bobovitych
obecné) omezen limitaci fosforem
(foto 22/08/2012 — otava)

zakladatel experimentu: John B. Lawes
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c¢) Dlouhodobé experimenty na Rothamsted Research Station (1850’s — dosud)
PARK GRASS EXPERIMENT (PGE) - riizné varianty hnojeni a gradient vapnéni
Pouzita dusikata hnojiva
svarianty (N1 — 48 kg Cisteho N; N2 —96 kg N; N3 — 144 kg N)
ammonium sulphate (siran amonny) ... (NH,),SO, ... skupina NH,*

svarianty (N*1 — 48 kg cistého N; N*2 — 96 kg N)
sodium nitrate (dusi¢nan sodny) ... NaNO, ... skupina NO,

Prijem Zivin rostlinou — udrZeni rovnovahy — vvména iontu

Ca=*, Mg, K* NH4*

.

pH{irl wabear)

epfijem kationtd (NH,*) vede k uvolnéni H* ... acidifikace sop  Rot T 4 H*
HPO; e O x(
epfijem aniontd (NO;") vede k uvolnéni OH ... alkalizace NU s Y
B ]y B T H__J
- +chalk __ —P= __
- 0 = :
NOsN o P - pH pudy v hloubce 0-23 cm
E (_‘/-"\.\w‘i——J
N e - . . " . )
Ml e — ., -stejne pH po celou dobu pfi aplikaci
5' - - “___\_F“ rl o "o >
NN +gﬂﬂ.'!5 - dusiku ve formé dusicnant (NOy)
4
- vyrazne sniZzeni pH pfi aplikaci dusiku v
31 amonné formé (NH,*)
2

1840 1860 1880 1900 1920 1940 1980 1980 2000 (review PGE: Silvertown et al. 2006)

r%. Bl
= VT
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c) Dlouhodobé experimenty: PARK GRASS EXPERIMENT (PGE)

PARK GRASS Table 4. The effects on three grass apecies of applying P and K with N where scil pH is 4.1 - 3.5,
a b [ d
. EYAUFA 1212 Percantage of dry matter
[ AT DT 131 Agrostis Anthoxanthum Holcus
| Nt 12 Plot Treatment'" capitans odaralum fanatus
! |
i NSP{(N:WSI 1/2 1d Nt 87 32 0
| N3P .hu 11
ﬂfsto-l 4124 N2P 28 70 1
! n
o i 10 9124 NZPKN2Mg 13 67 20
184 | mePKNamg 912 11/1d N3PKNaMg 0 0 100
[l | NziPKNa Mg g
e b o (1) See plan for details
NaK i |
182 | Na { P NaMa 8
Mg ! i
e ' i foto 2
________ | P Na My 7
18a ;
W e W P N Mg 5
192 |=vm !
19/3 Bl Thase 0re1s used Yo miccopht axpenmantsy 5
20M : v
2012 ;w: | u% P 412
E& i b
& .. LI foti-1{uim Holcus lanatus
| ] 3
] 0 212
| Keincy 5956 . 211
| oW | ] Anthoxanthum odoratum
N'2 PR Na Mg 1412 ' :
IN"2) PK Na Mgl 141
m(l\én Va 18
N1 FKI Na Mg 16 . <
i 11/1d N3PKNaMg - 10d N2PNaMg
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c) Dlouhodobé experimenty s hnojenim:

dusik + _fo'sfprl

PARK GRASS EXPERIMENT

SPOTIES COMPEir == == b==vt *n4 Of REIBE== ~t ‘=t =t “ecsmbc pf ggClas swemn 4464 000

.. travy ===+ bobovite *“* dvoudéloZne

u . .

c :
_ 5

> i

ol -

8 -

-v ¢erveném poli jsou fadky (plochy) s vysokym
zastoupenim bobovitych (tmavsi sloupec)

-toto jsou plochy s dlouhodobou aplikaci fosforu(+drasliku)

ale bez dusiku !!!
o ==
Py
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Table 2. Park Grass; mean annual yield of dry matter, t ha™ (2000-4)

PE hoere e eme hagreeed

Sub-plot
Plot  Treatment” a b G d
No nitrogen group
3 Nil 3.3 36 2.2 2.9
12 Nil 3.5 3.8 35 2.8
2r Nil 3.5 4.0 24 3.0
2/1 K 3.8 4.1 24 2.7
411 P 4.5 4.9 3.9 3.6
8 P Na Mg 44 5.2 4.1 4.3
7 P KNa Mg 7.4 74 6.5 4.4
15 P K Na Mg 6.2 6.1 5.0 3.6
Ammonium N group
1 N1 4.2 3.8 29 1.3
18 N2 K Na Mg 3.9 44 6.2 2.0
4/2 N2 P 5.5 5.0 6.0 3.0
10 N2 P Na Mg 6.1 6.1 71 4.0
6 N1 P K Na Mg 7.0 6.9 - -
9/1 (N2) P K Na Mg 6.1 6.4 6.5 2.1
972 N2 P K Na Mg 7.8 8.3 7.8 B.4
111 N3 P K Na Mg 10,2 94 8,5 7.3
11/2 N3 PKNaMgSi 9.7 9.6 8.4 8.3
Nitrate N group
17 N*1 3.9 4.2 3.6 3.5
16 N*1P K Na Mg 74 75 6.1 53
14/1  (N*2) P KNa Mg 6.1 6.8 6.0 5.9
142 N*2P K NaMa 7.5 7.3 7.0 8.7

-v ¢erveném poli jsou fadky (plochy) s dlouhodobou aplikaci
fosforu (+drasliku) bez dusiku

-produkce biomasy plochy €. 7 (P K Na Mg) temér
srovnatelna s produkei ploch hnojenych navic dusikem v
mnozstvi 96 kg/ha/rok (N2, N*2) ... €. 9/2 a 14/2
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c)

STRIP ... vliv pH pldy na podil zastoupeni dekompozitort

APPLIED AND EMVIRONMENTAL MICROBIOLOGY, Mar. 2009, p. [585-1596
0099-2240/09/805.00+0  doi: 101128/ AEM.O2775-08
Copyright © 2009, American Society for Microbiology. All Rights Feserved,

Dlouhodobé experimenty na Rothamsted Research Station: HOOSFIELD ACID

Vol. 75, No. 6

Contrasting Soil pH Eftects on Fungal and Bacterial Growth Suggest
Functional Redundancy in Carbon Mineralization

Johannes Rousk,'* Philip C. Brookes,? and Erland Biith'

vV .[.

- na gradientu pH (od 4.5 do 8.3 ) se pé&tinasobné zvyiil rist bakterii (Fig. 2A) a naopak pétinasobné snizil
rdst hub (Fig.2 B)

Bakterie
(vice na zasaditém)

40 — . . ; .
-
= LA
z —
ok o
2 . ;
o _— 5
-:5 <11 i - gﬁ
.5-5 o ._,_-""-{ E
E =20 L l £
o] i_./ 4 I
2 E - f £
L 10 | ,f:-f =
= G . F = 0,005 =
= - R'= 0.45 =
j -
3
D 1 1
a 5 6 7 8 9
nH

1

(pmol h™ g)

A0

b T". B
\ |
E, P <0.0001
b R'=0487 |
bR
o N
§ \‘\\
; "
s 5 & 1 8 @
pH

Houby
(vice na kyaelém}

FIG. 2. Effect of pII on hacterial gmwrh a5 measured h]..' leucine |'nc‘nr]':n1‘n1'1nn {A) and on Tungal grnwrh a5 measured I'r:.-' acetate inr!:‘-r[mr'nrinﬂ
ine ergosterol (B). Data for pHs less than pH 4.5 (open circles) were not used in the regression analyses (see Discussion). The error bars indicate
=1 standard ertor (no= 3} inc,, iNCoOTpOration,
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d) Megaherbivofi (napr. Zirafa, mamut) vyzaduji velké mnozstvi mineralnich Zivin v
pici pro stavbu skeletonu. V pripadé nedostupnosti: ADAPTACE nebo EXTINKCE

samec zirafy: hmotnost téla 1600 kg, hmotnost kostry 24 % - tj. 384 kg
... Z toho cca 30 % susina — 128 kg, obsah vapniku cca 20 % (25,6 kg)

a obsah fosforu cca 10 % (12,8 kg)

potreba vapniku — preference Ca-bohatych dvoudéloznych rostlin

potreba fosforu — Casto pozorovana osteofagie (viz foto)

£ Zool, Lowd (2005} 267, 5561 © 2005 The Zeolegical Scciety of London  Preted m the United Kiagdomr  doi: 10,101 7/S00528 36303007247

The calcium and phosphorus content of giraffe
(Giraffa camelopardalis) and buttalo (Svncerus caffer)
skeletons

G. Mitchell'**, O. L. van Schalkwyk® and L. D. Skinner?

[SAN OO0 29900 Iakincy Bwkrpaan Sowacen 2098 Mn, 424 pp. 7274, O Pleisir) Padasiog. Tal, 2w
I Baaraiis Jim © SV Fodatimad s, 2000 patdinindd i Iolindy Alasdossd! Semb. YO0 Nl 424 N A e B4

GENERAL
BIOLOGY —

Mineral Deficiency, Enzootic Diseases and Extinction
of Mammoth of Northern Eurasia
S. V. Leshchinskiy
- osteopordza kosti mamutu na konci jejich éry
- priciny extinkce (otepleni, vyhubeni) — nova teorie?
vyvoj vegetace s nedostatkem Zivin pro stavbu skeletonu

ooy , I | U ekotos) CZ.1.07/2.2.00/28.0149
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Které prvky se skryvaji pod terminem ,,
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Dyistribotion in the periodic wble of the elemems known or believed o be essential for bacteria, plants, or

animals (zhaded) (from Willlame and Fravsto da Sihva 1996). Ecological stoichiometry is much more advanced for the
three elements C, M, and P than for the others, but its principles should be transportable throughout the periodie table,
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-

Hladiny 26 nejhojnéjsich prvki solarniho systému: Zemé — zem. kiira — more — clovék

TAELE 1.1

Approximate concentrations of the first 26 elements in the solar system, in the whaole
Earth, in the Earth’s crust, i seawater, and m humans. Concentrations are divided
into categories differing by multiple orders of magnitnde. As parts by mass they are
A=1077 (= 1% 107 = B = 107" (between 1 ppm and 1%, 107° = ¢ = 107"
(between | ppm and 1 pph), and D = 107" (< Ippb). Less-than and greater-than
svmbols are used in the tahle toindicate changes m categories for mdividnal
elements between columns (hence larse fractionations). Several elements tor humans
are repatted as 07 as these are not detectable. Craphical depictions of similar dara
lor crust and for humans are given in Figures 1.2 and 2.1, Data [tom Cox (1995 ),

Atamie Afomic Solar Whale Farths Himan
Number Symbal Mass Systom Earth Crist Seawater Bouly
1 H ] A o E - (] A A
2 He 4 A - | I |} - ]
3 Li 7 I e B L4 L [
4 Be ] I C < B S e D D
5 B 1L C C < B B B
5] C 12 B E B B = A
T N 14 i E G = [ == A
5 2 16 A A A A A
k) F 19 i E B B B
10 M i B e | L= LI -] |} -] 0
11 Ma 23 [ E < A A - B
12 Mg 24 [ A A - B B
13 Al a7 B A A e B ] -": [
14 Si a3 E A A ] B E
15 P 3l E E B - C = A
16 g 32 B A = B B B
17 I i) B E G = A - B
15 Al 40 E = C L L = 0
19 K 39 ] E L A -] B B
20 Ca 40 i3] A A = B < A
21 S 45 [ E B - n] - 0
232 Ti 15 B E B e B ] o [
23 A% 3L L E B = L [
24 Cr 52 E E B == D e [
25 hn 5 B B B = [} - [
26 Fe 56 B A A = D <z B

(Sterner and Elser 2002)
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Hladiny prvkl v zemské kire a v téle ¢lovéka

o
| F
i
1554
Compeailan or Larths Crusth
po—
Al
e
Ba S ‘.l o :.u
¢ aee o0 %90 7,
w1l ’
L [ 0
Jl. x|l Mles|aar  Go
CoampeogsPian of Muman Body
)

Pomér prvka v téle élovéka (Sterner and Elser 2002)

'.13’75.0|.'/'.'.'l.h,' (‘)l.j';.‘.l.".().l.".li' (’55.'.0_0.'.0.‘ NB.—L’.‘UJ)L'.} ("tI,S‘.O.L(K' PI.U‘.’.().'})J bﬁ"ﬁ.'.l‘.!()

Carbon Fhosgrens. (g Naygsoo Kizzom ClizroonME10.000 Stasso Feogsn £g y 10 Cugglyy My,

| ; | Facth’ , Cry Sey Moy ©
Fig. 2.1. A historical comparison of the clermental composition of the Earth’s crust Fia Cry Sey Moy Coy

(upper bars) and of the human body (lawer hars). The dispropartionste abvndance
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TABLE 2.1

Primarni funkce Zivin v organismech ...

Primary functions and the chemical elements {or associatod jons) involved in
performing them for living things (modified from Table 6.2 of Fradsto da Stlva
and Williamns 1991). Elements with z relatively minor mle associated with a
partieular function are mdicated in parentheses

Funciion

Elements

Chemical Form

Examples

Structural (biokg-
ical palymers
and support
mitterials)

Electrochemical

Mecchanical

Catalytic (acid-
base)

Catalytie {redox)

H O CNEPES
Si B, F Ca,
(Mgl, {Z13)

H, Ng, K. Cl,

HPOZ® ", (Ma!,

(Ca}

Ca, HPOZ,
(Mg)

n, (N1), (Fe),
(Mn)

Fe, Cu, Mn, Mo,

Se, (Col, (Ni),
(V)

Involved in chem-
ical compounds
or sparingly
salnble inor-
Eanic com

puuuds

Free 1ons

Free ions ex-
changing with
bound ions

Complexed with
oenzymes

Complexed with
cluzymes

Biological mole-
cules (Table
2.2); tissues;
skeletons
shells, teethy

cte

Message trans-
1ission in
nenves: cellular
signaling; en-
ergy mietaho-
lism

Musele contrac-
tion

Digestion (Zn);
Inydrolysis of
urea (Ni); PO,
removal in acid
media (Fe,
Mn)

Beactions with Os
(Fe, Cu): nitro-
zen fixation
{Mo); reduction
of nucleotides
1Co)

BOCNIN

evropsky

fond v CH  EVAOPSKA UNIE
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UloZisté Zivin — vstupy — vystupy ...
*  UloZisté:
PUDA (soil, zkratka v nasledujicich diagramech: S)
BIOMASA (biomass, zkr. B)
OPAD (litter, zkr. L)

* vstupy:
srazky (precipitation, zkr. P), suché a mokré depozice (deposition)
zvetravani hornin (weathering, zkr. W)
umeélé vstupy (hnojiva)

*  vystupy:
odtok (runoff, zkr. R)
vyplaveni - vyluhovani (leaching, zkr. Le)
umeélé odstranéni (sklizen)

Kde je vétsina Zivin uloZena zavisi na:
teploté
srazkach
vegetacnim typu (viz dale)

- fit'.?tf’ff' Rl e ekolos CZ.1.07/2.2.00/28.0149
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Opadavy listnaty les mirného pasu
erovnovaha mezi Glozisti zivin

estredné rychly transfer Zivin

—

Le

R

evropsky - ,X%I t'.. : 4 o~
- s 0F vastibmivs ~ekolos, CZ.1.07/2.2.00/28.0149
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Borealni jehlicnaty les
eopad (litter) je hlavni Glozisté Zivin

epomaly transfer Zivin

&

P

R W

evropsky - %I 4 p: ISR o
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Tropicky destny les
ebiomasa (B) je hlavni tlozisté zivin

erychly transfer Zivin mezi uloZisti

L

@s
'—e/ \
W

[\ 1 = ..'.0 ’ .
evropsky R ]l * - .
- ~ekolos, CZ.1.07/2.2.00/28.0149
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Velikost uloZist Zivin a transfer(i na gradientu teploty a srazek (biomy)
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Rozdéleni tloZist DUSIKU - biomy

tundra tajga

opadavy listnaty les savana
" puda B nadzemni biomasa

e -
3
ovropsky 2°
BOCIIN ot_-m
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Zastoupeni Zivin v horninach ...

Table 2.2.  Average concentrations (mg kg~') of nutrient elements in two igneous and three
sedimentary rocks (data from Mason and Moore, 1982; Krauskopf and Bird, 1995).

Granite Basalt Shale Sandstone Limestone
N 59 52 60 - -
P 390 610 700 170 400
S 58 123 2,400 240 1,200
K 45,100 5,300 26,600 10,700 2,700
Na 24,600 16,000 9,600 3,300 400
Ca 9,900 78,300 22,100 39,100 302,300
Mg 2,400 39,900 15,000 7,000 47,000
Fe 13,700 77,600 47,200 9,800 3,800
Mn 195 1,280 850 10-100 1,100
Zn 45 86 95 16 20
Cu 13 110 45 1-10 4
Co 24 47 19 0.3 0.1
Cl 70 200 180 10 150
I <0.03 <0.03 2.2 1.7 1.2
B 1.7 15 100 35 20
Mo 6.5 0.6 26 0.2 0.4
Se 0.007 0.3 06 0.05 0.08

(Whitehead 2000)
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Zastoupeni zivin v ptdé&, v rostlinach ... POMERY

Table 3.6. Typical plant : soil concentration ratios of nutrient elements for grassland in temperate

regions.
Typical concentration Typical concentration ~ Plant : soil concentration
in soil DM in herbage DM ratio (x : 1)
N (%) 0.28 2.8 10.0
P (%) 0.2 0.4 2.0
S (%) 0.10 0.35 3.5
K (%) 1.5 2.5 1.7
Na (%) 0.25 0.25 1.0
Ca (%) 1.8 0.6 0.33
Mg (%) 0.8 0.2 0.25
Fe (mg kg™") 35,000 150 0.0004
Mn (mg kg™) 1,600 165 0.10
Zn (mg kg™ 150 37 0.25
Cu (mg kg™) 30 9 0.3
Co (mg kg™) 20 0.1 0.005
Cl (mg kg™) 500 3,500 7.0
| (mg kg™") 5 0.2 0.04
B(mgkg™) 50 5 0.10
Mo (mg kg™ 2.6 0.9 0.35
Se (mg kg) 0.4 0.05 0.12

L4

GV'ODSKV - %I
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Zastoupeni Zivin v rostlinach, v téle herbivor( ... POMERY

Table 4.6. Typical animal : plant concentration ratios, based on grass herbage and ruminant

animals.
Typical concentrationin  Typical concentration in  Animal : plant concentration
plant DM animal body DM@ ratio (x: 1)
N (%) 2.8 9.00 3.2
P (%) 0.4 2.66 6.7
S (%) 0.35 0.50 1.4
K (%) 25 0.67 0.27
Na (%) 0.25 0.50 2.0
Ca (%) 0.6 4.66 7.8
Mg (%) 0.2 0.15 0.75
Cl (%) 0.35 0.33 0.94
Fe (mg kg™) 150 133 0.89
Mn (mg kg~ 165 1.2 0.007
Zn (mg kg™ 37 83 2.2
Cu (mg kg™) 9 9 1.0
Co (mg kg™) 0.1 0.13 1.3
B (mgkg™) 5 1.0 0.2
Mo (mg kg™) 0.8 0.66 0.83
| (mg kg™") 0.2 1.43 72
Se (mg kg™ 0.05 1.2 24.0

#Derived from data in Table 4.1 assuming live weight to contain 30% DM.
(Whitehead 2000)
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Zastoupeni zivin v rostlinach — iontové formy (Medicago sativa ... alfa-alfa)

ISR T

Element and Symbol Portion of Plant’ (%) lon or Molecule

Carbon (C) 41.2 CO, (through leaves)

Oxygen (O} 48.3 CO, (through leaves)

Hydragen (H) 5.4 HOH

Nitragen (M) 3.3 MH." ({ammonium), NO;~ (nitrate)
Calcium (Ca) 21 Cca**

Potassium (K) 0.80 K*

Magnesium (Mg) 0.42 Mg**

Phosphorus (P) 0.30 H.PO,~, HPO,*" (phosphates)
Sulfur (S) 0.085 80,% (sulfate)

Chiorine (Cl) 0.011 CI™ (chioride)

Iron {Fe) 0.0066 Fe®*, Fe®* (ferrous, ferric) = Fe(ll), Fe(lll)
Boron (B) 0.0045 HsBO,, (boric acid)
Manganese (Mn) 0.0036 M2+ = Mn(ll)

Zinc (Zn) 0.0009 Zn?* = Zn(ll)

Copper (Cu) 0.0007 Cu?* = Cu(ll)

Molybdenum (Mao) 0.000005 MoO,*~ (malybdate)

Cobalt (Co) — Co?* = Co(ll)

Nickel (Ni) — NiZ* = Ni(ll)

Selenium (Se) —_ Se0,?” (selenate)

Silicon (Si) — SI{OH). (nonionized)

Sodium (Na) — Na*®

Wanadium (V) — VO5~ (vanadate)

Sources: Selected data and additions by Raymond W. Miller from B, G, Ellis and B. D. Knezek, “Absorption Reaction of
Micronutrients in Soils,” 68; and L. O. Titfin, “Translocation of Micronutrients in Plants,” 204, both in R. C. Dinauer (d.),
Micrenutrisnts in Agriculture, Soll Scienca Society of Amarica, Madisen, W1, 1972,

“Estimates of element contents taken from oven-dried alfalfa. Various plants have differant values,

(Miller and Gardiner 2007)
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Cykly hlavnich zivin — kontrolni mechanismy a specifické vlastnosti

N S1ological Crain Never large inorganic
accumulations in soils
Usually limiting in N. hemisphere

P Biological & Gain High degree of soil adsorption
Geochenucal Often limiting in sandy, old, or P-

fixing soils SE coastal plam.
ITW Coast, S hennsphere

S Biological and or CGroan, O, o TInoregame =ulfate  form can be a
Geochenncal loss major component of cycle
Limiting only in pristine areas
iPac NW, Australia,
K Biological & Loss Foliar leaching is important
Geochenncal pathway of renr ro forest floor
Limiting in some sandy soils
‘New York, Cent Europe
Ca Piological & Loss No translocation
(Feochenncal Large vanatnon hetween species
Rarely limiting  only when so1ls
are extremely actd and IV 1= lugl
Smoky Mrg, Cent. Europe
Mg EBiological & Loss Like Ca, but has translocation

(Geochenucal Linutng when bedrock 1z low
aind N 1= in excess  Sandy smls
of E. US; Cent Europe

(Johnson 2012)
cacans - %' = ' ~ekolos, CZ.1.07/2.2.00/28.0149
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Zdroje Zivin v lesnich ekosystémech — vstupy, transfery

Table 6.1 Percentage of the Annual Requirement of Nutrients for Growth in the .
Northern Hardwoods Forest at Hubbard Brook, New Hampshire, That Could Be Supp]md '
by Various Sources of Available Nutrients®

Process N P -K Ca - ME o
Growth requirement (Kg ha™ yr™') 115.4 12.3 66.9 62.2 9.5
‘Percentage of the requirement that could .
be supplied by: :
Intersystem inputs _
Atmospheric 18 0 1 4 6
Rock weathering 0 1 11 34 .37
Intrasystem transfers :
Reabsorptions 31 28 4 0 2
Detritus turnover (includes return in 69 67 87 85 87

throughfall and stemflow)

» Galculated using Eqs. 6.2 and 6.3. Reabsorption data are from Ryan and Bormann (1982).
Data for N, K, Ca, and Mg are from Likens and Bormann (1995) and for P from Yanai (1992).

CH EVROPSKA UNIE

NE b M
f evropsky r\ Pl 3 R L=
- fond v Cf 00 voatbriw ~ekolos, CZ.1.07/2.2.00/28.0149

NVESTICE DO ROZVOJE VZDELAVANI



Cykly zivin v terestrickych
:mepskyf ekosystémech (EKO/C2)

i Mgr. Jan Mladek, Ph.D. (2012/2013)
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CYKLUS DUSIKU — dilezita plynna faze — globalni c. (jednotky: megatuny ...10° tun)

Annual N fixation slightly i

| exceeds dentrification. m»fth ]l Annual N fixation by ’C'm' derable nit WAl
- llglllmng is aboul '/7 ! SIACEaDie ny FRECH MOVEs
f\.lm(;‘\ph(.‘kit ' of biclogical fixation | through the biosphere as
over land N, S | atmosphenic dust, ser spray,
4 w7 & L and pollutants,
. ! ¢ - ] F y I N
Fixution l)emmhcauog - ¥ Rivers add slightly more N | Land-ocean /
140 130 | to marine ecosystems thay | atmospheric  / Atmosphere over
| does fixation, exchange J/ oceans N,
[ / y
Freshwater \
Fixation Denitrification
12 a0 110

e M

The amount of N
cycling in temrestrial

Nan SOUrces B
dustry, automobiles)

ecosystems is ahout 10 § Sl oot : :
| times annual fixation. > i 'm Y ; el
SR o iRt atmospheric SRR

T exchange
| Human activity is a o
| substantis] source of
atmospheric N.

The largest sctively cycled
| pool of N in the biosphiere

(Molles 2009) is in the oceis.
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CYKLUS DUSIKU - prechod mezi jednotlivymi fazemi — zejména BAKTERIE

——

Gaseous Nitrogen (N2)
in Atmosphere

Nitrogen
Fixation
By industry
for egriculture

Fertilizers
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CYKLUS DUSIKU — organické latky (aminokyseliny R-NH,) — AMONIFIKACE
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VOLATILIZACE A VYPLAVENI DUSIKU PRI HNOJENI A PASTVE ... Whitehead 2000
Table 5.3. Ammonia volatilization from three grazed swards: (i) ryegrass—white clover receiving
no fertilizer N; (ii) ryegrass receiving 210 kg N ha~' year'; and (jii) ryegrass receiving 420 kg N
ha' year'; mean values for two grazing seasons, assessed by a micrometeorological method

(from Jarvis et al., 1989).

(i

(i)

i)

Ammonia volatilized (kg ha-! year')
Proportion (%) of fertilizer N
Proportion (%) of estimated urinary N

9.8

9.6
4.6
11.2

25.1
6.0
12.1

Table 5.4. Influence of drainage and of reseeding of old grassland grazed by cattle on the
estimated amounts of nitrate N leached and denitrified (kg N ha~' year—) at two rates of fertilizer N:
mean values, 4 years (from Scholefield et al., 1988).

Nitrate N Proportion (%) of
leached Denitrification leaching + denitrifi-
(kg ha™) (kgha™')  cation as leaching
Old grassland, undrained, 200 kg N ha' 20 86 19
Old grassland, drained, 200 kg N ha™' 56 56 50
Old grassland, undrained, 400 kg N ha' 48 110 30
Old grassland, drained, 400 kg N ha-" 187 80 70
Reseeded grass, undrained, 400 kg N ha™' 24 113 13
Reseeded grass, drained, 400 kg N ha' 74 78 49
gf o - '\K%' e ekolos CZ.1.07/2.2.00/28.0149
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Nitrogen Cvycling in soils: Biologically controlled

Atmospheric Deposition

N, fixation

Litterfall
Root turnover

“Includes mostly microbial (biotic) but also some abiotic immobilization
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CYKLUS DUSIKU — aerobni (oxidace) a anaerobni (redukce) procesy premén dusiku

-90% dusiku v pudé je v nedostupné formé (pudni organicka hmota)

-asimilace NH,* vyzaduje 2-5% rostl. energie: zatimco NO; vyZaduje 15% energie

Nitrosomonas .

2NH,* + 30, : 2NO,” + 4H* + 2H,0 + Energy
bacteria >
3 Nitrobacter
2NO,” + O, —> 2NO;~ + Energy
bacteria
Most . Am ificati :
Organic momnicasion X Nitrogen fixation
reduced Altbogn = Ammoni by Rhizobium,
Azotobacter,
cyanobacteria
Nitrification by
:‘,"':::m"“; Molecular nitrogen (Ny)
Assgmllatory Nitrous oxide (N,O)
nitrogen
reduction ! (NO)
Nitrate (NO,™) —
Nitrification by - .
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Mot Nitroooccus o by Pseudomonas
oxidized Nitrate ‘N03—)

Ene\;'gy- Aembic;fenergy- Anaerobic redﬁtction reactions
requiring releasing coupled to energy-releasing oxidations
reduction oxidations
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CYKLUS DUSIKU — biochemické premény dusiku — OXIDACE a REDUKCE
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CYKLUS DUSIKU
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Fig. 2.1 Important pools, processes and fluxes of N in natural and managed terrestrial ecosystems
(Marschner and Rengel 2007)
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CYKLUS DUSIKU NA PASTVINE ... Whitehead 2000
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Fig.5.6. Outline of the main forms of N invelved in the cycling of N in grassland.
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CYKLUS DUSIKU NA PASTVINE ... Whitehead 2000

Table 5.10.  Estimated N balances (kg ha™' year) for three sysiems of grassland management;
intensively managed grass, moderately intensive grass—clover and extensive grass, all grazed by
catile in UK conditions (based on data from Dampney and Unwin, 1993; Whitehead, 1995).

Intensive grass
(dairy cows) Grass—clover  Exiensive grass

Inputs

Fixation of atmospheric N, 0 120 8

Deposition from atmosphere 30 30 15

Fertilizer 330 0 0

Supplementary feeds 100 0 0
Aspects of recycling

Uptake into herbage 400 240 60

Consumption of herbage by animals 280 160 30

Dead herbage to soil 120 80 30

Dead roots to soil 60 50 30

Excreta to soil of grazed area 285 120 25
Qutputs

Milk/live-weight gain 70 25 3

Leaching/runoff 180 40 5

Volatilization of ammonia 80 15 3

Denitrification/nitrification 100 2

Loss through excretion off sward 28 10 0
Gain to soil 30 50 10

.v'ODSKY - I : : | (: e '_\‘—‘—‘
BoOkINg 0F vastibmivs ~.ekolos | CZ.1.07/2.2.00/28.0149
4 fond v CR  EVAOPSKA UNIE e r— ™ g

INVESTICE DO ROZVOUJE VZDELAVANI



Koncentrace dusiku v pudé — vliv textury substratu

Table 5.1.  Typical concentration of N in soils under arable cultivation, |ey/arable and long-term
grass (% in dry weight, 0-15 ¢m) as influenced by soil texture (derived from Archer, 1988).

Soil texture | Arable Ley/arable Long-term grass
Sand 0.05-0.08 0.07-0.09 0.15-0.25
Light loam 0.07-0.12 0.09-0.15 0.20-0.30
Light silt 0.10-0.13 0.12-0.15 0.26-0.35
Medium loam/medium silt 0.12-0.15 0.14-0.16 0.25-0.40
Clay 0.16-0.20 0.18-0.21 0.40-0.50
(Whitehead 2000)
gf s kg ko { ~ekalos, CZ.1.07/2.2.00/28.0149
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CYKLUS FOSFORU - bez plynné faze — lokalni cyklus — dlouhodobé glob. sedimentarni
(jednotky: megatuny ...10° tun)
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CYKLUS FOSFORU - dostupnost pro rostliny nizka — HOUBY ... mykorrhiza

Primary
mycorrhizal
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©
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- ’ Y mycorrhizal
Fig. 6.2 Apatite grams (1 mm diameter) coloaized by ectomycoerhizal fungus Paxiflus imvolums with simple
in stertle microcosms, Reproduced fromr Smits el al. (Z008). with permission clusters

o Non-

= mycorrhizal
‘6 with compound
| clusters

Fig. 14.7 Biological strategies for acquiring P.

Table 7.2 Stability constants 4 nic anion Nusakier of Fe* INES Ca*
of some organic acid-metal carboxylic groups
complexes determined at a : — =
. o apnp RIS 3 115 79 4.9
1:1 metal-ligand ratio at 25°C MaJatL . 71 (' 0 s
. p ale & J ). L.
and zero ionic strength Oxal : = ’ & 6.1 4‘;
xalate 2 7. ¥ 1.
Gluconate 1 37.2 2.0 1.2

Adapted from Martell and Smith (1977) and Jones ( 1998)
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ZMENY FRAKCI FOSFORU BEHEM PEDOGENEZE
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slightly Weathering highly
weathered weathered

Time

Fig. 14.1 Conceptual model modified from Walker and Syers (1976) showing variations in soil P
pools during pedogenesis: Py total soil P; P, calcium phosphates: P, organic matter P: Pocauaea
sorbed P (relatively unavailable (o organisms): Puonocausea Pin the soil solution (relatively
available to organisms; often called “labile™ P). The model suggests that the highly weathered
soils (Ultisols and Oxisols) of many tropical forests have less total P, higher relative proportions of
P, cciugea and P, and very little available P (P, occrudeq) Telative to soils at earlier stages of soil
development
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LIMITACE FOSFOREM - v pozdnich stadiich vyvoje ekosystému

T T T

| Thurston (0.3 x 10° y) | Laupahoehoe (2.0x 10" y) | Koke'e (4.1x 10° y)
N limited N and P co-limited P limited

Diameter Increment (mm/y)

Control  +N +P +N+P  Control  +N +P +N+P  Control  +N +P +N+P
Treatment

Fig. 14.2 Tree growth rates from a fertilization study along 4.1 million vear substrate age gradient
(modified from Vitousek and Farrington 1997). Bars show the means of tree growth (diameter
increment) of Metrosideros polymorpha (the dominant tree species) for trees in control plots and in
plots fertilized with N, P, and N + P. Within each site, treatment effects that were significantly
different from the control are represented by asterisks. Data show that tree growth at the youngest
site was N-limited, tree growth at the intermediate-aged site was colimited by N and P, and tree
orowth at the oldest site was P-limited
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SCHOPNOST MOBILIZOVAT FOSFOR ... invazni druhy (Bunemann et al. 2009)
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CYKLUS FOSFORU NA PASTVINE ... Whitehead 2000

evropsky
SOCININ

fond v CH

INVESTICE DO ROZVOJE VZDELAVANI

EVIROPSKA UNIE

ANIMAL
TISSUE:

Apatite

ATMOSFHERE:

(in bone);
Esters such
Reokgble ercert PLANT TISSUE: as ADP, ATP;
aucleic acids:
Esters such as phospholipids

ANIMAL DIGESTA:

SOLUTION/
PLANT
UPTAKE:

H,PC;;
microbial P

H.POz

DUNG:

SOIL:

. CaHPO,;
C“ES :z%h:}es‘ microbial P inciuding
phosphates: nucleic acids,
PinOM; phaospholpids, b4
adsarbed gichoic acids

H.PO; URINE:
Negligible;
frace of
H.PO;:

SOIL PARENT
MATERIAL:

Apatite; Fe and Al
phosphates

Fig.6.4. Outline of the main forms of P involved in the cycling of P in grassiand,

-
Ko & <
fe
.

OF Vradebvore
B ]

 ~ekolos ! CZ.1.07/2.2.00/28.0149
i



CYKLUS FOSFORU NA PASTVINE ... Whitehead 2000

Table 6.12.  Estimated P balances (kg P ha~" year") typical of three systems of grassland
management: intensively managed grass, moderately intensive grass—clover and extensive grass,
all grazed by cattle (except during the winter) in UK conditions (based on data from Parfitt, 1980;
Aarts et al., 1992; Haygarth et al., 1998).

Intensive grass Grass—clover Extensive grass

(dairy cows) (beet cattle) (beef cattle)

Inputs

Fertilizer 25 15 0

Atmosphere 1 1 1
Aspects of recycling

Uptake into herbage 55 30 6

Consumption of herbage by animals 44 20 3

Dead stubble and herbage to solil 20 20 5

Dead roots 1o solil 9 9 2

Excreta to soil of grazed area 27 18 2.7
Outputs

Milk/live-weight gain 12 2 0.8

Leaching/runoff 1 0.2 0.1

Loss through excretion off sward 5 0.0 0.0
Gain (loss) to soil 8 12 0.1
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CYKLUS FOSFORU
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(Marschner and Rengel 2007)
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ODBER ZIVIN SKLIZNIi PICE ... Whitehead 2000

Table 3.5. Amounts of nutrient elements removed in cut herbage or consumed by grazing
animals: (i) with a herbage yield of 3000 kg DM ha™' and rather low concentrations of nutrients;
and (i) with a herbage yield of 10,000 kg DM ha™! and rather high concentrations of nutrients
(kg or g ha™ year™).

) (i)

Assumed nutrient  Removal in 3000 kg Assumed nutrient  Removal in 10,000 kg

concentration herbage DM concentration herbage DM
N 2.0% 60 kg 4.0% 400 kg
P 0.2% 6 kg 0.6% 60 kg
s 0.2% 6 kg 0.4% 40 kg
K 1.5% 45 kg 3.5% 350 kg
Na 0.05% 15kg 0.5% 50 kg
Ca 0.5% 15 kg 1.2% 120 kg
Mg 0.1% 3kg 0.3% 30 kg
Cl 0.2% 6 kg 2.5% 250 kg
Fe 50 mg kg™ 150 g 300 mg kg™ 3000 g
Mn 20 mgkg™ 60g 150 mg kg™ 1500 g
Zn 15 mg kg™ 45g 60 mg kg™’ 600 g
Cu 5mg kg’ 15¢ 15 mg kg™ 150 g
Co 0.05 mg kg™ 0.15g 0.25mg kg™ 259
| 0.1 mg kg~ 03g 0.5mg kg™ 504
B 3mg kg™ 9g 15 mg kg™’ 150 g
Mo 0.1 mgkg™ 0349 4 mg kg™ 409
Se 0.05 mg kg™ 0.15g 1 mg kg™ 109
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DODANI ZIVIN HNOJIVY ... Whitehead 2000

Table 6.4. Amounts of fertilizer P (kg P ha™') recommended for grassland in the UK, based on

soil analysis (MAFF, 1994).

Extractable soil P (mg P I)?

0-9 10-15 16-25 26-45 > 45
Grazed grass and grass—clover 26 17 9 0 0
Cut grass and grass—clover
1st cut 44 26 13 13 0
2nd cut 22 13 13 0 0
3rd cut 0 0 0 0 0
4th cut 0 0 0 0 0

3S0il P extracted by 0.05 M NaHCO, at pH 8.5, mg P I"' of sail.
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TYPY FOSFORECNANOVYCH HNOJIV A APLIKACE V TRAVNICH POROSTECH

Table 6.1. The main types of phosphate fertilizer.

Fertilizer Chemical formula % P Solubility in water
Superphosphate Ca(HzPOy), + CaS0,.2H,0 8-9 ngh
Triple superphosphate Ca(H,PO4), 20 High
Monoammonium phosphate NH,H,PO, 26 High
Diammonium phosphate (NH4)oHPO, 23 High
Rock phosphate Caa(PO,)-/apatite 12-16  Low

Table 6.2.  Effect of applying superphosphate annually for 35 years on the conceniration of total

P (mg P kg~ soil) in four horizons of a grazed grassland soil in New Zealand (from Nguyen and
Goh, 1992a).

Rate of application (kg P ha' year™)

Soil horizon, depth Initial soil P

{mm) (mg kg™) 0 16 32
0-75 710 750 930 1150
75-150 670 715 885 1010
150-225 600 625 680 740
225-300 505 500 500 510

{(Whitehead 2000)
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Koncentrace zZivin v hnoji (exkrementy) a kejdé (exkrementy + moc) ... rozdily

Table 2.7. Some reported average concentrations of nutrient elements in cattle manures and
slurries (% or mg kg~ in DM): (i) 400 samples, Maryland (Brady and Weil, 1999); (i} monthly
samples, 1 year, seven farms, North Carolina (Safley et al., 1984); (iii) samples from six farms
(Levi-Minzi et al., 1986); (iv) average values (Van Dijk and Sturm, 1983); and {v) 13 farms,
north-west Spain (Diaz-Fierros ef al., 1587).

(1) (i (i) (iv) (v)
Manure, dairy Manure, dairy  Manure, beef  Slurry, cattle,  Slurry, dairy
cow, USA cow, USA catfle, ltaly  The Netherlands cattle, Spain

N (%) 24 47 0 70 4mmm 5 o 4,00
P (%) 0.7 0.95 ¢pye—) 105 0.70
S (% 0.3 = - - -
K (%) 2.1 2,18 337 4umm 567 4.15
Na (%) - 0.41 = = 0.98
Ca (%) 1.4 117 14 186 1.7
Mg (%) 0.8 0.60 08 0.90 0.70

Table 8.4. Estimated amounts (kg ha™" year™) of K, Na, Ca and Mg retumed to the soil in the
excreta of dairy cattle grazing at a density of 700 cow-days ha-! year!, assuming 25 | urine and
3.8 kg faecal DM cow' day!, and fypical concentrations derived from Tables 8.21 and 8.22.

K Na Ca Mg
Assumed concentration in urine (g ') 6.0 0.98 0.27 0.51
Return in urine (kg ha) 105 17 4.7 8.9
Assumed concentration in dung (% in DM) 0.86 0.20 165 0.55
Return in dung (kg ha™) 23 5.3 44 146
Total retumn in urine + dung (kg ha™") 128 22 49 24

(Whitehead 2000)
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CYKLUS DRASLIKU

Atmogpheric K
{only in suspendad
particulates)

FIGURE 10-14 The potassium cycle, showing transformations, forms, and amounts of poiassium in
soill.  (Courtesy of Aaymond W, ler )
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TOKY MINERALU NA PASTVINE ... Whitehead 2000

ANIMAL TISSUE:

ATMOSPHERE: PLANT TISSUE:

Free ions;
Ca mainly as apatiis
(in bone),
Mg in bone

Froe ions; Ca mainly
as Ca pectate;
Mg partly as
chiorophyll

SOLUTION/
PLANT
UPTAKE

ANIMAL DIGESTA:

Free ions,
Ca and Mg also as
luble complexes

SOIL
Minorais, 88 In | —————
|parent material;|
exchangeadie
cations;
CaCOy;
fixed” K
SOfL
PARENT
MATERIAL:
Feldspars;
A micas,
LEACHATE: pyroxenes;
s b amphiboles;

Fig.82. Outliine of the main forms of K, Na, Ca and Mg involved in the cycling of these slements

in grassland.
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TOKY MINERALU NA PASTVINE ... Whitehead 2000

Table 8.23.  Estimated balances of K, Na, Ca and Mg (kg ha' year') typical of two systems of
grassland management, intensively managed grass and extensively managed grass—clover, both
grazed by catile (except during the winter) in UK conditions.

Intensive grass Extensive grass—clover
(dairy cows) (beef cattle)

K Na Ca Mg K Na Ca Mg

Inputs
Fertilizer 60 0 0 0 0 0 0 0
Aimosphere 4 20 15 3 4 20 15 3
Aspects of recycling
Uptake into herbage 250 40 120 0 25 37 12
Gonsumption of herbage by animals 200 32 96 24 15 22 7 1.8
Dead stubble + herbage to sail 100 16 48 12 3 45 15 .
Dead roots to soil 30 10 25 9 20 7 16 6
Excreta to soil of grazed area 155 23 1 20 14 17 6 1.7
Cuiputs
Milk/live-weight gain 15 5 12 1 15 05 12 01
Leaching/runoff 15 20 150 40 25 20 30 4
Loss through excreta off sward 28 4 13 3 0 0 0 0

(=21

Gain (loss) 10 soll -9) (-160) (—41) 0 0 (-16) (-1)

= cocians : e { ~ekolos CZ.1.07/2.2.00/28.0149
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Biologicka fixace dusiku

» vy7aduje hodné energie (12 g asimilovaného uhliku za 1 g fixovaného dusiku)
* energie ve formé ATP ... potieba fosforu
* anaerobni podminky - enzym NITROGENAZA — vy7aduje Mo, Fe, S
» nesymbioticky fixovany dusik — do 5 kg/ha/rok (heterotrofni bakterie Azotobacter, Bacillus)
* mnozstvi symbioticky fixovaného dusiku:
1-2 kg/ha/rok ... lisejniky v lese
300 kg/ha/rok ... olse

400 kg/ha/rok ... vojtéska (Whitehead 2000)
SV A e [R5 T ';__:i,— B )

' ' -noduly
(hlizky na korenech)
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Olse s hlizkami aktinomycety Frankia

fond v CH EVAOPSKA UNIE Prv boneurereme hagred
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Prehled symbiotickych fixatorti dusiku (prokaryota) a jejich hostitelQ

Table 2.1 Examples of some N,-fixing bacteria and some of the possible plant symbiotic partners
[see Sprent and Sprent (1990) and Sprent (2001) for a full discussion]

Bacterial group Microsymbionts Some possible host
plant genera
Actinomycetes Frankia Alnus, Casuarina,
gram-positivni Myrica, Gymmnostoma
Cyanobacteria Nostoc, Avabaena Cycads, most li-

Eubacteria (symbiotic)
Mesorhizobium, Rhizobium

gram-negativni

Sinorhizobium

Blastobacter, Burkhold-
eria, Devosia, Ralstonia

Eubacteria (asymbiotic) Acerobacter, Azospirillum,
Beijerinckia, Herbaspirillum,

Klebsiella, Pseudormonas

Azorhizobiwn, Bradyrhizobium,

chens and Azolia

Woody perennial legumes
- Acacia, Calliandra,
Chamaecrista, Erythrina,
Leucaena, Robinia

ryzove pole s azolou

Herbaceous legume species
— Arachis, Cicer, Glycine,
Lotus, Lupinus, Medicago,
Pisum, Trifolium, Vicia

See Chen et al. 2003

See James 2000

INVESTICE DO ROZVOJE VZDELAVANI

(Marschner and Rengel 2007)
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Vliv dostupnosti mineralniho dusiku na fixaci

- amonna forma dusikatého hnojiva nesnizuje pocet hlizek resp. aktivitu bakterii (vievo)

- dusi¢nanova forma hnojiva zasadné redukuje biologickou fixaci (vpravo)

Table 2. Effects of combined N on nodulation and
nitrogen fixation by some legume tress.

(a) Mimosa caesalpiniagfolia. Plants wers grown in
a greenhouse, inoculated with an effective rhizo-
bial strain and either without added N or given 10
mg N per week as aither calcium nitrate or ammo-
nium sulphate. Plants were grown in a glasshouse
and harvested at 76 d. Nodules formead in the pres-
ence of ammonium appeared normal, but those of
nitrated treated plants were grossly distorted. Ni-
trate significantly reduced number of nodules, but
ammenium had no efiect. Ammenium-treated
plants had significantly more N than those of the
other freatments (data from Goi et a/. 1997 ).

N source  Number of N/plant (mg)
nodules/plant

N, 38 8.55

NO, 2 13.70

NH, 41 49.64

(Sprent et al. 1999)

SOCKIN
w
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Fig.2.2 Nodulation and Nz fixation in Medicage truncatila (barrel medic) as a functon of NGy
supply ina pot study (M. Unkovich, unpublished)

(Marschner and Rengel 2007)
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Alnus viridis

y Ceanothus fendleri — latnatec
Rhamnaceae — resetlakovité

- sukcese pro pozaru
- Oregon, USA
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DEKOMPOZICE ORGANICKE HMOTY

MINERALIZACE DUSIKU zdvisla na poméru C:N (pfi hodnotach < 20-30, nad tyto
hodnoty imobhilizace)

-pouze 1-5% dusiku v ptidé v minerdlni formé

-amonné ionty adsorbuji na jilové minerdly (pouze vzacné volatilizace — pri vysokém
pH, napt. hnojeni mocovinou)

-nitrifikace amonnych iontd na dusi¢nany je predpokladem vyplavovani (pfi hnojeni
mocovinou poufziti latek zabrarujicich nitrifikaci)

MINERALIZACE FOSFORU zavisla na poméru C:P (pri hodnotiach <200, nad 300
imobilizace)

- fosfor se nevyplavuje (pri nadmérném hnojeni budovani zasoby na desitky let)

[\_ k 2 :...
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Koncentrace zZivin v opadu drevin: jehlicnaté a listnaté

Table 4.7 Major nutrients in some boreal and temperate litter species

Concentration of nutrient (mg g™')

Litter N P S K Ca Mg Mn
Coniferous needles

Scots pine' 4.3 0.33 0.55 1.07 4.4 0.49 0.79
Lodgepole pine” 39 (134 0.62 0.56 6.4 0.95 1.79
Maritime pine’ 6.8 0.54 1.01 1.95 3.1 1.90 0.59
Red pine’ 6.0 (.36 0.73 1.40 8.9 2.00 0.73
White pine* 5.9 0.21 0.68 0.70 7.2 1.10 0.80
Jack pine* 7.8 (.64 0.77 2.30 4.0 2,10 0.25
Limber pine’ 43 0.43 0.52 1.10 5.3 1.10 0.21
Norway spruce? 49 0.45 0.73 .72 17.9 0.65 -
Stone pine* 3.0 0.57 1.36 5.9 7.1 24 0.19
Corsican pine’ 4.7 (.54 0.71 3.5 7.8 1.3 0.5
Monterey pine' 5.6 0.22 0.7 1.3 1.9 0.93 0.47
Alcppo pine 43 (.38 1.3 1.73 25.2 2.33 0.03
Average |52 0.42 081 1.85 8.3 1.43 0.58
Deciduous leaves

Grey alder® 30.7 1.37 6.12 15.6 12.3 2.32 0.10  olSe Seda
Silver birch' 7.7 1.05 0.80 4.7 11.8 3.30 1.23
Ash' 8.6 1.96 - 15.3 33.2 2.28 0.03
Mountain ash’ 7.1 0.31 - 10.8 12.4 2.86 0.30
Trembling aspen’ 8.2 0.93 - 5.1 29.9 4.69 0.53
European maple' 3.1 3.15 - 13.1 20.4 1.46 0.12
European beech’ 9.5 1.40 1.30 2.3 7.4 1.20 1.90
Common oak' 5.9 0.73 - 0.75 7.2 (.68 (.89

Average ). 1.45

f.."‘.—,i j’(.
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Koncentrace Zivin v opadu drevin: % Zivin v opadu z pavodniho mnozstvi v sezoné

Table 4.3 Comparison of concentrations of some common nutrients in green leaves collected 1n
July, and in the corresponding foliar litter collected at litter fall (B. Berg, unpubl. data}. N.B. The
table compares only concentrations, and does not consider retention or withdrawal of nutrients
(Scct. 4.3.2). Data for European beech are from Staaf (1982)

Concentration of nutrient (mg g7)

Litter type N P 5 K Ca Mg Mn

S. pine (br)* 3.6 0.20 0.44 0.5 5.6 0.34 1.19

S. pine (gr) 121 | 36 (.81 59 39 0.79 0.53

% conc. change® | 30 15 55 8 143 43 224 borovice
LP. pine (br) 3.1 0.29 0.44 0.5 8.7 706 203 | lesni

LP. pine (gr) 10.5 0.82 1.17 38 4.0 093 0.82

% conc. change 30 35 38 13 220 113 250

N. spruce (br) 4.2 0.41 - 1.0 13.1 0.89 1.32

N. spruce (gr) 8.5 1.32 - 4.0 1.3 1.22 1.07

% conc. change 49.0 31 - 24 115 13 123

S. birch (br) 7.7 1.05 0.80 47 11.8 3.30 1.23

S. birch (gr) 24.3 1.96 1.54 9.0 9.5 3.37 0.76

% conc. change 32 53 52 52 124 98 158

T. aspen (br) 6.8 N.63 1.37 6.3 17.1 2.13 0.15

T. aspen (gr) 24.2 2.12 1.87 142 8.4 2.29 0.10

% conc. change 28 30 73 44 204 92 150

E. beech (br) 9.1 0.63 1.21 2.7 10.0 1.70 -

E. beech (gr) 22 6 1. 44 1.18 5.4 At 1.67 -

% conc. change | 40 44 103 50 130 102 ~] buk lesni

'S, pine Scots pine, LP. pine lodgepole pine, N. spruce Norway spruce. . birch silver birch,
1. aspen trembling aspen, E. beech European beech, br brown, gr green

'Concentration change is here expressed simply as the concentration in brown litter as percentage
of that in green litter
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Recyklace dusiku dekompozici organickych residui

Table 5.2.  Typical C: N ratios of plant residues, animal excreta and the biomass of soll
microorganisms and earthworms decomposing in grassland soils.

C N C:N

(%inDM) (% inDM)  ratio  Reference
Dead grass herbage, little or no fertilizer N 48.4 1.1 44 :1| Whitehead, 1995
Dead grass herbage, high rate of fertilizer N 48.4 2.5 19:1| Whitehead, 1995
Dead clover herbage 48.4 2.7 18:1| Whitehead, 1995
Grass roots, little or no fertilizer N 49.4 1.07 46:1| Whitehead, 1970
Grass roots, high rate of fettilizer N 48.5 1.64 30:1| Whitehead, 1970
White clover roots 50.2 3.77 13:1| Whitehead, 1970
Faeces of cattle or sheep 48 2.4 20:1| Seep.122
Urine of cattle or sheep 43 11.0 39:1| Seep.122
Farmyard manure 37 2.8 13:1| Jenkinson, 1981
Bacteria 50 15.0 3.3:1| Jenkinson, 1981
Actinomycetes 50 11.0 4.5:1| Jenkinson, 1981
Fungi 44 3.4 13:1| Jenkinson, 1981
Earthworms 46 10.0 4.6:1| Jenkinson, 1981

(Whitehead 2000)
Ef ooy - %' L [ ekolos, CZ.1.07/2.2.00/28.0149
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C : N pomér rozhodujici pro rychlost dekompozice organického materialu

Odumfiela organickda hmota (litter types)

vojtéska (alfa-alfa) 13:1

jetel (clover) 20:1

sldma (straw) 80:1

opad listnatych drevin (deciduous) 40:1 to 80:1
opad listnatych drevin (coniferous) 60:1 to 130:1
dievo 250:1 to 600:1
Phdni organickd hmota 12:1 to 50:1

mikrofléra potiebuje nejdrive inkorporovat dusik z ptudy do vétsiny druht opadu,

aby mohla byt nastartovana dekompozice (C:N < 20-30)
* opad s vysokym C:N muZe zptsobovat deficienci dusiku v padnim roztoku

¢ béhem dekompozice dochazi k uvolfiovani uhliku ve formé CO, , C:N tak postupné

klesa

e lignin:N pomér také dobry prediktor dekompozice (vice ligninu — pomalejsi rozklad)

...lignin imobilizuje dusik chemicky (podobné vliv tanint)

2 ffl_".f.ftﬂ‘*’ i, e  ~ekolos) CZ.1.07/2.2.00/28.0149
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C : N pomér rozhodujici pro dekompozici a mineralizaci dusiku ... Badia et al. 2008

Table 1 Soil properties in different zones, as mean of two sampling seasons and six replicates per zone (n=12),

4 vy$si pastevni tlak
1 2 3

Parameter
B 5 SEM
pi 5.89 G.30 574 5.58 5.00 0.08
Organic C (%) 6.44 4.34 3:59 399 4.82 031
Towal N (%) 0.73 0.50 0.37 0.41 0.47 0.04 mineralni dusik
-dostupny pro rostlin
N-NO; (mgkg®) 24.48 2238 10.12 4.60 2.45 231 pny p . Y :
-nekoresponduje s celkovym
N-NH, (mg kgt 94.73 63.17 5L.19 25.48 34.05 354 obsahem dusiku v pidé (Total N)
Table 5 Effects of livestock behavior on soil-plant relationships in the studied camping arca
Relative position along the
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Kalkulace C : N poméru ... prabéh dekompozice organického materialu

Priklad 1

C:N pomér organického materidlu (opadu) = 48:1

C:N mikroflory = 6:1

u¢innost vyuziti uhliku mikroflérou (C use efficiency) = 50%

ze 48 jednotek spotifebovaneho uhliku:
- 24 jednotek unikne jako CO,

- 24 jednotek je inkorporovano do mikrobidlni biomasy

pro inkorporaci 24 jednotek uhliku, mikroflora pottebuje 24/6 = 4 jednotky dusiku

nicméné pouze 1 jednotka dusiku pochazi z dekompozice 48 jednotek uhliku

3 jednotky dusiku jsou imobilizované v mikrobialni biomase na rozklad 48

jednotek uhliku
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Kalkulace C : N poméru ... prabéh dekompozice organického materialu

Priklad 2

e  C:N pomér organického materidlu (opadu) = 12:1
C:N mikroflory = 6:1
ucinnost vyuziti uhliku mikroflérou (C use efficiency) = 50%
z 12 jednotek spotiebovaného uhliku:

- 6 jednotek unikne jako CO,

- b6 jednotek je inkorporovano do mikrobialni biomasy

pro inkorporaci 6 jednotek uhliku, mikrofléra potrebuje 6/6 = 1 jednotku dusiku

1 jednotka dusiku pochazi z dekompozice 12 jednotek uhliku

systém je v rovnovaze — zadna imobilizace ani mineralizace dusiku

fond v CH  EVROPSKA UNIE Prv boeve e e hagreed
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Kalkulace C : N poméru ... prabéh dekompozice organického materialu
Priklad 3

e  C:N pomér organického materidlu (opadu) = 12:1
C:N mikroflory = 6:1
u¢innost vyuziti uhliku mikroflérou (C use efficiency) = 25%
z 12 jednotek spotiebovaného uhliku:

- 9 jednotek unikne jako CO,

- 3 jednotky jsou inkorporovany do mikrobialni biomasy

pro inkorporaci 3 jednotek uhliku, mikrofléra potrebuje 3/6 = 0.5 jednotky dusiku

1 jednotka dusiku pochazi z dekompozice 12 jednotek uhliku

0.5 jednotky dusiku je uvolnéno do pudniho roztoku (Cista mineralizace) z rozkladu
12 jednotek uhliku
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Residence time of litter ... doba, po kterou zistava opad nerozlozen

-muZe byt spocitdno jako podil celkového mnoZstvi opadu na zemi a kazdorocniho nového

vstupu
-borealni les: Ziviny zastavaji imobilizovany v opadu prirozené nékolik set let ... poZary uvolriuji

Table 6.8 Mean Residence Time (yr) for Organic Matter and Nutrients in the Surface -
Litter of Forest and Woodland Ecosystems*

Mean residence time (yr)

Region Organic matter N P K Ca Mg
Boreal forest 353 230 324 94
Temperate forest i =
Con]fcroua 17 17.9 15.3 2.2 5.9 12.9
ngduom 4 5.5 5.8 1.3 3.0 34
Mcdn}crranr:an 3.8 4.2 3.6 1.4 5.0 2.8
Tropical rainforest 0.4 2.0 L6 0.7 1.5 1.1

“ Values are calculated by dividing the forest floor mass by the mean annual litterfall, Boreal

Enrﬂbtzmpemc values are from Cole and Rapp (1981), tropical values are from Edwards and
(1982) and Edwards (1977, 1982), and Medite

Py iy ) rranean values are from Gray and
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Atmosférické depozice Zivin ve Velké Britanii ... Whitehead 2000

Table 2.4. Deposition of nutrient elements at three rural sites in the UK: average
annual amounts (kg or g ha~' year) during the period 1972-1981 (Cawse, 1987).

Range for three sites Mean
N (nitrate only) (kg) 36-44 40
S (sulphate only) (kg) 43-58 52
K (kg) 9-20 =D
Na (kg) 21-41 29
Ca (kg) 15-19 17
Mg (kg) 511 7.2
Cl (kg) 42-74 54
Fe (g) 1400-5700 3100
Mn (q) 90-200 135
Zn (g) 480-1000 660
Cu (g) 170-250 220
Co (g) 1.6-6.0 3.3
| (g) <30-<70 <50
Mo (g) <10 <10
Se () 2.8-5.2 4.0

cacans - ' e ' ~ekolo CZ.1.07/2.2.00/28.0149
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Vliv atmosférické depozice dusiku na travni porosty ... Stevens 2009

Variable (Units) (direction/significance of Abbreviation Range
correlation)

Total nitrogen deposition (kg N ha™" yr ) R N'dcp 6.2-363
Total deposition NH; + NH (kg N ha”’ vr'") (=) N-red 28-312
Total deposition NO + NO, + NO;y (kg N ha” yr'') (=) N-ox 22126 Cary yawens
Sulphate deposition (kg SO, - Sha' vr'') () Sdep 6.6 -28.7 The Impact of Atmospheric
Acid deposition (totl N+ toral S, kg ha”' yr') (+) Aciddep 130-614 Nitrogz: gffif:::,:
Mean annual iemperature (°C) (+) Temp 66106 Species Compostion and Biogeachemisiry
Mean annugl precipitation (mm) (+) MAP 394 - 3038
Mean annual actual evapotranspiration (mm) (-) Al 35,7-492
Mean annual potential evapotranspiration (mm) (-) PE 35.8 - 547
Mean annual soil moisture deficit (mm) (-) SMD 34-514 -na celkove depozici
Altitude (m) (- Altitude 15- 692 dusiku se nejvice
Latter cover (%) NS Litter 0-24 pOd“EJI' NH3 2) NH4+
Slope (“) NS Slope 0-60
Aspect (") NS Aspect 0-315
Grazing intensity (visual inspection, scale 1-3) NS Girazing 1-3
Enclosure (presence or absence) NS Enclosure Presence/absence

Table 3.1, Variables examined for relationships to plant species richness (number of
species per quadrat). All variables were significantly correlated with plant species
richness (p < 0.05), except where marked NS for not significant. + shows a positive

correlation and — a negative correlation.
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Vliv atmosférické depozice dusiku na travni porosty ... Stevens 2009

- depozice dusiku snizuji pH pudy, ale nemaji vliv na dostupnost fosforu

100 1T — —_ -
5 ®
? -~ 80
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- L] ° o 50 .
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2 e re e [ S o® % o
E 4 = ‘.' © 20 Qe 'S. I =
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0 10 22 30 40 Total inorganic N deposition (Kg N ha™' yr')

Total Inorganic N deposition (kgN ha' yr')
. ) ) o ¥ 48 T 2 [ slatio 1 anic B 081t :
Figure 4.1 Decline in topssil pHl with increasing N deposition. Figure 4.8 Topsoil Olsen P in relation (o toral inorganic nitrogen deposition

-depozice nitratti nemaji vliv na dostupnost nitratového dusiku (vyplaveni), kdezto depozice
amonného dusiku silné pozitivné koreluji s jeho dostupnosti v ptidé (vazba na jilové mineraly)
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¥ 4.6 K0! axtrsctible niteate in n ri to wet deposition of niteat Figure 4.7 KC!| extractable ammonium in relation to wet deposttion of ammonium,
Figure 4. extractable nitrate in relation to wet deposition of nitente
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Vliv atmosférické depozice dusiku na travni porosty ... Stevens 2009

Forb richness (mean

number of forb species
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vies — Calluna vulgaris, Anglie

smilka — Nardus stricta, Skotsko
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Vliv atmosférické depozice dusiku na travni porosty ... Stevens 2009

Metal Topsoil | Subsoil
' Total N Topsoil pH Total N Subsoil pH
deposition deposition
Lithium ** (=) % (+) *% (2) ¥ (+)
Sodium **6) XA | =) ¥ (+)
Magnesium | ** (-) =) =
_~ - hlinik:
Aluminium | % (+) =i+ e T s
: ' silné toxicky pro
Calcium S vétsinu rostlin
Chromium | #* (-)
Manganese * k)
Iron
Nickel (=)
Copper
Arsenic + (- AN Sl €
Barium * (9) s & )
Lead BT (+) Wk (_,) B H‘) deape (_)
—

Table 4.1 Relationships between metals and total inorganic N deposition and soil pH

(* p<0.05, ** p<0.01; -/+ indicates the direction of change).
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Vliv atmosférické depozice na sloZzeni opadu ... Berg and McClaugherty 2008

klesajici koncentrace siry, Zeleza, zinku, médi a olova na gradientu znecisténi

nepfiznivy vliv depozic tézkych kovl na koncentraci Zivin (N, P) v pletivech, ale také
na koncentraci Mn, ktery je nezbytny pro rychlou dekompozici opadu

Table 4.13 Concentrations of plant nutrients and heavy metals in local fresh needle litter of Scots
pine sampled at six study plots along a smelter pollution gradient in northern Sweden, and needle
litter sampled at an unpolluted (control) site. Concentrations of Na, Al, B, Ni, Mo, Sr, and Cd did
not vary along this transect (Berg et al. 1991b)

Chemical component

Dist.* (mgg™) (ug g™

(km) N p S K Ca Mg |Mn Fe Zn Cu Pb
2.5 378 026 099l 143 523 047 [079] 038 025  0.100 311
3 373 024 l073] 101 570 053 083 |036 0.19  0.068 191
7 325 0.19] |o49] 070 611 046 |126] 014 0.1 0.019 44
9 371 026] |os50] 1.08 465 056 |1.10] 027  0.11 0.012 34
13 366 025 |os53] 123 565 066 |143] |012 008  0.009 22
30 440 0221 jos1] 098 570 067 |121] |01 007 0006 12
Control [4.80 0.35] l0.41] 120 526 049 |1.35] 006 005 0002 1

aDist. Distance from smelter
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Cykly zivin v terestrickych
:mepskyf ekosystémech (EKO/C2)

i Mgr. Jan Mladek, Ph.D. (2012/2013)
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CYKLUS UHLIKU - dllezita plynna faze — ale ptida obsahuje cca 2-krat vice uhliku nez
atmosféra (jednotky: gigatuny ...10° tun)

Manuel C. Molles, Jr., Ecology: Concepts and Applications, © 1999 The McGraw-Hill Companies. Inc. All rights reserved.

The carbon cycle.

Carbon coming from | Uptake of carbon by terrestrial
destruction of vegetation 65> primary production
is approxim >~ approximately equals return
40% of fossil fuel bumlng " ' to atmosphere by respiration. !

Volcanic 3 « Destruction of = 1§V “"“‘-}2‘8"“ ig‘l::' conullt\he

vege ross primary twice
Fosd" fuel production m present
' atmosphere.
Soils Upuke of CO,by

1,500 the oceans
slightly exceeds
export to the

nmoaphere

Fossil fuels
contain carbon
fixed by primary
producers e Scesr a
millions of years : . : -
in the past. 'I' : - .

The oceans also

oedlmenu 0.1/ contain a large
pool of carbon.

- § R
evropsky - %I v;' e N
- e O oo _~ekoalos\ CZz.1.07/2.2.00/28.0149

INVESTICE DO ROZVOJE VZDELAVANI



Rozsitujici literatura - cyklus uhliku

Marek MV et al. (2011) Uhlik v ekosystémech Ceskeé republiky v ménicim se klimatu.
Academia, Praha.

MICHAL V. MAREK & kol

Uhlik v ekosystémech

Ceské republiky
v ménicim se klimatu

IVA PRIRODA

ACADEMIA
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Cyklus uhliku — vazba na dusik: akumulace organického materialu v pudé

- akumulace uhliku a dusiku v padé na sukcesnim gradientu Havajskych ostrovi (Vitousek 2004)

- nejmladsi ostrov (300 let): akumulace 500 kg uhliku a 30 kg dusiku ha* rok!

- zasoba uhliku a dusiku (org. hmoty) v padé se nejdiive béhem sukcese zvétsuje, ale poté zase

klesa (Fig. 4.3) ... pro¢?

Froure 3.10. Changes in the relative contributions of different soil minerals

'organiCkOU hmotu v pﬁdé stabilizuje adSOfpce Na along the substrate age gradient, revised from Vitousek et al. (1997b). Peimary

vysoce reaktivni mineraly (non-crystalline)

-pozdéji zvetravanim stoupa podil krystalickych

mincrals (the original minerals that were inherited from parent material) domi-
nate the youngest sites, followed by an assemblage of pedogenic non-crystalline
and poorly-crystalline minerals (allophane, imogolite, ferrihydrite) in intermediare
aged sites; these in turn are replaced by crystalline minerals and hydroxides
(kaolinite, gibbsite) in the oldest sites

. s 1.0 . e .
mineralu (Fig. 3.10), ty nestabilizuji org. hmotu
g() .
« B0 4
30 &
“ [ o~ §
E £ s 40
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Stabilizace organického materialu (uhliku) v pidé mineraly — pokracovani

Mineral control of soil organic
carbon storage and turnover

Margaret S. Torn", Susan E. Trumbore-,
Oliver A. Chadwickf, Peter M. Vitousek:
& David M. Hendrickss

Nature 389:170-173

- zasoba uhliku v puidé se béhem sukcese
zvétsuje, ale poté zase klesa (Fig.2a)

- nejpomalejsi rozklad org. hmoty na
ostrové 150 ky (Fig.2b), ma nejnizsi A 1*C

- neobvykle vysoké pozitivni hodnoty A 4C

‘?‘E 2 na ostrovech s rychlym kolob&hem uhliku  5cupats age
o e z dGvodu testd atmosférickych nuklearnich o, -
- . ’

6 bomb (u Havajskych ostrovi) e 24 kT
(.) 40— v vvr . z1 0 r e + 2\:‘ .yr
; —o - ¢im vys3i % nekrystal. minerald tim vice -
o 20+ v negativni A *%C (Fig. 3) — stabiliz. ,staré Y
2 sl v---_y-" zasoby uhliku®, radioaktivni C se rozpadl . .oyke
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Pudni organicka hmota — vliv manag. polnich kultur (Marschner and Rengel 2007)

-zmény v obsahu org. uhliku v ptdé (Luvisol, Austrilie): stubble - strnisté

"_I"l Lupin/Wheat rotation '-FE Lupin/Wheat rotation '_]'3: Lupin™Wheat rotation
25 4 Stubble retained. direct drilling Stubble retained, 3 ullage passes Stubble burnt, direct drilling 25
- N 2
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e eoo@ i e * e O
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104 - 10
—_
g - 3
= Ve Lupin/Wheat rottion “ Wheat/Wheal rotation Tf]: Wheal/Wheat rotation (plus X) -
— - Stbble bumt, 3 tillage passes Stubble burnl, 3 tillage passes Stubble burnt, 3 tillage passes -
= 254 -25
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U 157 s @ . * . " 5 - 15
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=
S 5 -5
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Dekompozice organického materialu ... Berg and McClaugherty (2008)
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Fig. 23 Disappearance of the main organic-chemical compoaents in Scots pine needle litter decom-

posing in a boreal Scots pine farest. X denctes umidentified compounds (from Berg et al. 19824)

- pribéh dekompozice opadu jehlic
borovice lesni (Pinus sylvestris)

- nejdfive rozklad rozpustnych
polymert (galaktany, arabinany)

- poté rozklad hemicelulozy a celulozy
(az po 1 roce od pocatku)

-nakonec rozklad ligninu
(aZ po 2 letech od pocatku)

Table 2.1 The time for onsct of net mass loss of different organic-chemical components and their
relative degradation rates in decomposing Scots pine needle litter (cf, Fig. 2.5: data from Berg

et al. |982a)*

I_isnin Cellulose  Mannans Xvlans Galactans Arabinans
Onset (days) 726 376 376 545 Immediate  Immediate
Rate (% day™) - 0.1041 0.0647 0.1077 0.0633 0.1461
0-726 days
Rate (% day™') 0.0418 0.0393 0.0526 0.0461 0.0375 (.0449
> 726 days
- IS
Ef oot ! e T ekolos) CZ.1.07/2.2.00/28.0149
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Dekompozice organického materialu ... Berg and McClaugherty (2008)

STAGES IN LITTER DECOMPOSITION _inicialni stadium (early):

Early stage | Latestage ' Humus-nearstage ' Humus —
| LIGNIN ' ! vliv klimatu (teplo -> rozklad)
CUMATE () o MG UGNING | INERT 2 vy$si konc. N, P a S -> rozklad)
N,P.S (®  EFFECT | N ' N- 7
8 DECLINES :

; . -pozdni stadium (late):
Limit value for decomposition T il
————————————————— negativni vliv konc. ligninu
/—' - - - - ' - r
negativni vliv konc. dusiku !!!

Decomposition
- vysoky obsah dusiku inhibuje
syntézu ligninazy, enzymu,
fe ktery pomaha rozkladu ligninu

Lignin concentration Decomposition (%)

Nitrogen concentration

N concentration

Time
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Vliv dusiku na rychlost dekompozice ... Hobbie (2008)

Substrate decomposition rate, k (yr ')

(OF.)
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0.5
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0.1

Pine1 Substatess ) | pine2 - - vice typ( substratu (druht opadu)
v Substate" | g (O na vice mistech (Pine 1, Pine 2 —
Substrate = nitrogen*® Nitrogen* B N-fertiized ) ; ’ )
pouze ukazka 2 mist z 8 ve studii)
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- vliv dusiku v zavislosti na typu
substratu (signifikantni interakce)

- zpomaleni dekompozice vlivem
pridaného dusiku u ploch s ptvodné
vysokou rychlosti rozkladu (Fig. 1 -
cervené)

FiG. 1.
the decomposition rate in control plots (k) for each substrate
in all sites (solid circles) and averaged across all substrates in a
site for all sites (open squares). The 1:1 line is shown with
solid line. The dashed line and equation represent the fitted line
for the solid circles. This line has a slope significantly less than

The decomposition rate in N-fertilized plots (Ay) vs.

1.0 (153 = —3.73. P < 0.001, R* = 0.94). One observation (not
shown) was excluded as an outlier (Cook’s D > 1.0). A line fit
through the open squares (v =0.07 ++ 0.71.x: line not shown) also
has a slope significantly less than 1.0 (te=-2.82, P < 0.05, R>=
0.89).

Zavér: zvysené depozice dusiku mohou stimulovat
sekvestraci (ukladani) uhliku v nékterych ekosystémech
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Imobilizace ... v inicialnim stadiu dekompozice typicka pro dusik (Marschner and
Rengel 2007)

- dekompozice opadu zavisla na inicidlnim C:N poméru opadu, ten ¢asto vyssi nez padni C:N
- z padniho roztoku se odcéerpava dusik (imobilizace) — vyrovnava se C:N v opadu a v ptdé

- napf. ve studii Koukoura (1998) stoupla po 24 mésicich konc. N v opadu 0 14% u D.i., 27% u C.g. a 118% u Fi

Dichanthium ischaemum _Y'Chr_&sopo"go
2 Y T ”; . WJ; 8 ff o

, RN ST =
Table 9.4 C/N ratios for all species and pla

Plant part
Species Initial 12 months 24 months
|.eaves Culms [eaves Culms [eaves Culms
D. ischaemum 35.5 59.2 27.3 46.2 20.2 34.7
C. gryllus 30.1 76.5 21.9 65.3 17 46
E ovina 36.2 80.1 28.2 63.6 21.1 40.6
T ! X  ~ekolos) CZ.1.07/2.2.00/28.0149
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Mineralizace Zivin ... nejrychlejsi u drasliku (Koukoura 1998)

- draslik neni soucasti strukturnich soucasti rostlinnych pletiv, proto je rychle z opadu uvolnovan

- napf. ve studii Koukoura (1998) klesla po 24 mésicich konc. Kvopaduo 79% u D.i., 77% u C.g. a 74% u Fi

5.0

Imitial valnes —=— Leaves D, ic.
4.5 +— Culms D.is.
10 +— Leaves C.gr.
) —+— Culms C.gr.
3.5 ®m4EB —o— LeavesF. ov.
:ﬁ —o— Culms F.ov
o 3.0- c
g .3.82
ad54
E 25| 3%
@ 2.0 D280
E =330
1.5
1.0
0.5
'Dg T T T T ] 1 I ' ! I

! ! '
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Sampling dates (every 3 months}
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Ziskavani Zivin rostlinami (Brundrett 2009, Lambers et al. 2010)

30000

a Global Total
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Mycorrhizal plants Categories of nonmycorrhiza
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AM

(72.6%)

*93% vSech krytos. rostlin vyuziva mykorhizu
- AM: arbuskularni

- EM: ektomykorhiza

- Ericoid: erikoidni

- Orchid: orchideova

*dalsi maji spec. strategie (NM):
-masoZrave

-paraziticke

-,cluster roots” (Australia)

*jiné rostou v Gzivném prostiedi (NM,
disturbed), vice napf. v Britanii ... UK
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Rostliny bez mykorrhizy (Brundrett 2009)

Other NM
M Alpine, arctic

Succulent
B Weedy
[ Saline
[l Sand binding, cluster,etc.
Cluster
M Aquatic Marine Unknown

Carnivores
M Parasites

M Epiphytes
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Mykorhiza vs korenové exudaty (Lambers et al. 2008)

Fig. 10 Biogenic ferricrete around a root of Eucalyptus sp.
growing vertically, several meters below the soil surface in a
§ deep podzolic soil developed in a sandy parent material at
8 Jandakot, Western Australia. Note iron oxide precipitation in
% | the rhizosphere (photo by Philippe Hinsinger)

- mykorhizou ziskava rostlina - kofenovymi exudaty ziskava rostlina Ziviny z malého
Ziviny z vétsiho objemu pady objemu ptdy — mobilizace Zivin chemicky (miners)
(scavengers)
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Korenové exudaty vs mykorhiza (Lambers et al. 2006)

-zmeény v dominanci celedi na gradientu padniho fosforu
Proteaceae (cluster roots)  Casuarinaceae (cluster +mykorhiza)  Myrtaceae (mykorhiza)

- vétsi uplatnéni mykorhizy pri vyssich koncentracich fosforu v padé
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Ziskavani fosforu korenovymi exudaty (Lambers et al. 2006)

- bobovité (Lupinus spp., Pisum), lipnicovité (Triticum), brukvovité (Brassica — repka olejka)

Al-P Fe-P
Brassica napus
Fra. 6. Shoot fresh weights (g) of several crop species grown for 7-5 weeks supplied with basal nutnents and O (G-P) or 40 mg Pkg™' dry sand in the form of
soluble KH,PO, (K-P), or sparingly soluble AIPO, (Al-P), FePO, (Fe-P), or CasOH(PO )5 (Ca-P) (n= 14}. When P;is supplicd in sparingly soluble forms,

Lupinuy albus and L. coseminid, which combine high carboxvlate release with the formation ol cluster roots, performed best
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Korenové exudaty (Lambers et al. 2009)

A L& N 'y o N =
Fig. 9 Root-induced calcrete appearing as caleified roots
forming as a result of calcum carbonate (calcite) precipitation
in the cortical cells of perennial grasses growing in the
‘garrigues’ Mediterranean bush North of Montpellier n
calcareous soils developed on a calcareous marl parent material

Fig. 8 Root-induced calerete formation as a result of calcium
carbonate (caleite) precipitation around a peach (Prunus
*persica) root hiopore (reproduced from Callot et al. 1983, with
kind permussion of INRA Publishers) as a consequence of
mass-flow and mcreased concentration of Ca rons 1 the

formed around tree roots after the soil was blown away
following a bushfire, exposing the so-called ‘Pinnacles’™ in
Nambung National Park (b), 200 km north of Perth in Western
Australia (photo by Philippe Hinsinger)
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Mykorhiza u rostlin — pozice ve fylogenetickém systému (Lambers et al. 2009)

Basal Angiosperms' &
Eumagnoliids? VYSVETLIVKY
Cor: lales? . 2 :
S——— - AM: arbuskularni
’ Acorales =
. et - ECM: ektomykorhiza
5 Apargeles’ - NM: ne-mykorhizni rostliny
—é Likes _ - Ericoid: erikoidni
5 ©w Fandanales - . ’
e Arocales - Orchid: orchideova
,2 Poales
S _‘_: Commelin:
3 Zingiberalos
Ranunculales
Protesles
- s 2.0 travy: vylucuji phytosiderophory —
[ Y. oA e
2 Saxiragales ty mobilizuji Fe, Zn, Mn, Cu
® Gerankles
Malphiglales
Oxaligales
pr— o ast
= Rosales
8 —l_: Curcurbifala:
g § Fagales
e Myrtales
@ '_ Brassicales
§ Malvales
Kay: -1 I_|_ Sapindales
“
AM only (if known) Comales
Some ECM Ericales®
Many ECM Garryales
Some NM 1 _| i Gentlanales’
Many NM g Lemizlos  Fig. 1 Phylogenetic position of mycorrhizal lineages in a
:;“/'L:;'hd‘:” & igﬁ;a,:f% simplified Angiosperm family tree, with indications of the extent
/arch 5 S s gl o oom .
‘So?ng — —| ‘ Apiales  of the mycorrhizal staws within each plant family (modified after
g:;zz:;s Brundrett 2002, with kind permission of Blackwell Science Ltd.)
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Rozsitujici literatura - mykorhiza

Gryndler M et al. (2004) Mykorhizni symbioza. Academia, Praha.

Brundett M, Bougher N, Dell B, Grove T, Malajczuk N (1996) Working with mycorrhizas in
forestry and agriculture. ACIAR.

WORKING WITH
MYCORRHIZAS
IN FORESTRY AND

http://www.mycorrhizas.info AGRICULTURE

fond v CR  EVROPSKA UNIE Pre hoeve e e hagresed

m G
«rrczpsky 4] [y —ekolos CZ.1.07/2.2.00/28.0149

INVESTICE DO ROZVOUJE VZDELAVANI



Vliv mykorhizy - rast (Gryndler et al. 2004)

MYKORRHIZA

KONTROLA

KONTROLA MYKORRHIZA

IT Srovadnd kefeaovéhe systéme rostiny Romuiea p. (kvstoact rostimy vlevo sepatt mem orchidejs)
4 erchideje Ophovy senthredindera (vpravo). Jo¢ o draby, kiord se &ast0 vyikytugi ma lokahitich ve Stiodo-
moli sowdased. Kolenovy systém sostlin rodu Romslea jo Sohamd sorvinut, Naproti tomu archideje
vytvilg jen nekolik milo thistyeh kotend Tyto rosttiny byl spolecns péstovany po dobu &yF mésicd,
ani2 byly na rostlinked Romudea shlcdday coamky parogenity orchideoidni mykorhizni boushy Riizocto.
23 Viiv mokulace ektomykothiznimi boubarai u dbevin v lesnich Skolkdch Rostliny smrky (sahote) i sp., Merd velmi silné kolonmovala hefeny Opfirys tenthredinifera
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Vliv mykorhizy na pfijem Zivin (Brundrett et al. 1996, Read and Perez-Moreno 2003)

A_ Plant with a tine root system and long root hairs

l No Mycorrhizal fungi

Mycorrhizas present

* Mycorrhizal benefit amall *

B. Plant with a coarse root system without root hairs
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- mykorhiza zlepsuje prijem fos
zejména u rostlin bez jemného
kofenového vidseni (orchideje)
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1000 -

Total N {ug)

500 -

(b)
100 -

75 4

50

Total P {ug)

25 -

0
Root Shoot

Fig. 5 Total nitrogen (a) and phosphorus (b} contents of Betula
pendula plants grown in the ectomycorrhizas (ECM) condition with
P involutus in microcosms with (closed bars) and without (open bars)
litter and harvested 90 d after litter addition. Vertical bars indicate
95% confidence limits. (From Perez-Moreno & Read, 2000.)

-potieba organické hmoty pro ziskani Zivin
mykorhizou

-nadobovy experiment
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Mykorhiza napfic biomy — gradient P:N (Read and Perez-Moreno 2003)

R Increasing latitude or altitude

Biome Heathland Boreal Forest Temperate Forest Grassland

Soil Organic-Raw Humus Surface Organic Brown Earth Mineral

(Mar) or Pea (Mar-Moder) (Moder-Mull)
Nitrogen Organic-Protain Organic - NH, NH, - NO, NOy
Source Lite mineralisation Limited mineralisation Mineralisation Nitrification dominates

No rutrification
Mycorrhizas  Ericoid (some Ecto.) Ecto-(Ericid understory)  Ecto-(AM understory) AM- (scarce Ecto-)
Fungal Extensive abilitios Considerable saprotrophic  Ecto-fungi of reduced AM fungi with little or no
Symbiont to degrade structura capabilties in bothEncoid  saprotrophic capabilties saprotrophic abilties
L and nutrient contaning and Ecto-fung +AM largaly non
Activity polymers saprotrophic
& Decreasing soll pH
Decraasing phosphorus availability and PN ratio -3

Fig. 10. The proposed relationships, on a northern hemisphere based global scale, between the distribution of biomes along environmental
gradients and the roles of the prevailing mycorrhizal association in facilitation of N and P capture by the characteristic functional groups of plant.
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Odlisné strategie rostlin s riznymi typy mykorhizy (Cornelissen et al. 2001)
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Fig. 2A-D Mean values (+1 SE) for plant traits of six functional
plant types based on a combination of mycorrhizal association aud
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Fig. 3A-D Mean values (+1 SE) for plant traits of mycorrhizal
plant types by leaf habit. using the woody species only. The two

‘ericoidni’ rostliny: v ekosystémech s malou dostupnosti dusiku (N v org. hmoté, ptda: mor,
nizké pH) — pomaly rust, nizké koncentrace Zivin v listech — pomaly rozklad (recalcitrant litter)

VS

‘arbuskularni’ rostliny: v ekosystémech s vyssi dostupnosti dusiku (anorg. N, ptada: mull,
vyssi pH) — rychly rast, vysoké konc. Zivin v listech — rychly rozklad

‘ektomykorhizni’ rostliny: mezi, ptida: moder, konc. Zivin jako ar., ale rozklad jako er.
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Role mykorhizy pro ziskavani Zivin (BassiriRad 2005)

Improved uptake of dissolved
mineral nutrients by
mycorrhizal mycelium

Weathering & solubilisation
of minerals

Utilisation of organic nutrients

Unproved iptake of assoved LMY compounds

acguisiion of N & P from ofganic polymess weathering of mineral surfaces & particles

physicel extension of roat system

productien of srganic acids & sideropheres

incraased uptoke surfece area TT— o

penetration of soil microsites '

potential effects of
mycorrhizal fungi

flmd drought tolerance

watar uptake by mycefium - larger

surface area. penefration of sofl
pores, tronsfer of water from reet to
\ mycelium maintaing mycelial integrity

(Impnoved pathogen tolerance

resigtance to pathogens

physical barrier 1o entry
antibiotic produc tion
competition cffects

Interactions with bacteria

chenged functiomal diversity of boctaria
associative N-fixation, biocontre!, plant
growth stimulation, mineral solubilisation,
synergistic effects on broremediation
effects on mycorvhizal colenisation

\ Interactions with other fungi

and soil animals
competitive interoctions with

saprotrophs, pathogens
4 other mycarrhizal Fungs

grazing interactions, nutrient acguisition

Improved abiotic stress toleronce

1oierance of heavy metals & Al
exclusion or chelatien of toxic metals
reduced base cetien leaching

siderophores, organic acids,
ontibiatics & enrymes

Effects on carbon flow

¢ffects on root and microbial respirafion
exvdates - preduction of soil ugeregates

carben flow to mycoheterotrophs

Effects on plant communities

differentiol mycervhizal compatibility
with different plant species
effects on productivity & species diversity
support ¢f myco-heterotrophic plents

effects on
effects on plant communities
single piants M microbial communities
& ecosystems

Fig. 9.1. Schematic diagram of the different types of effects which mycorrhizal mycelia have in nutrient acquisition and

plant ecology
[X% % e M
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Mykorhiza: ‘prospéch — cena’ za souziti rostliny s houbou (Biinemann et al. 2009)

Environmental gradients: light intensity, available nutrients,...

‘Ill.ll..ll.l‘l.lllllIIlll.lllllll.lllll

Net benefits
M+ > NM

(e.g. M+ plants grow same as NM plants)

t Net costs
2 M+ < NM

Possible shifts due to:

Partner identity = functional diversity

Plant developmental stage, starting biomass, stress
Fungal infectivity and aggressiveness
Environmental settings (CO, levels, temperature)
Time

..-.....I.II‘.I.I.-..I..I.I-.I.I-'-.-’

Costs: e.g. root-bound C drain, competitive disadvantage,...

Benefits: e.g. improved growth, nutrition, fitness, tolerance,...

Fig. 6.1 Conceptual model of whole-plant effects of the interactions between a plant, mycorrhizal
fungi. and the environment. This scheme delineates interdependencies between mycorrhizal costs
and benefits, resulting in a continuum of outcomes, ranging from highly beneficial o potentially
detrimental effects. This scheme is based mainly on the evidence gathered for arbuscular mycor-
rhizas, but also appears to be generally applicable to ectomycorrhizas. Processes in other mycor-
rhizal types (especially orchid mycorrhizas and mycorrhizas of achlorophylous plants) may follow
different trajectories. M+ mycorrhizal plant, NM non-mycorrhizal plant
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Mykorhiza (Lambers et al. 2009): mutualismus nebo parazitismus?

Eftects on plant fithess

Mutualism

Parasitism

-

Unmanaged soil

Fertilized soil

Mormal light

Reduced light

C

Cost  Benefit

nvropsky
SOOI
fondvCR e

OPSKA UNIE

Cost  Benefit

n

INVESTICE DO ROZVOUJE VZDELAVANI

-vztah rostliny s houbou zavisi na prostredi
(Fig. 4):

(b) na hnojené pudé neni vyhodny

(c) tam, kde nejsou limitujici Ziviny ale jiny
faktor ... napr. svétlo, rostlina ma nedostatek
asimilata

Fig. 4 Mycorrhizal associations can be either mutualisiic,
when the benefit of the association for the plant exceeds the
cost, or parasitic when costs exceed benefits (a) (reproduced
after Johmson et al. 1997, with kind pernussion from Blackwell
Science Lid.). The cost-benefit relationship varies with envi-
ronmental conditions where the symbiosis oceurs: upon
fertilisation. the growth benelit of the mycorrhizal association
decreases, and the cost may outweigh the benefit, ultimately
leading to a parasitic association (b). Similarly, a low lLght
intensity may increase the cost of photosynthate production
above the benelit fom the symbiotic association. thus also
resulting in a parasitic association (¢)
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Ziskavani zivin na vresovistich — erikoidni mykorrhiza (Read 1996)

COMPAETMENTATION OF NITROCEN ACQUISITION IM HEATHLAND ECOSYSTEMS

Ericoid mycorrhizal dwarf
shrubs, e.g Frica, Calluna,
Epacris, Leucopogon. Fungal
mobilization of plant ltter
and microbial protein N

f - [\]\»'}gﬁ
=)

fond v CR  EVAOPSKA UNIE

Insectivares, p B
Drosera, Sarracenia
capture and release of
insect protein N

.
e [

Cyperaceous or restlonaceous
plants, o.g. Eriophoriem, Kestio, with
dAel I'-'f'lf:}'l:;"l'l'l.;ﬂ IS TS [i;l]_l]:l”'lg

deep N and dauciform or cluster
roots scavenging surface mineral N
—latter also in Proteaceae,
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Legumes. e.g. Ulex,
Paviesia, Liilwynia,
Maodulated for
atmospheric N fixation.
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Korenové exudaty — Sachorovité (Shane et al. 2006)

e
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Korenové exudaty — Sachorovité (Shane et al. 2006)

291 G (a) 0.5 -
T b
- - T
3 27 _ I S 04 )
° | l g
215' 5 w08 .
£ fEEnn g [
<>
g 1- = 0.2 I
e
: 3 Z a
g 05 ;_ e o1 5 <
x ab :
- prEe 81 IS HE " .
2 = e e 1-3 4-6 7-9 10-12
1-3 4-5 7-9 10-12 2
Daucitorm root age (days) Dauciform recot age (days)

Figure 5. Dauciform root-induced
changes in pH after ca. 10-20 min, The
mitial pH of agar was 5.0 (Petri dish on
left) or 6.5 (Petri dish on right). In

each Petri dish, from left to right:

very voung dauciform roots (1-3 days old).
voung dauciform roots (4-6 days old) and
mature dauciform roots (7-9 davs old). All
ages of dauciform roots were assoclated
with a pH decrease (1o less than pH 5.0)
when initial pH was 6.5. No alkalinization
was observed when the initial pH was 5.0,
Reference standards of pH values and
associated colour in agar are shown across
the hottom of the image.
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Korenové exudaty — mechanismus (Lambers et al. 2006, Shane et al. 2006)

- korenové exudaty jsou produkovany tzv.
cluster roots” - Sirsi skupina vice typu

proteoid — Proteaceae, Fabaceae (Lupinus)

dauciform — Cyperaceae
capillaroid — Restionaceae
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Cykly zivin v terestrickych
:mepskyf ekosystémech (EKO/C2)
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Studentské prezentace kritickych rozbori publikovanych studii

Bc. Petr Krpec (1. roénik magisterského programu OTZP)
Jak je to s vyZivou masozravych rostlin?

Bc. Roman Kalous (1. roénik magisterského programu OTZP)
Vlivy rdznych systému pastvy na tok Zivin v trvalych travnich porostech

Martin Zyka (3. roénik bakalaiského programu OTZP)
Toxické Géinky hliniku: nepfiznivé efekty na metabolismus a rist rostlin, tolerance a
hyperakumulace

Martin Hluéil (2. roénik bakalarského programu SBE)
Jak klimatické zmény (nardst koncentrace CO, a zvyieni prumérné teploty) ovlivni konkurenéni
vztahy C3 a C4 rostlin?

Martina Lukegova (2. rofnik magisterského programu OTK)
Fixator dusiku Elaeagnus angustifolia a jeho potencial pro rekultivaci a obnovu degradovanych
pud

losefa Volfova (2. roénik magisterského programu OTZP)
Vliv ponechani mrtvého dfeva v lesnich ekosystémech na celkovou zasobu Zivin v padé

Roman Bezina (3. roénik bakalafského programu programu OTZP)
Akumulace t&Zkych kova u hub Fddu Boletales
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Cykly zivin v terestrickych
:mepskyf ekosystémech (EKO/C2)
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Koncept stoichiometrie Zivin ... Sterner and Elser (2002)

e racontiag — Sy Haorneosta b

£| Change from Food: 7 N £ 5 »

No romeostas s o g You ars what you eat

You are what you aat i NO FUmeCsass
No Homeostas s 3 | y

2 4 "E 5 — S111 HOMEOS 5
E / 1 .‘ :) 4
E Constart Proportional E o’
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Rescurce Sachionetry Resouice Sioaniometry

Fig, 13. Generalized stolchiometrie pattems ielating consumer stolchiometry to
resotree stoachicmmetry Hortzontal and vertieal axes are any single stolchometsic
measitte, such 2 N conterd or C:F ratic. A Points on the |1 fine (slope 1, intes
copt 0} represont Identical stoichiometey n consumor and resources, This dasiied
line e presents o consinws with staichwme try that abvays matches the stoichiom.
etry of s rescarces. This b the “you are whit you cat™ model The salld Loes
represent comsumers that perform coustane Wfferentid nutdent retention. These
represent the “oomstant proportional medel.” B, Stnct homeostasts 15 defined as any
hartzental lime seggroent (slope O, intercept > 0)

homeostaze: schopnost udrzovat stab. vnitf. prostiedi

typickd pro Zivocichy
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Fig. 1.9. Phosphorus content in Daphnie sod algal food on linear (A) wnd log

arithimie (B) wes. Although the Yncar plot makes it appeur that there s o break

down bn bomecstatic regulation o low food P oontent, o clos to strict homeostasts

is extdent on the logarthmic mes The regulitory coefficient H is 7.7, & strong but
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not sfrict homeostasis Based on DeMott et al

evropsky

W 1001
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e
g 10
4 &0 .
y*00dx 014 y= 1.00x-000
20 et =om® 11=099
0 v 1
0 20 40 60 a0 100 1 10 100

N:P measum NP medum

Fig. L5, Absence of homeostasts as seen in the N:P of Saenedesmus algae at
growth rate equilibrivun ws & function of the N:P in the medium supplied. Cellul
nutrient rotios are ulmost identical to the ratio in the surrounding environment
(slope s near 1, intercept Is near zer), which is apparent both in the plot with
linear wxes (A) and i the plot with Jogarithnic wes (B). Both the regression line
and the 111 line are plotted. The regulatory coefficlent H from Equation (1.3 1s thie
inverse of the slope fitted to the log-log plot, which in this case is 1.00, indicating
an ubwence of homeastasts. Bused on Rhoe (1975)

absence homeostaze: pomér zivin v téle

organismu odpovida poméru Zivin potravy
(substratu)

-zalezi na skale studovaného gradientu
typicka pro rostliny

Proc?

rozdilné sloZeni rostlinnych a
Zivocisnych bunék
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Zakladni rozdily mezi rostlinnou a Zivo€isnou burikou ... Sterner and Elser (2002)

rough endoplasmic mit;gchondrion cellulose cell wall smooth endoplasmic
retncuiumchm lasts o cell membrane reticulum
smooth » milochondrion
endoplasmic centrosome ;Golgi apparatus
reliculum f'
starch —___ % fred, . Olycogen
granule e p _ S j#‘ —granule
: £ L fat droplets
AT
lysosome
cytoplasm ys
I pinocytic vesicle
o ough endoplasmic
koo { reticulum
nucleolus \
ribosome
Golgi apparatus / plant
[ nucleolus centrosome
nuclear membrane - _— —
nuclear membrane

u rostlinné buriky pritomnost:

-vakuol
-bunééné stény (vyssi pomér C : N u rostlin)

-chloroplastt

o O o
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Pomeér Zivin v biomase u rostlin odpovida substratu (Ryser and Lambers 1995)

- nddobovy experiment se srhou fiznackou (acquisitive) a valeckou praporitou (conservative)

Dactylis glomerata

25 B Fast-Growing Species
— 8 Siow-Growing Species
% 20 - rachypodium pinnatum
=
215+
S
@
= 30+
w
k%
= -
o 5
=

N:P Supply (by Mass)

B. The effect of supply N:P on biomass N:P in terrestrial grasses. Foliar N:F
is shown for Brachypodium pinnatum (a species with characteristically slow growth
rate) and Dactylis glomerata (a fast grower) grown in the greenhouse with soil
containing different levels of nutrients at different N:P ratios. Note that most varia-
tion in foliar N:P is associated with soil N:P; multiple values for foliar N:P at partic-
ular soil N:P indicate different levels of nutrient concentrations added. Under all
soil conditions, the fast-growing grasses have lower foliar N:P than the slow-grow-
ing species. Panel A is based on Goldman et al. (1979) and panel B is based on

Ryser and Lambers (1995),
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Vakuoly v rostlinnych burikach jako rezervoar
10 T — ———‘

075 +

RGR

050

025 - : @
i Critical Pctassium
: / Content
0 L] 1 1 L L)
0 1 2 3 4 5
% K in Dry Matter
Regon Region
g 200 -— A I—>
g ¥ ni e O A
=
2 100 ~
:
E
O L Ll L] L] 1]
0 1 2 3 4 5

% K in Dry Matter

Fig. 3.1. The cellular basis of varation in biomass production ax a function of
tissue nutrient content in oats. A, Production {as measured lv) ROR) increases
hyperbolically with incressing tissue potassium content. B. During the onset of K
limitation (moving from the right to the left), first vacuolar X is depleted. resulting
in little change in plant production (region B), However, at a critical K content,
vacuolar K is totally depleted and cytoplasmic content then begins to decline (re-
gion A). Reduction of cytoplasmie K results in a reduction in production, as K i
critically involved us a cofactor In enzyme activation. Based on Leigh and Wyn-
Jones (1985),

' \I : ! y .'*. ]
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Zivin ... Sterner and Elser (2002)

Rychlost rtistu (RGR) zavisi na koncentraci
Zivin v biomase rostliny.

Rychlost ristu ¢asto neklesa kontinudlné s
poklesem Zivin, ale nahle skokové.

Proc?

- pro rychlost metabolismu je rozhodujici
koncentrace Zivin v cytoplazmeé

- vakuoly slouZi jako rezervoar Zivin pfi
luxusnim (nadbytecném) pfijmu

- limitace (omezeni ristu) nedostatkem
daného prvku se projevi pozdéji nez je

vycerpdn z prostredi (Cerpan z vakuol)

- zejména u minerala (napr. drasliku)
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Rostliny — retranslokace Zivin do mist aktivniho ristu ... Sterner and Elser (2002)

TABLE 3.1

N content and C:N of different tissues in apple trees. C:N was caleulated from %
N assuming 48% C in biomass. Information is also presented for wood and roots
as & function of age. Data from Mumeek (1942) as reported in Kramer and . Sy v
Kozlowski (1979) -vyznam polysacharidd (napf.

celulézy) jako strukturni

Age ki . .
B omponenty rostl. pletiv tkvi
Tissue (y) % N G:N i P ST y ; p F
: v Uspofre ¢asto limitujicich
ST 3 oY E e
[ eaves 1.23 45 sivin:
Spurs 1.04 5
Wood aged . 1 0.93 60 -dusiku
2 0.67 84
4-6 0.35 160
7-10 0.27 207
11-18 016 350
Main stem (.14 400
Total above gr('mnd 0.33 170
Root stump 0.26 215
Roots aged 1-6 1.24 45
7-13 06 93
14-18 0.32 175
Total below ground 0.4 140
Entire tree 0.34 163
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Elementarni sloZzeni stavebnich komponent organismu ... Sterner and Elser (2002)

- proteiny obsahuji priimérné 17% dusiku a 0% fosforu
25T 1 i 4

' ’

@
5'0 15 > ’ Phosphoarginine
U
1

® ;
Protein _ 201 Phosphocreatine

Peptidoglycan 15 ® ®
Nucleic Acids ATP

x 10

Chlorophyll ;g’
Chitin
0

-
-
-
-

10 15 20
% P

Glucose i T - :
Neutral Lipids  fotosyntéza zavisla na prijmu DUSIKU

Fig. 2.2. Biochemical stoichiometry. This diagram illustrates the % N and % P of
important biomolecules. In most cases, estimates were made from the biochemical
structure for each molecule. However, for proteins and phospholipids estimates
were made by determining the average composition of the monomers (amino acids
in the case of proteins) or of various types of the molecule (e.g., different kinds of

nhospholinid).
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Redfield ratio (C,y : Ny¢ : P,) ... Sterner and Elser (2002)

- voda oceant i plankton obsahuji uhlik, dusik a fosfor v molarnim (atom.) poméru 106 : 16 : 1

30
st
o 3° e Open photic zone (< 50 m)
< o o Other:
o 7 8 ,§1°°‘; Estuaries, harbors,
Al seti, * bays, surfacefiims,
g ;':"' = deep water o f °
=
= e E’ ] .’5
Y = L) .ESEER"NQb
104 .2 z 2%, 0%
1 25 3 ods B
..g'o Redfield N:P e o % ©
o LJ
L;.‘f Redfield N:P
0 ' O ' ‘ l LB "IIII R/ "Y"II L YR PR II‘III
0 10 20 0.1 1 10
Phosphate Total Phosphorus (pM)

g

N
(=]
T

Redfield N:P

1004

Particulate Organic Nitrogen (UM)

1 I | 1

1 1
g 2 4 6 8 10 12 ¥
Particulate Organic Phosphorus (uM)

- obrazek (C): v pobreZnich vodach je drive vycerpan dusik (intercept zaporny), na volném oceanu dfive fosfor

Fig. 1.11. A. The Redfield ratio with 106 atoms of C for 16 atoms of N for every
one atom of P is a very famous ratio In ecological stoichiometry, This figure shows
several examples of Redfield stoichiometry for N and P in different chemical [rac-
tons in marine waters. B. One of Redfield’s original observations was that nitrate
nitrogen and phosphate ph sphorus (both dissolved) in waters of the western At-
lantic have a proportionality of approximately 16:1. C. Total nitrogen and total
phosphorus cluster roughly around Redfield proportions as well Suggested system-
atlic departures in open photic zone samples compared to others will be discussed
further in Chapter 8, D. Marine particulate matter also generally shows Redfield
N:P proportions. Panel B is based on Redfield et al. (1963). panel C s based on
Downing (1997), and panel D is based on Copin-Montegut and Copin-Montegut
{1983).
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Limitace rustu rostlin Zivinami -, Sprengel - Liebigliv zakon minima“

Justus von Liebig (1803 —1873) Hiebis Baivall

Carl Sprengel (1787 —1859)

TEORIE MINIMA (ZAKON MINIMA)
-princip formuloval prvné C. Sprengel (1828) — pozdéji jej
popularizoval J. von Liebig (paradoxné casto pouze: Liebigtv
zdkon minima)

-rist jedince (nebo populace jedinct stejného druhu) je
omezen celkovym mnozstvi zdroji, nejvice je vsak limitovan
tim prvkem, jehoZ je relativné (vzhledem k potiebé)
nejmeéne

. OQikos 117: 1741 1791, 2008 - - - .y
% 08 The b oo -Spolecenstva  prizpusobuji
— Subject Bl Cwen Tenher Awspd 27 Juns 2006 SVOj@ pOMEry Zivin v biomase
prostredi (diky zméné poméru

druh)

Does Liebig’s law of the minimum scale up from species to ) L
communities? -spolecenstvo neni limitovano

jednim prvkem ale spiSe vice

Michael Danger, Tanguy Daulresne, Francoise Lucas, Serge Pissard and Geérard Lacroix prka (CO-/Im ! tatlon)

=2 f""’ Ay e { ~ekolos, CZ.1.07/2.2.00/28.0149

vCR EVROPSKA UNIE PrE hoere e eme hagreed

INVESTICE DO ROZVOUJE VZDELAVANI



Limitace rustu rostlin Zivinami — METODY STUDIA (Vitousek 2004)

Limitace Zivinami je definovana jako omezeni ristu — Ize otestovat tak, Zze pridanim ziviny se
zvysi rast jedince

Byva vyvozovdana z nasledujicich kritérii:

(a) mérenim dostupnosti Zivin v pudé: kritické hodnoty — tabulky hodnoceni zemédélskych
ptd (Sarka a Materna 2004)

(b) z koncentraci Zivin v listech: nutriéni indexy (Duru and Ducrocq 1997, Magda et al. 2003)

(c) z poméru Zivin v biomase: poméry N : P, N : K, K : P (Verhoeven et al. 1996, Koerselman
and Meuleman 1996, Olde Venterink et al. 2003)

nicméné viechny tyto nepfimé techniky davaji vysledky prediktivniho charakteru — validita

je tfeba testovat empiricky ... KRATKODOBE POKUSY S HNOJENIM (ty neméni druhové
slozeni)

-fakt, Ze rast je limitovan nedostatkem néjaké Ziviny (nejcastéji N, P, K) jesté neznamena, ze
ho nemohou limitovat i jiné faktory ... napf. voda, svétlo, CO,

NE
evropsky r\ rl * - .
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(a) LIMITACE ZIVINAMI — dle vysledkd chemickych rozbort zemédélskych pad

Sarika M, Materna 1 (2004) indikdtory kvality zemédélskych a lesnich pid CR, edice
PLANETA, MZP CR, Praha.

Tabulka 2.3.1. Novikova klasifikace padniho drubn (piiloha & 8 k vyhligce £ 2751998 Sh. ve mnéni pozdéjEich
predpisal.

procente jilnatyeh Ssie < 0,01 mim cenecent pudniho druho
- ],D pist J.l-;lr : P lehké
[0 —20 hlintopiacita hp
20 -30 piséitohlints ph .
siel
3045 hlinitd b e
45 —al Jilovitohlinita Jh
60 —T5 Jilovvitd v tafké
=75 gl ]
; . Hoféik (mg, kaly
Stanoveni P, K, Mg, Ca metodou Mehlich 3 e TR thﬁ ”
Tabulka 2 Trvalé travni porosty kategorie obsahu lehka stredm tezka
Fosfor (mg. kg') nizky de 60 do 85 do 120
kategorie obsahu limitni hranice vvhovujici 51 — 00 86— 130 | 121 -270
nizky do 25 dobry O — 145 | 131170 | 171 - 230
vyhovujici 26 =50 vvsoky 146 - 220 | 171 - 245 | 231 - 310
ilohry a1 —an velmi vysoky nad 220 nad 245 nad 310
v q a1 - 150
K}Rﬂlf} - ! Tabulka 6. Kritérin pro hednoeceni obsahu pfijatelného
velmi vysoky nad 150 vinnd P
-&Il.‘l-]lll'ill % puilt
- itda [ obsah vapniku v mgkg?!
Draslik (mg. kg!) puc MR TERE | pedmocen
pirda lehka stiedni térka
kategorie ohsahu lehli stiedni téFles < S(H) < HiH < 160K velmi nizky
nizky do 70 do 80 do 110 01— 1000 | 001 - 1400 | 1601 — 2100 nizky
vyhovujici 71=150 | 81160 [ 111210 1001 — 1600 | 1401 — 2100 | 2101 —2800 | ciredni
e ) - “¥ “ i
‘l“"‘[: }j‘ = ;43 lg‘ ‘;S}g ~$' = ;2‘; 1601 — 2100 | 2101 — 3000 | 2801 — 3000 | dobry
vvsoky 241 - 35 251 -4 a0 - 470
- - =2 = 3 = 300K / ¥
velmi vysoky nad 350 nad 400 | nad 470 = 2100 = 3000 > 3900 vysoks
B <
K / * ~——
2 f ooy ' o ~ekolos, CZ.1.07/2.2.00/28.0149
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(a) LIMITACE - dle vysledkti rozborii zemédélskych ptd (Hejduk a Mladek 2008)

Brumov — Sirokolisty suchy travnik sv. Bromion erecti s dominanci Brachypodium pinnatum
Lopenik — poharnkova pastvina sv. Cynosurion cristati s Festuca rubra a Leontodon hispidus
Suchov — podhorsky smilkovy travnik sv. Violion caninae s Festuca rubra a Nardus stricta

Tab. 23.3 Vybrané pldni parametry lokalit (primeér z 20 vzorku na kazdé lokalité). Q - ¢astice < 0,01 mm. P, K, Ca a Mg
vmg.kgh C . N, VaQv%;Tvmmol/100g.

Logh tia (C:c':’)* P | K* | Ca |Mg*| C. | N |oN| T | V | Q
Brumov 5.40° 7.3* | 348.7°| 3573.4%| 220.4%| 4.12° | 0.42* | 9.72> | 31.2° | 64.1°® | 62.8
Lopenik | 4.99° 8.2* | 227.2"|1906.0°| 201.1°| 3.94> | 040" | 990" | 19.8°* | 31.1°7 [ 31.4°
Suchov 4.60* | 10.3* | 954°| 1107.6°] 68.0°| 299 | 0.27 | 11.18 | 13.6* | 32.7 | 25.%

T .... sorpcni kapacita pady (angl. CEC ... cation exchange capacity )
V ... nasycenost sorpcniho komplexu bazemi (angl. BS... base saturation)
2. Bases saturation=[Z(Ca+Mg+Na+K) /Cation Exchange Capacity] X 100

Q... éastice mensi nez 0.01 mm - jil (clay)

e IS R G
sOOKINS - ~.ekolos | CZ.1.07/2.2.00/28.0149
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(a) LIMITACE - dle vysledk chemickych rozborii zemeéd. pad (Sarnka a Materna 2004)

Tabulka 4. Popisna statistika pre #ikladni agrochemické vlastnosti -| trvalé travni pu:rru:-st}'lll‘v'}'alﬂll-;} Programu
Bazilniho monitoringn remédékkyeh pid CR)

popisni statistika (mgkg1)

parametr vistva primeér ji minimum | maximum | delni kvartil | horni kvartil
aktivni pidni reakce 0—10em 6,f 7,9 45 1.3 6,3 7.2
pH/H, O 11-25cm | 65 60 | 45 7.6 6,01 7.1
26 —<40 cm 6,3 [ +.7 14 3.6 7.0
vimeénna pidni reakee | 00— 10 cm 50 6.3 1.8 1.2 54 6.8
pH/KC] 11 -25cm 3.8 3.0 3.0 1.1 sl 6.7
26 — 40 cm 5.4 3.4 4,1 6,7 4,7 6,3
fostor 0 — 10 cm 10 30 20 247 3b 0]
Mehlich 3 Il —25cm 56 38 12 279 22 T0
26 —40 em 15 25 &) 2012 15 35
ilraslik 0= 10cm | 50 135 41 339 B4 | 58
Mehlich 3 11 —25 cm 129 14 30 365 79 143
e 112 U 33 471 b3 133
hoiik 0= 10 em 240 231 Kl 624 123 202
Mehlich 3 11 —25 cm 220 220 2b &N 131 201
26 — 40 cm 250 134 13 1029 129 206
vapnik 0 — 10 em 1789 2360 407 63TE 1777 ATou
Mehlich 3 11 =25 cm 1513 2040 433 B 38 1737 1070
26 —40 em 20149 1638 230 5558 1374 1563

mény kategorii plidni reakee

-pHwvH,0
(aktivni) zhruba o
1 stupen vyie nei
pH (vyménne) v
neutralnich solich
(KCl, CacCl,)

-soucty ve sloupcich
davaji 100%

-modré Sipky ukazuji
na presun vymery

- o AW F
orné pudy do nizsich
kategorii zasobenosti
Zivinami

CZ.1.07/2.2.00/28.0149

lat. Foslor draslik hoitik vipnik pidni pH/KCI
. 19493 19049 1993 | 1999 1993 1999 1993 1990 1992 19499
aasoby | 199 | _2001 | - 1995 | 2001 | —1995 | —2001 | —1995 | —2001 | "5 | _joes | 2001
nizks 10,9 ik 410 5.4 2340 19,9 28 4.8 silné kvs, | 136 17.2
vhodni 297 30,3 22,1 il5 30,6 34 29.0 359 |slabe kys. | 387 427
dobrd 29.1 262 49,2 “H.8 275 321 315 323 ky=eld 28,3 240
vysoki 24,0 202 14,7 0.7 0,2 0.4 18,1 14.% | neutrilm 17,2 L35
velmi vys. | 6.3 6.4 94 3.6 5.8 7.2 2.6 12,1 | alkalicka | 05 0.9
NE
f evropsky - r\/?l 3 - ——
BOCialn 0F vrabibvant ~.ekolos,
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(b) LIMITACE ZIVINAMI — dle nutriénich index( zaloZenych na koncentracich Zivin a produkei

-pro zemeédélské plodiny spocitany rastové krivky zdvislosti produkce nadzemni biomasy na
koncentracich Zivin (Lemaire and Gastal 1997) — na zdkladé nich vytvofeny nutriéni indexy
saturace plodin Zivinami (pro potreby presného hnojeni, napf. Ziadi et al. 2007, 2008)

-indexy pocitaji s redicim efektem — tj. poklesem koncentrace zivin v biomase béhem vegetacni
sezony (s nardstem hmoty)

-fedici efekt (dilution effect) se uplatriuje podobné pouze u stejné funkéni skupiny (napf. trav)

Plant N concentration (%)

=
5_
-_1-
N,
3- i
|
|
|
=
qNac‘t
i
1 T T T T T T T T
4] 1 2 3 4 5 51 7 8 9

Accumulated dry matter (t ha™')
Fig. 11.2 Determination ol the nitrogen nutrition index (Ni); Nio— NN, where N 1s the

measured concentration and N 15 the optimum value obiaimed from the critical N curve (adapted
Irom Lemaire and Gastal 1997)

evropsky r\/?l 3 RS L=
- BOCiAIN Lo e ek;l:s_ CZ.1.07/2.2.00/28.0149

fond v CH EVROPSKA UNIE Pre hoeve e e hagresed

INVESTICE DO ROZVOUJE VZDELAVANI



(b) LIMITACE ZIVINAMI — dle nutriénich indexd zaloZenych na koncentracich Zivin a produkci

-nutriéni indexy vyuzivany nyni i pro hodnoceni nutri¢niho statusu travnich porostl (Duru and
Ducrocq 1997, Duru and Thelier 1997, Magda et al. 2003)

-indexy lze s opatrnosti vyuZit na hodnoceni nutriéniho statusu porostt s vyssim podilem
dvoudéloinych rostlin (zejména jetelovin, Jouany et al. 2004, Binemann et al. 2011)

Nutriéni index pro dusik ~ Ni=100xN/4,.8HM **

4.8 % je optimalni koncentrace dusiku pFi produkei 1.0 t suginy/ha)
-0.32 je koeficient fedéni (odvozeny z kfivky na predchozim snimku)

Pi=100xP%/{0.15+0.065(N%))

Nutriéni index pro fosfor

Nutriéni index pro draslik Ki=100xK%/(1.6+0.525(N%))
Ni, Pi, Ki ... v % (obvykle v rozmezi 30-100,hodnoty < 80 znaci vyznamnou limitaci), viechny
indexy jsou vidy pomér namérené koncentrace Ziviny v biomase vzhledem k optimalni
koncentraci pfi dané produkci

HM ... herbage mass (produkce nadzemni biomasy v t/ha)

optimalni koncentrace fosforu a drasliku je zavisla na koncentraci dusiku

2 f‘i“.":',’f“ ' ekolos CZ.1.07/2.2.00/28.0149
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(b) LIMITACE ZIVINAMI — vyvoj nutriénich index® (Duru and Ducrocq 1997)

]! U {1 1t v 1 1 |4 -zavislost produkce biomasy na prabéhu
rr 1 ' 1  vegetacni sezony (Julian days)
—_i p 6 ,
g i - 5+ E
g’ vk 1 | -vyrazné vy3si produkce v pripadé hnojeni
Sk 1 s} {1 dusikem i fosforem (N1P1 )
2 R 2+ B
Lo op o, 1, oo pmaom ]
°90 100 110 120 130 140 150 160 170 180 °!° 100 110 120 130 140 150 160 170 180
Juliss dan Jullap dam

Figure 1. Above-ground dry matter yicld according to yield time for the pastures C and D and the two studied yecars. The N and P fertilizer
weatinents were NIPL @, NOPI O, NIPOIMR, NOPO(] ; ¢ standard error.

Pokles koncentrace dusiku s produkci biomasy (efekt fedéni)

Zavislost konc, fosforu na konc. dusiku (reflektuje to Pi index)

0500 - - - w800 s .
0ars <0478
~1
5 L] 4035
a /
025 / {oxs /
D 19%0 D 1991 D 1990 D 1991
‘ A A A A A ' RORCET Y l A x A A s ' ’ A q‘“ ; " Y m“ | 3
DM (t/ha) DM (t/ha) N (%) N (%)

—— critical curve equation Nc=4.8 DM ~0-32

Figure 2. N content versus accumulated above-ground dry manter for the pastures C and D and the two studied years. The N and P fertilizer

treatments were NIP1 @ . NOP! O.NIPOM ., NOPOTD;

R B <
SO
4
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—— critical curve cquation Pe=0.15+0.065 Ne

— critical curve equation Nc=4.8 DM "3 (from Lemaire et al., 1989).
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(c) LIMITACE ZIVINAMI — dle poméru N : P, N : K, K : P v nadzemni biomase

Samotné koncentrace Zivin nefikaji samy o sobé nic o povaze limitace (Keerselman and Meuleman 1996)

S e I
3- -
20 4 . . 4
& S
FUIE ™
& 15 4 N «t N -
'no . ad e S no 21 - *
Bo - ] : : . a &o A a4 - a
E o & . * . £ 5 &
z A - % S
. 1 “. b a ab +
5 - L - A Y »
° T L ] T T Ll T T T 1 T Ll T Ll 1 1 L L L)
0 100 200 300 400 80 €00 TC0 800 900 1.000 : o 100 200 300 400 500 600 T00 acC MM 1.0
. .? -
X Biomass (g m™) Biomass (g m-?)
__ 35, o =Pimiation -vztah konc. N a konc. P v
i * v, e = N-limitation -
o 34 biomase vegetace
(=) v
E 25 o
£ & = co-limitation L
¥ o " L N and P -typ  limitace  stanoven
| e W @ T =l ST aloe 2 v
§ 1'51 . .; q_.'._._-_ ---------------- v = co-limitation empiricky na zakladé
o N @ 5 o 8 [NP>16 N and K pokus( s hnojenim
0.5 1 R0 @
"“‘:‘_,;. (o}
0 .'_1‘ g | T ) T T T T T T T T .
0 2 4 6 8 10 12 14 16 18 20 22 24 26 -N:P pomeér dobfe rozdéluje

N-content (mg g~')

Fig, 1. Relationship between vegetation N and P content and the nature ol nutrient imitation in 40 European wetlands (bogs,
poor fens, rich fens, wet heathlands, wet grasslands und dune siacks). Data points are from experiments showing evidence for
each type of nutrient limitation, as determined by fertilization experiments (see Table | for data sources). Nutrient contents
shown were determmed m unfertihzed control plots. Dashed lines depict N:P ratios of 14 and 16, by mass,
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(c) LIMITACE ZIVINAMI - dle poméru N : P, N : K, K : P (Olde Venterink et al. 2003)

-tym H. Olde Venterinka ukazal, Ze pomoci vSech tfi pomért Ize dobre rozlisit nasledujici tri
skupiny mokradni vegetace:

(1) vegetaci limitovanou dusikem ... N:P<14.5 a soucasné N:K<2.1

(2) vegetaci limitovanou fosforem nebo fosforem+dusikem ... N:P>14.5 a soucasné K:P>3.4
(3) vegetaci limitovanou draslikem nebo drasiikem a dusikem ... N:K>2.1 a soucasné K:P<3.4

pf{mky». limitace NPK limitation diagram F1g. 1. Traxial diagram showing the relationship between

> e ey the ratio of N:P:K 1n aboveground vascular plants vs. the type
: of nutrient limitation in 44 European wetlands (3 bogs, 13
00 fcrlx, 3 wet heathlands. 16 wet n_lcado_\\'\.. 9_ dune slacks).
Symbols represent the type of nutrient limitation determined
by fertilization experiments: filled squares, N-limited: filled
triangles, P-limited; filled circles, K-limited: open triangles.

30 " P+N co-limited: open circles, K+N co-limited: X. P+K co-

fosfor 40 A7 dusik limited: star (3}, N+P+K co-limited. N, P, and K contents
________ 50 N (%) 2re from control plots of the experiments. For visual reasons,

10P (%)g N+10P+K P concentrations were multiplicd by a factor of 10. Solid lines
N+10P+K represent critical ratios of N:P (14.5), N:K (2.1). and K:P

(3.4: see Results). The lines divide the diagram in four parts:
three parts containing sites lmited by N. P or P+N. and K
or K+N, respectively. For the fourth (central) part of the
diagram. nutrient ratios cannot be used to determine the type

OT MIirient NINIAtion. AITows SHow [Ne difeciion 1n which
the axes should be read (following the dashed lines). ™ °

N = 30%; 10P = 30%; K = 40% (suma 100%)
z celkového souctu koncentraci: N + 10P + K

4

N:K(21) 20 30 40 50 60 70 80 N:P(145)

) 3 ) ... tedy vegetace na této plose (kde 1P=3%) ma
draslik A K 09 poméry: N:P = 10; N:K = 0.75; K:P = 13.3

evropsky - ,X%l '.'. »l ﬂ: e =
—— Bocking 0F voabtonins _~ekolos, CZ.1.07/2.2.00/28.0149
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(c) LIMITACE ZIVINAMI — dle poméru N : P, N : K, K : P v nadzemni biomase

o -pomeéry N:P vegetace a
25- vybranych druht se dost
s casto lisi
9 207 R
I . . ’
> A -na zakladé poméru N:P
D..: 15‘ - - o v
Z o 8 s vegetace muzeme
10- . § ° odvodit, ktery prvek
: g limituje riist spolecenst.
2 primarné
0 .

-
N+
B
(6,0

-rist konkrétnich druht
ve spolecenstvu muze
limitovat vice jiny prvek
—sekundarni

3
Site number

= Vegetation © Phragmites ® Eupatorium
© Lycopus A  Mentha A Calamagrostis

Fig. 3. Vegetation N:P ratios (mg mg~') and N:P ratios in Phragmites australis, Lycopus europaeus, Meatha aguatica, Cal-
amagrostis epigejos and Eupatorium cannabimer in five Dutch dune slacks. The plant species were not imporiant constituents
of the vegetation at these sites. Vegetation N:P ratios refer 1o the bulk vegetation samples from unfertilized control plots of
fertilization experiments by Koerselman & Meuleman (1994),

Table 2. Range in plant tissue N and P content (mg g~ dry wt) and NP ratio in five species that were sampled from Dutch

dune slacks - travy jsou obvykle
o
Species Ncontent  Pcontent  NiPratio  Number of sites SChOpny rust ve
R | weww | peE | mas - vyssim pomeéru N:P
Phragmites australis 13-31 1-0-3-1 5-29 11 y % x p
Lycopus ewropaeus 9-35 09-3:6 5-25 11 nez byllny
Mentha aquatica 9-30 0-9-3-6 4-18 14
Calamagrostiy epigejos 9-22 08-24 5-33 17
Eupatorium cannabinum 13-26 I-]1-3-8 5-29 10

fond v CH  EVAOPSKA UNIE Frv bome e e hagred
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Vliv N:P substratu na rust rostlin a na N:P biomasy rtznych druht (Glisewell and Bollens 2003)

(¢) Lycopus curopacus

3200 © ./l“""\
| — g Carex flava
g] — 11— Contavroa angustifolha
= 1000 = | o P K ——W— Lysopus europaeus
@ | —= s ——O—— Selnum carvitoiia
@ .
S a’
=
a 320} & 56
_ 82}
£
D 18
{2) Carex flava £
1000 [ . ~ o 10
_ X 4
- < Q@ 5.6
E 320 AT o R Z
= i i i S 3.2
A §:-" 1.7 5 15 45 135
= > L
= § N:P supply ratio
§ 100 .
g —u&— High supply
—X— Intarmediate supply ‘
-~~~ Low cupply of graphs. In (c) and {7) the ciagonals
indicate where biomass N:P ratios wera
1.7 G 15 45 135 equalto N.P supply ratics.

-nadobovy pokus s vysazenim Lycopus europaeus a Carex flava (spolu s dalsimi 2 druhy)

-po 1 ex. od kazdého druhu do spolec¢né nadoby

-nejvétsi produkce u tifech druhd (i L. europaeus) pri N:P=15, ale C. flava pfi N:P=135

-L. europaeus vykazoval vyssi N:P v biomase nez C. flava (ta kofenové exudaty pro zisk fosforu)

Zavér: na stanovistich limitovanych fosforem (substrat N:P=135) zvyhodnény druhy, které si diky korenovym
exudatim udrzuji niz8i N : P v biomase (tj. C. flava)
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N:P v biomase reflektuje rlistové strategie rostlin dle Grime i vyskyt spolecenstev na gradientu
dostupnosti Zivin (Glisewell 2004, Schaffers and Sykora 2002)

Table 3 Differences in N and P concentrations and N : P mass ratios among plant strategies in the established phase (Grime (2001))

e —_—

10

British vegetation’ European wetlands?
[N] [P [M] [P]
mg g mg g’ N : P ratio mg g’ mg g’ N : P ratio
C= Cﬂmpehtwe 311 3.13 10.0 14.0 1.34 0.7
R = Ruderal 337 4.22 83 17.3 242 7.2
5 = Stress-tolerant 23.2 2.00 12.0 12.0 0.91 13.2
N': P o (avalable fiactions) Tiesua NP ratio stress-tolerantni
1000 3 pﬁda stress-tolerantni . 22'_ biomasa
3 ﬁ] E m ]
k= 2 3
B Tl &
100 r'-‘ CERT1E
- I [;] 1 é l I
ruderilnity B J . _]_ "ruderalni X
o '1J . : e "EE |
‘I T4 |

i

. _ = .
1 4 e
AL, Cp@ EEFVYF 7 w

viesoviste .
viesovisté

M ErmiEtion
(=}
=

| e
B
-

A b .
q\&q\?ﬁqg:ﬁ_@g. \ﬁ’ﬁ@'ﬁ@‘%& q\ QQG@
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Fig. 1 Effect of P applied &

on color of the vegetation £
was still clearly visible in
2004 even after 37 years
after the last P application.
“Michal Hejeman

-pas s dominanci metlicky krivolakeé
(Avenella fleuxosa) uprostied porostu
smilky tuhé (Nardus stricta)

19 T O Nardus stricta @ Avenella flexuosa
17
17 4 de
. 1 17
28 abc
be %%
- . . . o 13 -l ??}
-stres-tolerantni druhy (jako N. stricta) jsou B _ 7
R § . = 20 7
typické vyssim pomérem N:P neZ druhy o a2 il _
i Zz 114 |||acd ab 77 7
rychle rostouci 50 : gg g
0 7
-vysokeé davky fosforu pred 37 lety vedly k 9 - a6 53 % %
posunu N:P vegetace pod 10, a tak umoznily cd % .
previadnuti kompetitivni A. fleuxosa 74 d 7
bars represent SD. Values § % %
above each column 5 . / : %/

represent mean cover of
each species in percentages
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67 let hnojeni a limitace vegetace Zivinami v RGE — Bonn. Némecko (Hejcman et al. 2010)

Rengen Grassland Experiment

= |
g
Py GF - m

Element Treatment

Rocni aplikace hnojiv

A B C D £ r
Control Ca CaN CaNP CaNPKCI CaNPK.S0,
N (kg ha™") - - 100 100 100 100
P kg ha™') - - - s 33 35
, g . s K (kg ha ') 133 133
Fig. 1 Aerial photograph of the Rengen Grassluxl Experiment o N - e - -
(RGE) taken in late June 2006 (photo M. Heyeman®) Ca (ke ha ) 713 e 936 236 36
Freatment abbreviations are given in lable 1. Letters indicate Mg (kg ha ) - o7 67 75 W 75
P value A B C D E F
Biomasa Contol Ca CaN CaNP CaNPKC! CaNPK,SO4 nutriéni indexy NNI a
Yield (¢ ha™') <0.001* 14a 1.9 ab 2.0 ab 26b ¢ 414 32cd PNI (Duru and Ducrocq
Nigke) <0.001* 14 ab 14 ab 17 a 10b ¢ 7e 8¢ 1997) odpovidaji typim
NNI “0.001* 33 abe 36 ab £a 28 be ¢ 23¢ limitace dle pomért a ve
Pigke ™) <0,001* 0.98 ab 1.0 ab 093 a 2.1d 15¢ 1.6 ¢d véech pﬁ'padech (kromé
P\l "—(,_"(N. A} o 4’ 4 3(‘ a U6 b 76 [ Rl ﬁ varianty D) ukazuji na ko_
e < ) ? z b A
Kigke') 0.001# 11 ab 14 ad 8 he 0 ¢ 16 d 15 d dusikem i fosforem
N:K <0.001% [1.4 abe lobe | 224 [ 18 ab 0.4 ¢ 0scl
K:P <0.001* 1.9 14 33 b 10.9 a 974
evropsky L° R
soOkINg I 0% Voobiirtes [ ~ekolos | CZ.1.07/2.2.00/28.0149
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Vliv seceni a odvodnéni mokiadla na dynamiku Zivin ... Olde Venterink et al. (2009)

-studie mokradd na SV Polska v ndrodnim parku Biebrza

Otazky

-zvysuje odvodnéni mokiadl mineralizaci Zivin v padé, rostou nasledné

jejich koncentrace v biomase?

-vede dlouhodobé seceni a odstrafiovani biomasy k rychlému odcerpani

nékterych Zivin a tedy zménam limitace produkce?

Table 1 Site descriptors, soil and vegewtion characteristics ol floodplains and fens in the Biebrza Valley

e
Warsaw

Floodplan Undrained fens Draned fen Severely draned fen
Unmown Mown Unmown-| Unmown-2 Unmown Mown Unmown Mown
Mowing and hay-removal since (years) - >03 - >03 - 265
[ime not mown (vears) =25 - =h5 »65 25 - 5-10 -
Sond
Walter table June 2002 (cm below surface) 10 50 10 5 70 70 200 200
Mecan soil morsture content (%) T3 +£07b 55+ 1.3d 87 +£02a 86 £ 03a 73+ 05b TJ7+£03b 59+ 09¢ 63+ 09c¢
Soil maisture dynamics (% year™") 11 10 3 4 6 4 12 9
N minemalization (kg N ha~" year™") 35+ 23 ke 30+ 14b Dxtlc 4+ 3k 2T+ 6h 8+2Ix 119+ 11 a 105+ 124
Soil Extrable NO; (kg N ha™") 50120 18+ 04bc 01x00e 02£00d 1002k 04x01cd 2072364 369 =624
Soil Extrable NH, (kg N ha™") 1.9+ (2b 29+ {(3ab 23x03b 2.1+03b 23+ 03ab 1L7x02Db 37+07a 23+ 02ab
Soil Extrable P (kg P ha ™) 8L0d 12+ 1c¢ T4L0d 7TL0d 65 L 6b 105 £ 3 a YElad 134+1c
Soil Extrable K (ALA; kg K ha™ ") 38 £ 3bd 43+ 4 b 32+3cd 31 & 2cd 45 L 4 bk 44+ 1b T3+4a 204 2d
|Su|llixuchl'\'IHCl_.k-.'Kt_m by 88 L 1 b 119+ 6a STd4c 00 L4 ¢ S7L1b 8l +3b Lo+ 7a 7224+3b
Bulk denaity (g em ) 028 £00lcd 055 £002a 0.14£000c 014 £000c 031 2£00Ibc 026 2000d 032 £0000b 032 £001Db
pH-K('I 54+ (0de 53+ (00de 56+ 1cd 6.1 £00b 56 £ 01c¢ T.1£0.1a 52+ 00¢ 55+ 00cd
IX l7', = % M
bl - _— ekalos CZ.1.07/2.2.00/28.0149
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Vliv seceni a odvodnéni mokiadl na dynamiku Zivin ... Olde Venterink et al. 2009

- koncentrace Zivin (mg g!) vs celkovy obsah Zivin v biomase (stock, total amount ... kg ha')

Table 1 Site descriptors, =01l and vegettion choroctenstics of floodplains and fens in the Bicbrza Valley

Floodplain Undrained fens Drrained fen Severely drained fen
Unmown Meowwn Unmown-1 Unmown-2 Unmown Blewn Unmown Mewan
Vegeralion
Biomass living vesc. plants {tonne ha™'} 4.8 £ 1.2a 412050 12 +£02c 1.7 200k 222040 20L£024b 40 £ 040 25 £ 03 oc
Bromass gead vasce. plants (tonne ha b F T =x11a 2220l UO5=x0ic l.g =103 he 1.9 =02 bo ol =01c¢ A3z 5b 00 = DA ¢
Biomass bryophytes Oonne hi " n=d0c 0xdc 2I=01h 28 =02a 0+0c¢ 0=0c¢ n=oc 0=d¢
N core. living vase, dants (mg 27} 142 130 1320106 14 =03 ab 14£078k 15 = 0B ab 13 =04b 18 = 2.1 ab 19 =14
P conc. living vasc. plants (me g~ ') 09 =01b 2 200b 1.2=01k 029=0lhb 26 =0.1a X3+ 02a 1.2=01hb 21 +02a
I Kmnc._lli-‘.nr vase, plants (mg g ") IE? .33 IE.—il.i il 11 =17 a {0 = (.1 a 14 = )] a || = 11la 17 + 145 33 £+ 0L1h I
NP raio living vasc. plants 137 = 0E a N6+04¢ 1212 06bc 150 04ab 59 +034d ijg=044d 152 +043 94+11¢
-k mtio Ly ; 5 L2 0l L1 0]k Lra0lh L0l h Ll Ot L2 L0k Lt D4k “E'-D"?.:I
K:P ratio bving vase. plants 140 £ 24 a Ud £06abh Y4 x13ab 1L3x07a 53=04hbe 4702 ¢ 1D¥ =23a L =014d
N eone. heyophytes (mg g~ ') 12+06h 15+07a
P conc. bryophyies (mg g Ly 1.0 £ 00 a 08 £0.0 a
K conc. bryophytes (mg g 1y 3vx03a 23 =z00b
N stock in living vase. plants (kg N ha L B2+ 11a S8 +=Ta I8 =2¢ 23+ | ho A8 £ 4 a 40 = 3 ab Tix+ 12a 49 + 5 a
P stock in livine visc. plents (kg Pha™'y 4.0 _'_I.'l‘i' i 5.5 i (1.5 a 1.5 t 0.} b 1.6 = 0.1 b .3 = 1.1 a T __ﬂﬂ- il 4.5 i (0.7 a 5.2 i 0.1 a
K stock in living vasc plants (kz K ho l S8+ lbn Sl t7n 14 £ 1 cd 18 + 0 bed 45 4 Bob 33 4 ac 4992 g+ 1d I
N stock in living hiomass (kg W ha ') 62 1la SM=Ta 46 =4 a 63+ 3a ai = 4= 400 =3 a A lla 49 =5 a
Tahle 1 continued
Floodplain Undroined fens Drzined fen Severcly drained fon
Unimaown Mown [Tmown-1 Unmown-2 1T v Maown Uniminw hlivwn
P stock in lving biomass (kg P la L 40 =0%hb 535 £08ab B 040D IB 030 Bl lla TOEZO0Rab 483 0.Tab 52 L£0.0 ab
K stock in living biomass (kg K ha™") k= lba M =Ta 23x2a 4 =0a 43 = 8= ilxda 44 = Pa t=1b

Informetion abour mowing was derdved from local fanmers, The water wable wis measweal from pear profile observations or water levels In pearby plezometers, well or diches.
Soil vanables are means of the samples from dl perods (r = 25300, except N mineralization (n = 5). Vepetation variables i = 3. Moismwre dyinamics is mean soil moisture of
the wetlest monch minus hat of the driest. Different lewers indicate significant differences among (he eight sives (ANOV A, Tukey, P < 0.03)

’X}/\ﬂ § {~ekolos) CZ.1.07/2.2.00/28.0149
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Vliv seceni a odvodnéni mokiadi na dynamiku Zivin ... Olde Venterink et al. 2009

-seCeni nemelo vliv na koncentraci dusiku v biomase, zvysilo koncentraci fosforu, snizilo

koncentraci drasliku — zvy3ilo pomér N:K, snizilo K:P ... tj. vedlo k limitaci DRASLIKEM

. r

-Zivinové

pomeéry v biomase dobre reflektuji ptid. charakteristiky (mineralizaci, dostupnost)

Species richness
vascular plants

bryophytes

M

all plants

oo

Vascular plants
living biomass
dead biomass
total biomass

N concentration

P concentration

'

K concentration
N:P ratio

LJ

S LT

N:K ratio

K:P ratio

Soil |
N mineralization

Eatractable NOJ

Exctrable NH4

Extractable P

Extracble K (ALA)

Extracbio K (HCI)

100

Mown compared to unmovin (%)

150

200

(“)p él’gd' ark
-

Fig. 5 General cffects of long-term mowing on vegetation and
soil nntrient characteristics. Bars show valnes of variables
measured at mown sites divided by values of those variables
measured al a2 paired unmown site, expressed in S of the
unmown value. Error bars show SE of three replicated mown/
unmown pairs (floodplain, drained fen scevercly drained fen).
Significant differences: *P < 0.05. #F < 0.1 ANOVA with
mowing as fixed factor and site as random factor

e al
b 3

Biebrza,
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Cykly zivin v terestrickych
:mepskyf ekosystémech (EKO/C2)

i Mgr. Jan Mladek, Ph.D. (2012/2013)
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Metody stanoveni dostupnosti zivin ... (Sims et al. 2002, Gilbert et al. 2009)

-vyvinuto mnoho metod na extrakci prvka (zejména fosforu), ale vétsina z nich byla
kalibrovana vzhledem k odbéru fosforu polnimi plodinami (monokultury)

-metody by mély predikovat dostupnost fosforu rostlinam na siroke skale padnich
podminek:
(a) pfi velkém rozsahu koncentraci prvku v padé

(b) pri velkém rozsahu pH
(c) pfi rizném stupni osidleni mykorhizou

Mehlich, A. (1984) Mehlich no 3 soil test extractant - a modification of Mehlich no 2.
Communication in Soil Science and Plant Analysis, 15, 1409-1416.

Available soil phosphorus in semi-natural grasslands: Assessment methods
and community tolerances

Joanne Gilbert**, David Gowing®, Hilary Wallace"

- f?.".',??ff' i, [y ekolos, CZ.1.07/2.2.00/28.0149
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Metody stanoveni dostupnosti

L

zivin: FOSFOR ..

. Gilbert et al. (2009)

- stanoveni dostupnosti fosforu v travinobylinné vegetaci s vyrazné nizsimi hladinami fosforu

- oproti zemédélskym monokulturam se travinobylinna vegetace vyznacuje:
(a) vice druh rostlin koexistujicim na jednom stanovisti (komplementarita vyuZiti)
(b) rostliny casto ziskaji fosfor od svého mykorhizniho symbiont

- metody se znacné lisi absolutnimi hodnotami - napf. kriticka hodnota fosforu pro druhové bohaté travni
porosty byla stanovena na 50 mg/kg (EDTA + ammonium acetate extraction, Janssens et al. (1998) resp.
15 mg/kg (Olsen extraction Critchley et al. 2002 )

Study

Extraction methaocd

Critchley et al. (2002a)
Janssens et al. (1998)
Gilbert et al. {2000
Gough and Marrs ( 1990a)
Gough and Marcrs { 1990b)
Abrams and Jarrell (19592)
[Kruijne et al, (1967)

Olsen and resin
EDTA-ammonium acetate
Olsen

Truog

Olsen

lon exchange membranes
Citric acid

Tahle 2

F extraction methods undertaken.

-v CR ani jedna z metod testovanych ve studii
Gilbert et al. (2002)

-pouzivana standardné metoda MEHLICH HlI
(také v USA a v na Slovensku)

Mame of extraction

Composition of extractant

Reference for method

method

Olsen 5 M Sodium bicarbonate buffered at pH 85 MAFF [1986)

Bray Bray P2: (003 M ammonium flucride and 0.1 M hydrochloric acid Page et al. [1982)

EDTA EDTA-ammonium acetate; 002 M ethylene diaminotetraacetic acid. 0.5 M ammonium acetate and 0.5 M acetic Lanaken and Ervio
acid (pH 4.65) [1971)

Truog 01 M Sulphune acid and 0.02 M ammonium sulphate buffered ai pH 3 Allen [ 1959)

Acetic acid 2.5% viv Acetic acid Allen (1989}

Membrane Cadon and anion membranes sheets (BDH) cut into small strips and saturated in 0.5 M sodium bicatbonate before Qian et al, [1992]
use

Resin lon exchange resin in pelyester sachets: Amberdite IRN-150 resin (Johnson Matthey) saturated in 0.5 M sodium Yang et al. (1991}

bicarbonate before use

evropsky
SOCININ
(-~ 4 fond v CH  EVROPSKA UNIE

T
"

NVESTICE DO ROZVOUE

(8 ¥ e be pre
Pre hoeveumeme e hagreed

VZDELAVANI

~ekolos CZ.1.07/2.2.00/28.0149



Metody stanoveni dostupnosti zZivin: FOSFOR ... Gilbert et al. (2009)

- vztah mezi mnoZstvim vyprodukované biomasy a dostupnosti fosforu (rizné metody pfi

riznych padnich podminkach)

Table 5

Effect of treatments on correlation coefficients between biomass harvested and the
square-root transformed soil extraction measurements of available P in year 1.

Treatment Olsen Bray  EDTA  Trucg P Acetic Membrane
F P P acid P P

Control 056 059" 006 061 057 062
Acridified 0577 0627 053 0.13 022 058"
Calcareous 0577 0647 0617 0.09 0.13 017

YAM inoculared 044 0.40 012 021 020 041
Sterilised 068" 0687 0647 064" 054 0.75""

All treatiments 0527 05777 0247 0.05 0.04 075"

combined

-vztah mezi mnozstvim fosforu odebraného v hiomase a dostupnosti fosforu (riizné metody

pri raznych padnich podminkach)

-korelacni koeficienty vyrazné vyssi nez v prvnim pripadé (pouze biomasa) — pro¢?

Table 8
Effect of treatments on correlation coefficients between P uptake and the sguare-root transformed soil extraction measurements of available F in year 1.
Treatment Olsen P Bray I EDTA P Truog P Acenc acid P Membrane P Resin
Contral 08" 088" 0.36 —0.48 —0.43 0ea” 0nEs""
Acidifed 0,377 nE2" 073" 0.32 031 072" 054"
Calcareous 066" o72™ 07" 0,14 0,24 0,27 046
VAM inoculated 064" 01" 0.35 0.31 0,35 055" 056
Sterilised 088" TE:E 082" 073" 065 093" 0.76™"
All wreatments combined 073" 078" 047" 0.07 0.08 0.6a” 0ea™
evropsky - i\ /‘F *
gf | [ CZ.1.07/2.2.00/28.0149
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Metody stanoveni dostupnosti zZivin: FOSFOR ... Gilbert et al. (2009)

-vztah mezi mnoZstvim fosforu odebraného v biomase a dostupnosti fosforu (rizné metody
pfi riznych padnich podminkach)

30
* Olsen
© Bray
25 1 | ® Membrane
= Resin § }k

]

o
L
-

!
RS

P extracted from soil (mg kg™)
o

o ] a
10 ‘i 5

- % ; (] £ o

o = I! * i %
o Z
T sk § = 2. = = i~

ﬂ T T — T T T

0 10 20 30 40 50 60

P uptake in plant growth (mg)

Fig. 1. Relationship between P extracted from soil by Olsen, Bray, Membrane and
Resin extractions and plant uptake of P (Error bars show standard error n=5).
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Metody stanoveni dostupnosti Zivin: DUSIK ... Parfitt et al. (2005), Frank (2008)

-rostliny ziskavaji dusik v mineralnich formach ... NH,* (ammonium) a NO;™ (nitrate)

-tyto jsou vsak znacné nestabilni, jejich koncentrace se méni okamzité pri zméné podminek
(po odbéru pldnich vzorkt nutné ihned zmrazit)

-navic momentalni koncentrace casto malo vypovidaji o dostupnosti dusiku béhem delsi
periody

-proto stanoveni dostupnosti (mineralizace) dusiku inkubacnimi metodami:
(a) odebrani vzorku ptdy dané hmotnosti (napf. 5 g): extrakce roztokem KCl a stanoveni
NH,* a NO; kolorimetricky
(b) inkubace po danou periodu (napf. 14 dni) v ptdé, poté opét extrakce roztokem KCl a
stanoveni NH,* a NO;™ kolorimetricky
(c) ¢ista mineralizace (dostupnost) dusiku spocitana jako rozdil hodnot NH,* a NO;™ pred
a po inkubaci

Tahle 3
Some properties of the soil at =75 mm depth with standarnd errors of differences (5. E.D.); values are means of two field eplicaes and three
different sampling times

No Orzanic  Oreanic Bull High P Mediuom P Organic  Orzanic  BullN - SED.
fertilizer 87A 7B QeA Y6 B
pH 5.0 57 5.8 5.6 5.6 6.0 59 58 57 003
Tokal C (t'ha) 32 40 3R I8 38 37 39 38 41 1.3
Total N (t'ha) 2.3 34 29 2.9 31 a0 3.1 33 35 011
C:M 11.6 13.3 129 126 135 13.3 11.2 11.4 11.0 020
Mineral-N O-day (kg'ha) 2 3 2 4 3 4 12 16 19 27
N mineralization 0=14 day (kgha) 2 4 4 9 3 2 43 i7 63 4
N mineralization 0-56 day ikgha) 19 74 73 L] Th o7 163 153 231 12

NS %
evropsky r\ rl * - .
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Herbage vyield (kg/ha

®

N uptake by herbage (kg/ha

(b)

Metody stanoveni dostupnosti Zivin: DUSIK ... Parfitt et al. (2005)
12000 400
r=0.87 + = r=0.93
10000 / £
s g 300 -
8000 5{/ - 8
KA T 200 e
6000 N
E o)
()
4000 4 c i
£ 100 P
2000{ o =z O
0 v . +
0 . ¢ =3 40 5.0 6.0 70 80 9.0
s . - s (b) Total N (¥ha 0-20 cm)
N mineralization (kg/ha)
it 400
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£ 100
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2. Relationships between (a) herbage yield (285 days) (mean of Fig. 3. Relationships between net N mineralization (0-36 days) and

Fig

three measurements) and soil net N mineralization (0-56 days)
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Metody stanoveni celkové zasoby Zivin v padé (Chanasyk and Naeth 1995, Schaffers
and Sykora 2002)

-zjisténi hloubky padniho profilu (ground-penetrating radar — Sucre et al. 2011)

-stanoveni objemové hmotnosti pady (bulk density) ... g suché pady /dm? (Kopeckého valecky) v
riznych vrstvach (napf. 0-20cm, 20-40cm, 40-60cm atd.)

-stanoveni koncentraci Zivin v riznych vrstvach ... mg (fosforu) /kg (suché pady)
Jak stanovit celkové mnoZstvi rostlindm dostupnych Zivin v pidnim profilu (kg/ha)?

Priklad (zalozeny na fiktivnich cislech — nicméné béinych pro travni porosty)
hloubka ptdy: 60 cm

objemova hmotnost: 740 g suché pady/dm?(0-20cm), 820 g/dm?(20-40), 860 g/dm? (40-60)
koncentrace fosforu (Mehlich 111): 20 mg/kg (0-20cm), 10 mg/kg (20-40), 5 mg/kg (40-60)

Vrstva 20 cm pldy — tj. 2000 m? (2 mil. dm?) na 1 ha (10 tis. m?)

0-20cm = 1 480 000 kg pudy ... tj. pfi konc. 20 mg/kg = 29.6 kg fosforu dostupného pro rostliny
20-40 cm = 1 640 000 kg pudy ... tj. pfi konc. 10 mg/kg = 16.4 kg fosforu dostupného pro rostliny
40-60 cm =1 720 000 kg pudy ... tj. pri konc. 5 mg/kg = 8.6 kg fosforu dostupného pro rostliny

CELKEM TEDY 1 HA PUDY TRAVNIHO POROSTU OBSAHUIJE (29.6+16.4+8.6) 54.6 KG FOSFORU
DOSTUPNEHO PRO ROSTLINY

- f?.".'f’.'?f*' Ml A ~ekolos! CZ.1.07/2.2.00/28.0149

fond v CH  EVROPSKA UNIE Prv loureumer e hagreet

NVESTICE DO ROZVOJE VZDELAVANI



Zpracovani dat z laboratofre ... koncentrace Zivin v padé

Vysledky agrochemickych rozborl pud (dle Mehlicha 3).

Datum odbéru vzorki: 2012 Zékaznik:
Lakalita: Eflé Karpaty Organizace:
Papis vzorkid pudni vzorky Adresa
Datum piijet veorkl: 3.8.2012
Lab.gislo | Ozmacen] zadavatals Pidni reakce | Suging [ Ohsah piiatedich Sivin mghg pddy v susing Cox Hit
veorku | disloveorku | Varanta odbér | pH/CaCI2 0% F K, ca =] Dy susSiny | % susiny
27 898 BC Lopenik | 21.5.2042 420 97.94 39.54 889 927 141 2.18 0.278
27 69% ac Lopenik | 21.5.212 4.52 97.69 41.70 108.2 1365 189 3.78 0.306
27 700 10C Lopenik | 21.5.20M2 4.31 97.91 41.77 102.4 1011 143 3.01 0.276
27 701 100 Lopenik | 21.5 212 4.28 97.93 32.29 1821.8 964 151 3.10 0.276
27 702 BD Lopenik | 21.5.212 4.13 97.97 22.03 139.2 778 138 2.94 0.265
27 703 6D Lopenik | 21.5 2042 3.99 98.13 24.23 B89 458 B5 8 2.81 0.259
27 704 TA Brumov [ 21.52M12 8.7 96.08 16.13 246.2 3068 218 4.22 0.3%0
27 708 oA Brumov [ 21.520M2 5.20 96.35 11.54 2848 3480 22 4.32 0.389
27 708 106 Brumov | 21.5 212 .73 96.07 25.78 327.8 5809 181 4.80 0.405
27 707 BB Brumov [ 21.520M2 5.22 96.48 15.67 228.6 3478 246 4.58 0.389
27 708 BE Brumov | 21.52012 5.07 95 .52 2B.49 2291 3113 221 4.59 0.383
Z7 709 /b Brumov [ 21.5.2012 4.92 96.78 29.95 350.1 2624 215 4.88 0.374
27 710 6B Brumov [ 21.520M2 4.88 a7.05 3771 321.2 2255 158 2.74 0.221
2r7 1 GC Brumov | 21.5212 7.10 96.48 30.21 293.2 B035 138 5.09 0.412

-spocitat celkovou zasobu zivin (N, P, K, Ca, Mg) na 1 ha v ptdnim profilu 0-20 cm pri
objemové hmotnosti ptidy 0.87 kg/ dm?
-spocitat prediktor rychlosti mineralizace zivin v pade (C:N) a jeho korelaci s
odbérem Zivin rostlinami
-na zakladé vzorkd €. 27 698 — 27 711
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Zpracovani dat z laboratofre ... koncentrace Zivin v biomase

Vysledky agrochemickych rozbor( rostlin

Datum odbéru vzork? 2072 Fakaznik:
Lokalita: Bile Karpaty
Druh pokusu: biomasa Adresa:
Flodina (odrida):
Cast plodiny: tal
Lab.Eislo | Cznaceni zadavalels Wynos Susing Obhsah zakladnich Zivin v % susiny
vzorku |éislo vzorku| Varanta odbér g/m2 % N P 34 Ca Mg

197.64 | 9142 2426 0.206 2.016 0.475 0175
123.72 | 91.26 2.033 0.182 1.850 0.810 0.235
151.18 | 80.82 2.573 0.237 2.203 0.752 0.222
170.12 | 91.01 2.064 0.218 2.602 0472 0.184
167.43 | 91.41 2167 0.238 2.365 0.508 0.167
159.49 | 91.28 2.079 0.183 1.939 D.440 0.182
25417 | 91861 1.953 0.166 2.010 0.r82 0.141
337.43 | 91.23 1.709 0.145 2.091 0.783 0.128
28491 | 91.08 1.786 0.254 2.48% 1.101 0.147
317.47 | 91.16 2.125 0.162 1.727 0.783 0.118
27500 | 91.03 2.110 0.188 2.051 0.819 0.140
26066 | 91.05 2125 0.237 2.784 1.325 0.184
239.10 | 9166 1.882 0.238 2.134 0.822 0173
346.53 | 92.07 2.091 0.233 1.74% 0.495 0.074

45 617 acC Lopenik | 215201
46 618 ac Lopenik | 21520
48 1% 10C Lopenik | 21520
45 820 10D Lopenik | 21.5.201
46 621 ap Lopenik | 215204
46 622 5]B] Lopenik | 215201
46 623 TA Brumov | 215207
48 824 a4, Brumay | 215207
48525 108 Brumay | 21.5.201
46 626 9B Brumav | 215201
46 527 ag Brumaw | 215204
45 528 7B Brumaov | 21.5.201
46 629 68 Brumov | 21.5207
48 830 B Brumav | 21.5.201

(=] [ S ] s T e I Y LS O T R e Y L ) [ Sl ]

-spocitat odbér prvkl rostlinami (N, P, K, Ca, Mg) z 1 ha pri daném vynosu susiny

-na zaklade vzorkd ¢. 46 617 — 46 630
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Cykly zivin v terestrickych
:mepskyf ekosystémech (EKO/C2)

i Mgr. Jan Mladek, Ph.D. (2012/2013)
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Izotopové metody vyuzivajici stabilni izotopy (neradioaktivni)

Unkowich M et al. (2001) Stable Isotope Techniques in the Study of Biological Processes
and Functioning of Ecosystems. Kluwer Academic Publishers, Dordrecht.

Fry B (2006) Stable Isotope Ecology. Springer, New York.

Hoefs J (2009) Stable Isotope Geochemistry. Springer, Berlin.

CURRENT PLANY SCIENCE AND
BIOTECHNOLOCGY IN AGRICULTURE

| Qtable [sotope
Ecology

Stable Isotope Techniques in the
Study of Biological Processes
and Functioning of Ecosystems
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Stabilni izotopy (neradioaktivni) ... Fry (2006)

@r "? -mnoho prvka existuje ve vice nez jednom

H R 300 0HSHES

NaM& Alsiplsjalar  1zotopu

K |Ca|Se|Ti|V |CrMnlFe[Co|Ni|CulZn|GalGelA s{Se|Br{Kr

[pe] ¥ [ejNbpoTeroRnpata A a e LY —nicméné pro detekei biologickych procest jsou
Cs|Ba a1 [Ta| W [Re{Os|Tr Pt [Au[Hg| TT/P5[Bi[PofAt[fn ., v, , i

e nejvice vyuzivane stabilni izotopy: H,C, N, O, S

Tapre 1.1. Isotopes for the Light Elements HCNOS (Hydrogen. Carbon. Nitrogen.

Oxygen and Sulfur).”

[sotope Abundance

Mass Difference® Range in &
Element Low Mass High Mass (Relative) (%o
Hydrogen' 'H 99.984 'H 0.016 2.00 700
Carbon o OU8.8Y et & 1.11 1.08 10
Nitrogen UN 99.64 “N 0.36 1.07 90
Oxygen O 99.76 "0 0.20 1.13 100
Sulfur S 95.02 g 4.21 1.06 150

Ficuxke 1.2 You are what vou cat; stable isotopes in a 50kg human who is com-
posed mostly of light isotopes with @ small amount of heavy isotopes. People are
mostly water, so hvdregen and oxvgen sotopes dominate at »35ke. Next come C
isotopas at =11 kg, then N isotopes S isotopes are missing; they should be here af
about 2204 for the light isotope 28 and 10g for the heavy isotope S, Have you had

. at
P
- -
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Stabilni izotopy (neradioaktivni) ... Fry (2006)

WE SAY THAT THERE IS A ' IN MOST CASES '2CARBON AND '3CARBON
R BEHAVE THE SAME BECAUSE EXTRA NEUTRONS
"‘AV Y = DON'T CHANGE THE REACTIVE SPHERE OF
W ELECTRONS AROUND THE NUCLEUS.
AND ‘f R iy S
| I T U ¥

Eal N AT | I

ISOTOPE OF CarBON. & § gipe—"
j - . —— -;. : ‘.":'. i

'3CARBON HAS ONE
MORE NEUTRON THAN
'2ZCARBON IN ITS NUCLEUS. _ .

SOMETIMES THE EXTRA NEUTRON MAKES
A DIFFERENCE. IT'S HARDER TO PUSH THE
HEAVY MOLECULES UP AN ENERGY HILL..

e

-jeden neutron navic (u tézsich izotopti)
Casto znamena pomalejsi reakce

]

-tato pomalejsi reakce vede k FRAKCIONACI

====3

”

... 50 THAT PRODUCTS HAVE MORE OF THE
LIGHT ISOTOPE AND LESS OF THE HEAVY

... j. zméné poméru izotopt pfi reakcich

ISOTOPE.
B . o
= f,""’ ! e " ~ekolos, CZ.1.07/2.2.00/28.0149
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Stabilni a radioaktivni izotopy, frakcionace ... Fry (2006)

Stabla isotopes  Radioisotopes Steady
e State Pool
N * Divide + Unite
\}\\ o Split out *  Lump ogether
\ a *  Put Back
' *  Select ot ut Bac
Fractionation Radcactive : ? =
Dacay «  Subtraction/Loss ¢ Additon/Gain
/ o Segregate * Aggregaie
4
Y, *  Discriminate * Randomize
yd «  Separate +  Combine
= *  Fractionate © Mix
Figure 1.5, Stable 1solopes are especially valuable lor studving the ongins and Processing

between pools
with both
losses and gains

cveling of orgamic matter in the biosphere. Tcok sty also use radiolsolopes (espe-
cially "H, "*C.and ®P) to study eveling rates and to determine ages. Stable isotopes
that posc no health risk are mcrcasingiv substituted for the radioisotopes i cco-
logical and medical research.

Fractionation
l Fractionation Mixing
7!/ \'. / \
I _ l
Ficure 1.7. The two main themes of the book are fractionation and mixing. Frac- | Mixture / ‘
tionation splits apart mixtures 1o form source materials These sources recombine Source 2

via mixmg, There is a strong gencral analogy between isotopes and colors, so that
1sotopes can be thought of as dyes or tracers In this example, [ractionation sepa
rates grey into black and white components, and conversely, black and white mix 1o
form grev. (A color version of this figure on the accompanving CD gives this mixing
in terms of blue and vellow sources mixing 1o form the intermediate green color, Mixing
and conversely. fractionation regencrates blue and yellow [rom green.)

= I .d‘:' 1 {,._ Vi
evropsky - %I ,,:: : R e
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Cojeto d ... delta? ... Fry (2006)

H - —~—
0" X = [(RSAMPLE/ RyraNDARD — l)] *1000.
... delta — je tzv. pomér pomérd, jinymi slovy pomér izotopti v mém vzorku ku
pomeéru izotopl ve standardu

R - pomér tézkého izotopu ku lehkému “H/'H. *C/PC, PN/MN. "*O/*°0. or *S/*S.

RSAMPLE/RSTANDARD = ‘ HS.“\MPLE:" LSAMPLE )/( HST:\NDARD LSTA.\'D:\RD )

Tarte 2.1, Isotope Compositions of International Reference Standiards o values, “higher heavier, lower lighter.”
Ratio. H/L* Valne. H/L* % H % 1
. s o
Standard Mean Ocean Walter ‘HI'H 000015576 0.015574 99,0344260 mnemotechnicka pomUCka
(SMOW) OO (.0003799 0.03790) Q. 7206 (k|adné —vice tézkého iZOtOpU
010 {,0020052 0,20004 99.76206 - . 5 ; . f
zaporné — vice lehkého izotopu)
PeeDee Belemnite (PDB) HeMe O.011180 11056 08,4044
and Vienna-PDB (VPDB) YO0 (LOOD3RSY 0.0385 49,7553
OO (.0020672 0.2062 U4, 7553
Air (AIR) “N/UN (0036765 (1.36630) Ug.53370)
Canvon Diablo Troilite (CDT) NSeS (LOOTRTT2 0.74865 U5.03057
and Vienna-Canyon Diablo ROTEE (LO441626 4.19719 U5.03957
Troilite (VCDT) HSS (LOONTS33 001459 95.03957

'H and L indicate heavy and light isotope components, respectively.
-jednoduché pravidlo: ¢im vyssi hodnota & tim vétsi zastoupeni tézsiho izotopu a naopak
(hodnoty & casto zaporné, coz znamena, Ze zastoupeni tézsiho izotopu je nizsi nez standard )

-bézné hodnoty & kolem -100 aZ +100 %o (v promile ... 1 %o = jedna castice z tisice)

= e ' o " ~ekolos, CZ.1.07/2.2.00/28.0149
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V jakych hladinach se pohybuiji tézké izotopy? ..

0.018
i
8 0.016 =
e
0.014 - ' ™
-100 0 100
o°H
1.22
O
2 111
2
1 L) L)
-100 0 100 9
s o
013C o~
-zmeény zastoupeni tézkych izotopt se v
prirodé pohybuji zhruba na Skale -100
az+100%

- hodnoty & (%o) lze pomoci rovnic zpétné
prepocitat na skute¢né koncentrace (7))
e - - <
téZkych izotopu ve vzorcich e

AP ... % zastoupeni tézkého izotopu

AP = 100%(8 +1000)/[(5 + 1000 + (1000/ Rsanparn)]

evropsky l *
' SOCININ o "
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. Fry (2006)

0.41
0.37
0.33 - \
-100 0 100
5'°N
0.22
0.2
0.18
=100 0 100
%0
46
42
3.8 - .
-100 0 100
'S
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Co je to A: frakcionace izotop? ... Fry (2006)

— !
A — ((I — 1) 0 1000 A - udava frakcionaci v %o
a — koeficient frakcionace
Lk
s

L . - kineticka konstanta lehkého izotopu (rychlost s jakou vstupuje do reakci)
H , - kineticka konstanta tézkého izotopu

0!

a=1.01 znaci o 1% rychlejsi reakci lehkého izotopu

pri a=1.01 je A=10 %o

2 f"ﬁ"t"f“ Y o ekolos CZ.1.07/2.2.00/28.0149
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Cirkulace stabilnich izotop v biosféfe: UHLIK ... Fry (2006)

8"C distribution in ecosystems

ATMOSPHERE |
c02 -8 b, zasobnik (napf. -8, -28, -26) ... udava delta v %o

A, reakce (napf. hodnoty 21, 6, 0) ... udava frakcionaci v %o

9 eq.

Fossil Fuel
o, -27

. | (I—

Tropical C-4 Total Dissolved CO, |
Grosslands POM =22

DOM -23

Soil Organic Matter -26

LAKE OCEAN

\

numbers of arrows indicate the fractionation (A, %)

o G B
= f:ﬁi‘:ﬁ"" ! T " ~ekolos, CZ.1.07/2.2.00/28.0149
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Izotopy uhliku v terestr. ekosystémech: zasobniky a toky CO, (Bowling et al. 2008)

-24 I' ’ .
Ecosystem respiration
-28;-
2 .|
O Rend
o
-30} Bulk leaf
__32 i i
0 1000 2000 3000

Mean annual precipitation (mm)

-se zvysujicim se objemem srazek klesa podil
tézkého izotopu 3C

... rostliny pfi suchych oblastech C, nebo CAM
(PEP enzym efektivné vyuzije i 3C)

-rtizné slozky listu se lisi v izotopovém signalu,
nejmeneé tézkého uhliku v ligninu a lipidech

-v padé vice tézkého izotopu uhliku oproti
listim

|}< l/’\] [_.".—,1
| £

OF Vradebvire
PE hoere e eme hagreeed
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Sugars = {j:]
Starch (3
Protein e
Cellulose H e 1
Organic acids <]
Lignin LI
Lipids {I} i
-8 6 -4 =2 0 2
8"°C — bulk leaf §"°C (%)
Phloem sap|(a) o —
Twigs H-C0
Boles ' e
Roots — . ——
Coarse woody debris|(b) ‘ -l
Litter (O horizon) e
SOM (A herizon) — - i
Mycorrhizal fungi P o —
Saprotrophic fungi . g VS )
Leaf respiration|(c) b i — -
Root respiration| | o B '
Bark/Wood respiration o 3
Soil respiration [-w
Ecosystem respiration [— -
-6 -4 -2 0 2 4 86

£ A
%

__~ekolos |

A"

8'°C — bulk leaf 5'°C (%)
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Cirkulace stabilnich izotop v biosféfe: DUSIK ... Fry (2006)

Representative 8"°N values in natural systems

ATMOSPHERE
Npgos O

/”/f/ PRECIPITATION

NH; -1810+8

!
{typical )

Nz fixers
-2 10 +2

| eq.

.

NO3 1510 +3
Fossil Fyel
Emissions
NOx -210+4
| NH3 -Blo-4
Soil Organic Malter -4 1o +14
LAKE

Fertilizer
NHy -0
NO3 ~+3

Dissolved N +1.0
POM =2 to +I|

Deep Waler NO3 +4 10 +6

OCEAN

numbers of arrows indicate the fractionation (A, %)

' \I : ! y .'*. ]
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Izotopy dusiku v biosfére ... Robinson (2001)

-guano: vysoky obsah tézkého dusiku
-amoniak unikajici z guana: nizsi obsah

-moZno detekovat zdroj dusiku ve vegetaci

42

0 L
-5 \.\'—_/4'/_/.
Guano-derived NH4

Prevailing wind direction >

15 o, Guano N

1 Km

10 | T 1 ~ 'é“
Penguin colonyf_,,.f—m i 400 Py
2 54 o~ S——" 1200 3
- ) = =
o 0o <

TRENDS in Ecology & Evolution

NE
evropsky R ‘PI 3
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Cirkulace stabilnich izotop v biosfére: SIRA ... Fry (2006)

Representative 8**S values in natural systems.

ATMOSPHERE
Siratospheric SO?{ +2.6 Background

I e S g

Leaves CONTINENTAL MARINE
-5 10 422 PRECIPITATION PRECIPITATION
\\}V(// SO5~ +1 1047 05" ~+13
Fossil Fuel =10 10 #10
— 502 -1 o #25
i R R R
similor S04
Soil Organic Matter =  to =2210+20 Salt Marsh PO;{ +17 10 +21
vegetation POM 2 Plonls S0 +21
LAKE OCEAN

numbers of arrows indicate the fractionation (A, %)
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Vyuziti izotopovych map v krajinné ekologii ... Fry (2006)

vwv/

-hnojiva a emise z primyslu obsahuji vyssi zastoupeni tézkého dusiku *°N oproti
prirod. prostredi (resp. standardu)

-mapovanim biomasy ras a urcenim & °N l|ze predikovat miru znecisténi a toky
znecisténych vod

Pine R

5'°N
| 0-3
- [ 134
B 45
B 5-7
v Bl 7o Kilometers

FiGURE 3.6. 8N values of algac in Bramble Bay, Australia where the city of
Brisbane occupies the western shore. High 8N values along the western shore indi-
cate N pollution inputs from watershed rivers and local sewage treatment facilities.
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Jak Ize vyuzit stabilni izotopy pro detekci vyvoje ekosystéma? ... (Fry 2006)

0- Age
Grassland
Soils
-50 - 750bp

£ -100 - 3000bp

O

i

a r -y

& 1501 C, travy (savana) maji
vy53i %o téZkého izotopu

’200 n w

... proto zmény lesa a
savany béhem historie Ize

20— detekovat z padniho
20 28 -26 -24 22 -20 -18 -16 -14 -12 10 profilu dle podilu
313C (%o) stabilnich izotop(

Fiouge 3.7. 8"C values of soils from six sites in Gabon, Africa where C, savannah
grasses (—12%o) and forest trees (—29%) contribute to soil organic matter. Low
values near =29%. indicate landscapes dominated by forests, whereas high values
approaching —12%. indicate landscape-level shifts to open savannah, The square
symbaols give the isotope values for forest soils in a reference undisturbed system
that has not been invaded by savannah. Considering the isotope profiles of the other
nonreference soils as a history and reading from the bottom up. forests dominated S
the landscape until about 3000 years ago when the landscape shifted to open savan-
nah, but this trend reversed about 750 years ago, with forests now dominating again. g5
(From Delegue. M.-A.. M. Fuhr, D. Schwartz. A. Mariotti, and R. Nasi. 2001. Recent S

=Xy el - ! R {~ekolos) CZ.1.07/2.2.00/28.0149
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Table 1. Principal differences in carbon isotope diserimination, water-use efficiency in dry
matter production, and ceophysiological characieristics of Cy, Cy, and CAM plants.

Plant type 8- C WUE Ecophysiological characteristics
(%s) (ml. H,0
ranspircd
per g dry
matter gain)
C, <20 1o 34 400 - 600 * Use Calvin Cycle with Rubisco to fix
(e.g. wheat, COy in Jeufl
lupins) * Stomata open in day

*  Perform best st moderale
temperatures and light intensitics

Cy 91017 200 - 300 =  Use PEP carboxylase to fix COs in
{c.g. maize, leal
Sugar cane *  Stomata open in day
*  More efficicat water users than C,
plants especially at high temperature
because:
1. PEP carboxylasc is better
scrubber of CO,
2. C;plants lack photorespimtion
3. €, plants less prone to
photoinhibition
4. Better N use officiency
through lesser investment in

photosynthetic cnzyme
CAM/C3 AsforCyplants 50 * Fix CO; at night with stomatcs open,
(c.e when operuting  (when in using PEI" carboxylase to form malnte
pigface, inCAMmode, CAMmode) » Close stomates in day and convert
pincappie) bt close to C; malate to sugar
species when in *  Succulent and very slow growing in
Cy mode. CAM mode
* Can convert to Cy; mode when water
is availahle and salinity is reduced

I}( I';] == < M
Ef g - ! o 1 ~ekolos) CZ.1.07/2.2.00/28.0149
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lzotopy vodiku ... detekce prenosu vody z hluboko korenicich stromu k bylinam
(Dawson et al. 1993)

Dgreciptatin = 27 6.2) %a
Biyben-sap = 54 (5 1) % vodik — tri izotopy

S0 mundwaler = =59 (2-7) %

2H ... deuterium
5T A 8. & - 108 (03] MPa

3H ... tritium
58 (160 & -1.27 (0.4} MPa
A1 {511 & <212 (0.5 MPa P r .
egogplon - srovnani pfirozenych hladin
N \ deuteria ve zdrojich vody
(srazkova, podzemni)
40 {7.371% 25 14,V o . .
; P a vody pfitomné v xylemu

-2 73(0.4) MPa 309 {0.6) MPa

bylinného patra pod stromy

- rozdil hladiny deuteria
. GAOUNDWATER vzhledem k standardu

Fig. 3. The average (+ SD) stable hydrogen isotopic composition

(8D, %o) and water potential (MPa) obtained at — 30 (£ 5) ¢m for

soils at the same five distances from the base of mature 4. saccharum

trees as shown in Fig. 1. Also shown in the upper part of the figure D/H ampie

is the average 6D for precipitation, xylem-sap of the trees, and the oD = DIH. .. L] > 1000 %o
groundwater at the same sites. Sample sizes are given in the text 1 sandard

NE .
evropsky ‘\/P' 3 RS L=
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Globalni pattern izotopu dusiku v listech rostlin: role mykorhizy ... Craine et al. (2009)
15

10 -

-10

-10

Ericoid Ecto AM Non

Fig. 4 Distribution of foliar 3'°N (%) values among different
mycorrhizal types. Data were first standardized to a common mean
annual temperature (13.2°C), mean annual precipitation

(751 mm yr') and foliar N concentration (15.8 mg g') using

evropsky I\I‘Fl 3 RS L=
- iy o Lo " ek-l:s' CZ.1.07/2.2.00/28.0149
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Detekce plvodu potravin dle izotopového signalu: REVIEW ... Kelly et al. (2005)

- analyzy zalozené na vice elementech a vice pomérech izotopti — geograficky specifické

Table 1. Overview of the way in which the relative proportions of the natural abundance of isotope ratios are affected (or fractionated) in
the environment and how this can be exploited for food provenance determinations

Isotope ratio

Fractionation

Information

*H/'H
13( ~/l2(~
LN N
%0150
34q 32g
7S rsr

Evaporation, condensation, precipitation

C3 and C4 plants

Irophic level, manne and terrestral plants, agricultural practice

k \‘apnraﬁnn, condensation, p.'t'(‘|pitahnn

Bacterial

Age of the rock and RbySr ratio

Ceographical

Diet (gengraphical proxy)
Diet (geographical proxy)

Ceographical

Ceographical (marine)
Underlying geology, geographical

Table 2. Summary of the relevant literature relating Lo the use of multi-element and multi-isotopic analysis of food commodities Lo
determine the geographical origin
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Instrumental
Commaodity ’arameters measured techniques Data interpretation  Reference
Meal
Beei OO IRMS Univariate, box & Hegerding et af, 2002
whisker
Beef Se AAS-hydride generation U nivariate Hintze et al., 2002
Boof HIH, O ENATN, 88 IRMS Box & whisker, PCA  Boner & Forstel, 2004
Beof 2H'H, 3CMC, NN IRMS ('H, *H & "*C NMR) DA Renou, Bielicki, et al.,
2004
Lamb Ber i, NN IRMS ChA Piasentier ot al., 2003
Dairy
producis
Milk BCN2C, NN, 180060 IRMS U nivari ate Komex! et af., 1997
Milk *O/%0 IRMS (1H NMR) DA Renou, Deponge, ef af,
2004
Milk "50/'%0 IRMS U nivariate Ritz et al., 2004
Butter BC2C, BNAN, P00, 34632, IRMS, TIMS DA Rossmann ef al., 2000
TS r
Butter BOAC, NN, TEONRO, 44528, IRMS, TIMS DA Balling & Rossmann, 2004
S T
Chepse BeA2C, NAN IRMS (HPLC) PCA, CA, LDA Manca et al., 2001
Cheese 2H/H, 13CMC, 1NN, M54, IRMS. Q-ICP-MS, TIMS, ANOVA, PCA Pillonel et af,, 2003
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Metody stanoveni transferu Zivin herbivory (Schnyder et al. 2010)
Urine N Dung N N

X . gisty transfer dusiku
densit oonte dens conten excret
fW ’% ) vﬁ% = /7% 7 e ,,”7/7'// Z | _— ’ : 3

gf’ ) SRR 7 2 74 -spocitan jako rozdil mezi (A) exkreci

. é % 7 4 b % dusiku v moéi i hnoji a (B) prijmem dusiku
7 : A 7
.;: et % % é Sy @ skotem
; % 27 % - kalkulace transferu dusiku vidy v ramci
g / E P W daného bloku (25 m?)
%’///I Z Nimnsfer j = Nexcretion N Ningc-stion ]

-transfer pro blok se souradnicemi jj
Pre-grazing N con-

bloma} -exkrece v bloku: frakce moéi a exkrementd
‘n vylouéenych v daném bloku (tj. proporce z
celkové exkrece, v jednotkach: g paddock™
grazing period-1)

-predpoklad, ze 80% Blusiku prijatého zvifaty
se vrati na pastvinu

lchcrclion | ‘c.\'crelion ] X Nlolul excretion

foxcretioni = NUmber of excreta patches in
block ij / total number of excreta
patches in the paddock

e ]
Nmmi exereton = 0.8 x [\mml ngestion

- [—:v'-'—q .’$<
e & o
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Vstupni data pro vypocet transferu Zivin: kalkulace prijmu (Schnyder et al. 2010)

Depletion zone Accumulation zone
Altitude [m] 460 470
Slope [%] 14 7
Area [ha] 0.045 (.055
Pre-grazing biomass st growth (g m %) 329 a 378 b
Pre-grazing biomass 2nd growth (g m %) 268 a 346 b
Residual biomass 1st growth (g m %) 102 a 244 b
Residual hiomass 2nd erowth (g m7) 29 a 117 b
N ingestion (g m~ %) 1.2 a 8.5 b
P ingestion (g m~?) 1.4 a 12 a
N excretion (g m™ ") 27 a 135 Db
P excretion (g m_:} 0.3 a 20Db
Net N transfer (g m %) —8.4 4 7.0Db
Net P transfer (g m ) —1.1a .8 b

=

biomasa v susiné pred pastvou
koncentrace dusiku pred pastvou

pre Ij maw
preij ===

'w:op::yw | : [ ~ekolos) CZ.1.07/2.2.00/28.0149
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Metody stanoveni transferu Zivin herbivory (Schnyder et al. 2010)

-mapy ,,Cistych” transfert dusiku a fosforu

-mapa akumulacnich (horni kvartil transferu) a vycerpavanych (dolni kvartil transferu) zon Zivin

N
2

\\\\w\\\&u

W

7

>

’//

Fig. 4 Maps of net N transfer (7efi), net P tran
and  depletion and  accumulation  rones  (righ map). Net
transfers were determined for 5 x Sm® blocl} and were
calculated as the difference between nutrient @eretion and
ingestion by cattle inside each block in two graling periods.
Different shades denote different net wansfer oiisses. Black
(positive net transfer. causing accumulation): 1w 16 ¢ N'm™
D1wlS5gPm - dark grey (intenmediate net transfer), =7 to

\\mxm\mm

'7

v (rididle),

transfer, causing depletion): —11t0 =T gNm °, —1.5 o —
0.7 ¢ Pm * The zones of depletion and accumulation were

evropsky
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]

estimated from the net transters of N and P blocks in the
lowest quartile of both N and P net transfer were assigned to
the depletion zone: blocks inside the highest quartile of both N
and P net wransfer were assigned o the accumulation zone.
Axes give Gauss-Kriiger coordinates
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Metody stanoveni transferu Zivin herbivory (Schnyder et al. 2010)

-mapa objemovych koncentraci Zivin (kg m3) v
blocich

om
—

-z4soby Zivin v pudnich profilech (g m2)

I\

v akumulacnich a vycerpavanych zénach (blocich) E
Z
Table 4 Soil nutrient stocks (N and P), the N/P ratio. NOs and
Peap, stocks. in the depletion and accumulation zones
Depletion Accumulation
zone 7one
N 0-5 cm (g m °) 219 a 320 b
N 5-10 cm (g m 2) 190 a 208 b
N 10-60 cm (g m™2) 784 a 836 u
PO-5Scm(gm ) 59 a 77 b
P5—10cm (g m ™) 53 a 63 b
P 10-60 ¢m (g m™7) 375 a 403 a
N/P in soil 0-5 ¢m 4.0 a 48b
N/P 1n so1l 5-10 ¢cm 34a 34 a
N/P in soil 10-60 ¢m 2:1a 2:1:a
NO; in 0-60 ecm (g m™?) 43 a 10.4 b
Pear in 0-60 ecm (g m™) 107 a 196 b

Fig. 3 Maps of volumetne soil N (left column) and P
concentrations (right column) in (-5 (top row) and 30-60 cm
depth (hottom row) in blocks of 5 x 5 m~. Different shades

(.-"‘.—,i j’(.
evropsky - %' o~
- oo T g —‘ekol-:rs__ CZ.1.07/2.2.00/28.0149
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Different letters indicate significant differences between the
zones (P < 0.05, Tukey—Kramer test)




W

Asociace mezi denzitou exkret, cistych transfera Zivin a zasobou Zivin v riiznych

pudnich profilech (Schnyder et al. 2010)

Table 2 Correlation matnx (Pearson product moment correlation) between excreta density, net nutrient transfer and soil nutrient
stocks at different depths

Net N orransfer Noin 0=5 cm Min 3-10 cm MNoin 10-30 cm Noin 30-60 cm
Excreta density 0.96G= % (]l s .36 %E [IERE ooy
{urne and dung)

Net M oiransfer (), Gttt (0.1 ¥ T 0, 20+
Min(O-5cm (), oy () 37k 02"
N oin 5=10 cm [ sl R (). 5 esbest
N oin 10-30 cm ), G2 kst

Met P transfer Pin 0-5 cm Pin 5-10 cm Fin 10-30 cm P in 30-60 c¢m
Dung density [EEREE IR 0.2 FEF IESEE —0.127
Mat P transfer (). Juoprs= (eI R [.37#%% —{.or™
Fin (-5 cm () 87 ket () Tk 0.1 Re+=
Pin 5-10 ¢cm (] B0 = (), 34
Fin 10-30 cm (), 35#==

Interpolated data of 192 grid blocks (25 m7) with identical coordinates were related to each other

-denzita exkret (moc + exkrementy) pozitivné korelovala s transfery zivin

-transfery dusiku i fosforu pozitivné korelovaly s celkovou zasobou N resp. P v padnich
profilech (do hloubky 30 cm)

Proc byly poéitany korelace zasob dusiku v padé s denzitou urinace+ exkrementu a u fosforu pouze s denzitou exkrementu?

2 f:ﬁ,’.‘:ﬁ"" i, e ' ~ekolos, CZ.1.07/2.2.00/28.0149
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Kalkulace bilance zivin — Rengen Grassland Experiment (Hejcman et al. 2010)

VSTUPY - ZJEDNODUSENE: hnojenim do rdiznych variant experimentu B — F
(bez vlivu atmosférické depozice, ta viak ve viech variantach na lokalité konstantni)

Element Treatment
A B C D E F
Control Ca CaN CaNP CaNPKC] CaNPK.S0O,
N (kg ha ) OO 100 100 100
P (ke ha ') 35 35 35
K (kg ha™h 133 133
Ca (kg ha™") 715 752 936 936 936
Mg (kg ha™") 67 67 75 90 75  superfosfat
As (g ha™h 1.2 1.4 4 4 4
Cd (g ha™) 0.1 0.1 0.3 0.4 0.4
Cr (g ha ') 0.3 | 319 321 319
Cu (g ha by 9 11 34 b 37
Fe (g ha ') 4 149 2,501 2.652 2,594
Mn (g ha™') 0.2 34 744 745 745
Ni (g ha ') 2 2 4 5 4
Pb (g ha ') | 12 15 15 15
Zn (g ha ) 0.1 10 12 14 14
E ovropsky - [\fc?| \J ‘
= f - ~ekalos| CZ.1.07/2.2.00/28.0149
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Kalkulace bilance zivin — odbér Zivin v biomase se sklizni (Hejcman et al. 2010)

-soucet odbéru Zivin v rostlinné biomase z prvni a druhé sece

Analyzed variable Treatment
F value A B C D E F
Control Ca CaN CaNP CaNPKCI CaNPK,SOy

Yield (t ha™") =0.001* 26 a Jda J5a 350 a1 Tic
N (kg ha ') <(.001* 39 a 54 ab hd b b 77 b 74 b
P (kg ha ') =0.001% 28 a 4.1 a Jba 15.6 b 133 b 143 b
K (ke ha™) =0.001* 26 a 45 a 3 oa 37 a 125 b 98 ¢
Ca (kg ha ') 005l 26 42 27 3% 35 34
Mg (ke ha™ ' =0.001* 1 a 13.6 be 103 ac 143 h 124 be 10,3 ac
As (g ha ) (A= (1,55 a (16 a 1.24 b 0,76 ab (8T ab 0. 76 ab
Cd (g ha ") =0.001* .91 a 0.66 a 0.58 a 0,98 a 1.67 b 1.05 a
Cr (g ha D.016* 0.5 a 4.5 ab 24b 3.8 ab 5.6 ab 3.8 ab
Cu g ha') a7 1% a 23 ab 23 ab 25 ab 37 h 31 ab
Fe (g ha ") 0277 1.555 1,163 677 630 880 801
Mn (g ha ') <[.001* 392 a 213 ab 169 h 359 ab 407 a 382 a
Nif{gha") 0187 36 2.7 2.0 24 30 2.7
Ph (g ha™ ") 0.117 23 1.6 .1 22 28 25
/n(gha ') (0.345 105 o4 E b 113 I1¥ 122

g‘f o ! - {~gko los) CZ.1.07/2.2.00/28.0149
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Bilance Zivin: RDA analyza aplikovanych elementi v hnojivech, jejich koncentraci v
pudé, v biomase prvni a druhé sece a celkovy odbér elementi sklizni

- vSechny zavislé proménné (v programu Canoco: species) byly standardizovany
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(Hejcman et al. 2010)
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Kalkulace bilance Zivin: VSTUPY — VYSTUPY ZIVIN (Hejcman et al. 2010)

depletion (vycerpavani ptidy) — u biogennich prvkid (N, P, K - tam kde se jimi nehnoji), viude u
nékterych tézkych kova a mikroprvkd (napf. kadmium, zinek)

accumulation (akumulace v padé) — u biogennich prvkt (kde se hnoji), u kova (arsen, chrom)

Table 7 Annual balance of elements. Megative values indicate abbreviations are given m Table 1. Using Tukey’s post-hoc
the depletion of the element by harvested hiomass uptake, test, treatments with the same letter were not sipnificant]y
whereas positive values indicate g surplus and possible leaching different (probability value of 0.05)

or accumulation of the element in the RGE. Treatment

Analyred varable Treatment

P value A B [ [B] E F

Conirol Ca CaN CaNP CaNPKCI CaNPK:SO.
(kg ha 1) <0.001* 30 a : 36 b : 23 b

<(0.001* 2.8 a . 3.6a . 19.7 b 7
K (kg ha ') <(0.001* 26 a 45 a 30 a 37 a 8 b 35 b
As (z ha™) <(0.001* 0.6 a 0.6 b 0.2 b 312 ¢ lec 3.2¢
Cd (g ha™ ') =(1.001* 0.9 ab 0.6 a 0.5 a 0.7 a 1.3 b 0.7 a |
Crig ha ) <0.001* —6.5 a —4.2 ab ~1.81b 316 ¢ 3l5c 36
Cu (g ha") <0.001* ~-18 a —14 ab —12 ab 9 ¢ -1 be 6 C
Fe (g ha ) <0.001* -1.555a ~1,159 a -528 a 1,961 b 1.772 b 1,793 b
Mn (g ha ') <0.001* -392 a -213 ab -135 b 385 ¢ 339 ¢ 362 ¢
Nifg ha ') <(L001* -36a -1b 0.3 be Il e 15¢ 0.9 ¢
Ph (g ha ') <0001 * -23a -1a 104 b 13.4 ¢ 12.2 he 12.4 be
IZn (g ha ) 0.345 —105 -04 -89 —100 - 104 —10% |

=P value significant (probability value obtained from one-way ANOVA)

;7'.‘:‘,"‘:" SH ' X [ ~ekolos| CZ.1.07/2.2.00/28.0149

INVESTICE DO ROZVOUJE VZDELAVANI




KALKULACE BILANCE FOSFORU V PUDE NA PASTVINE ... Whitehead (2000)
VSTUPY (intensive): 25+ 1 =26 kg ha! rok?

VYSTUPY (intensive): 12 + 1 + 5 = 18 kg ha'! rok?

BILANCE (intensive): 23 — 18 = +8 kg ha! rok! je €isté zvyseni hladiny fosforu v pladé

Table 6.12.

Estimated P balances (kg P ha-' year-) iypical of three systems of grassland

management: intensively managed grass, moderately intensive grass—clover and extensive grass,
all grazed by cattle (except during the winter) in UK conditions (based on data from Parfitt, 1980;
Aarts et al., 1992; Haygarth et al., 1998).

Intensive grass Grass—clover

Extensive grass

(dairy cows) (beef cattle) (beet catile)

Inputs

Fertilizer 25 15 0

Atmosphere 1 1 1
Ouiputs

Milk/live-weight gain 12 2 0.8

Leaching/runoff 1 9 0.1

Loss througnh excretion off sward 5 0.0 0.0
Gain (less) to sail 8 12 0.1
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