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Na uvod nékolik témat k diskusi

a) ProcC dusik vétSinou limituje rust vegetace na geologicky
mladych a fosfor na geologicky starych substratech?

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

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

d) Megaherbivori (napfr. zirafa, mamut) vyzaduji velké
mnozstvi mineralnich zivin v pici pro stavbu skeletonu.
V pripadé nedostupnosti — ADAPTACE nebo EXTINKCE



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

geologicky starych substratech?

fosfor: element horninového plivodu (mineral) — postupné odcerpavan vegetaci resp.
herbivory, vyplavovan srazkami, podlozi prevrstveno ptdou (organickym materidlem)

dusik: element atmosférického plvodu — fixovan do organické hmoty ze vzduchu (volné
Zijici bakterie a sinice, nodulujici rostliny z osmi ¢eledi — napr. Fabaceae, Elaeagnaceae,
Myricaceae, Rhamnaceae, Rosaceae, Betulaceae)

é limitace dusikem
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Figure 1 Location of the study sites. The youngest two sites are on the still-active
Kilauea volcano; the 20,000-yr-old site is on Mauna Kea, the 150,000-yr-old site is
on Kohala, the 1,400,000-yr-old site is on East Molokai, and the 4,100,000-yr-old site
on Kauai.
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b limitace fosforem

-nicméné chybéjici mineralni ziviny (P, Ca, Mg, K)
mohou byt transportovany vzduchem na velké
vzdalenosti (Chadwick et al. 1999)

Changing sources of nutrients
during four million years of
ecosystem development

0. A. Chadwick, L. A. Derry, P. M. Vitousek, B. J. Huebert & L. O. Hedin

As soils develop in humid environments, rock-derived elements are gradually lost, and under constant conditions it

that ystems should reach a state of profound and irreversible nutrient depletion. We show here that inputs
of el ts from the at here can in the productivity of H iian rainforests on highly weathered soils.
Cations are supplied in marine aerosols and phosphorus is deposited in dust from central Asia, whichis over 6,000 km
away.




a)

Chadwick et al. 1999, Nature 397:491-497
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Figure 2 Plant-available nutrients in soil and nutrients in leaves. a, Ca and Mg

exchangeably

bound to soil colloids®. b, Phosphate-P and ammonium-N plus

nitrate-N in soil solution or exchangeably bound to colloids, forms that are readily
available for plant uptake® (P A. Matson, unpublished data). ¢, Ca and Mg in

Metrosideros leaves™. d, P and N in Metrosideros leaves™.

Proc dusik vétsinou limituje rust vegetace na geologicky mladych substratech ...
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Figure 3 Change in soil element content integrated over the top metre of sail,
compared with element contents inthe lava parent material®. Measured element

concentrations (a, Mg, Ca, Si; b, Al, P)were corrected for changes in density and
loss of mass during soil formation™ In ¢, the rates of loss of P and Ca are

calculated using the mass of an element lost between two sites and the

corresponding difference in age.




b) Kdy je fosfor pro rostliny nedostupny i na mineralné bohatém podlozi? Adaptace
rostlin - mykorrhiza nebo ,,cluster roots”

PRICINY NEDOSTUPNOSTI FOSFORU Very highr-
kysely substrat: sorpce oxidy Zeleza (strengit, vivianit) Range of
a oxidy hliniku (variscit) aTgitft?illith

High{—
zasadity substrat: sorpce vapnikem (apatit) ’

Phosphorus Phosphorus
sorption sorption
by aluminium by
Medium oxides calcium

MOBILIZACE FOSFORU
mykorrhiza nebo korenové exudaty

Amount of phosphorus sorption

Low

-unikatni adaptace rostlin z Celedi Proteaceae — tvorba
tzv. cluster roots, které zajistuji vysoké koncentrace
kofenovych exudatl v malém objemu substratu a
uvoliuji tim fosfor z tézko rozpustnych minerdld

«———— Acid soils ———— "— Alkaline soils —»

Cluster roots of Gevuina avellana

January 2010 PERSPECTIVES ON THE MODERN N CYCLE

Ecological Applications, 20(1), 2010, pp. 5-15
© 2010 by the Ecological Society of America

Terrestrial phosphorus limitation: mechanisms, implications,
and nitrogen phosphorus interactions

3

PeTER M. V]Tc)lJSEK,"5 STEPHEN PoRDER,2 Beniamin Z. Hourton,” AND OLIVER A. Cuapwick?

ANNALS OF
Annals of Botany 110: 329348, 2012
doi: 10.1093/aob/mes 130, available online at www.aob.oxfordjournals.org 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

Hans Lambers"*, John G. Bishop?, Stephen D. Hopper'?, Etienne Laliberté' and Alejandra Zianiga-Feest*



b) Kdy je fosfor pro rostliny nedostupny ... Lambers et al. 2012, Annals of Botany
110: 329-348

- druhy rostlin vyluCujici kofenové exudaty — ‘carboxylates’

- z evropskych druh: olSe (Alnus), ostfice (Carex) a rakytnik (Hippophaé)

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

TasLE 2. Species with specialized roots (cluster roots or dauciform roots), or without mycorrhizas or specialized roots that are known to be capable of exudation of
large amounts of carboxylates, in young landscapes; their habitat characteristics and their geographical and taxonomic distribution

References for carboxylate exudation and

(Potentially) either presence
Species Family diazotrophic® Habitat characteristics Geographical origin of eluster/davciform roots, or habitat
Alnus species Betulaceae Yes Poor soils, sand hills/dunes, glacial till, wet Europe, Siberia, North America, Japan, Torrey, 1978; Hurd and Schwintzer, 1996
bogs, mine dumps, gravel, wasteland, volcanic  Andes
ash
Carex flacca Cyperaceae No Wet dune slacks, with Ca- and Fe-rich dune Europe Willis, 1963; Davies ef al., 1973; Barbaro
seepage; caleareous grasslands et al., 2001; Bakker er al., 2005
Carex atrofusca Cyperaceae No Alpine and circumpolar distribution; Eurasia and Greenland Schiinswetter ef al., 2006; Yano ef al,
nuirient-poor soils 2011
Hippophaé rhamnoides Elasagnaceae Yes Caleareous sand dunes, coastal areas Asia, Europe, from Himalayas to Arctic Oremus and Otten, 1981; Gardner er al,
Circle 1984 Kallio er al., 2002; Chen et al,
2009
Lupinus albus Fabaceae Yes Poor sandy soils Mediterranean hasin Gardner er al., 1981; White, 1990
Lupinus angustifolius Fabaceae Yes Young volcanic ash deposits Mediterranean basin Clements er al., 1993; Pearse er al, 2007;
Dimopoulos er al., 2010
Lupinus lurens Fabaceae Yes Sandy, acidic soils Mediterranean hasin Hocking and Jeffery, 2004; Wolko er al.,
2011
Lupinus mutabilis Fabaceae Yes Unknown, as natural populations no longer Andes Hocking and Jeffery, 2004; Wolko er al.,
exist 2011
Lupinus sericeus Fabaceae Yes Wide range of soils Western MNorth America Welsh, 1978, Weir er al, 2006
Morella cordifolia Myrnicaceae Yes Calcarcous sand duncs South Africa Cramer and Hawkins, 2009
Morella (formerly Myncaceae Yes Acidic bogs, sand dunes, mine wastes Miny tropical, subtropical and temperate Tomey, 1978; Crocker and Schwintzer,
Myrica) species regions, extending nearly w0 Arctic Circle 1993
Embothrinm coccinenm Proteaceae MNo Acid volcanic soil Southem South America Prance and Plana, 1998; Ziniga-Feest
et al, 2010
Gevuina avellana Proteaceae MNo Acid volcanic soil Southem South America Prance and Plana, 1998; Ramirez er al.,
2004
Empodisma minus, Restionaceae MNo Ombotrophic bogs Mew Zealand Agnew er al., 1993; Clarkson er al, 2005;

Sporadanthus fermginens,

Sporadanthus traversii

Hodges and Rapson, 2010




b) Kdy je fosfor pro rostliny nedostupny: pripady limitace fosforem ... Vitousek et
al. 2010, Ecological Applications 20: 5-15

TaeLe 1. Pathways, 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 layers that physically prevent/inhibit hundreds to tens of thousands
access by roots to potentially available P of vears

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 weathering due to low concentrations all; develops quickly and persists
of P in rock

Sink driven sequestration of available P in an accumulating pool within decades to millenia
ecosystems

Anthropogenic enhanced supply of other resources (especially N) causes years to decades

P limitation

FiG. 2. The effect of the texture of parent material on the
- 100 mmm Coarse texture ] extent of P limitation to plant growth in young volcanic sites in
— ' . i i
< = Intermediate Hawaii. Forests on coarse pahoehoe lava, intermediate-texture
@ 80, @R Fine texture a‘a lava, and fine volcanic cinder all respond most strongly to
S additions of N plus P, but the effect of added P (alone) is
- strongest in the coarse-textured site, where low surface area
é - slows weathering; the effect of P 1s intermediate on the
@ intermediate parent material texture, and absent in the finest-
° 107 textured substrate. The fine-textured substrate supports the
-% greatest particle surface area where weathering can take place.
o 201 . . . . T .
E - vliv textury (zrnitosti) substratu na limitaci Zivinami
0 H - hrubozrnné substraty zvétravaji (uvoliuji Ziviny) pomaleji
N P NP - umélé dodani fosforu nejvice relativné podpofilo rlst na

Nutrient added hrubozrnném substratu - ‘coarse texture’



c) Dlouhodobé experimenty na Rothamsted Research Station (1850’s — dosud)
PARK GRASS EXPERIMENT - rtizné varianty hnojeni N, P, K a gradient vapnéni

30 - Fig.5 Park Grass. Changes in species number over time

25 A
20 A
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Number of species comprising
1% or more of biomass
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== N2PKNaMg ==O==N2PKNaMg + chalk

Fig. 1 Anaerial view of the Park Grass Experiment looking due north, taken on 23 May 2005. Note the sharp plot boundaries,
many of which are clearly demarcated by differences in vegetation.

-aplikace dusiku v amonné formé (varianta N2PKNaMg v grafu) vedla k acidifikaci a nejvétsi redukci poctu
druh( (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



c) Dlouhodobé experimenty na Rothamsted Research Station (1850’s — dosud)
PARK GRASS EXPERIMENT (PGE) — ruzné varianty hnojeni a gradient vapnéni

Pouzita dusikata hnojiva
evarianty (N1 — 48 kg Cistého N; N2 — 96 kg N; N3 — 144 kg N)
ammonium sulphate (siran amonny) ... (NH,),SO, ... skupina NH,*

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

Prijem Zivin rostlinou — udrzeni rovnovahy — vyména iontd Ca?*, Mg, K*, NH,*

eprijem kationtd (NH,*) vede k uvolnéni H* ... acidifikace

epfijem aniontl (NO;") vede k uvolnéni OH ... alkalizace

8
+chalk . 2~ __
71 - ~— = .
NOg:N o 4 - pH pudy v hloubce 0-23 cm
E b ._’”_”’N"
< N A ~ . v. . .
g Ml e — ., -stejné pH po celou dobu pfi aplikaci
- 5 T rl“ - - _\_\___\_‘*-__F'— Vé v Y4 o _
= NHa=N +;‘f‘l‘£ -~ dusiku ve formé dusi¢nand (NOy)
O
4 4
_.-__-_—\__'__——'-. Vs Vé v Vs Ve . . Vs
- vyrazné snizeni pH pfri aplikaci dusiku v
3 amonné formé (NH,*)
2

1840 1860 1880 1900 1920 1940 1960 1980 2000 (review PGE: Silvertown et al. 2006)



c)

Dlouhodobé experimenty:

PARK GRASS EXPERIMENT (PGE)

PARK GRASS Table 4. The effects on three grass species of applying P and K with N where soil pH is 4.1 - 3.6.
a b (5 d
FYM/PM I 13/2 Percentage of dry matter
tFV‘Ml'Fit’!.hmﬂalj 131 Agrostis Anthoxanthum Holcus
N:i 12 Plot Treatment capillaris odoratum lanatus
NSFI;(NaMgSI 1112 1d N1 67 32 0
N3P K Na | 1141
—ﬂ-fptouz 4124 NZP 28 70 1
R NZP “a Mg 10 9/2d N2PKNaMg 13 67 20
184 N2 P K N Mg o2 11/1d N3PKNaMg 0 0 100
e) " FK: e L (1) See plan for details
NZK i
18/2 Ma P Na Mg 8
Mg i
80| foto 2
________ P Na Mg T
18a | |
el N1 pKfNa Mg 6
192 [Fym :
19/3 These areas used for microplat expariments 5
201 | | ;
2002 | |
2003 | | !
N 2/2
L Ksineh 1996 | 211
NG Anthoxanthum odoratum
N*2 PK Na Mg 14/2 )
{N°Z) PK Na Mg 1411 .
PK N:a Ma 15
N*1 PK Na Mg 16 ook g W &t S » ) v
R 17 11/1d N3RPKNaMg - 10d N2PNaMg




c) Dlouhodobé experimenty s hnojenim:

PARK GRASS EXPERIMENT

—

Species compris’=~ ~*'--=* “"% of herba~~ ~=~ *~*~! =:-=t==of gpecj~~* ==~=~= 1nn4 2nnn

.., travy =oevmt hobovité @@= dvoudélozné

Treatment Plot  1995-C

Nil 3a 72 10 &+ + o+ o+ 20 + + + N M oA 8 s % 2t 10 39

b @4 10 + + + + 20 + + - EEEEEN - 10 - 5 10 + + = 36

o "5 B - : 0+ = B 15+ oo+ 37

d 52 45 3 10 36

ommm 122 70 15 + a4
b 63 20 a2

c 52 25 a7

4 51 20 a2

Ni 28 71 15+ 42

b 60 10 37

52 30 33

d 51 35 33

P an 69 34

b 61 3

52 30 2

L Lo, -0 2
PNaMg 8 70 10 o+ %

b 61+ 7

53 30 32

* d 52 30 29
PKNaMg 72 69+ 2

b 59 + 15 29

50 25 2

o d 49 40 P91
PKNaMg 152 67 28

G b3 4
c 50 20 %

d 49 40 27

N*1 7a 74 10+ 32

b 64 15 3

58 25 34

4 58 25 34

N*1PKNaMg 16a 67 + 10 25

h b 62 + 10 2
55 25 10 2

¢ 54 3 27

N*2PKNaMg 14128 69 + 20 - 2

b 64 + 20 + 2

6.1 20 + 21

m 4 59 % - 22
N1 1a 71 4 33

b 62 20 31

c 53 35 33

d 41 65 30 10

* NZKNaMg 18 71 15+ 20
b 63 30 2

¢ 54 3 21

I d 38 80 20 6
N2P a2 69 10 2

b 62 15 10 1a

52 30 18

x ¢ 37 % 70 10
N2PNaMg 100 69 10+ 2

\ amm b 59 20 15 10 15
49 25 10 16

d. 37 85 4

N2PKNaMg  92a 69 + 15  + 2

MRS i+ 25 17

c 50 3 10 10 18

¢ T8z 65 4

v NSPKNaMg it 65 + 20 - 40 10 + + 10 + [CEUNESM . . .+ . . + s+ . 14
b 62 4 2 4+ 35 20 + + 1 + . S e ST L T 15

c 49 + 30 + 20 + - - 2 - NS + - +« . - - & = 13

d ' a8 - 100 3

NSPKNaMgSI fi2a 67" + 256 4+ 45 10 o+ - + + WSS : - 10 - + - ¥ - 14

b 59 + % + 40 10 - - 10 - WSS .+ - + - - . & . 10

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

-toto jsou plochy s dlouhodobou aplikaci fosforu(+drasliku)
ale bez dusiku !!!

Table 2, Park Grass; mean annual yield of dry matter, t ha™ (2000-4)

Sub-plot
Plot  Treatment” a b c d
No nitrogen group
3 Mil 33 36 2.2 29
12 Nil 3.5 3.8 3.5 2.8
212 Mil 3.5 4.0 2.4 3.0
21 K 3.8 4.1 2.4
41 P 4.5 4.9 3.9
8 P Na Mg 4.4 5.2 4.1
7 P K Na Mg 74 7.4 6.5
15 P K Na Mg 6.2 6.1 5.0
Ammonium N group
1 N1 4.2 38 2.9 1.3
18 N2 K Na Mg 3.9 4.4 6.2 2.0
4/2 N2 P 55 5.0 6.0 3.0
10 N2 P Na Mg 6.1 6.1 7.1 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
9/2 N2 P K Na Mg 7.8 8.3 7.8 6.4
111 N3 P K Na Mg 10.2 9.4 8.9 7.3
11/2 N3 P K Na Mg Si 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 7.5 6.1 5.3
14/1  (N*2) P K Na Mg 6.1 6.8 6.0 59
14/2 N*2 P K Na Mg 7.5 7.3 7.0 B.7

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

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

EFEKT BOBOVITYCH



c) Dlouhodobé experimenty na Rothamsted Research Station: HOOSFIELD ACID
STRIP ... vliv pH pudy na podil zastoupeni dekompozitori

APPLIED AND ENVIRONMENTAL MicrROBIOLOGY, Mar. 2009, p. 1589-1596 Vol. 75, No. 6

0099-2240/09/508.004+-0  doi:10.1128/AEM.02775-08
Copyright © 2009, American Society for Microbiology. All Rights Reserved.

Contrasting Soil pH Eftects on Fungal and Bacterial Growth Suggest
Functional Redundancy in Carbon Mineralization"§
Johannes Rousk,'* Philip C. Brookes,” and Erland Bééth'

- na gradientu pH (od 4.5 do 8.3 ) se pétindsobné zvysil rlst bakterii (Fig. 2A) a naopak pétindasobné sniZil
rast hub (Fig.2 B)

Bakterie Houby
(vice na zasaditém) 40 0 ——— ' ' ' (vice na kyselém)
= 8 }'\ B
[ e 5 L \ i
| s 25 ?
= i |
E 30 Z \ P < 0.0001
o _—~ S0 20+ R'=097 |
[-F] [ 2 "en
g st H
E ‘=2l { E =5p 1
5 = g 2 PF !
2 E £ B
£ & g =10} § 1
. [t
g or 8 3
- . -
5 - 5 ‘k!‘l
=
D D 1 1 1 1 1
9 4 5 6 7 8 9
pH

FIG. 2. Effect of pH on bacterial growth as measured by leucine incorporation (A) and on fungal growth as measured by acetate incorporation
into 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 error (n = 3). inc., incorporation.



d) Megaherbivori (napfr. 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)
J Zool., Lond. (2005) 267, 55-61  © 2005 The Zoological Society of London  Printed in the United Kingdom  doi:10.1017/S0952836905007247

The calcium and phosphorus content of giraffe
(Giraffa camelopardalis) and buffalo (Syncerus caffer)
skeletons

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

ISSN 0012-4966, Doklady Biological Sciences, 2009, Vol. 424, pp. 72-74. © Pleiades Publishing, Ltd., 2000,
Original Russian Text © 8.V, Leshchinskiy, 2009, published in Doklady Akademii Nauk, 2000, Val. 424, No. 6, pp. 840-842
GENERAL
%7
BIOLOGY

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




Které prvky se skryvaji pod terminem ,,ziviny“?
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animals (shaded) (from Williams and Fraiisto da Silva 1996). Ecological stoichiometry is much more advanced for the
three elements C, N, and P than for the others. but its principles should be transportable throughout the periodic table.

(Sterner and Elser 2002)



Hladiny prvku v zemské kure a v téle ¢lovéka
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Primarni funkce zivin v organismech ...

TABLE 2.1

Primary functions and the chemical elements (or associated ions) involved in
performing them for living things (modified from Table 6.2 of Fraiisto da Silva
and Williams 1991). Elements with a relatively minor role associated with a
particular function are indicated in parentheses

Elements Chemical Form

H,O, CANCESS,

Function Examples

Structural (biolog- Involved in chem-  Biological mole-

ical polymers Si, B, F, Ca, ical compounds cules (Table
and support (Mg), (Zn) or sparingly 2.2); tissues;
materials) soluble inor- skeletons;
ganic com- shells; teeth;
pounds etc.
Electrochemical H, Na, K, CI, Free ions Message trans-
HPO,*", (Mg), mission in
(Ca) nerves; cellular
signaling; en-
ergy metabo-
lism
Mechanical Ca, HPO,?~, Free ions ex- Muscle contrac-

Catalytic (acid-
base)

Catalytic (redox)

(Mg)

Zn, (Ni), (Fe),
(Mn)

Fe, Cu, Mn, Mo,
Se, (Co), (Ni),
V)

changing with
bound ions

Complexed with
enzymes

Complexed with
any]‘nes

tion

Digestion (Zn);
hydrolysis of
urea (Ni); POy
removal in acid
media (Fe,
Mn)

Reactions with O,
(Fe, Cu); nitro-
gen fixation
(Mo); reduction
of nucleotides

(Co)

(Sterner and Elser 2002)



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

e vstupy:
srazky (precipitation, zkr. P), suché a mokré depozice (deposition)
zvétravani hornin (weathering, zkr. W)
umélé vstupy (hnojiva)

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

Kde je vétSina zivin ulozena zavisi na:
teploté
srazkach
vegetacnim typu (viz dale)



Opadavy listnaty les mirného pasu
erovnovaha mezi ulozisti zZivin

estredné rychly transfer zivin

v
~@

Le



Borealni jehlicnaty les
eopad (litter) je hlavni ulozisté Zivin

epomaly transfer Zivin

_

/

Le




Tropicky destny les
ebiomasa (B) je hlavni ulozisté Zivin

erychly transfer zivin mezi ulozisti
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Velikost ulozist Zivin a transfer( na gradientu teploty a srazek (biomy)
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Rozdéleni GloZist DUSIKU - biomy

tundra tajga travni porost

opadavy listnaty les savana tropicky destny les
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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 2.4 47 19 0.3 0.1
Cl 70 200 180 10 150
I <0.03 <0.03 2.2 17 1.2
B 1.7 15 100 35 20
Mo 6.5 0.6 2.6 0.2 0.4
Se 0.007 0.3 0.6 0.05 0.08

(Whitehead 2000)



Zastoupeni zZivin v padé, v rostlinach ... POMERY

Table 3.6. Typical plant : sail 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 (%) 15 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 (mg kg™") 50 5 0.10
Mo (mg kg™) 2.6 0.9 0.35
Se (mg kg™) 0.4 0.05 0.12

(Whitehead 2000)



Zastoupeni Zivin v rostlinach, v téle herbivort ... 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 14

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 (mg kg™) 5 1.0 0.2
Mo (mg kg™) 0.8 0.66 0.83

| (mg kg™) 0.2 1.43 7.2
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)



Cykly hlavnich zivin — kontrolni mechanismy a specifické vlastnosti

N Biological Gain 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 plain,
NW Coast, S. hemisphere

S Biological and/or Gain, 0, or  Inorganic sulfate form can be a
Geochemical loss major component of cycle
Limiting only in pristine areas
Pac NW, Australia,

K Biological & Loss Foliar leaching is important
Geochemical pathway of return to forest tloor

Limiting in some sandy soils
New York, Cent. Europe

Ca Biological & Loss No translocation
(Geochenucal Large vanation between species
Rarely limiting  only when soils
are extremely acid and N 1s Iugh.
Smoky Mts, Cent. Europe

Mg Biological & Loss Like Ca, but has translocation
Geochemical Linmiting when bedrock 1s low

and IV 1s 1 excess « Sandy soils
of E. US: Cent Europe
(Johnson 2012)
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CYKLUS DUSIKU — dtlezita plynna faze — globalni c. (jednotky: megatuny ...10° tun)

| Annual N fixation slightly | o f e N VI SR
| exceeds dentrification. f DR o i ' a
L . .~ !ﬁ f“\nnu:.xl N‘ﬁxauon by ' Considerable nitrogen moves
A : lightning is about 1/7 | '
tmosphere

af Biolbosical Bxation - through the biosphere as
over land N, & o - atmospheric dust, sea spray,
§ and pollutants.

y ; 2
Fixation Denitrification _ 228 { Rivers add slightly more N | Land-ocean  //
140 130 T to marine ecosystems than | atmospheric /," Atmosphere over
|  exchange J oceans N,
; / )
Fixation Denitrification

30 110

The amount of N
cycling in terrestrial
ecosystems is about 10 §
times annual fixation.

~ atmospheric
exchange

Human activity is a
substantial source of
atmospheric N.

The largest actively cycled 5
pool of N in the biosphere
is in the oceans.

(Molles 2009)
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CYKLUS DUSIKU - pfechod mezi jednotlivymi fizemi — zejména BAKTERIE

& | Gaseous Nitrogen (N2) i
o g in Atmosphere T
Nitrogen
Fixation i
by industry §
| for agriculture oy
Food Webs
on Land
B
i e Uiptalke by excretion, death, uptake by
il autotrophs ¢l decomposition : autotrophs
' 3 % A \ /! k A¥P. 4k 3\ )
bacteria convert No to : Nitrogenous Wastes, NO3™ pue— Denitrification
ammonia (NHz3); this Remains in Soil in Soil by bacteria
dissolves to form y
ammonium (NHz™) | ] &5
/ Ammonification 2. Nitrification
j ; bacteria, fungi convert the  bacteria convert NOo™
NH3, NHg* .. residues to NHz; this to nitrate (NO3™)
in Soil . dissolves to form NHz*
s by 1. Nitrification NOo™ l sé .
S A S bacteria convert NHa e : P
: - 47 e T -
'eac?'”g to nitrite (NO5") InSoll leaching
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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
Nitrobacter
2NO,” + O ——> 2NO;™ + Ener
: bacteria ’ &y
redlt\:::;; Organic Ammonification A . Nitrogen fixation
nitrogen < mag by Rhizobium,
Azotobacter,
cyanobacteria
Nitrification by
x {tt:osomona, Molecular nitrogen (N3)
.. ifrosococcus
Assgmllatory Nitrous oxide (N,O)
nitrogen A
reduction v (NO)
Nitrate (NO,™) —
Nitrification by . .
Nitrobacter, Dentrification
Most Nitrococcus Y by Pseudomonas
oxidized Nitrate (NO3 )
L v v o v TN N J
Energy- Aerobic, energy- Anaerobic reduction reactions
requiring releasing coupled to energy-releasing oxidations

reduction oxidations



CYKLUS DUSIKU — biochemické premény dusiku — OXIDACE a REDUKCE

NITROGEN OXIDATION STATE

-1l | Ammonium
NH*,
-1l
- Hydroxylamine
NH,OH
0 Nitrogen (Gas
\ .
+| Nitroxyl Nitrous Oxide N>0
NOH /
al \ Nitric Oxide NO
| \ Nitite /
NO-, NO-,
+|V \ /
+V Nittate
NO-;
Aerobic Anaerobic
Nitrification Denitrification
> > |




CYKLUS DUSIKU NA PASTVINE ... Whitehead 2000

- cca 70% dusiku uvolnéného z pice
herbivory odchazi v moci (mocovina)

ATMOSPHERE:

Np;
NH;;

NH,-aerosols; PLANT TISSUE:

Proteins;
nucleic acids

SOLUTION/
PLANT
UPTAKE:

NO3
NH;

DUNG:

SOIL:

i Organic N
mé?ugw including
(microbia? microbial
biomass); prﬁt}_elln;
exchangeable i

NHj

SOIL PARENT
MATERIAL:

Negligible N
except in peat

LEACHATE:

NO3

Fig. 5.6.

ANIMAL TISSUE:

Proteins;
nucleic acids

ANIMAL DIGESTA:

Amino acids;
microbial N;
NHj

URINE:

Urea;
hippuric acid,;
allantoin

Outline of the main forms of N involved in the cycling of N in grassland.



CYKLUS FOSFORU - bez plynné faze — lokalni cyklus — dlouhodobé glob. sedimentarni
(jednotky: megatuny ...10° tun)

| i |
| P moving from land |
to atmosphere

el

ey

Human movement of P {
from terrestrial to fresh-|
water ecosystems ‘

% oatid ficse Movement of P between
B il LIS oceanic atmosphere and
and 0.025 ; ; = | P
R ‘ atmosphere over land

Atmospheric ]
deposition of P
onto land

.03

Land

B 1o

Fresh water Atmosphere over

= oceans 0.003

| Atmospheric
| deposition into l—\

z
’J Phosphorus can move
- from oceans to

3 Latmosphcric pool.

=
oceans

1.4
" g .vﬁr—‘?-'.’l"l Dot

Uplift of marine sedimentary
rocks can return phosphorus
to terrestrial ecosystems.

LS # The largest pool of
0 | P is in marine sedimenls.J

The amount of P
dissolved in the oceans

(Molles 2009) is about 1,000 times the

amount in organisms.




CYKLUS FOSFORU - dostupnost pro rostliny nizka — HOUBY ... mykorrhiza

a
Primary
mycorrhizal
colonizers
c Arbuscular
O > mycorrhizal
g E{D Ectomycorrhizal
3 £ Ericoid
&’ e mycorrhizal
Mycorrhizal with
simple clusters
Non-
mycorrhizal
Fig. 6.2 Apatite grains (1 mm diameter) colonized by ectomycorrhizal fungus Paxillus involutus with simple
in sterile microcosms. Reproduced from Smits et al. (2008), with permission
clusters
[a W Non-
B mycorrhizal
‘5 with compound
- clusters

Fig. 14.7 Biological strategies for acquiring P.

Table 7.2 Stability constants
of some organic acid-metal
complexes determined at a

Organic anion Number of Fe'* AT Catt

carboxylic groups

- . Citrate 115 79 49

1 rrtal T oae  cabis af HEOC
and ere foni socogih Ml z 60 27
| o Oxalate 2 15 61 49

Gluconate I 37.2 2.0 1.2
Adapted from Martell and Smith (1977) and Jones ( 1998)




ZMENY FRAKCI FOSFORU BEHEM PEDOGENEZE

Q
=
O
-
(a
©
(V)
£
o
©
W P T
4 P
© non-occluded occluded
=
PO
: >
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; Pe, calcium phosphates; P, organic matter P; Pocciuded
sorbed P (relatively unavailable to organisms); P.onocciudgeda P 10 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 cctudea @and Py, and very little available P (P, occiudeq) T€lative to soils at earlier stages of soil
development



LIMITACE FOSFOREM - v pozdnich stadiich vyvoje ekosystému

| Thurston (0.3 x 10° y)
N limited

| Laupahoehoe (2.0 x 10" y)
N and P co-limited

| Koke'e (4.1 x 10° y)
P limited

Diameter Increment (mm/y)

Control  +N +P

+N+P Control +N +P
Treatment

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

Fig. 14.2 Tree growth rates from a fertilization study along 4.1 million year 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
growth at the oldest site was P-limited



SCHOPNOST MOBILIZOVAT FOSFOR ... invazni druhy (Biinemann et al. 2009)
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Fig. 15.6 An illustration of the patchy nature of Bromus tectorum invasion in many parts of the 14 +-- .
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Fig. 159 Annual spring measures (May 1996-Apr 2006) of hicarbonate-extractable (available P)
in a prassland never grazed by livestock (Canvonlands National Park) in SE Utah, USA. Upper




CYKLUS FOSFORU NA PASTVINE ... Whitehead 2000

ANIMAL
TISSUE:

) Apatite
ATMOSPHERE: vl
Negligible except Esters such

; ?n dust B PLANT TISSUE? as ADP, ATP;

nucleic acids:
phospholipids

Esters such as
ADP, ATP; nucleic
acids;

ANIMAL DIGESTA:

SOLUTION/
PLANT
UPTAKE:

H,PO;3;
microbial P

H,PO;

DUNG:

SOIL:

_ CaHPO,;
Ca'?hos%hifes, microbial P including
he ar;] s nucleic acids, v
phosphates; phospholipids,
:d?o%'\gé eichoic acids

URINE:

H,PO;

Negligible;
trace of
H,POg;

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 grassland.



The Phosphorus Cycle
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Koncentrace zivin 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); (ii) 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 et al., 1987).

(1) (i1 (iii (iv) (v)
Manure, dairy  Manure, dairy  Manure, beef  Slurry, cattle,  Slurry, dairy
cow, USA cow, USA catile, Italy ~ The Netherlands cattle, Spain

N (%) 24 47 0 704 5 4.00
P (%) 0.7 0.95 ¢y 105 0.70
S (%) 0.3 . = - =

K (%) 2.1 2.18 3.374mmm) 567 4.15

Na (%) = 0.41 ~ — 0.98

Ca (%) 14 117 14 1.86 171

Mg (%) 0.8 0.60 0.6 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 typical concentrations derived from Tables 8.21 and 8.22.

K Na Ca Mg
Assumed concentration in urine (g 1) 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 1.65 0.55
Return in dung (kg ha™) 23 5.3 44 14.6
Total return in urine + dung (kg ha™) 128 22 49 24

(Whitehead 2000)



Biologicka fixace dusiku

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

300 kg/ha/rok ... olse
400 kg/ha/rok v0Jteska (Whltehead 2000)

¥ /

e

i -noduly
| (hlizky na korenech)




Olse s hlizkami aktinomycety Frankia




Prehled symbiotickych fixatorti dusiku (prokaryota) a jejich hostitela

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, Gymnostoma
Cyanobacteria Nostoc, Anabaena Cycads, most li-

Eubacteria (symbiotic)

Eubacteria (asymbiotic)

Azorhizobium, Bradyrhizobium,
Mesorhizobium, Rhizobium

gram-negativni

Sinorhizobium

Blastobacter, Burkhold-
eria, Devosia, Ralstonia

Acetobacter, Azospirillum,
Beijerinckia, Herbaspirillum,
Klebsiella, Pseudomonas

chens and Azolla

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

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

See Chen et al. 2003

See James 2000

ryzové pole s azolou

(Marschner and Rengel 2007)



Kde najdeme prevazné rostliny fixujici dusik — prvni stadia sukcese, po pozarech
TR ) *.(' AL e “' : “ - % : ‘;:., g :.'v:"'— ‘ ":h o 5

Alnus viridis

Ceanothus fendleri — latnatec
Rhamnaceae — reSetlakovité

- sukcese pro pozaru
- Oregon, USA

UGAQ808054



DEKOMPOZICE ORGANICKE HMOTY

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

-pouze 1-5% dusiku v pidé v mineralni formeé

-amonné ionty adsorbuji na jilové mineraly (pouze vzacné volatilizace — pfi vysokém
pH, napr. hnojeni mocovinou)

-nitrifikace amonnych iontt na dusi¢nany je predpokladem vyplavovani (pfi hnojeni
mocovinou poutziti l[atek zabranujicich nitrifikaci)
MINERALIZACE FOSFORU zavisla na poméru C:P (pri hodnotach <200, nad 300

imobilizace)

- fosfor se nevyplavuje (pfi nadmeérném hnojeni budovani zasoby na desitky let)



Recyklace dusiku dekompozici organickych residui

Table 5.2.  Typical C : N ratios of plant residues, animal excreta and the biomass of soil
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 fertilizer 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)



C : N pomér rozhodujici pro rychlost dekompozice organického materialu

Odumfeld organicka 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
drfevo 250:1 to 600:1

Pldni organicka hmota 12:1to 50:1

mikrofldra potrebuje nejdfive inkorporovat dusik z pudy do vétsiny druhl opadu,

aby mohla byt nastartovand dekompozice (C:N < 20-30)

opad s vysokym C:N muZe zplsobovat deficienci dusiku v pddnim roztoku

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

klesa

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

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



Kalkulace C : N poméru ... pribéh dekompozice organického materialu

Priklad 1

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

C:N mikrofldry = 6:1

e  Ucinnost vyuziti uhliku mikroflorou (C use efficiency) = 50%
ze 48 jednotek spotrebovaného uhliku:

- 24 jednotek unikne jako CO,

- 24 jednotek je inkorporovano do mikrobialni biomasy

pro inkorporaci 24 jednotek uhliku, mikrofldra potfebuje 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



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 15
Na (kg) 21-41 29
Ca (kg) 15-19 17
Mg (kg) 5-11 7.2
Cl (kg) 42-74 54
Fe () 1400-5700 3100
Mn (g) 90-200 135
Zn (g) 480-1000 660
Cu (g) 170-250 220
Co (g) 1.6-6.0 33
| () <30—<70 <50
Mo (g) <10 <10

Se (g) 2.8-5.2 4.0




Vliv atmosférické depozice dusiku na travni porosty ... Stevens 2009

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

Total nitrogen deposition (kg N ha™' yr™) (-) Ndep 6.2-36.3
Total deposition NH; + NH," (kg N ha™' yr'") (-) N-red 2.8-31.2
Total deposition NO + NO, + NO; (kg N ha™ yr'!) (-) N-ox 22 196
Sulphate deposition (kg SO~ S ha! yr'l) () Sdep 6.6 —28.7
Acid deposition (total N + total S, kg ha™ yr'") (-) Aciddep 13.0-61.4
Mean annual temperature (°C) (-) Temp 6.6 —10.6
Mean annual precipitation (mm) (+) MAP 594 - 3038
Mean annual actual evapotranspiration (mm) (-) AE 35.7-49.3
Mean annual potential evapotranspiration (mm) (-) PE 35.8-54.3
Mean annual soil moisture deficit (mm) (-) SMD 34-514
Altitude (m) () Altitude 15- 692
Litter cover (%) NS Litter 0-24
Slope (°) NS Slope 0-60
Aspect (°) NS Aspect 0-315
Grazing intensity (visual inspection, scale 1-3) NS Grazing 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.

Carly Stevens

The Impact of Atmospheric
Nitrogen Deposition
on Grasslands

Species Composition and Biogeochemistry

-na celkové depozici
dusiku se nejvice
podileji NH; a NH,*



Vliv atmosférické depozice dusiku na travni porosty ... Stevens 2009

- depozice dusiku snizuji pH pady
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Figure 4.1 Decline in topsoil pH with increasing N deposition.



Vliv atmosférické depozice dusiku na travni porosty ... Stevens 2009

Forb richness (mean
number of forb species
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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 *E(2) % (4) #% (2) (1)

Sodium *%(-) % (+) *& (<) (4)

Magnesium | ** (-) *E (4) * (5)

Aluminium | * (4) *¥(+) ke (L]

Calcium * 1)

Chromium | ** (-)

Manganese * (4)

Iron

Nickel %% =)

Copper ,

Arsenic () | () (1) o (2) H

Barium * (=) *E (+)

Lead = () = () (1) () |

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).

hlinik:
silné toxicky pro
vetsSinu rostlin



CYKLUS UHLIKU - dulezita plynna faze — ale ptida obsahuje cca 2-krat vice uhliku nez
atmosféra (jednotky: gigatuny ...10° tun)

Manuel &. Molles, Jr., Ecology: Concepta and Applications, © 1999 The McGraw-Hill Companies, Inc. &ll rights reserved.

The carbon cycle.

Carbon coming from ' Uptake of carbon by terrestrial
destruction of vegetation P primary production

is approximately it ™ approximately equals return
40% of fossil fuel burning. - to atmosphere by respiration.
AR + Destruction of ¥ Soils contain
et ,vegetation Gms.;i;ﬂlmary Aungaﬁghere about twice the
e Eocctl fuel production carbon present
in the
! atmosphere.
Uptake of CO, by
the oceans
slightly exceeds
export to the
atmosphere.

Fossil fuels
contain carbon
fixed by primary
producers
millions of years
in the past.
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Carbonate rocks R e
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Rozsirujici literatura - cyklus uhliku

Marek MV et al. (2011) Uhlik v ekosystémech Ceské republiky v mé&nicim se klimatu.
Academia, Praha.

MICHAL V. MAREK a kol.

Uhlik v ekosystémech

Ceské republlky
v ménicim se klimatu

ZIVA PRIRODA

ACADEMIA




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

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

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

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

klesa (Fig. 4.3) ... proc?

-organickou hmotu v pudé stabilizuje adsorpce na
vysoce reaktivni minerdly (non-crystalline)

-pozdéji zvétravanim stoupa podil krystalickych
minerall (Fig. 3.10), ty nestabilizuji org. hmotu

30 A
— B 1V4 —
NE ”E
o 25 D
3 =
o o
o -12 ¢
& 20 o
O Z

151 L 10

1000 10000 100000 1000000
Substrate Age (yrs)

FIGURE 4.3. The pools of organic C and N to a depth of 50 cm in soils across the
Hawaiian age gradient, from information in Crews et al. (1995).

FiGure 3.10. Changes in the relative contributions of different soil minerals
along the substrate age gradient, revised from Vitousek et al. (1997b). Primary
minerals (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 intermediate-
aged sites; these in turn are replaced by crystalline minerals and hydroxides
(kaolinite, gibbsite) in the oldest sites.
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% of Soil MInerals
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1000 10000 100000 1000000
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...... . creae Primary
———@—— Non-crystalline
_— -8 — Crystalline



Stabilizace organického materialu (uhliku) v ptidé mineraly — pokracovani

Mineral control of soil organic
carbon storage and turnover

Margaret S. Torn*, Susan E. Trumbore~,
Oliver A. Chadwickt, Peter M. Vitousek:
& David M. Hendrickss

Nature 389:170-173
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Figure 2 Soil inventory of carbon in soil organic matter (SOM: a), A*C of SOM (b),

povrchové horizonty

cely pudni profil,

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

- nejpomalejsi rozklad org. hmoty na
ostrové 150 ky (Fig.2b), ma nejnizsi A *4C

- neobvykle vysoké pozitivni hodnoty A 14C

na ostrovech s rychlym kolobéhem uhliku

z davodu testll atmosférickych nuklearnich

Substrate age
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bomb (u Havajskych ostrovi) e 21 kyr
v7s Vvv7/s . 4 o s ’ + ET:I k}rr
- ¢im vyssi % nekrystal. minerald timvice
negativni A 14C (Fig. 3) — stabiliz. ,staré e 1400 Kyt
zasoby uhliku“, radioaktivni C se rozpadl . 40k
b N
200-{ WbX  x
INE Oy A =083
— - . .
3 o % £ ® excluding 4100 kyr site
= Ll m
S -200
ol 1 &
5 400
A ]
= -804
< 14
-800 - 5 . -
-1,000 . . . .
0 15 30 45 B0 75

Non-crystalline minerals (%)

Figure 3 The quantity and turnover of soil C versus non-crystalline mineral



PlUdni organicka hmota — vliv manag. polnich kultur (Marschner and Rengel 2007)

- zmény v obsahu org. uhliku v pudé (Luvisol, Australie): stubble - strnisté

T1: Lupin/Wheat rotation T2: Lupin/Wheat rotation T3: Lupin/Wheat rotation
5 Stubble retained, direct drilling Stubble retained, 3 tillage passes Stubble burnt, direct dnlling L 25
® hd ®

20-{e—e_2 o ve%e e o
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e oo ® e o * %% ®
157 15
104 - 10
=

= 5- , - S
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Ziskavani ziv
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*93% vsech krytos. rostlin vyuziva mykorhizu
- AM: arbuskularni

- EM: ektomykorhiza

- Ericoid: erikoidni

- Orchid: orchideova

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

-parazitické

-,cluster roots” (Australia)

*jiné rostou v UZivném prostredi (NM,
disturbed), vice napt. v Britanii ... UK



Rostliny bez mykorrhizy (Brundrett 2009)

Other NM
M Alpine, arctic

Succulent
B Weedy
[]Saline
B Sand binding, cluster,etc.
Cluster
M Aquatic Marine
Carnivores

" Parasites

M Epiphytes



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 - korenovymi exudaty ziskava rostlina ziviny z malého
Ziviny z vétsiho objemu pldy objemu pldy — mobilizace Zivin chemicky (miners)
(scavengers)



Ziskavani fosforu korenovymi exudaty (Lambers et al. 2006)

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

Lupinus albus

FiG. 6. Shoot freshweights (g) o eral crop species grown for 7-35 we
soluble KH-PO, A I-P), FePOy, |
Lun [ 5




Korenové exudaty (Lambers et al. 2009)

. , : . ‘

beecataitE, T -e¥ AN 1, T
Fig. 9 Root-induced calcrete appearing as calcified roots
forming as a result of calcium carbonate (calcite) precipitation
in the cortical cells of perennial grasses growing m the
‘garrigues’ Mediterrancan bush North of Montpellier
calcarcous soils developed on a calcareous marl parent material

Fig. 8 Root-induced calcrete formation as a result of calcium
carbonate (calcite) precipitation around a peach (Prunus
| persica) root biopore (reproduced from Callot et al. 1983, with
kind permission of INRA Publishers) as a consequence of
mass-flow and mecreased concentration of Ca 1ons 1n the
41’}1izﬂ.~aphcrc (a) and remnant calcrete formations presumably
formed around tree roots after the soill was blown away
following a bushfire, exposing the so-called ‘Pimnacles’
Nambung National Park (b), 200 km north of Perth in Western
Austraha (photo by Philippe Hmsinger)




Rozsirujici literatura - mykorhiza

Gryndler M et al. (2004) Mykorhizni symbidza. 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

Milan Gryndler €%
a kolektiy v



http://www.mycorrhizas.info/
http://www.mycorrhizas.info/

Vliv mykorhizy - rast (Gryndler et al. 2004)

MYKORRHIZA

KONTROLA

KONTROLA MYKORRHIZA

23 Vliv inokulace ektomykorhiznimi houbami u dfevin v lesnich $kolkéch. Rostliny smrku (nahote)
i buku (dole) mély bohatsi kofenovy systém a v&tii a vice vétvenou nadzemni &ast.

11 Srovnéni kofenového systému rostliny Romulea sp. (kvetouci rostliny vlevo; nepatfi mezi orchideje)
a orchideje Ophrys tenthredinifera (vpravo). Jde o druhy, které se &asto vyskytuji na lokalitach ve Stfedo-
mofti soucasng. Kofenovy systém rostlin rodu Romulea je bohaté rozvinut. Naproti tomu orchideje
vytvéfeji jen nékolik malo tlustych kofend. Tyto rostliny byly spoledné péstovany po dobu &ty mésict,
aniz byly na rostlindch Romulea shledény znamky patogenity orchideoidni mykorhizni houby Rhizocto-
nia sp., ktera velmi silng kolonizovala koteny Ophrys tenthredinifera.



Vliv mykorhizy na prijem zivin (Brundrett et al. 1996, Read and Perez-Moreno 2003)

A. Plant with a fine root system and long root hairs

No Mycorrhizal fungi

Mycorrhizas present

B. Plant with a coarse r

oot s

//
/ /

/)

* Mycorthizal benefit large *

[] Available P
D P depletion zone

D Nonmycorrhizal roots
[[] Roots with VAM

- mykorhiza zlepsSuje prijem fosforu
zejména u rostlin bez jemného
kofenového vlaseni (orchideje)

2000 { (a)
1500 -

1000 -

Total N (ug)
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(b)
100 -

75
50 - [
25

0

Total P (ug)

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.)
-potreba organické hmoty pro ziskani zZivin

mykorhizou

-nadobovy experiment



Mykorhiza napric biomy — gradient P:N (Read and Perez-Moreno 2003)

S Increasing latitude or altitude

Biome Heathland Boreal Forest Temperate Forest Grassland

Soil Organic-Raw Humus Surface Organic Brown Earth Mineral
(Mor) or Peat {(Mor-Moder) {Moder-Mull)
Nitrogen Organic-Protein Organic - NH, NH, - NO, NO,
Source Little mineralisation Limited mineralisation Mineralisation Nitnfication dominates

No nitrification

Mycorrhizas  Ericoid (some Ecto-) Ecto-(Ericoid understory) Ecto-(AM understory) AM. (scarce Ecto-)
Fungal Extensive abilities Considerable saprotrophic  Ecto-fungi of reduced AM fungi with little or no
Symbiont to degrade structurd capabilities in both Ericoid  saprotrophic capabilities saprotrophic abilties
: and nutrient contaning and Ecto-fung +AM largely non
Activity polymers saprotrophic... .
% Decreasing soil pH
Decreasing phosphorus availability and P N 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.



Korenové exudaty — sachorovité (Shane et al. 2006)
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Korenové exudaty — sachorovité (Shane et al. 2006)

Exudation rate (nmelg™ FM s™)
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Figure 5. Dauciform root-induced
changes in pH after ca. 10-20 min. The
initial 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 young dauciform roots (1-3 days old),
young dauciform roots (4-6 days old) and
mature dauciform roots (7-9 days old). All
ages of dauciform roots were associated
with a pH decrease (to 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 bottom of the image.




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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Koncept stoichiometrie Zivin ... Sterner and Elser (2002)

=
cot ~
it v 5 ,"
.| Constant Proportional o : = Strict Homeostasis == ek
£'| Change from Food: el £ d
0 No Homeostasis o 2 <
g AR g You are what you eat:
£ You are what you eat: 5 No I:iomeostas,ls
S N(?,Homeostass S
n ~ 2] A :
5 - 5 e—te Strict Homeostasis
£ =
3 3
S Constant Proportional | &
(&] Change from Fopd: o ,+”" e Strict HOMeEOSASIS e
No Homeostasis P
1/’
;

Resource Stoichiometry Resource Stoichiometry

Fig. 1.3. Generalized stoichiometric patterns relating consumer stoichiometry to
resource stoichiometry. Horizontal and vertical axes are any single stoichiometric
measure, such as N content or C:P ratio. A. Points on the 1:1 line (slope 1, inter-
cept 0) represent identical stoichiometry in consumer and resources. This dashed
line represents a consumer with stoichiometry that always matches the stoichiom-
etry of its resources. This is the “you are what you eat” model. The solid lines
represent consumers that perform constant differential nutrient retention. These
represent the “constant proportional model.” B. Strict homeostasis is defined as any
horizontal line segment (slope 0, intercept > 0).

homeostaze: schopnost udrzovat stab. vnitr. prostredi

typicka pro Zivocichy
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Fig. 1.9. Phosphorus content in Daphnia and algal food on linear (A) and log-
arithmic (B) axes. Although the linear plot makes it appear that there is a break-
down in homeostatic regulation at low food P content, a close to strict homeostasis
is evident on the logarithmic axes. The regulatory coefficient H is 7.7, a strong but
not strict homeostasis. Based on DeMott et al. (1998).
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Fig. 1.5. Absence of homeostasis as seen in the N:P of Scenedesmus algae at
growth rate equilibrium as a function of the N:P in the medium supplied. Cellular
nutrient ratios are almost identical to the ratio in the surrounding environment
(slope is near 1, intercept is near zero), which is apparent both in the plot with
linear axes (A) and in the plot with logarithmic axes (B). Both the regression line
and the 1:1 line are plotted. The regulatory coefficient H from Equation (1.3) is the
inverse of the slope fitted to the log-log plot, which in this case is 1.00, indicating

an absence of homeostasis. Based on Rhee (1978)

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

ZivocisSnych bunék



Zakladni rozdily mezi rostlinnou a zivociSnou bunkou ... Sterner and Elser (2002)

rough endoplasmic_  mitochondrion  cellylose cell wall

: smooth endoplasmic
' rbosomes :
‘etlwlunéhor lasts /' gell membrane reticulum
smooth i b o / mitochondrion
endoplasmic  CENtrosome vacuole  / / Golgi apparatus
reticulum T
starch —__ 1\ glycogen
granule ~—granule
.ﬁ fat droplets
cyloplasm ? — lysosome
| pinocytic vesicle
Lt F~~_rough endoplasmic
reticulum

nucleolus

ribosome
Golgi apparatus /

centrosome

{ nucleolus
nuclear membrane
nucleus f cytoplasm
/ animal L
nuclear membrane

u rostlinné bunky pritomnost:

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



Vakuoly v rostlmnych bunkach jako rezervoar zivin ... Sterner and Elser (2002)
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Fig. 3.1. The cellular basis of variation in biomass production as a function of
tissue nutrient content in oats. A. Production (as nlgasured b_y RGR) increases
hyperbolically with increasing tissue potassium content. B. During the onset of K

limitation (moving from the right to the left), first vacuolar K 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 cytoplasmic K results in a reduction in production, as K is

critically involved as a cofactor in enzyme activation. Based on Leigh and Wyn-

Jones (1985).

Rychlost ristu (RGR) zavisi na koncentraci

Zivin v biomase rostliny.

Rychlost rlUstu ¢asto neklesa kontinualné s

poklesem zivin, ale nahle skokové.

Proc?

- pro rychlost metabolismu je rozhodujici
koncentrace Zivin v cytoplazmé

- vakuoly slouzi jako rezervoar Zivin pfi
luxusnim (nadbytecném) prijmu

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

vyCerpan z prostredi (Cerpan z vakuol)

- zejména u minerald (napf. drasliku)



Rostliny — retranslokace Zivin do mist aktivniho rustu ... Sterner and Elser (2002)

TABLE 3.1

N content and C:N of different tissues in apple trees. C:N was calculated from %
N assuming 48% C in biomass. Information is also presented for wood and roots
as a function of age. Data from Murneek (1942) as reported in Kramer and , . 4o v
Kozlowski (1979) -vyznam polysacharidu (napr.

celuldzy) jako strukturni

Ag@ k . -
omponenty rostl. pletiv tkvi
Tissue (y) % N C:N P v v Y . .p o
v uspore casto limitujicich
Leaves ‘ 1.23 45 sivin:
Spurs 1.04 54
Wood aged - 1 0.93 6o[-dusiku
¢ 0.67 84
3 0.54 104\ fosforu
4-6 0.35 160
=10 0.27 207
118 0.16 350
Main stem 0.14 400
Total above ground 0.33 170
Root stump 0.26 215
Roots aged 1-6 1.24 45
T=13 0.6 93
14-18 0.32 175
Total below ground 0.4 140

Entire tree 0.34 165




Limitace ristu rostlin Zivinami - ,Sprengel - Liebigliv zakon minima“

Justus von Liebig (1803 —1873) Liebig’s barrell

Carl Sprengel (1787 —1859)

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

-rlst_jedince (nebo populace jedincl stejného druhu) je
omezen celkovym mnozstvi zdrojli, nejvice je vsak limitovan
tim prvkem, jehoz je relativné (vzhledem k potrebé)
nejméné
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-spolecenstvo neni limitovano
jednim prvkem ale spiSe vice
prvky (co-limitation)

Does Liebig’s law of the minimum scale up from species to
communities?

Michael Danger, Tanguy Daufresne, Francoise Lucas, Serge Pissard and Gérard Lacroix



