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o Neni hloupych mikrobd;

o Mikrob md vzdy pravdu, je Tvym pritelem a citlivym
partnerem;

o Mikroby mohou a udélaji cokoliv;

The laws of applied microbiology (David Perlman, 1980)
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Comparing tropical with temperate Anthrosols. The left half
shows a profile of a fertile Terra Preta created by adding
charcoal to the naturally-occurring nutrient poor Oxisol.
The right half (far right) is a profile picture of a fertile
European Plaggen Soil (Plaggic Anthrosol) created by adding
peat and manure to the naturally-occurring nutrient poor
sandy soils (Arenosols) of The Netherlands







> Urodnost ?




.. puda drimajici ...







Ptdni agregaty slozeny z ¢dastic minerdlni frakce, plivodem z
mateéné horniny, a z organickych ¢astic (ptivodem z Zivych
organismu).




Kyselina kremicita je zakladni stavebni slouceninou v
pldnich minerdlnich latkdch (vodik je vynechdn).




Z téchto stavebnich sloucenin mohou byt sestavena vlakna
(napr. azbest), rovinné dtvary (napr. jilové minerdly) a
prostorové dtvary, kostky (napr. kremen).
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Trivrstevné jilové minerdly jsou zvldsté vyznamné
alumosilikdtové struktury sestdvajici se ze dvou vrstev
kfemikovych a stredni vrstvy hlinikovych atomt (modre).

\.\.\AA&\A“U\J‘}‘} ‘m ‘ i‘ , f?ﬁ’fh}]!;”u;

Pozitivni ionty (Zluté) jsou vazdny na svrchni a spodni strané
vrstev.




Jilové minerdly jsou sloZzeny z takovychto mnohacetnych
vrstev. Pozitivnimi ionty mohou byt draslik nebo amonny iont,
klicové Ziviny pro rostliny.
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Baktérie se budou rozmnozovat rychleji tam, kde se pro né
nachdzeji néjaké zdroje.
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V okamziku, kdy dosdhnou dostatecné ¢etnosti, mohou nékteré
bakterie produkovat ochranny hlenovity materidl a formovat




Houby a nékteré baktérie s podobnou morfologii maji ale dplné
jinou zivotni strategii. Produkuji rozsahlou sit’ vldken.




Na rozdil od baktérii jsou tato vldkna schopna proristat do
mnoha substratu.




Vzhledem k tomu, Ze vldkna mohou transportovat potrebné
latky, neni rust zdvisly na mistni koncentraci zdrojd.




vyuzivat danou organickou latku.
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.. VyZivujici ...
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Chrdnici plidni OH xploze aktivit




Kofenové vlaseni
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Slozitost komunikace zprostiedkované pies QS

{ ﬂ Bacterial players
<> ) AHL producers

(O AHL degrader

O AHL « eavesdropper »

é [] AHL «barrier »




Za zddoucimi vlastnostmi zdravych pld se skryva
kazdodenni dramaticky boj na zivot a na smrt o
.kazdy atom organicky vazaného uhliku"



Turning the Table: Plants Consume Microbes as a Source
of Nutrients

Root transverse sections and electron micrographs of
Arabidopsis show Escherichia coli inside
root cells. (F) is a detail image of (E) showing plant cells
containing E. coli, and both images were taken by SEM.

Paungfoo-Lonhienne C, Rentsch D, Robatzek S, Webb RI, Sagulenko E, et al. (2010) Turning the Table: Plants Consume
Microbes as a Source of Nutrients. PLoS ONE 5(7): €11915. doi:10.1371/journal.pone.0011915



Prvoci, ktefi se Zivi nebo parazituji na ostatnich pudnich
organismech.
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05 m o
Typicka distribuce améb (Acam‘hamoega casfg)/ani/) podél bocnich korent na agaru.
Protozoa and plant growth: the microbial loop in soil revisited. M. Bonkowski New Phytologist (2004)



Protozoa and plant growth: the microbial loop in
soil revisited. M. Bonkowski. New Phytologist
(2004)

Pusobeni prvokt na architekturu
korent a sloZeni bakterialnich
spolecenstvi v rhizosfére ryze
(Oryza sativa). (a, b) Rozdily v
architekture korenu u 16-dnu-starée
sazenice ryze rostouci v Petriho
miskach na agaru naoCkovanem s
pudnim bakterialnim spole¢enstvim
v nepfitomnosti (vlevo) a v
pritomnost i(vpravo) améb
(Acanthamoeba sp.). Délka bilého
pruhu je 1 cm (K. Kreuzer & M.
Bonkowski, dosud nepublikovano).
(b, c¢) pfiklad posunt v druhovém
SloZeni bakterialnich spoleCenstvi
vyvolanem poziranim prvoky.

Fluorecscentni hybridizace bakterii in situ (¢ervena: alpha-Proteobacteria, modra: eubacteria)
na agaroveé ploSe u bocnich korenu u stejnych rostlin v nepritomnosti (vlevo) (b,c) a v
pfitomnosti ameéb (vpravo). Bilé Sipky indikuji Cervené zabarvené cysty ameéb. Zretelny je
pokles pritomnosti kolonii alpha-proteobakterii v pfitomnosti améb.



Rhizosphere

protoz'é

é
Protozoa and plant growth: the microbial loop in soil
revisited. M. Bonkowski. New Phytologist (2004)

llustrace hormonalnich ucinkd na rast kofent vyvolané mikrofaunou. Korenové exsudaty (1)
stimuluji rast raznorodych bakterialnich spoleCenstvi (2), a nasledné bakterialnich-predatora,
napf. prvokt (3). Prvoky je vylu¢ovan amoniak a jejich selektivni Zir upfednostriuje
nitrifikatory a bakterie produkujici indol-3-octovou kyselinu (IAA +) (4). Uvolriovani signalnich
molekul (5), jako je NO4 a IAA, indukuje boc¢ni rast korenu (6), coz vede k uvolnéni vétsiho
mnoZzstvi exsudatd (7), nasledny bakterialni rist (8), atd.



Tradi¢ni pohledy na huminové latky jsou zaloZeny na
empirickych poznatcich a na poznatcich ziskanych z
charakteristik uhlikatych latek extrahovanych z pudy



Huminové latky
(pigmentove polymery)

Fulvokyseliny huminové Kyseliny huminy

et

=

> rust intenzity zabarveni >

=

>~ rust stupné polymerizace >

2 000 > rust molekulove hmotnostt —— 300 000 ?
45 % > rust obsahu uhliku 62 %
48 % > pokles obsahu kysliku > 30 %
1 400 > pokles vyménne¢ acidity > 500

~ pokles rozpustnosti >

Upraveno podle /Stevenson F. J. 1982: Humus Chemistry. Wiley, New York/



Historical view

Soil

>

Wet chemical
extraction and
characterization

Observed

Interpretation

Humic
macromolecules
exist in soill

Schmidt et al., (2011)




Substrat
NaOH

Huminy Sodna sl kyseliny huminove
Sodna sul kyseliny fulvinoveé

HCl

Fulvinové kyseliny Huminove kyseliny
a male molekuly

hydrofobni pryskyrice
Extrakce
humusovych

latek z pudy

male Fulvinove kyseliny
molekuly



zbytky rostlin |-

*Cmodifikovany lignin
ligninova teorie

cukry

aminoslouceniny

transformace MO

ligninové produkty teorie
polyfenoly _ \ kondenzace cukrii
/ s aminy
™ polyfenolova teorie
] | + 28 + 2H* =5 . 4 4
¢ i - |huminoveé latky

Tradi¢ni predstavy o humifikaci (MO — mikroorganismy). Vznik
humusovych latek transformaci meziprodukta ligninu (ligninova
teorie) by mél prevazovat ve vlhkych pudach, polyfenolova teorie je
momentalné nejuznavanéjsi a kondenzace cukri a amint hraje
vyznamnou roli pi1 stfidani teploty vlhkosti (Sedlacek, nepublikovano)



Persistence of soil organic matter as an
ecosystem property

Michael W. I. Schmidt'*, Margaret S. Torn***, Samuel Abiven', Thorsten Dittmar*”, Georg Guggenberger®, Ivan A. Janssens’,
Markus Kleber®, Ingrid Kogel-Knabner®, Johannes Lehmann'®, David A. C. Manning'', Paolo Nannipieri', Daniel P. Rasse'?,
Steve Weiner'* & Susan E. Trumbore™

NATURE | VOL 478 | 6 OCTOBER 2011

Globally, soil organic matter (SOM) contains more than three times as much carbon as either the atmosphere or terrestrial
vegetation. Yet it remains largely unknown why some SOM persists for millennia whereas other SOM decomposes
readily—and this limits our ability to predict how soils will respond to climate change. Recent analytical and
experimental advances have demonstrated that molecular structure alone does not control SOM stability: in fact,
environmental and biological controls predominate. Here we propose ways to include this understanding in a new
generation of experiments and soil carbon models, thereby improving predictions of the SOM response to global warming.

Souhrn vysledki z 20 dlouhodobych polnich
experimentl (vice nez 23-ti letych) v temperdtnim
klimatu s pouzitim izotopu 13C s cilem zjistit ..dobu

zdrzeni" jednotlivych sloZek vstupl uhlikatych latek,
pudni organické hmoty a ..biouhlu®.



Bulk SOM

[ |

50 100 200 300
Chemical compound class Mean residence time (years)
|
Plant-derived Alkanoic acids I |
n-Alkanes I
Lignin |
Microbial PLFA Gram-negative |
origin
? PLFA Gram-positive |
Bacterial hexosamines |
Different Proteins |
biological
sources Hexoses I
Pentoses | |
Total saccharides |
Glucosamine
Fire-derivedorganicmatter @ | | | 2@escesssscsscscsccssscscssccssaann: ?
50 100 200 300

Mean residence time (years)



Nov¢, nedestruktivni a pfesné techniky méfeni a
pozorovani metodou byly schopny vysvétlit chemii
funk¢nich skupin extrahovanych humusovych latek
jako relativné jednoduchych biomolekul bez nutnosti
zavadét existenci nevysvétlitelnych makromolekul.

Emerging understanding

Observed Interpretation

| S

/
Direct observation
by in situ imaging

and spectroscopy ~ Simple
Soil biomolecules

exist in soil

Schmidt et al., (2011)



zbytky rostlin

transformace MO
ligninove produkty
polyfenoly

huminove latky

Nov¢jsi predstavy o humifikaci. Vznik humusovych latek spontannim shlukovanim
riznorodych, relativné malych molekul, uvoliovanych rozkladem odumielého
biologického materidlu, do supramolekularnich utvarii (Piccolo, 2001). Jednotlive
molekuly jsou orientovany hydrofilnimi ¢astmi k vné;si ¢asti supramolekuly a
hydrofobnimi dovnitf. Vzajemné vazby nejsou kovalentni nebo 1ontove, jednotlivé
molekuly jsou vazany slabymi vazbami van der Waalsovych sil a vodikovych
miustka (Sedlacek, nepublikovano).



A major aspect of the humic supramolecular
conformation is that it is stabilized predominantly
by weak dispersive forces instead of covalent
linkages (Piccolo, 2001).







Struktura HL

soil organic
matter

hexapeptide

triose
silica sheet

FIGURE 3.8. Soil particle model consisting of HA (in center), containing in its voids
a trisaccharide + a heptapeptide, and surrounded by eight silica sheets to which the HA
is bonded by Fe** and APP* ions. The element colors are carbon (blue); hydrogen (white);
nitrogen (dark blue); oxygen (red); silicon (purple); iron (green); and aluminum (light
yellow). From Schnitzer (2000), with permission.



a Historical view b Emerging understanding 3
( Fresh plant litter (leaves) ) Q:resh plant litter (leaves, stems, roots and rhizosphere); fire residue%
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Evolution, biotic and abiotic

environment X

Microbial-
communit
Research Metagenome A y COz
Questions 1-4
Metatranscriptome * Substrate quality, h
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Research
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NPK - jakou informaci timto pudé davam????
Zﬂ- a nechat Zit" | Cytoplazmatické latky
L 0,
. rezim minerdlni vyZivy - pohrdd plidnim Zivotem -~ CUkry 2

o N |

Celuloza Hemicelulozy Lignin  Proteiny
30-75% 10-30% 10-30%  1-10%

Vosky, pigmenty, lipidy 1-3%

PocCatecCni vstup orgainické hmoty

1. Uroven trofického Fetézce j &
.. L. CO,
2. Uroven trofickeho retezce

CO, CO,

3. Uroven trofického Fetézce & \ \
| choz Acoz co2

4. Uroven trofického retézce A




Bioenergy:
carbon neutral
(reduces
emissions

from fossil f'uels?)

* qat fp - Biochar sequestration: &% -25% C
: | : carbonneu 2 _ &, from biomass) pro pudni Zivot



unaltered plant transition amorphous composite turbostratic
material char char char char

A 1.0 ' i
amorphous i '
c lignin H ;)
= il pyrogenic i
a | amorphous carbon i
B : |
e crystalline P
© cellulose i ! turbostratic
= 5 ; ; £= 5 crystallites
e H
o i
m L}
2 i :
T amorphous i i X
© hemicellulose : :
o pore space
B 100 i i |
i i Bash
X \ i i Ovolatile matter '
= char yield g \ {_Enon-volatile matter (fixed C) | |
; 1

T — T
100°C —— Charring Intensity ——> 700°C

Dynamic molecular structure of plant biomass-derived black carbon (biochar) across
a charring gradient and schematic representation of the four proposed char
categories and their individual phases. (A) Physical and chemical characteristics of
organic phases. Exact temperature ranges for each category are controlled by both
charring conditions (i.e., temperature, duration, and atmosphere) and relative
contents of plant biomass components (i.e., hemicellulose, cellulose, and lignin). (B)
Char composition as inferred from gravimetric analysis. Yields, VM, fixed-C, and ash
contents are averaged across wood and grass chars. Relative contributions above
700°C are estimates.
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The essenual stability of bio-char

100
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Lebmann et ol . 2006, Magaton and Adaptaton
Strateges for Global Change 11, 803427




Element Wt% Element W%
< 86.1% C 34.7%
0 11.4% 0 43.1%
Mg  0.2% Na 0.1%
Si 0.8% Mg 0.9%
S 0.4% Al 5.5%
Cl 0.3% Si 9.6%
K 0.4% p 0.1%
Ca 0.6% Cl 0.4%
K 1.4%
Ca 0.5%
Fe 3.6%
1 Zorn ' aFEe
= - .
Element Wt% Biochar from mixture A0 Element Wt%
C 87.2% C 12.8%
0 9.3% 0 50.9%
Mg 1.4% Mg 1.2%
Cl 1.1% Al 9.6%
K 0.4% Si 16.1%
Ca 0.6% P 0.3%
Cl 0.5%
K 2.3%
Ca 0.6%
Fe 5.8%
l [ ' avEee t0m L B2 & B

Scanning electron micrographs (SEM) image and associated energy dispersive X-ray (EDX) quantification of biochar and biochar separated form mixture.



POSSIBLE PHASES, ZONES AND PORES ON SURFACE OF BIOCHARS

_ Clay particles bound by
Micropores 0% ¥ range of organic molecules.

Dynamic and Catalytic Surfaces

Pores in this zone

...0
0
e \ Possible compounds citrates,
acetates, fulvic acid, humic
acid polysaccharides +
cations
/T

Pore

Amino acids, proteins,

Ca in Pores AN
and possible lipids, hydrocarbons
in C Lattice ,
¥ Carboxyl amide groups
- Functional groups on C
Biochar surfaces surface with mineral
slowly degrading oxides/hydroxides

via biotic and
abiotic processes
releasing organics
and minerals

Movement Cations and
Anions, Gases, Organic
Molecules, Micro-organisms
and Water as a function of
growing cycle, temperature,
proximity to root hairs and
rain events

These layers are probably
changing structure and
composition to provide the
nutrients for microbial and
plant growth. They have a
high porosity and a high
concentration of functional
groups and radicals. CEC is
probably high and
degradation low.

Free Energy of Surfaces
are Constantly Changing
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800 |
B Bacterivores

700 } B Plant parasites
Fungivores

[0 Omnivores-predators

.|.
400

300 7

200 NN
100

T

600

200

Nematode abundance
(individuals 100 g™ soil)

CK B1 BS B20
Treatment

Fig. 2 Responses of the total nematode and trophic group
abundance to biochar addition. Error bars represent the stan-
dard error of the mean (n = 3). CK, B1, B5 and B20 represent
no addition of biochar, and the addition of biochar at 2400,
12 000 and 48000 kg ha™!, respectively.

Zhang et al., (2013) Pedosphere 23(1): 98-103
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= " = Plant/fungal signaling

interactions

O = Organic carbon substrates

- = = = & = Indirect Facilitative effects

— = Direct Facilitative effects

| =No access

\ g
= Mycorrhizal Fungus Spores

~= Bio-char colonizing bacteria

( = Hyphae of Mycorrhizal
Fungi

- = Bio-char particle

Figure 1. Schematic representation of bio-char and its direct and indirect effects on mycorrhizal fungi abundance/
functioning, emphasizing the hierarchical nature of effects. The numbers included in figure body correspond to mechanisms
discussed in text: (1) effects on soil physio-chemical properties; (2) effects through influences on other soil microbes; (3)
interactions with plant-fungus signaling; and (4) provision of refugia from fungal grazers. Solid arrows indicate direct
facilitative effects; dashed arrows indicate indirect facilitative effects. WARNOCK, (2009)
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Visual observation of spatial association and colonization of

biochar by microorganisms.

(a) fresh biochar showing fungal hyphae (Lehmann and
Joseph, 2009;);

(b) (b) fresh corn biochar showing microorganisms in pores
(arrows) (Jin, 2010).
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Antibiotics,

specific antagonism

Nature Reviews | Microbiology

These elements
interact with one
another through biotic
and abiotic signals,
many of which are still
unknown. ISR, induced
systemic resistance.

Biological control of
soil-borne pathogens by
fluorescent
pseudomonads

Dieter Haas &
Genevieve Défago

Nature Reviews
Microbiology 3, 307-
319 (April 2005)
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Fig. 7. Isotopic shift of PLFA biomarkers (treatment after incubation - initial values) for certain microbial groups, ie. fungi, Gram-negative bacteria, Gram-positive bacteria and
bacteria in general. Emor bars reflect the standard deviation in isotopic shift within a group of microorganisms.
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Fig. 4. Losses of biochar carbon and soil organic carbon after 4 months of incubation
given relative to the respective initial amounts in the treatments. Emror bars reflect the
uncertainties in the proportion of biochar carbon in the respiration gas used for
calculation and were determined according to error propagation laws.
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laws.
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(ELSA) Evropské aliance pudy

Preambule

Plda, stejné jako voda a vzduch, tvofi hlawni pfedpoklad pro Zivot na nasi planeté. Vlastnosti a funkce riznych
druhd pudy jsou vzhledem k jejich vyskytu a charakteristice velmi rozdilné. V dlisledku stale rostouci vystavby
budov a dopravnich komunikaci, rozSifujiciho se primyslu a trvalého wcerpavani pfirodnich pidnich zdroja, je
plda ohrozena jak lokalng, tak vcelosvétovém meéfitku, zejména kwvili mnozstvi a rozsahu pusobeni vivi
s ni¢ivym dosahem. DUsledky zabirani, spotfebovavani a znehodnocovani pldy, jakoZto i skute€nost, Ze nékteré
zmény jsoujiznewvratné spolu s pomalou schopnosti regenerace pudy, jsou srovnatelné s disledky klimatickych
zmén a ztraty rozmanitosti druhl. Z wse feCeného tedy vyplyva silna souvislost mezi zménami pady a zménami
klimatu.

Blizsi informace Kk projektu:

www.soilart.eu a www.sondar.eu

Odpovédna osoba: Mgr. Antonin Okénka
Obec Nova Lhota, okres Hodonin 69674

starosta.novalhota(@seznam.cz

tel: +420 724 168 208
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N cycling as seen as being driven by the microbial
mineralization

Microbial immobilization of ammonium and nitrate in relation to
ammonification and nitrification — outcompetes plant uptake

(Schimel et Bennett, 2004)



A) Classical paradigm Plants

- Mineralization
regulates overall
- N cychin
Soill - i \ g
Organic | — | Microbes| <=2 | NH,” [ —> | NO,-
Matter
i In gray to note that in some
e soils, nitrification is of
take P P minor importance

B) New paradigm

Depolymerization
regu@tes overall N cycling

Plants

= SN

Organic |—> | Monomers | — | Microbes| === | NH,” | —3 | NO.-

matter » ) ‘\#—”/ ’
.

.............. Immobilization
competes with
plant uptake

.
..
*en
.................
-----------------------------------

Stress and grazing

The changing paradigm of the soil N cycle.

N cycling 1s now seen as being driven by the depolymerization of
N-containing polymers by microbial extracellular enzymes.

(Schimel et Bennett, 2004)
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(Schimel et Bennett, 2004)
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The diagrams specify that the polymers are protein, but only as a

representative organic N-containing polymer.
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Diagram of qualitative predictions for how water and nutrient
movement will be affected if roots 1n a nutrient patch have lower
resistance than roots n the background nutrient environment

(Thorn et Orians, 2011).



Nitrates, where are you coming from and where are you going?

Nitrate 1s a critical signaling molecule in regulating plant growth,
little 1s know about plant nitrate signaling at molecular level and
even less about the role of nitrate signaling for interactions between
key players 1n soils.




