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The image on the left shows a close-up of sand particles which appear
grainy as seen by the naked eye. The right shows the plate-like texture

of clay visible only under a microscope.
https://content.ces.ncsu.edu/media/images/particle%20size2.jpg
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This is smectite (spec:ﬁcaﬂy montmorillonite), a 2:1 expanding clay






zﬂde

pﬂSIt

¥ -

lﬂl’l

"-*-."'u* .p

hssﬁss

ei'.f hgi‘f‘:’i@iégl‘r}g%

N I, 1_"2'\_!- .

|l|.
Y
L e

a1

. oy
.""I‘.I:.

.m-"’*’:}"'q : ___"-.--' 1 "!.:1

5

g 'h:u_rb,.rakw ét al. :Uruwersiw of Géttingen, Germany




et g2 AR
4

; u..... ..._.w. ...J.. n.T...“.-u.q“..ﬂ1 .E_... -._.....n.._..

s e a T wi
it R .ﬁ..... i




g O
Ton<2um @

Schiuff 2—-63 um @

Sand 63 -2 000 um o

W 1 bf"/
















Mikrographie der Wurzelkappe mit mucilage (Mais)

(von V. Sobolev, Agricultural Research Service, United States Department of Agriculture - ARS USDA)



Lebende Wurzeln reichlich

leicht verfugbare Monomere wie
Monosaccharide und

Aminosauren freisetzen,

und, wahrend
Rhizodepositionen einen
kontinuierlichen Fluss von
Substanzen wahrend des
Pflanzenwachstums darstellen.




Wurzel-
ohare

Y J\" 'I'.'.Ier Tnd von Wurzeln ist ein

> . zeitlich konzentrierter C-

. A Eingang, hauptsachlich
_“" makromolekulare Verbindungen
wie Cellulose und Xylan.

Wegen des konzentrierten Inputs der
verfligbaren organischen Stoffe aus toten
Waurzeln ist es allgemein anerkannt, dass

Mikroorganismen haufiger sind und dass die
Hotspots-Bereiche der Enzymaktivitat in der
Waurzel-Detritusphére grofier sind als in der

Rhizosphére.



A Single cell scenario B Two cell scenario C Multi cell scenario

Microorganism

Exoenzymes

Substrate (particulate)
Substrate (dissolved)

Hypothesized concept of synergistic interactions of exoenzyme - producing soil
microorganisms. In bulk soil, a high proportion of exoenzymes released by a soil
microorganism is lost without any benefit for it (a). With increasing number of
exoenzymes the concentration of products of enzymatically catalyzed reactions
increases (as indicated by the increase in the intensity of the blue color, b). Thus,
exoenzyme-producing microorganisms can benefit from each other, which might
contribute to the high microbial activity at hotspots of enzyme activity (c)

Spohn, M. et Kuzyakov, Y. / Plant Soil (2014) 379:67-77



Biofilms: an emergent form of
bacterial life

Hans-Curt Flemming', Jost Wingender’, Ulrich Szewzyk?, Peter Steinberg®, Scott A. Rice*
and Staffan Kjelleberg®

NATURE REVIEWS | MICROBIOLOGY VOLUME 14 | SEPTEMBER 2016 | 563
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Figure 1| Emergent properties of biofilms and habitat formation. Bacterial cells in biofilms can be considered to be
habitat formers, owing to their generation of a matrix that forms the physical foundation of the biofilm. The matrix is
composed of extracellular polymeric substances (EPS) that provide architecture and stability to the bicfilm. Nutrients and
other molecules can be trapped both by sorption to EPS molecules and to the pores and channels of the matrix, whereas
skin formation by hydrophobic EPS molecules enhances the ability of the biofilm to survive desiccation. Biofilms derive
Nanowires several emergent properties — that is, properties that are not predictable from the study of free-living bacterial cells —
Electrically conductive from the EPS matrix. These properties include localized gradients that provide habitat diversity, resource capture by
structures; that are produced by 5 rption, enzyme retention that provides digestive capabilities, social interactions and the ability, through tolerance
doind L and/ar resistance, to survive exposure to antibiotics.
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: |- Biodegradation of solid waste |
= Biodeterioration
= Biocorrosion

Figure 2 | Physical and chemical properties of the biofilm matrix. a | The biofilm can be viewed as a fortress that,
through several properties of the matrix, enables constituent cells to survive desiccation. b | The bicfilm is a sponge-like
system that provides surfaces for the sorption of a diverse range of melecules that can be sequestered from the
environment. This confers several benefits to the biofilm, such as nutrient acquisition and matrix stabilization. Similarly,
the physicochemical properties of the matrix enable bicfilms to retain and stabilize extracellular digestive enzymes that
are produced by biofilm cells, which turns the matrix into an external digestive system. Surface-attached biofilms are not
only able to take up nutrients from the water phase but can also digest biodegradable components from the substratum,
which is exposed to enzymes in the matrix.




a Gradients: stabilized by immobilization of biofilm cells within the matrix
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b Social interactions in the matrix
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Masoom Hussain et al., Environ. Sci. Technol. 2016, 50, 1670-1680
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Oldroyd G.E.D. 2013: Speak, friend, and enter: signalling systems that promote beneficial symbiotic associations in plants; Nature

Reviews Microbiology 11, 252-263.
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Marzec, M., Muszynska, A., Gruszka, D.: Review. The Role of Strigolactones in Nutrient-Stress Responses in
Plants. Int. J. Mol. Sci. 2013, 14(5), 9286-9304.
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Hyphal branching Germination
signals stimulants

AM fungus Orobanche or Striga

Symbiotic interaction Parasitic interaction
TRENDS in Plant Science

Podzemni komunikace mezi rostlinami, arbuskularnimi (AM) houbami a parazitickymi rostlinami.
Rostliny produkuji a uvoliuji sekundarni metabolity do rhizosféry k zavedeni komunikace s dalSimi
organismy. Strigolaktony jsou diileZitou tfidou signalnich molekul. Dtive byly izolovany jako stimulanty
kli¢eni semen parazitickych rostlin, ale pozdéji se ukézalo, Ze také indukuji hyfalni vétveni AM hub.
Neptima komunikace mezi AM houbami a parazitickymi rostlinami — jako zjevna z redukce infekce.
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Brewer et.al., 2013 Diverse role of
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Figure 1. The Proposed Roles of Strigolactones in Adult Plant Growth and Development.

{A) Under normal conditions, a basal level of strigolactone production in a wild-type plant reduces lateral shoots and roots, but enhances plant
helght, secondary growth, senescence, and root halrs.

(B) Much of this influence of strigolactones can be seen in mutants that are unable to make or respond to strigolactones. They display more lateral
branches and lateral roots, and less secondary growth and arbuscular mycorrhizal (AM) fungi symbiosis (in compatible species).

(C) Reduced phosphate triggers increased strigolactone production. This leads to greater branch repression and, initially, to enhanced lateral roots and
root hairs, and enhances AM fungi symbiosis. Other phenotypes like plant height, secondary growth, senescence, reproduction, biomass, germination,
shading responses, and leaf shape have yet to be fully characterized, especially with regard to low-phosphate-induced strigolactone production.
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a | Flavonoids released by the plant root signal to rhizobia in the rhizosphere, which in turn produce nodulation factors (Nod factors) that are recognized by the plant. Nod
factor perception activates the symbiosis signalling pathway, leading to calcium oscillations, initially in epidermal cells but later also in cortical cells preceeding their
colonization. Rhizobia gain entry into the plant root by root hair cells that grow around the bacteria attached at the root surface, trapping the bacteria inside a root hair curl.
Infection threads are invasive invaginations of the plant cell that are initiated at the site of root hair curls and allow invasion of the rhizobia into the root tissue. The nucleus
relocates to the site of infection, and an alignment of ER and cytoskeleton, known as the pre-infection thread, predicts the path of the infection thread. Nodules initiate
below the site of bacterial infection and form by de novo initiation of a nodule meristem in the root cortex. The infection threads grow towards the emergent nodules and
ramify within the nodule tissue. In some cases, the rhizobia remain inside the infection threads, but more often, the bacteria are released into membrane-bound
compartments inside the cells of the nodule, where the bacteria can differentiate into a nitrogen-fixing state. b | Strigolactone release by the plant root signals to arbuscular
mycorrhizal fungi (AMF) in the rhizosphere. Perception of strigolactones promotes spore germination and hyphal branching. AMF produce mycorrhizal factors (Myc factors),
including lipochitooligosaccharide (LCOs) and, possibly, signals that activate the symbiosis signalling pathway in the root, leading to calcium oscillations. AMF invasion
involves an infection peg from the hyphopodium that allows fungal hyphal growth into the root epidermal cell. The route of hyphal invasion in the plant cell is predicted by a
pre-penetration apparatus, which is a clustering of ER and cytoskeleton in a zone of the cell below the first point of fungal contact*®. The fungus colonizes the plant root
cortex through intercellular hyphal growth. Arbuscules are formed in inner root cortical cells from the intercellular hyphae. Part b image is modified, with permission, from
Ref. 136 © (2008) Macmillan Publishers Ltd. All rights reserved.

Oldroyd G.E.D. 2013: Speak, friend, and enter: signalling systems that promote beneficial symbiotic associations in plants; Nature Reviews Microbiology 11, 252-263.


http://www.nature.com/nrmicro/journal/v11/n4/full/nrmicro2990.html
http://www.nature.com/nrmicro/journal/v11/n4/full/nrmicro2990.html

MNature Reviews | Microbiology
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Oldroyd G.E.D. 2013: Speak, friend, and enter: signalling systems that promote beneficial symbiotic associations in plants; Nature Reviews Microbiology 11, 252-263.



Aglaophyton
major

These were early
plants of the Lower
Devonian, approx
410 million years
ago. They grew to
~ . about 15cm in height
~and had a prostrate
habit, spreading as
they grew. Fossils of
__ these plants are found
in Rhynie chert in
Aberdeenshire,
Scotland. They grew
.. close tosilica-rich hot

-springs.

v N A T

http //www blzIeyart com/gallery/lmage?wew |mage&format raw&type |mg&|d 333




1. Transverse section through two typical axes showing the simple internal organization; slide
P1828; bar=1 mm. 2. Anatomy of the prostrate mycorrhizal axis (E = epidermis; OC = outer
cortex; MAZ = mycorrhizal arbuscule-zone; IC = inner cortex; PIT = phloem-like tissue; CT =
conducting tissue); slide P1612; bar=150 um.

M. Krings et al. / Review of Palaeobotany and Palynology 153 (2009) 62 —69
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[e)}
i
o
(Vo]
@
o
o
)
[a2)
N
i
>
oo
s}
o
=
>
©
(a
©
(<
m©
>
(<
©
&
o
Q0
o
()
«
©
o
Y
o

Endophytic filamentous cyanobacteria in
Aglaophyton major prostrate axes. ' »

1. Cross-section through an axis, showing the epidermis (E),

outer cortex (OC), mycorrhizal arbuscule-zone (MAZ), and
cyanobacterial filaments (arrows); bar=100 pm. 2.

Cyanobacterial filaments within the arbuscule-zone;

bar=100 um. 3. Cyanobacterial filaments in the intercellular
system; bar=25 um. 3




https://www.abdn.ac.uk/rhynie/images/plants/aglao/aglao2.jpg

Rhizoids (r) on an Aglaophyton rhizomal axis (scale bar = 200um).
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Probable stages in the evolution of stems, rhizomes, leaves and roots from the thallus of
an early bryophyte-like land plant, using a hypothetical final example with a woody trunk.

Mark C. Brundrett, New Phytologist (2002) 154: 275-304
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Fig. 2 Proportion of angiosperm species with different categories of
mycorrhizal associations using data from Trappe (1987).

Mark C. Brundrett, New Phytologist (2002) 154: 275-304
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-’ Section Botany
VERSITA DOI: 10,2478 /511756-012-0050-9

Different nutrient use strategies of expansive grasses
Calamagrostis epigejos and Arrhenatherum elatius

Petr HOLUB', Ivan T0OMAZ, Jaroslav ZAHORA? & Karel FIALA®

| Zlobal Change Research Centre, Academy of Sciences of the Crech Republic, Bélidla 4a, CZ-60300 Brno, Crech Republic;
e-mail: holub, p@czechglobe. cx

? Department of Agrochemistry, Soil Science, Microbiology and Plant Nutrition, Faculty of Agronomy, Mendel University
in Brmo, Zemdédélskd 1, CA-61300 Brmo, Crech Republic

A Department of Vegelation Ecology, Institule of Botany, Academy of Sciences of the Crech Republic, Lidickd 25,
Ca-G0200 Brno, Ceech KHepublic

JAROSLAV ZAHORA, MILAN CHYTRY, PETR HOLUBl KAREL FIALA JVAN TUMA,

JANA VAVRIKOVA, MARTINA FABSICOVA, I A FILIPOVA

Vliv akumulace dusiku na viesoviste a suche

. F

travniky v Narodnim parku Podyj

Zihora, ]., Chytry, M., Holub, P., Fiala, K., Tama, L, Vavfikova, ., Fabdifova, M., Keizer, L, Filipova, L.: The Effect
of Nitrogen Accumulation on Heathlands and Dry Grasslands in the Podyji National Park. Zivoiné prostredie,
2016, 50, 2, p. 97 - 107.
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Obr. 3. Souhrnny zichyt amonného (zluté) a nitratového dusiku (modie) z
atmosférického spadu v letech 2005 a 2006 na lokalitach Kravi hora a Havraniky

v jednoduchych nadobach v irovni vegetace (oznaceno KH a H) a v nadobsach
opatirenych svazkem nylonovésittoviny (KHS, HS). Je patrny vyrazneé vyssi zachyt v
nadobach se sittovinou, ktera imitovala vegetaci, pricemz toto mnozstvi dusiku nebylo
mozno vysvetlit pouze narastem mnozstvi srazek (sbérné nadoby ve vyiezu).






Porenniflo arenarige-Agrostietum vinealis

(Carici humilis-Callunetum)
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Obr. 6. Susina nadzemni (nad osou x) a podzemni (pod osou x) biomasy semenackn
kostiavy ov¢i (F. ovina) péstované po dobu jednoho roku v nidobovém pokusu v pudé
odebrané z puvodniho kratkostébelného travniku (FC a FD) a v pudeé degradované
titinou kiovistni (CC a CD). Stres suchem byl navozen poloviénim mnozstvim zalivky
(FD a CD). Napravo je ukazka schopnosti produkce nadzemni a podzemni biomasy po
¢tyiech letech péstovani semenacku kostiavy v pouhém sterilnim pisku.
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standard deviation, treatment means with different letters are

significantly different (P < 0.05).
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Biologicka degradace vede ke
zhutnéni pudy, které urychluje
pudni erozi
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