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A) Classical paradigm Plants

[ Mineralization A
regulates overall

N cycling \

Soil
Organic | — | Microbes ...T‘L" NH,” | —> | NO,

Matter W

i adi In gray to note that in some
g::f;;ﬁ";gg"fam sails, nitrification is of
take P P minor importance

B) New paradigm

Depolymerization
reguhlﬂtes overall N cycling ) / \

Soil
Organic —L-h Monomers | —» | Microbes| === | NH,” | —3 | NO-

3
matter » __/f,/
t""'u...., ‘1.‘"-"‘-,.-.....- "‘.'.ﬂ

catsmeee Immobilization
competes with
plant uptake

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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plants and microbes
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If we were able to capture an excess of NH," and NO;™ ions from
so1l solution, then we will be able to assess at what stage 1s the
current N-load of the alpine ecosystem.

(Schimel et Bennett, 2004)



Pripad A: aminokyseliny jsou
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Karl GODEL
(5.5, 1870 Brno — 20, 10. 1948 Vderi)

Absolvent krajinafske Skoly prof. E. P: Lichtenfelse na videfi-
ské Alademii. Zil ve Vidni, velmi casto viak maloval v plené-
ru, predeviim na Znojemsku (Podhradi nad Dyji) a Brnénsku
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Obr. 2. Regeerace viesu 15 let pod(idstranni drnu v mozaikovitém porst Viesoviste
a suchého travniku u obce Havraniky na uboci kopce Staré vinice (srpen 2007). Foto:
Jaroslav Zahora

Vysvétlivky: Vyznacena je pivodni plocha pokusného zasahu 4 x 4 m.




Obr. 3. Zartstani viesovist expazini titinou kiovistni Calmag rostis epigejos) u obce
Havraniky (srpen 2006). Foto: Jaroslav Zahora




3. Monitorovani vstupu dusiku se srazkami
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Kumulativni mnozstvi mineralnitho dusiku

zachycené v sbérnych nadobach v obdobi od
13. 2. 2002 do 17. 9. 2003
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Obr. 4. Souhrnny zachyt amonn¢ho a nitratového dusiku z atmosférického spadu

Vv letech 2005 a 2006 na lokalitach Kravi hora a Havraniky

Vysvétlivky: KH, H — v jednoduchych nadobach v trovni vegetace, KHS, HS — v nddobach
opatfenych svazkem nylonové sitoviny









Potentillo arenariae—Agrostietum vinealis

(Carici humilis-Callunetum)




Calamagrostis epigejos Arrhenatherum elatius
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VyluCovani mucilagu a uvolnovani bunek z korenove Cepicky
na vrcholu korene baviniku, 30 sekund po ponoreni do vody.

Courtesy Gilberto Curlango-Rivera (University of Arizona, Tucson, Arizona), et al.
Read more at: http://phys.org/news/2013-09-secret-life-underground-microbes-root.html#jCp
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Hotspots are small soil volumes with much higher process rates
and intensive interactions compared to the average soil conditions

o Mean ,Dead“ soil | Hotspots

g Relative volume | 10...100 1

9 Process rates 1 10...100 | Hotspots
%

0

Process rate (h)

Concept of microbial hotspots in soil: Hotspots are small soil volumes with much higher
process rates and intensive interactions compared to the average soil conditions. The Table
inset represents the relative volume and process rates in the hotspots and bulk soil. “Mean”
represents the weighted average process rates by soil mixing.

Y. Kuzyakov, 186 E. Blagodatskaya / Soil Biology & Biochemistry 83 (2015) 184-199
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Rootexudation

N fertilization 7.
0 " High
Fig. 7 Conceptual figure showing rhizosphere priming on SOM
decomposition accompanied by microbial activation and N min-
ing. Arrow thickness indicates process intensity
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ca. 50 % der Pflanzenbiomasse befindet sich im Boden
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Rootexudation

N fertilization 7.
0 " High
Fig. 7 Conceptual figure showing rhizosphere priming on SOM
decomposition accompanied by microbial activation and N min-
ing. Arrow thickness indicates process intensity

@ Springer

Pl Senll {30 1674038 77
IO D D L L e 5 205 -2

Maize rhizosphere priming: field estimates using '“C natural

abundance

Amit Kumar - Yakov Kiryakoy - Johanns Pausch



Ergebnis im gestortem Boden:

»Mit gewohnlicher Photosynthese
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Masoom Hussain et al., Environ. Sci. Technol. 2016, 50, 1670-1680
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PLFA Soil Microbial Community Analysis

Functional Group Biomass & Diversity

Total Living Microbial Biomass, Phospholipid Fatty Acid (PLFA) ng/g
Functional Group Diversity Index

Functional Group

Total Biomass Diversity Rating

< 500 <10 Very Poor

500+ - 1000 1.0+-1.1 Poor

1000+ - 1500 1.1+-1.2 Slightly Below Average
1500+ - 2500 12+-13 Average

2500+ - 3000 13+-14 Slightly Above Average
3000+ - 3500 14+-15 Good

3500+ - 4000 1.5+-16 Very Good

> 4000 >16 Excellent

Total Bacteria

Gram (+)
Actinomycetes
Gram (-)
Rhizobia

Total Fungi
Arbuscular Mycorrhizal

Saprophytes
Protozoa

Undifferentiated

Biomass, PLFA ng/g

999.83

502.21
150.08

497.62
4493

276.16
80.56

195.59
20.46
817.34

2113.78
1.611

% of Total Biomass

47.30

23.76
7.10

23.54
2.13

13.06
3.81
9.25

0.97
38.67



PLFA Soil Microbial Community Analysis

Functional Group Biomass & Diversity

Total Living Microbial Biomass, Phospholipid Fatty Acid (PLFA) ng/g
Functional Group Diversity Index

Functional Group

Total Biomass Diversity Rating

< 500 <10 Very Poor

500+ - 1000 1.0+-11 Poor

1000+ 1500 1.1+-12 Slightly Below Average
1500+ - 2500 12+-13 Average

2500+ - 3000 13+-14 Slightly Above Average
3000+ - 3500 14+-15 Good

3500+ 4000 15+-16 Very Good

> 4000 >16 Excellent

Total Bacteria
Gram (+)
Actinomycetes
Gram (-)
Rhizobia

Total Fungi
Arbuscular Mycorrhizal
Saprophytes

Protozoa

Undifferentiated

Biomass, PLFA ng/g

341.53

298.53
90.31

43.00
0.00

14.35
0.00
14.35

0.00
184.53

540.41
1.046

% of Total Biomass

63.20

55.24
16.71

7.96
0.00

2.66
0.00
2.66

0.00
34.15
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110 M. Spohn, Y. Kuzyakov / Soil Biology & Biochemistry 67 (2013) 106113
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Fig. 2. Zymograms showing acid phosphatase (A) and alkaline phosphatase (B) together with the calibration line (C) that is composed of six calibration membranes. Images a—
d show P amended soils and images e—h show control soils,

Control soil

Control sail




Cover crops and their benefits

*Erosion Control
‘Nutrient Capture/Cycling
‘/mprove Soil Health
‘Water Management
‘Increase Biodiversity
‘Balance C:N Ratio
‘Nitrogen Fixation
‘Reduce Compaction
‘Weed Supression







PERSPECTIVE

doi:10.1038/ nature 16069

The contentious nature of soil organic
matter

Johannes Lehmann'2* & Markus Kleber®+*

The exchange of mitrients, energy and carbon between soll organic matter, the soll environment, aquatic systems and
the atmosphere Is important for agricultural productivity, water quality and climate. Long-standing theory suggests that
soll organic matter is composed of inherently stable and chemically unique compounds. Here we argue that the available
evidence does not support the formation of large- molecular- size and persistent ‘humic subx ’ in soils. Instead, soil
organic matter is a contimmum of progressively decomposing organic compounds. We discuss implications of this view of
the nature of soll organic matter for aquatic health, soll carbon- climate interactions and land management.

S oil organic matter contains more organic carbon than global vege-

tation and the atmosphere combined (Fig. 1). For this reason, the Traditicnal view Traditional viaw

release and conversion into carbon dioxide or methane of even a n:mﬂ:; m- h--u |

small proportion of carbon contained in soil organic matter can cause m --np-mm
mattar

quantitatively relevant variations in the atmospheric concentrations of
these greenhouse gases'. Moreover, organic matter retains nutrients as
well as pollutants in the soil, which improves plant growth and protects
water qua]i'ryi. Soils are also an important source of aquatic carbon, with
implications for biogeochemical processes in rivers, lakes and estuaries®.
Despite its recognized importance, there is a widely divergent view of the
nature of soil organic matter.

Biological, physical and chemical transformation processes convert
dead plant material into organic products that are able to form intimate
associations with soil minerals, making it difficult to study the nature
of soil organic matter. Early research based on an extraction method
assumed that a "humification’ process creates recalcitrant (resistant to
decompaosition) and large humic substances” to make up the majority of
s0il humus’ (see Box 1). However, these ‘humic substances’ have not been
observed by modern analytic techniques. This lack of evidence means
that "humification’ is increasingly questioned, yet the underlying theory
persists in the contemporary literature, including current textbooks*.

Here we argue in favour of a soil continuum model (SCM) that focuses
on the ability of decomposer organisms to access soil organic matter and

on the protection of organic matter from decompaosition provided by soil e E el

minerals. Viewing soil arganic matter as a continuum spanning the full stk BumE 0 orgarnis mattar;

range from intact plant material to highly oxidized carbon in carboxylic Opertian I kel artncs ‘o fiows e an
‘oarton siocks

acids” represents robust science and will facilitate the way we communicate
between disciplines and with the public. Only such an evidence-based

approach can allow for the development of mechanistic solutions to cli-
mate, water quality and soil productivity issues (Fig. 1). The resulting
knowledge should be integrated into conceptual and mechanistic models
for the purpose of predicting carbon dioxide emissions from soils in a
warming world. as well as of keeping water supplies clean, and of improv-
ing and sustaining the ecosystem services of the world’s soils. Research
aimed at reliable predictions of soil organic matter turnover should focus
on investigating its spatial arrangement within the mineral matrix, the
fing-scale redox environment, microbial ecology and interaction with min-
eral surfaces under moisture and temperature conditions observed in soils.

Figure 1 | Traditional and emergent views of the nature of soil organic
matter affect how we predict and manage soil, air and water. Traditional
‘humification’ concepts limit observations of soil organic matter o its
solubility in alkaline extracts, unlike the emergent view of organic matter
based on solubility in water and its accessibility to microorganisms. Seils
are an important source of organic matter in aquatic ecosystems and are
responsible for half of the atmospheric carbon recycling. Carbon stocks
and flux values are from ref. 1, except where noted otherwise: brown
numbers are stocks in Pg C and blue numbers are flows in Pg Cyr—".
*Disaggregated value from 119 Pg C yr~' total emissions. 3% of total
carbon consumed by fire!™. $Estimate to balance soil carbon exports.
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Traditional view
Relies on organic matter quality
for prediction of emissions;
a8 assumes greater temperature
sensitivity of persistent organic
matter

Emergent view
Relies on accessibility of organic
matter and microbial ecology;
considers temperature dependence
of enzymes, transport and
adsorption of organic matter

co, 597
evolution
and
temperature
response

Soil structure;
water and
nutrient
storage and
provision

Traditional view
Relies on formation of
stable *humus’;
observes organic matter
properties in alkaline extracts

r)1.6 -
*ﬁ% @ i"m.' _-—‘Rivers /

Atmospheric CO,
829

123
59"

Vegetation
420-620

Soll
3,500-4,800

Traditional view
Applies solubility in alkaline
solution as criterion; over- or
underestimates reactivity B
in water (electron shuttling,

metal adsorption)

Emergent view
Studies organic matter in
water without alkaline extraction;
considers those forms that are

actually soluble in water

Water
quality

Emergent view
Focuses on microbial access to

soil organic matter;

emphasizes the need to manage
carbon flows rather than

carbon stocks

Traditional and emergent views of
the nature of soil organic matter
affect how we predict and manage
soil, air and water.

Traditional ‘humification’ concepts
limit observations of soil organic
matter to its solubility in alkaline
extracts, unlike the emergent view of
organic matter based on solubility in
water and its accessibility to
microorganisms. Soils are an
important source of organic matter
in aquatic ecosystems and are
responsible for half of the
atmospheric carbon recycling.
Carbon stocks and flux values are
from ref. 1, except where noted
otherwise: brown numbers are
stocks in Pg C and blue numbers are
flows in Pg C yr-1. Disaggregated
value from 119 Pg C yr-1 total
emissions. t3% of total carbon
consumed by fire104. $Estimate to
balance soil carbon exports.
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Competing views

(1) *Humification’ (2) Selective preservation (3) Progressive decomposition
Plant, animal residues P!ant, Sl . Plant, animal residues
“Lahile ‘Stabla
lcarbohydrates, protein) (lignin, lipid, pyrogenic) @ E
Fauna Fauna E o
Fauna | Exo-enzymes Exo-enzymes Exo-enzymes 3 Fauna | Exo-enzymes -§
{mainly bacteria) {rmainly fungi) 3 -§
; = =
e biopolymers Large biopolymers Large biopolymers
L?rmg}t assfr}l?illgble} (not assimilable) ?rngt assipr;la?me}
1 “Labile’ *Stabls’
1
1
Exo-enzymes e Exo-enzymes Exo-enzymes Exo-enzymes
(mainky bacteria) {mainly fungiy v
Small biopolymers, Small bio ers i
CO, - Monomers £ [assimﬁglt}re'; Small biopolymers
, (assimilable) ‘Labils’ Stable (assimilable)
‘g hﬁlr{l:zl'yurg?é Enzymes
5 Microbes
Microbes 5 L
ﬁ Monomers Monomers
8 (assimilable) (assimilablz)
Y B Microbes Microbes
Humic substances E
(not assimilable) g co, co,

Reconciliation of current conceptual models for the fate of organic debris into a
consolidated view of a SCM of organic matter cycles and ecosystem controls in soil.
Classic ‘humification’ relies on the synthesis of large molecules from decomposition
products. Selective preservation assumes that some organic materials are preferentially
mineralized, leaving intrinsically ‘stable’ decomposition products behind.

Lehmann, J., Kleber, M. (2015) The contentious nature of soil organic matter., Vol 5 2 8 | Nature | 60-68
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b O f r u Im Rahmen des Bodenfruchtbarkeitsprojekts , Steigerung der Wertschopfung okologisch angebauter Marktfrichte durch

www bodenfruchtbarkeitorg Optimierung des Managements der Bodenfruchtbarkeit*, das vom Bundesprogramm Okologischer Landbau gefordert wird.

Wie miude ist mein Boden?

Prognosemethode, um das Risiko eines Misserfolges beim
Erbsen- oder Bohnenanbau einzuschatzen

Das Problem:
Bodenmiidigkeit kann zu schlechten
Ertragen bei Erbsen und Bohnen
fuhren. Flr den Landwirt ist es
schwierig, dieses Risiko im Voraus
abzuschéatzen. Der vorgestelite
Prognosetest kann bei der
Schlagauswahl helfen.

Das Konzept:

Rund zwei Monate vor der Saat
nimmt der Landwirt Bodenproben in
den Schlagen, die fir eine Erbsen-
oder Bohnenkultur in Frage
kommen.

Mit einem einfachen Pflanzentest
beurteilt er den Grad der
Bodenmiidigkeit seiner Béden.

Anhand dieser Ergebnisse
entscheidet er, in welchem Schlag
er Erbsen oder Bohnen s&en wird.

Bic Mrognoscemethode st sctatiy cinfach und kann mit beacheidencm Aufwand durchgefalnt
werden.



Praktische
Durchfiihrung des Tests:

Pro Schlag wird eine reprasentative
Probe genommen (ca. 20 Liter, 10
mm gesiebt). Davon werden:

- vier Liter unbehandelt gelassen

- vier Liter mit Aktivkohle

- vier Liter aufgedingt

- vier Liter Uber Nacht in den Ofen
gestellt, bei 70-100°C.

Pro Verfahren werden vier Tépfe
geflllt, und Erbsen bzw. Bohnen
angesat. Der Unterschied zwischen
dem unbehandelten Boden und den
ubrigen Verfahren zeigt das Mass
der Bodenmiidigkeit in drei Klassen
an: Anbau unproblematisch,
bedingtes Risiko, oder erhebliches
Risiko.
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unbehandelt + Nahrstoffe + Aktivkohle + Hitzebehandlung

Die Prognosemethode zeigt deutlich den Unterschied zwischen gesunden Béden (oben),
Boden mit leichten Ermiidungserscheinungen (Mitte) und stark ermudeten Boéden (unten).

W Haben Sie Fragen?

~ Ihre Ansprechpartner zum Thema
j Prognosemethode sind Lucius Tamm und
y Jacques Fuchs vom FiBL in Frick (CH)
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unbehandelt + Nahrstoffe + Aktivkohle s Hitzebehandlung

Die Prognosemethode zeigt deutlich den Unterschied zwischen gesunden Béden (oben),
Bdden mit leichten Ermudungserscheinungen (Mitte) und stark ermtdeten Béden (unten).



Changes in Land & Ocean Fluxes (Tg-N y-

2010 2100
© Combustion NOx 40 20
©® Terr. NH;Emms 60 135
ATMOSPHERE 1+ [fetime © Soil NO Emms 9 11.5
T ——— @ Atmospheric Deposition 100 120
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Figure 15. Changes in the major fluxes and in the terrestrial, marine and atmospheric processing of reactive nitrogen (Nr) between 2010 and
2100, adapted from Fowler et al., 2013).
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Effects of global change during the 21st century on
the nitrogen cycle

D. Fowlerl, C:E. Steadmanu, D. Stevensonz, M. (_?oylel, R. M. Rees’ , U. M. Skibal, M. A. Suttonl, J. N. (.‘apel,
A. J. Dorel, M. Vieno!-, D. Simpson*!2, S. Zaehle’, B. D. Stocker®, M. Rinaldi’, M. C. Facchini’, C. R. Flecharad®,
E. Nemitzl, M. Twiggl, J. W. Erismang, K. Butterbach-Bahllo, and J. N. Galloway“

1 Centre for Ecology & Hydrology. Bush Estate, Penicuik. Midlothian, EH26 0QB. UK

2School of GeoSciences, University of Edinburgh, Edinburgh. EH9 3FE. UK

3Scotland’s Rural College (SRUC). West Mains Road. Edinburgh, EH9 3JG. UK

4Norwegian Meteorological Institute, EMEP-MSC-W, P.O. Box 43. 0313 Blindern, Norway
SBiogeochemical Integration Department, Max Planck Institute for Biogeochemistry. Hans-Knoll-Strausse 10,
07745 Jena. Germany

SImperial College. Department of Life Sciences. Silwood Park. Ascot. SL5 7PY. UK

"ISAC-CNR. via P. Gobetti 101, 40129 Bologna. Italy

SINRA, Agrocampus Ouest, UMR 1069 SAS. 35042 Rennes. France

°Louis Bolk Institute, Hoofdstraat 24, 3972 LA, Driebergen, the Netherlands

nstitute for Meteorology and Climate Research (IMK-IFU), Garmisch-Partenkirchen. Germany
UDepartment of Environmental Sciences, University of Virginia, Charlottesville, VA 22904-4123, USA
I2Department of Earth and Space Sciences. Chalmers University of Technology. Gothenburg, Sweden






yFr e X a
et o BN g o
e : »




