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> Vychodiska: klimaticka zmena a zemedeélstvi

>



Klimaticka zmeéna je jednim z globalnich témat...

Klimaticka zména

climate change
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Kolobéh dusiku

Ztrata biodiverzity

Rockstrom et al., 2009, Nature 461



Svet se otepluje...
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Narust koncentraci atmosférického CO,

Global Fossil Carbon Emissions
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Narust koncentraci dalSich plynu

sklenikovy efekt plynu:
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> Obhospodarovani pudy a sklenikové plyny

>
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Zemeédélské emise sklenikovych plynu

M
5340 (= 90% of the
technical
mitigation potential
in agriculture)

Potencial

sekvestrac
Carbon uhliku

sequestration do pudy
potential in
agricultural soils
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Puda jako biotop ruznych mikrobialnich spolecen-
stev a latkovych premen s klimatickym efektem
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k‘ Au.s: Scheffer/Schachtschabel: Lehrbuch der Bodenkunde, 16. Aufl. © Spektrum Akademischer Verlag Heidelberg



Schematicky model pudnich procesu oxidu
dusného, vykazujicich klimaticky efekt

coupled
— nitrification-
denitrification
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Fig. 6. Possible ecological niche for the nitrification pathway nitrifier denitrification in fertilized soils.

//{AFiBL www.fibl.org Wrage et al., 2001



Mikrobialni tvorba a premeéna N,O

Denitrification

NOy —— NO “225N,0 ——N,

|

Nitrification NO;

N,O Ostrom & Ostrom, 2011

0, % }{3{‘1

Nitrifier-denitrification

NH;—— NH,OH-#2.| NOj4— NO 22 N, 0 —— N,

Nitrifikace je dominantnim zdrojem tvorby N,O v dobfe provzdusnénych
pudach pfi objemu pdéru naplnénych vodou (WFPS) < 60%; denitrifikace je
dominantnim zdrojem tvorby N,O za anaerobnich podminek, pri 60-90%
WFPS (Bateman and Baggs, 2005).
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Klicovy faktor humus

[ Udrzitelna produkce rostlin J
[éetrné k iivvot’nimu] [ produktivni ]
prostredi

Zachovavani, resp. zvysovani zasob humusu v orné
o v
pude

/’IﬂFiBL www.fibl.org Brock, 2014



Postaveni pudy v kolobéhu uhliku

Gt = Gigatonnen, C = Kohlenstoff
COzin der Atmosphdre

_— 780 Gt C
mission -
Freisetzun
6,5 Gt C/Jahr \ 90 Gt C/Ja%r
Atmung
Photosynthese 60 Gt C/Jahr
120 Gt C/Jahr Vegetation '
600 Gt C Abbau z. Zeit mehr
als 60 Gt C/Jahr

Streu

60 Gt C/Jahr g;‘fgfg}ghr
- -T T

Fossiler Kohlenstoff Bodenhumus 1°600 Gt C Ozean 39°000 Gt C
4000 Gt C

Quelle: Heinz Flessa, verandert von Gattinger und Red.
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Puda jako uloziste CO,

zabudovavani CO, prostrednictvim fotosyntézy
rostlin

rostlinna drt’, poskliznoveé
zbytky, statkova hnojiva

korenové zbytky

.......

P A NN kofenové vymésky

tvorba humusu
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VyssSi obsah humusu u podniklt s chovem zvirat,
Bavorsko

Pudni druh
Sand
E— Bez chovu
/| mm viehlos >
schwach lehmiger Sand e mm viehhaltend
S chovem

stark lehmiger Sand

sandiger Lehm

schluffiger Lehm

schwach toniger Lehm

toniger Lehm

lehmiger Ton

0,5 1.0 1,5 2,0 2,5 3,0

(318 pozemku “bez zvirat”; 1224 “s chovem”)

Capriel, 2006



Priklad — vyvoj zasob humusu v ,,Pokusu na ekologické
orné pudé na statku Gladbacherhof* (odr. 1998)

ba humusu v 0-30 cm (kg C ha')
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Schulz et al., 2013



Vyvoj zasob humusu v pokusu DOK
(1,4 VDJ/ha)
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Vice uhliku v ekologicky obhospodarovanych
pudach?

zemeépisné rozlozeni srovnavacich studii

celosvetoveé 74 srovnavacich studii s az 211 srovnavanymi dvojicemi

//hFiBL www.fibl.org Gattinger et al., PNAS, 2012



Vice uhliku v ekologicky obhospodarovanych
pudach?

Number comparisons Category of datasets Number comparisons Category of datasets
A : VI | ZNS+INP+SBD 11 |B . Vi ZNS+INP+SBD
V | ZNS+SBD 32| = | Vv ZNS+SBD
17 e IV | ZNS+INP 17 v ZNS+INP
Il | sBD 93 ‘ v | Il | sBD
: X - , 60 f !
60 ' ' Il | zNs I | zns
—e———
200 : — . || AL 204 || AL
-1 0 1 2 3 4 5 6 7

T T T T
-0.1 0.0 0.1 0.2 0.3

: : ; : 1
Mean difference in soil organic carbon concentrations (%) Mean difference in soil organic carbon stocks (Mg C ha™)

VyssSi koncentrace C (0,18+0,06 % boda Corg) a zasoba C (3,50 *
1,08 t Corg hal) v ornici (0-20 cm) za ekologického obhospodarovani.

/{”FiB'- www.fibl.org Gattinger et al., PNAS, 2012



Co ovlivnuje tyto rozdily?

Podle meta-analyzy nebyly identifikovany zadneée
prukazné ¢initele, jen tendence:

> Management ma vétsi ucinek nez pudné-klimatické
stanovistni faktory jako teplota, srazky, obsah jilu v pudé.
> VySS8i zpétny pfisun C v EZ (1.20 vs. 0.29 Mg C ha rok™*)

> Vyssi frekvence péstovani hluboce korenicich vikvovitych
picnin v EZ.

= typické pro smisené podniky

“Navzdory nizSim vynosum je potireba dodavat
organickou hmotu pro udrzeni pudni urodnosti vyssi v
ekologickych oproti konvenénim systémum produkce
plodin. (Leithold et al., 2015).”

//,/‘ FiBL www.fibl.org



Je mozné ukladani uhliku v ekologickém

zemedelstvi?
Number comparisons Category of datasets
9 | © R Vi ZNS+INP+SBD
11 | » | \ ZNS+SBD
11 ’ - = v ZNS+INP
19 l O ! Il ZNS
41 I ° Lo ALL
-0.2 0.0 0.2 0.4 0.6 0.8

Mean difference in C sequestration rates (Mg C ha y?)

Ano, je to mozné. Netto sekvestrace 450 kg C ha! rok! pro vSechny
organ. obhospodarované pudy; potencial je nizSi u ,,systému s
nulovymi vstupy“ (1.0 VDJ ha'): 70— 270 kg C ha* rok

/%FiBL www.fibl.org Gattinger et al., PNAS, 2012



Ukladani uhliku a tvorba humusu jsou Casove
omezene!

nasyceni sekvestracni funkce ~ 20-100 J.
(Smith, 2004)

C stock

——Soil C
--—-Vegetation C

ManageIem change  11Me since management change

Difference in SOC contents Difference in Stocks Difference in Sequestration rates
Duration % p n|Mg Cha™ p nMgCha'y" P n
<10 years 0.13+/-0.07 <0.0001 127|1.56 +/-1.04 <0.001 128|0.84 +/-0.46 <0.001 16
10 to 20 years |0.22 +/-0.10 <0.0001 35|/6.10 +/- 2.54 <0.0001 35|0.30+/-0.27 <0.01 14
> 20 years 0.29 +/-0.13 <0.0001 38(7.74 +/-3.26 <0.0001 41|0.11+/-0.16 >0.1 11

Gattinger et al., PNAS, 2012

/fﬂFiBL www.fibl.org



Ukladani uhliku v EZ a jeho mozné efekty

Prechod nal00% EZ ze systému s nulovymi vstupy (= 1.38 Gha
orné pudy) se sekvestraci C rychlosti 0.27 Mg C hal rok ...

> By vedl k sekvestraci 0.37 Gt (10°t) C za rok — globalné (0.03 Gt C v
Evropé, 0.04 Gt C ve Spojenych statech), zapoclteno 3% soucasnych
celkovych GHG emisi (2.3% v Evrope, 2.3% ve Spojenych statech)

> By vyrovnal 25% soucCasnych emisi ze zemeédélstvi (23% v Evropé,
36% ve Spojenych statech), a rovnal by se primérné 25% ro¢niho
mitigacniho potencialu zemedelstuvi.

> Souhrnné by tak mitigace k roku 2030 prispéla 13% k celkovemu
snizeni, potrebnému do 2030, abychom dosabhli cile dva stupne od
roku 2100 [56 Gt C globalné od 2010 do 2030 podle scénafe RCP2.6]

*Representative Concentration Pathways, vice viz:
https://en.wikipedia.org/wiki/Representative  Concentration Pathways

. . Gattinger et al., PNAS, 2012
kﬂFlBL www.fibl.org 9
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Emise N,O z pudy
Proximalni (prime) faktory

> dostupnost nitratového a amoniakalniho N
> obsah pudni vody <-> kysliku

> dostupnost uhliku

> hodnota pH

hﬂFiBL www.fibl.org



Emise N,O z pudy

Distalni (neprimeé) faktory

> Klima: teplota a srazky; cyklu mrazu a tani

> Puda: pudni typ; textura (napf. obsah jilu)

> Obhospodarovani pudy: intenzita a forma hnojeni (1 kg
N hnojiva zpusobuje 0,3-3,0 kg N,O-N/ha (IPCC);
zpracovani pudy; vapnéni (zabrana redukce N,O pfi
nizkych hodnotach pH)

kﬂFiBL www.fibl.org



Vyssi toky oxidu dusného a metanu v
ekologickych pudach?

18 srovnavacich studii, 98 srovnavacich paru

Skinner, Gattinger et al., STOTEN, 2014
lfﬂFiBL www.fibl.org



Prumérné rozdily mezi emisemi N,O v prepoétu

na plochu
Area-scaled GWPY N,O emissions
Vyuziti ptdy (kg CO, eq. hat a?)
land-use MD CIP P studies comp.¢
all (annual) celkové  -492 160 0.00 12 70
arable orna p. -497 162 0.00 11 67
grassland TP 1091 2531  0.40 2 3
rice-paddies ryzova pole -646 1040 0.22 1 3

b + 95%confidence interval (Cl), ¢ comparisons,
d Greenhouse Warming Potential (GWP)
fall annual measurements excl. rice (arable & grassland)

cca 0.5t halrok! méné CO, eq.
z ekologicky obhospodarovanych pud
lfﬂFiBL www.fibl.org



Prumérné rozdily mezi emisemi N,O v prepoétu
na vynos

Yield-scaled GWPY N,O emissions

(kg CO,-eq. t1 DM)

land-use MD CIP p studies comp.©
all (annual) 42.4 33.1 0.01 7 25
arable 41.1 34.2 0.02 6 23
grassland 45.6 190.3 0.64 2 2
rice-paddies -25.4 49.2 0.31 1 3

b + 95%confidence interval (Cl), ¢ comparisons,
d Greenhouse Warming Potential (GWP)
fall annual measurements excl. rice (arable & grassland)

cca 0.05t rok* vic CO, z ekologicky obhospodarovanych pud.
Bod zlomu: +9% veétsi vynos z ekologickych poli.

FiBL www.fibl.org



Relativni vynosy EZ vs. konvencni (celosveéetove)

Category of differentiation n Relative yield (&) Remarks

Owerall 362 20

Asia 22 89 a Many from India, rest from five other countries
Central Europe 16 88 ac Switzerland, Austria

Middle-East & North-Africa 14 85 ac Incl. Turkey (7) and four other countries
North-America 126 84 ad USA, Canada

Southern Europe 34 81 ab European Mediterranean countries

Eastern Europe 18 80 ab Post-communist economies, excl. Albania, Croatia
NW-Europe 78 73 be Germany, Denmark, Netherlands, GBR
Latin-America 8 73 ab Vegetables (7), coffee (1)

Australia & New Zealand 12 73 bed

MNorthern Europe 34 70 b Finland, Sweden, Norway

Metherlands & Denmark vs. rest S0wvs 312 74 vs, 81 High external input countries. P= 0,019
Developing vs. developed countries 33 vs. 296 84 vs. 79 P=0.13 (ns)

Tropical vs. non-tropical countries 29 ws, 327 86 vs. 80 P=0.12 (ns)

Long-term vs. Short-term GG ws. 249 84 ws. 280 Long = = 5 years. Short=1-5years. P=0.17 (ns)
On-farm vs. trial 42 vs, 226 a8 vs. 81 P=00338

On-farm statistics 59 76

* Categories do not always add up to the total number of entries, as for some data it was uncertain to which category they belong There may
also be partial overlap of categories.

/%FiBL www.fibl.org De Ponti et al., 2011, Agricultural Systems



Prechod z mokrého na suché péstovani ryze
jako efektivni snizujici opatreni

CHy fluxes per acreage (kg CHeC ha™ a’') GWP CH, fluxes per acreage (kg COreq.ha” a' ')
land-use fean a0 studies  treatments Mean sD studies treatrmients
org 061 013 3 =202 42 3
arable 3 3
TWoin-0rg -0.54 011 3 -18.0 36 3
org 130.63 2728 3 G023 310 3
noe-paddies 1 1
Meon-0rg 145.70 723 3 4857 241 3
M-0 fluxes per acreage (kg MyO-N ha” a ') GWP * MO fuxes per acreage (kg COxeq.ha” a )
land-use Mean sD studies treatments Mean sD studies treatments
org 271 1.02 44 1270 47d =4
all {amnual} ® 12 12
nn-org 214 1.15 il 1427 53d 58
org 2.58 1.00 41 1208 470 a1
arable 11 11
nn-org 287 1.00 55 fag2 463 55
org 322 0.B5 3 1507 383 3
grassland 2 2
nin-org 564 252 3 2843 1118 3
org 0.ea .18 3 414 Fi.i] 3

rice-paddies 1
. 228 0.20 3 1088 142 .
hﬂ FiBL e Skinner et et al., 2014




DalSi dusledek: zkvalitnéni dat diky dalSim
polnim meérenim

» Ve Svycarsku dosud 2adna srovnavaci vysetfeni

> Motivace k provedeni viceletého vyzkumného projektu:
Stanoveni zdroju a poklesu sklenikovych plynu v orné pudé
ve Svycarsku (doktorandka Colin Skinner,financovano
prostrednictvim BAFU a BLW)

» Pokus DOK jako vyzkumna platforma

/%FiBL www.fibl.org



Polni odbér vzorku plynu

/%FiBL www.fibl.org



Casova rada tokti oxidu dusného zelené hnojeni (prehled)
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Lachgasfliisse unter Kunstwiese, Mais und Griindiinger im DOK-Versuch vom 24.8.2012 bis 18.3.2014. Die Zeitpunkte der Kulturmassnahmen
werden am “Cultivations” Balken tber der Abbildung angezeigt. Zugunsten der Lesbarkeit wurde auf eine durchgehende Nummerierung verzichtet. Eine
vollstandige Legende wird in Tabelle 1 gegeben. Paneel a) Lachgasfliisse im Zeitverlauf — die horizontalen Balken oben markieren die Kulturen, Licken sind
Brachen. Paneel b) Nmin Gehalte in der obersten (0 — 20cm) Bodenschicht. Paneel c) Wassergefiilltes Porenvolumen (WFPS), Bodentemperatur,
Niederschlage und Lufttemperatur. Zuunterst sind die Daten der Probennahmen angegeben.

I%Fisl. www.fibl.org Colin Skinner



Kumulativni emise N,O v kukufrici, prepocteno na plochu

ab
} ab
6 B ab
1T'_| 5 i T ab
M
A
Z
o 4 1
=,
43
Z 1
O
22 1
‘] _
D 1 1
BIODYN CONFYM CONMIN NOFERT BIOORG
Fertilizer N 143 335 170 0 182
(kg N ha'?t)

/fﬂFiBL www.fibl.org



Kumulativni emise N,O v kukufrici, prepocteno na vynos

Maize yields Yield-scaled emissions
B

20 - b ab b a ab

5
1.5 1 T

4 -

1.0

t DM ha™!

HH
kg NoO-Nt DM’

0.5 -

0.0

BIODYN CONFYM CONMIN NOFERT BIOORG BIODYN  CONFYM CONMIN NOFERT BIOORG

l%FiBL www.fibl.org



I 4

Uspory CO, pomoci bioenergie nebo

ekologickéeho zemeédelstvi
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Zavery
> Ekologicky obhospodarované pudy vykazuji vysSi obsah a zasobu C,
jakoz i prukazné zpétné vazani CO, z atmosféry. Faktory
(metaanalyza): vyznam ma intenzita organického hnojeni a péstovani
vikvovitych picnin (= smisené podniky)

> NizsSi emise N,O z pudy v EZ v pfepo¢tu na plochu, avSak vyssi v
prepoctu na vynos. Emise N,O jsou zde obtiznéji predvidatelné.

> Nejsou zjistitelné prokazatelné rozdily v emisich N,O mezi
redukovanym a konvenénim zpracovanim pudy.

> Vystavba humusu je zdrojem velkého potencialu snizeni emisi
sklenikovych plynl, je vSak casové omezena a neméla by nikdy
probihat bez snizeni pudnich toku N,O.

Stiftung
1];’ Mercator

”’FiBI— www.fibl.org Schweiz



Co je nejefektivnéjsi v mitigaci sklenikovych plynu v
produkci na orné pudé?

Nové myslenky....

>

Prechod u produkce ryze z mokré varianty na suchou (snizeni 4.0 Mg
CO, eq ha rok? ; Skinner et al. 2014)

Znovuoziveni zemédélskych pud (uloZeni 10.0 Mg CO, eq ha! rok;
Freibauer et al., 2004), omezené zemedélské vyuziti

Sekvestrace uhliku konverzi na EZ (ulozenil.7 Mg CO, eq ha rok;
Gattinger et al., 2012), neni nepretrzité, mensi vynosy

Sekvestrace uhliku vyuzitim redukovaného zpracovani pudy (ulozeni
az1.0 Mg CO, eq hat rok?) neni nepretrzité

Mitigace N,O konverzi na EZ (uloZeni 0.5 Mg CO, eq ha rok?; Gattinger
et al., 2012), menSi vynosy

Mitigace N,O presnym hnojenim (ulozeni az 30%; Sehy et al., 2003)
Poutani uhliku, zmirnovani produkce N,O a CH, prechod na EZ: zadna

ryzova pole (mokra varianta) + redukované zpracovani pudy + presné
hnojeni + biouhel...?
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DEMONSTRATION CLIMATE-FRIENDLY
FARMS PRACTICES

SOLMACC farms are situated in different EU climatic regions ON-FARM NUTRIENT RECYCLING

and represent typical farm types in their respective countries. Nutrient loss from farms will be countered by composting plant
residues and animal manure. Composted material releases less
GHG than openly stored manure, while its application to farmland
irnproves soil structure and fertility. Biogas production from liquid
animal waste as well as silage preparation for fertilisation will also
be maonitored for their positive climate effects.

CROP ROTATIONS

Diverse crop rotations with forage legurnes favour soil fertility, pest
management and nitrogen fixation in the soil The establishment
of greater cooperation between livestock and stockless farms, by
exchanging fodder for manure, will benefit both parties.

REDUCED TILLAGE

In combination with adapted machinery reduced tillage can
decrease GHG emissions. Diminishing the intensity or depth of
ploughing reduces the use of fossil fuels and increases carbon
stocks in the soil. It also improves nutrient cycling, reduces soil
erosion and nutrient run-off.

AGROFORESTRY

Combining trees, crops and livestock in one agricultural system
contributes to carbon sequestration in above- and below-ground
vegetation. The trees in the cropping system help protect against
soil erosion and severe climate conditions.

Close scientific monitoring will show how these practices can assist
organic farmers to mitigate and adapt to climate change, as well as

reale highlight the economic feasibility and technical needs.
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