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U Why biochar in agriculture?

A

= Charcoal is the oldest chemical of mankind BRIEF COMPEND

me

= Charcoal is traditionally used agrlculturally in virtually
all parts of the world BY R L ALLEN

Otzi's tatoos AMERICAN

AGRICULTURE,

Agricultural textbook,
USA, 1847

» Pyrogenic carbon is more natural i
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Biochar in agriculture

Otzi: Eurac/ Marco Samadelli; FIGURE 10 | Global predicted PyC stocks as t ha=" for the first 2m soil depth. Explained variance by the used linear model is 33%. BDD and total SOC
M ap . Reisser 20 1 6 dOl . 1 0 3389/feart 201 6 00080 content from the global dataset were used to calculate the stocks from the PyC content in SOC data. Land mass is colored in gray.
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Integration and cascade use of biochar

Chancen & Risiken: Tierernahrung, Emissionsreduktion, Nahrstoffeffizienz, Humusaufbau,
Klimabilanz, Resilienz, etc.

Landwirtschaftliche
Produkte
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Pyrolyse < Biogene Abfalle .
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Pflanzenkohle-Charakterisierung: Stabilitat, Alterung, Funktionalitat, Schadstoff-
Sequestrierung, etc.
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¢ Animal husbandry

» Frequent practice reports regarding feeding:
= fewer diseases (infectious diseases, weaning diarrhea, etc.)
= low cell counts in the milk
= rather no effects in "perfect" stables/herds

» Bedding:
= less odor
= less bale/claw sickness
= positive effects on nutrient recycling

» Manure additive:
= no odor, but without further no positive effect on nutrients / emissions

o
o
o
e
0
o
S
o

<

Biochar in agriculture

Hagemann et al.




U Biochar application has potential

Biochar in agriculture can:
» Stimulate plant growth

* Improve water and nutrient
supply

» Stimulate soil biology

= Reduce environmental
impact

He et al. (2020)
Gao et al. (2020)
Omondi et al. (2016)

Xiang et al. (2017)

Pockarel et al. (2020)

' |Plant physiol., soil, roots

Photosynthetic rate

Water use efficiency -

Plant-available soil water -
Root biomass -

Root length -

Number of root nodules -
Soil microbial biomass C -

Zhang et al. (2018)

Zhou et al. (2017)
Bai et al. (2019)
Gao et al. (2019)
Liu et al. (2018)

Borchard et al. (2019)

Environmental effects & soil biology

Total PLFA -
Bacteria
Fungi -

Soil microbial biomass N -

Soil organic carbon -
Available P
Plant N uptake -

NO,’ leaching (*)

N,O emissions

Verhoeven et al. (2017)

N,O emiss. field studies -

Peng et al. (2018)

[Cd] in plants -

T T T T T T

T T

T T T T

T T T T T

T T T |

I

® [Pb] in plants +
(4] .,E, [Cu] in plants +
8‘ = [Zn] in plants +
9 3 [Ni] in plants +
g, T T T T T T T T T T T T
< Authors, year Main parameter -40 -30 -20 -10 O 10 20 30 40 50 60 70 @&

Overview of meta-analyses:
(1 bar = 106 - 627 pairwise comparisons)

Mean effect size (%) + 95% CI

Schmidt et al, 2021, DOI: 10.1111/gcbb.12889.
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¢ Economical use of biochar:
Not a "no-brainer”

Biochar based fertilization
vs. fertilized control (meta-analysis):

Mean effect size (148/40)

Climate

Temperate (43/13) -
Tropical (94/23)

Soil pH

>6.5 (52/17) A
<6.5 (80/21) A1

Soil category*

HWS (66/14)
WDS (28/9)
Others (36/12)

| — highly weathered soils

O
A

weakly developed soils

|
-20

—
' " —— all other soils

Change in productivity compared with "fertilized control" (%)
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Melo et al, 2022, doi: 10.1007/s11104-021-05276-2



© Why use biochar?

» Adaptation to climate change => stabilization of yields
= existing toolbox for adaptation is still very small!
= Effects of vegetable carbon:
medium-term build-up of soil organic matter
Tolerance / resistance of plants to heat and diseases can be strengthened
= Synergies with other methods (mulching systems, agroforestry, etc.)

= Reduction of nutrient losses
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© Biochar can reduce effects of heat stress

= Control Biochar
. — = e 5cm
. . "
» Biochar influences the :
biochemistry of plants (here:
pyrolyzed farmyard manure .
in Arabidopsis thaliana). C E 50 °C. 30 min
21d 10d .
300 25 =
. . a ‘g " — -BC
= Targeted trials with heat- s Sl — 5C
sensitive cultures necessary g £ .
S 180 - S 15 4 —B
z s | s
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Qo T Px!
a 7 § b
& 60 s 5 3
£
4 0 ] 0 : ;
Biochar in agriculture -BC +BC +1S +HS
Hagemann et al. Soil type Treatment type

Kumar et al. 2021, doi:10.1038/s41598-021-88856-7.




¢ Biochar and
Water storage

Water holding capacity of biochar: 200-500%.

=1 tha'=4'000L ha
=10 t ha' = 40,000 L ha

» Root Zone Application
» Long-term effects due to
iImproved soil structure
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U Biochar and soil organic matter

in the field: growth in 6 years:

25
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Carbon stock (Mg/ha)
)
(—]

W

(A)

Biochar C added in
2011 =7.25 Mg/ha

.

Biochar

No biochar

biochar promotes humus build-up
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Blanco-Canqui, 2020: DOI: 10.1111/gcbb.12665.



U Climate change adaptation with biochar:
combining measures

» Deep loosening /

» Area reddening after winter greening or g
fallow

= Mulching systems
= Agroforestry

= |[rrigation in permanent crops
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Deep loosening: Lucas Kohl, surface rotting: Hermann Metzinger
Mulch vegetable production: Johannes Storch, agroforestry: Matthias Huber,
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Quality and excellence

= Quality:
= EBC certification
Sustainability Biomass procurement and production, occupational safety
Contaminant levels and basic properties (do no harm)
Conformity with fertilizer regulation
https://www.european-biochar.org/en/ct/1
https://www.carbon-standards.com/en/standards-and-services

= Excellence:
= Still little secured knowledge on which biochar is “better” for a specific purpose
= Trend: biochar from ash-rich biomasses achieve stronger effects in the soll
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https://www.european-biochar.org/en/ct/1
https://www.carbon-standards.com/en/standards-and-services

@ Final word: Biochar...

» .. is not a panacea

= ... an important, multifunctional tool in our (quite limited) climate change adaptation
toolbox, that should be used in combination with other tools

= ... is a raw material, but we need products and solutions

» Biochar is not biochar: understanding and recognizing differences
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Thank you for your attention

Nikolas Hagemann
nikolas.hagemann@agroscope.admin.ch

Agroscope good food, healthy environment
www.agroscope.admin.ch
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