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C-balances on farm level

Online Workshop on Carbon Balances, 4 March 2022

Nefertiti is funded by the HORIZON 
2020 Research and Innovation 
Programme of the European Union 
under grant agreement no. 772705.

Topics

• Soil fertility
• Catch crops
• Compost: composting, compost quality
• Closing Nutrient and carbon cycles
• Multifunctional windbreaks
• Biological pest control
• Urban gardening
• Ecological management of green spaces

Projects funded by EU & national sources

Bio Forschung Austria

© Bio Forschung Austria

Research for organic farming

www.bioforschung.at

• Non-profit research institute 
supported by City of Vienna
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Training course for farmers „Soil practitioner“
Practical soil and soil fertility training for farmers

• 9 days` course
Soil life

Nutrient dynamics

Compost & circular economy

Tillage & catch crops
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Carbon balancing seminars
for farmers

• ca. 1.100 
graduates

• since 2009

• in cooperation with
organic farmers´associations
and agricultural extension
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• Water storage

• Infiltration

• Erosion prevention

Soil organic 
matter –
decisive for 
soil fertility

• Nutrient supply

• Cation exchange capacity
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… and for carbon sequestration

CO2 is bound in the soil in the medium term

(Lal, 2004)
Kohlenstoff im Bodenhumus Kohlenstoff in der Atmosphäre
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It is important to know 
in which direction 

the humus content on the farm 
is developing!
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Carbon (soil organic matter) balances

1) Balance methods based on process models

2) Balance methods based on statistics

Site-adjusted organic matter–balance method
( following Kolbe, 2010)
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Principle of carbon (soil organic matter) balances

Humus addition
· organic fertilizers
· straw
· green manuring
· humus increasing
crops

Humus 
decomposition
· crops
· soil
· climate

Humus balance
Increase or
decrease of soil
organic matter
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Development of the site-adjusted balance method

Dr. Hartmut Kolbe 
DI I. Prutzer
Sächsische Landesanstalt 
für Landwirtschaft (D)

• Data basis: 40 long-term field experiments
in Europe – with 400 treatments

• Duration min. 10 years
• all necessary data for organic matter balances
• soil C data
• conventional and organic
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Review and adaptation of humus 
accounting models on the basis 
of long-term arable land trials
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• Soil organic matter balances with VDLUFA-method:
large deviations from reality, particularly
with sandy and clayey soils (Kolbe, 2010)

Evaluation of the results of the long term field
experiments using multiple regression :

Soil organic matter content depends heavily on 
site conditions:
soil texture, temperature, precipitation
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Identification of groups of sites,
which have the same organic matter decay
rates

Development of the site-adjusted organic matter 
balance method
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Site-adjusted method

VDLUFA-method: Same factors for all soils
Method STAND: Site-adjusted factors
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Floodplain
Silt

Luvisol
Sandy loam

Chernozem
Sandy loam

Site-adjusted method

 good correlation between
calculated organic matter balance results and
soil organic matter contents measured
in long-term field experiments (r=0,74)
(Kolbe, 2015)

 easy to use
few, easily available input parameters
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Calculation of carbon (soil organic matter) balances

- which input data are necessary?

• Crop rotation (incl. catch crops/ intercrops)

• Amount of straw

• Addition of organic fertilizers (manure, liquid manure, compost

• Soil texture, in some cases soil type 

• Average temperature
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Site groups for the site-adjusted organic matter balance method
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Factors denominating the organic matter loss/gain
through the crops (kg Humus-C/ha/year)
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Factors denominating the organic matter loss/gain
through the crops (kg Humus-C/ha/year)

Rising temperatures accelerate
organic matter decay!

Franko u. Gründling (2015)
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Addition of organic matter

Source: following Kolbe (2007)
*Factors are valid at the dry matter content stated. If the dry matter content is higher /lower, this should be taken into account
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Soil texture, soil type: Soil maps
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How to test soil texture

Take a small handful of soil, add water and knead it 1-2 min. 
Proper consistency: like moist putty. Then form the dough into a roll.

roll can be formed,
half as thick as a pencil

roll can be formed,
thick as a pencil, 

no roll can be formed

soil does
not stick 
together

soil sticks
together
a little

Squeeze the soil between thumb and forefinger

soil is
not 
sticky

soil crunches
when
kneading

soil is
cohesive, 
but not 
sticky

soil is
sticky

soil is sticky
like plasticine

soil feels
silky/mealy,
glitters / 
shines silky

Squeeze the soil between
thumb and forefinger
near your ear

no crunchingfaint
crunching

Loamy
sand

Silt Sandy
loam

Clayey
loam

ClaySand
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Site groups for the site-adapted organic matter 
balance method
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1st year Alfalfa
2nd year Alfalfa
3rd year Winter wheat + cover

crop
4th year Grain maize
5th year Vetchling
6th year Winter wheat + cover

crop
7th year Sugar beet

Example: crop rotation on Chernozem soil

24

Crop rotation

Organic matter 
decay /increase

(kg Humus-C/ha)

Addition of organic
materials and 

organic fertilizers
Humus factor
(kg C/t FM) *

Humus C 
addition

(kg Humus-
C/ha)

1 Alfalfa 650
2 Alfalfa 850
3 Winter wheat -30 4 t/ha straw 83 332

+frost-killed CC 330 25 t/ha FM CC 3,2 80
4 Grain maize -310 7 t/ha straw 83 581
5 Vetchling 410
6 Winter wheat -30 4 t/ha straw 83 332

+frost-killed CC 330 25 t/ha FM CC 3,2 80

7 Sugar beet -510
26 t/ha FM beet

leaves 3,2 83
Sum 1690 1488

Organic carbon
balance: 3178 kg C/ha
Per year: 454 kg C/ha/J

Organic carbon balance example
Soil: Chernozem, Site group 1

* organic fertilizers are allocated to the whole crop rotation.
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Rating of organic carbon supply

The „HuBi-Tool“
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 to assess the actual trend of soil organic C on the farm
(under the conditions of the crop rotation and soil management
of the last years)

 to assess soil organic C trend on different fields
(even distribution?) 

 for planning
(new operations? increase/decrease livestock? more cover crops?
more compost? – different scenarios) 

Uses of organic carbon balances
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- Humus increasing crop rotation

- Leaving crop residues (straw) on the field

- Supply of organic material (e.g. compost or manure)

- Green manuring 

- Avoid unnecessary tillage steps and excessive tillage intensity

Maintaining or increasing the organic 
matter content of the soil
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Closing loops!

Large potential 
of unused biomass

Alfalfa biomass

Grassland biomass

Biomass from landscaping

Biomass from nature conservation
areas
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„Cut & carry“:  Transfer-mulch – a 
regional organic fertilizer

Donator area Accepting area

31

32

Registration: www.bioforschung.at

EIP Project „Kreisläufe schließen“ – „Closing the loops“
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Standortangepasste vielfältige Fruchtfolge
Cover crops
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Roots!

34

33

34



08.03.2022

18

Living lab Bio Forschung Austria
Root watching station
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Thank you
for your attention!

Dr. Eva Erhart

Bio Forschung Austria

1220, Esslinger Hauptstraße 132 - 134
www.bioforschung.at
Telefon: + 43 1 676 811849173
Email: e.erhart@bioforschung.at

36

35

36


