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Training course for farmers ,Soil practitioner"

Practical soil and soil fertility training for farmers

* 9days’ course
Soil life
Nutrient dynamics
Compost & circular economy
Tillage & catch crops

MIT UNTERSTUTZUNG VON BUND, LANDERN UND EUROPAISCHER UNION

austria Institut
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Carbon balancing seminars ° -
for farmers

 since 2009 |

» ca. 1.100
graduates

* in cooperation with
organic farmers “associations
and agricultural extension
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wir stehen drauf!
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Soil organic
matter —

decisive for
soil fertility

+ Water storage
+ Infiltration
» Erosion prevention

* Nutrient supply

+ Cation exchange capacity
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... and for carbon sequestration

CO, is bound in the soil in the medium term
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matter

atmosphere

(Lal, 2004)
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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 soll
organic matter

Development of the site-adjusted balance method

Dr. Hartmut Kolbe

DI I. Prutzer

Sachsische Landesanstalt

flr Landwirtschaft (D)

Review and adaptation of humus

accounting models on the basis
of long-term arable land trials

« 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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* Soil organic matter balances with VDLUFA-method:

large deviations from reality, particularly
with sandy and clayey soils (Kolbe, 2010)

m 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

600

200 Silt | Sandy loam
400

Floodplain Luvisol Chernozem
' Sandy loam |

300

200

100

Humusbilanzsaldo

|

-100

-200

STAND VDLUFA STAND VDLUFA STAND
2014 2014

VDLUFA-method: Same factors for all soils
Method STAND: Site-adjusted factors
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VDLUFA
2014

13

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?

e Crop rotation (incl. catch crops/ intercrops)

e Amount of straw

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

* Soil texture, in some cases soil type

* Average temperature

56 tmg

— ‘austria

Site groups for the site-adjusted organic matter balance method

Site : : C/N ratio | Temperature Precipitation
group il e sellime e cf/the soil averF;ge (°C) (mmp,.n’year)
‘ 1 - Chernozem cca. 17-30
Mountain regions
238 =700,
- Clay Plains > 800
- boggy soils strongly =
influenced by groundwater
2 - sand, poor loamy sand, and |[$13 £8,5
loamy sand
- Loamy clay, clay 228
3 - sand, poor loamy sand, and | =13 28,5
loamy sand
4 - high-sandy loam and sandy | 14-21 £8,5
loam
5 - high-sandy loam and sandy | 14-21 28,5
loam
- Loam 22-27 9
6 - Loam, Silt (with high decay 222 <9

rate)

- boggy soils without contact
to groundwater

Source: SACHSISCHE LANDESANSTALT FUR LANDWIRTSCHAFT (2007), modified
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Factors denominating the organic matter loss/gain
through the crops (kg Humus-C/ha/year)

Site group
1 ‘ 2 3 ‘ 4 5 | 6
Main crops
Root crops: beets*, potatoes -510 -610 -710 -660 -760 -900
Maize: silage corn and grain maize* -310 -410 -510 -460 -560 -700
Cereals*, oilseeds, fibre plants*,
sunflower* -30 -130 -230 -180 -280 -420

Grain legumes

Fodder legumes*

Clover, clover grass, alfalfa

Per main year 850 750 650 700 600 460
In the first year, if seeded in spring 650 550 450 500 400 260
In the first year, if seeded undersown 450 350 250 300 200 60

In the first year, if seeded in summer 350 250 150 200 100 -40
Cover crops*

Winter cover crops 370 270 170 220 120 -20
Frost-killed cover crops 330 230 130 180 80 -60
Undersown 450 350 250 300 200 60

* Straw of cereals, maize, sunflower, oilseeds and fibre plants, beet leaves and biomass of fodder legumes and
cover crops is calculated as an additional organic fertilizer, if it stays on the field.

Source: adapted from KOLBE (2007)
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Factors denominating the organic matter loss/gain
through the crops (kg Humus-C/ha/year)
Site group
1 ‘ 2 3 \ 4 5 | 6
Main crops
Root crops: beets*, potatoes -510 -610 -710 -660 -760 -900
Maize: silage corn and grain maize™ -310 -410 -510 -460 -560 -700
Cereals*, oilseeds, fibre plants*,
sunflower* -30 -130 -230 -180 -280 -420
Grain legumes 410 310 210 26/ 160 20
Fodder legumes*
Clover, clover grass, alfaifa
[ IT I I 1
Rising temperatures accelerate
organic matter decay!
Franko u. Griindling (2015)
Source: adapted from KOLBE (2007) biO’OfS(hl;lng 4
18
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Addition of organic matter
Kind of organic | Average dry matter content (“e::::":f':r:‘:""::;ﬁm Organic carbon / humus
material (% of fresh matter FM) * (t FM/ha/year) coefficients (kg C/t FM)

Straw 86 upto3 83

3-6 68

>6 41

Manure 25 up to 10 33

10-20 26

>20 23

Manure compost 55 up to 10 92

10-20 74

>20 58

Liquid manure 7 up to 25 8,6

(cattle) > 25 8,1

Liquid manure 8 up to 25 6,5

(pigs) >25 5,8

Biowaste compost 60 up to 10 90

(mature) 10-20 7/5)

>20 60

Green manure / 10 up to 10 55

catch crops 10-20 3,2

>20 1,0
Liquid digestate 4 up to 10 5,60
10-20 5,44
>20 5,28

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 )f&f’s(ﬂt\y’g
19
Soil texture, soil type: Soil maps
<« C @ QO 8 hitps://bodenkarte.at/#/center/16.5345,48.2075/z00m/16 ¥ Q soil texture -> L @ ¢

%# Meistbesucht [ Erste Schritte [ Vorgeschlagene Sites  [}] Web Slice-Katalog @) Graf dat sondy Biofors... () Nutrition Matters ,% Logout

RE , Sl,%éﬂﬁarte a Adresse oder Koordinaten n

VAN

- . “n "
® Legende " X ¢ @ Beschreibung der Bodenform - ID 6 | KB 38 | Bodentyp kGA

Bodenformen mit Profilstellen: ¥ 6Re d denf
Bodenform g o 7 GroRe der Bodenform

@ Perofistelle . etwa 610 ha = ca. 6,2 % der kart. Fldche
Lage und Vorkommen

Landschaftsraum Donauaue; eben

Ziehen zum Vergrofiem & A M8 Bodentyp
kalkhaltiger Grauer Auboden aus feinem Schwemmaterial
Wasserverhéltnisse
maRig trocken bis gut versorgt; méaRige Speicherkraft, hohe Durchlassigkeit

Horizonte
(jeweils untere Begrenzung in cm)

A1p(20-30); A2(100)

Bodenart und Grobanteil
lehmiger Schiuff bis sandiger Schluff
Humusverhéltnisse

Alp mittelhumos; Mull
A2 schwach hiimos: Mull

@ Druck-Ansicht

Verschieben durch Ziehen der Titelleiste!
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|

no roll can be formed ‘

!

| |

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.

v

How to test soil texture

¥

roll can be formed,
thick as a pencil,

roll can be formed,

half as thick as a pencil

{

Squeeze the soil between thumb and forefinger

| |

soil does soil sticks
not stick together
together a little

!
!

|

soil is
sticky

soil is sticky
like plasticine

!

Squeeze the soil between
thumb and forefinger

near your ear

L]

!

+

Sand Loamy
sand

soil is soil is
not cohesive,
sticky but not
sticky
I
soil feels soil crunches
silky/mealy, || when
glitters / kneading
shines silky
|
Silt Sandy
loam

biotorsora g

austria

faint
crunching

1

\Ecrunching

Clayey
loam

Clay

21
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Site groups for the site-adapted organic matter
balance method
<« C @ O B httpsy//bodenkarte.at/#/center/16.5345,48.2075/z00m/16/d/bfa/I/hb,false,60, kb %% Q soil texture > L @ * @
¥ Meistbesucht [R Erste Schritte [ Vorgeschiagene Sites [[}] Web Stice-Katalog @) Graf dat sondy Biofors... [ Nutrition Matters ,% Logout [ Weitere Lese]
5 B [XeYe) 5ic fForschung B cresse oder koordinaten B bioforschung
]

@© Legende

¥ Kartensteuerung
> Gsterreichische Bodenkarte

v Humusbilanz == =

© Humusbilanzierung - Standortgruppen
Standortgruppen fur die Standortangepasste
Humusbilanzmethode nach Kolbe. Die
Standortgruppen unterscheiden sich in ihrer
Anfalligkeit fur Humusabbau und in ihrer Fahigkeit
2ur Humusanreicherung.

0 sonstige Flachen

> Karten-Applikationen

‘ Automatisch

bioforschung
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@ Legende

| Standortgruppen:
Standortgruppe 3
~ Standortgruppe 5
Standortgruppe 6
. Profilstelie

Humusbilanzierung -

Ziehen zum VergroBern &

BASEMAPAT © CCB)
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Example: crop rotation on Chernozem soil

1st year Alfalfa

2" year Alfalfa

3rd year Winter wheat + cover
crop

4t year Grain maize

5th year Vetchling

6th year Winter wheat + cover
crop

7th year Sugar beet

bioforschung

24
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Organic carbon balance example
Soil: Chernozem, Site group 1

Humus C
Organic matter | Addition of organic addition
decay /increase materials and Humus factor | (kg Humus-
Crop rotation | (kg Humus-C/ha)| organic fertilizers (kg C/t FM) * C/ha)
1 Alfalfa 650
Alfalfa 850
3 Winter wheat -30 4 t/ha straw 83 332
+frost-killed CC 330 25t/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/hha FM CC 3,2 80
26 t/ha FM beet
7 Sugar beet -510 leaves 3,2 83
Sum 1690 1488

Organic carbon
balance:

Per year:

bioforschung

austria

3178 kg C/ha
454 kg C/halJ

* organic fertilizers are allocated to the whole crop rotation.

25

24
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Rating of organic carbon supply

Organic farming

Integrated agriculture

700 -
’:: 600 -3
[}
< 500 -
2
< 400 -
o
g 300 + '
o 200 ——
=
g 100
S l
g 0
T -100 -+
-200 -
-300 - T
| B A very low mBlow C optimal D high m E very high
Source: VDLUFA (2014)
bioforschung 2
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Dauer der Fruchtfolge ir|

=]

Bitte auswihlen

=l

Bitte auswihlen

21 |andige A

ngaben! Bitte l

Dauer der Fruchtfolge, B

tung und Standor]

Fruchtarten

Anbauhaufigk
eit in der
Fruchtfolge

T I
The , HuBi-Tool"

Anmerkungen

23 |Hackfriichte

Kirnerles

juminosen [Soj|

47 | Zwischenfriichte

| Sonstige

andere Frichts

anders Frictes

| Ubersicht neu

. 26
1. Schlag | 2.Schlag | 3.Schlag | 4.Schlag | 5.Schlag | 6.Schlag | 7.Sc IabIOforS(hun
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75|

76
i

78|

Eingabe suswihien W& Jahreszahien:

Bitte die Mengenangabe auswahlen fiir die Eingabe der organischen Diinger.

Fruchtfolge:

Organische Diinger | standard | anderer| % g % % ':: % % ':: % E e Errechnete |Wirksame| ihatt Koeffi-| Humus- e
(t FM) 07 O | I s 1 s s [ | [ Summe | Masse zient | zufuhr
Sl i | ] | S| | W] @] 3
FM = Frischmasse Bitte Summe hdndisch eingeben ODER berechnen lassen

al

TM = Trockenmassegehalt

o ke C/ha/l Humusbedarf

kg C/hal

Humuszufuhr

kg C/hafl Humussaldo
Falls Sie biologisch wirtschaften, wahlen Sie bitte oben die
entsprechende Bewirtschaftung

28 bioforschung
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bioforsch

Uses of organic carbon balances

< 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)

ung

austria
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Maintaining or increasing the organic
matter content of the soil

- 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

bioforschung  [(Bio

Large potential
of unused biomass

Alfalfa biomass
Grassland biomass

Biomass from landscaping

Biomass from nature conservation
areas

» Closing loops!

MIT UNTERSTUTZUNG VON BUND, LANDERN UND EUROPAISCHER UNIO!

austria
LE14-20
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,Cut & carry": Transfer-mulch —a
regional organic fertilizer

T

7 §

Donator area

bioforschung
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EIP Project ,Kreislaufe schlieBen" — ,Closing the loops™

Einladung zum Online-Fachtag "Kreisldufe schlieBen":
Erfolgreiches Management von Kohlenstoff und Stickstoff am
landwirtschaftlichen Betrieb

Online-Fachtag: Versuchsergebnisse von innovativen Wirtschaftsweisen auf
Acker- und Griinland Donnerstag, 10.03.2022, 9-15 Uhr  Transfermulch (Cut
& Carry) Wiese ...

Registration: www.bioforschung.at

. 9 H Mit Unterstiitzung von Bund, Landern und Européischer Union
bioforschung Ld Vo Big)y T inereney
austria B jugovits = Bundesministerium
- Krivres Berasmany Landwirtschaft, Regionen LE 14-20
R M A und Tourismus
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Living lab Bio Forschung Austria
Root watching station

¢ — )
Nzﬂ”ur ~ Das Land W iu l @ .
KuIin@rium @ Steiermark| FU/25s StaDtiiWien Outtviermark bIOforsgbs“-‘rEg M

Thank you
for your attention!
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Dr. Eva Erhart

Bio Forschung Austria

1220, Esslinger Hauptstralle 132 - 134
www.bioforschung.at

Telefon: + 43 1 676 811849173

Email: e.erhart@bioforschung.at
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