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Omride Phge In Sweden most arable land is found
where there are sedimentary soil types
below the high coast- line after last ice
time 10 000 years ago. The soils with
limestone content balancing the acid
qguarts (silicia) dominated parent

e i material have the best natural fertility.
Map with high coast-line (HK),
Area above the HK and under
the
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k . Local ecological food initiatives

. Selected ecological recycling farms
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Rotation Skilleby experimental
farm

1. Summer crop +ins

2. Ley |

3. Ley Il

4. Ley Il

5. W. wheat

I} on farm long term experiment from
| 1991

! - non-composted and composted
| manure

| - with and without biodynamic
: preparation (split plot design)
- three levels: 12.5 (0), 25 (normal)
and 50 tons per ha)
| - 2—4 replicates on the five rotation
fields




Long term manure experiment

Experimental plan from 191

R R ™

S

Treatments winter wheat
Main plot
F1 Not composted manure 12.5ton (0 from 1995)
F2 25ton
F3 50 ton
K1 Composted manure  12.5ton (0 from 1995)
K2 25 ton
K3 50 ton
Subplot BD preparation each plot each year
(split plot) +
- Without BD preparation
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Nitrogen fixation in clover-grass ley
Fixation kg N/ha

- 9 tons dm/ha
== 7 tons dm/ha
300 == 4 tons dm/ha
200 '
100 B
0
0 20 40 60 80 100

Percentage of legumes



1000 \ <X/
MJ/m?2/&r ‘,"
co, Y

O,

1kg TS
20 MJ/m?

H.O 6 tons harvest DM yield/ ha and year = 10 tons above and underground
2 DM (1kg DM / m?). 5tons C/ha (C from 50 000 000 m3 air)

200 000 MJ /ha (20 MJ/m?), of which 120 000 MJ is harvested for the
above ground organisms (about 1 milk cows/ha) and 80 000 MJ for the
underground organisms.
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Basic ecological conditions
energy flow, recycling and biological diversity

Solar radiation Radiation of heat

_O_

/l\

Photosynthesis
2/2/2014 AG
Ecosystem earth out of balance

Burning



Ch. D. Keeling mobilized enough resources so he could, starting 1958,

measure the CO, in the atmosphere oh Mauna Loa observatory in Hawalii

Atmecspheric €O, at Mauna Loa Cbservatory

380 I 1858-1974 Scripps inst. Qceanography
1974-2006 NOAA ESRL/GMD

340 |

CONCENTRATION {paris per million)

320 -

e SEELE:
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Utslappen orsakade av svensk konsumtion har dkat
med 17 procent 1993-2011

Ltslapp av vaxthusgaser iran svensk Konsumfion
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Vanthusgaser - vislapp av svensk konsumtion 1993-2010




Sw. food consumption > 40 % of global warming on
13t CO2 eq /cap. and year

Swedish agriculture
m I[mport agriculture
Deforestation
m Food chain
Housing

m Travel

= Consumption
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Klovern blev akerns groda och
djurens foda som kunde akern goda
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CO, eq emission and carbon sink eq in ruminant -
grassland system

5,0
4,0

3,0

2,0
1,o .
0.0 I S—

CO, tonnes per year

-1,0

-2,0

-3,0

-4,0
’ Milk cow (1), 6,8 t DM Sheep (10), 9,4 t DM Stot (0x) (1), 5 t DM

EM CO2 eq 4,2 3,7 3,7
® SOMF CR -2,5 -2,8 -2,7
SOMF FYM 2,1 -2,8 -1,2
m Net. CO2 sink 0,4 2,0 0,2



N kg/ha and yerar

N-supply kg/ha N-suplus kg/ha in

Swedish agriculture Swedish agriculture
140 140
11716
AL 120 1131 112
03 106,0
o6 102
100 100 95
80
80 80
% Surplus Ecological
58 agriculture Sweden
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Depleted arable fields, eutropficated sea and
climate warming

Norway Finland
Shacerah ‘;‘
Swieden
—> S
O
Ouygen conc.
Denrmark intermmiitte iy
<2 mil.
P A Y =
3 b Oxygen conc.
» i 5 . ¥ alme st
b | -y ‘. Cyanobacterial biooms in the Baltic Sea F: Eezrrnnjalgently
% /MODIS AQUA 2005-07-06, data from NASA 4 L) Benthic death.
processed by SMHI N -
: e Poland




N-suply kg/ ha N- surplus kg/ha in

Swed i_Sh Swedish conventional
conventional agriculture
. agriculture 140 -
. 11}2(111823,0
120 +1020e
100 95”9
100
80
- 80 77
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The Global Nitrogen Cascade
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Ecological Recycling Agriculture (ERA)

Deposition dasiain
emissions
Fodder ¢
it il Mineral crops
57 fi':(gltjionr;lsrggﬁn N N-fixation I, Animal
Tf products 22
' o ™ m
‘ leuumelcmssley ™ - “»

L Manure
and urine

Green fodder Fodder grain Bread grain

¢

Cash crops

Surface run-off
Leaching

Losses
36
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Skilleby-Yttereneby 2003
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Flow of N/P/K kg ha™ in the agricultural-ecosystem Yttereneby-Skilleby
Dagfinn Reder (0,6 animal unit/ha) farm 2002-2003

Total Total
input sale
58 2 3 21,8 4 52
Agricultural system
Purchase Vegetable
of feed Sale of cash cro 6 08 172 products
stuffs
32 3
‘I Animal
[ foods
Own feed 72 8 37 l 16 3,3 4
Purchase | L [
of seeds— Remaved Harvest Animal
10 O arpest remains product.
71 9 38| 63 8 4171 75 10 40
Crap.
140 17 79
Biol N- I Release fro
fixation ——— the animals|
45 59 7 36
Manure
Atmosph—— [Soil —
deposition inorganic 35,7 7 36
8 102 15 73| Soil “
T organic
Artificial
fertilizer |
00 0 !
9 -2 -6 4 0 4 23
Surplus/defecit Field losses Gas
losses from soil from manure losses
Total
surplus/deficit
36 -2 -2
Calculation factors N P K Given figures N _P K
Store losses from manure 0,4 Purchace to anim. prod. 3 2 3
Field losses from manure 0,1 0,05 0,1 Purch. seeds 1 0 0
Fodder/animal production 46 3,010 Biol. N-fix 45
Harvestremains/harvest 08 0911 Atmosph. dep. 8
Balances? Efficiency? 0
N P K N P K Crop export 55 08 1.2
Farmgate balance 36 -2 -2 0,38 2,16 1,68 Export of animal prot 16 3,3 4
Field balance 13 -2 -2 0,94 1,33 1,06
Primery nytrient Balance -21 -75 -35 1,39 6,95 13,66 72 8 37
Circulation factor (C=(P+S)/P) 1,62 521 12,90
Field balance efficiency ( F=Y/P+S) 0,86 1,33 1,06 Ca Calculated data
C*F 1,39 6,95 13,66 OwOwn feed 75 10 30
Ha Harvest remains 62,6 8,0 40,8




Flow of N/P/K kg ha™ in the agric.l-ecosyst. Skave-Yttereneby-Skilleby 2014

(248 ha, x animal unit/ha

1
|

1

|

1

1

1

Total Total 1
input sale :

98 1 14 30 6 10 I
Agricultural system :

Purchase Vegetable :

of feed Sale of cash cro] 16 2,56 products 1
stuffs 16 3 6 :

13 1 13 i

T Animal 1

E foods :

Own feed 65 86 35 14 3 4 |

Purchase | L l | :

of seeds— Renpoved Harvest Animal 1
20 0 harvest remains product. |

81 11 41] 61 11 43 78 10 48 :

Crop 1

142 23 84 |

Biol N- I Release from 1
fixation — the animals| |

78 64 7 44 :
Manure 1

Atmosph—— [Soil — :
deposition inorganic 39 7 44 1

6 102 18 83| Soil i :

T organic |

Artificial 1
fertilizet | :
00 O ! I

1) 39 4 -0 40 4 25 :
Surplus/defecit Field losses Gas 1

losses from soil from manure losses :

Total I

surplus/deficit |

68 -4 4 :

|

1) Losses=surplus-inmobilisation :

]

1

Calculation factors N B K Given figures N _P K :
Store losses from manure 0,4 Purchace to anim. prod. 13 1 13 |
Field losses from manure 0,1 0,05 0,1 Purch. seeds 2 0 0 :
Fodder/animal production 4,6 3,010 Biol. N-fix 78 1
Harvestremains/harvest 08 0911 Atmosph. dep. 6 :
Balances? Efficiency® |
N P K N P K Export of veg prod. 16 3 6 |

Farmgate balance 68 -4 4 0,30 3,92 0,74 Export of animal prod. 14 3 4 :
Field balance 43 -4 4 0,68 1,66 0,92 |
Primery nytrient Balance 11 -10 -28 0,88 14 3,36 65 9 35 :
Circulation factor (C=(P+S)/P) 136 8,22 3,66 1



An ecological recycling regerneratve agriculture
based on integrated crop and animal production
with effective recycling of nutrients and organic
biomass and crop rotation with grass/clover
grassland and other legumes can:

1. conserve basic natural resources
2. rebuild fertile solls
3. reduce nutrient leaching with more than 50 %

4. prevent negative human impacts on the
climate from food production

5. produce nutritionally better food



The ratio of the mineral content - biodynamically grown bread
grain/conventionally grown bread grain. From a long term field
experiment in Bollerup. Skane Sweden 2006 och 2007

Mineralamnesinnehdll 6 gardspar brodsad frdn biodynamiskt
kretsloppsjordbruk och konventionell odling 2006 och 2007 fran faltforsok
Bollerup

6/4/2015 -40 -20 0 20 40 60 80 100 120 140 160

%ekologiskt kretslopp/ konventionell




Aminosyror i procent av raprotein
Bollerup forsoksgard 2006

Protein med
hogre biologiskt
varde

-2 -1,5 -1 -0,5 0 0,5 1 15 2

2008-11-12 Differens Biodynamydsk - Konventionell



Primitivt jordbruk —
rovdrift pa vad naturen byggt upp

§,9

Svedjejordbruk

Eero Jarnefelt 1863 -1937



http://www.jns.fi/taidemuseo/Eero/index.html
http://www.jns.fi/taidemuseo/Eero/index.html
http://www.jns.fi/taidemuseo/Eero/index.html

The changing agricultural landscape —example
from Roslagen central Sweden — the hay making

agriculture (slatterjordbruket)

The meadow - the mother of arable land - dominated until
the beglnnlng of the 18th century
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Lack of food —
In the end of 18th centuary

Swedish population The inhabitants in Sweden
increased from 2 millions to 7
million between 1800 to 1950
before the introduction of artificial

L 2

fertilizers and pesticides. How was

the increased demand for food met?

*

1800 1850 1900 1950 2000

1800 vear 1950

AG




Arable land with clover grass in the crop
rotation increased and natural meadow land
decreased

Agricultural land in Sweden

Million ha
w

Pasture //\
Field crops

-/ o\,

// Clocer/grass
r

1750

1800 1850 1900 1950 2000

Year

|+Clover/grass =  Field crops Pasture|

6/4/2015
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Crop rotations with
symbiotic nitrogen fixation
leguminous (clover grass
land ley 2-3 years followed of
2 — 4 years cereal and other
crops)

Integration of crop and
animals on the whole farm
area (before partly
separated)

Technical improvements to
utilize the nature given
production potential and with
help of horse power.



The same landscape after the
agricultural revolution 1900

Sl Lt o i e
‘l‘,“ %

Bl | T
s T —
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The same landscape 85 years later.
From diverse crop rotation and recycling

Ar 1985

6/4/2015 AG



o
Increased surplus and losses

In Sweden, from

1950 to 1980 the
average use of

artificial nitrogen
fertilizers

- N
increased from kg/ha

20 kg to 80 kg per

ha and year.

6/4/2015
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N kg/ha

N-SUVI?'US kg/ha Swedish N-surplus kg/ha conventional
Agriculture 1950-2010 Swedish Agriculture 1950 -2010

140 140

120 120

o= == Tot. input

—=Tot. input 100

100
e |mp. fodder + .
% Imp o 80 artific. fertilizer Areas_ eCOIOQ!CaI
. S : agriculturein
deder z = = Artific fertilizer(l:j Sweden year
®0 Artifi = 60 ' £ 1995-2010
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fertili S 600
ertilizer 40 == Output agric. C_B 500 a
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1897-1906 1947-1956 1947-1956

1977-1986 1997-2006

Biomass
(mgC m™)

10 20 30 40 50 60 70 80 90 100 110 120 130



.., Ecological Recycling
=25 Agriculture (ERA)

-
The !!! ;

possible
Solution




k . Local ecological food initiatives

. Selected ecological recycling farms

Lékallserl‘
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Three scenarios for the EU —
countries around the baltic Sea

Nitrogen- och phosphurus surplus kg/ha and year
Eal.

79
80 4 H Farm gate balance

70 W Field balance
04 4 o
+oH e
50 - ]
e a8

. A7k o

20 - .
0o 13 13
0

-10

Nutrient balance (kg ha year
=
b

M P M p M P

Tndu'..rs siteation Convenhenal scenario ERA scenario
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13 miljard ha land (30 %)

1,5 miljard ha aker (0,22/Cap)
Carbon storage [ 1 - 50 [ 151-100 []101- 150 3,7 miljard ha betsm (0,5/Cap)
Lmetric tonsg / ha)
[ 151 - 200 [ = 200 .
4,1 miljard ha skog (0,6/Cap)

GLOBAL CARBON STORAGE IN SOILS

& .
A e R
4 By,

£

7 miljoner ha

-

- !
i W T,

Carbon sterage [ |1 - 50 [ ]s1-100 []101- 150
{metric tons / ha)
B s -s00 =300 [ ]no data

The amount of organic carbon in living organisms and in the soil, in tons/ha (World
Resources Institute , 2000)



Soil Organic Matter and Global Change

Cultivation reduces o
OC in soil (20-30%) ] \

in first few decades: | = *- L

\ No——"®——@ Nevraska, USA
70— \ Russel (1929)
Due to lower prod of
detritus and greater

Soil organic carbon remaining
(% of onginal)
2

rate of decomp %~ O
Te—
\\
40 — @ Alberta, Canada
Dormear (1979)
30 -4
~
0 l I I 1 1 I I I I
10 20 30 a0 50 &0 70 a0

Years of cultivation
Figure 5.19  Decline in soil organic matter following conversion of native soil o agriculture
i two grassiand soils. From Schlesinger (1986)

Many studie's shdw hovw humus halt declines considerably already
after the first 10 years of cultivation (Schlesinger, 1986). Cultivation
can reduce organic carbon in soil by 20 — 30 % in the first few decades

due to a lower production of detritus and a higher rate of
decomposition.



Behandlad areal
(1000 hektar),
respektive ton

bekampningsmeae!

Tolal

Ograsmedel
Batningsmedel

Svamp- och insekismede!

Mangd akfiv substans
av bekdmpningsmede! (ton)
S000
|
|
1
|
|
I
2500 %
\Y
jemmcTITIIIEETEES "“"";':a': H“Mﬁ '_
"f. - e .-"# | M ?
r." I-H o -H-'Ir :’- - o o -|1
o i o - [
A = I
- |
1950 1960 1970 1980 1990  Ar

Anvandningen av bek&dmpningsmedel i jordbruket matt
som behandlad areal och som mangd aktiv substans.
Uppskattningarna ar mer osakra i bérjan av perioden.
Kalla: Kemikalieinspektionen och Olle Pettersson.



Hectardoces pesticides 1991-2008

6000
5000
4000 .
3000 -
2000
1000

0 . . .

1990 1995 2000 2005 2010

1000 Hektardoces

Year

. Bekampningsmedelsanvandningen har okat
med Over 60 % sedan 1990. Kalla:
Jordbrukstatistisk arsbok, 2010. SCB. Sveriges
officiella Statistik.
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Gigaton CO,-ekvivalenter/ar
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Globala utslapp

aVv

vaxthusgaser

Globala utsldpp av vixthusgaser

1970

49,0
44,7
39,4
35,6
1980 1980 2000 2004

AG

F-gaser

B N_O frin jordbruk
och andra kallor

CH, frén jordbruk,
avfall och energi

CO, fran
avskogning,
farmultning
och torv

B CO, frén fossila
branslen och
andra kdllor

Based on IPCC, 2007



Vaxthusgas GWP

CoO, 1
CH, 21
N,0 310

Kalla: Climate Change 2001: The Scientific
Basis, IPCC



http://www.ipcc.ch/pub/reports.htm
http://www.ipcc.ch/pub/reports.htm

Vaxthusgasutslapp i Mton CO.e
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Utslappen orsakade av svensk konsumtion har dkat
med 17 procent 1993-2011

Ltslapp av vaxthusgaser iran svensk Konsumfion

ZDiagram
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Vanthusgaser - vislapp av svensk konsumtion 1993-2010
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0,5 ton CO,e per capita och ar

Kott Mejeri Gronsaker Frukt Brod Fisk Sotsaker, Drycker Rest.-
kryddor och besok
och fetter tobak

0,4

0,3

0,

A

0,

—

0,0

Av de totala vaxthusgasutslappen pa 10 ton CO2 ekvivalenter per capita
utgor maten beréaknat fram till butik en 28 % av den totala klimatbelastning av
var konsumtion (Naturvardsverket, 2008). Inkluderas matens andel av
hushéallens 6vriga energiforbrukning, transporter och matproduktions bidrag
till avskogningen och markforstdring sa bidrar maten till narmare 40 % av
den totala klimatbelastningen



35%, 50%

Eating Energy, Sweden,
(Christine Wallgren, KTH 2008)

=
ol

=
)

Twh/year

—

o ol

Industry
Packing
Trade

Agricultur
Food

Transport

Houshold

Analys av energianvandningen i livsmedelskedjan olika led jordbruk (34 % av totala energianvéandningen),
livsmedelsindustri (13 %), forpackningar (10 %), handel (11%), transporter(11), och hushallen (20),
(Christine Wallgen 2008)






http://upload.wikimedia.org/wikipedia/commons/8/8f/Lacanja_burn.JPG

Figure 3° Uptake and emissions from land-use changes between 1850 and 2000. The

negative emissions (uptake) post-1940 are largely due to increasing forest area in the US
(0.4GtCOyr in 2000) and Europe (0.07 GtCOu(yr in 2000). The peak in 1990 linked to forest
fires in Indonesia.

10

E Formar Sowviet Union
B Pacific Developad Region

s OTropical Asia fr\

O Troplcal Africa

OMorth Africa and the Middle East
O Tropcal America

[ Emissions
O Canada
B China
O Eurgy

4 ope

B Unitad States

Emissions/Uptake (GtCO2/yr)

K Uptake

Approximately 20 % of the yearly increase of carbon dioxide
in the atmosphere is due to deforestation and land
degradation. The global humus capital is decreasing and
green areas are getting smaller. (Source: Carbon Dioxide
Information Analysis Centre, CDIAC, 2002)
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Soil Degradation Severity

6/4/2015

] Low [0 Medium B High Bl Very High [ 1 Non-degraded

PROJECTION: Geographic Q
SOURCES: UNEP/SRIC EAD/GRID-Geneva
AG



Food and climate change

Agricultural
Production:

11-15%

Other = non food
related emissions:
43-56% Land use change &
deforestation:
15-18%

Processing, transport,
packing & retail:
15-20%

Waste: 2-4%

The United Nations Conference on Trade and Development (UNCTAD), 2011

Ulrich HOFFMANN,
Senior Trade Policy Advisor 58
UNCTAD secretariat
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Globalwarming potential Average
Energy use Swedish average and Swedish agriculture and BERAS
BERAS farms farms
12000 1600
S
10000 0 1400
= S 1200
o 8000 g
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c ~~
g 6000 o 800
< >
S 4000 5 600
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g 400
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L O 200
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Granstedt, A., L-Baeckstrom, G.( 2000): Studies of
the preceding crop effect of ley in ecological
agriculture. American Journal of Alternative
Agriculture, vol. 15, no. 2, pages 68-78. Washington
University.

Markt C, % av urspr mingd

- Grasrgtter
Lucernrotter
n, rotter, utan N-gads!
Halm .
‘Karnrigther, 120kg-ha N

vl VB2 W B3 WV Bk W 85

Fig. 4. Mineralisering av isotopmarkt organisk material, - Mineralization of isotope-labeled organic
mafterial,




Rotation Skilleby experimental
farm

1. Summer crop +ins

2. Ley |

3. Ley Il

4. Ley Il

5. W. wheat

I} on farm long term experiment from
| 1991

! - non-composted and composted
| manure

| - with and without biodynamic
: preparation (split plot design)
- three levels: 12.5 (0), 25 (normal)
and 50 tons per ha)
| - 2—4 replicates on the five rotation
fields




Long term manure experiment

Experimental plan from 191

R R ™

S

Treatments winter wheat
Main plot
F1 Not composted manure 12.5ton (0 from 1995)
F2 25ton
F3 50 ton
K1 Composted manure  12.5ton (0 from 1995)
K2 25 ton
K3 50 ton
Subplot BD preparation each plot each year
(split plot) +
- Without BD preparation




C-org kg/ha 0-20 cm

Top soil Organic Carbon HV 1

75000

73000 -

71000 -

69000 -

67000 -

65000 -

63000 -

61000 -

59000 -

Year 1991 63 500 kg C/ha
2005 69 225 kg C/ha

57000 A Increase 5725 kg C/ha

55000 ———t

C % top soil

HV |

2,31

N D P L ® D> P ®
¥ F PP P FES
SRS R S

A
S
Y

—8— Obs C kg/ha —e— Calc C kg/ha

EBFM BCM

1991 1995 2000 2006
HV |
0,25
_ 0,22
3
a 020 0,18
£ :
» 0,15
=
=
< 0,10
0
o 0,05
2 0,05 7703
o
0,00
1995 2000 2006




Cange C % units in top soil

HV |

0,22

1995

2000

BEFM BCM

2006

Relative C % in top soil

98

HV I

——- Bl

—8—+B

100=2,1% C

TOT-C% TOT-C% TOT-C% TOT-C%
91 95 00 06




Mullhalter efter 20 ar i DOK-férsoket
Mineralisk, Organisk, Dynamisk

0
L D

4 =

o
,15

DOK-experiment

[1] Mader, P.,
Fliessbach,
A.,Dubois D.,
Gunst L., Fried P.
& Niggli, U.
2002. Soil Fertility
and Biodiversity
in Organic
Farming. Science
VOL 296 pp
1592-1597.

%)

Humus content after 20 years in DOK trials comparing conventional, organic and
biodynamic treatments. In the Swiss DOK -trials comparing t biodynamic, organic and
conventional treatments in FiBL the humus content was, after 20 years, in conventional
farming 2,8 % (M), in organic farming with organic manure 3,15 % (O) and in biodynamic
farming with biodynamic manure treatments and the use of biodynamic preparations 3,65 %
(D). (Méder, et al, 2002).

Mader, P., Fliessbach, A.,Dubois D., Gunst L., Fried P. & Niggli, U. 2002.
Solil Fertility and Biodiversity in Organic Farming. Science VOL 296 pp 1592-
1597.



Humus content measured as carbon content

1,2 7

6

Mineral (M), Organic (O) and Biodynamic (D) in
threefertilization levels

1,07
0,9

0,8 T
0,6 1
0,4
0,2 1

Organic carbon %in soil

0_

09
0,788
Low

0,8

T

Medium

EMDO @D

Humus content measured as carbon content in the soil. Mineral — Organic
— Biodynamic. Fertilisation/ manure trial IBDF in Darmstadt. Fertilization
levels 1-2-3in M, O and D treatments. Comparative trials with four
repetitions and three manure levels throughout. They showed the highest
humus content (on average 13 percent higher) when all biodynamic
preparations were used (D), compared to organic manure (O) under
otherwise similar conditions. All organic manure has been composted and
the experiments have been going since 1980 in humus-poor sandy-soil

(Raupp, 2001).
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kg per capita and year

200

100

50

Conventional and ecological consumption BERAS - Jarna survey (Granstedt and Thomson 2005)

199 +18%

54 -G6% -22%
2 &_;_J
| |
Grain products Potatoces Root crops Vagetables Milk Meet beef Pork/poultry Egps

M Conventional
M Jirma ECO



Material flow chart of the biogas plant at Yttereneby, Jarna,
Sweden

Feeder channel

Hydrolysis reactor

Drawer

Drawer discharge screw 12

Solid residue separation screw

Solid residue after hydrolysis

Drain pipe of liquid fraction

Al B L

Liquid fraction buffer

-]

Pump and valve

o
=

Methane reactor

=]
—

Liquid digestion residue store

12|Gas store

[
")

Urine pipe

13

Dry anaerobic digestion of organic residues on-farm — a feasibility study _

Winfried Schafer MTT



Basic food CO2 eqg

CO2eqg per capita

VEC

1400 -
Reduction: -25% - 55% -64 % - 76% -85 %
1200
1000
800
Carbon
sink
600
400
200 T I
— — E
0 CONV ERA ERA.SOM ERA.SOM.LOC ERA.SOM.LOCEFA.SOM.LOC.BG.
O and-use change 220
Ohgriculture 790 699 344 344 188 120
BProcessing 80 80 80 35 35 30
Bransports 130 130 130 66 66 31




Naringsbalans pa garden

Emissioner till atmosfaren

Naringsinput
e kvavefixering
o foder

Naringsoutput
e vaxtproduktion
e djurproduktion

Vattenemissioner




En analys av floden av N, P och K i jordbruk och samhalle

visar att 3/4 av det N som tillférs gar forlorat ut i

miljon

Flow of N/P/K kg hayear™ in the agricultural-community ecosystem

Sweden 2000-

Agicultural system

2002

Community system

Feed stufis

I
|
Removed Rem.h Harvest

Biol. N-fix. O remains  |remains
75/11/37 28/4/31 30/5/23
12 CFOQ

Ann.dep.:
6

Artific. fertilize
74/6/12

55/9/32 V2% 1gjara otk
ﬂ ___| prod.
Animal 27/5/8
oduction
72/13/362=]Slougnt

17

Release
imal

54/9/32

inorganic  f———¥— | |7

169/23/94 son 35/9/32

|’ 128/20/9 ani
Soil , Manure

organic T I

Surplus
losses
rom soi

ainuew sso| pjai4

55/3/7  5/0/3
Losses

LO/DLL

Losses

23/4/8

4/1/1

UT

80 % av det som

skordas fran

akerarealen blir
djurfoder och 75 %
av det djuren ater
blir till godsel.
Godsein skall ga
tillbaka och goda
akern och ej uti
havet,



Specialized crop farm

Input, output and surplus of Nitrogen kg/ha and year

(Averane 563 farms 01-06 data from Swedish hoard of aarictiltiire renort ?008:25)
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Specialized animal farm

Input, output and surplus of Nitrogen kg/ha and year

Depo

(Avéragll 701 dairy farms 00 ﬁmndata from Swedish board of agure report 2008:25)

(Milk and
meat)

Fodder +

e
, Sy
S AT
XY *y i
b <l
Q B | R\
Y e  \
" =y |
Vs o |
Vo2 ~ i
LA ;:‘ ', \i! -
A A RO
& i |
[ g ¢ ool
T8 ek |
o e |
A R N
a
I
|
l| »
)
)
I
|
/

Fertilizer
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Kvivedverskott pd 465 mjdlkgdrdar
N kg'ha

0

30

00

1530

oo

an

02 04 06 08 10 2 14 16
Djurtathet, deha

Nitrogen surplus N kg/ha in relation to animal units
(de)/ha on 465 dairy farms in Sweden



We know that in a catchment scale, a major
part of P losses often come from a relatively
small part of the catchment.

The hot-spots of P
wsawsosoranor o | |0SSES are typically

VUODEN 1998 NAYTTEET

sty lareas where
O P8&-119mgl
. P 12-39.9 mgf

oo | NULIIENTS IN Manure
IS In surplus.

In the lake Rehtijarvi
case, these two areas
make up a half of the
dissolved P losses to the
- lake, even through their

share is less than 20% of
the cathment land area.



With regional — concentration

Too few ',-‘—‘;
animals in :
the north 0.4 a.u./ha
4-0.6
6-1.0"
Animal
fodder
Too many from the
animals in north fo
the south the south




Depleted arable fields, eutropficated sea and
climate warming

85 % av
akerns grodor

‘.. Cyanobacterial blooms in the Baltic Sea

“¥.MODIS AQUA 2005-07-06, data from NASA
proéessed by SMHI"

B —

/

tfn

TR LR TR T S Ty

Marway

1‘1

g_lgl hav och varmare klimat

O

Owygen conc.
intermitte ritly
<2 mii.

||

Diayigen cone.
almast
permanantly
<2 mii.
Benthic death.
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Tdtal N-surplus per ha used arable land

140

120

100

80 2000

il

Lithuania Latvia Estonia Poland Finland Sweden Denmark

Surplus N kg per ha and year

80



Surplus N kg/year

900 000

800 000

700 000

600 000

500 000

400 000

300 000

200 000

100 000

0

Total N-surplus used arable land

2000
m 2009
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New EU states

« Partly nutrient extensive
agriculture today

 Small-scale diversified
farms (Poland)

« Large unused areas
(Latvia)

» Risk for separation,
specialisation and
Intensification

VY - » Higher nutrient leakage
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Average annual waterborne Inputs ot nitrogen and phosphorus
from rivers and coastal point sources in 2006. The visualization of
the distribution

of the inputs to the sea area is based on a simple linear
extrapolation of the inputs (tonnes) (Helcom proc 122 PLC 5 2010

A

Waterborne nitrogen

Waterborne phosphrus 4 inputs (tonnes)
inputs (tonnes)

. 111 163
P s614 E

0 HELCOM 2010
HELCOM 2010




2001-2006
Aver. annual
641 000 tonnes

2001-2006
Aver. annual
30 200 tonnes

6/4/2015

Grossload nitrogen BSR from human activities

Year 2000: 562 000 tonnes

(Tot822000incl backgr260 000)
HELCOM 2005

O agriculture

a
-
Q
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Q
*
Q

-
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*
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2
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59/55

4% 55%
14%
2% 1%
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' e 2003- 2006

« 20 partners from
8 countries

* Pilot studies on 48
farms
— Nutrient balances
— Leakage measurements

— Energy and global
warming potential

— Consumer surveys

BERAS

Implementation
2010 2012 2227




Naringsbalans pa garden

Emissioner till atmosfaren

Naringsinput
e kvavefixering
o foder

Naringsoutput
e vaxtproduktion
e djurproduktion

Vattenemissioner




Results — Nitrogen in Sweden

120 4 110
O Swedish average 2000-03

100 - B ERA farms 2002-04

75 9 /

N load kg ha™
(@) (00}
o o

AN
o

20

Input Crop Output Balance




Nitrogen surpluses in Swedish agriculture and BERAS-farms

2002-2004
N kg/ha [0 Leaching B Denitrification([J] NH4-loss
and
oy

Total Surplus 79 kg N
22

60

50

40 L
Total Surplus 36 kg N }
30
Field 22
surplus

20

10

Swedish farms BERAS farms

The results indicate 70 — 75 % lower leakage of nitrogen from BERAS-farms compared to the conventional
agriculture.
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Kvavedverskott, kg/ha

300 . . . .
250 ’
R
200 2T
1501 :
100+
50 -
« = Konv
== Eko
0 : .
0.0 20 05

Djurenhet/ha (Mjolkgéardar)

Antal N P K

Alla gardar
Ekologisk prod 107 84 2,3 8,3
Konventionell prod 1517 136 4,0 11,7



Ecologicalrecycling necessary for

the soll food, sea and forthe

57 N

6/4/2015
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Integration of crop and animal production:
Ecological Recycling Agriculture (ERA)

Input Out put
kg N/ha kg N/ha
Gas losses
Purchased feed 3
Harvest o
biomass 70 Crop
products 6

Feed 64

| Animal products 16 >
L~

Surplus /Losses 36

Leaching

Nitrogen balance kg N/ha and year
Yttereneby-Skilleby (an ERA-farm) 2002-2003



Fladen aw N/ P/ K kgiha och &r i ekosystemet Skilleby gard

Taotal Taotal
[tilfarsel auzal
a4 1 1] 24 4
Jordbrubkssystem
Inkop “egetabilie-
aw Firsdlin. wegetab. 10 2 _ produbter
foder "
o 1 1]
_| Animalke
produkter
l—‘ BEgenpr. foder o 8 46 l 1. 14 3 4
Inkidp aw | L
utsHde — Bortfrd Sirderester — Animalie
2 0 o =hiard remains produbtion
a0 10 44 A4 10 &0 il I ]
Griador
L 138 20 108 b4
Biol M- | ]‘ Fogdng fan
fixering — djurhilining
a0 jils] I
Gid=sel
Amosph. Jord -—————
depostion mineralisk pool bt I
10 o3 18 o8 [ Jord :‘_—‘
T org pool
Inkidpta
gidsdmedel™ |
oo o * *r ‘l‘ ¥
5} -4 -10 4 0 <4 7
Crershoats Fidd los=es Gas
undershott (-1 from manure lnzses
i marken Totalt
dner fundershot
38 -4 B
Ealkyl faktarer N B E GArdsdata H P _K
Lagringsfarl. fran stallgddsel 0.5 Inkdpt fader 1
Faltfarl. frén allghsal 0,2 0,1 Inképt utsade 2 00
ach urin Biol. M- ering a0
Atrmosph, dep. 10
Inképta gddselmedel ]
FirsAlda vegetabilieprod. 1 2 2
Egenproducerat foder 0 8 48
Rterfirda skirderester 53 10 gD
Firsalda animalieprod, 14 3 4



Example of Ecological Recycling Agriculture/ ERA

The prototype farm
Yttereneby —
Skilleby In Jarna)

*The animal density Is
adjusted to the farm’s
feed production
capacity. In this case
fodder crops on 84 %
and crops for sale on
16 % of the farm area
and with a animal
density of 0,6 AU/ha
(= average for Sweden
and European food

copsHgption)

Yttereneby and Skilleby 2003

Import---> Recycling Export

Feed Herd: Milk

Seed 47 COWS Meat products
39 heifers ——— =]

own feed>84% of the ares

10 calves
29 sheep /
\ 0,6 AU / ha

. 3 . 3
<450 m~ urine+ 600 m™ manure

| +dung/urine pasture

D I e — Biogas
Bred grain \'/ Bread
grain
grass ed grajn
15
—_— %
——

47% Veget.
=== Root crops
15% _
Pasture 0,5%
21%

Arable land ha Crop rotation
Crop rotation 106 Year 1 Spring cerals + insowing
Pasture 29 2 Ley |
Vegetable - 3 Ley ll
root croops 2 4 Ley Il
Total 137 5 Winter cerals
Naturgalpasture 25
A0



.., Ecological Recycling
=25 Agriculture (ERA)

-
The !!! ;

possible
Solution




Skillebyans avrinningsomrade

8127 re
S
k& ‘ Y 3 M H o
2 XY /Al * Avrinningsomrade: ~33 km2
el Holo
N Skog: 63%
N I i”[i]',;fh

el
I A

il «  Oppen mark: 25%
. : ; : " « Vatmark + sjoar: 5%
Djurtathet: 21 DE/ha

HOIO reningsverk: 750 PE
Lansstyrelsen 1994:12




Skilleby
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Q Forest
&2 Arable land

[ Climate station
W Sampling point
—/ Tile drains

~ Field /water divide

AG

Skilleby

Avrinningsomrade: 22,6 ha
Djurtathet: 0,6 DE/ha
Jordart: lera
Fem-ars-vaxtfoljd:

— Vall 1

— Vall 2

— Vall 3

— HOstvete

— Havre
Skog 22%
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Three scenarios for the EU —
countries around the baltic Sea

Nitrogen- och phosphurus surplus kg/ha and year
Eal.

79
80 4 H Farm gate balance

70 W Field balance
04 4 o
+oH e
50 - ]
e a8

. A7k o

20 - .
0o 13 13
0

-10

Nutrient balance (kg ha year
=
b

M P M p M P

Tndu'..rs siteation Convenhenal scenario ERA scenario
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K-experiment. Yield
1000 MJ/ha

1m0}
80 3
m 3
40 3
)] e
| -1
| %
0 1

1% 19 190 195 1980 198 199



Daggmaskhal Skillebyforsoket

Daggmaskhal HV1 okt 06

70,00

60,00

50,00

40,00

30,00

20,00

10,00




7 500
7 000
S 6500
2 6000
~
™ 5500
r-}
= 5000
& 4500
il
S 4 000
3 500
3 000

Totala vixtodlingsskordar i Ojebyn 1990-2000.
Kg torrsubstans/ha.

Konventionellt

Ekologiskt

1980 18591 1552 1553 1954 1585 1986 19587 1558 1958 2000

Ar och medeltal




The ratio of the mineral content - biodynamically grown bread
grain/conventionally grown bread grain. From a long term field
experiment in Bollerup. Skane Sweden 2006 och 2007

Mineralamnesinnehdll 6 gardspar brodsad frdn biodynamiskt
kretsloppsjordbruk och konventionell odling 2006 och 2007 fran faltforsok
Bollerup

6/4/2015 -40 -20 0 20 40 60 80 100 120 140 160

%ekologiskt kretslopp/ konventionell




Aminosyror i procent av raprotein
Bollerup forsoksgard 2006

Protein med
hogre biologiskt
varde

-2 -1,5 -1 -0,5 0 0,5 1 15 2

2008-11-12 Differens Biodynamydsk - Konventionell



pH top soil HV2

6,80
6,60
6,40 | [
6,20 -
6,00 -
5,80
5’60 T fo- fo+ f2- f2+ f3- f3+ kO- ko+ k2- k2+ k3- k3+
(=] pH-92 6,05 6,09 6,14 6,14 6,11 6,12 6,11 6,12 6,03 6,05 6,09 6,07
@ pH-95 6,35 6,50 6,53 6,43 6,45 6,43 6,35 6,43 6,23 6,28 6,30 6,30
0 pH 2007 6,43 6,38 6,58 6,48 6,48 6,55 6,13 6,38 6,40 6,48 6,40 6,53
O pH-92 ® pH-95 O pH 2007
P-AL top soil HV2
4,00
k=
S 3,00
o [ [l |
o 2,00
o
—
~
2 1,00 -
0,00 -
f0- 10 f2- 2 f3- 3 ko- ko k2- k2 k3- ks
+ + + + + +
O P-AL92 18 19 2,1 2,0 2,0 2,1 2,1 2,2 18 19 2,3 21
@ P-95 14 15 2,2 17 19 17 19 2,3 14 15 18 19
OP-AL2007 |18 2,6 2.9 2,5 2,6 2,7 2,2 2,4 2,3 2,4 2,8 3,2

O P-AL 92 B P-95 O P-AL 2007




 An ecological recycling agriculture based on
Integrated crop and animal production with
effective recycling of nutrients and organic
biomass and crop rotations with legume -
grassland can:

1. conserve basic natural resources

2. rebuild fertile solls

3. protect the Sea from N, P and pesticides
4. reduce the global warming

5. Improve the food nutritional quality
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Extra for diskussion
Vallens forfruktsvarde 1 ekologisk odling

Granstedt, A., L-Baeckstrom, G. 2000. Studies of the preceding crop effect of leys in
ecological agriculture. American Journal of Alternative Agriculture, vol. 15, no. 2, 68—
78. Washington University.
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Nitrogen fixation in clover-grass ley
Fixation kg N/ha

- 9 tons dm/ha
== 7 tons dm/ha
300 == 4 tons dm/ha
200 '
100 B
0
0 20 40 60 80 100

Percentage of legumes



Markt C, %% av urspr mangd
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Fig. 4. Mineralisering av isolopmérkt organisk material. = Mineralization of isotope-labeled organic
marerial,



kg MN/ha
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Vallens forfruktsvarde i ekologisk odling
- vallen bade nédvandig resurs och riskfaktor

A _Granstedt
sexa ¥

Hkord

vall ||

N-fixering

. Genomsnittlig tillforsel av kvave genom kvavefixering
och bortférsel med skord samt aterférsel med stallgodsel i
en sexarig vaxtfoljd (kg N/ha och ar) enligt gjorda
matningar pa en ekologisk gard i Mellansverige.
Vallgrodorna ar narande tack vare den biologiska
kvavefixeringen som har sker av baljvaxterna, medan
strasadesgrodorna ar tarande. (Kéalla: Granstedt, 1990).



Extra for diskussion
Biodynamisk odling i forskning och forsok

Granstedt, A., 1993. Telleby bokférlag, <jarna



Niva

Uppbyggnad

Mognad Nedbrytning

Hogmolekylara substanser
Lagmolekylara substanser



2 b)

Ren kopparkloridlosning (1,5 g CuCl,) utkristalliserad utan
tillsats (Selawry, 1957, Die Kupferchloridkristallisation), b)
kopparkloridlésning med tillsats av extrakt fran vaxten
Veronica officinalis, blad (Granstedt, A. 1960, tidskriften
Natura).
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Ekologi -definitioner

Ekologi: Kunskap om huset, de levande
organismerna och deras samverkan med
varandra och den oorganiska miljon

Ekosystem. Naturliga och manniskostyrda .
Systemgranser —fran det lilla till det globala.

Organisationsnivaer: Cell, vavnad, organ,
organsystem, individ, population , Samfund,
Ekosystem, Biosfar.

Biosfaren kan delas upp i biotiska och abiotiska

system; Atmosfaren, Hydrosfaren, Pedosfaren,
Litosfaren.

Fraga. Hur stor del av vaxtens TS bestar av
amnen fran atmosfaren, hydrosfaren, litosfaren



Amnessammanséattning i vaxten
makro och mikronaringsamne

%av TS
Kol 45 % Fran atmosfaren ‘Fe < 0,01%
Syre 45 % Fran atmosfaren Mn

Vate 7 % Fran hydrosfaren

N 0,5-3% Fran atmosfaren ZN

P 0,05 - 0,35 Fran Litosfaren 5
K 02-1,7 "Mo
Ca 0,06-1,4 Co
Mg 0,06-0,35 S

S 0,03-0,6



Energy IN EnerglﬂOth fran solen
High exergy
content

Metabolic
processes
Exergy consumption

Energy QUT
Low exergy
content



Ley with Leguminosis

was the sunlight driven nature resource used to create a

multiple doubled food production during 150 years before
the mtroductlon of art|f|C|aI fertilizers and chemicals
' | S « Energy from the sunlight

* Nitrogen and carbon from
the atmosphere

* Minerals and water from the
ground

AG




