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Organic crop rotations - the German model
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Nutrients and weeds through 13 years
of organic farming

The comparison of the cash crop and the dairy cow crop rotations showed some effects on yield,
weeds and nutrients after 13 years of different management, but most of them are so far not sta-

tistically different.

Farming systems (e.g. with or
without livestock keeping) and
crop rotations are the most im-
portant factors for a successful
crop production in organic farm-
ing. The evaluation of long-term
experiments in organic farming
showed firstly a great necessity
for research in the field of com-
paring farming systems with
and without livestock keeping
and secondly, the survey indi-
cates that most of these compar-
isons are carried out at field tri-
al level (Urbatzka et al., 2013).
However, the Trenthorster long-
term monitoring, which was es-
tablished at the Experimental
Farm of the Thiinen-Institute
of Organic Farming in 2003,
is applied to the comparison of
farming systems at farm level to
generate results which are com-
parable to common practice.

Materials and methods

The Experimental Farm
Trenthorst is located near
Liibeck (53°46°N, 10°31°E) in
a temperate maritime climate (@
annual precipitation 706 mm,

@ annual temperature 8.8°C)
on loamy soils. Schaub et al
(2007) give a detailed descrip-
tion of the site conditions and
study set-up. Details of the two
crop rotations are given in table
1. At the cash crop farm (31 ha
arable land), clover grass was
mulched three times per year in
the first crop rotation. In the sec-
ond crop rotation red clover is
cultivated for seed production.
Straw is mostly incorporated in-
to the soil. At the dairy cow farm
(64 ha arable 1and/39 ha grass-
land, 90-100 milking cows with
their offspring) clover grass and
straw are harvested for fodder
production respectively for bed-
ding. Manure of the farm-own
livestock is used for fertilisation
of cereals, but nitrogen and oth-
er nutrients are transferred from
grassland to the arable land via
manure.

On each arable field, four or
eight representative monitoring
points were established, where
all parameters have been meas-
ured annually since 2003, Soil
samples were taken in three
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depths (0-30, 30-60 and 60-90
cm) before the start of the grow-
ing season, and the soil mineral
nitrogen content (N__ ) was ana-
lysed. Plant available P, K, Mg,
as well as pH, C and N were de-
termined in the soil of the 0-30
cm layer.

During three autumn-win-
ter seepage periods (2010/2011
to 2012/2013) leachates were
collected by an in-situ sam-
pling with ceramic suction cups,
which were installed in 70 ¢cm
depth to assess the leaching rate
below the rooting zone. The
analysis of the nitrate concen-
tration was done by a photo-
metric autoanalyser to calculate
the NO,-N load with help of the
seepage rate that is assessed by a
model from the German Meteo-
rological Service (DWD).

Yields were determined by
harvesting | or 2 m? by hand.
After the sheaves had dried/
had been dried, they were thres-
hed by a threshing machine for
calculating yields of grain and
straw.

The vegetation surveys were
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Farm type

Organic crop rotations - the German model

Table 1. Crop rotations of the cash crop farm and the dairy cow farm during the two periods in the fong-term monitoring Trenthorst.
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Position in crop rotation

3 4

2003-2007 | Clovergrass' | Winter wheat Oats Pea Winter rape Triticale?
Cash crop

2008-2014 Red clover Winter wheat | Spring barley Pea Winter rape Triticale

2003-2007 Clovergrass | Clovergrass | Winter wheat Oagse«;;ield Pea+Barley* Triticale
Dairy cow

; ; ’ 5 | Oats+Field i

2008-2014 Clovergrass | Clovergrass | Silage maize | Winter wheat bean Triticale

' =White clover in 2005, 2 =Spelt wheat in 2003 and 2004, ® =Summer wheat in 2011, * = Intercropping

carried out within a circle with
an area of 100 m? according to
the method of Braun-Blanquet.

The dairy cow and cash crop
rotations obtained similar ave-
rage yields. Yield differences
are often due to weather conditi-
ons and pest infestation with ap-
hids on grain legumes.

In the first crop rotation peri-
od the soil mineral nitrogen con-
tents showed a rotation average
which was similar between the
both crop rotations. But in the
course of the crop rotations dif-
ferences became evident: com-
pared to the dairy cow farm the
cash crop farm showed higher
N_. values after the first rotati-
on year (mulched vs. cut grass
clover) but lower values in the
fourth and fifth year of the ro-
tation. Since a precise nitro-
gen supply via manure as in the
livestock farms is impossible
in a self-sustaining cash crop
farm, the excess of nitrogen at
the beginning and the lack of it
towards the end of the rotation
could not be balanced.

The results of nitrate lea-
ching during the autumn-winter
seepage periods reconfirm that
the leaching rate could be re-
duced if grass-clover stands are
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ploughed in spring compared to
autumn. The cultivation of grain
legumes showed no higher N
load compared to the other crops
like wheat, maize or triticale.
Soil contents of plant avai-
lable K and P decreased over
the years in both crop rotations.
The plant available P content
decreased from 90 mg kg soil
in 2003 to 77 in the cash crop
and 70 mg kg' soil in the dairy
cow crop rotation in 2012. Thus,
they have not reached the lo-
wer limit (44 mg kg’ soil) that
is discussed for good agricultu-
ral practice in conventional far-
ming (Kuchenbuch and Buczko

2011). Nevertheless a supply of

nutrients is required in the futu-
re.

Variation in weed abun-
dance was observed between
plots. Neither general increase,
nor general decrease in weed
abundance could be identified.
A more intensive view was on
the abundance of Cirsium ar-
vense and Galium aparine agg.,
two problematic weed species.
A comparison of the frequenci-
es of C. arvense and (. aparine
agg. between the two rotations
reveals some differences. While
C. arvense is significantly more

frequent in the cash crop rota-
tion, the higher mean frequency
of G. aparine agg. in the dairy
cow rotation cannot be statisti-
cally secured.
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Naeringsstoffer og ukrudt igennem 13
ar med okologisk jordbrug

En sammenligning af seedskifter med salgsafgreder og afgreder til malkekvaeg viste visse indvirk-
ninger pa udbytte, ukrudt og naeringsstoffer efter 13 ar med forskellig driftspraksis, men de fleste
af dem er indtil videre ikke statistisk forskellige.

Bedriftstype (f.eks. med og uden
husdyrhold) og sedskifter er de
vigtigste faktorer for en succes-
rig produktion af afgreder i oko-
logisk jordbrug. En vurdering af
langtidsforseg i ekologisk jord-
brug viste for det forste et stort
behov for forskning inden for
sammenligning af bedriftstyper
med og uden husdyrhold, og for
det andet antyder undersegel-
sen, at de fleste sddanne sam-
menligninger bliver udfert pa
markforsegsniveau (Urbatzka et
al., 2013). Trenthorsts langtids-
overvagningen, som er oprettet
pa forsogsgarden ved Thiine-In-
stituttet for @kologisk Jordbrug
1 2003, er oprettet med henblik
pa sammenligning af driftssy-
stemer pad bedriftsniveau for at
skabe resultater, der er sammen-
lignelige med almindelig prak-
sis.

Materialer og metoder

Forsegsgdden Trenthorst ligger
nar Libeck (53°46°N, 10°31°E)
i et tempereret kysklima (gen-
nemsnitlig arlig nedbor 706
mm. gennemsnitlig &rlig tem-
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peratur 8,8°C) péd lermuldet
jord. Schaub er al. (2007) giver
en detaljeret beskrivelse af for-
holdene pa stedet og design af
forsegene. Detaljerne for de to
sedskifter vises i tabel 1. P4 be-
driften med salgsafgreder (31 ha
opdyrket jord) blev klovergres
afpudset tre gange om éret i den
forste seedskifterotation (2003-
2007). 1 andet sadskifterotati-
on (2008-2014) blev der dyrket
radklever til fre. Halmen blev
for det meste nedmuldet. Pa
malkekvagbedriften (64 ha op-
dyrket jord/39 ha graesjord, 90-
100 malkekoer med kalve) blev
klovergraes og halm hestet til
produktion af foder henholdsvis
stroelse. Godningen fra bedrif-
tens egne husdyr anvendes ftil
godskning af korn, sd kvalstof
og andre nzringsstoffer overfo-
res fra graesjord til den opdyrke-
de jord via husdyrgedning.

P4 hver dyrkbar mark blev
der etableret fire eller otte reprae-
sentative overvagningspunkter,
hvor alle parametre er blevet
malt arligt siden 2003, Der blev
taget jordprover i tre dybder (0-
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30, 30-60 og 60-90 cm) for be-
gyndelsen af vakstsasonen, og
jordens indhold af mineralsk
kveelstof (N ) blev analyseret.
Plantetilgaengeligt fosfor, kali-
um, mangan samt pH, C _og N,
blev bestemt i jorden i 0-30 cm-
laget.

I tre nedsivningsperioder
(efterar-vinter fra 2010/2011 til
2012/2013) blev nedsivnings-
vand indsamlet ved prevetag-
ning pa stedet med keramiske
sugekopper, der blev anbragt
i 70 cm’s dybde for at vurdere
udsivningen under rodzonen.
Analyse af nitratkoncentratio-
nen blev foretaget med et foto-
metrisk autoanalyseapparat for
at beregne NO,-N-belastnin-
gen ved hjzlp af nedsivnings-
mangden, der bedommes ved
en model fra den tyske vejrtje-
neste (Deutscher Wetterdienst
(DWD)).

Udbytter blev bestemt ved
at heste | eller 2 m* med hénd-
kraft. Da negene var torre, blev
de teersket med et terskevark,
sa udbyttet af korn og halm kun-
ne males.
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Tabel 1, Seedskifter pa bedrifter med henholdsvis planteavl og malkekvaeg i to perioder i Trenthorst-langtidsovervagningen.

Bedriftstype Ar Plads | sedskiftst
1 2 3 4 5 6
2003-2007 Klavergraes' Vinterhvede Havre et Vinterraps Triticale?
Planteavl
2008-2014 Redklgver Vinterhvede Varbyg At Vinterraps Triticale
2003-2007 Klevergraes Klgvergraes Vinterhvede Sl Art+Byg? Triticale
g Hestebanne! Y9
Malkekvaeg Mais 1l ensi H
0 ajs til ensi- < 5 avre+ o
2008-2014 Klevergraes Klevergraes lering Vinterhvede Hoblphafinat Triticale
' =Hvidklgver i 2005, > =Spelt i 2003 og 2004, ° =Varhvede i 2011, * = Samdyrkning

Undersegelserne af plante-
veekst blev udfert inden for en
cirkel med et areal pa 100 m?
ifalge Braun-Blanquets metode.

Sadskifterne for henholdsvis
malkekvagbrug og salgsafgro-
der opnaede ensartede gennem-
snitlige udbytter. Forskellene i
udbytte skyldes ofte vejrforhold
og angreb af skadedyr som blad-
lus i beelgsaed. I den forste sed-
skifteperiode viste indholdet af
mineralsk kvalstof i jorden et
sedskiftegennemsnit, der wvar
ens for begge sadskifter. Men
i lobet af szzdskifterne blev det
klart, at der var nogle forskel-
le: sammenlignet med malke-
kveaegbruget viste bedriften med
salgsafgreder hojere N -veerdi-
er efter det forste ar i seedskiftet
(afpudset klover vs. hestet klo-
vergres), men lavere verdier i
det fjerde og femte &r i saedskif-
tet. En pracis tildeling af kveel-
stof gennem husdyrgedning er
mulig pa en malkekvagsbedritt.
Det samme er ikke muligt pd en
planteavisbedrift som er selv-
forsynende med kvelstof. Her
kunne kvelstof ikke balanceres
igennem hele rotationen, der var
overskud ferst pd rotationen og
mangel i den sidste del.

Resultaterne af kveelstofud-
vaskning i nedsivningsperio-
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derne efterar-vinter bekrafter
atter, at udvaskningen kunne
mindskes, hvis klevergras ple-
jes om foraret frem for om ef-
terdret. Dyrkningen af bzlgsad
viste ikke en hejere kvelstofbe-
lastning sammenlignet med de
andre afgrader som hvede. majs
eller triticale.

Indholdet i jorden af kali-
um og fosfor, som var tilgaen-
gelig for planterne, faldt i lo-
bet af drene i begge sedskifter.
Det tilgeengelige fosforindhold
faldt fra 90 mg kg™ jord i 2003
til 77 i salgsafgreden og 70 mg
kg jord i malkekvegsadskiftet
i 2012. De har séledes ikke na-
et den nedre grense (44 mg kg
! jord), der diskuteres som god
jordbrugspraksis 1 konventio-
nelt jordbrug (Kuchenbuch og
Buczko 2011). Tkke desto min-

dre er der brug for tilfersel af

neringsstoffer i fremtiden.

Der blev fundet wariation
i forekomsten af ukrudt mel-
lem parcellerne. Der kunne ikke
identificeres hverken en generel
stigning eller et generelt fald i
ukrudtsforekomst. Men ndr der
blev set mere intensivt pa fore-
komsten af Cirsium arvense og
Galium aparine agg., to proble-
matiske ukrudtsarter viste sam-
menligningen af hyppighederne

af C. arvense og G. aparine agg.
for de to sedskifter nogle for-
skelle. Mens C. arvense findes
signifikant hyppigere i saedskif-
tetmed salgsafgroder. er den hoj-
ere gennemsnitlige hyppighed
af G. aparine agg. 1 sedskiftet
med malkekeer ikke signifikant.
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