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O
rganic Farm

ing acts on sites w
ith 

different P fertilisation history
Prim

arily crop production in organic 
farm

ing 
aim

s 
to 

optim
ise 

use 
of 

soil-borne 
phosphorus 

(P) 
and 

of 
fertiliser P applied. Several long-term

 
experim

ents have show
n only slightly 

low
er crop yields after decades of 

om
itted 

P 
fertilisation 

com
pared 

to 
P-fertilised 

plots 
(G

ransee 
and 

M
erbach 2000) show

ing that P m
obi-

lisation from
 the solid phase of the 

soil can cover crop dem
ands espe-

cially 
w

hen 
yield 

levels 
are 

low
er 

com
pared to m

ainstream
 agriculture. 

Soil 
P-reserves 

are 
dependent 

on 
specifi

c 
site 

conditions 
and 

form
er 

fertiliser inputs. For G
erm

any a tre-
m

endous additive surplus of P input 
w

ith fertilisers and feedstuff im
ports 

in 
agriculture 

is 
calculated 

on 
the 

basis of statistical data. For the tim
e 

betw
een 1950-2000 additive P input 

exceeded P rem
oval of crops by about 

800 kg/ha P in the new
 and 1400 

kg/ha P in the old G
erm

an federal 
states 

(K
öster 

and 
N

ieder 
2004). 

A
lso in other regions of the w

orld 
decades of P fertilisation higher than 
crop 

rem
oval 

have 
increased 

soil 
P levels. A

t the sam
e tim

e, 30 %
 of 

the w
orldw

ide agricultural area has 
negative 

P-balances 
(M

cD
onald 

et 
al. 2011). It is estim

ated that 40 %
 

of w
orldw

ide crops are affected by P 
defi

ciencies (Vance 2001).

O
rganic farm

ing is currently bene-
fi

ting 
from

 
the 

history 
of 

P 
over-

fertilisation. N
evertheless, w

ith nega-
tive long-term

 budgets organic far-
m

ing w
ill increasingly depend on P 

am
endm

ents in the future (Loes and 
O

egaard 
2001). 

The 
questions 

are 
then: w

hen w
ill organic farm

s run 
into 

a 
defi

nite 
defi

cit 
resulting 

in 

yield losses and w
hat m

easures and 
strategies can be used to replenish 
the plant available P pool in soils?  

P budgets of organic farm
ing sys-

tem
s are often negative

D
ue to fodder im

ports and m
anure 

m
anagem

ent, organic livestock farm
s 

are 
norm

ally 
described 

as 
having 

balanced or even positive P budgets 
(Berry et al. 2003) although their P 
export via m

ilk products and bones 
of 

slaughtered 
anim

als 
is 

higher 
w

hen com
pared w

ith arable organic 
farm

s. Livestock system
s benefi

t from
 

the intensifi
cation of nutrient cycling 

w
ith anim

al keeping indicated by feed 
crop 

production, 
nutrient 

transfer 
from

 grassland and use of m
anures. 

But if they are using 100%
 organic 

feed from
 farm

-ow
n production and 

have no other P im
ports they w

ill 
reduce their P reserves by product 
export 

in 
the 

long-run. 
In 

closed 
arable organic farm

ing system
s spe-

cialised 
on 

cash 
crops 

a 
nutrient 

transfer betw
een fi

elds via biogas-
m

anure 
could 

be 
introduced, 

but 
generally 

low
er 

capacities 
exist 

to 
increase the on-farm

 nutrient cycle. 
O

rganic vegetable production often 
relies on high am

ounts of nitrogen 
and P im

ported by organic m
anures 

or 
green 

w
aste 

com
posts. 

These 
organic inputs can generate surplus 
P in soils.
 G

enerally, 
soils 

under 
long-term

 
organic farm

ing have low
er available 

P 
contents 

than 
those 

under 
con-

ventional agricultural use (O
ehl et al. 

2002). This does not necessarily m
ean 

that yields are lim
ited due to lack of P. 

Soils under organic and conventional 
farm

ing 
m

ostly 
differ 

in 
inorganic 

P 
fractions 

but 
seldom

 
in 

organic 

fractions except m
icrobial P, w

hich is 
often higher under organic than con-
ventional farm

ing conditions (O
ehl et 

al. 2001). Extensive analyses of recent 
P 

fertilisation 
trials 

show
ed 

the 
lim

ited possibility to predict P supply 
to crops by soil analysis values. It w

as 
show

n that even if nutrient contents 
in the top soil classifi

ed by CA
L and 

D
L m

ethod are ‘very low
’ (A

) or ‘low
’ 

(B) 
there 

is 
only 

little 
probability 

to 
increase 

yields 
by 

additional 
P 

fertilisation (K
uchenbuch and Buczko 

2011). Thus, P m
ining in soils w

ith 
low

 available P contents indicated 
by negative P budgets m

ight be tole-
rable even in the m

edium
 or long-

term
, especially w

hen the low
er yield 

expectations of organic farm
ing are 

considered.

Soil tests on P for organic farm
ing

A
 deeper interpretation and active P 

m
anagem

ent is only possible w
hen 

the availability of P soil reserves can 
be 

described. 
The 

role 
of 

organic 
and 

inorganic 
P 

and/or 
m

icrobial 
param

eters for P supply in organic 
plant 

production 
has 

to 
be 

defi
-

ned and quantifi
ed by suitable soil 

tests.  The com
m

on fertiliser recom
-

m
endations 

in 
organic 

farm
ing 

indicates that the soil test level “low
” 

(B) is suffi
cient for the typical low

 
yield expectations. U

p to now
, no 

system
atic relation of P from

 organic 

Cycling of nutrients and P by m
ulch of clover grass.                                                                                    ©
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arten 
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fractions in the soil to P nutrition of 
crops has been found. H

ow
ever, in 

organic farm
ing this source is claim

ed 
to 

be 
of 

utm
ost 

im
portance 

in 
supporting the aim

 of basing organic 
production 

on 
nourishing 

plants 
prim

arily through the soil ecosystem
.

It is assum
ed that m

ethods of soil 
analysis used in the past have under-
estim

ated the available P resources in 

central European soils. A
lso special 

soil tests for organic farm
ing have 

been 
developed 

(H
aneklaus 

et 
al. 

2005), 
but 

the 
usability 

of 
these 

m
ethods 

for 
organic 

agricultural 
practice has not been described and 
verifi

ed.

O
rganic farm

ing system
s are usually 

predom
inantly 

N
-lim

ited 
and 

the 
crop P needs for yield level under 

organic grow
th conditions are not 

w
ell 

defi
ned. 

Furtherm
ore, 

the 
available 

threshold 
values 

used 
to 

describe P supply in plant tissue are 
derived from

 system
s fertilised w

ith 
suffi

cient m
ineral N

 and m
ight not 

be adequate for low
er yield levels. 

It is obvious that a real P budget 
m

anagem
ent is not possible w

ithout 
further inform

ation on these basic 
param

eters. 

M
obilising soil P reserves by

biological m
easures

U
sing suitable root system

s and 
adapted crop rotations
Root geom

etry, root-length density 
and active root surface area, increased 
by m

ycorrhiza in certain species, are 
im

portant 
factors 

infl
uencing 

the 
ability of plants to unlock nutrients 
from

 the solid phase of the soil. The 
enhancem

ent of active root surface 
to assure an intensive P exploration of 
plants in soil should be an inevitable 
goal of agricultural production.

P m
anagem

ent in organic farm
ing 

should entail a com
position of crop 

plants 
displaying 

different 
root 

system
s 

and 
capacities 

for 
P 

up-
take. For exam

ple w
hite lupin and 

buckw
heat are described as having an 

effi
cient P uptake and different spe-

cies can access different soil P reser-
ves (M

at H
assan 2010). A

lso other 
dicots 

displaying 
taproot 

system
s 

com
bined w

ith intensive rhizosphere 
activity – like lucerne or pea – can be 
introduced into organic crop rota-
tions to strengthen organic P fl

ow
. 

W
hen grow

n in m
ixed cropping, P 

effi
cient crops can directly enhance 

the P nutrition of the cropping part-
ner. O

n the other hand, effective P 

uptake by these plants m
ight also 

lim
it P that is available for the fol-

low
ing 

crops. 
A

lso 
the 

cultivation, 
m

ulching and redistribution of m
ore 

com
m

on cover crops like grass clover 
m

ay enhance biological P cycling on 
farm

. The nutrient (and P) value and 
nutrient relations of the plant tissue 
can be infl

uenced by crop type and 
plant age.

Enhancing soil m
icrobial activity

Soil m
icrobes colonise the rhizosphere, 

enhanced by root exudates. P m
obi-

lisation 
from

 
insoluble 

inorganic 
and organic soil reserves takes place 
by soil acidifi

cation or exudation of 
phosphatases by plants and m

icro-
bes. 

M
ycorrhiza 

and 
their 

activity 
increase 

w
ith 

increasing 
depletion 

of P soil reserves. But m
icrobes and 

plants 
are 

also 
com

peting 
for 

the 
orthophosphate 

available 
in 

the 
soil solution. Thus, the net balance 
of available P from

 these biological 
processes is diffi

cult to quantify. It 
depends 

on 
several 

environm
ental 

conditions as w
ell as substrate attri-

butes, e.g. the C:P ratio of organic 
m

aterials (O
berson et al. 2010).

O
rganic 

inputs 
can 

stim
ulate 

soil 
m

icrobial activity and soil P m
obili-

sation. But since the factors driving 
m

icrobial P release are not com
pletely 

understood the prediction of plant 
available P com

ing from
 soil m

icrobes 
is diffi

cult to quantify.

O
rganic farm

ing relies on this bio-
logical P m

obilisation and targeted 
P 

fertilisation 
is 

often 
neglected, 

w
ithout know

ing the real potential 
of these processes for an effi

cient 
nutrient 

m
anagem

ent. 
D

ue 
to 

the 
som

etim
es high, but in the short-term
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insoluble, reserves available in soil 
as w

ell as the relatively low
 export 

of P by sold products, this theory is 
attractive but m

ay m
ine soil P in the 

long-term
 and fi

nally result in P defi
-

ciencies. 
N

evertheless, 
processes 

of 
P-m

obilisation hold prom
ise for in-

creasing the use effi
ciency of P ad-

ded w
ith m

ineral or organic sources 
(Sim

pson et al. 2011). 

P acquisition from
 the subsoil

Com
pared w

ith the topsoil, spatial 
accessibility of the less m

obile P in 
the 

subsoil 
is 

generally 
low

er. 
But 

especially under high organic ferti-
liser supply crop roots can translo-
cate high am

ounts of organic P dow
n-

w
ards by the roots. The proportion of 

P in the deeper layers is considered 
to range from

 25 to 70 %
 of the total 

am
ount of P in the soil profi

le. In the 
subsoil, roots have been reported to 
grow

 predom
inantly in m

acropores 
either form

ed by physical processes 
such 

as 
sw

elling 
and 

shrinking, 
or 

biogenically 
(old 

root 
channels 

and earthw
orm

 borrow
s). The area 

around biopores, the so-called drilo-
sphere, is considered as a preferred 
site for nutrient acquisition in the 
subsoil. Thus, crop-species that can 
enhance 

earthw
orm

 
population 

should be preferred in organic agri-
culture. 

Earthw
orm

 
excreta 

are 
characterised 

by 
higher 

biological 
activity and higher content of m

icro-
bial 

P 
and 

alkaline 
phosphatase 

activity. Thus, roots grow
ing in earth-

w
orm

 biopores m
eet higher P con-

tents in the tapestries of the w
alls 

coated w
ith w

orm
 cast (Pankhurst et 

al. 2002).

P delivery from
 the subsoil is enhanced 

w
hen P content in the topsoil is low

, 
as dem

onstrated by long-term
 fi

eld 
trials 

(O
ehl 

2002; 
W

echsung 
and 

Pagel 1993). A
lready before topsoils 

w
ere extensively fertilised w

ith P, it 
w

as show
n by m

eans of 32P tracer 
m

ethods that the subsoil substantial-
ly contributed to plant P nutrition. In 
a degraded prairie soil it w

as show
n, 

that continuous alfalfa grow
th can 

restore lost P reserves by P m
obilisa-

tion from
 stable soil reserves (D

aroub 
et al. 2001). 

W
hat w

e should know
The role of a dense plant rooting 
system

 in increasing P uptake by phy-
sical 

m
easures 

is 
undoubted. 

A
lso 

the im
portance of chem

ical and bio-
logical interactions in the root zone 

is know
n. But the potential for an 

increase in biological P m
obilisation 

through m
anagem

ent is not quanti-
fi

ed and it is still unclear to w
hat 

extent 
plants, 

and 
soil 

and 
root 

m
icrobes can m

obilise the P reserves 
and feed them

 into the active soil-
plant farm

 P cycle (G
uppy et al. 2009). 

So 
these 

biological 
m

easures 
to 

enhance P m
obilisation are far from

 
confi

rm
ed know

ledge w
hich can be 

used in m
anagem

ent advice. D
ue to 

the com
plex factors determ

ining P 
m

obility in soil, each com
ponent of 

the P cycle in organic farm
s should be 

analysed to decide on the necessity 
and the right place for P im

ports. 
O

f genuine im
portance for organic 

system
s m

ight be the role of P for 
rhizobial 

N
 

fi
xation 

w
ith 

legum
es 

(Röm
er and Lehne 2004). In any case, 

a hidden depletion of available P in 
soils under long-term

 organic m
ana-

gem
ent by use of P sources w

ith low
 

availability in the soil/plant P circle 
should be avoided.

Suitable fertilisers m
ust be discussed

A
fter estim

ating possible capacities 
of 

biological 
P 

m
obilisation 

and 
available P in soils, suitable P ferti-
lisers and fertilising strategies that 
can be applied in organic farm

s to 
correct P im

balances have to be iden-
tifi

ed.
 U

se of P fertilisers – especially rock 
phosphate, 

w
hich 

is 
w

idely 
used 

in organic farm
ing – is potentially 

linked 
to 

soil 
contam

ination 
w

ith 
Cadm

ium
 as w

ell as U
ranium

 (K
ratz 

and Schnug 2005). Furtherm
ore, the 

use of rock phosphate is often in-
adequate because m

ost P enters the 
P budget in m

ore or less insoluble 
form

. W
hen the soil pH

 is higher than 

6, P m
obilisation from

 this source is 
doubtful and unforeseeable (A

rcand 
and 

Schneider 
2006). 

A
ttem

pts 
to 

increase 
P 

availability 
of 

rock 
phosphate by m

ixtures w
ith slurry, 

m
anure or com

post, or to increase 
initial P m

obilisation by application 
to 

plants 
w

ith 
high 

P 
effi

ciency 
im

proved 
P 

usage 
only 

little 
and 

under 
controlled 

conditions. 
A

lso, 
the frequently discussed use of rock 
pow

ders – e.g. of basaltic or volcanic 
origin – as fertiliser in organic farm

ing 
is ineffective, due to low

 nutrient 
(and also P) contents and low

 plant 
availability. 

Special 
developed 

rock 
phosphate or bone m

eal fertilisers 
generating 

acid 
phases 

to 
dissolve 

P have not yet been introduced in 
practice and are currently not accep-
ted 

by 
EU

 
regulation. 

A
t 

least 
in 

special cases, the use of soluble P 
fertilisers 

such 
as 

superphosphate 
should be allow

ed.
 The recycling of P containing residues 
from

 industry and households should 
also be reintroduced in organic far-
m

ing under consideration of closed 
nutrient cycles and under strict lim

i-
tation of possible pollutants in the 
sources, e.g. in sew

age sludge and 
com

posts 
(Rahm

ann 
et 

al. 
2009). 

Ethical 
aspects 

concerning 
the 

use 
of conventional sources and residues 
from

 
anim

al 
production 

w
ith 

low
 

anim
al w

elfare standards m
ust also 

be 
discussed. 

Therefore 
farm

 
col-

laborations 
that 

are 
shifting 

plant 
nutrients, am

ong these also P, by live-
stock and biogas m

anure from
 con-

ventional to organic system
s should 

be prepared to face public debates 
on the consistency of nutrient cycling 
in organic farm

ing.

Roots and w
orm

s in the subsoil.                           ©
 H

ans M
arten Paulsen
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D
ear Reader,

EcoRegion is an im
portant project that supports the realisation of sustaina-

ble developm
ent approaches in the w

hole Baltic Sea Region and contributes 
to m

aking it a sustainable and prosperous place. 

In recent years, progress has been m
ade to advance sustainable developm

ent 
in the Baltic Sea Region. These efforts are now

 supported by the EcoRegion 
project, w

hich seeks to turn this area into the w
orld’s fi

rst EcoRegion, w
here 

econom
ical grow

th goes hand in hand w
ith environm

ental integrity and  
social justice.

The project is based on the unique m
ulti-stakeholder netw

ork of Bal-
tic 21, w

hich w
as created for the realisation of the A

genda 21 for the 
Baltic Sea Region. By w

ay of eight sectoral platform
s, Baltic 21 m

em
-

bers carry out joint actions and cross-sectoral activities to pursue Sustain-
able D

evelopm
ent in the Baltic Sea Region and the im

plem
entation of 

the Council of the Baltic Sea States Strategy on Sustainable D
evelopm

ent 
2010–2015. Furtherm

ore the project is aligned w
ith the A

alborg Com
m

it-
m

ents, through w
hich regional governm

ents voluntarily com
m

it to de-
fi

ning 
clear 

targets 
and 

im
plem

enting 
concrete 

actions 
for 

Sustainable  
D

evelopm
ent.

Through the EcoRegion project, ten m
odel regions prepare strategic sustain-

ability plans and im
plem

ent a selected set of concrete m
easures designed to 

reach these Sustainable D
evelopm

ent targets. This process is supported by 
a capacity building program

m
e on Integrated Sustainability M

anagem
ent 

System
s. N

um
erous w

orkshops foster the inter-regional, cross-sectoral and 
sectoral-regional dialogue and understanding on Sustainable D

evelopm
ent 

w
ithin the Baltic Sea Region. In addition, public m

aterials, including a good 
practices database, provide inform

ation on how
 to foster Sustainable D

evel-
opm

ent on a regional level. 

O
ne of the publications produced by the project is the series EcoRegion  

Perspectives. It presents policies, projects and practices for the sustainable 
developm

ent of the Baltic Sea Region from
 various perspectives such as tour-

ism
, spatial planning and clim

ate change.

W
e hope this periodical w

ill give readers an insight into the diversity and po-
tential of innovation and education for sustainable developm

ent, and trust 
that you w

ill fi
nd it both interesting and inform

ative.

D
örte Ratzm

ann,
Federal M

inistry for the Environm
ent, N

ature Conservation 
and N

uclear Safety

EcoRegion Project Lead Partner


