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sampled in 1989 and 1995 at the same sample points. Concentrations
of plant-available (-AL) P, K, Ca and Mg, HNO;-soluble K, total-N,
total-C and pH were measured in two layers. The average K-AL

concentration and pH were reduced in both layers. The average P-AL

No such correlation was found for K.

Introduction

Organic agriculture, in Scandinavia called ecological
agriculture, is a production system the purpose of
which 1s to produce food for human consumption
from the natural resources on the farm, with tech-
niques that respect natural ecological balance and
make it possible to avoid products and methods that
are contrary to its principle aims. Products and
methods avoided in this farming system are synthetic
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concentration was reduced in the topsoil. K-AL and P-AL increased
in samples with low concentrations and decreased in samples with
high and very high concentrations in 1989. Ky, increased in the
topsoil and total-N increased in the subsoil. Total-N and total-C
increased in top- and subsoil with a low organic matter content. The
net import of P, calculated by farm-level nutrient balances, was

negatively correlated to the change in kg P-AL ha "' in the topsoil.

Key words: calcium, carbon,
ecological, magnesium, nitrogen, pH,
phosphorus, potassium, sustainable
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fertilizers, pesticides, industrial livestock manage-
ment, unnatural forcing of plant and animal growth,
etc. (IFOAM, 1994). In 1996, there were 946 Norwe-
gian farms which either practised organic farming, or
which were in the process of conversion (Debio,
1997a). The standards for organic agriculture set firm
restrictions on purchased nutrients. Inorganic nitro-
gen fertilizers are not allowed; other fertilizers only
with dispensation. The amount of purchased conven-
tional fodder in Norway is restricted to 20% of the
total fodder consumption on an energy basis on the
farm. Certified organic fodder can be purchased up to
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A recalculation of the data showed that the increase in topsoil KHNO; was not statistically significant.
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a limit of 33% of the total feed consumption. but is
usually not available (Debio, 1997b).

Farm-level nutrient budgets usually show less net
import (Import minus export) on organic than on
conventional farms with comparable productions.
Organic dairy farms in Norway had an average net
import of 12 kg nitrogen (N), 2 kg phosphorus (P)
and 10 kg potassium (K) ha=! yr !, whereas dairy
farms which recently had started conversion had a
net import of 69 kg N, 10 kg P and 26 kg K ha~'!
yr=! (Kerner & Solberg, 1993). Net import on Dan-
ish ecological dairy farms varied from 10 to —31 kg
N, 8to —1 kg Pand 3 to —18 kg K ha=!' yr!
(Askegaard & Mikkelsen, 1995). An interesting ques-
tion is how reduced net import of nutrients to the
farm during and after conversion influences the con-
centrations of plant-available nutrients in the soil.

On organic plots with positive nutrient balances for
P and negative balances for K in a long-term field
experiment in Jarna, Sweden, the concentration of
plant-available P (ammonium acetate lactate soluble
P, P-AL) increased and the plant-available K concen-
tration did not vary greatly over time. The soil was a
silty loam. On average for three organic plots, the
P-AL concentration increased from 3.4 to 9.8 mg P
per 100 g soil from 1958 to 1985. The K-AL concen-
tration was 14.5 and 12.7 mg K per 100 g soil in 1958
and 1985, respectively (Pettersson et al., 1992). The
average P balance was + 15 and the K balance —38
kg ha=' yr=! (recalculated from Pettersson et al.
1992).

The average concentrations of plant-available nu-
trients and pH were reduced after 11 years of nega-
tive nutrient-balances in a Norwegian long-term
investigation on an organic dairy farming system.
The soil was silty sand with a low nutrient content,
located in northwestern Norway (Hansen, 1997). The
Kinosz concentration was reduced from 38 to 30 mg
K, P-AL from 10 to 7 mg P, K-AL from 5 to 4 mg
K and Mg-AL from 4 to 2 mg Mg per 100 g dry soil
from 1985 to 1995, and pH(H,O) was reduced from 6
to 5.6. The average nutrient balances (manure minus
harvest) on field level were —35 kg N, —20 kg K,
—8 kg P, +1 kg Mg and —15 kg Ca ha=' yr—!.

The average concentrations of plant-available P
and K were reduced in soil on organic plots in a
long-term experiment in Switzerland (DOK-trial)
with negative nutrient balances. Plant-available P and
K concentrations were extracted with 0.02 M cal-
cium-lactate and 0.02 M HCI (P-DL, K-DL). P-DL
was reduced from 2.6 to 1.9 mg P and K-DL from
6.1 to 5.2 mg K per 100 g soil from 1980 to 1991. The
average nutrient balance was —3.5 kg P and —53 kg
K ha=' yr=! (Alfoldi et al., 1993). Organic plots with
even more negative nutrient balances had greater
reductions in the P-DL and K-DL concentrations.
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A Danish whole farm case study project investi-
gated the concentrations of plant-available P and K
in the soil on 13 organic dairy farms in 1988 and 1992
(Kristensen & Halberg, 1995). Plant-available K was
extracted with 0.5 M ammoniumacetate (Kt) and
plant-available P was extracted with 0.5 M sodiumbi-
carbonate (Pt) (Olsen et al., 1954). Four farms on
clay soil which had been organically farmed for many
years had low P-concentrations in the soil, with 47—
66% of the soil samples containing <2 mg plant-
available P per 100 g dry soil. Despite the low
concentrations of plant-available P in the soil, accept-
able grain yields were taken. Symptoms of N and P
deficiency were observed early in the growing season,
but diminished during the summer. On average,
farms converted in 1982-89 had higher concentra-
tions of plant-available P in the soil. The average
P-concentration on all farms was 3.2 mg P per 100 g
soil; only 18% of the samples had concentrations <2
mg. The average K-concentration was 11 mg K per
100 g soil, and was lower in sand than in clay soil.
Average farm-level nutrient balances were positive, 8
kg P and 15 kg K ha=! yr=".

The objective of the present soil investigation was
to determine whether there are some indications of
changes in the content of plant-available nutrients,
organic matter and pH in the soil on a selection of
Norwegian farms during conversion to organic farm-
ing. Agricultural soil on 12 organic and converting
farms was sampled in 1989 and 1995. The relation-
ships between changes in kg plant-available P and K
per hectare in the upper soil layer and the net import
of P and K on farm level were investigated. The study
was part of a whole farm case study project (1989
96) carried out at the Norwegian Centre for Ecologi-
cal Agriculture.

Material and methods
Presentation of the farms

The twelve investigated farms were located in differ-
ent regions of the country, as shown in Fig. 1. Milk
production was the main income on 10 out of 12
farms. The altitude, annual precipitation, year of
conversion, main production, mineral soil type ac-
cording to Sveistrup & Njos (1984); average content
of corrected clay (see below), organic matter, plant-
available and acid-soluble K and plant-available P in
the topsoil in 1989 for each farm are all recorded in
Table 1.

The farms were grouped according to the level of
net import (=import minus export) of P and K,
which was calculated from farm accounts and sum-
marized for the six years’ investigation period (1989 -
94). Import is amounts of P and K in purchased
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Fig. 1. Location of the 12 farms participating in the investigation.

fodder, animals, seed, etc., and export is amounts of
P and K in sold products as milk, meat, grains, etc.
Amounts of purchased and sold products were multi-
plied by contents of P and K as published in
Ebbesvik (1997). Nutrient imports from rainfall and

dry deposits as well as nutrient exports caused by
surface runoff or other liquid losses were not
included.

Based on the calculations of net P and K import,
the investigated farms were grouped into three levels,
expressed as kg P and K per hectare, sum of six
years.

Low level, | =for P: —4 — 11, for K: 45-53 kg ha—'

Medium level, 2 =for P: 27-49, for K: 83-200 kg

ha !

High level, 3 =for P: 62-158, for K: 325-442 kg
ha !

A letter and two numbers, showing the level of net
imports of P and K, respectively represent each farm.
The farms with a low net import of P and/jor K were
converted before, or early in the project period. The
farms with medium net P and K import completed
conversion later in the project period, and the farms
with high net P and K import are still in the process
of conversion.

In Norway, the nutrient status of agricultural soil is
classified according to the concentrations of nutrients
shown in Table 2. The investigated farms had medium
to very high concentrations of plant-available P, low
to high concentrations of plant-available K and a low
to very high concentrations of acid-soluble K in the
topsoil (0-20 cm) in 1989. In general, the concentra-
tions of nutrients in the soil were medium to high.

Table 1. General information on each farm: FARM = Number according to level of net import of P and K (see
presentation of the farms and Fig. 2), ALT = altitude (m above sea level); RAIN = annual precipitation (mm);
CON.YEAR = conversion year, defined as the first year all productions were, or are planned to be, certified as

organic; MAIN PROD. = main production; MINERAL SOIL =

main soil type according to Sveistrup & Njos (1984);

CLAY % = average and {(min—max) content of corrected clay in the topsoil (0-20 cm); ORG.M % = average and
{min-max) content of organic matter in the topsoil in 1989; K-AL, Kyyos, P-AL = average and (min—max)
concentrations of plant-available K, acid-soluble K and plant-available P in the topsoil in 1989, as mg K or P per

100 g dry soil
ALT. RAIN CON. MAIN MINERAL CLAY ORG.M.

FARM m mm YEAR PROD. SOIL % % K-AL Kunos P-AL

A1 60 1290 1992 Sheep Clay 15 (0-23) 8 (3-42) 14 (3-33) 144 (83-194) 11 (3-23)
B11 170 753 1986 Milk Sand, silt, clay 8 (2-12) 5 (4-9) 7 (3-21) 32 (20-48) 6 (2-14)
C11 50 1294 1991 Milk Sand, clay 11 (5-16) 12 (5-66) 17 (5-29) 52 (29-89) 14 (6-24)
D12 25 1094 1989 Milk Sand, silt 6 (2-12) 5(2-9) 15(4-33) 149 (101-212) 15 (3-34)
E21 10 1254 1996 Milk Sand, clay 7 (0-20) 36 (5-72) 11(6-30) 36 (20-91) 14 (5-27)
F22 90 1035 1994 Milk Clay 24 (15-40) 8 (3-61) 18 (6-36) 90 (50-122) 8 (4-12)
G22 660 690 1994 Milk Sand 1(0-4) 14 (5-69) 21 (7-59) 72 (48-106) 21 (2-46)
H22 490 321 1997 Milk Sand 4 (3-4) 7 (4-14) 16 (4-109) 131 (45-225) 21 (3-75)
122 220 282 1998 Milk Sand, silt 5 (2-7) 4 (2-10) 6 (1-25) 141 (111-265) 9 (3-19)
J32 190 816 1998 Grain, beef Clay 26 (16-33) 4 (3-6) 18 (9-28) 117 (42-172) 6 (2-12)
K33 25 1630 1997 Milk, sheep Sand, clay 5{(1-7) 29 (11-79) 14 (6-31) 22 (20-23) 15 (3-37)
L33 10 1048 1999 Milk, pork Sand 4 (0-7) 14 (4-55) 9 (5-21) 30 (21-44) 20 (4-49)
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Table 2. Classification of the content of plant-
available nutrients and acid-soluble K (K ;yo3) in Nor-
wegian agricultural soil. All values in mg P, K, Mg or
Ca per 100 g dry soil

Class Low Medium high High Very high
P-AL 0-2 3-6 7-15 >15
K-AL 0-6 7-15 16-30 >30
Kunos <30 30-79 80-119 >120
Mg-AL 0-2 3-5 6-9 >9
Ca-AL <50 51-100 101-200 >200

Soil sampling and analysis

Soil samples were taken twice from cultivated soil; in
late autumn 1989 and 1995 (after harvesting). To
ensure that the sample points in 1995 were the same
as those in 1989, the points were described on de-
tailed maps. From the topsoil layer (0-20 cm), one
composite sample was taken per 0.5 ha, making a
total of 310 samples. From the subsoil layer (2040
cm), one composite sample was taken per 2 ha,
totalling 87 samples. At these 87 points, the topsoil
was also sampled. Each composite sample consisted
of 10 soil cores, which were taken with an auger at a
distance of 0-5.5 m from the sample point.

All soil samples were analysed for plant-available
P, K, Mg and Ca, pH, Bondorf bulk density, total-N
and total-C. Soil samples from the 87 points where
both layers were sampled were analysed for particle-
size distribution of mineral material and acid-soluble
K additionally. All analyses were carried out at the
Norwegian Agricultural Service Laboratory, As. Be-
cause some samples were peat soil, the number of
samples analysed for particle-size distribution was 83
in the topsoil and 84 in the subsoil. On some sites,
extra analyses of acid-soluble K in the topsoil was
required in 1989 and/or 1995, and thus the number
of samples varies from 96 to 91 in the presentation
of the results.

Plant-available P, K, Mg and Ca were determined
by the method of Egner et al. (1960), where the soil
was extracted with an ammonium acetate lactate
solution (0.1 M ammonium lactate and 0.4 M acetic
acid, pH 3.75) in the ratio of soil to solution of 1:20
(w/v). The concentrations of P, K, Mg and Ca in the
extracts were measured with an ICP apparatus. In
the text these fractions are abbreviated as P-AL,
K-AL, Mg-AL and Ca-AL. Soil pH was measured in
a soil-water suspension (1:2.5 v/v). The total-C and
total-N concentrations in the soil were determined
using a Perkin Elmer 2400 analyser. In this study,
total-C was presumed to consist primarily of organic
C, because of the low likelihood of carbonates in the
samples. The soil content of organic matter was
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calculated as total-C multiplied by 1.724 (Scheffer &
Schachtschabel, 1982). Acid-soluble K was extracted
by boiling the soil sample for 10 min in 1M HNO;.
After filtration the K-concentration in the extract
was measured by atomic adsorption. In the text. this
fraction is abbreviated as K,jxos-

The bulk density was measured in 1995 only, ac-
cording to the method of Bondorf (1950). The parti-
cle-size distribution of the mineral material <2 mm
was determined by the pipette method (Elonen,
1971). In this study, the amount of clay (particles
<0.002 mm) was used as a parameter in a correla-
tion analysis. The clay content determined by the
pipette method is a percentage value where the sum
of sand. silt and clay (i.e., all particles <2 mm) is
100. Gravel (particles >2 mm) was removed by
sieving and organic matter by wet oxidation with
H,O, before the particle-size distribution was mea-
sured. When a sample contained much organic mat-
ter and/or gravel, the clay content according to the
pipette method deviated considerably from what
would be the correct value in natural soil. Hence, the
amount of clay in the soil samples according to the
pipette method was corrected using the following
formula:

(100 — % organic matter — % gravel)100 x % clay ac-
cording to the pipette method = corrected % clay

For most samples, the difference between the clay
content according to the pipette method and the
corrected clay content was 1 or 2%. In the most
extreme case when the soil was very rich in organic
matter, the clay content was reduced from 31% to
7%. The corrected clay content of one soil sample
became negative, but was set to 0%.

Nutrient concentrations and reserves

The content of plant nutrients is presented as concen-
trations (mg 100 g dry soil ') and reserves (kg ha '
in the topsoil, 0-20 cm). Total-C and total-N are
presented as percentage values. To find the reserves,
the concentrations were multiplied by the weight per
hectare of the topsoil layer. We assume that the bulk
density values were the same in 1989 as in 1995. Plant
roots penetrate a certain volume of soil. Hence, the
nutrient content in a certain soil volume is a better
characterization of the soil’s nourishing capacity than
the nutrient concentration in a certain weighed
amount of soil. But nutrient values measured in kg
ha~' are based on concentrations, which are mea-
sured in soil particles <2 mm. If the soil contains a
large number of particles >2 mm, these values will
become too high compared with realistic field values.
In addition, nutrient values measured in kg ha™" will
be influenced by bias in bulk density measurements.
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Table 3. Overall average concentrations of nutrients, total-N, total-C and pH in topsoil (0-20 cm) and subsoil
(20-40 cm). Values in mg nutrient per 100 g dry soil, except for total-N and total-C = weight%. Diff. = value in

1995 minus value in 1989. n = number of samples

Year pH P-AL K-AL Ca-AL Mg-AL Knhos Total-N Total-C
Topsoil:

1989 6.0 12.9 14.1 172 16.1 89.5 0.39 6.3
1995 5.9 12.4 11.7 173.2 15.6 97.5 0.41 6.3
Diff. —0.1%%* —0.5** —2.4%%% 1.2ns —0.5" 8.0%* 0.02* 0.0m®
n 310 310 310 310 310 96 310 310
Subsoil:

1989 6.0 7.0 8.6 117 16.8 103.3 0.21 3.8
1995 5.9 6.9 7.4 117.4 14.4 106.3 0.25 4.1
Diff. —0.1%%* —0.1"s -1.2% 0.47° —2.4*% 3.0m° 0.04*** 0.3
n 87 87 87 87 87 87 87 87

Hence, concentrations were used to study changes
over time and reserves (kg nutrient per hectare top-
soil) to study the relationship between these changes
and net import. Changes were analysed by paired
t-tests, and relationships by correlation analysis. In
the tables, the levels of significance are abbreviated ns
(not significant) for P > 0.05, * for P <0.05, ** for
P <0.0l and *** for P<0.00l. To investigate
whether the changes in total-N and total-C were
dependent on the soil’s content of organic matter, the
samples were grouped according to the total-C con-
centration in 1989. Paired t-tests were carried out in
each of six groups defined by Sveistrup (1984): 0-1.7,
1.7-3.5, 3.5-7, 7-11.6, 11.6-23.2 and >23.2
weight% total-C.

Results

Average levels and changes of nutrient
concentrations, organic matter (total-C) and pH

The overall average P-AL concentration in the top-
soil was classified as high in 1995 as well as in 1989,
but was significantly reduced from 12.9 to 12.4 mg P
per 100 g dry soil (Table 3). The average P-AL
concentration in the subsoil was lower than in the
topsoil (approx. 7 mg per 100 g dry soil), and was not
significantly changed from 1989 to 1995. Only one of
the 310 topsoil samples in 1989, and four in 1995,
had low concentrations of P-AL.

The average K-AL concentration was medium high
in both layers in 1989 as well as in 1995. K-AL was
significantly reduced from 14.1 to 11.7 mg K per 100
¢ dry soil in the topsoil, and from 8.6 to 7.4 in the
subsoil (Table 3). In 1989, 69 topsoil samples and 64
in 1995 (21%) had low concentrations of K-AL.

The average K3 concentration was high in both
layers in 1989 and 1995, on average highest in the
subsoil. The average concentration was significantly
increased in the topsoil, from 89.5 to 97.5 mg K per
100 g dry soil. No significant change was found in the
subsoil (Table 3).

The average Mg-AL concentration in the topsoil
was approximately 16 mg Mg per 100 g dry soil
(classified as very high), with no significant change
from 1989 to 1995. In the subsoil the average Mg-AL
concentration was significantly reduced from 16.8 to
144 mg per 100 g dry soil. The average Ca-AL
concentration was high in both layers, with no signifi-
cant changes.

The concentrations of total-N and total-C varied
considerably between sites, ranging from 0.002 to
2.4% total-N and 0.3 to 43.5% total-C. As shown in
Table 1, the organic matter content in the topsoil also
varied considerably within farms. Average values of
total-N and total-C were higher in the topsoil than in
the subsoil. The average total-C content was 6.3% in
the topsoil and approximately 4% in the subsoil, with
no significant change from 1989 to 1995. The average
total-N concentration increased significantly in both
layers, from 0.39 to 0.41% in the topsoil and from
0.21 to 0.25% in the subsoil. The increase in total-N
in the topsoil can be traced to the fertilizing practice
on farm J32, where large amounts of horse manure
and some sewage sludge were used to enhance the
content of organic matter in the clay soil. When J32
was excluded the increase in total-N in the topsoil
was no longer significant. The overall increase of
total-N in the topsoil is therefore not discussed any
further. The increase in total-N in the subsoil could,
however, not be related to the fertilizing practice on
farm J32.
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Fig. 2. Net import of P and K on the 12 investigated farms (A11-L33), sum of six years (1989-94), kg ha '. The farms are arranged by

increasing levels of net import of P.

On average, soil pH decreased significantly from
6.0 to 5.9 in both layers. Normally, soil pH should be
at least 5.5-6.0 for agricultural production; 18% of
the topsoil and 15% of the subsoil samples had pH
values below 5.5 in 1995. From 1989 to 1995, six
farms had experienced significant reductions in the
topsoil pH and three farms in the subsoil pH.

When the nutrient content was calculated as re-
serves instead of concentrations, the same significant
results were found for the subsoil. In the topsoil,
significant reductions of P-AL and K-AL were still
found, but there were no significant changes in
Kunos and total-N.

Net import of P and K in relation to changes in
P and K topsoil concentrations and reserves

The net import of P and K (kg ha ', sum of six
years) varied considerably between the farms, ranging
from A1l with —4 kg P and 47 kg K to L33 with 158
kg P and 442 kg K (Fig. 2). The calculated values for
All are not quite correct because nutrient import
from forest and mountain grazing by sheep was not
included in the farm-level nutrient budgets. D12 im-
ported large amounts of whey, which contains 0.16%
potassium. J32 imported household wastes for com-
posting and had no export of animal products in the
investigated period. L33 purchased fodder for con-
ventional production of pigs for slaughter. For most
farms, the net import of both P and K was reduced
from 1989 to 1994,
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Most farms had comparable levels of P-AL and
K-AL reserves, but two farms (F22 and J32) had
approximately twice as much K-AL as P-AL,
whereas L33 had approximately twice as much P-AL
as K-AL reserves (Fig. 3). In general, reductions in
average K-AL reserves were larger than reductions in
average P-AL reserves.

Significant reductions in the average topsoil P-AL
concentration were found on all farms with net im-
port of P classified as low (All, Bll, Cl1 and D12)
and on F22. A significant increase was found on K33.
When using reserves (kg ha—! in the topsoil) instead
of concentrations, all farms with low and medium net
import of P had a decrease in the P-AL capital in the
topsoil, whereas three farms with a high net import of
P had an increase (Fig. 3).

Significant reductions in the average topsoil K-AL
concentration were found on All, Cl11, F22, G22,
H22 and J32. Significant increases were not found on
any of the farms. Expressed as reserves, three farms
(E21, 122 and L33) increased their topsoil K-AL
reserves, but the increases were small compared with
the reductions on the other farms. The largest reduc-
tion in K-AL reserve occurred on C11, which had a
net import from 1989 to 1994 of only 52 kg K ha ~'
(=8.7 kg ha=' yr="). In general, the relationship
between net import of K and reductions/increases in
K-AL reserves is not clear.

Significant reductions in the average topsoil Kines
concentration were not found on any farm, whereas a
significant increase was found on [22. The average
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Fig. 3. P-AL and K-AL reserves in the topsoil (0- 20 cm) on the 12 investigated farms (A11--L33) in 1989 compared to 1995, kg ha—".

Left part of double column = 1989, right part = 1995.

Kinos reserves were in general much larger than the
K-AL reserves (Fig. 4), except at K33. Increase in the
average Kyno; reserves was found on eight farms,
and reduction on four farms. The reductions were
small compared with the increases. The largest in-
creases (11 to 40 kg K ha"') in Kynes reserves
occurred on All, F22, 122 and L22. On 122 and L22
the average K-AL reserves increased as well, whereas
the K-AL reserves decreased on All and F22. On
Cl11, H22 and K33 there were reductions in the
average Ky as well as K-AL reserves, whereas
E21 experienced reduction in K;;yo; and increase in
K-AL reserves.

To investigate whether the changes in topsoil P-AL
and K-AL reserves from 1989 to 1995 were related to
the farms’ net import of P and K in this period, a
correlation analysis was carried out. The change in
the average topsoil Kye; concentration was not
significant when expressed as kg ha~!, and therefore
the changes in Kjno; reserves were not included in
the correlation analysis. A significant negative corre-
lation was found between the net import of P and the
reduction in the average topsoil P-AL reserves on
each farm (r= —0.60%). The level of the average
P-AL reserve was not correlated to the net import of
P in 1989, nor in 1995 either. Neither the reduction in
the average K-AL reserve nor the levels of the K-AL
reserve in 1989 or 1995 were correlated to the net
mport of K.

Relationship between changes in nutrient
concentrations, organic matter and pH and
some soil parameters

In order to study the relationship between the signifi-
cant changes in plant nutrient concentrations and pH
and some soil parameters, a correlation analysis was
carried out. The soil parameters were corrected clay
content, content of total-C in 1989, pH in 1989 and
the 1989 concentrations of the parameters which were
significantly changed from 1989 to 1995. In addition,
the reduction in K-AL was tested against the Kynos
concentration in 1989, and the increase in Kyno; Was
tested against the K-AL concentration in 1989. Re-
sults from the 87 sample points where both layers
were sampled were used in the correlation analysis.
The significant changes presented in Table 3 were
also found when paired t-tests were carried out on
this part of the samples.

In the following text, the concentrations in 1989
are abbreviated as P-AL89, K-AL89, and so on. The
observed reductions in P-AL, K-AL and pH in the
upper soil layer were positively correlated to P-AL89,
K-AL89 and pH89, respectively (Table 4). In the
subsoil, reductions in K-AL and pH were positively
correlated to K-AL89 and pH89, respectively (Table
5). In other words, the higher the P-AL. K-AL and
pH levels were in 1989, the greater the probability for
reductions six years later. This was most evident for
K-AL in the upper soil layer (Fig. 5).
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Fig. 4. Kjnos Teserves in the topsoil (0-20 cm) on the 12 investigated farms (A11-L33) in 1989 compared to 1995, kg ha™'.

The increase in K, ;no3 in the topsoil was negatively
correlated to pH89 and positively correlated to K-
ALS89 and to the reduction in K-AL (not shown in
Table 4, r =0.39***). The reduction in K-AL was
positively correlated to Kyne389 in the topsoil. In the
subsoil, the reduction in K-AL was negatively corre-
lated to the corrected clay content.

The reduction in pH was positively correlated to
the corrected clay content in both layers. The reduc-
tion in Mg-AL was positively correlated to the cor-
rected clay content as well as pH89, and the increase
in total-N was positively correlated to the subsoil
pHS89.

For closer investigation of the relationship between
nutrient concentration levels and changes from 1989
to 1995, the soil samples from each layer were divided
into classes based on P-AL and K-AL levels in 1989,
and the changes in each class were determined by
paired t-tests (Table 6). Statistically significant reduc-
tions were found in soil samples with high and very
high concentrations of P-AL and K-AL in 1989. In
soil samples with low concentrations of K-AL in
1989, a significant increase was found. One topsoil
sample only had a low P-AL concentration in 1989.
A tendency toward increase in soil samples with a
medium P-AL concentration was found (P = 0.055).
Even if no significant change in the overall average
P-AL concentration was found in the subsoil, split-
ting the samples into classes showed significant in-
creases in the number of samples with low and
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medium P-AL concentrations in 1989, and reductions
in samples with very high P-AL concentrations.

As shown in Table 1, the content of organic matter
varied considerably in this material. Hence, the sam-
ples were grouped according to the content of total-C
in 1989, to determine whether the significant increase
in total-N in the subsoil and possible significant
changes in total-N and total-C in each class could be
correlated to the content of organic matter in the soil.
In both the topsoil (#=19) and the subsoil (n =48)
significant increases in total-N and total-C were
found using paired t-tests for samples with total-C
< 1.7 weight% in 1989. The average total-C concen-
tration in this class increased from 1.58 to 2.0% in the
topsoil and from 0.98 to 1.34% in the subsoil. The
average total-N concentration in this class increased
from 0.12 to 0.17% in the topsoil, and from 0.08 to
0.11% in the subsoil. For total-N, a significant in-
crease was found in yet another group of soil sam-
ples, namely n =159 topsoil samples containing
1.7-3.5 weight% total-C in 1989. On average, the
total-N increased from 0.20% to 0.21% from 1989 to
1995 in this group, but this increase could be traced
to the fertilizing practice on farm J32. The significant
increases in total-C and total-N found for samples
with <1.7% total-C in 1989 could not be traced to
the J32 fertilizing practice. For samples containing
>3.5% total-C in 1989, no significant changes in
total-C or total-N were found.
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Table 4. Correlation between reduction (diff.) in pH, P-AL and K-AL and increase (diff.) in K oz and the level of
pH, corrected clay content and concentrations of P-AL, K-AL, K, yo3, total-N and total-C in the topsoil (0—-20 cm)

in 1989. Pearson’s correlation coefficient, r

Variable pH89 clay P-AL89 K-AL89 Khunos-89 Total-C89

Diff. pH 0.45%** 0.30%* ns

Diff. P-AL ns ns 0.45%*** ns

Diff. K-AL ns ns 0.69*** 0.24* ns

Diff. K-ynos —0.33%* ns 0.28%* ns ns

Discussion The lack of correlation between the net import of

Changes in P-AL and K-AL concentrations

Reductions in P-AL and K-AL concentrations were
mostly found in soils with high concentrations of
P-AL and/or K-AL in 1989 (Fig. 5, Tables 4, 5 and
6). Only | out of the 12 investigated farms had
accomplished conversion in 1989. As shown by
Kerner & Solberg (1993), the net import of P and K
is usually reduced during conversion from conven-
tional to ecological milk production. Hence, the re-
duced P-AL and K-AL concentration from 1989 to
1995 in this material might be seen as a change
towards a new level adapted to lower net imports of
P and K on conversion to ecological farming. Further
investigations are required to determine whether the
average P-AL and K-AL concentrations will be fur-
ther reduced, or if the concentrations measured in
1995 represent a ““steady state”-level adapted to the
new production system. In the long-term DOK-trial
it was not possible after 14 years to conclude whether
or not the concentrations of plant-available P and K
had stabilized on a level determined by the produc-
tion system. However, the changes occurred more
slowly in the last seven years than in the first 7-year
period (Alfoldi et al., 1993).

Relationship between net import and changes
in reserves

For P, a correlation was found between net imports
at farm level and changes in P-AL topsoil reserves.
High net import of P gave a smaller reduction of the
P-AL reserve on the farm, or even increased the
P-AL reserve in some cases. A significant reduction in
the average topsoil P-AL concentration on all farms
with low net imports of P confirms this correlation,
as well as a significant increase in topsoil P-AL
concentration on one of the three farms with a high
level of net import of P (K33). A comparable rela-
tionship was described by Ekeberg & Riley (1995),
who found a strong positive correlation between P-
balances at field level and the P-AL concentration in
the soil in a long-term fertilizer experiment at
Moystad, Norway.

K at farm level and the reduction in the K-AL
reserve could be due to the fact that 12 farms were
too few to find a correlation, or that the farm-level
nutrient balances were too inaccurate. Farm-level
nutrient balances have been criticized for being too
Inaccurate to estimate, for example, the risk of pollu-
tion from farming systems, because internal losses of
nutrients are not shown (Askegaard & Mikkelsen,
1995). This is more important for K than for P,
because K is in general a more mobile nutrient. P will
not be leached from light soils as readily as K.
Internal losses such as leaching of K from compost
heaps and soil influence the relationship between the
net import (export) of K and the K-concentration in
the soil. Hence, the actual K-export can be very
different from the possible K-export calculated by
farm-level nutrient balances. For instance, average
net export of K was estimated to 36 kg ha=!' yr=! at
the field level on an organic farm in Germany
(Mayer, 1997). At farm level the estimated net export
was only 7 kg ha=! yr—",

Field-level nutrient balances are definitely more
accurate than farm-level balances, but require mea-
surements of yields, run-off, etc., which may limit the
number of fields and farms in the investigation. A
positive correlation between the total net exports of
both P and K during Il experimental years and the
K-AL and P-AL concentrations on field level was
found by Hansen (pers. comm.) in an organic dairy
production system on silty sand soil.

Influence of net import of P versus P-AL
concentration in 1989 on the P-AL
concentration in 1995

Both the net import of P to the farm and the level of
P-AL concentration in the soil in 1989 influenced the
topsoil P-AL concentrations in 1995. Significant re-
ductions in the P-AL concentration might have been
expected on all farms with high or very high average
topsoil P-AL concentration in 1989, ie. all farms
with the exception of Bl1, F22 and J32. In fact,
significant reductions occurred only on farms with
low net imports of P (All, Bl1, D12 and C11). The
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Table 5. Correlation between reduction (diff.) in pH, K-AL and Mg-AL and increase (diff.} in tot-N; and the level
of pH, corrected clay content and concentrations of K-AL, Mg-AL, Kynos. tot-N and tot-C in the subsoil (20-40

cm) in 1989. Pearson’s correlation coefficient, r

Variable pH89 Clay K-AL89 Mg-AL89 Kuno3-89 Total-N89 Total-C89
Diff. pH 0.54%** 0.37*%** ns
Diff. K-AL ns —0.23% 0.75%** ns ns
Diff. Mg-AL 0.37%** 0.36*** 0.64%%* ns
Diff. total-N 0.23* ns ns ns

only farm (K33) with a significant incrcase in the
average topsoil P-AL concentration from 1989 to
1995 already had high average topsoil P-AL concen-
tration in 1989. It appears that on the farms investi-
gated in this study, the net imports of P had greater
influence on the changes in the average topsoil P-AL
concentrations than the P-AL level in 1989.

Relationship between changes in K-AL
concentration and some soil parameters

The negative correlation between corrected clay con-
tent and the reduction in K-AL in the subsoil is as
expected, because soil rich in clay usually has large
reserves of potassium. In the topsoil, factors other
than the clay content (e.g. addition of manure) have
probably had a greater influence on the reduction of
K-AL, and thus no correlation was found. Usually
the root development in the topsoil is greater than in
the subsoil, and it might be that plant-available K is
removed faster than can be replaced by the clay
minerals in this layer.

Larger average reduction in K-AL than P-AL con-
centrations could be caused by K-AL being more
unstable in the soil than P-AL and that more K than
P is removed by crops. K is also more exposed to
leaching. On farms C11 and F22 the K-AL reserves
in the topsoil were reduced to 50 and 75%, respec-
tively, of the original level in 1989. Above average
rainfall (390 versus the normal 140 mm on Cl1, 214
versus the normal 119 mm on F22 in September
1995) prior to soil sampling in October might have
influenced the K-AL concentrations on these farms.
Semb (1966) investigated seasonal variations in the
content of P-AL and K-AL in Norwegian agricul-
tural soil and found larger variations of K-AL be-
tween different seasons than of P-AL.

Relationship between changes in K. nos
concentration and some soil parameters

The observed increase in Kyjyo; in the topsoil was
somewhat  surprising, but was only signi-
ficant when calculated as concentrations, not as re-
serves. The Kiynos-fraction includes non-exchange-
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able K. One explanation for the Ko increase
could be that K* was fixed in the clay lattice because
of reduced concentration of NH; ions in the soil
solution due to a gradual decrease in the use of
inorganic fertilizer at the investigated farms in this
time pertod. NH; may, in the same way as K™, be
fixed on non-exchangeable positions within the clay
lattice. With reduced NH,~ concentration in the soil
solution, non-exchangeable NH,;" may be replaced by
K. Several authors have shown that the NH; to
K* ratio influences the fixing of K*. Chen &
Mackenzie (1992) found reduced fixing of K* when
increasing dressings of NH;" were applied to Cana-
dian soils with relatively high fixing capacities for
both K~ and NH; . Garz et al. (1993) found increas-
ing fixing capacity of K* in soils according to the
degree of K depletion in German soil, and found that
fixing of NH;" was dependent on the K-depletion as
well. Hence, a fixing of K™ caused by depletion of
NH; may be one explanation for the increased
Kinos concentration in the present study.

The increase in Ky Was positively correlated to
the concentration of K-AL in the topsoil in 1989 and
to the reduction in K-AL in the topsoil from 1989 to
1995, indicating that K3 increased most in soils
rich in K-AL, and that some K-AL was fixed in the
topsoil. But as the increase in Kyno; concentrations
was in general much larger than the reduction in
K-AL concentrations, the increase in Ky cannot
solely be explained by a corresponding reduction in
K-AL. Fixing of K* added in manure and/or re-
leased by weathering has probably contributed to the
observed increase in Kyjnos. The increase in Kynos
was negatively correlated to pHS89. Increased weath-
ering with decreasing pH may be an explanation.

Relationship between changes in Mg-AL
concentration and some soil parameters

A significant reduction in the overall average Mg-AL
concentration, twice as large as the reduction in
K-AL, was found in the subsoil. A significant de-
crease in the Mg-AL concentration was found in both
soil layers. on several farms. The reduction in Mg-AL
was positively correlated to the Mg-AL concentration
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Fig. 5. Changes in the K-AL concentration in the topsoil (0- 20 cm) from 1989 to 1995 as a function of K-AL concentrations in 1989 (mg
K per 100 g dry soil). Positive values = increase, negative values = decrease from 1989 to 1995.

in 1989, to the pH-level in 1989 and to the corrected
clay content. The larger reduction in samples with
high concentrations of Mg-AL in 1989 is the same
trend as found for K-AL and P-AL. Less reduction
of Mg-AL in soil with low clay content is surprising
because clay soils usually have larger reserves of Mg
than sandy soils. No valid explanation was found for
the correlation between the reduction in Mg-AL from
1989 to 1995 and the level of pH in 1989.

In the DOK trial a close relationship was found
between the Mg balance at field level and the concen-
tration of plant-available Mg in the soil (Alfoldi et
al., 1993). In the present study, no nutrient balances
were calculated for Mg, but in general the net im-
ports of nutrients to these farms decreased during the
conversion period.

Changes in total-N and organic matter (total-C)
from 1989 to 1995

In the subsoil, a positive correlation was found be-
tween the increase in total-N from 1989 to 1995 and
the level of pH in 1989. However, this correlation
disappeared when four samples containing >12%
total-C in 1989 were excluded from the correlation
analysis. The reason for excluding these samples was
a Norwegian definition by Sveistrup (1984) which
states that soils containing < 12% total-C are called

mineral soils. In other words, in mineral subsoil
samples no correlation was found between the in-
crease in total-N and the level of pH in 1989.

When the soil samples were classified according to
their content of total-C in 1989, significant increases
were found in the total-N and total-C concentrations
in both top- and subsoil containing < 1.7 weight%
total-C in 1989. This indicates that in soil with a low
organic-matter content, organic dairy farming may
increase the content of total-C. A comparable in-
crease in the content of soil organic matter was found
in a Swedish long-term experiment comparing differ-
ent organic amendments to the soil (Persson & Kirch-
mann, 1994). In 1956, the clay soil contained 1.49%
total-C and 0.17% total-N. After 35 years with an
addition of approximately 40 tons solid cattle manure
ha™ ' every 2nd year in autumn, the total-C concen-
tration had increased to 2.10%, and was not yet
stabilized. The fertilizing was somewhat higher than
average amounts used in Norwegian ecological dairy
farming, where approximately 9-14 tons of farmyard
manure are available per hectare and year (Fritsvold
et al., 1996).

In the DOK experiment the original content of
organic matter in the soil was 1.7%, which is com-
parable with these results. But only small, if any,
changes in the content of organic matter were found
(AIfoldi et al., 1993). A cool climate and a heavy
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Table 6. Average change in the P-AL and K-AL concentrations in different nutrient classes (1-4) in the topsoil
(0—-20 cm) and subsoil (20-40 cm); mg P or K per 100 g dry soil. The classification is based on the concentration
of the respective nutrients in the 1989 samples. Changes are defined as level in 1995 minus level in 1989;
positive values indicate an increase, negative values a reduction in nutrient concentration; n=number of

samples in the respective class

Class: 1 2 3 4
Concentration: Low Medium High Very high
P-AL, 0-20 cm - 0.46 ns —0.43% —1.56%*
n 1 89 132 88
P-AL, 20-40 cm 0.7%** 1.9** —0.6 ns —6.4%*
n 25 33 18 11
K-AL, 0-20 cm 1.4%%* 0.2 ns —B.4%** —16.6%**
n 69 127 101 13
K-AL, 20-40 cm 1.0%** —0.8 ns —11.2%** -

n 38 39 9 1

annual precipitation enhance the accumulation of
organic matter in the soil. Hence, Swedish and Norwe-
gian climatic conditions are conducive to increases in
total-C compared to the conditions found in Switzer-
land, and this may explain the different results.

Changes in pH from 1989 to 1995

It is surprising that the reduction in pH was posi-
tively correlated to the corrected clay content in 1989
(both layers), because soil rich in clay usually has
better buffering capacity than sandy and organic
soils.

The pH reduction in this investigation is somewhat
surprising, because organic farming does not suffer
the acidifying effects of NH, fertilizers (ammonia).
Acid precipitation contributes to reduced pH in soil.
In Norway, the deposits of the main acidifying
agents, sulphate (SO, ) and nitrate (NO; ) varied in
1988-92 from 17 kg S and 25 kg N ha™! yr~! along
the southwest coast where the annual rainfall is very
high, to 4 kg S and <1 kg N ha™! yr=! in northern
Norway where the rainfall is less and the precipita-
tion is less polluted. In the past 15 years, significant
reductions (>30%) in the S concentrations in both
air and precipitation have been measured, but the N
concentrations remain high (Terseth & Semb, 1995).
Organic farming makes extensive use of legumes
fixing N, from the atmosphere. N,-fixation involves
excess uptake of nutrient cations over anions with a
consequent net flux of H;O™ ions from the plant
root, thus contributing to soil acidification (Haynes,
1983). The general reduction in pH in this investiga-
tion indicates that even though organic farming does
not reduce soil pH by adding ammonia as fertilizer,
other processes may reduce pH, making it necessary
to observe the change in the soil pH and lime as
required.
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Nutrient concentrations in topsoil compared to
subsoil

In general, the subsoil nutrient concentrations in this
investigation were rather high. The average content
of acid-soluble potassium was higher in the subsoil
than in the topsoil. The average pH-value and con-
tent of Mg-AL were the same in both layers. The
average contents of P-AL, K-AL, Ca-AL, total-N
and organic matter were larger in the topsoil.
Changes in the average concentrations of different
parameters on each farm occurred more often in the
topsoil than in the subsoil. The topsoil is more influ-
enced by fertilizing, cultivation and uptake of nutri-
ents than the subsoil. Hence, a smaller change in the
nutrient concentrations from 1989 to 1995 in the
subsoil compared to the topsoil was a result that
could be expected.

Diminishing plant-available nutrients?

In this study, we found significant decreases in P-AL
and K-AL concentrations, but an increase in Kgynoss
in the soil during conversion to organic agriculture
on 12 Norwegian farms. We could not explain the
increase in Kynos3 solely by a reduction in K-AL; the
relationship was more complex. Complicated dynam-
ics exist, both between different fractions of nutrients
in the soil, and between nutrient fractions and other
conditions such as climate, soil type and fertilizing.
The P-AL, K-AL and Mg-AL concentrations are
only expressions for a smaller part of the total con-
tent of nutrients in the soil, but the observed reduc-
tions in the average K-AL and P-AL concentrations
should be taken seriously. Excess rainfall might have
contributed to large losses of K-AL on farm C11 and
F22. but other farms experienced significant K-AL
reductions without excessive rainfall. The present
study showed that reduced net P-import will, over
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time, give reduced concentrations of P-AL in the soil.
For K-AL the relationship was not as clear, but
agricultural production with net export at the field
level of any mineral nutrient will reduce the total
content of this nutrient in the soil. Even if the farms
in the present study had a net import of K. there
might have been net export of K at the field level
because of drainage losses, etc.

Some agricultural soils have large reserves of plant
nutrients, and a sustainable farming practice may
include techniques to promote a controlled release of
plant-available nutrients from these sources. Other
soils have only small reserves, and it may be neces-
sary to import some nutrients from outside the farm,
for instance compost from household wastes, stone
meal or certain mineral fertilizers.

Conclusions

Significant changes were found in the concentrations
of important soil nutrients and pH from 1989 to 1995
on farms in the process of conversion to organic
agriculture. A significant reduction in the K-AL con-
centration and pH occurred in both top- and subsoil.
A significant reduction in the P-AL concentration
occurred in the topsoil only and a significant reduc-
tion in the Mg-AL concentration only in the subsoil.
Kinos Was significantly increased in the topsoil, and
total-N in the subsoil.

Reduction in K-AL and P-AL occurred in soils
with high or very high initial concentrations, whereas
increase occurred in soils with medium or low con-
centrations of K-AL and/or P-AL in 1989. Significant
increases in total-C and total-N concentrations were
found in soils with <1.7% total-C in 1989, showing
that soils with a low content of organic matter can be
enriched by organic farming. The average reduction
in pH shows that even though organic farming does
not acidify the soil by adding inorganic nitrogen
fertilizer, other factors acidify the soil and the farmer
should be aware of the situation and lime as
necessary.

The reduction in P-AL was negatively correlated to
the net import of P to the farms (sum of six years)
calculated at the farm level. The average reduction in
K-AL was larger, but not correlated to the net import
of K. Nutrient balances at farm level proved to be
accurate enough to reveal an expected correlation for
P, but not for K. Internal losses of K on the farms
are probably larger than internal losses of P.

An important aim of ecological farming is to pro-
mote the capacity of the soil to deliver the nutrients
the crops demand. By net export of nutrients at the
field level, restricted import of nutrients such as stone
meal, household wastes, compost or certain mineral

fertilizers may be necessary on farms with low con-
centrations of important plant nutrients in the soil.
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