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Introduction
One of the factors  influencing  the condi-

tion of European forests is the persistent in-
put of atmospheric pollutants (Fischer et al. 
2007, Lorenz & Granke 2009). In addition to 
the  direct  damage to  trees,  the  indirect  ef-
fects  of atmospheric  pollutants  through the 
soil are one of the main reasons for the de-
terioration of the condition of forest ecosys-
tems (De Schrijver et al. 1998, van Breemen 
et al.  1982,  1984). An  examination of the 
soil  of the European  forests provides basic 
information on the chemical condition of the 
soil  and the nutrient supply to the trees, as 
well as the influence of pollutant inputs on 
the  soil  condition.  There  are  clear  correla-
tions between forest  soil  chemistry and the 
deposition of acidity and heavy metals (De 
Schrijver et al. 1998, Nilsson & Tyler 1995, 
Eriksson et al. 1992,  Fernandez et al. 2003, 

Hernandez 2003). Therefore a soil condition 
assessment provides information on soil  re-
lated stress factors for forest condition, evi-
denced  by nutrient  imbalances  or  impaired 
growth.

Since  1985,  an  annual  assessment  of  the 
crown condition of forest trees has been car-
ried out within the framework of the Interna-
tional  Co-operative  Programme  on  Assess-
ment  and  Monitoring  of  Air  Pollution  Ef-
fects  on  Forests  (ICP  Forests)  of  the 
UN/ECE Convention on Long-range Trans-
boundary  Air  Pollution  and  the  European 
Union  scheme on  the  protection  of  forests 
against  atmospheric  pollution.  In  addition, 
the condition of the European forest soils is 
monitored at an approximately time interval 
of 10 years. A first forest soil condition in-
ventory (using a  grid  of  16  x 16  km) was 
executed by 30 countries between 1985 and 

1996.  The  results  showed  a  correlation 
between  the  soil  chemistry  and  the  atmo-
spheric  deposition  of  nitrogen  and  acidity. 
Extremely  acid  topsoil  conditions  were 
found on forest  plots  located almost exclu-
sively in regions receiving very high atmo-
spheric deposition loads (Vanmechelen et al. 
1997). A second soil  inventory was carried 
out  between  2006  and  2008  within  the 
“BioSoil”  demonstration  project  of  the 
Forest  Focus  Regulation  of  the  European 
Commission (DG Environment). One of the 
aims of the project was to check whether a 
second survey after approximately 10 years 
could  detect  any  changes  in  selected  soil 
parameters. To process the data of the first 
soil  inventory ICP Forest  set up the Forest 
Soil  Co-ordinating  Centre  (FSCC).  Further 
activities  of the FSCC are  to  maintain  and 
improve  the  soil  data  from the  forest  soil 
condition inventory by updating the Manual 
on Sampling and Analysis of Soil (Cools & 
De Vos 2010a) and by controlling the qua-
lity of the laboratory analysis by organising 
interlaboratory comparisons every other year 
(Cools et al. 2003, 2004, 2006, 2007, Cools 
& De Vos 2010b).

The BioSoil  survey completes the soil in-
formation  on  the  European  level  and 
assesses relevant soil parameters, soil layers 
and plots not considered in the first survey. 
On  the  plots  that  are  reassessed  within 
BioSoil, it provides information on changes 
in soil chemistry. Within the Framework of 
the  EU  LIFE+  FutMon  project,  FSCC  is 
evaluating the data of this second pan-Euro-
pean forest soil inventory.

This paper aims at providing insight in the 
possibilities  and  the  limitations  of  the 
European  forest  soil  database  managed  by 
ICP Forests. In a second part a comparison 
over time is made of two soil properties im-
portant in the assessment of the vulnerability 
to air pollution: soil reaction (pH in CaCl2) 
and base saturation.
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the effects of air pollution on forests
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In the study of air pollution effects on forest ecosystems, solid soil data such as  
cation exchange capacity, base saturation and other exchangeable cation frac-
tions, soil texture, soil moisture, soil weathering rates, C/N ratio and other 
variables form an important information base for many air pollution impact 
models. This paper shows some of the possibilities and the limitations of the 
soil data that European countries collected on the systematic Level I and on 
the intensive and permanent Level II monitoring plots within the ICP Forests 
programme. The soil data date from a first inventory in the 1990s and from a 
second inventory more than 10 years later. Both surveys were conducted fol-
lowing a common manual on sampling and analysis of soil. An example of the 
changes in pH(CaCl2) and base saturation in the forest floor and mineral soil on 
more than 2000 plots till a depth of 80 cm between the two surveys is presen-
ted. In this period the pH(CaCl2) significantly increased in the very acid forest 
soils  [with  pH(CaCl2)  below 4.0]  but  further  decreased  in  forest  soils  with 
pH(CaCl2) above 4.0. Following the trend in pH, the base saturation increased 
in soils with a very low buffering capacity (soils with a base saturation below 
20% in the first inventory) and decreased in forest soils with reference base 
saturation values above 20%. There is both a decrease of soil pH and base satu-
ration in the forest floor of the Arenosols and Podzols. In the Podzols this de-
creasing trend could not be established in the mineral soil, though this de-
creasing trend persisted in a number of mineral soil layers of the Arenosols. 
The only consistent increasing trend of pH and base saturation when stratifying 
according to the WRB reference soil groups was seen in the forest floor of the 
Luvisols and Cambisols.
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Material and methods

Monitoring networks
The ICP Forests large-scale Level I forest 

condition  monitoring  network  provides  an 
annual  overview on  forest  condition  based 
on  a  16  x 16  km gridnet  covering  around 
6000 plots in Europe. Surveys include an an-
nual crown condition assessment by the in-
ventory  of  defoliation,  discolouration  and 
damage visible to the trees, foliar chemistry 
analysis and soil chemistry analysis every 10 
years. Complementary to Level I,  the inten-
sive  monitoring  programme  on  approxi-
mately 800  Level  II  plots  provides  insight 
into causes affecting the condition of forest 
ecosystems  and  into  effects  of  different 
stress  factors.  The  major  forest  types  of 
Europe are represented. Monitoring at these 
plots includes the assessment of tree growth, 
crown  condition,  chemical  composition  of 
foliage and soil, and species composition of 
the ground vegetation on most plots, where-
as  atmospheric  deposition,  meteorological 
variables,  soil  solution  chemistry,  ambient 
air quality, litterfall and phenology are moni-
tored at a subset of Level II plots. In addi-
tion,  the  monitoring  of  ephiphytic  lichens, 
stand structure and deadwood is being tested 
on 90 plots.

Soil variables
The  forest  soil  database  of  ICP  Forests 

consists of 4 main parts (Tab. 1). An over-
view of the actual content and completeness 
of the soil  database of the Level I  soil  in-
ventory of the first inventory between 1985 
and 1996 is given in Tab. 2. The data availa-
bility in the 10-20 cm (not shown here) layer 
is intermediate between the 0-10 cm (surface 
layer) and the 20-40 cm. A similar soil sur-
vey was mainly conducted in 1995-1996 on 
742  Level  II  plots.  Here  the  soil  variables 
pH(CaCl2), total organic carbon and total or-
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Tab. 1 - The four main components of the forest soils database of ICP Forests.

Monitoring 
Network Level I Level II Level I Level II

Time span of field 
sampling

1985-1996 1990-2000 2004-2008 2006-2009

N° plots 5289 738 4928 127
N° countries 30 24 22 17
Sampled layers Forest floor 

0-10 cm
10-20 cm

Forest floor
0-10 cm

10-20 cm
20-40 cm
40-80 cm

or recalculated 
from horizons

OL, OFH layer, H and 
peat layers

0-(5)-10 cm
10-20 cm
20-40 cm
40-80 cm

OL, OFH layer, H and 
peat layers

0-(5)-10 cm
10-20 cm
20-40 cm
40-80 cm

Sampled horizons none none main genetic horizons main genetic horizons
Methods and measured 
soil variables/parameters

ICP-Forests Manual 
(UN-ECE 1994); 

Commission Regulation EEC 
no. 926/93 (CEC 1993)

ICP-Forests Manual 
(UN-ECE 1994)

ICP-Forests Manual IIIa (2006); 
Guidelines for soil description (FAO 2006); 

Soil geographical database of Eurasia and the Medi-
terranean: instruction guide 4.0 (Lambert et al. 2003)

Tab. 2 - Number of plots and percentage of total number of plots for which the given vari-
able/parameter for the soil layer under consideration is available in the ICP Forests Level I  
database of the 1985-1996 survey.

Parameters
Forest floor 0-10 cm layer 20-40 cm layer

No. plots % No. plots % No. plots %
General parameters

Altitude class (50 m intervals) 5289 100 - - - -
Soil unit (FAO, 1989) 5013 95 - - - -
Parent material 2132 40 - - - -

Soil parameters at layer level
Texture (measured or estimated) - - 3430 65 510 10
Bulk density (measured or estimated) - - 2259 43 371 7
Coarse fragments (measured or estimated) - - 2448 46 551 10
Organic layer mass 4400 83 - - - -
pH(CaCl2) 4262 81 4686 89 996 19
Total N 4670 88 4633 88 996 19
OC 4471 85 4636 88 995 19
Carbonate content 325  6 1099 21 553 10
Exchangeable elements 1115 21 2984 56 987 19
Macronutrients (P, K, Ca, Mg) 3173 60 869 16 338  6
Micronutrients and heavy metals 
(Na, Fe, Al, Mn, Cd, Cr, Cu, Ni, Pb, Zn)

1503 28 573 11 3  4

Tab. 3 - Number of plots and percentage of total number of plots for which the given vari-
able/parameters for the organic layer is available in the BioSoil Level I database of the 2006-
2008 survey.

Parameters
OFH-layer H-layers (peat)

N plots % N plots %
pH(CaCl2) 3546 72 241 95
pH(H2O) 2848 58 231 91
Total N 3544 72 241 95
OC 3544 72 241 95
Organic layer mass 3476 71 144 56
Carbonate content - 0 15 6
Exchangeable elements 2784 56 201 79
Macro - and micronutrients, heavy 
metals

3934 80 241 95

Total elements (Al, Ca, Fe, K, Mg, 
Mn, Na)

133 3 - -

Acid oxalate extractable Fe and Al 1321 27 110 43
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ganic nitrogen are covered for nearly 100% 
in the organic layer and the mineral surface 
layer.  Concentrations  of  exchangeable  ele-
ments exist for 96% of the plots for the mi-
neral surface layer. Information on the aqua 
regia extractable macronutrients is available 
for 90 % of the organic layers. On the other 
hand,  data  on  physical  soil  properties  (soil 
texture,  amount  of  coarse  fragments,  bulk 
density) is very limited on the Level II plots 
of the first inventory.

In the second soil inventory leading to the 
BioSoil database, additional variables, sam-
ples and sampling depths were included. See 
Tab. 3 and  Tab. 4. The data availability on 
the 10-20 cm depth layer (not shown here) is 
again intermediate between the surface (0-10 
cm) and the subsurface layers (20-40 cm and 
40-80 cm).

Quality assurance and quality control
In  the  period  between  the  first  and  the 

second forest  soil  inventory the FSCC and 
the Expert Panel on Soil and Soil Solution of 
ICP Forests made major efforts to improve 
the quality of the soil data through the regu-
lar update of the Manual  on Sampling and 
Analysis of Soil  (Cools & De Vos 2010a), 
by the organisation of interlaboratory com-
parisons  (Cools  et  al.  2003,  Cools  et  al. 
2004,  Cools et al. 2006,  Cools et al. 2007, 
Cools & De Vos 2010b) and by the distribu-
tion of a forest  soil  reference material.  Im-
portant  improvements  in  the  BioSoil  data-
base compared to the database based on the 
first inventory are:

The application of harmonised methods in 
the field:
• All countries use the same fixed depth in-

tervals  [0-(5)-10-20-40-80  cm]  for  sam-
pling of the composite samples. Sampling 
according  to  horizons  is  restricted  to  the 
sampling of the profile pit mainly for soil 
classification purposes.

• The  organic  layer  is  not  sampled  as  a 
whole  but  according  to  the  subhorizons 

OL, OF, OH, Hf, Hfs, Hs) and peat layers 
are designated with a separate code.

• A minimum number of subsamples are to 
be included in the composite sample.

• Minimum requirements  have  been  set  to 
the sampling design concerning the spatial 
distribution of the sampling points across 

the monitoring plot.
The laboratory methods have been refined, 

for example:
• Particle size distribution is to be conducted 

by the pipette  method (ISO 11277 1998) 
and the texture  class is derived using the 
USDA texture triangle (FAO 1990);
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Tab. 4 - Number of plots and percentage of total number of plots for which the given variable/parameters for the mineral surface and subsur -
face layer is available in the BioSoil Level I database of the 2006-2008 survey.

Parameters
0 - 10 cm 20 - 40 cm 40 - 80 cm

No. plots % No. plots % No. plots %
Texture class (and % clay, silt and sand) 3722 80 3228 69 2958 63
Measured or estimated bulk density of the fine earth 4180 89 3228 69 2926 63
Coarse fragments (vol % or mass %) 3549 76 2614 56 2268 49
pH(CaCl2) 4350 93 3320 71 3036 65
pH(H2O) 3586 77 3195 68 2910 62
Total Organic Carbon 4345 93 3320 71 3035 65
Total N 4345 93 2774 59 2534 54
Carbonates 1130 24 902 19 873 19
Exchangeable acidity, free H, Fe, Al, Mn, Ca, K, Mg, Na 3956 85 3245 69 2927 63
Macronutrients (P, Ca, K, Mg, Mn) 3977 85 2593 55 2373 51
Micronutrients and heavy metals (Cu, Pb, Cd, Zn, Al, Fe, Cr, Ni, S, Na) 4046 87 1409 30 1366 29
Acid oxalate extractable Al and Fe 2473 53 2392 51 2179 47
Total Al, Ca, Fe, K, Mg, Mn, Na 543 12 496 11 393 8

Tab. 5 - The plotwise paired mean difference of pH(CaCl2) in the forest floor and the four 
fixed depth mineral layers (0-10 cm, 10-20 cm, 20-40 cm and 40-80 cm) according to 5 pH 
classes for common plots in  the Level I surveys of 1985-1996 and 2004-2008. The last 2 
columns show the 95 % confidence interval (95% C.I.) after bootstrapping the mean diffe-
rence and an indication if this mean difference is significant different from zero (no change). 
(**): significant at 95% confidence limits; (ns): not significant.

Layer pH 
Class

pH (CaCl2) 
range

No. 
observations

Mean 
difference

95 % 
C.I. Prob.

Forest floor 
(OF &OH layer)

1 ≤ 3.2 292 0.18 [0.15; 0.22] **
2 3.2 - 4 498 -0.01 [-0.04; 0.03] ns
3 4 - 5 324 0.01 [-0.04; 0.07] ns
4 5 - 6 186 -0.04 [-0.13; 0.05] ns
5 > 6 144 -0.20 [-0.3; -0.11] **
- whole 1444 0.01 [-0.01; 0.04] ns

Mineral topsoil 
(0 - 10 cm)

1 ≤ 3.2 119 0.27 [0.21; 0.33] **
2 3.2 - 4 829 0.06 [0.04; 0.08] **
3 4 - 5 583 -0.04 [-0.08;  0.001] **
4 5 - 6 199 -0.19 [-0.27; -0.1] **
5 > 6 452 -0.19 [-0.24; -0.15] **
- whole 2204 -0.03 [-0.05; -0.01] **

Mineral soil 
(10 - 20 cm)

1 ≤ 3.2 29 0.25 [0.15; 0.4] **
2 3.2 - 4 564 0.09 [0.07; 0.12] **
3 4 - 5 934 -0.03 [-0.06; -0.01] **
4 5 - 6 149 -0.22 [-0.32; -0.11] **
5 > 6 434 -0.18 [-0.23; -0.14] **
- whole 2110 -0.04 [-0.06; -0.02] **

Mineral soil 
(20 - 40 cm)

1 ≤ 3.2 7 0.65 [0.46; 0.87] **
2 3.2 - 4 171 0.20 [0.13; 0.3] **
3 4 - 5 311 -0.08 [-0.11; -0.03] **
4 5 - 6 33 -0.03 [-0.27; 0.29] ns
5 > 6 146 -0.34 [-0.47; -0.25] **
- whole 668 -0.06 [-0.1; -0.01] **

Mineral soil 
(40 - 80 cm)

2 ≤ 4 74 0.14 [0.07; 0.32] **
3 4 - 5 240 -0.04 [-0.08; 0.03] ns
4 5 - 6 32 -0.11 [-0.34; 0.2] ns
5 > 6 87 -0.27 [-0.42; -0.14] **
- whole 433 -0.06 [-0.1; -0.003] **
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• The distinction between “total” (or extrac-
table  by  aqua  regia)  and  “total  total” 
(complete destruction of the sample) ana-
lysis have been made following ISO stan-
dards.
All  laboratories  reporting soil  data to  the 

database had to use the reference methods:
• The  reference  methods  follow  the  ISO 

standards whenever applicable.
• The laboratory performance is followed up 

by interlaboratory comparisons every other 
year.

• During the BioSoil survey, the laboratories 
could use the FSCC soil reference material 
for internal quality control.
Forest floor and soil classification:

• Harmonised  definitions  of  humus  forms 
and the application of the general level of 
the European Humus Classification System 
(advised by Zanella et al. 2009).

• Supporting profile description and laborat-
ory  analyses  are  mandatory  according  to 
FAO (2006) based guidelines.

• The  classification  following  the  World 
Reference  Base  for  Soil  Resources  2006 
(IUSS  Working  Group  WRB  2007)  is 
mandatory.
Geographically  there  is  a  substantial  im-

provement in the overlay with the tree vita-
lity inventory on the Level I plots. In the first 
inventory the forest soil condition was often 
conducted on (a subset of) national forest in-
ventory plots  while  in  the  BioSoil  survey, 
the systematic 16 x 16 km grid has been bet-
ter  respected  and  provides  a  representative 
sample of the forest soils in Europe.

Change in pH(CaCl2) and base 
saturation on the Level I plots

The  first  and  the  second  pan-European 
forest  soil  surveys  have  more  than  2000 
Level  I  plots  in  common  where  the 
pH(CaCl2) in the upper 10 cm of the mineral 
soil is available. Although there has been a 
minor change in the reference method, where 
previously  the  1:5  ratio  was  measured  on 
weight  basis  where  currently  a  volumetric 
basis is used, it may be assumed that metho-
dological differences are minor for this soil 
variable. This assumption is further suppor-
ted by the small coefficients of variation for 
pH(CaCl2) in the FSCC interlaboratory com-
parisons which have been conducted at regu-
lar time intervals between both surveys.

To  gain  a  better  understanding  in  the 
changes of the pH(CaCl2),  the variable has 
been  split  into  five  classes.  The  same 
pH(CaCl2)  class  limits  as  applied  in  the 
Forest Soil Condition Report (Vanmechelen 
et al. 1997) have been used (pH ≤ 3.2, 3.2 < 
pH ≤ 4.0, 4.0 < pH ≤ 5.0, 5.0 < pH ≤ 6.0 and 
pH > 6.0)  to  allow comparability  with  the 
first inventory.

A second important forest soil property is 
the base saturation (BS). The changes in % 
BS between the first and the second inven-

tory are compared. The BS has been calcu-
lated as the sum of the basic exchangeable 
cations (Ca , Mg, K and Na) to the effective 
cation exchange capacity of the soil (by ex-
traction  in  a  unbuffered  BaCl2 solution). 
Similar to the pH(CaCl2) the BS values were 
split  into  five  classes  following  the  limits 
used in the evaluation of the first inventory: 
BS ≤ 10%, 10% < BS ≤ 20%, 20 < BS ≤ 
50%, 50 < BS ≤ 95% and BS > 95%. As the 
BS in the forest floor was never below 20% 
or above 95%, different classes limits were 
applied for this forest floor: BS ≤ 50%, 50 < 
BS ≤ 60%, 60 < BS ≤ 70%, 70 < BS ≤ 80% 
and BS > 80%.

A second stratification was conducted fol-
lowing  the  Reference  Soil  Groups  of  the 
WRB  Soil  Classification  (IUSS  Working 
Group  WRB  2006,  2007)  both  for  the 
pH(CaCl2)  and the  BS values in  the  forest 
floor and the mineral soil layer 0-10, 10-20, 
and 20-40 cm.

Statistics were calculated using the TIBCO 

SPOTFIRE S+ 8.1  FOR WINDOWS (2008).  Boot-
strapping  was  used  as  a  resampling  tech-
nique to  obtain  confidence intervals  (C.I.s) 
for  the  plotwise  paired  mean difference  in 
soil pH(CaCl2) between the two surveys. In 
the  bootstrap,  B  new samples,  each  of  the 
same size  as  the  observed  data,  are  drawn 
with  replacement  from  the  observed  data. 
For  more information  on  the bootstrapping 
technique, see Johnson et al. (1990). The ap-
plied  number  of  resamples  (B)  was  5000. 
Confidence intervals  were calculated  based 
on bias-corrected and accelerated (Bca) per-
centiles at 2.5 and 97.5%, respectively.

Results and discussion
Mean paired differences of pH(CaCl2) and 

BS were computed for each Level I plot as 
the  difference  between  the  values  of  the 
second value minus the value of the first sur-
vey  where  negative  values  indicate  a  de-
crease of the variable relative to the first sur-
vey.  Tab. 5 shows an overall significant de-
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Tab. 6 - The plotwise paired mean difference in % base saturation (BS) in the forest floor 
and the four fixed depth mineral layers (0-10 cm, 10-20 cm, 20-40 cm and 40-80 cm) ac-
cording to 5 classes for common plots in the Level I surveys of 1985-1996 and 2004-2008. 
The last 2 columns show the 95 % confidence interval after bootstrapping the mean differ -
ence and an indication if this mean difference is significant different from zero (no change).  
(**): significant  at  95% confidence limits;  (*):  significant  at  90% confidence limits;  (a):  
when statistically significant at the 90 % but not at the 95% significance level; the 90% con-
fidence interval is given; (ns): non significant.

Layer BS 
class

BS range 
(%)

No. 
observations

Mean 
difference

95 % 
C.I. a Prob.

Forest Floor 
(OF & OH layer)

1 ≤ 50 67 5.0 [2.5; 7.5] **
2 50 - 60 97 -1.6 [-3.5; 0.3] ns
3 60 - 70 101 -4.7 [-6.3; -2.9] **
4 70 - 80 82 -7.6 [-9.5; -5.9] **
5 > 80 62 -8.7 [-10.8; -6.7] **
- whole 409 -3.5 [-4.6; -2.5] **

Mineral topsoil 
(0 - 10 cm)

1 ≤ 10 165 5.8 [4.3; 8.3] **
2 10 - 20 301 5.2 [3.7; 7] **
3 20 - 50 413 -1.8 [-3.2; -0.2] *
4 50 - 95 344 -5.5 [-7.5; -3.6] **
5 > 95 336 -2.9 [-4.1; -2.1] **
- whole 1559 -0.7 [-1.4; 0.1] ns

Mineral soil
 (10 - 20 cm)

1 ≤ 10 226 5.7 [4.2; 8] **
2 10 - 20 262 4.7 [3.1; 6.6] **
3 20 - 50 428 -1.7 [-3.5; 0.1] ns
4 50 - 95 303 -8.7 [-11; -6.2] **
5 > 95 280 -3.7 [-5.5; -2.5] **
- whole 1499 -1.3 [-2.2; -0.3] **

Mineral soil 
(20 - 40 cm)

1 ≤ 10 126 5.7 [3.5; 9.7] **
2 10 - 20 100 3.6 [0.5; 7.7] **
3 20 - 50 133 -8.0 [-10.9; -4.7] **
4 50 - 95 122 -14.5 [-19; -9.9] **
5 > 95 177 -3.3 [-6.1; -1.9] **
- whole 658 -3.6 [-5.1; -2] **

Mineral soil 
(40 - 80 cm)

1 ≤ 10 21 4.0 [1; 11.3] **
2 10 - 20 27 4.6 [-1.4; 16.9] ns
3 20 - 50 31 -7.9 [-13.6; -1.1] **
4 50 - 95 36 -7.2 [-15.3; -0.7] *
5 > 95 43 -0.8 [-2.9; -0.1] **
- whole 158 -0.8 [-5.2; 0.8] ns
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crease of 0.03 pH units in the 0-10 cm mine-
ral soil layer on 2204 plots. With increasing 
soil  depth,  the  data  availability  decreases, 
though an increasing difference till 0.06 pH 
units is seen in the deeper soil layers.

The  stratification  according  to  five  pH 
classes  allows  more  differentiation  within 
this general picture. A statistical significant 
increase in pH (CaCl2)  between the second 
and the first soil inventory of 0.27 pH units 
is seen in the upper mineral soil layer in soils 
with a reference pH (first survey) lower than 
or equal to 3.2. In the pH class 3.2 to 4.0,  
this significant increase comes down to 0.05 
pH units. In the higher pH classes, an oppo-
site trend is seen, namely a decrease between 
0.04 and 0.19 pH units. Similar trends could 
be found in the deeper mineral soil  layers. 
Note that the available data for the 40-80 cm 
in the first inventory was limited to only 4 

countries (433 plots) of which two countries 
only sampled up to 60 cm depth. In the or-
ganic  layers  statistically  significant  differ-
ences were seen in pH class 1 (increase) and 
pH class 5 (decrease).

Tab.  6 shows that  the BS in  the  mineral 
soil  significantly increases with 4 to 6% in 
all  mineral  soil  layers  up  to  40  cm depth 
when the reference BS (first survey) was be-
low 20%. When the BS in the first  survey 
was above 20%, a statistically significant de-
crease  is  observed  between  1  and  15% in 
most of the mineral soil layers. In the forest 
floor, where the level of BS is higher com-
pared to the mineral soil, a statistically posi-
tive  trend  (increase  in  BS  of  5%)  is  seen 
when BS was below 50% and a statistically 
negative trend (decrease between 5 and 9%) 
when the BS was above 60%.

Tab. 7 shows the results of the stratifica-

tion of the changes in pH(CaCl2) and % BS 
according  to  the  nine  most  frequently  de-
scribed WRB Reference Soil Groups (RSG) 
on the Level I plots. The information on the 
40-80  cm layer  is  not  shown  as  the  data 
availability is rather limited. The trend when 
stratifying  according  the  RSGs  is  less 
straightforward compared to the trends seen 
in the stratification according to the pH and 
BS classes.  There is  a decrease of soil  pH 
and BS in the forest floor of the Arenosols 
and Podzols. In the Podzols this decreasing 
trend  did  not  persist  in  the  mineral  soil 
though this decreasing trend continued in a 
number of mineral soil layers of the Areno-
sols. The only consistent increasing trend of 
pH and BS was seen in the forest floor of the 
Luvisols and Cambisols.

As pH(CaCl2) and BS are strongly correl-
ated in forest soils (Blaser et al. 2008,  Van-
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Tab. 7 - The plotwise paired mean difference in pH(CaCl2) and % base saturation (BS) in the forest floor and three fixed mineral layers (0-
10 cm, 10-20 cm and 20-40 cm) according to the most frequently found WRB Reference Soil Groups (RSG) on common plots in the Level I  
surveys of 1985-1996 and 2004-2008. (**): significant at 95% significance level; (*): significant at 90% significance level; (a): The 90%  
confidence interval is given when it was significant at the 90% thought not significant at the 95% significance level; (ns): non significant.

Layer
WRB 
RSG

pH (CaCl2)
Prob.

% base saturation
Prob.No. 

plots
Mean

difference 95% C.I. a No. 
plots

Mean
difference 95% C.I. a

Forest floor Cambisols 335 0.09 [0.05; 0.14] ** 57 -1.7 [-4.9; 1.1] -
Regosols 302 0.02 [-0.04; 0.06] - 153 -3.9 [-5.5; -2.3] **
Podzols 196 -0.05 [-0.10; -0.001] ** 121 -4.0 [-5.6; -2.4] **
Arenosols 135 -0.09 [-0.16; -0.01] ** 44 -6.2 [-9.4; -3.7] **
Luvisols 92 0.10 [0.01; 0.19] * 2 - - -
Leptosols 135 -0.06 [-0.17; 0.03] - 14 -6.9 [-9.6; -4.2] **
Umbrisols 55 0.02 [-0.08; 0.17] - 1 - - -
Stagnosols 30 0.05 [-0.05; 0.15] - 16 4.7 [-3.2; 11.4] -
Gleysols 21 0.01 [-0.26; 0.32] - 0 - - -

0-10 cm Cambisols 645 -0.02 [-0.06; 0.02] - 498 0.7 [-0.8; 2.2] -
Regosols 368 -0.04 [-0.08; -0.008] ** 275 -0.3 [-4.7; -0.9] **
Podzols 252 -0.01 [-0.06; 0.03] - 181 -0.8 [-2.4; 0.9] -
Arenosols 182 -0.08 [-0.13; -0.02] ** 145 -3.7 [-6.4; -0.8] **
Luvisols 146 0.01 [-0.08; 0.09] - 104 3.9 [0.8; 7.8] **
Leptosols 213 -0.06 [-0.11; -0.002] * 89 1.0 [-0.4; 3.6] -
Umbrisols 82 -0.03 [-0.15; 0.07] - 60 -4.4 [-8.8; 1.4] -
Stagnosols 57 -0.01 [-0.10; 0.08] - 53 -4.2 [-8.7; -0.1] *
Gleysols 48 0.04 [-0.12; 0.19] - 33 5.6 [1.3; 11.5] **

10-20 cm Cambisols 610 -0.06 [-0.1; -0.02] ** 472 -1.2 [-2.8; 0.4] -
Regosols 361 -0.03 [-0.06; -0.002] * 272 -1.2 [-3.6; 1] -
Podzols 232 0.00 [-0.04; 0.03] - 181 -1.3 [-3.2; 0.7] -
Arenosols 166 -0.05 [-0.09; -0.006] * 144 -1.4 [-4.7; 1.7] -
Luvisols 140 -0.01 [-0.10; 0.08] - 105 3.6 [0.1; 7.7] *
Leptosols 177 -0.02 [-0.08; 0.05] - 70 1.5 [-0.6; 4.3] -
Umbrisols 78 -0.04 [-0.10; 0.05] - 58 -10.6 [-16.4; -4.1] **
Stagnosols 53 0.01 [-0.07; 0.15] - 52 -4.0 [-7.6; -0.4] *
Gleysols 46 -0.02 [-0.2; 0.16] - 32 0.2 [-5.2; 7.0] -

20-40 cm Cambisols 290 -0.04 [-0.10; 0.03] - 288 -0.7 [-2.7; 1.4] -
Regosols 64 -0.10 [-0.24; -0.009] ** 61 -8.7 [-15.3; -3.5] **
Podzols 37 0.10 [-0.006; 0.22] - 36 -1.1 [-7.4; 5.8] -
Arenosols 64 0.01 [-0.04; 0.07] - 64 -8.7 [-12.5; -5.2] **
Luvisols 24 0.00 [-0.30; 0.36] - 24 0.1 [-12.1; 13.5] -
Leptosols 24 -0.06 [-0.31; 0.10] - 2 - - -
Umbrisols 34 -0.11 [-0.22; 0.03] - 34 -6.9 [-14.7; 2.3] -
Stagnosols 34 -0.06 [-0.29; 0.08] - 34 -11.2 [-18.8; -6.1] **
Gleysols 21 -0.23 [-0.50; -0.005] ** 20 -1.9 [-12.3; 6.9] -
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mechelen  et  al.  1997),  the  analyses  of  the 
trend for both properties seem to show a re-
covery  after  acidification  in  the  most  acid 
forest soils [with pH(CaCl2) ≤ 4.0 or BS ≤ 
20%].  These  acid  and/or  strongly  leached 
soils  are  mainly found in north  and north-
west  Europe.  These  findings  are  supported 
by  the  study  of  Matschonat  &  Falken-
gren-Grerup  (2000) who  observed  in  sou-
thern  Sweden  between  1988  and  1996  in-
crease  in  the  exchange  saturation  and  pH 
only  in  those  soils  with  small  cation  ex-
change capacity and low buffering capacity. 
Also  Vanguelova  et  al.  (2010) found a re-
covery of soil pH between 1995 and 2006 on 
sites with very low buffering capacities. On 
the  other  hand  a  further  acidification 
between roughly 1994 and 2006 is observed 
on the forest soils with pH(CaCl2) above 4.0 
or a base saturation above 20% in the mine-
ral soil. One possible explanation for the ob-
served changes is the decreased atmospheric 
deposition.  Soils  with  relatively  high  pH, 
base saturation and cation exchange capacity 
are better represented in the southern parts of 
Europe.  While  atmospheric  deposition  has 
decreased whole over Europe over the past 
three decades (Driscoll et al. 2006), also the 
deposition of base cations decreased (Hedin 
et  al.  1994,  Likens  et  al.  1996).  This  de-
crease  might  have  a  different  influence  on 
base saturation in a variety of soil  types in 
different  part  of  Europe.  Draaijers  et  al. 
(1997) showed  that  soils  in  eastern  and 
southern Europe mainly rely on atmospheric 
deposition  for  the  supply  of  base  cations 
while in Scandinavia weathering is the domi-
nant supplier of basic cations.

These trends  of recovery and decrease of 
soil  pH and BS are similar in the 0-10 cm 
and 10-20 cm layers while the difference in 
the  lowest  and  highest  pH  classes  and 
highest BS classes are more explicit  in the 
20-40 cm layer. Based on the current know-
ledge of forest soil acidification and the re-
lated  recovery  processes,  these  trends  are 
hard to explain. Sverdrup et al. (2005) postu-
lated  rather  a  poorer  recovery with  increa-
sing soil depth based on the theory that due 
to differences in properties of individual soil 
horizons,  different  parts  of  the  soil  profile 
acidify and recover at different rates. In the 
acidification process, there could be a signi-
ficant delay from the topsoil,  which is first 
affected by acid deposition, to the bottom of 
the soil profile. During acidification, hydro-
gen and Al+ ions mobilized in the soil solu-
tion may exchange with the base cations on a 
cation exchangeable complex and delay the 
decrease in pH. During recovery, the reverse 
process  could  occur,  and  while  the  upper 
layers  recover,  simultaneously  the  bottom 
layers  may still  acidify.  This  phenomenon 
will  be  further  investigated  based  on  the 
gradients  in  pH and  BS within  each forest 
soil profile.

Further investigations on possible relation-
ships between the established changes in pH 
and base saturation with other soil variables 
such  as  exchange  capacity of  the soil,  soil 
texture, organic carbon content, nitrogen and 
anthropogenic  pollutants  (such  as  Pb)  will 
be conducted. These correlation studies will 
lead to a better understanding of the detected 
changes.

The classification of the Level I plots  ac-
cording  to  the  World  Reference  Base  for 
Soil Resources (IUSS Working Group  WRB 
2006,  2007)  provides  an  important  added 
value of the ICP Forests database as this har-
monised  information  cannot  be  deduced 
from soil maps at the European scale (such 
as the Soil Atlas of Europe by the European 
Soil  Bureau  Network  -  European  Commis-
sion 2005) as these maps are mainly based 
on  data  from agricultural  land  whereas the 
situation in forests might be completely dif-
ferent.

Conclusions
The ICP  Forests  soil  database provides  a 

very  valuable  basis  for  the  monitoring  of 
forest  soil  data.  An  often  overlooked  but 
very  important  benefit  of  the  ICP  Forests 
databases  in  comparison  with  other  Pan-
European  forest  databases,  is  that  the  data 
have been collected by applying harmonised 
methods both in the field and in the laborat-
ory and  that  the  laboratory performance  is 
guarded by regular interlaboratory comparis-
ons.  The current  Level  I  database contains 
2421 plots included in two forest soil invent-
ories  with  an  average  time  interval  of  12 
years enabling statistical powerful comparis-
ons.  Notwithstanding  the  limitiation  that  a 
number of parameters and laboratory meth-
ods  have  changed  over  time,  the  variables 
pH(CaCl2),  organic  carbon,  total  nitrogen, 
exchangeable  elements  and  aqua  regia ex-
tractable elements in the mineral and organic 
layer offer valuable  monitoring information 
on the status and trends of European forest 
soil condition. Over a period of approxima-
tely 12 years (1994-2006) statistically signi-
ficant changes in soil pH and base saturation 
could  be  established.  It  however  asks  for 
more in depth investigations to fully under-
stand these changes.
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