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Abstract. A clearcut stand of Pinus sylvestris  in Flanders (Belgium) was limed with 3 ton/ha 
dolomite and reforested with Acer pseudoplatanus  and Fagus sylvatica. Soil water monitoring 
revealed an overall decrease of ion concentrations and an annual peak in September due to 
seasonal nitrification. Liming reduced concentrations of N0 - and Al3+ and raised concentrations 
of K+ and Mg2+ and the molar ratio of (Ca+Mg)/Al. Liming also stimulated release of S04

2 

which prevented a rise of pH, except during nitrification peaks. Liming had no effect on height 
increment of Fagus but stimulated Acer, which suffered from severe deficiencies of calcium (Ca), 
magnesium (Mg), potassium (K), and phosphorus (P) without treatment. Nitrogen (N) was not 
growth-limiting for Fagus or Acer and liming had no effect on N concentrations in leaves of both 
species. Liming had a strong impact on ground vegetation. Nutrient-demanding species expanded 
while species that tolerate nutrient-poor conditions decreased. It is argued that changes in ground 
vegetation had a greater impact on reduction of N03- concentration in soit water than increased 
tree growth. 

 
 

1. Introdnction 
 

Liming is frequently applied to counteract soil acidification and forest 
ecosystem degradation, hut it can provoke undesired side effects. In genera! 
liming stimulates nitrification, resulting into elevated NO,- concentrations in 
soil water (Geary and Driscoll, 1996; Kreutzer, 1995; Matzner et al., 1983; 
Simmons et al., 1996). In particular, in N saturated forests N03--losses threaten 
groundwater quality. Intensive mineralisation and nitrification also occurs after 
clearcutting (Bormann and Likens, 1979; Pardo et al., 1995). Research about 
liming of a clearcut is scarce, perhaps because liming is often assumed to 
aggravate nutrient losses. Yet, a stimulation of tree growth and establishment of 
a nutrient-demanding ground vegetation might compensate for increased 
nitrification. Revegetation proves to be playing a key role in nutrient retention 
on clearcut forest stands (Bormann and Likens, 1979; Pardo et al., 1995) and 
the appearance of nutrient-demanding plant species after liming has frequently 
been observed (Fehlen and Picard, 1994; Rodenkirchen, 1995; Seidling, 1994; 
Van Dobben, 1993). The impact of liming on soil water chemistry and 
revegetation of a clearcut was studied by a field experiment. 

 



 

2. Site description 
 

The experimental clearcut is situated at Ravels State Forest, in the northeastem 
part of Belgium (Flanders) close to the border of the Netherlands. The forest is 
located at the edge of the Campine plateau in a flat area, with an altitude of 33 
m above sea level. Average annual precipitation and temperature are 830 mm 
and 10.3°C respectively. The Campine plateau originates from a m ixture of 
tertiary sands and gravel-rich sands deposited by the river Meuse. During the 
Pleistocene, these sands were covered by coarse aeolian sand deposits. At the 
lower parts, the soil contains a higher loam fraction. Soils are  classified  as 
Haplic Podzols (FAO, 1988). 

The Forest covers 811 ha and was planted between 1906 and 1931 on 
heathland. Homogeneous stands of Pinus nigra ARNOLD ssp. laricio  and 
Pinus sylvestris L. dominate (54% of forest area), deciduous stands and shelter 
beits with deciduous species (Fagus sylvatica L., Quercus robur L. and Q. 
rubra L.) cover 18% of the forest and mixed  stands cover about 15%. Prunus 
serotina Ehrh., Molinia caerulea L. and Hypnum cupressiforme Hedw. 
dominate the shrub; herb and bryophyte layers respectively. 

The experimental stand, situated near the northeastern border of the  forest, 
has a surface of 8.2 ha. Before afforestation with Pinus sylvestris in 1921, the 
soil was ploughed and fertilized with kainite (0.85 ton/ha), basic slag (0.85 
ton/ha), and NH,N03 (0.225 ton/ha), and cultivated with potatoes and lupines. 
The stand was clearcut between November 1991  and  March  1992. Peiling 
debris was mulched by a tractor-mounted brush cutter in April 1992. 

Excessive N depositions have been observed at Ravels Forest, mainly 
originating from intensive husbandry surrounding the forest. Between 1992 and 
1996 average annual N depositions via throughfall amounted to 52 kg/ha at the 
center of the forest (De Schrijver et al., 1998). NH4+ depositions show a gradual 
increase towards the southwest border, where they reach about 250 % of the 
amount deterrnined at the center (De Schrijver et al., 1998). 

 
 

3. Materials and methods 
 

3.1. EXPERIMENTAL DESIGN 
 

The experiment is an unreplicated study, set up as a split-plot design to 
investigate effects of dolomite liming on growth and nutrient status of Quercus 
robur L., Fagus sylvatica L. and Acer pseudoplatanus L.  saplings. On  the 
clearcut, 4 blocks of 0.75 ha were set out and each block was subdivided in 3 
major plots of 50m x 50m. Each major plot was reforested with a single tree 
species and subdivided into a control and a limed subplot. In November 1992, 
tree saplings with an average height of  1.27 m were planted on a 2 m x 2 m 



 

" 

 

spacing. One month before, a dose of 3 ton/ha eae03, containing 18% Mgü 
was applied on the surface humus layer. The diameter of the dolomite 
granulates ranged between 0.5 and 4 mm. 

 
3.2. SOIL WATER MONITORING 

 
In each subplots planted with Fagus and Acer (not in subplots with Quercus), a 
suction porous cup lysimeter was installed in the E horizon at 45 cm depth, 
below the rooting zone of the tree saplings. Soil water of the 16 lysimeters was 
collected every 3 months, from March 1993 until June 1995, totalling 10 
sampling occasions.  Two days before  collection,  a suction of  50 kPa was 
appl ied. eoncentrations of N03', 80/, and er in soil water were detennined hy 
IeP, concentrations of ea2 ', Na+, and K' by flame photometer, and Mg" and 
Al3 concentrations by atomie absorption. Preliminary analyses indicated that 
concentrations of NH/ were negligible. Monitoring of Na+ and er was stopped 
as soon as it appeared that both ions were not significantly înfluenced by timing 
or tree species and that they balanced each ether. Therefore, ion balance was 
calculated without Na+ and er. 

Pearson product-moment correlations were calculated to obtain a nonnalized 
and scale-free measure of linear associations  between  soil  water  parameters. 
Data that were missing for one or more sampling times due to drought, were 
calculated by means of signîficant (p < 0.001) linear regressions with other soil 
water parameters. ealculated missing values were used for presentation, not for 
statistica! analysis. Evaluation of the impact of tree species, liming and time 
required specific attention since the experiment is a combination of a split-plot 
design and a  repeated measures design. A repeated measures design can be 
handled as a split-plot design, with time in the within stratum of the ANOVA 
(Mathsoft, 1997). The complete breakdown of the  resulting  split-split-plot 
design is given by Table I. Box-Cox transformations (Neter et al" 1990) were 
applied in case data did not fit normal distribution. 

 
3.3. GROUND VEGETATION SURVEY 

 
Ground vegetation was surveye<l in May and June 1995, in 3 sample plots of 9 
m2 set out randomly within each subplot The survey included bryophytes, herbs 
and natura! regeneration of shrubs and trees. The combined scale of  Londo 
(1984) was applied to estimate cover of individual species.  Total  vegetation 
cover was  deterrnined as the sum  of  individual  species cover.  Detennination 
and nomenclature of vascular plants and bryophytes followed Lambinon et al. 
(1998) and  Touw and Rubers (1995) respectively. Descriptions of life forms 
followed Raunkiaer, as mentioned in Ellenberg et al. (1992). Wilcoxon signed 
rank tests were used to examine influence of liming on cover and  species 
number. 



 

 

TABLE 1 
 

Partitioning of the df's in the split-split-plot design of the soil water monitoring.The df's in the 
within stratum and the total number of df s depend upon the number of missing values. 

 
 

Component df 
 

 

Blocks 3 
Tree Species (S) 
Majorplot Error 3 
Total Majorplots 7 

 
Liming (L) 
Liming x Tree Species (L x S) 
Subplot Error 
Total Subplots 

 
Time (T) 
Time x Liming (T x L) 
Time x Liming x Tree Species (T x L x S) 
Residuals 

 
 

1 
6 
15 

 

minimal 6 - maxima! 9 
minimal 6 - maxima! 9 
minimal 6 - maxima! 9 

minimal 54 - maxima! 93 
  

Total minimal 84 - maxima! 135 
 

 

 
 

3.4. GROWTH AND NUTRIENT STATUS OF TREE SAPLINGS 
 

Height increment of planted Acer pseudop/atanus and Fagus sylvatica was 
determined in September 1993, 1994, and 1995 on 25 marked individuals per 
subplot, totalling 200 individuals per species. Wilcoxon signed rank tests were 
used to examine influence of liming on growth of tree species. 

To evaluate nutrient status of tree saplings, leaves of 50 trees were collected 
in August into one bulk sample per subplot. Leaves were sampled randomly 
from all directions of the middle and upper part of the tree crown and dried for 
48 hours at 80°C. Thereafter, samples were ground in a mill and combusted for 
2 hours at 450°C. Ashes were extracted with a 1 N HN03 solution. Ca and K 
were determined by flame photometer, Mg was determined by atomie 
absorption, P was determined colorimetrically using vanadomolybdate as color 
reagens, and N was·determined by the Kjeldahl method with Se as catalyst. 

Impact of liming and time on foliar nutrient concentrations was analysed for 
each tree species separately in a split-plot design, with time and the interaction 
between time and liming  in the within stratum of the ANOVA. Box-Cox 
transformations (Neter et al., 1990) were used to normalize data whenever 
necessary. Concentrations of macronutrients were compared with criteria of 
Van den Burg (1988). 
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4. Results 
 

4.1. SOIL WATER CHEMISTRY 
 

ANOVA of soil water chemistry <lid not detect a sign ificant effect  of  tree 
species or a significant interaction of tree species with liming. Time was a 
significant factor for all soil water parameters, except  ion  balance  (Table  II). 
Due to intense mineralisation and nitrification, ion concentrations were high 
shortly after clearcutting, followed by an overall decline. An annual peak was 
observed  in  September (Figure !). 

 
 

TABLE II 
 

Results of ANOVA of soil water parameters. Abbreviations are explained in Table 1 
 

 

pH Al3+ Ca2+ Mg2+ K+ S0 2- NO . Ca+Mg Ion 3 
Al Balance 

 
 

Transformation xo_s    ( l+xr' x0_3 ( l+xr0_5 x"' x°' log(x) xo_s X0_3 
 

s df 
F 

 

4.39 

 

0.04 

 

2.34 

 

0.05 

 

3.26 

 

0.07 

 

0.73 

 

<0.01 

 

0.54 

 p 0.127 0.854 0.224 0.837 0.169 0.808 0.457 0.948 0.516 

L df 
F 

 

4.35 

 

10.95 

 

2.89 

 

26.23 
l 

18.93 

 

37.88 
l 

8.63 

 

27.09 

 

13.23 
 p 0.082 0.016 0.140 0.002 0.005 <0.001 0.026 0.002 0.01 l 

L x S df 1 l   1   1  
 F 0.09 0.29 0.54 0.01 3.77 4.00 l.28 0.06 0.75 
 p 0.774 0.610 0.490 0.924 0.100 0.092 0.301 0.815 0.420 

T df 9 8 9 9 8 8 7 8 6 
 F 2.83 10.61 18.07 11.68 33.57 3.70 23.14 2.92 1.60 
 p 0.005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.006 0.166 

T x L df 9 8 9 9 8 8 7 8 6 
 F 0.92 l.ll 0.72 1.22 1.94 2.38 1.40 0.76 0.73 
 p 0.512 0.365 0.689 0.293 0.064 0.023 0.218 0.639 0.628 

T x L x S df 9 8 9 9 8 8 7 8 6 

 F 0.80 0.18 0.55 0.43 0.58 1.13 1.32 0.27 0.21 
 p 0.617 0.993 0.834 0.916 0.792 0.352 0.253 0.974 0.972 
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Fig. 1 . Average soil water parameters by liming treatment and sampling occasion. Solid and dashed lines connect values determined at control and limed 

plots repectively. Filled markers represent calculated values 
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Liming had a significant (p < 0.05) influence on most soil water parameters, 
but not on pH and on Ca2+ concentration. Liming reduced average 
concentrations of NO,- from 1.49 to 1.27 meq/l. Al3+ was the dominant cation in 
soil water of both contra] and limed plots, although timing decreased its average 
concentration from 0.90 meq/I to 0.77 meq/l. Concentration of Mg2+ amounted 
to 0.11 meq/l at control plots and to 0.17 meq/l at limed ones. The molar ratio of 
(Ca + Mg)/Al on average equaled 0.48 at contra] plots and 1.03 at limed plots. 
Liming also raised concentration of K+ from 0.07 meq/l to 0.08 meq/I and 
concentration of sol from 0.19 meq/l to 0.36 meq/l, but there were 
interactions between time and timing for these 2 parameters. Liming initially 
increased concentrations of K+ and so/-, but at the end of the monitoring they 
drapped below values determined at the contra! plots (Figure 1). Comparison of 
ion balances (without Na+ and Cr) revealed that timing increased cation surplus, 
in particular in September 1993 (Figure 1). 

At both limed and control plots, Al3
 base cations, and ion balance were 

positively correlated with No,- (Table III). NO,- was negatively correlated with 
pH at contra] plots but not at limed ones, where a highly significant positive 
correlation with sol was recorded. At contra] plots, pH was correlated with 
ion balance, AJ'+ and NO,- in the first place and to a lesser degree with base 
cations. All correlations with pH at contra! plots were negative. At limed plots, 
pH was positively correlated with base cations and (Ca+Mg)/Al. 

 
 

TABLE III 
 

Correlations of soil water parameters with N03 and pH 
 

 NO;    pH  
Contra! Limed  Contra!  Limed 

r' p r2 p  r' p  r2 p 

pH -0.60   <0.001 -0.05 0.742     
Al3+ 

Ca2+ 

0.96    <0.001 
0.66   <0.001 

0.82    <0.001 
0.57   <0.001 

 -0.63    <0.001 
-0.44 0.002 

 -0.30 0.044 
0.53   <0.001 

Mg2+ 0.86   <0.001 0.64   <0.001  -0.55   <0.001  0.34 0.023 
K+ 0.84   <0.001 0.64   <0.001  -0.40 0.005  0.58   <0.001 
S042 

· 0.31 0.032 0.58   <0.001  -0.08 0.598  0.19 0.222 
NO}    -0.60   <0.001  -0.05 0.742 
(Ca+Mg)/AI 0.33 0.020 0.34 0.021  -0.21 0.123  0.54    <0.001 
Ion Balance 0.92   <0.001 0.90    <0.001  -0.64   <0.001  0.15 0.328 



 

 

4.2. GROUND VEGETATION 
 

Liming raised total cover of ground vegetation from 106% to  139%  (Test 
statistic = -2.886; p < 0.01) and increased  average species number per sample 
plot from 11.0 to 17.3 (Test statistic = -5.215; p < 0.001). In particular 
therophytes and hemicryptophytes were favored (Table IV and Figure 2). 

Lim ing also raised bryophyte species number per sample plot from 4.8 to 6.8. 
While Atrichum undulatum, Bryum argenteum, Ceratodon purpureus, Funaria 
hygrometrica, and Hypnum cupressiforme increased by timing, cover of 
Dicranella heteromalla decreased from 20.0% to 5.1%. Consequently,  total 
cover of bryophytes was not significantly affected. Lim ing reduced cover of 
wooden chamaephytes (Ericaceae) from 24.7% to 10.9% (Figure 2). 

 
 

TABLE IV 
 

Species which cover significantly increased or decreased by liming and life form of each species 
 

Species Life form Test statistic p 

Increased    
Atrichum undulatum Bryophyte -2.188 0.028 
Bryum argenteum Bryophyte -2.289 0.021 
Cerastiumfontanum Herbaceous Chamaephyte -3.132 0.002 
Ceratodonpurpureus Bryophyte -5.181 <0.001 
Epilobium angustifolium Hemicryptophyte -6.759 <0.001 
Funaria hygrometrica Bryophyte -6.716 <0.001 
Galinsago ciliata Therophyte -3.947 <0.001 
Hydrocotyle  vulgaris Hemicryptophyte -2.021 0.041 
Hypnum  cupress1forme Bryophyte -3.513 <0.001 
Juncus ejfusus Hemicryptophyte -2.600 0.009 
Poa annua Therophyte -3.651 <0.001 
Salix sp. Phanerophyte -4.538 <0.001 
Senecio vulgaris Therophyte -6.093 <0.001 
Sonchus oleraceus Therophyte -2.029 0.040 
Taraxacum sp Hemicryptophyte -4.857 <0.001 

Decreased    
Calluna vulgaris Wooden  Chamaephyte 3.521 <0.001 
Dicranella  heteromalla Bryophytc 3.759 <0.001 
Polytrichum longisetum Bryophyte 2.029 0.041 
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Fig.2. Influence oflim ing on cover and species number of life forms per sampling plot. 
Test units with different letters are significantly different (p < 0.05). B: bryophyte; H: 

hemicryptophyte (hibemating buds near soil surface); T: therophyte (annual); E: 
wooden chamaephyte (dwarf shrub); C: herbaceaus chamaephyte (hibemating buds 

above soil surface); P: phanerophyte (tree or shrub > 5m); 0: other life form. 
 
 

4.3. GROWTH AND NUTRIENT STATUS OF TREE SAPLINGS 
 

During all 3 years of monitoring, liming stimulated annual  height  increment  of 
Acer pseudoplatanus (Table V). Decline of annual height  increment  at  control 
plots from 13.7 cm in 1993 to 8.8 cm in 1995 was caused by unfavorable 
conditions for Acer pseudoplanatus  witbout  liming (TabIe V). 

Liming significantly ameliorated Ca, Mg and P status ofAcer, but P was still 
deficient at  limed plots   (Tables  VI  and  VII).  Concentrations of   all 
macronutrients, except N, systematically were insufficient for nonna] growth at 
control  plots  (Table  VI) and  probably Acer  suffered  from  Al-toxicity  as 
indicated by the low ratio of (Ca+Mg)/Al in soil water (Figure 1). Average N 
concentration decreased from 3.0 % in 1993 to 2.3 % in 1995 and reflected 
decline in soil water No,- concentration. N concentration dropped just below 
the limit for nonna! growth (2.2 %) in 1995 at limed plots (Table VI). 

 
 

TABLE V 
 

Average height increment (cm) of tree saplings 
 

  Acer pseudoplatanus    Fagus sylvatica  

Control Limed Test 
statistic 

p  Control Limed Test 
statistic p 

1993 13.7 28.4 53.76 <0.001  5.6 6.1 0.61 0.436 
1994 13.5 46.6 102.50 <0.001  38.0 46.2 2.18 0.140 
1995 8.8 47.6 104.99 <0.001  61.8 59.0 0.62 0.432 
Total 36.0 122.6 120.62 <0.001  105.4 111.3 0.24 0.626 

•Control 

DLimed 

b 
b a 

a• a 
a a b 

a a 

p E c H T B 0 

•Control a a 
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TABLE VI 

 
Average concentrations of macronutrients (mg/kg) in Ieaves of Acer pseudoplatanus and Fagus 
sylvatica, with an indication of relative sufficiency for optimal health and growth according to 

Van den Burg (1988) (++ : optimal; + sufficient; - deficient). 
 

 

1993 1994 1995 
 

   

Control Limed Control Limed Control Limed 
 

Acer 
Ca 

 
 

2894 

  
 

6882 

 
 

+ 

 
 

3906 

  
 

5856 

 
 

+ 

 
 

2065 

  
 

5858 

 
 
+ 

Mg 1882 + 3657 ++ 1067  2960 ++ 1487  1679 + 
K 7196  6302  4286  3870  7651  6642  
N 29876 ++ 31383 ++ 26489 + 26425 + 24966 + 21474  
p 1545 + 1705 + 1163  1157  1237  1387  
Fagus             
Ca 6040 + 7877 + 2354  3812  3777  4499  
Mg 1340  1817 + 2477 + 4812 ++ 1113  1817 + 
K 5306  4570  8252 + 6104 + 4727  4016  
N 26087 + 27281 ++ 28929 ++ 27937 ++ 25955 + 23494 + 
p 1455 ++ 1437 ++ 1290 + 1441 ++ 1237 + 1219 + 

 
 

TABLE VII 
 

Results of the ANOVA of macronutrients in leaves of tree saplings. 
 

 

Trans-  Liming   Time   Interaction 
formation df  F p df F p df  F p 

 
 

Acer 
Ca 108.18   <0.001 2 2.71 0.107 2 3.02 0.087 

 

Mg X0.5 

K X0.5 
35.51 <0.001 2 22.19 <0.001 2 14.07 <0.001 

5.38 0.060 2 21.18 <0.001 2 0.11 0.893 
N  1.29 0.300 2 37.47 <0.001 2 4.44 0.036 
p  13.90 0.010 2 29.81 <0.001 2 l .16 0.347 
Fagus          
Ca  59.37 <0.001 2 173.51 <0.001 2 3.48 0.064 
Mg (l+xf 1

 55.43 <0.001 2 47.83 <0.001 2 1.60 0.242 
K (1+xr 1 16.18 0.007 2 22.60 <0.001 2 0.12 0.888 
N  1.51 0.265 2 6.02 0.015 2 1.48 0.266 
p  0.90 0.380 2 26.87 <0.001 2 5.27 0.023 



 

+ 

+ 

+ 

 

Average height increment of Fagus sylvatica only amounted to 5.8 cm in 1993 
but  continued  increasing  to  60.5  cm  in  1995.  Liming  had  no  significant 
influence on growth (Table V), although it ameliorated nutrient status ofFagus 
for Ca and Mg (Tables VI and VII). Liming reduced K concentration, probably 
due to antagonisms of this element with Ca and Mg. N and P concentrations 
were always sufficient or optima! for growth  of Fagus  and they were not 
influenced by liming (Tables VI and VII). 

 
 

5. Discussion 
 

5.1. CHANGES OF SOIL WATER CHEMISTRY IN TIME 
 

Clearcutting of forest stands stimulates mineralisation and nitrification, 
resulting in elevated ion concentrations in soi 1 water (Bormann and Likens, 
1979; Pardo et al" 1995). This phenomenon was also observed at Ravels. 
During 2 years of monitoring, ion concentrations showed an overall decline 
with an annual peak in September. Matzner and Thoma (1983) reported a 
similar seasonal acidification push, due to enhanced nitrification  in the late 
summer period. Highly significant correlations of Al3 with NO; indicate that 
release  of  Al3

 buffered  seasonal  acidification.  The  significant  negative 
correlation of pH with N03- indicates that this buffer reaction could not prevent 
pH being affected by nitrification intensity at control plots. At limed plots, other 
buffer reactions were also important. Dissolving dolomite prevented seasonal 
acidification and caused a rise of soil water pH in September 1993 and 1994. 

The elevated cation excess in soil water of limed plots in September 1993 
could be ascribed to presence of HC03- or organic anions. The first assumption 
should be rejected, since macropore transport of HCO;, originating from 
dissolving dolomite, does not occur at pH below 6 (Hildebrand, 1988). Since 
the cation surplus in September 1993 is indicative of organic anions that 
originate from organic matter decomposition (Hildebrand, 1988; Geary and 
Driscoll, 1996), timing also stimulated mineralisation at Ravels" 

5.2. RELEASE OF so,2- BY LIMING 
 

Overall rise of soil water pH by liming was not significant, as it was 
counteracted by release of SO/. Forest soils are able to store acidity as Al- 
sulfates that dissolute after application of lime (Beese and Prenzel, 1985; Geary 
and Driscoll, 1996; Matzner et al" 1983; Prenzel and Meiwes, 1994). Release of 
SO/ by dissolution of Al-sulfates should be accompanied by an increased 
concentration of Al3+, so reduced concentration of Al'+ at limed plots of Ravels 
forest does not support this hypothesis. Precipitation of Al3 by formation of Al- 
hydroxides might have occurred, but it is possible that other mechanisms of 



 

 

so,Z- release were also involved. Functional groups or competing organic 
anions, mobilized by enhanced decomposition of organic matter, can release 
protons and thus provoke desorption of so,2· from sesqu ioxides in the illuvial 
B-horizon of spodosols (Gobran and Nilsson, 1988). Mineralisation of 
organically bound S can also stimulate SO/ release (Schindler and Mitchell, 
1987). 

 
5.3. REDUCTION OF NO; CONCENTRATIONS 

 
5. 3 . 1 .  MECHANISMS OF N RETENTION 
The case study at Ravels revealed a reduction of No,·concentrations in the soil 
water by  liming. These findings are contrary to results from most authors 
studying effects of liming in mature forests (Geary and Driscoll, 1996; 
Kreutzer, 1995; Matzner et al., 1983). Apparently retention mechanisms, 
enhanced by liming, reduced losses of mineralised N. Kreutzer ( 1995) gives an 
overview of such mechanisms: l ) Incorporation of NH3 into the humus, as it 
reacts with lignoid compounds; 2) Stabilization of organic N by condensation 
reactions with quinons, a process that results in polymers rich in N; 3) Increase 
in the microbial biomass that incorporates N; 4) Increase in the fine and 
medium root biomass. 

The research at Ravels does not allow judging upon the importance of the first 
3 mechanisms. Since liming had a striking effect on clearcut revegetation, the 
fourth mechanism obviously occurred. Several studies confirm importance of 
increase in root biomass for N-retention. Simmons et al. (1996) proved by 
means of a forest floor incubation experiment that roots could prevent excess 
No1·leaching after liming. Emelt et al. (1991), Marks and Bormann (1972), 
Pardo et al. (1995), and Stevens and Hornung (1990) demonstrated that 
enhanced revegetation can reduce N losses after clearcutting. 

 
5. 3 . 2 .  lNFLUENCE OF TREE SAPLINGS 
There are indications that changes in ground vegetation had a greater impact on 
reduction of NO; concentrations in soil water than increased uptake by tree 
saplings. Height increment of Acer was stimulated by liming but Fagus was 
indifferent. There was no significant effect of tree species on NO; 
concentration in soil water and in spite of the distinct response of both tree 
species,!here was no significant interaction with liming. N did not limit growth 
of Acer or Fagus and N concentrations in leaves of both species were not 
influenced by liming. Differences in NO; concentrations between control and 
limed plots were already clear in 1993, when impact of liming on height 
increment of Acer pseudoplatanus, although highly significant, was still small. 

 
5.3.3. lNFLUENCE OF GROUND VEGETATION 
Liming strongly increased total ground vegetation  cover of the clearcut m 



 
 

Ravels forest. In mature or young forest stands studied by Fehlen and Picard 
(1994), Seidling (1994), and Van Dobben (1993), ground vegetation cover did 
not increase so much, although a similar shift in species composition was 
reported. The vascular plant species and bryophytes that expanded i n Ravels are 
N-demanding, while cover  of species tolerant  to nutrient-poor conditions 
drastically decreased. Rodenkirchen (1995) mentioned intensified N-cyling by 
ground vegetation in combination with a shift from Ericaceae  and cryptogams 
towards Deschampsia jlexuosa and Epilobium angustifolium after repeated N- 
fertilizations in a mature pine forest. In N-limited boreal forests, Epilobium 
angustifolium is favored by N-fertilization  (Nams et al., 1993). Thomas et al. 
( 1994) proved that Dicranella heteromalla, a bryophyte species whose cover 
was severely reduced by liming, tolerates nutrient-poor soils much beller than 
Ceratodon purpureus and Funaria hygrometrica, two species that expanded by 
liming at Ravels. 

Probably nutrient-demanding species had already genninated in the spring of 
1993, since they were able to emerge instantaneously after clearcutting. Most of 
the bryophytes and vascular plant species that increased, build up long-term 
diaspore banks. Exceptions are Epi/obium angustifolium and Taraxacum sp" 
two anemochore species with excellent dispersal capacities that compensate for 
the absence of persistent seed banks (Brown and  Oosterhuis,  1985; Grime, 
1979; Jonsson,  1993; Kjellsson,  1992). 

According to Rodenkirchen (1995), establishment of nutrient-demanding 
species after liming is conditioned by insolation and indicator values listed by 
Ellenberg et al. (1992) confirm that species that increased are light-demanding. 
Rodenkirchen (1995) reported that liming of a mature stand of Picea abies with 
a dense canopy increased N- leaching, and that the shade-tolerant ground 
vegetation was unable to temper N-losses. 

Although liming enhanced clearcut revegetation and reduced average NO; 
concentration in soil water, the critica! value for drinking water, which is set at 
0.81 meq/l, was exceeded by far at both limed and contra] plots. In this case 
study, N retention capacity obviously was not sufficient to prevent leaching of 
high amounts of NO,- to ground water after clearcutting. 
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