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Abstract 
Olsson. M . T  1985. Long-term inzpact oflirne on the humus form ril a beech stcrtldotz scrr~c(~. till. Stuclicr 
Forestolia Suecrca 174. I2 pp. lSSN 0039-3150, lSBN Yl -576-2708-8. 

The study aims at describing long-term changes taking place In the humus form after Iming. 
4000 kg Ca per ha was applied to  a stand of Fagus silvatica on sandy till in south Sweden in 1955. 
The humus form and the sod profile were studied 30 years later as regards macro- and rnlcromor- 
phologicai properties. CEC. base saturation. pH. organic carbon. nitrogcn. phosphor~ls and 
potassium. Stand revision was carried out. The rcsults show that the humus form had changed 
from mull-like nioder to mull. Thls had been followed by a redistribution of nutrients. with 
decreased concentrations of nitrogen. phosphorus and potassium In the top soil. pH and base 
saturation had increased. Despitc the change of humus form. the stand growth was not affected by 
liming. 
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Introduction 

During recent years increasing attention has been paid to 
the liming of forest soils as a means of counteracting soil 
acidification. Lime is generally considered to increase pH 
and improve soil structure and biological activity. 

A great number of investigations show the beneficial im- 
pact of lime on structure in clayey soils (Perman & Manell, 
1937; Wiklander, 1963; Ledin, 1981). Altemiiller (1972) de- 
scribed the microscopic effects of calcium hydroxide on 
three different soils; sandy, silty and clayey, respectively. 
He found that it was not possible to observe any change in 
the arrangement of grains or aggregates of the treated 
soils. Chauvel et al. (1981), using a micromorphological 
technique, reported a better preserved soil fabric after 
compaction of soil to which lime had been added than 
when no lime had been added. After the addition of lime 
the material was much more resistant to water action and 
its bearing capacity increased. However, it is believed that 
these results are less relevant as regards coarse textured 
forest soils with a very low clay content. In the latter case 
other processes such as increased biological activity seem 
more important. 

The knowledge of the impact of lime on soil biology is 
mainly based on relatively short-term experiments. For in- 
stance, several incubation experiments showed that soil re- 
spiration increased after liming (PopoviC, 1983). This in- 

Materials and methods 
The studies were carried out in a stand of Fagus silvatica L. 
at Frodeparken in the province of Halland in south Sweden 
(56"52'N, 12"607E, 150 m a.s.l.), where lime was applied in 
1955 in a large series of fertilization experiments (PopoviC, 
1967). Lime was applied as 10000 kg limestone, i.e. 4000 
kg calcium, per ha on one plot, 40x40 m2, whereas 
another was not treated and left as a control. At the time of 
the present study, 1982, the stand was 65 years old. 

The site is characterized by sandy till (Fig. 1) on ar- 
chaean bedrock, base mineral index 6.5 (Tamm, 1934) and 
mesic moisture condition with lateral surface/subsurface 
water flow during longer periods (Hagglund & Lundmark, 
1977). Major climatic conditions are a mean annual tem- 
perature of +6S°C and an annual precipitation of 1046 
mm, resulting in a high humidity of 400 mm (Tamm, 1959). 
The original soil profile before liming was a Dystric Cam- 
bisol (FAO-Unesco, 1974) with the A horizon about 12 cm 
thick, the Bw horizon about 45 cm and the BC about 20 cm 
thick. The humus form was a mull-like moder. 

crease did not result in any net mineralization of nitrogen 
due to nitrogen being immobilized in the microflora. Simil- 
arly, Lundmark & Nommik (1984) showed that incubation 
of soil from a clear-felled area, at a site characterized by 
mor and Orthic Podzol, resulted in less mineralized nitro- 
gen in soil from a limed plot than in soil from an unlimed 
control plot. In accordance with the immobilization of ni- 
trogen, most liming experiments have not resulted in any 
increase in forest production (PopoviC & Anderson, 1984). 

However, it is proposed that the long-term impact of 
lime on soil leads to drastic changes in the type of litter 
turnover and to a change in the humus form towards cal- 
careous mull. Van Breemen & Brinkman (1976) claim that 
the humification process is favoured by reltively high ac- 
tivities of divalent metal cations. Such conditions are found 
in Mollisols and Vertisols. The change towards mull is gen- 
erally considered to increase the site's productivity. In con- 
clusion, liming might have a restrictive influence on pro- 
duction in the short run whereas the long-term impact is re- 
garded to be the reverse. This illustrates the background of 
the present project on long-term impact of lime on the 
humus form. The study is part of the project "Long-term 
Effects of Methods in Forestry on Soil Processes" (Olson, 
1983 a) and is financed by funds from the Swedish Council 
for Forestry and Agricultural Research. 

Stand revision was carried out by the Department of 
Forest Yield Research, Swedish University of Agricultural 
Sciences. At soil sampling for chemical analyses of the 
limed and unlimed soil, 9 and 10 horizons respectively 
were distinguished. The sampling was performed with a 
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Fig. I .  Cumulative part~cle size distribution. 



core sampler of known volume whereby it was possible to 
determine the total amount of different elements per m2. 
The chemical analyses carried out were pH in H,O, total 
organic carbon (wet combustion according to Nommik, 
1971), total nitrogen (Kjeldahl), total phosphorus in or- 
ganic horizons (wet combustion in sulphuric acid followed 
by colorimetric determination), phosphorus and potassium 
soluble in ammonium lactate (P-AL, K-AL) and in hyd- 
rochloric acid (P-HCI, K-HCI) according to Kungl. 
Lantbruksstyrelsens Kungorelser (1965) and cation ex- 
change capacity at pH 7.0, including titratablc acidity and 
exchangeable bases (Nommik, 1973). 

Thin section preparations of the humus layer were pro- 
duced (Avery & Bascomb, 1974). This process involves 
resin impregnation of freeze-dried samples extracted care- 
fully with a corc sampler, 69 mm in diameter and 70 mm in 
height. After hardening, the central part of each sample 
was mounted on a glass slide and finally ground and 
polished to a thickness of about 20 pm. Thus, this 
technique makes it possible to analyse micromorphological 

Results 

Morphological properties 

The macromorphological properties are given in Table 1. 
The humus form at the unlimed site was characterized by 
the occurrcncc of 0 horizons (FAO-Unesco, 1974), equiva- 
lent to F horizon according to Hessclman (1926), consist- 
ing of relatively fresh organic residues in which original 
structures were discernible. None of the observed 0 hori- 
zons was composed of predominantly fine organic sub- 
stances, i.e., no H horizon (Hesselman, 1926) occurred. 
This indicated that mixing of organic matter into the nun- 
era1 soil was slow enough to give rise to a F horizon but, on 
the other hand, too fast to result in any H horizon. In addi- 
tion, the humus content of the underlying mineral soil was 
high. This distribution of horizons is characteristic of a 
mull-like moder. 

The humus form at the limed site differed mainly by hav- 
ing an appreciably thinner 0 horizon and being strongly 
aggregated. The aggregates were extremely rich in organic 
matter, especially leaf fragments with preserved cell struc- 
ture. This indicates a more intensive mixing process in com- 
parison with the unlimed site. The humus form is desig- 
nated as a mull. 

The micromorphological analysis of unlimed soil re- 
vealed that the organic horizons were generally predomi- 
nated by leaf remnants with well-preserved tissue struc- 

properties in "undisturbed" soil with its structural ele- 
ments mainly preserved. 

As the pore system in this type of soil is of a continuous 
type with voids branching and connecting with each other 
in all directions, it is not possible to frame and quantify in- 
dividual voids. Thus, indirect quantifications of void size 
distribution were performed on the basis of intercept mea- 
surements. The void intercept length is defined as the di- 
stance from one side of a void to the other. Thus, in the 
thin sections prepared, a great number of lines in vertical 
and horizontal directions were analysed. Void orientation 
was quantified by comparing mean intercept length in ver- 
tical and in horizontal directions. Porosity was calculated 
as total intercept length over the total measured line 
length. Intercepts smaller than 20 pm could not be mea- 
sured. The proportion of plant remains with visible cell 
structure to fine organic matter without any visible struc- 
ture at a magnification of 200 times was measured by point 
counting. 

tures. This is illustratcd by Figs. 2 and 3. The structure was 
single particle and aggregated granular. The pore system 
consisted of simple packed voids which were continuous, 
connecting each other and branching in all directions al- 
though, in similarity with the leaves, they were mainly 
horizontally orientated. There were, however, gradual 
changes from the 0 1  to the 0 3  horizon. Thus, pore volume 
decreased with depth whereas the proportion of fine or- 
ganic matter, i.e. material with no visible tissue structures 
at a magnification of 200 times, increased with depth. In 
principal no mineral matter was present in the organic hori- 
zons, i.e., 01-03, although in the lower one some mineral 
grains occasionally occurred. 

Faecal droppings indicated the prcsence of faunal activ- 
ity. Large droppings, about 200 pm in diameter, occasion- 
ally occurred in all holorganic horizons between the leaf re- 
mains. The droppings were characterised by their composi- 
tion of tissue remains with well-preserved cell structure 
and by the absence of mineral grains (Fig. 4). Small egg- 
shaped droppings, probably from mites, sometimes occur- 
red in cavities in the leaf remains (Fig. 5). Clusters of dark 
fine organic matter were present between the leaves on thc 
leaf surfaces (Fig. 6), probably being droppings from en- 
chytraeids. 

In the lowest organic horizon, the 0 3  horizon, a large 



Table 1. Morphological description ofthe humus form 

Horizon Not limed Limed 

L A loose horizon of mainly 
(fresh litter) beech leaves. 
0 1  A 2 cm thick horizon of matted 
(upper F horizon) dark brown beech leaves with 

no or only small quantities of fine 
material between thc leaves. 

0 2  
(middle F horizon) 

0 3  
(lower F horizon) 

A 2 cm thick horizon of partially 
fragmented beech leaves with 
white to brown colour. Rich oc- 
currence of hyphae. About 25% 
of the material consisted of fine 
organic matter. 

A 1 cm thick horizon of heavily 
fragmented plant remains. About 
50% of the material consisted of 
fine organic matter. 
A 2 cm thick horizon with humus 
rich mineral soil. A combination 
of single particle structure and a 
weakly developed aggregated 
crumb structure. 
Totally 4 cm thick horizons with 
humus rich mineral soil. Single 
particle structure. 

A loose horizon of mainly beech leaves. 

A 1 cm thick horizon of matted dark 
brown beech leaves with no or only 
small quantities of fine material between 
the leaves. Aggregates consisting of a 
mixture of organic and inorganic matter - - 
occurred (earthworm excrements). 
A 1 cm thick, partially missing, horizon 
of beech leaves, heavily fragmented and 
with white to brown colour. About 25% 
of the material consisted of fine organic 
matter. Aggregates consisting of a mix- 
ture of organic and inorganic matter oc- 
curred (earthworm excrements). 
Completely missing. 

A 2 cm thick horizon with humus rich 
mineral soil. Strongly dcveloped crumb 
structure. 
Leaf fragments occurred. 

Totally 4 cm thick horizons with humus 
rich mineral soil. Moderately developed 
crumb structure. 

FIR. 2. Vcrtical thin section in crossed polarireti tsansiiiittcd light. Minci-a1 :ialn\ hlock. o l p n i c  mattci. w l i~ tc  a i ~ d  void\ gl.,i! Fi.;~mc lciipth 

20 mm. Lcft .  not lirncd soil. Right. l imed soil. 



Fig. 3. Horizontally orientated and partially degraded beech Fig. 6. Enchytraeid droppings in the 0 2  horizon at unlimed site. 
leaves in the 0 1  horizon at unlimed site. Thin section in plain Thin section in plain transmitted light. Frame size 1 mm. 
transmitted light. Frame size 1 mm. 

Fig. 4. Large arthropod excrement in the 0 2  horizon at unlimed Fig. 7. Granular structure in the 0 3  horizon at unlimed site. Thin 
site. Thin section in plain transmitted light. Frame size 2.5 mm. section in plain transmitted light. Frame size 1 mm. 

Fig. 5. Mite droppings in the 0 2  horizon at unlimed site. Thin sec- Fig. 8. Intergrain microaggregate structure in the Ah horizon at 
tion in plain transmitted light. Frame size 1 mm. unlimed site. Thin section in transmitted light and crossed polariz- 

ers. Frame size 2.5 mm. 



amount of dark-brown rounded aggregates of fine organic 
matter was present between the plant remains (Fig. 7). 
They might be aged enchytraeid droppings or aggregates of 
protein-tannin complexes. Their presence could be fol- 
lowed into the Ah horizons where they constituied the 
dominating group of organic matter. 

At the limed site, the organic horizons differed from 
those at the unlimed site mainly with respect to thickness 
and the presence of large, organo-mmeral excrements from 
earthworms. 

The most noticeable differences between limed and un- 
limed soil were found in the Ah1 horizon. In the unlimed 
soil the structure in this horizon chiefly was an intergrain 
microaggregate structure in combination with coated and 
bridged grains (Fig. 8). Large organo-mineral aggregates 
rarely occurred. They were characterized by their organic 
part only containing fine organic matter and no recogniza- 
ble tissue remnants and were probably earthworm excre- 
ments. The pore system consisted chiefly of simple packed 
voids which were continuous, connecting with each other 
and branching in all directions. 

In the limed soil the Ah1 horizon was characterized by a 
crumb structure with embedded grains. The pore system 
was a combination of simple packed and compound 
packed voids with channels and chambers. The structure 
was interpreted as a result of earthworm activity. In con- 
trast to the unlimed soil, the aggregates frequently con- 
tained leaf remains (Fig. 9), indicating that the animals 
fragmented and consumed leaves on the soil surface and 
transferred them into deeper horizons. The differences be- 
tween limed and unlimed soil gradually ceased in deeper 
horizons. Intercept measurements revealed that porosity 
(calculated on the basis of intercepts >20pm) in the Ah1 
horizbn was about 30% in unlimed soil but 50% in limed 
soil (Fig. 10). If the measurements were restricted to inter- 
cepts longer than 300 pm the differences were still larger, 
i.e., a porosity of 10% in unlimed soil and 45% in limed 
soil (Fig. 10). 

In conclusion, although lime affected small voids to a 
minor extent its main impact was the formation of large so- 
called structural voids. 

All intercepts in the Ah1 horizon larger than 20pm were 
of equal length in horizontal and in vertical direction in 
limed as well as in unlimed soil (Fig. 11). Hence, liming did 
not affect the orientation of the small voids. In contrast, in- 
tercepts larger than 300 pm showcd different orientation in 
the limed and unlimed sites. In the latter case, the mean 
horizontal intercept length exceeded the vertical intercept 
length, probably due to a slight natural compaction by the 
weight of the trees. At the limed site the opposite situation 
was observed, i.e. the mean vertical intercept was larger 
than the horizontal intercept, probably due to the occurr- 
ence of earthworm channels. 

Fig. 9. Earthworm excrement in the Ah1 horizon at limed site. 
Thin section in transmitted light and crossed polarizers. Frame 
size 2.5 mm. 

I intercepts z20pm Intercepts z300pm 

Uni~med Limed Un l~med  L ~ m e d  

Fig. 10. Porosity in the Ah1 horizon on basis of intercept measure- 
ments. Solid material is dark. Porosity is light. 

An additional contrast between the Ah1 horizon in 
limed and unlimed soil was the different occurrence of min- 
eral grains and fine organic matter vis-a-vis plant remains 
with preserved cell structure. Liming resulted in a lower 
proportion of mineral grains and a higher proportion of 
plant remains (Fig. 12). These effects are considered as a 
result of the earthworms introducing leaf fragments into 
this horizon. 

hortzontal ---- 
Limed 

vertical - 

Fig. 11. Void intercept length in horizontal and vertical direction 



Unlirned L imed 

F = f tne  rna te r~a l ,  i m a ~ n l y  
organic1 w ~ t h o u t  cel l -  
s t ruc tu re  at LOO t imes 
r n s g n ~ f ~ c a t i o n  

P = p l a n t  rernatn w i th  
preserved ce l l - s t ruc tu re  

M =minera l  g ra lns  

Fig. 12. Relative proportions of different kinds of material in the 
Ah1 horizon. 

Chemical characterization 

Despite the long period since lime application there were 
obvious differences in pH and base saturation between un- 
limed and limed soil (Table 2). Thus, the largest difference 
occurred in the Ah horizons where pH in limed soil ex- 
ceeded pH in unlimed soil by 1.2 units. In the fresh litter 
the differences were considerably lower, about 0.3 units. 
The results were similar as regards base saturation, i.e., 
the differences were large in the Ah horizon whereas they 

were much smaller in the fresh litter. The impact of lime 
gradually ceased in the mineral soil, resulting in only small 
differences in the Bw horizon. The interpretation of this is 
that lime distribution reflected the zone in which earth- 
worms mixed the soil. 

As regards carbon and CEC, the differences between 
the unlimed and limed sites were small (Table 2). The gen- 
eral trend was an obvious decrease in carbon and CEC 
with depth due to decreasing humus content. However, in 
the limed soil the carbon concentration in the upper part of 
the profile was low compared to the unlimed soil. The dif- 
ference in distribution pattern was mainly due to the activ- 
ity of soil animals and their mixing of the soil. 

An important fact was the lower nitrogen concentration 
and the higher carbonlnitrogen ratio in 0 and Ah1 hori- 
zons in limed soil (Table 2). In deeper horizons the differ- 
ences were not significant. 

Liming decreased the amount of soluble phosphorus in 
the upper part of the profile (Table 3). On the other hand, 
soluble phosphorus increased in the Bw horizon. Concen- 
trations of potassium were lower at the limed site than at 
the unlimed site (Table 3), possibly owing to the exchange 
of potassium with calcium. The differences were not sig- 
nificant for singlc horizons owing to high standard devia- 
tions. However, taking the equal discrepancies in several 
horizons in consideration, the tendency appears obvious. 

Although liming resulted in a redistribution of some ele- 
ments within the profile, the differences in total amounts 

Table 2. Chemical data. Mean and SD L, 0 1 ,  02:  24 samples; 0 3 ,  Ahl, Ah2: 8 bulk samples composited of 8 subsam- 
ples; Ah3, Bw: 10 bulk samples composited of 4 subsamples 

CEC, Base 
Horizon me ~ 1 0 0 g - '  saturation, % pH(H,O) Corg, % Ntot, "/, CM 

Not limed 
L 62.2i7.3 
0 1 73.0k 11.7 
0 2  70.6k6.5 
0 3  71.3k3.0 
Ah1 17.2i2.8 
Ah2 10.0k1.6 
Ah3 8.8i1.6 
Bwl 6.4i0.9 
Bw2 5.5k 0.5 
Bw3 4.621.2 

Limed 
L1 61.1i2.9 
0 1  57.0k17.9 
0 2  72.7220.0 
0 3  - 

Ah1 15.8k1.2 
Ah2 11.1i1.5 
Ah3 11.4i2.4 
Bwl 8 . 0 t  1.8 
Bw2 -5.520.7 
Bw3 4.6k 0.9 

8 



Table 3. Phosphorus and potassium concentrations. Mean and SD (n: see Table 2) 

P-AL, P-HCI, K-AL, K-HCI, 
Horizon PPm PPm PPm PPm 

No/ limed 

0 2  
0 3  
Ah1 
Ah2 
Ah3 
Bwl 
Bw2 
Bw3 

Limed 

0 2  
0 3  
Ah1 
Ah2 
Ah3 
Bwl 
Bw2 
Bw3 

per m' were usually not large (Fig. 13); in the L, 0 ,  Ah, 
and Bw horizons total carbon abounted to 9900 g x m-' in 
unlimed soil and 9 500 g x m-' in limed soil. The exception 
was potassium which showed a decreased amount in limed 
soil. 

c t o t  

;II 
P-AL 

C E C  N r O t  

K-HCI 

D 
Fig. 13. Relative amounts of nutrients within the total examined 
profile, i.e., to a depth of approximately 40 cm. For each of the 
elements the right column indicates the amount at the limed site in 
relation to the unlimed site, i .e. ,  the left column. 

Litter turnover 

Based on the amount and chemical composition of the leaf 
fraction in L, 0 1  and 0 2  horizons, some estimations of 
turnover rate and mean ages of organic matter might be 

made. The amounts of different elements in the leaf frac- 
tion are presented inTablc 4. The nitrogen in fresh litter at 
the unlimed site amounted to 3.3 g x m-' whereas in the 
0 1  horizon it was 8.1 g x m-'. As both these horizons re- 
presented very early stages in litter decomposition and 
since the earbonlnitrogen ratio was quite high, significant 
changes in nitrogen content probably did not take place. 
Consequently, 0 1  was calculated to consist of 2.4 years ac- 
cumulation of litter.This was also indicated by the amounts 
of phosphorus. 

With reference to this accumulation period, the carbon 
contents measured in these two horizons corresponded to 
an annual mean loss of carbon of approximately 30%. The 
amount of accumulated carbon in the 0 2  horizon indicates 
that decomposition could not possibly continue at such a 
high rate after 2.4 years. 

At the limed site, the amounts of nitrogen, as well as 
phosphorus, did not increase from fresh litter to 0 1  as was 
the case in the unlimed soil but, in contrast, decreased 
from 3.0 to 2.2 g nitrogen x m-2. The residence time of lit- 
ter in the 0 1  horizon was assumed to be approximately 
equal to that in the unlimed soil or slightly shorter, i.e., 2 
years. This assumption is supported by two facts. Firstly. 
the morphological properties of this horizon were the same 
in limed and in unlimed soil, and secondly, the carbon1 
nitrogen ratio was somewhat higher at the limed site. 
Under the assumption that the residence time was 2 years, 
the decreased amount of nitrogen in the 01 horizon indi- 
cated that 50% of the litter, including nitrogen, annually 



Table 4. Bioelements in leaf-litter remains in the upper part of the humus form. Mean and SD (n: see Table 2) 
-- 

Ntot, Ptot, Corg, 
Horizon x m-' mg x m-2 g x m-2 C/N 

Not limed 
L 3.34rt 0.54 174+33 135+21 40.523.0 
0 1 8.1324.80 404i255 175rt96 22.222.1 
0 2  9.78k 2.47 499+ 135 194247 19.9k1.2 

Limed 
Id 3.03+1.38 167+93 133k 61 43.6+2.3 
0 1 2.232 1.06 117+56 58rt26 26.5rt1.8 
0 2  2.08+1.27 121k74 52231 25.1i1.6 

was transferred into the mineral soil. This estimation is 
based on the assumption that no significant nitrogen leach- 
ing occurred during this early stage of decomposition. 

The large drop in carbon content from fresh litter to the 
0 1  horizon, i.e. 133 to 58 g x m-2, must foremost be a re- 
sult of the earthworms annually introducing 50% into the 
mineral soil, together with an annual carbon mineraliza- 
tion of 35%. The figures obtained on decomposition rate 
are minimum values. If the residence time in 0 1  was sub- 
stantially shorter than 2 years, then earthworm activity was 
lowcr, whereas decomposition was higher. 

Table 5. Annualgrowth 

Annual growth of standing 
volume 

The annual increments of the growing stock arc given in 
Table 5. The increments were somewhat smaller at the 
limed site than at the unlimed site. 

At the 1981 revision the site index was H100=30.1 m in 
the limed stand but 30.5 in the unlimed site. In 1955 the fi- 
gures were 13.5 and 13.0 m, respectively. The total produc- 
tion up to 1981 was 419 m-' per ha in the limed stand com- 
pared to 420 m3 per ha in the unlimed. In 1955 corre- 
sponding figures were 113 and 112 m3 per ha respectively. 
Considering the slight difference in production and the ab- 
sence of replications, the difference must be regarded as in- 
significant. The figures do not support the theory that lime 
should improve long-term production. 

mixyear-'xha-' Per cent 

Not Not 
limed Limed limed Limed 

Discussion 
The three main results from this investigation were that growth of the beech stand. The latter result is surprising 
lime application (1) led to intcnsified earthworm activity since the change to the humus form mull is generally consi- 
which in turn changed the soil structure, (2) did not gener- dered to improve soil condition. However, it must be borne 
ally cause a change in the amount of the nutrients within in mind that the soil was a rathe coarse textured till with a 
the profile but did cause a change of their distribution pat- clay content less than 5%. This, in combination with mesic 
tern and (3) did not result in an increase of the long-term moisture conditions, implies that the soil originally was 



well-drained, well-aerated and that it provided an excellent 
substrate for root development. Moreover, the root pene- 
tration was not impeded by the occurrence of any dense 
horizons such as iron pans or fragipans. The soil thus origi- 
nally had favourable physical conditions. The beneficial ef- 
fects arising from the change to mull were, consequently, 
marginal. 

The small physical improvement might, on the other 
hand have been counteracted by some unfavourable im- 
pacts of lime. Thus, the redistribution of the nutrients to 
deeper levels in the soil might have been a disadvantage 
with respect to the large proportion of fine roots close to 
the soil surface. In the humus form at the limed site the nit- 
rogen concentrations were decreased and the carboninitro- 
gen ratios were increased. This might result in less avail- 
able nitrogen. Lime and increased pH in the soil might also 
have impeded mycorrhiza activity and consequently de- 
creased the plant's nitrogen supply. Although application 
of lime favours biological activity in soil and increases the 
rate of litter decomposition, the long-term impact on 
humification and nitrogen mineralization might be the re- 
verse. Thus, Duchaufour (1982) referring to Herbauts 
(1974) and Le Tacon (1976) emphasizes the stabilising ef- 
fect by calcium carbonate. The protection of organic mat- 
ter against microbial biodegradation is reflected in the rate 
of carbon and nitrogen mineralization in calcareous and 
eutrophic mulls being about half of that in acid mulls. 

The production figures reviewed refer to stem produc- 
tion. It cannot be excluded that the total biomass produc- 
tion has increased after liming although it seems rather un- 
likely with respect to unchanged litter production (Table 
4). An additional explanation of the unchanged production 
after liming might be that too short a period has passed. 
However, this explanation seems unlikely since the time 
apparently has been long enough to strongly affect the 
humus form. 

An interesting observation was that nitrogen concentra- 
tions were lower and carboninitrogen ratios were higher in 
the upper horizons at the limed site than at the unlimed. 
This might appear contradictory as lime is considered to in- 
crease litter decomposition and thereby decrease the ratio. 
The prevailing situation might be explained in several 
ways. The earthworms continuously transferred organic 
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