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Ilcpcatcd investigations wcrc carrictl out i l l  I'itree/~rrrr n t ~ ~ r ~ ~ i l l o s o - ~ r l i g i r r o ~ ~ ~ ~ ~ ~ ~  in 1998, wlicrc p r i~nary  studics of  Carbic 
Podzol had bccn pcrformcd i l l  1965. Primary pcdogcncsis tllcrc was studicd on a s a ~ i d  crnbatiktncnt, cxcavatcd fro111 tlic 
initial pit, which had overgrown with forcst vcgctation ovcr  33 ycars. Tllc itlitiatio~l of  pr i~i lary podzolization is duc to 
lltc dcgradablc activity of R,O,-fulvic forcst humus. Its accutnulation rcprcscnts tllc first stagc of  po t lzo l i sa t io~  followcd 
by thc dcvc lopn~cnt  of  albic and spodic propcrtics bcncatll thc fo r~ncd  tuor typc ground littcr. Rcsidual accumulatioti of 
silica and rcnloval of  most mctallic clcmcnts arc  charactcristic of  prininry potlzolization it1 tllc ( / \ ) I<-(E)D s c q u c t ~ c c  of  
niinipodzol fortlicd w i t l ~ i ~ ~  tllrcc dccadcs. Currcnt acidification, brcakdowri of sand atit1 formation of  silt fractions, as wcll 
as cllcluviation of  scsquioxidcs, and cspccially silica, from Carbic Podzol took placc against t l ~ c  background of  thc i~lcrcascd 
fulvicity and dccrcascd solubility of  AI-liurnic-fulvic hun~us .  T l ~ c  llistic cpipcdotl rcprcscntcd a sourcc for mctallo-organic 
cornplcxcs as  wcll as for r c ~ n o v a l  of  alkalitic cartlls of  biogcnic origiil atid thcir accun~ulat iot l  i l l  tlic spodic Ilorizotl. 
Sinlultancously with tlic accumulation of organic carbon and a dccrcasc in tllc bulk dctisity of spodic horizon, an incrcascd 
loss of  silica has !akcn placc tlicrc. As a rcsult o f  c h a ~ i g c s  in ground watcr and capillary rc la t io~~s l l ips ,  tllc profilc of  
Carbic Podzol has grown in dcptll at tlic cxpctlsc of  rcduccd subsoil.  
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Introcluction 

Podzolization has always deserved the attention 
of researchers of pedogenesis in forest areas (Rode, 
1937; Milir, 196 1 ; Ponomareva, 1964; Mokma & Buur- 
man, 1982; van Breernen & Buurman, 1998; Lundstrom 
et nl., 2000a). According to Rode ( 1  937), podzolization 
represents a breakdown of  primary and secondary 
minerals accompanied by the downward removal and 
translocation of products. This results in the fornia- 
tion of albic and spodic horizons (FAO/ISRIC, 1998) 
among which the spodic horizon is special and plays 
an i~nportant  role in soil diagnostics. The prerequisites 
for podzolization are agressive fiilvic humus and or- 
ganic acids, as well as light-textured parent material, 
poor in alumosil icates and bases, and percolative 
moisture regime (Rode, 1937; Ponomareva, 1964; Lund- 
strij111 et al . ,  2000b). 

Podzols on different sandy deposits have been 
described from tundra to tropics in all continents, 
while in many cases their age can be up to several 
millennia (Mokma & Buurman, 1982). Katchinskaja 
(1937) suggested the expression of podzolic attributes 
already within only twelve years. In Estonia, besides 
Rendzic Leptosols 011 limestone and Gleysols in tlie 
conditions of aquic regime, podzolization and sandy 

Podzols represent soil phe~iomena which could have 
been developed at any stagc of pedogenesis during 
tlie Pre-Pleistocene and from the Late Pleistocene 
through the whole Holocene (Reintam, 1997a). 

To study the trend of pedogenesis and the char- 
acter of current podzolizatiori under Pirieetrlrll ~nyr t i l -  
loso-~,l iginoslr~i~,  this paper focuses on the develop- 
ment of a Carbic Podzol a s  well as changes in its 
composition and properties over 33 years, from 1965 
to 1998, in South-West Estonia. 

Material and metllods 

Site nlid str~rrpling 
Repeated investigations were carried out in 1998 

at Ritskulli (58'10' N, 24'50' E) in the Lodja forest 
district, Piirtii~ county, South-West Estonia, where pri- 
mary studies of Carbic Podzol had been conducted in 
1965 under a Scots pine (Pinrrs s y l ~ ~ e s t r i s )  stand clas- 
sified as the iZ!~~r.fillus-Uligiriosrrrir site type (Fig. 1) 
by L6hn1us (1984). Soil profile (No 1783) with complete 
analytical data was demonstrated and discussed in 
1966 during the field tour of the Third USSR Congress 
of Soil Science (Reintarn et al., 1966). The profile with 
data, reanalysed partly by European methods, repre- 
sents a reference profile for the European Soil Data- 



Figure 1. Pirreetrrtrt rtryr.t i l loso-rrli~i~rn,c~~~t~ at Ri tskulli ill 

1998. 

base on the scale 1 : 1,000,000 (Reintam & Rooma, 
1998). Fine limnoglacial sand represents soil parcnt 
material, while the duration of pedogenesis could have 
been about 10 000 years (Raukas et a l . ,  1995). Con- 
temporary mean annual temperature is +5-6" C and 
precipitation is about 600 mm. The vegetation period 
mostly lasts for about 180 days. 

Prior to the establishment of profiles for ciemon- 
stration at the USSR Soil Science Congress, a great 
number of them were analysed and statistically proc- 
essed (Reintarn, 1971). Later many of these profiles 
were selected for reference profiles for the European 
database. A repeated san~pl ing of Carbic Podzol at 
Ritskulli was done on the same pit, undisturbed dur- 
ing intervening years (Fig. 2). The front wall of the 
pit was cleaned and the distance between two sam- 
plings did not exceed 40-50 cm. The Podzol profile was 
described and sampled by genetic horizons at the same 
depths as previously, in 1965. The embankment, form- 

Figure 2. HILH2-E- 
Bh-Bs-Bg sequencc of 
Carbic Podzol in 1998. 

ed of soil horizons (beneath and inside the formed 
heap) and parent sand (top and northern part of the 
heap), excavated from the pit in 1965 and 1966, as well 
as the bottom of the former pit were overgrown by the 
year 1998 with green mosses (Pleur~oziun~ schr.ehei.i, 
Hylocorrliunr splerrdei~s, Dicrai711ill urzdulatun~), l'ac- 
cir~iriri~ vifis-idea, I'accirri~rnz ril~~r.fill~is and seedlings 
of Norway spruce (Picelr ahies). The minipodzol form- 
ed on the basis of sand on top of the embankment 
heap over 33 years on average was sampled from three 
points of young eluvial and illuvial horizons. All sam- 
ples represented an average of different points of all 
horizons studied. 

Analj~ses 
The satiic  neth hods were used in analytical proce- 

dures. Bulk density was determined in four replications 
by using a barrel of 50 cm'. Fine earth less than 2 m m  
was used. Practically, i t  represented a fraction less than 
1 m m  because the proportion of particles with a size 
of 1-2 mm was less than 10 g kg '. Samples for the 
determination of particle size were treated with sodi- 
um pyrophosphate to break down aggregates. Sands 
were sieved and fractions finer than 0.05 nlln were de- 
termined by pipette analysis (Pipette Apparaftrs Ta- 
hle Model 7 Sanlples). Total chemical analysis was 
conducted after alkaline fusion treatment. Iron and alu- 
minium were ascertained by means of sulphosalicylic 
acid and aluminone, respectively; alkaline earths, po- 
tassiuln, and sodium were determined by the tneth- 
od of flame photometry. Carbonates were determined 
acidornetrically to recalculate the lneasured data. The 
obtained results were expressed for ignited noncalcar- 
eous material (Arinushkina,  1970; Ranst et a l . ,  
1999). 

Total amounts of  organic carbon and nitrogen 
were asccrtained by the Tyurin and Kjeldahl methods, 
respectively (Arinushkina, 1970). I t  is necessary to 
point out that the Anne nlethod (Ranst et a]., 1999) is 
equivalent to the Tyurin method used. The group and 
fractional composition of humus was determined by 
alternate acid-alkaline treatment using the Tyurin- 
Ponotnareva volumetric method (Ponomareva, 1957). 
The obtained results were expressed in percentages 
of organic carbon. Titliionite-extractable (total nonsil- 
iceous) iron, oxalate-extractable alnorphous iron, alu- 
minium and silica were measured by Coffin and Tarnm, 
respectively; iron activity was calculated after Schw- 
ertmann (Ranst et a/.,  1999). Base exchange capacity 
(BEC) and exchangeable bases were measured by per- 
colation of the samples with ammonium acetate at pH 
7.0 and expressed in cmol kg I .  The pII both of water 
and 1 M KC1 suspensions were measured potentiomet- 
rically with thc pH-meter Jen\vay 3071. Accuracy re- 



RALKIC FOREST R 
C U R R E N T  CHANGES IN FOREST CARBIC PODZOI. / ../-A - -  1. REINTAM= 

quirelnents for laboratory techniques and measure- 
ments were satisfied. 

To establish the quantitative origin of the current 
changes, material balance method was employed (Tar- 
gulian et nl., 1974; Rozanov, 1975; Reintam, 1985, 
1990). Based on the equations and calculations pre- 
sented by Brirnhall St Dietrich (1987), a similar meth- 
odology is recommended by van Breernen & Buurman 
(1998). The weight of soil horizons and their textural 
and chemical constituents as of 1998 were colnpared 
to these recorded in 1965 for parcnt sand at the depth 
of 100-1 10 cm. Changes in the colunin of soil horizons 
with an area of one square metre were calculated on 
the basis of  measured data according to published 
formula (Targulian ct 01. 1974; Rozanov, 1975; Reintam, 
1997b). 

Results and discussion 

Morphologj~, ic-xtrrre 
The histic epipedon had not changed over the last 

33 years. Its uppertnost 10 cm-layers were formed, as 
usual, of the yellowish-brown (10YR518) peaty litter of 
mosses and forest residues underlain by black (10YR21 
1 )  forest and shrub peat up to a depth of 18-20 cm 
(Fig.2). There was found no increase either in the thick- 
ness or degree of transfor~nation of accumulated or- 
ganic residues. By the value of hue, the next albic 
horizon has become slightly lighter, while its chroma 
and thickness have remained unchanged (Table 1). 
Against the background of the in-depth deepening of 
the Bh-horizon, a slight darkening appears to have 
taken place within the entire spodic horizon. This is 
caused by a change in the ground water table whose 

Table 1. Morpl~ology and physical status 

* Mass for thc Lllickncss of 10 cm. 

fluctuations and changes determine usually the thick- 
ness of the spodic horizon (Ponomareva, 1964) as well 
as its boundaries (Harris & I-iollien, 2000). Amorphous 
Al-humic-fulvic complexes, coating sand grains, rep- 
resent the main source of colour, whereas parent ma- 
terial and its mineralogical composition, whose impor- 
tant role is generally known (Mokma, 1993), do not 
affect soil colour and chroma here. A slight increase 
in solum thickness has occurred at the expense of  
gleyed subsoil owing to the evident lateral input of 

metal-organic chelates. This has led to a decrease in 
the bulk density of the humus-illuvial subsequence of 
the profile, accoliipanied with a decrease in soil mass 
there (Table I). Particularly, this could influence some 
changes in the pool of the horizon constituents. 

On the eliibanknient of initially unchanged sand, 
dug out from the pit, a minipodzol sequence was form- 
ed over 33 years (Fig. 3).  Rudimental albic and spodic 
properties arc clearly expressed in the turned piece of 
litter turf at the front side of  the opened miniprofile. 
Both (A)E- and (E)B-horizons are 2-3 cm thick, with 
slight albic and humus-illuvial spodic properties, re- 
spectively. The former horizon (IOYR514) allows to 
confirm the suggestion by Rode (1937) about the on- 

Figure 3. (A)B-(B)B 
scqucnce of 33-year- 
old minipodzol and 
ovcrturned litter turf 
above thc front wall 
with white albic 
(above) and spodic 
(below) properties. 

set of podzolization in sand from an accumulation of 
organic matter, which results in organic-mineral inter- 
actions and forlnation of the eluvial and illuvial hori- 
zons. The latter represents still transitional (E)B but, 
with respect to its colour and chroma (7.5YR4/4), it is 
already equivalent to the formed Bs-horizon (Table I). 
The average rate of the progress of the miniprofile has 
been 1.2-1.8 m m  yr ', by 0.6-0.9 mm yr ' for either 
horizon. This formation appears to be similar to those 
described by Vaicys (1975) fro111 Kura spit and by 
Stiitzer (1998) from the dunes of  Western Jutland. 

Sandy texture has also reluained almost unchanged 
(Table 2), although a slight breakdown of sand and 
accumulation of silt have taken place under the impact 
of  podzolization and reduction in respective horizons. 
However, as a result of interfractional changes of sand, 
a residual accumulation of the coarse fraction (about 
10-20 g kg I), a decrease in the medium fraction and 
an increase in the fine fraction appeared to be char- 
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Table 2. Granulomctric co~nposition, g kg ' Table 3. Cotnpos~ttorl of I~urnus In pcrccntagcs of organic 

ac te r i s t ic  o f  cu r r en t  podzo l i s a t i on .  T h e  a v e r a g e  
atnounts ,  t ransformed in the process o f  b reakdown 
andlor  a ccun~u la t i on ,  were  9-10 g kg yr  in the E- 
Bh sequence  and up to 15-1 6 g kg  ' yr  l in the Bs- 
horizon. A sl ight  loss  o r  clay in the latter can  be  ex- 
plained by the development o f  the profile in depth and 
by the increase in reduction phenomena there. Chang- 
e s  in the texture o f  young tninipodzol are weak (Table 
4) ,  and only the current  liydrolysis o f  clay deserves 
at tent ion.  

Orgnriic rirntter arid krrrriirs corrrpositin~i 
Against the background o f  morphological stabil- 

ity, the content  o f  organic carbon shows a considcra-  
ble  increase not only in the histic epipedon but par- 
ticularly in the spodic  Bh-horizon (Table 3) .  Current  
increase in the content  o f  organic carbon is 233  g rn 
* yr ' within the whole profile, while about 50% o f  that 
can be ascribed to the lower  part o f  the  histic hori- 
zon. Decrease (64 g m * yr I) in the content o f  organic 
carbon ha s  taken  p lace  beneath t he  Iiumus-illuvial 
subsequence,  whi le  current  input in the horizons be- 
low the histic epipedon formed some  80  g In ys ' .  In 
cornparising with the total duration o f  Holocene pedo- 
genesis (about 2 g m yr  o f  organic carbon), the cur- 
rent process appcars  to be  forty t imes more intensive. 
Within the same length o f  time, the profile's increment 
in organic carbon here is about  threefold larger than 
at the Lernlnej6gi (0.6-0.7 g m yr I) in the vicinity o f  
the PCrnu Gulf .  Current  enrichment o f  spodic horizon 
with nitrogen has occurred in the Casbic Podzol stud- 
ied (Table 3). 

1120,- l~umic humus  is  characteristic o f  the histic 
ep ipedon,  changeable  concern ing  the humic- fu lv ic  
co t~ ip lexes  bound with alkal ine earths as  well a s  with 
stable forms o f  sesquioxides and clay minerals (Table 
3) .  Total solubil i ty  has  decreased and fulvicity has  
increased within the  last three decades.  AII increase 
in the proportion o f  free fulvic acids in depth appears  
to ind ica te  increased  tendency  for  b iodegrada t ion  
(Hongve et al., 2000) and further deepening o f  pod- 
zolization there. 

The  rate o f  initial humus-accumulative process in 
the pure  sand embankment  was  only 0 .30  and 0 .18  g 
kg ' y r  ' o f  organic carbon in the ( A ) E  and (E)B hori- 
zons, respectively (Table 4). It is several times higher 
than in the natural albic  horizon but s o ~ n e w h a t  lower 

< 0.002 111111 (clav) 
1965 1 1098 I t 

0 I 0 1 0  

Ilori- 
zo11 

C 

carbon 

x t~ r ldc tc r~n i~ icd  

* Tl~ickncss of both subliorizo~~s iri boll1 cascs 10 cm 

2 4 . 0 5  rllrli  (snlld) 
1965 1 1998 1 ? 

470 1 9 6 0  1 - 1 0  

Table 4. Minipodzol on a sand cmbanknicnt excavated from 
tlic initial pit 

0.054.IlOZ ltim (sill) 
1905 1 1908 1 + 
30 1 4 0  1 t 1 0  

than in the spodic  horizon whose  deve lopment  has 
been affected by a lateral influx o f  chelates  (Table 3). 
Organic  acids have  enhanced weathering,  transloca- 
tion o f  fulvates  and development  o f  albic  properties 
at  the boundary o f  the forest f loor  and the sand stra- 
tum (Fig. 3). In principle, although there are no differ- 
ences  in the hunius composi t ion,  the material o f  the 

Insolulrlc. "n of lolal C 
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1 

~l'cnrurc. g kg-':  sarid 
sill 
clay 

I'[ml clc~ne~ils ,  g k g 1 :  Si 
I:c 
A1 
Cn 
MK 
K 
Ns 
I' 

989 
4 
7 

42 1 
5.2 
27.8 
3.2 
1.5 
14.8 
4.7 
1 . 1  

981 
18 
I 

432 
4.0 
20.8 
3.5 
1.4 
13.4 
3.9 
I .4 

983 
I6 

I 
425 
4.8 
27.0 
3.6 
2.0 
13.5 
4.5 
0.4 
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primary forliiations appears to have becn accutnulat- Table 5. Physico-chcniical propcrtics 
ed in s i f u ,  while in the formed E-1311 sequence it can 
be interpreted mainly as the result of downward atid/ 
or lateral influx fro111 peaty forcst litter. 

Exchange prol)erties artd r~ort.siliceorrs corrtl)orrrtrl.s 
Considerable acidification, slight mobilization of 

nonsiliceous sesquioxides and silica as well as weak 
changes in excliangc bases have been characteristic 
of primary pedogenesis in pure sand (Table 4). As a 
result of  biological absorption, there has occut-red a 
tendency to enrichment of the exchangeable complex 
with K+ and Na-, however, as usual, they are absent 
from formed Carbic Podzol or are prcscnt in i t  only in 
the amount of less than 0.01 crnol kg I. This soil is 
cliaracterised by intensive current acidification and a 
slight enrichment of  the E-Bh sequence witli ex- 
changeable bases whicli appcar to have been originat- 
ed from the histic epipedon (Table 5). According to 
special studies of  Nordic I'odzols (Gustafsson et a[., 
2000), base cations are previously prescnt in the dif- 
fuse layer of f i~ lvic  acids instcad of being "truly" dis- 
solved. The same time, for the spodic horizon a small 
proportion of soil organic matter appeared to have 
bccn involvcd in cation binding. According to tlie 
cited authors, the solubility (and removal) of exchange- 
able bases depends upon the solubility of orgaliic 
matter. High losses have been characteristic of the 
histic epipedon (Table 3). A considerable decrease in 
the solubility and increase in tlie fulvicity of  humus 
in the spodic horizon of  Carbic I'odzol have resulted 
in its current enrichment not only with exchangeable 
bases but also with bulk alkaline earths and potassi- 
um (Tables 7 and 8). 

Over the last 33 years, a usual increase in the pro- 
portion of amorphous substances has taken placc as 
a result of podzolization and subsoil reduction (Table 
6). The only exception is amorphous alun~iniuni in the 
conditions of gleying against the background of the 
deepening of the spodic liorizon. The upward remov- 
al of lnobile alulninium pseudosols and their coticen- 
tration in the spodic horizon (about 2.4 g ti1 yr I) 
cannot be excluded there. I-lowever, about 1.7 g m 
yr ' of aluminium has been lost. The albic horizon is 
eluvial for amorphous alutiiinium (0.6 g m yr I), while 
the humus-illuvial spodic horizon is characterized by its 
high accumulation (about 3.6 g m yr I). Obviously, 
acidification has resulted in a gratlual decrease in the 
solubility of aluminium (Bcrggren ct a / . ,  1998), which 
has led to its stability and accumulation. Like in Nor- 
dic regions (Giesler et al., 2000), such aluminium ap- 
pears to have been derived from the liistic epipedon, 
which is rich in sesquioxides like the ground litter of 
coniferous forests (KGlli, 1971). Formation of proto- 

ilnogilite allophane could have occi~rred in s i fu  in the 
spodic horizon, as it was found in some I'odzols in 
Nordic regions (van Ilees e f  al., 2000). 

The loss of dithionite-extractable irori fron-t the 
albic liorizon (about 0.8 g m yr I) is in good balance 
with its gain in the spodic horizon. Profile accumula- 
tion at a rate of 3.5 g m yr has been characteristic 
of amorplious iron, despite the fact that the albic ho- 
rizon has been eluvial (Table 6). As a result of  pedo- 
genetic changes in silicates, current increase has tak- 
en place in the share of amorphous and crystalline 
forms of iron, while the intensity of recrystallization 
has decreased in depth (Fig. 4). Against the back- 
ground of the current losses of  bulk iron (Table 7), 
absolute increase in the content of crystalline iron is 
absent, and hence inhibition of  podzolization appears 
to be impossible (Wang e f  al., 1989). The extremely 
intensive formation of amorphous silica (about 13-14 
g m yr I) and its profile accumulation (Table 6)  are 
in concordance with the increase in the content of free 
f i~ lvic  acids as well as  in the fulvicity of  the spodic 
horizon (Table 3), but also witli the increase in the 
acidity of the entire profile (Table 5). Due to these 
phenomena, silica of phytolith origin in the histic epi- 
pcdon has become movable (Kelly e f  a!., 1998). 

Clrerrticnl corrrpositiorl 
Current podzolization has led to the residual en- 

richment of tlie albic liorizon witli silica and of the 
spodic horizon with aluminium, alkaline earths and 
potassiutn (Table 7). This is obviously due to their 
mobilization in the histic epipedon and translocation 
from it and from the albic liorizon in the form of  
chelates, which appear to have becn saturated with 
bases of biogenic origin. Enrichment of  the spodic 
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cr-a Figure 4. Iron fo r~ns  in thc profilc of Carbic 
b 1 P0d701. 

0% 20% 40'6 60°b 80'b 100% a - in 1965; b - in 1998 

Table 7. Chcrnical composition, g kg ' T s l ~ l e  8. Pools of cllemical constituents, kg rn ? 

horizon with alkaline earths by way of the scasonal 
rise of the capillary fringe and absorption of dissolved 
bases cannot be excluded either. Iron content  h r i s  

decreased within the whole profile. Such a distribu- 
tion of elements in the profile is highly similar not only 
to that occurring i n  Nordic Podzols (Melkerud et nl., 
2000) but in Podzols everywhere (Rode, 1937; Pono~na- 
I-eva, 1964; Mokma & Buurman, 1982). 

Over 33 years about 1.8% of the initial pool of el- 
ements has been lost from the profile above the area 
of ground reduction (Table 8). The greatest was the 
decrease in silica (about 200 g 111 y r  I )  i n  the humus  
- illuvial spodic horizon which, nevertheless, was en- 
riched with its amorphous f o r ~ n .  The loss of silica milst 
be attributed to its dilution by secondary amorphous 

Yeer 

1965 

I908 

I)ifrcrence, 
2 

sesquioxides (Melkerud et al., 2000), but the impact of 
the significant increase in  organic carbon, accompa- 
nied by a decrease in its bu lk  density, cannot  be ruled 
out  either. Against the background of considerable 
desilication, current  decrease in the other elements 
must have taken place at a rate of about 30 g ru * yr  
I ,  while it makes only 3-4 g per cni of the soil column.  

Except in the albic horizon, an increase in  the pool 
of  calcium and potassium (by about 20 g m * yr for 
either) appears to be due to their alternate downward/  
upward re~iloval from the histic epipedon and the cap- 
illary fringe, respectively. Lee et 01. (1988) suggested 
that gel-like substances, favouring the cementation of 
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the spodic horizon, were Si- and Al-dominated. Ow- 
ing to their current loss and the gain in organic car- 
bon, the degree of  cementation in the studied Cat-bic 
Podzol must have decreased within the last tliree dec- 
ades. 

Podzolization in the sand embankment has pro- 
ceeded in the same way but, due to the relatively small 
amounts of organic reagents, changes in the initial 
chemical constituents are still weak (Table 4). Tlie 
degradable itlipacts of forest-nioss natural leachates 
(Hongve et al . ,  2000) on sand are more pronounced 
directly under ground litter of  nlor type than in the 
primary spodic formation. IIowever, about half of to- 
tal iron represents a fresh product of weathering in the 
nonsiliceous forni. The relatively low iron activity gives 
evidence of a quite rapid recrystallization of formed 
amorplious compounds.  After Marsan & Torrcnt 
(1989), an increase in the content of amorphous sili- 
ca, as is the case wit11 the spodic horizon of Carbic 
Podzol, is likely to favour its cementation. 

Conclusions 

Continuous podzolization is characteristic of the 
current progress of  Carbic Podzol as well as of pedo- 
genesis on poor sand deposits. A slight accumulation 
of Al-fulvic humus in sitri represents tlie first stage 
of current soil formation in pine stand under the can- 
opy of dwarf shrubs and complete cover of green 
mosses. Acidification has been accompanied by the 

Tlris irrvesfigtztior~ ulrr.s ,srrppnr~ted I)!) [Ire Estoni- 
arr Sc-ierrce Folrr~tiafiori gr.at~f no. 2669. Its c o r ~ l ~ l e -  
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4090. 
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