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Changes in humus forms in gaps of the canopy
of semi-natural beech stand
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ABSTRACT: The article presents original results of research on the humus form dynamics in a semi-natural European
beech stand in the National Natural Reserve Vodéradské buciny, in the area of Training Forest Enterprise at Kostelec
nad Cernymi lesy (Czech University of Agriculture in Prague). The accumulation and soil chemical characteristics of
particular humus forms were studied: dry matter amount, pH, soil adsorption and exchangeable acidity characteristics
as well as plant available and total nutrient contents. The humus form samples were taken in four replications from the
particular humus form layers (L, F, H, Ah), and the analyses were performed individually. Samplings were done in the
parts of the stand with closed canopy, and they were compared with the state in gaps formed during natural and semi-
natural forest regeneration (the stage of stand breaking up left to spontaneous development). The results confirmed
marked changes in the quantity and quality of surface humus in the gaps. The amount of dry matter decreased by ca.
25% several years after canopy opening, especially in the H horizon, the pH, base content and base saturation increased,
as well as the content of macronutrients (with the exception of total calcium). The results proved considerable changes
in the humus forms during the natural and semi-natural forest cycles connected with the stand regeneration.
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Humus forms, i.e. the holorganic and the up-
permost mineral, humus-enriched horizon, have
a lot of important functions in forest ecosystems
(GREEN et al. 1993). Their destruction causes rapid
site degradation (ULBRICHOVA, PODRAZSKY 2003),
and regeneration is a necessary pre-condition for
any site restoration and revitalization (REMES, PoD-
RAZSKY 2003).

The dynamics of humus forms is of marginal inter-
est in the forestry of Central Europe at present, only
some aspects have been studied until now (SARMAN
1982, 1985, 1986; WRIGHT 1957). The evidence was
given on negative effects of some silvicultural and
site improving treatments (PODRAZSKY, ULBRI-
CHOVA 2003).

Among the research activities the humus form
dynamics was studied in natural and semi-natural
forests; in general, the concept of anthropically
caused negative changes in the surface humus de-

velopment after forest operations is assumed to be
worked out. Only few research results are available,
but they do not confirm any large differences be-
tween semi-natural and commercial forests in the
humus form dynamics (PODRAZSKY, VIEWEGH 2005;
PoDpRAZSKY, REMES 2005¢).

The aim of the present study was the quantification
of changes in humus forms in a semi-natural Euro-
pean beech forest during the regeneration period.
The quantity and soil chemistry were studied in
parts of the forest ecosystem left to natural develop-
ment on plots with full canopy, and on plots where
regeneration started a few years ago, with the canopy
interruption and gap formation.

MATERIAL AND METHODS

The study was performed in forest stand 417A16a/
8a, where the age classes (cohorts) around 155 and
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Table 1. Accumulation of organic matter and total nitrogen in particular humus form layers of different stand parts

. . . Dry matter of Dry matter
Hu?llliie(;p(i;r;gel Nltroger(l (y(l)(] eldahl) holorganic layers accumulation
’ ’ (g/sample) (t/ha)
L+F1 50.1 1.0 8.9 1.424
F2 58.5 1.7 55.2 8.832
Gaps (1)
H 40.1 1.6 77.2 12.352
Ah 13.5 0.5 total 22.608
L+F1 50.5 1.0 8.8 1.408
F2 54.7 1.6 52.1 8.336
Closed stand
37.6 1.4 116.4 18.624
Ah 13.4 0.5 total 28.368

80 years were represented. The site conditions are
characterized by forest site type 4B1, altitude 470 m
above sea level, average annual temperature 7.5 to
8.5°C, and mean annual precipitation 650 mm.

Soil samples were taken November 5, 2003 in gaps
with beech regeneration and in fully closed parts of
the stand without vegetation cover. The regenerated
sites corresponded to the initial phases of the break-
ing up stage of natural forests (PopLaskI 2004). In
both cases, 4 replications were taken quantitatively
with a steel frame 25 x 25 c¢m, separately for the ho-
rizons: L + F1, F2, H (holorganic), as well as for the
uppermost mineral horizon Ah. Individual analyses
of particular samples were carried out.

The following chemical analyses were performed:
dry matter content of holorganic horizons was
determined by drying to constant weight at 105°C
and calculated per 1-ha area,
total humus content was determined by Springer-
Klee method, total nitrogen content by standard
Kjeldahl method,
soil reaction (in water and in 1N KCI solutions)
was determined potentiometrically,
soil adsorption complex characteristics were de-
termined by Kappen method: S — base content,

T-S (H) — hydrolytical acidity, T (S + H) — cation
exchange acidity and V — base saturation,

plant available nutrients were determined in a
1% solution of citric acid — this method is old,
not used in the world literature any more, but
it is used in the Czech forestry and it enables to
make comparisons with older results. The nutrient
contents are given in oxide forms. Phosphorus was
determined in the solution spectrophotochemi-
cally, potassium colorimetrically and calcium and
magnesium by AAS (atomic absorption spectro-
photometry),

parameters of exchange acidity were determined
in a KCl solution,

total nutrient content after mineralization of hol-
organic horizons using the mixture of sulphuric
acid and selenium. The analyses were performed
by the commercial laboratory Tomas in Opoc¢no.

RESULTS AND DISCUSSION

The surface organic matter was accumulated in

significantly higher amounts in the stand parts
without gaps (Table 1). The differences reached ca.
25% in favour of open parts with regeneration, they

Table 2. Soil reaction and adsorption complex characteristics in particular humus form layers of different stand parts

pH/H,0 pH/KCI (mval/S 100 g) (mvaT/ISOO g) (mval;rlOO 2) (2/(:)

L+F1 53a 4.8 34.6 12.1 46.7 a 74.1 a

F2 5.1 4.7 a 74.9 a 24.0 98.8 a 75.8 a

Gaps (1)

H 4.4 4.0 37.7 30.4 68.0 55.6
Ah 3.9 34 7.5 10.4 17.9 47.8

L+F1 50b 4.9 38.1 14.8 52.9b 72.0b

Closed F2 4.8 4.4b 51.6b 28.1 79.6 b 64.2b
stand H 4.1 3.7 27.2 30.5 57.7 47.3
Ah 3.8 3.3 6.8 16.4 23.2 28.6

S — base content, T-S — hydrolytical acidity, T — cation exchange acidity, V — base saturation
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Table 3. The exchange titration acidity characteristics in particular humus form layers of different stand parts

Exchange titration acidity

+ 3+
(mval/kg) Exchangeable H Exchangeable Al
L +F1 39.5 25.0 14.5
E2 23.2 10.9a 12.2
Gaps (1)

H 20.4 8.8 11.9
Ah 33.1 0.45 32.6
L+F1 35.5 18.3 19.4.
F2 22.2 59b 16.2

Closed stand
20.7 5.6 15.1
Ah 39.0 0.12 38.8

were caused by different decomposition intensity of
the H-layer especially. The gap formation resulted
in increased mineralization of this holorganic layer,
storing the humified material, the amounts of less
decomposed horizons being comparable. Humus
content (carbon content) did not show any vis-
ible changes after canopy lowering, total nitrogen
content behaved in a similar way (the tendency of
higher content in F and H layers of the gaps was not
significant). A similar amount of the surface humus
accumulation was observed comparing the lower
altitudes and other broadleaved as well as coniferous
tree species (PODRAZSKY, REMES 2005a), the trends
did mimic also the tendencies at higher altitudes,
despite different levels of accumulation (PoD-
RAZSKY, VIEWEGH 2005). The changes in the soil
cover are only temporary and the size of gaps is very
small, so there is not an environmental risk, unlike
the large areas of cut or declined forest (SvoBODA,
PoDpRAZSKY 2005).

The pH (H,O) was higher in the humus form layers
in gaps (Table 2), the differences were statistically
significant in the uppermost horizons (L + F1 and
F2). This trend was even more pronounced in the
case of pH (KCl), except the litter layer. The same
trend was observed for the base content (S-value)
and even more for the base saturation (V-values).

These trends indicate a considerably higher min-
eralization activity in gaps followed by consequent
enrichment of the surface horizons with bases (rela-
tive enrichment). As a consequence of these changes,
the cation exchange acidity (T-values) was higher in
the substrates sampled in gaps, in the hydrolytical
acidity (T-S values) there were no differences. Similar
differences, of a smaller extent, were documented
in thinning experiments on variants with lower
canopy (HAGER 1988; NAUMANN 1987; PODRAZSKY,
MosER 2003; SARMAN 1985), resulting in higher
surface humus decomposition. The chemical shifts
were comparable also to the changes during natural
development cycles in other semi-natural forests
(PODRAZSKY, VIEWEGH 2005).

The exchange titration acidity was almost the
same in both studied profiles, but the proportion
of exchangeable hydrogen (H*) was significantly
increased in the gaps whereas in the parts of closed
stand the dominance of exchangeable aluminium
was more prominent (Table 3).

The dynamics of the plant available nutrients is
shown in Table 4. The plant available phosphorus
content was significantly higher in the holorganic
layers in the gaps, the situation was just opposite
in the mineral soil horizon. The translocation by so
called biological mobilization is possible, probably

Table 4. Plant available nutrient contents in particular humus form layers of different stand parts

P,0, (mg/kg) K,O (mg/kg) CaO (mg/kg)  MgO (mg/kg)  Fe,O, (mg/kg)
L+F1 1,488 4,427 5,600 1,504 96
F2 1,064 a 2,080 a 10,133 1,352 a 102
Gaps (1)
H 878 a 860 a 5,253 590 440
Ah 278 a 172 717 106 805
L+F1 1,345 4,320 5,600 1,771 51
F2 560 b 1,034 b 7,213 834 b 158
Closed stand
H 559b 483 b 3,707 352 486
Ah 414b 173 692 107 2,541
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Table 5. Total nutrient contents in particular humus form layers of different stand parts

N (%) P (%) K (%) Ca (%) Mg (%)
L+F1 1.000 0.10 0.50 a 1.04 0.12
F2 1.690 a 0.14 a 0.24 0.92 0.11
Gaps (1)
H 1.470 0.14 0.26 0.04 0.09
Ah - - - -
L+F1 1.050 0.10 0.44 b 1.24 0.11
F2 1. 11 .2l A4 .
Closed stand 556 0.11b 0.20 0.43b 0.08
H 1.430 0.13 0.26 0.05 0.06
Ah - - - -

documented also in other cases (PODRAZSKY, REMES
2002). In the humus forms of the gaps, the potassium
contents were statistically significantly higher, prob-
ably due to the relative enrichment as well as due to
the ground vegetation of grass litter, much higher
in this nutrient. Similar effects were documented
when grass formed the majority of the litter and of
humus forms after its transformation (PODRAZSKY,
ULBRICHOVA 2004; ULBRICHOVA et al. 2005). Iden-
tical trends (significant in the particular horizons)
were confirmed for the bivalent bases, calcium and
magnesium.

Total nutrient contents (Table 5) showed very similar
trends, with the exception of total calcium content. All
the studied macronutrients showed higher contents
in the humus forms of the gap parts of the stand. The
differences were statistically significant at least in some
layers. The opposite trend of calcium needs further
explanation, probable mobilization in gaps and conse-
quent leaching or uptake are only assumptions.

The results of the study confirmed relevant chan-
ges in the humus forms during the initial stages of
canopy breaking up and gap formation, lasting for
several years. The more favourable soil chemistry
was observed in the gaps, which can support young
seedlings and contribute to their growth and sur-
vival. On the contrary, the surrounding old trees
protect young beeches against the unfavourable mi-
croclimate of open plots and increase their growth.
The better growth of young beeches and their better
quality under partial canopy were confirmed also in
other experiments (PODRAZSKY, REMES 2005b).

CONCLUSIONS

Humus forms in the semi-natural beech stand
underwent considerable changes in a relatively short
time. The gap formation and the beginning of the
stand regeneration are also connected with visible
and significant changes in the state of surface humus,
as well as the uppermost part of the mineral soil
body. The changes can be summarized as follows:
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— adecrease in the quantity of surface humus by ca.
25%,

— the soil reaction, expressed as pH values, in-
creased significantly in the gaps,

— the same tendency was documented for the base
content and base saturation, and the adsorption
complex was improved considerably,

— the content of plant available nutrients and to-
tal nutrients was higher in the humus layers in
gaps,

— we can suppose significant changes in the soil
biological activity after gap formation, connected
with the relative enrichment of the surface humus
layers,

— in the natural and semi-natural forests, the shifts
in the soil (humus form) status can be of consider-
able extent.
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Zmény humusovych forem v mistech s narusenym zapojem

v prirozeném bukovém porostu

V. V. PODRAZSKY, J. REMES

Fakulta lesnickd a environmentdlni, Ceskd zemédélskd univerzita v Praze, Praha, Ceskd republika

ABSTRAKT: Clanek uvadi pavodni vysledky vyzkumu dynamiky humusovych forem v polopiirodnich (pfiroze-
nych) porostech buku lesniho v Narodni ptirodni rezervaci Vodéradské buciny na dzemi Skolniho lesniho podniku
v Kostelci nad Cernymi lesy (CZU v Praze). Byla sledovana akumulace a pedochemické charakteristiky jednotlivych
vrstev humusovych forem: zdsoba susiny holorganickych horizont, ptidni reakce, charakteristiky ptidniho sorp¢niho
komplexu a vyménné acidity a obsah pristupnych i celkovych zivin. Vzorky byly odebirdny ve ¢tyfech opakovénich
podle jednotlivych vrstev humusovych forem (L, F, H, Ah), analyzy byly provddény individudlné. Odbéry byly pro-
vadény v porostnich ¢astech s plnym zdpojem, stav byl srovnavan s podminkami v ¢astech s prolomenym zapojem
nékolik let po vzniku. Zde rovnéz dochdzelo k masivnimu zmlazovani buku (simulace stadia rozpadu v ¢dstech lesa
ponechanych piirodnimu vyvoji). Vysledky potvrdily vyrazné zmény v kvalité i kvantité v humusovych vrstvach
po rozvolnéni zapoje. Zasoba susiny holorganickych horizonta klesla zhruba o 25 % zejména ve vrstvé H, padni
reakce vzrostla stejné jako obsah bdzi a nasyceni sorp¢niho komplexu bazemi a obsah pristupnych i celkovych Zivin
(s vyjimkou celkového vépniku). Vysledky dolozily vyzna¢né zmény stavu humusovych forem béhem prirozeného
cyklu vyvoje lesa spojeného s jeho obnovou.

Klic¢ova slova: humusové formy; buciny; akumulace humusu; ptdni chemismus; obnova buku; pfirozené lesy
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Cilem studie bylo dolozit vyvoj mnozstvi a kvality
nadlozniho humusu a humusovych forem obecné
v poloptirodnim (pfirozeném) bukovém porostu bé-
hem pocite¢ni doby obnovy. Setfeni byla provede-
na ve vybraném porostu na izemi{ Narodni prirodni
rezervace Vodéradské buciny, ktera je soucasti Skol-
niho lesniho podniku v Kostelci nad Cernymi lesy.
Kvantita a pedochemické vlastnosti jednotlivych
holorganickych a nejsvrchnéjsich mineralnich hori-
zontl (susina holorganickych vrstev, obsah celkové-
ho uhliku, padni reakce, charakteristiky sorp¢niho
komplexu, obsah zivin celkovych i pfistupnych, vy-
ménna acidita) byly sledovany v porostnich ¢dstech
ponechanych od r. 1955 spontannimu vyvoji, srov-
navaly se plné zapojené plochy bez prizemni vege-
tace s plochami v mezerach zapoje, kde dochazelo
ke zmlazovani. Stanovisté odpovidalo pocate¢nim
fazim stadia rozpadu. V obou pripadech byly kvan-
titativné odebrdny vzorky holorganickych vrstev
pomoci zelezného ramecku 25 x 25 cm ve Ctyfech
opakovanich, horizont Ah nebyl odebiran kvantita-
tivné. Byly provedeny individudlni analyzy vzorka.

Vysledky analyz prokazaly vyrazné rozdily mezi
plné zapojenou c¢asti porostu a césti s prolome-
nym zapojem. Mnozstvi povrchového humusu bylo
v mezerdch zdpoje zna¢né snizeno. Rozdily dosahly
az 25 % zasoby nadloznich humusovych horizon-
ta ve prospéch prosvétlenych mist se zmlazenim.
Tento jev byl pravdépodobné zpisoben rtznou
intenzitou dekompozice opadu predevsim ve vrst-
vé H, humifika¢ni. Obsah humusu (celkového uhli-
ku) nevykazoval patrné zmény po snizeni zapoje
stejné jako obsah celkového dusiku (tendence zvy-
$eného obsahu ve vrstvach F a H v mezerdch neni

prukaznd). Hodnoty ptadni reakce aktivni byly vys-
§1 ve vrstvach nadlozniho humusu v rozvolnénych
mistech. Rozdily byly v nejsvrchnéjsich horizontech
statisticky vyznamné. Jesté vice byl tento trend pa-
trny v pripadé pH potencidlni (v KCl), s vyjimkou
vrstvy opadu. Podobni tendence byla dolozena pro
obsah bdzi (hodnota S) a jesté vyraznéjsi pro na-
syceni sorp¢niho komplexu bizemi (hodnota V).
Tyto zmény indikuji vyrazné intenzivnéj$i mine-
raliza¢ni aktivity ve svétlinach, nasledné pak obo-
haceni nadlozniho humusu o béaze (relativni — na-
rist koncentraci). Jako disledek tohoto vyvoje byla
v holorganickych vrstvach svétlin vyssi i kationtova
vyménnd kapacita (hodnota T), v hydrolytické aci-
dité (hodnota T-S nebo H) nebyly pozorovany roz-
dily. Vymeénna titracni acidita byla velice vyrovnand
v substratech z obou typt stanovisté, ale v pripadé
mezer v zapoji byl zdiraznén podil vyménného
vodiku (HY), zatimco v porostnich ¢dstech s plnou
clonou dominoval mnohem vyraznéji vyménny hli-
nik. Obsah celkovych i pristupnych zivin vykazoval
velmi podobny trend s vyjimkou obsahu celkového
vapniku. VSechny studované makroelementy byly
ve zvy$ené mife koncentrovany v substratech, po-
chézejicich z mezer v zdpoji. V radé pripada byly
rozdily dokonce statisticky vyznamné.

Vysledky studie potvrzuji, ze humusové formy
podléhaji v prirodnich a prirozenych bucinach
znaénym zméndm v relativné kratkych casovych
usecich. Vytvareni mezer v zapoji a pocatek ptiro-
zené obnovy porostu jsou spojeny s patrnymi a vy-
znamnymi zménami ve stavu povrchového humusu

evs oYz

a nejsvrchnéjsi ¢asti minerdlni pady.
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