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Effect of forest liming in the Western Krusné hory Mts.
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ABSTRACT: In May 31, 2000, the Government of the Czech Republic, has adopted the Decision No. 532, assigning
the minister of agriculture to realize liming and fertilizing in the Kru$né hory Mts. and Orlické hory Mts. Based on the
decision, in 2000-2003, liming of forest stands was done, at the area of 34,000 ha. Changes of soil and leaf chemistry
two years after liming were studied in the Western Kru$né hory Mts., Forest administration Horni Blatna. Slight pH
increase layer was stated both in the humus layer, and in upper horizons of mineral soil. Increased contents of calcium
and magnesium, same as nitrogen and potassium were also recorded. Content of basic cations, mainly of magnesium
and calcium, in the sorption complex was increased, aluminium content was decreased. C/N ratio in the humus layer
did not change, ratio of basic cations and aluminium in the humus layer was increased significantly. Analyses of the
assimilation organs of spruce have proved increase of magnesium and calcium content. The increase was higher in the
stands of originally lower values of these elements. While before liming, in about a half of the samples of second needle

year class, magnesium was under the deficiency level, two years after liming no deficient values were recorded.
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Forest soils in the Czech Republic had developed
mainly on the acid, rock-forming, substrates. Dur-
ing the long-term period of forest utilization by
man, the soils were depleted in a high amount of
bio-genous elements, mainly nitrogen, calcium and
magnesium. Half century lasting high deposition
of the acid compounds has meant another harsh
decrease of the mineral element supply.

First trials on liming have started in the Czech Re-
public already in the 30ies of the last century. They
were of ameliorative character, and they were a part
of soil preparation in forest regeneration at strongly
degraded soils. The aim of aerial application of lime
containing materials was to revitalize element circu-
lation in the Scotch pine and Norway spruce stands,
and to increase their growth. The results, however,
did not corresponded to the expectations, and, to
increase the growth, nitrogen fertilizers were used
further on.

During the eighties and seventies, liming was
focused on regions of high air pollution load. Most
extended plots have been treated within the region

of Eastern Krusné hory Mts. (KUBELKA 1993), and
also in other polluted regions (Table 1). The aim was
to improve the unsatisfactory state of the forest soil,
and to compensate really high acid deposition. At
the beginning of nineties, in the period when direct
impact of emission has lowered, such applications
were abandoned gradually.

In 1999, in the Western part of the Kru$né hory
Mts., in Horni Blatna and Kraslice, vast yellowing
of the forest stands has been observed, connected
with the basic element, mainly magnesium and cal-
cium, deficit in needles and forest soils (SEBKOVA
et al. 2001). Similar damage was observed also in

Table 1. Area of liming in air pollution regions of the Czech
Republic in 1978-1991
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Kru$né hory Mts. 62,000 ha
Jizerské hory Mts. 8,000 ha
Krkono$e Mts. 7,409 ha
Orlické hory Mts. 2,800 ha
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some parts of the Orlické hory Mts. In 2000, in
many localities, besides colour changes, drying off
and fall of the needles was observed. Deterioration
of the health state has overreached the state when
the trees are still able to regenerate; there was a
risk of stand density lowering, and, in some places,
stand disturbance. These symptoms were typical for
strong magnesium deficiency (ENDE, EVERS 1997).
Chemical analyses of needles have proved signifi-
cant deficit of some nutrients, mainly magnesium,
calcium, and zing, in the stands damaged. Very low
supply of these elements has been proved also in
the forest soils.

In May 31, 2000, the Government of the Czech
Republic, has adopted the Decision No. 532, assign-
ing the minister of agriculture to realize liming and
fertilizing in the Kru$né hory Mts. and Orlické hory
Mts. Based on the decision, in 2000—2003, liming
of forest stands was done, at the area of 34,000 ha,
and fertilizing by liquid and powder fertilizers at
13,000 ha.

The area for liming is selected by the forest own-
ers, based on the instructions by Forestry and Game
Management Research Institute and Ministry of
Agriculture of the Czech Republic. Suitability of
these plots is considered by Forest Management
Institute from the typology viewpoint. Selection of
the plots has to be agreed by the Nature Protection
authorities.

For the treatment dolomite lime was used of mini-
mal content of MgO 17.4% and fraction granularity
max. 2 mm. Liming of the total dose of 3 t/ha was
done aerially, using the small crafts and helicop-
ters.

Effect of the liming, done in 2000-2004, was
systematically controlled. In the stands, included
in liming, samples of humus and mineral soil are
taken before treatment — 1 sample spot per about
100 ha. For needles one sample is taken per about
300 ha of the plot treated. Next sample taking is
supposed to be done in two, five, and ten years after
the treatment.

In this paper, changes of the basic chemical pa-
rameters of soil and needles are evaluated, treated
in 2000 and 2001, in the Western part of the Kru$né
hory Mts., within the forest administration Horni
Blatnd (state forest), and in the community forests
of Bozi Dar, and Jachymov.

METHOD
In 2000-2001, within the region investigated, lim-

ing was done at 3,183 ha (Table 2). In these localities
soil samples were taken in 39 stands, and Norway
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Table 2. Area of liming within the localities investigated in
2000-2001

2000 2001
LS Horni Blatna (ha) 1,577 1,073
OL Bozi Dar (ha) 105 0
ML Jachymov (ha) 0 428
Total (ha) 1,682 1,501

spruce needle samples (Picea abies L. Karst.) in
14 stands.

Soil samples before liming have been taken in
May 2000, and 2001, control samples in May 2002,
and 2003 respectively. In three spots in each stand
mixed samples of humus (FH), upper mineral ho-
rizon, enriched in humus (A), and next mineral
horizon up to 30 cm (B) were taken. In the samples
an active pH-pH(H,0), and exchangeable pH(KCI)
was stated. In 2000-2002, nitrogen contents were
stated by kjeldahlization, spectrometrically, the
contents of oxidable carbon by iodo-metrical titra-
tion after oxidation by the chlorine-sulphur mixture.
In 2003 the total C and N contents were stated by
the CNS element analyzer (Leco). The content of
exchangeable elements was stated in the elution by
amonnium chloride, total element contents by aqua
regia and following spectro-photo-metrical stating
by ICP-OES. Exchangeable phosphorus was ana-
lyzed spectrofotometrically after solution in HCI +
H,SO,. Mixed needle samples were taken at ten
trees in each stand, of the upper, sun-exposed part
of the crown. For technical reasons they were taken
preferably in the young stands (less than 50 years).
Samples of the first and second needle year class
were analyzed. Sample decomposition was done in
the micro-wave oven, stating of individual elements
same as in the soil samples.

Significance of differences in individual parame-
ters before and after liming was tested by the ¢-test a
multiplied comparison (Dunn) at the 95% reliability
level, using the UNISTAT programme.

RESULTS AND DISCUSSION

Global results of the chemical analyses of soil are
presented in the Table 3. Changes in soil acidity and
the content of exchangeable nutrients were, logi-
cally, more significant in the humus layer, and the
upper mineral horizon, compared to the deeper soil
layers. Decrease of acidity in all the horizons was
more significant for the exchangeable pH, compared
to active pH, the difference is more significant in the
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Table 3. Average values of the soil chemical characteristics before liming and two years after liming

Horizon O (KC) imghe) mghe) ) (mgkg) mghg (9 N BOA

before liming 3.66 2.55 648.6 1204 1.71 30.6 320.9 - 18.0 0.5

2 years after liming 4.34 324 22480 1,083.8 1.89 55.6 424 - 19.9 11.6

o difference 0.68 0.69 1,599.4 963.4 0.18 25.0 103.1 - 1.9 11.1
significance - - - - - . - _ - -
before liming 3.62 2.61 110.1 33 0.53 20.1 106.7 9.8 - -
2 years after liming 3.89 2.98 2346 1322 1.01 19.3 177.2 19.5 - -
A difference 0.27 0.37 124.5 98.9 0.48 -0.8 70.5 9.7 - -
significance - - - # no - - _ _
before liming 3.95 2.87 42.9 13.4 0.17 34.6 44.4 5.2 - -
2 years after liming 4.02 3.25 39.6 19.9 0.24 19.0 46.0 5.4 - -
? difference 0.07 0.38 -3.3 6.5 0.07 -15.6 1.6 0.2 - -
significance no R no k no no - -

BS — base saturation, BC/Al — (Ca + K + Mg)/Al

deeper soil horizons. The exchangeable pH(KCI)
before liming was very low. Before liming, in the
humus layer, 97% of the samples was extremely
acid (pH(KCI) > 3), in A horizon it was 87%, and in
B horizon 54% of the samples taken. The rest of the
samples was still strongly acid (pH(KCI) 3-4). Two
years after liming representation of the samples in
the category “extremely acid” had decreased in FH
to 15%, in A horizon to 51%, and in B horizon to 5%.
Acidity decrease was not dramatic — all the samples
were still strongly and extremely acid. Changes of
exchangeable pH are significant in all the horizons
sampled.

The contents of exchangeable magnesium and
calcium directly contained in the ameliorative
materials, have increased significantly in the upper
soil horizons. Since before liming, in the A horizon,
very low calcium supply was stated (< 140 mg/kg)
in 79% of the samples taken, and in B horizon in all
the samples, two years after liming the frequency
of samples of very low calcium supply in A horizon
decreased to 31%, in B horizon it decreased to 95%.
Before liming, very low magnesium supply (< 20
mg/kg) was stated in 15% of the samples of A hori-
zon, and 85% of B horizon. Two years after liming
the frequency decreased to 3% in A horizon, and
51% in B horizon.

An increase of nitrogen and potassium supply is
connected to their faster release of the humus layer.
For nitrogen an increase is significant in all the three
horizons, for potassium only in humus and upper
mineral layer (A). In the B horizon the changes are

J. FOR. SCI., 52, 2006 (Special Issue): 45-51

less significant — nutrients released are spend by the
trees, and they are not eluted to the deeper soil ho-
rizons. Potassium contents before and after liming,
in mineral horizons, are ranging within medium to
low supply for this element.

Compared to above mentioned elements, phos-
phorus contents perform differently. Two years after
liming, in the humus layer, significant increase of
this element was recorded, in average in 25 mg/kg,
in the upper mineral horizon (A) the change was
insignificant, and in the depth to 30 cm even signifi-
cant decrease was recorded, in 16 mg/kg.

Base saturation in the mineral horizons was very
low before liming. In the A horizon 69% of the
samples was below the range of critically low base
saturation of basic elements (< 10%), two years after
liming it was 13% only. On the other hand, just 10%
of the samples was over the border of low base satu-
ration (30%). Fig. 1 shows, that in the sorption com-
plex relative increase of magnesium (+5%), calcium
(+3%), and potassium (+1%) ratio was recorded, in
contrary, the contents of aluminium (-5%), iron
(-1%), H-ions (-1%) and manganese (—1%) were
decreased. In B horizon no significant changes were
recorded; frequency of the samples of low base satu-
ration was both before and after liming 90%.

In the period before liming, in the humus layer,
unsatisfactory C/N ratio was find, reaching the val-
ues from 15 to 22. In such a high nitrogen saturation,
there is a risk of fast humus decomposition after lim-
ing, and possible loss of some nutrients bind there
(GUNDERSEN et al. 1998; PERSSON et al. 1995). Two
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Fig. 1. Average saturation of the sorption complex of mineral horizons before and after liming

years after liming the C/N ratio was 15 to 24, and, in
average, it was increased significantly.

This can be affected, however, by changes in ana-
lytical methods. The plots limed in 2000, where the
samples were analyzed using the same methods,
before and after liming (Nkjel, Cox) show only in-
significant decrease of average C/N value, in 0.71.
In contrary, the plots limed in 2001, where the
contents of carbon and nitrogen were analyzed by
the element analyzer, two years after liming, show
significant increase of C/N ratio, in 4.04. Based on
above presented data, it can be supposed, that no
significant changes in C/N ratio occurred, serious
evaluation has to be based on comparing of the two
analytical methods, however.

The molar ratio of basic cations to aluminium has
increased significantly in the humus layer (Ca + K +
Mg)/Al, signalizing decrease of toxicity of this metal
for the root system of the tree species.

Results of chemical analyses of assimilation organs
are presented in the Table 4. It is obvious, that prov-
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able increase of element content can be proved only
with some, before rather deficit elements.

Calcium contents, with the exclusion of one sam-
ple only, in the current- and one-year old needles,
were over the level of deficiency (1,500 mg/kg). Two
years after liming, in one-year old needles calcium
content was increased, only for the current-year
needles the increase was significant, however. As
shown in the Fig. 2, higher increase was recorded
in the stands of originally lower Ca contents in
needles. In contrary, in the stands, showing calcium
content in the second needle year class higher than
5,000 mg/kg, it was even decreased.

Magnesium contents in the current-year needles
were under the deficiency level (700 mg/kg) only in
two cases. In the one-year old needles a half of all
the samples taken was deficit. Two years after lim-
ing, significant increase of Mg was recorded in the
one-year old needles. Same as with calcium, more
significant increase was observed in the stands of
originally lower contents of Mg (Fig. 3), thus two
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Fig. 2. Shift of calcium content in individual stands, in the first and second needle year class, before and two years after liming
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Fig. 3. Change of Mg content in individual stands, in the first and second needle year class, before liming and two years after it

years after liming no magnesium deficiency was
recorded, although in many cases the magnesium
content was of limit value. In the stands, where
magnesium contents in the second needle year
class were 900 mg/kg and more, in repeated sam-
pling stagnation was recorded, or even magnesium
decrease.

For the other main nutrients an increased con-
tent was recorded in the current- and one-year old
needles, however, it was not significant in any case.
Significant increase was recoded also for zinc, in the
current-year needles. Decrease of manganese and
aluminium contents in the two-needle year classes
is another aspect of interest. It can be connected to
partial substitution of these elements in the sorption
complex in mineral soil. Changes for these elements
are statistically insignificant, however.

CONCLUSION

Two years after liming, in the soils of Western
Krus$né hory Mts., slight pH increase was stated
both in the humus layer, and in upper horizons of
mineral soil. Contents of calcium and magnesium,
same as nitrogen and potassium, were also recorded.
The changes are visible mainly in the humus layer
and in the upper mineral horizon, in mineral ho-
rizon up to 30 cm they are less visible — it can be
supposed that nutrients were not leached of the
humus layer. Content of phosphorus was decreased
in mineral horizons, in contrary. Content of basic
cations, mainly of magnesium and calcium, in the
sorption complex were increased, aluminium con-
tent was decreased. However, base saturation, in
most of the cases, is still lower than 20% in the upper

Table 4. Average element contents in needles before liming and two years after it

Ca Mg P K Zn Mn Al
Needles N (%
(mg/kg) (mg/kg) %) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

before liming 2,802 861 1.44 1,741 6,551 27.6 405 102

2 years after liming 3,943 1,234 1.46 1,862 6,858 355 378 83
Current year

difference 1,141 373 0.02 121 307 7.9 -27 -19

significancy i no no no e no no

before liming 4,201 691 1.30 1,509 6,076 27.2 520 166

2 years after liming 4,920 929 1.39 1,670 6,381 28.2 490 125
1 year-old

difference 719 238 0.09 161 305 1 -30 -41

significancy no i no no no no no no
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mineral horizon, in the depth of 30 cm no changes
observed by now. C/N ratio in the humus layer did
not change, most probably, however, comparability
of the laboratory methods is to be verified. Ratio of
basic cations and aluminium in the humus layer was
increased significantly.

Analyses of the assimilation organs of spruce have
proved increase of magnesium and calcium content.
The increase was higher in the stands of originally
lower values of these elements. While before liming
in about a half of the samples of second needle year
class magnesium was under the deficiency level, two
years after liming no deficient values were recorded.
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Ucinnost vapnéni lesnich porostt v zapadnim Krusnohori
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ABSTRAKT: 31. kvétna 2000 piijala viida CR usneseni ¢. 532, které ulozilo ministrovi zemédélstvi provadéni vapnéni
a hnojeni v lesich Kru$nych hor a Orlickych hor. Na zékladé tohoto usneseni bylo v letech 2000-2003 provedeno vipnéni
lesnich porosti na 34 000 ha a hnojeni kapalnymi i sypkymi hofe¢natymi hnojivy na 13 000 ha. V zdpadnim Krusnohofi
jsme studovali zmény chemismu pidy a asimila¢nich organt dva roky po aplikaci vdpnéni. V piidach zapadniho Krusnohoti
doslo v té dobé k mirnému nartstu pH v humusu i ve svrchnich vrstvach mineralni pudy, k ndrastu obsahu vapniku a hot-
¢iku v padé i k navyseni obsahu dusiku a drasliku. V sorpénim komplexu se zvysilo zastoupeni bazickych kationtd, zejména
hot¢iku a vdpniku, na tGkor hliniku. V humusu se nezménil pomér C/N, pomér bazickych kationti k hliniku v humusové
vrstvé se vyrazné zvysil. Analyzy asimila¢nich orgdnt smrku prokazaly nérust hof¢iku a vapniku. K vy$§imu nardstu doslo

u porosti s pivodné nizkymi hodnotami téchto prvki. Zatimco pred vdpnénim se polovina vzorkd druhého ro¢niku jehli¢i

pohybovala pod hranici deficience vyzivy hoiciku, dva roky po vapnéni nebyly deficitni hodnoty zaznamenany.

Klicova slova: acidifikace; Zloutnuti smrku; vipnéni; lesni pady; chemické vlastnosti; saturace bazemi

V roce 1999 se v zdpadnim Kru$nohofi v oblasti
Horni Blatné a Kraslic projevilo rozsdhlé Zloutnuti
lesnich porostd spojené s deficitem bazickych prv-
ki — zejména horc¢iku a vdpniku v jehli¢i a v les-
nich ptidach. Obdobnd poskozeni byla pozorovana
i v nékterych ¢astech Orlickych hor. Na jare 2000
jiz na radé lokalit dochazelo kromé barevnych
zmén k usychani a k odumirani starsich ro¢nika
jehli¢i. Zhor$ovani zdravotniho stavu prekrocilo
hranice, kdy mohou stromy prirozené regenerovat,
a hrozi riziko profedovéni, na nékterych mistech az
rozvratu porosta.
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31. kvétna 2000 prijala vldda CR usneseni ¢. 532,
které ulozilo ministrovi zemédélstvi provadéni
vapnéni a hnojeni v lesich Krusnych hor a Orlic-
kych hor. Na zdkladé tohoto usneseni bylo v letech
2000-2003 provedeno vapnéni lesnich porostd na
34000 ha a hnojeni kapalnymi i sypkymi hofe¢na-
tymi hnojivy na 13 000 ha.

Vépnéni provadéné v letech 2000-2004 podléha
systematické kontrole G¢innosti. V porostech za-
hrnutych do aplikaci vipence jsou pred vlastnim
zésahem odebirdny vzorky humusu a mineralni
ptdy v hustoté jedno odbérové misto na asi 100 ha.
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Pro jehli¢i je provddén jeden odbér na priblizné
300 ha osetfované plochy. Dalsi odbéry jsou pro-
vadény (planovany) dva, pét a deset let po aplikaci.
V prispévku jsou hodnoceny zmény zakladnich che-
mickych parametrt pid a jehli¢i na plochdch vapné-
nych v roce 2000 a 2001 v oblasti zapadniho Krusno-
hofi na Gzemi lesni spravy Horni Blatn4, Obecnich
lesti Bozi Dar a Méstskych lesti Jachymov.

Celkové vysledky analyz chemickych vlastnosti
pud jsou uvedeny v tab. 3. Zmény v kyselosti a ob-
sahu pristupnych zivin se logicky vyraznéji proje-
vily v humusové vrstvé a ve svrchnim minerdlnim
horizontu nez v hlubsich vrstvach ptdy. Pokles ky-
selosti pady ve vSech horizontech je vyraznéji pa-
trny pro vyménné pH nez pro pH aktivni. SniZeni
kyselosti nebylo prili§ razantni — vsechny vzorky
zUstaly v kategorii silné kyselé a velmi silné kyselé.
Zmény vyménného pH jsou signifikantni ve vsech
odebiranych horizontech.

Obsahy pristupného vapniku a horc¢iku v povr-
chovych horizontech vyznamné vzrostly. Zatim-
co v odbérech pred vapnénim byla v horizontu A
zjisténa velmi nizkd zdsoba vapniku (< 140 mg/kg)
u 79 % vzork a v horizontu B u vSech vzorkd, dva
roky po vdpnéni se Cetnost vzorka s velmi nizkou
zdsobou Ca v horizontu A snizila na 31 %, v hori-
zontu B ovSem pouze na 95 %. Velmi nizkou zaso-
bu hor¢iku (< 20 mg/kg) vykazovalo pred vapnénim
15 % vzorkt horizontu A a 85 % vzorka horizontu
B. Dva roky po vépnéni se tato Cetnost snizila na
3 % u horizontu A a na 51 % u horizontu B.

Saturace bdzemi v minerdlnich horizontech se
v obdobi pred vapnénim pohybovala na velmi niz-
ké urovni. V horizontu A spadalo 69 % vzorkd do
oblasti kriticky nizké saturace bazickymi prvky
(< 10 %), dva roky po vapnéni to bylo jiz jen 13 %.
Na druhou stranu pouze 10 % vzorki se dostalo nad
hranici nizké saturace bazemi (30 %). V horizontu
B nebyly zaznamendany vyznamné zmény.

V humusu byl v obdobi pfed vipnénim zjistén
nepriznivy pomér C/N, ktery dosahoval hodnot od
15 do 22. Pti tak vysokém nasyceni dusikem hro-
zi v pripadé vapnéni zrychleny rozklad humusové
vrstvy a ztrata nékterych v ném poutanych Zzivin.
Dva roky po vépnéni se hodnota poméru C/N po-
hybovala od 15 do 24 a v priiméru vyznamné stoup-
la. Tento fakt vsak bude pravdépodobné zptisoben
zménou analytickych metod. Plochy vipnéné v ro-
ce 2000, kde byly vzorky pred vdpnénim i po vap-
néni analyzovany stejnymi metodami (Nkjel, Cox),
vykazuji nevyznamné snizeni primérné hodnoty
C/N o 0,71, zatimco plochy vapnéné v roce 2001,
kde byly obsahy uhliku a dusiku dva roky po vapné-
ni analyzovany na elementarnim analyzatoru, vy-
kazuji signifikantni ndrtst poméru C/N o 4,04.

V humusové vrstvé vyrazné narostl molarni pomér
bazickych kationtd k hliniku (Ca + K + Mg)/Al, coz
signalizuje sniZeni toxicity tohoto kovu vici kore-
novému systému drevin. Dva roky po védpnéni do-
$lo rovnéz k vyznamnému nartistu obsahu vapniku
a zejména horciku v jehli¢i smrku.
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