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ABSTRACT

This study focuses on foliar nutrients contents in current- and one-year-old needles that can be regarded as a proxy of health condition of the
saplings on the site, and also can help us estimate a litterfall nutrient return difference between the silver fir (SF) and Norway spruce (NS). The
new forest stand dominated by SF and NS was of natural regeneration origin from 120-year-old spruce-fir stand; all mature spruces were cut as
salvage crop from the stand at the time of investigation. The saplings of SF and NS with a few other species varied in height ranging from 1 m to
4 m. Despite spruces of all age classes show needle yellowing in the area of interest, SF and NS saplings show no color changes. The samples of
current-year and one-year-old needles were taken from the 2nd-3rd whorls of randomly selected NS saplings; each of these NS were paired with
the nearest SF saplings of comparable growth. Totally 20 NS and 20 SF trees were sampled, measured their height and last three years increments.
Foliar contents of N, P, K, Ca and Mg were analyzed in laboratory. The logarithmically transformed data were statistically processed using one-
way ANOVA with block design and RDA. Nutrient concentrations and also nutrient ratios of NS and SF current-year needles were similar; NS
was higher in N. One-year-old SF needles were higher in K and lower in Mg. Higher N/K in NS and higher N/Mg, K/Mg in SF were found.
Despite below-optimal contents of Ca and Mg in both species, no symptoms were shown. SF needles did not differ from NS ones.

For more information see Summary at the end of the article.
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uvoD

Jedle bélokora v soucasné dobé zaujima jen 1,2 % porostni plochy lesit
v Ceské republice, ackoli je snaha jeji zastoupeni zvysit na minimalné
4,4 % (ZPrAvA 2019). Na mnoha stanovitich byla jedle v minulosti
nahrazena smrkem ztepilym, takZe se s obéma dievinami setkdvame

valy také deficitni obsahy zdkladnich Zivin v jehlicich (ROBERTS et al.
1989; HUETTL 1989, 1993; PorocIC et al. 2007).

Jedle bélokora je v priloze soucasné platné vyhlasky ¢. 298/2018 Sb.
fazena mezi meliora¢ni a zpevnujici dfeviny. Zpevnujici funkce jedle
je spatfovana v lepsim zakotveni v pidé, spojenym s tvorbou ktilovi-

v podobnych rastovych podminkach nebo i ve stejnych porostech. Je-
dle a smrk byly ¢astym predmétem vzdjemného srovnavani napt. z po-
hledu fyziologie (GRASSI, BAGNARESI 2001; GRASSI, GIANNINI 2005),
genekologie (FRANK et al. 2017), obsahu zivin (MusIo et al. 2004;
RATKNIC et al. 2013) a v posledni dobé také vlastnosti nadlozniho
humusu a pidy (TRESTIK, PODRAZSKY 2017; PODRAZSKY et al. 2018).
Jedle (BErT 1993) i smrk (KAUPENJOHANN et al. 1989) v minulosti ne-
gativné reagovaly Zloutnutim a ztratou jehlic na epizody sucha nebo
antropogenni znecisténi ovzdusi; tyto symptomy chadnuti reflekto-
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tého (v mladi) a pozdéji srd¢itého korenového systému (FER, POKOR-
NY 1993). Dobra meliora¢ni funkce jedle, spocivajici v névratu ¢asti
Zivin zpét do pudy ve formé opadu, je v§ak dolozena mnohem méné
(TRESTIK, PODRAZSKY 2017; PODRAZSKY et al. 2018).

V nasi studii jsme pred realizaci experimentu predpokladali ptiznivéj-
81, tedy vyssi koncentrace Zivin v zivych jehlicich jedle ve srovnani se
smrkem, a tim i odli$nou schopnost jedle pfijimat Ziviny ve srovnatel-
nych podminkach a nasledné také pravdépodobné ptiznivéji ovliviio-
vat ptdni vlastnosti opadem. Cilem této prace bylo vyhodnotit kon-
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centraci zdkladnich Zivin: dusiku, fosforu, drasliku, vapniku a hot¢iku
ve dvou nejmladsich ro¢nicich jehlic jedle v porovnani se srovnatelné
vyskoveé a vékové vyspélym smrkem na témze stanovisti.

MATERIAL A METODIKA

Lesni porost, kde bylo provedeno $etfeni, se nachdzi na reviru Huzova,
LHC Lesy mésta Olomouce, PLO 29 Nizky Jesenik. Stanovi$tné je své-
7{ jedlovd bucina (5S), nadmotska vyska ¢ini 637 m. Matetsky porost
nad pfirozenou obnovou tvofil smrko-jedlovou fedinu v mytnim véku
(ca 120 let), kde byl smrk v diisledku nahodilych tézeb jiz téméf zcela
odstranén. Pfirozena obnova pod profedénym porostem se skldadala
prevazné z vyskové diferencovaného zmlazeni smrku a jedle se spora-
dickou primési dal$ich dfevin. Jedinci pfirozené obnovy nevykazovali
ptiznaky zloutnuti ani jinych barevnych zmén, prestoze se porost na-
1éza v oblasti, kde dochdzi k chfadnuti (Zloutnuti) smrkovych porostii
jiz od stadia mlazin a nérostt.

Na podzim 2017 byl proveden odbér asimila¢niho aparatu jedincti pti-
rozené obnovy smrku a jedle. Z jedincti odrustajiciho zmlazeni o vysce
1-4 m byl z horniho 2.-3. pfeslenu odebran vzorek dvou nejmladsich
ro¢nik jehlic. Vybér byl proveden parové, kdy ke kazdému nahodné
Celkem byly odebrany vzorky z 20 smrki a 20 jedli (40 x 2 ro¢niky =
80 vzorki). U vSech jedincii byla zaznamendna celkovd vyska stromu
a vy$kové prirtsty za posledni tfi roky.

Laboratorné byl stanoven obsah dusiku, fosforu, drasliku, vapniku
a hor¢iku. Koncentrace dusiku byla stanovena Kjeldahlovou metodou
(K1rk 1950), fosfor byl uréen spektrofotometricky (MACHACEK, MaA-
LAT 1982). Ke stanoveni drasliku byl pouzit absorpéni spektrofotome-
tr (NovozaMsKy et al. 1983). Vapnik a hot¢ik byl stanoven atomovou
absorpci (AAS) po pfidani lanthanu (RAMAKRISHNA et al. 1966).

Rozdily v obsahu Zivin (a jejich poméry: N/P, N/K, N/Ca, N/Mg,
K/Ca, K/Mg) v jehlicich smrku a jedle byly analyzovany jednofakto-
rovou analyzou varianci s blokovym usporadanim. Pro vicerozmér-
nou analyzu byla pouzita ptima ordina¢ni technika - analyza redun-
danci (RDA). V ramci RDA byl proveden vicerozmérny permuta¢ni
test (s pouzitim blokil jako kovariaty). Pomoci jednorozmérnych
i vicerozmérnych metod byl také analyzovan vztah mezi koncent-
raci zivin a vyskou (resp. vyskovym ptirtistem) stromil, z nichz byl
proveden odbér. Pro zlepSeni normality vybéru, homogenity rozpty-

Tab. 1.
Koncentrace zivin v jehlicich jedle bélokoré a smrku ztepilého

It a dosazeni aditivity modelu byla data analyzovana v logaritmické
transformaci.

VYSLEDKY

Koncentrace Zivin v prvnim ro¢niku jehlic smrku a jedle byly vice-
méné srovnatelné, s vyjimkou vyssi koncentrace dusiku v jehlicich
smrku (tab. 1). Vicerozmérny permutacni test z RDA byl statisticky
nepriikazny (p = 0.31) a kanonicka osa vysvétlovala méné nez 2 % va-
riability dat. Jednorozmérny test ANOVA vs$ak byl prukazny pro vyssi
koncentraci dusiku u smrku (p = 0,003). Vice neZ jedna ¢tvrtina jedin-
ct jedle vykazovala v prvnim ro¢niku jehlic deficit v obsahu dusiku.
Cést jedinctt jedle také vykazovala deficit v obsahu vapniku a hot¢iku
(obr. 1).

V druhém ro¢niku jehlic byly zaznamenany predev$im rozdily v kon-
centraci drasliku a hof¢iku. Vicerozmérny permutacni test z RDA
(obr. 2) byl statisticky priikazny (p = 0,01) a kanonicka osa vysvét-
lovala ca 7 % variability v datech. V jednorozmérném testu ANOVA
byla priikazné vyssi koncentrace drasliku v jehlicich jedle (p = 0,002)
a pritkazné vyssi koncentrace hoté¢iku ve smrku (p < 0,001). Koncen-
trace drasliku vSak byla dostate¢na u obou dfevin. Z hlediska nedo-
statku zivin vykazovalo zna¢né procento jedle nedostatek horéiku na
rozdil od smrku, kde Zadny z analyzovanych vzorki nebyl pod hranici
nedostatku (obr. 3). Cast vzorkt jedle také vykazovala nedostatek du-
siku a vapniku. Nedostatek dusiku byl zjistén i u ¢asti vzorka smrku.

Poméry koncentraci zivin byly v prvnim ro¢niku jehlic smrku a jedle
podobné (obr. 4). Vicerozmérny permutaéni test z RDA byl statisticky
nepriikazny (p = 0,14) a kanonickd osa vysvétlovala jen 4 % variability
dat. Jednorozmérny test ukazal prikazné vyssi (p < 0,001) pomér N/K
u smrku.

Ve druhém ro¢niku jehlic byly rozdily v poméru koncentraci mezi
smrkem a jedli patrnéj$i. Permutacéni test z RDA byl statisticky pra-
kazny (p < 0,002) a kanonicka osa vysvétlovala 7 % variability dat
(obr. 5). Jednorozmérny test ukdzal prikazné vyssi (p < 0,001) pomér
N/K u smrku. Diéle byl zji$tén prikazné vyssi pomér N/Mg (p = 0,003)
a K/Mg (p < 0,001) u jedle (obr. 6).

Z pruzkumové analyzy dat, ani z testt ANOVA a vicerozmérné RDA
nebyl zjistén zadny ziejmy vztah mezi vyskou stromu (resp. jeho vys-
kovym pfirtstem za posledni tfi roky) a koncentraci Zivin v jehlicich.
V rozpéti vy$ek 1-4 m pravdépodobné lze vys$ku stromu pfi analyze
koncentrace Zzivin v jehlicich zanedbat.

Foliar nutrient’s contents in silver fir (SF) and Norway spruce (NS) needles

Zivina/  Roénik/ Jedle/Fir Smrk/Spruce
Nutrient ~ Year  prymgr/Mean  S.D.  Pramér/Mean S.D.
1 1,268 0,1977 1,439 0,1749
N (%)
2 1,330 0,1988 1,269 0,1431
1 0,159 0,0267 0,167 0,0294
P (%)
2 0,140 0,0230 0,133 0,0246
K (%) 1 0,696 0,1256 0,657 0,1251
° 2 0,656 0,1226 0,522 0,0841
1 0,221 0,0996 0,206 0,0782
Ca (%)
2 0,366 0,1423 0,374 0,1559
1 0,081 0,0202 0,084 0,0115
Mg (%)
2 0,064 0,0164 0,078 0,0132

S.D. - smérodatna odchylka/standard deviation
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Obr. 1.

Krabicové grafy koncentrace Zivin v prvnim ro¢niku jehlic. Vodorov-
nd preru$ovana ¢éra oznacuje hranici nedostatku podle ICP Forests;
SM - smrk; JD - jedle; N - dusik; P - fosfor; K - draslik; Ca - vapnik;
Mg - hot¢ik

Fig. 1.

Boxplots show nutrient concentrations in current-year needles.
Horizontal dashed line denotes level of deficit according to ICP
Forests; SM - Norway spruce (NS); JD - silver fir (SF); N - nitrogen;
P - phosphorus; K - potassium; Ca - calcium; Mg - magnesium
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Obr. 2.

Ordinaé¢ni diagram RDA (analyza redundanci) pro druhy ro¢nik jeh-
lic; SM - smrk; JD - jedle; N - dusik; P - fosfor; K - draslik; Ca - vap-
nik; Mg - hor¢ik

Fig. 2.

Ordination diagram RDA for one-year-old needles; SM - Norway
spruce (NS); JD - silver fir (SF); N - nitrogen; P — phosphorus; K -
potassium; Ca - calcium; Mg — magnesium
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DISKUSE

Koncentrace zivin v asimila¢nich organech drevin jsou dlouhodobé
uzivany k odhadu trovné vyzivy porostti (GOTTLEIN et al. 2011). Hod-
noty optimalni folidrni koncentrace Zivin pro smrk uvadi napf. HOTTL
(1986), BERGMANN (1988), metodika ICP Forests (UNECE 2006),
MELLERT, GOTTLEIN (2012), pro jedli BERGMANN (1988). Podle BERG-
MANNA (1988) byla vice nez 1/2 hodnot v prvnim ro¢niku jehlic jedle
pod hranici optima z hlediska obsahu dusiku a vSechny vzorky jedle
pod hranici optima z hlediska obsahu vapniku a hot¢iku. Pti srovnani
s metodikou ICP Forests, kterd uvadi niz$i hodnoty optimalnich zasob
vapniku a hot¢iku, je pod hranici optima 1/4, resp. 1/5 vzorkd prvni-
ho ro¢niku jehlic jedle. Pfi porovnani optimalnich hodnot uvedenych
BERGMANNEM (1988) pro smrk byly v§echny vzorky prvniho ro¢niku
jehlic smrku pod hranici optimalni vyzivy vdpnikem a hoifé¢ikem. Pti
pouziti hodnot ICP Forests se pouze v pfipadé vapniku u 1/4 vzorka
pohybovala koncentrace pod hranici optima. Pfesto nebyly v nasi stu-
dii pozorovany pripady barevnych zmén asimila¢niho aparatu, které
by svéd¢ily o vyrazném nedostatku v pfijmu hoi¢iku nebo vapniku.
Pro posuzovani trovné vyzivy jsou dulezité také vzdgjemné poméry zi-
vin (SRAMEK et al. 2009; GOTTLEIN 2017). P¥i porovnéni optimalnich
poméril Zivin, které uvadi GOTTLEIN 2017, byly v nasi studii mimo
interval optima zji$tény vy$si poméry N/Ca a K/Ca u smrku i jedle,
dale vy$si pomér N/Mg a K/Mg u jedle. Poméry N/P a N/K lze u obou
drevin povazovat za optimalni.

Uroven vyzivy prvnich dvou nejmladsich ro¢niki jehlic nekorespon-
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Obr. 3.

Krabicové grafy koncentrace Zivin v druhém ro¢niku jehlic. Vodorov-
né prerusovand ¢dra oznacuje hranici nedostatku podle ICP Forests;
SM - smrk; JD - jedle; N - dusik; P - fosfor; K - draslik; Ca - vapnik;
Mg - hor¢ik

Fig. 3.

Boxplots show nutrient concentrations in one-year-old needles.
Horizontal dashed line denotes level of deficit according to ICP
Forests; SM — Norway spruce (NS); JD - silver fir (SF); N - nitrogen;
P - phosphorus; K - potassium; Ca - calcium; Mg — magnesium
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Obr. 4.

Krabicové grafy poméru koncentraci Zivin v prvnim ro¢niku jehlic;
SM - smrk; JD - jedle; N - dusik; P - fosfor; K - draslik; Ca - vapnik;
Mg - hoi¢ik

Fig. 4.

Boxplots show ratios of nutrient concentrations in current-year
needles; SM - Norway spruce (NS); JD - silver fir (SF); N - nitrogen;
P - phosphorus; K - potassium; Ca - calcium; Mg - magnesium
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Obr. 5.

Ordina¢ni diagram RDA (analyza redundanci) pro poméry Zivin
v druhém ro¢niku jehlic; SM - smrk; JD - jedle; N - dusik; P - fosfor;
K - draslik; Ca - vapnik; Mg - hor¢ik

Fig. 5.

Ordination diagram RDA for nutrient ratios in one-year-old needles;
SM - Norway spruce (NS); JD - silver fir (SF); N - nitrogen; P -
phosphorus; K - potassium; Ca — calcium; Mg — magnesium

duje s trovni obsahu Zivin v opadu. Vlivem retranslokace zivin docha-
zi k ubytku koncentraci hor¢iku, drasliku, fosforu a dusiku ve starsich
ro¢nicich jehlic (SMETHURST 2004; SzymMURA 2009) a opad je o tyto
ziviny chudsi (SoHRT et al. 2018). Koncentrace vdpniku naopak roste
se stafim jehlic (Kayama et al. 2002; SzymURA 2009). Starsi ro¢niky
jehlic neopad4vaji najednou, ale ztraci olisténi postupné. Zivotnost
jehlic je druhové specifickd (Kayama et al. 2002, 2007) a je ovlivné-
na i stanovistnimi podminkami (REICH et al. 2014). Pti hodnoceni
meliora¢niho uéinku je pravdépodobné nutné zohlednit i rozdilnou
rychlost rozkladu jehlic smrku a jedle.

Je tedy zfejmé, Ze odvozovat meliora¢ni icinek dieviny pouze na za-
kladé stavu vyzivy nejmladsich jehlic je mozné jen v omezené mife.
V souladu s nadim zjidténim o srovnatelné Grovni vyzivy smrku a jedle
je zjisténi TRESTIKA a PODRAZSKEHO (2017), kteti konstatovali podob-
ny stav nadlozniho humusu pod smrkovym a jedlovym porostem. Au-
ptistupného fosforu a drasliku v jedlovém porostu. PODRAZKY et al.
(2018) konstatuji v podminkach Orlickych hor vyssi obsah pristupné-
ho hor¢iku a vyménného hliniku a nizsi obsah ptistupného vépniku
v organominerdlnim horizontu pod jedlovymi kotliky ve véku 68 let
v porovnani se smrkovym porostem.
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Obr. 6.

Krabicové grafy poméru koncentraci Zivin v druhém roéniku jehlic;
SM - smrk; JD - jedle; N - dusik; P - fosfor; K - draslik; Ca - vapnik;
Mg - hor¢ik

Fig. 6.

Boxplots show ratios of nutrient concentrations in one-year-old
needles; SM - Norway spruce (NS); JD - silver fir (SF); N - nitrogen;
P - phosphorus; K - potassium; Ca - calcium; Mg — magnesium
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e Koncentrace zivin a jejich vzdjemné poméry v nejmlad$im ro¢ni-
ku jehlic zmlazeni smrku a jedle byly u obou dfevin velmi podob-
né. U smrku byla zji§téna vy$si koncentrace dusiku.

e Porovnanim druhého nejmladsiho ro¢niku jehlic smrku a jedle
byly zjistény vyssi koncentrace drasliku a niz$i koncentrace hot¢i-
ku u jedle. Byl zjistén vy$si pomér N/K u smrku a vyssi pomér N/
Mg a K/Mg ujedle.

o Zji$téné folidrni obsahy vapniku a hoif¢iku byly podle nékterych
literarnich zdroji pod stadiem optima obou sledovanych dfevin.
Presto nebyly pozorovany symptomy spojené s deficitem zminé-
nych prvkda.

vevs

koncentraci zivin v jehlicich jedle ve srovnani se smrkem, a tim
i odli$nou schopnost jedle pfijimat Ziviny ve srovnatelnych pod-
minkach. Meliora¢ni Gcinek jedle je v8ak tfeba posuzovat v $ir§im
kontextu z pohledu odlisné rychlosti rozkladu jehli¢i, prokorenéni
ptdniho profilu apod.

Podékovani:
Prispévek vznikl na zadkladé institucionalni podpory Ministerstva
zemédélstvi Ceské republiky MZE-RO0118 a béhem feseni projektu

QK1910292 ,,Postupy pro podporu jedle bélokoré v lesnim hospodai-
stvi CR".
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FOLIAR NUTRIENTS IN CURRENT AND ONE-YEAR-OLD NEEDLES OF NATURALLY-REGENERATED
NORWAY SPRUCE AND SILVER FIR SAPLINGS

SUMMARY

Norway spruce (NS) grows frequently on the same forest sites where silver fir (SF) was common in the past. Unlike dominating NS, SF shares
mere 1.2% of the forested area in the Czech Republic. Both species have been studied frequently as they share the same growing conditions
(GrassI, BAGNAREST 2001; GRASSI, MUsIO et al. 2004; GIANNINT 2005; RATKNIC et al. 2013; FRANK et al. 2017; TRESTIK, PODRAZSKY 2017).
Both SF (BERT 1993) and NS (KAUPENJOHANN et al. 1989) did response negatively to drought and/or air pollution as they showed yellowing and
defoliation; these symptoms reflected also deficient macronutrients in needles (ROBERTS et al. 1989; HUETTL 1989, 1993; PoTocic et al. 2007).
SF is listed as a soil-improving species nowadays (see Vyhlaska ¢. 298/2018 Sb.). Its soil improving effects (soil chemistry) were found, however,
hardly differing from the effects of NS (TRESTIK, PODRAZSKY 2017; PODRAZSKY et al. 2018).

In our study, we focused on nutrients in green needles that were expected to reflect different capabilities of nutrients intake under the same site
conditions. The objective of the study was to compare contents of nitrogen, phosphorus, potassium, calcium and magnesium in current- and
one-year-old needle samples that were taken from comparably performing saplings of SF and NS.

The study site is situated at nutrient-medium rich beech with silver fir site at 637 m above sea level, northern Moravia. Both SF and NS saplings
(1-4 m ranging in height) are progeny of declining 120-year-old spruce-fir stand; almost all of mature spruces were cut and removed as salvage
crop at the time of investigation. Other species saplings were rare. The samples of current-year and one-year-old needles were taken from the 2
and 3" whorls of randomly selected NS trees; each of these NS were paired with the nearest SF saplings of comparable growth. Totally 20 NS and
20 SF individuals were sampled, their height and the last three years increments were measured. The laboratory assays were: nitrogen by Kjeldahl
method, phosphorus spectrophotometrically (MACHACEK, MALAT 1982), potassium using an absorption spectrophotometer (NOvOZAMSKY
et al. 1983) and calcium with magnesium were analyzed by atomic absorption (AAS) after addition of lanthanum (RAMAKRISHNA et al. 1966).
Differences in nutrient contents and their ratios such as N/P, N/K, N/Ca, N/Mg, K/Ca, K/Mg were statistically analyzed using one-way ANOVA
with block design and redundancy analysis (RDA). RDA included a multi-dimensional permutation test (blocks were covariants). Both one-
dimensional and multi-dimensional methods helped us analyze relationship between nutrient concentrations and height (height increment)
of the trees sampled. The data were transformed logarithmically to improve their normality, a homogeneity of variances and also to achieve an
additivity of the model.

Nutrient concentrations were comparable in the current-year needles of SF and NS excepting significantly higher nitrogen in NS (Table 1;
ANOVA p = 0.003). More than one quarter of SF trees showed a nitrogen-deficient current-year needles and also some individuals were low
in calcium and magnesium (Fig. 1). The one-year-old needles differed in potassium and magnesium concentrations (Fig. 2; RDA p = 0.01). SF
were significantly higher in potassium (ANOVA p = 0.002) and NS in magnesium (ANOVA p < 0.001). We found deficient magnesium contents
in many SF trees compared to NS where no Mg-deficient needles were found (Fig. 3). Both SF and NS one-year-old needles were nitrogen-
deficient partly; some SF trees showed also very low calcium content. Nutrient ratios were similar in SF and NS current-year needles (Fig. 4;
RDA p = 0.14); N/K was higher significantly in NS (ANOVA p < 0.001). In the older needles, the nutrient ratios differed more (RDA p < 0.002).
N/K was higher in NS again (ANOVA p < 0.001). SF trees showed significantly higher N/Mg (ANOVA p = 0.003) and K/Mg (p < 0.001) in the
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one-year-old needles. The height of sampled trees ranging between 1-4 m is likely to be neglected in the analysis of nutrient concentration in
the two needle age classes.

Nutrient concentrations are used for estimating a forest stand nutrition levels in the long term (GOTTLEIN et al. 2011). Thresholds for NS were
published in HUTTL (1986), BERGMANN (1988), ICP Forests (UNECE 2006), MELLERT, GOTTLEIN (2012) and for SF in BERGMANN (1988).
More than half of current-year SF needles showed deficient nitrogen and all of them were deficient also in calcium and magnesium according
to BERGMANN (1988). ICP Forests thresholds were lower for optimal nutrition by Ca and Mg; 1/4 and 1/5 of SF current-year samples were
then found deficient respectively. BERGMANN's (1988) thresholds ranked also all NS current-year needle samples bellow the optimal nutrition
by Ca and Mg. On the other hand, ICP criteria ranked only 1/4 of samples as suboptimal ones. Despite this, no needle color changes being
attributable to low level of both base cations were found. As for the nutrient ratios optimum thresholds (GOTTLEIN 2017), higher N/Ca,
K/Ca in both SF and NS and also higher N/Mg, K/Mg in SF were shown. N/P and N/K can be considered optimal in both tree species.
Nutrition levels of the two youngest needle classes are not reflected in nutrient contents of litterfall. It is attributable to nutrient retranslocation
that lower concentrations of Mg, K, P and N as plant tissues are getting older (SMETHURST 2004; SZYMURA 2009), and thus litter nutrient
return is nutrient-poorer (SOHRT et al. 2018). Unlike the N, P, K and Mg, Ca levels increase as the needles are getting senescent (Kayama et
al. 2002; SzymuRra 2009). The needles of older classes do fall successively. The longevity of needles is the species-specific trait (Kayama et al.
2002, 2007), and can be affected by site conditions (REICH et al. 2014). When estimating the soil improving function, it is likely that differences
in NS an SF needles breakdown should be taken into account. It is therefore evident that nutrition levels of the youngest needles seem to
be a rather limited proxy for estimating the soil improving function of the species. Comparable SF and NS needles are, in accordance with
TRESTIK, PODRAZSKY (2017) who found similar properties of forest floor under SF and NS stands. Their findings, however, showed SF lower
in total Mg and higher in plant-available P and K.

Based on the analyses of SF and NS needles it can be concluded:
e Concentrations and ratios of nutrients were very similar in the youngest needle classes of NS and SF; spruce was higher in nitrogen.
¢ One-year-old SF needles were higher in potassium and lower in magnesium; N/K ratio was higher in NS and N/Mg, K/Mg were higher in SF.

e Foliar contents of calcium and magnesium were lower than optimal according to published thresholds; despite this no color changes
attributable to deficient nutrients were observed.

The differences did not confirm expectation concerning SF needles higher in nutrients compared to spruce, which would be attributable to
different capability of acquiring nutrients compared to NS growing in the same conditions. Soil-improving function of SF should be assessed
also from needle breakdown rate, roots density etc.
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