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NUTRIENT CONTENT IN SILVER BIRCH BIOMASS ON NUTRIENT-POOR, GLEYIC SITES

JIRI NoVAK ®7 - DAvID DUSEK - DUSAN KACALEK - MARIAN SLODICAK

Vyzkumny Ustav lesniho hospodadrstvi a myslivosti, v. v. i., VS Opocno, Na Olivé 550, 517 73 Opocno, Czech Republic

> e-mail: novak@vulhmop.cz

ABSTRACT

Silver birch is a common tree species in Czech forests. It is, however, still considered by some forestry practitioners a weed species though it has
been listed as soil-improving and stabilizing component of forest stands since 1996. Silver birch grows naturally on many forested sites from
lowlands to foothills. This study focused on biomass production of 22-year-old birch forest stand on nutrient-poor, gleyic sites. Six experimental
plots were established to investigate stand characteristics such as number of trees, DBH, basal area, standing volume and weight of below-
ground and above-ground biomass. Both above- and below-ground biomass were divided into particular components, such as leaves, branches,
bark of stem, wood of stem, bark of stump, wood of stump, fine roots (up to 1cm), medium roots (up to 5cm) and coarse roots (up to 10 cm).
The components were dried and analyzed to investigate biomass nutrient concentrations and pools. The 62% of the total biomass was over-
bark stem (95-139 t.ha'), 19% were stumps with roots (27-45 t.ha'), and 19% were branches with leaves (29-45 t.ha!). The most nutrient-
rich components were leaves and branches, the least one was wood of stem. The greatest nutrient pool were branches, the least one were
leaves. Below-ground nutrient pool assessed using allometric equations was 15-17% of the total biomass nutrient pool. As for the management
implications, full-tree removal should be avoided in the birch stands on nutrient-poor gleyic sites over the rotation.
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uvoD

Btiza bélokora (Betula pendula Roth) je béznou domdci dfevinou na-
$ich lest. V lesnické praxi je na ni stale tradi¢né nahliZzeno spise jako
na dfevinu plevelnou, v lep§im ptipadé trpénou. V priloze ¢. 4 vyhlds-
ky 83/1996 Sb. je bfiza uvedena jako meliora¢ni a zpevnujici dfevina
pouze pro piirozend borova stanovi$té, exponovand kyseld stanovi-
§té a vodou ovlivnénd stanovisté niz$ich poloh. Bfiza bélokora patii
mezi pionyrské dreviny formujici tzv. les ptipravny po katastrofickych
rozpadech porostii dfevin v ramci ,velkého vyvojového cyklu (Mf-
cHAL et al. 1992). K jejimu $ir§imu pouziti v druhé poloviné minulého
stoleti vedla aZ potfeba obnovy lesa v imisemi zasaZenych oblastech,
kde vznikly tzv. porosty nahradnich dfevin (SLoDICAK et al. 2008,
2009; TESAR et al. 2011).

S trendem stale vy$stho vyuzivani obnovitelnych zdroju roste tlak
na intenzivni vyuzivani biomasy lesnich dfevin. Produkéni schopnosti
bfizy se v zahranic¢i zabyvala celd fada studii (CAMERON 1996; JOHAN-
SSON 1999; NIEUWENHUIS, BARRETT 2002; SIMARD et al. 2004; JOHAN-
SSON 2007; URI et al. 2007a, 2012; HYNYNEN et al. 2010; KuzNETSOVA
et al. 2011; HANSSON et al. 2013b; HYTONEN et al. 2014; JAGODZINSKI

et al. 2017). Soucasné vize o vyuzivani biomasy lesnich dfevin pro
energetické ucely (viz napf. JOHANSSON 1999) vsak nastoluji otazku
udrzitelnosti kolobéhu Zivin v lesnich porostech. Zna¢na &ast praci
zabyvajicich se touto problematikou pfinasi informace ze severskych
a stfedoevropskych horskych podminek (PALVIAINEN et al. 2004,
2010a, 2010b; UrI et al. 2012; HANSsON et al. 2013a; KiIkAMAGI et al.
2013; HELLSTEN et al. 2013; HYTONEN et al. 2014; ScHUA et al. 2015).
V nasich podminkach je patrny stoupajici zdjem o vyzkum produkce
ameliora¢ni funkce btizy (napf. MARTINIK et al. 2017). Btiza bélokora
je nicméné v Ceské republice také soucasti lesti v nizinach a pahor-
katinach. Informace o produkci a péstebnich opattenich v brezovych
porostech na podobnych stanovistich v ¢eskych podminkach chybi.

Cilem nasi studie je kvantifikace nadzemni i podzemni biomasy btizy
v podminkach chudych oglejenych stanovist a stanoveni obsahu hlav-
nich Zivin v jednotlivych komponentach biomasy. Studie tak muze
prispét k optimalizaci postupti hospodareni v bfezovych porostech 1.
a 2. lesniho vegeta¢niho stupné. Navrzené postupy pak budou sméfo-
vat k vyuziti produkéniho potencidlu téchto porosttl z hlediska kvan-
tity i kvality produkce tak, aby byl minimalizovdn dopad téZby lesni
biomasy na Zivinovou bilanci porosttl a celé lesni ekosystémy.
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MATERIAL A METODIKA

Vyzkum probihal na experimentélnich plochich zalozenych v roce
2014 v tehdy 21letém porostu brizy vzniklém néletem na opusténou
plochu byvalé stfelnice na majetku Méstské lesy Hradec Krélové, a. s.
(GPS souradnice 50°1022“ N, 15°56°25“ E). Porosty lezi v nadmotské
vy$ce 250 m na souboru lesnich typti 1Q - Bfezova doubrava (Betule-
to - Quercetum (piceosum) variohumidum oligotrophicum). Na celkem
$esti v terénu stabilizovanych plochach (BR HK 1 az 6) o jednotlivé
vyméfe 0,06 ha je kazdoro¢né méfena vycetni tloustka na trvale fixo-

tujicich tloustkovou strukturu porosti.

V porostech v ochranném pésu experimentalnich ploch byly v roce
2015 ve véku 22 let odebrany ¢tyfi stromové vzorniky brizy tak,
aby pokryvaly tloustkové spektrum v rozmezi vycetnich tlousték
ca 8-20cm. Vzorniky byly vyuzity pro stanoveni hmotnosti susiny
a koncentrace Zivin v nasledujicich komponentach: 1) dfevo kmene,
2) kira kmene, 3) jehli¢i, 4) vétve s kiirou, 5) dfevo pafezu a kofentl,
6) ktira pafezu a kofent.

Vzorniky byly po skdceni rozdéleny na komponenty: kmen s kirou;
vétve s kurou a listim. Objem kmene v kiife byl zjistovan krychlenim
po 1m sekcich a vypoc¢tem objemu dle Smalianova vzorce:

n
k; + k;
sz( ; 2’+1)><li
i=1

kde I je délka sekce a k je kruhova plocha pri¢ného priifezu na konci
sekce.

Jednotlivé komponenty biomasy byly pfimo v terénu zvazeny na za-
vésné vaze. Déle byly ze vzorniki odebrany vzorky dfeva kmene s k-
rou a vzorky vétvi s listim. Byly oddéleny listy od vétvi a kira kme-
ne od dreva, vzorky byly ihned zvazeny, poté uskladnény k vysuseni,
a pak znovu zvazeny.

Dale byly odebrany patezy i s jejich kosternimi koteny. Pafezy s kote-
ny byly ocistény od zbytkii zeminy a dalsich pfimési. Kofeny byly roz-
déleny do frakci podle priiméru: do 1 cm, do 5cm a do 10 cm. Z pare-
z byla oddélena kira. VSechny vzorky byly vazeny zacerstva a znovu
po vysuseni pii teploté 80 °C.

Tab. 1.

Byla pouzita alometrickd rovnice ve tvaru y = a x DY kde g, b jsou re-
gresni koeficienty a D je vycetni tloustka stromu. Ze vzornikovych dat
pak byly odvozeny alometrické vztahy mezi vycetni tloustkou stromu
a objemem kmene, hmotnosti patezu s kosternimi koteny, hmotnosti
kmene v kiife v ¢erstvém stavu, hmotnosti vétvi s listim v ¢erstvém
stavu. Vypocty objemt a hmotnosti z alometrickych rovnic byly apli-
kovany na jednotlivé stromy v databazi experimentélnich ploch a vy-
sledky agregovany za cely porost a prepocitany na jeden hektar. Alo-
metrické rovnice byly rovnéz pouzity pro vypocet obsahu zivin v pod-
zemni biomase. JelikoZ pfi vyzvedévani patezt s kofeny nebylo mozno
odebrat vSechny jemné kofeny, je nutno tdaje o podzemni biomase
a celkové zasobé Zivin povazovat za ponékud podhodnocené.

Laboratorné byl stanoven obsah dusiku, fosforu, drasliku, vapniku
a hor¢iku. Koncentrace dusiku byla stanovena Kjeldahlovou metodou,
fosfor byl stanoven spektrofotometricky (MACHACEK, MALAT 1982).
Ke stanoveni drasliku byl pouzit absorp¢ni spektrofotometr (Novo-
ZAMSKY et al. 1983). Obsah vapniku a hot¢iku byl stanoven atomovou
absorpci (AAS) po pridani lanthanu (RAMAKRISHNA et al. 1966). Byly
analyzovany tii vzorky dfeva kmene z kazdého vzorniku (12 vzorki),
tfi vzorky kiry kmene z kazdého vzorniku (12 vzorki), tfi vzorky
kotenti z kazdého vzorniku (12 vzorku) a jeden vzorek dfeva patezu
a kiry patezu za vzornik (4 vzorky). Vétve a s jehli¢im byly odebirany
vzdy jedna z kazdého preslenu, pro chemickou analyzu vsak byly pou-
zity smésné vzorky za cely vzornik.

VYSLEDKY

Kmenova zasoba (kmen s kiirou) se pohybovala od 111 do 159 m’
na hektar. Hektarova hmotnost nadzemni a ¢asti podzemni biomasy
se pohybovala od 150 do 230 tun. Nejvice se na celkové hmotnosti
podilel kmen (95 az 139 tun na hektar). Hmotnost vétvi s listim (29 az
45 tun na hektar) a hmotnost pafezi s kosternimi kofeny (27 az 45 tun
na hektar) byla prakticky srovnatelna (tab. 1).

Nejvétdi hmotnostni ztraty po vysudeni byly zaznamenany u listi, kde
hmotnost susiny dosahovala 42 % hmotnosti v ¢erstvém stavu. Nejniz-
§i ubytek hmotnosti byl u kiiry kmene, kde sudina piedstavovala 75 %
hmotnosti cerstvé kiry. Diky odliSnym zméndm v hmotnosti jednot-
livych komponent se také ménil pomér mezi hmotnosti jednotlivych
komponent zacerstva a po vysuseni (tab. 2).

Zakladni taxa¢ni udaje a idaje o hmotnosti biomasy biizy v ¢erstvém stavu (vék 22 let)
Basic mensurational characteristics of experimental plots and weights of birch fresh biomass (age 22 years)

Tloustka Vycetni

Zasoba Hmotnost Hmotnost

Poc“:e:[ stfedniho kruhova kmena pafezl kmenu vHrT“’"?OS,t
Plocha’ stromr* kmene?® zékladna* s klirou® s koreny® s karou’ vaivi's listim®
(ks.ha™) (cm) (m2.ha) (m3.ha) (t.ha) (t.ha) (t.ha")
BR HK 1 1300 13,3 18,1 126 30,9 108,1 32,8
BR HK 2 917 15,5 17,3 122 33,9 107,3 344
BRHK 3 1450 14,0 22,4 159 454 139,3 45,2
BR HK 4 1200 13,0 15,9 111 26,9 94,6 28,6
BRHK 5 1017 14,6 17,0 120 31,4 103,8 32,5
BR HK 6 1383 14,2 21,8 152 38,9 131,6 40,7

'Plot; 2Number of trees per hectare; *Mean stem diameter; ‘Basal area per hectare; *Volume of stems with bark per hectare; “Weight of
stump with coarse roots; "Weight of stem with bark; *Weight of branches with leaves
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Nejvys$si koncentraci v su$iné vykazoval dusik nasledovany vapni-

v

traci ve vSech komponentech susiny. Susina listt obsahovala nejvyssi
koncentrace vSech zivin, dal$imi vyznamnymi zdroji Zivin jsou vétve,

vy

zaznamenana ve drevé (tab. 3).

Tab. 2.
Podily jednotlivych komponent nadzemni biomasy
Share of particular components of aboveground biomass

Podle vypoctu z alometrickych rovnic (tab. 4) bylo v biomase btizy
na jednom hektaru porostu v praméru akumulovano 369kg dusiku,
26 kg fosforu, 119kg drasliku, 255kg vapniku a 46 kg hot¢iku (tab. 5).
Nejvice zivin bylo akumulovéno ve vétvich, nejméné v listech. Hekta-
rova zasoba Zivin v dfevé a kiife kment ¢inila 141 kg (38 % z celkové
biomasy) dusiku, 8kg (31 %) fosforu, 54kg (45%) drasliku, 116kg

Podil listi na celkové hmotnosti vétvi s listim za cerstva’ 16 %
Podil listi na celkové hmotnosti vétvi s listim po vysuSeni? 10 %
Podil kdry na celkové hmotnosti dfeva a kiiry kmene za Cerstva® 14 %
Podil kiry na celkové hmotnosti dieva a kiry kmene po vysuseni* 17 %
Procento susiny listi z hmotnosti Cerstvého listi® 42 %
Procento susiny kdry kmene z hmotnosti Serstvé kury® 75 %
Procento susiny dfeva kmene z hmotnosti ¢erstvého dreva’ 59 %
Procento susiny vétvi z hmotnosti erstvych vétvi® 62 %

!Share of leaves in leaved branches — fresh samples; 2Share of leaves in leaved branches — dry
samples; *Share of bark in overbark stem - fresh samples; *Share of bark in overbark stem - dry
samples; *Dry mass of leaves; “Dry mass of bark; "Dry mass of wood; *Dry mass of branches

Tab. 3.
Koncentrace Zivin v jednotlivych komponentech susiny btizy
Nutrient concentrations in particular components of dry mass

N’ P2 K3 Ca* Mg?®
(%)

Listy/Leaves 1,13 0,12 0,42 0,94 0,30
Vétve/Branches 0,74 0,06 0,20 0,43 0,06
Klra kmene/Stem bark 0,50 0,05 0,15 0,62 0,05
Drevo kmene/Stem wood 0,14 0,005 0,06 0,07 0,02
Drevo pafezu/Stump wood 0,16 0,003 0,05 0,07 0,04
Kdra pafezu/Stump bark 0,42 0,01 0,07 0,54 0,04
Kofeny do 1 cm/Roots up to 1cm 0,65 0,06 0,17 0,43 0,08
Kofeny do 5 cm/Roots up to 5cm 0,45 0,05 0,173 0,18 0,04
Kofeny do 10 cm/Roots up to 10cm 0,27 0,01 0,09 0,16 0,04

'Dusik/Nitrogen; Fosfor/Phosphorus; *Draslik/Potassium; *Vapnik/Calcium; *Hoi¢ik/Magnesium

Tab. 4.
Parametry alometrickych rovnic jako funkci vycetni tloustky
Parameters of allometric equations as function of DBH

. . . Parametry/Parameters

Zavislost/Relationship
a b

Objem kmene s karou' (m®) ~ f[D, , (cm)] 0,0004 2,1172
Hmotnost pafezu s kdrou? (kg) ~ f [D, ; (cm)] 0,0092 2,9944
Hmotnost kmene s kirou® (kg) ~ f[D, , (cm)] 0,2199 2,2833
Hmotnost vétvi s listim* (kg) ~ f [D, , (cm)] 0,0230 2,6789
Dusik v kofenech® (g) ~ f[D, , (cm)] 0,0239 2,8550
Fosfor v kofenech® (g) ~ f[D, , (cm)] 0,0021 2,7332
Draslik v kofenech’ (g) ~ f[D, , (cm)] 0,0064 2,8816
Vapnik v kofenech?® (g) ~ f [D, , (cm)] 0,0123 2,8878
Hor¢ik v kofenech® (g) ~ f[D, , (cm)] 0,0033 2,8110

'Volume of stem with bark; *Weight of trunk with bark; *Weight of stem with bark; ‘Weight of
branches with leaves; *Nitrogen in roots; “Phosphorus in roots; "Potassium in roots; *Calcium

in roots; 9Magnesium in roots
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(45%) vapniku a 19kg (41 %) hot¢iku. Zasoba Zivin v kofenech vy-
poctend z alometrickych rovnic (tab. 4) ¢inila 15-17 % zasoby Zivin
obsazenych v celkové biomase.

DISKUSE

V nasi studii predstavoval kmen s kiirou 61-63 %, vétve s listim 19—
20 % a pafezy s koteny 18-20% celkové hektarové biomasy hodnoce-
nych bfezovych porostil. Tyto hodnoty jsou podobné relativnim po-
mérim komponent biomasy zji§ténym JoHANSSONEM (2007) v mlad-
$ich 12letych porostech biizy bélokoré na pis¢itych a sttedné jilovitych
pudach. Urtr et al. (2007b) konstatoval 62,4 % biomasy kmene a 19,2 %
podzemni biomasy vzhledem k celkové biomase 8letého porostu brizy.
V jesté mladsich porostech biizy (1 az 7 let) dolozili KuzNETSOVA et al.
(2011) podil kmene na nadzemni biomase v rozmezi ca 20-50 %. Tyto
podily tedy zjevné nejsou stalé, protoze URI et al. (2012) na zakladé
studia chronosekvence porosttl bfizy dolozili stoupajici relativni po-
dil uhliku nadzemni biomasy viiéi celkové zdsobé uhliku véetné ptidy
s vékem porostil. JOHANSSON (1999) také dolozil stoupajici relativni
podil biomasy kmene vii¢i nadzemni biomase v chronosekvenci 7 az
11 let véku (61 az 90 %); pozdéji (od véku 32 let) zistal tento podil
ustalen na hodnoté okolo 90 %. Zvysujici se proporci kmene na tikor
vétvi, listd, patezu a kofent béhem rustu stromu konstatovali také PE-
TERSSON et al. (2012) a WANG et al. (1996).

Koncentrace sledovanych Zivin s vyjimkou vapniku klesaly v jednotli-
vych komponentach biomasy v poradi listy > vétve > koteny do 1 cm
> kara kmene > kofeny do 5cm > kiira pafezu > koteny do 10cm >
drevo parezu > dfevo kmene. Podobnou sestupnou radu koncentraci
zjistili URI et al. (2007b) a KuzNETsova et al. (2011). Pokles koncen-
traci N a P v fadé listy > kofeny > vétve konstatovali PALVIAINEN et
al. (2004). Z pohledu zasoby Zivin se v nasi studii ukazala jako vy-
znamna komponenta vétvi (viz tab. 5); tato ¢ast by tedy méla byt pii
vychovnych zasazich separovana a ponechdvéna v porostu (viz také
napt. LUTTER et al. 2015).

V nasi studii vykazoval nejvyssi koncentraci v susiné dusik nasledo-
vany vapnikem, draslikem a hoi¢ikem. Fosfor se vyskytoval v nejniz-
§1 koncentraci ve véech komponentach susiny. To v zdsadé potvrzuji
vysledky folidrnich koncentraci bfizy ve studii HYTONEN et al. (2014).
Tézebni zbytky btizy rychleji uvoliuji N a P v podminkach holosece
ve srovnani s téZebnimi zbytky borovice a smrku (PALVIAINEN et al.
2004) a uvolnuji rychleji také uhlik (PALVIAINEN et al. 2010a). To by
mohlo ukazovat na vys$i riziko vymyvani Zivin z pidy po holé seci

Tab. 5.
Obsah zivin v jednotlivych komponentéch biomasy
Nutrient pools in particular components of biomass

tam, kde brizy v porostech dominuji (PALVIAINEN et al. 2004). Vyssi
koncentrace zivin (N, P, K, Ca, Mg, Na) v pafezech btizy ve srovnani
s patezy smrku a borovice nalezli HELLSTEN et al. (2013). Nicméné
PALVIAINEN et al. (2010b) v jiznim Finsku zjistili, Ze patezy btizy ztra-
tily za 40 let po tézbé vice nez 2/3 ptivodniho obsahu P a Mg, zatimco
parezy borovice a smrku obsahovaly az dvojnasobek ptivodni zasoby
P a Mg. Zajimavé trendy zmény koncentrace N, P a K (%) v listech
v chronosekvenci porostil biizy bélokoré dokladaji ROSENVALD et al.
(2013). Spolu s vékem (3 az 60 let) byl zfejmy pokles N a K, zatimco
koncentrace P v listech stoupala.

ZAVER

V biomase hodnocenych 22letych btezovych porostu prevazuje kom-
ponenta kmene (114 tha', 62% celkové biomasy). Podzemni kom-
ponenta a korunova komponenta biomasy predstavovaly shodné ca
19% celkové biomasy. Nejvyssi koncentrace zivin byla zjisténa v listi,
ale nejvétsi zdsoba Zivin byla nalezena ve vétvich. Vzhledem k tomu
je vhodné pti vychovnych zésazich i obnovnich téZbach ponechavat
biomasu vétvi k rozloZeni, aby nedochézelo k dalsimu ochuzovani
na Zziviny jiz chudych stanovist.

Podékovani:

Ptispévek vychazi z feSeni projektu TA04021532 ,,Udrzitelna produk-
ce a hospodareni s zivinami v borovych a bfezovych porostech nizsich
poloh® s finanéni podporou TACR.
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NOVAK J. et al.

NUTRIENT CONTENT IN SILVER BIRCH BIOMASS ON NUTRIENT-POOR, GLEYIC SITES
SUMMARY

Silver birch (Betula pendula Roth) is a common tree species in the Czech Republic. It is still considered by many foresters a weed species; some
tolerate it. Birch was widely used as a substitute tree species in air-polluted areas (SLODICAK et al. 2008, 2009; TESAR et al. 2011). Since 1996, it
has been listed as soil-improving and stabilizing component of forests on natural Scots pine, exposed, acidic and water-logged sites in lowlands
(Czech law No. 83/1996).

Logging residues and fast-growing tree species biomass are used for energy purposes (see JOHANSSON 1999) these days. This practice face us
with a need to keep sustainable nutrient cycling in the forests. The information published is frequently of Nordic and/or mountain conditions
origins. Silver birch, however, grows also in Czech lowlands and hilly areas.

Information on production and silvicultural measures in birch stands on such sites are still missing under Czech conditions. The objective of our
study is to optimize birch silviculture in the 1% and 2™ forest vegetation domains in terms of biomass amount, content of nutrients in particular
biomass components in order to (1) minimize impact of forest biomass removal on forest environment, and (2) keep forest management
sustainable.

Six experimental plots were established to investigate particular mensurational characteristics such as number of trees, DBH, basal area, standing
volume, and weight of below-ground and above-ground biomass. Four birch tree samples were taken within each experimental plot; the samples
were chosen within 8-20cm DBH range. After felling, the sample trees were divided into the biomass components. Stem volume was calculated
using Smalian’s formula for each 1m part. Fresh weight of biomass components were measured in the field using a portable scales. Over-bark
wood samples and leaved-branch samples were then taken from the sample trees. Leaves, bark and wood were separated and weighed both fresh
and after drying at 80 degrees centigrade.

Roots were divided into three fractions (see Tab. 3). Bark and wood were separated and immediately weighed; they were all weighed again after
drying.

Relations among DBH, stem volume, below-ground biomass weight, over-bark stem fresh weight, and fresh leaved branches weight were derived
from an allometric equation y = a x D¥. Results from allometric equations were a basis to get values recalculated per plot and per hectare. The
allometric equations were also used to calculated nutrient contents in below-ground biomass.

Nitrogen, phosphorus, potassium, calcium and magnesium were analyzed in a laboratory.

Over-bark stem volume ranged from 111 to 159 m*ha. Total above-ground and coarse part of below-ground biomass amounted to 150
230 t.ha'. The heaviest component was stem (95-139t. ha'). Both branches with foliage and stumps with coarse roots showed comparable
values 29-45 t.ha! and 27-45 t.ha'', respectively (Tab. 1).

The greatest weight loss after drying was found in leaves, where dry mass was 42% of the fresh weight. The least loss was found in stem bark;
dry mass represented 75% of the fresh weight. Differences in particular components weight changed also a relation between fresh and dry
component weights (Tab. 2).

Nitrogen showed the highest concentrations in the dry mass; calcium, potassium and magnesium followed it in descending order. Phosphorus
was very low in all components of dry mass. Leaves were higher in all nutrients compared to branches, bark and the finest roots. Wood was the
lowest in all nutrients (Tab. 3).

Birches accumulated 369kg of nitrogen, 26kg of phosphorus, 119kg of potassium, 255kg of calcium, and 46kg of magnesium per hectare
(Tab. 5). Branches were the greatest nutrient pools, leaves were the poorest ones. Coarse roots nutrient pool (see Tab. 4) reached 15-17% of the
total birch biomass pool.

The 61-63% of the total biomass (t.ha') was over-bark stem, 18-20% were leaved branches, and 18-20% were stumps with coarse roots. These
values are similar to JoHANSsON’s (2007) findings in younger 12-year-old birch stands on sandy and medium-clay soil. Also URrt et al. (2007b)
reported the 62% stem of the 8-year-old birch total biomass, and 19% of the below-ground components.

KuzNeTsova et al. (2011) found that the birch stem component was 45%, 20%, 45%, and 50% of the above-ground biomass in 1-year, 2-year,
4-year and 7-year-old stands, respectively. The percentage of biomass components changes over time as URI et al. (2012) found increasing % of
above-ground carbon compared to the total carbon pool (including soil carbon). JoHANssON (1999) studied also increasing % of stem/above-
ground biomass in 7-year, 8-year, 8-year, 10-year, and 11-year-old birch stand chronosequence representing 61%, 56%, 67%, 74%, and 90%
biomass, respectively. 32-year-old and older stands showed constant 90% being shared by the stem.

Nutrient (N, P, K, Mg) concentrations in particular components of the biomass decreased (especially nitrogen) in descending order such as
leaves > branches > the finest roots > stem bark > medium roots > stump bark > coarse roots > stump wood > stem wood. Descending N, P, and
K concentrations in particular biomass components found earlier Urt et al. (2007b) and KuzNETsova et al. (2011). Also PALVIAINEN et al. (2004)
reported descending N, P concentrations (mg.g”) in leaves > roots > branches. As for the carbon content, Urtr et al. (2012) found that the birch
biomass is 50% carbon regardless of both the component and the age of stands.

Birch branches were important nutrient pool; this component should be left on site after felling (see LUTTER et al. 2015). Our samples were
high in N, lower in Ca, K and Mg, and poor in P (all dry mass components). This confirmed HYTONEN et al. (2014) in birch foliar nutrient
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concentrations. It seems that logging residues can release N and P (PALVIAINEN et al. 2004) and C (PALVIAINEN et al. 2010a) faster compared
to spruce and pine after clear-cutting. It is likely to pose a nutrient leaching risk in birch-dominated stands. HELLSTEN et al. (2013) found birch
stumps higher in N, P, K, Ca, Mg, and Na compared to spruce and pine. PALVIAINEN et al (2010b), however, found a different story; their birch
stumps lost more than 2/3 of the initial content of P and Mg over 40 years after felling, while spruce and pine stumps were P and Mg sinks
containing more (sometimes doubled) P and Mg compared to initial contents. The important approach to avoid excessive loss of nutrients is not
to excavate below-ground biomass from nutrient-poor sites to be used in industry (PALVIAINEN et al. 2010a).

Birch biomass was 62% stem (114 t.ha'), 19% below-ground (35 t.ha') component, and 19% crown with leaves (36 t.ha'). Leaves were the
highest in nutrients though the greatest pools were found in branches. This part should be left on site after thinning and/or logging to reduce
export of nutrients from nutrient-poor, gleyic site.
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