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INTRODUCTION

The flowering of trees and the consequent seed crop requires a con-
siderable quantity of nutrients. Chatupka, Giertych and Kroé-
likowski (1975) indicate that for 1 kg. of dry reproductive structures
there is at least 3 kg. of dry weight loss in wood production in a Nor-
way spruce stand. In coniferous trees, where cone crops occur periodi-
cally, during a seed year the trees require mineral nutrients not only
for the normal girth increment and other growth manifestations but also
for the developing seeds. It has not been shown yet whether this is at
the expense of growth or whether it is the result of more intensive
absorption from the soil. There are indications that during a seed year
the annual girth increment is somewhat below average. This was shown
also for Norway spruce (Mikola, 1950; Danilov, 1953; Eklund,
1954; Holmsgaard, 1955; Hoeg, 1956; Jonsson, 1969; Chatup-
ka, Giertych, Kroélikowski, 1975).

The experiment described here was aimed at establishing to what
extent the differences in needs for mineral nutrients in a seed year are
reflected in the mineral composition of the growth rings.

MATERIALS AND METHODS

Material for the present study has been collected in the autumn of
1971 from four forests districts in northeastern Poland, namely Borki,
Sokotka, Szczebra and Serwy. In each forest district sections from mid-
-point on a stem of 10 mature Norway spruce trees were taken. Sectors
cut along the radius were soaked in water for 2 days and the annual
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rings were separated with the help of a scalpel and dried at 105°C in
a thermostat. For chemical analyses samples of sawdust were taken.
Each sample consisted of sawdust obtained from equal quantities of
wood from 10 stems and four cardinal directions in each stem, the 40
wood fragments being all formed in the same year. For the analyses
samples were obtained for the years from 1902 till 1971.

The content of mineral nutrients was measured by standard techni-
ques, nitrogen by the Kieldahl method, phosphorus colorimetrically and
metalic elements with the help of a flame photometer, similarily as de-
scribed earlier (Fober, 1974).

As a result of insufficient quantities of phosphorus it proved im-
possible to measure the amount of this element by this technique. Some
samples also did not contain measurable quantities of potassium or so-
dium, thus there are certain gaps in the data. The lack of data was not
caused by absence of insufficient material — any amount of required
sawdust could be made — but the impurities in the analytical reagents
used for the digestion of the sawdust contained greater quantities of the
elements than were found in the wood, making any estimates impossible.
Nitrogen was analysed in samples from only two forest districts, Borki
and Sokotka.

RESULTS AND DISCUSSION

The mean concentrations of the basic elements in the wood at mid-

-point of the stem length varied very little between studied spruce
stands (Table 1).

As was indicated the quantities for K and Na are based on incom-
plete data and therefore are somewhat higher than in fact since the

Table !
Concentration of mineral elements in the spruce wood
Forest Age
District % N % K %6Ca % Na Years
Borki 0.088 0.020 0.087 0.006 100
Serwy - 0.016 0.088 0.006 105
Szczebra - 0.013 0.108 0.006 110
Sokotka 0.060 0.012 0.110 0.006 150

missing values concern lower than detectable concentrations. On the
other hand in view of the method of separating growth rings used, based
on soaking the wood in water, it is possible that some quantities of po-
tassium, sodium and calcium were washed out. In spite of that, the
values given in table 1 are very close to those known from literature.
Krzysik (1974) reports the following mean values of concentrations
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CONCENTRATION OF MINERAL ELEMENTS IN NORWAY SPRUCE 215

of mineral elements in the dry weight of pine wood: 0.03% K, 0.1% Ca
and 0.007% Na.

The differences in age of the stands may be responsible for the gra-
dients in concentration as shown in Table 1. Nitrogen and potassium
concentrations appear to decline, and those of calcium increase with age.
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Fig. 1. Concentration of nitrogen and calcium in Norway spruce annual rings from
various forest districts

In Fig. 1 variability of concentrations of mineral elements in growth
rings from various years are presented. The differences between years
are rather great, but they most probably represent inaccuracies of the
measurements since we were operating at the lower limit of detecta-
bility. Generally there is a tendency for the concentration of nitrogen
and potassium to increase and for the concentration of calcium to de-
crease from the pith towards the cambium. This is very distinct in the
stand from Borki. Thus there is agreement in the data. Both in older
trees and in the earlier formed growth rings we observe a higher con-
centration of calcium and a lower concentration of nitrogen and potas-
sium. This can be readily explained. Calcium is an ion that does not
migrate readily (Nowotny-Mlieczynska, 1965). It accumulates
in a natural manner in the wood during processes of growth and nu-
trition and becomes fixed there. Thus with age its content in the tissues
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is on the increase relative to dry weight. On the other hand nitrogen
and potassium belong to elements that easily migrate to younger tissues
more active metabolically at a given time.

As always the width of the annual rings declines from the pith to
the circumference. Thus there was a very clear positive correlation be-
tween the width of the growth ring and the concentration of calcium
in the wood (signif. at 0.001 level) and a less obvious but still significant
at 0.05 level negative correlation of ring width with the concentration
of nitrogen. The concentrations of nitrogen and calcium are of course
strongly negatively correlated.

In Sokotka the same tendency is observable, but only in the years
1937 - 1971. In the previous period (1907 - 1937) we observe an opposite
tendency, that is a reduction in nitrogen concentration and an increase
in calcium concentration away from the pith. The differences between
stands could be the result of differences in management history (thinn-
ing intensity and periodicity etc.).

The high percentage concentrations of calcium in the last growth
ring, for 1971, were most probably caused by the presence in the ma-
terial of some cambial and phloem cells. From literature it is known
that the concentration of calcium in the phloem is much greater than
in the wood.

On the basis of the gathered data it is not possible to observe any
relation between the concentration of mineral elements in individual
growth rings and the cone crops during the years of their formation.
However in view of the inadequacy of the analytical techniques, and the
uncertainty about seed years over the years prior to 1949 the possibility
of some relation between these factors cannot be excluded.

SUMMARY

From spruce stands of 4 Forest Districts in northeastern Poland wood
samples were taken in order to determine the content of the basic ma-
croelements in individual annual rings from 1902 till 1971.

Differences in the mean concentrations of the elements did not differ
much between the Forest Districts. The concentration of nitrogen and
potassium decline and that of calcium is on the increase with increase
in stand age. There is also an increase in nitrogen and a decline in cal-
cium concentration from the pith towards the cambium, parallel with
the decline in radial increments. No correlations between the concen-
trations of mineral elements in wood and the cone crop of a given year
were observed.
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Stezenie sktadnikow mineralnych w drewnie Swierka pospolitego

Streszczenie

Z drzewostanéw Swierkowych 4 nadlesnictw z pétnocno-wschodniej Polski po-
brano prébki drewna, w celu oznaczenia zawartosci podstawowych makroelemen-
tébw w rocznych stojach z lat 1902 - 1971.

RoOznice w $redniej zawartosci pierwiastkow miedzy nadlesnictwami sg nie-
znaczne. Stezenie azotu i potasu zmniejsza si¢, a wapnia rosnie wraz z wiekiem
drzewostanéw.

Zaznacza sie tendencja do zwiekszania sie stezenia azotu, a zmniejszania sie
stezenia wapnia w kierunku od rdzenia do miazgi. W tym samym kierunku zmniej-
sza sie szeroko$¢ rocznych przyrostéw, stad istotna pozytywna korelacja miedzy
szeroko$cig przyrostu a stezeniem wapnia, i negatywna, miedzy szeroko$cig przy-
rostu a stezeniem azotu.

Na podstawie uzyskanych wynikéw nie mozna stwierdzi¢ czy istnieje zaleznosc,
miedzy stezeniem makroelementéw w poszczegélnych rocznych przyrostach a uro-
dzajem szyszek w latach formowania sie tych przyrostow.
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Cofep>KaHue MUHepabHbIX 3NEMEHTOB B APEBECUHE € 06bIKHOBEHHOM

Pe3rome

B enoBbIX [peBOCTOSX YeTbIpeX Haf/eCHNYeCTB CeBEPO-BOCTOYHOA [lonbluy  B3ATbI
m00pasLbl [IPEBECVHbI C LIeNbI0 OMpefeneHns CofepXKaHUs OCHOBHbIX MaKpO3/leMeHTOB B TO-
[ON4YHbIX Konbuax 3a 1902 - 1971 rr.

Pasnnumna B cpefHeM COLepXaHWU 3MeMEHTOB MeXAy HafJ/leCHNYeCTBaMU HeCyLLeCTBeH-
Hbl. Coflep>kaHne a3oTa W Kaama nafaeT ¢ BO3PacTOM [JPeBOCTOEB, COAEepXKaHue KaslbLus
pacTer.

OGHapy>KnBaeTCA TeHAEHUMA K YBE/IMYEHUIO COLepXKaHus asoTa W K YMeHbLUEHUO
ECO/lepXaHWA KanbLps B HanpaB/ieHWM OT CepAueBMHbl K Kambuio. B 3TOM >ke HanpasneHuu
YMeHbLLUAeTCA TO/MWMHA roguyHoro npvpocta. CnegosaTesibHO, CYLLECTBYET MOOXUTEbHASA
KOppenauus Mexzay TONWMHOW FOAUYHbIX KOMeL, U COAepKaHWeM KasbLus, a Mexay Cco-
[lepXXaHviem as3oTa U TOMLWMHON Konel, — oTpuuaTeNbHas.

Ha 0CHOBe MOMyYeHHbIX Pe3ynbTaToB Hefb3f YTBepXAaTb — CYLLECTBYET /M 3aBUCK-

MOCTb MEX[y COAepXaHWeM MaKpO3/IEMEHTOB B OTAE/bHbLIX TOAMYHBIX KO/bLAX U YpOXKaem
LUMLLEK B TOfy WX (hOPMUPOBaHWS.

http://rcin.org.pl



	‎D:\Arboretum Kórnickie i Atlasy - edycja\Arboretum Kórnickie\_nowe nazwy_poprawione strony_KOR001_0022\KOR001_147204\KOR001_0022_Arboretum-Kornickie-t22 - 0001.tif‎
	‎D:\Arboretum Kórnickie i Atlasy - edycja\Arboretum Kórnickie\_nowe nazwy_poprawione strony_KOR001_0022\KOR001_147204\KOR001_0022_Arboretum-Kornickie-t22 - 0002.tif‎
	‎D:\Arboretum Kórnickie i Atlasy - edycja\Arboretum Kórnickie\_nowe nazwy_poprawione strony_KOR001_0022\KOR001_147204\KOR001_0022_Arboretum-Kornickie-t22 - 0003.tif‎
	‎D:\Arboretum Kórnickie i Atlasy - edycja\Arboretum Kórnickie\_nowe nazwy_poprawione strony_KOR001_0022\KOR001_147204\KOR001_0022_Arboretum-Kornickie-t22 - 0004.tif‎
	‎D:\Arboretum Kórnickie i Atlasy - edycja\Arboretum Kórnickie\_nowe nazwy_poprawione strony_KOR001_0022\KOR001_147204\KOR001_0022_Arboretum-Kornickie-t22 - 0005.tif‎
	‎D:\Arboretum Kórnickie i Atlasy - edycja\Arboretum Kórnickie\_nowe nazwy_poprawione strony_KOR001_0022\KOR001_147204\KOR001_0022_Arboretum-Kornickie-t22 - 0006.tif‎
	‎D:\Arboretum Kórnickie i Atlasy - edycja\Arboretum Kórnickie\_nowe nazwy_poprawione strony_KOR001_0022\KOR001_147204\KOR001_0022_Arboretum-Kornickie-t22 - 0001.tif‎
	‎D:\Arboretum Kórnickie i Atlasy - edycja\Arboretum Kórnickie\_nowe nazwy_poprawione strony_KOR001_0022\KOR001_147204\KOR001_0022_Arboretum-Kornickie-t22 - 0002.tif‎
	‎D:\Arboretum Kórnickie i Atlasy - edycja\Arboretum Kórnickie\_nowe nazwy_poprawione strony_KOR001_0022\KOR001_147204\KOR001_0022_Arboretum-Kornickie-t22 - 0003.tif‎
	‎D:\Arboretum Kórnickie i Atlasy - edycja\Arboretum Kórnickie\_nowe nazwy_poprawione strony_KOR001_0022\KOR001_147204\KOR001_0022_Arboretum-Kornickie-t22 - 0004.tif‎
	‎D:\Arboretum Kórnickie i Atlasy - edycja\Arboretum Kórnickie\_nowe nazwy_poprawione strony_KOR001_0022\KOR001_147204\KOR001_0022_Arboretum-Kornickie-t22 - 0005.tif‎
	‎D:\Arboretum Kórnickie i Atlasy - edycja\Arboretum Kórnickie\_nowe nazwy_poprawione strony_KOR001_0022\KOR001_147204\KOR001_0022_Arboretum-Kornickie-t22 - 0006.tif‎

