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Distribution of mineral elements within the crown of Scots pine {Pinus
Silvestris L.) and Norway spruce {Picea abies (L.) Karst.)

INTRODUCTION

Of the many factors affecting the flower formation in pine and spruce
mineral nutrition appears to merit a special attention. There is no doubt
that various mineral elements have an effect on flower initiation and
consequently on seed production, and there are several fertilizer studies
indicating this. Sweet and Will (1965) have found in a field experi-
ment with Pinus radiata that suppressed trees have had a lower nitrogen
content in the needles and these trees produced only male flowers. Vo gl
(1969) suggests that the accumulation of phosphorus in the buds may be
of importance for the stimulation of flowering in spruce. The detailed
studies of Giertych and Forward (1966) conducted on red pine
(Pinus resinosa Ait) have shown a distinct differentiation within the
crown of a tree as regards fertility and the distribution of female and
male flowers. They obtained a highly significant effect of the fertilisation
with ammonium nitrate both on the total number of flowers and on the
ratio of female flowers to male flowers, which was substancially increa-
sed. The authors suggested that the initiation of male flowers is taking
place under a nitrogen deficit and female flowers in conditions of nitro-
gen abundance. These suggestions were further supported by fertilizer
studies on Scots pine grafts (Giertych 1970).

These studies led to the present investigation. It was attempted to
establish the concentration of the basic mineral elements in various or-
gans (buds, one-year old stems, young needles, 2-year old needles) and in
various positions within the crown of the tree, in order to establish the
conditions as regards mineral nutrition under which flower buds are
being initiated.

MATERIAL AND METHODS

For the mineral analyses samples of shoots were collected in two
consecutive years. In 1971 6 pine and 5 spruce trees from the Koérnik
Arboretum were selected for the purpose. There are free standing trees
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with relatively large regular crowns. At the time the DBH for the pines
was from 20 to 34 cm and for spruce from 53 to 76 cm. In 1972 samples
were collected from 16 pines and 16 spruces. The pines grow in Koérnik
in an area adjacent to the Koérnik Arboretum and their mean age is
30 years, DBH 17.7 cm and height 10 m. The spruces grow in the expe-
rimental forest Zwierzyniec, and their mean age is 90 years, DBH 43.6 cuy
and height 27 m. The trees selected in 1972 grow in stands at a certain
density thus the crowns of these trees are relatively smaller.

The shoots have been sampled both years at the same time, that is
for spruce from the 28th of June to 1st of July and for pines from the
5th to 7th July. In 1971 samples were taken from 7 positions in the
crown that is from the apex and from the external and internal upper,
middle and lower crown. In 1972 the samples were taken only from
5 positions, that is from the apex and from the internal and external
upper and lower crown.

From the shoots collected for mineral analyses use was made of the
following tissues: old needles, needles of the current season, shoot apex
with buds and the current year stem without buds. After separating
the material it was dried at 105°C and stored in envelopes till the time
of mineral analyses. These were made for nitrogen, phosphorus, potas-
sium, calcium and sodium. In the first series (collections of 1971) sodium
was not analysed for and in some samples of bud tissues there proved to
be insufficient material so that not all the phosphorus analyses were
made.

Nitrogen was analysed by the Kieldahl method (Piper 1957), phos-
phorus by the modified method of Kuttner and Lichtenstein (Fink
1963) and the metallic elements with the help of a flame photometer
(Humphries 1956).

All the results of the chemical analyses have been treated statistically
with the help of the variance analysis. The analyses were made separa-
tely for each element, organ, species and series and then jointly for each
element but across all the other experimental variants.

One should also explain that all the trees from which the samples
were collected have been previously treated by various combinations of
N, P and K fertilizers (applying to individual major roots in the first
series and to individual trees in the second series). However the variance
analyses have not shown any major effects of the fertilizer applications
on the concentration of these elements in the studied tissues, and thus
for the purposes of the present investigation the fertilizer variants can
be considered as additional replicates. Within each experimental repli-
cate there were included all the fertilizer variants used.
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RESULTS

1. CONCENTRATION OF THE BASIC MINERAL ELEMENTS IN VARIOUS ORGANS

In table 1 the concentration of nitrogen, phosphorus, potassium, cal-
cium and sodium is given for the dry weight of the studied organs in the
pine and spruce of the two, 1971 and 1972, series. These are average va-
lues over the replicates, fertilizer variants and positions within the crown.

Nitrogen. The mean nitrogen concentration over all the organs
is the same for the two experimental series, however in pine it was higher
in 1972 and in spruce higher in 1971 there being a significant interaction
between series and species. The differences between the various organs
though significant are not very great and the sequence of organs with
an increasing nitrogen concentration is different for each series and
species.

The tissues of pine have decidedly higher nitrogen concentrations than
the tissues of spruce, and this difference was greater in 1972 than in
1971.

Phosphorus. Because of incompletness of the data for buds and
stems the joint variance analysis has been made only for the needles.
It showed that the needles of the current season have higher phosphorus
concentrations than older needles. This is evident in both series but more
so in 1972 than in 1971 Generally in 1972 the needles of both species
have had a higher concentration of this element, than those collected
a year earlier.

The 1972 data, which is also complete for buds and stems, has shown
that similarily as with the needles the tissues of pine always have higher
concentrations of phosphorus that the tissues of spruce.

Potassium. The concentration of potassium in the various organs
is more or less the same for the two experimental series and for the two
species. There was however a distinctly significant interaction between
organs and species, caused by the fact that in pine the concentration of
potassium in the current year needles is relatively high while in spruce
it is relatively low.

Calcium. The concentration of calcium is the same for both series,
however there are significant differences between species. Tissues of
spruce have much higher concentrations of this element. The highest
concentration of calcium is to be found in older needles. The lowest value
of the calcium concentration in pine is to be found in the needles of the
current season and in spruce in the stems.

Sodium. Analyses for the concentration of sodium in various tissues
have been made only in the sample from the 1972 series. Spruce appears
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Table !
Concentrations of mineral elements in tissues of pine and spruce
. Young
Element
emen Species Year Old needles needles Stems Buds
Pine 1971 161 181 1.43 1.85
1972 181 2.10 1.73 161
N
Spruce 1971 1.37 141 141 1.42
1972 1.34 1.48 1.13 1.32
Pine 1971 1.114 0.219
1972 0.205 0.370 0.295 0.324
P
Spruce 1971 0.129 0.207
1972 0.140 0.264 0.219 0.236
Pine 1971 0.442 0.744 0.701 0.586
1972 0.399 0.813 0.858 0.546
K
Spruce 1971 0.581 0.646 0.912 0.641
1972 0.308 0.569 1.044 0.596
Pine 1971 0.521 0.220 0.243 0.336
1972 0.511 0.170 0.244 0.232
Ca
Spruce 1971 0.797 0.437 0.318 0.636
1972 1.004 0.402 0.315 0.591
Pine 1971
1972 0.018 0.018 0.019 0.014
Na
Spruce 1971
1972 0.008 0.027 0.020 0.029

to have somewhat higher concentrations of sodium than pine in all organs
except old needles, which in spruce have a very low concentration of this
element. Buds of pine, relative to other tissues of this species, have a low
concentration of sodium, while the buds of spruce are characterized by
high sodium concentrations.

2. DIFFERENCES IN CONCENTRATIONS OF MINERAL ELEMENTS IN VARIOUS POSITIONS
WITHIN THE CROWN

The results of chemical analyses made on material collected in various
zones of the crown are presented schematically in Fig. 1. As was mentio-
ned above in the first experimental series 7 zones of the crown were
sampled while in the second only five, thus on the joint figure only the
average data for the five zones is presented. Each value shown in Fi-
gure 1 is an average over the 2 experimental series, 4 different organs,
8 different fertilizer treatments and 2 replicates.

The variance analyses have shown that the differences between the
zones of the crown are highly significant, and we are obtaining a definite
pattern of distribution of mineral elements in the crown, this pattern
being identical for all the studied tissues. There are two models according
to which the concentration of mineral elements is distributed in the
crown. The concentration of nitrogen, phosphorus, potassium and sodium
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in both species and the concentration of calcium in pine increase towards
the inside of the crown and down the crown, while the concentration
of calcium in spruce has an opposite pattern, it increases up the crown
and towards the outside of it. The joint variance analyses made separately
for each element have shown a highly significant differentiation between

N P K Ca Na

Pine

Fig. 1. Concentration of mineral elements in various parts of pine and spruce

crowns. The values are averages from two experimental series, 4 tissues (old and

new needles, stems, buds), 8 fertilizer treatments amid 2 replicates. The averages
for P and Na are based on less complete data i(see Table 1)

the positions within the crown, always according to the pattern described
above. In the case of calcium there was very strong interaction between
crown zones and species.

The differentiation of concentrations of elements within the crown
of pines is greater than within the crown of spruce, and as a result in
the individual variance analyses the pine gave more frequently signifi-
cant results than did the spruce data.

DISCUSSION

From the results of the study reported above of greatest interest is
the vertical and horizontal differentiation of mineral concentrations
within the crowns of the trees, and this appears to be true for 4 different
tissues. The pattern is least obvious for the buds, but this could have
been caused by the fact that we had insufficient quantities of material,
and as a result the analyses made on too small samples were not as ac-
curate.

Generally the lower concentration of mineral elements in the upper
and outside parts of the crown could be explained by the greater vege-
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tative growth in these crown regions which could result in a greater
dilution of the mineral elements in celluloze, the major component of dry
weight. Only the distribution of calcium would require some additional
explanation, particularily in pine. It is the pattern in spruce that has to
be considered as the typical one, since it is a common observation that
the pattern of distribution of calcium is usually opposite to that of potas-
sium. Since the differences in the size of needles and shoots between the
outside and internal zones of the crown are much greater for pine than
for spruce, one can suspect that the process of dilution of mineral ele-
ments effected by growth and celluloze increase has dominated any in-
verse relations between potassium and calcium.

Concerning the variation in the mineral concentration in various or-
gans within the crown of the tree there exists a rich literature, parti-
cularily concerning the foliage. However the results of individual studies
are very diverse and frequently contradictory. The reasons for this are
various, but the most common one appears to be the time of sampling in
relation to the vegetative season, when as a result of changes in the
growth rate the concentrations of mineral elements change substancially.
Generally it has been observed that in coniferous species the concentra-
tion of individual elements in the needles increases up the crown (L ey-
ton 1948, Wehrmann 1957, Ovington and Madgwick 1958,
Lavender and Carmichael 1966, Fornes 1969, Morrison
1972). This is true particularily for N, P, K and possibly Mg in the au-
tumn. On the other hand the concentration of calcium in the needles
tends to increase down the crown (Leyton 1948, Lavender and
Carmichael 1966, Fornes 1969, Morrison 1972). Sometimes an
absence of any regularity in the distribution of concentrations was obser-
ved (Strebel 1961, Fornes 1969). Fiedler and Muller (1973)
point out for example that the distribution of potassium concentration
within the crown of a tree will depend on the level of potassium nutri-
tion. In our material at no time was there any significant interaction
between the position in the crown and the fertilizer treatments.

The results of this investigation in general do not confirm the results
obtained by other authors. They are only in agreement with the obser-
vation of Fraser (1966) who has found that vegetative buds from the
lower parts of Picea mariana B.S.P. crowns are smaller and have higher
concentrations of mineral elements.

The results obtained in the present study concern material collected
at the time of intensive vegetative growth and bud setting including the
initiation of flower buds. The observed pattern of variation suggests that
female flowers, normally developing on the outer crown, are being ini-
tiated in conditions where mineral supply may be limiting, while male
flowers, usually forming in the inner crown, are being initiated in condi-

tions of mineral abundance. The frequently observed positive effect of
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fertilisation on female flowering and the sometimes negative effect on
male flowering may find an explanation in the distribution of mineral
elements within the crown as reported in this paper.

The interaction between series and species for nitrogen may partly
explain why 1973 was a better flowering year for pine and a poorer year
for spruce than 1972

SUMMARY

In order to establish the nutritive conditions under which flowering
buds are being initiated it was decided to analyse the concentrations of
mineral elements in the needles, buds and stems of different crown parts.
Sample shoots have been collected for analysis in early July of 1971 and
1972, from 6 pines and 5 spruces in the former year and from 16 pines
and 16 spruces in the latter.

Generally all the results are consistent for the two series. The studied
species differ substancially in the concentration of mineral elements. In
pine there are higher concentrations of N and P and lower of Ca than
in spruce. Potassium concentration is more or less the same in both spe-
cies. There are differences between sampled tissues as well as interactions
between tissues, species and series, but generally nitrogen concentration
is highest in new needles, potassium in the stems and calcium in old
needles.

There are highly significant differences in mineral concentrations
between crown parts. Concentration of N, P, K in both species and Ca
in pine increase down the crown and towards the trunk, while the con-
centration of Ca in spruce has an opposite pattern. The observed distri-
bution suggests that female flowers are being initiated in conditions of
limiting mineral supply and male flowers in conditions of abundant nut-
rients. This can explain the frequently observed positive offect of ferti-
lizers on female flowering and the sometimes negative effect on male
flowering.

This study has been partialy supported by grant No. FG-P0o-260 from
the US Department of Agriculture under PL-480.

Institute of Dendrology
Koérnik nr Poznan
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HENRYK FOBER

Rozmieszczenie sktadnikobw mineralnych w koronie sosny (Pinus silvestris
L.) i Swierka (Picea abies (L.) Karst.)

Streszczenie

W celu poznania warunkéw, w jakich zawigzujg sie paczki kwiatowe postano-
wiono przeanalizowa¢ zawartos¢ sktadnikéw mineralnych w igtach, paczkach i pe-
dach w gornej i dolnej czesci korony drzewa. Prébki gatazek do analiz mineralnych
pozyskano na przetomie czerwca i lipca; w 1971 r. z 6 sosen i 5 Swierkow, a w
1972 r. z 16 sosen i 16 Swierkow.

Na ogot wszystkie otrzymane wyniki powtarzajg sie w obu seriach doswiad-
czalnych. Pod wzgledem stezenia makroelementow w tkankach, badane gatunki
drzew roznig sie zasadniczo miedzy soba. W tkankach sosny stwierdzono wyzsze
stezenia N i P, a nizsze stezenia Ca niz u $wierka. Koncentracja K jest mniej wiecej
rowna u obu gatunkow. Istotnie réznig sie miedzy sobg badane organy, a ponadto
istnieje wzajemna wspdtzalezno$¢ miedzy organami a gatunkami czy seriami do-
Swiadczalnymi. Ogolnie jednak z badanych organdéw azot wystepuje w najwyzszym
steieniuhw igltach biezacego przyrostu, potas w pedach, a waph w iglach zeszto-
rocznych.
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Stwierdzono jednokierunkowg zmienno$¢ stezenia pierwiastkéw w tkankach wy-
nikajaca z miejsca zbioru probki w koronie drzewa. Koncentracja N, P, K oraz Ca
u sosny rosnie w dot korony i do wewnatrz, a Ca u Swierka odwrotnie, tzn. w kie-
runku wierzchotka korony i na zewnatrz. Zaobserwowany kierunek zmiennosci suge-
ruje, ze kwiaty zenskie powstajg w warunkach limitujagcego zaopatrzenia mineral-
nego, a kwiaty meskie w warunkach nadmiaru soli.

XEHPbIK ®OBEP

Pa3melLeHe MUHEPaNbHbLIX 31EMEHTOB B KpoHe cocHbl  (Pinus silvestris L.)
n enn (Picea abies (L.) Karst.)

Pe3ome

B Uensx BbIICHEHUS YCMOBUIA 3a/10XEHUS LIBETOYHbI MOYEK, ObINO peLleHo NpoaHann3u-
poBaTb COfepXKaHMe MUHEepaIbHbIX 3/1EMEHTOB B XBOE, MOYKax W MoGerax BepXHER U HUK-
Hell YacTy KpOHbl AepeBbeB. OOpaslbl BETOK A8 aHa/imM3a Obiv B3ATbl HA CThIKE WKOHA ¢
uons; B 1971 rogy oHu 'B3ATbI ¢ 6 coceH n 5 eneil, a B 1972 rogy — c 16 coceH u 16 eneil.

B uenom B 06eux OMbITHbIX Cepuax BCe MOMy4YeHHble pe3y/bTaTbl COBMafatoT. 10 KOH-
LIeHTpaLMn MaKpO3/EMEHTOB B TKAHAX COCHA W €flb CYLLECTBEHHO pas/inyaloTcs Mexay
co6oil. B TKaHSIX COCHbl YCTaHOB/eHa 60fee BbICOKas KOHLEHTpauus asota M octopa
1 6onee HU3Kas KOHLEHTpauus Kanbuus, yem y enn. KoHUeHTpauus Kaams 6onee unm me-
Hee OfMHaKoBa y 060MX BWAOB. CYLLIECTBEHHO OTAMYAlOTCH APYr OT [pyra W3yuYeHHble opra-
Hbl; KpOMe TOro, MMeeTCsi B3aVMO3aBMCUMOCTb MEXy opraHamu v BuZamy WA OMbITHbIMU
cepHaMy. 3 M3y4yeHHbIX OpPraHoOB CamoOe BbICOKOE COAepXKaHue a3oTa O06HapyXeHO B XBOe
TeKyLlero rofa, kanus — B rob6erax, KosbUus — B XBOe MPOLU/bIX feT.

YCTaHOB/EHa OJHOCTOPOHHas W3MEHUMBOCTb KOHLIEHTpauun 3/71EMEHTOB B TKaHsX, Ornpe-
[JenseMas MeCTOMOMOXEHNEM B3ATOM0 06pasua B KpoHe fAepeBa. KOHLUeHTpauust asoTa,
thocthopa, Kanms M KanbLMs Y COCHbl PacTeT MO HanpaBNeHWO K HWU3Y KPOHbl W BOBHYTPb
€e, a KOHUEHTpauus Ka/bUus y e M3MeHSieTCa B MPOTUBOMOMOXHOM HanpaB/ieHUu, T.e.
BO3pacTaeT K BepxXy KpOHbl M K ee BHelUHell CcTopoHe. Habnogaemoe HamnpaBneHvie W3MeH-
YMBOCTU MO3BONSAET MPEANONOXKUTb, YTO XKEHCKME LBETKM (POPMUPYOTCA B YC/OBUSX Orpa-

HUYEHHOTO CHaBXKEHWSI MUHEPaSIbHbIMU  3NIEMEHTaMK, a MYXXCKME LBETKM — B YCNOBUAX
N30bITKa COMei.
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