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Introduction

Long-term experiments involving comparison of spruce populations in Europe
as well as in North America show with great consistency the high sylvicultural
value of Polish provenances (Bouvarel and Lemoine, 1957; Dietrichson, 1961,
1964; Frohlich, 1960, 1966; Gathy, 1957, 1960a, 1960b; Holst, 1963; Langlet, 1959,
1960, 1963; Nanson, 1964; Rubner, 1957, Schonbach, 1957, Slabaugh and Rudolf,
1956, Troeger, 1958; Vincent and Vincent, 1964; and Vins, 1963). These interna-
tional experiments covered very few Polish provenances and the results concern
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essentially only those from the Forest District Istebna and Brody Zarskie, occasion-
ally Biatowieza, the Masurian Lake District, and the Sudeten. A more thorough
knowledge of spruce from a larger number of stands in Poland and better deter-
mination of the range of the sylviculturally most suitable races is useful both for
the needs of our own forestry and the opportunities for exports of seeds and seed-
lings to countries with poor local races and requiring imports of higher-quality
spruce. Seeds make up even now an important item in our exports, but it is con-
fined to seeds from Istebna and the neighboring forest districts because we know
next to nothing about the usefulness of spruce from the other regions of Poland.

Knowledge of the economic value of individual tree races requires years of
field experiments and the relevant work must therefore be planned for long periods
in advance. Nevertheless there is the possibility, still untested but very probable,
that early trials based on greenhouse experiments run under strictly uniform and
strictly controlled conditions, may yield at least some general data on the useful-
ness of particular races. This kind of trials run with seedlings will afford us infor-
mation on the quality differences between seedlings of different provenances which
is not unimportant from the economic point of view because it is often the quality
of the seedlings that determines the quality of the future plantation. This kind of
studies will show whether the differences found between seedlings persist and wheth-
er the results recorded now will correlate with those recorded after years for
mature trees in field experiments.

In the present work it is attempted to define the variations of such qualities of
Polish spruce as can be observed in seedlings under the conditions of relatively
brief experiments.

Growth characters were investigated in the first place, i.e. the height of the
plants, the dry weight of particular parts, the proportions of the total dry weight
accounted for by the leaves and roots, the length of lateral shoots, etc. Next, the
studies concerned the developmental characters, such as the presence of the apical
bud, the number of lateral buds, and the number of side shoots as well as such
other qualities as the content and percentage of nitrogen and the color of leaves.
These qualities may be affected by different environmental factors, and not neces-
sarily in the same way for the entire geographical race. Therefore, for the sake of
better insight into the interracial differentiation, the experimental conditions
must be made different, but strictly controlled, to correspond to the variations
met with at large. The number of such variations is restricted in this kind of
experiments by the space available in greenhouses and the time-consuming char-
acter of the laboratory analyses and calculations. In experiments with seedlings
of 20 provenances, run in triplicate, 12 environmental variations were found to
be practicable. Two variables were introduced: (1) the nitrogen content in the
medium, four levels, and (2) competition with grass, three grades. As a further
stage other variables, specifically different compositions of mineral nutrients, are
envisaged for future experiments.
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Planned in this way, the experiments will not only show the range of variation
between the provenances but should also reveal the effect of the variables on the
physiological qualities of spruce irrespective of provenance. The response of spruce
to competition from grass and how it is affected by the concentration of nitrogen
in the medium are little known physiological-ecological problems which the present
work may help to clarify a little.

Material and Methods

Seeds of the 20 different geographical races of spruce (Picea abies Karst.)
were used in the experiments. They were collected between October 20, 1964, and
February 13, 1965, from natural, or probably natural, populations in the north-
eastern and southern range of the species in Poland and, in addition, from a few
isolated stands beyond the natural range (Stawki, Miedzyrzec, Konstancjewo, and
lfawa). The particular provenances represent tree-stands at different altitudes.
Thus, the provenance Chochotowska Valley comes from the altitude of 1400 m
in the Tatra Mountains, whereas the provenance Brody comes from the altitude
of 80 m, in the river valley of Nysa tuzycka. The geographical races covered by
our experiments are listed in detail in Table 1 and Fig. 1, with our seed catalog
number, geographical latitude and longitude, and altitude recorded in the former.
The seeds were collected from presumably native trees during felling operations by
taking the same number of cones from at least ten trees selected at random. Re-
moved from the cones at the Institute of Dendrology the seeds were then stored in
jars at 3°C. Those set aside for the determinations of dry weight and nitrogen
content were dried 24 hrs in a desiccator at 100°C. The determinations concerned
only full seeds, separated from empty ones and other impurities in methanol. The
dry weight was determined by weighing on an analytical balance, with each prov-
enance represented by two samples of 100 each. Drying was done in 24 hrs be-
cause the weight readings were the same as after 48 hrs. The weighed samples were
each ground in a mortar and dried for another 24 hrs before determinations of
nitrogen by the Kjeldahl method (Piper, 1957).

The nitrogen determinations were made in quadruplicate for each prove-
nance and the results were accepted as reliable only when all four were in good
agreement (with the deviation from the mean not exceeding 0.8 percent).

The principal experiments with seedlings were started between the 8th and
the 10th of December, 1965. The seeds of each geographical race were sown in
36 pots, 20 in each. The jars were filled with technical sand over a 1.5 cm deep
layer of gravel. There was a total of 720 pots in an experiment (20 prove-
nances x 36). Batches of 20 and 5 seeds of grass (Poa annua L.) were added each
to 12 pots of every provenance to create competition for the spruce seedlings.
Throughout the time of the experiments the grass was trimmed weekly to the
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height of the spruce seedlings. The number of grass plants in individual pots was
checked and possible losses were replaced.

All pots were set up in blocks of 60 each, i.e., 20 with three degrees of com-
petition per block. The pots in the blocks as well as the blocks themselves were

Fig. 1. The natural geographical distribution of spruce in Poland with the sources of the
seeds used in the experiments indicated.

fully randomized and then the blocks were regularly watered each three with one
of four different media, so that the experiment was run in triplicate. The media
differed in the content of ammonium nitrate (NH4NO3). The nitrogen concentration
was accordingly 140 mg/1, 70 mg/l, 35 mg/1, and 0 mg/1 for the media 1N, ;N, N,
and ON respectively. The remaining elements were present in the media in constant
amounts, namely KH2PO4, MgSO4, and KCI each in amounts of 2 ml of a 1 M
solution per liter of the medium, and CaCll and FeSO4 in amounts of 3 ml and
1 ml respectively. Furthermore, the pH was adjusted to 6.2 with versenic acid
(EDTA) and a solution of microelements of the composition given by Hoagland
was added to the media. The spruce seedlings were watered twice a week with
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about 10 ml of the nutrient per pot, and on the remaining days with distilled water,
whereby the effective concentration of the nutrient medium was reduced by about
two-thirds. Table 2 gives the concentration of the particular elements in the full
medium, the real concentration in the pots, and the concentration of these elements
reported as optimum by Ingestad (1959).

Table !
List of the Geographical Races of Spruce Used in the Experiments

The plants began to be watered with the media on December 31, 1965, after
they had received only distilled water for 20 consecutive days. On March 21, 1966,
the number of seedlings per pot was reduced to five. The grass cut on February 16
was kept for determinations of fresh and dry weight and nitrogen content. The

Table 2
The Concentration of Particular Elements in the Medium, in mg per liter
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determinations were made for 24 samples, i.e. for four different media at two de-
grees of competition, all in triplicate. In July the color of the seedlings was esti-
mated according to the 1938 Horticultural Colour Chart, in which the colors of
the spectrum are numbered from 1 to 64, green being assigned the numbers from 53
(bluish green) to 63 (yellow-green).

The greenhouse experiments were concluded in July 1966, when the following
data were recorded: (1) the number of seedlings per pot, (2) the height of seedlings,
(3) the number of seedlings with apical buds, (4) the number of buds per seedling,
and (5) the sum total of the length of the lateral shoots and their number.

The seedlings were removed from the pots together with the sand, which was
then carefully shaken off, the roots were washed in distilled water, and the plants
were dried in a dessicator at 100°C. The dry weight was determined with an accu-
racy of up to 0.2 mg for the whole plants, the leaves, the shoots, and the roots.
The fresh weight was not determined since this would consume too much time
and would involve great errors due to evaporation (720 samples would take at least
two months to weigh).

All the data were processed statistically and only those found to be statistically
significant are recorded in the present.

Results

Seeds

An average 32.7 percent of the dry weight is accounted for by the seed coat
and the remaining 67.3 percent by the endosperm and embryo. Possible deviations
in individual provenances do not exceed 0.9 percent (as based on four prove-
nances). Since the separation of the seed coat is very time-consuming the analyses
were made for whole seeds thoroughly ground in a porcelain mortar and well
mixed. The percentage of the dry weight accounted for by nitrogen is 0.7 in the
seed coat and 5 in the endosperm and embryo, the average for the whole seed
ranging thus from 3.4 to 3.9, depending on the provenance. The average weight
of a single husked seed varies between the geographical races from 6.8 mg to
10.3 mg, with the seeds from Konstancjew having the lowest weight and those
from Rycerka the highest one, followed closely by those from Istebna (9.4 mg).
The two last-named geographical races represent the forest complexes of Beskid
Slaski and Beskid Zywiecki, which are not far apart, and the seeds differ substan-
tially in weight from those of the other provenances.

It also needs to be noted that the other geographical races from the Sudeten
and the Carpathian mountain ranges as well have rather heavy seeds, weighing
over 8 mg. In the northeastern range of spruce in Poland the seeds average 7.35 mg
versus 8.55 mg in the southern range. The relevant values for the individual prov:
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vary from 7.0 mg to 8.0 mg in the northeastern range, and from 7.7 mg
to 10.3 mg in the southern range. This essentially confirms the data reported by
Tyszkiewicz (1952), which were correspondingly 6-7.5 mg and 7-10 mg.

Upon drying at 100°C the seeds lost an average of 6.7 percent of their weight.
The differences recorded depended on the geographical race. Seeds from Stronie
Slaskie lost only 5.6 percent in weight, whereas those from Istebna lost as much
as 8.7 percent. All the other provenances fitted within this range. However, irre-
spective of the differences in loss upon drying the provenances considered fell
into the same order by the dry weight of seeds as they did by the fresh weight. The

average dry weight of a single seed grain varies between the geographical races
from 6.3 mg to 9.5 mg (Table 3).

Table 3
The Nitrogen Content and Dry Weight of Seeds from Different Sources

The nitrogen content, in terms of dry weight, varies within the range of 3.3-3.9
percent (Table 3). It was highest in the seeds from Istebna and lowest in those from
Chochotowska Valley, in which it was as low as 3.28 percent according to Duncan’s

test and conspicuously different from all the others, as if constituting an altogether
separate group.
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By weight, the nitrogen content of the seeds of individual provenances obvi-
ously depends on its percentual content and the weight of the seeds, the latter being
the more important owing to its greater differentiation. The by-weight content of
nitrogen is lowest in the seeds from Stawki, which together with those of 16 other
provenances constitute a single group marked by nitrogen contents varying within
a range as narrow as 0.23-0.29 mg per average seed (Table 3).

The differences become more noticeable only with the seeds from Miedzyrzec
and Istebna, which have nitrogen contents of 0.31 mg and 0.33 mg respectively. The
seeds from Rycerka proved to be the richest in nitrogen, averaging 0.35 mg of the
element apiece.

The nitrogen content of the seeds was correlated with the geographical lati-
tude of their site of origin. In the more northern latitude this content was lower
than in the south. The analysis of the multiple regression revealed a marked cor-
relation between the weight of the seeds and their nitrogen content (r = 0.95).
The correlation between the geographical latitude and the weight of the seeds
(r = —0.70) is somewhat greater than it is with the nitrogen content of the seeds
(r = —0.67) but the standard partial regression coefficient is respectively —0.74
and —0.04, which means that the geographical latitude is correlated with the nitro-
gen content via the dry weight of seeds.

Grass

An analysis of the grass cut on February 16, 1966, i.e. after 68 days of the
experiment, yielded the following data. The average fresh weight of the grass di-
minishes with the degree of competition and concentration of nitrogen in the me-
dium. All the pots with five grass plants in each yielded a total crop of 67 g of
fresh grase, whereas the pots with 20 grass plants in each yielded a total of 138 g.
A fourfold increase in the number of grass plants thus produced in this case
barely a twofold increase in the fresh weight of grass. With higher concentrations
of nitrogen in the particular media the increase in the fresh weight of the grass
became almost proportionate. Thus, the pots watered with medium ON yielded
a total of 37 g of grass, and those watered with the media (N, ;N and 1IN gave
respectively 44 g, 60 g, and 65 g of fresh weight. Upon drying at 100°C the loss of
weight was about 85 percent.

The percentage of nitrogen in the grass grew with its concentration in the
medium and was for the particular media 3.89, 4.18, 4.49, and 5.03 respectively.
With the competition of five grass plants and 20 plants it was respectively an av-
erage 4.65 and 4.14.

Seedlings in the Nursery

Analyses of one-year seedlings of spruce grown in a composted forest nursery
failed to reveal any correlation whatever between the qualities of the seeds and
those of the seedlings. This concerns both the dry weight and the percentage of
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nitrogen. An analysis of the variations in dry weight and nitrogen content did not
reveal any statistically significant differences between the particular provenances,
since the differences between the multiplicates of the experiments were many times
greater. Probably the course of the experiment was adversely affected by an uneven
composting of the nursery, so that all the genetically determined differences between
the provenances were obliterated in the one-year seedlings.

Seedlings in the Greenhouse

Special Characters

As regards special morphological characters of spruce seedlings grown in the
greenhouse we must note in the first place the failure of cotyledons to separate
(Fig. 2) and the so-called albinism (white seedlings, achlorophyllous). The former

Fig. 2. Seedlings with cotyledons sticking together. Seeds from Stronie Slaskie.

was observed in seedlings of Stronie Slaskie provenance; it was seen in almost all
the pots and concerned roughly 16 percent of seedlings in this population. It was
conspicuous in the early stage of seedling development and disappeared with time,
preventing the normal development only in a few cases (Fig. 2). “Albinism” was
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seen only in two provenances, Gotdap and Wetlina, in which it affected 0.46 per-
cent and 0.51 percent of the seedlings respectively. Yellow seedlings also were
observed in these provenances, but they turned green after a time. Albino forms
arise from crossing two aurea forms (Langner, 1952) or from their self-pollination.
Since the aurea forms are rare, our albinos were very likely the result of the
self-pollination of a single aurea-type tree in each of the two geographical reces
here concerned. Self-pollination of an aurea-type individual will produce 25 percent
of albinos and 50 percent of aurea forms. Consequently, each albino represented
four seedlings from self-pollination. As will be recalled, the seeds were collected
proportionately from ten trees. Assuming that the percentage of self-pollination
is the same in all trees and that the albinos came from a single tree in each tree
stand, every albino represented 4 x 10 = 40 individuals resulting from self-pollina-
tion. Hence the seeds of provenances Gotdap and Wetlina can be presumed to
have included respectively 0.46% x40 = 18.4 percent and 0.51% x40 = 20.4 per-
cent of seeds produced by self-pollination. Consequently, in spruce stands, some
20 percent of seeds must be presumed to come from self-pollination. The results
obtained by Sarvas (1962) for Pinus silvestris and by Fowler (1965) for Pinus bank-
siana were similar.

The mortality of seedlings as determined in the pots directly before the end of
the experiments depended in the first place on the competition and next on the
concentration of nitrogen. In the pots with the highest competition it averaged as
much as 14 percent, at a lesser competition (five grass plants per pot) 8 percent,
and without competition barely 1.5 percent. The nitrogen concentration in the
media had a slight effect on mortality and only in the presence of grass. Therefore
the analysis of variance revealed a statistically significant interaction between the
nitrogen concentration and competition. Higher nitrogen concentration increased
the seedling mortality, probably through promoting the growth of the grass compet-
ing with spruce.

The Color of Seedlings

The color of spruce seedlings changes significantly with the concentration of
nitrogen in the media. With lesser concentrations it changed from bluish green to
pale green and eventually yellow green. In figures it averaged with the particular
media respectively 55.6, 57.6, 58.0, and 59.5 (according to the Horticultural Color
Chart, 1938), the last figure being for medium ON and designating the palest green.
The color of the seedlings was very significantly affected by the presence of grass
and averaged in figures 57.5 without competion, 60.8 with competition from five
grass plants, and 60.9 with competition from 20 grass plants. The average color
numbers for the particular provenances and nitrogen concentrations are recorded
in Table 4. The color was significantly different in spruce seedlings from Chocho-
towska Valley, in which it was the most intensive bluish green. All the remaining
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provenances made up a single group and differed not significantly from one another.
As regards the interaction of the nitrogen concentration and competition, which
was significant, it is probably due to the fact that the former influences the color

Table 4

Color of Seedlings and Percentage of Seedlings with an Apical Bud

by Provenances. Overall Averages Irrespective of Nitrogen Supply and
Competition

only in the absence of competition. Competition in general, therefore, affects the
color of seedlings more markedly, obviously tending to make the green more
yellow, than does the degree of competition (5 or 20 grass plants per pot in the
present experiments).

The Height of Seedlings

The height of spruce seedlings depends on the nitrogen concentration in the
medium (Fig. 3), competition (Fig. 4), and the geographical race (Fig. 5). The most
pronounced effect is that of competition, but it depends on the nitrogen concentra-
tion because there is a statistically significant interaction between the two. Thus,
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Fig. 3. The effect of the nitrogen content in the medium (ON, N, N, and IN) on the
growth of seedlings. Seeds from Biatowieza.

Table 5

Average Height of Seedlings, in cm, Grown Without Competition
from Grass
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Fig. 4. The effect of the nitrogen content in the medium (ON, (N, :N, and 1N) and competi-
tion from grass (5 and 20 plants) on the growth of spruce seedlings.



Table 6

The Effect of Competition on the Height, in cm, of Spruce Seedlings.
Averaged Irrespective of the Nitrogen Supply

Fig. 5. Seedlings from different sources (Chochotowska Valley, Konstancjewo, Miedzyrzec,
and Brody) grown under exactly similar conditions, with medium ;N as the nutrient.



seedlings completely deprived of nitrogen do not show any differences in growth
at different competitions, whereas when the nitrogen supply is rich, the differentia-
tion is very marked. Only the seedlings of the Chochotowska Valley race differed
from the others significantly in their small height. The other provenances made up
a single group, in which only the extreme differences in height proved to be statis-
tically significant. The differences are in evidence only between seedlings growing
without competition from grass (Table 5). In the presence of grass there are no
significant growth differences either between the geographical races or the different
degrees of competition. Thus, irrespective of the degree of competition taken for
comparisons, the seedlings growing in its absence are roughly 71 percent higher.
The mean heights of the seedlings of different provenances and at different degrees
of competition are recorded in Table 6. It is worthwhile to note that Brody seedlings,
which grow best of all without competition, grow by an average 53 percent less

Table 7

The Effect of Competition and Nitrogen Supply on the Height,
in cm, of Spruce Seedlings, Averaged for all 20 Provenances
Jointly

high in the presence of 20 grass plants, whereas for the poorly growing Chocho-
towska Valley seedlings the corresponding figure is only 26 percent. This is un-
doubtedly due to the fact that the differences in height are due to differences in the
length of the shoot above the cotyledon node, whereas the hypocotyl length seems
to be unaffected either by competition or the nitrogen concentration. The variation
in height in relation to the competition and nitrogen concentration in the media is
recorded in Table 7.

The Number of Lateral Shoots

Analysis of variance shows the number of the lateral shoots to depend on all
the experimental variables, including third-order interaction, i.e. that of nitrogen
concentration, competition, and provenance. Competition was the most important
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factor, reducing the number of lateral shoots to one-thirtieth on average. But the
effect was independent of the degree of competition, i.e. the number of grass plants
in a pot. Higher nitrogen concentrations usually increased the number of side
shoots, but the response varied greatly between the provenances. One group of the

Fig. 6. The relation between the mean number of lateral shoots per seedling and the nitrogen
content of the medium for two different groups of geographical races.

geographical races produced the maximum number of lateral shoots already at

one-half the optimum nitrogen concentration in the medium (.N), whereas the
other races reached the maximum only on the full medium (IN) (Fig. 6).
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According to Duncan’s test all the provenances fall into two partly overlapping
groups, with the lateral shoots being fewest in the montane races Wetlina and
Chochotowska Valley and most numerous in Przerwanki and Brody. The average

Table 8
Mean Number of Lateral Shoots per Seedling in the Absence of
Competition

number per seedling varied between the particular provenances from 0.2 to 0.8.
The precise variation in relation to the nitrogen content of the media is given
by provenances in Table 8.

The Length of Lateral Shoots

When the length of the lateral shoots of the seedlings is considered, the differ-
ence between seedlings with grass and without it becomes even more pronounced.
Thus the analysis of variation shows a highly significant influence of competition
and a significant influence of the nitrogen concentration and interaction of the two
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variables. In the presence of competition (20 and 5 grass plants) the nitrogen supply
does not affect the growth of the side shoots, whereas without competition the sum
total of the length of the lateral shoots is directly proportionate to the amount of
nitrogen in the medium, as is shown in Fig. 7. In this respect the provenances did
not differ significantly.

Fig. 7. The effect of the nitrogen content of the medium on the sum total of the lengths
of lateral shoots.

The Number of Buds in Seedlings

The number of buds in seedlings is affected most by the competition of grass.
As competition increases, the number of buds diminishes. The competition of five
grass plants cuts this number by an average 28 percent, and that of 20 grass plants
by another 9 percent. The response to a change in the degree of competition varies
between the provenances, as is shown by the statistically significant interaction
between the two experimental variables. The number of buds in seedlings growing
in the presence or absence of competition from grass is recorded for the particular
provenances in Table 9. Also statistically significant is the interaction between com-
petition and the nitrogen supply; the data are recorded in Table 10.

On the whole there is a certain relation between the number of buds and the
size of seedlings (small seedlings can have only one bud) and the intensity of growth
at the end of the experiment (the seedlings which grew most vigorously had active
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Table 9

Mean Number of Buds per Seedling in Relation to Competition.
Averaged Irrespective of the Nitrogen Supply

Table 10

The Effect of Competition and Nitrogen Content in the
Medium on the Number of Buds per Seedling, Averaged
for All 20 Provenances Jointly

side shoots and not buds). As a consequence the least and the most vigorously

growing seedlings belonged both to the group of provenances marked by a small
number of buds.
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The Percentage of Seedlings with Apical Buds

The percentage of seedlings with apical buds on the ultimate day of the exper-
iment depended on competition, the nitrogen concentration, and the provenance.
Furthermore, the interaction of the nitrogen concentration and the competition from
grass also had a statistically significant effect (Table 11). The presence of grass
causes an increase in the number of seedlings with apical buds, but there is no
difference between the degrees of competition (5 or 20 grass plants per pot). Higher
concentrations of nitrogen in the medium reduce the percentage of seedlings with
apical buds from 89 for medium ON to 57 for the maximum nitrogen concentration.
Thus an increase in the percentage of seedlings with an apical bud, i.e. a decrease
in the percentage of growing seedlings, occurs under the conditions of nitrogen
deficiency (medium ON) and competition. Duncan’s test divides all the geographical

Table 11

The Effect of Competition and Nitrogen Supply on the
Percentage of Seedlings with Apical Buds, Averaged
for all 20 Provenances Jointly

races into four groups. Wetlin seedlings show the highest proportion of apical
buds. The next group comprises 12 geographical races with 74-81 percent of seed-
lings with apical buds. It includes the provenances Biatowieza, Chochotowska
Valley, Stronie Slaskie, and others. Three geographical races — Miedzyrzec, ltawa,
and Rycerka — make up the third group. The percentage of seedlings with apical
buds is least in the provenance Blizyn, which together with Brody, Konstancjewo,
and Istebna makes up the last, fourth, group. The percentage of seedlings with
apical buds in the particular geographical races is recorded in Table 4. The
figures are inversely proportionate to the height of the seedlings, which is due to
the failure of seedlings with apical buds to grow.

The Dry Weight of Seedlings

The statistical analysis of this quality was made for the seedlings of all the
geographical races growing without the competition of grass, and for the five most
interesting races — Brody, Istebna, Gotdap, Biatowieza, and Chochotowska
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Valley — with consideration of all the experimental variables, competition included.
The first analysis revealed a significant influence of the site of origin and nitrogen
concentration. According to Duncan’s test all the geographical races fall into two
partly overlapping groups with consideration of the averages at all the nitrogen

concentrations (Table 12). The extreme values are those for the provenances Brody
and Chochotowska Valley.

Table 12

Mean Dry Weight of Spruce Seedlings Grown in the Absence of Competition and its Distribution
Between Different Parts, Averaged Irrespective of the Nitrogen Supply

Obviously there is a strong correlation between the dry weight of the seedlings
of the particular provenances and their average height (r = 0.094). There is none
between the dry weight of the seedlings and that of the seeds within the particular
provenances (r = 0.16). But there is a marked correlation between the dry weight

of seedlings and the proportion of nitrogen in the seeds from which they are
obtained (r = 0.84).
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For the provenances from the southern range (Brody, Kowary, Stronie Slaskie,
Istebna, Rycerka, Chochotowska Valley, Blizyn, and Wetlina) the dry weight of
seedlings is inversely correlated with the altitude of the site of origin.

Fig. 8. The effect of the nitrogen content of the medium on the average dry weight of
seedlings.

Table 13

The Effect of Nitrogen Supply on the Dry Weight of Leaves (mg per
seedling) of Spruce Grown in the Absence of Competition of Grass
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The dry weight of the seedlings does not increase in proportion to the con-
centration of nitrogen in the media (Fig. 8). As can be seen in the graph, the
increase is slight at concentrations upward of ;N.

The dry weight of leaves (without competition from grass). As with the dry
weight of whole seedlings, the statistically most significant effect was that of the
nitrogen concentration in the medium, with the provenance and the interaction of
the two variables coming next (Table 13).

With the particular nitrogen concentrations in the media the dry weight of
leaves averaged 26.6 mg, 68.8 mg, 126.0 mg, and 158.7 mg. The mean dry weight
of leaves is recorded by provenances in Table 12. It should be noted that as with
the other qualities the extreme values mark the provenances Brody and Chocho-
towska Valley.

The dry weight of roots (without competition from grass). The differences in
the dry weight of the roots are due first and foremost to the concentration of
nitrogen in the media and exist also between the provenances. There is interaction

Table 14

The Effect of Nitrogen Supply on the Dry Weight of Roots (mg per
seedling) of Spruce Grown Without Competition from Grass
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of the two variables (Table 14). For most provenances and for the mean in the
whole experiment the dry weight of the roots of seedlings reaches the peak with
the medium N, whereas with the full medium 1 N it is already a little less. In
the remaining provenances the roots are heaviest with medium IN. The mean values
for all the geographical races and all nitrogen concentrations in the medium are
given in Table 12.

The dry weight of shoots (without competition from grass). This characteristic
depends on the concentration of nitrogen in the medium and varies between the
provenances. As in the case of the other dry weight measurements, the extreme
values were recorded for the same provenances (Table 12).

The roots-to-leaves dry weight ratio (without competition from grass). As
shown in Table 15 this ratio varies. It depends very much on the nitrogen concen-
tration in the medium and differs between the geographical races. The roots exceed
the leaves in dry weight with the medium ON and on the average with all the media,

Table 15

The Effect of Nitrogen Supply on the Dry Weight Roots-to-Leaves

Ratio in Spruce Seedlings Grown in the Absence of Competition
from Grass
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but with the higher concentrations often the reverse is true. The relatively highest
dry weight of roots was recorded for the two montane provenances, Chochotowska
Valley and Wetlina.

Increased nitrogen supply depresses the average roots-to-leaves ratio. It pro-
motes the development of the assimilation apparatus more than roots, because
where nitrogen is readily available a smaller root system suffices to provide the
plant with the necessary mineral salts.

Furthermore, the analysis of regression revealed a statistically significant corre-
lation (r = —0.80) between the dry weight of seedlings and the ratio of roots to
leaves. This correlation is negative in individual provenances, which shows that the
differences in dry weight between the provenances concern first and foremost the
organs of assimilation.

The Dry Weight of Seedlings Growing in Competition with Grass

The analysis of variance based on the five most interesting geographical
races — Istebna, Brody, Gotdap, Biatowieza, and Chochotowska Valley — revealed
a statistically significant influence of all the experimental variables, including the

Table 16

The Effect of Competition from Grass and Nitrogen Supply on the Dry Weight
(mg per seedling) of Spruce, Averaged for Five Provenances Jointly

interaction of the third degree (provenance, medium, and competition). The effect
of nitrogen supply and competition on the dry weight of seedlings is shown in
Table 16. When the seedlings were on the nitrogen-free medium (ON), competition
from five grass plants depressed their dry weight by 51 percent, and in the case
of the full medium (IN) even by 87 percent. A fourfold increase of competition
(20 grass plants) reduced the dry weight of seedlings only by another 10 percent
with the medium ON, and by 6 percent with the medium 1N. Thus, in the presence
of competition from 20 grass plants, the dry weight of seedlings declines with an
increase in the nitrogen supply, which means that the latter intensifies the negative
effect of competition from grass on the growth of spruce seedlings.

The ratio of the aerial part to the roots grows with the supply of nitrogen and
competition (Table 17). This means that the proportion of the dry weight of
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seedlings accounted for by the root system diminishes when competition and the
concentration of nitrogen in the medium increase. These two variables do not
interact, but there is an interesting relation between them, on which some light
can be shed only by a detailed analysis of the absolute weight of the particular
parts of the plant.

Table 17

The Effect of Competition from Grass and Nitrogen Supply on the Dry Weight
Aerial Parts-to-Roots Ratio, Averaged for Five Provenances Jointly

How the particular parts share in the dry weight of seedlings growing in com-
petition with grass (20 grass plants per pot) and also the proportion of aerial parts
to the roots are compiled for the different media in Table 18. As the tabulation
shows, the dry weight of all parts of the seedlings declines as the supply of nitrogen
grows. This decline is definitely more pronounced for the roots, than for the other
parts of the plants (leaves and shoots), hence the absolute value of the ratio of the

Table 18

The Effect of the Nitrogen Supply on the Dry Weight of the Individual Parts of
Spruce Grown in the Presence of Maximum Competition (20 grass plants), Averaged
for Five Provenances Jointly in Terms of mg per Seedling

aerial parts to the roots increases parallelly with the concentration of nitrogen in
the media. In the absence of grass the same effect was obtained in the reverse
way, namely by increasing the nitrogen supply the organs of assimilation were made
to grow faster than the root system (Tables 13 and 14).
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Competition from grass reduces the dry weight of seedlings to about one-seventh
(Table 19), but differences in the intensity of this competition (5 or 20 grass plants
per pot) do not affect this reduction significantly. The conspicuous differences
between the provenances in the dry weight of seedlings growing in the absence of
grass (the extreme values differ by a factor of more than 2) and the absence of
these differences in the presence of grass indicate a significant influence of the
interaction of the provenance and competition. In Table 19 the dry weight of
seedlings growing in the absence of grass ranges from 138 mg to 312 mg per

Table 19
Dry Weight of Spruce, in mg per Seedling, in Relation to Competition,
Averaged Irrespective of Nitrogen Supply

seedling, which makes for a difference of over 100 percent. With the competition
of five grass plants the range of the differences between the provenances is barely
32-52 mg per seedling, and with the highest competition, 20 grass plants per pot
this range becomes as small as 22-36 mg per seedling. It is characteristic that the
Wetlina provenance, which in the absence of competition had the second-lowest dry
weight of seedlings, had the highest dry weight when grown in competition with
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20 grass plants. Similarly, the provenance Zwierzyniec also has a relatively low dry
weight in the absence of competition and a rather high one in its presence. With
the other geographical races the order of succession remained rather unchanged.
Similar differences between the provenances are revealed by the analyses of the
dry weights of the shoots, leaves, and roots.

The Percentage of Nitrogen in Seedlings Grown Without Competition
from Grass

The concentration of nitrogen in spruce seedlings changes in direct proportion
to that in the medium and, depending on the latter, attains the percentages 1.01,
1.30, 1.43, and 1.89, when calculated in terms of averages. The provenances also
differ in their nitrogen percentage. According to Duncan’s test they fall into three
groups: (1) Chochotowska Valley, (2) Wetlina, and (3) all the remaining prove:

Table 20

Nitrogen Percentage of Spruce Seedlings in Relation to Competition
from Grass, Averaged Irrespective of Nitrogen Supply
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The first two groups have the highest but significantly different nitrogen
percentages, and the third group have the lowest nitrogen content, with the extreme
values in this group having been recorded in the provenances Przerwanki and
Brody. The averages for each provenance are compiled in Table 20.

The analysis of regression indicates a clear-cut correlation (r = —0.91) between
the percentage of nitrogen in the seedlings and their dry weight. A high dry weight
goes together with a lower percentage of nitrogen, which shows the provenances
concerned to utilize better their nitrogen uptake for growth, in contrast to poorly
growing seedlings with a high percentual content of nitrogen. There is also a
significant negative correlation (r = —0.50) between the nitrogen concentration in
seedlings and in seeds. For the provenances from the southern range (Brody, Ko-
wary, Stronie Slaskie, Istebna, Rycerka, Chochotowska Valley, Blizyn, and Wetlina)
there is also a correlation (r = 0.85) between their nitrogen concentration and the
altitude of their sites of origin.

The percentage of nitrogen in spruce seedlings (without competition from
grass). Since the supply of nitrogen was the same in all pots throughout the duration
of the experiment, there were no statistically significant differences in the by-weight
content of nitrogen between the geographical races and the overall average was
3.60 mg per seedling (Table 21). However, the average nitrogen content of seedlings
grew in proportion to the concentration of this element in the media from 0.96 mg
through 2.48 and 4.31 mg to 6.66 mg.

The correlation of the nitrogen content of seedlings with their dry weight is
distinct (r = 0.091) and the seedlings with a higher average dry weight have a
higher absolute content of nitrogen, notwithstanding the lower percentual content
previously referred to. Therefore, in the case of the provenances Chochotowska
Valley and Brody, for which the extreme dry weight values were recorded, we find
a more than twofold difference in the mean dry weight of seedlings, whereas the
average nitrogen content per seedling differs by a factor of barely 1.4. There is a
slight but statistically significant (r = 0.40) correlation between the absolute content
of nitrogen in seedlings and in seeds.

The nitrogen content of the seedlings watered with the nitrogen-free medium

exceeded that of the seeds by the values recorded in Table 21. This indicates some
additional small sources of nitrogen in our experiments.

The relation of nitrogen uptake to the dry weight of roots (without competition
from grass). The proportion of the nitrogen absorbed by the seedling (the difference
between the nitrogen in the seedling and in the seed) to the dry weight of the
roots, which provides us with a rough estimate of the efficiency of nitrogen absorp-
tion by the roots, depends chiefly on the available amount of the element in the
medium. It increases more or less linearly with the concentration of nitrogen in
the media. The average calculated for all the provenances jointly rises from 1.23
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through 2.33 and 3.48 to 4.87 and is thus for medium 1N about four times what
it is for medium ON. The geographical races differ significantly in the proportion
of nitrogen uptake to the dry weight of the roots (Table 21).

Table 21

Nitrogen in Spruce Seedlings (in mg apiece) Averaged Irrespective of Medium, Nitrogen Absorbed

by Seedlings (in mg apiece) Grown on Medium 0 N, and the Ratio of the Nitrogen Absorbed to

the Dry Weight of Roots Averaged Irrespective of Medium, All for Seedlings Grown in the Absence
of Competition from Grass

The analysis of regression demonstrated a statistically significant correlation
(r = —0.88) between this characteristic and the dry weight of whole seedlings. As
the latter grows the proportion referred to diminishes, even though the seedlings
of the better growing provenances have a smaller percentage of their dry weight
accounted for by the roots and have a higher nitrogen content. Therefore the factor
decisive for this proportion is the percentual content of nitrogen in seedlings, which
is lower in the geographical races with a smaller dry weight. Consequently, a higher
dry weight and therefore also greater height of the seedlings of a particular geo-
graphical race is not connected with a greater ability of the roots to absorb nitrogen

17*
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from the soil or greater capacity for developing a good root system but is the
result of a genetically determined ability to use efficiently the nitrogen absorbed for
the production of their dry weight.

The nitrogen content and percentage in seedlings growing in competition with
grass. The analysis of variance showed this characteristic to be significantly affected
by the concentration of nitrogen in the media and by the provenance, very much
as in the case of seedlings growing without the competition of grass. Furthermore,
the degree of competition also proved to be a statistically significant factor.

Grass in the pots cuts the percentage of nitrogen in spruce seedlings by an
average 45 percent, i.e. from 141 percent to 0.78 percent. The two degrees of
competition (5 and 20 grass plants per pot) make for a statistically significant
difference in nitrogen content. The increase in competition from 5 grass plants to
20 raises the nitrogen content in spruce seedlings from 0.74 percent to 0.82 percent
on average. An exception from this rule is the provenance Chochotowska Valley
(Table 20).

The nitrogen content of seedlings growing with grass shows an increase only
with the full nutrient IN, whereas with the other media it remains more or less
constant. This concerns both the lesser and the greater competition (5 and 20 grass
plants respectively).

With most of the geographical races concerned the nitrogen content in seedlings
diminishes as the nitrogen supply is increased from ON to .N, or from N to N,
which does not show in the averages calculated for all the provenances jointly.
This decrease is undoubtedly due to an intensified growth of the grass and, con-
sequently, stronger competition. In the presence of grass the individual provenances

Table 22

Nitrogen in Spruce Seedlings (in mg apiece) in Relation to Nitrogen Supply and
Competition from Grass, Averaged for all 20 Provenances Jointly

differed in the amount of the nitrogen absorbed, but not in the way they did
without competition. Some geographical races (Myszyniec, Blizyn, Wetlina, Gotdap,
Zwierzyniec, Chochotowska Valley) absorbed in comparison with others more
nitrogen than would be suggested by their behavior in the absence of competition,
whereas other provenances (Brody, Bialowieza, Suwatki, Stawki) absorbed less.
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On average, competition reduced the overal nitrogen content of seedlings by as
much as 93 percent, i.e,, from 3.63 mg to 0.26 mg; with the two different degrees
of competition the per-seedling nitrogen content averaged 0.31 mg and 0.24 mg
with 5 and 20 grass plants respectively, as is recorded in Table 22.

Nitrogen uptake in relation to the dry weight of roots in the presence of com-
petition. Competition reduces the value of this proportion to less than one-tenth,
viz. to an average of 0.21, whereas in the absence of competition it was for the
same geographical races 2.85. The proportion of the nitrogen uptake to the dry
weight of roots differs by a statistically significant margin between the two degrees
of competition (5 and 20 grass plants) and averages 0.31 and 0.12 respectively. In
the presence of the higher competition, therefore, the roots of spruce seedlings have

Table 23

The Effect of Nitrogen Supply and Competition from Grass on Nitrogen Absorption
by Seedlings in Relation to the Dry Weight of Roots, Averaged for Six Provenances
Jointly

an insignificant capacity for absorbing nitrogen, which is close to zero with the
lower concentrations of the element in the media (0.05 and 0.00 respectively —
Table 23). In the presence of competition there were no differences between the
provenances in this respect.

Discussion

In a measure, the differences between the individual geographical races agree
with the results of previous international research of this kind. In the first place
we should mention the experiments organized by the International Union of Forest
Research Organizations (IUFRO) in 1938, which covered also seeds from Istebna
(Beskid Slaski range), Biatowieza, and Brody on the Nysa tuzycka River. All these
seeds produced trees which grew very well on many experimental plots differing in
the conditions of climate and habitat, namely in the United States and Canada
(Holst, 1963), France (Bouvarel and Lemoine, 1957), Sweden (Langlet, 1960),
Belgium (Gathy, 1960), and Czechoslovakia (Ving, 1963). Out of these three prov-
enances that of Istebna gave the best results; it was designated as No. 10 in the
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IUFRO experiments. The provenance Brody (known under the German name
Pforten and marked No. 8) gave better than average results and proved on some
experimental plots to be even superior to all the others. The provenance Biatowieza
(No. 34), which was the least frequently used in these experiments, also gave on
the whole good results. The results here discussed are based only on the pre-
liminary phase of experiments concerning 20-year old material. The Second World
War prevented Poland from participating in these experiments, since the material
prepared in nurseries was distributed among uncontrolled aforestations in 1940.
Nevertheless, the data recorded in the course of these experiments abroad confirm
the results of our research on seedlings. Seeds from the same source localities —
i.e. Istebna, Brody, and Biatowieza—-produced the most vigorously growing
seedlings, and two of these provenances —viz. Istebna and Brody — produced
seedlings with the highest dry weight of all the 20 provenances investigated, whereas
the third — Biatowieza— was second in this respect only to Rycerka (Beskid Zy-
wiecki range) and Augustow (Table 12).

Next, the qualities of our provenances Borki, Stronie Slaskie, and Kowary can
be compared with the results obtained in the German experiments, which covered
among other provenances the spruce populations from Borki in Borecka Forest*,
Stronie Slaskie in the Klodzka Basin**, and Piechowice in the Sudeten***, which
lies close to Kowary but at a greater altitude. Spruce from Borki grew well in
Bavaria, Saxony, and Wurttemberg, but poorly in Thuringia (Troeger, 1958;
Schonbach, 1957). Those from Stronie Slaskie were among the best-growing in Thu-
ringia, Wurttemberg, and Saxony (Troeger, 1958; Schonbach, 1957), but among
the poorer ones in Bavaria (Rubner, 1957), whereas those from Piechowice grew
poorly in all four regions, i.e. Bavaria, Saxony, Thuringia, and Wurttemberg (Troe-
ger, 1958). The three provenances referred to (Borki, Stronie Slaskie, and Kowary)
were in our greenhouse experiments rather low in growth and dry weight (Tables 6
and 19) and the good results recorded for them in the German experiments should
be attributed to the fact that they were compared with rather poor German pop-
ulations, which in the IUFRO experiments also scored less than average.

The results recorded in our experiments under uniform greenhouse conditions
therefore confirm the data obtained under different conditions of terrain both in
the European range of spruce and in North America. This concerns especially the
provenances distinguished clearly by good growth under different conditions of
climate and habitat, which means good adaptation to widely different conditions.
Our experiments thus amount to an overdue “early test” of the provenances already
used in past field experiments and can serve for a preliminary evaluation of the
usefulness of individual geographical races. Hence it can be surmised that not
only the provenances Brody, Istebna, and Biatowieza are distinguished by very
good qualities but that many other ones from Poland, which behave similarly

*Borken; **Seitenberg; and ***Petersdorf in the German experiments referred to.
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under greenhouse conditions, may be highly productive and adaptable in various
regions. This applies especially to spruce from the Beskid Zywiecki range (Rycerka)
and some other provenances from the northeast, e.g. Augustow and Przerwanki.

The seeds used in the present experiments came from the northeastern and
southern range of spruce in Poland as well as from some isolated stands beyond it
(Fig. 1), but it is hard to find any kind of correlation between the geographical
location of the site of origin and the individual characteristics of a provenance.
Those superior in respect of growth properties come from the north as well as the
south of the country. All which has been found is only that the seeds from the
south are slightly heavier by 16 percent than from the north, which was brought
to notice also by Tyszkiewicz (1952); this however, is rather a phenotypic char-
acter.

The southern provenances that come from different altitudes (Brody, Kowary,
Stronie Slaskie, Istebna, Rycerka, Chochotowska Valley, Blizyn, and Wetlina)
(Table 1) need to be discussed separately. Thus, the greater the altitude of the site
of origin the greater is the percentage of nitrogen in the seedlings grown under uni-
form greenhouse conditions (Table 20) and the smaller is their height (Table 6)
and dry weight (Table 12). A higher nitrogen concentration in seedlings of the
alpestrine provenances (1500-2000 m) than of those from less elevated sites
(700-1200 m) growing under the same greenhouse conditions is reported also by
Kral (1961), who studied spruce from the Alpine range. This correlation does not
apply to the lowland spruce from the northeastern range, which show marked
differentiation in respect of the qualities considered, whereas there are no major
differences in altitude between their sites of origin. The geographical latitude of
the site of origin is not correlated either with the concentration of nitrogen in
seedlings or other characters. Hence the reports by many authors of a higher nitro-
gen concentration in seedlings of the northern provenances of Pinus silvestris
(Langlet, 1936/37; Gerhold, 1959; Steinbeck, 1965) and Pinus banksiana (Giertych
and Farrar, 1962; Morgan and Worral, 1965) grown under uniform conditions in
greenhouses were not confirmed for Picea abies seedlings in the present experi-
ments. Therefore the geographical location of individual provenances appears to
have no significant effect on the body of morphological and physiological qualities
of spruce grown under uniform conditions. An exception is here the already
discussed correlations with the altitude of the site of origin of the provenances
from the Carpathian and the Sudeten mountain ranges. Not inconceivable, the
absence of a correlation with the geography may be due to the possibility that not
all the seeds were collected from native tree stands.

The correlations of the growth of seedlings, which suggest certain conclusions,
need to be discussed separately. In the provenances whose seedlings show a rela-
tively better growth and therefore greater dry weight the leaves account for a high-
er proportion of the dry weight of whole seedlings (Table 12). This means that
the more productive seedlings utilize relatively more metabolites for the developt
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of organs of assimilation. The genetically determined greater vigor of a prov-
enance is associated with a richer development of leaves, i.e. assimilation organs.
At the same time the greater absolute development of the root system (Table 12),
which shows in the greater dry weight of whole seedlings, makes for a greater
absolute uptake of nitrogen, whereas the more effective utilization of this element
contributes to higher dry weight increments in the provenances superior in this
respect. Consequently, although they have a great capacity for absorbing nitro-
gen, apparent from the positive correlation between the dry weight of roots and
the nitrogen content of seedlings (Tables 12 and 21), the better growing seedlings
are distinguished by a less efficient absorption of nitrogen by their roots — a smaller
ratio of nitrogen uptake to the dry weight of roots (Table 21) — because this
quality is negatively correlated with the dry weight of seedlings. This is probably
due to the smaller requirements of the seedlings of these provenances for mineral
salts, specifically nitrogen. This is confirmed by the smaller percentual content
of nitrogen in the whole plant (Table 20) as well as the lower roots-to-leaves ratio
(Table 12). This ratio decreased also as the nitrogen concentration in the media
grew (Table 15), which shows a relatively large root system to be connected with
the deficiency of nitrogen in the substratum and conversely, a relatively small
root system to be the consequence of an adequate nitrogen supply, and confirms
low nitrogen requirements in the provenances which gave the well-growing seedlings.
Poorly growing seedlings belong to provenances distinguished by a higher roots-to-
leaves ratio and therefore have a relatively large root system, which absorbs ni-
trogen more effectively. Consequently the seedlings of these provenances have
a higher percentual nitrogen content but grow less vigorously. This concerns espe-
cially two alpestrine provenances, Chochotowska Valley and Wetlina, which prob-
ably owing to poor soils need a large root system for effective nitrogen uptake.
Their growth, however, is limited because under montane conditions it is less
important for survival than is the quality of the root system.

The correlation of the dry weight of whole seedlings (Table 12) with the per-
centual content of nitrogen in seeds (Table 3) shows more vigorously growing
seedlings to come from seeds with a higher nitrogen concentration irrespective of
their absolute nitrogen content. This means that spruce distinguished by greater
vigor provide their seeds better with nitrogen even though the concentration of
this element in their vegetative organs (seedlings) is lower. Hence it is an addi-
tional character of vigorously growing provenances that their seeds have a high
concentration of nitrogen, which is independent of their weight, since the latter
is not correlated with the dry weight of the seedlings they produce.

One of the variables of the experiments was the media, specifically their ni-
trogen concentration. The sand, which was to take the place merely of the mechan-
ical fraction of soil in the experiments, undoubtedly contained a certain amount
of nitrogen compounds which provided the seedlings watered with the nitrogen-free
medium (ON) with a source of this element. A certain quantity of it may have
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been contributed to the pots from the atmosphere by bacteria living on the sur-
face of the sand. The principal source of nitrogen for the ON group of seedlings
was the protein of the seeds. The pots averaged each about 5.40 mg of nitrogen
(20 seeds with 0.27 mg of nitrogen apiece), whereas at the end of the experiment
the seedlings of one ON pot averaged 4.80 mg of this element. A certain amount
of it had obviously been removed from a pot together with spruce seedlings when
their number was being reduced to five per pot, but there remained the seeds that
had failed to sprout and the roots of the eliminated seedlings. The life and growth
of seedlings watered with nitrogen-free medium was ensured over the first months
primarily by the nitrogen of the seeds. But this was not enough for normal develop-
ment in the subsequent months, as was indicated by the pale green of the leaves
or absence of increments in these seedlings and their failure to develop apical buds,
i.e. manifestations of nitrogen deficiency.

The media :N, N, and 1IN supplied nitrogen as ammonium nitrate; i.e. as
nitrate and ammonium. It was relatively little utilized by the seedlings, at the level
of an average 32 percent for all three media; since the utilization is more or less
the same for each medium, a large proportion of the nitrogen was washed out from
the pots during watering with distilled water. The nitrogen concentration was not
excessive in the media, since the seedlings grew better on medium 1IN than on the
poorer ones.

The dry weight of whole seedlings grew in proportion to the nitrogen concentra-
tion in the media up to the level ;N (Fig. 8). The increase in the dry weight of
seedlings that received the full medium (IN) was already a little less, whereas the
concentration of nitrogen in the seedlings continued to increase in proportion to
that in the medium. With the lower concentrations of nitrogen in the media pre-
cisely its scarcity is what restricts growth and its relatively low concentration in the
seedlings is under these conditions the consequence of its maximal utilization for
vegetative development. The differences in the uptake of nitrogen and its subse-
quent utilization, which are decisive for the quality of the seedlings of the partic-
ular provenances, proved in the present experiments to be statistically significant
and relatively large. With nitrogen supplied in full measure the dry weight of
some provenances exceeded that of plants grown on a nitrogen-free medium by an
average of roughly 500 percent (Augustéw and Biatowieza), whereas in others it
rose barely by 180 percent (Blizyn and Zwierzyniec).

Since the experiments were run in multiplicates and under largely uniform
greenhouse conditions, the inter-racial differences recorded must be considered as
due to the heritable characters of the particular spruce populations. These charac-
ters concern growth as well as the correlated qualities involving nitrogen manage-
ment. In practical respects, sylviculture is interested in selecting the most pro-
ductive spruce populations, which at the same time make the best use of the
mineral salts absorbed from the soil. The differences in growth and nitrogen econ-
omy that distinguished the seedlings of different provenances in our experiments
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need not necessarily apply to mature trees, although a correlation of the qualities
of seedlings with those of mature trees is very likely. At any rate the characters
recorded concern seedlings, and after all growth and the utilization of the available
mineral salts are what determines already in the forest nursery or young planta-
tion the survival and general quality of this plantation. The larger and stronger
seedlings will succeed more easily in the struggle for space and living conditions in
the forest.

In order to follow the development of seedlings under the conditions of com-
petition, an additional variable was introduced in the experiments in the form of
competition from grass. The presence of grass was found to inhibit the growth of
spruce seedlings (Table 7) and largely obliterate the differences between particular
provenances (Table 6). Since grass grows very rapidly to the point of maximum
utilization of the space available in a pot, the differences between the lower and the
higher degree of competition (5 and 20 grass plants resp.) are small and usually
not statistically significant (Table 7). The effect of the competition on the dry
weight of whole seedlings and of their particular parts increases with the concen-
tration of nitrogen in the medium (Tables 16 and 18). The absorbing surface of
roots being in grass larger and, consequently, the uptake of mineral nutrients more
rapid and greater, the development of grass is more profuse when the supply of
nutritive compounds is more abundant. The better developed grass restricts and
inhibits the development of spruce seedlings more. Consequently, in the presence
of competition the dry weight of seedlings is inversely related to the concentration
of nitrogen in the medium, whereas, very much like in seedlings growing in the
absence of grass, their concentration of nitrogen increases (Table 22) and the
share of roots in the whole dry weight dminishes (Table 18) as nitrogen is supplied
more abundantly. The trend of the changes in the development of spruce seedlings
is the same in the presence of competition from 5 and 20 grass plants. A higher
concentration in the medium therefore intensifies competition because it helps to
increase the amount of grass in the pots. With the nitrogen-free medium grass
felt the nitrogen deficiency more sharply and offered no strong competion to the
spruce seedlings, for the latter differed little from those growing in the absence
of grass (Table 16). There was no nitrogen for which to compete and other factors
were present in excess and were not utilized for growth, which was made possible
by the available traces of nitrogen. The competition was most intensive when the
full medium was used, because under these circumstances the weight of the spruce
seedlings was lowest (Table 16). However, since the seedlings showed a higher ni-
trogen concentration than they did when the nitrogen-free medium was used, in
which case they nevertheless had a higher dry weight, the intensified competition
due to the increased nitrogen concentration in the medium is unlikely to have con-
cerned exclusively competition for nitrogen. The nitrogen concentration was lower
than that in seedlings grown in the absence of grass but was not critical, since at
the lower concentrations of nitrogen in the medium its content in the seedlings
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was still lower and the seedlings bigger. Therefore it must be presumed that the
intensified competition brought about by the increased supply of nitrogen caused
some factor other than nitrogen to become critical for the growth of spruce seed-
lings. An antagonistic effect of grass roots on the roots of spruce is rather unlikely,
because watering of spruce seedlings with the concentrated washings of grass roots
had no effect whatever. What may have been involved is competition for some
other mineral component, air, oxygen in the substratum, or simply space. When the
concentration of N, P. S, or Fe is critically low for growth, the ratio of the aerial
parts of a plant to the roots diminishes (Ingestad, 1959), whereas in our experi-
ments it grew (Table 17). When K is deficient, spruce seedlings do not lack apical
buds (Ingestad, 1959). In our experiments competition raised the number of seed-
lings with an apical bud (Table 11), but an increase in the nitrogen supply in the
presence of competition reduced the number of buds per plant (Table 10) as well
as the number of seedlings with an apical bud (Table 11), hence the increased
competition due to a greater abundance of nitrogen did not involve potassium.
Water was supplied according to need so as to keep the soil always moist, and
therefore it could not have been the factor restricting the growth of spruce seed-
lings. A deficiency of air also is rather out of question, although it is not impossible
that within the grass cluster in which the spruce seedlings were growing (Fig. 4)
the carbon dioxide needed for photosynthesis could become locally exhausted.
Oxygen deficiency in the substratum also was a possibility, because distilled water
was used. However, the most likely explanation of the stunted growth of spruce
seedlings associated with a better supply of nitrogen is competition with grass for
space for the roots in the pots. The pots were so thoroughly filled with grass roots
that it was hard to imagine where the roots of the spruce seedlings were to find
room.

The results here discussed give ground for the suspicion that nitrogen fertiliz-
ers for spruce seedlings grown in soil favorable for weeds may be harmful, because
they will promote the growth of weeds. Poa annua does not grow in spruce habitats,
but other grasses, which do grow in spruce plantations and sod the soil may
very likely have a similar effect on spruce as has the grass used in our experiments.
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Translated by W. Kulerski

SUMMARY

The response of spruce Picea abies (L.) Karst. seedlings from 20 different localities in
Poland to various levels of nitrogen supply and different degrees of competition from grass
(Poa annua L.) has been studied under greenhouse conditions. Considerable racial variation
with respect to many characters has been demonstrated. Spruce populations which have been
included in the international provenance experiments and are known for their good perform-
ance in the experiments have demonstrated their superiority in dry matter attained also
in our studies. Some new populations, so far not tested in provenance experiments also
appear to be no worse than the famous ones from the foreign experiments, and probably
most of the spruce populations in Poland could be considered as good. An exception is
provided by slow growing populations from the Tatras and the Bieszczady Mts.

Among the provenances from southern Poland the concentration of nitrogen in the
seedlings is positively correlated with the elevation of the site of origin, while seedlings
height and dry weight are correlated inversely with altitude. Weight of seeds and their nitrogen
content in mg are inversely correlated with the latitude of the site of origin.

When comparing provenances the better growing seedlings were characterized by
a lower level of nitrogen, but they can be considered as more economic utilizers of the
nitrogen they have absorbed, and also they had a greater weight ratio of the aerial plant
part to roots (relatively greater photosynthetic apparatus). On the other hand, the amount
of nitrogen absorbed by a unit dry weight of the roots was greater for the populations with
weaker seedlings. Spruces which had large and efficient root systems as well as poor
growth came from the high mountain regions with extremal site conditions, while the spruces
with a large photosynthetic apparatus, a high total dry weight and an efficient mechanism
for nitrogen utilization came from regions where vegetation conditions are very good.
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The concentration of nitrogen in the seeds is positively correlated with the weight
of seedlings. Thus spruces with a low nitrogen concentration in the vegetative tissues have
relatively abundantly supplied their seeds with nitrogen.

With respect to many characters there exist provenance differences. However it was
not possible to correlate any of these characters with data available about the sites of
origin.

The number of grass plants in a pot (5 or 20) is of little significance since in any
case the grass clump develops exploiting the full capacity of the pot. For this reason spruce
growing in the two levels of competion did not differ significantly. Also with respect to
most spruce characters the effect of grass competition was to obliterate any differences
between provenances.

Increase of nitrogen in the medium leads to intensification of competition through an
increase in the growth of grass, which has a negative effect on spruce, whose weight, partic-
ularly that of roots, is lowered.



