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Growth and development of Polish provenances

of Picea abies in the IUFRO 1972 experiment

Abstract: The paper presents the results of research on the genetic variability in the growth characteristics
and plasticity of Polish provenances of Norway spruce, tested on thirty plots established in Europe and Can-
ada in the IUFRO 1972 provenance experiment. Special consideration was devoted to the plots in Poland, es-
pecially in Knyszyn. The variability in the growth and quality characteristics of the provenances, found at ex-
periment level, is high (within 6.099 standard deviation units). At provenance level, it ranges between 4.674
for Kartuzy and 2.192 for Rycerka Zwardon. This indicates that the performance of the provenances depends
much on environmental conditions. Although no provenance can be considered adaptable to any conditions
that may occur in the cultivation of spruce, the Istebna Bukowiec and Zwierzyniec Lubelski provenances, hav-

ing a very high breeding value and high plasticity, may be recommended for a wider use in reforestation.
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Introduction

Since the 1950s, the Department of Genetics and
Physiology of Woody Plants (up to 1994, the Depart-
ment of Seed and Selection), Forest Research Insti-
tute, Warsaw, has conducted studies on the variabil-
ity in the growth and quality characteristics of Nor-
way spruce (Picea abies (L.) Karst.) populations.

Initially, the Department was entrusted by the US
Department of Agriculture with doing research into
the quality and productivity of Polish spruce popula-
tions in mature stands. The results of the research
completed in 1968 were published in the report “Pop-
ulation studies of Norway spruce in Poland”
(Tyszkiewicz 1968a, b; Tyszkiewicz et al. 1969). The
permanent experimental plots set up within the
framework of this research were used to collect seeds
for establishing a parallel experiment on the variation
in Norway spruce populations.

The greater is the number of experimental plots
and the more varied are the conditions in which the

populations are tested, the more precise is the evalua-
tion of their growth characteristics and plasticity.
Based on these assumptions, a large-scale experiment
with Polish spruce provenances was started with the
aim of investigating their genetic variability and de-
termining plasticity, i.e. adaptability to different envi-
ronmental conditions. The parental populations used
in the provenance experiment were Norway spruce
stands growing on permanent measurement and ob-
servation plots mentioned above (Tyszkiewicz
1968a). The location of the stands from which seeds
for the experiment were collected in 1965/66 and
1971/72 is shown in Fig. 1, and some basic data about
the stands are presented in Table 1. The detailed data
about seed collection, sowing efficiency, and seedling
growth have been provided in an earlier report
(Kociecki 1980a).

In 1972, twenty one foreign research institutes
from 20 countries and four Polish universities and in-
stitutes were invited by the Forest Research Institute
in Warsaw to participate in the provenance experi-
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natural range of Norway spruce in Poland

Provenances:

1. Zwierzyniec Pogorzelce 12. Istebna Zapowiedz

2. Zwierzyniec Krzyze 13. Rycerka Zwardon
3. Wigry 14. Rycerka Praszywka 700 m
4. Przerwanki 15. Rycerka Praszywka 950 m
5. Borki 16. Orawa
6. Nowe Ramuki 17. Witow
8. Miedzygorze 18. Tarnawa
9. Stronie Slaskie 19. Zwierzyniec Lubelski
10. Wista 20. Blizyn
11. Istebna Bukowiec 21. Kartuzy

Fig. 1. Location of Norway spruce provenances for IUFRO 1972 experiment

Table 1. Characterisation of provenances tested in IUFRO 1972 international provenance experiment with Norway spruce

Prov. E - Geographical coordinates Altitude Tree age
No. orest district Forest range Compartment atitude longitude (m) (years)
1 Zwierzyniec Bial. Pogorzelce 281 Ba 52°48’ 23°47 160 98
2 Zwierzyniec Bial. Krzyze 449 Ca 52°42 23°46’ 180 84
3 Wigry Krzywe 144 b 54°03’ 23°03’ 170 100
4 Przerwanki Zawady 66 b 54°10° 22°05’ 180 82
5 Borki Sarnianka 141 a 54°06’ 22°04’ 180 71
6 Nowe Ramuki Przykop 128d 53°41 20°34’ 160 100
8 Miedzygoérze Wodospad 8la 50°13’ 16°45’ 580 102
9 Stronie Slaskie Kletno 200 b 50°14’ 16°50° 820 123
10 Wista Malinka 89 ¢ 49°38’ 18°58’ 710 112
11 Istebna Bukowiec 149 h 49°34 18°53’ 630 121
12 Istebna Zapowiedz 115 f 49°32’ 18°57’ 600 107
13 Rycerka Zwardon 68 d 49°31” 19°01” 620 89
14 Rycerka Praszywka 125 ¢ 49°29’ 19°00’ 700 93
15 Rycerka Praszywka 125 ¢ 49929’ 19°00’ 950 91
16 Orawa Stancowa 40 c 49°34 19°33’ 1050 108
17 Witéw ur. Chotarz 125 f 49°13’ 19°48’ 1420 152
18 Tarnawa Sokolniki 130 a 49°05’ 22°52’ 750 79
19 Zwierzyniec Lub. Obrocz 119 f 50°34’ 22°58’ 260 69
20 Blizyn Swinia G. 134 f 51°04’ 20°41’ 310 75
21 Kartuzy Kosowo 67 d 54°23’ 10°08’ 200 90
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ment with Norway spruce. Seventeen institutions
from 13 countries and the four Polish institutions ac-
cepted the proposal (Kociecki 1980a).

The experiment was approved by the International
Union of Forest Research Organisations and consid-
ered as the IUFRO 1972 provenance experiment.

The present paper synthesises the research results
from the IUFRO 1972 series plots, gathered by the
Department of Genetics and Physiology of Woody
Plants, Forest Research Institute, Warsaw, before the
year 2006.

Material and methods

Experimental plots

Within the framework of the IUFRO 1972 experi-
ment, six experimental plots with Polish provenances
of Norway spruce were established in Poland: two
plots, in Knyszyn and Istebna (of which only Knyszyn
has survived; the Istebna plot was destroyed by fire in
1981) - by the Forest Research Institute (FRI); two
plots close to each other in Gtuchéw — by the Warsaw
Agricultural University; one plot in Siemianice — by

the Forestry Department, Agricultural University in
Poznan; and one plot in Kérnik — by the Institute of
Dendrology of the Polish Academy of Sciences.

The Knyszyn plot, managed by Forest Research In-
stitute in Warsaw, was set up on a mixed fresh conif-
erous forest site using a randomised block design in
four replications (Kociecki 1980b).

Apart from the seeds gathered in the stands char-
acterised in Table 1, also seeds from the previously
selected late-flushing spruces growing in the
Bialowieza and Borecka Primeval Forests (repre-
sented by the letters Ppn in Table 2) and the Silesian
Beskid Mts. (represented by Ppd in Table 2), collected
together with the Department of Forest Tree
Breeding in Nancy (presently in Orlean), were sown
in Knyszyn.

Three-year-old seedlings were planted at 1.65 X
1.45 m spacing. Each plot was planted with 169 seed-
lings. The progeny of the late-flushing spruces from
the northern and southern subranges (78 trees) were
planted on one-half of the plot area. The total area of
the experiment covered 3.75 ha.

So far, only one thinning was done on the Knyszyn
plot (in 1999) with the aim of creating appropriate

Table 2. Growth of Norway spruce provenances on experimental plot in Knyszyn

Height Yolume of Stand volume Stem Crown -

Provenance (m) DBH (cm) sm?rlsagree (m*ha) straight-ness length Vitality
11 Zwierzyniec-Pogorz. 12.8 13.7 0.149 181.30 3.48 3.31 3.31
12 Zwierzyniec-Krzyze 14.2 13.9 0.161 233.58 3.31 2.95 3.25
13 Wigry 15.7 14.4 0.177 138.93 3.30 2.52 3.22
14 Przerwanki 13.5 12.9 0.135 194.65 3.36 3.03 3.32
15 Borki 13.8 13.1 0.141 253.09 3.46 3.02 3.36
16 Nowe Ramuki 13.9 15.1 0.187 190.74 3.40 3.29 3.33
18 Miedzygorze 11.9 13.0 0.147 269.78 3.57 2.99 3.33
19 Stronie Slaskie 10.3 12.1 0.110 223.83 3.55 3.21 3.39
10 Wista 12.0 12.7 0.133 264.63 3.67 2.94 3.32
11 Istebna-Bukowiec 12.4 13.8 0.164 270.56 3.58 3.09 3.21
12 Istebna-Zapowiedz 12.3 13.8 0.158 246.63 3.61 3.00 3.24
13 Rycerka-Zwardon 11.3 12.3 0.117 226.44 3.49 2.96 3.23
14 Rycerka-Praszywka 700 m 12.0 12.5 0.121 229.13 3.61 3.02 3.21
15 Rycerka-Praszywka 950 m 11.5 12.9 0.131 222.39 3.72 3.09 3.25
16 Orawa 11.1 11.7 0.106 222.66 3.63 2.92 3.39
17 Witow 9.3 11.0 0.085 120.50 3.58 3.34 3.26
18 Tarnawa 11.9 12.3 0.117 211.88 3.57 2.88 3.26
19 Zwierzyniec Lub. 14.0 13.6 0.149 259.08 3.34 2.50 2.76
20 Blizyn 134 12.4 0.126 243.45 3.36 2.94 2.98
21 Kartuzy 8.6 10.8 0.088 151.98 3.47 3.29 3.15
Ppd 12.6 13.0 0.143 264.07 3.48 2.82 2.82
Ppn 11.3 11.3 0.101 166.38 3.38 2.92 2.68
Mean 12.2 12.7 0.131 217.53 3.51 3.04 3.23

Ppd - late-flushing provenances from Wista, Istebna and Rycerka area

Ppn - late-flushing provenances from northeastern subrange
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growth conditions and unifying the number of trees
between replications.

The detailed description of the environmental con-
ditions, preparatory works, and plot establishment,
as well as the measurement and observation results
obtained in the previous stages of the experiment can
be found in the FRI reports and other publications
(Kociecki 1980b; Kociecki et al. 1990; Matras 1993,
19964, b, 1998, 2001, 2002, 2004; Matras et al. 1996,
2006; Matras and Janson 1998).

The seeds of 20 Norway spruce provenances were
also sent to 21 research centres in Europe and Can-
ada. The Forest Research Institute in Warsaw as an
initiator of the experiment has been in touch with the
institutions which had declared their willingness to
participate in the experiment and had set up their ex-
perimental plots; the Institute has also been collect-
ing data about the established plots. Altogether, 43
experimental plots were established representing 3 to
20 Polish spruce provenances (Kociecki 1980b).

Data collection and evaluation

The growth of spruce trees on the experimental
plots was assessed periodically. In the initial period
(trees up to 10 years of age), the measurements in-
cluded height; later on (age 10-25 years), diameter at
breast height (DBH); and finally, the diameters of all
the trees and the cross-sections of model trees (se-
lected on a DBH basis and felled), which provided a
basis for calculating the volume per plot or per hect-
are. Besides, additional measurements and observa-
tions were carried out on the plots based on individ-
ual research programmes. All information about the
plots collected by the Forest Research Institute was
used to create a database of the growth and develop-
ment of Polish provenances of spruce for the whole
experiment.

The data from all plots were sent to the institu-
tions participating in the experiment, and the results
were published successively (Kocigcki 1980b;
Kociecki et al. 1990; Matras 1993), or reported at sci-
entific conferences. More recently, the aggregated re-
sults of the experiment were presented at the IUFRO

S.2.02.11 Symposium “Norway Spruce Provenances
and Breeding” held in 1997 in Stara Lesna, Slovakia.

To compare the results from all the plots of the
IUFRO 1972 experiment, the data were expressed in
the units of standard deviation relative to the average
obtained from the plots. Adopting such a procedure
was necessary because individual plots were estab-
lished at different times and the measurements were
taken at different times after planting.

Statistical analysis was performed using a two-way
analysis of variance (ANOVA).

Results

Polish plots

The comparative plantation in Knyszyn belongs to
the most representative experimental plots of the
IUFRO 1972 series in Poland. Table 2 shows the re-
sults of measurements and observations made on the
Knyszyn plot on 30-year-old trees, presented in the
form of averages for height, DBH, volume of an indi-
vidual tree, volume per hectare, stem straightness,
crown length, and vitality for each provenance.

Statistical analysis demonstrated that the values of
the growth and quality characteristics significantly
differed between the provenances (Table 3).

The mean height of trees on the Knyszyn plot
ranged between 15.7 m for the Wigry provenance and
8.6 m for the Kartuzy provenance (Table 2), which in-
dicates that the variation in this characteristic is very
high (45.2%). A wide variation (25.0%) was also ob-
served for DBH; its mean values in Knyszyn ranged
from 14.4 cm for Wigry to 10.8 cm for Kartuzy. The
DBH differences between the provenances cannot
readily be associated with their belonging to one or
another subrange of spruce distribution: both rela-
tively slow- and fast-growing provenances were found
either in the northeastern or southern subrange (e.g.
the fast-growing provenances included Zwierzyniec
Biatowieski 1, Nowe Ramuki, Borki and Zwierzyniec
Biatlowieski 2 from the Northeast, and Istebna
Bukowiec, Istebna ZapowiedZz and Zwierzyniec
Lubelski from the South of Poland).

Table 3. Statistical analysis of variability in growth characteristics of Norway spruce provenances in IUFRO 1972 experi-

ment
Experimental plots Characteristic Degrees Sum Mean square F-value
xpert P of freedom  of squares 4 p
DBH 21 5706.779 271.751 3.04727 0.00035
Height 21 86.370 4.113 3.71244 0.00003
Knyszyn . . N
Volume of single tree in m 21 0.01013702 0.000482715 3.132812 0.00025
Stand volume in m® ha™ 21 146.668 6.98419 2.24713 0.00729
Poland mean Height 19 38.0282 2.001483 2.310818 0.00242
General mean Mean height, DBH or volume 19 162.9012 8.573746 12.62402 0.00000

(whole experiment) in standard deviation units
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The variability in the mean volume of an individual
tree was high (Nowe Ramuki - 0.187 m?, Witéw —
0.085 m?; Table 2). As for mean diameter, prove-
nances from the northeastern natural range of spruce
performed best, followed by Wigry and Zwierzyniec
Biatowieski. Poorer positions were occupied by
southern provenances: Istebna Bukowiec, Istebna
Zapowiedz, Zwierzyniec Lubelski and Rycerka
Praszywka 950 m.

Largest differences between the provenances (at
age 30 years) on the Knyszyn plot were found in pro-
ductivity (volume per hectare). The difference be-
tween the best provenance (Istebna Bukowiec -
270.56 m® ha™') and the worst one (Witéw — 120.50
m? ha™') amounted to 159.06 m*® ha'. Among the
highly productive provenances were also other south-
ern provenances: Wista (264.6 m® ha™'), Istebna
Zapowiedz (246.6 m® ha™'), Rycerka Zwardon (226.4
m?® ha™'), Zwierzyniec Lubelski (259.08 m?® ha™!) and
Blizyn (243.45 m?® ha'), and only two provenances
from the northeastern subrange: Borki (253.09
m® ha') and Zwierzyniec Bialowieski 2 (233.58
m?® ha!). The growth of the Borki provenance from
the Northeast and the Miedzygoérze, Rycerka
Praszywka 750 m, and Orawa provenances from the
South was moderate. Apart from Witéw, such prove-
nances as Kartuzy (151.98 m?® ha'), Wigry and
Zwierzyniec Bialowieski (181.30 m® ha™') exhibited
very poor growth (Table 2). The variability in growth

on the Knyszyn plot continues to increase in succes-
sive years of measurement (Matras et al. 1996).

The differences in the quality characteristics of the
provenances tested on the plot in Knyszyn were not
substantial and did not show any relation to their ori-
gin in different subranges. The variability in the
growth dynamics among the provenances tended to
increase in successive measurement periods. Of
course, the biggest changes were observed within the
first 5 years after planting, however, even today no
provenances display stable growth, perhaps except
Witéw and Kartuzy which belonged to the poorest
growing provenances from the very beginning of the
experiment.

An increasing trend in the values of growth charac-
teristics in successive periods was observed for the
Istebna Bukowiec, Blizyn, Zwierzyniec Bialowieski 1
and Rycerka Praszywka 950 m provenances, while a
decreasing trend was visible for Wigry, Tarnawa,
Przerwanki, Zwierzyniec Lubelski, Blizyn and Borki.

The growth of spruce on the other IUFRO 1972 ex-
perimental plots in Poland depended clearly on the
environmental conditions existing on these plots (Ta-
ble 4).

The location of the plot affected the growth of
spruce provenances, which manifested itself in the
position they reached on individual plots in the rank-
ing based on the characteristics studied (Table 4).
The mean ranks, which reflected the mean growth

Table 4. Ranking of Norway spruce provenances on experimental plots in Poland

Experimental plots

Rank dispersion

Provenance Mean .
Knyszyn Siemianice Koérnik Gluchow (max — min)
11 Zwierzyniec-Pogorzelce 16 5 19 15 13.73 14
12 Zwierzyniec-Krzyze 8 10 18 1 9.25 17
13 Wigry 18 14 2 11.33 16
14 Przerwanki 14 8 10 10.66 6
15 Borki 5 13 13 9 10.00 8
16 Nowe Ramuki 15 19 14 10 14.50 9
18 Miedzygorze 2 8 11 6.00 9
19 Stronie Slaskie 11 6 13 9.00 7
10 Wista 3 12 3 5 5.75 9
11 Istebna-Bukowiec 5 2 2.25 4
12 Istebna-Zapowiedz 6 9 8 6.25 7
13 Rycerka-Zwardon 10 15 7 9.00 11
14 Rycerka-Praszywka 700 m 9 4 6 7.00 5
15 Rycerka-Praszywka 950 m 13 15 17 16 15.25 4
16 Orawa 12 7 11 14 11.00 5
17 Witéw 19 20 20 19.66 1
18 Tarnawa 13 18 12 3 11.50 15
19 Zwierzyniec Lubelski 4 17 1 4 6.50 16
20 Blizyn 7 11 16 11.33 9
21 Kartuzy 17 16 7 12 13.00 10
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performance of the provenances on all the plots, pro-
vided a basis for classifying them into distinct groups.
The first group comprised provenances exhibiting the
best growth, i.e. the highest mean ranks on the four
plots, such as Istebna Bukowiec (mean rank 2.25),
Wista (5.75), Migdzygorze (6.00), Istebna Zapowiedz
(6.25) and Zwierzyniec Lubelski (6.50). Rycerka
Praszywka 700 m (mean rank 7.00), Rycerka
Zwardon (9.00), Stronie Slaskie (9.00) and
Zwierzyniec Bialowieski 2 (9.25) formed a group of
well-growing provenances. The largest group in-
cluded moderately- or poorly-growing provenances:
Borki (mean rank 10.00), Przerwanki (10.66), Wigry
and Blizyn (11.33), Tarnawa (11.50), Kartuzy
(13.00), Zwierzyniec Biatowieski 1 (13.73), Nowe
Ramuki (14.50) and Rycerka Praszywka 950 m
(15.25). The Witéw provenance clearly differed from
all the other provenances tested in the experiment: it
ranked last on all four plots (Table 4).

Plasticity was defined as being adversely related to
the dispersion of ranks a provenance achieved on four
experimental plots. The dispersion, i.e. the maximum
difference between the ranks obtained on the plots,
was very high: 17 positions in the ranking (Zwie-
rzyniec Bialowieski 2). Among the 20 provenances
tested, also Wigry, Zwierzyniec Lubelski, Tarnawa
and Zwierzyniec Bialowieski 1 showed high rank dif-
ferences (16 to 14 positions). The dispersion was
smallest for Istebna Bukowiec and Rycerka
Praszywka 950 m (4), Orawa and Rycerka Praszywka
700 m (5), and Przerwanki (6), suggesting that the
latter provenances have a greater adaptability to vari-
ous environmental conditions, i.e. are more plastic.
Witéw held the last position on all plots.

The above simplified classification indicates that
there is no relationship between the provenance’s
plasticity and growth. As a rule, the spruce prove-
nances with moderate growth appeared to be more
plastic. The only exception was Istebna Bukowiec
which showed both superior growth and high plastic-
ity. The provenances with moderate or low plasticity
may perform well under specific environmental con-
ditions, e.g. the Zwierzyniec Bialowieski 2 prove-
nance exhibited good growth in Gluchéw and
Knyszyn but performed poorly on all other plots.
Such provenances as Nowe Ramuki, Wigry and
Zwierzyniec Bialowieski 1 grew well only on one ex-
perimental plot.

Foreign plots

The results of measurements of spruce growth
characteristics on foreign plots established within the
framework of the IUFRO 1972 experiment are shown
in Table 5. The provenances were evaluated on the ba-
sis of the mean values of the characteristics, ex-
pressed in standard deviation units.

At experiment level, the differences in the values of
growth characteristics between the provenances were
broad (within 6.0991 standard deviation units), with
the values ranging between +2.6762 and -3.4229. At
provenance level, the differences were largest for
Kartuzy (values from +1.9181 to -2.756), and small-
est for Rycerka Zwardon (values from +1.437 to
-0.755). All provenances tested in the experiment
showed both negative and positive values of the char-
acteristics, except for Witéw which consistently ex-
hibited negative values. Due to such wide differences
in the performance of provenances on individual plots
it is impossible to properly evaluate the results.

Growth of Norway spruce provenances
in the IUFRO 1972 experiment

The Norway spruce provenances on the Polish
plots were grouped according to the mean values of
the growth characteristics expressed in standard devi-
ation units (Fig. 2, Table 5). The following groups
were distinguished:

— Group I (above 1.0): Istebna Bukowiec,

— Group II (1.0 to 0.5): Miedzygdrze, Wista,
Zwierzyniec Lubelski,

— Group IIT (0.5 to 0.0): Zwierzyniec Biatowieski 2,
Borki, Stronie Slaskie, Istebna Zapowiedz, Rycerka
Zwardon, Rycerka Praszywka 700 m, Blizyn,

— Group IV (0.5 to 0.0): Wigry, Przerwanki, Orawa,
Tarnawa, Kartuzy,

— Group V (-1.0 to -0.5): Zwierzyniec Biatowieski 1,
Nowe Ramuki, Rycerka Praszywka 950 m,

— Group VI (below -1.0): Witéw.

The performance of spruce provenances on the Slo-
vak plots differed to some extent from their perfor-
mance on the plots in Poland (Fig. 3). Istebna Bu-
kowiec was also classified into the group of best prov-
enances (group I), but group II consisted only of the
provenances from the southern subrange: Rycerka
Praszywka 700 m, Rycerka Zwardon, Migdzygérze
and Istebna ZapowiedZz. The Wista, Orawa, Zwie-
rzyniec Lubelski, Blizyn and Kartuzy provenances
belonged to group III; Stronie Slaskie, Rycerka Pra-
szywka 950 m and Tarnawa, as well as almost all
northeastern provenances were in group IV; Nowe
Ramuki and Witéw were classified into the group of
poorest provenances (group VI); while group V was
non-existent.

The results for spruce provenances obtained on
German plots (Fig. 4) were in between those received
in Poland and Slovakia. Despite the relatively large
number of plots (10), the differences among the prov-
enances were smaller. As in Slovakia, the prove-
nances from the northeastern subrange generally ex-
hibited poor grow in Germany, too (group IV and V).
The Istebna Bukowiec provenance on German plots
was not as clearly superior as it was on the Polish and
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Slovak plots, while the Zwierzyniec Lubelski and In Finland, the spruce provenances performed
Zwierzyniec Bialowieski 2 provenances in Germany  somewhat different. The provenances from the north-
and Poland were comparable in growth (group Il and  eastern range, except for Przerwanki, were the best

II). (group I). Of southern provenances, only Wista,
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Rycerka Zwardon, Rycerka Praszywka 700 m,
Zwierzyniec Lubelski and Blizyn were classified into
group II, while Istebna Bukowiec and Rycerka

Praszywka 950 m performed poorly (group IV), simi-
lar to Witéw (Fig. 5).

In Canada, the performance of lowland spruce
provenances from the northern range was similar to
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that in Finland: they were classified into the groups of

best provenances (I or II) with the values of growth

characteristics always above zero (Fig. 6). Of south-
ern provenances, only Zwierzyniec Lubelski and

Tarnawa were included in group I. The Silesian

Beskid Mts. provenances exhibited rather average

growth and were classified into group II or III, while

the growth of the Sudeten provenances and those of

Rycerka Praszywka 950 m and Kartuzy was very poor

(group 1V).

Based on the average results for Europe and the
whole experiment (Fig. 7, 8), the grouping of the
provenances assumed the following form:

— Group I (above 1.0): no provenances,

— Group II (1.0 to 0.5): Istebna Bukowiec,
Zwierzyniec Lubelski,

— Group IIT (0.5 to 0.0): Wista, Istebna Zapowiedz,
Zwierzyniec Bialowieski 2, Rycerka Praszywka
700 m, Rycerka Zwardon, Tarnawa, Blizyn,

— Group IV (-0.5 to 0.0): Miedzygorze, Kartuzy,
Wigry, Zwierzyniec Bialowieski 1, Orawa, Prze-
rwanki, Borki, Rycerka Praszywka 950 m, Nowe
Ramuki, Stronie Slqskie,

— Group V (-1.0 to -0.5): no provenances,

— Group VI (below -1.0): Witéw.

The variability in the values of growth characteris-
tics across the whole experiment was significantly
larger than that for Polish plots, but in general it dis-
played a similar pattern.

Discussion

The Polish provenances of Norway spruce tested in
the IUFRO 1972 provenance experiment exhibited a
high variability in growth on the plots in Poland. This
variability constitutes one-half of the variability
found for the whole experiment carried out in Europe
and Canada. The differences in the morphological and
growth characteristics of Polish spruce provenances
have already been shown in many investigations
(Holst 1963; G ,hrn 1966; Fober and Giertych 1971;
Lines 1974; Giertych 1976, 1987a, b, 1991; Holub¢ik
1979; Holzer 1981; Giertych and Kroélikowski 1982;
Roulund et al. 1986; Barzdajn 1995, 1996a, b; Rau et
al. 1998). This can be attributed to the Poland’s spe-
cific conditions, glaciation periods, spruce migration
from various refuges, and formation of three different
subranges of spruce in Poland, separated by so-called
spruceless belts, i.e. the Central Poland and Carpa-
thian disjunctions (Kocigcki 1980b).

The variability in growth characteristics among the
provenances on Polish plots allowed their division
into a number of groups differing in response to envi-
ronmental conditions. It was found that the groups of
provenances exhibiting similar growth were compa-
rable only in single cases to the groups of provenances
with similar plasticity.

The variability in growth characteristics (DBH,
height, volume) among Norway spruce provenances
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across the whole experiment was high (within 6.099  tween 4.674 for Kartuzy and 2.1920 for Rycerka
standard deviation units), and no significant changes =~ Zwardon, suggesting differences in the growth of
were found compared to the previous period (6.183).  provenances between the plots.

At provenance level, the variability was also high: be-
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According to the values of growth characteristics
expressed in standard deviation units (assuming 0.5
SDU intervals) the provenances were classified into
five major groups. The leading group comprises the
best-performing provenances: Istebna Bukowiec and
Zwierzyniec Lubelski. These provenances have excep-
tional breeding value for the whole area in which the
evaluation was carried out. The second group consists
of good-quality provenances such as Wista, Istebna
Zapowiedz, Zwierzyniec Bialowieski 2, Rycerka
Praszywka 700 m, Rycerka Zwardon, Tarnawa and
Blizyn, which, however, do not ensure appropriate
economic results in all conditions. The next two
groups are composed of the Miedzygdrze, Kartuzy,
Wigry, Zwierzyniec Bialowieski 1, Orawa, Przerwan-
ki, Borki, Rycerka Praszywka 950 m, Nowe Ramuki
and Stronie Slaskie provenances with growth below
average, which should not be broadly used without
further detailed studies. The last group comprises
just one provenance, Witdw; it is recommended that
this mountain provenance should not be grown in
lowland conditions.

To sum up, the research results concerning the
provenance variability of Norway spruce in Poland,
presented in this paper, quite thoroughly describe the
growth of these provenances in the juvenile phase of
development and their adaptability to various envi-
ronmental conditions, however, they do not fully re-
flect the real growth potential of individual prove-
nances. The spruce stands representing the individual
provenances are dynamically changing with time, as
indicated by the differences in provenance perfor-
mance in successive measurement periods. The deci-
sions made on the basis of these results may bear a
considerable error, and therefore any guidelines for
practice may only be treated as suggestions on the
possibility of using individual spruce provenances on
a commercial scale.

Conclusions

1. The variability in growth characteristics among the
Polish spruce provenances tested in the IUFRO
1972 provenance experiment is very high (within
6.099 standard deviation units), and in fact, it has
not changed in successive measurement periods.

2. The performance of the provenances depended
largely on environmental conditions. Therefore, it
is impossible to single out any “universal” prove-
nance which would be adaptable to the whole vari-
ety of conditions that may occur in the cultivation
of spruce.

3. The Istebna Bukowiec and Zwierzyniec Lubelski
provenances, showing very good growth and high
plasticity, have a very high breeding value and thus
should be recommended for a wider use in refores-
tation.

4. The Wista, Istebna Zapowiedz, Zwierzyniec Bialo-
wieski 2, Rycerka Praszywka 700 m, Rycerka
Zwardon, Tarnawa and Blizyn provenances, exhib-
iting good growth and fairly high plasticity, can be
used on a larger scale for the needs of seed produc-
tion in their regions of origin and, to some extent,
in seed regions with comparable environmental
conditions.

5. The growth of the Witéw, Stronie Sa,skie, Rycerka
Praszywka 950 m and Miedzygérze provenances
was rather poor, therefore the collection of seeds
from these provenances should be largely limited.

6. As suggested by the growth variability between the
provenances in the juvenile phase, those making
selection decisions on the basis of short-period re-
search results may be at risk of committing serious
errors (e.g. choosing provenances that grow well
only in the juvenile phase to be used on a wide
scale, or completely rejecting those that in this
early phase tend to grow slowly).
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