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Summary

The data on height growth published to date from the
IUFRO 1907, 1938 and 1939 provenance experiments on
Scots pine (Pinus sylvestris L.) is evaluated jointly. For
each experimental site d the 1907 and 1938 series the latest
published height measurements were converted to units of
standard deviation from the site mean. These deviations
are plotted separately for each provenance onto a map o
all the experimental sites for the given series. In this way
it is possibleto see simultaneously the relative performance
o each provenance on all the sites where it was tested.
Local provenances are usually among the better ones on
any site. However best growing provenances come from
lowland Central Europe, particularily from the Baltic
countriesand north and western Poland. Thesegivesuperior
growth on practically all sites from Scandinavia to Turkey
and from Eastern Europe to Michigan, USA. If seed transfer
is planned these highly adaptable, photoperiod independent,
populations appear to be most suited. Scandinavian and
outlier populations are useless except locally, and even
there usually have lower heights than the adaptable ones.
Montane provenances though somewhat better in height
growth are also not to be recommended on lowland sites.
Some domiciled populations, particularily from the Low
Countries, are exceptionally valuable being good growing
and adaptable. It is recommended that breeding programs
be based on fast growing material that demonstrates low
genotype X environment interactions.

Key words: Pinus sylvestris, provenance, genotype X environment
interaction, adaptability.

Zusammenfassung

Die bisher veroffentlichten Ergebnisse aus den Messungen
der Baumhohe der IUFRO Kiefernprovenienzversuche
(Pinus sylvestris L.) von 1907, 1938 und 1939 wurden zu-
sammengefaldt. FUr jede Versuchsflacheder Versuchsserien
der Jahre 1907 u. 1938 wurden die zuletzt erhaltenen Werte
in Einheiten der Standartabweichung vom V ersuchsfl&chen-
mittel ausgedriuckt. Diese Abweichungen sind getrennt fur
jede Provenienz und jede Versuchsseriein Landkarten ein-
gezeichnet worden, die alle Versuchsorte umfassen. Auf
diese Weise wurde es moglich, die relative Wuchsleistung
jeder Kiefernprovenienz auf allen Versuchsfléchen, auf de-
nen diese vorkommt, zu beurteilen. Es stellte sich dabel her-
aus, da8 auf jeder Versuchsflachedie lokalen Provenienzen
sich gewdéhnlich in der Spitzengruppe plazieren. Die wiich-
sigsten Provenienzen stammen jedoch aus dem zentraleuro-
péischen Tiefland, besonders aus Nord- und Westpolen. Sie
zeichnen sich durch hervorragende Wuchsleistungen auf al-
len Versuchssorten von Skandinavien bis zur Turkei und
von Osteuropa bis Michigan in den USA aus. Fur etwaige
Samentransfers sind diese hochanpassungsfahigen, photo-
periodisch unabhéangigen Populationen am besten geeignet.
Die skandinavischen und die geographisch isolierten Kie-
fernherkunfte sind mit Ausnahme in ihrer Heimatgegend
unbrauchbar. Aber auch dort sind siein ihrer Wuchsleistung
den anpassungsfahigeren Provenienzen unterlegen. Gebirgs-
herkunfte sollte man nicht im Tiefland anbauen, obwohl
ihre Wuchsleistung etwas besser ist. Einige, besonders in
den Niederlanden eingefihrte Herkinfte, zeichnen sich
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durch gute Wuchsleistung und hohe Anpassungsfahigkeit
aus und sind deswegen besonders wertvoll. Es wird vor-
geschlagen, Zichtungsprogramme auf schnellwiichsigeHer-
kunfte auszurichten, da sich diese durch eine geringe Geno-
typ X Umwelt-Interaktion auszeichnen.

Introduction

Trice, in 1907, 1938 and 1939, IUFRO (International Un-
ion o Forest Research Organisations) has organized inter-
national provenance experiments on Scots pine (Pinus syl-
vestris L.). A new serie is planned now by the IUFRO
20305 Working party, Breeding Scots pine, thus a retro-
spective look at the older experiments is in order.

In contrast to the ITUFRO 1938 Norway spruce experi-
ment | summarized recently (GiertycH, 1976) there have
been few attempts to evaluate jointly data on the inter-
national Scots pine experiments. Wiebemann (1930) presented
a summary d the whole I[UFRO 1907 experiment. He found
that the southern provenances (French, Slovak, Bulgarian)
have had poor height growth on all sites. The north
Swedish provenance in southern Sweden was similar in
performance to some continental ones but better than the
W. European ones. In Holland and Brandenburg the
Swedish provenance had poor height. The Ural provenance
was poor in height except in Hessen. Latvian provenance
proved good in Sweden and Belgium and medium else-
where. The Brandenburg race grew well only locally. The
Mazurian race was very good elsewhere expect in Hessen
and Holland. The Rheinpfalz race was best or above aver-
age on all sites except in Saxony and Sweden. The Scottish
provenance proved satisfactory in Holland, medium in
Belgium and Brandenburg and poor in Slovakia. The Bel-
gian provenance grew very well on all sites.

Hemkinaemvo (1954) looked at the seedling fresh weight
attained by 11 provenances from the IUFRO 1938 series in
5 nurseries (in Belgium, Poland, Germany and 2 in Fin-
land). The northern Finnish- provenances had smallest
plants and southern (French, Italian) ones were heaviest,
regardless d planting site. The others had less consistent
performance, but strong provenance X environment inter-
action was demonstrated only be the Swedish provenance
Bdda (10) which had heavy plants in all nurseries except
in southern Finland and Hungarian provenance Lenti (25)
with decidedly smaller plants in northern Finland.

I know d no other joint analyses o results from these
experiments.

Some authors when presenting data from their own
planting sites make some comparisons with one or two
other provenance areas (Eckstein, 1973; Ertelp, 1950; Dirr-
MAR, 1977) but generally only reference is made to previous
measurements, if any, in their own experiments. There are
o course several review papers on genetic variation in
Scots pine which attempt to pool together knowledge on
the performance o Scots pine races in various experiments
(LancLET, 1959; WRricHT and Buri, 1963; BiaLosok, 1967;
GiertycH, 1970; Przysyiski et al., 1976), however these are
not comparative evaluations d international provenance
experiments.

The present paper is an attempt to look simultaneously
at height growth performance as reported in literature for
all experimental areas d the IUFRO 1907, 1938 and 1939
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Scots pine provenance studies. Only height is considered
because this is the character that is most consistently re-
ported upon. Except for one French site, Arboretum Les
Barres, from which only data on stem diameters and basal
areas are available (Lacaze, 1964), all latest reports from
provenance experiments include the height measurement.
This is as good a character as any, on which most volume
tables are based. It is correlated with other growth para-
meters and inversely correlated with susceptibilities to
climatic and biotic agents. Unfortunately however it does
not consistently correlate with the number of stems or
mortality which is an important character in itself. It is
included in volume per unit area which would be a better
character to consider. However it is not possible to evaluate
races and experimental sites on the basis of this character
or on stem number alone, due to lack of data (few reports)
and incomparability caused by differences in original
spacing, use of row plots on some sites etc.

There were practically no replicates on most planting
sites in these experiments. Thus one can only consider the
individual planting sites as replicates for the studies as a
whole. In such a design provenance X planting site inter-
actions are confounded by within provenance variation

that would have shown up in replicates at a single plant-
ing site. However this variation is in any case small when
comrpared to large provenance differences. Its importance
is likely to increase in studies working on a more restricted
genetic base as in national provenance experiments (KiNg,
1965).

Materials and Methods

The origin of seed used for the IUFRO provenance ex-
periments on Scots pine is shown in Table 1 and Figure 1
for IUFRO 1907, in Table 4 and Figure 5 for IUFRO 1938
and in Table 7 and Figure 13 for IUFRO 1939. The planting
sites from which data have been published at ages beyond
the early seedling stage are indicated in Table 2 and Fig-
ure 2 for IUFRO 1907, in Table 5 and Figure 6 for IUFRO
1938 and in Table 7 and Figure 13 for IUFRO 1939. The
basic data on these experiments including numeration
of provenances was taken from Wiepemann (1930) and
Eckstein (1973) for the IUFRO 1907 experiment and
from Veen (1953) for the IUFRO 1938 and IUFRO 1939
experiments. Since VEeen’s report has numerous errors in
place names and geographic coordinates these were cor-
rected using as far as possible information published in

Table 1. — Data on Scots pine provenances from the IUFRO 1907 experiment.

IUFRO Year Age of Alt
Provenance mother Lat. N Long. E in
no. collected
trees m
1 Scotland, Invernesshire 1906/7 112 570 14’ 3042'W 200
Seafield For. Estate
2 Langeac, Haute Loire 1906/7 80 44° 58’ 3°07E 1140
France
3 Gruzianka, Olsztyn 1906/7 120 530 40’ 210 30° 130
Poland
4 Hasselt, Campine 1906/7 40 50° 54’ 59 40’ 104
Beligum
5 Kaiserslautern, Rhein 1906/7 100 49° 25’ 70 45’ 300
Pfalz, W. Germany
6 Kliewenhof, Latvia 1906/7 120—140 56° 45’ 25945’ 10
USSR
6A Kliewenhof, Latavia 1905/6 560 45°¢ 259 45’ 10
USSR
7 Chorin and Biesental 1906/7 120 520 50’ 14°10° 40
E. Germany
8 Perm, Stroganov Estate 1906/7 100—140 570 00’ 64° 00’ 300
USSR
9 Creweno, Phillipopolis 125 42010~ 230 50° 1550
Bulgaria
10 Jokkmokk, Sweden 66° 36’ 20° 00 260
11 Spi§, Smolnik 100 48° 45’ 20° 45’ 550
Czechoslovakia
12 Bratislava, V. Levare 100 48° 30’ 17° 00 210
Czechoslovakia
13 Hoenderlo, Utrecht 52010 50 20’ 5
Netherlands

Table 2. — Location of planting sites of the IUFRO 1907 Scots pine provenance experiment.

Exp. . Alt.
no Locality Lat. N Long. E inm
1 Chorin, E. Germany 520 50’ 13° 50’ 100
2 Tharandt, E. Germany 500 58’ 13033’ 412
3 GieBen, Schiffenberg, W. Germany 500 30’ 8% 40¢ 200
4 Belle Etoile, Belgium 500 50 40 25° 125
5 Belle Etoile, Belgium 50° 50 40 25’ 125
6 Knickével, Belgium 50° 36’ 60 02 350
7 Hissleby, Jonkoping, Sweden 570 38’ 15037 180
8 Likavka, Ruzomberk, Czechoslovakia 49° 08’ 19017 560
9 Kootwijk, Netherlands 52010 50 50’ 30
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Figure 1. — Location of provenances from the IUFRO 1907 Scots

pine experiment. The adaptable lowland Central European prove-

nances shown in figure 3 are delimited from the others shown in
figure 4.

papers on these experiments in the respective countries.
Planting sites of IUFRO 1907 have been assigned numbers
by the author (Table 2) maintaining the sequence used by
WiepeManN (1930) but ignoring defunct experiments. In
IUFRO 1938 planting sites not mentioned by Veen (1953)
have been assigned new numbers (Table 5).

The latest available height measurements for these ex-
periments are given in Table 3 for IUFRO 1907 in table 6
for IUFRO 1938 and in Table 7 for IUFRO 1939. These
values are not comparable due to differences in age when
last measured. Also some of the measurements concern
mean height and others dominant height. To make the data
comparable these were normalized (converted to units of
standard deviation from the mean) for each planting site.
Each provenance is considered in these units over all the
planting sites that include it. For each provenance a map is
prepared with the performance at each planting site plotted
there as an ideogram showing the deviation from the mean.
A black circle indicates a *+ deviation of less than 0.30 o,
which corresponds to the radius of the circle. If at a site
the provenance was planted but later died this is indicated
as a +. The place of origin of the provenance is plotted as
a triangle.

Table 3. — Average tree heights in the IUFRO 1907 Scots

These maps were constructed only for provenances re-
presented on at least three planting sites. An exception is
made for three provenances of IUFRO 1907 represented on
2 sites only in view of the extreme value of this oldest ex-
periment. The maps for IUFRO 1907 are shown in Figures
1 to 4 and for IUFRO 1938 in Figures 5—12.

The advantages and disadvantages of this method of
presentation have been discussed in the review of the
Norway spruce IUFRO 1938 experiment (Gierrych, 1976)
and they are equally pertinent here.

Results and Discussion

IUFRO 1907 Scots pine experiment

This study includes 13 provenances well scattered longi-
tudinally and latitudinally in Europe (Table 1, Figure 1)
and 9 planting sites. Initially there were 21 planting sites
but 12 were lost or abandoned in the early stage of the ex-
periment or were never heard from since WIEDEMANN’S
paper in 1930 and therefore presumably no longer exist.
The Dutch planting site at Kootwijk was planted later (in
1911) and is said to have had seed from the same sources
but possibly collected a year later and thus could be ge-
netically different (Wiepemann 1930). Provenances 9—12
(Table 1) were acquired a year later and thus were not
everywhere simultaneously outplanted, sometimes in a dif-
ferent plot. These were apparently lost in the Chorin (1)
and Belle Etoile (4) trials since they were not reported
upon since Wienemann’s 1930 paper. Provenance Hoenderlo
was not initially considered part of the study, but since it
was planted in Holland and in Slovakia it is now in the
same situation as provenances 9 and 10 (from Bulgaria and
Sweden) represented on only 2 sites.

There were no replicates in this study.

The performance of different provenances is presented
in Table 3 and Figures 3 and 4. Most conclusions of Wiepe-
MANN (1930) hold. It is obvious that the best provenances
originate from lowland Central Europe (Fig. 3). The outlier
or fringe populations were generally very poor on all sites
(Fig. 4). Among these the montane Spis (11) provenance
appears best. The fairly good Hasselt (4) and Hoenderlo
(13) provenances (Fig. 3) are believed to be from domiciled

pine provenance experiment. + indicates 100% mortality.

EXp. no. as in table 2. 1 2 3 4 5 6 8 9
Mean or Dominant height M M M M M M M M M
Age when measured 66 59 63 56 56 57 59 50 38
IUFRO Prov. no
as in table 1
1 18.3 149 21.8 19.7 19.9 19.4 21.1 18.2 8.8
2 16.2 13.3 21.0 18.7 17.7 20.2 19.9 18.2 59
3 22.5 16.8 195 22.3 22.3 22.1 23.5 20.1 8.0
4 20.9 17.2 22.8 22.7 20.7 20.6 21.7 17.8 8.4
5 20.8 16.7 22.3 21.3 20.3 21.2 21.0 17.2 9.5
6 21.0 16.2 23.0 21.5 21.0 24.4 22.2 17.5 8.5
6A 15.6 22.8 20.5 21.6 23.4 22.4
7 22.5 16.4 22.0 21.5 21.6 21.2 22.0 17.6 8.2
8 + 14.8 21.1 18.0 20.8 18.7
9 20.0 16.6
10 21.6 5.9
11 20.4 18.9 8.7
12 19.4 18.7 7.4
13 17.5 10.2
Exp. mean 20.3 15.8 21.8 20.7 20.6 21.6 21.2 18.1 8.1
Reference 7 13 8 25 25 25 2 35 34

* 7: DirtMagr, O. (1977); 13: Georcl, E. (1969); EckstriN, E. (1973); 25: Nanson, A. (1968); 2: AnNo~nymus (1974); 35: Srastny, T.

(1960; 34: SoksT, J. van (1952).
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Table 4. — Data on Scots pine provenances from the IUFRO 1938 experiment.

TUFRO Year Age of Lat.N Long.E  Alt,
no,. Frovenance collected :‘;zgzr ‘jﬁn Notes
1 Inari, Finland 1937 150-200 68°40° 27°37° 140
2 Rovaniemi, Finland 1937 90-150 66°25° 26°36° 250
3  S#dminki, Finland 1937 90 61°40° 28°55° 85
4 Tonset, Norway 1937 80-120 62°22° 10%8° 550
5 Méilselv,Tromso,Norway 1937 50-120 69°06° 18°50° 75
6 Rsnes,Hamar,Norway 1937 80-120 60°32° 12°11° 230
7 Svandy, Norway 1937 60-70  61°30°  5%7° 50
8 Voxna, Sweden 61°20° 15°31° 200
9 TénnersjBheden,Sweden 56°40° 13°08° 100
10 B#da, Sweden 57°18°  17°01° 5
11 Vecmokas, USSR 57°03° 23°10° 80
12 Susk, USSR 50°50° 26°00° 185
13 Presov,Czechoslovakia 1935 49°%0°  21°15° 500
14 Talmacel,Romania 70 45°40°  24°08° 600
16 Kandersteg,Switzerland 1936/37 46°29° 7°41° 1300
17 Glen Garry,Scotlend 1937  80-120 57%4°  4°55°W 150
18 Herselt, Belgium 1936/37 40 59°03°  4°56° 20  cult.
19 Diever,Netherlands 1936/ 37 30-40 52°51° 6°21° 10 cult.
20 Brody /Pf8rten/,Polend 51%7°  14°%46° 85
21 GBddenstedt, W.Germany 80-85  52°59° 10°50° 75
22 Ruciane, Poland 1938 130 55°41° 219267 120
23 Elmstein, W.Germany 1936 120 49%20°  7°57° 325
24 Zellhausen, W.Germany 1938 113 50°01°  9%00° 140
25 Lenti, Hungary 1937 46°38°  16°33° 250
26 Ambert, France 45°33°  3%45° 700
27 Millau, France 4410 3°22° 825
28 Les Angles,France 1937  >100 42°36°  2%7° 1570
29 Bromarv, Finland 1937 80 60°03° 23%06° 15
30 Modum, Norway 1937 70-110 60%04° 10°%00° 300
31 Val di Fiemme,Italy 1937 various 46°18° 11°20° 1100
32 Griva, USSR 1936/37 60 55°58°  26°15° 160
33 Breda, Netherlends 1937 35 519347  4°46° 10 cult.
34 Tinoava, Romania 1937 47°24°  25°22° 910
35 Langensteinbach,W.Germany 1937 48%5°  8%°30° 260
36 Langenbrand,W.Germany 1937 48477 8%40° 525
37  Supras$l IA,Poland 53°13°  23%°22° 160
38  Suprasl IB,Poland 53°13°  23°22° 160
39 Bolewice IIA,Poland 52°24°  16°10° 90
40 Bolewlce IIB, Poland 52°24°  16°10° 90
41  Susk IIIa, Poland 50°50° 26°00° 185
42  Ku¥ivody,Czechoslovakia 1936 50°36°  14°437 300
43 TiZnov, Czechoslovakia 1936 49%21°  16%247 375
44  TYebon-Wittingau, 1936 49°00°  14°45° 450
Czechoslovakia
45  Vysoké Tatry,Czechoslovakia 1936 49%9°  20°13° €50
46  Vindeln, Sweden €4°117 199357 270
47  Brinnberg, Sweden 65°48 21°16° 100
48  Vitsand, Sweden 60°23° 12%55° 175
49  hxamo, Sweden s7°46°  14°03° 225
50 Strmsund, Sweden 63°50° 15°33° 300
51  Svensk3dalen, Sweden 64%02°  13%4° 500
53 Mustejki, USSR s4°08°  24°25° 130
54 Rychtal, Poland 51°12° 17955 190
55  Luboml, USSR 51%15°  24%5° 195

stands since Scots pine is not indiginous in Beligum or
Holland (Jaras and Svominen, 1973). Judging by their
adaptability to various sites they probably originate from
Germany (possibly Rheinpfalz) or the Baltic region.

The best provenance is Guzianka (3) from the Mazury
region in N. Poland. Only in Gieflen it grew very poorly.
This very different result was already noticed by Wiepe-
MANN (1930) who suspected genetic reasons, though he does

mention that it grows there on a more wet plot. EcksTEIN
(1973) points out that something was wrong with this pop-
ulation already at the seedling stage since in spite of the
largest available seed sample from this provenance it pro-
duced least plants so that when outplanted the plot was
20% smaller than for the other provenances and later mor-
tality was greatest. The complete disagreement of its per-
formance in GieBen with all other planting sites is not
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Table 5. — Location of planting sites of the IUFRO Scots pine provenance

experiment.
EQ" Locality Lat, N Long. ‘1‘%"‘&
4 Herbeumont, Belgium 49°47° 5°13°E 415
6 Ruotsinkyld, Finland 60°22° 25°00°E 60
8*®  Arboretum Les Barres,France 47°50° 2%5°E 673
9 Arboretum Royat, France 45%46° 3°02°E 850
10 Como, Brenna, Italy 45%40° 9925°E 350
11 Como, Alzato, Italy 45%40° 9 25°E 350
12 Matrand, Eidskog, Norway 60%02* 12°15°E 110
17 Vincent State For.,N,H.,USA 43%06° 71%47°W 360
18 For State For.,N.H,, USA 43°09° 71°55 W 260
19 Wellston, Manistee,Mich.,USA 44°16° 85°57°W 790
20 Herkitter State For.,N.Y.,USA 43%18° 75%07°W 415
21 Lubied, Poland 51°16° 19°47°E 200
22 Bugac, Kecskemét, Hungary 46°52° 19%40E 150
23 Hirky, Czechoslovakia 49°01° 14°38°E 500
24a  Finowtal /0.3 x 0,3/** 52°48° 13%56 ‘E 100
E, Germany
24b  Finowtal /1.0 x 1.0/™* 52°48° 13°56 ‘E 100

E, Gemany

* Only data on diameters and basal areas published

% Planting distance in m,

satisfactorily explained by genotype X environment inter-
actions. One suspects that a mistake or some other mishap
is involved here.

Apart from the Guzianka provenance in GieBen most
GE interactions are provided by the Likavka (Slovakia)
planting site on which all provenances appear to behave
differently than elsewhere. Again one might suspect con-
fusion of labelling, however this planting site is southern-
most and at the highest altitude. A similar situation oc-
curred with the Romanian planting site of the IUFRO 1938
Norway spruce experiment (GierrycH, 1976) the validity of
which was frequently suspected. One can well imagine
however that high elevation and shorter days are important
factors in determining growth performance on these sites.
The existence of photoperiodic ecotypes of Scots pine in
mountain regions has been demonstrated long ago (KarsHoN,
1949).

Since most planting sites are within or close to the region
of origin of the best provenances the general conclusion
might be drawn that local provenances are best or at least
above average. This is particularily underlined by the Likav-
ka planting site where the nearest Spi§ and Bratislava
provenances grow well, However lack of more extremely
located planting sites made the conclusion premature as is
well indicated by later experiments.

IUFRO 1938 Scots pine experiment

This experiment includes 53 provenances (Figure 5, Ta-
ble 4). Originally there were 2 more (nos. 15 and 52) but
these are not represented on any of the planting sites.
Provenance Kandersteg (16) is ignored by Dierricuson (1964)
on the grounds that it is Pinus mugo, however the tree
heights obtained by this population elsewhere (over 13 m
in Belgium — Table 6) make this unlikely. The trees must
have remained bushy in the Norwegion planting site at
Matrand. Of the 18 original planting sites mentioned by
VeenN (1963) only from 9 have there been any published re-
ports, however there are 6 other planting sites unknown
to Veen from which data is available (Table 5). On one of
these (no. 24) Finowtal, there are two areas differing in the
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initial planting space, 0.3 X 0.3 m for 24a and 1.0 X 1.0 m
for 24b. These two are treated separately considering the
initial density as an environmental factor that could inter-
act with genotypes. Conversely two New Hampshire USA
sites (nos 17 and 18) are treated jointly employing the
balanced averages calculated by Lancrer (1959) from the
original paper by WricHt and Barpwin (1957). The arbore-
tum Les Barres site no. 8 is ignored because from it only
data on the stem diameters and basal areas has been pub-
lished (Lacazg, 1964). There the best growth was demon-
strated by provenance Ruciane (22) and other Central Eu-
ropean ones (12, 20), while montane or Scandinavian ones
grew poorly or died completely.

Performance of the different provenances on various
sites is shown in Table 6 and in Figures 7—12. The prove-
nances which grew tallest on most sites again came from
the same general region of lowland Central Europe.

The northern races from Scotland and Atlantic watershed
of Scandinavia (Fig. 7) as well as from the Baltic watershed
of Scandinavia (Fig. 8) are generally very poor on most
sites which is the only result consistent with data on seed-
lings reported by HeikiNueimo (1954).

Most of the genotype environment interactions are to
be observed in Scandinavia. Some local provenances grow
equally well as the best continental provenances. This is
particularily true in S. Finland where Scandinavian races
of similar or southern latitudes grow relatively well. How-
ever on this site only one lowland continental provenance
(11 — Fig. 11) is included (it grows very well) and as a re-
sult the value of Scandinavian races is overestimated.

In SE Norway the local Vitsand (48) provenance is very
good and also a Tromso (5) provenance is good. This is the
only evidence in this study of a successful long distance
(by 9° Latitude) transfer. Southward transfers are general-
ly recommended in Sweden but only for about 2° Lat.,
(SteransoN and Sinko, 1967; Eicne and ANDERssoN, 1974;
ErikssoN et al., 1976; Remrép, 1976). However the lowland
continental provenances planted in Norway (Figures 9—11)
grew well above average. Thus while the general conclu-



sion about the value of local provenances in Scandinavia
or of small southward transfers appears to hold, there is
evidence also to suggest that lowland continental prove-
nances of high adaptability can grow there equally well or
even better. Regretably these have not been tested or meas-
ured sufficiently enough in Scandinavia.

There is no question that Scandinavian provenances are
useless on the continent. Also the Scottish provenance is
nowhere to be recommended (Figures 7 and 8).

The domiciled races from Belgium and Holland are gen-
erally very good, as are the provenances from NW Germany
(Fig. 9). The direction of transfer appears to be of little
significance. Provenance Elmstein (23) shown in Figure 9
only marginally belongs in this group. It is from a some-
what higher elevation (325 m) and exhibits poorer growth
on eastward transfer.

The provenances from Western Poland shown in Figure
10 belong to what I referred to as region @ in my attempt
(Przysyirskr et al, 1976) to reconcile the divisions of the
range of Scots pine proposed by WricHr and BurL (1963)
and Parrar (1965). Provenance Chorin (7) from the IUFRO
1907 series probably also belongs here. Pine from that re-
gion is generally good growing, usually well above average
for a given site.

Provenances from the Baltic countries (Figure 11) are
very good indeed on most sites. The easternmost Griva
(32) and north Ukrainian provenances (55, 12) are less re-
liable.

The montane provenances from Pyrenees, through Swiss,
Italian and Hungarian Alps to the Carpathians (Figure 12)
give generally average or below average height growths
and therefore are not recommendable anywhere. Only

Table 6. — Average tree heights in the IUFRO 1938 Scots pine provenance experiment.

Exp., no, as in Table 5. 4 6 9 10 11
Mean or Dominant height D D D M M
Age when measured 29 33 23 37 10

12 17+18 19 20 21 22 23 24a 24b
»* M M M M M M M M
21 17 17 18 39 24 19 36 36

IUFRO no. as in Table 4
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31 10.4

50 9.5

53 18.5 2,4

54 13.4 18,5 3.0

55 10.3 17.8 2,5
Exp. mean 10.2 8.4 8,6 16,8 2.1
Reference* 25 17 21 38 1

+ 100% mortality
¥ sample trees only.

1.5 1.6 14,8
6.2 2.0 2.2 4.4
6.7 3,9 503 14.1 8.0 11.6  11.7
6.5 2,8 3.6 15.0
7.4 1.8 2.4
6.3 441 12.7 8.6 6.4
6.2 3.8 10.5 5.7
6.8 441
4,7 6.2
502
7.1 5.4 6.9 15.9 8.9 5.8
7.7
5,2 6.8 8.5 + +
6.5 4.b 13.9 6.1
7.1 6.8 16.1 9.3 8.3
7.1 5.5 7.6 15,0 10,5 14,0  16.1
71 5.9 8.2 16.6 9.9 7.5 13.6 14,9
7.1 5.7 8.0 15.7 - 10.5 7.2 13,
7.1 5.8 8,1 15,7 9.7 7.7 b 16,2
Tel 5.8 8.0 14,0 9.2 €.8
5.8 8,2 12.4 7.6 1641
5.8 8,0 10.2
762
4,8 2.4 6,1
4,6 2,5 5.5 7e3 118 14,1
542 10.5
5.7 7.6 = 9.8 12.8 14,3
3.5 8.1 8.1
4,9 2.4 6.3 2 5.3
5¢9 8,3
549 8,1
5.9 3.3 8.0
6,0 3.2 8.0
6,0 3.7 8.0 8.7
6,0 8.0
6.0 8.1
6.0 8.3
5.9 8.3
63 8.1
5.8 741 6.8
3.0 3.8
2.8 3.2
7.5 4.7 5.4 8.8 6olt
€.3 4.9 5.8 Te1
3.0 3.5
2,8 3.6 )
6.2 341 8.1 17,0 9.5 8.0
6.0 3.7 8.0 17.1 13.0 15.0
5.5 2.8 7.7 14.8 9.1 7.2
€.8 4.9 3.1 6.5 14,9 9.5 7.2 13,1 14,8
6 22 33 32 5 23 40 7 7

* 25: NansoN, A, (1968); 17: HrmxiNnHemMo, 0. a. Saarnio, R. (1972); 21: Lacazg, J. F. (1964); 38: Tocci, A. V. (1976); 1: ALLEGRI, E.
a. MoraNDINI, R. (1949); 6: DieTricHsoN, J. (1964); 22: LancLer, 0. (1959); 33: SrLaBaucH, P. E. a. Rupovrr, P. O. (1957); 32: SCHREINER,
E. J., Litrierierp, E. W. a. Euason, E. J. (1962); 5: Cierniewsk 1, M. (1978); 23: MAGYAR, P. (1964); 40: ViNceNT, G. (1865); DITTMAR,

0. (1977).
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Table 7. — IUFRO 1939 Scots pine experiment. Provenances and their mean tree heights at two locations in Canada (Petawawa For.
Exp. Sta. Lat. 45° 55 N, Long. 77° 30’ W) and Turkey (Bahg¢ekdy, Lat. 41° 10’ N, Long. 28° 58’ E, Alt. 110 m),

Planting site Canada  Turkey
Mean or Dominant height M D
Age when measured 10 25
IUFRO no. Provenance Year Age of Alt.
collec- mother Lat. N Long. E inm
ted trees
1 Svaney, Norway 1937 60 —170 61029 5007 50 0.7 6.8
2 Asnes, Norway 1937 80—120 60° 30’ 12010 180 0.8 8.4
3 Troms (coast), Norway 1936 69° 10¢ 18° 00’ 200 0.6 3.8
4 Troms (interior), Norway 1936 69° 10° 19° 30’ 150 0.5 4.6
5 Smaland, Sweden 570 14° 1.3 9.7
6 Vindeln, Sweden 64° 12 19050’ 200 0.7 6.7
7 Inari, Finland 1936 150—200 68° 55’ 27° 00’ 140 0.4 4.2
8 Rovaniemi, Finland 1937 90—150 66° 30’ 250 45 150 0.5 5.3
9 Orton Estate, Scotland 1938 100—115 570 33’ 3909°'W 115 1.0 9.8
10 Balnagowan Wood, Scotland 1938 80—100 57016’ 3039'W 240 1.7
11 Murat, France 459 06’ 20 52 625 0.9 9.3
12 Luchon, France 420 46’ 00 35¢ >1000 +
13 Bebenhausen, W. Germany 1938 116 49° 58’ 8057 135 1.5 10.7
14 Pisz, Poland 1939 c. 150 53038’ 210 48’ 130 1.7 9.9
15 Rychtal, Poland 51010’ 17952’ 125 2.4 10.4
16 Vladimir, USSR 569 40° 100 1.5
17 Poltawa, USSR 49° 30’ 34° 30’ 100 2.2 11.0
18 Talmacel, Romania 450 40’ 24° 15’ 600 1.4 10.1
19 Griva, USSR 1936/37 60 550 50’ 26° 25 150 2.4
20 Vecmokas, USSR 57000’ 23007 80 1.5
21 Catacik, Turkey 390 33¢ 30° 30’ 1350 9.8
22 Hungary 46° 40’ 16° 40’ 150 11.0
23 Norfolk County, Ont. cult. 430 80° 30°'W 200 2.4
Exp. mean 1.3 8.3
Reference* 18 31

* 18: Howst, M. J. (1953); 31: Saarcrocru, F. (1967).
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Figure 2. — Location of planting sites from the IUFRO 1907 Scots

pine provenance experiment. Ideograms showing positive and

negative deviations in tree height from the site average as used in

figures 3, 4, 7—12 are shown, here indicating dimensions corre-

sponding to one standard deviation. The radius of the black spot

corresponds to 0.30 s. On all figures a triangle indicates seed origin
and -+ indicates 100°% mortality.

provenance Presov (13) of 500 m is somewhat above average
on all sites (Table 6). Even on the most elevated planting
site (Arboretum Royat, 850 m) the montane provenances
(14, 16, 31) are not any better than the continental lowland
ones.

In the US planting sites, where the elevations are gener-
ally higher and latitudes lower the same general conclu-
sions hold.
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The split up of the Finowtal planting site into two (24a
and 24b) on the basis of planting spacings proved un-
necessary since similar results were obtained on both. Ap-
parently there is no provenance X spacing interaction. Also
there is little difference between the two close Italian sites,
which at the same time differ substantially in the age of
last measurement (10 and 37 yrs). It appears therefore that
provenance X site interactions are of little importance.
The interactions in Scandinavia appear to be primarily
provenance X climate.

The Lubien planting site is said to be substantially af-
fected by natural regeneration that was not kept under con-
trol during the early years (World War II) and therefore is
contaminated (Przysviski and Szruka 1968), however the
performance of different provenances there is very much
in agreement with results obtained elsewhere, thus the
contamination must have been not too great.

Finally a word is needed about the provenances not
given separate maps which were included on only one or
two planting sites, primarily in USA (Table 6). The Scan-
dinavian provenances (nos. 10, 46, 47, 51) are very slow
growing. The continental lowland ones are generally good
(40, 41). The French, Central Massif montane provenances
26 and 27 tried on the Italian sites are growing very poorly
except for prov. 27 in Brenna. It is interesting that some of
the provenances from S. Germany (35, 36) and Bohemia (42,
43, 44), regions not represented much in the study, are above
average. These fragmentary data do not alter the general
conclusions to any extent. However they do indicate that
possibly good adaptable races are also to be found south of
the region identified here as best.
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Figure 3. — Height growth performance pat-

terns of 7 lowland Central European prove-

nances on various sites from the IUFRO 1907

experiment. (For explanation of ideograms
see subscript to figure 2.)
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Figure 4. — Height growth performance pattern

of 7 provenances on various sites from the

IUFRO 1907 experiment. (For explanation of
ideograms see subscript to figure 2.)
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PROVENANCES

Figure 5. — Location of provenances from the IUFRO 1938 Scots
pine experiment. The populations are grouped by regions as in
figures 7—12.

PLANTING SITES

Figure 6. — Location of planting sites from the IUFRO 1938 Scots
pine provenance experiment.

IUFRO 1939 Scots pine experiment

Due to the outbreak of World War II this experiment
got planted on only two sites. It officially includes 20 prove-
nances but 3 others were added by the participants, and
since several grow on only one of the two sites, these added
ones do not differ from the original in any way. Following
the practice of not presenting performance maps for prove-
nances represented on less than 3 sites the study is in the
same category as the last mentioned provenances of IUFRO
1938 that grown on only 1 or 2 sites. There are many
provenance experiments of this type all over Europe.
However in view of the extreme location of the two plant-
ing sites, in Turkey and Canada, and the choice of many of
the same provenances (some even collected the same year)
as in the IUFRO 1938 experiment, this study represents an
interesting supplement to the 1938 effort.

The basic data is presented in Table 7 and the prove-
nances and planting sites are plotted in Figure 13.

The Scandinavian provenances, nos. (1, 2, 3, 4, 6, 7, 8)
grew poorly, both in Canada and Turkey. The southern
Swedish provenance Smaland (5) grew average in Canada
and substantially above average in Turkey, as well as the
local Catacik (21) provenance. Both Scottish provenances
had a similar above average growth. The lowland conti-
nental provenances (13, 14, 15, 16, 17, 19, 20) grew very
well, similarly to the local Catacik (21) Turkish prove-
nance and the domiciled on Lake Ontario provenance Nor-
folk county (23).

The montane (11, 12, 18) provenances grew poorly in
Canada but rather well in Turkey. In the latter area also
the Hungarian provenance grew well. These montane prove-
nances account for most of the genotype X environment
interactions. It appears that in Turkey, on a lowland site,
high elevation provenances from France, Romania and
Turkey itself can attain tree heights comparable to those
of the best provenances from lowland Central Europe.

General discussion

Results of the three IUFRO Scots pine provenance ex-
periments generally concur. The old opinion that local races
are best which continues to be voiced occasionally (EicHE
and ANDERssSON, 1974; Partrai, 1973; BarniSkis, 1978) is con-
firmed to some extent in view of the fact that at many
planting sites some nearby provenance is among the better
ones. Thus the recommendation to choose a good local stand
as a seed source remains perfectly valid.

While outlier populations are generally no good as seed
sources, where native they may, due to the local adaptive
advantage, give comparable growth to that of some of the
good adaptable introduced races.

This local adaptive advantage appears to be particularily
obvious in domiciled races of Scots pine, in the Low Coun-
tries and in Ontario, Canada. These highly selected and
proven as successful in an alien environment races of Scots
pine are particularly valuable as a source of fast growing
adaptable genotypes.

In contrast to Norway spruce and European larch mon-
tane populations of Scots pine are not very adaptable in
lowland plantings. They appear to be akin to outlier pop-
ulations, possibly useful locally as the SpiS§ population in
Likavka of the IUFRO 1907 study, but not much elsewhere.
The success of these populations in Turkey is rather sur-
prising since this is a southward, downhill transfer that is
against climatic logic and opposite to all recommendations
(SteraN and Sinko, 1967). Possibly adaptation to draught or
some other pioneer quality is the linking factor here.

Having said all that could be said for local races it is
now neceassary to come to the major conclusion of this
study. It is obvious from all three series that the fastest
growing and most adaptable races are to be found in low-
land Central Europe. This particularily concerns the Baltic
countries and nortk and-western Poland. Considering the
fact that the first ever provenance experiment set up in
1820 with various populations of Scots pine by Vilmorin
in France has shown the “Riga pine” to be best, (WriGHT
and Buii, 1963) the results provided by the IUFRO series
are nothing more than a confirmation of this very early
conclusion. It is pertinent to add that the USSR experi-
ments which include numerous eastern provenances (PatLAl,
1965; BarniSkis, 1978) also show the populations from NW
Ukraine, western Biolorussia and the Baltic region to be
best.

One might wonder why is this region so special in the
whole range of Scots pine. Two possibilities come to mind.
After the last glaciation vegetation returned to Central
Europe westwards from the plains of Central Russia and
northward across the mountain ranges (Carpathians, Sudety,
Erzgebirge, Bohemian Forest etc.), In the lowlands of Cen-
tral Europe these two waves of vegetation, both including
Scots pine, met and whence a rich gene pool must have
resulted with much heterozygocity.

The climate of Central Europe is transitory between
Atlantic and continental. Some winters are mild and wet,
others are very snowy and still others very cold snowless.
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Figure 7. — Height growth performance pat-
terns of Scots pine provenances from Scotland
and Atlantic watershed of Scandinavia on vari-
ous sites from the IUFRO 1938 experiment, (For
explanation of ideograms see subscript to fig-
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Figure 8. — Height growth performance of 8 provenances from the Baltic watershed of Scandi-
navia on various sites from the IUFRO 1938 experiment. (For explanation of ideograms see sub-

seript to figure 2.)
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Figure 9. — Height growth performance patterns of Scots pine provenances from the Low Coun-

tries and West Germany on various sites from the IUFRO 1938 experiment. (For explanation of
ideograms see subscript to figure 2.)

Summers can be wet or very dry. The vegetation has to be
adapted to all these different conditions and thus adapt-
ability is a character that was selected for. With the avail-
able rich gene pool this selection led to races that are
capable of respectable growth in various climatic condi-
tions, from Scandinavia to Turkey and from Eastern Eu-
rope to Michigan; in most places this growth is superior to
that of local races.

This adaptability character of pine races declines in all
directions from the optimum region. It is absent in Scan-
dinavian and outlier populations, weak in south German
and montane races and judging from USSR experiments
also declines eastwards.

In New Zealand in a trial of Scots pine only outlier
Spanish provenances were tested (Sweer, 1964) because of
their greatest latitudinal agreement with the planting site.
They all proved useless, but perhaps some Polish prove-
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nances might have proven better. It seems that latitude of
origin is a factor of little significance when choosing prove-
nances. Certainly photoperiod is not an important factor
for adaptable lowland populations, and it is in the lowlands
that Scots pine is usually planted. The presence of photo-
periodic ecotypes in montane races demonstrated by
KarsHoN (1949) is perhaps responsible for the lower adapt-
ability of these provenances. Also the non-adaptable Scan-
dinavian provenances may be photoperiod conscious which
is indicated by the extreme caution with which Scandina-
vian authors approach the problem of latitudinal transfers
for Scots pine (SteransoN and Sinko, 1967; Jonnsson, 1971;
Eicue and ANDERsoON, 1974; ErikssonN et al., 1976; REMROD,
1976). It appears however that the adaptable Central Eu-
ropean provenances utilize the vegetative period not by a-
dapting to it photoperiodically but by being capable of
short intensive extension growth during peak of the season,
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Figure 13. — Location of planting sites and provenances from the

IUFRO 1939 Scots pine experiment.

regardless of its length, while good growth probably de-
pends on maximal utilization of all favourable weather for
photosynthetic activity and stem building, both in girth and
inside developing buds.

The importance of adaptability as a character to select
for has been recently stressed by several authors (ELDRIDGE,
1974; Zoser and Keruson, 1979) especially for marginal
land onto which forestry is being pushed. MAryvis (1974)
points out that non-adaptive traits have a higher within
provenance variance while characters of adaptive impor-
tance as growth and resistance have a higher between
provenance variance.

It has been obvious for quite a while now that quality
characters can relatively easily be bred for in seed orchard
programs, but yield having lower heritabilities is best im-
proved by appropriate choice of species or race. While local

Figure 10. — Height growth performance pat-

terns of 3 provenances from western Poland

on various sites from the IUFRO 1938 experi-

ment. (For explanation of ideograms see sub-
seript to figure 2.)

material may have a definite advantage being adapted and
quality improvements are possible within it, a yield im-
provement often requires seed transfers. If these are to be
made, use of adaptable (plastic) material is the safest ap-
proach. This study clearly shows where such populations
of Scots pine are to be found. In highly bred material in-
digenity is of declining importance (as in poplars) thus the
need for these populations will tend to increase.

Finally I wish to stress that a comparative analysis of
results as presented here was only possible because original
data from provenance experiments were published. With
increasing brevity of scientific papers this is a declining
practice, authors presenting only those results which in a
most readable form substantiate the basic conclusions. I
recommend strongly that all papers from provenance ex-
periments should publish the basic data for each character
and provenance or indicate where it has been published or
is available.
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