been explained by Biuscen. The ideas generated by re-
search on seedlings were later applied to trees.

The dynamic analysis of the growth pattern took into
consideration the relationship between weather and
growth, as well as the time of transplantation and in-
fluence of physiological age on growth. OrT0 ScHr6CK Was
aware of the limits of these early tests and made the
following suggestions:

— With this method a pre-selection can be carried out,
hereditary growth properties can be recognized at an
early stage, and majority of low-scoring progenies and
provenances can be excluded.

— A systematic breeding program is possible within a
reasonable time, also for long-lived objects, and the
wide area needed for performance tests could be re-
duced.

Research on the genus Populus focussed on two fields:

1.) fundamentals of performance testing, for which he
set up a reliable “Registration of cultivars” and 2.) the
indigenous grey poplar (Populus canescens Sm.) still grow-
ing on very small areas.

Clonal selection in natural forests and feasible propa-
gation methods were worked out successfully for this pop-

lar, which is difficult to propagate. By means of bark and
rind patterns he demonstrated the possibility to recognize
valuable wood structures for timber processing. This en-
larged further the scope and importance of grey poplar in
forestry.

Since OTTo Scuréck could take over WOLFGANG WETT-
STEIN’S poplar collections established already before the
Second World War, the hybrids of STouT and SCHREINER, SO
called P. androscoggin and P. rochester could be used
soon for clonal comparison. His happiest and most suc-
cessful research activities took place at the beginning of
the 1950’s at the time of a close professional and ami-
cable cooperation with his colleague Kraus StERN, until
Stern left Waldsieversdorf to work with WoLrcanG LaNG-
NER in Schmalenbeck.

At a time when a scientist active over a decade can
start compiling his lifework and draw conclusions from
his research, OrTro Schrock was relieved of his duties.
This injustice caused him a great deal of depression.

In summary, I would like to mention that OTTo Schuréck
and Hans Scuonsacn enriched forest genetics and forest
tree breeding through their research and thinking. Their
work within the framework of the world-open IUFRO
family would be of mutual benefit to all.

Studies on Genetic Variation in Scots Pine (Pinus sylvestris L.)
coordinated by IUFRO

By M. GierTycH and J. OLEKSYN

Polish Academy of Sciences
Institute of Dendrology
PL-62-035 Kérnik
Poland
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Summary

Information is given about the organization of the Scots
pine IUFRO provenance trials of 1907, 1938, 1939 and
1982. In spite of differences in opinions, wars and finan-
cial problems, international cooperation proved possible in
the establishment stage of these trials. Sustaining interest
was more difficult. IUFRO agencies were generally un-
successful in achieving regular joint evaluations of re-
sults. Need for them constantly reappears in IUFRO re-
solutions but they prove unattainable. It is demonstrated
on a few examples how mutually enriching such joint
evaluations are. It is recommended that an internatio-
nally sponsored team should periodically visit, measure
and report on the trials for the benefit of all.

Twice on the initiative of IUFRO monographs were
produced on the genetics of Scots pine.

Key words: Pinus sylvestris, provenance, genetics, history

Historical Survey

The IUFRO trial of 1907

The importance of seed origin in silviculture was
discussed as early as the first IUFRO Congress in Vienna
in 1893) (SpeER, 1972). At the 5th IUFRO Congress in Stutt-
gart in 1906, Apam ScuwarpacH, the famous author of
volume tables for Central Europe, proposed that an inter-
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national experiment be established to test the influence of
origin of pine seed on the growth of stands (WIEDEMANN,
1930). As usually happens with IUFRO initiatives, the
author of an approved idea is asked to implement it, thus
ScawappacH was asked to coordinate the proposed trial,
which he did from his station in Eberswalde.

Following this initiative, 13 seed lots (Table 1) were
obtained and distributed among cooperating institutions.
Not all participants received all the seed sources, but
most had the first 8 in Table 1. Usually some local ma-
terial was also included. Initially, experimental areas in-
cluded 5 in Germany (1 in Prussia in Chorin close to
Eberswalde, 1 in Saxony in Tharandt, 2 in Hessen and
1 in Bavaria), 2 in Austria, 2 in Hungary (actually in
Slovakia, which was then part of Hungary), 1 in Russia
(near St. Petersburg), 2 in Sweden and 6 in Belgium. A year
later 2 areas were established in the Netherlands (WiE-
DEMANN, 1930).

Some of these trials were lost or forgotten. For example,
the Raunheim (Hessen) experiment was destroyed by fire
in 1921 and thus only the small demonstration plot at
GieBen remained from the Hessen effort (EcksTeN, 1973).
The Russian plot, now within the city limits of St. Pe-
tersburg, still exists. We saw it in 1985; however, its
documentation was lost, no data are known to have been
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Table 1. — Data on Scots pineprovenances from the IUFRO 1907

experiment.

IUFRO Provenance Lat. Long. Alt.

No. (CH] AE) (m)

1 Scotland, Invernesshire 57°14/ 3°42'y 200
Seafield For. Estate

2 Langeac, Haute Loire 44°58' 3°07’E 1140
France

3 Guzianka, Olsztyn 53°40° 21°30/ 130
Poltand

4 Hasselt, Campine 50°54' 5°40' 104
Belgium

5 Kaiserslautern, Rhein 49°25¢ 7°45° 300
Pfalz, Germany

6 Kliewenhof, 56°45'  25°45' 10
Latvia

6A  Kliewenhof, 56°45'  25°45' 10
Latvia

7 Chorin and Biesental 52°50’ 14°10° 40
Germany

8 Perm, Stroganov Estate 57°00’  64°00’ 300
Russia

9 Creweno, Phillipopolis 42°10*  23°50 1550
Bulgaria

10 Jokkmokk, 66°36"  20°00’ 260
Sweden

" Spi3, Smolnik 48°45"  20°45' 550
Czechoslovakia

12 Bratislava, V. Levire 48°30’  17°00' 210
Czechoslovakia

13 Hoenderlo, Utrecht 52°10’ 5°20° 5
Netherlands

Table 2. — Location of planting sites for the IUFRO 1907, 1938,
1939 and 1982 Scots pine provenance experiments.

Exp. Locality Lat. Long. Alt.
No. (N (E) (m)
1907

1 Chorin, Germany 52°50° 13°50/ 100
2 Tharandt, Germany 50°58’  13°33/ 412
3 Giefen, Schiffenberg, Germany 50°30’ 8°40' 200
4 Belle Etoile, Belgium 50°50" 4°25' 125
5 Belle Ftoile, Belgium 50°50" 4°25' 125
6 Knickbvel, Belgium 50°36’ 6°02 350
7 Hissleby, Jbnkdping, Sweden 57°38' 15°37° 180
8 Likavka, Rozumberk, Czechoslovakia 49°08' 19°17' 560
9 Kootwijk, Netherlands 52°10" 550’ ]
1938

1 Wienerwald, Austria 48°51' 16°13' 380
2 Gutenstein, Austria 47°53'  15°53/ 780
3 Marchfeld, Austria 48°22'  16°45' 220
4 Herbeumont, Belgium 49° 471 5%13/ 415
H Rovaniemi, Finland 66°35'  25°35¢ 80,
6 Ruotsinkyl¥, Finland 60°22'  25°00' 60
7 Arboretum de Joueou, France 42°43' 0°38’ 1000
8 Arboretum Les Barres, France 47°50" 2°45 673
9 Arboretum Royat, France 45°46' 302/ 850
10 Como, Brenna, Italy 45°40’ 925 350
1" Como, Alzato, Italy 45°40" 9°25 350
12 Matrand, Eidskog, Norway 60°02' 12°15¢ 110
13-16 Sweden

17 Vincent State Forest, N.H., USA 43°06’ 71°47'w 360
18 Fox State Forest, N.H., USA 43°09° 71°55'W 260
19 Wellston, Manistee, Mich., USA 44°16’  85°S57'W 790
20 Herkimer State Forest. N.Y., USA 43°18'  75°07'W 415
21 Lubien, Poland 51°16’  19°47/ 200
22 Bugac, Kecskemét, Hungary 46°52'  19°40’ 150
23 Hurky, Czechoslovakia 49°01  14°38’ 500
24a  Finowtal (0.3 x 0.3)*, Germany 52°48'  13°56* 100
24b  Finowtal (1.0 x 1.0)%, Germany 52°48'  13°56’ 100
1939

1 Petawawa For. Exp. Sta., Canada 45°55'  77°30'wW

2 Bahgekdy, Turkey 41°10* 28°58' 110
1982

1 Wyszkéw, Poland 52°41' 21°28' 112
2 Kérnik, Poland 52°15' 17°04’ 70
3 Suprasl, Poland 53°12' 2322’ 160
4 Rogéw, Poland 51°47'  19°56' 190
5 Niepolomice, Poland 50°02* 20°22' 195
6 Bensheim, Germany 49°39" 8°31’ 9%
7 Waldsieversdorf, Germany 52°33'  14°05' 50
8 Escherode, Germany

9 Drenovac, Croatia 45°33'  15°22/ 210
10 Acsad, Hungary 47°22'  16°42’ 200
" Lasek, Czechoslovakia 48°35'  17°08’ 250

* Planting distance in m.
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ever published, and thus it is useless. From Wales
(Bangor), Bavaria (Grafrath) and Austria (Mariabrunn) no
information appeared beyond the nursery stage (ages 1—3)
summarized by KaLera (1937/1938). There are regular
reports for 3 of the 6 Belgian tests (2 in Belle Etoile and
1 in Knickovel). The others (Raevels and Pijnven I and
II) were reported on until 1922 (WiepEMANN, 1930) but the
authors have not found anything more recent. In the 1910
Proceedings of the 6th IUFRO Congress in Brussels,
detailed plans are presented of the two Pijnven experi-
ments (actually replicate blocks next to each other) in
connection with a visit to them by the Congress partici-
pants (Anonym, 1910). Perhaps they could be reactivated.
The Swedish trial at Hassleby is still functional; the one
at Bispgarden yielded results at age 8 (KaLELa, *1937/38)
but we know of no report from it since. Thus the number
of functional tests has declined with time. Those still
existing are listed in Table 2.

Although some of the trials are no longer operative, one
can complement the experiment with some other related
ones. Switzerland did not officially participate in the ex-
periment because at about the same time a similar, much
larger experiment with many more provenances was
established there at 7 locations by A. EncLERr. The trials
established in 1908 and 1909, at the same time as the IUFRO
experiments, included 7 provenances which represent the
same or almost the same seed sources as the IUFRO trial
(Nos. 1—5, 8, 10, of Table 1); thus results can be com-
pared. One of the experimental areas, at Eglisau, was
visited in 1948 during the 10th IUFRO Congress in Ziirich.
The handout on the experiment (Anonym, 1948) contained
conclusions identical with those of most of the IUFRO
trials, namely that northern provenances have good form
but poor growth and that southern ones have better
growth but poor form. The best one on the average, was
provenance QOlsztyn from northern Poland. Thus the trial
can be considered as a valuable supplement to the IUFRO
experiment.

Provenance 8 from Perm in Russia, was included with
40 other seed lots in a major Russian experiment estab-
lished in the years 1910—1916 throughout the empire. It is
everywhere a poor performer in volume production (Fig.
2). It can serve as one of the links between the IUFRO
and the Russian trials.

These early trials were neither randomized nor repli-
cated and are often not considered too seriously. Their
main advantage is their age and the large size of the
plots, which permits evaluation of volume production per
unit area; current experiments are not designed for this.
When experiments lied out today reach felling age, there
will probably also be complaints about inadequacy of the
experimental design. Improvements in design are conse-
quence of persistent IUFRO efforts to introduce them in
coordinated trials.

The first IUFRO Scots pine provenance experiments
established in 1907, generated considerable interest at the
6th ITUFRO Congress in 1910 in Brussels. During an ex-
cursion, the areas at Pijnven and Belle Etoile were visited
and the early results were made available (Anonym, 1910).
Mayr (1910) reported on nursery results in Eberswalde,
primarily concerning needle cast damage. The French
provenance (No. 2) was most affected. The importance of
hereditary differences in trees and the consequence of
indiscriminate seed transfers were generally recognized



and it was proposed that origin of seed in trade be placed
under state control (Cranay, 1910).

This topic was to become one of considerable con-
troversy for some time. It was brought up at the Interna-
tional Congress of Silviculture in Rome in 1926, where it
was recommended that “Forest Administrations and
Research Stations should study means of creating favour-
able conditions for making available to foresters supply of
data on race and provenance of certain seed and for in-
ternational cooperation and exchange arrangements, so
that results obtained in one country would serve all
others”. Following this recommendation, P. H. GuINIER
proposed in 1929 at the Stockholm 7th IUFRO Congress
that IUFRO should control the seed market through “veri-
fication of provenance, its identification and assurance in
international trade” (GuINIER, 1929).

There were several papers on the topic at the Congress.
OLror LANGLET explained how 19th century pine seed in-
troductions, primarily from Darmstadt, Germany, proved
inadequate in Sweden, where they were attacked by fungi
and were branchy with twisted stems and persistent dead
branches. Study of transfers within Sweden itself also
indicated racial variation. LANGLET recommended that local
seed or from a similar climate be used (LANGLET, 1929).
GusTav VINCENT proposed the creation of seed zones and
the identification of provenance in seed and plant trade.
He considered this not only a right but also a duty for
the buyer to demand (ViNcenT, 1929). WERNER SCHMIDT
voiced similar opinions. All of this discussion led to a
resolution approved on July 26th 1929 at the session of
Section II reading:

“The International Union of Forest Research Organiza-
tions should request the various associated stations to
arrange the cropping of forest seeds from various good
stands in the most suitable way in each case; latitude and
longitude, height above sea level, and other ecological
conditions being carefully given with reference to each
cropping place.

The experimental stations should send annual reports
to the Secretary General as to the possible unused sur-
pluses of cropped seeds with a view to making distribution
possible” (Resolution 8, Proc. 7th IUFRO Congress, Stock-
holm, 1929).

Soon afterward, the first overall review of results from
the IUFRO 1907 and other Scots pine provenance experi-
ments was published by EiLHArRD WIEDEMANN from Ebers-
walde. This paper continues to be the most detailed source
of information about the first IUFRO trial of 1907 (WIEDE-
MANN, 1930). It indicated that racial differences are sub-
stantial and that provenances from extreme -climates
(northern, southern, high altitude) are unsuitable for
Central Europe. Two “elite” provenances, the Belgian
land-race (No. 4) and Olsztyn, N. Poland (No. 3) were
recommended as being of value for wider usage.

At the 8th IUFRO Congress in Nancy in 1932, the
subject of tree seed provenance was again given much at-
tention. The organization of provenance control in
seed trade as it functioned in various countries was de-
scribed by H. BaLowin for the USA, M.E.D. vaN DisseL for
Holland and G. ViINcenT for Czechoslovakia. VINCENT
proposed that: 1) the guaranteeing of seed origin should
be in the hands of forest research institutes; 2) the guar-
antee should be optional; 3) the local chief officer of the
Forest Service should give a certificate of origin; 4)
research institutions should verify the certificates, register

them and give guarantee labels (VincenT, 1932). The pro-
posal was strongly opposed, particularly by J. HAUSBRANDT
from Poland, who insisted that control of seed trade is
the responsibility of forest administration and not of
research institutions. After much discussion, extensively
reported upon in the Congress proceedings, it was formally
recommended:

“That Research Stations continue to exchange seeds for
scientific purposes, through the Secretary General of the
Union.

That Governments, while retaining entire liberty in the
matter of organizing control in their respective countries
be requested to adopt international standards for guaran-
teeing the control and origin of seeds” (Proc. 8th IUFRO
Congress, Nancy, 1932 p. 836).

These recommendations remained on paper only.

The IUFRO trials of 1938 and 1939.

At the 9th IUFRO Congress in Budapest in 1936, the sub-
ject of seed provenance was again much discussed. D.
DEeLevoy (Groenendaal, Belgium) proposed that now, after
25 years, the results of the first IUFRO Scots pine prove-
nance experiment be jointly evaluated and reported upon
at the next Congress in 1940 in Helsinki. Needless to
say, World War II prevented all this from happening. At

Table 3. — Data on Scots pine provenances from the IUFRO 1938

experiment.

IUFRO Provenance Lat. Long. Alt.
No. N) (E) (m)
1 Inari, Finland 68°40’ 27°37' 140
2 Rovaniemi, Finland 66°25' 26°36' 250
3 skdminki, Finland 61°40" 28°55/ 85
4 Tonset, Norway 62°22' 10° 48/ 550
5 Milselv, Tromso, Norway 69°06* 18°507 75
6  Asnes, Hamar, Norway 60°32/ 12°11 230
7 Svangy, Norway 61°30/ 507 50
8 Voxna, Sweden 61°20" 15°31 200
9 Ténnersjsheden, Sweden 56° 40’ 13°08' 100
10 Bdda, Sweden 57°18/ 17°01" 5
1 Vecmokas, Latvia 57°03/ 23°10’ 80
12 Susk, Ukraine 50°50* 26°00* 185
13 Presov, Czechoslovakia 49°00' 21°15¢ 500
14 Talmacel, Romania 45°40' 24°08’ 600
16 Kandersteg, Switzertand 46°29' 7°41" 1300
17 Glen Garry, Scotland 57°04’ 4°55'w 150
18 Herselt, Belgium 51°03/ 4°56" 20%
19 Diever, Netherlands 52°51/ 6°21 10%
20 Brody (Pférten), Poland 51°47' 14° 46" 85
21 Gdddenstedt, Germany 52°59* 10°50" 75
22 Ruciane, Poland 53°41 21°26' 120
23 Elmstein, Germany 49°20 7°57" 325
24 Zellhausen, Germany 50°01’ 9°00’ 140
25 Lenti, Hungary 46°38' 16°33/ 250
26 Ambert, France 45°33¢ 3°45’ 700
27 Millau, France 44°10" 3022/ 825
28 Les Angles, france 42°36' 2°07 1570
29 8romarv, Finland 60°03/ 23°06’ 15
30 Modum, Norway 60°04’ 10°00' 300
31 val di Fiemme, Italy 46°18* 11°20° 1100
32 Griva, Russia 55°58° 26°15° 160
33 Breda, Netherlands 51°34/ 4°46" 10%
34 Tinoava, Romania 47° 24" 25°22' 910
35 Langensteinbach, Germany 48°55' 8°30 260
36 Langenbrand, Germany 48°47 8°40’ 525
37 Supraél IA, Poland 53°13¢ 23°22' 160
38 Suprasl 1B, Poland 53°13/ 23°227 160
39 Bolewice IIA, Poland 52°24' 16°10" %0
40 Bolewice 1IB, Poland 52°24* 16°10/ 90
41 Susk IIla, Ukraine 50°50" 26°00* 185
42 Kutivody, Czechoslovakia 50°36* 14°437 300
43 Ti%nov, Czechoslovakia il 16°24 375

44 Trebon-Wittingau, Czechslo. 49°00' 14°45’ 450
45 Vysoké Tatry, Czechoslo. 49°09' 20°13¢ 650

4  Vindeln, Sweden 646°11" 19°35¢ 270
&7 Briénnberg, Sweden 65°48' 21°16/ 100
48 Vitsand, Sweden 60°23' 12°55¢ 175
& Axamo, Sweden 57°46' 14°03/ 225
50 Strémsund, Sweden 63°50* 13°33¢ 300
51 Svenskadalen, Sweden 64°02' 13°04" 500
53 Mustejki, Lithuania 54°08’ 2425 130
54 Rychtal, Poland 51°12' 17°55* 190
55 Lubomt, Ukraine 51°15/ 24°05' 196

* In this place Scots pine is an introduced species
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Table 4. — Data on Scots pine provenances from the IUFRO 1939

experiment.
IUFR Provenance Lat. Long. Al
No. N) (E) (m)
1 Svangy, Norway 61°29' 5°07’ 50
2 snes, Norway 60°30' 12°10* 180
3 Troms (coast), Norway 69°10° 18°00" 200
4 Troms (interior), Norway 69°10 19°30’ 150
5 Smgland, Sweden 57° 14°
6 Vindeln, Sweden 64°12' 19°50" 200
7 Inari, Finland 68°55' 27°00' 140
8 Rovaniemi, Finland 66°30’ 25°45° 150
Orton Estate, Scotland 57°33/ 3°09'Ww 115
10 Balnagowan Wood, Scotland 57°16’ 3°39'w 240
1 Murat, France 45°06' 2°52 625
12 Luchon, France 42° 46" 0°35’ >1000
13 Bebenhausen, Germany 49°58' 8°57' 135
1% Pisz, Poland 53°38/ 21°48' 130
15 Rychtal, Poland 51°10’ 17°52* 125
16 Vladimir, Russia 56° 40° 100
17 Poltava, Russia 49°30' 34°30’ 100
18 Talmacel, Romania 45°40" 24°15’ 600
19 Griva, Russia 55°50" 26°25' 150
20 Vecmokas, Latvia 57°00' 23°07' 80
21 Catacik, Turkey 39°33/ 30°30" 1350
22 Hungary 46° 40’ 16°40’ 150
23 Norfolk County, Ont. cult. 43°40’ 80°30'w 200

the same Congress, on Sept. 8th 1936 in Lillafured, Hun-
gary, on the initiative WErRNer ScumIpT (Eberswalde) and
‘Stanistaw  TyszkiEwicz (Warsaw), a subcommittee was
established for the Study of Seeds and Races. The sub-
committee included W. ScumipT Chairman, H. BaLowin, O.
HEIKINHEIMO, S. TyszkiEwicz, G. VINCENT and A. PAVARI
(Rorn, 1936, p. 61—62). O. LancLer and O, Hacem joined
the subcommittee in 1937 (BarpwiN and Petrini, 1941). It
was decided that a series of international provenance ex-
periments should be organized and ScumipT was given
the responsibility. Cones gathered by cooperating insti-
tutions were extracted in Eberswalde and the seed was
sent out to various parts of Europe and North America
for the establishment of comparative plantations.

This has been done twice for Scots pine, in 1937 and 1938,
for sowing the following spring. The experiments have
since been known as the Scots pine IUFRO 1938 and
IUFRO 1939 series, respectively. The provenances used in
the 1938 trial are listed in Table 3 and those used in 1939
are in Table 4.

In the late 1930s a compilation of results from all pre-
vious provenance experiments, including those of Scots
pine, was made by Aarno KaLELA (1937/38). KaLErLA’s thesis
is organized in the form of a consecutive presentation of
the latest results from each experimental area. However,
for the IUFRO 1907 trial he made an exception by pre-
senting and discussing the combined data. Thus the 1938
and 1939 Scots pine experiments started when all up-to-
date information on provenance variation was readily
available (in German). KarLeLa produced his study under
OLL1 HelkINHEIMO, a member of the IUFRO Subcommittee
for the “Study of Seeds and Races”.

It was HEikINHEIMO (1954) who first produced a summary
of the earliest (nursery) results from the new study. In
an informative table, he compiled data on seedling weight
obtained for 11 provenances in 5 different nurseries, from
northern Finland to Belgium.

Seeds were sown in the spring of 1938 or 1939, but World
War II disrupted much of the outplanting work. Originally
there were 24 planting sites for the 1938 series and 2 for
the 1939 series (Table 2). Other than seedling data (LANGLET,
1959), nothing was published from the four Swedish plan-
ting sites (Nos. 13—16). Evaluation of the Norwegian ex-
periment (No. 12) included mortality, frost and insect
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damage, but growth measurements were restricted to
selected sample trees felled in 1959 (DIETRICHSON, 1964;
1969). Little information came from the three Austrian
plantations (Nos. 1—3), although they were visited by VEEN
(1953a). ScureIBER (1966) compared some nursery data with
later height measurements. Of the two Finnish plantings,
the northern one (No. 5) at Oulu only provided nursery
data (HEikINHEIMO, 1954) but nothing more. Of the three
French plantings in Arboreta, the one at 1000 m elevation
(No. 7) yielded no published data. Of the two Italian plan-
tings, the one at Alzato (No. 4) was last measured at age
10 and abandoned later for various reasons (Toccr, 1976).
The Czechoslovak trial (No. 23) has not been reported on
since age 19. The USA trials (Nos. 17—20) were reported
on at age 17 or 18. Trial No. 18, when visited in 1990,.was
found to be substantially destroyed by herbicides. When
HEenry BALDWIN retired, the experiments were left without
scientific supervision and local foresters decided to kill
chemically all crooked trees, leaving only some trees of
the best provenances. Trial No. 20 (Herkimer, N. Y.) is in
good condition and could be scientifically reactivated, but
interest in the species as a forest tree in the US is cur-
rently nil.

Thus only 9 of the original 24 are active experiments.

Of the two 1939 trials, the one in Turkey is reported on
regularly, but nothing has been published on the Canadian
test since age 10. Our visit in 1990 indicated that while the
area in Petawawa, Canada, has been damaged, being within
an artillery training area, it could perhaps be revitalized.

Thus again we see a gradual decline in interest and in
the number of functioning trials. In fact, the 1907 experi-
ment fared better than the 1938—39 experiment, since a
higher proportion of the original planting sites remained
active for a longer time.

The declining interest is usually attributed to defects in
the experimental design. However those establishing the
trials did their best according to the knowledge available
to them. World War II prevented full use of available ex-
perience. For example, in Poland (LubieA, Exp. No. 21) the
material was in the nursery when war broke out. The
responsible forest officer was drafted. The local ranger
established the area as best he could from the available
instructions but was subsequently arrested. Later, as a
result of failures, supplemental planting was employed
in the simultaneously and similarly established Norway
spruce IUFRO ‘1938 trial, destroying it in the process.
There are no records about such supplemental plantings
in the pine plantation but this cannot be excluded. In
such conditions even the best instructions would have not
helped much.

In a mimeographed circular we have not seen, W.
Scumipt (1940 ex BaLpwin et al., 1973) recommended that
the lay-out of the experiments should include a standard
provenance replicated several times in various parts of the
area. Most cooperators adopted this design, though some
tried to replicate more than one or even all of the prove-
nances. Apparently at the sub-committee meeting in
Vienna in October 1940 the question of design was dis-
cussed and the participants “agreed upon a scheme for
planting out the seedlings at a distance of 1.3 x 1.3 m,
using 1000 seedlings from every provenance, so that there
shall be 5 parts with each 200 plants” (Baipwin and
PETRINI, 1941). However the need for replicates, randomi-
zations and block designs was a new thing at the time
since the idea of using variance analysis (FisuEr, 1937) was



only beginning to enter agricultural and forestry science.
Inadequacy of the experimental design is now obvious.
We now know that a single unreplicated, non-randomized,
plot dees not produce much information. Single-plot data
are only meaningful in conjunction with data from other
similar plots. For this reason, international evaluation of
all plots has always been the aim of IUFRO, although
such efforts have not usually been successful.

At the first post World War II IUFRO Congress, the
10th in 1948 in Zurich, the Committee for Seeds and Races
then headed by G. PiccaroLo, submitted to the Permanent
Committee the following proposals:

“1/As soon as possible a Committee for genetics of
forest trees should be created

4/Former results collected by the Committee, including
Institutes for testing of seeds, should be published in
common” (PI1ccAaroLo, 1949).

As a result of this recommendation in 1949, at a meet-
ing of the Permanent Committee in Helsinki, section 22,
the “Study of Forest Plants” was established and C. Syracu
LarseEN from Denmark was asked to lead it.

In 1951, at a meeting in Wageningen of the Permanent
Committee and Section Leaders Syracu LARsSEN proposed
that the Union should find a skilled collaborator who
would spend 4—6 months visiting the international prove-
nance tests with Pinus, Picea and Larix. There was a
need for exact information on the state of these experi-
ments. FAO was approached and it provided $ 1000 for
the purpose; G. HouTzaciErs from the Agricultural Uni-
versity in Wageningen agreed that his assistant, B. VEEN,
should make the trip (Syracu Larsen, 1953a).

VEEN made his trip in 1952 and reported on it at the
11th IUFRO Congress in Rome. Unfortunately, the full
report (VEEN, 1953a) is only available in mimeo form, the
Congress proceedings having only the text but not the all
important tables (Veen, 1953b). It is from these tables
that the basic information about provenances and planting
sites for these experiments have been made available to
scientists. Tables 3 and 4 are based on VEEN’s report, but
since it contained numerous errors in place names and
geographic coordinates, these were corrected, using as
far as possible information published in papers on these
experiments in the respective countries. Planting sites in
Table 2 are numbered as given by VEen but new numbers
are assigned to those not mentioned by him. This follows
the latest summary report made for height growth (Gier-
TYCH, 1979).

At the 11th IUFRO Congress in Rome (1953), VEEN’S
report was discussed in detail, particularly on the subject
of thinning methods in provenance experiments which
might lead to completely different results. However there
was considerable opposition to centralized enforcement of
specific procedures. A resolution concerning provenances
was adopted, as follows:

“We stress the need for the formation of a Working
Group which would in no way interfere with the activi-
ties of individual institutes but would enable the establish-
ment of closer contacts between those specially interested
in provenance tests. This working group might later
develop into a committee to prepare an exact report on
recommended methods. The section repeats the thanks
which the President of the Union has already expressed
to FAO, the University of Wageningen and Dr. Veen for

the work already conducted” (Proc. 11th IUFRO Congress
in 1953, Rome; 119—121).

The Chairman of section 22 “Study of Forest Plants”, C.
SyracH LARsiN, called for assistance from M. V. EDWARDs,
U. K., in the future work of the group (SyrRacH LARSEN,
1953 b).

At the 12th IUFRO Congress in Oxford, Epwarps (1956)
gave a report on the 1938—1944 International Provenance
Experiments. In the light of this report the meeting
decided that IUFRO Section 22:

“a/Considers that the completion of the collection of
data regarding the origins of the seed lots employed is
of the highest priority and all the countries concerned
are required to facilitate this work so that it can be
completed within three months after which the data should
be printed and published;

b/ Agrees that the draft code which has been circulated
should form the basis for the assessment of the experi-
ments. The minimum assessment required consists of height,
basal area, volume (when old enough) and at least one
of the simpler expressions of habit of growth;

c/...

d/ Considers that an assessment for as many charac-
teristics as possible should be made in all experiments
after the 20th year of growth from seed, and all countries
concerned are requested to cooperate to this end”.

The 20th year assessments of the IUFRO 1938 Scots pine
series should have been made about 1957 or 1958, and for
the IUFRO 1939 series one year later., However, we can
only find evidence that 2 of the original 24 tests were
measured (No. 4 Herbeumont, Belgium and No. 10 Brenna,
Italy). Height was measured in both of these tests and
DBH only in Breana. In the 1939 trials, height was
measured in Turkey in 1959. Thus recommendation ¢ was
only fragmentarily implemented and recommendations
a and b not at all.

At the 13th IUFRO Congress in Vienna, SYRACH LARSEN
(1961) reported for Section 22 that a Committes on Prove-
nance Research had been established in 1959 in Prague
unter the chairmanship of M. VyskoT. This was reorganized
into a Working Group on Provenance Research and
Testing with Vyskor remaining chairman. J. D.
MartTHEws assumed the leadership of section 22.

At the same Congress, LancLeT of Sweden, proposed
that simultaneous measurements should be made in the
25th year of growth of the tests, i. e. in the 1962-—63
dormant period for the IUFRO 1938 series. This time
the heights and diameters were measured at 3 locations
(No. 10 Brenna, Italy, No. 22 Bugac, Hungary and No. 24
Finowtal, E. Germany) and diameter only (including basal
area) at No. 8 Les Barres, France. A year later height was
measured on the 1939 Turkish site.

Thus attempts at joint evaluations failed. No such
recommendations were made with regard to the 1907, 1938
and 1939 Scots pine trials again. In retrospect it seems
obvious that the recommendations required designated
financial support, as was the case in 1952 when VEEn
received FAO funds to review the experiments.

In 1963 the First FAO World Consultation on Forest
Genetics and Tree Improvement was held in Stockholm.
In its recommendation No. 8 (Unasylva 18 (2—3); p. 3,
1964) the Consultation asked section 22 of IUFRO:

“a/ to prepare and distribute summaries of the results

obtained from past international provenance tests;
b/ ...
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¢/ to prepare instructions concerning the collection of
seeds, the design of field experiments and evaluation of
results to aid in the development of local studies of prove-
nance”.

The Working Group on Provenance Research and Testing
presented its “Standardization of methods of provenance
research and testing” at the 14th IUFRO Congress in 1967
in Munich (Lines, 1967). This was produced in the three
IUFRO languages and officially adopted. This effort was
in compliance with recommendation 8c of the Stockholm
Consultation, but no progress was made on recommenda-
tion 8a.

The “Standardization . .” is a document useful only in
the establishment of new provenance trials, having no
suggestions for the treatment of old ones with deficient
experimental designs. When the new provenance trials
reach maturity new ideas about experimental designs are
likely to make the “Standardization . .” obsolete and the
same type of problems will arise. The accomplishments
of the Working Group on Provenance Research and Testing
did not meet the main objective of the recommendations
from the Oxford IUFRO Congress in 1956, which were
concerned with the standardization of evaluation proce-
dures for old provenance experiments. Thus at the Munich
IUFRO Congress in 1967 the decision was made to set up a
Working Group on Provenance Research to be concerned
with organization and assessment of international prove-
nance tests (MATTHEws and CALLAHAM, 1967).

At the 2nd FAO World Consultation on Forest Genetics
and Tree Improvement in Wiashington D. C. in 1970, it was
reported that in compliance with recommendation No. 8
of the previous Consultation the following progress was
made:

8a “A new working group has recently been formed
under the leadership of P. BouvareL (France) for this
purpose. Individual members of the group are appointed as
coordinators for particular species or groups of species. A
preliminary register of existing international provenance
trials has been compiled.

8b...

8c Report on “Standardization of methods for prove-
nance research and testing” was published in the pro-
ceedings of the IUFRO Congress held in Munich (1967).
A revised version will appear in volume 19 of Silvae Ge-
netica” (Unasylva, 1970, 24 (2—3); 125—129.).

No revised version appeared in Silvae Genetica. Of
perhaps more importance, the Washington Consultation
had no new recommendations concerning old provenance
experiments. In 1970, only a bibliography on these experi-
ments was published (Epwarps and LiINEs, 1970), later supp-
lemented to 1975 (LINEs, 1975).

At the 15th IUFRO Congress in Gainesville in 1971, R.Z.
CarLanam and M. Haceman reported (mimeo) that in the
Working Group on International Provenance Trials led by
BouvareL “A summary of international provenance trials
is now underway . . .”. A meeting was held at the Congress
on “Status and future activities in international prove-
nance tests”. However all effort was devoted to new
provenance trials planned or currently being organized,
which did not include Scots pine. No “register” or “sum-
mary” of international provenance trials was produced.
Interest in old experiments was clearly declining.

The reorganization of IUFRO made in Gainesville led
to the creation of Subject Group S2.02.00 “Species, prove-
nance and gene resources” with a working party for each
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species with international interest in provenance experi-
ments. This did not include Scots pine. However another
Subject Group S2.03.00 “Breeding” included a Working
Party S2.03.05 “Breeding Scots pine” under STEraN Bia-
Loeok from Poland, which decided to include provenance
studies among its interests.

Renewed interest came from FAO. The Third FAO
World Consultation on Forest Tree Breeding held in Can-
berra in 1977 brought up the problem of evaluation of
provenance experiments in its general recommendations 6
and 11 and in the technical recommendation 2 (Unasylva
30 (119—120, 1978 p. 55—57). Specifically, the suggestion
was to standardize evaluation procedures, employ com-
puter-based systems for the purpose, and include data on
phenological, physiological, morphological and biochemical
traits. The Consultation also “noted the value of periodic
visits to all trial sites of experienced international, or
regional, assessment officers to facilitate overall appraisal
and to assist in the local evaluation of individual trials,
and urged concerned organizations to provide the requisite
staff and finance for such assessments”.

In 1979 a review was published of the latest data on
variation in heights for the IUFRO 1907, 1938 and 1939
experiments (GiErTycH, 1979).

The IUFRO 1982 Scots pine provenance experiment

At the International Symposium on “Genetics of Scots
pine” organized in 1973 by IUFRO Working Party S2.03.05
in Koérnik, Poland, the idea of establishing a new prove-
nance experiment was proposed by S. Kocieckl, A. Kor-
czvk, T. PrzyeyLskt and Z. RzeZnik (RzkZnik, 1991). There
was little interest in the idea at the time. However, in a
meeting of the Working Party during the Oslo 16th IUFRO
Congress, STEFAN Biaropok and CsaBa MATy4s returned to
the proposal for a new international provenance experi-
ment on European Scots pine. The suggestion was to
collect seed lots along two transects, from north to south
(basically along longitude 20°E) and from east to west
(basically along latitude 52° N). The proposal was accepted
and STEraN Kocieckl from the Forest Research Institute in
Warsaw, Poland, was asked to prepare instructions for
seed collection and the mode of establishment of experi-
mental areas.

The goals, objectives and methods of experimental design
were defined in an instruction which was sent out to all
participants (for full text of the instruction see OLEksYN,
1988). The experimental design was to be a random
complete block with 8 replicates.

Table 5. — Data on Scots pine provenances from the IUFRO 1982

experiment.

IUFRO Lat. Long. Alt.
No. N (E) (m)
1 Roshchinskaya Dacha, Russia 60°15"  29°54' 80
2 Kondezhskoe, Russia 59°58’  33°30’ 70
3 Serebryanskoe, Russia 58°50’ 29°07' 80
4 Silene, Latvia 55°45'  26°40' 165
5 Mitomlyn, Poland 53°34’  20°00' 110
6 Supraél, Poland 53°12*  23°22¢ 160
7 Spala, Poland 51°37  20°12’ 160
8 Rychtal, Poland 51°08’  17°55* 190
9 Bolewice, Poland 52°24' 16°03 90
10 Neuhaus, Germany 53°02' 13°54’ 40
1 Betzhorn, Germany 52°30° 10°30/ 650
12 Lampertheim, Germany 50°00’ 10°00* 95-100
13 Ardennes, Belgium 50°46' 4°26' 110
14 Haguenau, France 48°49’ 7°46'  130-180
15 Sumpberget, Sweden 60°11’  15°S52’ 185
16 2ahorie, Czechoslovakia 48°46"  17°03/ 160
17 Porndapiti, Hungary 47°20"  16°28' 300
18 Mao¥nics, Montenegro 43°10°  19°30/ 1200
19 Prulacka Rijeka, Bosnia 44°05' 17°21’  800-970
20 Catacik, Turkey 40°00  31°10’ 1380-1420




BiaLoeox following on the proposed outline of the study,

began in 1978 to gather seeds from the selected locations.
By 1981, seeds were collected from 20 provenances
(Table- 5). Unfortunately, it proved to be impossible to
obtain seeds from all the originally-planned populations.
Seeds were lacking from Finland, where two provenances
were initially planned, and from Spain and Byelorussia.
On the other hand a larger number of Russian and Yu-
goslav provenances were included in the experiment.

The recommendations were not been fully followed. The
suggested time for seed collection (1978—1979) happened
to be a period with a poor cone crop; thus only seeds from
Belgian provemance No. 13 could be collected, while the
rest were collected the following year. The seeds of prove-
nances from Russia (Nos. 1, 2 and 3) came from a com-
mercial seed extraction plant and thus were not speci-
fically collected to meet the needs of the experiment.

The seeds were to be distributed during the winter of
1981—82. Due the martial law imposed in Poland in De-
cember 1981 samples of the seeds, were not sent out to
individual participants and institutions until early March
1982, and thus in some cases the seeds were sown too late.

General interest in the establishment of a new large-
scale international Scots pine provenance experiment was
not large. Even organizations and scientists that submitted
seeds for the experiment in many cases refused to take
part in the establishment of the field tests. As a result
there are no experimental areas further north than in
Poland, thus limiting possible future geographic, e. g.
photoperiodic, responses.

As to the end of 1991, the organizers have obtained in-
formation on 11 permanent experimental plots established
for the IUFRO 1982 Scots pine experiment (Table 2).

Other IUFRO efforts relating to Scots pine genetics

As of the end of 1991, the organizers have obtained in-
it was decided that an effort should be made to compile
data-on the prerevolutionary Russian provenance trials of
1910—16 with Scots pine. HacmaN offered to attempt this.
He withdrew that offer during the 16th IUFRO Congress in
Oslo in 1976, on the basis of unavailability of data. At the
Congress, Biarosok reported that he found in Leningrad a
1940 paper by F. I. FomiNn with some data on the 1910—16
trials. This encouraged us to attempt a review of the Rus-
sian experiments.

The Russian provenance experiments of 1910—16 were
organized by V. D. OcIievsky with about 40 provenances
covering the European part of the Russian empire and a
few Siberian populations. They were outplanted at 20
locations. We compiled all published information on the
experiment in the form of a review paper, first presented
as a poster during the IUFRO “Scots Pine Forestry of
the Future” meeting held in Poland in August 1980, and
later printed in Silvae Genetica (GierTycn and OLEKSYN,
1981). Data were presented from 7 locations, some with
the latest reports from the 1940s. Later two additional
test locations were found, one of them in Pulawy, Poland,
in an area that was part of Russia when the test was
established in 1912. The records for the trial were found
in Tbilisi, Georgia, where S. Z. Kurbpiani, who established
the trial, settled after the Russian revolution. We deci-
phered the plots and took the first measurements ever
made on the pines when they were 69 years old (OLEKSYN
and GIERTYcH, 1984). The other plantation newly discovered
by us is in the experimental park of the Moscow Agri-
cultural Academy, a location now inside the city limits; a

Figure 1. — Location of the most adaptable races of Scots pine

recommended for introduction to other regions when local races

are inadequate. The larger the spots, the better are the prove-

nances for transfer (Oreksyn et al., 1936). Based of IUFRO and
old Russian trials.

report is pending. These efforts stimulated renewed in-
terest in these old experiments within the USSR. As men-
tioned above, the Perm provenance and possibly also the
Latvian one (Riga pine) used in this series were the same
as those used in the TUFRO 1907 trial.

The Russian experiments extend to western Siberia the
information about provenance variation in Scots pine and
allow us to recognize the geography of its plasticity, there-
by determining seed transfer possibilities (Fig. I).

Following the recommendations of the FAO First and
Second World Consultations on Forest Tree Breeding in
1963 and 1969, IUFRO Working Party S$2.02.03 “Species
Monographs” was set up under Mirko Vibakovié with
the objective of publishing separate volumes on the ge-
netics of various forest species. The Scots pine volume
was written by Tapsusz Przyeyrski, STEFAN BiaLorBok and
Macig; GierTycH from Poland (PrzysyLskI et al., 1976).

At the 17th IUFRO Congress in Kyoto in 1981 the Scots
Pine Breeding Working Party did not meet but it was
decided, following its recommendations, that Csasa MA-
TYAs should become chairman and Jacex OLEKSYN cO-
chairman. The new leadership took over responsibility
for the IUFRO 1982 experiment and also recommended
that all information on the genetics of Scots pine be
again compiled into one volume by a team of international
experts. In 1985, GierTycH was asked to search for possible
authors for the monograph. The details of the mono-
graph were decided during the 18th IUFRO Congress in
Ljubliana in 1986 at a business meeting of the Working
Party, and work began. At that time the name of the
Working Party was changed to “Scots pine provenances
and breeding” S2.02—18 under Subject Group S2.02—00
“Provenances, breeding and gene resources” to conform
with the reorganization within Division II. The leader-
ship of the Working Party remained unchanged.

The Working Party met again in Voronezh, Russia in
1989, where the state of preparations for the monograph
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“Genetics of Scots pine” was presented. It has 20 chapters
with 24 authors from 9 countries and is truly a IUFRO
effort. It was printed in 1991 (Giertyca and MATy4s, 1991).

To complete the historical survey, it needs to be added
that following the 19th IUFRO Congress in Montreal
MArvAs became S2.02-00 Subject Group leader, OLEKSYN
(Poland) became chairman of the S2.02—18 Working Party
with D. Pirags (Latvia) and E. G. StiuL (Sweden) as
co-chairmen, all four of them co-authors of the “Genetics
of Scots Pine” monograph.

Value of Joint Evaluations

The whole purpose of IUFRO experiments was to pro-
vide the possibility for mutual presentation of results from
various geographic conditions. Now we wish to present a
few examples of the value of joint evaluations when they
were performed. It is sad that so much effort went estab-
lishing joint experiments and so little following them up
with joint reports.

Evaluation of provenances

The main purpose of joint provenance experiments was
to compare their performance under various site condi-
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Figure 2. — Latest volume per hectare for provenances 8. Perm

and 2. S. France from the IUFRO 1907 and related trials at

various locations in units of standard deviation from location

means. The data was derived from Dirtmar, 1991 (loc. 1), Kom-

MERT et al.,, 1989 (loc. 2), EckstrIN, 1973 (loc. 3), Nanson, 1967 (loc.
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Figure 4. — Relation between latitude and rank of tree height

of 1—9 years old Scots pine provenances of the IUFRO 1982

series averaged for 7 locations and with range of scatiter from
maximum to minimum.

tions. We need productive and adaptable populations per-
forming well on most sites. How can we identify them?
Lacking simultaneous measurements, one way of presen-
ting results is to normalize them, presenting only devia-
tions from the plantation averages in units of standard
deviation. In this manner, regardless of the age of the
last measurement, it is possible to show that some prove-
nances are universally useless, as can be demonstrated
by volume per hectare production by provenance No. 8
Perm or No. 2 S. France from the 1907 trials (Fig. 2),
while others (No. 4 Belgium, No. 5 W. Germany and No. 7
E. Germany) are mostly high volume producers (Fig. 3).
Volume per unit area depends not only on tree size but
even more on mortality, which depends on how alien
the population is in a given environment. In Fig. 3, it is
possible to see that local provenances have an advantage.
The conclusions are easy when there is agreement between
locations. For growth, however, this is rarely the case.

The latest tree height measurements from the IUFRO
1982 trial averaged over 8 locations are presented in Fig.
4, It can be seen that populations from the central part
of the European range of Scots pine are superior to both
northern and southern populations.

One should particularly mention the fast growth on all
plots of plants of provenance No. 13 (Ardennes, Belgium).
Scots pine in Belgium is an introduced species, probably a
19th century introduction from Germany. This prove-
nance exhibited good growth in many other European and
North American provenance experiments and plantations
(GIERTYCH, 1979).

Both provenances from Yugoslavia and Turkey show
slow growth, even on areas located near the place of
origin. Similar results were obtained in the IUFRO 1939
experiment in Turkey (SaaTglocLu, 1967). Height growth
and volume production of provenance material moved
northward from Turkey and Yugoslavia was also inferior
to populations from central locations of the continuous
European range of Scots pine (GIErRTycH, 1979; OLEKSYN
and GierTycH, 1984).

With quality traits this is easier. For example, a review
of the available data on stem crookedness for the prove-
nances of the IUFRO 1938 trial has shown very good
agreement among 8 locations (GierTycH, 1991b). Clearly
we are dealing with an inherited trait that is expressed
in a population sample regardless of site conditions.



A technological trait such as tracheid length is much
more dependent on the environment. It has been measured
at three locations of the IUFRO 1938 series, in the USA
(Ecnots, 1958), Poland (MiLEr et al, 1979) and Germany
(ScuuLTZE-DEwITz and Go6Tze, 1987). The latter two neigh-
bouring experiments have six provenances in common
and the correlation between them is obvious (r = 0.78,
signif. at @ = 0.1), whereas there is no correlation between
them and the US data.

Thus evaluating traits over several experiments in dif-
ferent climatic conditions allows separation of genetic
from environmental effects.

Relations to climate of origin

The existence of a latitudinal trend in time of growth
cessation and tree growth is often related to temperature,
precipitation, and day length. WricnT (1976) concluded
that because most of the above-mentioned environmental
factors vary with latitude, even with complex statistical
analysis one may not be able to prove that any one factor
is most important.

An analysis of growth of Scots pine populations under
test conditions usually showed poor performance of south-
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Figure 5. — A. — Dendrogram of Scots pine provenance clustering
from the IUFRO 1982 series based on the similarity of first-year
growth responses to simulated 50° and 60°N photoperiods.

B. — Geographic origin of seed with the northern, central and
southern clusters indicated. Numbers 1—20 correspond to those in
Table 5.

ern and northern ecotypes as can be seen by the example
of height growth of plants in the IUFRO 1982 Scots Pine
experiment (Fig. 4). Without a specially designed experi-
ment it is impossible to judge whether growth differences
across different locations and sites are due to photoperiod
or other factors. In order to demonstrate photoperiodic
ecotypes of Scots pine a special experiment using 24 prove-
nances was established including 18 from the IUFRO
1982 Scots Pine series. The experiment simulated natural
changes in day and night lengths over the course of a
growing season for latitudes 50° and 60° N with compensa-
tion for quantum flux due to differences in day lengths
(OLExsyYN et al., 1992). A cluster analysis identified three
distinct groups (Fig. 5A). In one, only northern populations
from 60°15° to 55%45° appeared. Another grouped those
from central and southern regions. A single population
from 40°%0°'N latitude formed the third group. The geo-
graphical distribution of these cluster groups is shown in
Fig. 5B. A southwestern border between the central and
southern groups is also the border of the continuous na-
tural range of Scots pine in Europe.

The presence of such cluster groups is in agreement with
the existing phenotype-based taxonomic divisions of Scots
pine (PravpiN, 1969; WricHT, 1976; GierTycH and MATYAs,
1991). In general, trees from the central provenances had
less allocation of biomass to roots and more to shoots than
those of northern provenances and grew larger under both
photoperiods (OLeksyN et al., 1992). These findings agree
with the field results in many localities (Fig. 4) and with
the older IUFRO and Russian provenance experiments
(GieErTYCH, 1979; GiErTYCH and OLexsyn, 1981).

Correlations with geographic coordinates

HeikinuEimo (1954) demonstrated a negative correlation of
latitude with 1000-seed weight and seedling weight from
the Scots pine 1938 IUFRO collection. The correlation
coefficient was —0.750 for the seed weight and between
—0.818 and —0.941 for seedling fresh weight at 4 nurseries
(S.Finland, Germany, Poland and Belgium). Only at the
most northern nursery in Rovaniemi, Finland, was the
seedling weight correlation with latitude not significant
(r = —0.367).

For the IUFRO 1938 trial LANGLET (1959) was able to
demonstrate from the data of Wricnt and Barpwin (1957)
that height of trees at age 17 in the USA is correlated
with a climatic parameter of seed origin (day-length of
the first day when the average mean tempenrature is over
6° C). This is effectively a negative correlation with la-
titude and thus the same correlation as demonstrated for
seedling fresh weight.

If we look at the average tree height of the latest
IUFRO 1982 trials at 8 locations in Central and Southern
Europe, we can see that the correlation with latitude of
seed origin is not simple (Fig. 4.). If we ignored the three
southernmost provenances, we would get a regression with
latitude similar to that of LancLET, who based his conclu-
sions on the US IUFRO 1938 trial, which did not contain
southern provenances. Clearly such correlations can be
very misleading.

The persistence of seed weight effects can dramatically
confuse practical conclusions. These effects were shown to
influence seedling and tree size up to age 16 in the 1914
experiment of Busseg (1931) where the effect of the age
of mothers on progenies was compared. The results were
reversed when genetic differences between progenies be-
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gan to mask the seed weight effect, at an age of about 30
(WiLusz and GIerTycH, 1974).

Importance of the time factor

Eventually, the seed weight effect disappears and ge-
netic differences determine our opinions about the value
of provenances. Considering tree height alone, the only
trait that can be measured throughout the life of the
stand, the ranking of provenances will change with time
(Fig. 6), each remeasurement leading to different con-
clusions. This is all the more true when one considers
that practical recommendations about the utility of dif-
ferent provenances are based on different traits at dif-
ferent stages in the life of the experiment. Initially, height
is the primary consideration. Later DBH or basal area
are considered and finally the key factor is volume, or better
still total volume produced including thinnings. Usually
not all of this information is available from provenance
experiments, but when it is the influence of the time
factor on practical conclusions becomes obvious. The
IUFRO 1907 trial at Chorin is a good example of this
(Fig. 7). The split into productive and non-productive
provenances was obvious early, but the top producers,
even when 80 years old, are not stably ranked.

Height is often confounded by original seed weight.
DBH reflects stocking and therefore meortality rather
than productivity. It is only volume production per unit
area per unit time that makes possible the evaluation of
the true productivity of a population.

*

IUFRO Scots pine experiments serve far beyond the
initial purpose of Scuwarpacu “to test the influence of

Ranks in height

Age 4 3 5 7 9 11 21 58

5. W.Germany 4. Beigium

4. Belgium 3. N.Poland

3. N. Poland 7. E.Germany

2. France 6. Latvia

7. E.Germany 5. W.Germany

6a.Latvia 6a.Latvia

8.Urals 1. Scotland

1.Scotland L 2, France

6. Latvia 8.Urals

Figure 6. — Rank changes for height of pine provenances in
the TUFRO 1907 trial at Belle Etoile, Belgium. Data from Nanson,
1967.
o H DBH Viha
Age 4 6 13 21 23 23 30 38 58 67 8t

3.N.Poland 7. E.Germany
4.Belgium 5.W.Germany
2.France 3.N.Potand
5.W.Germany 4.Belgium
7.E.Germany 6.Latvia
8.Urals 1.Scotland
1.Scotland 2.France
6.Latvia 8.Urals

Figure 7. — Rank changes in the growth trait most important

for decision-making at a given age for the IUFRO 1907 trial at

Chorin, Germany. Data from Mavr, 1910; WIEDEMANN, 1930; KALELa,
1937/38; DENGLER, 1944; ERrtELD, 1950; DiTTmAR, 1966; 1977; 1991.
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origin of pine seeds on the growth of stands”. They serve
forest science for years as valuable tools to address such
questions as genotype-environment interactions (GiErTycH,
1991a), resistance to frost or diseases (Mavr, 1910; DiET-
RICHSON, 1961; 1969) variations in anatomical structures
(Georal, 1967), wood quality (EchoLs, 1958; MiLErR et al.,
1979; ScaurtzE-DEwiTz and GoOTzE, 1987), photoperiodic
reactions (OLEksyN et al., 1992), and resistance to environ-
mental pollution (OLEksyn, 1988; OLEKsYN et al., 1988).

It is, therefore, essential to continue caring for old ex-
periments and exploiting them. There are many problems
that can only be studied on old trees including dendro-
climatology, wood properties, form factors, verification of
early tests and definition of the limits of seed transfer.
There are also other means of utilizing these experiments
if internationally-coordinated joint evaluations can be
made. The financial and intellectual investment in these
experiments by far exceedes the resources needed now to
maintain and utilize experiments. We recommend that an
internationally sponsored team should periodically visit,
measure and report on the trials for the benefit of all.
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Abstract

Three large scale field trials have been the basis of inter-
national cooperation in IUFRO Working Party S$2.02.11
“Norway spruce provenances and breeding” and its pre-
decessors S2.02.11 “Norway spruce provenances’ and
S2.03.11 “Breeding Norway spruce”. The first Norway
spruce provenance trial was initiated within IUFRO.
Started in 1938 and 1939, it comprises 36 seed sources and
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is planted out in 26 field tests in Europe and the north-
eastern USA. The second trial, inspired by the results of
the first one, contains 1100 seed sources. In this 1964/68
test with 20 field trials, 13 countries are participating,
including eastern Canada. The third series, started in
1972, has 43 plantation locations in 10 countries, again
includiig Canada; 20 Polish provenances and single-iree
progenies are under test along with local seed sources.
The international cooperation extends from provenance
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