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Summary
In the years 1974 to 1976, on the initiative of the Forest
Research Institute in Pushkino, near Moscow, a major Scots
pine experiment was established with 113 provenances over 33
planting sites, well scattered over the whole former USSR.
Basing on reports from co-operating institutions information is
compiled on the provenances used, on the planting sites and on
the mean tree height at latest measurement. Interaction
parameters are calculated and the data on tree heights,
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converted to units of standard deviation from location means,
is plotted onto maps of the locations demonstrating the extent
of genotype environment interaction. The range of the species
in the former USSR can be divided into regions (Northwestern, Baltic, Western Continental, Northern Russia,
Central European Russia, Middle Volga, Central Trans-Urals,
Southern fringe, Eastern Siberia), that have characteristic for
them responses to seed transfer in terms of height growth
performance at various locations. Western populations (Baltic
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countries, Bielorussia, Ukraine) are clearly superior in height
growth at most European locations. This zone with superior
populations extends also to the region between rivers Volga,
Oka and Don (Middle Volga region). Scots pine from that
region is transferable further east, though not as successfully
westwards. Around Moscow (Central European Russia) there is
a region with reactive populations that are very successful
within the region and they can be transferred eastwards to
some extent but not in other directions nor over greater
distances. Extensive longitudinal transfers of populations are
possible within two latitudinal zones, Northern Russia and
Central Trans-Urals. The latter is a central zone extending
from the Urals to river Yenitsyei with populations of average
growth performance relative to the much poorer growth of the
northern, Far Eastern and southern populations.
Key words: geographic variation, origin, genotype-environment interaction, stability, Russia, USSR.
FDC: 232.12; 165.5; 181.64 /.65; 561/562; 174.7 Pinus sylvestris; (470);
(474); (571).

Introduction
Provenance variation of Scots pine (Pinus sylvestris L.) is
fairly well known for the western part of the species range. It
was investigated in numerous national and international
(IUFRO) trials and there were summary reports from these
investigations (GIERTYCH, 1979, 1991; GIERTYCH and OLEKSYN,
1992). The international trials rarely included seed lots from
Russia and, if any were included, these were from European
Russia (IUFRO trials of 1907, 1938, 1939, 1982). The large
Russian trial of OGIYEVSKIí (FOMIN, 1940; GIERTYCH and OLEKSYN, 1981) established in the years 1910 to 1912 also included
primarily European seed lots, with only two from Siberia and
one from southern Caucasus. In a single experiment established near Voronyezh in 1959 a wide representation of Siberian
provenances is included (VYERYESIN and SHUTYAEV, 1978,
SHUTYAEV and VYERYESIN, 1990) but information from this trial
has received little international notice. A fairly wide representation of Siberian provenances was also included in a series of
trials established in the North Central Region of the USA in

1961 (WRIGHT et al., 1966) but there the interest was primarily
in populations for Christmas trees and as a result there was
not much of a follow up in the experiment beyond 12 years of
growth.
The present paper is the first summary report on results
from a Scots pine provenance trial established in the years
1974 to 1976 throughout the former USSR, covering 113
provenances and 33 planting sites. It is by far the most
extensive provenance trial with this species and exceptional in
that it includes many provenances and planting sites in the
Asiatic part of its range. Since this is the first report on the
trial, full details on the co-ordinates for provenances and locations and information about the establishment procedures is
given. Obviously the prime interest in this study lies in the
genotype environment interactions, which is presented here
only for tree height. Other traits will be treated in further
papers.
The political changes after 1990 have internationalised the
study. There are plots in 7 countries (Azerbaijan, Bielorussia,
Estonia, Lithuania, Russia, Ukraine) and the seed was also
collected in Latvia. No agreements have yet been worked out
about how to proceed in the future so as to maintain benefits
of joint analysis of the full experiment. Possibly a IUFRO
working party could play a role here.
Materials and Methods
Seed collection
In the years 1974 to 1976 throughout the former USSR
a series of provenance experiments on Scots pine (Pinus
sylvestris L.) was established, based on an executive order
no. 29/1973 by the state Forestry Committee. The program was
prepared by YE. P. PROKAZIN (1972) from the Forest Seed
Laboratory of the All-Union Forest Research Institute
(VNIILM), Pushkino, near Moscow. The program envisaged
collection of seed material from 126 provenances. In fact seeds
were collected from only 113 populations (Table 1, Fig. 1).
All seed lots were collected from specific well defined populations, as far as can be judged from authochtonous stands,

Fig. 1. – Location of seed collection sites. Details on individual provenances are given in table 1 – see respective numbers. The
broken line indicates roughly the extent of the range of distribution of Scots pine.
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Table 1. – Data on provenances included in the trial.

334

335

(continuation Table 1)

according to the same methodology. One seed lot was taken per
region extending about 2° Lat. and 4° to 5° Long. for the
western and southern parts of the range, 2° to 3° Lat. and 6° to
7° Long. for northern and north-eastern parts and 5° to 6° Lat.
and 10° to 12° Long. for the Asiatic part of the range. For each
of these areas a stand was selected that was as far as possible
most representative for the forest sites in the area and no less
than of average quality class. In the selected stand a part of it
(by area) was cut to collect cones which were extracted locally.
The remainder of the stand was left as a control to stand as a
reserve for the duration of the provenance trial. This methodological requirement was in most places executed and the
control (maternal) stands are available. Another requirement,
that in situ a progeny stand be established from the seeds
extracted from the collected cones was not fulfilled by all
co-operators and information on this is in most places
unavailable. The bulk of the extracted seeds was sent to the
co-ordinator to be shared among co-operators depending on
availability and planned need to test specific populations on
specific sites. Not for all seed lots has the 1000 seed weight
been recorded (Table 1).
Trial location and experimental design
Establishment of experimental plots on 37 sites was planned
with a total of 829.5 ha experimental areas. In fact only 33
trial areas exist (Table 2, Fig. 2) totalling 545 ha. Four have
perished in the establishment phase. The role of co-ordinator
and supervisor of the establishment of the trial was placed
with the All-Union Forest Research Institute (VNIILM) in
Pushkino, and specifically with the late dr YE. P. PROKAZIN.
Seedlings were raised in nurseries close to the planting site,
sowing density aiming at 30 seedlings per 1 m2. The nursery
success and other considerations resulted in not all provenances planned for a trial being represented at the given
locations. The number varies from 10 to 90. At two locations,
no. 16 near Pushkino and no. 17 near Voronyezh, an attempt
was made to have the maximal number of provenances, but the
average number of provenances per location is 40.
The choice of planting sites was determined by the desire to
have as much as possible a full representation of geographic
variation and by the possibilities of local forest districts. Site
preparation according to a uniform methodology proved impossible for biological, organisational and economic reasons.
Planting was at a 2.5 m x 0.75 m spacing with 0.1 ha,
0.15 ha or 0.25 ha per plot (533 to 1333 trees per plot),
336

depending on the availability of seedlings, with 3 replicate
blocks planned and established on most sites. In Lithuania the
three replicate blocks are at different locations (see Table 2).
The provenances were randomised within the replicate blocks
but with some transfers in the plan not to allow total surrounding by fast growing provenances of those expected to be slow
growing.
Data collection
Locally the maintenance and data collection from an experimental area was handled by various research and teaching
institutions (see table 2). In 1980 the role of co-ordinator was
transferred to the Central Scientific Research Institute of
Forest Genetics and Selection (TsNIILGiS) in Voronyezh
and specifically to the senior author of this paper dr A. M.
SHUTYAEV. Co-operating institutions make periodic reports to
the co-ordinator on the latest measurements and observations.
In most cases the latest reports, considered as final for the
establishment phase of the trial, were for the year 1990 (see
literature list). The present paper is based on these reports
from the co-operating institutions (see table 2 and Literature)
deposited with the co-ordinator in Voronyezh and presumably
also available in the institutions that produced them.
The basic material for this paper consists of mean values for
tree height extracted from the regional reports. Only means
per provenance at each location are available at this stage. The
plots are rather large with initially 533 to 1333 trees per plot,
thus, at least at some locations, only one or two rows per plot
were measured. These measurements were not made simultaneously at all locations and the actual age of trees at the last
measurement varies substantially. Table 3 presents the basic
data. It is a 33 x 113 table with many gaps due to nonorthogonality of the design (not all provenances at all locations).
Statistical analysis
To start with an attempt was made to calculate genotypic
stability and ecovalence for the studied provenances, according
the formulae of FINLAY and WILKINSON (1963) and EBERHART
and RUSSELL (1966). The average tree height per location was
calculated and this was divided by the age at measurement.
The obtained annual increment in height was used as an
estimate of site quality. Since height increment naturally
declines with age, the mean annual height increment is not a
fully true estimate of site quality. It tends to overestimate locations that were measured at a younger age. The mean annual

Table 2. – Data on localisations of the experimental areas. (Plantings at locations 19, 20, 28 and 33 perished).

height increment is also somewhat dependent on the choice of
provenances planted at a given location. However this is the
only estimate available to us and it gives some approximation
to site quality. In a similar manner the average tree height for
a provenance at each location was divided by the age at last

measurement to obtain the annual height increment for the
each provenance at each location.
Next the mean annual height increments, both for individual
provenances and for the location averages were converted to
natural logarithms. For all provenances represented on at least
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Fig. 2. – Location of planting sites. Details on individual sites are given in table 2 – see respective numbers.

5 locations (N-2 ≥ 3) a regression analysis was made of log n
annual height increment on the logn mean height increment
per location. The calculated regression coefficient b is an
inverse measure of “phenotypic stability” of FINLAY and
WILKINSON (1963). It is given in table 4. A value of b ≈ 1
indicates adequate stability. Lower values (b < 1) indicate good
adaptability to various environments. Higher values (b > 1)
indicate adaptation to specific sites.

provenance was tested. This was done separately for each
provenance. Sample results are shown in Figs. 4 to 13.

Variance of deviations from the regression Vd is the
coefficient of EBERHART and RUSSELL (1966). It is calculated as:

In Figs. 3 to 13 the radius of the black dots corresponds to a
deviation of 0.15 standard deviations, whence any value
between –0.15 and +0.15 is shown as a dot only. Larger deviations, up or down from the dot, indicate the value of the
provenance. The actual origin of individual provenances in
Fig. 3 can be identified by comparing with Fig. 1 and reading
the provenance number from Table 1. Plotted are only those
average deviations which are based on 5 or more readings. The
actual locations at which a provenance grows as shown in
Figs. 4 to 13 can be identified by comparing with Fig. 2 and
reading the location numbers from Table 2.

Vd = N(Vy - bCovxy)/(N-2)

Results

where y is the logn annual height increment and x is the logn
mean height increment for location. High Vd values indicate
unpredictable response. Obtained Vd values for each provenance are presented in table 4.

Adaptability parameters

Simultaneously the correlation coefficient r was calculated
(also given in Table 4). It is a measure of linearity obtained
following the logarithmic transformation.

In view of the difference in age at which last measurements
and observations were made it was necessary to make the
results comparable by normalising them, i. e. expressing in
units of standard deviation from the location mean. Another
alternative would be to use the local population as the point of
reference. The location mean was chosen since it is less
dependent on freak results. However this would not make
much difference because mean annual increments for the trial
and for the local populations are closely correlated (r = 0.97
with N-2 = 31). A new major table was obtained (provenances x
localities) with the deviations from location mean in place of
actual readings. These are now comparable when judging the
performance of each provenance at the various sites where it
occurs. These deviations from location mean were also
averaged for provenances over all locations at which they occur
and the average values are given in Table 4 and are plotted
onto the provenance map Fig. 3.
The provenance x location interaction was studied ideographically by plotting the normalised data (deviations from
location means) onto a map showing locations at which a given
338

As can be seen from Table 4 the correlation coefficient r of
log n provenance annual height increment on logn location
mean annual height increment is not significant for 2
provenances (nos. 45a and 116), is significant at 0.05 level for 6
provenances (nos. 36, 40, 85, 89, 108, 119) and it is highly
significant (0.01 level) for the remaining 92 provenances. This
indicates that generally the logarithmic transformation has
assured good linearity. Of the two provenances with not
significant r one (no. 45a) has a high value of r, (0.84) and its
non-significance is only the consequence of few degrees of
freedom (N-2 = 3). With provenance 116 (Chita, East of Lake
Baíkal) there also few degrees of freedom (N-2 = 4) but the r
value is very low indicating that a correlation between
performance of this provenance and the means over locations
does not exist. Thus in some ways this provenance is special
and requires individual treatment.
Now let us look at stability (b, the coefficient of FINLAY and
WILKINSON 1963) and compare it with mean deviation from
location means. As can be seen from Table 4 values of b < 1
(good adaptability) are characteristic for all provenances from
the limits of the species range, especially from northern
Karyelia (nos. 1, 2), northern Yakutsya (nos. 109, 117, 118), the
Far East (nos. 116, 119, 122), southern Siberia (nos. 90, 92, 98,

Table 3. – Mean tree height in cm per provenance at each location.

99, 100, 105, 111), and the most southern provenances of
Ukraine (nos. 34, 35) and central European Russia (nos. 56,
60). The northern provenances have negative deviations from
the location mean in tree height and therefore their good
adaptability (consistently slow growth) is of little practical
value. However the southern Russian and Ukrainian

provenances have the highest positive deviations (+0.58 to
+0.66) which coupled with adaptability (consistently fast
growth on various sites) makes them very attractive as
breeding material. Also among the southern Siberian
provenances most of them (90, 98, 99, 100, 105) have negative
mean deviations (–0.09 to –0.54) thus they are not likely to be
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(continuation Table 3)

of wider use in spite of their consistent performance. The very
low value of b for provenance 116, cannot be considered
evidence for its adaptability in view of the very low value of r
obtained for this population.
Provenances that are characteristically reactive (b > 1) are
concentrated in the region around Moscow (in a triangle
between Smolyensk, Vologda and Nizhyegorod - nos. 8, 41, 43,
44, 46, 47, 48, 49, 50). These provenances generally have mean
deviations close to zero (+0.15 to –0.16), thus their overall
performance has to be considered as average. Reactivity of
these provenances suggests that some very fast growing
populations can be selected for specific sites. There are also a
few rather reactive provenances from southern Urals (Bashkortostan and Kustanai in north-eastern Kazakhstan - nos. 70,
71a, 72, 123), but their mean deviations are decidedly negative
(–0.09 to –0.78).
All other provenances have b ≈ 1, which means they have
adequate stability.
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Finally a word about the variance of deviations from the
regression, (Vd , the coefficient of EBERHART and RUSSELL, 1966).
This is equivalent to ecovalence when b ≈ 1. Generally the
values are very low, but there is some geographicity in its
magnitude. As can be seen from Table 4 and the lowest values
of Vd have been obtained from medium latitudes throughout
the range, the zone being wider in Europe than in the Far
East. Higher values were obtained for both northern and
southern populations. This means that for provenances from
the southern and northern extremes of the species range the
results are less predictable.
Average performance of provenances
As can be seen from Fig. 3 relatively best tree height is
attained by western populations from the frontier with Poland
to a line from Smolyensk to Oryel, Voronyezh and Samara on
the Volga river. All northern populations, especially eastern
Siberian and northern Karyelian ones have very poor relative

Table 4. – Means for normalised data on tree height (as deviations from location means averaged
over all locations at which a given provenance occurs) and genotype x environment interaction
parameters (coefficients b of FINLAY and WILKINSON, Vd of EBERHART and RUSSELL and r – correlations of log n annual height increment of a provenance with the log n mean height increment per
location), for all provenances represented on at least 5 locations.
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Fig. 3. – Tree height for individual provenances averaged over all planting sites, in units of standard
deviation from location means (based on data from not less than 5 planting sites). Values between
– 0.15 and +0.15 are within the radius of the black dot. For details on individual provenances see
number in figure 1 and data in tables 1, 3 and 4.

Fig. 4. – Sample pictograms of provenance x location interaction in tree height. Each figure refers to one
provenance. The triangle indicates the place of its origin. Black dots indicate locations where the given
provenance was tested. For details on locations find number in figure 2 and data in table 2. The lines
above and below the dots indicate deviations from the location mean in units of standard deviation.
Values between –0.15 and +0.15 are within the radius of the black dot.

height growth. Also the populations from southern Urals are
very poor, as well as East of them along the southern fringe of
the range all the way to the Okhotsk Sea. In between there is
a zone of populations with average tree height, extending from
the Baltic countries, through Moscow, central Urals and as a
narrowing strip to lake Baíkal and beyond to the Amur river.
Provenance x location interactions
The overall picture demonstrated by data averaged over all
locations can be very misleading in that it does not show
the extent of usefulness of individual provenances. Relative
performance of a provenance at various locations is best
revealed by plotting the results onto a map of the locations.
Such maps were made for all 113 provenances. It is impossible
to show them all here. However certain geographic regularities
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appeared. In general the range can be divided into several
characteristic regions which will be discussed separately.
A. North-western region
There is a group of provenances from Kola Peninsula,
Karyelya and the Arkhangyelsk region (nos. 1, 2, 3, 4, 12, 14,
15, 16), which give satisfactory results in that region and
nowhere else. Typical for this group of provenances are the
results for provenance no. 16 from Sortavala, Karyelya (Fig. 4).
These provenances are useful locally but distant transfers will
result in failures. Also in the cold regions of northern Siberia
these provenances are not to be recommended.
Only no. 18, geographically from this region, is somewhat
different in that it is more akin to the neighbouring Northern
Russia region discussed below.

Fig. 5. – Sample pictograms of provenance x location interaction in tree height. Each figure refers to one
provenance. The triangle indicates the place of its origin. Black dots indicate locations where the given
provenance was tested. For details on locations find number in figure 2 and data in table 2. The lines
above and below the dots indicate deviations from the location mean in units of standard deviation.
Values between –0.15 and +0.15 are within the radius of the black dot.

Fig. 6. – Sample pictograms of provenance x location interaction in tree height. Each figure refers to one
provenance. The triangle indicates the place of its origin. Black dots indicate locations where the given
provenance was tested. For details on locations find number in figure 2 and data in table 2. The lines
above and below the dots indicate deviations from the location mean in units of standard deviation.
Values between –0.15 and +0.15 are within the radius of the black dot.

B. Baltic region
Riga pine has a good reputation in western Europe dating to
early XIX c. and this is confirmed also for most of European
Russia, Bielorussia and Ukraine. This positive evaluation of
Baltic pine races has been demonstrated in this study for a
group of provenances (nos. 21, 22, 23, 24, 25, 26) which are well
exemplified by provenance no. 25 Jaunielgawa, Latvia (Fig. 5).
These provenances do well in regions between latitudes 50 °N
and 60 °N but not reaching the Ural Mts. At extreme northern
and southern latitudes and beyond longitude 55 °W they are
not to be recommended.
C. Western continental region
Perhaps the best Scots pine provenances are to be found in a
region of the mixed-forest zone covering Bielorussia and

Ukraine (nos. 27, 28, 29, 30, 33, 34, 35, 36, 37, 38, 39, 40). Most
of these provenances have been tested on European locations
only. However when they were tested in the East they did not
perform well. They are well exemplified by provenance no. 37,
Borispol’, Kiev (Fig. 6).
D. Northern Russia
There is a block of provenances from northern Russia, but
not from the extreme North, which have a common pattern of
performance in height growth (nos. 8, 9, 10, 17, 18, 19, 68, 74,
77, 81, 88, 93, 94, 101, 102, 110, 117). It extends from St.
Pyetyersburg, through Vologda, Tvyer, Pyerm, Tomsk to
Krasnoyarsk and Yakutsya. This roughly corresponds to the
taiga. The region is not strictly latitudinal, because in the West
its limit is between 59 °N and 65 °N and in the East between
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58 °N and 62 °N. Scots pine from this region grows well
throughout the region with extensive East or West transfers
possible, but it is not successful beyond the region. Its
performance is well exemplified by provenance no. 77, Tavda,
Yekatyerinburg (Fig. 7).
The Turukhansk, Krasnoyarsk, provenance of Lat. 65°49’
(no. 104) clearly does not belong to the Northern Russia region
– if any thing it is akin to the North-western region in that it
is relatively fast growing locally (far North) but nowhere else.
The Yakutsk provenance no. 118, of Lat. 62° and Long. 130°,
appears to be somewhat intermediate in that it is good only in
the North but transferable longitudinally over great distances.

mixed-forest zone, however the height growth performance is
not as good in the West, while on the other hand its utility
extends further East. The group of provenances in question
(nos. 41, 42, 43, 44, 45, 45a, 46, 47, 48, 49, 50, 51, 52), exemplified well by provenance no. 43, Kurovskoye, Moscow
(Fig. 8), includes almost all of those listed above as very
reactive (high b, coefficient of FINLAY and WILKINSON - nos. 8,
41, 43, 44, 46, 47, 48, 49, 50). This seems to differ the group
from the western continental one. The pines are growing fairly
well at medium latitudes, even further East than the western
continental provenances, but not so well in Ukraine nor
anywhere along the southern limit of the range.

E. Central European Russia

F. Middle Volga region

This is a region that in some ways is an eastwards extension
of the western continental one, being likewise located in the

Further south and south-west (Voronyezh, Saratov, Kazan,
Magnitogorsk, to the Urals) there is group of provenances (nos.

Fig. 7. – Sample pictograms of provenance x location interaction in tree height. Each figure refers to one
provenance. The triangle indicates the place of its origin. Black dots indicate locations where the given
provenance was tested. For details on locations find number in figure 2 and data in table 2. The lines
above and below the dots indicate deviations from the location mean in units of standard deviation.
Values between –0.15 and +0.15 are within the radius of the black dot.

344

Fig. 9. – Sample pictograms of provenance x location interaction in tree height. Each figure refers to one
provenance. The triangle indicates the place of its origin. Black dots indicate locations where the given
provenance was tested. For details on locations find number in figure 2 and data in table 2. The lines
above and below the dots indicate deviations from the location mean in units of standard deviation.
Values between –0.15 and +0.15 are within the radius of the black dot.

Fig. 10. – Sample pictograms of provenance x location interaction in tree height. Each figure refers to
one provenance. The triangle indicates the place of its origin. Black dots indicate locations where the
given provenance was tested. For details on locations find number in figure 2 and data in table 2. The
lines above and below the dots indicate deviations from the location mean in units of standard deviation. Values between –0.15 and +0.15 are within the radius of the black dot.

54, 55, 56, 57, 59, 64, 65, 66a, 67, 69, 70, 71, 73) which are not
growing too well in the West, nor in the South, but are quite
satisfactory in their own region and are transferable both
northwards and eastwards, all the way to lake Baíkal. Typical
for that region is provenance no. 57, Nikol’sk, Pyenza (Fig. 9).
G. Central Trans-Urals region
East of the Urals there is a group of provenances (nos. 76,
78, 79, 82, 84, 86, 89, 90, 92, 98, 99, 100, 105) extending from
Yekatyerinburg, through Omsk and Novosibirsk to the Altai
and Sayan Mts. and upper Yenitsyei River on the Mongolian
border. In some respects it is comparable to the Northern
Russian region in that it is a narrow belt parallel to it, with
gradually lower latitudes as one moves eastwards, and in that
fairly wide East-West transfers within the region are possible,

however behaviour of provenances from that region is much
less predictable. These provenances can be represented by no.
86 Suzun, Novosibirsk (Fig. 10).
Two provenances within the Central Trans-Urals region, nos.
85 and 87, both from Novosibirsk province, are somewhat
different in that they sustain westward but not eastward.
transfers.
H. Southern fringe region
Near the southern limit of the range there are some
provenances (nos. 60, 62, 83, 113, 119, 123, 124, 125, 126)
which have quite acceptable height growth near their origin
but are not transferable northwards nor to any distance longitudinally. Typical for this group is provenance no. 125, Dolon,
Semipalatinsk (Fig. 11).
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Fig. 11. – Sample pictograms of provenance x location interaction in tree height. Each figure refers to
one provenance. The triangle indicates the place of its origin. Black dots indicate locations where the
given provenance was tested. For details on locations find number in figure 2 and data in table 2. The
lines above and below the dots indicate deviations from the location mean in units of standard deviation. Values between –0.15 and +0.15 are within the radius of the black dot.

Fig. 12. – Sample pictograms of provenance x location interaction in tree height. Each figure refers to
one provenance. The triangle indicates the place of its origin. Black dots indicate locations where the
given provenance was tested. For details on locations find number in figure 2 and data in table 2. The
lines above and below the dots indicate deviations from the location mean in units of standard deviation. Values between –0.15 and +0.15 are within the radius of the black dot.

I. Eastern Siberian region
Finally a word is needed about the Far Eastern provenances
(nos. 106, 107, 108, 109, 111, 112, 114, 120, 122). They have not
been very well represented in the experiment being planted on
only few locations. Quite often they have not been tested
locally. The performance of these provenances is as a rule not
very satisfactory on most sites where they have been tested.
This can be illustrated by nos. 106, Ust’-Kut, Irkutsk (Fig. 12)
and 122, Ayan, Khabarovsk (Fig. 13).
Odd populations
There are a few, surprisingly few, provenances which in
terms of adaptation to various conditions cannot be easily
classed as belonging to any of the above defined regions or as
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being intermediate between them (as discussed above for nos.
18, 85, 87, 104, 118), because their height growth performance
is very unlike that of neighbouring provenances.
On the eastern extremity of the Middle Volga region, in
southern Ural Mts., there are two provenances, nos. 71a and
72, both from Bashkortostan, which are different in that they
are decidedly of poor growth on almost all sites where tested.
One provenance from the Northern Russia region, no. 103,
Yenisyeisk, Krasnoyarsk, or rather from its southern fringe,
has a different pattern of behaviour – also not falling within
the Central Trans-Urals region with which the Northern
Russia region borders. If anything the provenance is comparable to the much more eastern provenances of the Eastern
Siberian region in that it has very poor growth on all sites.

Fig. 13. – Sample pictograms of provenance x location interaction in tree height. Each figure refers to
one provenance. The triangle indicates the place of its origin. Black dots indicate locations where the
given provenance was tested. For details on locations find number in figure 2 and data in table 2. The
lines above and below the dots indicate deviations from the location mean in units of standard deviation. Values between –0.15 and +0.15 are within the radius of the black dot.

Finally a word is needed about provenance no. 116, Mogocha,
Chita. Geographically it could be classed as belonging to the
Eastern Siberian region or to the Southern Fringe populations,
yet it is very different from both. It is the only provenance that
does not correlate with the mean results for locations (Table 4).
This provenance included in only 6 trials grows relatively very
well on 4 locations, in the east and north-east, but very poorly
at the two European locations.
Discussion
Overall it appears that European populations are superior in
height growth to Siberian ones. Thus if anyone was expecting
some undiscovered riches in the Scots pine gene pool in the
East, this study clearly shows that they do not exist, at least
not for transfer and use in the western part of the former
USSR.
Since most of the planting sites are located in the European
part of the area under study (Fig. 2) the average value over all
locations plotted in fig. 3 is likely to reflect performance in
Europe rather than over the whole area. However it emerges
from the studied genotype environment interactions, that the
eastern populations are of some value locally. Westward
transfers however are generally not to be recommended except
perhaps within the taiga region of northern Russia.
The growth inferiority of the eastern and far northern
populations was already reported for older trials near Moscow
(PRAVDIN and BAKUROV, 1968) and near Voronyezh (VYERYESIN
and SHUTYAEV, 1978; SHUTYAEV and VYERYESIN, 1990) and this
was confirmed also for a second generation trial based on seed
collections in this older experiment near Voronyezh (SHUTYAEV,
1983). However very few eastern populations were included in
earlier studies. In OGIYEVSKIÍ’s 1910 to 1916 series (GIERTYCH
and OLEKSYN, 1981) there were two provenances from regions
east of the Urals, from what were then enormous Syemipalatinsk and Akmolinsk provinces. The former population
perished and the latter survived on one site only, in Ukraine
(near Sumy), where its height performance was much below
average. On the rediscovered experimental plot in Poland of

that series (under Russia in 1912 when outplanted) the two
Siberian provenances (seeds from Tobolsk and Yenisyesk) are
both well below average in volume production (OLEKSYN and
GIERTYCH, 1984). In the USA Christmas tree study of 1951 that
included several Scots pine provenances from Siberia it was
found (RUBY and WRIGHT, 1976) that a race called “NE-Siberia”
(from Yakutsya) grows very slowly, similarly as those from
northern Sweden and Finland, var. mongolica from the Lake
Baíkal and river Angara watersheds is also very slow growing,
a race called “Krasnoyarsk” from the upper Yenisyei and Ob
river watersheds is generally slower growing than the general
average for the USA study while var. altaica (from the Altai
Mts.) and var. uralensis from the southern Urals have tree
heights comparable to the experiment average in USA. A
study established in Hungary in the years 1978/1979 (MÁTYÁS,
1987) has shown that at age 11 provenances from the region of
Lake Baíkal and Angara river had well below average tree
heights. Those from the Sayan Mts. were taller and those from
the Altai Mts. taller still but all were below average for the
whole experiment. In a Czech study, near Pilsen, where small
seed lots from the PROKHAZIN collection discussed in the
present paper were used for planting in Sofronka Arboretum, it
was found (KA ŇAK, 1980) that the best growing provenances
came from the central zone of western USSR, in agreement
with the present data, from the steppes at the feet of the
southern Urals and from outlier populations at the feet of the
Altai Mts., the information for the latter two zones not being
confirmed now. However these two zones are also mentioned as
being best from among the Siberian populations when grown
near Moscow (NARYSHKIN et al., 1983), and the Altai populations also when grown near Minusinsk in the Sayan Mts.
(CHYERYEPNIN, 1977). In the latter study only these Altai
provenances were substantially superior in 14-year tree height
to local ones. All other Siberian and most European (except
Voronyezh) populations were much slower growing. In other
trials in the same region and further north near Krasnoyarsk
there was a tree height superiority of populations from the
upper Ob river and to a lesser extent from the region where
Yenisyei and Angara join, from Tomsk and from central Urals,
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while numerous other Siberian provenances tested were much
inferior to the local one (European populations were not included in these trials) (IROSHNIKOV, 1977). A report from the vicinity
of Novosibirsk, on river Ob, claims superiority for the local
population and for European ones but not for other Siberian
ones (DYEMIDYENKO et al., 1984). Further east on the Amur
river near Khabarovsk 30 Far Eastern provenances were
tested. When measured at age 28 local ones were superior in
all growth traits. These were followed by Chita and Buryat
(east of Lake Baíkal). In another plot near by, where provenances from Irkutsk and from Samara were included, the
latter two were superior (TAGIL’TSEFA, 1986).
To summarise, the data available so far indicates that
populations from regions east of the Urals are inferior in
growth to European ones, but they are differentiated and
sometimes other than local populations were recommended.
However these recommendations are not confirmed by the
present study. Those mentioned above as potentially better
from among the Siberian ones are decidedly poor growing in
the present series of trials. We are referring here to the populations from the feet of the Altai and Sayan Mts. and upper
Irtysh and Ob rivers (nos. 125, 90, 92 and 98) and from the
region downstream from where Yenisyei and Angara meet (nos.
93, 102, 103). On the other hand the superiority of populations
from central Urals (nos. 73, 76) is confirmed at least in relative
terms to other eastern populations.
The Caucasian populations in all known studies are
consistently poor growing, also here (no. 126).
Throughout the range there is a consistent latitudinal variation in growth performance of Scots pine populations indicating
that both northern and southern origins are inferior in growth
performance, except locally, to those from more central
latitudes. This was already apparent from an analysis of the
1910 to 1916 study of OGIYEVSKIí (GIERTYCH and OLEKSYN, 1981)
where the populations from the taiga (northern) and from the
forest steppe (southern) were inferior to those from the zone of
mixed forest. This result was for European Russia only, but the
general pattern seems to be extendible all the way to the Far
East. In this case one cannot argue that the result is a
consequence of over representation of planting sites in the
central zone because in fact the distribution of these sites
covers northern and southern regions rather well (Fig. 2) and if
anything it is the central zone that has fewer sites.
Within the western populations obviously those from
Bielorussia and central Ukraine are superior in growth
performance (Figs. 3 and 6). This confirms many earlier
evaluations (reviewed and summarised in GIERTYCH and
OLEKSYN, 1981). The zone with valuable populations extends
further south than was indicated by the earlier results, to Kiev,
Kharkov and eastwards to the whole area between rivers
Volga, Oka and Don (Voronyezh, Tambov, Nizhny Novogorod,
Penza, Volgograd nos. 54, 55, 56, 57, 64, 65 - Figs. 3 and 9).
Among good performers within a well defined latitudinal
region one has to include populations from the St. Pyetyersburg region and eastwards to Vologda and Kostroma.
It is interesting that for so much of the data clear and logical
geographicity was obtained. This concerns both the b and Vd
coefficients (Table 4), the average performance of provenances
(Fig. 3) and the performance of individual provenances over
several sites (Figs. 4 to 13). The geographicity of growth results
from wide range provenance trials is worth remembering when
trying to interpret the usually haphazard data on genetic
variation obtained from molecular studies (isozymes, terpenes,
DNA). It is obvious that growth data bears a relation to migration history and adaptation processes, whereas by molecular
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genetics most of the time we seem to be investigating the
scatter of mutations that are neutral from the point of view of
adaptation.
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Age Trends in Douglas-fir Genetic Parameters and
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Abstract
Trends in genetic variation were examined over 51 progeny
test sites throughout western Oregon. Narrow sense heritabilities for height and diameter showed an increasing trend to age
25, the oldest age examined. Before age 10, height heritabilities
were relatively unstable. Type B site-site genetic correlations
increased slowly with age for height and remained relatively
stable for diameter. Age-age correlations were used to develop
an equation to predict age-age correlations by using the log of
the age ratios (LAR). Optimum selection age was calculated for
Silvae Genetica 46, 6 (1997)

a 60-year rotation by using two measures of efficiency: gain per
year and discounted gain. The optimum selection age for height
tended to be 2 to 3 years earlier than for diameter. Gain per
year was maximized at age 10 for height and age 13 for
diameter.
Key words: heritability, age-age correlations, Type B genetic correlation,
gain efficiency, Pseudotsuga menziesii (MIRB.) FRANCO.
FDC: 165.3; 165.6; 181.65; 181.79; 232.19; 174.7 Pseudotsuga menziesii;
(795).
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