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To study the effect of Scots pine provenance transfer and the possibility of inter-
provenance hybridisation, a wide range of provenances from the former Soviet
Union was studied in a series of provenance trials at the age of 20 to 40 years
in Lithuania. Provenances from the step zone in southern Russia and Ukraine
were superior in height growth over the local origins. However, adaptedness of
the southerly provenances was less than that of the local and the northerly pro-
venances. Hybrids between the introduced and the local provenances showed both
better survival and superior height growth. Heritability of qualitative and quanti-
tative traits as well as genetic gain from provenance transfer were evaluated and
discussed. Variation among families within provenance was high, which allows to
achieve further gain from individual selection.
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INTRODUCTION

As regards the benefit of provenance transfer, Wan-
genheim [1] and later Vilmorin, Cieslar, Engler [2-
4] were among the first to describe differences in
growth between provenances. One of the first re-
ports on performance of Scots pine provenances in
France was presented by Louis de Vilmorin (1857).
This study noted that the Latvian Scots pine prove-
nance from Riga was superior in growth traits over
the other 40 provenances studied. The Scots pine
from Riga district in Latvia became famous for its
straight stems and suitability for shipbuilding. Since
then, many provenance trials have been established
all over the world, and provenance testing still pro-
vides a continuous benefit for tree improvement.

After the second world war, the first Scots pine
provenance trials in Latvia were established in 1967.
However, this first series of trials was not succes-
sful, and a new series was established in 1975. In
Estonia, the first series of Scots pine provenance
trials were established in 1961-62 with 37 prove-
nances from the former Soviet Union. Later on, in
1964-65, this provenance series was complemented
by new provenances.

In Lithuania, the first series of provenance trials
with 77 Scots pine provenances from the former So-
viet Union were established in 1960 in the Paneriai
forest district in Vilnius region [5]. Later on, in 1961,
Scots pine provenance trial with 7 foreign and 11
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local provenances was established by DZiaukStas in
the Svencionéliai forest district. In 1975, in the for-
mer Soviet Union, establishment of a large scale
Scots pine provenance trials known as the Prokazin
series was started. In Lithuania, within the network
of the Prokazin series, 44 Scot spine provenances
were planted at three sites in the Kazly Ruda, Ma-
Zekiai and Plunge forest districts.

MATERIAL AND METHODS

Over the period from 1967 to 1987, Scots prove-
nance trials with 130 provenances and the total area
of 45 ha were established at various climatic zones
in Lithuania. Methods of establishing these trials and
a plantation design were uniform. In these trials,
tree height, diameter, crown length were measured
and a number of qualitative traits of stem and crown
were assessed by using score scales (the scores are
explained in the tables and figures) over a number
of years. Analysis of variance was used to assess the
effects of zone, provenance and family on an indi-
vidual level as well as to calculate the variance com-
ponents for the independent variables.

RESULTS AND DISCUSSION

Analysis of variance in tree height and diameter re-
vealed significant differences between Scots pine pro-
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venances. Mean height and diameter of 19 out of
the 40 provenances studied were significantly diffe-
rent from the mean height and diameter of the lo-
cal Vilnius provenance. The mean stem diameter of
the Russian provenances introduced from Kharkov
Izgomskij, Cherkas Cherkasskij, Sverdlovsk was most
different from the mean diameter of the local Vil-
nius provenance. For instance, good growth of the
provenances from Penza, Stalingrad, Bashkiria and
Tataria may have been caused by nutrient contents
of the soil rather than by genetic effects.

Adaptability, wood yield as well as stem quality
of the provenances depend not only on the geog-
raphical location, but also on specific ecological con-
ditions in the locality and peculiarities of the popu-
lations. Many Scots pine provenance studies showed
that provenances transferred from the neighbouring
regions may markedly differ in growth traits from
each other, for instance, in our experiment, prove-
nances from Nesterovskij and Kaliningradskij forest
districts in Kalinigrad or provenances from Lucho-
vitskij and Egorovskij forest districts in Moscow re-
gion, whereas provenances originating from compa-
ratively distant areas were not significantly different
from each other in growth traits and even in tree
volume per ha, for instance, provenances from Ko-
mi Kozvinskij forest district in Komi region and pro-
venances from Borzhomi forest district in Georgia;
or another example: provenances from Belogorskij
forest district in Amur region and provenances from
Cherkaskij forest district in Saratov. This allows to
assume that in every region there are populations
which perform differently when transferred to anot-
her region.

To compare growth of the most productive geno-
types within each provenance, several plus trees we-
re selected within each of the provenances studied;
for instance, provenances from Archedinskij district
in Stalingrad and Kuznetskij and Jursavskij prove-
nances from Penza region which were the highest
possessed only medium plus tree parameters, whe-
reas, the plus trees selected within the provenances
from Tataria Prigorodnyj, Tataria Krasnoborskij,
Kharkov Iziumskij, Cherkas Cherkasskij, Voronezh
Annenskij were the highest. Thus, owing to a large
selection differential, individual selection within the
provenances mentioned above may be beneficial.

The heritabilities indicate that provenance and
individual selection for tree height, number of whorl
branches and partially for branching angle would gi-
ve the highest benefit.

Variation among families within a provenance
was high, which allows to proceed with further im-
provement by selecting the best families. Open pol-
lination provides a higher gene diversity through
male pollen than do controlled crosses. Thus, se-
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lection of half sib families in breeding programmes
may result in a higher gene diversity in the forest.
Our study confirmed the following conclusions from
the studies on Scots pine provenances: a higher
number of male parents allows to use a higher
selection intensity [6]; families within provenance
differ significantly from each other, indicating a
strong inheritance of the quantitative traits [7]; the-
re are marked family differences in survival [8] and
ability to compete [9].

A correlation between needle length and tree
height was high on provenance level. Survival of
northern and high altitudinal provenances was hig-
her than that of southern provenances. When trans-
ferred southwards, Scots pine provenances stop gro-
wing earlier than do the local populations and thus
may avoid autumn frosts and attain a higher degree
of frost hardiness to survive in winter. On the mean
provenance level, the correlation between tree height
and survival was positive and significant (0.5).

Analysis of variance and estimation of variance
components for geographical region, provenance, fa-
mily and random error revealed the following:

1) the effect of region was significant for needle
survival on the whorl branches and for damage le-
vel only;

2) the effect of provenance was significant for
height class (by Kraft), stem straightness, branching
angle, tree health, damage, needle colour and branch
thickness at the base;

3) the family effect was significant for tree height,
height to first living branch, damage, needle survi-
val on the whorl branches, multiple leaders.

Genetic polymorphism is important when appro-
aching the issue of adaptation. Low genetic diversi-
ty is a great disadvantage, as the competition bet-
ween similar genotypes is comparably higher, nu-
trient reserves are utilised less efficiently, in case of
a negative environmental effect all genetically uni-
form population is threatened and mating among
related individuals may result in low wood yield of
the subsequent generations in naturally regenerated
forests.

Provenance tests may be used for seed collec-
tion, if according to the results from the tests a
certain provenance is superior over the local one in
a certain region as regards adaptedness, wood yield,
wood quality, stem quality. Possible threats to local
populations caused by introduced provenances via
seed or pollen migration shall be considered.

CONCLUSIONS

Analysis of variation in many traits such as adap-
tedness, tolerance to environmental stresses showed
that local populations were superior over the intro-
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duced ones. However, the provenances transferred
at a relatively short distance towards the north, es-
pecially the provenances from forest steps possessed
a comparatively higher growth rate. Northerly pro-
venances were characterized by shorter and lighter
needles, narrower crowns, slower growth, lower vo-
lume of stem and branches, weaker tolerance to en-
vironmental stresses and drought as well as a lower
ability to compete, if compared with the local popu-
lations.

Though growing faster, southerly provenances we-
re of a lower survival, more sensitive to climatic
fluctuations and possessed a lower wood quality as
well as less straight stems. Local populations were
superior in the traits mentioned above. It would be
possible to improve certain traits of the local popu-
lations by crossing them with the introduces ones.
Therefore, the benefit from provenance transfer may
be increased by production of intra-provenance hyb-
rids. Provenance studies may be used to reveal pat-
terns of geographical variation in certain regions,
and this information may be used for delineation of
the breeding zones. Provenance trials may be used
to forecast the effect of climatic changes.
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PUSIES GENETINES IVAIROVES DIDINIMAS PANAU-
DOJANT TOLIMAS PROVENENCIJAS

Santrauka

Geografiniam provenencijy perkélimui ir kryZminimui su
vietinémis panaudotas platus populiacijy spektras, apiman-
tis per 130 skirtingy geografiniy kilmiy. Tirti 20-40 m. am-
ziaus bandomieji zeldiniai, jveisti jvairiose augavietése ir ra-
jonuose. Nustatyta, kad kai kurios provenencijos geriau
adaptuojasi ir sparciau auga uz vietines. Tai kai kurios Pie-
ty Rusijos ir Ukrainos misko stepiy kilmés. Pietiniy prove-
nencijy adaptyvumas menkesnis uz vietines. Atkelty prove-
nencijy su vietinémis hibridai gerai adaptavosi ir sparciau
augo, lenkdami vietines kilmes.

Tiriant zeldinius jvertinta pozymiy paveldéjimo laipsnis
ir jy atrankos efektas, taikant skirtingg atrankos intensyvu-
ma ir metodus. Populiacijy pozymiy paveldéjimo laipsnis di-
desnis negu individy. Perspektyviose provenencijose paste-
béti atskiry pozymiy esminiai skirtumai tarp Seimy, todeél
taikant Seimy atranka galima gauti dar geresniy rezultaty.
Vykstant laisvam apsidulkinimui padidinama genetiné jvai-
rove, jjungiant daugiau geny i§ téviniy ziedadulkiy. Tokiu
biidu nesudétinga sudaryti séklines plantacijas, kai motini-
niai medziai pasirenkami i§ atkelty provenencijy, o téviniai —
i§ vietiniy populiacijy.

Raktazodziai: provenencija, Seima, klonas, geografinis
kintamumas, kryZminimasis
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