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Abstract—An overview of genetic research on native and exotic
five-needle pines (Pinus subgenus Strobus) in Europe, including the
impact of white pine blister rust (Cronartium ribicola), is presented.
The natural populations of Pinus cembra from the Alps and
Carpathians are free from blister rust; even though the rust occurs
throughout Europe on other five-needle pines and Ribes species.
Pinus strobus was once considered to be an important exotic species
for timber production in Europe, but plantations have been aban-
doned due to the high susceptibility to blister rust. Blister rust
resistance has now been transferred to P. strobus through hybrid-
ization with Eurasian five-needle pines, and the potential for
successful utilization of the species in Europe now exists. Other five-
needle pine species are not of major interest for European forestry
operations.
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Introduction ____________________
Only two species of five-needle pines (Pinus L. subgenus

Strobus Lemm.) grow naturally in Europe: Cembran pine
(Pinus cembra L.) and Balkan pine (P. peuce Gris.) (Critchfield
and Little 1966). Exotic five-needle pine species have been
used to enrich European forests due to the relatively low
number of native species and have been the subject of much
research and development. For this paper, we prepared a
survey on genetic research and use of five-needle pine
species in European countries (table 1). We used the re-
sponses of the survey in conjunction with published litera-
ture and personal communications to compile the following
overview on five-needle research and development in Eu-
rope.

Cembran pine is distributed in the high-altitude forests in
the Alps and the Carpathian region, including the Tatra
Mts. (Georgescu and Ionescu-Barlad 1932, Critchfield and
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Little 1966, Holzer 1975, Contini and Lavarelo 1982). It is
naturally distributed in the following countries: Austria,
France, Germany, Italy, Poland, Romania, Slovakia, Swit-
zerland, and Ukraine. Cembran pine is important for refor-
estation of subalpine forests, including restoration of forests
near timberline to stabilize watersheds and reduce the risk
of avalanches and flash floods (Holzer 1975). The species is
used to create mixed Norway spruce (Picea abies (L.) Karst)
– European larch (Larix decidua Mill)-Cembran pine stands
at high elevations for increased wind resistance (Blada
1996). Cembran pine also contains high genetic resistance to
white pine blister rust caused by Cronartium ribicola J.C.
Fisch in Rabenh. (Bingham 1972a,b, Soegaard 1972, Holzer
1975, Hoff and others 1980, Blada 1987, 1994a) Cembran
pine produces a dense-brown-reddish wood useful for handi-
crafts (Contini and Lavarelo 1982), and is an excellent
landscaping tree due to the crown color, density, and a
conical-oval shape (Blada 1997b).

Balkan pine naturally occurs in Albania, Bulgaria, Greece,
and Macedonia and is confined to higher elevations in the
Balkan and Macedonian regions (Nedjalkov 1963, Fukarek
1970, Mitruchi 1955, Popnikola and others 1978). Balkan
pine is important for planting in severe mountain climates
to prevent soil erosion, as well as timber production for
furniture, barrels, and other purposes (Figala 1927, Nedjalkov
and Krastanov 1962, Nedjalkov 1963, Popnikola and others
1978). The species has good tolerance to SO2 pollution
(Enderlein and Vogl 1966) and has shown high blister rust
resistance in genetic tests containing both European and
North American species (Delatour and Birot 1982, Blada
1987, 2000a, 2000b, Heimburger 1972, Hoff and others
1980). Balkan pine has been used in crossing with other
white pines and is considered a good bridging species (Righter
and Duffield 1951, Kriebel 1963, Patton 1966, Nikota and
others 1970, Heimburger 1972, Blada 1987).

The Cembran and Balkan pines have and are still planted
most countries where they naturally occur (table 1, columns
9, 10, 12, and 13). Cembran pine, however, has been less used
in France, Germany, and Italy. These species are relatively
slow growing and as more five-needle pine species from
around the world became known to Europeans, foresters
began to experiment with plantations of exotic species.

Exotic five-needle pine species have had a long history in
Europe. The following five-needle pine species have been
more frequently planted: P. strobus L., P. monticola Dougl.,
P wallichiana A. B. Jacks., P. sibirica Du Tour, P. koraiensis
Sieb & Zucc., P. armandii Franch., P. flexilis James, and P.
lambertiana Dougl. (Schmitt 1972, Soegaard 1972). East-
ern white pine (P. strobus) was one of the first five-needle
pines to be introduced to Europe. With minor exceptions,
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eastern white pine was introduced in all European coun-
tries (table 1, column 5) and planted for economic reasons
(table 1, column 11) (Radu 1974). The species has demon-
strated good qualities for timber production, is well adapted
to the European climate (Schmitt 1972, Kriebel 1983) and
has proven to be resistant to SO2 pollution (Enderlein and
Vogl 1966). The other exotic five-needle pine species have
shown to be of minor importance, being used primarily for
landscaping and in arboretums. Some Asiatic species have
been introduced as genetic sources for blister rust resis-
tance. However, the vast majority of research and develop-
ment efforts on exotic five-needle pines in Europe have
been conducted on eastern white pine

In Europe, eastern white pine was first recorded in 1553,
in the Royal Gardens of Fontainebleau, France (Lanier
1961), followed by introduction at Badminton, Great Britain
(MacDonald and others 1957) and in Germany in 1770
(Schenck 1949). The first records of the eastern white pine in
other European countries were: Switzerland 1850 (Litscher
1908), Poland 1876 (Bialobok 1960), Slovakia 1773 (Musil

1969), Austria 1886 (Cieslar 1901), Romania 1894 (Davidescu
1894) and Bulgaria 1903 (Rusakoff 1936).

Small plantations of eastern white pine were established
at intervals through the late 18th and 19th centuries, as the
species exhibited good growth. This was especially true in
Germany during the great reforestation period that took
place through the 18th and 19th centuries (Borchers 1952,
Schmitt 1972). Initially, it appeared that eastern white pine
would become one of the most important trees of the Euro-
pean forests. In west central Germany, eastern white pine
could outgrow all European coniferous species and keep a
dominant position in stands for more than 80 years (Schmitt
1972). The species’ growth performance also was remark-
able under various site conditions in other countries such as
Poland, Czechoslovakia, Romania, and Russia (Radu 1974).
However, white pine blister rust has seriously impacted the
survival and growth of this species. Blister rust attack has
halted planting of eastern white pine for wood production in
all countries in the last two decades (see table 2, column 14).

Table 1—Survey results for native white pine and Pinus strobus presence, past or present occurrence of white pine blister rust, past planting or
breeding work, and current planting or breeding work in European countries.  (Y= yes;  N=no;  ?=unknown)

Native Introd. PPBROa PPb PPBWc

Rank Country P.c P.p P.s P.c P.p P.s P.c P.p P.s P.c P.p P.s
1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 Albania N Y ? ? ? ? ? ? ? ? ? ?
2 Austria Y N Y N N Y Y N Y Y N N
3 Belarus N N Y N N Y N N Y N N N
4 Belgium N N Y N N Y N N Y N N N
5 Bulgaria N Y Y N N Y N Y Y N Y N
6 Croatia N Y? Y N N Y N N Y N ? Y
7 Czech Republic N N Y N N Y N N Y ? N N
8 Denmark N N Y N N Y N Y Y N N N
9 England N N Y N N Y N N Y N N N

10 Estonia N N Y N N Y N N Y N N N
11 Finland N N Y N N Y N N Y N N N
12 France Y N Y N N Y N? N Y N? N N
13 Germany Y N Y N N Y N? N Y N? N Y
14 Greece N Y Y N N N N N N N N N
15 Hungary N N N N N Y N N Y N N N
16 Ireland N N Y N N Y N N Y N N N
17 Italy Y N Y N N Y Y? N Y Y N N
18 Latvia N N Y N N Y N N Y N N N
19 Lithuania N N Y N N Y N N Y N N N
20 Luxembourg N N ? N N ? ? N ? N N ?
21 Macedonia N Y Y N N Y N Y Y N Y N
22 Moldova N N N N N N N N N N N N
23 Netherlands N N Y N N Y N N Y N N N
24 Norway N N Y N N Y N N N N N N
25 Poland Y N Y N N Y Y N Y Y ? N
26 Portugal N N N N N ? N N N N N ?
27 Romania Y N Y N N Y Y Y Y Y Y Y
28 Slovakia Y N Y N N Y Y N Y Y N N
29 Slovenia N N Y N N Y N N Y N ? N
30 Spain N N ? N N ? ? ? Y? N N ?
31 Sweden N N N N N Y N N N N N N
32 Switzerland Y N Y N N Y Y N Y Y N N
33 Ukraine Y N Y N N Y Y N Y Y N N
34 Yugoslavia N Y? Y N N Y N Y Y N Y? N

aPPBRO = past and present blister rust occurrence.
bPP = past planting or breeding work.
cPPBW = present planting or breeding work; P.c, P.p, P.s = P. cembra, P. peuce, P.strobus.



USDA Forest Service Proceedings RMRS-P-32. 2004 53

Genetic Research and Development of Five-Needle Pines (Pinus subgenera Strobus) in Europe: An Overview Blada and Popescu

According to our survey (table 1 column 11), eastern white
pine was planted over almost all Europe. Germany contains
the largest planted area, approximately. 25,000 ha, of east-
ern white pine (Stephan, personal communication). In France,
plantations with eastern white pine were established during
the 19th century. The first plantations for wood production in
Romania were established at the beginning of the 20th

century, but much larger areas (about 1,360 ha) were estab-
lished after 1960 (Radu 1974). Based on the initial results of
provenance trials, Croatia planted approximately 1,500 ha
(Gracan, personal communication).

White pine blister rust began to cause severe problems as
early as 1865, when the rust was first noticed by H. A.
Dietrich in Estonia (Leppik 1934). The rust spread through-
out Europe by 1900 via the alternate host Ribes nigrum L.
and susceptible P. strobus genotypes (Georgerscu and others
1957, Bingham and Gremmen 1971). It was not until 1926,
however, that Germany recognized high mortality in east-
ern white pine due to the disease (compare Schmitt 1972).
Correspondingly, planting eastern white pine in Germany
was prohibited (Tubeuf 1927). Unfortunately, the species
began to be planted again in Germany after 1935 (Wappes
1935). Other European countries followed the German lead
(Radu 1974), and suffered serious economic losses due to
blister rust. For example, the rust invaded almost all young
stands in Romania after 1970, promoted by the simulta-
neous culture of eastern white pine and Ribes nigrum (Blada
1982). Blister rust attacks eastern white pine in all countries
where the species has been planted (table 1, column 8). The
rust does not attack P. cembra nor P. peuce in their natural
habitats, however, in spite of concurrence with susceptible
P. strobus and Ribes species (table 1, columns 6 and 7).

Research Studies _______________

Provenance Trials

Once widespread planting with eastern white pine stopped,
genetic research activities began to slow. Despite the prob-
lem of blister rust, Germany and Croatia still continue to
make measurements in their provenance trials (table 1,
column 14).

Provenance testing of eastern white pine has been con-
ducted in Germany, where two trials with 69 provenances
were established in 1966 and 1967, respectively (Stephan
1974). All provenances were originated from the natural
range of the species. Growth rate, mortality, and infections
by blister rust were assessed at age 11. (Stephan 1974).
Height at age 11 was negatively correlated with provenance
latitude (r = -0.40 to r = -0.51). Provenances from southern
Appalachian mountain States of North Carolina, South
Carolina, and Virginia (south of the 39th degree of latitude)
showed better growth than the average in these trials.
Provenances from areas north of the 45th degree of latitude
(Manitoba, Quebec, Ontario, New Brunswick, Minnesota,
and Wisconsin) had poor growth. Significant (p less than 0.5)
and highly significant (p less than 0.1) height-height corre-
lations among provenances at different ages were found. The
correlations were not strong when the differences in age
were great, but particularly strong between heights from the
age of five onward. A high number of dwarfed trees from one

provenance from Illinois were noticed. Under natural condi-
tions, differences among provenances could be observed for
mortality and infection by blister rust. Pinus monticola (one
provenance) and P. wallichiana (two provenances), tested in
the same German trial, showed only 85 percent and 40
percent, respectively, of the average height of P. strobus. In
addition, high mortality could be observed in P. wallichiana.

The Croatian research program included 10 eastern white
pine provenances, of which six from North America and four
from established plantations in Croatia. The tests were
established in 1970 and were measured at age 18 (Orlic
1993). For American provenances, the average values for
survival, height, and diameter were 70.7 percent, 12.8 m and
20.7 cm, respectively. Similarly, the survival and growth
estimates for local provenances were 73.2 percent, 13.7 m
and 22.2 cm, respectively, which were higher (3.5, 7.0, and
7.2 percent, respectively) than the American provenances.
In term of survival, the local source Hrvatska ranked first
and the American provenance New Hampshire ranked sec-
ond. The New York (USA) and the other two local sources
exhibited the poorest survival. The average of total height
ranged from 11.9 m to 14.0 m, with an average of 13.3 m,
whereas the diameter from 17.7 cm to 23.2 cm with an
average of 21.5 cm. The best and the poorest provenance in
diameter were Georgia and Wisconsin, respectively. No
information was given about blister rust resistance.

Croatia also conducted a species comparison test with
eastern white pine, Scots pine (P. sylvestris L.), black pine
(P. nigra Arnold), European larch, and Douglas-fir
(Pseudotsuga menziesii (Mirb). Franco) was established in
Tocak area. After 23 years of testing, eastern white pine was
found to have produced the greatest about of volume per
hectare (479 cu. m), in comparison to 214, 209, and 164 cu.  m/ha
produce by Scots pine, European larch and Douglas-fir,
respectively (Orlic and Ocvirek 1993). In a 26 year-old trial
at Slatki Potok, eastern white pine generated 549.1 cu. m/ha
in comparison to only 270 cu. m/ha produced by black pine
(Orlic and others 1997). These results demonstrate the
superior performance in wood production of eastern white
pine in European site conditions.

In Romania, a nursery provenance test of eastern white
pine was planted with 45 provenances: 19 from North
America and 26 of unknown origin taken from old stands
planted across Europe. The weight of 1,000 seeds per prov-
enance was assessed before sowing (Radu 1974). Seed weight
means ranged from 11.4 g to 23.2 g, with a mean of 16.9 g.
The North American provenances averaged 15.9 g, whereas
European provenances weighted 8.8 percent more (17.3 g).
Twelve traits including dry matter were measured at age 2.
The total height ranged from 8.9 cm to 15.9 cm, with
Romanian local seed sources surpassing the other groups
of provenances. Significant differences were found among
provenances for dry matter content. The provenances from
northern Minnesota (USA) had the lowest average height,
but the highest proportion of dry matter. In contrast, the
fastest growing provenances (North Carolina, Kentucky and
Ohio, all from the USA) had the lowest dry matter content
even though their height was greater.

A nursery provenance test of Cembran pine was estab-
lished in Romania. The test consisted of 12 provenances
including seven from the Carpathian Mountains and five
from the Alps. Blada (1997a) found significant differences
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among provenances for total height growth, annual height
growth and root collar diameter. The top four provenances
were Pietrele, Gemenele and Calimani from the Carpathians
and Blunbach Grunalpe from the Austrian Alps, which
exhibited faster height, height incremental growth, and root
collar diameter than other provenances at age 6. Duncan
multiple range tests (1955) for these traits suggested that
major gaps separated provenances within the natural range
of the species; that is, genetically distinct populations could
be found in both the Alps and Carpathian Mountains. The
same data suggested a discontinuous pattern of distribution
suggesting the absence of a gene flow among populations.
There were highly significant positive correlations between
all traits, suggesting that indirect selection can be appli-
cable. No significant correlations were found between any
growth trait and geographic coordinates.

Provenance tests of Balkan pine were investigated in
Bulgaria. Thirteen provenances, originating from 1,700 m –
2,100 m in the Pirin and Rila Mountains, were represented
in each of the two tests. At age 3, it was found that the Balkan
pine provenances from high elevations initiated growth
earlier than the provenances from middle elevations (Dobrev
1997a). Approximately 90 percent of the seedlings had
lammas shoots at the end of the August of the third growing
season. Significant correlations were found between seed
size with provenance latitude and elevation. Also, a signifi-
cant positive correlation was found between height growth
and needle length. No significant correlations were found
between height growth and latitude or with elevation of
provenances.

Dobrev (1997b) investigated the concentration of macro-
and microelements in the needles of the 3-year-old seedlings
from different Balkan pine provenances. Variation of con-
centration in macro- and microelements of needles was
discontinuous among provenances. Provenances from the
northern Pirin Mountains greatly differed in their relative
concentration of nitrogen and calcium and copper as com-
pared with provenances from southern Pirin and Rila and
Central Balkan Mountains. A geographic differentiation in
magnesium concentration of the needles was found. The
Pirin Mountains provenances had a higher concentration of
magnesium than provenances from Rila and Central Balkan
Mountains. A significant positive correlation was found
between phosphorus concentration and seedling height.

About three decades ago, various provenance trials were
established in Ukraine (Yatsyk and Volosyanchuk, personal
communication). A P. cembra trial with six provenances
originating from Ukrainian Carpathian Mountains was
established on 0.5 ha. At age 28, the mean height growth,
diameter and volume were 5.0 m, 9.3 cm and 31 cu m/ha were
achieved. Two tests of P. koraiensis comprising 19 prov-
enances of unknown origin were planted on 2.4 ha. The
latest measurement took place at age 22 and 30. The mean
height growth, diameter, and volume in the first and second
tests were 6.7 m, 11.8 cm, and 8.1 cu m/ha, and 3.9 m, 7.3 cm,
and 8.5 cu m/ha, respectively. A trial with four P. pumila
Regel provenances of Russian origin was established on
0.25 ha. The mean height growth and diameter at the
ground level at age 30 were 11.3 m and 3.6 cm, respectively.
A 2.5 ha test of P. sibirica with 36 provenances of Russian
origin was planted. The height growth, diameter and volume

at age 23 were 5.4 m, 10.9 cm and 2.4 cubic meters per
hectare, respectively. A second trial with 31 provenances, of
the same origin, was established on 13 ha. Until now, no
other measurements were made. Two P. peuce provenances
of unknown origin were planted on 0.1 ha. Height, diameter
and volume at 22 years of age, measured 7.0 m, 12.5 cm and
13.2 cubic meters per ha, respectively. All provenances of the
above species proved to be resistant to blister rust.

The Ukrainians also planted tests of North American
species. A 0.1 ha P. flexilis plantation with one provenance
of unknown origin was made about 33 years ago. The height
growth and diameter at age 21 were 6.3 m and 10.8 cm,
respectively. All provenances exhibited high susceptibility
to blister rust and only 10 percent of trees survived after 21
years of testing. In the same timeframe, a P. strobus trial
with three provenances of unknown origin was planted on
0.1 ha. After 23 years of testing, the height growth, diameter
and volume were 9.7 m, 23.4 cm and 56.3 cu m/ha, respec-
tively. Heavy blister rust attack occurred and only 1.5
percent of the trees survived.

Open-Pollinated (Half-Sibling) Progeny
Tests

Blue pine—In 1971 an international program for testing
white pines of known origin for resistance against blister
rust was proposed (Bingham and Gremmen 1971). Another
program dealt with seed collection and exchange (Kriebel
1976). As part of this program, Romania received 36 open-
pollinated families of blue pine (P. wallichiana) from 16
provenances originated from Pakistani Himalayan Moun-
tains. This material was tested for growth and blister rust
resistance by artificial inoculation. Eight traits, including
blister rust resistance and height growth were measured at
age 11, and the results reported by Blada (1994b). Highly
significant differences were observed among families for
blister rust resistance (BR1), percentage of trees free of
blister rust (BR2), tree survivors (BR3), total height growth
(HT), and stem volume (V). BR1, BR2, BR3, HT, and V
averaged 3.2 points (10 = the highest resistance), 9.7 per-
cent, 49 percent, 10.4 dm, and 0.458 dm3 respectively.

Genetic variance estimates for BR1, BR2, BR3, HT, and V
accounted for 91, 99, 96, 79, and 38 percent, respectively, of
phenotypic variance. Therefore, this high amount of genetic
variance could be used in a blue pine breeding program.
Narrow-sense heritability estimates at the family level for
BR1, BR2, BR3, and HT were high: 0.909, 0.998, 0.960, and
0.974, respectively. Heritability for V was much lower (0.380).
These estimates, coupled with the large amount of variation
observed within blue pine population suggest a two-way
selection program for rust resistance and growth would be
rewarding. If the best 5, 10, or 15 families were selected and
planted on sites more or less similar to that used in this trial,
a genetic gain of 67, 51, and 40 percent in BR1 and 18, 14, and
11 percent in V, respectively, could be achieved.

A highly significant positive phenotypic correlation was
found between blister rust resistance and latitude. All fami-
lies that originated from above 35∞ N latitude exhibited a
higher resistance to rust than families from lower latitudes.
No significant phenotypic correlations were found among
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growth traits and latitude or between growth traits and
blister rust resistance. Therefore, growth and blister rust
resistances are independent traits, indicating that improve-
ment using indirect selection is not possible.

Cembran pine—As part of the Romanian five-needle
pine breeding program, a nursery test with 136 open polli-
nated families of P. cembra was established. Highly sig-
nificant differences among families were found for height,
root collar diameter (RCD), and total number of branches
(TNB) (Blada in preparation). The genetic coefficient of
variation for height, RCD, and TNB were 22, 14.6, and 26.3
percent, respectively, and the narrow-sense heritability
estimates for height, RCD and TNB were 0.968, 0.938, and
0.966, respectively. Consequently, an improvement pro-
gram with stone pine would be yield positive results.

Genetic correlations among height with TNB, RCD, and
TNB were high: 0.881, 0.571 and 0.713, respectively. Selec-
tion in height or in RCD should lead to an indirect increasing
of the TNB. However, an increased number of branches is a
negative characteristic, as it lowers the quality of wood.
Therefore, the number of branches in the next generation
should be minimized by selecting fast growing trees with
small number of branches.

If selecting the best 30, 35, 40, or 45 of the 136 families,
genetic gains in height of 28.8, 26.8, 25.1, and 23.4 percent,
and in RCD of 18.8, 17.6, 16.4, and 15.3 percent, respec-
tively, could be expected. By using these early test results to
guide an operational improvement program, two types of
production seed orchards were planned: a seedling seed
orchard using the fastest growing seedlings in the best 45
families and a clonal seed orchard using ortets from the best
45 trees.

Breeding and Seed Orchards

A few countries reported clonal seed orchards, such as:
Cembran in Austria, Slovakia Romania and Ukraine; Balkan
pine in Romania; and eastern white pine in Croatia and
Romania.

A genetic improvement program was started in Romania
in 1977 due to the potential importance of eastern white pine
in consideration of blister rust. This program included both
intra- and interspecific hybridization and has a final objec-
tive of establishing seed orchards composed of selections
with high general combining ability for resistance to blister
rust (Blada 1982). Due to the lack of official interest in five-
needle pines, the scope of the initial program was restricted
to continuing the measurements in the already established
trials. These hybrid trials perform well, and additional
details will be given elsewhere in these proceedings.

Another Romanian breeding program under way is con-
cerned with P. cembra. The program was initiated in 1989
with the following objectives: (a) phenotypic selection of
parents in natural populations; (b) provenance and half-
sibling family testing; (c) full-sibling family (both from intra-
and inter-specific crossing) testing and genetic parameters
estimation; and (d) seed orchards establishment with the
best combiners for both improved mass seed production and
as a base population for advanced-breeding population (Blada
1990).

Full-Sibling Progeny Tests

Romaina was the only country that reported full sibling
progeny tests in response to the survey. A 10 x 10 full diallel
crossing experiment was conducted in Gemenele on native
populations of P. cembra from Romanian Carpathian Moun-
tains. The experiment was conducted to provide information
on the genetic variation and inheritance of important breed-
ing traits. Cotyledon number, total height, annual height
increment, RCD, TNB, and lammas shoots formation were
measured from age 2 to 6 (Blada 1999). The most prominent
result from this experiment was that significant general
combining ability (GCA), specific combining ability (SCA),
and reciprocal effects for all traits were found. Also signifi-
cant maternal effects occurred in number of traits, suggest-
ing control by nuclear and extranuclear genes and by nuclear
x extranuclear gene interactions.

Growth measurements indicated a progressive increase
with age of the GCA variance within phenotypic variance.
The GCA variance of the total height growth, increased from
2 percent at age 2 to 25 percent at age 6, while the GCA
variance of the root collar diameter increased from 8 percent
at age 4 to 14 percent at age 6. Similarly, the SCA variance
of the total height growth ranged from 15 percent at age 2 to
27 percent at age 6. The diallel analysis showed that both
GCA and SCA variances were important sources of varia-
tion. Dominance variance exerted a greater influence on 10
out of 17 traits as evidenced by SCA / GCA variance ratios.
However, the magnitude of these ratios suggested that
additive effects might be almost as important as nonadditive
effects in the study. Consequently, the breeding strategy can
employ both additive as well as nonadditive variations,
indicating that considerable progress under direct selection
is possible. If two out of 10 randomly selected parent trees
exhibited significant GCA effects for total height, then it can
be estimated that 20 percent of trees within the basic
natural population could be selected as good combiners.

Heritability estimates were high enough to ensure genetic
progress in improving growth and other traits. For height
growth, heritabilities for both family and single tree level
increased from age 2 (0.065 and 0.021 respectively) to age 6
(0.453 and 0.366 respectively). In the same manner, herita-
bilities for root collar diameter, for both family and indi-
vidual level, increased from 0.228 to 0.321 and from 0.126 to
0.157, respectively.

Interspecific Hybridization

P. strobus x P. peuce hybrids—In Romania a 7 x 4
factorial crossing was conducted between eastern white pine
(female) and Balkan pine (male) to combine the rapid growth
of eastern white pine with high resistance to blister rust of
Balkan pine (Blada 2000a). The resulting families were
artificially inoculated at age 2 and planted in the field at age
6. Blister rust resistance (BRR), trees free of blister rust
(TFBR), tree survival (TS), tree height (H), diameter at 1.30
m (D), basal area (BA), stem volume (V), stem straightness
(SS), and branch thickness (BT) were measured at age 17.
Highly significant differences among hybrid families were
found for all traits except stem straightness. Selection at
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family level, therefore, can be carried out for the most
economically important traits, including BRR and V.

There was large genetic variation among the parents for
all traits examined. The effects of eastern white pine female
parents were significant not only for growth traits but for
BRR, TFBR, and TS as well. This suggests that there were
(1) additive genetic control for all traits and (2) parents with
high GCA could be selected for breeding. The existence of
resistance to the blister rust within eastern white pine (as a
female parent) agreed with results found by Riker and
others (1943), Riker and Patton (1954), Patton and Riker
(1958), and Patton (1966) and were contrary to Heimburger
(1972). Balkan pine (as a male parent) had significant effects
on growth traits but no significant effects on BRR, TFBR,
and TS. Therefore, all male Balkan pine parents exhibited
the same level of resistance to blister rust in this study, as
found by Blada (1989) at an earlier age of the study. This was
contrary to Patton’s study (1966), which found differences in
blister rust resistance among his P. peuce selected parents.
Male x female interaction effects were significant and highly
significant for all traits except for stem straightness, sug-
gesting a nonadditive gene action on most traits.

Significant, positive phenotypic correlations were found
among growth traits. Such correlations imply significant
genetic gains in these traits even if selection was practiced
on only one trait. However, correlations between stem
straightness and growth traits were low, ranging from 0.30
to 0.32. Low phenotypic correlations (0.01 to 0.33) were
obtained between blister rust resistance and growth traits,
thereby suggesting that the two traits were inherited inde-
pendently and tandem selection cannot be applied.

Mid- and high-parent heterosis was calculated (MacKey
1976, Halauer and Miranda 1981). Balkan pine was found to
be the best parental species for blister rust resistance and
stem straightness, whereas eastern white pine was the best
parent species for all growth traits. Mid-parent heterosis
was positive for all but one trait and accounted for 34 percent
for BBR, 55 percent for TFBR, and 53 percent for TS.
Substantial mid-parent heterosis was also found in most
growth traits, such as 26 percent in volume growth. The total
height growth had the lowest (13 percent) positive mid-
parent heterosis, while the stem straightness was the only
trait displaying a negative mid-parent heterosis. High-
parent heterosis was negative for all traits. For example, at
age 17, this heterosis accounted for -5 percent for blister rust
resistance, -8 percent for trees free from blister rust, and -9
percent for total height growth. Generally, hybrids were
intermediate between the two parental species over all
characteristics and incorporated desired characteristics from
both parent species.

Genetic gain using the average of breeding values of the
best parents was calculated. Selecting the best three eastern
white pines (females) for blister rust resistance (average
breeding value was 0.833) would result an increase of 9.5
percent for blister rust resistance. Similarly, using the best
five Balkan pines (males - average breeding value was 21.6
dm3) to cross with the above females for volume growth rate
would result in a genetic gain of 18.3 percent in the overall
mean (118.0 dm3).

P. strobus x P. wallichiana hybrids—In Romania, a
factorial crossing was conducted among seven female trees

of eastern white pine and four male trees of blue pine to
combine the rapid growth of former species with high resis-
tance to blister rust of the latter species (Blada 2000c). The
hybrid families were artificially inoculated at age 2 and
planted at age 6. Blister rust resistance (BRR), TS, H,
annual height growth, D, BA, V, SS, and BT were the
measured traits at age 17.

Factorial analysis indicated significant differences among
hybrid families for all traits except branch thickness. The
effects of eastern white pine (female) were significant not
only for the growth traits, but for BRR and TS, again
suggesting an additive genetic control in all growth traits
and blister rust resistance and that high GCA parents could
be selected for breeding. Blue pine (male) had significant
effects on TS, H, tree survivors, annual height growth, BA,
and SS, but no significant effects on BRR, D, V, and BT. It is
important to note that blue pine male parents exhibited the
same level of blister rust resistance. Male x female interac-
tion effects were significant except for TS and SS, suggesting
that nonadditive gene action had an influence on all eco-
nomically important traits.

The contribution of GCA variance to the phenotypic vari-
ance was 87 percent for H, 53 percent for D, and 77 percent
for V; whereas the contribution of SCA variance to the same
traits was lower, that is, 10, 41, and 22 percent, respectively.
Both additive and dominance variances could be used for
improvement in wood production. The contribution of GCA
variance to the phenotypic variance was 73 percent for BRR
and 53 percent for TS, while the contribution of the SCA
variance for the same traits was only 9 percent for the former
and 0 percent for the latter trait. The GCA / SCA variance
ratios demonstrated that there was additive genetic varia-
tion for all traits. The GCA-F / GCA-M variance ratios
revealed that estimates of GCA variance of females were
much greater than estimates of males for all traits, except
BT. These results suggested that the greatest amount of
additive variance associated with both blister rust resis-
tance and growth traits was found within eastern white pine
parent population. The blue pine male parent contribution
to the additive variance was insignificant for blister rust
resistance but significant for some growth traits.

The narrow-sense heritability estimates at the family
level were high for all traits. For example, the estimates of
0.828 and 0.885 and 0.777 for BRR, H, and V, respectively,
were obtained. The magnitude of heritability estimates was
due to the high level of additive variance attributable to the
female parents. In general, the individual-tree narrow sense
heritabilities appeared to be high for blister rust resistance
(h2

w = 0.421), moderately high for total height growth (h2
w=

0.327), low for diameter (h2
w= 0.122), and very low for branch

thickness (h2
w= 0.085). In conclusion, heritability estimates

were high enough to ensure progress in improving genetic
blister rust resistance and growth traits by using P.
strobus x P. wallichiana F1 hybrids.

Both positive and negative GCA effects, which signifi-
cantly (p<0.05) differed from zero, were generally found for
both male and female parents for most traits. None of the
blue pine male parents had significant GCA effects on BRR
as these parents exhibited the same level of resistance. The
range of estimated GCA effects among parents suggested
that it may be possible to select parents with superior
breeding values for BRR and growth traits.
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Genetic and phenotypic correlations between SS and
growth traits were relatively low, ranging between 0.143
and 0.288. Both types of correlations between BT and total
height were high and negative (-0.543 and -0.533), indicat-
ing that larger trees produced thinner branches. High,
positive genetic and phenotypic correlations were obtained
between these two traits with BRR, rG = 0.928 and rp = 0.916
respectively. In addition, high, positive genetic correlations
were obtained between BBR and D (rG = 0.680), BA (rG =
0.655), and V (rG =. 608), suggesting that tandem selection
can be applied.

Estimates of high-parent heterosis were positive only for
TS and height and negative for all other traits. From these
estimates, it is evident that hybrids combined their parental
genes for both rapid growth and blister-rust resistance.
These results may justify the use of F1 P. strobus x P.
wallichiana hybrid production. Genetic gains could be real-
ized in increasing in both blister-rust resistance and timber
production. Even smaller increases in resistance and vol-
ume growth would give appreciable improvement in yield,
especially when considered in relation to large-scale planta-
tion programs.

Host-Parasite Investigations

In order to investigate the pathogenic variation of C.
ribicola a German-Korean joint inoculation experiment was
conducted (Stephan and Hyun 1983, also in Stephan, these
proceedings). Cronartium ribicola strains used in the Ger-
man experiment were able to infect only Ribes nigrum, but
not Pedicularis resupinata L., the alternate host species in
Korea. Therefore, this host plant species cannot be consid-
ered as a host for the German fungus material. Cronartium
ribicola strains used in the Korean experiment could infect
only P. resupinata, thereby confirming pathogenic variation
in C. ribicola.

The same joint experiment corroborated other reports,
such as La and Yi (1976), that demonstrated a wider patho-
genic variation of C. ribicola in eastern Asia. There is an
increase of blister rust strains with a stronger virulence
than had been observed in Korea since 1963 (La and Yi
1976)) and Japan since 1972 (Yokota and others 1975).
Apparently, only the Ribes host-strain of C. ribicola had
invaded Europe in the last century, and from Europe was
subsequently introduced to North America. Introduction of
the Pedicularis-host strain of C. ribicola into North America
would be a potential disaster for endemic five-needle species
(Stephan and Hyun 1983), as this strain is very virulent.

In 1971, the International Union of Forest Research
Organizations (IUFRO) proposed an international program
for testing white pine blister rust resistance. Parallel trials
were carried out in the Western and Eastern United States,
in France, South Korea, Japan and Germany (Bingham and
Gremmeen 1971, Stephan 1986). In Germany, 14 species
with a total of 63 provenances/progenies have been tested by
artificial inoculation. After 10 years, Stephan (1986) found
significant differences among the species investigated. Asian
five-needle pines are generally more resistant to the blister
rust than North American species. No or relatively weak
symptoms were observed in P. pumila, P. parviflora Zieb. &
Zucc., P. sibirica, and P. koraiensis. Surprisingly, a few

provenances of P. wallichiana showed high infection rates.
Most of native North American white pines showed a very
high infection rate of more than 90 percent. Pinus albicaulis
Engelm., P. flexilis, P. lambertiana and P. monticola were
severely damage, although P. aristata Engelm. was rela-
tively less infected. The fungus infected nearly 100 percent
of the tested P. strobus provenances. This partially can be
explained by the theory that the gene center of blister rust
and blister rust resistance is in north central Asia (Bingham
and others 1971).

There were no differences among provenances within
species. The experiment also included a few F1 and F2
progenies between P. lambertiana and P. monticola, which
possessed a certain level of improved resistance to blister
rust under North American conditions. Only one provenance
of P. lambertiana showed 20 percent less attack than in
unimproved provenances. In P. monticola, the F1 and F2
progenies selected for rust resistance were severely attacked
7 years after artificial inoculation. The comparison of the
German results with those obtained in France (Delatour and
Birot 1982), Japan (Yokota 1983), and North American tests
were interesting. Three years after inoculation there were
significant correlations between the German and French
results with respect to the percentage of rust-free trees in the
seedlot BR n∞ 41 (P. lambertiana) and seedlot BR n∞ 43 (P.
monticola). There were no significant correlations with the
American results and the French seedlot BR n∞ 46 results,
nor were there correlations with the Japanese results
(Stephan 1986).

A similar IUFRO test was carried out in France. This
French test demonstrated that the species from Europe and
Asia proved to be less susceptible to rust than the American
species. (Delatour and Birot 1982).

A survey on blister rust resistance in native (Cembran
pine) and introduced five-needle pine species was conducted
in Romania (Blada 1982, 1990). After 1970, blister rust had
caused severe attacks to all young stands of eastern white
and western white pines. This severe outbreak was pro-
moted by simultaneous culture of the five-needle pine spe-
cies with Ribes nigrum. Mature populations and young
seedlings from natural regeneration of P. cembra distrib-
uted throughout the Carpathian Mountains were free from
blister rust. Ribes alpinum L. and R. petraeum Wulf. Popu-
lations coexist at high altitude with Cembran pine and were
also free from blister rust, although they have been shown to
be susceptible (Georgescu and others 1957, Blada, unpub-
lished data). After approximately two decades of survey,
blister rust still could not be found on Cembran pine nor the
Ribes species (Blada, unpublished data). The absence of the
infection on both Cembran pine and natural Ribes popula-
tions indicates that the Romanian Carpathian Mountains
do not represent a gene center for C. ribicola, as suggested
by Leppik (1967). The rust was recently introduced via
eastern white pine seedlings from Germany and Ribes sp.
collections from elsewhere (Blada, in preparation).

Research at Molecular Level

Studies concerning genetic differentiation and phylogeny
of stone pine species based on isozyme loci are summarized
in a previous publication and in this volume (Krutovskii and
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others 1992, Politov and Krutovskii in these proceedings).
Another molecular study of a Russian five-needle pine
(P. sibirica) was conducted by Goncharenko and others
(1992). Enzyme systems in the seeds of natural populations
from various parts of Siberia were analyzed by starch gel
electrophoresis, and 36 alleles at 20 loci were defined. Of
the genes controlling these enzyme systems, 55 percent
proved to be polymorphic, with an average 17.6 percent of
gene/tree being heterozygous. Interpopulation genetic di-
versity accounted for a little over 4 percent of the total
genetic diversity. The Ney distance coefficient ranged from
0.008 to 0.051, with an average of 0.023. The data obtained
suggested lack of any marked genetic differences between
central and marginal Siberian populations.

Genetic diversity and differentiation among five popula-
tions of Cembran pine from the Italian Alps were studied by
means of isoenzyme variation at 15 loci and contrasted with
five Scots pine populations (Bulletti and Gullace 1999). The
two species showed similar values for the mean number of
alleles per locus and percentage of polymorphic loci, while
the expected heterozygozity for Scots pine was higher than
that for Cembran pine (0.332 vs. 0.281). All the populations
studied showed an excess of homozygotes; the Allevet popu-
lation of Cembran pine had the highest value of fixation
index (0.206). Furthermore, the latter stand exhibited the
lowest allelic richness index value. Only 2.7 and 3.5 percent,
respectively, of the observed genetic diversity in Cembran
and Scots pines was due to differentiation among popula-
tions. Therefore, the populations for each species studied
share similar respective gene pools, and there were no
barriers hampering gene flow. The results of the study
provide useful information for in situ conservation of genetic
variability. Moreover, the data obtained can also be used for
the identification of the most valuable stands for the produc-
tion of high quality seeds.

A comprehensive study concerning phylogenetic relation-
ship among P. cembra, P. sibirica and P. pumila, using
microsatellites and mitochondrial nad1 intron 2 sequences
was recently completed (Gugerli and others 2001). The
three-chloroplast microsatellite loci combined into a total of
18 haplotypes. Fourteen haplotypes were detected in 15
populations of P. cembra and one of P. sibirica, five of which
were shared between the two species, and the two popula-
tions of P. pumila comprised four species-specific haplotypes.
Mitochondrial intron sequences confirmed grouping of the
species. Sequences of P. cembra and P. sibirica were com-
pletely identical, but P. pumila differed by several muta-
tions and insertions/deletions. A repeat region found in the
former two species showed no intraspecific variation. These
results indicate a relatively recent evolutionary separation
of P. cembra and P sibirica, despite their presently distinct
distributions. The species-specific chloroplast and mito-
chondrial markers of P. sibirica and P. pumila should help
to trace the hybridization in their overlapping distribution
area and to possibly identify fossil remains with respect to
the still unresolved postglacial recolonization history of
these two species.

Acknowledgments ______________
The authors express their gratitude to all colleagues from

several countries who supplied information concerning ge-
netic activities in five needle pines in their own countries.
Particularly, our thanks are due to Drs. R. Stephan (Germany),
R. Yatsyk and R. Volosyanchuk (Ukraine), J. Gracan
(Croatia), A. Nanson (Belgium) and R. Longauer (Slovakia).
The thanks are extended to our technician, Cristiana Dinu,
for her help during the preparation of this report.

References _____________________
Bialobok, S. 1960. Historia introdukgi I aklimatyzacji drzew I

zrzewow w Arboretum Kornickim. Arboretum Kornickie, Roz V:
141-200.

Bingham, R. T. 1972a. Taxonomy, crossability and relative blister-
rust resistance of 5-needled white pines. In: Bingham, R. T. and
of a NATO-IUFRO Advanced Study Institute, August 17-24,
1969, USDA Forest Serv. Misc. Publ. 1221: Washington D. C.:
357-372.

Bingham, R. T. 1972b. Artificial inoculation of a large number of
Pinus monticola seedlings with Cronartium ribicola. In: Bingham,
R. T. and others, eds. Biology of rust resistance in forest trees;
Proc. of a NATO-IUFRO Advanced Study Institute, August 17-
24, 1969, USDA Forest Serv., Misc. Publ. 1221: Washington D. C.:
357-372.

Bingham, R. T., Hoff, R. J. and McDonald, G. I. 1971. Diseases
resistance in forest trees, Ann. Rev. Phytopath (9): 433-452.

Bingham, R.T. and Gremmen, J. 1971. A proposed international
program for testing white pine blister rust resistance in forest
trees. Eur. J. For. Path. (1): 93-100.

Blada, I. 1982. Relative blister-rust resistance of native and intro-
duced white pines in Romania. In: Heybroek, H. M. and others
(Eds.): Resistance to disease and pests in forest trees. Workshop
Gen. of Host-Parasite Inter. in Forestry, Wageningen, Holland.
pp. 415-416.

Blada, I. 1987. Genetic resistance to Cronartium ribicola and height
growth in some five needle pines and in some interspecific
hybrids. PhD Thesis, Academy of Agricultural and Forestry
Sciences, Bucharest: 146 p.

Blada, I. 1989. Juvenile blister rust resistance and height growth of
Pinus strobus x P. peuce F1 hybrids. Silvae Genetica 38 (2): 45-49.

Blada, I. 1990. Blister rust in Romania. Eur. J. For. Path. 20: 55-58.
Blada, I. 1994a. Interspecific hybridization of Swiss stone pine

(Pinus cembra L.). Silvae Genetica 43 (1): 14-20.
Blada, I. 1994b. Performance of open–pollinated progenies of blue

pine in Romania. Silvae Genetica 43 (4): 231-238.
Blada, I. 1996. Breeding of Pinus cembra and its nursery techniques

and planting operations. Annual Report No. 26, For. Res. Inst.,
Bucharest: 5 p.

Blada, I. 1997a. Stone pine (P. cembra L.) provenance experiment in
Romania: I Nursery stage at age 6. Silvae Genetica 46 (4): 197-200.

Blada, I. 1997b. Diallel crossing in Pinus cembra: II The nursery
testing at age 6. In: White and others, eds. Proceedings of the 24
th Biennial Southern Forest Tree Improvement Conference,
Orlando, Florida, 9 to 12 June: 143-161.

Blada, I. 1999. Diallel crossing in Pinus cembra. III Analysis of
genetic variation at the nursery stage. Silvae Genetica, 48 (3-4):
179-187.

Blada, I. 2000a. Genetic variation in blister–rust resistance and
growth traits in Pinus strobus x P. peuce hybrid at age 17:
(Experiment 1). Forest Genetics 7 (2): 109-120.

Blada, I. 2000b. Genetic variation in blister–rust resistance and
growth traits in Pinus strobus x P. peuce hybrid at age 17:
(Experiment 2). Silvae Genetica 49 (2): 71-78.

Blada, I. 2000c. Genetic variation in blister - rust resistance and
growth traits in a 17 year old Pinus strobus x Pinus wallichiana
F1 hybrid population. Proc. Hybrid Breeding and Genetics, Noosa,
Australia: 35-48.



USDA Forest Service Proceedings RMRS-P-32. 2004 59

Genetic Research and Development of Five-Needle Pines (Pinus subgenera Strobus) in Europe: An Overview Blada and Popescu

Blada, I. 2003. Testing stone pine half-sib progenies in the
Carpathians: genetic variation at the nursery stage. Silvae Genet.
(In preparation).

Borchers, K. 1951. Folgerungen aus den bisheringen Aubauer-
gebnissen mit fremdlanschen Holzarten im Gebiet des Landes
Niedersachsen fur die Kunftige waldbauliche Planung. Mitt.
Deutsch. Dendrol. Ges 57: 69-81.

Bulletti, P. and Gullace, S. 1999. Genetic variation and structure
among Swiss stone pine (P. cembra) and Scots pine (P. sylvestris)
populations in the western Italian Alps. Alberi Oggi (5): 11-16.

Cieslar, A. 1901. Uber anbauversuche mit fremdlandischen
Holzarten in Osterich. Centr. Bl. Ges. Forstw. 27: 101-116.

Contini, L and Lavarelo, Y. 1982. Le Pin cembro (Pinus cembra L.)
.INRA, Paris: 197 p.

Critchfield, W. B. and Little, E. L. 1966. Geographic distribution of
the pines of the wold. USDA Forest Service, Misc. Publ. 991,
Washington, D. C.: 96 p.

Davidescu, E. 1894. Darea de seama asupra excursiilor din Bucovina.
Rev. Padurilor 1: 14.

Delatour, C. and Birot, Y. 1982. The international IUFRO experi-
ment on resistance of white pines to blister rust (Cronartium
ribicola): The French trial. In: Heybrock, H. M. and others, eds.
Resistance to diseases and pests in forest trees. Workshop Gen.
of Host-Parasite Interactions in Forestry, 14-21 Sept. 1980,
PUDOC, Wageningen, the Netherlands: 412-414.

Dobrev, R. 1997 a. Growth and morphological characteristics of the
three year-old seedlings of Macedonian pine (P. peuce) in half-sib
progeny trials. Forest Science, (1 –2): 20-30.

Dobrev, R. 1997 b. Concentration of macro-and trace elements in the
needles of the three-year-old seedlings of Macedonian pine (P.
peuce) of different provenances. Forest Science, (1-2): 31-40.

Duncan, D. B. 1955. Multiple range and multiple F-tests. Biomertics
11: 1-42.

Enderlein, H. and Vogl, M. 1966. Experimentelle Untersuchungen
uber die SO2 empfindlicheit der Nadeln verschiedener Koniferen,
Arch. Forstw. 15: 1207-1224.

Figala, H. 1927. Studien uber die Nordtiroler Zirbe. Ph.D. Disserta-
tion, Hochschule fur Badenkultur, Vienna: 86 p.

Fukarek, P. 1970. Otkrice I danasnja rasprostranjenost molike
(Pinus peuce). Zbornik na simpoziumot za molikata, Pelister–
Bitola 2-9 September 1969: 17-25.

Georgescu, C. C. and Ionescu–Barlad C.D. 1932. Asupra statiunilor
de Pinus cembra din Carpatii Romaniei. Rev. Pad. 8-9: 531-543.

Georgescu, C. C., Ene, M., Pertescu, M. Stefanescu, M. and Miron,
V. 1957. Bolile si daunatorii padurilor. Editura agrosilvica de
stat, Bucuresti. 638 p.

Goncharenko, G. G., Padudov, V. E. and Silin, A. E. 1992. Genetic
structure, variation and differentiation in populations of Pinus
sibirica. Genetika (Moskva) 28 (10): 114-128.

Gugerli, F., Senn, J., Anzidei, M., Madaghiele, A., Büchler, U.,
Sperisen, C., Vendramin, G. G. 2001. Chloroplast microsatellites
and mitochondrial nad 1 intron 2 sequences indicate congruent
phylogenetic relationships among Swiss stone pine (Pinus
cembra), Siberian stone pine (P. sibirica), and Siberian dwarf
pine (P. pumila). Molecular Ecology 10: 1489-1497.

Halauer, A. R. and Miranda, F. O. 1981. Quntitative genetics in
maize breeding. Iova State University, Ames: 468 p.

Heimburger, C. 1972. Breeding of white pine for resistance to blister
rust at the interspecific level. In Bingham, R. T. and other, eds.
Biology of rust resistance in forest trees; Proc. of NATO-IUFRO
Advanced Study Institute, August 17-24, 1969, USDA Forest
Serv., Misc. Publ. 1221, Washington D. C.: 541-547.

Hoff, R. J., Bingham, R. T. and McDonald, G. I. 1980. Relative
blister-rust resistance of white pines. Eur. Low. Forest Path. 10
(5): 307-316.

Holzer, K. 1975. Genetics of Pinus cembra L. Annales Forestales 6/
5, Zagreb: 139-158.

Kriebel, H. B. 1963. Verifying species hybrids in the white pines.
Proc. Forest Genet. Workshop, Macon, Ga., October 25-27, 1962.
Spons. Pub. No. 22: 49-54.

Kriebel, H. B. 1976. The IUFRO program for haploxylon pine gene
pool exchange, selection and breeding. In. Proc. 16th IUFRO Wold
Congress, Oslo: 239-245.

Kriebel, H. B. 1983. Breeding eastern white pine: a worldwide
perspective. For. Ecol. Manage:, 6: 263-279.

Krutovskii, K., Politov, D. V., Altukhov, Y. P. 1992. Genetic differ-
entiation and phylogeny of stone pine species based on isozyme
loci. Proc. int. workshop on subalpine stone pines and their
enviroument. St. Maritz, Switzerland, Sept. 5-11.

La, Y. J. and Yi, C. K. 1976. New developments in the white pine
blister rust of Korea. XVI IUFRO Woid Congress, Oslo, Div. 2:
344-353.

Lanier, L. 1961. La rouille vesiculeuse du pin Weymouth due to
Cronartium ribicola (Fischer). Station de Recherches et Experi-
ences Forestieres; Notes Tech. For., Nancy 8: 11 p.

Leppik, E. E. 1934. Uber die geographische Verbreitung von
Cronartium ribicola. Eesti Loodus (Estonia), 3: 52-55.

Leppik, E. E. 1967. Some viewpoints on the phylogeny of rust fungy.
VI. Biogenic radiation. Mycologia LIX (4): 568-579.

Litscher, B. 1908. Die Weimouthskiefer in den Stadtwaldungen von
Raperswie. Schwez. Ztschr. F. Forstw. 59: 7-14.

MacDonald, J., Wood, R. F., Edwards, M. v. and Aldhous, I. R. 1957.
Exotic forest trees in Great Britain. Gr. Brit. For. Comm. Bull. 30:
167 p.

Mac Key, Y. 1976. Genetic and evolutionary principles of heterosis.
Eucarpia 7: 17-33.

Mitruchi, I. 1955. Drust dhe shikuret e Shqiperiese. Dendrologija
Albanije, Tirana.

Musil, I. 1969. Introdukce vejmutovky (Pinus strobus) na severni
Morave a ve Slezku. Acta Musci Silesiae, Opava: 51-60.

Nedjalkov, S. 1963. Die Pinus peuce in Bulgarien. Schweiz. Zeitschrift
f. Forstwesen 114: 654-664.

Nedjalkov, S. and Krastanov, K. 1962. [Establishing the rate of
growth and productivity of Pinus peuce]. Izv. Inst. Gorata, Sofia,
Bulgaria 8: 85-98.

Nikota, B., Stamenkov, M. and Djordjeva, M. 1970. Prvi rezultati od
meguvidovoto vkrstsuvanje na molikata (Pinus peuce). Zbornik
na simpoziumot za molikata, Pelister-Bitola, 2-9 September: 183-
190.

Orlic, S. 1993. Research of Weymonth pine (P. strobus) provenances.
Sumarski list, Zagreb. (9 - 10): 361-368.

Orlic, S. and Ocvirec, M. 1993. Growth of domestic and foreign
conifer species in Zoung cultures on Fernery and Heath areas of
Croatia. Radovi, Vol. 28 (1-2): 91-103.

Orlic, S., Komlenovic, N., Rastovski, P. and Ocvirec, M. 1997.
Growth and biomass production of six coniferos species on luvisol.
Sumarski list Zagreb 7-8, CXXI: 361-370.

Patton, R. F. 1966. Interspecific hybridization in breeding for white
pine blister rust resistance. In: Gerhold, H. D. and others, eds.
Breeding pest – resistance trees. Proc. NATO and NSF Advanced
Study Institute, Pensylvania 1964: 367-376.

Patton, R. F. and Riker, A. J. 1958. Blister-rust resistance in eastern
white pine. Proc. 5th Northeast. For. Tree Improv. Conf., pp. 46-51.

Popnikola, N., Jovancevis, M. and Vidakovic, M. 1978. Genetics of
Pinus peuce Gris. Annales Forestales Vol.VII.

Radu, S. 1974. Cultura si valorificarea pinului strob. Editura Ceres,
Bucuresti: 304 p.

Righter, F. I. And Duffield, J. W. 1951. Interspecies hybrids in pines:
a summary of interspecific crossings in the genus Pinus made at
the Institute of Forest Genetics. J. Heredity, 42: 75 – 80.

Riker, A. J., Kouba, T. F., Brener, W. H. and Byam, L. E. 1943.
White pine selections tested for resistance to blister rust. J. For.
41: 753-760

Riker, A. and Patton, R. F. 1954: Breeding of Pinus strobus for quality
and resistance to blister rust. Univ. Wis. For. Res. Notes. No. 12.

Ruskoff, M. 1936. Uber den Anbau der Weymountskiefer in Aussland
und bei uns. Jahrsb. Der Universitat Sofia, Land. Und Forstw.
Fafultat. Ed. 16: 155-198.

Schenck, C. A. 1949. Fremdlandische Wald – und Parkbaume.Vol. I,
II, III. Berlin.

Schmitt, R, 1972. Intrinsic qualities, acclimatization and growth
potential of white pines introduced into Europe, with emphasis
on Pinus strobus. In: Bingham, R. T. and others eds. Biology of
Rust resistance in forest trees; Proc. of NATO-IUFRO Advanced
Study Institute, August 17-24, 1969; USDA Forest Serv. Misc.
Publ. 1221, Washington D. C.: 111-123.

Soegaard, B. F. 1972: Relative blister rust resistance of native and
introduced white pine in Europe. In: Bingham, R. T. and others,
eds. Biology of rust resistance in forest trees: Proceedings of a
NATO-IUFRO Advanced Study Institute, August 17-24, 1969;
USDA Forest Serv. Misc. Publ. 1221, Washington D. C.: 233-239.



60 USDA Forest Service Proceedings RMRS-P-32. 2004

Blada and Popescu Genetic Research and Development of Five-Needle Pines (Pinus subgenera Strobus) in Europe: An Overview

Stephan, B. R. 1974. Zur geographisc Variation von Pinus strobus
aufgrund erster Ergebnisse von Versuch-sflächen in
Niedersachsen. Silvae Genetica, 23 (6): 214-220.

Stephan, R. B. 1986. The IUFRO experiment on resistance of white
pines to blister rust (Cronartium ribicola) in northern Germany.
Proc. 18th IUFRO Wold Congress, Ljubliana; Div. 2, Vol.: 80-89.

Stephan, B. R. and Hyun, S. K. 1983. Studies on the specialization
of Cronartium ribicola and its differentiation on the alternate
hosts Ribes and Pedicularis. Journal of Plant Disease and Protec-
tion 90 (6): 670-678.

Tubeuf, C. 1927. Das Schicksal der Strobe in Europa. Jahresber.
Deutsch. Forstver.: 330-348.

Yokota, S. T. 1983. Resistance of improvement P. monticola and
some other white pines to the blister rust fungus, Cronartium
ribicola, of Hokkaido, Japan. Eur. J. For. Path. (13): 389-402.

Yokota, S. T. Vozumi, T., Endo, K. and Matsuzaki, S. 1975.
Cronartium rust of strobe pine eastern Hokkaido, Japan. Pl. Dis.
Reptr. 59: 419-422.

Wappes, L. 1935. Bericht der Weymouthskiefen-Kommission.
Reichsnahrstand Verl. Abt. Der Deutsche Forstwirt, Berlin: 63 p.


