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Macedonian Pine is a tertiary relict and endemic species of the Balkan Peninsula which A. Grisebach discovered in 1839 and described in 1844 as Pinus peuce.  This pine is the only one from the Subgenus Strobus native to the Balkan Peninsula.  It occurs in some of the high mountains of Bulgaria, Serbia, Montenegro, Macedonia, Albania and Greece, between the northern latitudes of 41o and 43o.

The areas occupied by Pinus peuce in the particular mountains are as follows: Pirin Mt.- 7,175 ha, Rila Mt. – 6,230 ha, Prokletije Mt. – 3,531 ha, Pelister Mt. – 2,500 ha, Shar Mt. – 433 ha, Central Balkan Range – 193 ha, Western Rhodopes – 170 ha, Vitosha Mt. – 104 ha, Slavyanka Mt. – 57 ha and others.

The experimental plantations created with different forest tree species and their provenances to stabilize the upper forest limit showed that the genetic resources of Macedonian pine possess the best adaptive ability in relation to survival and growth at the extreme climatic conditions of the high mountains.
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Intra-Stand Variation of Cone Structure and Seed Production in Siberian Stone Pine: Pattern and Use for Breeding

V.S. Akimov, S.N. Goroshkevich
Institute for Monitoring of Climatic and Ecological Systems, Siberian Branch RAS, Tomsk, Russia

Siberian stone pine (Pinus sibirica Du Tour) in Russia is primarily a nut-bearing species.  Therefore, its сone structure and seed production intra-stand variation have been actively studied during the last 50 years.  However, these studies are poorly related to practical breeding.  We used a novel system of traits to characterize yearly seed crops at the different levels of its structural organization.  The purpose is to analyze the results of long-term observations of the intra-stand variation of the reproductive features complex, to reveal the pattern and character of its diversity, to the principle and the method of searching the initial material for breeding.  The research plot is established in the Nizhne-Sechenovo forest located 25 km from Tomsk in the south part of the boreal zone (170 years old, mean height 22 m, mean d.b.h. 60 cm).  The number of sampled trees varied  between 40-120 among years).  The registration of seed crop and analysis of its structure was conducted every year from 1990 to 2005.  The intra-stand variation of the traits’ level was determined as a standard deviation in percent from the simple average.  The level of variability rose sharply and the correlations between them decreased in the years of the low crops.  The results for big and medium crops are listed below.  The most variable trait is the number of cones per tree: 50-65%.  The initial trait from the traits which characterized the cone structure - the common number of scales (8-10%) - is the least variable.  The intra-stand variation level naturally and substantially increased in the row of traits: the initial number of ovules - 15-16%, the seed number - 20-21%, the full-size seed number - 26-27%, the number of seeds with endosperm - 30-31%, the number of seeds with perfect endosperm - 35-36%.  Ovule losses (ratio of flat seeds, hollow seeds, seeds with imperfect endosperm) have very high levels of variability (80-100%).  The number of full seeds depended rather on losses in the processes of development (r = 0.80*-0.85*) than on their starting number (r = 0.55*-0.60*).  The mass of one seed with sound endosperm rose with an increase in the ratio of the ovules, which were lost at the earlier stages of development (r = 0.20–0.25*) and the flat seed ratio (r = 0.35*-0.40*).  In year-to-year dynamics, the number of cones per tree is positively connected with the number of filled seeds per cone (r = 0.78*) and with other indices characterizing ‘the crop quality’.  The breeding rank of trees by all important traits remains relatively stable from year to year.  Consequently, even in the years of big crops even the most productive trees fully use its potential.  A considerable increase in seed production by means of artificial selection of the best genotypes is therefore possible without a visible decrease in the crop quality and without intensification of the cone-bearing irregularity.  Criteria and method of selection of the initial material for the Siberian stone pine breeding as nut-bearing species have been suggested.
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General Combining Ability for Volume Growth of Open-Pollinated Progenies of Korean Pine (Pinus koraiensis)

S.U. Han, W.Y. Choi, K.S. Kang and C.S. Kim
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Genetic quality of plus trees selected phenotypically is generally determined by progeny tests in a breeding program.  For the progeny test, there are a few limitations; all plus trees are not selected in the same year, seed collection does not occur in the same year due to flowering irregularity, unequal availability of progenies among families, and so on.  Such limitations reflect spatial and temporal variation in the establishment of progeny test trials.  Thus, one should develop a method of standardization in order to apply genetic information (i.e., general combining ability) from the progeny tests into genetic thinning or establishment of improved seed orchard.

In this study, we developed a method for standardization to estimate general combining ability (GCA) based on the standard-site adjustment system.  The method developed took the age of progeny and the number of test sites into account, which was based on the standard deviation of volume index (Height x DBH2) among different ages, sites and replications.  Also, we used different weight values depending on the number of test sites and replications, and the age of trials.  This method might give a general base on which to generalize the spatial and temporal variation in progeny tests.

On the basis of the method, we estimated the GCA of 244 open-pollinated families of Pinus koraiensis that were tested at four sites (Gunpo, Chuncheon, Kangryuong and Chungwon) established from 1975 to 1994.  Among 244 families, KW15 (0115) family showed the highest GCA value, while KW28 (0128) family revealed the lowest GCA value.  The results also said that even the same family had different GCA values depending on the age of progenies as well as sites.  Although there are some needs to consider on gene-ecology for accurate results, the method we reported could be useful to estimate the GCA values of progenies tested under different ages and sites.
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Pinus koraiensis is one of the most important economic species in Korea, which covers about 17% of the total reforestation area.  Volume growth, timber quality and nut production have been major target characteristics in the breeding program of P. koraiensis.  The main purposes of the present study are to survey the effect of top-pruning for strobili and cone production, and to develop a method of cone harvesting for efficient management of seed orchards.

The study was conducted at a clonal seed orchard of P. koraiensis that was established at Whasung, Kyonggi province in 1991.  The seed orchard consists of 20 clones.  Grafts were selected from superior families based on progeny tests, and planted at 5m x 5m spacing.  Eight clones (a total of 180 ramets) were selected and three treatments were applied in two years.  The first treatment was done with top-pruning at just above the first whorls from the ground (strong pruning), at below the second whorls from the top (weak pruning) and control (no treatment) in 1999, and we surveyed tree growth and cone characteristics in 2000.  The second treatment was carried out in 2001, with pruning of branches on the top-pruned stems, and then we measured flowering and cone production in 2006.

As a result, branch length and branch diameter of top-pruned trees were longer and thicker than those for control.  There was no difference of branch angle between treatments and control, and all trees showed apical dominance.  But, top-pruned trees showed more decurrent form than control.  In the first survey (2000), the averages of seed-cone production of top-pruning and control were 1.8 and 0.2, respectively.  In the second survey (2006), the averages of seed-cone production of the first and second treatments for the strong top-pruning and control were 15.2, 16.8 and 12.1, respectively.

In concluding remarks, the top-pruning could affect cone production and control tree shape and height.  Even though there is some need to study hormone or nutrient analysis, top-pruning would be applied for the management of seed orchards in P. koraiensis.
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The Phytophagous Insects in the Siberian Stone Pine Clone Archive from Tomsk Oblast (Russia, West Siberia)
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Over the past decade a clone archive has been created in the south of Tomsk oblast with the purpose of developing the principles and technology of selection of the Siberian stone pine (Pinus sibirica Du Tour) to introduce it into the culture as a nut tree.  This unique selection object includes Siberian stone pine clones from its whole vast geographic range.  An important task is to preserve and sustain its steadiness to various unfavorable environmental factors including the damage caused by phytophagous insects.

As a result of investigations in 2003-2006, we found in the clone archive 14 species of phytophagous insects potentially dangerous to the Siberian stone pine.  We established that the complex of pests in the clone archive is formed at the expense of the species of the local fauna colonizing the Siberian stone pine culture from contiguous forest biotopes and fields.
Of the oligophages feeding on conifers the most dangerous insects are adelgid Pineus cembrae Chol., European pine sawfly Neodiprion sertifer Geoffr., weevils Callirus abietis (L.), Magdalis frontalis (Gyll.), Magdalis violacea L., Pissodes castaneus (Deg.), Pissodes pini (L.), Pissodes validirostris Gyll., pine knothom moth Dioryctria abietella Den.& Schiff.
When Pineus cembrae is present in great numbers in the clone archive one observes discoloration of needles, delay in growth, death of leading and lateral shoots and, sometimes, death of whole young tree.  The larvae of Neodiprion sertifer eat up a considerable part of the needles of the lower branches in some trees.  Large pine weevils Callirus abietis damage the bark of the trees from the outside.  In previous years, the number of damaged saplings in the archive plantations was as large as 20%.  The larvae of Magdalis produce cavities inside shoots.  The larvae of Pissodes castaneus and Pissodes pini make passages in the bast.  Pissodes validirostris and Dioryctria abietella damage the cones formed in the graft.

Of all polyphages the scarab beetle Melolontha hippocastani F. has the worst effect in the clone archive.  Its larvae eat the roots of young plants.  Adult beetles damage microstrobiles, during additional feeding.  Potentially dangerous rhizophages are also larvae of summer chafer Rhizotrogus solstitialis L., elaters Agrypnus murinus L. and Selatosomus aeneus L., weevil Otiorhynchus ovatus L.  The beetles Rhizotrogus solstitialis feed on the needles of the Siberian stone pine in period of mass flying.
All the above species are widely spread in Tomsk oblast, they are numerous and often damage conifers in natural and man-made forests. Their destructive activity in clone archive may result in catastrophic consequences.  Therefore, it should be controlled by means of a thorough forest pathological monitoring.

Keywords: Phytophagous insects, Siberian stone pine, clone archive.
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from Tomsk Oblast by Pineus cembrae (Insecta, Phylloxeridae)
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The research was done in 2004-2006 in the south of Tomsk oblast (West Siberia, Russia) in the clone archive of the Siberian stone pine (Pinus sibirica Du Tour) created under the guidance of Dr. S.N. Goroshkevich in 1996.  Saplings of the local (Tomsk) population were the stock, while the graft was the Siberian stone pine cuttings of various natural populations from the southern taiga to the forest-tundra in West Siberia in the latitudinal profile, as well as from the Middle Urals to the Amur region in the longitudinal profile and from the whole altitude profile of the spread of Siberian stone pine in West Siberia and Khamar-Daban.

The adelgid Pineus cembrae Chol. is a pest typical for Pinus sibirica.  In the clone archive of Tomsk oblast it is the most numerous phytophage feeding on the pine during the whole vegetation period colonizing the buds, needles and the bark of the young shoots.  In 2004 it colonized 93.5% of the trees in the clone archive, in 2005–87.9% and in 2006–95.3%.

To estimate the colonization intensity we developed a scale of numbers.  The presence of pest colonies was established by the characteristic white fluffy coating covering the insects.  Depending on the number of colonies and characteristic features of their distribution on the needles and the shoots we determined the intensity number of the adelgid colonization: number 1 – a single colonization (there are one to five small colonies and young shoots are not colonized); number 2 – a weak colonization (approximately, 1/3 of the brachiblasts and young shoots are colonized by compact colonies clearly separated from each other, with some parts free from the insects being larger in size than the colonies); number 3 – intense colonization (2/3 of all the brachiblasts and young shoots, the colonies are large and loose separated from each other by short distances).

On most plants in the clone archive P. cembrae occurred in single colonies.  In 2004 a single colonization (number 1) was observed in 68.3% of the trees, in 2005 – 45.4% and in 2006 – 59.9%.  In 2004 there were 20.8% of the trees with a weak degree of colonization, in 2005 – 35.3%, in 2006 – 26.9%.  We found a trend towards an increase in the number of trees heavily colonized with adelgid (number 3): in 2004 – 4.4%, in 2005 – 7.2%, in 2006 – 7.8%.  In the course of three years 1% of the trees died as a result of the damage caused by the insect.

No differences were established in the colonization intensity of the clones of the Siberian stone pine ecotypes in the latitudinal and longitudinal profiles.  Colonization of altitude profile clones is reliably higher than that of the latitudinal and longitudinal ones.  The greatest intensity over the years of research was observed in the clones of the trees from the mountain and forest region of West Sayan at a height of 1,400-1,900 meters above sea level.
Keywords: Siberian Stone Pine, clone archive, Pineus cembrae (Insecta, Phylloxeridae)
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Variability of Needle Structure in Siberian Stone Pine in a Provenance Plantation

O. Bender, T. Rudnik
Institute for Monitoring of Climatic and Ecological Systems, Siberian Division RАS, Tomsk, Russia

Siberian stone pine (Pinus sibirica Du Tour) is one of the most common trees in Siberia.  Its natural range spreads from the Ural Mountains to the Aldan River and from the Arctic Circle to Northern Mongolia.  The climate of natural Siberian stone pine sites influences the whole plant organism, particularly its needle structure, response to which takes effect at specific morphological and anatomical levels.  Genotypical and environmental effects on needle structure in different Siberian stone pine ecotypes are very little known.  Common garden experiments are used to separate genotypical effects from environmental ones.

We analyzed morphological and anatomical variability of needle in Siberian stone pine marginal populations grown in a provenance plantation, 30 km southward from Tomsk (Russia).  The plantation is located in the southeastern West Siberian Plain at southern limit of the taiga zone, at optimum conditions for Siberian stone pine.  We investigated the grafts of mother trees taken from natural sites.  Four ecotypes were selected for the study.  Three ecotypes originated from northern (Urengoy), western (Neviyansk), and eastern (Severobaikalsk) marginal populations.  The fourth (Tomsk) ecotype served as a local control.  The Tomsk ecotype grows in a site from which natural conditions are getting worse due to reduction of mean annual temperature and increase of humid factor northward, humidity reduction eastward and its rise westward.
Variability of 10 needle morphological and anatomical characteristics were studied.  The northern ecotype had shorter needles (28%), lower leaf cross-section area (21%), mesophyll area (29%), mesophyll cell size (27%), and fibrovascular bundle area (16%) while the number of stomata per unit leaf area was 16% higher than in the local Tomsk ecotype.  The resin canal area, epidermal and hypodermal cell thickness, and stomata size were equal in both the north and the local ecotypes.  The leaf cross-section and mesophyll area in the western ecotype were decreased by 20 and 23%, respectively, while stomata size was increased by 12%.  The needle length, mesophyll cell size, fibrovascular bundle cross section area, resin canal area, the number of stomata per unit leaf area, and epidermal and hypodermal cell thickness did not differ significantly from the same characteristics in the Tomsk ecotype.  The leaf cross section area, mesophyll area, and mesophyll cell size in the eastern ecotype were lower by 22%, 37% and 20%, respectively as compared with these in the local ecotype.  All other studied needle characteristics did not differ from those in the local ecotype.  There were common morphological and anatomical parameters which did not change from the south to the north and from the west to the east (resin canal area and hypodermal cell thickness) as well as parameters varied in the each ecotype.  For example, needle length, fibrovascular bundle area, and the number of stomata per unit leaf area changed along latitude but not longitude.  Conversely, stomata size and epidermal cell thickness changed along longitude but were constant along latitude.
Thus the morphological and anatomical characteristics were specific for each ecotype.  The observed variability of the needle structure is hypothesized to relate with geographical origin of grafts that depends on genotype and adaptation properties of mother trees.

Keywords: Siberian stone pine, Pinus sibirica, needle structure, anatomy, morphology, ecotype, geographical variation
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For natural populations of pines and other conifers, a mixed mating system is typical which is characterized by a certain proportion of selfed and outcrossed seeds.  Swiss stone pine Pinus cembra L. is one of the least studied European conifers in this respect.  Parameters of the mating system were determined by means of electrophoretic variation in allozymes of open-pollinated seeds in two stands located in the East Carpathians.  Six polymorphic allozyme loci (Adh-1, Fdh, Gdh, Mdh-2, Mdh-4 and Pgm-1) were studied in haploid megagametophytes and diploid embryos.  Mating system analysis was performed by Newton-Raphson method using computer program MLTR.  In population ‘Gorgany’ (24 trees, 198 seeds) mean single-locus estimate of outcrossing rate (ts) was 0.731, multilocus estimate (tm) was 0.773.  In population ‘Yayko’ outcrossing was lower (27 trees, 213 seeds, ts=0.645, tm=0.700).  These values assume high proportion of selfed seeds (23-30% of all mating events are pollination by own pollen).  Correlation of outcrossing rate estimate among loci was relatively high, 0.300 in ‘Gorgany’ and 0.469 in ‘Yayko’.  Differences between tm  and ts in each sample (0.042 in ‘Gorgany’ and 0.056 in ‘Yayko’) can be explained by action of factors of inbreeding other than selfing, first of all by consanguineous mating, i.e. by presence of family structure, a situation when spatially close individuals are more closely related than on the average within the sample plot.  In small isolated populations of Pinus cembra which is typical for the Carpathian part of the species’ range, selfing and closely related mating may cause negative effect on the seed quality due to inbreeding depression.  There is a high proportion of selfed seeds observed in the two spatially separated parts of the range and this can be expected in any seed lot of this species and should be taken into account while planning gene conservation of reforestation measures.  However, in the mature part of the studied populations (maternal trees) at these allozyme loci no heterozygote deficiency under Hardy–Weinberg expectations is observed.  Instead, we detected an increased rate of heterozygotes (inbreeding coefficient FIS=–0.200 in ‘Gorgany’ and –0.142 in ‘Yayko’).  Balancing selection is putatively responsible for rise of heterozygosity up to (and even above) equilibrium proportions.

Keywords: Pinus cembra, Swiss stone pine, allozymes, heterozygosity, mating system, inbreeding, balancing selection
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Juvenile Phase of Seedling Development in Six Eurasian 5-needle Pine Species: Pattern and Character of Interspecific Differences
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A species-specific trait system is formed under the influence of two principal complexes of factors: phylogenetic (origin, relationships) and adaptive (environment within a modern natural habitat).  Traits themselves also may be ranged by their phylogenetic stability and adaptive value.  Species are usually characterized by definitive traits.  Meanwhile, ontogenetic traits may also be useful for understanding both species’ phylogenesis and adaptation to climatic conditions.  The purpose of the present study is to investigate the juvenile shoot structure in some Eurasian Pinus species from the section Strobus.  At the south of Western Siberian Plain forest zone, seedling growth and development were studied on six Eurasian species: stone pines (Pinus sibirica, P. cembra, P. pumila, P. koraiensis) and white pines (P. parviflora, P. armandii).  Shoot growth duration increases with increasing of vegetation season duration and the amount of effective temperatures in the species’ natural habitat: the growth began slightly later, but it finished significantly later.  As far as shoot growth duration is concerned, the studied species were divided into 4 groups: (1) subarctic-subalpine P. pumila – 45-50 days, (2) boreal-mountain P. sibirica and P. cembra – 50-55 days, (3) nemoral from the monsoon forests P. koraiensis and P. parviflora – 60-65 days, (4) subtropical P. armandii – 75-80 days.  The differences in structure and development of the juvenile shoots were not related to the climate in the natural habitat of species.  On the base of the juvenile morphogenesis duration and the presence of the mature organ type (5-needle short shoots) on the juvenile shoot, three pairs of species were distinguished: P. sibirica and P. cembra (1 year, do not have short shoots); P. koraiensis and P. armandii (1 year, short shoots are presented); P. parviflora and P. pumila (2 years, short shoots are presented).  It is shown that there is a close relationship between the species within each pair and a new argument is added in favour of the polyphyletic origin hypothesis for modern subsection Cembrae of the genus Pinus.  The more important is one or another feature for species survival, the less it is connected with its phylogenesis and the more related to modern climatic conditions.  For species taxonomy neutral features in the adaptive sense are relevant where they possibly do not absolutely influence the real plants’ life.  The juvenile shoot is a shoot without bud scales.  It has obviously remained in the Pinus ontogeny from the far time when the ancestry of the modern species growing in the condition of a climate with weakly marked seasons.  For P. parviflora from the region with a temperate maritime climate a two-year cycle of the juvenile shoot development, apparently, is quite organic.  For P. pumila which may be related to it and growing on an enormous area including north-eastern Siberia, it is undesirable property, which would limit the adaptive ability of species.  The P. pumila seedlings demonstrate an extraordinarily high level of the juvenile shoot diversity.  This suggests the relatively recent origin of the species and its current active evolution.
Keywords: Pinus sibirica, P. cembra, P. pumila, P. koraiensis, P. parviflora, P. armandii, stone pines, white pines, seedling development
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Variability of photosynthetic parameters of Pinus sibirica Du Tour needles under changing climatic factors
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The basic ecological factors determining geographical distribution of a species are the air temperature and relative humidity and the intensity of photosynthetically active radiation.  Wood plant adaptation depends on the intensity of physiological and biochemical processes of plants as a response to changing environmental factors.  To reveal modification and genetic components in the variability of photosynthetic parameters of the needles of Siberian cedar (Pinus sibirica Du Tour) investigation of its mountain ecotypes growing in the central part of mountainous Altai and experiments with their transfer to a mild, flat location of growth in the south of Western Siberia have been carried out.  The objects of investigation in this introduction experiment were grafted cedar trees, where cuttings of the local ecotype were grafted onto the mountain ecotype.  The local ecotype was used as a model tree.  Measurements were made of the length and thickness of needles, the size of chloroplasts, the contents of photosynthetic pigments, and the functional activity of chloroplasts at the level of photosystem II.  Under the mountainous conditions at an altitude of 2000 m a.s.l., the two-year-old needles were shorter and thicker and contained very large chloroplasts.  The content of chlorophylls and carotinoids was twice lower than that in the ecotypes growing in the lowlands.  The rate of photorestoration феррицианида калия was also lower, which testifies to a decrease in the initial light reactions at the level of photosystem II and the photosynthetic process as a whole.  It was found out that in the lowlands the needles of grafted mountain ecotype of Siberian cedar remained shorter than those in the model trees, while the chloroplasts also remained very large.  On the other hand, in needles of mountain ecotypes established in the lowlands contained many more green and yellow pigments.  A decrease in the pool of photosynthetic pigments in the highlands is probably due to decreased biosynthesis and increased photodestruction caused by severe light and temperature conditions.  These parameters are likely to be associated with modification due to intense insolation, low temperature, ozone concentration, UV radiation, and other negative factors that are more pronounced in the highlands.  Despite the large pool of accumulated photosynthetic pigments, the functional activity of chloroplasts in the mountain ecotype at the level of photosystem II was lower than that in the local ecotype.  Thus, the increased photosynthetic intensity under favorable conditions follows the path of formation of both a larger number of reaction centers and light-harvesting pigments.
Keywords: Pinus sibirica
