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Constrasting Patterns of Spatial Genetic Differentiation in two East Asian Five-needle pine Species, Pinus koraiensis and P. armandii
M.M. Belokon, D.V. Politov, Yu.S. Belokon
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Two species of East Asian five-needle pines of the section Strobus, Korean pine, Pinus koraiensis Sieb. et Zucc. and Armand’s pine, Pinus armandii Franch are traditionally placed in two different subsections, Cembrae и Strobi, respectively.  However, data on similarity of these pines in needle anatomy and pollen structure are reported.  By means of electrophoresis in starch gel we studied allozyme variation within populations of this species and between the two species.  Among 30 studied loci we selected 17 polymorphic loci with reliable interpretation of allele correspondence between species.  Allozyme patterns were similar in both species with respect to number of loci and predominant alleles at most loci.  Intra-specific differentiation among 12 populations of Pinus koraiensis from Russia, Northeast China and South Korea was low, FST (proportion of variability among population) was as low as 0.019, DN (Nei’s genetic distance) varying between 0.001 and 0.006.  This genetic uniformity can be explained by a common gene pool of this species within virtually continuous range under similar ecological conditions.  Common vectors of selection, natural gene flow through pollen and seed dispersal as well as mixing of genetic material between regions by humans (at least in Russian forestry practice) are putative factors responsible for low differentiation in Korean stone pine.  We estimated the same parameters in Pinus armandii from continental China (Guizhou, Shaanxi, Shenyan) where its range is highly fragmented, and found differentiation in this species to be much more pronounced (FST=0.060, DN=0.012–0.026).  With adding a sample from Taiwan both FST (0.304) and DN (DN 0.174 – 0.223) were substantially higher indicating high level of differences between continental and Taiwan P. armandii, putatively due to longer isolation time.  Maximal contribution was from loci Adh-1, Got-3, Mdh-1, 6-Pgd-3, Pgm-2 and Skdh-2.  Differences were mainly caused by allelic frequencies but not by presence/absence of particular alleles, therefore observed allozyme patterns give no evidence for the species’ status of the Taiwan variety.  In the two species, P. koraiensis and P. armandii, electrophoresis showed the same number of activity zones.  In a combined set of P. koraiensis and P. armandii samples, the level of interspecific differences was high (FST=0.443, DN 0.314 – 0.370).  Species had no common alleles or very little overlapping in allelic profiles at loci Adh-1, Got-2, and Pgm-1.  Out of 61 alleles 35 were shared between species and 26 were found in only one of them.  Cluster (UPGMA and NJM) and multivariate (PCA) analyses of allozyme variation in 19 species of Eurasian and North American pines of the subgenus Strobus showed that P. koraiensis and P. armandii belong to the section Strobus (white pines), but no strict separation into two traditional subsections was revealed.  A number of Asian white pines, both Cembrae (P. pumila, P. sibirica) and Strobi (P. wallichiana, P. parviflora) are among the closest relatives of both species.  However, reconstruction of the fine phylogenetic relationships within this group is hampered by similar levels of genetic differentiation due to long evolutionary scale, by effect of selection on some allozyme loci, and putatively by past or present interspecific hybridization.
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Variability of Needle Structure in Siberian Stone Pine on Provenance Plantation

O. Bender, T.I. Rudnik
Institute for monitoring of climatic and ecological systems SP RАS, Russia, 634055,Tomsk, pr. Academicheskij10/3, obender65@mail.ru 
Siberian stone pine (Pinus sibirica Du Tour.) is one of most common trees in Siberia.  Its natural range is 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.  The genotypical and environmental effects on needle structure in different Siberian stone pine ecotypes are very little known.  One effective way to examine and to separate genotypical effects from environmental ones is by common garden experiment.

The purpose is to analyze morphological and anatomical needle variability in Siberian stone pine marginal populations which have been grown in provenance plantations in southern West Siberia, Russia.  The needle samples were collected on the provenance plantation located 30 km southward from Tomsk (the southeastern West Siberian Plain, south limit of the taiga zone, optimum site 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, was a local control.  The local Tomsk ecotype grows on a site where natural conditions are worse due to reduction of mean annual temperature and increase of the humid factor northward, humidity reduction eastward and its rise westward.
Variability of 10 needle morphological and anatomical characteristics were studied.  The north ecotype had smaller needle length (28%), leaf cross-section area (21%), mesophyll area (29%), mesophyll cell size (27%), and conducting bundle area (16%) but the number of stomata per unit leaf area increased by 16% over the local Tomsk ecotype.  The resin canal area, epidermal and hypodermal cell thickness, and stomata size were equal to both the north and local ecotypes.  The leaf cross-section and mesophyll area in the west ecotypes decreased by 20% and 23%, respectively, but stomata size increased by 12%.  The needle length, mesophyll cell size, conducting bundle 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 east ecotype decreased by 22%, 37% and 20% respectively, as compared with the local ecotype.  All other studied needle characteristics did not differ from the local ecotype.  The common morphological and anatomical parameters did not change from south to north and from west to east (resin canal area and hypodermal cell thickness) as well as parameters varied in each ecotype.  For example, needle length, conducting bundle area, and the number of stomata per unit leaf area changed along latitude but they did not change along longitude.  Conversely, stomata size and epidermal cell thickness changed along longitude but they did not change along latitude.
Thus the morphological and anatomical characteristics were specific for each ecotype.  The parameter variability of the needle structure is hypothesized to relate with graft geographical provenance that depends on genotype and adaptation properties of mother trees.
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Diallel Crossing in Pinus cembra: V. Analysis of Genetic Variation at age 15

Dr. I. Blada and F. Popescu
Forest Research and Management Institute, Sos. Stefanesti 128, Sector 2, Bucharest 11, Romania ioan_blada@yahoo.com 
Results from a full diallel mating design carried out in the Gemenele natural population of Swiss stone pine (Pinus cembra L.) from the Southern Carpathian Mountains are reported.  At age six, after nursery testing, the material was out-planted, using a randomized complete block design with 100 families, four replicates and 15 tree row-plots per replication, spaced 2.5x2.5 m.  Total and annual height growth, number of branches per whorl and survival were measured at age 15.  In addition, weight of 100 seeds and cotyledon number were assessed prior to and after sowing, respectively.  Variance analysis of the balanced modified full diallel mating design produced the results presented below.  Significant (p<0.05) and highly significant (p<0.01; p<0.001) differences occurred in growth and number of branches per whorl traits for general and specific combining ability as well as for maternal effects.  These results suggest that both good general combiners and specific combinations (families) could be found within the tested population.  Additive and non-additive variance accounted for 27% and 10% of the phenotypic variance for total height growth and 23% and 5% for number of branches per whorl, respectively.  Therefore, the dominance ratios were in favour of additive variance suggesting that this variance can be found within the Gemenele natural population and it should be used in the breeding programme.  Narrow-sense family heritabilities at family level for total height growth and number of branches per whorl were 0.641 and 0.668 respectively, indicating that such high estimates ensure the success of the improvement programme.  Parents with significant or highly significant general combining effects for total height growth and number of branches per whorl were found within the base population.  This finding encourages new candidate selection and testing.  The improvement of growth and branching by using both among- and within-family selection should be applied.  By selecting the best 20 families and the best 20% of individuals within families, a genetic gain in total height growth of 9.3% and 10.4% respectively, could be achieved.  If a seed orchard should be established with the best combiners it could bring about 20% genetic gain per generation.
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Results after 21 Years of Testing in a Pinus strobus x P. wallichiana F1 Hybrid Population
Dr. I. Blada and F. Popescu
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A controlled crossing according to a factorial design was made between seven female trees of P. strobus and four male trees of P. wallichiana to combine the rapid growth of former species with high resistance to blister-rust (Cronartium ribicola) of the latter one.  At age two the hybrid families were artificially inoculated with blister-rust and at age six they were field planted.  Total height growth, diameter at 1.3 m, basal area, stem volume, stem straightness and tree survival were measured at age 19 after planting.  Significant (p<0.05) and highly significant (p<0.01; p<0.001) differences among female effects were found for all tested traits including survival suggesting that nuclear additive genes controlled these traits.  Male effects were significant only for stem straightness.  In all but one trait the (2GCA:(2SCA and (2GCA-F:(2GCA-M ratios were in favour of additive variance suggesting that this variance should be used in the breeding strategy.  Narrow-sense heritability at family level was 0.778 for volume growth rate and 0.861 for survival; such high values indicate that the breeding programme, has good chances of success.  Two of the 11 tested parents exhibited significant positive g.c.a. effects for survival after heavy blister-rust inoculation.  One parent exhibited highly significant positive g.c.a. effects for volume growth rate.  The three good general combiners should be taken into account in the breeding programme.  Estimate of the high-parent heterosis was negative for the volume but positive for survival.  For volume, the hybrid mean was 5.9% lower than the mean of the eastern white pine but 85.4% greater than blue pine bulk lot for survival.  Estimate of low-parent heterosis for survival was also positive; i. e. the hybrid population mean was 537.5% greater than eastern white pine.  If the hybrids will be used in operational planting programs, a variable genetic gain between 6.0 and 10.5% for volume and between 6.8 and 9.6% for survival could be achieved.
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Molecular Mapping of the Pinus monticola Cr2 Gene using AFLP and SCAR Markers

A.K.M. Ekramoddoullah and J.-J. Liu.
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White pine blister rust (WPBR), caused by Cronartium ribicola, is a devastating disease in five-needle pines.  Genetic resistance is an important component of integrated strategies to control WPBR.  The major resistance gene Cr2, discovered by Kinloch et al. (1999), is also effective against British Columbia (BC) isolates of WPBR (Hunt et al. 2004).  Pyramiding Cr2 gene with other resistance genes is being pursued as a strategy in BC white pine breeding.  To facilitate this strategy, we have recently identified a few RAPD markers linked to Cr2 at one side (Liu et al. 2006).  The objective of the present study was to identify amplified fragment length polymorphism (AFLP) markers linked to both sides of Cr2 for its more precise mapping.  Use of the AFLP technique combined with bulked segregant analysis (BSA) and haploid segregation analysis allowed the identification of five AFLP markers.  Of these five AFLP markers in the Cr2 linkage, markers EacccMccgat-365, EactgMcccac-290, and EacagEacag-750 were linked in coupling and EacagMcccag-160r and EacccMccgat-180r in repulsion.  Following cloning and sequencing of the AFLP and RAPD markers, specific PCR primers were designed and used in the amplification of sequence characterized amplified region (SCAR) markers at both sides of Cr2.  EacccMccgat-365 and RAPD marker U570-843 reported previously were converted into SCAR markers.  These two SCARs segregated in a 1:1 (presence:absence) ratio and the scoring co-segregated with their respective AFLP or RAPD marker.  The SCAR marker EacccMccgat-365-scar was positioned at 3.1 Kosambi cM from one side of Cr2 and U570-843-scar localized at 1.4 Kosambi cM from other side.  Both SCAR markers can be useful in breeding programs with marker-assisted selection procedure to screen for resistance.  This study represents the first report of the development of PCR-based sequence-specific markers linked to blister rust resistance in five-needle pines.  These findings may improve the precision of molecular breeding for blister rust resistance and could be the staging point for isolating the Cr2 gene.
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Ecological and Morphological Studies in Hybrid Zone Between Pinus sibirica and Pinus pumila
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In the Baikal Region, there is no phenological isolation between Siberian stone pine P. sibirica (SSP) and Japanese stone pine P. pumila (JSP) because timing of their 'flowering' overlaps.  Intermediate individuals, supposedly natural hybrids (NH), were found not very often but regularly.  The field trial was conducted to analyze the hybrid zone structure.  The main method of the research is routine observations including occurrence of species and hybrids on the strip along the route line and determination of temporary test area in the most important stands.  In the west half of Stanovoуe upland region 4 regions were investigated: Bargusinsky, Baikalsky, Verhneangarsky and Severo-Myisky mountain ridges.  It was determined that the natural hybridization is taking place in all overlapping regions of the species' ranges; however there are some differences in frequency of NH occurrences between regions as well as within each region.  A great number of NH grows only in a specific habitat which rarely occurs and occupies a relatively small area.  On the north-east coast of Baikal the coastal zone was occupied by SSP forests with moderate occurrence of JSP in the understory.  The NH are widespread everywhere.  The ratio of fructiferous SSP, JSP and NH is approximately 300:10:1.  About 90% of the NH major features examined (structure of needles, shoots, crown), taking a pronouncedly intermediate position between species were, probably, first generation hybrids.  The analysis of their morphogenesis was carryied out in comparison with parental species.  NH have bowed trunk, but it is not able by active lodging before the winter.  Therefore, in contrast to parental species they were subjected to the destructive effect of snowbreak (broken off or dislocated with part of root system).  As with the JSP, NH have particularized root sources forming from latent buds, at the expense of which rooting of the shoots takes place under their contact with mossy-lichen covering.  Therefore, the hybrids are not aged, as well as not having internal limitation of age and size.  JSP, SSP and their NH grow together in the Upper Angara delta in the bog regions.  In the most productive ecotypes the ratio of fructiferous JSP, SSP and NH amount to approximately 60:3:1.  The ratio of fructiferous JSP and NH is reached at about 20:1 in the less productive ecotypes where SSP is sterile.  The NHs take an intermediate position by the size of cones and seeds.  Analysis of the cones' structure shows that the NH have substantially increased, in comparison with other species, the death rate and aplasia of reproductive structures on all stages of the generative cycle from differentiation of the seed-bearing scales to differentiation of the embryo.  The portion of the ovules, which developed into valuable seed with differentiated embryos, amounted in JSP to 69%, in SSP to 44%, in NH to 25%.  Thus, the fertility of NH in the Upper Angara delta substantially decreased in comparison with pure species but was quite sufficient in order to confirm that natural hybridization between JSP and SSP was not limited in this region by the presence of first generation hybrids, but obtained a state of real introgression with species' genomes.
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Witches’ brooms in Siberian Stone Pine as Somatic Mutations and Initial Genetic Material for Breeding of Nut-bearing and Ornamental Cultivars

M.S. Yamburov, S.N. Goroshkevich
Institute for Monitoring of Climatic and Ecological Systems, Siberian Branch RAS, Tomsk, Russia gorosh@imces.ru 
For the raising of the Siberian stone pine (Pinus sibirica Du Tour) nut-bearing and ornamental cultivars, the most important traits are a dense crown, slow growth and precocity. Generative mutations of this kind are eliminated by natural selection, therefore, somatic mutations’ search is important.  Among them the most promising one is the so-called ‘witches’ brooms’ (WB) where crown fragments demonstrate slowed down growth and intensive branching.  WB occasionally occur in native populations.  According to phytopathology textbooks, the WB is caused by various pathogen species (viruses, mycoplasmas, fungi).  The WB of such kind are characterized by a sickly look, full oppressions of reproductive functions, a short life and a nidus pattern of distribution.  There are also WB of different types: with a high vitality and fertility, a long life and sporadic distribution.  They occur very rarely (about 1 per 10 000 trees) across the species’ range.  We have investigated 18 trees with WB of this type.  The size of WB ranged from 0.3 to 30 m, age varied from 30 to 300 years.  Male cones were absent in all WB.  Female cone initiation was normal if WB was located in the top part of a crown.  Scions from WB and a normal crown (NC) of the same tree were grafted on identical rootstocks.  Оn the average, the height of 7-year-old WB grafts (WBG) was 2 times lower, and the stem diameter was 2 times higher than in the NC grafts (NCG).  It was achieved due to the fundamental differences in the shoot system morphogenesis.  Here are three principal differences in the decreasing order of their importance.  (1) WBGs were characterized by full, or nearly full, absence of apical dominance.  The NCG had no more then 3 orders of branching, and the length of the first order axis was on the average 5 times larger than the axis of the third order.  The WBG had 6-7 orders of branching, and the length of shoots of 5-6th orders averaged 80-90% of the length of the first orders.  (2) At an identical shoot length, the number of lateral buds in the WBG was 3-4 times more.  This superiority was achieved in several ways: a greater shoot number per node, the presence of one or even two additional nodes (summer shoot) on many annual shoots, the formation of lateral long shoots outside any nodes (instead of short shoots).  (3) The number of stem units, their length, and annual shoot length in the WBG were 1.5-2 times less compared to the NCG.  The first seed cones were initiated in both variants in the year of grafting, however, by the end of 5-7 year old period of supervision the WBG surpassed the NCG in the number of cones 5-10 times.  WB and NC have also been tested on seed progeny (WBP and NCP).  In the WBP half-sib families a clear tendency of splitting into two classes was observed: (1) normal seedlings, statistically indistinguishable from the homogenous NCPs and (2) seedlings with a growth essentially slowed down and very intensive branching.  The ratio of the two classes was about 1:1.  Therefore, the studied WB are a dominant somatic mutation.  The principles of the use of these mutations in breeding programs are discussed.
Keywords: Pinus sibirica, witches’ brooms, grafts, seed progeny, breeding of cultivars.
Provenance Variation in North American Species of 5-Needle Pine
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The 5-needle pines have been an important part of the landscape of North America.  Not just for their commercial and historic importance but also their aesthetic and ecological importance.  The alpine species: whitebark pine (Pinus albicaulis Engel.) (a stone pine - cembrae) and  limber pine (Pinus flexilis James) provide valuable tree cover for wildlife in exposed alpine country, food for birds and mammals and act as stabilizing elements for snow packs and soils in these steep and fragile environments.  Eastern white pine Pinus strobus L., western white pine P. monticola Dougl. ex D. Don, and sugar pine P. lambertiana Dougl. have all been in the past major commercial timber species.  Serious problems: first with over-harvesting and other problems: fire control removing regeneration environment, browsing of young regeneration by ungulates, white pine weevil in the East (Pissodes strobi Peck) and mountain pine beetle (Dendroctonus ponderosae Hopkins) in the West, have caused serious impacts on these species but the major problem has been white pine blister rust (WPBR) caused by the exotic rust Cronartium ribicola J.C. Fischer.

I present here some of our knowledge of provenance variation in these important species and in particular present some new results from a fairly comprehensive provenance trial of western white pine.  This is a very plastic species and although our major concern has been WPBR other aspects of the variability in this species is discussed.

Key words: White pines, North America, provenance variation.

Genetic Models for Resistance to the Exotic White Pine Blister Rust in Native North American Species of 5-Needle Pine
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Appreciable gains have been made from all programs that have done some phenotypic selection and screening.  In general long term survival over unselected lots is in the order of 100% (twice the number of surviving trees).  These cases and the other reported ‘field resistance’ does indicate that our native populations of white pines have considerable inherent resistance to this exotic pathogen, and that selection and screening programs have been effective.  However there is a strong environmental component to resistance and on high WPBR hazard sites we can still expect heavy mortality.

The general genetic model for most of this selection is attributed to ‘partial’ or slow rusting resistance that will not stop blister rust but can be expected to reduce infection and/or delay mortality.  It is probably under the control of several genetic factors (multigenic) and fits Simmonds’ (1991) definition of ‘horizontal resistance’.  Although there is still a lot of uncertainty about the genetic interpretation of this partial resistance, one known resistance factor is the dominant R-gene or major-gene resistance (MGR) that confers ‘total resistance’.  The difference between horizontal and vertical resistance is not always clear cut.  R-genes are generally dominant but they can sometimes express partial dominance.  In the cereal rusts, where they have been extensively studied, they do not necessarily display the ‘all-or nothing’ immunity and dominant epistasis shown by the Cr genes.

An increasingly complex view of pathogen and host-rust interactions is beginning to emerge.  The latest work in the pine-fusiform rust (C. quercum) pathosystem supports that a model of several R-genes and a series of matching rust races may be more correct than the originally expounded ‘partial resistance’ model.  Variable environments (pathogen hazard), host susceptibility, variability in rust races (virulent and non-virulent) and genotype × environment interaction can all produce a continuous distribution of resistance, even if caused primarily by R-genes that would make it indistinguishable to a partial resistance model.  Recent evaluations of long term full-sib trials also indicate that specific combining ability effects may have been overlooked, especially in strongly manifested phenotypic resistance.

Keywords: R-gene, partial resistance, gene models, blister rust resistance.

Micropropagation of an Endangered Species Pinus armandii var. amamiana

Katsuaki Ishii, Yoshihisa Hosoi, Emilio Maruyama, Seiichi Kanetani
Forestry and Forest Products Research Institute, Matsunosato 1, Tsukuba, Ibaraki 305-8687, Japan. katsuaki@ffpri.affrc.go.jp 
For micropropagation via organ culture, mature embryos were excised from the seeds of Pinus armandii Franch. var. amamiana (Koidz.) Hatusima, an endangered species only inhabiting the southwest islands of Japan.  They were cultured in vitro under different tissue culture conditions.  Adventitious buds were induced on the surface of the embryo on 1/2 DCR medium containing BAP and they grew to shoots after subculturing to a medium containing activated charcoal or a low concentration of thidiazuron.  From the elongated shoots, root primordia and roots were induced in medium containing IBA as an auxine.  We found that a low concentration of zeatin or BAP added to the medium was beneficial for plant regeneration of mature embryos of this species.  There were many abnormal chlorophyll germinants from seeds collected in an isolated tree.
For micropropagation via somatic embryos, embryogenic cell suspensions were induced from a mature and immature seed of Pinus armandii Franch. var. amamiana on MS liquid medium supplemented with 1 μM 2,4-D and 3 μM BAP.  The suspensions were incubated in the dark at 25.  Induced suspension cells were transferred to ammonium free MS liquid medium supplemented with 1 μM 2,4-D, 3 μM BAP and 30mM L-glutamine and subcultured every 2 weeks.  In the other set of the experiment, the induction rate of somatic embryogenesis was high with ammonium free half strength MS medium.  In order to develop somatic embryos, the suspension cells were transferred to ammonium free MS medium supplemented with 10 μM ABA, 0.2 % activated charcoal, 10 % PEG (MW6000), 30 mM L-glutamine and 6 % maltose.  The cultures were incubated under a 16h light/8h dark photoperiod.  After 1-2 months of culture, differentiation of embryos progressed and cotyledonary embryos were obtained.  These embryos were transferred on ammonium free MS solid medium under 16h photoperiod.  After 2-3 weeks plantlets with roots and green cotyledons were obtained.  Plantlets were transplanted to vermiculite containing modified MS liquid medium in 200 ml culture flasks, then out planted after habituation procedure.

Keywords: Pinus armandii var. amamiana, micropropagation, endangered species.
On the Geographic Variation of Pinus cembra in the Alpine Mountains
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Swiss stone pine (Pinus cembra L.) populations from all over the Alpine mountains were studied, in order to give the first report on the geographic variation of Swiss stone pine.  Bud samples were taken along 12 different transects and isozyme analysis was applied.  Altogether, 14 enzyme systems (22 scored gene loci) were analyzed.  Average number of alleles per locus was low (1.4) in comparison to other tree species and did not vary significantly amongst populations.  Observed heterozygosity showed extraordinary low values with an average of 7.1% reaching highest values of 8.2% in the central Alpine mountains (Switzerland).  The findings are discussed in the light of earlier results regarding different pine species of the subsection Cembrae.
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Rearrangement and Duplication as Main Forces in Chloroplast Genome Evolution in Pines
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The entire nucleotide sequence of the chloroplast genome (117,190bp) of Korean pine (Pinus koraiensis) was determined and compared with the already published genome of Japanese black pine.  As in the case of Japanese black pine, it retains 475 bp inverted repeats containing 3' portion of psbA gene but lacking rRNA genes.  The amino acid species translated from respective potential protein coding genes showed 77% to 100% sequence similarity to those of corresponding genes of P. thunbergii.  When compared with Japanese black pine, the order of the genes is fairly conserved except for the psaM gene and ndh pseudogenes.  Thirteen indels that are larger than 100 bp were identified from the alignment of the two pine genomes.  Except for the region containing ndh pseudogenes and that between psaI and accD, all the large indels occur near the potential rearrangement breakpoints involving several tRNA genes and their neighboring sequences as repeat units.  Multiple rearrangement events appeared to be responsible for the loss of a copy of psaM gene and rps4 and ycf12 pseudogenes found in Japanese black pine.  In addition, the further proceeded truncation of ndhK pseudogene in Korean pine and ndhB pseudogene in Japanese black pine indicate that these genes are functionally redundant in pines.  Surprisingly, the loss of the gene and pseudogenes are conserved among haploxylon pines and not in diploxylon pines, suggesting that they occurred simultaneously at the time of divergence or within a short period of time after divergence of the two pine subgenera and that since then little change has occurred.  There also appeared many indels that are less than 50 bps.  Many of these indels appeared to be the tandom duplication products of the adjacent sequences.  These tandom repeats are also very well conserved among haploxylon and among diploxylon pines.
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Carbohydrate Accumulation In The Needles Of Siberian Stone Pine Seedlings
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The aim of the research presented is to study effects extracted from biologically active peat substances on carbohydrate accumulation processes.  Study was carried out on five-year-old Siberian Stone Pine seedlings grown in the nursery forest in the south of Tomsk region.  These seedlings were treated with peat preparation, which was created in Tomsk.  Four groups of experimental plants were organized on the analog principle.  Each group consisted of 30 seedlings of average size; one-half of these seedlings were control.  In the beginning of the vegetative season a single treatment was realized on experimental plants with water solution peat preparation.  The first group of plants was treated with a 0.1% solution; dose was calculated by dry substance.  For the second group the dose was increased by 25%.  For third and fourth groups the dose was decreased by 25% relative to the first group.  Control plants were sprayed with water.  Accumulation of carbohydrates and pigments as well as growth values in the two-year-old needles were studied by standard methods.

Glucose levels in the experimental plants existed within the limits 117-120%.  On the whole simple sugar quantity did not differ between experimental variants.  Glucose synthesis was accompanied by changes in quantitative values of fructose.  This fact connected with glucose being a more stable compound, and compulsory conversion from glucose to labile form fructose was necessary.  Amount of fructose in the experimental seedlings had a very wide range.  The given process was accompanied by shoot elongation in Siberian Stone Pine in the first year after treatment, the fructose amount of 14% exceeding control values in the first and fourth group.  Shoot growth was accompanied by increased fructose amount to 20% relative to control.  A similar situation was observed after winter in respect of buds.  Experimental plants dominated by number of buds.  After the winter quiescent period potential main bud realized as growth of shoot.  Probably, fructose was used in the growth process of shoot and in the period when buds were laid.  At least, contents of fructose in the seedling needle increased when growth rate of above-ground shoots decreased.  Sucrose is a universal source for synthesis of all organic compounds; it keeps it inert, and it is important when sucrose was transported on the plant vascular systems.  Sucrose is a reserve carbohydrate.  In the first variant significant sucrose lowering compensated for increased fructose amount.  Possibly, sucrose was used intensively, namely for growth processes of above-ground shoots, or at least, none of the experimental variant sucrose amounts exceeded control values.

Existence of a close connection was discovered between the content of chlorophyll and the amount of carbohydrate.  Maximum amount of chlorophyll ‘a’ was displayed in the first group (529.32 μg/g damp weights vs. control 467.20 μg/g).  Pigment is responsive to changes in environment condition, therefore substantially it determines growth and development processes of plants.  It is necessary to note that pigment amounts didn’t exceed the upper bound of physiological norm in all experimental groups.  Changes were observed in the needle length.  It is connected with leaf apparatus treated plant.  Opportunity was taken for extra concentrated sugars and other photosynthesis products in the needle.  Thus, natural growth regulator which the plant possessed had prolonged effect and influence on physiological parameters of leaf such as carbohydrate accumulation.  Correlation between photosynthetic pigments, carbohydrate accumulation, dynamic and growth processes was discovered.
Keywords: Siberian Stone pine, carbohydrate accumulation.
Genetic Structure and Mating System of Pure Species and Hybrids in the Hybrid Zone Between Pinus sibirica Du Tour and Pinus pumila (Pall.) Regel

E.A. Petrova1, S.N. Goroshkevich1, D.V. Politov2, M.M. Belokon2, Yu.S. Belokon2
1Institute for Monitoring of Climatic and Ecological Systems, Siberian Branch RAS,

Tomsk, Russia petrova@imces.ru 
2Vavilov Institute of General Genetics RAS, Moscow, Russia

Analysis of genetic variation in populations of pure species and hybrids in zones of natural hybridization provide information on evolutionary value of hybridization processes. Genetic structure of sympatric Pinus sibirica and P. pumila populations and putative interspecific hybrids between them was analyzed in the Baikal Lake region (Barguzin Biosphere Natural Reserve, Davsha River drainage) by means of 31 allozyme loci controlling 18 enzyme systems.  There were several alleles at loci Adh-1, Fe-2, Lap-3, Pgi-1, Sod-3 and Skdh-1 found only in P. sibirica, while alleles typical for P. pumila were detected in loci Gdh, Got-3, Lap-3, Mdh-2, Mdh-4, Pepca, Pgi-1, Pgd-2, Pgd-3, Pgm-1 and Pgm-2.  Besides, all hybrids were heterozygous at diagnostic Skdh-2 locus. Discrimination of hybrids and trees of both parental species was performed by Principal Component Analysis of genotypic data.  Classification into these three groups was shown to be in good correspondence with diagnoses made by morphological and anatomical analyses.  As it would be expected the hybrid trees demonstrate a greater genetic diversity and observed heterozygosity as compared with pure species.  Allozyme analysis of haploid megagametophytes along with diploid embryos of a seed allows detecting maternal and paternal zygotic contributions and defining the source of the pollen that fertilized each particular ovule.  Approximately 27% of embryos of P. pumila seeds had P. sibirica paternal contribution, and 8% of haplotypes in effective pollen pool combine alleles typical for P. pumila and P. sibirica, and therefore were classified as pollen from the hybrids.  No P. pumila specific alleles were detected among pollen that took part in fertilization of P. sibirica ovules.  It was difficult to accurately distinguish pollen originating from hybrids and pure species’ trees because we can not exclude a probability that hybrids produce pollens having haplotypes of pure species on marker loci.  Moreover, recombinant pollen types might be eliminated by meiosis irregularities.  We compared genotypes of mature hybrid trees with genotypes of embryos in their open-pollinated seeds to reveal cases of cross pollination.  Only 56% of embryos could not have resulted from selfing.  Among these cases we classified each pollen as (1) ‘sibirica/hybrid’ when its haplotype did not contain alleles typical for P. pumila only, (2) ‘pumila/hybrid’ when alleles typical for P. sibirica were lacking or (3) ‘hybrid’ when pollen haplotype combined specific P. sibirica and P. pumila alleles.  According to our data, about 83% of the embryos originated from fertilization by P. sibirica (or hybrids), 14% from fertilization by P. pumila (or hybrids) and 3% from hybrid trees.  This result favours the view that hybrids give male and female contribution to reproductive output of the population and confirm the possibility of backcrosses and F2 hybrids’ existence.  The obtained results demonstrate that at least initial stages of introgressive hybridization take place in the studied mixed stand of the two stone pine species.

Keywords: hybridization, stone pines, Pinus sibirica, Pinus pumila, mating system, allozymes, embryos, pollen, haplotypes, genetic structure
Start of Reproduction and Allozyme Heterozygosity in Siberian Stone Pine (Pinus sibirica Du Tour) under Different Techniques of Artificial Forest Stand Establishment

S.N. Velisevich1, E.A. Petrova1, M.M. Belokon2, D.V. Politov2
1Institute for Monitoring of Climatic and Ecological Systems, Siberian Division RАS, Tomsk, Russia petrova@imces.ru 
2 Vavilov Institute of General Genetics RAS, Moscow, Russia
Siberian stone pine (Pinus sibirica Du Tour) is one of the main forest-forming tree species in boreal forests of Eurasia.  Large edible seeds of this species (‘nuts’) have an important resource value because of their high nutritious properties.  Development of approaches to establishment of early cone producing Siberian stone pine stands including utilization of corresponding genetic background is one of the priorities of forest resource management.  The goal of our study was to evaluate the effect of stand density on the differentiation of trees by the age of first reproduction and the relationship of allozyme heterozygosity and morphological traits variability in Siberian stone pine.

Morphological and allozyme variability in artificial Pinus sibirica stands with high and low density was investigated.  In the high-density stand the distance between trees was 0.7 and 3 meters (4080 trees per ha) while in the low-density stand it was 8 and 8 meters (144 trees per ha).  Age of formation of first male and female cones was evaluated by retrospective method based on analysis of tracks of cones on a shoot bark.  Tree height, diameter and number of male, female and vegetative shoots in a crown of model trees were measured.  Genotypes of the trees were determined by 29 isozyme loci coding for 16 enzymes (ADH, FDH, FEST, GDH, GOT, IDH, LAP, MDH, MNR, PEPCA, 6-PGD, PGI, PGM, SDH, SKDH, SOD).

In the low-density stand, a portion of generative trees was higher and differentiation of trees by age of reproduction starting was lower in spite of the smaller age of trees as compared to the high-density stand.  In both samples, the age of formation of first generative organs was related negatively with stem height, stem diameter and number of female shoots.  In the high-density stand, positive relation of age of first reproduction with total number of shoots and number of male shoots was found.  In both samples non-reproductive trees were less heterozygous at isozyme loci as compared to trees starting cone production.  Allozyme heterozygosity correlated positively with the age of first cone production in the high-density stand only.  We conclude that the degree of competition between trees due to different stand density determined age and timing of first reproduction and development of tree crowns.  The relationship of allozyme heterozygosity and the age of first reproduction was expressed more in the high-density stand of Siberian stone pine.
Keywords: Siberian stone pine, Pinus sibirica, stand density, age of first reproduction, heterozygosity, allozyme
Allozyme variation in Swiss stone pine, Pinus cembra L. and Siberian stone pine, P. sibirica Du Tour: differentiation between populations and species

D.V. Politov, M.M. Belokon, Yu.S. Belokon
Laboratory of Population Genetics, Vavilov Institute of General Genetics, Russian Academy of Sciences 3 Gubkin St., GSP-1, Moscow Russia 119991, dvp@vigg.ru 
Two closely related Eurasian species of 5-needle pines, Swiss stone pine, Pinus cembra L. and Siberian stone pine, P. sibirica Du Tour occupy two disjunctive parts of the formerly common range in Europe and Siberia, respectively.  These forms show so close morphological and genetic similarity that in some taxonomical classifications they are treated as subspecies.  Using a set of 29 allozyme loci (Adh-1,-2, Fdh, Fest-2, Gdh, Got-1,-2,-3, Idh, Lap-2,-3, Mdh-1,-2,-3,-4, Mnr-1, Pepca, 6-Pgd-1,-2,-3, Pgi-1,-2, Pgm-1,-2, Skdh-1,-2, Sod-2,-3,-4) we analyzed genetic differentiation within the Alpine-Carpathian part of the range (P. cembra) and found relatively low genetic diversity for conifers (HE=0,08) and moderate level of differentiation (FST=7,4%).  For the same loci set within Siberian populations (P. sibirica) genic diversity was higher (0,14), while differentiation was lower (3%).  The fact that differentiation within the highly fragmented range of Swiss stone pine is just 2.5 times higher than in widespread closely related P. sibirica makes us consider factors other than unlimited gene flow responsible for uniformity of allelic frequencies.  Among these factors the leading role belongs to balancing selection.  Heterozygote superiority leads to both (1) increasing of heterozygosity in course of stand development and (2) through balancing selection to stable equilibrium state.  Under this equilibrium, virtually the same genetic structure is maintained, even when remote and isolated parts of the species’ ranges are compared.  For many studied loci, Swiss and Siberian stone pines have the same allelic profiles despite the fact that gene flow among them ceased a long time ago.  According to one point of view fragmentation of the formerly united range might take place in the Atlantic time of the Holocene (about 5000 years BC), however, an alternative hypothesis refers to a much earlier Pleistocene glacial time.  Analysis of a combined data set (P. cembra + P. sibirica) showed that a subdivision of genetic variation is about 10 times higher than within each species.  A problem of distinction between selective and non-selective differentiation for allozymes and other genetic markers is discussed.
Keywords: stone pine, Pinus sibirica, Pinus cembra, allozymes, genetic diversity, heterozygosity, genetic differentiation, isolation, selection, gene flow.
Climate-growth Relationship of Pinus cembra at Timberline in Calimani Mts. (Romania)

Ionel Popa1; Zoltán Kern2
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2Eötvös Loránd University, Department of Physical Geography, Department of Palaeontology, Pázmány Péter sétány 1/c, H-1117 Budapest, Hungary

The timberline forests in the National Park Calimani represent one of the most interesting ecosystems in the Eastern Carpathians.  The natural mixed stands of Norway spruce (Picea abies), Swiss stone pine (Pinus cembra) and mountain pine (Pinus mugo), located in the vicinity of the old sulphur exploitation have been investigated with regards to the relationship between the climate and tree growth in respect to tree species and altitude under the impact of pollution caused by surface exploitation of sulphur.  Altogether 5 dendrochronological research plots were established: 2 for Norway spruce (1400 m and 1600 m) and 3 for Swiss stone pine (1400 m, 1600 m and 1800 m).  Two core samples were taken from 119 trees using an increment borer and in the case of mountain pine 20 disks were sampled.  Ring width of the sanded and polished samples was measured by 0.01 mm accuracy, using LINTAB system.  Crossdating of individual rings has been done by cautious visual comparison of cores and using logarithmic graphics of ring widths.  The reliability of the measured ring width series and missing rings were checked by COFECHA.  Each tree ring series was standardized using a negative exponential or linear function followed by a spline function with a 50% frequency response at 30 years with ARSTAN software.
In the response function analysis, the influence of climatic factors on tree-ring patterns was examined for 15 month intervals (from July of the previous year to September of the analysed year) in the period 1961–2001.  Concerning the radial growth between the altitude of 1400 m and 1800 m, an increase was observed for Swiss stone pine and a decrease for Norway spruce.  The Norway spruce growth is mostly positively influenced by the temperature in May–June and September and by the rainfall of winter–spring.  Swiss stone pine has a positive reaction to the temperature of June–July (the response increases with altitude) and to the precipitation of January–May.
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Family Variation in White Pine Blister Rust Resistance in Five North America White Pines and Breeding for Resistance – Experiences In Oregon

Sniezko, R.A., Kegley A., Kolpak, S., and Danchok, R.

USDA Forest Service, Dorena Genetic Resource Center, 34963 Shoreview Road, 

Cottage Grove, OR 97424 USA rsniezko@fs.fed.us 
All nine North American species of five-needle pines are susceptible to white pine blister rust (WPBR), caused by the non-native pathogen Cronartium ribicola.  WPBR is now present in ecosystems of eight of the nine North American species of white pines, and its range continues to expand.  Genetic resistance to WPBR provides the best chance for restoring these species in forest ecosystems or in utilizing them in reforestation.

Operational programs to develop genetically resistant populations of western white pine (Pinus monticola, WWP), sugar pine (P. lambertiana, SP), and eastern white pine (P. strobus, EWP) have been ongoing in North America.  Progeny of thousands of WWP and SP have been screened for resistance at Dorena Genetic Resource Center (DGRC) in Oregon, and advanced generation breeding has commenced for WWP and SP.  Resistance screening has just begun for whitebark pine (P. albicaulis, WBP) and Rocky Mountain bristlecone pine (P. aristata), and, to a lesser extent, southwestern white pine (P. strobiformis, SWWP) and limber pine (P. flexilis); this screening will be used to evaluate the levels of resistance present throughout the range of these species.  Current results from artificial inoculation trials at DGRC are available for WWP, SP, EWP, WBP and SWWP, as well as for some bulk seedlots from several Asian and European white pines (these species show high resistance levels).

Based on artificial inoculations of two-year-old seedlings, SP, EWP and WBP appear to be more susceptible than WWP.  Although high levels of resistance are relatively rare, there is family variation in WPBR resistance in all of the species examined at Dorena Genetic Resource Center.  Major gene resistance (R-genes) has been confirmed in three species—WWP, SP, and SWWP; this resistance manifests as a hypersensitive reaction (HR) in the needle that precludes stem infection (in the absence of a virulent pathotype of the rust).  R-genes (HR or other) may be present in some of the other North American species, but partial resistance traits (e.g. bark reaction, slow fungus growth) will play a major role in breeding activities for western white pine and sugar pine.  Most field trials to examine family variation in resistance under natural conditions as well as to provide a measure of the durability of resistance have been established since 1996 for western white pine and sugar pine from Oregon and Washington.  Early preliminary results show good correspondence with artificial screening performance, but more data is needed, and depending upon results, screening assessments may be modified.

From the first cycle of selection and rust screening, base populations have now been established for WWP and SP for the high priority breeding zones in Oregon and Washington.  The top resistant families and individuals (for a range of resistances) have been selected and placed into orchards.  Hundreds of crosses between the original parents or the progeny selections have been made and the first of these are currently in rust screening trials.  Additional crosses and the next cycle of orchards are also planned.
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Rust Infection and Survival of 49 Pinus monticola Families at a Field Site Seven Years after Planting
Kolpak, S.E., Sniezko, R.A., and Kegley, A.
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White pine blister rust resistance programs for western white pine (Pinus monticola) have generally relied on short-term evaluations after artificial inoculation of two-year old seedlings.  Few designed field trials have been established and closely followed.  This trial evaluates the rust resistance of 49 control cross and open-pollinated families of western white pine (WWP) from Oregon and Washington.  The families represent an array of putative resistant mechanisms from seedling screening trials.  The trial series was planted in 1998 at three field sites in Oregon.  However, only the site ‘Optical’ in the Umpqua National Forest currently has significant rust infection.  At Optical, 93% of the trees are infected seven years after planting, but families range from 31% to 100% infected.  In addition, there is a large range among family means for number of stem infections per tree (1 to 17).  Another set of seedlings from 37 of these 49 families were artificially inoculated in 1998 in a screening trial at Dorena Genetic Resource Center (DGRC).  The family mean correlation between percent stem infection at DGRC and the Optical field site is low (r = 0.03, p = 0.85), while the correlation for bark reaction type resistance is moderate (r = 0.70, p < 0.001).  The low correlation in percent stem infection is not unexpected due to an interaction between 15 of the families with one particular type of resistance and the different strains of rust present in the artificial inoculation and the field trial.  These 15 families have R-gene resistance; a dominant Cr2 gene conditions a hypersensitive response in the needles that prevents stem infection in the absence of a source of rust with specific virulence to Cr2.  The artificial inoculation trial used a source of rust free of virulence to Cr2, while a source with virulence to Cr2 resistance is present at Optical.  As a result, the families with Cr2 had stem infection at or near 100% at the Optical field site, whereas infection was considerably lower in the DGRC trial. When the 15 families with Cr2 are omitted, the correlation between screening and field infection increases substantially (r = 0.50, p = 0.02).  The high level of stem infection in many families at this high hazard site is not unexpected due to the interaction between families with Cr2 and the vcr2 rust strain and also because the types of partial resistance expected in non-Cr2 families (selected based on previous screening trial results at DGRC).  The resistance in the families with partial resistance would be expected primarily to be expressed after stem infection.  It is also noteworthy that several non-HR families show only moderate levels of stem infection at a high hazard site.  Rust mortality at Optical is currently at 10%, but mortality often lags at least several years behind infection.  Although the correspondence between field and screening results at this early stage is encouraging, the key next step will be to follow severe rust damage and mortality of trees to ascertain what levels of survival are likely from these early generation resistant families.  Further breeding work is already underway and establishment of field trials with advanced-generation seedlots will be an important step to examine further gains in field resistance that can be utilized for restoration or reforestation.
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Seed Source Variation and Conservation of Pinus wallichiana in India
M. Thapliyal, O. Singh, N. Bahar and R.K. Srivastava

Forest Tree Seed Laboratory, Silviculture Division, Forest Research Institute

Dehradun - 248006, India thapliyalm@icfre.org 
Pinus wallichiana A.B. Jacks is an important component of the middle and high altitude Himalayan forests having large natural distribution ranging between 260 to 360 N latitude.  It is commonly known as Himalayan blue pine or blue pine because of its bluish or grayish-green leaves.  It is a five needle pine and gained world-wide attention for its resistance to blister rust among white pines.  This species has successfully been crossed with other white pines and vigorous hybrids have been obtained.  Considerable variation in morphological and anatomical characteristics of needles, cones and seeds in natural stands exists across the natural distribution of the species, especially in mesic and xeric habitats.  These variations suggested the differentiation of this species in ecotypes or varieties as reported by various authors.  However, the level of genetic diversity was found to be relatively high and the degree of genetic differentiation was low compared to other pines.

The wide range of climatic condition in the natural distribution of this pine is expected to result in high genetic variation within different populations of the species.  The study aims to determine the nature and extent of variation present in the populations of the species in respect of cone and seed characteristics across its natural distribution.  Seed of 17 seed sources from the states of Uttranchal and Himachal Pradesh was collected and analyzed for cone characters (fresh weight of cones, cone length, cone width, specific gravity) and seed characters (seed weight, moisture contents, germination percent, cotyledon number).  Significant variations have been observed in these traits among different seed sources of the species.  The cone weight varies from 40-90 g and more cone weight was recorded at higher altitudes.  The germination % varied from 40-85 whereas cotyledon number varied from 7-12.  Seed weight ranged from 35.70-69.30 g in all seed sources.  These variations can be utilized further in identifying the best seed sources in improving the productivity of the species.

The genetic variability present in this pine has been conserved in preservation plots demarcated and maintained in its natural ranges of distribution in the country, since the early 19th century.
Keywords: Pinus wallichiana, seed source, variation, cone, seed, conservation.
Genetic Variation in some Swiss Stone pine Populations from the Carpathians as Determined by Isozyme Analysis.
M.C. Teodosiu
Forest Research Institute Campulung Moldovenesc Station Calea Bucovinei 73 725100 Campulung Moldovenesc Romania
Genetic diversity and genetic differentation of seven populations of Swiss stone pine (Pinus cembra L.) from the Eastern Carpathians were studied at the isozymes level.  Using techniques of starch gel electrophoresis, the genetic diversity was characterized at 24 loci, coding by enzymes GOT, IDH, MDH, MNR, 6-PGDH, PGI, PGM, GDH, LAP and SKDH.  On average, the expected heterozygosity was 0.046, the polymorphic loci per populations were 31.8 % for Southern populations and more less for Northern populations.  The mean number of alleles per locus was 1.38 and the effectiv number of alleles per locus - 1.11.  Analysis of F-statistics showed a deficiency of heterozygotes per population, relative to the Hardy-Weinberg ratio.  About 7% of the total genetic variation was due to interpopulational differentation, and the remainder due to differences within populations.  Estimates of Nei’s genetic distances ranging from 0.001 to 0.013, confirmed that the variation among population is low.  The data obtained ascertain that, for the Romanian populations of Pinus cembra, there is a close genetic relationship.  Also, the importance of this data for conservation of genetic resources was discused.
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Comparison of Seed Component between Stem-Pruned and Un-Pruned Trees in Korean White Pine (Pinus koraiensis) Seed Orchard
Chan-Ho Bae1), Jae-Mo Song1), Chul-Woo Kim1), Jeong-Ho Song2), Sang-Urk Han2),

Tae-Heum Shim3), Jae-Seon Yi4) jasonyi@kangwon.ac.kr 
1) Graduate School, Kangwon Nat’l University, Chuncheon, Korea 200-701

2) Department of Forest Genetic Resource, Korea Forest Research Institute, Suwon, PO Box 24, Korea 441-350

3) Institute of Health and Environment of Gangwon-do, Chuncheon, Korea 200-093

4) College of Forest Sciences, Kangwon Nat’l University, Chuncheon, Korea 200-701

Clonal seed orchard of Korean white pine in Chuncheon, Korea, was established in 1982 and some trees were stem-pruned at the height of 1m or 2m to increase nut production and provide easy cone collection in 1996.  The stem-pruned trees showed the nut production, the average of 3,200g, which is 1.4 to 2.2 times higher than that (1,870g) of un-pruned trees in 1999.  As there was a large difference in quantity, it was questioned whether there are some differences in quality, i.e. seed component, because of highly-increased seed production.
Three trees per treatment, selected from the same family, provided seeds for analysis from 2000 to 2002.  The general component analysis followed the methods of AOAC and fatty acids were investigated by gas liquid chromatography.  The results obtained in percentage (%) were changed to angles following the arc sine transformation and then analyzed.
Three-year analyses are summarized as follows.
No significant differences were found among treatments, that is un-pruned, 1m-stem-pruned and 2m-stem-pruned treatment, and among years in ash (1.67~2.48%), crude lipid (56.57~72.53%), crude protein (12.75~19.55%), and carbohydrate (3.77~8.41%).  Linoleic acid (18:2) (46.26~55.25%) and oleic acid (18:1) (27.19~32.45%) were the most common components of the fatty acids.  All seeds from each treatment contained two essential fatty acids, i.e., linoleic acid and linolenic acid (18:3) (12.78~14.21%).  Difference among treatments was detected only in palmitoleic acid (16:1) (0.02~0.08%) and linolenic acid in 2001 and in 8,11,14-eicosatrienoic acid (20:3n9) in 2000.  5,9,12-pinoleic acid [18:3 (γ)] characteristic to Korean white pine seed was found in every seed.
It was concluded that stem-pruning had no influence on general seed component and fatty acid composition.
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Outcrossing Rates in a Natural Stand and in a Seed Orchard of Pinus peuce Griseb.
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The mating system parameters were studied in a natural stand and in a seed orchard of the Balkan endemic, Pinus peuce Griseb. by means of isozyme gene markers.  The results have shown that the multilocus estimates of the outcrossing rates are low as compared to other widespread conifers but concord to these reported for other pine species with limited area of distribution.  No significant differences were detected between the natural stand and the seed orchard.  Multilocus estimates of outcrossing rate were within the range 0.77-0.79, while mean single-locus estimates were lower (0.69–0.73).  The results indicate that at least 20% of the progeny of Pinus peuce is due to self-fertilization.  Possible reasons for the results observed and the implications for tree breeding and gene conservation are discussed.

Keywords: Pinus peuce, outcrossing rates, mating system, isozyme gene markers.
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