In-depth evaluation of the function of an advanced Scots pine seed orchard
I. Motivation and objectives
· Seed orchards are the link between forest tree breeding and the production forest in Sweden. Well-functioning advanced seed orchards that utilize an ongoing long-term tree breeding program are the most important, cost efficient and realistic way to increase the timber production from the Swedish forest land during the coming century Lindgren et al. 2008a()
. Currently, seed orchards supply 60% seedlings for reforestation in Sweden (75% for Scots pine and 50% for Norway spruce. Lindgren et al. 2008b()
, and new orchards are expected to completely fill the seed need. Thus, seed orchards are a key element in a productive and sustainable forestry and have a profound impact on the ecology of a considerable part of the Swedish land.
· The advanced pine seed orchards are established with tested clones, and thus have the potential for greater gains compared to earlier orchards where untested selections were used. In addition, the advanced Swedish seed orchards are nowadays established utilizing a concept called “linear deployment” Lindgren and Matheson 1986()
, meaning that the ramet number is intentionally variable among clones with higher representation of clones of higher breeding value. This design theoretically deploys the better clones for higher gain, but the performance of the concept has never been empirically examined. The theoretical production gain from the most advanced Scots pine orchard with linear deployment design is expected as high as 22% (Rosvall et al. 2003). But a considerable part of that gain will be lost if un-desirable factors prevail, such as pollen contamination and significant unequal gametic contribution and mating success among clones.
· Although recent practices of seed orchard management have led to improved genotypic gain in seed material, an age-old problem remains - contamination. Surprisingly high proportion (ca. 50%, Torimaru et al. 2009) of seeds produced in modern orchards is pollinated by non-selected fathers despite application of the most recent thinking about orchard site choice and orchard isolation. Pollen contamination is a serious problem in seed orchard management, not only because it reduces gain but also makes the genetic quality of seed orchard crop more variable among years Nilsson and Lindgren 2005()
.
· To understand the nature of these contamination and differential clonal contribution problems with an ultimate aim of informing decision-making in advanced breeding programs and orchard management, it is essential that the mating system dynamics of tree species in orchard environments are well quantified.

· While modern molecular techniques and relevant statistical models have now been developed to allow extremely accurate assessment of mating system parameters, forest- and/or orchard-scale controlled pollination environments that would allow experimental tests of the impacts of particular parameters on mating success and paternity of orchard seeds have rarely, if ever, been created. 
· In this project, we take advantage of the most mature advanced Scots pine seed orchard in Sweden (in which we have previously characterized the degree of contamination) within which Skogforsk is creating large-scale isolation and pollination experiments. Through examination of mating system parameters and pedigree structure in progenies from the controlled and open pollination environments, we aim at:

· To empirically evaluate the genetic function of the modern-designed orchard.
· To thoroughly characterize the mating dynamics in the orchard environments.
· To provide an adequate assessment of the genetic consequences (in terms of gain and diversity) of seed orchard crops under different orchard designs and mating scenarios.
II. The study system

To achieve the goals of the proposal within a 3-year project, we shall fully utilize the existing establishment, pilot studies and other field experimental preparations:

· An advanced seed orchard established with the linear deployment is already at production maturity.

· Flowering phenology and pollen production of each clone in the orchard have been recorded over the years.

· Isolation and supplemental pollination treatments have been initiated to produce the controlled pollination environments for mating pattern comparisons and for validation of the components in mating models.


The Västerhus Scots pine seed orchard (close to Örnsköldsvik) is 13.7 ha in size. It was established in 1991 with 28 clones and has reached the stage of full commercial production. At age 15 it contributes a good seed production and a satisfactory pollen production (20kg/ha). In 2007 seed orchard inventory indicated 82% survival (3,811 of the initially 4,640 planted grafts). It is the most advanced seed producing Scots pine orchard in Sweden, where the predicted genetic gain is the highest (22%, Rosvall et al. 2003()
. The clones were selected among 300 with known breeding values. It is the first seed orchard in the world that applied “linear deployment” in its design, thus can be utilized for validation of the effect of variable reproductive parameters on linear deployment. Pollen production of each clone has been measured since 2003. The seed orchard has a manageable number of clones for genotyping, which facilitates accurate identification of the fathers in progeny. 

Our recent study in this orchard revealed 50% contamination in the 2006 pollen season (Torimaru et al. 2009) despite of all the necessary measures taken to reduce its impact in the orchard design, such as isolation zone, selection of proper site, etc. In a (desperate) attempt to understand the important factors that determine mating success and to implement management strategies for improving seed quality, Skogforsk bravely initiated a most un-conventional project: “Isolering av tallympar i en fröplantage – ett sätt att producera högförädlat frö” Almqvist et al. 2008()
. The project will set up large isolation tents to cover blocks of the orchard. Four treatments are included in the “tent project”: 1) unisolated control block, 2) tent isolated block, 3) tent isolation + air circulation in the tent, to facilitate pollination, 4) tent isolation + supplemental pollination. Each tent covers 10 trees and each treatment consists of two replicates, for two pollination seasons 2010 and 2011. Detailed observations on pollen and seed production, phenology and micro-climate conditions will be registered for the tent-covered blocks and control blocks. In 2009, the tents were technically tested in the field, isolation blocks selected and ground prepared for the 2010 season. Pollen from 10 clones were collected for supplemental pollination in 2010. 

This “tent project” will generate a unique set of material for evaluation of the effect of isolation, phenology, distance, micro-climate and pollen genotype on the mating output. The isolated blocks provide controlled environments to characterize fine-scale mating pattern and neighborhood effect. Combined with male and female fertility data and DNA marker-based paternity analysis, we are in an unique position to quantify the overall and fine-scale mating dynamics in conifer orchard and to assess the genetic composition of the seed crops. 
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