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North Carolina State University Cooperative Tree Improvement Program

EXECUTIVE SUMMARY

SELECTION, BREEDING, AND TESTING

Mainline breeding has progressed since last year, with 70% of the total PMX (pollen mix) breeding complete.
Full-Sib breeding progress has continued but has slowed some due to the recent changes that placed priority on
completing PMX crosses.

To date, a total of 71 PMX progeny tests have been established in the third-cycle. As a result, there are only
one Northern, two Coastal, and two Piedmont test series remaining. Full-sib block plots are progressing with
200 family block plots established to date.

In the spring of 2010, good progress was made on the Sawtimber Elite Population at the Arrowhead Breeding
Center. Nearly 250 bags were pollinated, representing 102 of the 163 crosses. In addition, approximately 300
grafts were made to bulk up existing selections as well as to add new selections to the population.

This past winter, the Cooperative established six of the nine clonal tests across four different states for the
Atlantic Coastal Elite (ACE) Population.

SEED PRODUCTION

Cooperative members collected 17.6 tons of loblolly pine seed in 2009. Third-cycle orchards produced 26%
of the harvest. Second-generation orchards made up 66% of the 2009 harvest, while first-generation orchards
decreased from 12% in 2008 to 8% of the harvest in 2009. Coastal orchard seed made up 73% of the total
harvest followed by Piedmont (26%) and Northern (1%).

RESEARCH

The genetic basis of forking in loblolly pine was tested by assessing trees in a large number of diallel tests
(268 test series, ~ 1000 tests in the 2nd-generation testing program) and in a clonal test of MeadWestvaco in
South Carolina. By using family selection with a selection differential of 20%, forking could be reduced 12%
to 23% across the different regions of the Cooperative. A single-marker analysis of 1257 loci identified 11 and 9
markers that were significantly associated with stem forking and ramicorn branching, respectively

In a study looking at physiological variation in different loblolly pine genotypes, results provided little
support of the hypothesis that more genetically homogeneous individuals would show greater uniformity in a
plantation setting, at least not in the first three years. Also, differences in biomass partitioning may be partially
related to genetic differences in productivity, but actual height and ground-line diameter growth rate over time
was the best indicator of productivity.

Genetic analyses of the Plantation Selection Seed Source Study are underway to determine the performance
of different sources of loblolly pine across a wide range of sites and to further investigate GXE.

After two and a half years of supported research, the CTGN project has yielded genotypes for about 4800
useful SNP loci in a set of about 1500 trees from the NCSUCTIP breeding population. Association studies are
underway.

Association testing revealed 278 SNPs associated with the sawtimber index and slightly fewer SNPs for
individual trait breeding values prior to multiple test correction. After correction for multiple testing, there were
14 significant SNP-phenotype associations for sawtimber index, volume, and straightness.

ASSOCIATED ACTIVITIES, GRADUATE STUDENTS, COOPERATIVE STAFF, MEMBERSHIP

Full membership remained at 12, and there are 14 Contributing Members with 4 joining since the 2009
Annual Report was written. We are optimistic that more will join in the coming months.
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TREE IMPROVEMENT COOPERATIVE HAPPENINGS

Survival mode — that pretty well describes the situation that many of us find ourselves in these days. It’s
discouraging when you know how valuable tree improvement is to the long-term sustainability and economic
development of the region, and budget constraints limit your ability to do what you know would bring
tremendous financial returns. I think most of you know that I am the “eternal optimist” when it comes to
southern forestry and the benefits of tree improvement, but even my optimism has been challenged these past
several months. Fortunately, when I see the progress that our Cooperative has made in the breeding program,
and the deployment of incredibly valuable new genotypes to landowners, I realize that we are still able to do
great things despite the dismal economy.

A very important sign of the Cooperative moving forward is the progress made on our various elite breeding
populations. The spring of 2010 marked the third year of activities at the Cooperative’s breeding center located
at Georgia Forestry Commission’s Arrowhead Seed Orchard. Grafting and breeding of the Sawtimber Elite
Populations at Arrowhead is the culmination of two major changes in the Cooperative in recent years. First, the
Sawtimber Elite Populations (SEPops) are an effort to improve the sawtimber quality of our elite germplasm
since a greater emphasis on stem form improvement will lead to an increase in the proportion of sawlogs
produced in loblolly pine plantations. Second, the activities at Arrowhead are a model for the future operating
structure within the Cooperative. Since breeding capacity has been reduced, the use of additional funds from
the new contributing member class to operate a Cooperative-managed breeding center is a strategic shift in the
way the Cooperative will operate for future breeding cycles.

The field testing phase of the Atlantic Coastal Elite (ACE) Population is now underway. Clonally replicated
trials of these outstanding crosses were planted in 6 trials from North Carolina to Alabama. Three more will be
planted this fall. The effort is also indicative of the push to get as much “bang for the buck” out of our breeding
program even when times are tough.

The increase in Cooperative membership is also an indication that companies and state agencies continue to
view tree improvement as a critical component of their forestry programs and recognize the value of using the
best genetics and supporting the development of the genetic resource. Since starting the Contributing
Membership option in 2008, 14 businesses have joined the program (see membership list on p. 21). This year,
we have added 4 new members: American Forest Management, Biofuels Center of North Carolina, Milliken
Forestry Company, and Pacolet Milliken Enterprises.

Unfortunately, the tough economic times have resulted in a significant loss to the program. After 40 years as a
member of the Tree Improvement Cooperative, Smurfit-Stone Container Corporation filed for bankruptcy in
2009, and that was the beginning of the end for the tree improvement and nursery program. Container
Corporation of America joined the Cooperative in 1969 and operated out of Callahan, FL and Brewton, AL. In
1986, Jefferson Smurfit bought the company, and in 1998 the name was changed to the present S-SCC. We
wish the best to our friends Tyler Eckard and Doug Shelbourne.

Survival mode — yes, we will survive, and we will flourish due to the support from our members, the
Department of Forestry and Environmental Resources and the College of Natural Resources at NC State, our
granting agencies, and the multitude of landowners who benefit from the increased productivity and value they
receive from our breeding programs.

Steve McKeand
May 2010
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SELECTION, BREEDING, AND TESTING

THIRD-CYCLE MAINLINE BREEDING
PROGRESS

Mainline breeding has progressed since last year,
with 70% of the total PMX (pollen mix) breeding
complete. Of the remaining selections to breed,
approximately 45% have some seed in hand.
Following the reduction in population sizes as
described in the Fall 2007 update of the Third Cycle
Implementation Plan, the Cooperative is poised to
rapidly complete PMX testing.

We are using a complementary design, with
polycross mating for among family selection and full-
sib mating for within-family selection. The numbers
of completed PMX crosses are summarized in Table
1. The Coastal region has made the most progress

Three third-cycle check seed lots have been created
for each of the three regions by using the same 20-
parent pollen mix applied to 10 females of the 20

selections. Checklot breeding has been completed in
all three regions (Table 1). Thanks to the breeding
efforts by full members.

In addition to the third-cycle checklots, several well-
characterized families (common family checks) from
the first two cycles of breeding are being crossed
with the 20-parent pollen mix. These families are
included in all tests to contribute to estimates of
variance components and to provide better family
comparisons among test series. Nearly all breeding
is complete on the common family checks, allowing
for more effort to be put elsewhere.

with 82% of PMX breeding complete as of Fall 2009. i The 2010
! flower
Full-Sib breeding progress has continued but has Crop was
slowed due to the recent changes that placed priority excellent
on completing PMX crosses. The decision was made throughout
to emphasize PMX breeding to ensure proper ranking the South
of parents within each subline which is determined and QPOd
by measuring the progeny of the selections. These breeding
full-sib crosses will generate seeds for within-family progress
selections for the next breeding cycle. was made.
Table 1. Summary of 3" Cycle PMX breeding progress through Spring 2010
Type of Breeding # Coop- # of Total # Crosses #Crosses of % Done
crosses Region erators Sublines Parents producing  Sufficient
Seed Seed
Polycross Coastal 8 32 370* 329 304 82%
Piedmont 8 31 308 207 167 54%
Northern 6 13 182 164 130 71%
Polycross Total 22 76 860 700 601 70%
Coastal 8 -- 10 10 10 100%
PMX Piedmont 8 - 10 10 10 100%
checks  Northern 6 - 12 12 12 100%
Coastal 9 - 7 7 7 100%
PMX CFs Piedmont 8 -- 7 7 6 86%
Northern 6 - 7 7 7 100%

#Crosses of Sufficient Seed: A parental cross is counted here if enough seeds have been produced for that cross to establish a

full test series.

PMX checks: Polycrossed checklot mixes

PMX CFs: Polycrossed Common Family checks
* Number includes Livingston Parish selection

**There are two alternative PMX checks, but only 10 are to be used in checklot mix

2
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THIRD-CYCLE PROGENY TESTING

Polycross tests: Since fall of 2009, eight more PMX tests have been established by cooperative members (Table 2). In the
Northern region, four tests were established to complete the second (NPMX-2) of three testing series. In the Piedmont
region, testing of selections in series 3 began. To date, four of the six tests that make up the PPMX-3 series have been
established. The remaining two tests are being grown and will be planted this fall.

Plans are now being made to establish test series number five of six in the Coastal region. We will most likely have
enough seed in inventory by this coming fall to have all eight tests sent out for fall 2011 test establishments. In the coming
months, we will need to coordinate with members to grow the seedlings, as well as establish field tests.

To date, a total of 71 PMX progeny tests have been established in the third-cycle. As a result, there are only one Northern,
two Coastal, and two Piedmont test series remaining. Our hope is to complete breeding and test establishment of all third

cycle selections within the next two to three years.

Table 2. Third-cycle progeny tests established through spring 2010. A total of 71 tests have been planted.

Region Test Series 2004-2005 2005-2006  2006-2007 2007-2009 2009-2010 Total
Coastal CPMX1 15 15
Coastal CPMX2 5 5 10
Coastal CPMX3 5 5 10
Coastal CPMX4 8 8
Piedmont PPMX1 3 5 8
Piedmont PPMX2 8 8
Piedmont PPMX3 4 4
Northern NPMX1 4 4
Northern NPMX2 4 4

Full-Sib controlled cross tests: Full-Sib controlled-cross tests are very important since they are the source of 4"-
cycle selections. By ranking the parents through testing in the PMX tests, the full-sib crosses are designed to
optimize the probability of creating superior trees.

Recently, the decision was made to put breeding and testing priority on PMX assignments. Consequently, the pace of full-
sib breeding has been slowed. However, over the last several years, cooperators have been able to establish
numerous full-sib block (FSB) progeny trials (Table 3). Each member is encouraged not to delay the
installation of these tests. Once adequate seed is collected from a few controlled crosses, FSB plots can be

installed.

Table 3. Third-cycle Full-Sib Block (FSB) progeny tests established through spring 2010.

Region Test Series 2005-2006  2006-2007 2007-2008 2008-2009 2009-2010 # Families
Coastal 07-CFSB1 2 19
Coastal 11-CFSB1 2 11
Coastal 11-CFSB2 2 28
Coastal 26-CFSB1 2 16
Coastal 22-CFSB1 2 23
Coastal 22-CFSB2 2 31
Northern 16-NFSB1 2 36
Northern 20-NFSB2 2 36




December Sunset at Westervelt's 3r-Cycle
Loblolly Pine Seed Orchard





