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• Genetics matters
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• Breeding process

• Deployment of genetics

• NCSU Performance Rating System PRSTM



Selecting the right seedlings for your 
land is a ~25 year investment



When visiting a nursery all seedlings 
look alike



Seedlots are different, Genetics matters!

Four year old field test



Know what you are planting....both Age 11

Wild Non-improved Checklot vs. Elite Family 



NCSU Cooperative Tree Improvement 
Program



Tree Improvement Program Staff



We have a proud history

• 64 Years of partnership with forest companies, state 
agencies, and forest land owners in the southern US 

1960 1985 2018



Our mission

• To Increase value to landowners and citizens through 
continuous genetic improvement of forest trees



Breeding in 
orchards

Field TestingSelection

Our Process



4th-Cycle tests established 

Progeny testing 



What traits do we select for?

• Depends on economic value and level of genetic control



• Stem volume

• Stem straightness

• Fusiform rust resistance



Multi-trait index breeding values 
(60% volume, 20% straightness, 20% rust resistance) 

Coastal Population Piedmont & Northern Populations





Arrowhead Breeding Center, GA
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Select “best” parents 
from wild stands
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~22 mil ac. derived from the NCSU 
Cooperative Tree Improvement Program

~31 mil ac. Loblolly plantations

Current Distribution Maps for loblolly pine

USDA Forest Service



About 800,000,000 loblolly pine seedlings are
grown annually in the South
- From average to excellent genetic quality



Seed orchard NCFS (J.B.)

In the old days one only had 
1st Cycle seed orchards



Cones were mixed, and 
everything was the same



2nd Cycle Seed Orchards, family deployment
Still active but today there are many more options



3rd Cycle orchards are in full production



Orchard seed contribution

• ~70% seedlings available in the 2018-2019 planting 
season came 3rd Cycle orchards

• For the 2008-2009 planting season, only 12% of seed 
came from 3rd Cycle orchards

2nd Cycle orchards

3rd Cycle orchards



• Frequency distribution of productivity 
scores for selections in the Coastal 
Plain breeding population.

• Note the large overlap from one 
cycle of breeding to the next. 

• The number of selections in the top 
100 for volume are shown for each 
breeding cycle.

42

19

39

Top selections from each cycle 



Mass production of control-pollinated seed



Annual use of pollination bags in the 
Southeast

2017: 1.4 MM bags
2018: 1.5 MM bags
2019: 1.9 MM bags



Annual Mass Production of Specific 
Crosses of Loblolly Pine Seedlings

173 million this past year
~ 20% of all loblolly seedlings grown



Genetic gain deployed in loblolly plantations established 
with germplasm derived from the NCSUCTIP



Group 1st Cycle 1.5 Cycle 2nd Cycle 3rd Cycle Full-sib 

Gain* 10.0% 15.0% 15.0% 30.0% 40.0%

Genetic gain is weighted by:
• the number of first-, second-, and third-cycle seedlings and 

full-sib seedlings that were available for planting, and 
• the acres established each year. 

*Average gain per generation/cycle. The planting of specific families provides 
the opportunity to increase the gain substantially for volume and quality traits.



Example - Families for the Coastal plain

• Top OP families provide ~70% gain in stem volume 
over a non-improved checklot at 6 years

• Leading full-sib families provide >80% gain in stem 
volume over a non-improved checklot at 6 years
– Elite full-sib families also have superior quality traits 

including stem straightness and rust resistance



Landowners have never had so many 
options to plant outstanding genetic quality



Loblolly Pine 
Performance Rating System

PRSTM

PRSTM expresses the genetic potential of a family

Knowledge is Power

NCSU Cooperative Tree Improvement Program











Calibration study 

Four year old field test

Improved full-sib family  
P = 66

Non-improved checklot
P = 0



(2006) Journal of Forestry 104 :352-358



(2006) Journal of Forestry 104 :352-358

We estimate that landowners can realize net 
present values of $50 to over $300/ac across a 
range of productivity and silvicultural management 
regimes simply by planting the best genotypes 
that are currently available from commercial and 
state forest nurseries. 



What are your management objectives?



Are you in a high fusiform rust 
hazard zone?

Starkey et al. 1997 USDA Forest Service, Protect. Rep. R8-PR30



Are you managing your stand 
for a pole market?



Do you have a range in site quality?



Response of three OP families to
environmental differences (age 8)
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Our members understand the 
value of improved genetics…..

You should too!

Know what you are planting



Acknowledge Dr. Steve McKeand, former Director of the 
Cooperative, and fellow staff members for a number of 
slides provided in this presentation.



Our website: treeimprovement.org


