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Tree Improvement and Nurseries

• If not for nurseries and nursery managers, 
tree improvement would be a trivial 
exercise

• Our impact on landowners and forest 
productivity and value is 100% dependent 
on you

Thank You!!!



Regeneration Options for Landowners

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



Pine Seedling Selection and Planting

• What options do landowners have?
• Why so many options today?  What has 

changed?
• In “the good old days” (about 10 years ago), 

not all of the best genetics were available on 
the open market

Why?



Why have markets changed so much?
• Fundamental change in the structure of the 

forest products industry
• Vertically integrated forest products 

companies sold their land

Pine Seedling Selection and Planting
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Why have markets changed so much?
• Fundamental change in the structure of the 

forest products industry
• Vertically integrated forest products 

companies sold their land
• In many cases, there was no longer the need 

to plant company lands
• No longer did the best genetics always go to 

company lands

Pine Seedling Selection and Planting



A true seedling market has evolved
• Everything is for sale
• No longer did the best genetics always go to 

company lands

Pine Seedling Selection and Planting



Regeneration Options for Landowners

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



A true seedling market has evolved
• Everything is for sale
• No longer did the best genetics always go to 

company lands
• Landowners need to understand those 

options
• The attitude that “a seedling is a seedling is 

a seedling” started to change

Pine Seedling Selection and Planting



Quiz: Which seedlings have best genetic quality?



A true seedling market has evolved
• Everything is for sale
• No longer did the best genetics always go to 

company lands
• Landowners need to understand those 

options
• The attitude that “a seedling is a seedling is 

a seedling” started to change
• Nurseries started aggressive marketing of 

seedlings

Pine Seedling Selection and Planting



NCSU CTIP Full, Contributing, and 
Research Associate Members 1956-2015

10

15

20

25

30

35

1955 1965 1975 1985 1995 2005 2015

Divestiture of land

TIMOs, REITs, 
Consulting Firms
want to know
what genetics
to plant



11 Full Members
ArborGen, Inc.
Georgia Forestry Commission
Hancock Timber Resources Group
International Forest Company
North Carolina Forest Service
Plum Creek Timber Company
Rayonier, Incorporated
TN Division of Forestry
Virginia Department of Forestry
Westervelt Company
Weyerhaeuser Company

3 Research Members
Arauco- Bioforest, S.A.
PBS International
USDA Forest Service

17 Contributing Members
American Forest Management
Campbell Global
Charles Ingram Lumber Co.
Dougherty & Dougherty Forestry Service
F&W Forestry Services, Inc.
Jordan Lumber & Supply Company
Meeks Farms & Nursery, Inc.
Milliken Forestry Company
Molpus Timberlands Management, LLC
NC Natural Resource Foundation
ProFOR Consulting
Resource Management Service, LLC
Scotch Land Management, LLC
South Carolina Forestry Commission
Timberland Investment Resources 
White City Nursery
Z.V. Pate, Inc.

Cooperative Tree Improvement 
Program



A true seedling market has evolved
• Everything is for sale
• No longer did the best genetics always go to 

company lands
• Landowners need to understand those 

options
• The attitude that “a seedling is a seedling is 

a seedling” started to change
• Nurseries started aggressive marketing of 

seedlings

Pine Seedling Selection and Planting



Tree Improvement and Forest 
Productivity in the Southern U.S.



Forest Productivity

Tree Improvement +

Silviculture =

Healthy, Managed Forest



Longleaf Plantation



About 31,000,000 acres of southern pine
plantations exist, ~80% Pinus taeda

But, pine plantations are only about 
15% of southern US forests

~ 2/3 of forests are hardwoods (52%)
or mixed pine/hardwood (14%)



Some Southern Forestry Facts & Figures

• Only 15 % of commercial forest land (31 
MM  acres) is in plantations (Sheffield and 
Dickson 1998)

• But, plantations provide >50% of the 
timber supply

• 80% of planting is with genetically 
improved loblolly pine



The South has truly become the “wood basket” 
for the US

The 12 southern states accounted for 
about 80% of the nation’s tree planting 
each year





Plantations help provide:

Reliable,
Ecologically Sustainable,

Economically Affordable

Supply of Wood



Genetic Improvement of 
Loblolly Pine



So, how does tree improvement work?



Conceptually, tree improvement is 
straightforward
Look for good trees

Select them
Bring them together to intermate

Test their progeny
Select the winners

Start cycle over



So What Has This Gotten Us?



• Landowners and foresters need to 
know when and when not to invest in 
the best genetics

• Understanding the benefits and costs of 
specific families allows foresters to 
optimize land management decisions

Regeneration Options for Landowners



Regeneration Options

SOM
OP

MCP / CMP
SE

Alphabet soup of options is 
confusing



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

Trends in Deployment of Loblolly 
Pine Germplasm in the South 

PINEMAP Survey
Steve McKeand, Tom Byram, & Gary Peter

The Pine Integrated Network: Education, Mitigation, and 
Adaptation Project (PINEMAP) is a Coordinated 
Agricultural Project funded by the USDA National Institute 
of Food and Agriculture, Award #2011-68002-30185.   

http://pinemap.org/

http://pinemap.org/


Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

Seedling Deployment Survey

•Survey to all Nursery Vendors in the 
3 Tree Improvement Cooperatives

•Essentially a repeat of the survey we 
conducted in 2002 and published in 
the Journal of Forestry 2003



Journal of Forestry
April/May 2003 



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

Seedling Deployment Survey

•Essentially a repeat of the survey we 
conducted in 2002 and published in 
the Journal of Forestry… but
–More deployment information on a 

regional basis
–Companies that sell and deploy 

seedlings across a wide geographic 
area answered questions for each 
region.



Journal of Forestry
April/May 2003 

Overall, 59 percent of 
the loblolly pine 
plantations are 
established as single 
open-pollinated
family blocks.



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

Deployment Survey 10 years ago

•Over 1.1 billion loblolly pine seedlings 
were planted annually

•All were genetically improved
–about 50:50 1st- vs. 2nd-generation

•Deployment of genetically improved 
seedlings was and is standard 
silvicultural practice



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

Deployment Survey 10 years ago

•Seed orchard mix – was the standard 
for years
– Who remembers planting only mixes?

•OP families – became the standard
•FS families – essentially none, but 

becoming more popular
•Clonal (sometimes called varieties) –

was none, but more now



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2013 Deployment Survey

•Sent to all seedling vendors who are 
members of cooperative tree 
improvement programs in the South 
(CFGRP, NCSUCTIP, WGFTIP)



As part of the USDA funded Pinemap research project, 
the three tree improvement cooperatives in the South 
are conducting a survey of nurseries and tree 
improvement programs to determine how genetically 
improved seedlings are being deployed in the region.  
Our intention is to utilize these data in a paper where 
we evaluate the risks of deploying genetically 
improved trees.  Obviously the “risks” have been 
minimal, and we all have a tremendous success story 
to tell regarding increases in forest productivity.  We 
also want to document what tree breeders are doing 
and how they are deploying the genetic gains.  We 
think that this benchmarking of the level of genetic 
improvement will be valuable for all participants in the 
survey.



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2013 Deployment Survey

•Sent to all seedling vendors who are 
members of cooperative tree 
improvement programs in the South 
(CFGRP, NCSUCTIP, WGFTIP)

•100% response
•And there are a lot of data!



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2013 Deployment Survey

Since the last survey in 2002, some 
significant changes have occurred:
•A true seedling market has evolved

More of a revolution than evolution
•Everything is for sale
•In the “old” days (about 7-8 years ago), the 

seedling market was “inefficient” 
•Economist speak for ... 



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2013 Deployment Survey

•Lack of recognition of the value of a 
product in the market place

•The vertically integrated forest 
products companies (VIFPCo) 
recognized value of genetics
–What did they do with the best genetics?

Planted on their own lands
•State agencies sold seed orchard mixes



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2013 Deployment Survey

Since the last survey in 2002, some 
significant changes have occurred:
•Little opportunity for recognition of 

the value of genetics in the seedling 
markets since best genetics were not 
available

•So what changed the last 10+ years?
•VIFPCo’s went away



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2013 Deployment Survey

Since the last survey in 2002, some 
significant changes have occurred:
•Some TIMOs, REITs, Consultants, and 

other landowners recognized the 
value of genetics

•Cooperatives started preaching the 
value of genetics to new customers

•Nurseries started really marketing 
genetics



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2013 Deployment Survey

What did we find?
•843,466,000 seedlings planted / year
•1,347,000,000 in 2002 survey

–37% reduction last 10 years
And BTW…
•31 state and industry members in 2002
•17 state and industry members in 2013



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2013 Deployment Survey

What did we find?
•843,466,000 seedlings planted / year

Loblolly: 734,553,536 87.1%
Slash: 51,138,215 6.1%
Longleaf: 48,483,299 5.7%
Other: 9,291,092 1.1%



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2013 Deployment Survey

What did we find?
•Caveat
•This is NOT as comprehensive as the 

Auburn Nursery Cooperative survey 
as far as seedling production numbers

•Primary value is for what genetics is 
being deployed



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2013 Deployment Survey

Loblolly Deployment
•95% deployed as OP, FS, clones
•OP families – still the current standard, 

84%
•FS families – becoming more popular, 

~8% of loblolly pine regeneration
•Clonal (sometimes called varieties) –

about 2% of loblolly pine regeneration
•Seed orchard mix – almost none, ~ 5%



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2013 Deployment Survey

Loblolly Deployment – planted where?
•2002

–38% planted on own lands
–62% market sales

•2013
–25% planted on own lands
–75% market sales

Market sales 



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

OP Families FS Families
Average # families

Company lands 11 7
Market Sales 15 7

Range 1-74 1-24
Total # families

Company lands 158 61
Market Sales 354 86

2013 Deployment Survey

Loblolly Deployment - How many different 
families planted in family blocks?



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2013 Deployment Survey

Loblolly Deployment 
Advanced-generation families

1st-gen:     79,716,831    10.9%
2nd-gen:  408,150,988    55.6%
3rd-gen:  242,780,874    33.1%
4th-gen:       3,904,844       0.5%

2002 Survey: 50:50 1st- vs. 2nd-gen



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2002 2013

Average size (acres) of family 
blocks in plantations (on 
your own lands):

Avg = 84
Min = 45

Max = 120
Avg = 77

Number of parent clones in 
the seed orchards that supply 
your seed:

Avg = 45
Min = 5

Max = 138

Avg = 24
Min = 14
Max = 36

2013 Deployment Survey

Loblolly Deployment – diversity  



Pine Integrated Network: Education, Mitigation, and Adaptation project (PINEMAP) is a Coordinated Agricultural 
Project funded by the USDA National Institute of Food and Agriculture, Award #2011-68002-30185

2002 2013

Average size (acres) of family 
blocks in plantations (on 
your own lands):

Avg = 84
Min = 45

Max = 120
Avg = 77

Number of parent clones in 
the seed orchards that supply 
your seed:

Avg = 45
Min = 5

Max = 138

Avg = 24
Min = 14
Max = 36

2013 Deployment Survey

Loblolly Deployment – diversity  



Seed orchard NCFS (J.B.)

1st-Generation 
Seed Orchard

In the old days, it was easy 



In the old days, it was easy 
Cones were mixed, and
everything was the same



2nd-Generation OP
(open-pollinated)
Seed Orchard

Today…
many more options



Over 820,000,000 open-pollinated loblolly pine
seedlings are grown annually in the South
- From average to excellent genetic quality



3rd-cycle orchards 
Currently ~ 60% of seed harvests



487 million since 2000

81 million in 2015



asMass Control Pollination
Mass Production of Control Crosses

Has become operational 
487 million since 2000
Much greater gains



Clonal varieties are available
~ 5-15 million planted per year



Summary of Genetic Gain Options
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Regeneration Options

SOM
OP

MCP / CMP
SE

It is confusing!!!
But, it’s well worth 

understanding!



Would you prefer to sell this?



Or this?



So what’s all this worth?



Oct/Nov 2006 
Journal of Forestry 104 :352-358



So what’s all this worth?

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. 



How do we convey this range in 
value to customers and landowners?



Loblolly Pine 
Performance Rating System

PRSTM



Marketing Our Product

• Educating foresters and landowners 
about the value of tree improvement

• Development of Performance Rating 
System



Marketing Our Product

• Educating foresters and landowners 
about the value of tree improvement

• Development of Performance Rating 
System

PRS 



PRSTM

• The Cooperative the Loblolly Pine 
Performance Rating System (PRSTM) as a 
service to landowners, nursery 
managers, the tree improvement 
community, and loblolly pine breeders.  

• PRS also stands for Productivity, Rust, 
and Straightness that are the three traits 
that are evaluated in all genetics trials



PRSTM

• The PRS expresses the genetic potential
of a family for stem volume production, 
resistance to fusiform rust disease, stem 
straightness as well as other traits. 



PRSTM

• Landowners should request seedlings 
from forest nurseries with the highest 
PRS Rating they can obtain and afford to 
purchase. 

• Most nurseries sell seedlings of specific 
individual OP families and specific 
crosses, and these families could range 
from the very best genotypes to average 
genotypes. 









Adaptability Risk for SC Coastal 
family



Adaptability Risk for Florida 
family







Tree Improvement in the South

And finally…
Where are we headed?



Estimate of operational genetic gain 
going to landowners
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½ % gain/year

Over a 40-year period, 
~20% operational gain



Estimate of operational genetic gain 
going to landowners
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We need to increase 
This ½% per year to
1-2% per year



Incentives to increase value via tree 
improvement are large

Forest Landowner 2010



• Operational gains = what landowners 
actually plant and eventually harvest

• What is the value to the region?
• The rate of getting genetic gain to landowners is a 

critical measure of success for our program

These gains are realized over time



Rate of Genetic Improvement

• Good for all of us in the room
• Get the highest valued plantations 

established as soon as possible
• Economic development issue for each 

state, the region, and the country
• If tree improvement slows down, 

… we all suffer
Well, just how much do “we” suffer?



• PV analysis of  what happens if we stop or slow TIP
• Assumptions of the analyses:

- PV only, no costs – what are the losses?
- 25-year rotation, vary stumpage values ($2500+/- per 
acre)
- Constant rate of genetic improvement 

(0.5% to 1% per year) being planted
- Discount PV’s for some interest rate(s) – use 6%

• Compare the PV’s for different scenarios – what are 
losses?

Spreadsheet

Economic consequences of reduced 
breeding effort in loblolly pine



Economic consequences of reduced 
breeding effort in loblolly pine

• The economic consequences of slowing or 
stopping tree improvement are staggering
– Even a few $$$/a loss when spread over hundreds of 

thousands of acres is a BIG number (1.2 million acres 
planted each year)

– Reducing effort from 1% gain/yr to 0.9% gain/yr is a 
loss of $232/a
Opportunity loss of $289 million for southern US

– In Alabama alone, the cost (PV) of slowing the rate 
of improvement on the 219 M acres planted each 
year is

$50,700,000



Economic consequences of reduced 
breeding effort in loblolly pine

• The economic consequences of slowing or 
stopping tree improvement are staggering
– Even a few $$$/a loss when spread over 

hundreds of thousands of acres is a BIG 
number

• Alternatively, the economic incentives to speed up tree 
breeding and deployment of the best genetics is 
tremendous

Spreadsheet



• The economic consequences of slowing or 
stopping tree improvement are staggering
– Even a few $$$/a loss when spread over 

hundreds of thousands of acres is a BIG 
number

• Alternatively, the economic incentives to speed up tree 
breeding and deployment of the best genetics is 
tremendous

• For the southern US where about 1.2 million acres of 
loblolly pine are planted each year, the increased value 
to all landowners from this slight increase in genetic 
improvement would be $299,574,556.

In NC, it is worth $7.6 million

Economic consequences of reduced 
breeding effort in loblolly pine



• The economic consequences of slowing or 
stopping tree improvement are staggering
– Even a few $$$/a loss when spread over 

hundreds of thousands of acres is a BIG 
number

• Alternatively, the economic incentives to speed up tree 
breeding and deployment of the best genetics is 
tremendous

• For the southern US where about 1.2 million acres of 
loblolly pine are planted each year, the increased value 
to all landowners from this slight increase in genetic 
improvement would be $300 million.

In Alabama, it is worth $52+ million

Economic consequences of enhanced
breeding effort in loblolly pine



• The economic consequences of slowing or 
stopping tree improvement are staggering

• I have used this with state agencies and companies to 
emphasize how critical it is that support for tree 
improvement continues
When a cooperator leaves the program or slows effort, breeding 
progress slows

• Consequences of OOPS’s in our breeding program
Every delay in breeding  or screwed up test or poor quality test has 
significant economic impact

Tree improvement is a critical, regional economic 
development issue

Economic consequences of reduced 
breeding effort in loblolly pine



Tree improvement is a critical, 
regional economic development issue

And we’ve just begun our quest to reach our 
potential
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Tree breeders are here

Data adapted from:
USDA, National Agricultural Statistics Service



Thank You!

www.TreeImprovement.org
Steve_McKeand @ncsu.edu
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