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The Forest Productivity Cooperative (FPC) is an international partnership 
committed to creating innovative solutions to enhance forest productivity 
and value through the sustainable management of site resources. The 
partnership is led by forestry faculty at North Carolina State University, 
Virginia Polytechnic Institute and State University, the Universidad de 
Concepción, and the Universidade Federal de Lavras. Team members 
have expertise in silviculture, forest nutrition, ecophysiology, soils, plant 
community ecology, growth and yield modeling, process-based modeling, 
remote sensing, spatial analysis and GIS, and statistics.  

Partners include the four host universities, forest industry, timber 
investment management organizations, forestry consultants, governmental 
agencies, private landowners, and others interested in intensive plantation 
management. Members own or manage over 25  million acres (10 million 
hectares) of pine and broadleaved plantations in the southeastern US and 
Latin America, making the FPC one of the world’s largest cooperative 
silviculture research and education programs.  

Our approach includes a mix of applied research, fundamental research, 
graduate and undergraduate education, technology transfer, continuing 
education, and consulting. This mix provides a productive environment for 
addressing questions and immediately incorporating research results into 
silvicultural practices for cost-effective and environmentally sustainable 
plantation management.  

For more information concerning the Forest Productivity Cooperative, 
including our membership, current research, or graduate education 
programs, please visit our website www.forestproductivitycoop.net or 
contact one of the co-directors. 

 

Rachel L . Cook, NCSU David Carter, VT 

Rafael A. Rubilar, UdeC Otávio Campoe, UFLA 
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RESPONDING TO CHANGE 

The FPC was founded in 1969 as the Forest Fertilization Cooperative at 
North Carolina State University. In the intervening years Virginia Tech, 
the University of Concepción, and the Federal University of Lavras have 
joined the FPC. During that time we have grown from a regional 
research program narrowly focused on fertilization of loblolly pine to an 
international research and technology transfer program addressing all 
aspects of plantation forestry for a range of pine and broadleaf species 
in the southeastern US and South America.  

The Forest Productivity Cooperative continues to change and evolve to 
serve the needs of our members.  In 2016, Dr. Rachel Cook joined the 
faculty at North Carolina State University as Co-Director of the FPC and 
Assistant Professor of Silviculture and Forest Soils, and recently 
promoted to Associate Professor. We also formed a partnership with 
Dr. Otávio Campoe as Associate Co-Director in Brazil, now located at 
the Universidade Federal de Lavras (UFL). In 2017, Dr. Tom Fox retired 
from the FPC after 16 years of dedicated service. Tom has left a 
tremendous legacy through the many graduate students he has 
mentored, the success of large research projects such as PINEMAP 
and CAFS, and the countless field visits and workshops with 
cooperators. In the summer of 2018, Dr. David Carter was hired as an 
Assistant Professor of Silviculture and Co-Director of the FPC to fill the 
position at Virginia Tech.   
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HISTORY OF THE FPC  
The Forest Productivity Cooperative celebrated its 50

th
 year of operation 

in 2019, representing a significant milestone that is a tribute to the 
strength of the partnership between forest industry and the university 
scientists who work together to increase the productivity and value of 
planted forests through the sustainable management of site resources.  
 
The North Carolina State Forest Fertilization Cooperative (NCSFFC) 
was organized in 1969 by J.O. Cantrell, T.E. Maki, and C.B. Davey, 
bringing together interested parties from North Carolina State University, 
forestry industry, and fertilizer manufacturers. Initially, the Cooperative 
was a five-year program with the objective “to determine the economic 
feasibility of forest fertilization” for loblolly pine in the Piedmont and 
northern Coastal Plain regions of the southeastern United States. The 
first advisory council meeting was held May 28, 1970 and the first 
“Regionwide” field study began in winter 1970-71.  That has expanded 
to include 28 Regionwide trials. The Coop now has the largest forestry 
field trial base in the world with study sites located in the US, Argentina, 
Brazil, Chile, Colombia, and Uruguay.  
 
Since 1970, the FPC has evolved from a regionally based fertilizer 
cooperative into an internationally recognized research and education 
program in forest production, silviculture, and soils. In 1986, the 
Cooperative’s name was changed to the North Carolina State Forest 
Nutrition Cooperative (NCSFNC) to reflect a broader emphasis on forest 
production and nutrition. The name was shortened to Forest Nutrition 
Cooperative (FNC) in 2003 when Virginia Tech joined as a partner. The 
University of Concepción joined as a partner in 2005. In 2010, the name 
was changed to Forest Productivity Cooperative (FPC) to reflect the 
broadening silvicultural scope of the Coop. In 2016, the cooperative 
formed a partnership with Dr. Otávio Campoe, now located at the 
Universidade Federal de Lavras, to better serve the industry members 
in Brazil.   
 
At North Carolina State University, Wayne Haines served as the 
Cooperative’s first director until 1977. He was followed by Bob Kellison 
(1977-1978), Russ Ballard (1978-1980), Lee Allen (1981-2008), Dan 
Kelting (co-director 2000-2003), and Jose Stape (2008-2015). Rachel 
Cook serves as the current co-director at NCSU since 2016. At Virginia 
Tech, Tom Fox served as co-director from 2003 to 2017. David Carter 
now serves as the co-director at Virginia Tech since 2018. In  2007, 
Rafael Rubilar became a co-director at UdeC in Chile and in 2016, 
Otávio Campoe became associate co-director in Brazil.  
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Fertilizer response in loblolly pine at the RW18 in northeast Florida 
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IMPACT 

The Forest Productivity Cooperative continues to change how plantations 
are managed in the Americas. The area fertilized annually since 1990 is 
one indication of the impact the FPC has had on plantation management.  

Over the last 50 years the FPC has: 

 Demonstrated that leaves grow trees, resources grow leaves, and 
that optimum value will only be realized with site-specific 
manipulation of both site and genetic resources 

 Provided fertilizer prescriptions for millions of acres of pine 
plantations in the southeast US, resulting in 30 million more tons of 
wood being produced every year 

 Demonstrated that the potential productivity of plantations in many 
areas of the Americas is much higher than previously thought 

 Encouraged the worldwide adoption of effective and environmentally 
sustainable silvicultural practices 

 Identified the debilitating effects of chronic nutrient limitations on 
plantation productivity and the opportunities to enhance productivity 
through nutrient additions 

 Developed remote sensing tools based on Landsat and LiDAR to 
determine leaf area in plantations 

 Created decision support systems and prescription guidelines to 
optimize the use of soil tillage, vegetation management, fertilization, 
and thinning to enhance stand growth and value 

 Published more than 700 papers, theses, dissertations, and reports 
dealing with plantation productivity, forest nutrition, soils, and 
silviculture (a complete list of publications can be found on our web 
site) 

 Provided members with the latest information concerning intensive 
silviculture through field visits and a successful workshop series 

 Served as a founding member of the National Science Foundation 
Center for Advanced Forestry Systems 
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BENEFITS OF MEMBERSHIP 

The Forest Productivity Cooperative provides value to its members by   
working to increase the productivity, sustainability, and profitability of  
plantation management throughout the Americas. Members benefit by:  

 Keeping abreast of advances made by other working 
groups in the FPC   

 Collaborating with other members on research projects 
that leverage investments in the FPC 

 Learning from basic research supported by grants ob-
tained by FPC co-directors  

 Building on the technology transfer activities of the FPC 
staff to develop site-specific management regimes that 
optimize productivity and value 
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WORKING GROUP ORGANIZATION 

In 2013, the FPC reorganized to create working groups that allow mem-
bers to focus their interests and resources on the species and geograph-
ic area in which they are most interested. Cooperative research and tech-
nology transfer efforts are now organized around four working groups 
identified by species (Pinus or Eucalyptus) and location (southeastern 
US or Latin  America).  Each working group is led by one of the co-
directors, however all co-directors are actively involved in each group to 
provide support, expertise and effective communication within the coop-
erative.  Members may participate in any of the working groups. Data and 
results from each working group are shared across the entire member-
ship.  
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MEMBERSHIP 

Full membership in the Forest Productivity Cooperative is open to any 
organization that owns, manages, or controls forest land. Full members 
actively participate in FPC research by establishing and maintaining 
field trials. Corresponding membership is open to individuals or 
organizations that do not own land and is intended for consultants, 
suppliers, contractors, and other organizations with an interest in 
sustainable plantation silviculture. Sustaining membership is open to 
organizations that do not own land but want to support the program at a 
higher level and be more active in the FPC. 

Full Members 

American Forest Management 

BTG Pactual 

Campbell Global  

Forest Investment Associates 

Forestal Mininco & Bosques del Plata 

Greenwood Resources 

Hancock Forest Management 

Jordan Lumber 

Klabin 

Masisa Chile & Argentina 

Milliken Forestry 

Molpus Woodlands Management 

Rayonier  

Resource Management Service 

Smurfit Kappa Colombia 

Smurfit Kappa Venezuela 

Superior Pine Products 

Timberland Investment Resources 

Volterra S.A. 

Weyerhaeuser 

Corresponding Members  

ArborGen  

BASF 

Chem-Air 

FITSNR, LLC 

Forestry & Land Resource Consultants 

FuturaGene 

International Forest Company 

Lesco Aviation 

Nutrien Ag Solutions 

Red River Specialties 

 

Sustaining Members 

Bayer 

North Carolina Forest Service 

OMYA International Ag 

USDA Forest Service                           

Virginia Department of Forestry 



Shaping the future of plantation forestry 

10 

FUNDING 

Membership requires a commitment of resources to maintain the quantity 
and quality of work agreed upon by the membership. All members make 
annual monetary contributions to the FPC to support the program. The 
direct contribution level for full membership is based on acreage owned, 
leased or managed per year, ranging from $5,775 to $28,875 per year. 
Each full member is responsible for in-kind contributions for establishing 
and measuring FPC research studies annually. This contribution is made 
with in-kind work or by monetary contributions to the FPC for the work to 
be completed. The contribution level for 2021 for corresponding 
membership is $6,353 per year, and the contribution level for a 
sustaining member is at least $8,663 annually. Each member has a vote 
in FPC matters and research initiatives proportional to the level of 
contribution made.  

FPC 2020 Budget 

In 2020, every dollar contributed by a full member’s dues 
was matched by $69 provided by university partners, other mem-
bers, and grants and contracts from governmental agencies.  
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MEMBERSHIP FEES 

Membership fees are based on the membership category and for Full 
Members depends on the size of the plantation landbase owned or 
managed. The membership fees for 2021 are summarized in the 
following table.  Field trial measurement fees may be made in cash or as 
an in-kind contribution. Sustaining members contribute to special 
projects and dues are based on the scope of work. 

Field tour during the FPC LA Contact Meeting 2019 hosted by Bosques 
del Plata in Posadas, Argentina. 

 Plantation Land Base  

Member type Acres Hectares Annual Dues 

Corresponding None None  $6,353  

Sustaining None None  $10,000+  

Gov. Agency None None  $8,663  

Full <50,000 <20,234  $5,775 

Full 50,000-100,000 20,234-40,469  $11,550 

Full 100,001-150,000 40,470-60,703  $17,325 

Full 150,001-200,000 60,704-80,937  $23,100 

Full >200,000 >80,937  $28,875  
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Dues Allocation to Working Groups 

Members of the FPC allocate 80% of their dues to one or more of the 
working groups and the remaining 20% is used to support the 
administrative and centralized research functions of the Cooperative. 
The allocation of the membership fees in 2020 is summarized below. In 
2020, $288,388 was allocated for pine research, $64,891 was allocated 
for eucalyptus research, and $163,293 was allocated to centralized 
research.  

 

Working Group 2020 Budget 

U.S. Pine Working Group $236,491 

Latin America Pine Working Group $51,897 

U.S. Eucalyptus Working Group $11,025 

Latin America Eucalyptus Working Group $53,866 

Administration and Centralized Research $163,293 

Total  $516,572 

FPC US Annual Meeting 2019 field tour to operational pine stands near 
Savannah, Georgia to discuss site preparation. 
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TECHNOLOGY TRANSFER  

Our research is results driven. It is 
imperative that the results of our 
research are made available to our 
members in a timely manner. Web 
accessible data summaries for field trials 
are available as soon as we receive the 
corrected field trial data and/or analyses 
are completed in the lab. Results from 
field trials, graduate student projects, and 
grant research are summarized annually. 
Technical reports are distributed to 
members prior to publication of peer 
reviewed journal articles.  Downloadable copies of all reports are available 
on our members-only website. A list of our most recent publications is 
included at the end of this document, and a more complete list is available 
on our website at forestproductivitycoop.net. Due to the Covid-19 global 
pandemic this past year, our annual meeting was held online, which 
allowed many members to join who otherwise might not have been able. 
Collaborating and sharing results virtually has allowed us to reach a 
broader audience compared to the traditional meeting formats.   

Contact Meetings 

Much of our information is provided  to members through field visits with 
individual members and working group contact meetings.   

 

Discussing pruning at the 2019 LA Contact Meeting in Argentina.  
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Productivity Workshops  

The FPC hosts various forest  productivity workshop series that provide 
an intensive review of plantation management  and the relationships 
between silviculture and forest productivity. This includes the 
ecophysiology of forest production, and how that knowledge can be used 
to develop  integrated silvicultural systems approach to managing 
resource availability and stand growth. Growth response to treatments 
including species and genotype selection, site preparation, weed control, 
fertilization, thinning are discussed.  Workshops typically include lectures, 
field trips, readings, and much discussion.  

Remote Sensing Tools 
The FPC has an active research program in remote sensing applications 
in plantations. We have developed tools that enable members to 
determine Leaf Area Index (LAI) and other stand parameters using 
Landsat Imagery and LiDAR data. These tools have been integrated into 
an ArcGIS environment to provide user-friendly applications.  

LiDAR Workshops and Webinars 
A workshop on LiDAR applications for forestry, future directions of LiDAR 
research, and tools developed by the FPC team was offered in 2018. 
Based on positive feedback and continued interest, two webinars have 
since been offered on the topic of remote sensing. All of the workshop 
and webinar materials are available to members on the FPC website. 

Jordan Lumber mill tour at the 2019 US Contact Meeting in NC. 
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RESEARCH PRIORITIES 

Each of the Working Groups in the Forest Productivity Cooperative 
developed a research plan in 2014 to guide the research from 2015-
2020. In 2020, the US Pine strategic planning meeting was conducted 
virtually, allowing as many members to join as possible and providing 
invaluable direction and guidance for our future research. Updated Latin 
American strategic priorities will be forthcoming. The priorities identified 
by our members include a mixture of applied and process research that 
has been a hallmark of the FPC for several decades. Much of the 
research subjects identified are relevant to a wide variety of pine and 
hardwood species in both the United States and Latin America. The 
mixture of empirical and process work conducted by the FPC enables us 
to extrapolate research from one region to another and from one species 
to another, increasing the efficiency of the research efforts of the FPC 
and the value of the program to the members.  

Southeast US Pine Working Group Research Priorities 

 Understanding fertilizer type and quantity by soil type 

 Vegetation control vs fertilization: Midrotation release responses 

 Soil mapping for potential response and productivity to fertilization 

Southeast US Eucalyptus Working Group Research Priorities 

 Silviculture of eucalyptus in the US including appropriate site  prep, 
planting, spacing, fertilization, and weed control to achieve desired growth 
rates. 

 Screening  of species/provenances and clone for adaptability to climate in 
the southeast United States.  

Latin America Pine Working Group Research Priorities 

 Sustainability of nutritional balance, soil, and productivity for intensively 
managed forest plantations and residue removals for bioenergy  

 Increasing plantation productivity by managing water availability, 
understanding water and nutrient interaction demands and water use 
efficiency and use of pine plantations 

 Remote sensing applications for forest health, establishment phase and 
inventory  
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 Silviculture and genetic interactions  

 Incorporate current research developments into practical models, building 
current knowledge into process based models  

Latin America Eucalyptus Working Group Research Priorities 

 Nutrient  response, soil fertility and nutrient dynamics and models 

 Remote sensing tools to evaluate forest health and productivity 

 Process based models to evaluate environmental and genetic effects on 
productivity 

 Fundamental research to address eucalyptus sustainability and natural 

Site map for site RW281303, or SETRES, in Scotland County, NC, USA. 
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Active Regionwide Trials 

Study  Trials Species Location Study Design 

RW28 18 P. taeda US P carryover from RW18 

RW27 2 
E. globulus  

x nitens 
CL 

Position and Depth of Fertilizer Application 
at Planting 

RW26 1 E. urograndis CO 
Dose and Efficiency of P Fertilization at 
Establishment 

RW25 8 

P. taeda,  

E. benthamii,  

E. grandis,  

CO, BR,  

CL 
Nutrient Omission Study 

RW23 5 E. grandis, CO, BR 
Intensity and Duration of Vegetation Con-
trol 

RW20 3 P. taeda US, BR Genetics x Silviculture x Spacing 

RW19 9 P. taeda US, UY,  Thinning x Fertilization Response 

RW7 12 
P. taeda,  

P. radiata,  

BR, AR,  

CL 

Site Prep x Fertilization x Vegetation Con-
trol 

LARW1 3 P. radiata CL Long-term Sustainability Study 

LARW2 6 

P. radiata,  

E. grandis,  

E. grandis  

X camaldulensis,  

AR, CL 
GxExS, Optimization of value at harvest 
age  

SS 6 
P. taeda,  

E. grandis,  
US, CO Calcium application source and rate study 
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Completed Regionwide Trials 

Study Species Location Study Design 

RW25 
Eucalyptus 

spp. 
BR Nutrient omission (Micro and Micro) in Eucalyptus  

RW24 
Eucalyptus 

spp. 
US Cold hardy Eucalyptus in the SEUS 

RW22 Pinus US Twin-plot network in pine plantations 

RW21 Eucalyptus spp CO, VZ Twin-plot network in  eucalyptus plantations 

RW17 
P. taeda, 

P. elliottii 
US Fertilization x vegetation control factorial at midrotation  

RW16 P. taeda US Surface x subsurface tillage factorial at establishment  

RW15 
P. taeda,  

P. radiata 
US, CL 

Combinations of N, P, K, and micronutrients in estab-
lished stands  

RW14 P. taeda US 
Control, 45N, 50P, 100K combinations, and delay and 
repeat fertilization at establishment  

RW13 
P. taeda,  

P. radiata 
US, CL 

Midrotation fertilization with factorial combinations of N 
and P  

RW11 P. taeda US Thinning intensity and nitrogen application rate study  

RW9 P. taeda US N fertilization treatments after thinning 

RW7 E. benthamii US Site Prep x Fertilization x Vegetation Control 

RW5 P. taeda US Thinning x N fertilization 

RW4 P. taeda US Effectiveness of different rates of N 

RW3 P. taeda US 
Comparison of ammonium nitrate and urea as N 
sources  

RW2 P. taeda US Response of loblolly pine to juvenile N fertilization 

RW1 P. taeda US Mid– to Late-Rotation Fertilization  
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FPC WEB MAP:  
Soil Classification System 

The FPC developed a soil classification system that based 
on the Coile and CRIFF systems that provides a more 
comprehensive assessment of factors known to influence 
forest response to management practices, such as 
underlying geology. The new FPC system includes 
information on major soil group, drainage class, depth to 
subsoil, and geology/parent material and is applicable to 
most forest soils in the southeastern US. We developed an 
interactive webmap as a tool for members that shows the 
soil and geology/parent material layers. The FPC web map 
is available to members on the FPC website or at: https://
map.forestproductivitycoop.net/ with login credentials. 

The FPC soil web interface with side bar showing the soil and geology 
information for a site selected shown by the tree icon near Hoboken, GA. 
The soil profile photo (above) shows how the soil in the field lines up with 
the Web Map info, a Leon soil series. 

https://map.forestproductivitycoop.net/
https://map.forestproductivitycoop.net/
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Underlying geology/parent material and coastal plain terraces have been 
categorized by characteristics relevant to forest productivity and added to 
the map as layers. 
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REMOTE SENSING RESEARCH 

Research by the FPC has discovered the strong relationship between 
leaf area and forest productivity in both pine and eucalyptus stands. This 
relationship enables foresters to use leaf area index (LAI) as a 
parameter to predict stand growth and response to silvicultural 
treatments. LAI can be estimated visually from the ground using guides 
developed by the FPC. However, more efficient methods are needed to 
determine LAI across the forested landscape. The FPC has an active 
research and technology transfer program to develop and refine remote 
sensing tools. Satellite imagery obtained from space-based sensors 
(e.g. Landsat) can be used to determine stand-scale LAI based on the 
reflectance spectra of the forest canopy. The FPC and collaborators 
have shown that the simple ratio index that is determined from the near-
infrared and red bands available from Landsat can be used to accurately 
estimate LAI and can be an effective and low-cost tool for estimating LAI 
at the stand scale. Algorithms for Sentinel-2 imagery are now available 
(Cohrs et al., 2020). Sentinel-2’s improved spatial resolution and 
temporal revisit interval should provide more accurate estimates of LAI 
compared to current models.   

Shown here are (a) reflectance spectra for individual training samples, dis-
playing the relative range in reflectance for each training sample class, and 
(b) the RW20-VA raster output using the support vector machine (SVM)-
supervised classification based on the four classes. From Cohrs et. al. 2020.  
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Estimating Leaf Area and Understory from 
Satellite and Airborne Derived Data 

Given the high temporal resolution of Landsat data, estimates of 
competing understory LAI in pine plantations can be made specifically 
for competing deciduous vegetation in certain environments, by 
comparing spring and winter LAI estimates.  

FPC research has also demonstrated airborne LiDAR can be used to 
accurately estimate LAI of pine and eucalyptus plantations. Methods of 
estimating LAI from LiDAR data relate to the light-energy loss 
experienced as light passes through a medium (Beer’s law). One of the 
main benefits of using LiDAR data is its ability to return data from the 
surface and sub-surfaces of the forest canopy. The estimation of the 
vertical extent of vegetation layers beneath the main canopy, and the 
estimation of LAI contribution for each layer has also been 
demonstrated. This ability can potentially aid in assessing competition on 
productivity. Airborne LiDAR has many applications, and may soon 
prove to be a cost-effective tool to improve forest management.  

The FPC has acquired airborne LiDAR data from multiple locations 
across the southeastern United States and in South America, since 
2008, and most recently in 2020. Using these datasets, we have 
developed and validated a number of methods estimating fundamental 
mensuration data at the individual-tree and stand-level (e.g. height, 
crown length, mean stem diameter). Methods for the classification and 
mapping of individual canopy elements and competing vegetation by 
using 3D clustering techniques have been further developed (illustrated 

below). For use by the 
FPC membership, an 
evolving set of tools has 
been made available for 
the analysis of Landsat 
and airborne LiDAR in 
order to estimate various 
area-based metrics.  

Result of a new individ-
ual tree crown delinea-
tion method.  
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Utilizing UAV LiDAR Data 

Recent advancements in technology have enabled the use of unmanned 
aerial vehicles (UAVs) as a remote sensing platform. To keep pace, the 
FPC is developing tools designed to facilitate the use of data derived 
from these platforms and provide members with practical, high-
resolution individual-tree measurements.  

UAV LiDAR data was acquired from two RW20 research sites located in 
Virginia and North Carolina in 2017 and Appomattox state forest in Vir-
ginia in 2020. The UAV LiDAR dataset provides a very high density of 
returns (>200 pulses per m

2
) compared to a traditional acquisition (~20 

pulses per m
2
), which improves the estimation of the physical attributes 

of individual trees, such as height and stem diameter. The management 
implemented at these FPC study sites is well documented and offers a 
variety of experimentally manipulated overstory and understory condi-
tions, which provides an ideal testing-ground future development.  

To date, research into isolating individual vegetation elements within and 
below the canopy, in particular, research into 3D clustering algorithms, 
has yielded promising results. All overstory trees can be delineated suc-
cessfully. Likewise, competing vegetation can be classified by exploiting 
its different 3D distribution of returns in contrast to overstory trees.  

 

Classified understory points highlighted in red at RW20 in NC. 
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The ongoing nature of the research at the RW20 sites presents an op-
portunity to assess the capabilities of cutting-edge technology for map-
ping both overstory and understory components, and the implications for 
targeted management activities. UAV LiDAR can potentially provide re-
peated acquisitions quickly, which has a great potential for the detection 
of changes at multiple scales. 

Terrestrial Laser Scanning Research 

High-density LiDAR data can also be acquired by using Terrestrial Laser 
Scanning (TLS) systems (shown above). The acquisition of TLS data can 
provide quantitative measurements in plantation forests of various stock-
ing levels beneath the forest canopy. TLS data allows for the visualiza-
tion of suppressed trees and competing vegetation of various sizes. A 
new method of delineating the extent of individual stems was designed, 
through classifying 3D neighborhoods based on occupied and empty 
space. In addition, accounting for pulse density, canopy and understory 
3D extent can be estimated. 

Estimates of LAI from TLS are potentially more accurate than traditional 
optical measurements, but requires a different method than that devel-
oped for airborne LiDAR due to the difference in sensor position. The 
TLS approach quantifies the permeability of the canopy from the sensor 
position. Research has demonstrated that returns from leaf or bark can 
be separated based on the return intensity signal (from a green laser), 
this allows the automatic classification of points. This capabilities of TLS 
holds a great deal of potential in quantifying the locations of and true ar-
ea of leaf material within an area of interest for the canopy or understory. 

‘Real’ colored  points from terrestrial laser scanning. 
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The proportion of fertilizer nitrogen lost, retained and partitioned for mid-
rotation, thinned loblolly pine forests across the southeastern United 
States after a spring and summer fertilization with minimal understory 
competition. 

15N STABLE ISOTOPE RESEARCH 

The FPC has been utilizing stable isotopes of 
15

N to improve our under-
standing of nutrient dynamics in managed forest ecosystems across the 
southeastern United States for close to a decade. By using 

15
N enriched 

fertilizers, we have improved our quantification of the proportion of ferti-
lizer nitrogen (N) used by a crop tree over a single, and multiple, growing 
seasons. Understanding how much, and where, fertilizer N is incorpo-
rated in a managed forest is important to continue refining fertilizer N 
recommendations on an individual site basis. Use of 15N labeled fertiliz-
ers has been combined with enhanced efficiency fertilizer products 
(EEFs) to continue to improve the sustainability of fertilization in man-
aged forests. The FPC has been a research leader in combining the use 
of 

15
N with enhanced efficiency products to improve fertilizer stewardship 

and understanding nutrient dynamics in relation to forest productivity. 
Over the last decade, research highlights from intensively managed for-
ests across the southeastern United States include: 

 EEFs reduce fertilizer N losses from managed forests   

 EEFs increase fertilizer N remaining in the forest system 

 EEFs increase available N to crop trees 

 EEFs increase productivity in managed forests  

 Initiated a study investigating the competitiveness of understory vege-
tation for mid-rotation fertilizer N using 

15
N in Appomattox, VA.  
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Minimizing N Losses After Winter Fertilization 

In a recent FPC study, N losses were compared between urea and urea 
treated with the urease inhibitor N-(n-Butyl) thiophosphoric triamide 
(urea + NBPT) after a surface application in winter at three thinned mid-
rotation (age 15-20 years) loblolly pine plantations in Virginia (VA), South 
Carolina (SC), and Florida (FL). Losses following fertilization with urea 
(24% to 50%) were greater at all sites compared to urea + NBPT (12% 
to 22%). Fertilizer N losses were greater in FL than in SC and VA, alt-
hough N loss following urea fertilization was still 25% in VA. The loss of 
fertilizer N was consistently lower on beds compared to interbeds for 
both urea (bed = 25%, interbed = 40%) and urea + NBPT (bed = 12%, 
interbed = 23%). This research highlights the value of using NBPT to 
reduce fertilizer N losses after a winter application and the greater poten-
tial loss in the interbed on wetter sites.   

N losses were significantly greater at the Florida site than the South Car-
olina and Virginia sites (Raymond et al. In Press). 

N losses were significantly greater in the interbed than the bed. NBPT 
reduced the N loss in both locations (Raymond et al. In Press). 
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Process-Based Models to Determine Potential Forest Productivity 
and Resource Use Efficiency 

The FPC has worked with process-based models such as 3-PG and 
MAESTRA to determine the potential productivity of pine and eucalyptus 
plantations in both the S.E. United States and in Latin America.  These 
models enable us to develop a better understanding of soil and climatic 
related factors affecting forest productivity.  Data and maps generated 
from these modeling efforts are available to members. 

PROCESS-BASED MODELING  

Productivity and light use efficiency of crop trees under different thinning 
and fertilization regimes, simulated with MAESTRA. 

Potential productivity for Pinus taeda in the southeastern USA (a) and 
Eucalyptus spp. in Colombia (b) estimated using 3PG applied at the 
landscape scale assuming a maximum leaf area index to estimate 
potential productivity (Rubilar et al., 2018). 



Shaping the future of plantation forestry 

28 

EUCARBHYDRO  

EucarbHydro FONDECYT 
1190835 initiated in 2019 is the 
continuation of projects Eucahy-
dro II FONDEF it16i10087 (2017-
2019) and Eucahydro I FONDEF 
11I1161 (2013-2017) funded by 
the Chilean Government CONI-
CYT. EuCarbHydro project aims 
to study the linkages between 
stand level carbon fluxes and wa-
ter use under contrasting water 
resource availability conditions for 
a range of Eucalyptus genotypes 
(taxas).  

 

During 2020 EuCarbHydro initiated above and belowground biomass  evalu-
ations of a range of 8 Mediterranean Eucalyptus genotypes (taxas) of con-
trasting productivity under water stress. Selected genotypes are being evalu-
ated under irrigated and non irrigated conditions together with monthly litter-
fall and soil respiration and carbon pools assessments. A nursery level study 
was initiated in 2020 with young seedlings from the same genotypes to eval-
uate response of the same field genotypes to drought mortality and C assim-
ilation under water stress. Assessments at each level will provide for evi-
dence of mechanisms linking C balance and water being used. Responses 
of these trials are expected to allow for modelling the response of advanced 
genotypes under climate change scenarios. The research project also con-
sider fundamental questions such as: How much water can me reduced by 
selecting the appropriate Eucalyptus genotype? Which ecophysiological 
characteristic(s) may predict or approximate water use, water use efficiency 
and resistance to drought? How climate change may affect genotype 
productivity and water use? What is the relationship between carbon fluxes 

and water 
stress for 
Eucalyptus 
genotypes 
under con-
trasting wa-
ter resource 
availability. 
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CENTER FOR ADVANCED 
FORESTRY SYSTEMS 
The Center for Advanced Forestry 
Systems (CAFS) is sponsored by the 
National Science Foundation as part 
of the Industry/University Cooperative 
Research Centers (I/UCRC) Program 
within the Engineering Directorate. 
The NSF Center for Advanced 
Forestry System is designed to foster 
collaborative research between 
universities and forest industry that 
will increase the productivity, 
profitability and sustainability of 
plantation forest management. The 
overall goal is to facilitate the 
development and application of forest 
science and technology needed by 
forest industry to remain globally 
competitive.  

 

The NSF grants to the universities that are CAFS sites are awarded in 
five-year increments. Starting in January of 2020, NC State is now 
currently in Phase III, the last possible phase of funding. The goal of the 
last phase is to focus on national-level projects that help to coordinate 
activities across multiple universities to better leverage resources. New 
projects are in development for Phase III  and will focus on nationally 
relevant topics such as: 

1. Assessing and mapping regional variation in site productivity based 
on soils 

2. Modeling forest response to early stand treatments 

3. Identifying type and level of response to forest fertilization 

 

University of Maine will take the lead for multi-site CAFS program 
management for Phase III after which CAFS will “graduate” from the 
NSF IUCRC program. Discussions are underway among CAFS 
members and university scientists to develop support for a long-term 
structure to continue cross-university and cooperative projects. 

 

Example of a wide crown 
ideotype on a RW20 
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Rainfall exclusion structures installed at the Tier III site in Virginia to 
reduce precipitation by 30%.  

PINEMAP 

The Pine Integrated Network: Education, Mitigation and Adaptation 
Project (PINEMAP) was a six-year regional research project funded by 
the USDA National Institute for Food and Agriculture to produce and 
synthesize knowledge helpful for planted southern pine landowners to 
adapt to changing climate conditions. The project involved over 50 
scientists from eleven southeastern U.S. universities and the U.S. 
Forest Service, as well as most of the major southeastern U.S. 
research cooperatives. The Decision Support System and additional 
information is available at: http://pinemapdss.org.  

PINEMAP DSS output display showing projected change in planted pine 
net primary productivity for 2060-2079 for the region.  

http://pinemapdss.org/
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North Carolina State University 
 

Rachel Cook (PhD North Carolina State University) 

        Co-Director and Associate Professor  

Zach Grover (MS North Carolina State University) 
        Research Associate 

Ganga A 
        Administrative Assistant 
 
Virginia Tech 
 

David Carter (PhD University of Minnesota) 
        Co-Director and Assistant Professor  

Timothy Albaugh (MF Duke, MBA University of North Carolina) 
        Senior Research Associate and Data Manager 

Matthew Sumnall (PhD Bournemouth University) 
        LiDAR Research Associate 
Randolph Wynne (PhD Wisconsin-Madison)  

         Professor  

David Mitchem (MS Virginia Tech) 
        Laboratory Manager 

Kathryn Hollandsworth 
        Administrative Assistant 

OUR TEAM 

We are a multidisciplinary 
team with expertise in 
silviculture, forest nutrition, 
ecophysiology, soils, plant 
community ecology, growth 
and yield modeling, remote 
sensing, spatial analysis and 
GIS, and statistics. 

Zach Grover, who joined the FPC in 
August 2020, at one of the RW28 
sites near Yulee, FL. 
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Universidad de Concepción 
 

Rafael Rubilar (PhD North Carolina State University) 

        Co-Director and Associate Professor 

Daniel Bozo 

        Research Associate 

Yuri Burgos 

        Research Technical and Field Support 

Maria Alvornoc 

        Lab Technician 

Juan Espinosa 

        Eucahydro Research Assistant 
 
Universidade Federal de Lavras  
 

Otávio Campoe (PhD University of São Paulo)  

        Associate Co-Director and Assistant Professor  

FPC Team at the 2019 US Annual Meeting in Savannah, GA 
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 GRADUATE EDUCATION 

Graduate student research and education is an integral part of our 
efforts. Over 125 graduate students from around the world have 
completed their theses with the FPC since the 1970s. The FPC provides 
opportunities and support for graduate study at North Carolina State 
University, Virginia Tech, the Universidad de Concepción, Federal 
University of Lavras, and other universities with common grants. 
Graduate projects cover a wide range of subject areas including 
silviculture, soils, ecology, modeling, and remote sensing. The breadth 
and scope of the FPC program is clearly demonstrated by the work 
conducted by our graduate students. The quality of the FPC program 
depends in large part on the quality of these students. Student theses are 
available for download from our website. 

Current and Recent PhD Students 

Name Univ. Year Thesis Topic 

Fernanda Cunha UFLA Current 
Optimal intensity and duration of competing vegetation con-
trol to maximize pine productivity in Brazil.   

Lorena Barbosa  UFLA Current 
Productivity and competition for light of different varieties of 
Pinus taeda and different spacings  

Chris Cohrs NCSU Current 
FPC Soil and Geologic Mapping and effects on LAI derived 
from Sentinel  

Valentina Campos UC Current 
Water stress and insect attack susceptibility: A metabolomic 
analysis of commercial forest soecies in Chile. 

Anny Gonçalves  UFLA Current 
Effect of the interaction Variety x Spacing x Environment on 
light use efficiency of Eucalyptus  

Jacob Hackman NCSU Current 
Soil P carryover due to fertilization rate and microbial re-
sponse 

Juan Carlos 
Valverde 

UC Current 
Linkages between water use efficiency and C balance among 
Mediterranean Eucalyptus genotypes. 

Juscelina dos San-
tos  

UFLA Current Meta-analysis of Eucalyptus plantation physiology 

Thiago Wendling 
Goncalves 

UFPR Current 
Environmental drives of early growth, leaf area and physiolo-
gy of Eucalyptus genotypes in Central Chile.  

Túlio Queiroz UNESP 2020 
Climatic limitations on Eucalyptus growth across Brazil and 
Uruguay 

Henrique Scolforo NCSU 2018 Modeling Eucalyptus clones growth in Brazil 

Yuan Fang NCSU 2017 C Budget in loblolly pine plantations—US Pine—PINEMAP 

Jay Raymond VT 2016 
Uptake and environmental fate of N fertilizer using 15N—US 
Pine—NSF 
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Current and Recent Masters Students 

Name Univ. Year Thesis Topic 

Josiana Basílio UNESP Current 
Fine root development in Eucalyptus plantations at contrasting 
environments  

Luz Yeidy García UC Current 
Effect of water stress on carbon assimilation among Eucalyptus 
genotypes under water stress at seedling stage. 

Alexander Byers VT Current 
Effects of resource competition from vegetation on loblolly pine 
growth in a mid-rotation stand in the Virginia piedmont  

Lena Caisley NCSU Current Growth response of P. taeda to highly reactive Calcium fertilizer  

Marina Sbardela UNESP Current 
Productivity and physiology of newly planted and coppice Euca-
lyptus plantations  

TJ Queck NCSU Current 
Response of P. taeda and competing vegetation to Esplanade—
Bayer 

Pablo Mena UC Current 
Process modeling of Eucalyptus and Acacia short rotation crops 
for bioenergy 

Natalia Navarro UC Current 
Gas exchange and leaf area response of Quilljja Saponaria to 
nutrient and water limitations 

Francisco Tron-
coso 

UC Current 
Long-term effects of native and exotic vegetation on granitic 
eroded soils of the Coastal Range of Chile 

Oscar Crovo Ron-
danelli 

UC 2020 
Effect of secondary native native forest replacement by radiata 
pine plantations on soil biogeochemistry and carbon, nitrogen and 
phosphorus pools on soils of contrasting mineralogy in south 

Ariel Zelaya NCSU 2019 Growth response of E. grandis to highly reactive Calcium fertilizer  

Gerardo Rojas UNESP 2020 
Carbon fluxes and partitioning of different  genotypes and spac-
ings of Loblolly pine in Brazil 

Brooke Thompson VT 2019 
Silvicultural Intensity and Genotypes: Soil Carbon Stock in a 
Virginia Piedmont Loblolly Pine (Pinus taeda L.) Plantation  

Vitor Aguiar  NCSU 2018 
Site, Stand Density, and Silviculture Effects on Loblolly Pine 
Carbon Allocation  

Maria Silva UC 2017 
CONICYT Eucalyptus genotypes water use efficiency  - FONDEF/
UDEC/FPC 

Nathan Thomas NCSU 2016 Growth and leaf area dynamics of Populus clones. 
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RECENT PUBLICATIONS 

The articles and book chapters published in the last 5 years are listed 
below. For the complete list of publications visit our website at:  
www.forestproductivitycoop.net. 

2020 

Acevedo, M., R.A. Rubilar, R.K. Dumroese, J.F. Ovalle, S. Sandoval, 

R. Chassin-Trubert. 2020. Nitrogen loading of Eucalyptus globulus 

seedlings: nutritional dynamics and influence on morphology and root 

growth potential. New Forests. Published online. DOI: https://

doi.org/10.1007/s11056-020-09778-2  

Albaugh, T.J., C.A. Maier, O.C. Campoe, M.A. Yáñez, E.D. Carbaugh, 

D.R. Carter, R.L. Cook, R.A. Rubilar, T.R. Fox. 2020. Crown 

architecture, crown leaf area distribution, and individual tree growth 

efficiency vary across site, genetic entry, and planting density. Trees 

34(1): 73-88. DOI: https://doi.org/10.1007/s00468-019-01898-3  

Burkhart, H.E., R.L. Amateis. 2020. Effects of early pruning on ring 

specific gravity in young loblolly pine trees. Wood and Fiber Science 

52(2): 139-151. DOI: https://doi.org/10.22382/wfs-2020-013  

Cohrs, C.W., R.L. Cook, J.M. Gray, T.J. Albaugh. 2020. Sentinel-2 leaf 

area index estimation for pine plantations in the southeastern United 

States. Remote Sensing 2020, 12(9), 1406. DOI: doi:10.3390/

rs12091406  

Chudy, R.P., K.A. Chudy, B.K. da Silva, F.W. Cubbage, R.A. Rubilar, 

R. Lord. 2020. Profitability and risk sources in global timberland 

investments. Forest Policy and Economics. Published online. DOI: 

https://doi.org/10.1016/j.forpol.2019.102037 

Raymond, J.E., T.R. Fox, R.L. Cook, T.J. Albaugh, R.A. Rubilar. 2020. 

Losses of fertilizer nitrogen after a winter fertilization in three 

managed pine plantations of the southeastern United States. Soil Sci. 

Soc. Am. J. 84(2): 609-617. DOI: 10.1002/saj2.20017  

Rubilar, R. A., R. Hubbard, V. Emhart, O. Mardones, J.J. Quiroga, A. 

Medina, H. Valenzuela, J. Espinoza, Y. Burgos, D. Bozo. 2020. 

Climate and water availability impacts on early growth and growth 

https://doi.org/10.1007/s00468-019-01898-3
https://doi.org/10.22382/wfs-2020-013
https://doi.org/10.1016/j.forpol.2019.102037
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efficiency of Eucalyptus genotypes: The importance of GxE 

interactions. For. Ecol. Manage. 458: 117763. DOI: https://

doi.org/10.1016/j.foreco.2019.117763  

Schulte, M.L., R.L. Cook, T.J. Albaugh, H.L. Allen, R.A. Rubilar, R. 

Pezzutti, S.L. Caldato, O. Campoe, D.R. Carter. 2020. Mid-rotation 

response of Pinus taeda to early silvicultural treatments in subtropical 

Argentina. For. Ecol. Manage. 473: 118317. DOI: https://

doi.org/10.1016/j.foreco.2020.118317  

Scolforo, H.E., C. Montes, R.L. Cook, H.L. Allen, T.J. Albaugh, R. 

Rubilar, O. Campoe. 2020. A new approach to modeling volume 

response from mid-rotation fertilization of Pinus taeda L. plantations. 

Forests 11, 646. DOI: http://dx.doi.org/10.3390/f11060646 

2019 

Albaugh, T.J., C.A. Maier, O.C. Campoe, M.A. Yáñez, E.D. Carbaugh, 

D.R. Carter, R.L. Cook, R.A. Rubilar, T.R. Fox. 2019. Crown 

architecture, crown leaf area distribution, and individual tree growth 

efficiency vary across site, genetic entry, and planting density. Trees, 

available online. DOI: https://doi.org/10.1007/s00468-019-01898-3 

Albaugh, T.J., T.R. Fox, R.L. Cook, J.E. Raymond, R.A. Rubilar, O.C. 

Campoe. 2019. Forest fertilizer applications in the southeastern 

United States from 1969 to 2016. Forest Science 65-3:355-362. DOI: 

https://doi.org/10.1093/forsci/fxy058 

Attia, A., Nouvellon, Y., Cuadra, S., Cabral, O., Laclau, J.P., Guillemot, 

J., Campoe, O., Stape, J.L., Galdos, M., Lamparelli, R., Le Maire, G. 

2019. Modelling carbon and water balance of Eucalyptus plantations 

at regional scale: Effect of climate, soil and genotypes. For. Ecol. 

Manage. 449. DOI: https://doi.org/10.1016/j.foreco.2019.117460  

Batista, A.P.B., H.F. Scolforo, J.M. de Mello, M.C. Guedes, M.C.N.S. 

Terra, J.D. Scalon, L.R. Gomide, P.G.V. Scolforo, R.L. Cook. 2019. 

Spatial association of fruit yield of Bertholletia excelsa Bonpl. trees in 

eastern Amazon. For. Ecol. Manage. 441:99-105. DOI: https://

doi.org/10.1016/j.foreco.2019.03.043 

https://doi.org/10.1016/j.foreco.2019.117763
https://doi.org/10.1016/j.foreco.2019.117763
https://doi.org/10.1016/j.foreco.2020.118317
https://doi.org/10.1016/j.foreco.2020.118317
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Blinn, C.E., M.N. House, R.H. Wynne, V.A. Thomas, T.R. Fox, M. 

Sumnall. 2019. Landsat 8 based leaf area index estimation in loblolly 

pine plantations. Forests, 10, 222. DOI: https://doi.org/10.3390/

f10030222 

Brancalion, P.H.S., Campoe, O., Mendes, J.C.T., Noel, C., Moreira, 

G.G., van Melis, J., Stape, J.L., Guillemot, J. 2019. Intensive 

silviculture enhances biomass accumulation and tree diversity 

recovery in tropical forest restoration. Ecological Applications 29(2): 

e01847. 10.1002/eap.1847  

 

Carter, D.R., R.A. Slesak, T.B. Harrington, A.W. D’Amato. 2019. 

Comparative effects of soil resource availability on physiology and 

growth of Scotch broom (Cytisus scoparius) and Douglas-fir 

(Pseudotsuga menziesii) seedlings. For. Ecol. Manage. 453:117580. 

DOI: https://doi.org/10.1016/j.foreco.2019.117580 

Carter, D.R., R.A. Slesak, T.B. Harrington, A.W. D’Amato. 2019. 

Effects of irrigation and phosphorus fertilization on physiology, 

growth, and nitrogen-accumulation of Scotch broom (Cytisus 

scoparius). Plant Physiol. Rep. Published online. DOI: https://

doi.org/10.1007/s40502-019-00459-7  

Gopalakrishnan, R., J.S. Kauffman, M.E. Fagan, J.W. Coulston, V.A. 

Thomas, R.H. Wynne, T.R. Fox, V. F. Quirino. 2019. Creating 

landscape-scale site index maps for the southeastern US is possible 

with airborne LiDAR and Landsat imagery. Forests, 10, 234. DOI: 

https://doi.org/10.3390/f10030234 

Hall, K.B., J.L. Stape, B.P. Bullock, D. Frederick, J. Wright, H.F. 

Scolforo, R.L. Cook. 2019. A growth and yield model for Eucalyptus 

benthamii in the southeastern United States. Forest Science. 

Published online. DOI: doi: 10.1093/forsci/fxz061  

Le Maire, G., Guillemot, J., Campoe, O.C., Stape, J.L., Laclau, J.P., 

Nouvellon, Y. 2019. Light absorption, light use efficiency and 

productivity of 16 contrasted genotypes of several Eucalyptus 

species along a 6-year rotation in Brazil. For. Ecol. Manage. 449. 

DOI: https://doi.org/10.1016/j.foreco.2019.06.040 

https://forestproductivitycoop.net/wp-content/uploads/2019/11/Carter-et-al-2019-PPR-irri-and-P-fert-effects-on-Scotch-broom-growth-in-pots.pdf
https://forestproductivitycoop.net/wp-content/uploads/2019/11/Carter-et-al-2019-PPR-irri-and-P-fert-effects-on-Scotch-broom-growth-in-pots.pdf
https://forestproductivitycoop.net/wp-content/uploads/2019/11/Carter-et-al-2019-PPR-irri-and-P-fert-effects-on-Scotch-broom-growth-in-pots.pdf
https://forestproductivitycoop.net/wp-content/uploads/2019/11/Carter-et-al-2019-PPR-irri-and-P-fert-effects-on-Scotch-broom-growth-in-pots.pdf
https://forestproductivitycoop.net/wp-content/uploads/2019/11/Carter-et-al-2019-PPR-irri-and-P-fert-effects-on-Scotch-broom-growth-in-pots.pdf
https://forestproductivitycoop.net/wp-content/uploads/2019/11/Hall-et-al-2019-FS-GandY-model-fo-Eben-in-US.pdf
https://forestproductivitycoop.net/wp-content/uploads/2019/11/Hall-et-al-2019-FS-GandY-model-fo-Eben-in-US.pdf
https://forestproductivitycoop.net/wp-content/uploads/2019/11/Hall-et-al-2019-FS-GandY-model-fo-Eben-in-US.pdf
https://forestproductivitycoop.net/wp-content/uploads/2019/11/Hall-et-al-2019-FS-GandY-model-fo-Eben-in-US.pdf
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Montero-Solis, F.M., J. Álvarez-Muñóz, M.A. López-López. 2019. 

Productive potential of Cedrela odorata L.: estimation through the 3-

PG model. Madera y Bosques 25(2):1-15 DOI: doi: 10.21829/

myb.2019.2521641  

Schulte, M.L., D.L. McLaughlin, F.C. Wurster, J.M. Varner, R.D. 

Stewart, W.M. Aust, C.N. Jones, B.Gile. 2019. Short- and long-term 

hydrologic controls on smoldering fire in wetland soils. Intl. J. 

Wildland Fire 28:177-186. DOI: https://doi.org/10.1071/WF18086  

Scolforo, H.F. McTague, J.P. Burkhart, H., Roise, J. Campoe, O. 

Stape, J.L. 2019. Eucalyptus growth and yield system: linking 

individual-tree and stand-level growth models in clonal Eucalypt 

plantations in Brazil. Forest Ecology and Management 432:1-16. DOI: 

https://doi.org/10.1016/j.foreco.2018.08.045  

Scolforo, H.F. McTague, J.P. Burkhart, H., Roise, J. Campoe, O. 

Stape, J.L. 2019. Yield pattern of eucalypt clones across tropical 

Brazil: an approach to clonal grouping. Forest Ecology and 

Management 432: 30-39. DOI: https://doi.org/10.1016/

j.foreco.2018.08.051 

2018 

Acuña, E., R.A. Rubilar, J. Cancino, T. J. Albaugh, C.A. Maier. 2018. 

Economic assessment of Eucalyptus globulus short rotation energy 

crops under contrasting silvicultural intensities on marginal 

agricultural land. Land Use Policy 76:329-337. DOI: https://

doi.org/10.1016/j.landusepol.2018.05.028 

Albaugh, T.J., T.R. Fox, C.A. Maier, O.C. Campoe, R.A. Rubilar, R.L. 

Cook, J.E. Raymond, C.A. Alvares, J.L. Stape. 2018. A common 

garden experiment examining light use efficiency and heat sum to 

explain growth differences in native and exotic Pinus taeda. Forest 

Ecology and Management 425:35-44. DOI: https://doi.org/10.1016/

j.foreco.2018.05.033 

Albaugh, T.J., T.R. Fox, R.A. Rubilar, R.L. Cook. 2018. Growth of 

young pine stands with fertilization alone versus fertilization plus 

vegetation control. p 99-104. In: Kirschman, J.E. comp. Proceedings 

https://forestproductivitycoop.net/wp-content/uploads/2019/11/Montero-Solis-et-al-2019-MYB-3PG-on-cedar-in-MX.pdf
https://forestproductivitycoop.net/wp-content/uploads/2019/11/Montero-Solis-et-al-2019-MYB-3PG-on-cedar-in-MX.pdf
https://forestproductivitycoop.net/wp-content/uploads/2019/11/Montero-Solis-et-al-2019-MYB-3PG-on-cedar-in-MX.pdf
https://forestproductivitycoop.net/wp-content/uploads/2019/11/Montero-Solis-et-al-2019-MYB-3PG-on-cedar-in-MX.pdf
https://forestproductivitycoop.net/fpcdata/acuna-et-al-2018-lup-economic-assessment-of-globulus-short-rotation-energy-crops-pdf/
https://forestproductivitycoop.net/fpcdata/acuna-et-al-2018-lup-economic-assessment-of-globulus-short-rotation-energy-crops-pdf/
https://forestproductivitycoop.net/fpcdata/acuna-et-al-2018-lup-economic-assessment-of-globulus-short-rotation-energy-crops-pdf/
https://forestproductivitycoop.net/fpcdata/acuna-et-al-2018-lup-economic-assessment-of-globulus-short-rotation-energy-crops-pdf/
https://forestproductivitycoop.net/fpcdata/acuna-et-al-2018-lup-economic-assessment-of-globulus-short-rotation-energy-crops-pdf/
https://forestproductivitycoop.net/fpcdata/albaugh-et-al-2018-fem-rw20-lue-and-heat-sum-on-native-and-exotic-taeda-growth-pdf/
https://forestproductivitycoop.net/fpcdata/albaugh-et-al-2018-fem-rw20-lue-and-heat-sum-on-native-and-exotic-taeda-growth-pdf/
https://forestproductivitycoop.net/fpcdata/albaugh-et-al-2018-fem-rw20-lue-and-heat-sum-on-native-and-exotic-taeda-growth-pdf/
https://forestproductivitycoop.net/fpcdata/albaugh-et-al-2018-fem-rw20-lue-and-heat-sum-on-native-and-exotic-taeda-growth-pdf/
https://forestproductivitycoop.net/fpcdata/albaugh-et-al-2018-fem-rw20-lue-and-heat-sum-on-native-and-exotic-taeda-growth-pdf/
https://forestproductivitycoop.net/fpcdata/albaugh-et-al-2018-fem-rw20-lue-and-heat-sum-on-native-and-exotic-taeda-growth-pdf/
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of the 19th Biennial Southern Silvicultural Research Conference. e-

Gen. Tech. Rep. SRS-234. Asheville, NC: U.S. Department of 

Agriculture Forest Service, Southern Research Station. 444 p.  

Bracho, R., J.G. Vogel, R.E. Will, A. Noormets, L.J. Samuelson, E.J. 
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FPC MEMBERS 

Our members support the research, training, and technology transfer mis-
sion of the Forest Productivity Cooperative. The current members support-
ing our program are listed below.   

FULL MEMBERS 

  

American Forest Management 
www.americanforestmanagement.com 

 

 

BTG Pactual 
www.btgpactual.com  

 

 

Campbell Global  
www.campbellglobal.com 

 
 

Forest Investment              
Associates 
www.forestinvest.com  
 
 

 

Forestal Mininco 
www.mininco.cl  
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Greenwood Resources 
http://www.greenwoodresources.com 

 

 

Hancock Forest Management 
www.htrg.com/htrg/manage.htm  

 
 

 
 
Jordan Lumber 
www.jordanlumber.com  

 
 
 
Klabin 
www.klabin.com.br 

 

 

Masisa 
www.masisa.com  
 
 
 

 
Milliken Forestry  
www.millikenforestry.com  

 

 

Molpus Woodlands                                                           
Management 
www.molpus.com  
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Rayonier  
www.rayonier.com 

 

 

 

Resource Management Service 
www.resourcemgt.com  

 

 

 

Smurfit Kappa de  
Colombia/Venezuela 
www.smurfitkappa.com.co 
www.smurfitkappa.com.ve 

 

 

Superior Pine Products Company 
www.superiorpine.com 

 

 

 

Timberland Investment Resources 
www.tirllc.com 

 

 

 

Volterra S.A. 
www.volterra.cl  

http://www.volterra.cl/volterra-ingles.html
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Weyerhaeuser 
www.weyerhaeuser.com 

 

SUSTAINING MEMBERS 

Bayer CropScience 
www.backedbybayer.com 

 

 

North Carolina Forest Service 
www.ncforestservice.gov 

 

 

OMYA 
www.omya.com 
 

 

USDA Forest Service 
www.fs.fed.us 

 

 

Virginia Department of Forestry 
www.dof.virginia.gov 
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CORRESPONDING MEMBERS 

 

ArborGen 
www.arborgen.com  

 

 

BASF 
www.basf.com 
 

 

 

Chem Air 
www.chem-air.com 
 

 

 

FITSNR, LLC 

 

 

Forestry & Land  
Resource Consultants 
www.dirtforesters.com 

 

 

Futuragene  
www.futuragene.com 
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International Forest Company 
www.interforestry.com 

  

 

Lesco Aviation 
www.lescoaviation.com  

 

 

 

Nutrien Ag Solutions 
www.nutrien.com  

 

 

 

Red River Specialties 
www.rrsi.com 

http://www.lescoaviation.com/
https://www.nutrien.com/
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Graduate student Jacob Hackman soil sampling 
at RW18 site 185301 in central Mississippi. 

Zach Grover helping fertilize part of the RW99 
calcium study near Jacksonville, NC.  

Fieldwork Photos 
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Drone Photos of Our Sites 

Aerial overhead view of the 
15

N site in Appomattox, VA. 
January 2021.  

Aerial landscape view of the 
15

N site in Appomattox, VA. 
January 2021.  
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Aerial view of the SETRES site in Scotland County, NC, part of 
the RW28 study, before planting and fertilization. January 2021.  

View from the midstory of a RW28 site in Dixie County, FL. February 2021.  

Drone Photos of Our Sites 
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Basal Area Area Basal   Volume Volume   MAI IMA 

ft2/acre m2/ha   ft3/acre m3/ha   ft3/ac/yr m3/ha/ano 

10     2   500   35   50     3 

  20     5   750   52   100     7 

  30     7   1000   70   150   10 

  40     9   1250   87   200   14 

  50   11   1500      105   250   17 

  60   14   1750      122   300   21 

  70   16   2000      140   350   24 

  80   18   2250      157   400   28 

  90   21   2500      175   450   31 

     100   23   2750      192   500   35 

     110   25   3000      210   550   38 

     120   28   3250      227   600   42 

     130   30   3500      245   650   45 

     140   32   3750      262   700   49 

     150   34   4000      280   750   52 

     160   37   4250      297   800   56 

     170   39   4500      315   850   59 

     180   41   4750      332   900   63 

     190   44   5000      350   950   66 

     200   46   5250      367   1000   70 

     210   48   5500      385   1050   73 

     220   50   5750      402   1100   77 

English-Metric Conversions 
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Rachel Cook  
Co-Director 
Carl Alwin Schenck Associate Professor  
 

Department of Forestry and Environmental  
   Resources 
Campus Box 8008 
North Carolina State University 
Raleigh, NC, USA 27695 
 

Phone: 1 (919) 515-5979 
rlcook@ncsu.edu 
 

 

Rafael Rubilar 
Co-Director 
Associate Professor  
 

Departamento de Silvicultura Facultad de  
   Ciencias Forestales  
Universidad de Concepción 
Concepción, Concepción, Chile 
 

Phone: 56 (41) 220-4980 
rafaelrubilar@udec.cl 
 

 

David Carter 
Co-Director 
Assistant Professor  
 

Department of Forest Resources and  
   Environmental Conservation 
Virginia Tech 
Blacksburg, VA, USA 24061 
 

Phone: 1 (540) 231-8862 
davidcarter@vt.edu 
 

Otávio Campoe 
Associate Co-Director 
Assistant Professor 

 

Departamento de  Ciencias Florestais 
Universidade Federal de Lavras 
Lavras, Minas Gerais, Brazil  
 

Phone: 55 (35) 3829-1432 
otavio.campoe@ufla.br 

CONTACT US 
For more information about the FPC or visit our website at  
 

www.forestproductivitycoop.net 
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