
 
 

Regionwide 28 Workplan 

Update history 
April 18, 2019 – Complete workplan 
October 24, 2019 – adjust RW28 plot codes to fit data base 
January 8, 2020 – revise verbiage regarding soil sampling in text and in Appendix 3, add table of 

activities for each YST 
February 7, 2020 – Explicitly include monitoring and control of tip moth in Appendix 4 
May 22, 2020 – Drop plan to use one seedlot for each region and now use the same trees as those 

planted in the surrounding stand, drop listing of expected harvest, replant years, information 
kept separately 

 

Goal 

Identify “Carryover Effects” of Increasing Rates of Phosphorous on Subsequent Rotation Productivity 

“Carryover Effect” is defined here as tree growth response to fertilizer added in a previous rotation.   

Question 

Is there a carryover effect of P from previous rotation fertilization? If so, how long does it last into the 
subsequent rotation? Do larger rates of P application in a previous rotation translate to a longer 
carryover effect or a greater growth response or both? 

Objectives 

1. Determine if the amount of P fertilizer applied in the previous rotation affects the duration of 
response in the subsequent rotation.  

2. Determine if the amount of P fertilizer applied in the previous rotation affects the magnitude of 
response in the subsequent rotation.  

3. Evaluate soil characteristics that influence the availability of P, and therefore the carryover 
effect, for the next rotation of trees.  

4. Determine if P carryover is related to forest floor and mineral soil P supply as measured in the 
previous rotation prior to harvest. 

5. Determine if a critical value for foliar or soil P can be related to magnitude and duration of P 
response across multiple soils. 

Hypotheses 

H1: Duration and magnitude of response will be positively related to the amount of P added in the 
previous rotation.  

H2: Duration and magnitude of response will be positively related to the soil P concentration or content 
at time of planting. 

H3: Soils with higher clay content, lower concentrations of aluminum and iron oxides, and pH of 5 or 
greater will have more bioavailable P and show a greater duration and/or magnitude response. 



 
 
H4: Carryover effect is positively related to forest floor decomposition and P mineralization. 

Hnull: There is no relationship between previous P application and carryover effect in the subsequent 
rotation. 

 

Justification 

Phosphorus fertilization in loblolly pine stands has been shown to benefit growth in severely P deficient 
soils over the decades (Pritchett et al., 1961, Gent et al., 1986, Wells et al., 1986) and has become 
common practice in plantation management (Albaugh et al., 2007).  The Forest Productivity Cooperative  
has established recommended application rates for P in combination with other nutrients through 
several Regionwide trials, such as the RW13, RW14, RW15, and RW18. However, the annual area of pine 
plantations where P fertilization is occurring and the rate of P fertilization have decreased over time 
(Albaugh et al., in review). One explanation may be the common perception that P fertilizer remains in 
soils and is available for tree uptake in the next rotations trees. While it has been shown that a P 
fertilizer response can last 20 years or more (Pritchett and Comerford 1982, Comerford and de Barros 
2005) and the “carryover effect” of phosphorous fertilization to the subsequent rotation has been 
shown in the Lower Coastal Plain on clayey, poorly drained Ultisols (Everett and Palm-Leis, 2005), a 
wider understanding of “carryover P” across multiple soils and parent materials is critical to ensure early 
P fertilization regimes are optimized across the southeastern US.  

The RW 18 study series accomplished its original objectives by demonstrating growth response to 
increasing rates of fertilization related to site/soil characteristics (Albaugh et al., 2015). An additional 
result of the RW18 series was that frequency of application (every 2, 4, or 6 years) did not have an 
influence on final cumulative volume as long as the total amount applied was the same, which gives 
managers additional flexibility for fertilizer applications. A fortunate consequence of this study was that 
various rates of P fertilization have been applied across a broad geographic gradient. Soils at some sites 
have shown an increase in plant available P with increasing rates of fertilizer application while others do 
not (Tacilla, 2015). A lack of soil P buildup over time would indicate that the fertilizer P applied matched 
tree demand. Soil P build-up (i.e. more plant available soil P with increasing amount of fertilizer applied) 
would indicate an excess of P was applied compared to demand and some carryover P might be 
available to the following rotation. However, not all sites showed an increase in plant available soil P, 
even at the highest rates of P application and with no additional growth response typically beyond 360 
lb ac-1 of N + 36 lb ac-1 of P. These results would indicate that at some sites, application of P above tree 
demand may not result in a carryover effect into the following rotation. 

The fertilization regimes implemented in the RW18 allow for a unique opportunity to evaluate nutrient 
carryover to the subsequent rotation. Minimal information is available on the duration of response in a 
subsequent rotation in relation to previous rotation P fertilizer applications and may depend greatly on 
soil characteristics that influence P-fixation rates such as pH, organic matter, aluminum and iron oxides, 
and temperature. In addition, carryover effects may be strongly affected by mineralization of residues 
and the “assart effect” development after harvesting and there are no studies investigating differential 
preharvest P forest floor enrichment on P supply of forest stands. 



 
 
The ability to delay P fertilization would allow for fertilization costs to be carried for a shorter period of 
time. However, if sufficient P has not carried over, then initial slow growth to canopy closure could 
decrease whole rotation productivity and lengthen rotation time.  

To summarize, we need a better understanding of where, why, and for how long P applied in the 
previous rotations is available in the subsequent rotation.  This information will allow us to better 
predict when P needs to be applied at time of planting to optimize fertilize inputs and maximize return 
on investment.  

 

Experimental Treatments and Design 

 The treatment design for the RW28 will examine two treatments: P fertilization or No P 
fertilization at time of establishment across a range of previous cumulative P application rates, grouped 
into Low, Med, and High rates (Table 1). As there is only one treatment at the highest rate (108 lb ac-1 
elemental P), it will be treated along with the other High P-rate group and only receive the No P 
treatment. All other treatment plots from the RW18 study will not be included in the RW28 study.  

 

Table 1. RW28 treatment matrix based on previous RW18 phosphorus application rates after 12 years.  

RW18 
Trt Code 

RW28 
 Trt Code 

Cumulative P rate 
applied (lb ac-1) 

Prior Rotation  
P rate group New Treatment 

0 0 0 Control Control 
206 361 36 Low Establishment P 
412 360 36 Low No P  
624 481 48 Med Establishment P 
418 480 54 Med No P  
212 721 72 High Establishment P 
424 720 72 High No P  
218 108 108 High No P  

 

We will follow growth for at least 6 years and up to 12 years if needed to meet study objectives. The 
years for establishing the study will begin in 2019 and carry on until all available sites have been 
harvested and replanted.   

 

 

 



 
 
Plant operational genetics appropriate for the region (e.g. coastal, piedmont) with advanced or elite 
genetics and the same trees as those planted in the surrounding stand. Family information should be 
provided to the FPC for records. Containerized is preferred, but bareroot is acceptable. Supervision and 
inspection of the experimental plots is required to ensure proper planting and improve survival.  All 
seedlings will be treated for tip moth. 

Stand density will be consistent across all sites at 450 trees per acre with spacing between 12 to 16 ft 
centers. Rows do not necessarily have to be maintained in the same orientation as the previous planting 
as plots. All plots must have GPS locations of all plot corners established prior to harvest and will be re-
established in the same location regardless of row orientation. 

Treatment plot codes and blocks will be assigned by FPC staff. Site codes will be carried forward from 
the RW18 study, but the initial two digit study code will change to “28” (e.g., 181502 will now be 
281502) 

Study Establishment 

Of the original 24 RW18 sites, 15 remain available for the RW28 study (Figure 1). Of the 15 studies, two 
are 4-rep studies (180601, 181101) and the rest are 2-rep studies. Cooperators must communicate any 
changes or updates in harvest planning, thinning, or other operations to FPC staff as soon as possible.  
Cooperators should confirm, to the best of their knowledge, that the sites will be available for 
measurements for the minimum 6-year duration of the study after planting. 

 Establishment reports will be maintained by the FPC staff. 

 



 
 
Figure 1. Site locations for RW28 phosphorus carryover study. 

 

Treatment of Plots 

 Triple Super Phosphate fertilizer (20% elemental P) will be applied immediately after planting as 
a broadcast treatment only in the plots receiving P fertilizer at a rate of 40 lb ac-1 of elemental P to 
ensure that these treatment plots are not limited by P.  

All plots, except the Control, will receive N, K, and a micronutrient mix at establishment to 
ensure that no other nutrients are limiting and the only nutrition effect is due to P response. The same 
fertilizer material will be applied at all sites and should be broadcast at planting.  All plots (except the 
Control) will receive: 46 lb ac-1 elemental N (applied as 100 lb ac-1 urea) and must be coated with a 
urease inhibitor containing the active ingredient NBPT applied at labeled rates. An elemental potassium 
application of 24 lbs ac-1 (48 lbs ac-1 potassium chloride fertilizer). A micronutrient mix will be blended in 
advance and distributed to all sites. All applications will occur at the time of planting. 

 FPC staff will calculate specific fertilizer material to be applied for each treatment plot given plot 
size. Fertilizer will be broadcast by hand to ensure complete and uniform distribution of material across 
the entire treatment plot. Fertilizer losses via leaching, surface runoff, or volatilization can be minimized 
by refraining from applying fertilizer immediately prior to an anticipated heavy rain, when the ground is 
waterlogged, when wind speed or air temperatures are high, or when no rain is expected for more than 
one week.  

 All treatments should receive complete and sustained weed control to ensure growth 
responses are not affected by competition. Each site will receive an appropriate chemical herbicide 
application according to the species assemblages of the competing vegetation. Care must be taken not 
to damage crop trees.  

Any inadvertent damage must be noted and communicated to FPC staff. Study sites should be 
monitored for tip moth and other pest damage at least during annual measurements and any 
observations will be reported to FPC staff immediately. Additional tip moth treatments will be applied as 
needed. 

 

Site Descriptions, Monumentation, and Tagging 

All sites selected for the RW28 will not receive any additional fertilization beyond the treatment doses. 
There should not be significant pest, pathogen, or hurricane damage for a RW18 study site to be 
considered as a RW28 site. If a current candidate site suffers significant damage before the site is 
harvest, notify the FPC staff immediately. 

Plots must be able to be located and GPSed prior to harvest so exact locations can be preserved.  

Treatment and measurement plots will be marked initially with PVC corner poles and tagged. Markers 
will be placed at all four corners and each corner will be labeled with plot numbers and the compass 



 
 
direction of that corner (e.g. SW corner). At a minimum, one consistent corner post of every 
measurement plot (e.g. SW corner) must be labeled with a metal tag identifying the FPC plot number 
(block + treatment code). Treatment and measurement corner posts should be easy to distinguishable in 
the field by using posts of different material, heights, and/or colors. A final map of the experimental 
area will be prepared. Sufficient prominent landmarks should be indicated so that the study can be 
readily located, even by someone unfamiliar with its location particularly if any landmarks have changed 
since the original RW18 maps were created. The maps should also include: 1) plot numbers, 2) 
measurement and treatment plot dimensions, and 3) any significant changes since the original RW18.  

Pin flags will mark trees until a sufficient height and dbh are reached for tagging. Once a dbh of ≥ 3 
inches has been reached, each measurement tree will be tagged with a flat-head aluminum nail. To 
increase measurement efficiency, tags will be located in the direction facing the side in which the trees 
will be measured from a serpentine pattern. To measure dbh on trees that are not yet nailed (dbh < 3 
inches), special care will be taken to ensure diameter is measured at 4.5 ft for all trees in the study. 

 

Field Measurements 

Pre-harvest 

Pre-harvest soil and forest floor sampling will follow the procedure detailed in Tacilla (2015). Pre-harvest 
measurements of soil and forest floor sampling (0-15, 15-30, 30-45, 50-75, and 75-100 cm) will be 
necessary at sites that were not sampled in 2013 (185303, 183102, 184401, 185301). Soil sampling will 
be coordinated by FPC staff. 

After Planting 

Trees will be measured annually during December or January on all measurement plots for at least 6 
years following stand establishment. Root collar diameter (to nearest 0.1 inches) will be measured until 
dbh can be measured (to nearest 0.1 inches). Total height (to nearest 0.1 feet), height to base of the live 
crown (to nearest 0.1 feet), and damage and mortality assessments will be made on all measurement 
trees. A pole of 4.5 feet tall must be used to measure the dbh of all trees that are not yet nailed (trees 
<3 inches at dbh). The base of the live crown is defined as the stem insertion point of the lowest branch 
with live foliage on it  (Appendix 1).  

Foliar nutrition will be determined annually during the dormant season (December to February).  Foliage 
samples will be collected from five dominant or codominant, healthy trees in each measurement plot. 
To ensure that the same trees are sampled for foliage at each measurement period, sample trees must 
be clearly identified with paint or flagging and a list of foliage sample tree numbers for each plot must 
be maintained. A copy of this list should be forwarded to FPC staff and samples should be sent directly 
to the lab for analysis. Each sample is a composite of exactly 100 fascicles collected from the five sample 
trees in each measurement plot (approximately 20 fascicles from each tree). A detailed foliage sampling 
protocol is in Appendix 2.  



 
 
After harvest, soil samples will be collected three times:  immediately prior to fertilization (YST0), at 
YST3 at the same time as tree measurements and at YST6 at the same time as tree measurements. 
Before fertilization and at time of planting (YST 0 sample collection), soil samples will be collected from 
0-15 and 15-30 cm depths in each treatment plot for plant available soil P (Mehlich III extraction). 
Samples should be sent directly to the assigned lab for analysis. Soil sampling and shipping instructions 
are in Appendix 3. After establishment soil samples are collected in YST 0 sample collection, additional 
samples should be collected in Dec/Jan in YST 3 and 6 along with foliage sampling and tree 
measurements. 

Statistical Analyses 

 The primary analysis will be to compare growth rates over time of trees in the Establishment P 
application versus the No P carryover plots. The cumulative P rate can be used as a covariate or class 
variable (low, med, high), or as a separate analysis.  The timing of when the growth rates in the No P 
plots diverge from the Establishment P plots will indicate when the carryover effect, or plant available P 
from the previous rotation, has diminished. The rate at which the decline occurs will also be indicative of 
soil P supply capacity based on previous P applications.  If measurements are carried out long enough 
for a comparison, a second goal would be to compare growth in the RW28 study to the same treatment 
plot in the RW18.  

Dependent variables to test for treatment effects include: current annual growth, cumulative growth 
(height, diameter at breast height (dbh), volume, height to live crown), growth efficiency, soil P tests 
over time, forest floor P content, foliar P content, and fertilizer-use efficiency. 

Economic analysis of delayed P fertilizer treatment can also be analyzed.  

 

Study Duration and Maintenance 

 To effectively evaluate the magnitude and duration of treatment responses, all other 
silvicultural activities must be excluded from the treatment plots for a minimum of 6 years. To 
guarantee this, post-establishment procedures should include the following: 

1. Ensure that all relevant company personnel know the location, extent, and nature of the 
study. Emphasize the need for keeping all mechanical equipment (i.e. plows, skidders, etc) 
and fires out of the study area. Place signs advising the location of the research area.  

2. Vividly mark all study plots with paint and/or flagging. Select a color of paint or flagging that 
is easily seen and not used for other purposes.  

3. Make periodic visits to the study location, paying particular attention to lightning strikes 
that may result in bark beetle damage. Promptly spraying infested trees with an insecticide 
could save a portion or all of an installation. 

4. Report all plot disturbances (e.g. ice and wind storms, bark beetles, as well as fire, or 
equipment damage) to the FPC staff as soon as they are found. It will often be possible to 
salvage useful data if immediate action is taken.  



 
 
Division of Responsibilities 

 Cooperative members will be responsible for harvest of the original RW18, site preparation, and 
planting. Cooperators will provide access to sites and protect sites from accidental operational 
treatments. Care should be taken that field staff and contractors are fully aware of the sites. 

FPC staff will coordinate all research activities and measurements including: establishing GPS 
coordinates, plot re-establishment and monumentation, preparation of fertilizer prescriptions, 
application of treatments, preparation of establishment report and location maps, climate data 
collection, coordinating timely measurements and sample collection, compilation and quality assurance 
of data collection, and complete all data processing (error-checking, analysis, and reporting of data from 
crop tree measurements, foliar analyses, soil analyses, forest floor analyses, and meteorological 
measurements).  
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APPENDIX 1: HEIGHT TO LIVE CROWN MEASUREMENT PROTOCOL 

The height to live crown is defined as the height from the ground to the stem insertion point of the lowest 
branch with live foliage on it.  Epicormic branches (less than the diameter of a pencil), branches with 
fusiform rust at the base of the branch, ramicorn branches and forks (both near parallel to stem) should 
not be considered the lowest live branch. 

  



 
 
APPENDIX 2: FOLIAGE SAMPLING PROTOCOL 

Please observe the following guidelines to ensure proper sample collection.  Collect foliage from the 
measurement plots indicated in the document “foliage package list”.  Foliage collections will be made 
from December 1 to February 15.  Foliage samples will be collected from five dominant trees in each 
measurement plot unless specific trees are indicated in the foliage package list.  To ensure that the same 
trees are sampled for foliage at each measurement period, sample trees must be clearly identified with 
paint or flagging and a list of foliage sample tree numbers for each plot must maintained and provided to 
FPC.   

Collect pine needles from the uppermost laterals which contain a full year's complement of foliage.  Select 
needles from the first flush produced during the just completed growing season on a primary lateral 
branch in the upper 1/3 of the live crown.  Remove intact fascicles (generally consisting of 2-3 individual 
needles), including the bundle sheath, from sampled branches.  Collect whole, healthy (i.e., free of insect 
and disease damage) needles that are typical of the crown (i.e., include 4-, 5-, and 6-needle fascicles if 
representative).   

Each sample is a composite of exactly 100 fascicles collected from the five sample trees in each 
measurement plot (20 fascicles from each tree).     

Clean foliage samples of contaminants (e.g., soils, twigs, etc) after collection; however, do not wash 
samples.  Place the composite sample of fascicles from each measurement plot in separate lunch-bag-size 
paper sacks clearly labeled with Sample number associated with the FPC study and plot number where 
the sample was collected.  Please align all fascicles in the same direction (e.g., place bundle sheaths either 
all up or all down).  Keep needles as straight as possible during collection and shipping.  Large paper clips 
may be used to hold the bags closed; do not use staples or rubber bands.  Maintain foliage samples as 
close to 4oC as possible until drying is begun (i.e., keep in an ice chest during collection and transportation).  
Dry foliage in a forced-air oven at 65-70oC (149-158oF) for a period of 24-48 hours.  Oven temperatures 
must not exceed 70oC to prevent gaseous losses of nitrogen.  Discuss alternative drying methods with FPC 
staff.  Once thoroughly dried, store samples in a cool, dry place until sent to the lab.  If drying facilities are 
not available, green and respiring tissues may be sent in sealed, plastic bags, labeled as described above.  
Green tissue (foliage that has not been dried) must be shipped to the lab overnight.  Samples should be 
sent to Waters Agricultural Lab (address is below).  Include a copy of the completed Foliage Packing List 
and Foliage Packing Label inside the shipping box.  Send a copy of the completed Foliage Packing List 
along with the shipping company name and package tracking number to Tim Albaugh 
(tim_albaugh@vt.edu).   

Send foliage samples to:   
Waters Agricultural Lab 
POB 382 
257 Newton Highway 
Camilla, GA 31730-0382 
Contact Tim Albaugh (919-451-7328, tim_albaugh@vt.edu) with any questions or concerns. 
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APPENDIX 3: SOIL SAMPLE SHIPPING PROTOCOL 

Soils should be sampled from approximately 8-10 locations, evenly spaced within each treatment plot for 
each depth (0-15 and 15-30 cm) and placed in a separate plastic bucket. Bedded sites should have half of 
the samples from the beds and half from the interbed, and flat planted sites should have sampling 
locations taken on and between tree rows; both in a diagonal transect across the plot. Smaller soil 
sampling equipment may require more samples to accumulate enough soil.  Soils should be well mixed in 
each bucket. For each depth, combine all samples (bed plus interbed or on row plus between row) from 
each plot to fill one, pre-labeled quart bag with soil and ship directly to the address below. There should 
be one 0-15 cm depth sample and one 15-30 cm depth sample for each plot. Soils do not need to be 
refrigerated but should be kept cool and shipped by the next day.  

Samples should be sent to Waters Agricultural Lab (address is below).  Include a copy of the completed 
Soil Packing List and Soil Packing Label inside the shipping box.  Send a copy of the completed Soil Packing 
List along with the shipping company name and package tracking number to Tim Albaugh 
(tim_albaugh@vt.edu).   

Send soil samples to:   
Waters Agricultural Lab 
POB 382 
257 Newton Highway 
Camilla, GA 31730-0382 
Contact Tim Albaugh (919-451-7328, tim_albaugh@vt.edu) with any questions or concerns. 
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APPENDIX 4 SUMMARY WORKPLAN 

Timing  Activities 

Preharvest 
Collect soil and forest floor samples following Tacilla 2015 
Acquire GPS coordinates for all plot corners 
Identify estimated harvest date and planting date 
Inform seedling suppliers of these dates and seedlings needed each year 

0 YST 

Re-establish plots, remonument plot corners 
Collect soil samples per Appendix 3 prior to fertilizing 
Plant with same trees used in surrounding stand 
Fertilize 
Acquire GPS coordinates of plot corners 
Make new georeferenced map 
Maintain vegetation control throughout year 
Apply tip moth control 

1 YST 
Measure all trees for RCD and or DBH, height, height to live crown, damage and mortality assessments 
Collect foliage for nutrient analysis 
Maintain vegetation control throughout year 
Monitor tip moth and apply tip moth control as needed 

2 YST 
Measure all trees for RCD and or DBH, height, height to live crown, damage and mortality assessments 
Collect foliage for nutrient analysis 
Maintain vegetation control throughout year 
Monitor tip moth and apply tip moth control as needed 

3 YST 

Measure all trees for RCD and or DBH, height, height to live crown, damage and mortality assessments 
Collect foliage for nutrient analysis 
Collect soil samples per Appendix 3 
Maintain vegetation control throughout year 
Monitor tip moth and apply tip moth control as needed 

4 YST 
Measure all trees for RCD and or DBH, height, height to live crown, damage and mortality assessments 
Collect foliage for nutrient analysis 
Maintain vegetation control throughout year 

5 YST 
Measure all trees for RCD and or DBH, height, height to live crown, damage and mortality assessments 
Collect foliage for nutrient analysis 
Maintain vegetation control throughout year 

6 YST 
Measure all trees for RCD and or DBH, height, height to live crown, damage and mortality assessments 
Collect foliage for nutrient analysis 
Collect soil samples per Appendix 3 
Maintain vegetation control throughout year 

 


