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Hi everyone,


  Attached is a revised C protocol based on what I've heard from some
of you, my crew and Duncan.  In addition, I've included our field data
sheet and some powerpoint slides/flowcharts that we use to guide our
lab to processing.  Probably the biggest confusion for my students
seems to be when to collect a sample for moisture content.  So I've
included a slide on that.


  A quick note: Do ocular estimates and clipping on the 0.5 x 0.5 m
plot.  This was a mistake in the earlier draft.


cheers,
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Collecting sample for moisture% at 105 C


Forest Floor: Not needed, weigh dry whole sample after 65 C





Soil 0-10 and 10-20:  Right after whole wet weight and before beginning to air dry or sieve





Soil 20-50 and 50-100: Right after wet weight of subsample taken from field, and before beginning to air dry or sieve

















Collecting sample for moisture%
at105C

e st







0-10 and 10-20 cm


Air Dry if needed 


Weigh total sample


20-50, 50-100 cm


Sub sample in field (~10% of whole mass)


1. Put roots >2 mm in subsample 


Sieve (2 mm)


Remove and weigh rocks


Remove roots and organic matter, store cold, sort later


Immediately Collect subsample, avoid roots and rocks, get wet wgt, dry at 105 °C, get dry wght , toss sample  


Collect whole sample weight in field or lab


Wet weight total subsample


Immediately Collect subsample immediately, avoid roots and rocks, get wet wgt, dry at 105 °C, get dry weight , toss this sample 


Air Dry if needed 


Sieve (2 mm)


Remove and weigh rocks


Remove roots and organic matter, store cold, sort later


Collect subsample (~50 g) for C and N analysis (Dry at 65 °C, no wet or dry wgt needed)


Collect subsample (~50 g) for C and N analysis (Dry at 65 °C, no wet or dry wgt needed)


Grind on roller Mill


Soil C and N analysis and archive


















Oi


Dry 


48 hours (min.), 65 °C


Weigh (record)


(soon after removal from oven)


Oe


Sieve 


(if samples very wet, dry first, also kills ticks)


Dry (48 hours (min.), 65 °C)


(On sieve, organic material)


Weigh (record)


(soon after removal from oven)


Dry  (48 hours (min.), 65 °C)


(Through sieve, mineral material)


Grind


Roller Mill (24 hours)


Weigh (record)


(soon after removal from oven)


Grind


Large mesh Mill Grinder


Then subsample (mix well, grind about 2 handfuls), use small mesh Wiley grinder (20 mesh)


Grind


Large mesh Mill Grinder


Then subsample (mix well, grind about 2 handfuls), grind through small mesh Wiley grinder (20 mesh)


Soil C and N analysis, and archive


















PINEMAP CARBON SAMPLING PROTOCOL





Overview


The following protocol is meant for use in measuring the Tier III and Tier II sites of PINEMAP.  The Tier II sites will have all the following measurements.  For the Tier III sites, only the planted trees and soil sampling protocols should be followed.  The understory, coarse-woody debris and the forest floor are expected to be too heavily disturbed by the rainout exclosure installation to allow for adequate sampling.  





1.  Field Plot Layout





PINEMAP is focused on the industrial forests or plantations of loblolly pine in the southeastern United States.  These forests are characterized by pine planted in rows at fixed spacing, and fixed spacing between the rows.  As a result, nearly all research installations in southern pine forests are laid out as squares or rectangles.  The following protocol modifies Law et al. (2008) to take into account this reality.


	Research will be conducted on plots having received different treatments (fertilizer levels, family deployment, herbicide).  Treated buffers and treatment plot sizes will likely vary among research installations based on research objectives.  For the biogeochemical cycling studies in PINEMAP, we believe a two row or tree buffer is necessary to minimize the invasion of untreated tree roots and needles into treatment plots.  If a study plot does not include these buffers, researchers should effectively create one (Fig. 1). Tree, vegetation, forest floor and soil carbon will all be sampled from the same physical plot area. If you add buffer rows for the tree measurements, you must also sample soil carbon within the interior “measurement plot” area.


[image: ]





 (
Figure 1.
  
Layout of the treatment plot and buffer rows.
 
)





2. Subplot Layout





Eight 0.5 x 0.5 m and 0.35 x 0.35 m overlapping subplots will be randomly located within the measurement area of each plot as follows:





1. Randomly choose eight points within the measurement area of each plot.


a. Number these eight points randomly and divide into two groupings, with ponts1-4 in the first group and points 5-8 in the second group.  DO NOT assign groups systematically based on location (i.e., do not number points 1-4 as the four points closest to each other). 


b. Choose random points either by laying out a grid over the entire plot and randomly choosing points, or


c. Randomly choose eight planting spots (with replacement). Choose original planting spots, not live trees. Then for each chosen spot, randomly choose a point in the area around that planting spot with the spot as the center of the area. This can be done on paper in the office if you know the planting density and/or have previous plot measurements. 


d. Example for a 2.1 x 3.0 m spacing: first choose a planting spot, then for the 2.1 x 3.0 m area surrounding that spot, randomly choose a number between 1 and 100 to determine where to center the sample point. Divide the area between trees into an “invisible” 10 x 10 grid with the tree in the exact center. Grid point #1 is the top left, when facing the next higher tree tag number. Grid points #2-10 are along the top left to top right, etc. Find the grid point associated with that random number. For example, in 2.1 x 3 m spacing, the grid points are 21 x 30 cm rectangular, so if the point chosen is #14 (out of 100), then starting with the top-most left point (#1) point #14 would be 4 rectangles “up” along the planting row, and two rectangle “left” into the inter-row area, as referenced from the planting spot.


e. Either randomization method would work, but the planting-spot referenced one is faster in young plantations.


f. There will be 0.5 x 0.5 m plots surrounding each of the eight points. Make sure that these 0.5 x 0.5 m plots will not overlap. Randomly select a new point in the office if plots are expected to overlap. 


2. Record distance (nearest cm) to the center of the closest planting row and nearest tree. 


3. We must be able to re-visit the soil sampling points to within 20-30 cm, so accurate measurements are necessary. Document how and where the points were located, preferably by GPS or use of pin flags. Simple maps are best, but with very accurate notes on planting spot selection and measured distances. Re-visiting the points in 10+ years would allow for quasi-repeated (or at least spatially-paired) sampling over time. 


4. The sub-sampling design at each point depends on the pool being measured (Figure 2). 
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Figure 2.
 
Schematic of subplot sizes and the sampling to take place within each subplot.
 
) 








3.  Stem Surveys





3.1 Stem Survey





We understand most of the Tier II and Tier III plots will be active research sites. We expect that you will follow the same measurement protocol as was done in previous measurements. Thus, the following guidelines represent a minimum dataset for carbon stock estimation.





The stem survey is conducted on the entire measurement plot and broken down into separate surveys: 





1. All living trees that were planted (DBH>0.1 cm) will be measured within a study plot for DBH (nearest 0.1 cm). Note non-planted trees will be measured using a different protocol. 


2. All standing dead trees that were planted (DBH > 0.1cm) measured for DBH (nearest 0.1 cm).


3. At least every 5th tree will be measured for tree height (nearest 0.1 m).


4. Measure heights on all (or a subsample if there are many) standing dead trees and note if top is broken. Approximate stem diameter at break to nearest 2.5 cm.


5. Make sure height is taken for the largest (by DBH) 100 stems per ha for dominant height calculations


6. Crown length on all trees measured for height (nearest 0.1 m)


7. Species (if not loblolly pine)


8. Stump survey 





To determine stem growth we will use previous measurements from the plot. If these do not exist, or if the measurement interval is greater than six years, then increment cores will be necessary. Take increment cores (min. six growth rings) from an adequate subsample of trees to derive a DBH by DBH-growth relationship. This will likely be 20-30 trees chosen evenly across the DBH range. Record annual growth ring widths (nearest mm) for all six rings in the field. Preserve the cores in a dry environment for possible isotope measurements. 





3.2 Stump Survey





Stumps are tallied on the same measurement plot as the live trees are measured unless adequate harvest records exist for the plot. 





Measurements taken in the stump survey:


1. Species if known (this is often unknown)


2. Top diameter from outside bark to outside bark to nearest 1cm.  If full cross-section is not present due to decay or damage, estimate original top diameter.


3. Height of the stump taken to a mean position (nearest cm).


4. Record decay class


5. Record approximate harvest or thinning date (important if multiple recent harvests on site).





4. Non-planted Trees and Shrubs and Woody Debris





4.1 Non-planted trees and shrubs 


In the 0.5 x 0.5  m subplots for all woody shrub and tree stems greater than 1.37 m tall, record species, basal diameter, DBH (nearest 0.1 cm) and total height (nearest 0.1m). Note: volunteer loblolly should be included here. Palms are not woody plants. A shrub is considered in the subplot if it is rooted within the subplot boundary. For coppice plants (e.g. vine maple), the plant is in the subplot if the center of the multi-stemmed plant is within the 0.5 x 0.5 m subplot. 





Basal diameter


Basal diameter is defined as the diameter of the stem at its lowest point before any buttressing or basal swelling occurs, usually about 10 cm height. Basal diameter should be recorded to the nearest 0.1 cm.





Aboveground NPP calculations:


ANPP of woody tissue is calculated from annual leaf production or the change in biomass since stand initiation. Shrub biomass and NPP (deciduous leaves only) are determined from the allometric equations applied to each shrub, and scaled to site by number of shrubs per size class.  Biomass increment (stems) will estimated from shrub biomass divided by stand age.





4.2 Coarse Woody Debris





Measure all coarse woody debris (> 2.5 cm diameter) where the base end is in the 0.5 x 0.5 m plot as follows:





1. If the large end (by diameter) of the CWD lies within the 0.5 x 0.5 m plot boundary, then the entire piece is considered “in”. 
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CWD “in” and “out” examples for the 0.5 m X 0.5 m subplot.
  
)











2. CWD is considered a single piece along the unbroken length. If a  stem has multiple breaks (wood is not touching) then this stem is counted as several distinct pieces.





3. If the large end of the CWD piece lies outside of the plot, then do not measure any part of that piece. That is, if the large end diameter falls outside of the plot, then the entire piece will be considered outside of the plot even if a majority of the length of the CWD lies inside the plot. The large end must fall within the plot boundary to be counted in. No exceptions. 





4. For each contiguous CWD piece considered “in” the plot, any portion of the piece that has a diameter < 2.5 cm will not be considered. 





5. Record species (or hardwood/softwood minimum), large end diameter (nearest 0.1 cm), small end diameter to a minimum of 2.5 cm (nearest 0.1 cm), and total length from the large end to the point on the stem where diameter is 2.5 cm (nearest cm). Do not measure past 2.5 cm diameter.





6. Note, base diameters on ragged ends based on a visually reconstructed diameter such that the recorded diameter would be that for a “clean” end or break.  Do this also for the small end, and for determining where the small end is 2.5 cm.





7. Record Decay Class for each CWD piece in the plot as follows:





Coarse Woody Debris Decay Classification


1 – Freshly dead pieces which contain most of their fine branches, possibly foliage, and all their barks. The wood is solid and there has been very little decay.





2 – Logs that have lost almost all of the fine branches. The bark is mostly intact but has begun to loosen, and the wood has been colonized by decay organisms. There has not been much loss of strength or material. Good firewood materials.





3 – Usually losing the bark and beginning to lose portions of sapwood. The log will have no remaining branches, but is still strong and easily support itself. Branch stubs are rigid and are not easily wiggled or torn free.





4 – Logs have lost the ability to support themselves but still have a round to elliptical shape rising above the general forest floor. Branch stubs can be easily torn free. There is some remaining rigidity in that a kick will wiggle the log for several meters in either direction. This is the oldest class that can stand as a short snag.





5 – Form the ill-defined hummocks that appear to be part of the forest floor. They are made up of reddish brown crumbly materials that can be easily grabbed out in handfuls. When kicked they do not hold together enough to wiggle any more than the rest of the forest floor. Can be easily overlooked.





5.  Understory Vegetation, Litter and Soil sampling


Group all clipped understory plants, forest floor, and soil samples into randomly selected points 1-4 and 5-8.  Note: Ocular understory estimate are kept for individual plots





5.1 Understory ocular estimate and clipping





Ocular estimate


1. For each 0.5 x 0.5 m subplot record an ocular estimate of percent ground cover for each of the following categories below DBH. These four categories can sum to >100%. Unlike clipping (below), these individuals can be rooted outside of the plot.





	1. Live non-woody vegetation (forbs, grass, palms, bryophytes)


2. Live woody shrubs and tree foliage (other than the planted species).  


	3. Overlapping crown area of the planted loblolly pine for branches that are < 1.37 m 			height, and so are directly excluding understory vegetation.  


	4. Soil and Rock (if not overtopped by cryptograms (e.g. lichens, bryophytes))


5. Litter and Woody Debris


*Note: The woody debris should have already been measured and can be moved to the side after the ocular estimate.  If it is <2.5 cm, it will go into the forest floor sample.  If it is >2.5 cm, but was not measured as CWD because the base was outside the plot, then move it after the ocular estimate.


Clipping


2. Within the 0.5 x 0.5 m plot, clip all vascular and non-vascular species of understory plants that do not reach DBH (<1.37 m) and are rooted in the plot.  Separate by growth form. 





1. Forbs (including ferns), moss and lichen, and grasses


2. Palms 


3. Woody plants other than the planted species (<1.37m height).


4. Shrubs >1.37 in height are not destructively sampled. Measure the DBH, basal diameter, total height, and species (or genera) of all non-planted individuals in the plot (detailed under section 4.1).  





5.2 Forest floor sampling





1.  For collection of duff samples, collect within the 0.35 x 0.35 m subplot and separate into duff (Oe, Oa) and litter (Oi).  For each set of 1-4 and 5-8 sample points, bulk the samples into one bag.   Duff includes the dark, partly decomposed organic material (unrecognizable plant forms) above mineral soil. Litter is on top of duff, includes recognizable plant parts, such as leaves and flowers, and twigs < 2.5 cm in diameter. 





Keep samples well-ventilated and place in drying oven (65 oC) upon return to the lab.  Most grinder blades fail quickly when mineral soil is run through them, and so the Oe-Oa layer may need to be sieved for soil contamination.  After sieving with a 2 mm sieve, dry both new categories, and weights should be recorded on both material on the screen (organics) and the mineral-organic mixture that passes through the screen. These will be analyzed separately for C&N analysis (see flow diagram).    





5.3. Soil and Root Sampling





Soil depth should be established by augering a few examples and deciding what depth can consistently be achieved. This maximum depth should be used throughout the plot. Preferred: sample by profile depths, 0-0.1 m, 0.1-0.2 m, 0.2-0.5 m, 0.5-1.0 m, and deeper if necessary. These are the depths used by AmeriFlux (alternative: some use soil horizons, but for global consistency, soil depth sampling in centimeters is better and less prone to mistakes). In rocky or clayey soils where the deeper depths are not feasible, see note below.





Soil and root sampling:


a.	Within each of the eight 0.35 by 0.35 m subplot frames, sample soils and roots for the following depths, 0-0.1 m, 0.1-0.2 m, 0.2-0.5 m, 0.5-1.0 m. Use a sharpened metal cylinder (> 5 cm diam) or an auger (> 5 cm diam) for the sampling. Do not use a small diameter push probe since these do not adequately sample fine roots or the fine stone fraction (2-5 mm).  Record what type of device was used for the sampling


		  


b.	Composite samples together from each depth for sample points 1-4 and 5-8 separately, making two distinct and independent composite samples. Do not mix soil from different depths together. You will end up with eight distinct soil samples from each plot (i.e., 2 composite samples from the 0-0.1 m depth, one from points 1-4 and one from points 5-8.)


Field subsampling: For the deeper soil horizons (0.2-0.5 m and 0.50-1.0 m), a significant amount of soil will be generated.  Rather than bring all of this soil back to the lab, we recommend that crews bring along a field scale to measure total soil weight in the field (See Alpine Digital Bike Scale (25 kg max, 0.01 kg)).  We recommend that the entire soil mass be placed onto a plastic tarp and thoroughly mixed. 





From this total soil mass, remove in the field all roots >2 mm in diameter and place in subsample bag.  Remove from these coarse roots any roots <= 2 mm and put in whole soil sample. Then subsample soil, putting into the same bag as the > 2mm roots, approximately 10% of the original soil mass.  Before this subsampled soil is air dried, it needs to be weighed and an estimate of moisture content made from a subsample collected and oven dried at 105 C.  The whole subsample will then be sieved, roots separated, and all analyzed for C and N concentration.  





c. 	Place the composite samples in marked plastic bags and transport to the lab for drying or keep cool until soils can be dried.





d. 	Alternately, composite the soil samples in the lab after drying the soil, but make sure to mix points 1-4 together and points 5-8 separately.





e. On some stony or heavy clay soils, sampling at the deeper depths is not possible. In this case, all subplots will be sampled to 0-0.1 m depth. Then sample as deep as possible, but record the actual depths (e.g., 0.2-0.3 m) sampled so the soil volume can be computed. 





f. On stony soils, estimate rock fraction (> 10 mm) for each sampling depth using either the pit face method or the sorting and displacement method.





If soil cores are frequently (>20%) less than 1 m depth because of rock fractions, then soil pits are recommended


Tier III: Dig 1 soil pit for each plot to 1 meter depth (16 total). 


Tier IIa: Dig 4 soil pits per site; estimate rock fraction


Tier IIb: Dig 1 soil pit per site; determine soil series and use USDA-NRCS database for rock fraction


Bulk Density


Collect a sample suitable to determine bulk density for each of the depths. You will likely only need to sample at two subplots per plot to adequately estimate bulk density. Use a sharpened core > 5 cm diameter to sample bulk density. If using a core, this could be the same sample collected for soil carbon and roots. Process each bulk density core separately.





Bulk density (g cm-3) is defined as the mass of rock-free mineral soil per volume earth.  BD = (mass of bench-dry soil that passed through a 2 mm screen)/(total volume of core sample minus the volume of the stones that did not pass through the 2 mm screen). Make certain that you measure and record the volume and mass of stones for each bulk density core. 





6.  Laboratory Procedures for Root Sampling and Soil Preparation





6.1 Preparation for C and N concentration





If possible sift samples through a 2 mm sieve immediately after coring or upon return to the lab, remove organic matter (see 6.2) and stones collected on screen. Record the mass of the stones. If samples are too wet to sieve immediately, air dry the soil, turning frequently until soil is dry enough to pass through a sieve. For dry clayey soils, samples may need to be crushed with a heavy roller prior to sifting. 





The total mass of the field or air-dried samples are weighed and data is entered. Mix this sample well and then subsample based on mass (~20% of air-dried mass), weigh subsample before drying, and place in a drying oven set to 65oC. After two days, record weight. Eventually analyze this subsample for C and N concentration and prepare for archive. A second set of samples should be dried at 105 oC.  After a minimum of two days, record the dry weight of the 105 oC subsample.  This sample can be discarded.  





6.2 Roots





Organic material (live and dead roots, debris), that does not pass through the 2 mm sieve is put in a labeled plastic bag. Store in cooler until there is time to both wash and remove roots from the samples (letting wet samples sit around allows them to mold).





Root + OM samples are taken to a clean laboratory for removing roots from the washed material. Separate roots into fine alive, fine dead, medium and coarse. Pick out all other ‘non-root’ organic matter and weigh together. Label manila envelopes to prepare for drying oven:





· Very fine alive: <1 mm


· Fine alive: 1- 2 mm


· Medium: 2- 10 mm


· Coarse: > 10 mm


· All other woody debris.  Slightly decomposed needle or leaf litter in deep soils is likely contaminated from the forest floor and should be discarded. 


· Dead roots.  Note this estimate is not meant to reflect very fine, actively turning over root mass, but is meant to assure that researchers have pulled out root debris from the live fraction. The live fine root fractions are more important for 3P-G modeling.   








Dry roots in oven at 65oC for two to three days. Then check to see that root and OM samples are dry. If so, weigh and record data in grams. Place in labeled vials for long-term archive.





7. Soils and Litter Archiving





Air-dry and retain all soil samples in a cool dry environment. Retain a homogenized, dried and ground subsample of litter and vegetation types for possible further analyses.  Contact Jason Vogel (jason_vogel@tamu.edu) and Brian Strahm (bstrahm@vt.edu) for long term storage options.
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Sheet1


									Crew________________    Date(s)_______________





									Site 															GPS 


									Name: ______________									Plot:_____________						Corner:______________ N, _____________ W





						Plot dimensions (m):


						With Bed (WB)_______												Across Bed (AB)_________												Add borders? _____ How many? ____ 





						New dimensions


						WB________									AB__________





						Sample Points									Group 1												Group 2									Bed						Tree						Bed						Tree


									Ran#			WB						AB			Ran#			WB			Ran#			AB						G1 						G1						G2						G2


						1


						2


						3


						4








									Shrubs (Species, Group, Hgt, DBH, Basal diameter): Record on Back of Sheet





															Ocular estimates (%)


												Herbs     Wdy   Planted    Litter     BS/Rock																								Herbs     Wdy   Planted    Litter     BS/Rock


						GP1-1						____    ____    ____     ____    ____																		GP2-1						____    ____    ____     ____    ____


						GP1-2						____    ____    ____     ____    ____																		GP2-2						____    ____    ____     ____    ____


						GP1-3						____    ____    ____     ____    ____																		GP2-3						____    ____    ____     ____    ____


						GP1-4						____    ____    ____     ____    ____																		GP2-4						____    ____    ____     ____    ____





									Sample Check


									Understory Plants: Did you collect the following?  Just check the spot


												Herb         Woody          Palms																		Herb         Woody          Palms


									GP1-1			_____       _____       ______															GP2-1			_____       _____       ______


									GP1-2			_____       _____       ______															GP2-2			_____       _____       ______


									GP1-3			_____       _____       ______															GP2-3			_____       _____       ______


									GP1-4			_____       _____       ______															GP2-4			_____       _____       ______








						Coarse Woody Debris (Record Extra on back of sheet)


									Point      Diam      Type      Lgth     Decomp																		Point      Diam      Type      Lgth     Decomp


									____      ____    ____    ____     _____																		____      ____    ____    ____     _____


									____      ____    ____    ____     _____																		____      ____    ____    ____     _____


									____      ____    ____    ____     _____																		____      ____    ____    ____     _____


									____      ____    ____    ____     _____																		____      ____    ____    ____     _____








						Field Mass of Soils (0.01 kg)





												20-50 cm						50-100 cm									20-50 cm									50-100 cm


									GP1-1															GP2-1


									GP1-2															GP2-2


									GP1-3															GP2-3


									GP1-4															GP2-4
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