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Change Record

REVISION | DATE ECO # DESCRIPTION OF CHANGE
A_DRAFT | 10/03/2011 ECO- Initial draftrelease
- 00280
ECO- . L
B_DRAFT | 01/13/2014 01140 Draft release. Will be finalized in nextrev.
C 03/25/2014 ECO- Productionrelease, template change, and other changes as

01670 | detailedin Appendix C

ECO- Minor updatesto SOP B (Field Sampling)and SOP C (Lab

D 09/15/2014 02086 | Processing)
ECO- S
E 09/22/2014 Migration to new protocol template
02296
e Changedtitle toreflect that protocol describes all soil
biogeochemistry tasks
e Improvedorganization of task parameters to promote
clarity.
e Added modulesonsamplingsoilsinthe field andlab
processing for N transformations.
e Updated description of coring device specifications (JIRA
ticket FOPS-1310, FOPS-1376, FOPS-1442, and FOPS-
ECO- 1501) because slide hammer coreris not useful in most
F 02/23/2015 02538 domains.

e “Composite” coresare no longerbeing collected; a
targeted mineral soil samplevolume is described,and
individualdomains are to collect the number of cores
requiredto getthat volume, given the coring device
they are using.

e Removedfieldandlab SOPsforsampling bulk density
(JIRA ticket FOPS-1310).

e Added contingencyinfoforinundated plot conditions.

e Updatedsoil pH SOP to reflectthat mixingisokayifitis
necessary (JIRA ticket FOPS-1374and FOPS-1406).
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e UpdatedsamplelDformatto

(JIRA ticket FOPS-1067).

to eight.

distinguished throughout.

top horizonis sampled.

18-20.

plotID_horizon_coreCoordinateX_coreCoordinateY_date

e Separated SOPsformicrobial samplingonlyand
biogeochemistry/stable isotopes/microbial sampling
(fieldandlab processing)in orderto reduce confusion
regarding what field staff should do for each type of
effort. Thisaction was in response to FOPs’ end-of-
season discussion with NEON staff scientists.

e Updatedsoil microbial sampling frequencytothree
times peryearand outlined timinginTable 1.

e Changednumberof plots sampled at eachsite fromfour

e Addedsamplingfor microbial biomassto SOP B and SOP
C, and created shippinginstructionsin SOP K; samples
for microbial molecularand biomass analyses are now

e Addedinreferencesformicrobial biomass protocol.

e Changedsample containersformicrobialmolecular
analysisto whirlpaks ratherthan 50 mLvials.

e Specified thatduring microbes only sampling bouts, only

Updated timing of samplingin Appendix Etoinclude domains

1/29/2016

instruments

renumbered as SOP J

consistent.

e Specified timingfor coordinated sampling for microbial
biomassand soil N transformations.

e Modified number of plots sampled forsaoil
biogeochemistry from 10-15 to 10-12, to match science

design.
e Modified number of plots sampled forsoil microbes
ECO- from 8 to 10-12, to align with proposed change in
03071 Science Design, which matches microbial sampling

spatial extentto BGC sampling extent.
e Addeddistilled waterasacceptable forrinsing

e Ensuredall SOP’swere numbered correctly: SOP K

e RemovedTable 13, which was redundant with Table 17
(now Table 16). Formatted Table Captionsto be
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Captions.

vials from HDPE to glass

needit.

wipes.

used if properly sterilized.

11).

and 7 (formerly 6).

updatesand increase readability.

e RemovedredundantTable of ContentsforFigure

e Addedinarecommendationfordomainstaffto
designate a30-day sampling period to avoid sampling
outside of the acceptable windowof July 1-Aug 31.

e Table5: Added MX numberfor optional springscale to
be used for weighingsoilsin the field.

e Tables7and 9: Updated MX numberfor scintillation

e Section4.1: To match a change in the Science Design,
updated number of plots for microbial samplingto
match number of plots for BGC sampling.

e AddedtoSOP Ainstructionsto printx, y coordinates.

e AddedtoSOP B soil masses for samples where needed.

e AddedanewSOP,SOPK, Soil Depth Survey Protocol.

e Addedethanol wipestoconsumable equipmentlistin
Table 5 and link to example product.

e Addedsection 7.1: How much soil to collect, to guide
use of soil masses ratherthan soil volumes forsites that

e Appendix C: Updated checklist for coll ecting quality soil
samplestoinclude cleaning equipment with ethanol

e Appendix D:changed reminderthat glovescanbere-

e Updated Appendix F—site specificinformation, with
sampling modifications for GUAN.

e Removedredundanttable forlab processing of soils for
N transformation. Updated remainingtable (Now Table

e Addednewtable (Table 1) describingthe targettiming
of coordinated soil measurements.

e Modified Table 5(previously 4) to become a general
field equipmentlistto remove redundantinformationin
more specificequipment listsin Tables 6 (formerly 5)

e RevisedFigure 2: workflow, to reflect recent protocol

e AddedsectionstoSOP B and SOP F describinghow to
assess suitability of plot coordinates for sampling.
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03/15/2017

ECO-
04372

Section 2.4: Added definitions for soil horizons

Section 4: Clarified descriptions for sample timing (4.1
and 4.2) and lab analysis timing (4.3)

Added Section 4.5, Plot Reallocation instructions
Clarified Table 2, characteristics associated with sample
timing

Removed Table 3, onsetand cessation of sampling for N
transformations. Timingis consolidated with
microbial/BGC sampling.

Added generalized figure demonstrating biologically
relevantsample timing windows (Figure 1)

Table 4 (now Table 3): Updated sample contingency
table

Created new Section 5.1 for plant protection and
guarantine guidelines

Revised Table 7 (now Table 6): Field sampling
equipmentfor N transformations

Revised Table 7 (formerly Table 8): Lab processing for
soil moisture

Revised Table 8 (formerly Table 9): Sieving, air-drying
and processing for BGC and archiving

Revised Table 9 (formerly Table 10): Equipment for pH
measurement

Revised Table 10(formerly Table 11): Lab processing of
N transformation samples

Removed redundant Table 14: Shipping soils for
BGC/isotopes

Revised Table 13 (formerly Table 15) to be shipping
equipment listfor microbial biomass samples
Removedredundant Table 16: Shipping equipment list
for microbial biomass samples

Removed redundant Table 17: Shipping KCl extracts
SOP B: Modifications to microbial subsampling text and
labelinginstructions. Included instructions for plot-level
pooling formetagenomics samplesin the field

SOP C: Minor text modifications

SOP D: Added instructions forsieving difficult soils (D.1);
Added details forarchiving soil (D.3)

SOP E: Removed instructions to measure duplicates for
pH

SOP F: Major revisionstofield samplingforN
transformations

SOP J: Minor reorganization of shippinginstructions

Date: 01/13/2020
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sampling occurs (Table 16)

devices

e Appendix B: Revised analysis checklist to match bout
types (Table 15) and added new checklist describing
analysesthatare performed when N transformation

e Appendix E: Added site-specificsampling windows
e Appendix E.3: Added Table 18, site-specificsampling

04/07/2017

samples

hacksaw

ECO- equipmentlistnowinTable 12.

work; revised Figure 4 caption

samplingwindow for D04

e Section4: Addedclarification on scheduling N
transformationincubationsinrelationtosampling
windows; Added information regarding soil temperature
requirements/holding times for microbial biomass

e Section5: Added safety tipsforcuttingPVCwitha

e Table 6: Clarified incubation cylindertypes
e Table 10: Added shakertable information
e Table 13: Removed, microbial biomass shipping

04602 e SOPF: Updatedinstructionsforscheduling fieldandlab

e SOPG: Minor changesto filtering and storage
instructions; added instruction for use of shakertable

e SOPJ: Removed).3, shippinginstructionsfor
refrigerated microbial samples: samples ship frozen.

e Appendix E.1: Revised table caption to describe the site-
specificduration of N transformationincubations;
updated T2 sampling window for STER; removed T1 and
T2 sampling windows for BONA; Increased length of T2

01/19/2018

10)

powder

sampling

e ThroughoutSOP’s: Added language forusing barcode
labels; inserted additional reminderstoremove all
rocks, coarse roots (> 2 mm diameter), insects, wood,
moss, and other non-soil debris from unsieved samples

ECO- e Section4: Added samplingcompleteness criteria

05310 e Improved organization of equipmenttables (Tables 5-

e Table 10: Added Type | ultra-pure deionized waterfor
KCl extractions, specified brand preference for KCl

e AddednewTable 13, Estimated time required for
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Figure 3: Broke out lab workflow based on bout type.
SOP A.1: revised genericlanguage for mobiledata entry
Revised microbial biomass sampling, processing, storage
and shipmentin SOP B, SOP D, and SOPJ

SOP B: Revised containertype forgeneticarchive
samples

SOP F: Added instruction forincubationCondition field,
how to record lost or destroyed incubated samples

SOP G: Added requirement to use Type | ultra-pure
deionized waterforKCl solution and final rinse, changed
labeling convention forblanks, removed instruction to
use soap duringfiltration equipment cleaning

SOP|: Added information about data QA stepsin the
Data Management Plan

SOP J: Revisedinstruction for packaging oven-dried bgc
samples, added information about shipping applications
Appendix B: Improved quick reference checklists
Appendix E: Updated site-specificsoil sampling devices,
updated E.3 to provide sampling guidance for D18/19
Added Appendix E.5: Site-specificinstructions for
guarantinedsites

Overall document changes: Minortext clarifications

03/11/2019

Revised timing of soil sampling windows based on 2005-
2015 dataset of remote sensing and precipitation
Throughout protocol: harmonized referencesto sample
types and bout types across Protocol and data entry
applications; Added new table, figures and
informational photos toincrease protocol clarity
Section 2.4: Added definitions for Fulcrum and
ServiceNow

Section 5: Addedinstructiontouse NEON.DOC.001716
for safe samplingin areas with Toxicodendron spp
Tables 6 and 9: corrected errorin label description
Tables6, 7, 10, 11, 12: updated equipment lists,
including suppliers and part numbers to be used for
various supplies

SOP A: Re-organized and clarified language on use of
barcode labels; moved instructions for coordinated bout
(N-trans) sample prepinto SOP A

SOP B: Updated formatting to reduce number of nested
levelsinlists

SOP C: Added contingencies for processing samples for
soil moisture analysis

Date: 01/13/2020
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SOP E: Modified pHsample method to be more
consistentwith Robertson etal, 1999 SOP; added
additional guidance for highly absorbent organichorizon
samples

SOPF: Provided min and max distance forinitial and
final cores; added guidance toinstall final cylinder first if
using normal coring device forinitial sample (to make
depths comparable); gave instruction to discard final
sampleifinsects oranimals nestedinthe core

SOP G: Reduced time requirements for hand-shaking
and settling during extractions

SOPJ: Added instructionto use cryogenicfreezer boxes
for shipment of microbial geneticarchive samples
Appendix A: Removed non-standard bout types from
reference checklists, added figures to display sample
types.

Appendix E: Added note for DSNY to use wetland
approach for N-transformation sampling; Generalized to
‘peatland and permafrost’ soil sampling guidance to
encompass othersites outside AK; Updated tables for
sample timing and site-specificsoil sampling devices;
created table of site-specific prevalence of organic
horizons from NRCS initial characterization

Appendix F:added SOP for using randomized soil
coordinate and subplot lists

ECO-

01/13/2020 06289

Migrated to new protocol template
(NEON.DOC.050006v])

Section 4.2: Clarified language on timing and duration of
bouts

Section 4.4: Revised Contingencies table

Section 4.5: Added instructions on handling missed or
incomplete bouts and field data quality issues

Section 7: Revised SOP overview workflow diagrams
SOP A: Moved preparation of containers forlab work to
thisSOP.

SOP A.2: Added instructions on making pre-sterilized
ethanol for microbial sampling

Field and Lab SOPs: added instructions forhow to collect
and process samplesinareas with heavy Toxicodendron
spp

SOP B: Increased frequency of microbial biomass
sampling at core sitestoinclude sampling during off-

Date: 01/13/2020
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yearbouts. Revised SOP A, SOP B, Figure 5, SOPJ, and
Appendix A accordingly.

SOP B.1: Modifiedinstructions for navigatingto sample
locationsin plot

SOP C: replaces previous SOP F, field sampling for
coordinated bouts. Added requirement to install the
incubated core before taking T-initial sample.

Lab SOPs: Reorganized and splitinto smaller SOPs for
discrete tasks. Addedinstructions on creating records
whensampleislostand not analyzed

SOP G: Modifiedinstructions forstoring excess air-dried
soil once all laboratory analyses are complete

SOP H: Modified pH method from LTER methodin
Robertson 1999 to NRCS method: only one soil sample
used to measure waterand CaCl, pH. No effect on data.
SOP J.1: Microbial biomass subsampling. Clarified
instructions for subsampling organichorizons; added
instructions forrecordingvial and soil masses

SOP J.3: Added instruction to record mass of BGC
archive sample

SOPK: Provided more detail forequipment cleaning and
storage; added new workflow to pre-leach filters with
KCl using Buchnerfunnel;added guidancefororder of
blank extractions; added instruction to re-filterif
solutions contain soil material

SOPL.1: Addedrequirements fortiming of dataQC to
occur before sample shipment; Added horizonDetails
fieldandinstructions on entering datafor it

Removed Shipping SOP: shippinginformation now
located in separate Shipping document,
NEON.DOC.005224

Appendix A: Added quick reference forfield samples
collected at Relocatable sites during off-year sampling
Appendix D: Added current list of USDA quarantined
sites; provided additional guidancefor alpine sites with
variable onset of spring; added list of sites authorized to
use the Wetland SOP

Appendix E: Updated specifications to soil temperature
probe and sterile filters; changed table format

Minor text clarifications throughout

Date: 01/13/2020
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Table 23. Equipmentlist—Soil sieving, air-drying, and subsampling for microbial biomass and soil BGC
analysis and archive at one site. Exact Brand indicates circumstances when only the listed product
number(s) meets the specificationsfor the itemM.......ccoeii i, 131
Table 24. Equipment List - Laboratory processing of soils for measuring pHat one site. Exact Brand
indicates circumstances when only the listed product number(s) meets the specifications for the item.

Table 25. Equipment List—Laboratory processing of soils for N transformations at one site. Exact Brand
indicates circumstances when only the listed product number(s) meets the specifications for the item.

Figure 1. Left: Example site layout at the OAES field site. Soil sampling occurs at 10 base plots. Four plots
are locatedinthe towerairshed and 6 are distributed across the site. Right: Gridded plot map fora soil
plot. Large numbers centered in each quadratindicate the subplotID. Foreach sampling bout, one
location is sampled in 3 0f the 4 SUDPIOTS. ......ccoviiiiiiiii et e e e e e e e e e e eeaaes 7
Figure 2. Generalized Timing of Soil Sampling. T1 captures the transition from dormancy/low activity to
peak activity (PG), while T2 captures the transition from peak activity to dormancy/low activity. The time
of year for each sampling period will vary by local geographic and climatic conditions.................c.......... 9
Figure 3. The documentation to accountfor a Missed Sampling event depends on the situation foreach
plot of each bout thatis not sampled. Blue, rounded boxes represent contingencies: green double-lined
boxes describe the required actions: orange dashed boxes indicate HQ actions. Required delay and
cancellation actions are outlined for each protocol in the “Scheduled Field Activities —Delays and
Cancellations” spreadsheet available on the SSL. Missed sampling events may also require a data quality

flag and/or creation of a Site ManagemENTt FECOI........uuuueeeueeeeeieiiieeeeee e e e e e e e e e ee e e e e e e e e e eeaeeeeeeeeeeeens 20
Figure 4. Soil Profiles from (a) Maryland, (b) Michigan, and (c) Florida. (Source: Dr. Ray Weil, University
of Maryland (a and b) and the University of Florida (c), http://s0il.gsfc.nasa.gov). .......cccccuvvrvvvvvvernnnnnnns 25

Figure 5. High-levelworkflow diagram showing the sequential organization of SOP's for field sampling
and lab analysis/processing during an off-year, non-coordinated bout. Additional subsamples for
metagenomics analysis are created during a peak greenness bout. Orange circle: start of workflow;
diamonds: decision points; blueboxes: SOP’s; green box: end of workflow. SOP's for data entry, QAQC,
and shipment notincluded. Refer to SOP G: Air Drying Soils for guidance on holding air-dried soil........ 27
Figure 6. High-level workflow diagram showing the sequential organization of SOP's for field sampling
and lab analysis/processing during a coordinated bout. Additional subsamples for metagenomics, BGC
analysis, and BGC archiving are created during a peak greenness bout. Orange circle: start of workflow;
diamonds: decision points; blueboxes: SOP’s; green boxes: end of workflow SOP's for data entry, QAQC,
and shipment notincluded. Refer to SOP G: Air Drying Soils for guidance on holding air-dried soil........ 28
Figure 7. Example coring device used for soil N transformation sampling.........cccoovvvvieiiiiiiiiiiiinnnn, 31
Figure 8. Barcode labels used forthe various types of soil samples. Type | barcodes are weatherproof
but are not cryo-safe; Type Il and Il barcodes are cryo-safe and are ideally sized forthe sample
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Figure 9. (a) Example of anannotated samplelD. (b) SamplelDs deployed in the field will typically have

pre-filled plot and date information: depending on site, horizon may also be pre-filled. ....................... 34
Figure 10. Plasticscintillation vialshowing proper orientation of labels. Applies to microbial biomass ( -
bm), KCl extraction (-kd), and BGC analysis (-CN) VIalS. ........couuuuuieeeeiiiiiiiiiee e e 35
Figure 11. Example use of brownie cutter and hori-hori for O horizon sampling............ccccceeeiivieennnn. 41
Figure 12. Example microbial genetic(-gen, left) and microbial archive (-gaX, right) samples. Microbial
metagenomics (-comp) samples will look similar to -gen samples, except for content of the label......... 42
Figure 13. Field staff sterilizing a soil auger using chaining pin and 70% ethanol wipe. Gloves should be
PFE-STEIITZEA. .. s e s e s e s e s e s e s e e e e e e e s e e e e e e e e e e e e e e e e e e e e e e e aaeaaaaeeaaaaaeaaaaans 45
Figure 14. Dispensingsoilcore into bagfor homogenization. Tappingthe corer with a rubber malletcan
help release soil from the DArTel. .........ouuiiiiiii i e e e e e e e e et e eaaaes 46

Figure 15. Area of acceptable sub-locationsforsamplingatan X, Y coordinate location. Example cores
show ideal distance between initial and final core locations. Locations with rocky soils can use the entire

1marea, as long as both sub-locations are within 0.5 m of the X, Ylocation...........ccccoeeeeiiiiiiiiiiiinennn, 55
Figure 16. Example soil profile: O horizon sampleTopDepth =0 cm, sampleBottomDepth=3 cm; M
horizon sampleTopDepth =3 cm, sampleBottonDepth =30 Cm. ....couiiiiiiiiiiiiiii e, 60

Figure 17. Filtration equipment for KCl extractions. Example of asample manifold set-up (left)and other
equipment used forfiltration, including filtration unit (extraction funnel + collection cup) and filters
=421 RSP UPUPRPPN 84
Figure 18. Schematicof TOS soil plot demonstrating the general layout of sample locations. Subplot ID’s
are notedinthe leftcornerof each subplot. Flags denote the corners for the depth transect measuring
area, star indicates the location to begin measurement. Dots indicate the general distribution of depth
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Figure 19. Field-generated samples for boutType=microbes, sampleTiming=T1orT2. .......ccccceeevrennn... 94
Figure 20. Field-generated samples for boutType= microbes, sampleTiming= peak greenness. ............. 95
Figure 21. Field-generated samples at Relocatable sites for boutType= microbes, all bouts................... 96
Figure 22. Field-generated samples for boutType= microbesBiomass, sampleTiming=TlorT2. ............ 98
Figure 23. Field-generated samples for boutType=microbesBiomassBG, sampleTiming =peak greenness.
........................................................................................................................................................ 99
Figure 24. Field-generated samples for Tfinal sampling, boutType= fieldOnly, any time of year........... 100

Figure 25. Images demonstrating the start of the soil surface (yellow dashed line) at TOOL (A), BARR (B),
DEJU (C), HEAL (D), BONA (E), and TREE (F).Source: NEON Terrestrial Instrument System (TIS), in
COIIADOratioN WIth NRCS.......ciiiiiiiiiiiiiiiieit ettt eee e et e e tesesesesesesesesesesesesesesesesennsnennnnnsnens 113
Figure 26. Anatomy of the soil subplot and coordinate listS.........c.ccoeviiiiiiiiiiii i, 118



Title: TOS Protocol and Procedure: Soil Biogeoche mical and Microbial Sampling Date: 01/13/2020

ne<n

@E_

Operated by Battelle | NEON Doc. # NEON.DOC.014048 | Author: L. Stanish Revision: M
1 OVERVIEW
11 Background

This document describes the required protocol for conducting field samplingand domain lab processing
of soil samplesinorderto measure physical properties, carbon (C) and nitrogen (N) concentrations and
stable isotopes, nitrogen transformation rates, and microbial biodiversity and function. These datacan
be used to quantify the stocks of soil C and N; they can also reveal ecosystem nutrient status, painta
picture of integrated ecosystem processes, and allow us to understand rates of key microbially-
mediated processesin relation to microbial biomass and community composition. During each sampling,
NEON characterizes soil pHand gravimetricwater content, asthese are some of the dominant
environmental controls on biogeochemical processes and microbes. As biogeochemical and microbial
datasets will be compared with one another, all analyses are performed on the same material when
possible. The goal is that NEON data will be used to address a variety of questions about biogeochemical
cycling at multiple spatialand temporal scales (Table 1).

Typically, ecosystem stocks of Cand N are expressed as mass perunitarea (e.g., g C per m?2). For sail,
this calculation requires knowing the dry mass of soil ina known volume (i.e., bulk density, g percm?3),
and the concentration (oramount) of the element pergram of dry soil (e.g., mgperg). Concentration
measurements result from samples collected in this protocol, yet bulk density is not measured here.
Instead, itis characterized via an extensive soil survey when each NEON site is established (more below).
Isotopicratios, the measure of a lesscommonisotope (e.g., °N) relative to the most abundantisotope
of an element (e.g., 1*N), give a picture of the integrated ecosystem processes occurring within soils or
othermediaand possibly the source of thatelement. Commonly, they are expressed as per mil (%o)
usingthe delta (8) notation. Typically, rates of N transformations are expressed as mass of N perunit of
dry soil perday (e.g., g NO;-N gt drysoild?) or on an areal basis, normalized by bulk density (e.g., g
NO5-N m=2d1). This calculation requires knowing the concentration (oramount) of NH,*N plus NO5-N
(netN mineralization) or NOs-N (net nitrification) pergram of dry soil (e.g., mg perg) at the beginning
and end of a multi-day incubation period (e.g., TOto T14 days). The time of year and site characteristics
(e.g. precipitation and temperature) will influence the background rates of nitrogen cycling activity.

A numberof methods are employed to measure microbial diversity and abundances. Microbial biomass
provides anindication of microbial activity and correlates with numerous ecological processes, such as
soil productivity and N mineralization rates. Microbial biomassis measured using the Phospholipid Fatty
Acid (PLFA) analysis. Using this method, biomass is estimated based on the fatty acid content of
microbial cellular membranes. Microbial diversity and composition are measured by sequencing the 16S
(Archaeaand bacteria) and ITS (fungi) ribosomal DNA gene. This provides information onthe members
of the microbial community that are presentas well as some indication of the relative abundance of
each member of the community. Using shotgun metagenomics, the total DNA recovered from the soil
samplesissequencedto capture total genomic content from the organisms present. This provides
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information on the functional potential of the microbial communities as well as changesin genomesand
genome content through time and space. Finally, soil samples are collected and preserved inamanner

that should enable the external user community to use archive samples for RNA-based analyses.

Table 1. Summary of measurements and samples associated with NEON Soil Biogeochemical and Microbial

Sampling.

Measurement/Sample

Rationale

Frequency

Total OrganicCand
Total N (%)

Insightsintosoil fertility, Cand N stocks, N
availability, decomposition

8N and 8*3C

Reveal integrated Cand N cycling dynamics,
sources of OM and nutrients, N loss pathways

Every5 yrs, 1x peryear

InorganicN;
Netnitrification &

mineralization

Quantify N availability, N saturation, N loss
potential

Every 5 yrs, 3x peryear

Microbial biomass
(PLFA)

Quantify microbial biomass and coarse-level
functional groups

Every 5 yrs, 3x peryear

165/ITS rRNA qPCR

16S rRNA sequencing

ITS rRNA sequencing

Measure microbial diversity, community
composition, and microbial/fungal biomass

Everyyr, 3x peryear, core sites;
Every 5 yrs, 3x peryear,
relocatable sites*

Shotgun metagenomics

Assess total genomic content, microbial
community functional potential, aggregated
traits

Everyyr, 1x peryear, core sites;
Every 5 yrs, 1x peryear,
relocatable sites*

pH, moisture,
temperature

Give context for biogeochemical and
microbial measurements

Every soil sampling event except
N-trans Tfinal (no pH)

Soil biogeochemical
archive

Provides community access to conduct
measurements not being made by NEON

Every 5 yrs, 1x peryear

Soil microbial archive

Provides community access to conduct
measurements not being made by NEON

Everyyr, 3x peryear, all sites

*Long-term plan for frequency of microbial genetic and metagenomic analyses atnon-coresites is still being

determined.

Measurements of soil biogeochemistry and microbial community composition providescientists,
managers, and decision-makers with importantinformation such as whetherthe ecosystemis retaining

or losing carbon and nutrients, how waterand nutrients move through landscapes, and shiftsin

microbially-mediated ecosystem processes. Comparing these data with other datacollected by NEON,
including atmosphericdeposition, surface water transformations and transport, and above and

belowground plant productivity, allows investigators to evaluate material fluxes across the landscape.
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Temporal and spatial considerations involved in sampling will provide data that can be used to address
how the ecosystemis changingovertime, aswell asin response to climate shiftsorland use/land cover
change at local, regional, and continental scales. For example, changesin precipitation patterns can alter
wetting and drying cycles within the soil matrix. Such changes to the soil matrix will likely affect
microbial process rates and functional potential.

The following protocol outlines the field and laboratory procedures required to collect, process, and
maintain integrity of soil samples collected during Field Operations. Itincludes detailed guidance for
locating soil samplingsites, collecting soil cores, and recording field-associated metadata, field and
laboratory processing of soil cores, and storage and shipment of samples to analytical laboratories or
archive facilities.

1.2 Scope

Thisdocument provides a change-controlled version of Observatory protocols and procedures.
Documentation of content changes (i.e. changesin particular tasks or safety practices) will occurviathis
change-controlled document, not through field manuals or training materials.

1.2.1 NEON Science Requirements and Data Products

This protocol fulfills Observatory sciencerequirements that residein NEON’s Dynamic Object-Oriented
Requirements System (DOORS). Copies of approved science requirements have been exported from
DOORS and are available in NEON’s document repository, or upon request.

Execution of this protocol procures samples and/or generates raw data satisfying NEON Observ atory
scientificrequirements. These dataand samples are used to create NEON data products, and are
documentedinthe NEON Scientific Data Products Catalog (RD[03]).

13 Acknowledgments

This protocol is based closely on standard soil sampling methods as described by the Soil Science Society
of America(Sparke etal., 1996; Dane et al., 2002) and methods published by the Long-term Ecological
Research Network (Robertson etal., 1999). The latterreference reviews many studies on this topicthat
have compared different standard operating procedures. The protocol for pHfollows the USDA Natural
Resources Conservation Service, standard method 4C1a2 (Burt, 2014). The protocol for microbial
biomass was derived from Buyerand Sasser(2012) and Gomezet al. (2014).
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Applicable Documents

RELATED DOCUMENTS AND ACRONYMS

Applicable documents contain higher-level information thatisimplemented in the current document.

Examplesincludedesigns, plans, orstandards.

Date: 01/13/2020

AD[01] NEON.DOC.004300 EHS Safety Policy and Program Manual

AD[02] NEON.DOC.004316 Operations Field Safety and Security Plan

AD[03] NEON.DOC.000724 Domain Chemical Hygiene Plan and Biosafety
Manual

AD[04] NEON.DOC.001155 NEON Training Plan

AD[05] NEON.DOC.050005 Field Operations Job Instruction Training Plan

AD[06] NEON.DOC.004104 NEON Science Data Quality Plan

AD[07] NEON.DOC.000906 NEON Science Design for Terrestrial
Biogeochemistry

ADI[08] NEON.DOC.000908 NEON Science Design for Terrestrial Microbial
Ecology

2.2 Reference Documents

Reference documents contain information that supports or complements the currentdocument.
Examplesincluderelated protocols, datasheets, or general-information references.

RD[01] NEON.DOC.000008 | NEON Acronym List

RD[02] | NEON.DOC.000243 | NEON Glossary of Terms

RD[03] | NEON.DOC.002652 | NEON Level1, Level 2and Level 3 Data Products Catalog

RD[04] | NEON.DOC.001271 | NEON Protocol and Procedure: Data Management

RD[05] | NEON.DOC.001577 | DatasheetsforTOS Protocol and Procedure: Soil Biogeochemical and
Microbial Sampling

RD[06] | NEON.DOC.004130 | TOS Standard OperatingProcedure: Wetland SoilSampling

RD[07] | NEON.DOC.001710 | TOS Protocol and Procedure: Litterfall and Fine Woody Debris

RD[08] | NEON.DOC.014038 | TOS Protocol and Procedure: Plant Belowground Biomass Sampling

RD[09] | NEON.DOC.001024 | TOS Protocol and Procedure: Canopy Foliage Sampling

RD[10] | NEON.DOC.001716 | TOS Standard OperatingProcedure: ToxicodendronBiomassand
Handling

RD[11] | NEON.DOC.001717 | TOS Standard Operating Procedure: TruPulse Rangefinder Use and
Calibration

RD[12] | NEON.DOC.004474 | ManifoldforFiltering KCl Extractions assembly instructions

RD[13] | NEON.DOC.003282 | NEON Protocol and Procedure: Site Managementand Disturbance
Data Collection
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RD[14] | NEON.DOC.005224 | NEON Protocol and Procedure: Shipping Ecological Samples, Sensors
and Equipment

RD[15] | NEON.DOC.002984 | Standard OperatingProcedure: Minimizing Site Disturbance During
Aguaticand Terrestrial Observation System Sampling

2.3 Acronyms

Acronym Definition

C Carbon

12¢ Common stable isotope of carbon

13C Less common stable isotope of carbon

Ca®* Calcium cation

CaCl, Calciumchloride

cm Centimeter

mm Millimeter

DNA DeoxyribonucleicAcid

g Grams

h Hours

m Meter

M Molar

mg Milligram

ml Milliliter

N Nitrogen

5N Less common stable isotope of nitrogen

N Common stable isotope of nitrogen

NH,* Ammonium

NOj Nitrate

USDA United States Department of Agriculture
2.4 Definitions

A horizon: Mineral horizon formed at the surface from significant organic carbon accumulation. The
horizon will be darkerin colorthan the horizons below due to organic matteraccumulation.

B horizon: Mineral horizon with accumulations of Iron, Manganese, secondary minerals, Aluminum-
organiccompounds, and/orclay, or development of soil structure. Can be higherin clay, may be brighter
in color, or may contain more redoximorphicfeatures (evidence of oxidation/reduction) than the
horizons above it.
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Coordinated Bout: Synchronized soil sampling bout thatincludes additional measurements of microbial
biomass, soil nitrogen transformations, and soil biogeochemistry (during peak greenness). Occurs every
5 yearsat a site.

E horizon: Mineral horizon that exhibits significant loss of organiccarbon, Iron, Manganese, Aluminum,
and/orclays. The horizonis usually palerin colorand lighterin texture (less clayey) than horizons below.

Fulcrum: Software tool used to create NEON electronicdataentry applications.

Litter layer: Loose, unconsolidated plant material on top of the soil surface thatis intact or partially
shredded, but still easily recognizable as plant material. Not all sites will have alitterlayer.

Mineral horizon: A soil layer where accumulated minerals are the main components. Often feels gritty.

Organic horizon: A soil layer made of organicvegetal material in various states of decomposition, where
the mineral fractionis only a small percentage of the layer (generally much less than half by weight). In
general, decomposing plant material is poorly recognizable, exceptin high-latitude, high-altitude, or
wetland sites wheredecompositionisvery slow. Layershould be darkerin colorand friable (easily
crumbled), andissometimes greasy. If you feel more than a couple of mineral grains (grit from sand,
stickiness from clay) itis most likely amineral horizon high in organic matter (OM), notan organicsoil.

Saprolite: Porous mineral material formed in place by chemical weathering of igneous and metamorphic
bedrock. Itis often softandfriable and can be dug with hand tools.

ServiceNow: Software tool used for problem/incident tracking and resolution.

3 METHOD

The field protocol used by NEON for collection of soil cores follows the protocols presented in the Soil
Science Society of America Methods of Soil Analysis texts (Sparks et al., 1996; Dane et al., 2002),
laboratory methods from the USDA Natural Resources Conservation Service (Burt, 2014), and the
Standard Soil Methods for Long-Term Ecological Research (Robertson etal., 1999). Samplingis carried
out at 40 x 40 m plots (Figure 1) that are distributed across each site. Soils are inherently spatially
heterogeneous, thus several samples are collectedin orderto capture variability at multiple scales (e.g.,
soil core, plot, site). NEON Science supplies domain staff with amasterlist of plots where soil samples
will be collected forthe duration of Operations, as well as an additional list that contains randomly
generated X,Y sampling coordinates originating from the southwest corner (i.e., the reference point) of
each plotonthe list. The latterare the within-plotlocations forsoil sampling. The within-plotlocations
for soil sampling are different for each samplingeventinorderto preventrepeat sampling of agiven
location. To keep track of samplinglocationsinthe field and aid in navigation, marking the random
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samplinglocations onalaminated plot diagram (Figure 1, right) priorto a sampling boutis
recommended.
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Figure 1. Left: Example sitelayoutat the OAES field site. Soil samplingoccursat10 baseplots. Four plots are
locatedinthe tower airshedand 6 are distributed acrossthe site. Right: Gridded plot map for a soil plot. Large
numbers centered ineach quadratindicatethe subplotID. For each samplingbout, one locationis sampledin 3 of
the 4 subplots.

Soiltypes and horizons differ throughout the 20 NEON domains. When organicand mineral horizons are
presentwithin asingle profilethey are separated priorto analysis. However, othersub-horizons are not
separated (e.g., mineral sub-horizons A and B). Where possible, NEON samples mineral horizons using a
2 +0.5 inch diameter coring device. Where rockiness or othersite soil characteristics make it difficult to
use thisdiameterrange, otherdiameters are employed, following consultation with NEON Science. A list
of site-specificcoring devicesis available in Appendix D.7.

In addition, the depth of soil to saprolite or bedrock will vary across domains. NEON soil samplingis
conductedtoa maximumdepth of 30+ 1 cm where possible. More detailed characterization of the
dominant soil types occurred during the construction period of NEON through two projects. One project
was led by the Terrestrial Instrumentation System (TIS) unitand included a thorough description of one
large soil pit (‘megapit’)dugatthe NEON tower location from the surface to 2 metersdepth (orbedrock,
whicheverwas shallower) at each core and relocatable site. These dataare available in NEON d ata
products NEON.DP1.00096, Soil physical properties (Megapit) and NEON.DP1.00097, Soil chemical
properties (Megapit). The second project was carried out by the U.S. Department of Agriculture (USDA)
and the Natural Resources Conservation Service (NRCS) and characterized soil physical and chemical
properties (including bulk density) to 1m depth ata subset of the Terrestrial Observation System (TOS)
distributed soil plots, many of which overlap with ongoing NEON soil sampling. These dataare available
in NEON data products NEON.DP1.10008, Soil chemical properties (Distributed initial characterization)
and NEON.DP1.10047, Soil physical properties (Distributed initial characterization).
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Itiscritical that the locations from which soil samples are collected have not been disturbed priorto
sampling. Examples of disturbance include prior sampling, compaction, and contamination atypical of
the site (urban and agricultural sites). Other factors that may necessitaterelocation of sampling efforts
include: obstruction by tree roots, large (i.e., >8 cm) rocks, or holes (e.g., from small burrowing
mammals). In any of the above scenarios, field personnelnote the impedimentinthe Fulcrum
application and/orfield datasheetand seek anew location within 0.5m of the predetermined sampling
location. In some cases, an alternative X,Y samplinglocation must be used instead (see SOP Bfor more
details). Once soil cores have been collected, extraction holes must be backfilled as persite host
requirements and the final sample location recorded so that subsequent samples are not collectedin
the same locations.

Soil Biogeochemistry (hereafter, Soil BGC). Soil samples collected forCand N concentrationsand stable
isotope analysis undergo preliminary processing in the domain laboratory. This consists of sievingand
dryingsoils accordingto SOP F and subsampling according to SOP J: Laboratory Subsampling Duringa
Coordinated Bout. Afterin-house preparation, samples are shipped to contracted laboratory facilitiesfor
analysis. Subsamples of these soils are also analyzed for pH and moisture at the domain laboratory;
anothersubsampleis preparedforarchiving.

Microbial Analyses. Subsamples are either putondryicein the field (for microbial geneticanalysis and
archive samples), or kept field moist (for microbial biomass analysis), as described in field SOP’sBand C,
and shipped tothe contracted laboratory facilities for processing, analysis, orlong-term storage.
Subsamples of these soils are also analyzed for pHand moisture at the domain laboratory. During peak
greenness bouts, composite samples of cores from the same plotare generatedin the field for
metagenomics analyses. These composite samples are also keptondryicein the field.

Soil N Transformations. The general procedure for measuring rates of net N mineralization and net
nitrificationis viatwo companion soil cores taken from a given location. One core is collected for

III

immediate processing (e.g. the “initial” core), whilethe otherremainsinthe soil, either cappedinan
open-bottom PVCcylinder, orina buried bag forwetlands (see RD[06]). This “final”, incubated core
staysin the ground for a specified period (two to four weeks), and is retrieved at the conclusion of that
period and brought back to the domain laboratory for processing. Processing of “Tinitial” and “Tfinal”
coresinvolves separating the organicand mineral horizons for analysis, removing rocks and roots from
organicsoils and sievingmineral soilsto 2 mm. A subsample of processed soilisthen placedinacup
with 2M KCl and shaken. At the conclusion of the 1 hr extraction period, the soil extract solutionis
filtered and the filtrate is pouredinto avial and frozen priorto shipmentto a contracted laboratory for
analysis of NH,*-N and NO;™-N. Subsamples of initial soil samples are also analyzed forboth pHand
moisture content, while finalsamples are only analyzed for moisture.

Standard Operating Procedures (SOPs), in Section 7 of this document, provide detailed step-by-step
directions, contingency plans, sampling tips, and best practices forimplementing this sampling
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procedure. To properly collect and process samples, field technicians must followthe protocol and
associated SOPs. Use NEON’s ServiceNow reporting systemto resolve any field issues associated with

implementing this protocol.

The value of NEON data hinges on consistentimplementation of this protocol across all NEON domains,
for the life of the project. Itistherefore essential that field personnel carry out this protocol as outlined
inthis document. Inthe event thatlocal conditions create uncertainty about carrying out these steps, it
is critical that technicians document the problem and enteritin NEON’s ServiceNow tracking system.

Quality assurance is performed on data collected viathese procedures accordingtothe NEON Science
Data Quality Plan (AD[06]).

4 SAMPLING SCHEDULE
4.1 Sampling Frequency and Timing

The timing, temporal frequency, and extent of soil sampling constitute “the science design” (see
(AD[07]) and (AD[08]), and vary by NEON domain or site. Sampling frequency is set to allow researchers
to investigate how microbial communities and nutrient dynamics change temporally. The extent of soil
sampling allows researchers to evaluate the spatial heterogeneity of nutrient stocks and fluxes;
differencesin soil type, plant communities, or hillslope aspect should affect the results, so these
features are takenintoaccountin the spatial component of the sampling design. Sampling forall types
of soil analysesis performed at 10 pre-selected plots (Figure 1). Many of the plots are spatially
collocated with other NEON sampling protocols for examining the relationships between physical,
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Figure 2. Generalized Timing of Soil Sampling. T1 captures the transition fromdormancy/low activity to peak
activity (PG), while T2 captures the transition from peak activity to dormancy/low activity. The time of year for
each sampling period will vary by local geographic and climaticconditions.
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chemical and biological data. At the different NEON sites, sampling frequency varies depe nding on
climaticfactors, such as length of the growing season. Temporal linkages between the different soil
analysesare described below. The timingand types of sample collection for particular bouts are outlined
inTable 2, while ageneral outline of the timing of SOP implementationisin Table 3.

Table 2. Samplingrequirements for different types of bouts. For detailed guidance on number of horizons to
collectfor each sampleand bout type, refer to SOPs below and Appendix A.

Off-Year Coordinated bout
N-trans Bout No T initial T final
Type
Sample Timing T1 PG T2 Tl PG T2 T1, PG, T2
. . . microbes | microbes microbes | ..
Bout Type microbes | microbes | microbes Biomass | BiomassBGC | Biomass fieldOnly
Field- Bulk _B“e”:]t Bulk Bulk F‘“e”; _B“e”:]
generated -gent & -gent -gen g & Bulk
Samples -gaX -gaX -gaX -gaX -gaX -gaX
P g -comp** & g -comp*
-bm
-kel
Lab-generated -bm?* -bm -bm
-bm?* « | -bm? -cn kel
Samples -comp -kl -ba -kel
-comp*
Lab PH . PH . PH . PH . PH . PH . moisture
measurements | moisture | moisture | moisture | moisture | moisture moisture

*Field generation of sample recommended, however sample can be createdinlabif necessary.
*Core sitesonly
Abbreviations

Sample Timing:
T1: Transition1
PG: Peak Greenness
T2: Transition 2
Sample:
Bulk: Homogenized soil used forall subsamples and analyses
Subsamples:
-gen: soil microbial genetic analysissubsample
-gaX: soil microbial genetic archive subsample, X denotes subsample number of 1-5 (for up to 5 vials)
-comp: composited soil microbial metagenomics subsample
-bm: soil microbial biomass subsample
-kel: soil KCl extractionsample
-cn: Soil BGC analysissubsample
-ba: Soil BGC archivesubsample
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Microbial Genetic Analyses. Sampling for microbial geneticanalysis (-gen) and geneticarchive (-gaX)
occurs at 10 pre-determined plots persite. Microbial communities change more frequently than the
othersoil properties that we measure. Hence, these collections occurup to three times peryearand are
selected to capture windows in which microbial activity is ramping up or slowing down ( Figure 2). All
sites conduct sampling during peak greenness, while the othertwo sampling events occur during
seasonal transitions. At temperature-driven sites, thesetransitional windows are intended to capture
snowmelt/ground thaw in the springand plant senescenceinthe fall. At precipitation-driven sites, the
transitional windows are intended to capture the onset of the wetand dry seasons. The estimated dates
for onsetand cessation of annual sampling persite are listed in Appendix C. When sampling forsoil BGC,
soil forall microbial analysesis collected concurrently and is a subsample of the soil core collected for
BGC measurements.

Microbial Metagenomics Analysis. Samples for microbial metagenomics analysis (-comp) are collected
along with soil microbial geneticsamples atthe same 10 plots. This sampling differs, however, inthatit
only occurs once per year, during the Peak Greenness window. Also, asingle samplerepresentsa
composite of all samplinglocations within aplotfora particularhorizon.

Nitrogen Transformations and Microbial Biomass. Every 5 years, soil measurements of microbial
biomass (-bm) and N transformations(-kcl) are conducted, along with soil microbial geneticand
metagenomic measurements, at 10 plots persite. Microbial biomass and soil N transformations tend to
be variable bothin space and time. To account for seasonal variation, up to three sampling events occur
duringa samplingyear, in conjunction with the microbialgeneticanalysis and geneticarchive sampling
described above. Soil collected from the N transformation T-initial core is used to generate subsamples
for moisture, pH, microbial geneticanalysis and geneticarchive, microbial metagenomics, microbial
biomass, and soil BGC (when applicable). Soil collected from the incubated T-final core is used solely for
moisture and N transformation measurements.

Soil BGC. Samples used to measure soil carbon and nitrogen concentrations and stable isotopes (-cn),
and biogeochemical archiving (-ba) are collected alongside the othersoil subsamples once every 5years,
duringthe Peak Greenness window. When soil BGCis measured, subsamples of the soil cores are also
analyzed for microbial geneticanalysis and geneticarchiving, microbial metagenomics, microbial
biomass, N transformations, soil pH, and soil moisture.

Coordinated Plant-Soil Biogeochemical Measurements. Soil sampling for soil BGC, N transformations,
and microbial biomass (e.g., Coordinated bout) occurs according to the schedule in Table 3.
Implementation of these components of the protocol are scheduled on aninter-annual basis as part of
the suite of synchronized TOS measurements aimed at characterizing plant and soil biogeochemical
dynamics. Synchronized protocols and SOPsinclude:

e TOS Protocol and Procedure: Soil Biogeochemical and Microbial Sampling (this document)
e TOS Protocol and Procedure: Litterfall and Fine Woody Debris, litter chemistry SOP (RD[07])
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e TOS Protocol and Procedure: Plant Belowground Biomass Sampling (RD[08])

e TOS Protocol and Procedure: Canopy Foliage Sampling (RD[09])

The inter-annual schedule lists the years when each site is scheduled to conduct Coordinated soil
samplingalong with other plant biogeochemistry measurements. This schedule can be found on the

NEON Field Science SharePointsite.

Table 3. Sampling frequency for TOS Protocol and Procedure: Soil Biogeochemical and Microbial Sampling
procedures on a per SOP, per bout type basis. Note that SOP’s L (Data Entry) and M (Shipping) applyto all boutand

plot types.
sop Plot Plot Bout . Bouts Per | Yearly Remarks
Type | Number | Duration | Year Interval
SOP B, SOP D, 1-3 per
SOP E, SOP F, | All All 2 weeks sampling NA Suite of SOP’s for Off-year bouts
SOP G, SOP H year
SOP C, SOP D, Suite of SOP’s for Coordinated
1-3 per . . .
SOP E, SOP F, Al Al 2-4 weeks | sampling 5y bouts, synchronized microbial
SOP G, SOP H, year and biogeochemical
SOP J, SOP K measurements
1 per SOP for metagenomics pooling
SOP | All All 2 weeks sampling NA carried out during peak
year greenness sampling window

Scheduling Considerations

1.

Field Work and Laboratory Processing: Aftersoil samplesare collected fromagiven

samplinglocation, the following points are critical with respectto timing:

Keep bulk soil samples cold until they are processedinthe laboratory. Change coolerice
packs every 12 h if not able to transferto a 4°C refrigerator upon return from the field.

Keepfrozensamplesondryice until they are processed orstoredinan ultra-low
temperature freezer. Check coolerevery 6 hours, refresh dry ice as needed.

When conducting an Off-yearbout, process collected soil samplesin the laboratory:

1) (ldeally)Within 1day of collection.

2) (Required)Within72h of collection.

When conducting a Coordinated bout, process collected soil samplesinthe laboratory:

1) Within 1 day of collection.
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4.2 Criteriafor Determining Onset and Cessation of Sampling

Scheduling a Sampling Bout: Sampling typically takes 2-4 days to complete. Bouts should be scheduled
accordingto the site-specificsampling windows provided in Appendix C. ForT1 (early season) bouts,

sampling should occur within 10 days after observing the first signs of the target seasonal event, to the
extentpossible (Table 4). Adjacent bouts should be atleast 14 days apart. It is recommended that
domain staff schedule around a 14-day time period withinthe middle of the sampling window and

adjusteitherearlierorlaterinthe samplingwindow based on climate conditions as the bout
approaches. This will enable capturing the relevant ecological conditions, and secondarily allows for

schedule conflicts, weather, and other contingencies to occur without jeopardizing the timing of the

sampling bout.

Important Note: The samplingwindows defined in Appendix Care intended to guide scheduling,

however ultimately on-the-ground conditions will dictate the timing of a bout, which may deviate from

historical data. If conditions atthe time of a scheduled bout are either not representative of the target
conditions (Table 4) or not suitable for sampling, the bout may be rescheduled any time within the

samplingwindow, aslongas there are 14 days between adjacent sampling bouts. Also, Coordinated
bouts may not extend so late that the incubations for N-transformations overlap with the start of the

nextscheduled bout. Referto the contingencies table (Table 6) and the detailed workflowin Figure 3 for

furtherguidance on managing schedulingissues.

Table 4. Summary of Timing for Soil Sampling. Note that Domains 18 and 19 are only sampled duringthe Peak
Greenness collection period.

Bout Sample Timing Domains Characteristics
Winter-spring 1,2,5,6,7,9,10, 12, * Ztart °(: :ﬁt"’e Ze”"d
transition 13, 15, 17 roun awe
e Snow melt*
Seaso.n'al e Initiation of wetseason*
Transition#1 | pry et transition 3,4, 11, 14, 17,20 e Changing microbial activity
(T1) levels
e |nitiation of dryseason*
Wet-dry transition 8, 16 e Changingmicrobial activity
levels
Peak Peak Greenness All e Timing of peakabove-
Greenness ground biomass
. N 12,5679 10, 12, e Start of quiescent period
Seasonal Fall-wintertransition 13 15 17 e Frostonground
Transition #2 T e Snowaccumulating
(T2) Wet-dry transition 3,4, 11, 14, 17, 20 e Initiation of dryseason
Dry-wettransition 8, 16 e |nitiation of wetseason

* |deally sampling should occur within 10 days after observinga signal of these transitional events.
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Duration of a Sampling Bout. Field sampling for a particular bout should be completed as quickly as
possible, but should not take longer than 14 calendardays to complete.

Some sites, specified in Appendix D.4, demonstrate significant within-site variability in seasonality that
may cause plotsto reach optimal sampling at times spanning >14 days. For these sites, about may take
longerthan 14 days, howeverall plots experiencing similar on-the-ground conditions should be sampled
as closeintime as possible, but at least within 14 days.

Completeness of a Sampling Bout.

e Duringa non-coordinated, Off-year sampling bout (e.g. ‘microbes’, Table 2), at least 50% of
samples must be collected in orderforthe boutto be considered complete.

e Duringa Coordinated bout, at least 50% of the expected number of tower plot samples must be
collectedinorderforthe boutto be complete.

e |If, priortoa scheduledbout, itbecomesapparentthatthislevel of effort willnotbe possible,
contact Science to determine whetherthe bout should be cancelled, rescheduled, or continue as
scheduled. If conditions occur during a bout that prevent sampling to the required level of
effort, reporttheissue to Science using NEON’s ServiceNow reporting system in order to
determine whetherthe samples should be retained ordiscarded.

Soil BGC. Sampling of soil cores for biogeochemicaland the full suite of microbial analyses (one large,
coordinated bout) occurs during peak greenness. This will capture all sites at peak biological activity.

Microbial Genetic Analysis and Archiving. At most sites, sampling bouts occur three times during the
yearin orderto capture the prevailing conditions at the site during different seasons. Soil samples are
collected during peak greenness as well as two transitional periods. The samplingwindows are
determined on a per-site basis using historical remote sensing dataas an indicator of plant phenology,
with the assumption thataboveground dynamics are a reasonable (though incomplete) proxy for
belowground activity. Historical precipitation dataare used instead at sites where remote sensing data
demonstrate low temporal variancein greenness. In general, the transitional bouts will take place when
the soils are expected to be changing activity levels (Figure 2). These broadly correspond with transitions
to winter/spring, fall/winter, wet/dry, and dry/wet, depending on location and time of year. Prescribed
samplingwindows foreach site are providedin Appendix C. Note that due to the short growing season,
Domains 18 and 19 are only sampled duringthe peak greenness bout.

Nitrogen Transformations and Microbial Biomass. The timing of sampling during a season corresponds
with sampling for microbial geneticanalyses (above) in orderto capture similar seasonal characteristics
and enable linkages between microbial and biogeochemical data. An N transformation incubation lasts
2-4 weeks, the length of which depends on the time of yearand conditions at a site. Forinstance,
prevalence of cold and/ordry conditions resultin lower activity rates, thus requiring longerincubations,
while warm and wet conditions promote higher activity rates and make shorterincubations preferable.
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The NEON Science staff have estimated appropriate targetincubation lengths on a per-site basis, which
can be foundin AppendixC. N transformation sampling begins and ends within the site-specificsampling
periods definedin Appendix Cwhenever possible. The end of the incubation may extend beyond the
sampling window when required by logistics or weather, but the majority (more than half) of the
incubation length should fall withinthe window. The soil sample collected forthe initial core
measurementsis also subsampled for microbial (and other) analyses, in orderto minimize the number
of trips required to complete the protocol and maximize datalinkages.

4.3 Timing for Laboratory Processing and Analysis

Many analyses performed on soil samples are time and temperature sensitive and may be compromised
by notfollowingthe appropriate storage conditions described below and in Table 5. For requirements
on storage conditions, referto the SOP’s below. Forrequirements on the timingand conditions of
shipping, referto NEON Protocol and Procedure: Shipping Ecological Samples, Sensors and Equipment
(RD[14]).

Microbial Genetic and Metagenomics Analyses and Archiving (-gen, -gaX, -comp). Microbes respond
rapidly tochangesin theirenvironment. In orderto preserve samples for potential future analyses (e.g.
RNA and/or protein analysis), soilsamples collected for microbial geneticand metagenomic analysis and
archive are frozen as quickly as possible and must remain frozen: failure to do so may renderthe
samples unusable. If this happens, notify NEON Science staff to reschedule the sampling bout.

Nitrogen Transformations (-kcl). Soil cores collected for this purpose are transferred to a coolerwithice
packs. Samples must be processed within 1day of field collection (applies to “initial” and “final” soil
cores). If held overnight, soils are stored refrigerated at 4°C. Due to the short shelf life of samples, itis
sometimes necessary to break up field work to ensure that processing begins within 1day, e.g., staff

may splitabout into ‘minibouts’ withinasampling window or utilize multiple teams.

Microbial Biomass (-bm). The fatty acid composition of microbes in asoil sample can change within
hours. Sample bags are sealed wellto avoid moisture gain/loss and stored inacooleronice packs as
soon as possible. Atthe domain support facility, samples are sieved (or, for O horizons, picked free of
coarse roots) within 1 day of collectionand then storedina -80°C freezer.

pH, Moisture and soil BGC (-cn, -ba). Processing of subsamples for pH, moisture and soil BGCis conducted
on soil kept cold. Under normal conditions, processing begins immediately uponreturn to the laboratory,
but when extenuating circumstances occur (e.g. working remotely or sampling occurred on a Friday), soil
can be heldupto 72 hours priorto processing. Soil cores destined for BGC analyses that remainun-chilled
for more than 8 hours may need to be discarded, and Field staff should notify Science staff via NEON’s
ServiceNow reporting system in orderto discuss possible rescheduling of the sampling bout.
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Table 5. Storage conditions and holding times for soil samples. For samples thatrequireshipping, the hold times
represent the maximum amount of time samples mayremain atthe domain before they must be shipped. This
requirement should be followed even in cases when data QA and automated Refer to SOP L for more details on

required shippingtiming.

Sample Type Field Storage Post-processing Lab Storage Domain Hold Time
Microbial Genetic
Analysis (-gen), Coolerwithdry Ultra-low temp freezer Up to 3 monthswhen
GeneticArchive (-gaX), ice -80° C stored accordingly
Metagenomics (-comp)
Bulk sample Coolerwithice suRtfsfa:LgﬁeTiar:o;:ztllri)uc:_t,];; Upto5 daysat4” C;up
P packs P ao C P g to 1 monthat-20° C
. o Ultra-low temp freezer Up to 6 weeks when
B - -
Microbial Biomass (-bm) -80° C stored accordingly
Freezer Up to 8 weeks, ship
KCl extracts (-kcl) -- ,, initial and final samples
-20° C
together.
Samples do not expire
. . Oven-dry at65°C, thenroom b.Ut Shf)u'd be shipped
Biogeochemistry (-cn) - ina timely manner,
temperature
max 2 months
following collection
Samples donotexpire
. but should be shipped
Soil BGC archive (-ba) -- Air-dry, thenroom ina timely manner,
temperature
max 4 months
following collection
4.4 Sampling Timing Contingencies

Table 6. Contingency decisions for TOS Protocol and Procedure: Soil Biogeochemical and Microbial Sampling.
Figure 3 provides a flow chart of the process.

Delay/Situation Action Outcome for Data Products

Dataset may be incomplete or
sampling bout delayed/redone. Latter
may resultin delay of data product
delivery.

Inability to finish sampling
bout withinrequiredtime
frame

Communicate to NEON Science
viaServiceNow ticket
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Delay/Situation

Action

Outcome for Data Products

Incomplete sampling bout
(definedin4.2)

Communicate to NEON Science
viaServiceNow ticket

Dataset may be incomplete or
sampling boutredone. Latter may
resultin delay of data product
delivery.

Delayinscheduled start of
sampling bout> 6 days but
within sampling window

Submitschedule change
requesttoreschedule bout

No adverse data outcome.

Delayin start of sampling bout
afterend of samplingwindow

Communicate to NEON Science
viaServiceNow ticket: if
delayed samplingapproved,
submitschedule change
request.

Bout may be cancelledifitextends
into a different sampling window; no
data generated. If boutisrescheduled,
samples may reflect different
conditions.

Delaysinsamplingforone
bout cause an adjacent bout
to occur within 14 days

Communicate to NEON Science
viaServiceNow ticket for
furtherinstruction

Delayed bout may be cancelled if
adjacent bout cannot be rescheduled,
no data generated.

Scheduled bout willnot
capture the intended
biological conditions (e.g. no
rain signaling onset of wet
season)

Reschedule if possible,
communicating as describedin
this Table

Bout may be rescheduled; may impact
schedule of adjacent bout/s.

Samplingis scheduled, but soil
freezes

Do not attempt to collectsoils.
Communicate to NEON Science
viaServiceNow ticket for
furtherinstruction

Sampleswill not be collected forthis
time period; no data generated.

Thereisstanding water 1-20
inches (2.5-50 cm) deep within
a plotwhere soil samplingisto
occur.

Ifthe siteisauthorizedinthe
Wetland SOP, use that protocol
to conduct sampling. If not,
contact NEON Science via
ServiceNow forfurther
direction

Sampling methods will differ for
affected locations.

There isstanding water> 20
inches (50 cm) deep withina
plotwhere soil samplingisto
occur.

Do not attemptto collectsoils.
Communicate to NEON Science
viaServiceNow ticket.

Samples will notbe collected forthis
time period; no data generated.

Dusting of snow present, but
ground not frozen and snow
easily removed.

Brush away snow and sample
accordingto appropriate SOP.

No adverse dataoutcome.

Impenetrablesnow is present
on the majority of the plot.

Do not attemptto collectsoils.
Communicate to NEON Science
viaServiceNow ticket.

Bout may be cancelledifitextends
into a different sampling window; no
data generated. If boutis rescheduled,
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Delay/Situation Action Outcome for Data Products
samples may reflect different
conditions.

Entire boutis missed or Recordissueinthe Site

cancelled due toasite-level Management Fulcrum Data products not delivered forthat

incidentand cannotbe applicationandviaa bout.

rescheduled ServiceNow ticket.

4.5 Missed or Incomplete Sampling

Sampling accordingtothe schedule is not always possible, and multiple factors may impedeworkinthe
field atone or more plots or samplinglocationsinagiven bout. Forexample:

e Logistics—e.g., insufficient staff orequipment
e Environment—e.g., deepsnow, flooding, inclement weather, or

e Managementactivities—e.g., controlled burns, pesticide application

Instances such as those listed above must be documented for scheduling, tracking long-term plot
suitability, and informing end users of NEON data availability. Some types of missed sampling are due to
eventsthatshould be recorded in the Site Management App; referto the Site Managementand Event
Reporting Protocol for more detail (RD[13]).

Missed or Incomplete Sampling Terms
Terms that inform Missed or Incomplete Samplinginclude:

e Protocol Sampling Dates: Bout-specificsampling dates (Appendix C).

e Scheduled Sampling Dates: Bout-specificsampling dates scheduled by Field Science and
approved by Science. These dates coincide with orare a subset of the Protocol Sampling Dates.

e Missed Sampling: Incidence of scheduled sampling that did not occur. Missed Samplingis
recorded at the same resolution as data that are ordinarily recorded.

e SamplingImpractical: The field name associated with a controlled list of values thatisincluded
inthe data productto explaina Missed Samplingevent —i.e., why sampling did not occur.

e Rescheduled: Missed Samplingisrescheduled foranothertime within the protocolsampling
dates, resultingin no change to the total number of sampling events peryear.

The documentation that must accompany missed sampling depends on the timing, subsequentaction,
and the audience appropriate for numerous scenarios (Figure 3).

To Report Missed or Incomplete Sampling:
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1. Missedorincomplete sampling mustbe communicated to Science by anincidentticket.

a. For Missed Samplingthatis Rescheduled, thereare some casesthatrequire approval by
Science and Operations (Figure 3).

b. TheleadField Ecologistshould consultthe Delayed or Cancelled Activities table to best
determine when reportingisrequired.

2. Create adatarecord inthe SLS: Field Sampling application for each Missed Sampling event
inthe field. Arecord must be made for each plot missed. Forexample, if an entire boutis
missed, records for 10 plots are created.

a. Withineach plot with missed orincomplete sampling, create arecord for each randomly
assigned subplotthat was not able to be sampled; there should be 3records per plot, which
isthe same as for a complete bout.

b. For Missed Samplingrecords, datain downstream Fulcrum applications (e.g., Lab apps) are
not recorded. Forexample, if no soil samples were collected fora particular subplot, then no
entriesare made in the SLS: Moisture application.

NOTE: This is in contrast to samples that were collected but were lost or compromised while
conducting laboratory processing, resulting in no downstream data. In these instances, records
in downstream applications should be recorded. See details in specific SOP’s for further guidance.

3. Foreach Missed Samplingrecord, the samplinglmpractical field must be populatedinthe
mobile collection device. There isadefined list of values that are possible, outlined in Table
7.

4. Forfielddataqualityissuesrelated to whetherthe sampling bout was carried out at the
biologically relevanttime, e.g. whether sampleTiming accurately reflects on-the-ground
conditions, populate the biophysicalCriteria field. Suchitemsinclude Rescheduled sampling
eventsthat occur outside of the defined Protocol Sampling Dates or do not capture the
desired biophysical conditions (Table 8. Values for biophysicalCriteria, a qualifier field for
sampleTiming. Inthe event that more than one is applicable, choose the dominant
value.Table 8).
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Unable to sample plot(s) — Missed Sampling

Sampling can NOT be
Rescheduled
(cancellation)

Sampling can be ] [ Unsure if sampling can be

Rescheduled Rescheduled

!

Follow cancellation action
Record Sampling Impractical

* Record Sampling Impractical

*  Record status 'unsure'

* End of day, consult DSF staff,
go back to top of diagram

* During end of bout QC,
follow QC checklist steps

Rescheduled

within Master Schedule Master Schedule

Rescheduled outside

Sample

| * Follow Delay Action

* Reschedule Approved
* Sample

FUSISISESEEEREN

within/outside Protocol
Sampling Dates

HQ Response/instructions

ssmmEmE®

Figure 3. The documentation to accountfor a Missed Sampling event depends on the situation for each plotof
each bout that is notsampled. Blue, rounded boxes represent contingencies:green double-lined boxes describe
the required actions:orangedashed boxes indicate HQ actions. Required delay and cancellationactionsare
outlined for each protocol inthe “Scheduled Field Activities —Delays and Cancellations” spreadsheetavailableon
the SSL. Missed sampling events may alsorequirea data quality flagand/or creation of a Site Management record.
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Table 7. Protocol-specific Sampling Impractical reasons torecord. In the event that more than one is applicable,
choose the dominantreason samplingwas missed.

Sampling Impractical

Description
reason
OK No knownissue (default value)
Location frozen Location frozen

Location snow covered Location snow covered

. . Maximum number of attempts made to sample the randomly assigned X,Y
Coordinates notsuitable i .
coordinates within asubplot were unsuccessful

Location flooded Standing or flowing watertoo deep to complete sampling
. Site or plotaccess compromised, staffingissues, errors (e.g., equipment not
Logistical ) ] ]
available inthe field)
Management Management activities such as controlled burn, pesticide applications, etc.
Extreme weather Events (e.g., thunderstorms, hurricanes) that compromise safety and access

. Applicable only to T-final cores, use if ahorizon was presentin the T-initial
Horizon not present . .
sample but not foundin the incubated sampled.

Samplinglocationinaccessible due to otherecological reason described in the

Other
remarks

Table 8. Values for biophysicalCriteria, a qualifier field for sampleTiming. Inthe event that more than one is
applicable, choosethe dominant value.

biophysicalCriteria entry Description

OK —no known exceptions Sampling occurred on schedule, noknownissues (default value)

OK —measurements outside . L . .
Sampling occurred not within sampling window but reflects the target

intended sampling window but N
conditions

biophysical criteria met

Conditions do not meet biophysical ) .
Sampling does not reflect the target conditions

criteria

Other potential sample timinginconsistencies described in the
Other

remarks
4.6 Estimated Time

The time required to complete the SOP’s associated with this Protocol for asingle sampling event/bout
are listedinTable 9. It'simportant to note that the time required toimplement a protocol will vary
dependingonanumberof factors, such as experience level, site diversity, type of sampling bout,
environmental conditions, and travel distances. The timeframe provided below is an estimate based on
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completion of atask by a skilled two-personteam (i.e., notthe time it takes at the beginning of the field
season). Use this estimate as a framework for assessing progress. If atask is taking significantly longer

than the estimated time, a ServiceNow ticket should be submitted.

Sampling should be scheduled atthe beginning of the sampling window to allow timefor contingencies

to occur that could delay sampling.

Please note that if sampling at particularlocations requires significantly more timethan expected,

Science may propose to move these sampling locations.

Table 9. Estimated staffand labor hours required for implementation of TOS Protocol and Procedure: Soil

Biogeochemical and Microbial Sampling.

SOP Estimated time Suggested staff Total person hours

A: PreparingforSampling 3 hrs 2 6 hrs

B: Field Sampling, Off-year 16 hrs 4 64 hrs

C: Field Sampling, Coordinated 20 hrs 4 80 hrs

D: Post-field Tasks 2 hrs 1 2 hrs

E: Soil Moisture 8 hrs 2 16 hrs

F: Sievingand Picking 8-16 hrs 2 16-32 hrs
A . 3 hrs spread over

G: AirDrying multiple days 1 3 hrs

H: Soil pH 8 hrs 2 16 hrs

I: Composite Sample Generation 2 hrs 2 4 hrs

J: Lab Subsampling, Coordinated 4.8 hrs ) 816 hrs

Bout

K:N trar'lsformanon lab 10-15 hrs ) 20-30 hrs

processing

L: Data Entry and Verification 2 hrs/app (6 total) 2 24 hrs

M: Sample Shipment 2 hrs/sh|t>cr;ae|;1t(upto4 2 8 hrs
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5 SAFETY

Thisdocumentidentifies procedure-specificsafety hazards and associated safety requirements. It does
not describe general safety practices or site-specificsafety practices.

Personnel working ata NEON site must be compliant with safe field work practices as outlined in the
Operations Field Safety and Security Plan (AD[02]) and EHSS Policy, Program and Management Plan
(AD[01]). Additional safety issues associated with this field procedure are outlined below. The Field
Operations Managerand the Lead Field Technician have primary authorityto stop work activities based
on unsafe field conditions; however, all employees have the responsibility and right to stop theirworkin
unsafe conditions.

Work that involves disturbance of soils or plant litter may increase the concentration of fungal spores

and bacterial pathogensinthe air. Take precautionsto preventinhalation of dust from soils and plant

litter. Reviewzoonoticdiseasesin AD[02] forinformation on areas of high risk and symptoms of fungal
infection.

If Toxicodendron spp are presentata givensite, Field Operations should utilize the procedures outlined
in TOS Standard Operating Procedure: Toxicodendron Biomass and Handling (RD[10]) in order to

A minimize exposure while sampling and to properly clean equipmentthat came in contact with toxicoils.

Soil samples taken from areas with heavy Toxicodendron should be collected and processed with

additional care. Furtherinstructions are provided in the SOPs that follow.

Soil sampling equipment can be sharp and/or heavy (i.e., hori hori knife, coring device). Please take
precautionsto handle these tools with appropriate care. Dry ice used for preserving microbial samples
must be handled with appropriate safety protection and must never be storedin airtight containers.
Shipment of samples to externallaboratory facilities on dry ice requires additional safe handling
techniques, the availability of a Safety Data Sheet, and additional safety labels.

5.1 Plant Protection and Quarantine

Shipment of plants and soils are regulated by USDA Animal and Plant Health Inspection Service Plant
Protection and Quarantine Office under 7CFR 330. In orderto protect against the spread of potential
plant pathogens or unwanted pests, transportation of quarantined soils requires a USDA soil permitand
special treatment of stored or discarded soils. This appliesin particularto soil samples being transported
from outside the continental U.S., which are all considered quarantined, and from a quarantined county
to a non-quarantined one. Quarantined areas are updated annually inin 7CFR Part 301 Domestic
Quarantine Notices of the Plant Protection Act (7 U.S.C. 7756). The NEON Shipping Document (RD[14])
providesinstructionsforpreparingsoil samples forshipment. A list of quarantined sites as well as
compliance instructions beyond those outlined in the Shipping Application can be found in Appendix
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D.1. Field Operations staff should check quarantine status annuallyfor each site and be sure that they
are complying with federal and location regulations.

Protocols forthe handling of quarantined soils can be foundin NEON’s USDA Animal and Plant Health
Inspection permit, posted on the CLA sharepointsite. General guidelines:

e Whilewearinggloves, removeanyinsectsthatare visible inthe soil sample priorto field
subsampling, especially if you are in an insect quarantine area.

e Alsoremove visible plant material (leaf litter, twigs, bark, and large roots) priorto field
subsampling.

Quarantine soil samplesthatare being shipped to externallaboratory facilities mustinclude a copy of
the receivinglab’s USDA Soil Permitand comply with outlined shipping guidelines from the contracted
facility. Additionally, all non-quarantine soils must be shipped with a USDA compliance agreement. The
protocol forsoil shippingis described in detail in RD[14], with additional guidance in the Shipping

Application.
6 PERSONNEL
6.1 Training Requirements

All technicians must complete required safety training and protocol-specifictraining for safety and
implementation of this protocol as required in Field Operations Job Instruction Training Plan (AD[05]).

Field personnel are to be trained in use of the soil corer, identifying and differentiating local soil
horizons, using dry ice forsample preservation and transport, practicing clean field and laboratory
techniques, making salt solutionsin the laboratory for pHand nitrogen transformation analyses, and
safe working practices for field sampling.

6.2 Specialized Skills

Soil types and profile characteristics differ greatly across the NEON domains (see examples in Figure 4).
When sampling soil, field personnel must be familiar with the basic characteristics of a typical soil profile
at the local NEON site, such as ability to differentiate between organicand mineral horizons and be
familiar with typical soil depth. Personnel should review the site-specifichorizon resources posted on
the NEON Internal Sampling Support Library (SSL) to familiarize themselves with local soil conditions. For
example, in Domain 1, thisincludes understanding differences among the leaf litter, organichorizon,
and mineral horizons (see Definitions section). The NEON protocol requires removingthe litter layer,
and sampling the organicand mineral soil horizons separately. In otherlocations, such as Domain 10, an
organichorizon may not exist, but otherfeatures (e.g., aplow horizon, shallow soils) may be present.

Page 24



Title: TOS Protocol and Procedure: Soil Biogeoche mical and Microbial Sampling Date: 01/13/2020

ne<n

Operated by Battelle NEON Doc. # NEON.DOC.014048 | Author: L. Stanish Revision: M

Likewise, permafrost and peatland sites such as those foundin Domains 5, 18 and 19 may not have a
litter layer, but often have thick, partially decomposed organichorizons. Appendix D provides additional
guidance forsite-specificissues and protocol modifications for especially difficult sites. Field personnel
should contact Science regarding any anomalous soil features that they observe when sampling and
note any in-field decisions made that fall outside of the protocol guidelines.

Figure 4. Soil Profiles from (a) Maryland, (b) Michigan,and (c) Florida. (Source: Dr. Ray Weil, University of
Maryland (a and b) and the University of Florida (c), http://soil.gsfc.nasa.gov).

The methods used to measure presence and relativeabundance of soil microbes are extremely
sensitive: less than 10 copies of a single gene can be detected, meaningthat human and environmental
contamination can occur very easily. Care must be taken to ensure thatall samples and sampling
equipmentremain free of contamination to the extent possible. Conducting labwork for N
transformations similarly requires attention to details in orderto prevent contamination of equipment
and samples with exogenous N sources. Field personnel should be familiar with basic microbiology and
clean samplingtechniquesand use their best judgment to control for contamination from themselves
and fromtheirsurroundings, particularly during field sampling in bad weather conditions. Some general
guidelines are:

Any field sampling tool orinstrument that is re-used should be cleaned with deionized waterand
sterilized with either alcohol wipes or 70% sterilized ethanol from asquirt bottle and wiped down prior
to re-use. Basically, if atool touches a new soil sample or othersource of contamination, it should first
be cleaned. Examples of such toolsinclude:

e Coringdevice. This may be particularly difficult to clean, depending on yourdevice. A bottle
brush wrappedinan ethanol wipe can help clean hard-to-reach spots. Technicians should
sample ascleanly asis reasonable.

e Trowels, hori-hori, orotherdiggingtools
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e Organichorizon “brownie” square

e Gloves:these canbe re-used ata samplinglocation if they are free of dirt/soil and have been

sterilized thoroughly with an alcohol wipe or spray.

Finally, be aware of your activities, such as wiping yournose or eyes with a gloved hand, while sampling.

You may employ a “clean-hand, dirty-hand” approach to managing the elements while maintaining

clean samples.
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7 STANDARD OPERATING PROCEDURES

SOP Overview

Off-year Workflow: Field and Laboratory SOP’s

Off-year bout

SOP B: Field

Sampling — Non-
coordinated

\ 4

SOP D: Post
Field Tasks

peakGreenness?

metagenomics
sample created in
field?

SOPF:

—— core site?
Sieving
SOPE:
Moisture
A
yes
: SOP I:
L2 Pooling

yes

no

—> Biomass

SOP J.1:

Subsampling

SOP G:

Air-drying

SOP H:
pH

Hold remaining
air-dried soil up
tolyr

Figure 5. High-level workflow diagram showingthe sequential organization of SOP's for field samplingandlab
analysis/processing during an off-year, non-coordinated bout. Additional subsamples for metagenomics analysis
are created duringa peak greenness bout. Orange circle:startof workflow; diamonds:decision points;blueboxes:
SOP’s; green box: end of workflow. SOP's for data entry, QAQC, and shipment not included. Refer to SOP G: Air
Drying Soils for guidanceon holdingair-dried soil.

SOP A
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Coordinated Bout Workflow: Field and Laboratory SOP’s

coordinated bout > yes
SOP C: Field peakGreenness? -
Sampling —
Coordinated
v
SOP J.1: SOP J.2: BGC
Biomass Analysis
y Subsampling Subsampling
SOP D: Post
Field Tasks SOP E: Iyes
Moisture SOP F: l o Tinitial
Sieving bout?
peakGreenness? f no
SOP K: N
Trans
metagenomics yes SOP I: l
sample created in no . :
field? pocing T-initial ng | Diseard
bout? — remaining
Hold remaining . soil
no . Yo . .
air-dried soil up yesl
tolyr
SOP G: Air
SOP J.3: BGC peakGreenness? SOP H: Drying
Archive pH
Subsampling

Figure 6. High-level workflow diagram showingthe sequential organization of SOP's for field samplingandlab
analysis/processing during a coordinated bout. Additional subsamples for metagenomics, BGC analysis,and BGC
archivingarecreated duringa peak greenness bout. Orange circle:start of workflow; diamonds:decision points;
blue boxes: SOP’s; green boxes: end of workflow SOP's for data entry, QAQC, and shipment not included. Refer to
SOP G: Air Drying Soils for guidanceon holdingair-dried soil.
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Preparing to Sample Soils

Prepare for Data Capture

Mobile applications are the preferred mechanism for dataentry. Data should be entered intothe
protocol-specificapplication as they are being collected, whenever possible, to minimize data
transcription and improve data quality. Mobile devices should be fully charged at the beginning of each
field day. Fordetailed instructions on protocol specificdataentryinto mobile devices, seethe NEON
Internal Sampling Support Library (SSL). Mobile devices should be synced at the end of each field day;
alternatively, devices should be synced immediately upon return to the Domain Support Facility.

1

A2

Ensure that the mobile devices are fully charged at the beginning of each field day whenever
possible. However, given the potential for mobile devices to fail in the field, always bring paper
datasheetsto all samplinglocations at all times.

Fill outsiteinformation onfield datasheet (RD [05]). Make sure to use properformats, as
detailedin datasheets.

Download and printsoil X, Y coordinates forthe subplots from each plot that will be sampled.
Soil coordinate and subplot lists are available from the Sampling Support Library. Ensure thatall
coordinates sampled from previous bouts are recorded on the coordinate lists to prevent repeat

sampling. Referto SOP L.2 and AppendixE for instructions on using and maintaining the soil
coordinate and subplotlists.

Gridded plot maps may be prepared priorto the bout: a full-sized printable mapislocatedinthe
Supporting Documents section of the Sampling Support Library. Instructions on adding X,Y
locationsarein SOP B.1.

Prepare Sampling Equipment

Ensure all supplieslistedin Table 19 and Table 20 are available.
When using a metal coring device:

a. Checkthat rustisn’tpresenton parts of the coringdevice that will contactthe soil. To
remove rust, soak affected areas in over-the-counter white vinegar fora few hours. Rub off
rust with a sponge or towel, thenrinse 3x with DI waterand dry with a clean cloth or paper
towel. Forsevere rust, ametal scrubber may be necessary.

b. Itisbestto maintainconsistency(+0.5inch)incoring device diameterovertime. If planning
to sample with adifferent diameter notlisted in Table 18, contact Science.

Review site-specifichorizon resources linked in the NEON SSLto geta sense fortypes of soils
likely to be encountered and whetherthere may be organic(O) horizons present. In addition,
SOP A
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Table 17 summarizes O-horizon presence and thickness in sites where NRCS has completed
initial soil characterization.

4. Obtainspatial and permittinginformation forthe site:

a. The GPS coordinates forthe target plots that will be sampled. Tip: add these as waypointsin
the GPS instrumenttoaidin plot navigation.

b. CheckAppendix D.1forsite-specific, federal permitting requirements. Note: otherlocal
permits may also be required.

5. Time-permitting, flagthe southwest corner of each plot priorto sample collection to save time
inthe field.

6. Ifusingthe laserrangefinder, checkthe batteryand charge, if needed. Also be sure to check
declination atleastannually and make sure the value stored in the rangefinderis updated.

7. Ifsamplesare likely tobe collected from areas with heavy Toxicodendronspp, pack sample
warninglabels (Table 19) so that they can be applied to bulk sample bagsinthe field.

Preparing sterilized ethanol for microbial sampling:

In general, the simplest way to ensure sterility while collecting microbial samplesisto use ethanol wipes
such as those listed in Table 20. These wipes come pre-sterilized with ethanol and are ready-to-use. For

sites that must use dry, pre-sterilized wipers, wet the wipers as follows to ensure that you are collecting
high-quality microbial samples.

1. Wear cleannitrile gloves. If you are using higher strength ethanolthan 70%, first make up a 70%
ethanol solution by diluting your high-strength ethanol with DI water. Make up 1-Liter and store
ina clean, glass (preferred over plasticif possible) bottle forupto 1 year.

2. Filter-sterilize the 70% ethanol as follows: attach a 0.2 micron sterile filter (Table 20) to a clean

(non-sterile orsterileis OK) syringe. Open anew bag of wipersand hold the filter setup above
the bag. Allow the filtered ethanol to drain directly into the bag. Add enough ethanol to

completely saturate the wipers - this may take a minute. You can re-use the filter multiple times
and should only need one forfiltering the entire 1 Liter of ethanol.

3. Gentlydrainexcess ethanol out of the bag and discard as directed by your domain requirements

(it’'s OKfor some liquid to remain), re-seal, and place into a new, heavy-duty Ziplocbag. As much
as possible, do nottouch the wipers orthe interior of the bag.

4. NOTE: These directions also apply when making pre-sterilized ethanol for squirt bottles, which
comesinhandy inthe field when hot or dry conditions can cause the wipes to dry out too
quickly (<10 seconds). Before putting sterilized ethanol into the bottle, soak the clean bottle in

SOP A
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a 1:10 bleach: DI H,0 solution for 10 minutes, then rinse with 0.2 micron sterilized DI water until
no bleach odorremains (atleast 6x). Caution: bleachis caustic: handle appropriately.

Store at room temperature forup to 2 months.

Additional Prep for Coordinated Bouts

Ensure that the required number of incubation cylinders are available (one persoil sampling
location plus 2 extra, e.g., 32). Figure 7 shows an example PVCincubation cylinder: the bottom
edge hasbeen beveled, which helpsdriveitinto soil, and two holes nearthe top aid inremoval.

Most sites use 35 cm long cylinders, but the following sites use 20cm longones due to thin,
rocky soils: GUAN, KONZ, MLBS, RMNP, NIWO, YELL, SRER, and PUUM. Contact NEON
Headquarters if a sufficient number of appropriate length cylinders are not available at the
Domain Support Facility.

0
D
by
A
v
—(
N
m

—

Figure 7. Example coringdeviceused for soil Ntransformation sampling.

b. Ifcylindershave beenusedbefore: Ensure they have been scrubbed clean with laboratory
soap (Alconox, Contrex, orsimilar detergent) and rinsed thoroughly with Dl water prior to
re-use. Some residual stainingis expected even afterthis cleaning andisnota problem.

1) Ensuretheyare notoverly damaged. Small chipsonthe beveled edge are ok, but if
more than half of the beveled edge is missing due to chips and breakage, orif the
cylinderhas a large crack up the side, discard and contact NEON HQ to order more.

In rocky soils, cylinders will require more frequent replacement.

2. Checkthat one looselyfitting (2.25” or 2.5” diameter) cap persamplinglocationis available. If
mammal disturbance orstrong winds are an issue at the site, drill holesin the capsto allow

themto be attached to the cylinders with plant wire orzip-ties.

SOP A
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3. Alongwithallfieldsupplieslisted in Table 21, verify thatall laboratory supplies listed in Table 25
are available and thatequipment has been properlycleaned and/or stored accordingto SOP K.
Lab processing must occur within 1 day of field collection, thus all supplies mustbe on hand. If
possible, make 2M potassium chloride for extractionsin advance as it can take several hoursto
dissolve, see SOP K forinstructions.

A4 Label Sample Containers

All sample types generated during soilsampling require some type of label, and mostrequire a
scannable barcode in addition toa human-readable label. Barcodes improve sample traceability and
improve data quality. Table 10 providesaquick reference to the types of samples that require barcodes,
as well asthe containertypes and locations of barcodes on containers for each soil sample type.

Aboutbarcode uses and placement

Althoughitisalways acceptable to use barcodes, in some cases barcodes are absolutely required. The
rule of thumb s that the primary field sample will ALWAYS need a barcode due to itsimportance in
generating future samples. Likewise, all samples destined for the Biorepository or an external laboratory
must have a barcode affixed to assistinthe shipping and receipt of samples. The barcodes thatare used
for the various soil sample typesare shownin Figure 8.

/neﬁbn Type | barcode \
AT T e

\ A00000000061 / C@%

/n e c’ n Type Il barcode \

\ B00000000061 /

Figure 8. Barcode labels used for the various types of soil samples. Typel barcodes are weatherproof but arenot
cryo-safe; Type llandlll barcodes arecryo-safeand areideally sized for the sample containers.

Abouthuman-readable labels

The identifier convention for most soil sample typesis:

plotlD- horizon - coreCoordinateX - coreCoordinateY - collectDate
Ex: CPER_001-M-0.5-30-20160130

SOP A

Page 32



@E_

ne<n

Operated by Battelle

Title: TOS Protocol and Procedure: Soil Biogeoche mical and Microbial Sampling Date: 01/13/2020

NEON Doc. #: NEON.DOC.014048 | Author: L. Stanish Revision: M

Thisis the samplelDfor the bulk soil sample that generates all of the downstream sub-samples.
Identifiers forthese downstream samples simply append a character string to the end of the samplelD
that definesthe sampletype. Forexample, CPER_001-M-0.5-30-20160130-gen is the microbial genetic
analysis sample, appended with “-gen”:

For the pooled microbial metagenomics (-comp) samples, the only difference is the lack of X, Y
coordinates, since samples are composited forthe plot. The conventionis:

plotID+ horizon + collectDate +“-comp”
Ex: CPER_001-M-20160130-comp

1. Acquire sample containers that will be required for the upcoming bout (e.g. equipmenttablesin
Appendix F). Always bring extra containers to the field in case a container becomes damaged or
contaminated.

a.

Whirl-paks and cryovials are sterile until opened: to reduce contamination, donotopen
containers untilimmediately before use. Keep new containersinacleanlocationsuchas a

new ziplock bag, and do not use any sample containerthatappears damaged or was
previously opened.

New 1-gallon freezer-safe bags should be used for collecting homogenized soil samples. Do
not re-use bags forfield sampling. Clean, used bags may be suitable for other purposes, such
as organizing whirl-paks after sample collection.

2. Affixlabelstoall bagsthat will be used forfield sampling. Barcodes are not initially associated
with a particularsample, soitis fine toadd these inadvance. Apply labels as described in Table
10. Apply all labels a minimum of 30 minutes priorto sampling on room-temperature containers
to ensure they have time to adhere fully: they may also be applied at the start of the season.
Only use the labels listed inthe equipment tables: do not substitute different labels as they may
not meetthe specifications and can fall off, thereby leading to sample loss.

Reminders: The barcode scanner does not work on curved surfaces. This means the barcode should be
aligned lengthwise along a vial, not horizontally wrapping around. Be sure that no wrinkles, folds, air
bubbles orother obstructions are present that canimpede reading of the barcode. Do not overlap labels.

For the bulk, homogenized soilsample: Place the weatherproof Type | barcode labels (prefix
‘A’ plus 11 numbers) on each bag. Then, affix the pre-printed, human-readable labels on
each bag thatwill hold the homogenized soil, leaving the coordinates field blank untilyou
are at the plotand can confirmthe X, Y location (examplein Figure 9).

For the microbial geneticanalysis samples, place the cryogenicType Il barcode labels (prefix
‘B” plus 11 numbers) on each Whirl-pak. Each Whirl-pakisa unique sample and should have
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itsown barcode label. Then, affixthe pre-printed, human-readable labels on each, leaving
the coordinatesfield blank until you are atthe plotand can confirmthe X, Y location.

For the microbial archive samples, place the cryogenicType Il barcode labels (prefix ‘C’ plus
11 numbers) on eachvial. Each containerisa unique sample and should have its own
barcode label. Then, affix the human-readable labels on each microbial archive vial. These
will be thinand may need to be hand-written.

Off-year, non-coordinated bouts, Core sites only: Prep microbial biomassvials. Foreach
sample, affix acryo-safe (Type Il) barcode labelto a new plasticscintillation vial. Orient the
barcode from top to bottom. (not curvingaround). Also affix a pre-printed, cryogenic
human-readablelabelwith biomassID: samplelD +“-bm” (e.g. STEI_051-0-10.5-20.5-
20160115-bm). Ensure that labels don’t overlap (Figure 10).

a plotiD Xcoord collectDate
A

samplelD —» STEI_003-M-12.5-30-20140101
Ayed = =t
horizon Yecoord

b STEI_003-_ - - -20140101

Figure 9. (a) Example of an annotated samplelD. (b) SamplelDs deployed in the field will typically have pre-filled

plot and date information:depending on site, horizon may also be pre-filled.

3. Coordinated Bouts: Affix labelstoall containersthat will be used forlab generated samples.

Applylabels asdescribedin Table 10.

a. For microbial biomassvials or KCl extracts: For each sample, affix a cryo-safe (Type ll)
barcode label to a new plasticscintillation vial. Orient the barcode from top to bottom
(notcurving around). Also affix a pre-printed, cryogenichuman-readable label with
correct ID:

b. BiomasssamplesgetabiomassID (samplelD+“-bm”, e.g. STEl_051-0-10.5-20.5-
20160115-bm).

c. KClsamplesgeta kclSamplelD (samplelD +“-kcl”, e.g. ONAQ_005-M-10.5-20.5-
20160115-kcl).

d. Ensurethatlabelsdo notoverlap, asshownin Figure 10.
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=
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=/

Figure 10. Plastic scintillation vial showing proper orientation of labels. Applies to microbial biomass (-bm), KCI

4.

extraction (-kcl),and BGC analysis (-cn) vials.

For BGC analysis samples: Foreach sample, affixaweather-proof (Type 1) barcode labelto a
new glass scintillation vial. Orient the barcode from top to bottom (not curving around) as
shown in Figure 10. Additionally, affix a pre-printed human-readable label with the
cnSamplelD (samplelD +“-cn”, e.g. CPER_001-0-10.5-10.5-20160101-cn).

For BGC archive samples: For each sample, affix aweather-proof (Type |) barcode labeltoa
new glass bottle (Table 23), oriented top to bottom (not curved around). Additionally, affix a
pre-printed human-readable label with the bgcArchivelD (samplelD + “-ba”, e.g. CPER_001-
0-10.5-10.5-20160101-ba).
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Table 10. Details onlabelingand data entry for each sampletype. A barcode is required for all sampletypes listed.

Human-

Container Required Barcode Location of
Sample Type Data Entry App Type Used and Quantity readable Label Barcode
Type
Homogenized SLS: Field 1-gallon Type | Weatherproof Can vary, should
fieldsample Samplin ziplock ba 1 per sample; 30-60 address label be flatarea on
P piing P & per bout gallonbag
MICF(?bIa| . SLS: Field 2-0z. Whirl- Typell . White area of
genetic analysis . 1 per sample; 30-60 Cryogenic label .
Sampling pak whirl-pak
(-gen) per bout
Microbial . SLS: . 2-0z. Whirl- Typell . . White area of
metagenomics Metagenomics ak 1 per plot x horizon; Cryogenic label whirl-pak
(-comp) Pooling P 10-20 per bout P
MICI’F)bIa| SLS: Field 5 ml tissue Type Il Cryoger'uc |abel Top of vial (on
archive Samplin vial 1 per sample; 150- cut horizontally the cap)
(-gaX) piing 300 per bout into thirds P
Microbial . 20 mL Type Il Side of vial
. SLS: Field . . . .
biomass . plasticscint | 1 per sample; 30-60 Cryogenic label oriented
Sampling . .
(-bm) vial per bout vertically
Type Il . .
KCl extracts SLS: Nitrogen zl()a;]ll;c scint 1 per sample + Cryogenic label er?sni];(\i“al
(-kel) Transformations p' blanks;33-70 per yoe .
vial vertically
bout
BGC analysis SLS: BGC Sub- 20 mL glass Typel Weatherproof Su.:le of vial
) ) : 1 per sample; 30-60 oriented
(-cn) sampling scintvial address label .
per bout vertically
BGC archive SLS: BGC Sub- | 250 mL glass | [YPe! Weatherproof | > € ofvial
. . 1 per sample; 30-60 oriented
(-ba) sampling jar address label .
per bout vertically

SOP A

Page 36




Title: TOS Protocol and Procedure: Soil Biogeoche mical and Microbial Sampling Date: 01/13/2020

ne<n

Operated by Battelle NEON Doc. # NEON.DOC.014048 | Author: L. Stanish Revision: M

@E_

SOP B Field Sampling During Off Year Bouts

ThisSOP is designed to sample upland soils with no more than 2.5 cm (1 inch) of standing water. For
sites containing wetlands that have plots with>2.5 cm of standing water, follow TOS SOP: Wetland Soil
Sampling (RD[06]), if authorized to do so inthat SOP. For sites with > 2.5 cm standing waterthat are not
authorized to use the Wetland Soil Sampling SOP, contact NEON Science for additional guidance. Note
that the Wetland SOP refers back to this SOP forvarious instructions.

Referto Table 2 and the Quick References section for reminders about which samples are produced by
this SOP. Helpful instructional videos are also available inthe NEON internal Training Center.

For some sites with thin organiclayers or rocky soils, it may be difficult to obtain the soil volumes
indicated inthe SOP’s without collecting additional cores. Forthese situations, itis recommended
that field crews estimate soil massesin the field usinga spring scale (orsimilar) to determine
whetherthey have collected sufficient soil material. The estimated mass of soil material required
for each analysisis noted foreach sample typein SOPs B and C.

Itis extremelyimportantto note thatthe presence of rocks, roots, and moisture will drastically
affect soil massvalues. Field crews must account for these factors when weighing soilsamples: if
not, insufficientamounts of soil will be collected. There is no hard and fast rule for estimating the
mass contributions of rocks, roots and soil moisture: field crews will have to use theirbest
judgment. Here are some suggestions:

a) Remove as much root and rock material as possible priorto weighing. Estimatethe
percentage of rock and root material remainingand add that to the target soil mass;

b) Estimate soil moisture and add thatto the target soil mass. For soil that appears dry, add
20% to the required mass; forsaturated soils, doublethe required mass;

c) Be conservative;assume thatyou need more material thanyou estimate, ratherthanless;

d) Keeparecord of yoursoil masses forfuture reference.

Samplingsoilsinvolves several field and laboratory components. Throughout the field protocol, itis
essential to ensure clean sampling technique in order to reduce contamination and produce high-quality
microbial data.

The majority of soil sampling bouts are collected following this SOP and will be of boutType =microbes.
Duringthese bouts, the following samples and measurements will be made:

e soiltemperature

e litterdepth

e microbial geneticanalysis (-gen) and archiving (-gaX)
e core sitesonly: microbial biomass (-bm)

e soil moisture (-sm, inthe laboratory)
SOP B
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e soil pH (-pH, inthe laboratory)

When sampling during peak greenness, a plot-level composite samplealso will be collected for microbial
metagenomics analyses as part of the microbial sampling campaign. Instructions for generating these “-
comp” samplesinthe field are provided inthis SOP. If field generation is not possible (due to bad
weather, loss of daylight, etc.), technicians should follow SOP | (“Generation of composite samples”) to
generate samplesforthese analysesinthe lab. Alist of Fulcrum applications for each sample type can
be foundin Table 10.

Reminder: When conducting a Coordinated bout, use SOP C.

B.1 Identify the plot and sampling location

REMINDER: Always practice care when navigating to and within sample plots. Followbest practices to
minimize disturbances within the plots. Referto RD[ 15] for furtherguidance.

1. Confirmwithahandheld GPSthat the GPS coordinatesforthe target plot match the GPS
coordinates at your currentlocation. Locate the southwest corner of the plotto verify thatyou are
at the correct plot. Move alongthe perimeterof the plotas much as possible in orderto minimize
foot trafficwithin the plot.

2. You will collectsoil atthree randomly assigned locations within each plot, one in each randomly
designated subplot (see Appendix F). You should have already identified the sample locations using
the soil X,Y coordinate list foreach plot/subplot combination.

3. Usinga laminated, gridded plot map (asshownin Figure 1, print from the SSL), mark the X,Y
coordinates you anticipate sampling at the plot. Keep in mind that rejected coordinates can occur,
so have back-ups handy. Fora particular X,Y coordinate, select the closest plot marker (e.g. SW 40, E
40, etc).

4. Next, calculate the distance and direction you need to navigate from each selected plot markertoa
coordinate location.

a. Usingthe map, measure the distance you must traverse by counting the number of gridlines
fromyour chosen plot markerto the X, Y coordinate drawn onto the map. Start with the longest
distance first. Each gridline corresponds to 1 meter, so forexample moving 5gridlinesis the
equivalent of 5 meters.

b. ForeachX, Y coordinate, draw the distances and directions from the selected reference marker
to the X,Y coordinate onto the map. Use these distances and directions to navigate from the
selected plot markertoa sample location.
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5. Inrelatively flat plots (<20% grade) where pullinga metertape is practical, lay out a metertape from
the selected reference markerinthe X (E/W) direction, usingacompassto verify direction. Pull the
tape to the measured distance to the target X coordinate and mark the point. Fromthat point,
navigate inthe Y (N/S) direction to the measured distance to the targetY coordinate. Place a marker
at the location.

6. Inverysteep(>20% grade) plots or in heavily forested plots where pullingatape is not possible, use
alaserrangefindersetto HD (horizontal distance) mode to locate the X,Y coordinates.

a. Cleanlenseswithlensclothorlenstissue,if needed.
b. Check/setcorrectdeclination.See RD[11] for details.
c. Calibratethe TruPulse tilt sensor (only needed aftersevere drop-shock; see RD[11] for details).

d. Two technicians mustworktogether. One stands atthe selected reference marker of the plot
and operatesthe rangefinder. The second person navigates to the first potential X-location,
followingthe directions of the rangefinder operatorand using the reflective tape so thatan
accurate horizontal distance measurement can be obtained.

e. Therangefinderoperator mustensure thatthe angle (azimuth)is as close to 90° as possible
from True North when measuring the X-coordinate distance.

f. Placeamarker, such as a pinflagor stake, atthe X-location.

g. Therangefinderoperatorthen movestostand directly overthe marker. Using eithera
measuringtape orthe TruPulse with areflective surface, work with the second person to locate
the Y-coordinate location.

h. Ensurethat the azimuthisas close to 0° (True North) as possible and measure the Y-coordinate

distance.
i. Placeamarkerat the X,Y location.

B.2 Assess sample location

1. Putona clean pairof nitrile gloves (If you are at the same plot, gloves can be re -used after
rinsing with DI waterto remove coarse debris and dryingthoroughly. Do NOT reuse gloves
between plots).

2. Assessthe location forsamplingsuitability:

o Arethereobviousdisturbances, vegetation, large rocks or roots that wouldimpede
sampling withina 0.5 m radius of the location? If so, reject the location and record why on
the soil coordinate list. Move to next coordinate location on the subplot list untilan
acceptable oneisfound. If five X,Y coordinates are rejected, do not sample within that
subplotand notify Science. Make arecord forthat subplotand choose “Coordinates not
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suitable” inthe samplinglmpractical field, which willallow you to leave the X,Y coordinates
and other metadata blank. Do not attempt to sample the fourth subplot that was not
randomly selected for this bout.

3. Atanacceptablelocation, start nearthe exact location of the X,Y coordinate and carefully assess
soil depth by probingthe soil using asterilized chaining pin or similar, moving outward (not
more than 0.5 m away) until a suitable spotis found. Make an efforttoavoid disturbingthe
litterlayer while probing. Suitability varies from site to site and based on coring device, butin
general asuitable spot will allowyou to sample sufficient soil without requiring more than 2
brownies or cores. For sites with characteristically rocky or shallow soils, 3brownies or cores can
be considered as suitable. Mark the sampling areawith flag or chaining pin.

toxicoilsas described in RD [10]. Be prepared to record Tox presence bothinthe SLS: Field data

: 4. Ifthereis heavy Toxicodendron spp inthe location you will core, take steps to avoid exposure to
entry application as well as on the physical sample bag by applyingawarninglabel sticker.

B.3 Measure soil temperature and litter depth

1. Measure soil temperature. At a spot adjacentto, but not directly ontop of, the marked
samplinglocation, remove the litter layerand carefully insert temperature probe (does not need
to be sterilized) into the soil to 10 cm depth. Don’t force the probe as it will break easily.

o Allow probe to equilibrate forabout 2 minutes, thenrecord the soilTempindegrees Cinthe
Fulcrum application orfield datasheet. Note: Do not make measurement withthe sun
directly on probe (shade it with your body, if necessary).

2. Measure litterlayer depth. Directly above the samplinglocation, use aruler(clean, but does
not need to be sterilized) to measure the depth of the undisturbed litter layerincm
(litterDepth, £0.1 cm) and record the value (oraverage value if more than one core/brownie is
collected). Gently wiggle the rulerthrough the layerto the ground surface, minimizing
disturbance tothe litter profile as much as possible to ensure that you are not compacting it.

Reminder: The litter layer is dead but recognizable, intact plant material (i.e., leaves, wood, etc) that is
notconsolidated, whereas an organic horizon will contain friable (easily crumbled) organic material in
various states of decomposition that is consolidated as a layer.

B.4 Collect Organic (O) Horizon

Only follow this step if the samplinglocation has an O horizon with a depth greaterthan 1.0 cm. Ifa
locationhasno O horizon or one that is< 1.0 cm, skip this step and proceed directly to B.5.
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Reminder: All soil collected fora single sample should be located as close to the X,Y coordinate as
possible, and should be no morethan 0.5 m from the X,Y coordinate. Soil coordinates are provided in 0.5
m increments. Sampling outside the buffer region may cause future sampling locations to overlap.

1. Pushthelitterlayerawayfromwhere you are goingto core into the soil surface. Sterilize
gloves andtools with 70% ethanol.

2. Cutoutan organichorizon “brownie” using the square frame cuttertool and soil knife (hori-
hori, Figure 11). With deep organichorizons, only 1 brownie may be needed; from many
sites, two will be needed. Atthose sites, select two locations within 0.5m of each other.

Figure 11. Example use of brownie cutter and hori-hori for O horizon sampling.

3. Recordthe sampleTopDepth as the depth from the soil surface (0 cm). Measure the depth
of eachside of the brownie hole and determine the average value. Only sampleto30 + 1 cm
maximum depth. Recordinthe field sampleBottomDepth.

4. Place all brownies collected atanindividuallocationinto apre-labelled, 1-gallon resealable
plasticbag. With a pre-sterilized, gloved hand, remove rocks, visible roots, insects, wood,
moss, and othernon-soil debrisand homogenize. Orifitis difficult to pick the entire bag of
homogenizedsoil inthe field, itis acceptable to use a pair of pre-sterilized tweezers to pick
rocks, roots, and non-soil debris from the subsamples whilethey are being generatedin the
field. Be sure tore-sterilizethe tweezers with ethanol and a sterile wipe in between
samples. Regardless of approach, itis imperative that field subsamples are picked clean of
non-soil material: failure todo so can renderthe samples useless.

5. Withwetor saturatedsoils, dump outany excess waterin the sample container afterthe
soil has settled 10-15 seconds, if present.

6. Ensure that you have sufficientsoil forall subsampling and analyses: In general, using the
methods above should provide plenty of soil forall subsamplingand lab processing.
SOP B
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However, if site conditions raise concerns that you are low on soil, aim fora minimum 40 g
of organicsoil inthe bulk homogenized bag.

7. Generate microbial analysis (-gen, Core sites only) and archive (-gaX, all sites) samples:

Aliquotsubsamples fromthe 1-gallon bag of homogenized soil into 1labeled whirl-pak bag
(fill about halfway, 5-10 g target mass) and 5 labeled cryovials (fillto about 70% capacity).
Close whirl-pak such that the labels lay flat and are clearly visible. For collectinginto the
cryovials, scoop soil into the containerusing asterile scoop. Any non-soil material thatends
up ina containershould be removed with sterilized tweezers or by hand using pre -sterilized
gloves. The samples should appearasshownin Figure 12.

a. Complete the human-readable labels onthe whirl-pak and the cryovials with horizon, X
coordinate andY coordinate.

The microbial genetic analysis sample label should appear as:
plotID-horizon-coreCoordX-coreCoordY-YYYYMMDD-gen
(ex. CPER_001-0-10-10.5-20160101-gen)

Note:The X, Y coordinates are labeled to the nearest 0.5m, but do not show the decimal
place for whole number coordinates (10, not 10.0).

The microbial genetic archive samplelabels should appearas:
plotID-horizon-coreCoordX-coreCoordY-YYYYMMDD-gaX (X=1-5)
(ex.CPER_001-0-10-10.5-20160101-gal)
Note: Be sure that the archive subsample number (e.g. 1-5) is appended to the end of the

human-readablelabel.

Figure 12. Example microbial genetic (-gen, left) and microbialarchive (-gaX, right) samples. Microbial
metagenomics (-comp) samples will look similarto -gen samples, except for content of the label.

8. Scan the barcode label foreach sample intothe mobile datarecorder, if being used. Ensure
that each barcode labelis entered only once andis associated with the correct sample. To
maximize data quality and reduce dataentry errors, itis recommended that barcode labels
are scanned during sample creation, ratherthanin batches of multiple samples.
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9. Place microbial samplesondryice immediately afterverifying labels are correctand
complete toretain sample integrity. Ensure all newly added samples are in contact with dry

ice so that they freeze quickly.

10. During Peak Greenness: Generate microbial metagenomics (-comp, Core sites only)
sample: generate a plot-level composite sample by subsampling material from each X,Y
coordinate sampled within a plotthatis of the same horizon. Use a pre-sterilized (with 70%
ethanol) scooping device such as a coffee scoop ortablespoon when generating the
composite sample. Approximately equal amounts of soil should be composited from each

X,Y location.
a. IfthisisthefirstX,Y locationtobe sampled ata plot, label a 2-0z whirl-pak as follows:

plotID-horizon-collectDate-comp
(ex. CPER_001-0-20160101-comp)

1) Place one scoop of homogenized soil inthe whirl-pak, close the bag, and place on

ice packs.
b. Ifthis notthefirstX,Y locationto be sampled ata plot, obtain the whirl-pak created

earlierfromthe coolerwithice packs. Checkthat horizon ID matchesthe horizon ID for
the sample you wantto add. If thisis a new horizon forthis plot, create a new whirl -pak.

1) Place one scoop of homogenized soil inthe whirl-pak and close the bag.

2) IfanotherX, Y location within the plot mightbe added to this bag, returnthe bag to
coolerwithice packs.

11. Ifthisisthelast X, Y location forthis plot, mix the soil by gently massaging the outside of the
bag and/orinverting/shaking. Close whirl-pak such that the labelslay flatand are clearly
visible (Figure 12), and record the compositeSamplelDin the SLS: Metagenomics Pooling
application or ona paperdatasheet. Also scan the barcode label into the Fulcrum
applicationifitisbeingused. Assoonasthe bagisclosed and the data have been entered,
place the bag on dry ice and ensure that newly added whirl-paks are in contact with dryice.
Microbial activities will change rapidly until frozen.

Note: If time does not permita composite sample to be createdin the field, simply collect an
additional whirl-pak at each sample coordinate and follow SOP | for generating a composite
sampleinthe DSF.

12. Ensure that you have sufficient organic soil remaining for lab subsampling and analyses:

e Microbesbout (off-year, any season): 30g
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Note: Any homogenized soilin excess of 500 g can be dumped backinto the borehole according

to the site hostagreement.

13. Forlabellingand datarecording, be sure that:

e The homogenized sample bagislabeled with the samplelD, measuredBy, and

recordedBy.

e Ifa Toxicodendron spp was abundant, apply asample warning label sticker to the

homogenized bag of soil.

e  Whirl-paks are labelled with the geneticSamplelD or the compositeSamplelD.

e Cryovialsare labelled with the geneticArchiveSamplelD.
e Allbarcode labels have been scanned and the values were populated correctly into the

Fulcrum application. Perform a quick visual scan to catch any erroneously duplicated

barcodes.

14. Ensure that all samples are stored correctly. Whirl-paks and cryovials should be in the
coolerwithdryice (microbial activity changesvery quickly). Double check thatall samples

are frozen, and shiftsamples/dryice as neededto ensure thatall samples are frozen. Place

the 1-gallonresealable bagsin the cooler with the ice packs.

B.5 Collect mineral (M) horizon

Only collectan M horizon sample if you do not have an O horizon at yourX, Y coordinate.

Reminder: All soil collected fora single sample should be located as close to the X,Y coordinate as
possible, and should be no morethan 0.5 m fromthe X,Y coordinate. Soil coordinates are provided in 0.5
m increments. Sampling outside the buffer region may cause future sampling locations to overlap.

1. Pre-sterilize samplingequipment (Figure 13).

2. Coreto a total depthof 30 cm (1 cm) or saprolite, whicheveris shallower. Total depthisthe
combined thickness of the O+ M horizons. If an O horizonis not present, total depth should be

the depth of the M horizon from the surface to a max depth of 30 cm. Always core vertically, not
perpendicularly, when collecting on aslope.

a. A piece of maskingorlab tape can be placed on the outside of the corerto indicate the

depthto stop drivingthe corerinto the soil. Itis also acceptable to core incrementally (e.g.

in 10 cm increments) to reach the total depth, whicheverworks best.

3. Ifasignificantimpedimentto coringis encountered thatis notrepresentative of that location,
replace the soil backin the borehole and move to anotherlocation withinthe 0.5 m radius. Itis
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not necessary tore-sterilize the coring device as longas it does not contact non-sterile
surfaces.

Figure 13. Field staff sterilizinga soil auger usingchaining pinand 70% ethanol wipe. Gloves should be pre-
sterilized.

4. Measure sampleTopDepth as distance from the top of the soil sample to the soil surface, and
sampleBottomDepth as the depth from the soil surface to the bottom of the sample. When
taking multiple cores, record the average depthvalues.

5. Record horizon (M), X, Y coordinates, and date on the sample bags and in the Fulcrum
application orfield datasheet.

Note: O horizons with an average depth < 1.0 cm are not sampled as a separate horizon. Samples
with an O horizon £ 1.0 cm should be sampled with the M horizon material. If a thin O horizon is

HOW MANY SOIL CORES?

The numberof M horizon cores needed perlocation depends on factorsincluding the
soil corerused, type of sampling bout, and local soil conditions. The goals are to
collecta sample thatrepresentsthe local soil conditions, and to procure enough
material forall samplesand downstream analyses. In general, the volume of a 2”
diameterx 30 cm depth core should provide sufficient material forall samples and
analyses. Witha1” diametercore, 2 cores should suffice. Plots with shallower soils
and more coarse fragments (e.g. rocks and roots) may need to collect more coresor
may have to use alternative methods (e.g. mass measurements) to ensure that
sufficient material has been collected. Field technicians will have to exercise some
judgmentregarding number of cores needed to obtain sufficient soil foranalyses. If
you have questions or concerns related to sample quantities fora particular site,
contact NEON Science by issuing a ServiceNow ticket.
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collected as part of the M horizon sample, select the value “Thin O horizon present”in the field
horizonDetails.

6. If multiple coreswere collected atalocation, combine cores to create one composite sample of
the M horizon, then place into a pre-labelled, 1-gallon resealable plastic bag (Figure 14).
Homogenize (mix) the soilthoroughly. When possible, avoid contact with the soil by closing the
bag and mixing by invertingand massaging. If this does not sufficiently homogenize the soil,
then with a pre-sterilized, gloved hand, homogenize the soil. Remove any large rocks, coarse
roots (> 2 mm diameter), and insects using a sterilized, gloved hand.

a. Withwetor saturatedsoils, dump outany excess waterin the sample container afterthe
soil has settled 10-15 seconds, if present.

Figure 14. Dispensingsoil coreinto bag for homogenization. Tappingthe corer with a rubber mallet can help

releasesoil fromthe barrel.

7. Ensure that you have sufficient soil for all subsampling and analyses: In general, using the
methods above should provide plenty of soil for all subsamplingand lab processing. However, if
site conditions raise concerns thatyou are low on soil, aim fora minimum 100 g of mineral soil
inthe bulkhomogenized bag.

8. Create microbial geneticanalysis (-gen, Core sites only) and archive (-gaX, all sites) samples:
Aliquot subsamples from the 1-gallon bag of homogenized soil into 1labeled Whirl-pak bag (fill
about halfway, 10-20 g target mass) and 5 labeled cryovials (fill to about 80% capacity). Close
whirl-pak such thatthe labelslay flatand are clearly visible. For collectinginto the cryovials, the
simplestapproach may be to insertthe open containerinto the bag of homogenized soilwith a
pre-sterilized, gloved hand, and pressin the soil with the wall of the homogenized gallon bag.
Pouringor scoopingsoil intothe containerusingasterile scoopisalso acceptable.
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a. Complete the human-readable labels onthe whirl-paks and the cryovials with horizon,
coreCoordinateX and coreCoordinateY. Figure 12 shows examples of properly labelled
samples.

The microbial geneticanalysis sample label should appearas:

plotID-horizon-coreCoordX-coreCoordY-YYYYMMDD-gen
(ex.CPER_001-M-10.5-10.5-20160101-gen)

Note: The X, Y coordinates are labeled to the nearest 0.5 m, but do not show the decimal
place forwhole number coordinates (37, not 37.0).

The microbial geneticarchive samplelabels should appearas:

plotID-horizon-coreCoordX-coreCoordY-YYYYMMDD-gaX (X=1-5)
(ex.CPER_001-M-10.5-10.5-20160101-gal)

Note: Be sure that the archive subsample number (e.g. 1-5) is appended to the end of
the human-readable label

9. Scanthe barcode label foreach sample into the mobile datarecorder, if beingused. Ensure that
each barcode label isentered only once andis associated with the correct sample. To maximize
data quality and reduce dataentry errors, itis recommended that barcode labels are scanned
during sample creation ratherthanin batches of multiple samples.

10. Place microbial samplesondryice immediately afterverifyinglabels are correctand complete
to retain sample integrity. Ensure that all newly added samples are in contact with dry ice so
that they freeze quickly.

11. During Peak Greenness: Generate microbial metagenomics (-comp, Core sites only) sample:
generate a plot-level composite sample by subsampling material from each X,Y coordinate
sampled withinaplotthatis of the same horizon. Use a pre-sterilized (with 70% ethanol)
scooping device such as a coffee scoop or tablespoon when generating the composite sample.

Approximately equalamounts of soil should be composited from each X,Y location.
o IfthisisthefirstX,Y locationtobe sampledata plot, label a 2-oz whirl-pak as follows:

plotID-horizon-collectDate-comp
(ex. CPER_001-M-20160101-comp)

e Place one scoop of homogenized soil inthe whirl-pak, close the bag, and place oniice
packs.

o Ifthis notthefirstX,Y location to be sampled ata plot, obtain the whirl-pak created earlier
fromthe wetice cooler. Check that the horizon ID matches the horizon ID forthe sample
youwant to add. If thisisa new horizon for this plot, create a new whirl -pak.
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e Place one scoop of homogenized soil inthe whirl-pak and close the bag. Aim forthe
same volume of soil from each X,Y location.

e [fanotherX,Y location withinthe plot may be added to this bag, return the bagto cooler
with ice packs.

e Ifthisisthelast X,Ylocation forthis plot, mix the soil by gently massaging the outside of
the bag and/orinverting/shaking. Close whirl-pak such that the labels lay flatand are
clearlyvisible, and record the compositeSamplelDin the SLS: Metagenomics Pooling
application or ona paperdatasheet. Also scanthe barcode label, if using. Assoon as the
bagisclosed and the data have been entered, place the bagon dry ice and ensure that
newly added whirl-paks are in contact with dryice sothat it freezesas quickly as
possible. Microbial activities will change rapidly untilfrozen.

Note: If time does not permit a composite sample to be created in the field, simply collect an
additional whirl-pak at each X,Y location and follow SOP | for generating a composite sample in the
domain lab.

12. Ensure that you have sufficientsoil remaining forlab subsampling and analyses. Ingeneral,
using the methods above should provide plenty of soil for lab processing. However, if site
conditions raise concerns that you are low on soil aftersub-samplingin the field, theseare the
minimum amounts of mineral soil that should remainin the bulk homogenized bag:

o Microbesbout (off-year, any season): 60g
Note: Any homogenized soilin excess of 500 g can be dumped back into the borehole according
to the site host agreement.

13. Forlabellingand datarecording, be sure that:

e Thebulk, homogenized samplebagislabeled with samplelD, measuredBy, and recordedBy

: o Ifa Toxicodendron spp was abundant, also apply asample warninglabelsticker to the

homogenized soil bag.

e  Whirl-paks are labelled with the geneticSamplelD or the compositeSamplelD.

e Cryovialsarelabelled with the geneticArchiveSamplelD.

e AllfieldsamplelD’s have beenrecorded.

e Allbarcode labels have been scanned and the values were populated correctly into the
Fulcrum application. Perform a quick scan to catch any erroneously duplicated barcodes.

14. Ensure that all samples are stored correctly. Whirl-paks and cryovials should be in the cooler
with dry ice (microbial activity changes very quickly). Double check that all samples are frozen,
and shiftsamples/dryice as needed to ensure thatall samplesare frozen. Place the 1-gallon
resealable bagsinthe cooler with the ice packs.
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(. Foreaseofsampletrackingduringstorage and shipment, organize Whirl-pak bagsintoa

TRICKS

B.6 Data Entry

1. Updatethe papersoil X,Y coordinate listand subplotlist

2. Enter metadatainthe SLS: Field Sampling application or field datasheet:

NtransBoutType =None

larger freezer-safe bag. Cryovials can be stored in cryogenicstorage boxes (Table 20).

boutType (microbes), ensure thatall of the samplelD’s associated with that bout have

beengenerated.
sampleTIming
protocolVersion

sitelD

plotiD

collectDate (YYYYMMDD)
coreCoordinateX
coreCoordinateY

standingWaterDepth (nearest0.1cm)

time (HH:MM)
soilTemp (nearest0.1degree)
litterDepth (nearest0.1cm)

toxicodendronPossible (choice of Y/N)
sampleTopDepth (nearest0.1cm)

sampleBottomDepth (nearest0.1cm)

samplingDevice
numberCores

horizon
geneticArchiveSampleCount

sampleExtent (Entire=entire horizon sampled, orto saprolite /bedrock;

Obstruction=sampled to an obstruction; Maximum=sampled to maximum depth
allowed by the protocol, horizon may extend deeper; Unknown=extent varied across
cores or could not be determined)

remarks
measuredBy
recordedBy

If usinga mobile datarecorder, ensure that all barcodes have been scanned to the appropriate sample.
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B.7 Fieldclean-up

1. Thoroughlyrinse sampling equipment with deionized water (corer, thermometer, etc).

2. Between plots, wipe down reusable sampling equipment with deionized waterand wipesora
scrub brush, followed by ethanol wipes or squirt bottle.

3. Discard gloves between plots.

B.8 Sample preservation and transport

1. Fortransport, ensure that samples comply with any quarantine and/orsite host requirements,
such as double bagging samples, ensuring that all insect pests have been removed, required
permits are on-hand, etc.

2. Keepbulk, homogenized bags of soil inthe coolerwith the ice packs; transferto 4°C refrigerator
upon returnto domain lab. Ensure that sample bags are well sealed to prohibit moisture loss.

3. Keepsoilsformicrobial geneticanalysis (-gen), geneticarchiving (-gaX), and microbial
metagenomics (-comp) inthe coolerwith dryice; transferto ultralow freezer upon returnto
domainlab. All of these sample types are shipped according to SOP M with no additional
laboratory processing.
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SOPC Field Sampling for Coordinated Bouts

ThisSOP is designed to sample upland soils with no more than 2.5 cm (1inch) of standing water. For
sites containing wetlands that have plots with>2.5 cm of standing water, follow TOS SOP: Wetland Soil
Sampling (RD[06]), if authorized to do so inthat SOP and Appendix D. Forsites with > 2.5 cm standing
waterthat are notauthorized to use the Wetland Soil Sampling SOP, contact NEON Science for
additional guidance. Note that the Wetland SOP refers back to this SOP forvariousinstructions.

Referto Table 2 and the Quick References for reminders about which samples are produced by this SOP.
Helpful instructional videos are also availablein the NEON internal Training Center.

Samplingsoilsinvolves several field and laboratory components. Throughout the field protocol, itis
essential to ensure clean sampling technique in order to reduce contamination and produce high-quality
microbial data. Inthe field, technicians measure soil temperature and litter depth, install an incubation
cylinder, collectasoil core, subsample the soil core, and store subsamples for laboratory transport.

Soil sampling bouts collected following this SOP will be of boutType =microbesBiomass (T1/T2) or
microbesBiomassBGC (PG). During these bouts, the following samples and measurements will be made:

e soiltemperature

e litterdepth

e N-transincubation core deployed

e microbial geneticanalysis (-gen) and archiving (-gaX)

e microbial metagenomics analysis (-comp)

e soil moisture (-sm, inthe laboratory)

e soil pH (-pH, inthe laboratory)

e N-transextractionsforinorganicN (-kcl, inthe laboratory)

e microbial biomass (-bm, inthe laboratory)

e s0il BGC analysisand archiving (-cnand -ba, in the laboratory)

When sampling during peak greenness, a plot-level composite samplewill be collected for microbial
metagenomics analyses. Instructions for generating these “~-comp” samplesin the field are providedin
this SOP. If field generationis not possible (dueto bad weather, loss of daylight, etc.), technicians should
follow SOP | to generate samples forthese analyses inthe lab. Alist of Fulcrum applications foreach
sample type can be foundin Table 10.

During Coordinated bouts, N transformation rate measurements are conducted. Thisinvolves collecting
a T-initial sample forinitial nitrogen concentration measurements, as well as deployinganincubated T-
final core that will be leftinthe field for 2-4 weeks and collected for final nitrogen concentration
measurements. As these measurements are coordinated with microbial and biogeochemical sampling,
the same soil material used for N-transformation T-initial analysis is subsampled for microbial and all
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other downstream analyses. If both O and M horizons are present, both are sampled and processed
separately.

Note: For wetland sampling where plots have ashallow watertable (<30cm below the soil surface) or
standing water (<= 50 cm depth), a modified method is needed because water table fluctuations can
cause nitrogen leaching from the covered core, compromising the integrity of N transformation
estimates. Instead of usingincubated covered cores, the ‘buried bag’ method must be used. See TOS
SOP: Wetland Soil Sampling (RD[06]) and followthe instructions therein if yoursite is authorized to do
so (Appendix D, section D.5) . The Wetland SOP refers back to this SOP forvarious instructions.

Coordinated boutfield sampling should occurin reasonably sized groups/batches of samples —minimum
2-3 plots perday butideally more, in orderto maximize efficiency of laboratory processing. Each day
that samples are processedinthe labrequires creation of several procedural blanks for N-
transformation samples, and this consumes time and resources. If possible, all field sampling should
occur in one longfield day. Ateam of 2 or 3 can then conduct the required lab procedures the following
day. Experience shows thatthisis mostfeasibleforthe T-final incubated sample collection. For T-initial
collections, itis acceptable to split sample collection and processing into two or three ‘mini-bouts,’
alternating between field and lab days (or, using staggered field and lab teams). Itis not critical that all
coresincubate forthe exact same number of days, as longas the incubationlength isrecorded and
incubations beginand end according tothe guidelinesin Section 4.2and Appendix C.

C1 Identify the plot and sampling location

REMINDER: Always practice care when navigatingtoand within sample plots. Followbest practices to
minimize disturbances within the plots. Referto RD[15] for further guidance.

1. Confirmwithahandheld GPSthat the GPS coordinates forthe target plot match the GPS
coordinates atyour currentlocation. Locate the southwest corner of the plot to verify that
you are at the correct plot. Move alongthe perimeter of the plot as much as possiblein
orderto minimize foot trafficwithin the plot.

2. You will collectsoil atthree randomly assigned locations within each plot, one in each
randomly designated subplot (see Appendix E). You should have already identified the
sample locations using the soil X, Y coordinate list foreach plot/subplot combination.

3. Usinga laminated, gridded plot map (Figure 1), mark the X, Y coordinates you anticipate
samplingatthe plot (keepingin mind thatrejected coordinates can occur, so have back-ups
handy). Fora particular X, Y coordinate, select the closest plot marker(e.g. SW40, E 40, etc).
Selectingthe closest plot markertoan X, Y location also alleviates the need to walk through
the inner20x20 m plot: sensitive plant sampling occurs here and trampling should be
avoided as much as possible.
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4. Next, calculate the distance and direction you need to navigate from each selected plot
markerto a coordinate location.

5. Usingthe map, measure the distance you must traverse by countingthe number of gridlines
fromyour chosen plot markerto the X, Y coordinate drawn onto the map. Start with the
longest distance first. Each gridline corresponds to 1 meter, so forexample moving 5
gridlinesisthe equivalent of 5 meters.

6. ForeachX, Y coordinate, draw the distances and directions from the selected reference
markerto the X, Y coordinate onto the map. Use these distances and directions to navigate
fromthe selected plot markertoasample location.

7. Inrelativelyflat plots (<20% grade) where pulling atape is practical, lay out a metertape
fromthe selected reference markerinthe X (E/W) direction, using acompass to verify
direction. Pull the tape to the measured distance to the target X coordinate and mark the
point. Fromthat point, navigate inthe Y (N/S) direction to the measured distance to the
target Y coordinate. Place amarkerat the location.

8. Inverysteep (>20% grade) plots or in heavily forested plots where pullingatape is not
possible, use alaserrangefindersetto HD (horizontal distance) mode to locate the X,Y
coordinates.

a. Cleanlenseswithlensclothorlenstissue, if needed.
b. Check/setcorrectdeclination.See RD[11] for details.

c. Calibrate the TruPulse tiltsensor (only needed after severe drop-shock; see RD[11] for
details).

d. Two technicians mustworktogether. One stands atthe selected reference marker of
the plotand operatesthe rangefinder. The second person navigates to the first potential
X-location, following the directions of the rangefinder operatorand using the reflective
tape so that an accurate horizontal distance measurement can be obtained.

e. Therangefinderoperator mustensure thatthe angle (azimuth)isasclose to90° as
possible from True North when measuring the X-coordinate distance.

f. Place a marker, such as a pinflagor stake, atthe X-location.

g. Therangefinderoperatorthen movestostand directly overthe marker. Using eithera
measuringtape orthe TruPulse with areflective surface, work with the second person
to locate the Y-coordinate location.

h. Ensure that the azimuthisas close to 0° (True North) as possible and measure the Y-
coordinate distance.

9. Place amarkerat the X,Y location.
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C.2 Assess sample location

1. Putona clean pairof nitrile gloves (If you are atthe same plot, gloves can be re -used after
rinsing with DI water to remove coarse debris and dryingthoroughly. DoNOT re -use gloves
between plots).

2. Assessthe location forsampling suitability:

o Arethereobviousdisturbances, vegetation, large rocks or roots that wouldimpede
sampling withina 0.5 m radius of the location? If so, reject the location and record why on
the soil coordinate list. Move to next coordinate location onthe subplot list untilan
acceptable oneisfound. If five X,Y coordinates are rejected, do not sample within that
subplotand notify Science. Make arecord forthat subplotand choose “Coordinates not
suitable” inthe samplinglmpractical field, which willallow you to leave the X,Y coordinates
and other metadata blank. Do not attempt to sample the fourth subplot that was not
randomly selected for this bout.

3. Atanacceptablelocation, start nearthe exactlocation of the X,Y coordinate and carefully assess
soil depth by probingthe soil using asterilized chaining pin or similar, moving outward (not
more than 0.5 m away) until two suitable spots are found. Make an effort to avoid disturbing
the litter layer while probing. Suitability varies from site to site and based on coring device, but

ingeneral a suitable spot will allow you to sample sufficient soil without requiring more than 2
brownies or cores. Mark the two sub-locations with flags or chaining pins.

e Sub-locations should beno closer than 0.2 m of each other andideally within 0.5 m of each other, and
both core locations should be within 0.5 m of the actual X, Y location (Figure 15).

XY
location

~
0.5 m radius
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Figure 15. Area of acceptablesub-locations for samplingatanX, Y coordinatelocation. Example cores show ideal
distancebetween initial and final corelocations. Locations with rocky soilscan usethe entire 1 m area, as longas
both sub-locationsarewithin 0.5 m of the X, Y location.

4. Insites/plots with rocky soils, probe thoroughly forrocks as they will impedeinstallation of the
incubation cylinders.

5. Ifthereis heavy Toxicoddendron spp inthe location you will core, take steps to avoid exposure
A to toxicoilsas describedin RD [10]. Be prepared to record Tox presence bothinthe SLS: Field

data entry application as well ason the physical sample bag by applyingawarninglabel sticker.
C.3 Measure soil temperature and litter depth

1. Measure soil temperature. At a spot adjacent to, but not directly on top of, the marked
samplinglocation, remove the litter layerand carefully insert temperature probe (does not need
to be sterilized) into the soil to 10 cm depth. Don’tforce the probe as it will break easily.

o Allow probe toequilibrate forabout 2 minutes, then record the soilTempin degreesCin the
Fulcrum application orfield datasheet. Note: Do not make measurement with the sun
directly on probe (shade it with yourbody, if necessary).

2. Measure litterlayer depth. Directly above the Tinitial samplinglocation, use aruler (clean, but
doesnotneedto be sterilized) to measure the depth of the undisturbed litterlayerincm
(litterDepth, £0.1 cm) and record the value (oraverage value if more than one core/brownieis

collected). Gently wiggle the rulerthrough the layerto the ground surface, minimizing
disturbance tothe litter profile as much as possible to ensure that you are not compactingit.

o Reminder: The litter layer is dead but recognizable, intact plant material(i.e., leaves, wood, etc)
thatis not consolidated, whereas an organic horizon will contain friable (easily crumbled) organic

material in various states of decomposition that is consolidated as a layer.

C4 Set up incubated core

Note: this core will remain in the ground forthe duration of the incubation period (two to four weeks,
see Appendix C). Weinstall it first so that the T-initial and T-final cores will have similar depths (+ 5cm).

1. Atoneofthe twoflaggedsub-locations, pushthe litter layeraway from where you are going to
core into the soil surface.

2. Insertthe PVCincubation cylinderintothe ground.
a. Ifsoilisdifficulttocore, use a piece of wood or monument stake installation strike plate
and malletto poundthe cylinderintothe ground.
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b. Ifsoiliseasyto core, simply pushitin.

c. Ifthe soil hasa thick, fluffy organiclayer, use asoil knife to cutaround the cylinderas
youinsertit. This will help avoid compaction. Additional guidance for peatland and
permafrostsites is provided in Appendix D.

3. Estimateinserted depth of the PVCcylinderby measuring from top of the cylinderto soil
surface, then subtract this numberfromthe total length (35 cm for most sites, 20 cm for rocky
sites). Use thisdepth £ 5 cm to guide samplingfortheinitial core.

4. Leavecylinderinthe ground and place a loose-fitting cap overthe top so that air exchange can
occur but detritusand waterdo notfall in. Secure cap to cylinderusingzip tie or plant wire, if
needed.

5. Coverthe cap withany litterthat was pushed away.

6. Site hostpermitting, markthe location of the core with a non-metallicpinflag. Or, if thereis
overhangingvegetation, considertying a piece of flagging to the nearest tree/bunchgrass/etc.

a. Writethe X, Y coordinates onthe flagto aid with data entry upon sample retrieval.

C.5 CollectInitial Soil Core

There are two options forcollecting the initial soil core - choose whicheverworks best.

e [fasite’snormal coringdeviceis2+ 0.5” indiameter, it can be used to collectthe initial core.
However, make sure that T-initial and T-final cores have bottom depths within+5 cm of each
other, evenif the coring device can penetrate deeperthanthe PVC. Thisis why the T-final core
is established first.

e Ifasite’snormal coringdeviceisnot2+ 0.5” indiameter, orthere are otherlogistical concerns,
PVCcylinders can be usedto collect both initial and final samples.

1. Atthesecondflaggedsub-location, pushthe litter layeraway from where you are goingto core
into the soil surface.

2. Sterilize sampling equipment, gloves, and otherequipment that will come into contact with the
sample with 70% ethanol.

3. Ifan O horizon> 1cm is present, collectan O horizon sample by following these steps. Ifa
locationhasno O horizon or one that is< 1.0 cm thick, skip this step and proceed directly to
C.5.4.

a. Pushthelitterlayerawayfromwhere youare goingto core intothe soil surface.

b. Usingclean, sterile toolsand equipment, cutoutan organic horizon “brownie” using the
square frame cuttertool and soil knife (hori-hori, Figure 11). With deep organichorizons,
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only 1 brownie may be needed; from most, two will be needed. Atthose sites, select
two locations within the allowable distance of each other.

C. Recordthe sampleTopDepth as the depth fromthe soil surface (0 cm). Measure the
depth of each side of the brownie hole and determine the average value. Only sampleto
30 £ 1 cm maximum depth. Record the average in the field sampleBottomDepth.

d. Placeall browniescollected atanindividuallocationinto apre-labelled, 1-gallon
resealable plasticbag. With a pre-sterilized, gloved hand, removerocks, visible roots,
insects, wood, moss, and othernon-soil debris and homogenize. Orifitis difficult to pick
the entire bag of homogenized soil inthe field, itis acceptable to use a pair of pre-
sterilized tweezers to pick rocks, roots, and non-soil debris from the subsamples while
theyare beinggeneratedinthe field. Be sure to re-sterilize the tweezers with ethanol
and a sterile wipe in between samples. Regardless of approach, itis imperative that field
subsamples are picked clean of non-soil material: failure to do so can render the
samplesuseless.

e Withwetor saturatedsoils, dump outany excess waterinthe sample container
afterthe soil has settled 10-15 seconds, if present.

e. Ensure that you have sufficient soil for all subsampling and analyses: Aim for the
following minimum masses:
i. Transitional (T1orT2) bout: 75 g
ii. Peakgreennessbout:100g
iii. Ifsampleisbelowthese masses, take anothersample atthe same X,Y location
and re-homogenize.

f. Generate microbial analysis and archive (-gaX) samples: Aliquot subsamples fromthe
1-gallon bag of homogenized soil into 1labeled whirl-pak bag (fillabout halfway, 5-10g
target mass) and 5 labeled cryovials (fill to about 70% capacity). Close whirl-pak such
that the labels lay flat and are clearly visible. For collectinginto the cryovials, the

simplestapproach may be to insertthe open containerintothe bag of homogenized soil
with a pre-sterilized, gloved hand, and pressin the soil with the wall of the homogenized
gallon bag. Pouring or scooping soil into the containerusingasterile scoopisalso
acceptable. Any non-soil materialthat ends upina containershould be removed with
sterilized tweezers or by hand using pre-sterilized gloves. The samples should appear as
shownin Figure 12.
i. Complete the human-readable labels onthe whirl-pak and the cryovials with
horizon, X coordinate and Y coordinate. The microbial genetic analysis sample
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label should appearas:

plotID-horizon-coreCoordX-coreCoordY-YYYYMMDD-gen

(ex. CPER_001-0-10.5-10.5-20160101-gen)
Note:The X, Y coordinates are labeled to the nearest 0.5 m, but do not show the
decimal place forwhole number coordinates (37, not 37.0).
The microbial geneticarchive samplelabels should appearas:

plotID-horizon-coreCoordX-coreCoordY-YYYYMMDD-gaX (X=1-5)

(ex. CPER_001-0-10.5-10.5-20160101-ga1l)
Note: Be sure that the archive subsample number(e.g. 1-5) is appended to the end of
the human-readablelabel.

Scan the barcode label for each sample intothe mobile datarecorder, if being used.
Ensure that each barcode labelis entered only once and is associated with the correct
sample. To maximize data quality and reduce data entry errors, itis recommended that
barcode labels are scanned during sample creation, ratherthan in batches of multiple
samples.

Place microbial samples on dryice immediately afterverifyinglabels are correct and
complete toretain sample integrity. Ensure all newly added samples are in contact with
dry ice so that they freeze quickly.

During Peak Greenness: Generate microbial metagenomics (-comp) sample: generate

a plot-level composite sample by subsampling material from each X,Y coordinate
sampled within aplotthatis of the same horizon. Use a pre-sterilized (with 70%
ethanol) scooping device such as a coffee scoop ortablespoon when generating the
composite sample. Approximately equal amounts of soil should be composited from
each X,Ylocation.
i. IfthisisthefirstX,Y locationtobe sampledata plot, label a2-o0z whirl-pak as
follows:

plotID-horizon-collectDate-comp
(ex. CPER_001-0-20160101-comp)
Place one scoop of homogenized soil in the whirl-pak, close the bag, and place onice

packs.

ii. Ifthis notthefirstX,Y locationto be sampledata plot, obtain the whirl-pak
created earlierfrom the coolerwith ice packs. Check that horizon ID matches
the horizon ID forthe sample you wantto add. If thisisa new horizon for this
plot, create a new whirl-pak.

1. Place one scoop of homogenized soil in the whirl-pak and close the bag.
2. IfanotherX,Y location withinthe plot might be added to this bag, return
the bag to coolerwith ice packs.
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iii. IfthisisthelastX,Y locationforthis plot, mix the soil by gently massagingthe
outside of the bag and/orinverting/shaking. Close whirl-pak such that the labels
lay flatand are clearly visible (Figure 12), and record the compositeSamplelDin
the SLS: Metagenomics Pooling application oron a paper datasheet. Also scan
the barcode label, if oneisused.

1. Assoonasthe bagis closed andthe data have beenentered, placethe
bag on dry ice and ensure that newly added whirl-paks are in contact
with dry ice. Microbial activities will change rapidly until frozen.

Note: If time does not permit a composite sample to be created in the field, simply
collect an additionalwhirl-pak at each sample coordinate and follow SOP | for
generating a composite sample in the DSF.
j- Ensure that you have sufficient soil remaining forlab subsamplingand analyses. If
sample size is below these masses, take another sample at the same X,Ylocationandre-
homogenize. Minimum masses are:
i. Coordinated, transition season bout (e.g. not peak greenness): 50 g
ii. Coordinated, peakgreennessbout:75g

4. Sample the mineral (M) horizon. Insert the bottom of the cylinder (beveled edge of PVC) orthe
site’s normal coring device into the ground. If an O-horizon sample was collected, insert cylinder
or coring device into the footprint of one of the O-horizon sample locations, if multiple brownies
were taken. Only collect multiple cores if more material is needed.

e Ifusingthe PVC cylinderand soil is difficult to core, use a piece of wood or monument stake
installation strike plate and mallet to pound the cylinderinto the ground. If soil is easy to
core, simply pushitin.

e Always core vertically, not perpendicular, when collecting on a slope.

5. Pushthe cylinderorcoring device into a total depth (fromthe soil surface) of 30 £1 cm, orto a
depth comparable tothe PVCcylinderif the incubated core was installed first. If your soil profile
isshallow (you hit saprolite or bedrock at less than 30 cm), core to the depth of the saprolite or
bedrock only.

A piece of masking or lab tape can be placed on the outside of the cylinder or corer to indicate the
depth to stop driving it into the mineral soil horizon.

6. Remove cylinderorcoringdevice and empty soil directlyintoanew, pre-labeled 1-gallon bag. If
yourequire a helpertool to extrude soil fromthe cylinder (e.g. long flat-head screwdriver, soil
knife, chaining pin, pry bar), be sure to properly sterilize before use.
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a. Ifsoilisdry or highin clay content, a helpertool —such as a post pullerora chaining pin
threaded throughthe drill holes —may aid inremoval.

7. Homogenize (mix) the soilthoroughly. When possible, avoid contact with the soil by closing the
bag and mixing by invertingand massaging. If this does not sufficiently homogenize the soil,
then with a pre-sterilized, gloved hand, homogenize the soil. Remove any large rocks, coarse
roots (> 2 mm diameter), and insects using a sterilized, gloved hand.

8. Measure sampleTopDepth as distance from the top of the soil sample tothe soil surface. When
thereisno O horizon, sampleTopDepth =0 cm. When there isan O-horizon, it will be the
bottom depth of the O layer. Measure the sampleBottomDepth as the depth from the soil
surface to the bottom of the sample (Figure 16). When taking multiple cores, record the average

depthvalues.

Figure 16. Example soil profile: O horizon sampleTopDepth = 0 cm, sampleBottomDepth = 3 cm; M horizon
sampleTopDepth = 3 cm, sampleBottonDepth =30 cm.

9. Ensure that you have sufficient soil for all subsampling and analyses: In general, using the
methods above should provide plenty of soil for all subsamplingand lab processing. However, if
site conditions raise concerns that you are low on soil, aim forthe following minimum masses. If
below these masses, take anothersample at the same X,Y location and re-homogenize.

a. Transitional (T1lorT2) bout: 150 g
b. Peakgreennessbout:210g

10. If there was no O horizonsampled OR it is a peak greenness bout: Create microbial genetic
analysis (-gen) and archive (-gaX) samples from M horizon. Aliquot subsamples from the 1-
gallon bag of homogenized soil into 11abeled Whirl-pak bag (fill about halfway, 10-20 g target
mass) and 5 labeled cryovials (fill to about 80% capacity). Close whirl-pak such that the labels lay
flatand are clearly visible. For collectinginto the cryovials, the simplest approach may be to
insertthe open containerinto the bag of homogenized soil with a pre-sterilized, gloved hand,
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and pressinthe soil with the wall of the homogenized gallon bag. Pouring or scooping soil into
the containerusinga sterile scoopisalsoacceptable.
a. Complete the human-readable labels onthe whirl-paks and the cryovials with horizon,
coreCoordinateX and coreCoordinateY. Figure 12 shows examples of properly labelled
samples.

The microbial geneticanalysis sample label should appear as:
plotID-horizon-coreCoordX-coreCoordY-YYYYMMDD-gen
(ex. CPER_001-M-10.5-10.5-20160101-gen)

Note: The X, Y coordinates are labeled to the nearest 0.5m, but do not show the decimal place
for whole numbercoordinates (37, not 37.0).

The microbial geneticarchive samplelabels should appearas:
plotID-horizon-coreCoordX-coreCoordY-YYYYMMDD-gaX (X=1-5)
(ex. CPER_001-M-10.5-10.5-20160101-ga1l)

Note: Be sure that the archive subsample number(e.g. 1-5) isappended to the end of the
human-readablelabel.

b. Scanthe barcode label foreach sample intothe mobile datarecorder, if being used.
Ensure that each barcode label isentered only once and is associated with the correct
sample. To maximize data quality and reduce dataentry errors, itis recommended that
barcode labels are scanned during sample creation ratherthanin batches of multiple
samples.

c. Place microbial samplesondryice immediately afterverifyinglabels are correct and
complete toretain sample integrity. Ensure that all newly added samples are in contact
withdry ice so thattheyfreeze quickly.

11. During Peak Greenness: Generate microbial metagenomics (-comp) sample from M horizon.
Generate a plot-level composite sample by subsampling material from each X,Y coordinate
sampled withinaplotthatis of the same horizon. Use a pre-sterilized (with 70% ethanol)
scoopingdevice such as a coffee scoop or tablespoon when generating the composite sample.
Approximately equalamounts of soil should be composited from each X,Y location.

a. IfthisisthefirstX,Y locationtobe sampledata plot, label a2-0z whirl-pak as follows:

plotID-horizon-collectDate-comp
(ex. CPER_001-M-20160101-comp)

i. Place one scoop of homogenizedsoil inthe whirl-pak, close the bag, and place
on wetice.
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b. Ifthis notthefirstX,Y location to be sampled ata plot, obtain the whirl-pak created
earlierfromthe wetice cooler. Check thatthe horizon ID matches the horizon ID forthe
sample youwantto add. If thisisa new horizon forthis plot, create a new whirl-pak.

i. Place one scoop of homogenized soil inthe whirl-pak and close the bag.
ii. IfanotherX,Y location withinthe plot may be added to this bag, returnthe bag
to coolerwith ice packs.

c. Ifthisisthe last X,Y location forthis plot, mix the soil by gently massaging the outside of
the bag and/orinverting/shaking. Close whirl-pak such that the labels lay flatand are
clearlyvisible, and record the compositeSamplelDin the SLS: Metagenomics Pooling
application oron a paperdatasheet. Alsoscan the barcode label, if using.

d. Assoonasthebagis closedandthe data have been entered, placethe bagon dry ice
and ensure that newly added whirl-paks are in contact with dryice so that it freezes as

quickly as possible. Microbial activities will change rapidly untilfrozen.

Note: If time does not permit a composite sample to be created in the field, simply collect an
additional whirl-pak at each X,Y location and follow SOP | for generating a composite sample in the

domain lab.
12. Ensure that you have sufficient mineral soil remaining for lab subsampling and analyses:

e Transitional (T1lor T2) bout: 100 g
e Peakgreennessbout:160g

Note: Any homogenized soilin excess of 500 g can be dumped back into the borehole according to
the site host agreement

13. Forlabellingand datarecording, be sure that:

e Bulk, homogenized samplebags are labeled with samplelD, measuredBy, and recordedBy

o Ifa Toxicodendron spp was abundant, also apply asample warning labelsticker tothe
& homogenized bag of soil.
e  Whirl-paks are labelled with the geneticSamplelD or the compositeSamplelD.
e Cryovialsare labelled with the geneticArchiveSamplelD.
e AllfieldsamplelD’s have beenrecorded.
e Allbarcode labels have beenscanned and the values were populated correctly intothe
Fulcrum application. Perform a quick scan to catch any erroneously duplicated barcodes

14. Record metadata

e Update the papersoil X, Y coordinate listand subplot list.
e NtransBoutType =Tinitial
e boutType (microbesBiomass or microbesBiomassBGC), ensurethat all of the samplelD’s

associated with thatbout have been generated.
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sampleTIming

protocolVersion

sitelD

plotID

collectDate (YYYYMMDD)
coreCoordinateX

coreCoordinateY
standingWaterDepth (nearest 0.1cm)
time (HH:MM)

soilTemp (nearest0.1degree)
litterDepth (nearest0.1cm)
toxicodendronPossible (choice of Y/N)
sampleTopDepth (nearest0.1cm)
sampleBottomDepth (nearest0.1cm)
samplingDevice

numberCores

horizon

geneticArchiveSampleCount

sampleExtent (Entire=entire horizon sampled, orto saprolite/bedrock; Obstruction=sampled

to an obstruction; Maximum=sampled to maximum depth allowed by the protocol, horizon
may extend deeper; Unknown=extent varied across cores or could notbe determined)

remarks
measuredBy

recordedBy

If usinga mobile datarecorder, ensure thatall barcodes have been scanned tothe appropriate sample.

C.6

1

Sample Preservation and Transport

permits are on-hand, etc.
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For transport, ensure that samples comply with any quarantine and/orsite host requirements,
such as double bagging samples, ensuring thatall insect pests have been removed, required

Keep bulk, homogenized bags of soil in the cooler with the ice packs; transferto 4°C refrigerator
upon returnto domain lab. Ensure that sample bags are well sealed to prohibit moisture loss.

Keep soils for microbial geneticanalysis (-gen), geneticarchiving (-gaX), and microbial
metagenomics (-comp) inthe cooler with dryice; transferto ultralow freezer uponreturnto
domainlab. All of these sample typesare shipped accordingto SOP M with no additional
laboratory processing.
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Note: Soils being measured for N transformations MUST be processed and extracted in 2M KCl within 1
day of collection. If the Domain Support Facility is far from the sampling site and sampling requires
multiple days, processing and extraction may occurin a local laboratory facility, provided all necessary
equipment (including ultra-pure Type | deionized water) is available. If laboratory facilities nearthe site
are notavailable and sampling takes more than a day, alternate arrangements must be made. For
example, ateam can transportthe soils back to the Domain Support Facility for extraction while another
team finishes sampling. Alternatively, the soil team can split the field collection bout into two sampling
periods, with laboratory processing in between.

Cc.7 Collection of Incubated Soil Core

Note: Collection of the incubated soil core marks the end of the sampling bout, following the incubation
length guidelines specified in Appendix C.

1. Consultthe soil coordinate listand navigate to the plotand X, Y location where sampling for T-
initial soil N transformations occurred.

2. Locate incubated core. Measure soil temperature and litter depth within 10cm of the incubated
cylinder, accordingtothe instructionsin SOP C.3.

e [fthe coreis missing, orifinsects oranimals have colonized it (e.g. made anest), create a
record inthe Fulcrum application or datasheet but choose sampleFate =‘destroyed.” Only
record minimal sample metadata and discard any sample material, if present.

3. Take off cap and remove cylinderfrom the ground.

e |Ifsoilisdry or highin clay content, a helpertool —such as a post pullerora chainingpin

threaded through the drill holes —may aid inremoval.

e Ifthe soilissandy, wet, or otherwise not well aggregated, soil within the cylinder may fall
out duringremoval. To avoid this, digdown nextto the core and insertaknife orgloved
hand underthe core,thenremove. If the core is pulled and soil falls out, use aclean trowel
or gloved handto collectsoil that clearly fell from the borehole.

4. Recordthe condition of the incubation cylinder using the incubationCondition field.
e Most cylinders should be in ‘OK’ condition.

e Ifthe cylinderhasbeendisturbed —forexample, ananimal hasremoveditfromthe hole, or

the watertable has riseninto the core — still collect but choose the appropriate
incubationCondition choice and explainin remarks.

5. Ifan O horizonis present, removesoil ontotray, partition the O and M horizons, and bag
separately. [t may be necessary to use a tool to push or scoop soil from cylinder, suchas a
SOPC
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chaining pin or soil knife, but take care not to mix the O and M material. Itis not critical that the
t-final sample remains sterile since no microbial subsamples are collected, butif youend up
needingto handle the soil material directly, wear gloves.

If only M-horizon soil is present, empty soil from PVCcylinder directly into bag. If the soil
remains stuckinside the core, atool may be usedto help push the soil out. In clayey conditions,
a longflathead screwdriver or pry bar works well.

a. Forhigh-claysoils,itisalsoacceptable to place the entire PVCtube intoabag, placeina
cooleron ice packs, and transport to the DSF for removal of soil later.

For sitesthat have both O and M horizons:
o Ifyou encounterahorizonintheincubated core that was not presentin the initial core:

e |[fit'san O<5cmoran M< 2 cm, include itwith the rest of the material and selectthe
appropriate value for horizonDetails (Table 11). Otherwise, discard material and do not
include inthe sample.

o Ifyoudonot encounterahorizonintheincubated core that was presentinthe initial core:

o Make arecord forthis missing horizon but choose ‘Horizon not present’ for
samplinglmpractical and include minimal sample metadata.

Record the approximate depth of each horizonfromthe bore hole. Itis ok to excavate the hole
furtherif neededtoaccurately read borehole depth orthe boundary between horizons.

a. For M horizons, if yoursite is knownto have unconsolidated or sandy soil that may collapse
when cylinderis removed, mark the soil surface on the outside of the cylinder priorto
removal. Then measure sampleBottomDepth by taking the length (in cm) from mark to
bottom of the cylinder.

Label bag with samplelD, and add a warninglabel if a Toxicodendron spp was present:

plotID-horizon-coreCoordinateX-coreCoordinateY-collectDate
ex. ONAQ_001-M-8.5-21-20160721

Scan the barcode label for each sample if using a mobile datarecorder.
Place sampleinto coolerwithice packs.

Record key metadataas described in SOP C.4.

e nTransBoutType = Tfinal, incubationMethod =covered core
Backfill the bore hole according to site requirements.

Keep collected soil cores in cooler with ice packs and transferto 4° C refrigeratoruponreturnto
domainlab. Process within 1day of sample collection.
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SOPD Post-Field Sampling Tasks
D.1 Sample Storage and Equipment Cleaning

1. Storesamplesatthe correcttemperatures

o Thefollowingsampletypesshould be keptondryiceinthe fieldand be transferredtoa -
80° C freezeratdomainlab.Samples must remain frozen and can be held for an indefinite
time period:
o Microbial geneticanalysis (-gen),
o Microbial metagenomics analysis (-comp),
o Microbial geneticarchive (-gaX)

o Thefollowingsampletypesshould be keptonice packsinthe fieldand be transferredtoa
4° C fridge atdomain lab:
o Homogenized, bulk soil sample

o Samplesshould be processed within 1day of collection fora coordinated boutand at core
sitesforan off-year bout, and within 72 hours at relocatable sites foran off-yearbout:

2. Cleanfield equipment.

o Metalsoil samplingdevices (e.g. auger, hori-hori blade): clean with tap waterand toilet-
brush type scrub brush, then dry with a cleanrag. Store dry to minimizerust development.
Check between bouts forrustand remove as needed.

o Brownie cutter: clean with tap waterand scrubberas needed to remove residual soil
material. Store dry.

o Re-usable sub-sampling equipment (e.g. tweezers, scoopulas, sterile work surface): Clean
with soap and water, rinse thoroughly with tap water, then afinal rinse with DI water, then
air-dry. Store dry.

D.2 Document Incomplete Sampling Within a Site

Soil samplingisscheduledto occurat all prescribed sampling locations according to the frequency and
timing describedin Section 4.2and Appendix C. Ideally, sampling will occurat these samplinglocations
for the lifetime of the Observatory (core sites) or the duration of the site’s affiliation with the NEON
project (relocatable sites). However, sampling may be shifted from one location to another when
samplingis compromised. In general, asamplinglocation is compromised when sampling becomes so
limited that data qualityis significantly reduced.

There are two main pathways by which sampling can be compromised. First, samplinglocations can
become inappropriately suited to answer meaningful biological questions—e.g., a terrestrial sampling
plotis compromised after road-building activities. Second, sampling locations may be located in areas
that are logisticallyimpossible to sample onaschedule thatthatis biologically meaningful. If the criteria
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below are not met and thus locations are deemed unsuitable for sampling, Field Science should reach
out to NEON Science staff to communicate the need fornew samplinglocations as soon as possible.

For soil sampling, there are numerous circumstances that might prevent sampling at a particular plot for
a given boutor year. However, not all situations would warrant plot reassignment. These situations
should be dealt with on a case-by-case basis. Ifitbecomes apparent thata particular plot will be
compromised eitherinthe shortor long-term (e.g. road now goesthrough plot), submitanincident
ticketto discuss re-assigning samplingto adifferent plot.

If sampling at a given plotis not possible during a given bout a ServiceNow ticket should be submitted
by Field Science staff. Additionally, those non-sampled locations must be documented in the Fulcrum
Application:

1. Review datarecordsto determineif any plots/locations were scheduled for samplingbut were
not sampled:there should be 10 plots and 30 samples (minimum).

2. Createanincidentwith the following naming convention to documentthe missed sampling:
‘AOS/TOS Sampling Incomplete: MOD — [Root Cause Description]’

a. Example: ‘TOS SamplingIncomplete: SLS — Could not access plotdue to closed road’

3. Staffscientistsreviewincidenttickets periodically to determine whetherasamplinglocationis
compromised.

4. Create data records for missed sampling locations using the samplinglmpractical field in the SLS:
Field application as describedin Section 4.5.
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SOPE Laboratory Measurement of Soil Moisture Content

Analysis of the moisture presentinsoil isimportant for understanding the field conditions experienced
by soil microbial communities, and constraints on soil biogeochemical processes. Conduct the following
stepsto generate soil moisture dataforeach soil sample. Record the necessary metadataand valuesin
the SLS: Moisture Fulcrum application orlab datasheet (RD [05]). Key reminders:

e Soil moisture is measured on soil that has not been sieved.
@ e For Off-yearbouts, soil moisture analysis should begin within 48 h of field collection, or Monday

morningforsamplescollected on Friday.
e For Coordinated bouts, soil moisture analysis MUST begin within 1day of field collection.

1. Labelfoil weigh boats with unique tinlDs (any combination of letters and numbers, aslong as
theyare unique). Record the tinID. Can re-use previous weigh boats as long as they are
thoroughly cleaned (see step (8) below).

2. Weighfoil boatto nearest0.01 g andrecord value in the Fulcrum application or datasheet
(boatMass).

3. Wear un-soiled (e.g.clean, butsterile not required) nitrile gloves. Gloves may be re-used
between samples aslongas any visible dirtis rinsed off with DI and gloves are dried well.

4. Place5 +0.5 gof afield moist organichorizon sample (notsieved) or10 + 0.5 g of a field moist
mineral horizon sample (notsieved) into the weighed foil boat without taring the balance.
Ensure that any rocks, coarse roots (> 2 mm diameter), insects, wood, moss, and other non-
soil debris have beenremoved, use clean forceps as needed. Record weighttonearest0.01 g

(freshMassBoatMass).
a. lItisacceptabletouseless massif sample quantityislimited:2g minimum for O-horizons, 5

g minimum for M-horizons.

5. Placeall samplesintodrying oven, using care not to spill material while moving weigh boats. Tip:
organize samplesonatray to quickly transferall samplesinto oven. Dry samples at 105°C for at
least 48 h. Record time inoveninthe Fulcrum application or datasheet.

6. Afterremovingsamplesfromoven, wait until theyare cool to the touch, then weigh dried
sample + weighingboattonearest0.01 g and record valuesinthe Fulcrum application or
datasheet. Record the date and time out of oven.

7. Dispose of soils according to permit requirements.

8. Forweighboatsthatare ingood condition and can be re-used, cleanin Alconox (orsimilar) and
waterand rinse with deionized water. Dry weigh boats eitherinthe ovenorat ambient

temperature, and storeina dry location.
SOP E
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NO OVEN SPACE?

If oven spaceis limited and more than 1 day (Coordinated bouts) or 72 hours (Off-year
bouts) will elapse before soil moisture measurements can begin, subsample the unsieved,
bulk homogenized soil into whirl-paks and store subsamples inthe freezer at-20°C for up
to two weeks before initiating soil moisture measurements.

What to do when a sample s lost

e Createarecord forthe sample.
e Enterthe samplelDand any other metadata measured forthat sample.
o Select“lost” for moistureSampleFate. This allows youto leave otherrequired fields empty.

NEXT STEPS: Continue to SOP F: Sievingand Picking Field Samples.
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SOPF Sieving and Picking Field Soils for Lab Processing

Soilsare inherentlyheterogeneous and must be thoroughly mixed priorto conducting downstream
analyses. For mineral (M) horizons, sieving accomplishes this purpose. It also allows forthe e xclusion of
non-soil material (particles >2mm). For organic(O) horizons, sievingis not effective for homogenizing;
instead, manual removal of non-soil particlesis required. Conduct the following steps to
homogenize/sieve samples, then oven, air-dry, or subsampleas directed. Key reminders:

e Forrelocatable sites conducting off-year, microbes-only bouts, sieving and subsampling should
begin within 48 h of field collection, or Monday morning for samples collected on Friday.
e For core sites ORsites conducting a coordinated bout, sieving MUST begin within 1 day of field
collection.

F.1 Sieving and Homogenizing Samples

1. Wearun-soiled(e.g. clean, butsterilenotrequired) nitrile gloves. Gloves may be re-used
betweensamplesaslongasany visible dirtisrinsed off with Dland gloves are dried well
(ethanol suggested to quicken drying).

2. Ifthe sampleis marked as containing Toxicodendronspp, take additional precautionsto reduce
exposure totoxicoils by: 1) changing gloves afterhandling each sample, 2) nottouchingone’s
A skin or clothes while sieving or picking, 3) throwing all plant material caught by the sieve directly
intothe trash, and 4) immediately cleaning up any sieving-related debris.

3. Withglovedhand, stirsoil sample to homogenize (mix), breaking up any soil clods completely.

4. Ifsampleisorganic(O) horizon, do not sieve, but remove any rocks, coarse roots (> 2mm
diameter), insects, wood, moss, and other non-soil debris and homogenize before proceeding.

Note: The presence of non-soil material (e.g. roots) can dramatically impact the results of certain lab
analyses, particularly microbial biomass measurements. This is because plant roots have unique lipid
signatures that can overwhelm the microbial lipid signatures in the soil. Thorough removal of non-
soil material is essential to generating high-quality data. If your samples have extensive coarse roots
and othernon-soildebris, allow up to 30 minutes per sample for adequate picking and soil
homogenization. If picking takes a significant amount of time ensure that adequate staff are
available to complete downstream processing in a timely manner.

5. Witha gloved hand, pass M horizon samples throughacleanand dried, 2 mm screen diameter
sieve. This will allow all particles <2 mm to be collected, while larger particles are discarded.
Certainsoils can be difficult tosieve, particularly those with high clay content. If sieving
sufficient soil quantities for downstream processing takes >30 minutes persample, try one or
more of the following tips and tricks:
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e [fthisisNOT a coordinated bout, partially air-dry the sample priorto sieving. Break up soil
clumps with a gloved hand and place ina paperbag 24-48 hours. Resume sieving.

e Onlysieve as much material as required to geta representative subsample forthe analyses
to be conducted. Forexample, if sieved soilis destined for pH measurement only (SOP H),
30 g of mineral soil post-processing should suffice. Any sieved material that sticks to the
underside of the sieve can be scraped off with your hand or a scoopula.

e “Pre-sieve”the soil by passingitfirstthrougha4 mm meshsieve.

e Ifthe sampleisstill unable to passthroughthe sieve, submita ServiceNow ticket toreceive

furtherinstruction.
6. Discard particles>2 mm accordingto permitrequirements.

7. Write ‘sieved’ on plasticgallon sample bags if adding soil back to them so there is no confusion
as to which have been processed.

8. Cleansieve using DI waterand pat dry with a clean papertowel before re-use. Sieves can be
placedinadryingovento helpspeedupdryingbetween uses, just be sure they are cool to the
touch priorto use.

NEXT STEPS: For a relocatable site conducting an off-yearbout, proceed to SOP G: Air-drying Soils. Fora
core site, proceed immediately to SOP J.1: Processing Microbial Biomass Samples, and then continueto
air-dryingsoilsin SOP G. For any site conductinga coordinated bout, proceed immediately to SOP J:
Laboratory Subsampling During a Coordinated Bout.
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Air-drying Soils

Air-dried soil is used for measuring soil pH (all bouts except Coordinated, Tfinal) and for generatinga
BGC archive sub-sample (Coordinated, peakGreenness). Follow this SOP afterall other sub-sampling has
been completed.

@.

For a relocatable site conducting an off-year, non-coordinated bout, follow this SOP after
completing SOP F. Aim for 100 g of soil to air dry.

For a core site conductingan off-year, non-coordinated bout, followthis SOP after completing
SOPJ.1. Aimfor 100 g of soil to air-dry.

For any site conductinga coordinated, Tinitial bout, follow this SOP after completing SOP K:
Laboratory Processing of Soils for N Transformations. Refer to Figure 6 and the Quick References
for guidance. Aim for 400 g of soil toair dry.

Wear un-soiled (e.g. clean, but sterile notrequired) nitrile gloves. Gloves may be re-used
betweensamples aslongas any visible dirtis rinsed off with Dland gloves are dried well.

Place all remaining material (organichorizon samples fromfield resealable plasticbags, and the
mineral soil samples aftersieving)into #8 paper bags labeled with the samplelD. The sample
barcode label may also be transferred fromthe bulk soil bagto the paper bag if desired and may
aidin populatingdatainthe SLS: pH application. With very wet orfine-grained soils that can
leak out, coverthe seamsalongthe bottom of the bag with masking tape.

For samples marked as containing Toxicodendron spp, take precautions toreduce
exposure totoxicoils, aseven though largerroots have been removed, fineroots maybe
still be present. Touch these sample as little as possible, and change glovesifthe sampleis
handled directly. Make sure to eithertransferthe sample warninglabelto the paperbag,
oradd a newone.

Break up large clumps and soil aggregates with agloved hand (non-sterile but clean) and spread
out soil tofacilitate drying.

Weigh the bagged sample and record in the air drying tracking spreadsheet available on the SSL;
initial mass may also be recorded on the sample bag. Thisinitial massis used to track the
completion of sample drying.

If the mass is significantly greater than the maximum targetair-drying mass (100 g for off-year
bouts, 400 g for coordinated bouts), then remove soil from the bagto getcloserto the target
mass; the initial mass should be re-measured and recorded.

Loosely close bag and place on a clean lab bench or table, away from other activities that might
disturb samples. Record airDryStartDate on the air dryingtracking spreadsheet, if desired.

Once every few days, shake up soil to expose new surfaces.
SOP G
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8. Weighsamplesagain whentheyappeardry, which may be days to weeks depending on soil
moisture content, climate and soil type. Record the massin the air drying tracking spreadsheet.
Itiscrucial that sampleshave dried completely.

9. Ifchange inweightbetweenthe currentand previous measurementis<5 %, continue with
sample processing. If change in weightis>5%, then begintoweigh samples every 2 days until
the change in weightis < 5%.

10. At the conclusion of air-drying samples, record airDryEndDate.

NEXT STEPS: Foran off-year, non-coordinated bout, proceed to SOP H: Laboratory Measurement of pH.
Any air-dried material remaining after completion of pH analysis should be stored or discarded following
the ‘Storing excess soils’ guidance below. Fora coordinated, peakGreenness bout, proceedto J.3:
Processing BGC Archive Samples.

Storing excess soils. During a non-coordinated bout ora coordinated T1 or T2 bout, hold a subset of soil
remaining afterall subsampling and analyses have been completed, upto 1 year. This holding time will
allow fordry soil re-measurement orre-subsamplingif needed, and may also allow external community
members to opportunistically request excess soil material. To store, selectasample fromone X, Y
location at each plotand for each horizon. Fold the tops of the paper bags, and place ina large box or
action packer (36 or 48 gallons) and store in safe location forup to one year. If paperbags have holesin
them, transfer entire thing to plasticre-sealable bag first. Remaining samples from the same plot can be
discarded afterall analyses and subsampling have been completed. After one year, stored soil can be
discarded according to permit requirements. If storage space inthe containerruns out before the 1 year
time point, discard the oldest samples first to make room for newersamples.
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SOPH Laboratory Measurement of pH

Soil pH is measured onsieved (or hand-homogenized), air-dried soil samples. Soil pHis measured
potentiometrically in a saturated orsupernatant liquid thatisin equilibrium with asoil suspension of a
1:1 soil-to-H,0 or 1:2 soil-to-CaCl, (weight/volume) mixture for mineral soils and a ratio of 1:4 soil-to-
H,0 and 1:8 soil-to-CaCl, ratio for organicsoils. Samples are analyzed bothin deionized (DI) waterand
0.01 M calcium chloride (CaCl,).

Safety advisory: This SOP involves handling strong acids and bases. Handle hazardous materials carefully
and accordingto NEON EHSS guidelines. Always wear gloves foryour protection.

H.1 Prepare the 0.02 M CaCl, solution

1. Putona new pairof nitrile gloves.

2. Ina2-Lvolumetricflask, dissolve 5.88g of CaCl,-2H20in just under 2 liters of house Dl water.
3. CheckpH of CaCl2 solution;itshould be between 5.0and 6.5.

4. AdjustpH to desired value by adding concentrated 6N Ca(OH)2 or 1N HCl one drop at a time.

5. Bringsolutiontofinal volume of 2Land label the containerwith yourinitials, ‘0.02M CaCl,’ and
the creation date.

Note: thissolutionis stable forapproximately 1year, keptat room temperature out of direct
sunlight.

H.2 Measure pH
1. Cleanlabbenchtop with Dl water prior to processing samples.

2. Wear un-soiled (e.g. clean, butsterile not required) nitrile gloves. Gloves may be re-used
between samples aslongasany visible dirtis rinsed off with Dl and gloves are dried well.

3. Usinga cleantool, weigh outa subsample of air-dried organicor mineral soil and place into a
50 — 100 mL container. New or properly cleaned (see step 16 below) 50 mL conical tubes may
be used and can facilitate processing of multiple samples simultaneously.

a. For O-horizonsamples, use 5g (+ 0.5 g) of soil that has been picked clean of rocks, coarse
roots (> 2 mm diameter), insects, wood, moss, and other non-soil debris and air-dried.

1) For fluffy, absorbent O horizons, the mass of soil may be decreasedtoas lowas 1 g.
b. For M horizons, use 10g (+ 0.5 g) of sieved, air-dried soil.

4, Recordsoil massesto0.01 g accuracy in the SLS: pH Fulcrum application orlab datasheet.
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Add DI H,0 to each sample:
a. For O horizonsamples, add 20 mL of DI H,0.
b. For M horizonsamples,add 10 mL of DI H,0.

c. Allowsoiltoabsorbthe H,0.Thoroughly stireach sample with acleanstirrod for 20
seconds. Rinse stirrod with DI and dry with a kimwipe between samples.

Ensure that all soil is saturated, particularly when using conical tubes.

a. Look forsupernatant (athinlayerof liquid without soil particles) above the flocculated soil.
If not present, add anotheraliquot (10mL) of H,0, stir and settle for 1 minute.

b. Addas many aliquotsas needed to ensure soil iscompletely saturated. Keep track of the
total volume of solution added in the SLS: pH Fulcrum application or datasheet.

Afterlettingthe samplessitfor 30 minutes, stireach sample with aclean stir rod for 20 seconds.
Let the samplessit foranother 30 minutes. Begin measurements 1 hour afterthe first samplein
the batch was initially stirred (e.g. after 1 hour total has elapsed).

Duringthe waiting period, calibrate the pH meterelectrode using the buffer solutions that best
encompass the rangesinsoil pH encountered (eitherbuffers 4, 7, and 10 for high pH soils, or
1.68, 4, and 7 for low pH soils). Follow calibration instructions in the manual forthe probe.
NOTE: For pH meters that auto-detect calibration solutions being used, ensurethatthe meter
has selected the correct suite of calibration buffers (e.g. that the auto-selected pHvalues match
the actual pH valuesused).

a. Rinsetheelectrode with deionized waterand gently shake off excess liquid between
buffers. Do not touch the tip of the electrode with awipe.

b. Note:Check pH metercalibration usingthe middle buffersolution every 10-12 samples.

Begin measuringthe soillnWaterpHin the batch of samples. Starting with the first sample, stir
with a clean stir rod for 20 seconds, then let the sample settle for 1 minute.

Measure the pH of the sample byinserting the probe into the solution. Gently swirling the
containerwhile measuring pH can help the measurement stabilize butis not required. Only
insertthe probe far enough to completelyimmerse the probe tip.

a. For M horizonsamples, this will typically be ~2-3 cm.

b. For O horizonsthe probe tip should be inthe supernatant below the layer of floating organic
material that will be present. Itis OKif some flocculated soil is floating in the supernatant. If
floating particles are adheringtothe probe, give tube agentle swirl to dislodge.
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11. Allow readingto stabilize (tenths of pHunit not fluctuating, usually about 1 minute) and record
pH value to 0.01 accuracy. If readingstill fluctuates slightly after 1 minute, read pHevery 5
secondsfor 15 seconds, thenrecord the average.

12. Cleanelectrode:rinsethoroughly 2to 3 times with deionized water and gently s hake off excess
liquid. Do nottouch the tip of the electrode with awipe. The sides of the probe only may be
gently wiped with akimwipeif soil residueis observed adhering to the probe.

a. Ifboth soillnWaterpH and soillnCaClpH have been measured andrecordedfora
sample, continue to Step 15.

13. Afterreadingthe soillnWaterpH, add CaCl, solution to the same container. Be sure toadd the
same volume of CaCl, as H,0 so that the final concentration of CaCl, remains 0.01 M, and enter
thisvalue into the vol CaCl2 added field. The entire sample may be transferred toalarger
containerif adding more volume will cause sample to overflow.

a. For O horizonsamples, add 20 mL of CaCl, (orhowever much H,0 was added).
b. For M horizonsamples, add 10 mL of CaCl, (or however much H,0 was added).

c. Stirsample witha cleanstirrod for 20 seconds and let sample site for 1 minute. Rinse stirrod
with DI H,0 and wipe with akimwipe between samples.

14. Measure the soillnCaClpH of the sample by repeating steps 10-12 and record value in
soillnCaClpHfield.

15. Move onto the nextsampleinthe batch. Repeat Steps 9-14 for all remaining samples, first
measuring soillnWaterpH and then soillnCaClpH. Measure samples inthe same orderthatthe
water was added so that samples have beensitting forsimilaramounts of time. With some
practice, the nextsample will have completed its 1 minute settlingtime and be ready for
measurementas soon as the previous sample has completed its measurement.

16. Discard remainingsoil slurries following applicable soil permit guidelines. Any containers that
will be re-used should be washed with laboratory soap (Alconox, Contrex, etc) and water, rinsed
thoroughly with tap water, and given a final Dl waterrinse.

What to do when a sample s lost

e Createarecord forthe sample.
e Enter the samplelDand any other metadata measured forthat sample.

o Select“lost” for phSampleFate. This allows youto leave otherrequired fields empty.
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SOP | Generation of Composite Soil Samples for Microbial Metagenomics Analysis

While most of the microbial molecularanalyses are conducted at the scale of a core sample,
metagenomicanalyses will be conducted on soil atthe plot scale. This SOP describes the laboratory
procedure forgeneratingand labeling acomposite soil sample duringinstances when the composite
sample was not generatedinthefield.

Note: Metagenomicsamplesare only collected during the peak greenness bout.

1. Obtaina pair of new nitrile gloves and pre-sterilize with 70% ethanol. Re-sterilize gloves
betweensamples.

2. Fromthe-80°C freezer, obtain 1whirlpak from each core sample. Organize whirlpaks by placing
those fromthe same collection date, plot, and horizon together. Double-check the labels to
ensure that the sample collection dates, plotIDs, and soil horizons match. Typically, there will be
3 whirlpaks, butfewerthan 3 isalso possible.

3. Atleast30 minutes priorto use, place a cryo-safe barcode label on each new whirlpak bag that
will be used to store composite samples. Also, label each whirlpak bag with the plotID, horizon,
collection date that matches a set of whirlpaks, and “~-comp” for composite. These may be pre-
printed cryo-safe labels or hand-written. Ex. CPER_001-M-20140101-comp

4. Repeatstep2foreveryunique combination of plotID, horizon, and collection date. There should
be 1 new whirlpak bagforevery unique combination.

5. Thaw the material in a set of whirlpaks and transfer all material in each whirl-pakintothe
corresponding composite whirlpak bag. Homogenize the soil by gently kneading and/or shaking
the outside of the closed whirlpak.

6. Returnthe sample bagsto the -80°C freezer (orcontainerofdryice, if no freezerisaccessible)
immediately.

7. Repeatsteps4-5for the remaining samples.

8. Complete the datasheetand/orthe Fulcrum application by recording the sampleinformation
fromthe empty whirlpak bags. Ensure that the data sheet was completed correctly and
completely, and discard empty whirlpaks. If using barcode labels, scan the barcode for each
associated sample.

a. Whenenteringthe samplelD’s foreach sample added to generate the composite sample,
the order of each samplelD must match the order of the sample barcode ID’sinthe Fulcrum
application.

SOP |
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SOPJ Laboratory Subsampling During a Coordinated Bout

Follow this SOP forall Coordinated bouts, after completing SOP F.

e WhennTransBoutType = Tinitial, subsamples are generated from sieved/picked, field-moist soils
for microbial biomass analysis, bgcanalysis and archive (peak green only), and KCl extraction.
e When nTransBoutType = Tfinal, only a KCl extraction sub-sample is generated.

IMPORTANT: Subsampling MUST begin within 1 day of field collection to preserve sample
integrity.

J.1 Processing Microbial Biomass Samples

Microbial biomass samples are generated during coordinated bouts when nTransBoutType = Tinitial.
Follow this SOP immediately after completing SOP F.

Note about processing organicsoils: it isimportant to remove as much root material as possible.
Remove roots with care, since crushingthem during processing can release lipids that can interfere with
microbial biomass estimates. Picking can take up to 30 minutes persample to do sufficiently. Ifin doubt
abouta sample, contact Science. For Alaskasites, follow the site-specificguidance in Appendix 8D.3.

1. Wearun-soiled(e.g.clean, butsterile notrequired) nitrile gloves. Gloves may be re-used
between samples aslongas any visible dirtis rinsed off with Dland gloves are dried well.

2. Place anew,cleanscintvial on balance and record biomassVialMass, then tare/zero the
balance.

3. For M horizons, transfer 10 g (+ 0.5 g) of field-moist, sieved soil. Close the vial. Record
biomassFreshMass.

4. For O horizons, transfer5g (+0.5 g) of soil that has been picked clean of rocks, coarse roots (> 2
mm diameter), insects, wood, moss, and other non-soil debris. Closethe vial. Ensure capison
tightly. Option: wrap parafilm around cap to keepitin place during shipment. Record
biomassFreshMass.

Note: If more than one vial is necessarytohold 5 g of soil, create a second scintillation vial. Place all vials
for that sample into a pint-sized freezer bag and affix one barcode label forall vials associated with that
sample. If more than 3 vials are required to obtain sufficient mass, contact Science.

5. Scan barcodesto associate each with the appropriate biomassIDin the SLS: Field Sampling
application. Human-readable labels should appearas:

plotlD-horizon-coreCoordX-coreCoordY-collectDate-bm
ex. CPER_001-0-10.5-10.5-20160101-bm
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A 6. Forsamples marked as containing Toxicodendron spp, ensure that this recordedin the shipping
manifest.
7. Storevialsat -80°C until ready forshipment.
8. Shipsamplesaccordingto SOP M.

What to do when a sampleis lost

e Create a biomassID for the sample.
e Select“lost” forbiomassSampleFate.

NEXT STEPS: If sampleTiming = peakGreenness, proceed to SOP J.2: Processing BGC Analysis Samples.
Otherwise, proceed immediately to SOP K: Laboratory Processing of Soils for N Transformations.

J.2 Processing BGC Analysis Samples

Biogeochemical analysis of soil forCand N contents and stable isotopesis performed during
coordinated bouts when sampleTiming =peakGreenness.

1. Fill %2 of a glass scintillation vial with each unique sample. If sample quantityis limiting, itis ok to
put lesssoil inthe vial, approximately % full minimum.

a. For O horizons, use soil that has been picked clean of rocks, coarse roots (> 2 mm diameter),
insects, wood, moss, and other non-soil debris.

b. For M horizons, use field-moist, sieved soil.

2. Forsoilsthatare 100% saturated and have high clay content (ex: TOOL), firstdry the sample
ina tin, thentransferitto the vial. Without this, the soil cannot be removed foranalysis.

3. Looselycapvials, such that the cap is only restingontop (not threaded).

:: 4. For samples marked as containing Toxicodendron spp, add asample warninglabel tothe
cap.

5. Place scintillation vials containing samples into the scintillation vial box, which holds up to
100 vials. Record ovenStartDate and time in the SLS: BGC Sub-Sampling Fulcrum application
or datasheet.

6. Oven-dryat65°C for at least48 hr. More time may be needed, ensuresampleslook visibly
dry before removing. Record oven end date and time in datasheet or Fulcrum application.

a. Ifnotstartedalready, begin processing N transformation samples (SOP K) immediately after
CN samples are generated.

SOPJ
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7. Whendryingperiodiscomplete, tighten capsonvials (ortransferto vials for saturated
soils). Ensure that all cnSamplelDs have been created in the SLS: BGC Sub-Sampling Fulcrum
application and that each barcode has been scanned.

8. Store bottlesatambienttemperature untilshipping. Ship samples according to SOP M.

NEXT STEPS: Proceed immediately to SOP K: Laboratory Processing of Soils for N Transformations.
Returnto complete section J.3: Processing BGC Archive Samples once air-dryingis completed.

J.3 Processing BGC Archive Samples

During coordinated bouts when sampleTiming =peakGreenness, an archive BGCsoil sample is created
from any air-dried soil remaining afterall laboratory subsampling and analyses have been completed.

1. Wearclean (non-sterile OK) gloves while handling samples.
2. Place apre-labeled and barcoded archive jaronthe balance and tareiit.

3. Transferany remainingair-dried soil from the #8 paper bag. Fill bottles up to, but not beyond
the lip of the bottle.

4. Recordsoil mass addedto the jar to nearest 0.01 g (bgcArchiveMass).

5. Ensure that all bgcArchivelDs have been createdinthe SLS: BGC Sub-Sampling Fulcrum
application and that each barcode has been scanned.

A 6. For samples marked as containing Toxicodendron spp,add asample warninglabel to the cap.

7. Store bottlesatambienttemperature untilshipping. Ship samples according to SOP M.

What to do when a BGC analysis or archive sample is lost

e Createarecord forthe sample.

e Enter the samplelDand any other metadata measured forthat sample.

e Select“lost” forcnSampleFate or bgcArchiveFate. Thisallows youto leave otherrequired fields
empty.
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SOP K Laboratory Processing of Soils for N Transformations

This SOP describesthe instructions for processing samples for N transformation analyses and is used for
all coordinated bouts. Helpful instructional videos are also availableinthe NEON internal Training
Center. Both Tinitial and Tfinal samples are processed in the exact same way, using potassium chloride
(KCl) to extractinorganicN.

IMPORTANT REMINDERS:

e Subsampling MUST begin within 1day of field collectionin orderto preserve sample integrity.
o e Soil moistureisacritical componentforcalculating N transformationrates, thusitis essential
. that this measurement be made. Follow SOPE, if not done so already.
e Inorderto measure concentrations of soil inorganicN in diverse ecosystems, care must be
takento use clean lab procedures (as defined below) and notintroduce contaminant N.

K.1 Cleaning and Storage of Equipment and Supplies

1. Cleaningandstorage of durable equipment:

a. Wash allequipmentthat will be used for extractions (Nalgene filtration units, beakers,
flasks, carboys, graduated cylinder, scoopulas, funnel, etc) as follows: 1x wash with lab soap
(Alconox, Contrex, etc), 5x rinse with house DI, 2x final rinse with ultrapure DI.

b. Onceequipmentisdry, placeinsealed, newplasticbagsorina closed cabinet with tops
coveredin parafilm.

c. Ifunsure whetherequipmenthasbeencleanedand stored properly, washimmediately prior
to use. It is ok to use items while wet but shake off excess water priorto use.

2. Storingand handling of consumable equipment:

a. Once opened, packages of scintillation vials, extraction cups and filters must be keptin
sealed plasticbags oranotherclean, closed environment. This will keep out dust, which
containsammonium and nitrate.

b. Wear clean nitrile gloves while pulling vials and cups out of bulk packaging and cap them
immediately upon removal.

c. Handlefilterswith clean (house DI-rinsed) forceps only.

3. Planto conductextractionsina ‘cleanlab’ environment. Lab spaces with alot of
dirt/dust/organic particles may introduce contaminant N to the samples.

a. Ataminimum, clean benchtop areas where extractions will take place using house DI to
remove dustanddirt, and keep this workspace clean whileconducting extractions.

SOP K
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K.2 Prepare 2M KCI Solution and Pre-leach Filters

Note: KCl in solution is good for~1 year, so ideally a large batch (20 L) is made at the beginning of the
sampling year and then used for filter prep and initial/final extractions of each of the 1-3 sampling bouts.
Remake solution as necessary. If you have to remake solution in the middle of extra cting soil samples,
you must prepare an additionalset of three blanks forthe new batch of KCl, as in section K.3 Perform KCI
Extraction.

1. Wear clean (non-sterile ok) nitrile gloves.

2. Foralarge batch (20 L) of 2M KCI, measure 2,982 g KClinto a clean receptacle and add to a clean
20 L carboy. Add Type | ultra-pure deionized waterto just below the 20 L mark. Coverand swirl
carboy, allowing KCl to dissolve (may take several hours). Once dissolved, top off the carboy to
the 20 L mark with Type | ultra-pure deionized water.

3. Forasmall batch of KCI, measure 149.1 g KClintoa new weigh boat. Transfertoaclean1 L
volumetricflask and fill with Type l ultra-pure deionized water to below the 1 L mark. Coverand
swirl flask, allowing the KCl to dissolve (may take up to 1 h). Once dissolved, top off the flask to
1-L with Type | ultra-pure deionized water.

4. Pre-leach GF/Afilters using2M KCl and a Buchnerfunnel. These are good for1 week.

a. Usinga cleanfilterforceps, transfer~20 new filters (don’t need to count, ok to
approximate) to aclean Buchnerfunnel.

b. Place #8 stopperwith hole onto Buchnerfunnel stemandinsertstopperinto side -arm flask.
Attached side-arm flask to pump with plastictubing.

c. Add2 M KCluntil the stack of GF/Afiltersissaturated (20-30 mL), then turn on the pump to
leachfilters.

d. Repeat(c)toleachasecondtime.

e. Use cleanfilterforcepstotransfer pre-leached filterstoanew, pint-size clean plasticbag.
Write ‘GF/Afilters, leached with 2M KCI’ and the date. Make sure the bag issealed and
placeinthe fridge (4°C).

f. Repeatstepsabove foras manyfiltersas may be neededinthe nextweek.

K.3 Perform KCI Extraction
KCl extractionis performed on sieved/picked soil. If not already completed, follow instructionsin SOP F.

1. Putona new pairof nitrile gloves. Use the same pair of gloves until they becomevisibly soiled.
When that happens, either clean them with DI waterand dry or change gloves.
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2. Obtainextraction cupsthathave either been pre-labeled with a kclSamplelD as describedin

SOP A, or labeled with acuplD, similartothe tinlDs used for soil moisture.

Tare a cup, thenadd 10 £ 0.5 g of field-moist, sieved Mor homogenized O horizon soil. Record
the soilFreshMass to the nearest 0.01 g inthe SLS: Nitrogen Transformations application.

e Ifsample massis limiting, itis acceptable to use less mass, butdo notuse lessthan4 g
persample.

e If<4 g0 horizonisavailable, combine it with the mineral matterand extract together.
Record thisin the remarks.

e Ensurethat for O horizons, norocks, large roots or non-soil debris remainsin the
sample, asdescribed in SOP F.1: Sievingand Homogenizing Samples.

For each sample, measure 100 + 2 ml of 2M KClinto a clean graduated cylinder (or, avolume
scaled to the soil mass used, roughly 10:1) and add to the container of weighed soil. Record the
kclVolume and the extractionStartDate (YYYY-MM-DD HH:MM).

Every day that samples are extracted, procedural blanks must be prepared - evenif the KCl came
fromthe same large carboy used to extract samples on a previous day. Create 3 procedural
blanks, unlessyou are extracting <6samples (not preferred)—in which case create 2 blanks.

a. Add 100 mlKCl to each of the blank extraction cups and treat the same as samples
containingsoil. Label blanks as follows:

1) First, note the kclReferencelD, which describes the KCl batch used that day for
extractions (format =sitelD-extractionStartDate-‘BRef1’, example: CPER-20190418-
BRefl). If a new batch of KClis created in the midst of processing samples, it will have a
new kclReferencelD (example: CPER-20190418-BRef2).

2) Inthe Fulcrum application, records forall of the samples extracted on asingle day
should be nested underthis kclReferencelD.

3) Foreachof thereplicate blanks, record kclBlanklID’s by appending the kclReferencelD
with a dash followed by the letters A-C (ex: CPER-20190418-BRef1-A, CPER-20190418-
BRef1-B, CPER-20190418-BRef1-C).

b. Ifyou have to make a new batch of KCl solution inthe middle of processingagroup of
samples, youmust prepare 3 additionalblanks forthe new solution (BRef2).

Make sure caps on each extraction cup are on tightly, then shake each cup vigorously for ~15
seconds.

Place all samplesand blanksina box or similar containerthat fits on the shakertable. Use
paddingtofillempty space to ensure that cups do notshift while shaking.

8. Placethe boxon itsside sothat samplesshake end-to-end. Shake for1 hour at 150 rpm.
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9. Remove extraction cups and organize on benchtop.

e [fa substantial amount of KCl leaked out of any sample cup during shaking, estimate
how much usingthe cup gradations and adjust kclVolume accordingly, notingthe leakin
the sampleCondition field.

10. Allow soil to settle without disturbance for~15 minutes while setting up the filtering
manifold. This willfacilitate faster filtering.

K.4 Filter Samples

Note: Samples are filtered in batches, the size of which will depend on the number of filtration set-ups
available - generally 4. Soil samples within a batch may finish filtering at differenttimes. New samples
can be added by closing the stopcock on the vacuum line that has finished, cleaning and replacing the
filtration apparatus, applying a new pre-leached filter, and then filtering another sample.

1. Obtainscintillationvialsthat have been pre-labeled as describedin SOP A.

2. Setup the manifold (Figure 17) and attach to a vacuum pump. Check that all stopcocks arein
the closed position (perpendicularto the tubing).

A

-
<

=
P

Figure 17. Filtration equipment for KCl extractions. Example of a sample manifold set-up (left) and other
equipment used for filtration, including filtration unit (extraction funnel + collection cup) and filters (right).

3. Putona new pairof nitrile gloves. Use the same pair of gloves throughout this procedure as
longas they do notget splashed with sample. If that occurs, discard and put on a new pair.

4. Planto spread blank extractions throughout, such that Blank Aisfiltered nearthe beginning of
the set, Blank B inthe middle, and Blank C near the end. This may help with troubleshooting if

any of the blanks have high nitrogen.
SOP K
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Turn on the pump. Open one of the stopcocks (turn parallel to tubing) and check thata vacuum
iscreated on that port by placinga gloved hand on the open end of the tubing. If thereis no
suction, close the stopcock, thenlook forclogs or leaks between connectionsin the tubing.
Openthe stopcock and test again until avacuum is detected. Repeat forall ports, testingone at
a time, thenturn off the pump.

Add the filter: Open filtration units. Using clean filter forceps, place a pre-leached filter onto
each filter holder (it does not matter which side of the filterfaces up ordown, they are
equivalent). Close filtration units, making sure filters do not fold ortear in the process.

Turn on the pump and open the stopcock(s). Pour20-30 mL of soil solution from one sample
into an extraction funnel. Repeatforall filtration units.

While samples are filtering, record extractionEndDate (YYYY-MM-DD HH:MM) foreach sample,
and scan the kclSampleCode for each scintvial.

Once sample hasfiltered completely, transferthe filtrate from the collection cup into the-
labeled, barcoded 20ml scintillation vial. Leave enough room forthe liquid to expand when the
sample freezes (1-2mL of headspace). Cap sample tightly.

o Ifa sampletakeslongerthan 10 minutestofilter, buta sufficient volume of sample has
already been produced (minimum 15 mL), it is acceptable to stop filtering the sample.
Transferthe filtrate asinstructed above and discard the rest of the unfiltered extract.

e Ifsoil particles are observedinthe scintvial, this means the filtertore or was not seated
properlyinthe holder. Replace filter with anew one and filter sample again.

Discard remainingfiltrate fromthe collection cup into awaste vessel. KCl is a neutral saltand
can be disposed of down the drain. Discard used extraction cupsin the trash.

Cleanfiltration units thoroughlypriortore-use.

a. Fill~3/4-waytwo dishpanswith house Dl water.
While still wearing gloves, immerse filter holderand cup in the first waterbasin and swirl.
This ‘dirty basin’ will remove most particulates and soil residue
1) Whendirty basin water becomes excessivelydirty (very brownin color, full of large soil

particles), change out for fresh house DI water.

c. Transferfilterunittothe second, ‘rinse’ basin and swirl.
Rinse filter holderand cup 3X with fresh house deionized water - can be directly fromthe
wall unit, orfrom a carboy or squirt bottle.

e. Conducta final rinse with Type 1 ultra-pure deionized water, either directly from the
containeror usinga squirt bottle.

f. Shaketo remove excess water, thenre-assemble. Equipmentisreadyto use.
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12. Whenfilteringis complete, freeze extracts upright at-20°C — eitherin the cardboard trays in
which the vials come, or some othertray or box. This ensures frozen filtrate will remain at the
bottom of the vial, where itis less prone to expand and crack the vial or push off the cap. Once
samplesare frozen and priorto shipping, transfervials to aresealable plasticbaglabeled with
sitelDand date, as this will be more space-efficient for shipment.

13. Store frozen until shipmentto contracted lab facility. Ship samples according to SOP M.
K.5 Sample Storage

Samples can be stored frozen at the Domain Support Facility for several weeks priorto shipping, but
ideally notlongerthan 8 weeks. Overtime, ammonium can convert backintoammonia, which isvolatile
and escapesfromthe vial, causing underestimates of mineralization rates. Itis desirable to ship T-initial
and T-final extractsfrom agiven bout at the same time, soon afterthe T-final samples are collected and
once data QA iscomplete.

What to do when a sample s lost

e Createarecord forthe sample.

e Enter the samplelDand any other metadata measured forthat sample.

o Select“lost” forkclSampleFate. This allows youto leave otherrequired fields empty. If samples
are beinglostdue toa problem with sample processing that should be addressed, submitan
issue ticket.

SOP K
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SOP L Data Entry and Verification

The importance of thorough, accurate data transcription cannot be overstated; the value of the efforts
inthe fieldisonly manifested once the dataare properly entered fordelivery to NEON’s end users.

Mobile dataentry applications (e.g. Fulcrum) are the preferred mechanism for dataentry. Datashould
be enteredintothe protocol-specificapplication as they are being collected, whenever possible, to
minimize datatranscription and improve data quality. Mobile devices should be synced atthe end of
each field day, where possible; alternatively, devices should be synced immediately uponreturn to the
Domain Support Facility.

However, given the potential for mobile devices to fail underfield conditions, itisimperative that paper
datasheets are always availableto record data. Paperdatasheets should be carried along with the
mobile devicesto sampling locations at all times. Field data collected on paperdatasheets should be
digitally transcribed within 7 days of collection. See RD[04] for complete instructions regarding manual
data transcription.

L1 Quality Assurance

Data Quality Assurance (QA) isanimportant part of data collection and ensures that all data are
accurate and complete. This protocol requires that certain QA checks be conductedin the field (i.e.,
before afield teamleavesaplot orsite), while others can be conducted at a later date in the office. Field
QA procedures are designed to preventthe occurrence of invalid datavalues that cannot be corrected
at a latertime, and to ensure that data and/orsample sets are complete before asampling window
closes. Invalid metadata (e.g. collection dates, plotIDs) are difficult to correct when field crews are no
longerat a samplinglocation.

Office QA procedures are meantto ensure that samplingactivities are consistent across bouts, that
sampling has been carried outto completion, and that activities are occurringin a timely manner. The
Office QA will also assess inadvertently duplicated data and transcription errors to maintain data validity
and integrity. The latest that data QA should be completed is determined by the timing of automated
data upload to the NEON database, which occurs at a pre-settime after dataare electronically entered.
For the following types of data, ensure that QA is completed within the following timeframes:

e Field metadata, field-generated subsample data (-gen, -comp, -ga), other samples generatedin
field collection app (-bm): within 21 days of electronicdataentry

e Lab metadata(pH, moisture), lab-generated subsample data(-cn, -kcl, -ba): within 30 days of
electronicdataentry
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Data QA and automated data upload should always occur before samples are shippedin orderto
preventerrors from affecting shipped samples. The shipment hold times listed in Table 5are designed
to provide sufficient time for data QA and automated data upload.

Sometimes when performing soil sampling things don’t go as planned, horizonidentification and
separationin particularcan be challenging. Communicate thesesituations in the horizonDetails field.
Thiswouldinclude, forexample, instances when athin O horizon was mixed with an M horizon sample
or whenthe number of horizons between aT-initial and -Tfinal core differs (Table 11).

Table 11. Protocol-specific horizon details values.In the event that more than oneis applicable, choosethe
dominant option.

horizonDetails Description

OK No knownissues (defaultvalue)

Thin O horizon present  [Thin O horizon collected as part of M horizon sample

Thin M horizon present  [For Tfinal samples, thin Mhorizon collected as part of O horizon sample

Horizonindeterminate Soil horizon was mis-classified or could not be classified in the field

Standing waterwas not present, but borehole was flooded due to high water
table.

\Water table encountered

oth Horizon not fitting Protocol definitions due to other reason described inthe
er

remarks

In additiontothe QA measures describedinthis section, QA measures needed for this protocol are
described in the Data Management Protocol (RD[04]). QC checklists are available inthe SSLto
streamline the data quality review process.

L.2 Soil Coordinate Lists

Every soil coordinate location should only be sampled once duringasite’s lifetime. Master lists of unique
coordinates and subplots are generated foreach site and are available inthe SSL, with usage
instructionsin Appendix E. After completing asampling bout, update the mastersoil coordinate and
subplotlistsforthe site with the date and status (e.g. sampled, rejected due to rock, etc). If you discover
that one or more X, Y locations were sampled but were not the next coordinates designated for
sampling, orif a set of coordinates were re-sampled, document the discrepancyinaServiceNow
incident. When preparing foran upcoming soil sampling bout, review the master site coordinate and
subplotlists and ensure that they are up to date with records from the previous bout(s).
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L3 Sample Labels & Identifiers

By default, each sample orsubsample produced by this protocol is assighed ahuman-readable sample
identifier which contains information about the location, date, and horizon of the collected sample. Each
sample will also be associated with ascannable barcode, which willimprove sample tracking and reduce
transcription errors associated with writing sample identifiers by hand.

Barcode labels are adhesive and should be applied to dry, room temperature containers atleast 30
minutesinadvance of theiruse inthe field, anditis encouraged toapply themwellinadvance of a
sampling bout. Barcodes are unique, but are notinitially associated with a particular sample. Use the
appropriate barcode label type with each container (i.e., cryo-safe barcode labels only used for samples
that are stored at -80°C, etc). Note thata barcode label is applied in addition to a human-readablelabel
(hand-written or printed).

Barcodes are scanned into the Fulcrum application when the sampleis placed into the container; only
one barcode may be associated with a particular sample. Do not reuse barcodes. If a barcode is
associated with multiple samples, the dataingest system will throw an errorand refuse to pullin
entered data. Thisisan importantthingto check for when performing dataQA.

Data and sample IDs must be entered digitally and quality checked according to RD[04] prior to shipping
samplestoan external lab.
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SOP M Sample Shipment

Referto NEON Protocol and Procedure: Shipping Ecological Samples, Sensors and Equipment (RD[14])
for details on how, when and where to ship samples foranalysis and archiving. Any discrepancies
between the scientificrequirements provided in the Protocol and the shippinginstructions providedin
the Shipping document should be communicated to Science.
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SOPN Soil Depth Surveys of Plots

ThisSOP isintended to collectinformation on soil quantities and distributions in sampling plots to
determine the need forsite-specific modifications based on limited soil quantities, extremely rocky soils,
etc. Currently, itisonly implemented at sites where problems have been encountered inimplementing

the current soil sampling protocol.

N.1 Identify the Plot

1. Navigate tothe southwest corner of the plot. Using flags or some other marker, mark the
locations that are approximately 5m from the corner of each plot, as shown in Figure 18. These
locations do not have to be exact.
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Figure 18. Schematic of TOS soil plotdemonstrating the general layoutof samplelocations.SubplotID’s are noted
inthe left corner of each subplot. Flags denote the corners for the depth transect measuringarea, starindicates
the location to begin measurement. Dots indicatethe general distribution of depth measurements.

N.2 Measure Soil Depths

1. Beginningattheflaglocatedinsubplot 21, insertsoil depth measuring device vertically into the
ground and measure depthtothe nearest 0.1 cm. Sterilityis notrequired forthis survey,
although equipment should be cleaned with waterand dried before and after use. Recordinthe
data sheet Field Datasheet: NEON Soil Depth Survey, underSubplot 21. Enterimportant
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observations orissues encountered in the remarks section forthese and all other
measurements.

Note: If any of the selected points fall within an obstruction, such as plant roots, trees, etc., record
the depth as zero and note the obstruction. Do not attempt to make a physical measurement within
such obstructions.

2. Movingdue east toward subplot 23, take a depth measurement approximately every 1 meter
until you take 15 measurements. After 15 measurements, you should be in subplot 23. Take the
next 15 measurements and record in the data sheetundersubplot 23. Whenyou reach a flag,
turn 90 degreestothe leftand continue measuring approximately every 1 meter. Again, after 15
measurements you should be in the next subplot (41) and should record measurementsin the
appropriate subplot column.

3. Continue moving counterclockwise through the subplots until you reach the beginning. Note
that the final 15 measurements will be in Subplot 21. There should be 30 measurements per
subplot.

4. Remove markersonce measurementsare completed.

5. Enter completed DataSheets electronically following the Manual Data Transcription Protocol,
RD[04].
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APPENDIXA  QUICK REFERENCES

Table 12. Checklist of samples and analyses associated with an off-year soil sampling boutatCore sites.v =
measurement; X = physical sample.

Ziplock (1 gal)
Type | barcode

Human-readable samplelD
Store on ice packs

-gal -ga2 -ga3

X
. Whirlpaks/
Transition v cryovials (top v v
horizon)
icrob
microbes X )
Peak Whirlpaks
v . paks/ 1 plot-level whirl-pak v N
greenness cryovials (top .
. (top horizon)
horizon)
FIELD SAMPLING: OFF-YEAR, microbes, T1 and T2
Sample top horizon Field-generated subsamples
-gad -ga5

5 cryovials

Type Il barcode
Human-readable samplelD
Store on dry ice

Type Il barcode

Store on dry ice

1 whirpak (2 oz) 1/2 full

Human-readable samplelD

Figure 19. Field-generated samples atCore sites for boutType= microbes, sampleTiming=T1 or T2.
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FIELD SAMPLING: OFF-YEAR, microbes, PG
Sample top horizon Field-generated subsamples
-gal -ga2 -ga3 -gad -ga5

Bulk — per subplot

Ziplock (1 gal)

Type | barcode
Human-readable samplelD
‘ Store on ice packs

Bulk - Subplot 1

i . ‘ Bulk - Subplot 2

& & &

%

5 cryovials
Type Ill barcode

- Storeon dry ice

Human-readable samplelD

oy

-

1 whirpak (2 oz) 1/2 full
Type |l barcode
Human-readable samplelD
_ Store on dry ice

Type Il barcode

Store on dry ice

" 1 whirpak (2 0z) 1/2 full
(soil from 3 subplots)

Human-readable samplelD

Figure 20. Field-generated samples atCore sites for boutType= microbes, sampleTiming=peak greenness.
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Table 13. Checklistof samples and analyses associated with an off-year soil samplingboutatRelocatablesites.v =
measurement; X = physical sample.

X
Transition| cryovials (top None v v
horizon)
microbes
Peak X
v cryovials (top None v v
greenness )
horizon)

FIELD SAMPLING: OFF-YEAR, Relocatable, microbes, T1, PG and T2

Sample top horizon Field-generated subsamples

5 cryovials
Type Il barcode
Human-readable samplelD
Store on dry ice

Ziplock (1 gal)

Type | barcode
Human-readable samplelD
Store on ice packs

Figure 21. Field-generated samples atRelocatablesites for boutType= microbes, all bouts.
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Table 14. Checklistof samples and analyses associated with a coordinated soil sampling bout (NtransBoutType=

Tinitial or Tfinal). v' = measurement; X = physical sample. For sites with both O and M horizons, the number of
horizons to collect per samplinglocation isindicated.

. . . . . . BGC
Soil | Microbes . Microbial | Soil | Soil KCI
Bout Sample X Metagenomics X X measure
Tvoe Timin temp | and archive (field) biomass |moist| pH |extract and archive
ol g (field) (field) (lab) (lab) | (lab) | (lab)
(1ab)
Tinitia SAMpling
X
Microbes Whirlpaks/ X
) Transition ) sievedsoil | Vv v X
Biomass cryovials .
) (2 horizons)
(top horizon)
Microbes X X X X
. Peak Whirlpaks/ |plot-level whirl-| . . .
Biomass : sievedsoil | v v X dried soil
greenness cryovials pak . ;
BGC . . (2 horizons) (2 horizons)
(2 horizons) | (2 horizons)
Thina SAMpling
Fieldonly All N X
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FIELD SAMPLING: COORDINATED YEAR, T INITIAL, microbesBiomass, T1 and T2

Sample top horizon

Field-generated subsamples

Ziplock (1 gal)
Type | barcode
Human-readable samplelD
Store on ice packs

-gal

-ga2 -ga3 -gad -gab

5 cryovials
Type Ill barcode
Human-readable samplelD
Store on dry ice

1 whirpak (2 oz) 1/2 full
Type Il barcode
Human-readable samplelD
| Store on dry ice

If top horizon = O, sample M horizon

Ziplock (1 gal)
Type | barcode

Human-readable samplelD
Store on ice packs

No field subsampling

Figure 22. Field-generated samples duringa Coordinated year for boutType= microbesBiomass,sampleTIming=T1

or T2.
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FIELD SAMPLING: COORDINATED YEAR, microbesBiomassBGC, PG

Sample 2 horizons, if present

Field-generated subsamples (each horizon)

Type | barcode
|

Ziplock (1 gal)

Human-readable samplelD
Store on ice packs

-gal

-ga2 -ga3

5 cryovials

Type Ill barcode
Human-readable samplelD
Store on dry ice

-gad -ga5

¥

|t

Bulk - Subplot 1

‘w

Bulk - Subplot 2 -
- _—

Type Il barcode

~ Store on dry ice

Bulk - Subplot 3 "

3

" 1 whirpak (2 oz) 1/2 full

| Human-readable samplelD

1 whirpak (2 oz) 1/2 full
(soil from 3 subplots)
Type Il barcode
‘ Human-readable samplelD
. Store ondry ice

Note: same subsamples for each horizon

Figure 23. Field-generated samples duringa Coordinated year for boutType= microbesBiomassBG, sampleTiming =

peak greenness.
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FIELD SAMPLING: COORDINATED YEAR, T FINAL, T1 or T2 or PG

Sample 2 horizons, if present

Ziplock (1 gal)
Type | barcode
Human-readable samplelD
Store on ice packs

No field subsampling

Figure 24. Field-generated samples duringa Coordinated year for Tfinal sampling, boutType= fieldOnly, any time of

year.

Page 100




ne<n

Title: TOS Protocol and Procedure: Soil Biogeoche mical and Microbial Sampling

Date: 01/13/2020

Operated by Battelle | NEON Doc. # NEON.DOC.014048

@E_

Author: L. Stanish

Revision: M

QUICKGUIDETO SOILCOLLECTION DURING A MICROBES BOUT

REMINDER: Use sterile technique as much as reasonably possible.

STEP 1 — Obtaindryice. If needed, cold soak coolers before goinginto field.

STEP 2 - Use plotID and X, Y coordinate lists to locate pre-determined samplelocations.

STEP 3 - Sterilizeany equipment or consumables that will contact the sample by wiping with 70%

ethanol.
STEP 4 - Measure soil temperature.

STEP 5 — Measure litter layer.

STEP 6 — If organic horizonis present, collect with clean “brownie cutter”, hori-hori, or similar.

STEP 6a — Put organicsamplesinto new 1-gallon bag and homogenize well by shaking bagand
crushing aggregates with your hands on the outside of the bag. Sterilly removerocks, coarse
roots (> 2 mm diameter), insects, wood, moss, and other non-soil debris. Fill 1 pre-labeled whirl-
pak (2 0z.) ~¥1/2-way and 5 pre-labeled cryo vials % of the way. Complete sample labels, close

whirl-paks (labels clearly visible), and store on dryice. Record barcode labels.

STEP 6b — For peak green bouts, sample formetagenomics. Use sterile scoop to place soilina2
oz. whirl-pak. Add a scoop of homogenized soil at next X,Y location within the same plot -
horizon combination, storingon wetice between X,Y locations. When all X, Y locations have
beenadded, close whirl-pak(s) (labels clearly visible), and store on dry ice. Scan barcodes.

STEP 6¢ —Ensure that at least 25g of homogenized organicsoil or 50g mineral soil is available for

analysesatthe domain lab. Store the bag of homogenized soil onice packs.

STEP 7 — If organic horizon is not present, collect mineral horizon core(s) with approved coring device for
your site. Follow steps 6a— 6¢ for microbial subsampling.

STEP 8 — Measure sample depthin brownie square or bore hole. Remember: For samples collected from

the ground surface, sampleTopDepth=0 cm.

STEP 9 — Data QA. Ensure all data have beenrecorded on datasheets and/or Fulcrum application. If

using barcode labels, ensure all labels have been scanned to the correct sample ID’s.

STEP 10 - Backfill boreholesin accordance with permit.

STEP 11 —Rinse equipment using deionized water and clean towels. Sterilize immediately beforere -use.

Page 101




Title: TOS Protocol and Procedure: Soil Biogeoche mical and Microbial Sampling Date: 01/13/2020

ne<n

Operated by Battelle NEON Doc. # NEON.DOC.014048 | Author: L. Stanish Revision: M

@E_

QUICKGUIDETO SOILCOLLECTION DURING ACOORDINATED BOUT

STEP 1 — Prepare sampling equipment before goingintofield.
STEP 2 - Use plotID and X, Y coordinate lists to locate pre-determined samplelocations.

STEP 3 — Sterilizeany equipment or consumables that will contact the sample by wiping with 70%
ethanol.

STEP 4 - Measure soil temperature.
STEP 4 - Measure litter layer.
STEP 5 — If present, collect organic horizon with “brownie cutter”, hori-hori, or similar.

STEP 6 — Put organic samplesinto al-gallon bagand homogenize either by closing bagand inverting or
mixing with a pre-sterilized gloved hand. With a sterilized, gloved hand, remove rocks, coarse roots (>2
mm diameter), insects, wood, moss, and other non-soildebris.

STEP 7 - Collect mineral horizon core(s) with incubation cylinder or similar-diameter coring device for
your domain, place in bagand homogenize. With a sterilized, gloved hand, remove rocks, coarse roots.
Insects, wood, moss, and other non-soil debris.

STEP 8 - Subsample for microbial analysis, archive, and metagenomics following STEPS 6a and 6b of
‘Microbes’ Quick Guide.

STEP 9 — Ensure that at least 75g of homogenized organicsoil or 160g mineral soil isavailablefor
analyses atthe domain lab.

STEP 10 — Label bag/s. Store homogenized bagsin cooler onice packs and store all microbial sampleson
dryice.

STEP 11 — Measure sample depth/sin brownie square orbore hole and record. Remember: For samples
collected fromthe ground surface, sampleTopDepth =0 cm.

STEP 12 —If conductingan N-transformations Tinitial bout, set up the incubated core. Youwill returnto
retrieve and extract this core in 2-4 weeks.

STEP 13 — DATA QA. Ensure all data have beenrecorded on datasheets and/or Fulcrum application. If
using barcode labels, ensure all labels have been scanned to the correct sample ID’s.

STEP 14 - Backfill boreholesin accordance with permit.

STEP 15 —Rinse equipment using deionized waterand clean rag.
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APPENDIXB  REMINDERS

COLLECTING QUALITY SOIL SAMPLES

Pre-sampling: Be sure to...

N ®

Prepare soil coordinate lists foreach samplinglocation.
Ensure all samplingequipmentis available, operational, and ready for use.

Pre-label sample containers (printed labels recommended) with information that willnot change
(e.g. plotID, collectDate, etc).

Obtaindry ice, and cold soak coolersif needed.
Upload GPS coordinates for plots and review job ticket.

Know any special permitrequirements for the site.

At soil sample location: Check...

(N N N N

Coring:

A AR [

N X

Does a handheld GPS confirmthatyou are indeed at the correct plot?

Is designated samplingarea disturbed?

Didyou probe area within 0.5m of X,Y coordinatesto find agood samplinglocation?
If a location was rejected, did you record why on the datasheet?

Did you record metadata on datasheetand/or Fulcrum application (plotID, collectDate, etc.)?

Rememberto...

When sampling for microbes, always sterilize gloves and equipment before use and atevery
sample location! Do notallow a ‘dirty’ object touch a microbial sample.

Wear clean gloves. Eitherchange or clean gloves between samples.
Measure soil temperature at each sample location.
Measure depth and remove leaf litter before coring.

Homogenize samples priorto field subsampling and ensure that rocks, coarse roots (>2 mm
diameter), insects, wood, moss, and other non-soil debris have been removed.

Coreto 30 + 1 cm and measure sample top and bottom depthsinborehole (not the core).
Backfill hole with appropriate materialwhen you are done.

Decontaminate equipment (e.g., corer, tray, brownie cutter, etc.) between samplelocations.
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Sample Handling: Be sure to...

M Label sample bags and double check labels against datasheets and/or Fulcrum application.

M Store microbial geneticanalysis, archive, and metagenomics samplesin coolerwithdryice.

M Store bulk soil samplesin coolerwith ice packs.
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PROCESSING SOILSAMPLES INTHE LAB

All Bouts: Rememberto...

Transfer bulk soil sample bagto refrigerator(4°C).
Prepare tosieve, dry, subsample, and conduct other processingas required forthe type of bout.
Measure soil moisture on unsieved bulk soil sample.

NE A~

Measure pH on sieved, air-dried sample (except for Tfinal bout of N-transformation sampling).
When measuring pH, rinse electrode with DI water between samples.

Microbial GeneticSamples: Be sure to...

M Store microbial geneticanalysis, archive, and metagenomics samples in ultralow freezer (-80° C).

M Ship analysis samples separately from archive samples.

M Shipsamplesondryice toexternal lab/s accordingtothe schedule provided by NEON CLA . Do
not ship on Thursdays or Fridays.

Microbial Biomass Samples: Be sure to...

M Within 1 day of collection, sieve mineral soil or remove rocks, coarse roots (> 2 mm diameter),
insects, wood, moss, and other non-soil debris out of organicsoils.

Transferto labeled, barcoded scintillation vials. Scan barcodes.

Storein ultralow freezer(-80° C).

Shipsamplesondryice to external labaccordingto the schedule provided by NEON CLA. Do not
ship on Fridays.

NE A

Nitrogen Transformation Samples: Don’tforgetto...

M Extract sieved soil using 2M potassium chloride within 1 day of collection.

M Filterextractsandstoreinlabeled, barcoded scintillation vials at -20° C.

M Ship extracts on dry ice to external lab/s accordingto the schedule provided by NEON CLA. Do
not ship on Fridays.

Biogeochemistry Samples: Be sure to...

M Create subsamplesforBGCanalysis used oven-dried (65°C), sieved or hand-picked soil.
M Use remaining air-dried and sieved or hand-picked soil forthe BGC archive
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M Ship BGC analysisand archive samplesto the appropriate lab/s atambient temperature

accordingto the Domain schedule.

Data Entry: Did you...

M Track and record the dates and times of sample collection and processing?

M Describeirregularities or deviations from protocol?
M Enterallinformation from datasheetsinto Fulcrum application?
M Complete the DataQC checklists forall relevant Fulcrum applications?

Preserve Sample Integrity: Make sure...

M Allsample label informationis correctly transcribed.

M Ifapplicable, all barcodes have been scanned and are associated with the correct sample ID’s.

M Glovesare changed and/orcleaned and sieves cleaned between samples.
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APPENDIXC  ESTIMATED DATES FOR ONSET AND CESSATION OF SAMPLING

The datesin the table below are estimates for the start and stop dates of sampling. Sampling occurs
when soil activity theoretically increases from its annual minimum and continues until activity returns to
itsannual minimum, as described in Section 4.2. The dates are estimated from satellite MODIS-EVI
phenology dataaveraged from 2005-2014 (Didan 2015), or from historic precipitation data for sites that
are driven by precipitation regime (Table 4). Estimated dates provide general guidance of when each
domain can expectthe site to be suitable for soil sampling. Because individual years may vary widely
fromthe average dates provided below, it is essential that domain staff monitorreal-time conditions to
determine whento start (and stop) sampling, as described in Section 4 of this protocol.

Table 15. Samplingwindows for each site. The number in parentheses is the recommended number of days for N
transformationincubations (+4 days is acceptable). The majority of the incubation period (more than 50% of the

days) should fall within thesamplingwindow.

Domain Site Transition 1 Window Peak Green Transition 2 Window
Window
01 HARV Apr 15 —May 15 (24) July1—Aug 31 (18) Oct 8 — Nov 7(24)
BART Apr21—-May 20 (24) | Junel—July31(18) | Sept28 — Oct 28 (24)
02 SCBI Mar 27 — Apr26 (24) | Julyl—Aug31(18) | Oct 18— Nov17 (24)
SERC Mar 15 — Apr 15 (24) July1-Aug 31 (18) Oct 15 — Nov 15 (24)
BLAN Mar 10 — Apr 10 (24) July1—Aug 31 (18) Oct 15 — Nov 15 (24)
03 JERC Mar 15 — Apr15 (18) | July15—Sept1(14) | Oct 15— Nov 15 (18)
DSNY Mar 2 —Apr 1 (18) Aug15 —Oct 15 (14) | Oct 18 — Nov 17 (18)
OSBS Mar 12 — Apr11 (18) | July1l—Sept15(14) | Oct 13 —Nov12 (18)
04 GUAN Julyl—Aug1(14) Sept1—Nov 15 (14) Dec1-—Mar 1 (18)*
LAJA Julyl-Aug1(14) Oct 15— Nov 30 (14) Dec1l—Mar 1 (18)*
05 UNDE May 6—June 5 (24) June 15 — Aug31 Sept13 — Oct 13 (24)
(21)
TREE Apr 15 —May 15 (24) June 15 — Aug31 Oct1—0Oct 31 (24)
(21)
STEI Apr 15 —May 15 (24) June 15 — Aug31 Oct1—0ct 31 (24)
(21)
06 UKFS Mar 17 — Apr 16 (24) June 15 — Aug 31 Oct 15— Nov 15 (24)
(18)
KONZ Apr 1— May 1(24) June 15 — Aug 31 Oct 1 —Oct 31 (24)
(18)
KONA Apr 1—May 1(24) June 15 — Aug 31 Sept 28 — Oct 28 (24)
(18)
07 ORNL Mar 15 - Apr 15 (21) May 1—July 31 (18) Oct 13— Nov 12 (21)
MLBS Apr21—-May 21 (24) | Junel-Aug 31 (18) Oct 8 — Nov 7(24)
GRSM Apr1l-—May 1(21) Junel—Aug31(18) | Oct15-Nov15(21)
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08 TALL | Mar 17 -Apri6 (21) | May 1-July31(18) | Oct28 - Nov27 (21)
DELA Mar 15— May 1 (21)* | June1l—July31(18) | Oct 28 — Nov27 (21)
LENO Mar 30 — May 1 (21)* | June 1—July31 (18) Nov2 — Dec2 (21)
09 WOO0OD May 1— May 31 (24) July1—Aug 31 (18) Oct 1 - Nov 15 (24)
DCFS | May 1-May 31 (24) | Julyl—Aug31(18) Oct 1—Nov1(24)
NOGP Apr 15 —May 15 (24) July1—Aug 31 (18) Oct1 - Nov1(24)
10 CPER Apr 1- May 1 (24) May 15 —July 15 Nov 1 - Dec1l (24)
(18)
STER Apr1-May 1(24) June 1-July 31 (18) Oct 15 — Nov 15 (24)
RMNP May 1— May 31 (28) June 15 — Aug 31 Sept 15 — Oct 15 (28)
(21)
11 CLBJ Mar 2 —Apr 1 (18) Apr 1—-May 15 (14) Oct 23 — Nov 22 (18)
OAES Mar 1 —Apr1 (18) May 1—-June30(14) | Augl-Aug31(18)
12 YELL May 1—May 31 (24)* | July1l-Aug31(21) Sept8 —Oct 8(24)
13 NIWO | May 21 —-Jun 20 (28)* | Julyl—-Aug31(21) | Aug29 —Sept28 (28)
MOAB Mar 1 —-Apr1 (18) May 15 —July 31 Oct 15— Nov 15 (24)
(24)
14 JORN June 15 —July15(18) | Augl —Sept15(21) | Oct 18 — Nov 17 (24)
SRER May 31 —June 30 (18) Augl - Sept1 (21) Oct 28 — Nov 27 (24)
15 ONAQ Mar 1 —Apr 15 (18) May 15 —July 15 Oct 8 — Nov 8(24)
(24)
16 ABBY Apr15—May 15 (21) | June1-July31 (24) Oct 8 — Nov 8(24)
WREF Apr 26 —May 26 (21) | June 1—July31 (24) Oct 1 — Oct 31 (24)
17 SJER Oct 15— Nov 15 (24) Feb 15— Apr 1(18) May 6—June 5 (24)
SOAP Mar 15 — May 1 (24) May 15 —July 15 Oct 15— Nov 15 (24)
(21)
TEAK Apr 15 —May 15 (24) July1—Aug 15 (21) Oct1 - Nov1(24)
18 TOOL NA July1—Aug 15 (28) NA
BARR NA July1— Aug 15 (28) NA
19 HEAL NA June 15 -Aug15 NA
(21)
DEJU NA June 1-July 31 (21) NA
BONA NA July1—Sept30 (21) NA
20 PUUM Nov 1 — Nov 30 (18) Dec15—-Jan15 (14) | Junel-June 30 (18)
*Allowable deviations from sampling windows orincubation lengths:
Domain Site Deviation Rationale
D04 LAJA T2: Boutshould be scheduled earlyin
window boutshould be rescheduledif | Unpredictable transition
GUAN | wetseasonrainsoccur within72 hours | fromwetto dry season
of scheduled bout
D08 DELA

Page 108

Date: 01/13/2020

Revision: M




=

ne<n

Operated by Battelle

D10
D13
D17

D12

Title: TOS Protocol and Procedure: Soil Biogeoche mical and Microbial Sampling Date: 01/13/2020

NEON Doc. # NEON.DOC.014048 | Author: L. Stanish

Revision: M

LENO

RMNP
NIWO
TEAK

YELL

T1: If flooding preventsascheduled
samplingevent, thenthe bout may be
rescheduled through no later than May
31

T1: If sampling occurs late in the
samplingwindow due to a persistent
snowpack, incubation may last
approximately 21 daysinstead of 28

T1: Anticipate cancellation of sampling
at towerplotsintoforeseeable future

Unpredictable spring
flooding

Unpredictable timing of
snowmelt

Perthe Yellowstone
National Park Bear
ManagementPlan, the YELL
tower plots cannot be
sampled between March 10
- June 30.
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SITE-SPECIFICINFORMATION

Quarantined Sites

The followingsites fall underthe CFR 301 — Domestic Quarantine Notices and are required to follow
additional containment measuresin orderto preventthe spread of nuisance and/orinvasive species.
Note that quarantine status may change at a site, and this may not be reflected in the table below. Refer
to the USDA APHIS quarantine document for the most updated information on quarantine status.

Domain Site Quarantined Materials ContainmentAction
OSBS
03 DSNY
JERC
GUAN
04 AJA Referto NEON Protocol and Procedure: Shipping Ecological
Soil and plant material Samples, Sensors and Equipment and the notesinthe
GRSM . . . .
07 ORNL Shipping Application for details on sample shipment.
11 CLBJ
14 JORN
20 PUUM
Secondary leak-proofcontainment required before
transporting soils from MLBS to DSFin Tennessee. Place a
. . trash bag inside each cooler priortoloading samples. Place
07 MLBS Soil and plantmaterial ice packfor dryiceinside theptrash bag.PIa%e zipli)ock
bags/whirlpaks within the trash bag. When cooleris full, close
trash bag with a metal twisttie, orsimilar, then close cooler.
D.2 Sites with known issues that require sampling modifications

GUAN

K).

Issue: Extremely rocky soils (as quantified in SOP | Solution: Current soil plots wereevaluated atthe

subplotlevelforability to conductlong-term

sampling. Based on the defined criteria, 4

subplotswere rejected: 23in GUAN_001, 39 in

GUAN_004, and 21 and 41 in GUAN_Q0S. Itis

recommended that:

- GUAN_005 bereplaced withaplotthat
has a minimum of 3 subplots that meet
the soil volume criteria;
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- All samplingin plot GUAN_001 occur
withinsubplots 21, 39, and 41;

- All samplingin plot GUAN_004 occur
withinsubplots 21, 23, and 41.

DSNY
Issue: Watertable can rise very quickly and Solution: During coordinated years, all bouts and
unpredictably plotsat DSNY should be measured for N-

transformation rates using the modified method
outlinedin TOS SOP: Wetland Soil Sampling
(RD[06]), e.g., using buried bags.

D.3 Sites with permafrost and peatland soils

Soilsthatdevelopincold, wet places have uniquefeatures due to acombination of the presence of
permafrost, avery short growing season, the predominance of moss, and slow rates of decomposition.
Therefore, the definitions of, and manner of delineating between, soil horizons requires specialized
instructions. Specifically:

e Thesurface of the soil isgenerally guided by the plants: where roots are growing, and there is
predominantly dead instead of live plant material, thatis where the soil begins
(sampleTopDepth=0cm).

e Thisis afunctional definition specificto peatland and permafrost-typesites. Forinstance, in
Alaska, material may still be very ‘fibric,” e.g. have recognizable plant parts slowly decomposing,
butitis still considered organicsoil, since roots grow init, and should be sampled as such.

e Findingthe top/start of this soil can be difficult because live and dead plant material will be a
continuum from the surface downward. To help, technicians should use other guides:

i.  Color—shiftfromgreen/white tobrown
i. Texture—the material will becomesoftandfriable if mostly dead
iii. Presence of live roots growing among dead organic material.

Specialized Equipment Needed for Sampling: Hand clippers

Follow these step-by-step instructions to obtain soil samplesin permafrost and peatland sites, such as
those foundin D5, D18 and D19.

1. Atasuitable X, Y location, use clippers (orequivalent) to remove live surface vegetation,
includinglichens, froma ‘brownie’ area until roots are apparentand the material transitions
from being mostly live to mostly dead. Pay attention to where fibrous material becomes friable,
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use a sterilized, gloved hand as needed. Thisis the surface of the soil (sampleTopDepth =0 cm).
See Figure 25 for site-specific photos that can help guide where the soil starts.

2. Place coringdevicein brownie footprintandinsertinto ground to 30 cm depth (orrefusal).

a. Ifsoilisvery ‘fluffy’, use asoil knife to cutaround the perimeter of the coring device while
inserting. This may help avoid compaction.
b. Itisalsoacceptable touse a brownie-type square to collect soil monoliths with a knife.

3. Extrude or collect material onto a plastictray and separate O and M horizons

a. Ifan Mhorizonis present, itwill have agrainy/gritty feel. Ifit’san O horizon, almostno
mineral grains will be present, it will instead feellike friable, smooth plant material (may
alsofeel greasy). Note that high-latitude M-horizons can be very organicrich.

Sub-sectioning soil monoliths. The diameter of the brownie frame (10cm, or 4 in) is
much largerthanthe diameterof acoring device (2-2%in),and when used to collect
soil can lead to much more soil than needed, depending onthe horizon thickness. If
you find yourself with much more soil than needed and wantto remove some of the
soil before homogenizing and sub-sampling, do so by cutting the monolith lengthwise
fromtop to bottom. This will ensure that soil from the entire depth profilewillbe
evenlyrepresentedinthe final soilsample.

4. Processthe material followingthe rest of the instructionsin SOP B or C, depending on bout
type.Ingeneral, litter depths will be 0 cm, unless there was visible, dead leaf litter materialon

top of the soil surface.
5. If conducting a Coordinated bout, install incubation cylinder before taking the initial core.

a. Remove live surface vegetation and find the soil surface as described above
Install the cylinderto 30 cm depth (orrefusal). Use asoil knife to cut around the perimeter
of the cylinder while inserting to help avoid compaction.

c. Place cap on the cylinderand attach cap to cylinderas describedin SOP C
Return cut-away surface vegetation so thatit covers/buries the cylinder.
1) Use apinflag, flaggingtape, orsome other marker (site host permitting) to assistin

relocating the core.

e. Followallinstructionsforcollectingthe incubated cylinderas described in SOP C. Do not
push down or otherwise attempt to change the positioning of the cylinder before collecting
the sample whenyoureturn, evenif the active layer has thickened (in sites with

permafrost).
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Figure 25. Images demonstrating the startof the soil surface (yellowdashedline) atTOOL (A), BARR (B), DEJU (C),
HEAL (D), BONA (E), and TREE (F). Source: NEON Terrestrial Instrument System (TIS), in collaboration with NRCS.

D.4 Sites with Variable Seasonality Across Plots

Table 16. List of sites with variableseasonality conditionsacross plots,and allowableduration of bouts.

Domain Site Key Characteristics Duration of sampling bout
10 RMNP Large differences in elevation, Plots with different characteristics may
slope, aspect, vegetation cover, be sampled>14 days apart; Sample
13 NIWO p ,35P L & "I plotswith similarcharacteristics as
impacttiming of seasonal .
close as possible, but no more than 14
17 TEAK changes

days apart
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D.5 Sites authorized to use the Wetland SOP

Domain Sites

01 HARV

D03 DSNY, OSBS

05 TREE, UNDE, STEI

08 DELA, LENO

09 WOOD, NOGP, DCFS
18/19 HEAL, TOOL, BARR, BONA

D.6 Soil horizons from NRCS Initial Characterization

Table 17. Prevalence and depth of organic (O) horizons by site, based on NRCS initial soil characterization. Note

that exact plots analyzed by the NRCS may differ from the plots currently being sampled, and conditions may vary.

MedianO Max O
. . # plots with O . Min O horizon| .
Domain Site # plots : horizon depth horizon
horizon depth (cm)
(cm) depth (cm)
01 BART 15 15 14 3 30
01 HARV 18 18 5.5 1 140
02 SCBI 18 3 4 4 5
02 SERC 20 0 -- -- --
02 BLAN 15 0 -- -- --
03 DSNY 16 0 -- -- --
03 JERC 23 0 -- -- --
03 OSBS 23 8 10 5 40
04 GUAN 18 0 -- -- --
04 LAJA 19 0 -- -- --
05 STEI 14 2 62.5 25 100
05 TREE 11 6 6.5 3 100
05 UNDE 13 7 76 3 200
06 KONZ 13 0 -- -- --
06 UKFS 17 0 -- -- --
06 KONA 19 0 -- -- --
07 GRSM 13 10 5 2 9
07 ORNL 20 5 4 2 5
07 MLBS 10 7 2 1 8
08 DELA 21 1 2 2 2

Page 114




NS
.28

ne<n

Title: TOS Protocol and Procedure: Soil Biogeoche mical and Microbial Sampling

Date: 01/13/2020

Operated by Battelle NEON Doc. #: NEON.DOC.014048 | Author: L. Stanish Revision: M
. Median O . . Max O
. . # plots with O . Min O horizon| .
Domain Site # plots . horizon depth horizon
horizon depth (cm)
(cm) depth (cm)
08 LENO 18 0 -- -- --
08 TALL 26 1 10 10 10
09 DCFS 14 0 -- -- --
09 NOGP 18 1 4 4 4
09 WOOD 15 6 10 1 18
10 CPER 17 0 -- -- --
10 STER 11 0 -- -- --
10 RMNP 14 14 5 2 11
11 CLBJ 11 0 -- -- --
11 OAES 15 0 -- -- --
13 NIWO 13 8 4.5 2 8
13 MOAB 11 0 -- -- --
14 JORN 16 0 -- -- --
14 SRER 12 0 -- -- --
15 ONAQ 11 0 -- -- --
16 ABBY 15 9 3 1 9
16 WREF 11 11 6 2 10
17 SJER 10 1 1 1 1
17 SOAP 12 6 6.5 2 12
18 BARR 20 21 80 10 120
18 TOOL 19 19 22 1 100
19 DEJU 18 16 8.5 4 48
19 HEAL 15 15 17 5 60
19 BONA 16 16 9.5 5 80
20 PUUM 10 9 5 1 30
D.7 Site-specificsoil sampling devices

Table 18. Soil types and sampling devices for each site.

Domain Site Soil Type(s) Sampling Device(s)
o1 HARV Soils mostly organic. Loamy AMS auger, part# 400.09
BART and rocky mineral soils 2 inchdiameter
02 SCBI Rocky soils
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AMS auger, part# 400.08, 2.25 inch

SERC
diameter
AMS hammer-head replaceable tip soil
BLAN probe kit, part# 425.501,
1inchdiameter
JERC . .
Relatively deep organicand AMS auger
03 DSNY . . . .
mineral soils, fewrocks 2 %inch diameter
OSBS
. AMS soil probe, part# 401.17
o4 GUAN Extremely shallow, rocky soil 11/8 inch diameter
LAJA High-clay soil Soilauger, 2 inch diameter
UNDE .
AMS slide hammer corer, part# 404.50
05 TREE 2 inch diameter
STEI
UKFS High-clay soil AMS soil auger, part# 402.36
2 % inch diameter. Alt: JMC Backsaver,
06 KONZ Very rocky, shallow soils handle (part#PNO001) plus sample tube
(part#t PN0O12)
KONA 12 x 1 Yainch diameter
ORNL Forestry Suppliers Carbon Steel Auger
07 MLBS Variable ) .
GRSM Mud/Clay, 2 inch diamter Part# 78400
AMS auger, part # 400.08
TALL Sandy soils Maximo #110504
08 2 Yinch diameter
DELA Moist, sticky clay soil AMS mud auger, part# 350.20
LENO Moist, sticky clay soil 2 Yainch diameter
WO0O0D Moist, wet, sticky clay soil AMS auger, part# 400.54
. . . 2 % inch diameter; or
09 DCFS Moist, sticky clay soil AMS auger, part# 415.23
NOGP Dry, rocky soil 2 Yainch diameter
CPER JMC auger, part# 072, 2 inch diameter or
10 STER High clay soil AMS auger, part# 402.36
RMNP Rocky soil 2 Yainch diameter
CLBJ Sandy soils AMS auger, part# 400.08
11 . .
OAES 2 %inch diameter
1 VELL AMS Auger, pa.rt# 400.08, 2 1/4inch
diameter
NIWO Rocky soil see D10 entries
13 . AMS Auger, part# 400.08
MOAB Sandy soil 2 %inch diameter
14 JORN Sandy soil AMS Hex QP Sand Auger, part# 58536

Page 116

Date: 01/13/2020

Revision: M




=

ne<n

Operated by Battelle | NEON Doc. # NEON.DOC.014048 | Author: L. Stanish

Title: TOS Protocol and Procedure: Soil Biogeoche mical and Microbial Sampling

Date: 01/13/2020

Revision: M

2 Yinch diameter
. AMS Hex QP Sand Auger, part# 58536
SRER Sandy soil 2 Yinch diameter
. AMS Auger, part# 400.06
15 ONAQ Rocky soil 3 Y%inch diameter
ABBY ;
. . . Forestry Suppliers Carbon Steel Auger
16 wrer | Organicand Mineral Soils Mud/Clay, 2 inch diameter Part# 78400
SIER AMS t# 400.08
17 SOAP auBer, parts T
2 Yainch diameter
TEAK
18 TOOL Gelisols: thick organic
horizon, cryoturbation
BARR 12 Yo I Soil monoliths cut with ahori-hori
HEAL .
19 4 x4 inch square template
DEJU
BONA
Forestry Suppliers Carbon Steel Auger
20 PUUM 2 inch diameter Part# 78401
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APPENDIXE  USING SOIL COORDINATE LISTS

The soil coordinate and subplotlists providerandomly-generated X,Y locations at which soil sampling
should occur. The lists are generated programmatically to ensure that there are norepeat sample
locations, to prevent sampling within the inner 20x20 non-destructive samplingareain the plots, and to

ensure thatthere are enough locations to enable sampling at each plot for at least 30 years. In orderto
retainthe random design of the protocol and to ensure that no locationis sampled more thanonce, it is

critical that the order of the subplot and coordinate lists provided are not changed.
The format of the soil listsis as follows (referto
Figure 26):

e Soil subplotlists-1 .xlsx formatted spreadsheet persite. Lists the 3 subplots to sample.

o Examplefile:DSNY_sls_subplots_allPlots.xIsx
e Soil coordinate lists—1 .xIsx formatted spreadsheet persite. Lists X, Y coordinates persubplot.

o Examplefile:DSNY_soilCoordList_noDuplicates.xlsx

Allfiles are postedinthe Sampling Support Library (SSL) under the category, SoilXYLists. If you are
unable tolocate these files, please contact Science.

These fields list the 3
subplots to sample

s

rowNumber ¥ plotID | ¥ Subplot |¥|Subplot.1 | ¥ |Subplot.2 | ¥ sampledDate ¥ status ¥

Subplot List

1 SOAP_001 23 41 39 4
2 SOAP_001 41 21 23 |I
3 SOAP_001 41 23 39 :
4 SOAP_001 21 41 39 II
5 SOAP_001 39 23 41 :
6 SOAP_001 23 39 41 :
This field retains the original order that I |I

each row should be used. Re-sort by After sampling, enter
plotiD+Subplot+rowNumber to return list | ojjectDate in format
. to original order (note: sometimes YYYYMMDD
List rowNumbers are skipped for coordinates

/ that were' previously sampled). |I

Coordinate

rowNumber | v plotiD/| v |subplotiD v coordX |+ coordY v Date v |Status | ¥

001 21 25 0.5
0AP_001 21 15 3
SOAP_001 21 10 4

5 SOAP_001 21 10 9
6 SOAP_001 21 18 2

—

Each plotID has 4 subplots, and
~750 random coordinates were
generated for each subplot, leading
to ~3000 rows per plot.

Enter “OK” if sampled,
“Rejected” if not
sampled. Free text
comments are allowed.

Figure 26. Anatomy of the soil subplotand coordinatelists.
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The system for tracking and recording soil coordinates is not fool-proof, and requires attention to detail
and a bit of upkeep. If you do not update the list with previously sampled locations, thenitis easy to
accidentally resample acoordinate. If you resamplea coordinate, YOU MUST DISCARD THE SAMPLE.

E.1 Preparing for a Bout

1. Ensurethat the coordinatesand subplots usedin previous bouts have been enteredintothe list.
It is bestto update your lists at the same time as electronicdataentry occurs: make ita part of
your data entry and QA procedure.

2. Priorto commencingabout, open upthe subplot list.

a. Start withthe first plotyouneedto sample. Working your way down the list, select the first
row that hasn’talready beenused (e.g. the row does not have a “sampledate” and “status”
recorded). These will be the 3subplots thatyou should sample forthat plot forthe
upcomingbout. Inthe following example, for NOGP_001you would use the subplotsin

rowNumber 2:
1 rowNum = |plotiD |~ Subplot |« | Subplot.] = |Subplot.] « |sampledl = | status |~
2 1 NOGP_0D01 23 41 39 20160101 OK
3 2 NOGP_001 41 21 23 |
4 3 NOGP_001 41 23 i9

3. Openupthe plotlist.

a. Filterthe spreadsheetforthe targetplot. Forthis example, the plotis NOGP_001.

1) Next, filterthe plotlistforthe targetsubplot, starting with the first subplotin the row.
For thisexample, we’d start by filtering to subplot41.

2) Workingyourway downthe list, selectthe first 20 or so rows that haven’talready been
used (e.g.the row does not have a “Date” and “Status” recorded). Only one coordinate
location persubplotis sampled, howeveralways bring extrasin case coordinates must
berejectedinthefield.

3) Eitherprintthese rows or copy and paste into a separate spreadsheet for printing later.
Be sure to copy the plotID, subplotID, coordX, coordY, Date, and Statusfields. In the
following example, you would start with coordinates x=27, y=34.5.

4. Now that you have one subplotcompleted, repeat the steps outlined above forthe
remaining 2subplots designated forsampling.
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a. Onceyou have obtainedthe coordinatesforeach subplotforagiven plotlD, move ontothe
next plotID. Repeat steps 1-4above until all plots fora given bout have a list of possible X,Y
coordinates forthe upcoming bout. Be sure to printthese coordinates and bring to the field.

LruwNumvlplotlD w | subplotl|<T|coordX |*|coordY || Date w|Status |+
2266 3 NOGP_001 41 27 355 20160101 OK

2267 4 NOGP_001 41 20 32.5 20160101 OK

2268 5 NOGP_001 41 24 37 20160101 OK

2269 6 NOGP_001 41 27 34.5

2270 7 NOGP_001 41 26 36.5

nmM & NOGP_001 41 38.5 7.5

2272 9 NOGP_001 41 21 335

!2?3' 1D|NCJGF‘_001.I 41 32 38.5

[ A P =

E.2 After CompletingaBout

1. Updatethe subplotlist. Record the Date and Status as follows:
o “Date” =collectDate (YYYYMMDD)
o “Status” =OK, or rejected.

o Ifsubplot(s) are rejected, please add freeform commentsin the Status field as to why
location was rejected. Ex: ‘presence of large boulder’; ‘standing water>50cm in subplot
23’

2. Update the soil coordinate list. Record the Date and Status as follows:
o “Date” =collectDate (YYYYMMDD)
o “Status” =OKorrejected

o Ifcoordinatesare rejected, pleaseadd free-form commentsinthe Status field astowhy
the location was rejected. Ex: ‘location disturbed by burrowing animals’

Important Reminders

e Alwaysrecordthe exact coordinates provided in the list: do not shift coordinates forany reason.
If you are unable tosample within 0.5m of the set of coordinates, reject that row and move
ontothe nextrowinthe plotlist.

e Do not modify any of the other columnsin the subplotor plotlists. Only enterinformationinto
the “Date” and “Status” fields. If any otherfields are accidentally overwritten, contact Scienceto
make corrections.
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e Alwaysturn off any temporary filters you have placed on the spreadsheets before closing the

file. All rows should be visible when the fileis opened later on.

e |If, aftercompletingabout, you realize that coordinates were accidentally re-sampled, contact
Science immediately. If caught early enough, it may be possibleto re-samplethe plot.
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EQUIPMENT

The following equipmentis needed toimplementthe proceduresin this document. Equipmentlists are
organized by task. They do not include standard field and laboratory supplies such as charging stations,
firstaid kits, drying ovens, ultra-lowrefrigerators, etc.

Table 19. General equipment list-Field samplingfor all types of soil bouts. ExactBrand indicates circumstances
when onlythe listed product number(s) meets the specificationsfor the listed item.

Exact . . . Special
Item Number Brand Description Purpose Quantity e ine
Durable Items
Cabela’s .
GPS i i
K270217; N re cre: jtciilr\wl ae Ir;"nccu racy I[\:)i\:t?gae rosampling ! N
REI 895022 e.g. Garmin Etrex20x
Espetﬂt(:agjwsliers Locate coordinates
122731.\/ PP N Measuring tape, for soil sampling 2 N
! minimum 50 m i
40108; 39943 locations
. Digital traceable soil .
Thomas Scientific o Measure soil surface
N thermometer, +1 2 N
1235D17 . temperature
accuracy, ability to
calibrate
Keep perishable
N sampleschilledin 2 N
Cooler .
field
VWR 15715152 N Ice packs, -20° C Chill perishable 16(+) | N
samplesinfield
L Rinse soil from .
N Deionized water . 2 liters N
equipment
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Item Number 2l Description Purpose Quantity Specia_l
Brand Handling
Paragon Spring Metal stake, not Prgbe 50|Idept.h,f|nd
. . . . suitable sampling
Company ‘pig-tail N painted, stainless steel, . . 1 N
, . location, remove soil
stakes min 30 cm length . .
from coring device
Survey marking flag, pin . .
N flag, PVCor fiberglass Flag§O|I sampling 3 N
location
stake
Forestry Supplier Laser Rangefinder, 0.3m Locatg XY .
Y coordinatesinvery 1 N
91567 accuracy
steep plots
Reflectivetargetfor
Grainger 58317 N White reflectoror !aserrangt_afln(:!er,alds 1 N
reflectivetape inmeasuring distance
to targetaccurately
Compass Tools Use with laser
703512; Forestry Y Foliage filter rangefinderindense | 1 N
Suppliers 90998 vegetation
Consumable Items
Label homogenized
Weatherproof, adhesive | sample bagwith
Y 1
barcode labels, Type | barcode-readable sheet | N
labels
Label h i
Grainger 5SNHH1; Avery weatherproof Szl:ne Ieobn;oge';;zed
Amazon Y adhesive labels, 25/8" x humF;n-regc\lA:ble 30-80 N
B0O0006IBUV 1”
labels
Warning pictogram label | Alerthandlerstouse
ULINE S-21339 Y for samples containing care when processing | 1 roll N
Toxicodendron spp sample
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Item Number 2l Description Purpose Quantity Specia_l
Brand Handling
Ben Meadows
010510-1; Forestry | N All weather copy paper Print datasheets N
Suppliers 49247
N Permanent marker, fine | Labelsample 3 N
tip containers
Spare batteries for
N Batteries, AAand coin GPS receiverand N
types digital thermometer
Prevent
N Nitrile gloves, contamination of soil | 1 box N
powderless samples
Papertowelsorreusable Re.move dfabrlsfrom 1 boxor
N . soil sampling N
cleaningcloth . 2 cloths
equipment
N Trash bag Dispose of 2 N
consumables
N Fieldtablet Record data N
RD[05] Y Field datasheet Backup to record data N
X,Y coordinates of Soil samplin
Y samplinglocations . pling 1 N
L locations
within each plot
Laboratory soap. e General cleaning of
N ry 50ap, €-6. reusable field and 1 N
Alconox, Contrex )
laboratory equipment
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Table 20. Additional equipment list-Field samplingfor bouts thatincludesoil microbes atonesite. Exact Brand

indicates circumstances when only the listed product number(s) meets the specificationsfor the listed item.

Exact Special
Item Number Description Purpose uanti
Brand P P Q ty Handling
Durable Items
Organichorizon Remove oreanic
EG07610000 Y cuttertemplate hori g 1 N
. orizon
(brownie frame)
Amazon
41IN620; Ruler, minimum30 | Measure soil sample
. N 1 N
Grainger cm top and bottom depth
41N620
Variesb Soil corer, 2 +0.5”
. ¥ Y diameter, minimum | Collectsoil core 1 N
Domain
30 cmlong
Forestry . .
Suppliers Y Soil knife (hori-hori) Sekr))aratelsl,ml hc;rlzons, 1 N
33489 subsampling, etc.
Forestry Springscale Weigh soil samples
Suppliers N (optional), 300g (when using mass 1 N
93012; 93013 max samplingapproach)
N Trowel Remove soil core 1 N
Open stuck core
I I
N Strap wrench barrels, gn yn'eeded 1 N
for certain coring
devices
Cleansoil from core
N Toothbrush or barrel and threads 1 N
bottle brush .
aftersampling
Stainless steel Removing non-sail
N tweezers, fine- material fromfield 1 N
tipped subsamples
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Exact Special
Item Number Description Purpose Quantity P ]
Brand Handling
Tablespoon or Generate microbial
N coffee scoop, 1 N
. subsamples
sterilizable
Hold extrasterilized
N Glassbottle, 1L ethanol, if preparedin | 1 Y
house
Consumable Items
Fisher Whirl-Pak bags, Contain soil forgenetic
14955182, Y sterile, write-on, 2 analvsis g 30-40 perhorizon | N
Nasco B01064 0z y
Cryogenic, adhesive :izer:qr;\;;rzk:g:izlygs
Y barcode labels, g. 30-40 perhorizon | N
Tvpe | samples with barcode-
Yp readable labels
Label Whirl-pak bags
. . . for microbial analysis
Fisher 15-930- h
isher15-930 Y Cryogenic, adhesive and metagenomics 30-40 perhorizon | N
E labels .
with human-readable
labels
Fisher 13-709-
Isher13-703 5.0 mL CryoElite . .
140; . . . Containsoil for .
Y tissue vials, sterile, . . . 150 perhorizon N
Amazon Wheaton microbial archive
W985100
Fisher13-709- sctrgl;F”e-Ebtcl)isel;e v Store microbial archive | 6 boxes per
141 t0 13-709- | Y rog ’ ) OXesp N
146 various colors, vials horizon
Wheaton
Cryogenic, adhesive | Label microbial archive
Y barcode labels, vials with barcode- 150 perhorizon N
Type lll readable labels
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Exact Special
Item Number Description Purpose Quantity P ]
Brand Handling
. Cryogenic, adhesive Label microbial archive
Fisher 15-930- labels, cut . .
Y . . sample containerswith | 1-2 sheets N
E horizontallyin
. human-readablelabels
thirds
Domainand Freeze soil microbial
Vendor N Dry ice, pelletized 20 pounds Y
subsamples
dependent
Grainger Resealable plastic Collecthomogenized
5CNKS; N e P o & 2 boxes N
8YATS &8
Sterile, 70%
VWR ¢ Sterilize sampling
TWTX3044P N Et.hanol pre-wetted equipmentandgloves 10-20 N
wipes
Alternativefor
SOS Clean . . e .
Room TX3215 Y Sterile, dry wipers ster!hzmg sampling 10-20 N
equipmentandgloves
Alternativefor
70% Ethanol made | sterilizingsampling
N up insterile, equipmentandgloves. | 1 bottle Y
deionized water Requiredif using
Sterile, dry wipers
FisherSci 0.2 micron filtration Alternativeforcreatin
SVGPL10RC; Y unit, sterile, sterilized ethanol g 1 N
0974103 polyethersulfone
Sterilizing containers
N Bleach, standard | for hoIdmgm—house 1 bottle v
grade made sterile wateror
ethanol
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Table 21. Additional equipment list—Field samplingfor bouts that includesoil Ntransformations atone site. Exact

Brandindicates circumstances when only the listed product number(s) meets the specificationsfor the item.

Exact Special
Item Number Description Purpose uantit
Brand s . Q g Handling
Durable Items
N Hammer or rubber Insert cylindersinto soil | 1 N
mallet
Heac'lquarters, !ncubat'lon cylinders, 2 Sample soil cores and 1/sarT1pI|ng
email when innerdiameter. . . location,
N . store field-incubated N
resupply Schedule 40 PVCtubing <oil cores plus2
needed with a beveled edged extras
Loose-fitting caps for Protectcylinder 1/samplin
N each cylinder(2.25” or openings fromdebris . pling N
” o1 location
2.5” diameter) and water
Woodenblock (approx. | Use withmalletto
N Y4 ” ) . . . 2 N
2" x 4” x 10”) pound cylinderinto soil
N Monument stake Use with malletto 1 N
installation strike plate pound cylinderinto soil
Extruder—longflathead | Extrude soil sample
N screwdriver, soil knife, fromcylinderinclayey |1 N
chaining pin, etc conditions
Fisher1523911 | N Plastictray Separate soil core 2 N
horizonsinfield
Forestry .
Suppliers N Soil knife (hori-hori) rST]eiizrrz’clehzrr?::Ijlzand 1 N
33489
SpeeCo
161165TSC N T-Fence Post Puller(or Remove cylinderin 1 N
similar) high-clay soil
Use with post pullerto
N 1.0 chain remove cylinderin 1 foot N
high-clay soil
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Exact Special
Item Number Description Purpose Quantity P ]
Brand Handling
Use with post pullerto
N 4" x3/8" hitch pin remove cylinderin 1 N
high-clay soil
Consumable items
N Plantwire US? to secure caps to 30 feet N
cylinders
N 8" Zipties Usg to secure capsto 1/sarT1pI|ng N
cylinders location
Grainger .
R lablepl 1 L
5CNKS5; N :lsea ableplasticbag, Containsoil samples i(())rl?zec:n N
8YATS 8
Grainger
IWKP4; Flaglocation of
Fores'Fry N Orange flagging tape incubated soil core 1 roll N
Suppliers
57880
Pinflag, survey marking | Flaglocationof
N flag, PVCor fiberglass incubated soil core (if 50 N
stake permitted)
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Table 22. Equipment list—Laboratory processing of soils for moisture content from one site. ExactBrand indicates

circumstances when only the listed product number(s) meets the specifications for the item.

Exact Special
Item Number Description Purpose uanti
Brand P P Q ty Handling
Durable Items
Fisher01910200; .
Mettler Toledo N Balance, 0.01 g accuracy l/x(iallrgnho];rs?czrea:adr:r\lles 1 N
11144914 p
N Spatulaor scoopula Transfer soil toweigh 1 N
boat
Transport soil
Fisher 1523911 N Plastictray samplestoand from | 4 N
oven
Consumable items
Fisher08732101 | N ﬁL‘;T'”“mfo"We'gh Hold soil while drying | 1 box N
Prevent
N Nitrile gloves, contammatlgn of soil 1 box N
powderless samplesduring
handling
Thomas 1234763; . . Cleaningworkarea
2904F24 N Lint-free wipes and equipment 1 box N
N Ethanol, 70% Cleanwork area 1 bottle Y
Resources
RDI[05] Y Lab datasheet g:f:”p torecord N
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Table 23. Equipment list—Soil sieving, air-drying, and subsampling for microbial biomassand soil BGCanalysisand

archiveatone site. Exact Brand indicates circumstances when only the listed product number (s) meets the

specifications for theitem.

glass, 20 mL

e Exact Descripti 5 Quanti Special
em Number escription urpose uanti
Brand £ - ty Handling
Durable Items
Fisher 04-881G N Sieve, 2mm Sortingsoil particlesto |, , N
2mm
Fisher04884 1AA | N Sieve, 4mm Pre-sievingforhigh-clay, 1, , N
difficulttosieve soils
N Spoon, spatulaor Transfersoil between ) N
scoopula containers
Consumable items
U-LINE S-7630 N Paperbag, #8 Holdsoil subsamplesfor | 5, ¢ |
air-drying
N Deionized water CIea.n work surfacesand 1 bottle | N
equipment
N Ethanol, 70% Prepare work area
Thomas 1234763; . .
2904F24 N Low lintwipe Cleananddry work area 1 box N
. Prevent contamination of
Nitrile gloves, ) .
N soil samplesduring 1 box N
powderless .
handling
Fisher 0333723C; v Scintillation vials, Store microbial biomass 30-60 N
Thomas 9718J20 plastic, 20 mL samples
Cryogenic,adhesive | Label microbial biomass
Y barcode labels, Type | sample containers with 30-60 N
Il scanable barcode
Crvogenicadhesive Label microbial biomass
Fisher 15-930-E Y yog sample containers with 1sheet | N
labels
human-readablelabels
. Scintillation vials, .
Fisher 033377 Y Store BGC analysis samples | 30-60 N
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o Ty Exact Descripti 5 Quanti Special
em Number escription urpose uanti
Brand £ : v Handling
Fisher 02911825 Y 250 mLW|de—mouth Store BGC archive samples | 30-60 N
glassjars
Heat-resistant, Label BGC analysisand
Y adhesive barcode archive samples with 60-120 N
labels, Typell scanable barcode
Label BGC analysisand
2.6" x 1” . .
Avery 5520 N 6" x 1" address archive samples with 60-120 N
labels
human-readablelabels
Warning pictogram
ULINE S-21339 v Iabelforsamples Alert handlers'to use care 1 roll N
containing when processing sample
Toxicodendron spp
Resources
RD[05] Y Lab datasheet Backup to record data --- N
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Table 24. Equipment List- Laboratory processing of soils for measuring pH at one site. Exact Brand indicates

circumstances when only the listed product number(s) meets the specifications for the item.

Exact L. . Special
Item Number Description Purpose Quantity .
Brand Handling
Durable Items
Fisher Y pH meter, 0.01 unit Reading pHvalue of 1 N
13636AB150B accuracy samples
Fisher02112300; | N Balance,0.01 g Weigh soil samples 1 N
Thomas 0910200 accuracy
Fisher 10020F N Glassvolumetricflask, | Preparingcalcium 1 N
2L chloride solution for
pH analysis
N Graduated cylinder, Measure volumes of ) N
50-100 mL capacity solutionsforpH
samples
N Spoon, spatulaor Transfersoil 2 N
scoopula subsamples
Fisher 1451386 N Stirrod Mix pH samples 1-2 N
Consumable Items
Fisher Prevent‘san?pled ‘
1913015978; N Powderless gloves (s, ;On':jalmlnanon uring L box \
191301597C; m, 1, xI) andling, prevent
191301597D; ﬁodllyélnjur:]from |
191301597E azardous chemicals
U-LINE S-7630 N Paperbag, #8 Hold soil subsamples | 50 N
for air-drying
Fisher Y Calcium Chloride pH analysis 29¢g N
AC423520250 Dihydrate, CaCl,-2H,0
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Item Number Exact Description Purpose Quantit special
Brand 2 . E Handling
) Deionized waterwash | Rinse equipmentand
Fisher 0340910E N 1bottle | N
squeeze bottle pH electrode
Fisher SA49 N Hydrogen Chloride, Adjusting pH of CaCl, 1ml Y
HCl, 1IN when solutionistoo
basic
Fisher C88500 y Calcium Hydroxide, Adjusting pH of CaCl, 1ml Y
Ca(OH), whensolutionistoo
acidic
pH buffers (4.01,7.00, | Calibrating pH meter.
N 10.01, 1.68), NIST-or | Use the 3 buffersthat | 1 N
USA-traceable most closely bracket
expected pHvalues
N 50-100 mL containers | pH analysis 50 (+) N
Thomas 2904F24; | N Low lintwipe Cleanand dry work 1 box N
1234763 surfaces
Resource
RD[05] Y Lab datasheet Backup to recorddata | --- N
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Table 25. Equipment List— Laboratory processingofsoilsfor N transformations atone site. ExactBrand indicates

circumstances when only the listed product number(s) meets the specifications for the item.

Exact Special
Item Number Description Purpose Quantity R i
Brand Handling
Durable Items
Fisher 02112300, N Balance, 0.01 g accurac Weigh soil samples 1 N
Thomas 0910200 SURE Y g P
Prepare 2M KCl
Fisher 10020F N Volumetricflask, 1L solutionforsmall batch | 1 N
of samples
Prepare and store 2M
. Carboy (20 L), Nalgene .
Fisher2319-0050 | N o KCl solutionforlarge 1 N
brand or similar
batch of samples
Fisher FB966C Y CeramicBuchnerfunnel Pre-leach GF/Afilters 1 N
FisherS15464 N Side-arm flask, 500 mL Pre-leach GF/Afilters 1 N
Amazon, various | N #8 Stopper, 1 hole, 3/8” Pre-leach GF/Afilters 1 N
Home Depot, N Clearvinyl tubing, Pre-leach GF/Afilters |2-3ft | N
various 3/8” 1D, 1/2"0D
N Spoon, spatulaor scoopula Transfersml between 2 N
containers
Fisher0300742 | N Grl";‘d”ate‘j cylinder (100-250 | \ 10 ¢ re aliquotof KCI |1 N
m
. . . Filtersamplesand
Thomas 4618N60 | Y Reusable filtration units 4 N
collectfiltrate
Thomas 5117G80 | N Filterforceps Handle GF/Afilters 1 N
i Global Equipment Shaker
Fisher Y quip Shake extracts 1 N
SK-0330 table
Manifold. See assembly .
RD[12] Y Filtersamples 1 N
document
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Vacuum pump Filtersamples 1 N
Large beaker(atleast 500 Collectdiscarded KCI 1 N
ml) filtrate
Rubbermaid Plasticdishpan, 3-gallon Wash filtering 5 N
#2951 capacity equipment
Consumable Items
Sigma-Aldrich
KCI, ACSgrade. Larger size
P3911 ] & gersiz Extract NH,*and NOj"
Fisher container preferred (1kgor . N
from soil
P217-500 more)
BP366-500
Thomas Screw-cap polyethylene
) Ppoly y. Extract NH,* and NO;"
6186M89 specimen cups and lids, . 33-75 N
. . , from soil
Fisher 13-711-56 sterile, 120 ml capacity
Ultra-pure Type | deionized | Prepare 2M KCl, rinse | 1-2 20L
Fisher LC267405 pure vp repe _ N
water, LabChembrand filteringequipment carboys
Fisher . |Sstorefilteredsoil
0333723C: Plasticscintillation vials with .
! extractsfor freezing | 33-75 N
Thomas caps, 20 mL )
9718J20 and shipment
Fisher
. Prevent
1913015978; Powderless gloves (s, m, |, L .
191301597C; ) contamination of soil | 1 box N
191301597D; X samples
191301597E
. Glassfiberfilters, 47mm .
Fisher 0987414A . Filtersamples 1 box N
diameter, GF/A type
. . Organize scintvials
Grainger 5CNK5; Resealableplasticbag, 1 o
containingsample 1 box N
8YATS gallon
extracts
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Label vials with
Fisher 15-930-E Y Cryogenicadhesivelabels human-readable 1sheet |N
labels
Cryogenic, adhesive barcode | Label samples with
Y lsheet |N
labels, Typelll scannable barcodes
Resources
RD[05] Y Lab datasheet Backup to recorddata | N
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