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EXECUTIVE SUMMARY

The mission of the CSIRO National Soil Archivedsarovide facilities and protocols for conserving
the long-term scientific value of soil specimend associated soil data, and to make these specimens
and their data available for public research, Imattv and into the future when new analytical
techniques may be brought to bear on the specimens.

This Science Report outlines the management ancoge of the research facility that is the CSIRO
National Soil Archive and discusses the collectlbprovides a technical background for archive
users and submitting agencies and may help othstsng to setup their own archive of soil
specimens. The report also provides an inventotiie@tollection and describes the day to day
running of the facility in detail. Finally, this nce Report outlines the existing policies concgyn
the soil specimens contained within the CSIRO Neti&oil Archive, which is useful for agencies
wanting to submit or use soil specimens.
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INTRODUCTION

The CSIRO National Soil Archive holds tens of themuds of soil specimens that were collected for
the purpose of soil research, from the 1920s tgthsent (Figure 1). Archived soil specimens like
these are invaluable “time capsules” for assedsimgoral changes in soil properties, particulagy a
new analytical tools become available (Boone etl8099). The collection of soil specimens is
accompanied by a database holding soil data thewcelected during field work and laboratory
analysis. With increasing costs of developing nevadets, the ability to re-analyse existing soil
samples and soil data has become increasinglybleluBhe archived collection supports pedological
studies with a national perspective as well asistdith a historical scope.

The mission of the National Soil Archive is to pide facilities and protocols for conserving theden
term scientific value of soil specimens and assediaoil data, and to make these specimens and thei
data available for public research, both now anal ine future when new analytical techniques may
be brought to bear on the specimens. The NatiombA&chive is supported in its mission by the
Australian Collaborative Land Evaluation ProgranC(£&P) and the National Committee on Swoid
Terrain (NCST).

The archiving of stored specimens is ongoing. teng¢ years several state agencies have contributed
their soil specimens to the National Soil Archiee lbng-term storage, and tens of thousands of soil

specimens from state agencies and national mamif@md soil research programs are scheduled to be
added to the archive collection in the future.
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Figure 1 Sampling locations of soil specimens en@%IRO National Soil Archive
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1. MANAGEMENT

The CSIRO National Soil Archive is managed throaghinternal CSIRO steering committee. The
committee comprises of the Research Group Leaddreo$oil and Landscape Science group, the
Research Team Leader of the National Soil Inforom@entre, the NatSoil database administrator
and the CSIRO National Soil Archive Manager. Theners of this committee were selected on the
basis of their complimentary skills and knowledgamhival processes, the needs of the science
community, database requirements and archivingfiogi The committee’s role is to guide
management of the Soil Archive. The committee getpriorities and directions and decides on
major submissions and loans. It also discusses wfapsreasing the operational capacity of the
National Soil Archive. Committee priorities aregnsure the fair and equitable access and uselof soi
specimens now and in the future, to oversee andategoperational activities to ensure integrity of
specimens and to facilitate support and promote&CBERO National Soil Archive as an important
national asset. Committee members meet on a relgakis, at least 3 times a year or as required when
a significant submission or user request needsaenation.

The charter of the CSIRO National Soil Archive Coittee is to:

assist the development of policies

oversee and provide guidance to the managemeheé @$IRO National Soil Archive
review and assess requests for both the submiasibthe use of archive soil specimens
ensure standards and quality control of processemtntain archive soil specimen integrity
review procedures

The management and care of soil specimens in fhextion is through principles of respect for the
scientific, physical, historical and aesthetic gty of the specimens and their associated dath, a

the recognition that a specimen’s condition gehecannot be improved if it receives improper
handling. The archive manager is responsible f@rctire of archived collections. Frequent monitoring
of specimens and storage facilities and using peid@ally accepted techniques for specimen
treatment provide for this care.

As steward of historic soil specimens, the Committeesponsibilities are:

to maintain the chemical and physical integrityef specimens;

to maintain documentary records of the specimens;

to document the use of these specimens and anyasearch results (e.g. calibration method
of new analytical methods, survey of previously sugad soil properties, confirmation of
previous measurements);

to report any changes or factors that affect futise of the specimens (e.g. quantity available,
storage conditions, accidents); and

to ensure that users of the archive are keenlyeathat the quantity of specimen is limited

and great care is needed to ensure sufficient rbigavailable for future users.

The guiding principle of the CSIRO National Soilchive is to maximize the accessibility of sail

specimens for research, while ensuring that seffiicsoil material will be available for researchers
future decades and centuries.
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2. WHY ARCHIVE SOIL SAMPLES?

Archived soil specimens can support problem-solgoigresearch by allowing calibration of new
analytical methods, by enabling the developmeittaskline national soil property maps and by
providing soil material for carbon cycle resear€hare and commitment are needed to establish a
world-quality soil archive and the long-term valugght never to be compromised by short-term
gains: decisions of policy makers of the future tmast on the best possible data (Leigh et al. 1994
The maintenance of an archive for soil samplegigrivial and requires continued financial support
and institutional commitment (Boone et al., 1999).secure the future of soil archives it is essénti
that their importance is recognized by the wholerdfic community and, importantly, by those who
fund the work. This requires foresight, patience an awareness of the great potential value of the
information that can emerge from archived samptedso involves collection owners taking
responsibility for their collections and being halttountable for their long-term care. Besidesdein
an unrivalled resource for addressing many estaadisssues, soil archives have the potential to
provide answers to agricultural and environmentablgms not yet recognised.

2.1 International soil archives

Accessible historical soil samples combined withlrweganised legacy soil data can open up a fertile
field of study. The Rothamsted soil and crop aretior instance, has become as important as the
renowned experiments from which it is derived (lbeé;nd Johnston, 1994). Outcomes of using the
archived soil specimens from the Rothamsted cadleéhclude 1) models for the turnover of carbon
and nitrogen in solil, 2) evidence of steady ratéaaease in concentrations of dioxins during st
century, and 3) a model for losses of calcium &edneed for limeRothamsted Research, 2006

The biggest soil research organisation in Switneljaghe Swiss Federal Institute for Forest, Snodv an
Landscape Research, started a soil sample arciéreld,000 top soil samples were taken during a
national forest inventory in 1985. The Swiss soihéve now consists of over 40,000 soil samples
from around 1,500 soil profiles. The archived sainples have been used to study changes in heavy
metal content of soil over time and have enabléal tlementary load studies of 1050 samples with
respect to acid rain. Magnetic properties of saild carbon stocks of mineral forest soils in
Switzerland could be studied without a need fddfierk. Archived Swiss soil samples have also
been used to calibrate models (Luscher and BI26é0).

The National Uranium Resource Evaluation archiasgld at the U.S. Geological Survey, houses
hundreds of thousands of archived sediment andawoiples that were collected in collaboration with
many other agencies, has re-analysed thousandsnpies. These were previously analysed at
different laboratories, each using its own set efhrods, but have now been re-analysed at one
laboratory using a standardized procedure to adt@onsistent national data set of geochemical
information (J.S. Geological Survey, 20n7

Also based in the US, is the Hubbard Brook Sampthide, affiliated with the Hubbard Brook
Experimental Forest. Besides soil samples, it steegetation samples (like Rothamsted) and water
samples. The significant discovery of the link betw the use of fossil fuels and increased
acidification of rain and snow in North America wagported by the Hubbard Brook Sample Archive
(Likens, 2004).
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2.2 Australia’s National Soil Archive

2.2.1 How archived soil samples have been used for  further research

A number of archived soil samples in the collectidthe Soil Archive have already proven to be of
great value for a range of applications, even wthersamples were stored at separate locationgiebefo
the CSIRO National Soil Archive was establishedn8&@xamples of this are the establishment of
conversion factors to compare formerly disparata da organic matter (Skjemstad et al. 2000), a
national review of sodic soils (Naidu et al. 19938pid assessment of the distribution of soil with
toxic levels of boron (Cartwright et al.1983) ahd development of indices for characterising self-
mulching soils using Vertosols from all over AusagGrant and Blackmore, 1991).

Since the CSIRO National Soil Archive was set uphized soil samples have enabled many further
studies:

A study of soil organic matter in rangeland sailjueensland by Jan Skjemstad (pers.
comm.) has allowed assessment of carbon sequespariential as a result of rural land use
and management.

An early version of the Australian Soil Resourctmation System (ASRIS) was based on
the NatSoil database which holds the soil data®f3oil Archive’s soil specimens (Johnston
et al. 2003).

A study on vegetation indicators of soil salinityriorth Queensland used National Soil
Archive samples (Bui and Henderson, 2003).

One of many acid sulfate soils studies at Lake Alteanalysed archived samples that had
been collected in 1930 from the floor of Lake Albdihe considerable period of time (i.e. 78
years) that had elapsed since the original sampliagided an opportunity to observe the
changes from exposure of the samples to oxygerewhin air-dry condition (Fitzpatrick et
al., 2008).

Archived soil samples and associated soil data hewed calibration of several new
instruments, for example those for measuring gamamigmmetric and Electromagnetic
Radiation and Near Infra Red (NIR) and new MiddnRed (MIR) Spectroscopy Scanners.

Archived soil samples currently continue to endb&edevelopment of national soil diffuse
reflectance libraries to characterise soil comparsiand diversity (Viscarra Rossel et al. 2006;
2008; 2010). The spectroscopy results of the rebdad by Raphael Viscarra Rossel of tens
of thousands of soil samples from around Australiefacilitate the development of digital

soil maps of mineral and organic components and anajor current impact of the Soil
Archive.

2.2.2 Projects that have contributed specimenstot  he Soil Archive.

The oldest specimens kept in the CSIRO NationdlAchive were collected in 1927. In those early
days soil surveys set out to determine the mogtogpiate land use for an area, and the best methods
for their development and improved productivity.

Trace element research carried out in South Austdalring the 1930’s and 1940’s led to substantial
productivity improvements in pastures and cereals.
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Land systems surveys such as the CSIRO Land Rés8areeys (now available online at
www.publish.csiro.au/nid/289.htm) in the 1940’s @@%0’s covered large tracts of Australia. Quite a
few of the soil specimens from these soil survagsy in the collection, were sampled before thet star
of nuclear testing in 1945. Many were collecteadptd widespread application of pesticides and
herbicides.

Since the middle of the last century soil rese&@halso been targeted at contaminants, mineral
deficiencies affecting crop yield, soil acidity asail structure decline. Soil and land informatieas
seen as essential to the valid extrapolation & B&periments and to provide context for labonator
research.

More recent surveys have focused more on land dapatudies and the effect of forestry practices.
The samples in the collection of the CSIRO Natidil Archive reflect these changes in research
focus over time (Table 1).

Table 1 Major Australian research projects and tentribution to the CSIRO National Soil Archive

Project Period Study Area Study Focus Sites Specimens

Ninth Congress of the ISSS

(Northcote et al. 1960-1968) 1960's Australia wide Soil nomenclature 45 456
Handbook of Australian Soils , o Handbook of

(Stace et al., 1968) 1960's Australia wide Australian Soils 120 1,800
National Soil Fertility Project , L Soil fertility mapping

(Colwell, 1979a.b) 1970's Australia wide 335 2,800
Edgeroi, Lower Namoi Valley , Cracking clays,

Project (McGarry et al., 1989) 1980's North eastern NSW productivity 210 2,000
Cooloola

(Thompspn,1981; Thompson et 1980’s Coastal south Landscape dynamics, 36 902
al., 1984; Queensland geomorphology

Reeve et al., 1985; Tejan-Kella et

al., 1991a)

1980’s- Wheat growing lands
1990’s Southern NSW Soil degradation 101 300
northern Victoria

Soil Structure Management
(Geeves et al., 1995)

Bago-Maragle Forest Soil Surve Sustainable
g g . Y 1990 South eastern NSW  management of 165 1,054
(Ryan et al, 1996; 2000) forests
Dalrymple Study , Grazing lands . -
(Williams et al., 1997) 1990’s Queensland Tree clearing, salinity 2,525 3,760

In the last decades Australia’s soil science stasgocused more on presenting existing knowledge
to decision makers by use of modelling and Geodgcapinformation Systems and less on fieldwork
and laboratory research (McKenzie et al. 2005) eReimvestigations by universities and research
organisations include a series of projects on thdiption of the impact of global warming on
agricultural production.

The National Soil Carbon Project, whose objectinetide the provision of a nationally consistent

assessment of soil carbon condition across therrtzajd-use/soil type combinations used for
agricultural production across Australia and thevigion of data for further development of

CSIRO National Soil Archive Manual 9



Australia’s national carbon accounting tool, hadgked these soil samples taken into the course of
that study to the care of the CSIRO National Sedhive.

The Terrestrial Ecosystem Research Network (TERNM}tablishing a network of approximately
1,000 scientific reference sites to measure baseliosystem condition across the arid interior
(known as the Australian Rangelands) covering largas of South Australia, Western Australia,
Northern Territory, Queensland, and New South Walbese soil samples will also be housed in the
CSIRO National Soil Archive.

Table 2 provides more background about 14 of thstmneportant Australian research projects that
have provided and will provide soil specimens ® @5IRO National Soil Archive. Where the
opportunity exists to streamline some archivingganto the data collection and analysis stage such
as with current national research programs, akem up in collaboration between the Archive ard th
submitting organisation.
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Table 2: Examples of soil specimens derived fromr @00 different Australian research projects

The development of the Factual Key (Northcote 1987:9) followed a study of about 500 soil profifesm
widely distributed areas in Australia, with the ager number coming from the south eastern portfdheo
continent. The various properties used in desgyitiie soil profiles were coded onto record sheadsthe
sorting and analysis of the record sheets resuttadgeneral framework for a key. The initial Kegswgradually
extended, and was completed after “The Atlas oftralian Soils” was finalised. The Atlas of Austeadi Soils is
still the only consistent source of spatial infotima for the complete continent. The atlas was detag in
1968 (Northcote et al. 1960-1968) and was maddadbtaiin digital form in 1990 (McKenzie and Hool@aR).

A valuable collection of soil samples associatethvii Handbook of Australian Soils” was assemblgd3tace
and his colleagues (1968). The ninth Internati@wigress of the International Soil Science Society held in
Adelaide in 1968, and there were various tours@atad with it. Soil collected from profiles fromese
Congress tours contribute the majority of the samplsed for the Handbook (the Stace collectiongsé&twell-
sampled profiles (10 cm or smaller layers to aldept90 cm and often deeper) have been subjecttiled
analysis and micro-morphological description.

In the 1970’s, the CSIRO Division of Soils - in leddoration with State departments and the fertilisdustry -
initiated the National Soil Fertility Project (NSF#® study relationships between the fertility, quosition and
classification of soil in important agriculturalgiens of Australia. Approximately 3,000 samples evetken
from around 300 sites in the ACT, NSW, Victoria, 8&d WA that were selected to represent partidyfses of
soil. Soils were described, sampled (predominahiytop 100 cm) and analysed. Nitrogen and phosighor
fertilizer experiments were carried out in conjumetto provide measures of fertility and fertilizequirements.
It was found that water-soluble nitrogen in the epgoil at the time of fertiliser application hasteong yield
response for nitrogen fertiliser (Colwell, 19793, b

The Edgeroi dataset covers 210 sampling sites2Gf## samples taken on an equilateral grid covesimge
1500 knf in the lower Namoi Valley in North Eastern NSWhits supporting chemical data for 15 attributes
measured at standard depths: pH and electricauotinidy, chloride and nitrate, bicarbonate, extadde
phosphorus, exchangeable basic cat ions (Ca, Mg{Na&xtractable aluminium, calcium carbonate amig
carbon, silt and clay. The cracking clay soilsto$ subhumid region near Narrabri are among Auatsanost
productive areas for cereal cropping, irrigatedaroaind a large number of summer crops. The stal pi@vides
information on the regional soil resources thatémtéhese agricultural enterprises. This study stigated the
relation of the cracking soils to the landscape itmideomorphic history (McGarry et al.1989).

The Cooloola samples are from a sand dune syst@rkrhsorth of Brisbane where a large and successful
multi-disciplinary research project into landscayaamics was undertaken. This work yielded tersci@ntific
papers including Thompson et al., (1996), ThommswhMoore (1984), Thompson (1981, 1999), Farmat. et
(1983), Reeve et al. (1985), Skjemstad et al. (1888 Tejan-Kella et al. (1991a). Thirty-two deepfipes
yielded 902 soil samples for the archive. Soil pesfwere described following McDonald et al. (1pa#d
classified to both the Australian Great Soil Gro@tassification (Stace et al. 1968) and Soil TaxopgSoil
Survey Staff 1990).

A soil study of the lower Macquarie Valley in New8h Wales involved detailed characterisation of 8ail
profiles along five transects. In this region tle®orphic history is the key to the present sairiiution.
Complete soil morphological descriptions were rdedrfor the profiles exposed in backhoe pits tethl of
1.50 m. Around 900 bulk samples were collecteaat Hepth intervals. EC, pH and chloride conceiunatas
well as gravimetric water content were determiriasic exchangeable cat ion determinations wereatest to
two samples per profile. CEC was estimated by ugiagsum of four basic cat ions (Ca, Mg, Na andWater
content, air-filled porosity and bulk density weidso determined. Clay mineralogy was studied is@@ples
(McKenzie, 1992).

A large study of the physical, chemical and morphalal properties of soils in the wheat belt oftbeun NSW
and northern Victoria was undertaken by the CSIR@sinn of Soils and the NSW Department of Constora
and Land Management. Seventy-eight sites weretsel@on-randomly to represent the full range ofllan
management systems on the major soil types oftliems. Descriptions were made of each site, sedai
and vegetative features and profile morphologyaddition, information was collected on the histofyhe
paddock. Just over 100 profiles yielded 624 sampliemasurements included soil hydraulic conductj\styil
moisture characteristics, bulk density, particledistribution, soil strength, aggregate stahitityal carbon
content, soluble and exchangeable cat ions anghajGeeves et al. 1995). The results for siteeuntbps and
grazed pasture indicate that in the study arebbased constraints to plant productivity exissimface and
subsurface horizons. This suggests that the sgwritoth induced soil degradation and inherentlzased
constraints to plant growth, found at the sitesgesentative of the wider south eastern whelt-be
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For the heavily forested Bago-Maragle study aresointh-eastern NSW, conventional survey methods wer
inappropriate (Ryan et al. 1996). Instead of cotiveal survey methods, geology, climate and landfarere
classified and then used to generate a digitdifstedion of the Bago-Maragle study area (eachtstn
representing a discrete environment). To do san@olgical developments like GIS, digital elevatimodelling,
remote sensing and terrain analysis were usedfidldesurvey yielded 1054 samples from 165 selestadple
sites. Detailed measurements were made of sodgtaton and fauna. The survey data was used terggen
digital maps of key land qualities such as erotihihutrient status and the soil water regime \hatlowed
predictive modelling of key land qualities relevémiecologically sustainable management of Austialative
forests.

In the 1980s the Western Australia Department aicMfure commenced a 15 year program to map the so
landscapes of the Agricultural Area in Western Aali&. This mapping covers approximately 315,508rsq
(11.2 %) of the south-west of Western AustraliapfrGeraldton to Esperance. The regional mappingrpmo
continued through the 1990s and was completeéaat In a linked digital coverage, in 2003. Thenpdata
include site description, soil profile descripti@ojl profile chemical properties and soil profilkysical
properties. Soil samples were held by the Natuesiderce Management Group from the Western Australia
Department of Agriculture and Food in Perth (Scleditt et al., 2004).

The Dalrymple study was a collaborative projectveen the Queensland State Department and CSIRO. Th
Dalrymple shire covers an area of 60,00 knith a main land use of extensive cattle grazidata was
obtained from 2559 sites on 72 soil types. Add#lcamalysis for basic cat ions and CEC was perfdrare625
samples from the top 10 cm of their profile. Ofsd&25 samples, 399 also were analysed for acidotable
phosphorus, bicarbonate extractable phosphorusxnactable sulphur (Rogers et al., 1999; Bui, 19987
reference sites with detailed profile descriptiartgemical and physical analyses were sampled. Téwee soil
samples were also used in a wider phosphorus stytlye Queensland Department of Primary Industries.

The Desert Uplands Strategic Land Resource Assesgrgect (DUSLARA) followed in the footsteps difet
Dalrymple study. Sampling took place from 1999 @2 in north-central Queensland between Chartregeio
and Hughenden in the north and Alpha, Blackall Bactaldine in the south, a study area of approaiyat
850,000 sq km. Three years of intensive fieldworolved collecting site soil and vegetation infotioa from
six of the seven shires involved in the area. Tdta dvas analysed, maps were produced, reportswriten
and a user-friendly digital database was creathd.Oalrymple shire data was collated (35 % of thdysarea)
and the project was finalised in 2005. A total 81 %rimary sites were described, yielding a tofdl,@76 soil
samples of 1 kg, which were all analysed (20 guo#ingistry measurements per sample) at the sameataiypr
Slaking and dispersion were also measured (Lori2@05).

The Soil Condition Evaluation and Monitoring (SCEAMroject commenced in 2004 and monitors soil
condition across Tasmania to determine the long-tffects of different land uses and managemeretipes on
soil health. Tasmania was one of the first Ausarabtates to implement a scientifically sound nuoing
system, which has established 100 long term redersites in each NRM Region (300 in total) andtalutzse of
Tasmanian, state-wide base-line soil condition.dBft@ sites are revisited every 5 years. The ptoyduch is
largely based on the “500 Soils” monitoring progranNew Zealand, is funded by the National Heritagest
and is a joint initiative between The DepartmenPafmary Industries, Parks, Water and Environm&hg
Tasmanian Institute of Agricultural Research arel@nadle Coast, Northern and Southern Natural Resou
Management (NRM) Regions (Grose et al., 2005).

The Agricultural Production Systems Research URRSRU), the joint research team from the Queensland
State Government and CSIRO, based in Toowoomhbaitteld 500 soil samples that were collected in NSW
and SA in the course of research into soil watddihg capacity on farms. The extra value of thiseselies in
the fact that soil moisture retention propertiesenmeasured (rained upper limit DUL, crop loweriti@LL,
bulk density, plant available water capacity (PAW@)p to 4,000 samples from the FARMSCAPE projeetey
submitted in 2011. For these 80 gram samples dditaited to basic soil chemistry (especially rigraitrogen)
(Dalgliesh et al., 2009).

The National Soil Carbon Research Program is chotig by state government agencies, universitids an
CSIRO and is coordinated by CSIRO. It has estadtishnationally standardised method for collectiod
analysis of soil carbon samples and is applyingistent and cost-effective methods of analysis (nfidired
spectroscopy) and statistical analysis. The datshow the impact of agricultural management amage of
soil carbon over a wide range of geographical mregjigoil types and climates. More than 2000 s#psasenting
the dominant soil types within the major agricudtiysroduction systems in Australia will be sampbgtthe
program. The program will also establish a basdtineoil carbon levels against which future changen be
compared and tracked. The National Soil Carbon &ebkdProgram will submit an estimated 16,000 soil
specimens from agricultural lands around Austnaiih associated carbon data. The soil data willaiem
confidential until published by the various Stabdlaborators. For this project of national imporarithe NatSoil
database was adjusted slightly to accommodatestiatage. In addition, archive labels are produced i
Adelaide, where soil analysis takes place, atithe the samples are assigned their first labordidyyo
increase efficiency of archiving and processinggpeomm. Jeff Baldock, CSIRO Land and Water, Aidela
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3. INVENTORY

The CSIRO National Soil Archive can be found on@®RO Black Mountain site in Canberra, and
is currently housed in the eastern part of builda@. The available space consists of a main rdom o
15 by 16 m and two internally accessible smallocei Temperature inside the archive building ranges
between 10 and 32 degrees Celsius. Relative hymiditde the archive building varies between 18
and 62%. The site has a low risk of flooding ds lbcated high on a hill slope. An archive style
sprinkler system is installed and while the sitadgacent to bushland, the risk of bush fire igtkhoh
because a power substation is located betweemthtmiading bush land and the archive building,
providing immediate attention of the fire brigadecase of bush fires. There are 32 racks with a
storage capacity holding of 2,400 jars each. Thes@rganised in 18 bays. The total storage cgpacit
is around 65,000 jars, which equals 55,000 sanffhE% of samples have required two jars). The jars
are stacked 4 deep and 3 high on a numbered sligliré 2). The shelf address of any archived
sample can be accessed in the database.

- == R %-111“1 i
Eﬁgﬁiﬁém :

Figure 2 Archived soilpecimens on numbered slselve

3.1. Archiving progress

The speed with which archiving progresses depeaardslly on the quality and format of the submitted
soil data and on the way the soil samples have ladetled and packaged in the past. A submitted
series, consisting for instance of 3,000 soil gpeais stored in 500 ml paper cups (with clear
labelling), containing material smaller than 2 nwith the attached soil data already archived in the
database, will permit faster processing than a gtdxiseries of 1,000 clayey soil specimens soils,
presented in huge aggregates kept in plastic haghave been tied close, with data in spreadsheets
organised by field experiment. Similarly, the waywhich boxes containing the samples have been
organised and labelled affects the ease and sgedagssing. In cases where more than 1 litre of
soil material is submitted per sample - the Towliesivision of Soils commonly used 2 litre glass
jars - two or more archive jars will need to begared and weighed to fit the larger than average
amount of soil material. These differences addngpementally over thousands of samples. Table 3
below gives an overview of archiving progress atforE from 2003 to 2010.
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Table 3 Progress in archiving over time

Year 2003| 2004| 2005| 2006| 2007| 2008| 2009| 2010
Archived soil specimens 0| 4,000| 5,000| 5,200| 7,000| 3,400| 3,000| 5,900
Unarchived soil specimens

(original collection) 41,300| 37,300| 32,300| 27,100| 20,100| 16,700| 13,700| 11,800
Submitted soil specimens 0 0 0 500( 1,200 300| 3,600| 4,500
Total archivable specimens | 41,300( 41,300| 41,300| 41,800| 43,000| 43,300| 46,900| 51,400
Unarchivable specimens

‘pink card collection’ 16,200| 16,200| 16,200| 16,200| 16,200| 16,200/ 16,200( 16,200
Total of all specimens

in the collection 57,500( 57,500( 57,500| 58,000| 59,200| 59,500| 63,100| 67,600

The CSIRO National Soil Archive was establishe@003 and incorporated the collections of the

previous CSIRO Divisions of Soils of Brisbane, Ta@wifie, Adelaide, Canberra, Perth and Hobart. A
total of around 41,000 unarchived soil samples wletevered, boxed up, to the newly established Soil

Archive which have been been progressively archsiede then (Figure 3).

Archivable soil specimens over time

60,000

50,000

imens

Total number of soil spec

40,000 -
30,000 -
20,000 -
10,000 -
0 - ‘ ‘ ‘ ‘

2003 2004

2005

2006

O Submitted archived specimens

2007

2008

0O Cumulative submitted unarchived specimens

m Original collection, unarchived

@ Cumulative archived specimens

Figure 3 Number of archivable soil specimens oweet

(Note: the ‘pink card’ series is not shown)

On top of these circa 41,000 soil samples, som@0D&amples from the ‘pink card’ series, stemming
from before the time of good geo-location, werecated from Adelaide to Canberra. Retrospectively
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establishing geographical references for samptas the ‘pink card’ series is most challenging but
not impossible, and may occur in the future. TheKpard’ series represents some of the earligkst so
specimens in the archive collection, with some hgwieen sampled as far back as 1924, and has
always been well-managed (Merry, 1985). Samplas tiee ‘pink card’ series have therefore been
accessible even while unarchived in the new systdmy have been used for soil research on several
occasions in the last 5 years and record managdmsmequired the archiving of the original field
books. Ultimately this will allow the pinpointing the sampling locations of these very old specsnen
retrospectively. For now, the ‘pink card’ seriesdferred to as ‘unarchivable’ (Figure 4).

During the 1990’s and 2000’s, data entry into tREES-conforming Microsoft Access database that
was later became NatSoil had started. There arecédagories of soil specimens in the archive:
archived soil specimens (48%), stored specimensdeita in database (12%), stored specimens
without data in database (16%) and the pink calldc®n (24%). ‘Archived’ samples have had both
soil data archived in NatSoil, and the soil matarahived on the shelves of the soil archive (Fegu
2). The category ‘stored specimens data in databefees to those samples for which the soil dats h
been entered into NatSoil, but that are not asiatived (Figure 5). To archive soil samples
belonging to the category ‘stored specimens dataraatabase’, two labour-intensive tasks aré stil
required: firstly data entry to populate NatSo#t@archiving), and secondly the archiving of thi¢ s
material.

O

Figure 4 7 Figure 5
The boxed-up ‘pink card’ collection A recent sussion from a state agency
of 16,200 specimens

Since 2007 new submissions have contributed ov@0dnore soil specimens. In most cases the
data-entry for these more recent samples is nte @silabour intensive as the earlier samplesulseca
the soil data is submitted in digital format e.gcisoft Excel spreadsheets or Microsoft Access
databases.

Leaving the pink card series out of consideratmmaf moment, the 2011 figures for the holdings of
the archive were as follows: 64% of all soil samsgield in the collection were fully archived, 16ad%
the soil samples in the collection had data indd#&abase but are not yet archived and a further 20%
required both data archiving and soil material aoly.

Finally, it is worth making a note on the relatibipsbetween sites and samples. Some submitting
agencies think in terms of number of sampbitgs while archive users are frequently interested in
the amount of availablgpecimenso suit their purpose. Depending on the purpogbetoil survey

or study, few or many samples are taken per sita.dtudy of Podzol chronosequences on coastal
dunes in Cooloola for instance, an average of Bipkes were taken per site, with some sites having
43 samples (Thompson, 1981). When the researdedttis predominantly in the properties of top
soil, as is the case in many agriculturally relatedlies, only the top 90 cm may be sampled. Bhis i
how in 2009, 2,845 samples from 455 sites werehadhan average of 6.3 samples per site, while in
2006 4,191 samples from 397 sites were archivedyarage of 10.6 samples per site (Table 4).
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Table 4 Archived sites compared to archived sakgpens

Year Archived sites | Archived specimens Average specimens
per site

2004 492 2,969 6.0

2005 530 4,630 8.7

2006 397 4,191 10.6

2007 973 6,336 6.5

2008 555 2,671 4.8

2009 455 2,845 6.3

2010 456 5,900 12.9

3.2. Prioritisation of samples series for archiving

The mission of the CSIRO National Soil Archivedstake as many soil specimens and associated
soil data available for public research as possifiiés is done using limited resources, and
prioritisation of which ‘stored’ and newly submittgoil specimens are to be archived first, is
necessary. For a large proportion of the storedism@ns data archiving has taken place in the 2000’s
at CSIRO Land and Water in Canberra. To make ay m@ihspecimens available for further research
as soon as possible, those stored specimens df Wiacsoil data has been archived (i.e. entered int
NatSoil) have been archived preferentially, totfik shelves with accessible archived soil specmen
at the fastest possible rate.

The criteria by which both the priority for subm@sand the order in which sample series are
archived are determined are as follows:

1. Primary data from core research activities (sigalffit studies, large surveys, experiments,
significant sites) from CSIRO Divisions receive thighest priority, especially if there is a
large series of specimens with standardised sagphid laboratory procedures. For most
specimens in the Archive an estimated A$ 600 (&i3f¥ices) has been invested per
specimen, incurred by labour costs during fieldwamkl laboratory preparation and analyses,
and by the actual costs of chemical and possibjgiphl analyses.

2. Data collected by other sources to which CSIRO sttpd research has added value is also a
high priority.

3. Other types of data including non-CSIRO specimbaswere acquired for CSIRO research,
student thesis data or legacy specimens and detaltkady suffer from inadequate
documentation or format obsolescence, may be raakeder priority, with justifications
provided in the data management policy.

4. Finally, some specimens may be determined to b@aafst priority for archiving on the
grounds that it is not worth the effort involvedtianslating the data format for a small
number of specimens. If too much information issimg, the chances that these specimens
will be accessed is small, while the workload imeal in tracing laboratory methods,
translating units, interpreting observations aagitrg original researchers before archiving is
considerable.

The 2011 inventory gives a snapshot of the CSIRIDAochive’s holdings (Table 5). As new
submissions are negotiated and archiving of steoddsamples progresses the figures change. Please
contact the CSIRO National Soil Archive for the g to date information
(www.clw.csiro.au/aclep/archive.htm).
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Table 5 Inventory of CSIRO National Soil Archiveugust 2011)

Origin Series name Soil Jars
Specimens
Archived specimens
data in database
Brisbane B 7,350 7,350
Townsville T 5,700 9,100
Adelaide A 6,150 6,150
Northern Territory NT 750 750
Perth P 550 550
Acid Soils project H 800 800
Hobart AN, AV 1,000 1,000
Bago-Maragle project | BGM_FSS 1,050 2,100
Morphology project Morphology 450 900
Soil Structure project | SSM 300 300
APSRU APSRU 4,600 4,600
Edgeroi Edgeroi 2,000 2,000
WA Dep. of Agriculture| ADA, GTN, JSI, KLC, MRA, 2,300 2,300
NYA, TBO, WBW
Total 32,500 37,400
Unarchived specimens
data in database
Perth P 140
Hobart H 340
National Soil Fertility NSF 2,800
project
CSIRO Rhynie 120
Canberra C.CP 2,900
WA Dep. of Agriculture| CHT, CLS, COR, CRA, 1,300
DAN, FRA, KNX, MDN,
NCP, RAV, SC2, SCS, SGS
SYP, TON, TSL, WCC
Tasmania DPI SCEAM 800
Total 8,400
Unarchived specimens
data not in database
Desert Upland Project DUSLARA 1,200
Canberra C,CP 1,450
Boron (Cartwright) 2,700
Torrens Valley (Tiller) 3,600
Moomba Pipeline M 1,150
Adelaide and NT A, NT 400
Total 10,500
Unarchivable
specimens
Pink Card collection 16,20
Total 16,200
Grand Total 67,600
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4. SUBMISSION OF SOIL SPECIMENS

The CSIRO National Soil Archive stores tens of gands of soil specimens. Archiving of stored soil
specimens involves stock taking of stored sampdég|ling, transfer of soil material and storager. F
each archived specimen archive information is abégl in the database: how much material is
present, whether as whole soil or fine earth, and/loich shelf the specimen can be found. The label
on every archived specimen indicates the agenojegit observation ID, site ID, horizon (name),
depth, sample (where there are more specimensopeoh) and layer. Together these variables
provide a unique ID for every specimen, which ipressed in the barcode on the label. Archiving of
stored soil specimens is on-going.

4.1 Policy statement

To maintain important historic and contemporary spécimens from around Australia for future
analysis, the CSIRO National Archive supports cuaritig submission of additional collections of soil
specimens to expand the Archive collection wherssitde.

4.2 Submission procedure

Specimens submitted to the CSIRO National Soil Aeelare required to meet a number of criteria to
become part of the collection. Organisations wantinsubmit soil specimens need to describe the
type and number of specimens, the amount of map@iaspecimen, the amount of data, the data
format, the research to which these specimens ¢@aveibuted and justification for archiving using
the Submission Form (Appendix C). Upon receivinig tequest, the CSIRO National Soil Archive
Committee will review and assess the submission.

Priority will be given to specimens:

supporting priority initiatives (e.g. Soil Orgar@arbon Monitoring)
representing important landscapes

addressing knowledge gaps, either temporally aiicdpa

used for widely publicised research

with data available in NatSoil (Microsoft Access)

Specimens submitted to the CSIRO National Soil Aelmay be accepted if they are within the
scope of CSIRO'’s scientific interests and in gooddition, have adequate documentation and if the
CSIRO National Soil Archive can provide for theare. To assist with the capture and storage of soll
information in the appropriate format, the archivevides data entry (NatForm) and storage (NatSoil)
databases (Microsoft Access) upon requestumentation must be submitted to the database
manager at the time the specimens are submitted twefore samples submission.

Physical requirements for acceptance into the Arehi
Soil specimens need to be:

non-toxic
air-dried or oven-dried at 40 degrees Celsius
stored in air-tight containers

Specimens that do not meet these requirementsietilbe accepted.
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4.3 Data requirements

Supporting documentation is of primary importarcéie scientific value of specimens. Pertinent data
must be documented anokkarly linked to each specimenDetailed documentation ensures that a
specimen’s field data, history of use, physicalditon and identification are known. These records

may actually have to substitute for a specimen lshibwun out. Table 6 clearly outlines the data

submission criteria.

Table 6 Data requirements and desired data
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When the Submission Request Form has been recéiwe8teering Committee of the CSIRO
National Soil Archive convenes to evaluate the gsbion. After the submitting organisation has been
advised of a positive assessment, details of datspecimen transfer are arranged with the archivis
The contributing organisation is responsible focutnentation and must provide the CSIRO National
Soil Archive with all available data and publicats while realising that the data will eventualey b
freely accessible to future archive us&pecimen transport to the CSIRO National Soil Aretwill

be at the submitting agency’s cost unless othernggmtiated.

Once the transfer is completed, the specimendoedbme and remain property of the CSIRO
National Soil Archive. Specimens cannot be givehasu/permanent loans’ as such arrangements are
ambiguous with respect to control and financiapoesibility. Submitting organisations will be alte
access specimens that were previously their prppedording to the Policy on Specimen Use.

4.4 Costs of submitting soil specimens

Organisations may, where deemed appropriate, bg@tharchive submission costs of $20 per
submitted specimen (at 2011 prices), particulastyldrge submissions. This is to partially cover th
costs of stocktaking, labelling, transfer and sjeral’he CSIRO National Soil Archive is a small
organisation that holds many tens of thousandp@timens. In many circumstances, the Soil Archive
could not provide value-added services free of ghéo researchers without reducing the amount of
effort going into making soils specimens availdblefurther research. It is recommended to budget
for Archive Submission Costs when planning reseprofects.
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5. OPERATION

Operating guidelines of the CSIRO National Soil ive are based on maximizing the availability of
the soil specimens while ensuring that sufficienk saterial is available for users in future dessd

and centuries. As stewards of historic soil spensneur priorities are to maintain the chemical and
physical integrity of the specimens; to maintaicutoentary records of these specimens; to document
the use of these specimens and any resulting chamgkenew research results; to report any changes
or factors that affect future use of the specimans;to ensure that users of the archive are keenly
aware that the quantity of specimen is limited greht care is needed to ensure sufficient material
available for users in future decades and centuries

The main operational activities in the Nationall@athive are 1) the management of incoming
submissions of soil specimens and soil data, 2atbleiving of the soil data (data entry and data
collation), 3) the archiving of the soil materiakcessarily in that order, and finally 4) the
management of user requests of soil specimensainibsa.

5.1 Managing submitted soil specimens and soil data

To maintain important historic and contemporary specimens from around Australia for future
analysis, the CSIRO National Soil Archive suppeodstinuing submissions of additional collections
of soil samples and expansion of the archive ctileavhere possible. For organisations interegted i
having their soil specimens contribute to the NaldSoil Archive, the archive website at
http://www.clw.csiro.au/aclep/archive/index.hprovides a useful point of entry (Karssies, 20Q9).
explains the archiving procedure and, most impdtaprovides potential users with practical
information which will help them decide whetherittspecimens are eligible for archiving.

Soil samples that are submitted to the CSIRO NatiSoil Archive are required to meet a number of
criteria to become part of the collection. Orgatises wanting to submit soil specimens need to
describe the type and number of specimens, the minabmaterial per specimen, the amount of data,
the data format, and the research to which thesgirapns contributed and justifications for archiyin
using the Submission Form. The form can be foundwrwebsite.

Upon receiving this submission request, the CSIRMddal Soil Archive Committee will review and
assess the soil sample and/or soil data requéstityPwill be given to accept specimens:

supporting priority initiatives (e.g. National S@hrbon Research Program)
representing important landscapes

addressing knowledge gaps, either temporally aiapa

used for widely publicised research

with data available in NatSoil (Microsoft Access)

A meeting of the Soil Archive Committee is calleddecide whether or not the proposed new series of
soil specimens can be accepted, and if they aeptaxt, how the archiving activities will be allodt
between submitting agency staff and soil archiaéf st

No soil specimens may be sent to the soil architleonrt data and where possible, soil data will be
passed to the archive before the specimens taasdl@ufficient time for data archiving (data ergry
data collation). Data archiving for a submission take days or weeks of database work, depending
on the circumstances and will vary from case t@ cike submitting agency is invited to collaborate
on the data archiving as they are best acquainithdive data. Where no in-kind contribution can be
made, the submitting agency may be charged $28qgiespecimen (at 2011 prices).
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5.2 Data Entry and data collation

5.2.1 Standardisation of soil data in the central d atabase

The main value of the archived soil specimensitidbe associated soil data (location, morphology
and chemistry data). All available information b soil specimens is entered and held in a sefies o
tables of a relational database. The CSIRO NatiSodlDatabase called NatSoil was designed for the
purpose; it can store, archive and retrieve séirmation for research and extension purposes ¢Belu
et al., 1995). A relational database was choseausecthis type of database offers constraints and
enforces relationships, ensures data integrityadliogvs for incomplete data. Databases also have the
capacity to hold much greater numbers of recorts the billions) than spreadshedisen very large
relational databases are quick to query, becaldatal is stored in tables, between which
relationships are defined. These properties mdkéioral databases the superior way to manage
archive data.

Disparate data sets need to be entered into NdiSkite archiving can take place. Soil data,
painstakingly obtained during field work and lakiorg measurements, may be contributed in various
forms; as paper copies of internal reports, oroearidigital formats such as ASCII text, VAX data,
spreadsheets and different database systems. Begpaersimens cannot be archived when insufficient
data is available, data retrieval can resemblseueeoperation. The biggest challenge is the dtyers
of record keeping and data management systems/énatusedWhere soil data can successfully be
recovered, this results in improved access, increed consistency and increased usability of

legacy soil data.

Substantial effort has been spent and will sti#dhéo be spent on transcription of the submittee da
into the standard format (Figure 6). Because diaatibns have changed over time, a sound
pedological knowledge and understanding of the gingnnomenclatures over the last 50-year period
is required when transcribing legacy data to tlohige database. Subjective descriptions on original
field cards, old categories, coding and units famiaus soil attributes often require reinterpretat@nd
recoding to allow standardising. Inappropriatensuificient checks on the effects of changes in
methodology can limit the usefulness of a databa$ature generations. Because different laboratory
methods often return different results for many atiributes great care is taken to reflect this
information in the database (Leigh et al., 1994aRgnd Wilson, 2009Dnce achieved, the standard
data format allows easy, computerised manipulaifatata.
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5.2.2 CSIRO National Soil Database NatSoil

The CSIRO National Soil Database (NatSoil) was tigpexl at CSIRO to store, archive and retrieve
soil information which is used for research andagton purposes (Peluso et al., 1995). The design i
flexible enough to accommodate future additionsdifizations or deletions from the survey
standards.The database has been designed to stqrealogical attributes as described in the
Australian Soil and Land Survegries of handbooks (McDonald et al., 1990; Nati@ommittee on
Soil and Terrain, 2009). The Field Handbook setsrdstandards of terminology and methodology for
the survey of land resources and description angisi over the last 25 years and has achieved
increased uniformity in the description of soil.

Soil information is entered into NatSoil (the datarage database) using NatForm (the data entry and
decoding database). NatForm contains a seriessgfteaise Microsoft Access data entry forms, based
on the Australian Soil and Land Survey Field Harakbfield data sheet (Figure 7), to assist efficient
data entry from this field sheet.
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Figure 7 Standard field data sheet (front and back)

The specific soil information in NatSoil is storietio designated tables with unique combined keys.
For example, all the information relevant to codragments is stored in the Coarse_frag table
together with unique combined keys like agency cpdgject code, site identification number and
observation identification number. Similarly, dietinformation relevant to cutan information is kep

in the Cutan table together with unique combinegsk&he user can retrieve both coarse fragment and
cutan information for the same site and projeciriagching site and project values from these two
tables.

The database design also includes chemistry, pdysiineralogical and soil biota attributes which
have historically been collected by CSIRO. Thegéspa the database are basedsoil chemical
methods - AustralasigRayment and Lyons, 2010) aBdil physical measurement and interpretation
for land evaluatioMcKenzie et al. 2002). An entity-relationship neb& defined and SQL scripts
have been produced to create tables and indexgaéR8). A codes table has been populated for
validation and decoding, based on the above hakdb&simary key fields are based on the natural
key fields such as the Site ID and Observatiorrdither than artificial key fields. A number of
Microsoft Access modules have been developed tplgindata entry and reporting; a data entry
function and report generating function. Query estdeval functions already exist in Microsoft
Access.
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English Report’ generating tool operating in MiafisAccess (Figure 9). The Text File module is
designed to transfer the soil information into &G\ format for data exchange purposes. The

NatRep module performs the task of generating rFEaiglish Reports’ for individual soil profile
records. The user can choose between morphologgterdistry reports, which can be printed,

previewed or saved to file. Batching facilities akailable to both print and save to file options

Soil profile reports can be generated using th&rptModule (within NatForm), which is a ‘Plain
(Peluso et al., 1995).
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5.3 Archiving stored specimens

5.3.1 Stock take, labelling and transfer

Archiving of soil specimens increases their acd@#tgi This process includes stock taking,
production of archive-quality, informative labelsméed on the soil data in NatSoil), and the trareffe
the soil material to a new long-life container. irgng is a relatively slow process due to the niged
careful handling at every stage to maintain quadwgtrol. Avoiding confusion, contamination and
spillage is imperative in archiving. To archiveaarple costs an estimated $20 (at 2011 prices).
However, it is the value-adding process of arclgwimat makes the soil specimens easily accestible.
enables the querying of the soil data in a wellatzaned database, which also holds information on
the type and amount of soil material for the sarmmtel on which shelf it can be located.

During stock take, boxes are unpacked (perhaphéofirst time in 30 years), and the specimens are
sorted and checked for availability. A variety ¢tdgiic and cardboard containers, most of which were
never intended for long term storage, have beed oger the years and many of these have
deteriorated with age. Stocktaking, the checkingaf@ilability of soil specimens and associateédat

is the most time-consuming step of the archivingepss. It also involves alignment of the data & th
database with the information available on theacail specimens (mainly soil depth). Often some
specimens have gone missing since a project wasudad. Any such discrepancies between the
database and reality are addressed before labrelsegaroduced. Once labels have been produced, the
soil material is transferred to new, labelled corges.
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Agency Site ID Sample

agency code s id samp_no
usually 1
CSIRO National Soil Archive ph: (02) 6246 5700
; 04 ; 5] ]
Brojeck Agency [899 | Site ID [A32 Sample (I L eyt
i Project B-M | Horizon [B22 Layer |4 |
proj _code S h no
ObsID |I | Depth  [0.66-1.07 | Jar 1
Obs ID Jar
o Horizon far.mo
Observation ID, 1 ’ y usually 1
ey horizon name, a concatenation
unless monitoring i
of various fields

Depth
Depth of soil layer (m)
samp upper depth to samp lower depth

Figure 10 Every specimen is assigned a unique daradich is a concatenation of the six highlighted
variables.

The type of soil material encountered in the oagjitontainer (fine earth or whole soil, see Figlite
and 12) and the amount of soil material (the sangpheeighed) are noted down and entered in the
database table that deals with archiving infornrmaftbe Archive Samples table).The labelling forreac
jar consists of an archive-quality, foil-backed asilie label with essential sample ID information on
the outside of the jar, and an identical, but |lated, label inside the jar.

y 5 . J

Figure 11 A ‘fine earth’ archived soil specimen g 12 A ‘whole soil’ archived soil specimen

Soil material is always transferred to new, staddachive containers for two reasons: becauselthe o
containers are often perishing (plastic food caomtes, plastic bags, rubber bands) and need upgradin
and to standardise for storage and transport logidVhere the amount of soil material of a speaime
exceeds 1 litre, which is the case for around 15%pecimens, multiple containers are used (jaarl, |

2 etc). The standard containers used in the arervéong life, high density, stabilised 1 litrelypo
ethylene jars. Stabilised jars are used to avondacnination of the specimen and alteration of soil
chemical properties.
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After stock take, transfer and weighing, the ladxjars are stacked 4 deep and 3 high on humbered
shelves. These shelves are arranged in numbersddray each specimen’s archive location is entered
in the database (e.g. bay 6, rack 3, shelf 2 wbel@-3-2). The resulting collection has a uniform
appearance and each sample is easy to access.

5.3.2 Subsampling and scanning

Spectroscopy is a powerful tool for rapid multi-paeter screening of certain soil properties. Soil
chemical and physical analyses are time consurmddbacoming increasingly expensive. Recent
studies (Janik et al., 1998; Viscarra-Rossel e8D6; 2010) have demonstrated the utility of NIR
and MIR spectroscopy to complement and perhapslapeeplace aspects of traditional soil analysis.

Archived soil samples enable the development abnat soil diffuse reflectance libraries to
characterise soil composition and diversity (peosnm. Viscarra Rossel). Mid infrared (MIR) and

near infrared (NIR) spectroscopy calibrations aadp developed from scans of thousands of archived
soil samples from around Australia and their chafand physical soil data as available in the

NatSoil database. Current spectroscopic analydiseske soil samples allows researchers to produce
digital soil maps of mineral and organic componelmgonjunction with this, NIR and MIR will be

used to generate results for other analytes tleat@trpart of the original analytical data set.sTihi

turn allows nationwide digital soil mapping of spiloperties such as pH, EC, exchangeable cat ions,
organic carbon, total nitrogen and physical pragsrsuch as soil water holding capacity, partide s
analysis and bulk density.

Every sample that is archived at the National 8aihive is subsampled at the time of for the
purposes of building a national spectral librangoils. These 100 ml containers are labelled with a
archive style label (Figure 10). Because the spsctipy scanner cannot read alphanumerics or
barcodes, it has been necessary to add a speadd ep the label. Around 15 gram of soil matesal i
taken from a homogenized soil sample if the sotiemal is present as ‘fine earth’, i.e. sieved and
coarsely ground to become finer than 2 mm. If thikrsaterial is present as ‘whole soil’, i.e. unsd
and unground so large aggregates may be presamresentative subsample is taken which is then
coarsely ground by mortar and pestle. Subsampéestared in trays that hold 100 samples in 2 layers
of 50. An archive shelf holds 16 trays of subsampldl subsamples are scanned using NIR. In due
course the subsamples will also be finely grouneinable MIR scanning.

Due to the unpredictable presentation of soil niatbéefore archiving, it is currently not a feasibl
proposition to incorporate scanning into the arelpvocess. This is because the processes of stock
taking, transfer, grinding and scanning progressuah different speeds; stocktaking and transfar at
rate of 100 samples per day, subsampling at aofa@® -100 samples per day, fine grinding at a rat
of 50 samples per day and scanning at a rate df 4@Mples per day. For NIR scanning for example,
soil material could be passed under the scannertadinsfer to the new container and before weighin
and storing. However, this would only work if thensistency of the sample was relatively fine
(sieved over 2 mm). If this was not the case, egrasding would be required before scanning. This
would add significantly to the workload, due to treed for cleaning of grinding equipment between
every sample (many dozens of cleaning operationdgg and would greatly reduce archiving speed.
For MIR scanning, where the subsample needs fineigg before scanning, incorporation of this
process within the archiving procedure is quiteriagical.
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5.4 Managing requests for specimens and data

When a user request is received the archivistsssle status of the requested soil samples (stored
archived). The database is checked for data av@yabmount of soil material available and whathe
the soil material is finer than 2 mm. The Soil AkxehCommittee then balances the importance of the
planned research and the amount of soil matemggiegted against the amount of soil material
available for the needs of future generationsgitice whether the request can be granted. If approv

is granted, the archivist accesses and subsanmg@esduired specimens and sends them to the @ser, a
the user’s cost of handling and transport. The wilehave to sign a form with conditions of use.

A record is kept of which samples are ‘in use’ artdch have been returned. Samples need to be
returned within 12 months. Any subsampled soil mialteemaining after re-analyses have been
completed by the user, needs to be returned tEEIRO National Soil Archive collection (but will

stay inside the subsampling container to avoidamomtation) as back up soil material. When the sub
samples are returned by the user, they need todmerganied by new research results, as specified in
the signed user contract. This new soil data vélaldded to NatSoil by the database manager. In this
way, a small amount of soil material is exchangedchew soil data about this sample and the
resources offered to the soil science communityicoa to grow with use of the CSIRO National Soll
Archive.
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6. USE OF SOIL SPECIMENS

The CSIRO National Soil Archive balances the prestion of historic soil specimens and associated
soil data (for future public research) with theerof making these soil specimens and associated dat
available for current public research. Potentiagrsi®f the archived soil specimens must adhereeto t
Soil Archive policies as a matter of common courtasd ethical responsibility. If the policies am n
followed, the CSIRO National Archive Committee me®s the right to halt further use of the
specimens until inconsistencies are solved ancetjonas are adhered to.

Access to soil specimens may be provided for rebgaurposes at the discretion of the Steering
Committee and is in part dependent on the arclheee sipast adherence to Archive Policies. Loan
requests may be declined, in whole or in parheéf$teering Committee considers the request
excessive, disruptive or incompatible with existorxgoroposed Archive programs, or suspects that
specimens might be subject to misuse, damage eriagittion.

6.1 Policy statement

The archived soil specimens have been collectethéopurposes of scientific research. Thereforg the
are expected to be subject to treatments and &#lgtocedures required to advance science, at the
discretion of the CSIRO National Soil Archive SiagrCommittee, even if this results in
consumption or alteration of the specimen. Useeslite be keenly aware however, that the quantity
of soil material per specimen is limited, and eigr@articular restraint when analysis is destvecti

To ensure the integrity of the CSIRO National Saithive, subsampling is taken very seriously as
great care is needed to ensure sufficient matsratailable for users in future decades. As such o
priorities are:

to maintain the chemical and physical integrityle specimens;

to maintain documentary records of the specimens;

to document the use of the specimens, and proneste esearch results (e.g. calibration
method of new analytical methods, survey of presipmeasured electrolytes, confirmation

of previous measurements);

to report any changes or factors that affect futise of the specimens (e.g. quantity available,
storage conditions, accidents);

to ensure acknowledgement of used archive specimersy resulting publications

Though great care is taken to track the data feryespecimen, the complete history since samp$ing i
not always known. Some specimens may have beeadsigsing a brass sieve, which would affect
micronutrient analyses.

6.2 Loan Procedure

For detailed information about the specimens inaaliection, and their possible availability for
further research, contact the CSIRO National Soithivist. Arrangements can also be made for
browsing and querying the NatSoil database thatgwmninformation on all archived specimens.
Following the lodging of the User Request Form,liberower will be provided with a copy of the
CSIRO National Soil Archive Policies and be infodvan any potential costs.

The CSIRO National Soil Archive Committee reviews tnformation on the User Request Form. If

the request is approved, a user contract is draftee Archivist and signed by the borrowing
agency.
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Subsampling is normally done by archive staff, tredsubsamples are sent to the requesting
organisation.

The normal loan period is 12 months, but an extensiay be granted upon written request.
Specimens are not to be forwarded to third paviiésout advance permission from the Archive.

Both the CSIRO National Soil Archive and the oradisources of the collection of soil specimens are
to be cited in any publications resulting from i@sh on Archive specimens. Any new research
pertaining to the soil archive specimens is adddti¢ NatSoil database to improve the quality of
collection.

Any soil material remaining from the specimens nhesteturned to the Archive as back-up material,
with a copy of the user contract, as soon as plesafter the completion of the study. These loan
specimens should be sent back to the Soil Archweedzeable freight carefully packaged to prevent
damage in transit.

Note that loans are made to institutions, not ¢ividuals. The head of the borrowing organisation
will take responsibility for the security, interstaquarantine, documentation and safe return of all
specimens, and for adherence to the conditionseoloian.

For each loan, a user contract must be signed thydaoties. The contract will itemise the materials
loaned and analyses to be performed, and stattuthdon and other conditions of the loan, inclgdin
limitations of the purpose of the loan, respongibg of the parties, and options for renewal. ilt w
also form a contract between CSIRO and the borrewsstitution. Loans will not be dispatched until
the conditions stated in the contract are agreed to

6.3 Costs of using soil specimens

Organisations may be charged Archive Access Cds8s$@per subsampled specimen, particularly for
large user requests, to partially cover the cdststdeval, subsampling, and material (in 201 es).
The CSIRO National Soil Archive is a small orgatimathat holds many tens of thousands of
specimens. In many circumstances, the Archive coatgrovide value-added services free of charge
to researchers without reducing the amount of e§oing into the archiving of more specimens. It is
recommended to budget for Archive Access Costs waheming research based on archived soll
specimen.

6.4 Use of soil data only

Access to soil data may be provided for educatiandlresearch purposes when approved by the
Steering Committee. The CSIRO National Soil Archinees ownership of the data and access to it is at
the discretion of the Steering Committee. Use efitifiormation is subject to CSIRO’s collaborator
and intellectual-property agreements. Upon approv#ie data request, data records will be made
available through applications developed for searahretrieval of the database. In most cases soll
data is provided free of charge where it suppantdip research.
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7. OCCUPATIONAL HEALTH AND SAFETY MANAGEMENT

The main Health and Safeigsues that have been identified in the Archivetlagehazards of working
alone, dealing with dust and noise when transfgsml material, and the lifting of boxes.

Working alone is the main OHS issue in the Soil Attaive.

A staff member working alone in the Soil Archive, nust wear the alarm button at all times.

A fall from a ladder, a spider bite or faintingwarm weather could be more than injurious than when
working around others because it is possible thairme would find the lone worker for many hours.
Therefore a VitalCall personal response unit hanliestalled in the Soil Archive. In case of an
emergency, instead of calling out to a colleagoe |one worker simply presses the button on the
VitalCall pendant, which has a 100 metre rangepienospace. A 10 second alert will confirm the call
to the VitalCall Response Centre, which will arraragsistance.

CSIRO Working alone policyhftp://intranet.csiro.au/doco/policy/pc2005_06.Jtm

Vital Call Information Sheet

To talk to Vital Call, push the red button on thd white pendant (stored on top of PC when not
worn), or push the phone button on the white phone

After repeated beeping, VitalCall staff will ansvaerd ask “Do you need help?”

Ask for help if you need it, or tell VitalCall sfahat you are okay and just checking the system
(which needs to happen once a month). If no ansarecceived to the question of VitalCall staff (“D
you need help?”), calls will automatically be madé¢he following numbers to alert them that there
a problem with a worker in the CSIRO National Suithive, building 210. After being contacted by
VitalCall staff, contacts should check on the parsothe archive to see if they are okay.

— O

IF NONE OF THE CONTACTS CAN BE REACHED AN AMBULANE WILL BE SENT

The telephone number of the analogue line usetdyitalCall system (the incoming number) is
62574868To ring VitalCall for other reasons, rii$00 360 808

Note: The VitalCall system has gone off unintendetbre (with nobody working in the archive and
nobody pushing any buttons) when the analogue pliwmevas disconnected, then came back on.

When working at the dust extractor, staff members mist wear ear protectors against the noise.
When transferring soil material the dust extractioit is used toeduce inhalation of dust and avoid
cross contamination of soil specimens.

Also see organisational guidelindstp://intranet.csiro.au/doco/policy/pc2002_12.htm

When lifting boxes, use correct postureDo not carry items over 20 kg. Where possible , dpant

boxes on trolleys to prevent back problems. Mahaadling injuries such as back injuries, overuse
injuries, sprains and strains are the major couttoibto the overall number and cost of injuries in
CSIRO, and to the resultant absences of staff fkonk. CSIRO has placed a high priority on

reducing the impact of manual handling injuriesiag from its activities and is implementing a
focussed injury prevention program - the BOSS (BaCkveruse, Strains & Sprains) Program. The
objective of CSIRO’s Policy is to provide guidelin®r the prevention of injuries resulting from
manual handling tasks or other tasks involving tiépa, constrained or awkward posture or excessive
force requirementshftp://intranet.csiro.au/doco/policy/pc2002_13.htm
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APPENDIX A: ARCHIVING PROCEDURE

Preparation

Data entry: all data pertaining to the soil specimeeeds to have been entered into NatSoil,
e.g. location (latitude and longitude), projecbimation, morphology information, methods

of analysis, chemistry results, and other reseagstits.

Hard copies: field sheets for all specimens toroegssed (blue cards or print outs) need to be
on hand if available.

Meeting admittance requirements: all samples teée air-dried, non-toxic and stored in
air-tight containers.

Archiving

38

Setting up

In the NatSoil database, populate the Archive Sasnpable and Samples_table with the new
set of soil specimens to be processed, using thizdts_table and existing queries. This
relies on accurate and complete previous data.entry

Unpack 3 benches worth of specimens from their oaed set them out in profiles for
stocktaking.

Compare the information from the Samples Table tghinformation available on the
physical soil specimens. Usually there are notsisiénthe specimen jar, or there is writing on
the container or bag.

If general agreement exists, use either the gryjiiggntimetre query or the qryDepthinches
guery to produce a list of specimens, providinggtawith depths and specimen names for
around 120 specimens. Open this query in Reporit@etre or Reportinches and print it; this
printout is thadentity check list. It provides a record of stocktaking and is fileteatise.

The identity check list will eventually show:

- the presence or absence of specimens

- the real sampling depths (in case of deviation betwdatabase and specimen container)

- whether the material is present as fine earth fFEjhole soil (WS)

- the weight of the soil material (grams)

- the allocated scanning ID of the subsamples aentéde the development of the spectral
library (MIR and NIR scanning).

Stocktaking

Stocktaking is the archivist’'s most important jofslaconfusion needs to be avoided above all.
Compare each soil specimen with the listed infoionaénd take note of any discrepancies.
Some common discrepancies between the informatitimei database and the unpacked soll
specimens are listed in the box below. Less compnoblems may also occur. Solve them as
well as possible and check with a pedologist. Whedoubt, do not archive. Sort out all
discrepancies before proceeding to labelling.
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Common discrepancies that come to light during stadaking

Missing specimens

For example: T126 1,2,3,4,5 and 6 are presenf/ land 8 are missing.

If the missing specimens cannot be found, checlbtiginal blue card or printout with soil profile
description. Perhaps 7 and 8 are rocky material.

To reconcile: remove T126-7 and T126-8 from thehire_Samples_table (database maintenance
will also remove the related entries from the Siasmmable to reflect these changes).

Extra specimens

For example: T238 1 2 3 4a, 4b, 5 and 6. In thelidete a and b are extremely rare. Check whether 4b

would have been renamed 5 and the old 5 now iectéll Check the original blue card or printout

with the soil profile description. Look up the ekdepths. Perhaps the b specimen was taken 30 gm
more to the east. This may not correlate with &gults and provide reasonable grounds for disposal

of the specimen. In general, if there is no docuatén for an extra specimen, dispose of it. i§it
not in the database, there is usually a good pgaabreason for it.

To reconcile: a) dispose of the specimen, or @)ige under a new name - matching real depths (take

care!). If a note is included with the soil matkrig sure to transfer it as well.

Only go through the considerable effort of enterimgjvidual new data to NatSoil if absolutely
convinced of the specimen’s importance. There @t&5,000 other samples awaiting your attentio

Soil specimen numbers on the old container do notaich the specimen numbers in the database

>

174

Try to understand why. If the organic top horizbias been sampled, it would not have been entered

into NatSoil because pure organic matter is naaneed soil material. If this was the case the dgan

sample needs to be disposed of.
To reconcile- the process varies, but the most important ttorgp on is real depth. It is prudent to
dispose of a specimen rather than archive it iooiy.

Soil horizon numbers on the old container do not mzh the horizons in the database

Try to understand why. Keeping in mind the struetof the NatSoil database (Horizons_table
Samples_table Archive_Samples_table), adjust the Samples_tahteattch the Horizons_table, an
if necessary also adjust the Archive_Samples_té#ideveral specimens per horizon were samplec
the Archive_Samples_table needs to be manuallystatjuo reflect that.

A large amount of soil material is present When more than one standard 1 litre archive jar of
material is available, a second or even third jay e required. This situation again requires many
adjustments of the Archive Sample Table. Inseded record (e.g. T822-2 jar 1) in a new row, a
change the jar number to 2. The second jar wilehthie same barcode because it refers to the san
soil sample.

Producing labels

a
nd
ne

To ensure consistency, all adjustments to the Aectamples_table need to be completed
before the labels are produced. Once the idertigéglk list of soil specimens has been made,

the actual soil specimens have been laid out irs r@nwd the database is in agreement with
specimens, labels can be produced.

the

1. On the identity check list which is used for checkihe presence of specimens, their
depth and the form in which the soil material isgemt, add the sequential numbers
used for NIR and MIR scanning sub samples. Aftes¢hunique identifiers have been

assigned, enter these Spec ID’s to the Archive_&artgble.

2. Batches of 40 are practical because 40 largeijavs & trolley.
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3. Adhesive archive labels are made using aBarcotte;dcapart plug-in for NatSoil,
that produces individual barcodes for each sanipiie.barcode is produced from the
data that are also found on the lal#gency Project Observation ID(for monitoring
purposes)site ID, Layer andSampleg(where there are more specimens per horizon).
Select NatForm and choose the appropriate speciragnging labels Go to
NatForm and choose which specimens you want tougethbels for.

4. The adhesive label paper is foil backed and sourosa a company who specializes
in archiving materials; they are claimed to last300 years. The label sheets are cut
according to our size specifications to accommobatk the project and horizon
information and the barcode. Inconsistencies intiorg occur occasionally due to
poor label cutting, the thick foil-backed paper améven printing. The sheets need
to be fed to the printer one by one, manually. tifrinin batches of ten sheets with
constant vigilance minimizes printing errors. Arghsample labels are printed in
duplicate (1 sheet with 8 labels in duplicate). Titst label is to stick on the jar and
the second is to be laminated and stored insidg@thveith the specimen, to provide
back up labelling. Spec labels, used for the supssrior spectroscopy scanning, are
printed for subsamples and do not require dupticatror the Spec Labels, 16
different labels are printed (1 sheet with 8 lapatsthere is no requirement for
duplicates.

5. Laminate a couple of batches of labels to havkam for transferring the soll
material. The GBC laminator operates at 110 dedte¢sius at speed setting six.
Laminating pouches (150mm) are loaded hinge findbatches of up to four, to
exclude air.

6. Label batch of archive samples jars and the subsgars with the appropriate
labels.

Transferring soil material to new jar and subsampling

In the dust extraction unit, carefully transfer Hpecimen to the pre-labelled archive sample
jar and add the laminated label. While the matésibkeing homogenized (shaken) and the jar
Is still open, carefully subsample 3 teaspoonsiefsoil material into the 100 ml, labelled
subsample jars. Wipe the teaspoon used for subsanwith a clean tissue between each use.
The subsamples will be used to build a soil spelitrary, using NIR and MIR technology.
Place the subsample in the numbered black tray.

Systematic procedures and vigilant checking mingsimislabelling or contamination errors
throughout the archiving.

Weighing
When a batch of archive samples has been procdasedhe scales and weigh each archive

specimen. Enter the weight of the available sotlemal on the identity check list. The
subsamples do not requiring weighing.
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Shelving
Store the archive samples orderly on the shelagbg bays, taking note of their location.

Subsamples are store in numbered trays. Keep @fagkich trays hold which subsamples by
means of tray labels and in the Archive_Sampleetabl

Updating archive data into NatSoil database

Enter the following data from the identity checlt into Archive_Samples_table.
Back up the NatSoil frequently.

Soil material type (FE or WS)

Location (Isle, Bay, Shelf e.g. 9-2-1)

Weight (gram)

Stone Fraction (if present, tick box called “>2mm”)
Spec ID (Scanning ID)

Subsampling date (mm/yyyy)

Subsampling tray number
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APPENDIX B: HARDWARE

Dexion Key lock Shelving (2438Hx835Dx2591L).
Southern Shop and Office (SSO), 27 Paterson Paagsnbeyan NSW 2602
Tel. (02) 62993942

The standard archive jars are 1 litre natural kiighsity polyethylene round jars 95-400 screw neck
(40x100) Product no: A572.

The associated lids are 95 mm 400 white polypromykerew cap — no wad (20x200) lids. Product
number 9530

Cospak pty Ltd., 1 Culverston Road, Minto, NSW 2566

Tel. (02) 98207555

The small jars we use for subsamples are 100mirila®olypropylene, squat jar, - 63 mm neck
(product number C100N)

The associated lids are 63 mm white polypropylgreeisl screw cap for CLOON (product number
6244).

Cospak pty Ltd., 1 Culverston Road, Minto, NSW 2566

Tel. (02) 98207555

The small jars are kept in smart black crates 606G fH0OmMm x 127 mm (product number
AP6411BLK).

Cospak pty Ltd., 1 Culverston Road, Minto, NSW 2566

Tel. (02) 9820 7555

Foil back labels (old) 35x89 mm, 16/sht, pk100.&men Box stock code FBL18.
Zetta Florence, PO Box 1173, Collingwood, VictoBa66

Foil back labels (new) 35x89 mm, 16/sht, pk 108mltcode LABFB18.

Archival Survival, PO Box 1139, Doncaster East, VXI09

Tel. 1300 781199

Kyocera Mita FS3800N laserprinter

Kyocera Mita FS3700+ laserprinter

Laminator type - GBC 3500 Pro Series serial nunih#62614

Laminating is done using laminating pouch film &H05 millimetres, with a thickness of 150
micrometer - ltem 1506595, in boxes of 100 pouches.

GBC Australia, Unit 7, 157 Gladstone Street, FyshwACT, ACT
Tel. (02) 62808955
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APPENDIX C: FORMS

Submission Request Form

The mission of the CSIRO National Soil Archiveiprovide facilities and protocols for
conserving the long-term scientific value of spg@mens and associated soil data, and to
make these specimens and their data availableublipresearch, both now and into the future
when new analytical techniques may be brought & be the specimens.

The information to be provided below will allow tESIRO National Soil Archive Committee
to review and assess the proposed submission.eRieagde the following:

Name, Organisation, Address, Email Address and @hamber.

How many specimens are to be submitted, from homyrsies?

How many cubic metres does the collection curremtiyupy?

How many grams of material are available, on averpgr specimen?

Is the soil material sieved to 2 mm? Does whole@atoarse fragment materials exist?
In what type of airtight containers are the spedisneurrently held?

Are the specimens non-toxic?

Are the specimens air- or oven-dried? If oven-driedvhat temperature?

In what region were the specimens sampled?

10. Is accurate location information available?

11. Is accurate sampling information available?

12. What analyses were performed? Provide method refese

13. What data are available?

14. In what format is the data currently stored?

15. What data use or licensing requirements are irepiaany?

16. What was the research context?

17. What is the justification for these soil specimémbe part of a national archive?
18. Provide references or copies of published workveeleto the specimens.

19. Is there a quarantine issue associated with tratisgahe specimens to Canberra?

CoNoOhrwWNE
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User Request Form — Soil Specimens

The mission of the CSIRO National Soil Archiveiprovide facilities and protocols for
conserving the long-term scientific value of spg@mens and associated soil data, and to
make these specimens and their data availableublipresearch, both now and into the future
when new analytical techniques may be brought & be the specimens.

Users of the archive need to be keenly aware ligadjiantity of specimen is limited and great
care is needed to ensure sufficient material ida@a for users in future decades and centuries.

Therefore we ask that you adhere to our guidelrses matter of common courtesy and ethical
responsibility. If we observe that the guidelines ot being followed, we maintain the right to
halt further use of the specimens until inconsiseshare solved and guidelines adhered to.
New data acquired pertaining to the soil specinvgtisieed to be made available to the
NatSoil database.

The information you provide below will allow the (% National Soil Archive Committee to
review and assess your submission. Please prdwd®itowing:

1. Name, Organisation, Address, Email Address and @homber.

2. How many specimens are requested?

3 From which sites, which original sampling agenckjch original sampling project,
which depth? List or append the results of the Nihtferies in the following format:
Agency, project code, Site ID, Observation ID, Kori no, Sample no.

How many grams of material are requested per sgacinn some cases the requested
amount may exceed allowable limits.

Choose a preference for either whole soil or fiagte(<2 mm) (if available).

For what research do you plan to use these spesth#gppend project proposal.

List analyses to be conducted and whether thegesguctive.

Who is responsible for subsampling? For large ardeSIRO National Soil Archive staff
may require assistance by staff of the agency stiqgethe specimens.

Suggest a method of subsampling. Procedure to preeatamination must be detailed
and strictly followed.

B

©ONOO

©
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User Request Form — Soil Data Only

The mission of the CSIRO National Soil Archiveiprovide facilities and protocols for
conserving the long-term scientific value of spg@mens and associated soil data, and to
make these specimens and their data availableublipresearch, both now and into the future
when new analytical techniques may be brought &v be the specimens.

The information you provide below will allow the (% National Soil Archive Committee to
review and assess your submission. Please prdvwid®ltowing:

Name, Organisation, Address, Email Address and @hamber.

What data is requested?

From which sites, which sampling agency, which darggproject, which depth?
For what research do you plan to use this data2wgbproject proposal?

PR
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+61 3 9545 2176

Email: enquiries@csiro.au

Web: www.csiro.au

Your CSIRO

Awustralia is founding its future on science and
innovation. Its national science agency, CSIRO,
is a powerhouse of ideas, technologies and
skills for building prosperity, growth, health and
sustainability. It serves governments, industries,

business and communities across the nation.
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