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Soil quality: Humankind’s
foundation for survival

D.L. Karlen, 5.5. Andrews, B.). Weinhoid, and J.W. Doran

ABSTRACT: During the past decade, soil quality research and education programs have
increased exponentially throughout the world. Educational and assessment approaches,
ranging from simple scorecard and test-kit monitaring to comprehensive quantitative
assessments and indexing using soils databases, have been pursued. The programs have
emphasized that soil quality is naot “an end in itself" but rather a tool for evaluating and
understanding the effects of soij management on a specific soll resource. The approaches have
stressed that to determine how well a soil is functioning, inherent and dynamic soil properties
and processes must be evaluated using biologiczl, chemical, and physical indicators. No sail
quality researcher has ever envisioned the concept would replace modern soil survey programs
or diminish the importance of scientifically based soil management stralegies. Herein, we
nresent the scientific merits of sail quality research,

Keywords: Soil health, soil management, soll ratings for plant growth (SRPG) model, soil

resource assessment, sail tilth, sustainable agriculture

Many of our current soil management deci-
sions are not sustainable and lead to envi-
ronmental degradation (e.g.; salinization,
compaction, erosion, contamination of
ground and surface waters with nitrate,
phosphorus, pesticides, or other materials).
The concept of soil quality, defined as “the
capacity of a specific kind of soil o funcoon
within natural or managed ecosystem bound-
aries to sustan plant and animal productivity,
maintain or enhance water and air quality, md
support human health and habitaton™ (Karden
et al., 1997) provides a focal poin for assessing
the severity of this degradanon. In fact. for
rany soil scientists, ccologists, agrononiists, and
other protessionals around the world, the con-
anung degradation of natural rescurces is close-
Iy assoctated with & loss of soil qualicy. Their
rattonale 15 that if sols are managed or muain-
tained in a manner that ensures the biclogical,
chemical, and physical properties and processes
are sustained and (unctoning properly, much of
the current degradation can be mungared.
Many people around the world intutively
understand the concepr of soil quality and are
wsing 1t to wnprove their soil management
pracuces. Soi quality eftorts are especially
important for the two billion people who are
malnourished and for an equal number who
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live below the poverty level (Eswaran er al.,
1999, Examples mclude Quedriogo et al
(2001) for Africans near the Sahel Desert and
Lamarca (1996) for Latin America. In New
Zealand, Kiwi land managers have accepted
soil gquality {Shepherd ctal., 2001) as a ool to
help make sustainable land management deci-
sions. For the German cauzen, where the
Federal Scil Protection Act (BbodSchG,
1998) recogruzed soil as 1) a basis for life and
habitat for ammals. plants, and soil organisms;
23 part of narural systens, especially warer and
nutrient cyeles: and 3) o filter and buffer:
improved soil quality 15 closely associared
with water quality and protecion. For edu-
cators and farmer-cooperators in Alberta.
Canada (Cannen, 20013, soil quality provides
1 foundation for developing improved nuwi-
ent management practices. For farmers in
the Central Valley of California, where stare-
ments such as:

*. I is astonishing e me.. that they're
sl only giving me a one page soil
test.. . vou need a more sophisticated tool
this {soil quality index] is
great... I'm sure hoping 1 can ger more

than thar, ...

than one page now.. semething that 1 ean
utilize to manage iy soid”

have been recorded (Andrews et al., 2003),
soil quality 1s certainly relevant and of interest.
Most soil quality research and education
efforts have been driven by the desire to use
our science to help people make better deci-
sions regarding soil management and how to
make the best possible use of their finite soil,
water, and energy resources (DDoran et al.
1996: Herrick, 2000; Karlen et al., 2001).
Why then has there been so much controversy
over such laudable goals? To protect our
world’s sotl resources, radiional research and
development paradigms niust now ensure the
development of & more complete mforma-
tion base, monitoring, and indicators to estab-
lish the prevailing soil conditions, The resuls
must be made available more quickly o more
people and used to evaluate the unpact of
diverse policies and practices to ensure that
the best management strategies [or cach soil
rescurce are reconuended and adopred.

We agree with the goal given by Sojka and
Upchurch (1999): " Our children and grand-
children of 2030 will not care whether we
crafted our definitions or dignosucs well
They will care if they are well fed, whether
there are still woouds to walk in and streans o
splash —in short. whether or not we helped
solve cheir problems, especially given a thirty-
vear warning.” Preventing the continued
degradation of our world’ natural resources is
the first and toremost important goal. Where
we differ is with regard 1o what tools to
develop and how they should be used to
improve soil management practices.

Evolution of the soil quality concept.
Alexander (1971) first suggested developing
soil qualicy criteria while discussing agricul-
tures role in environmental improvement.
The sol guality concepr per se was ntro-
duced by Warkentin and Fletcher (1977} asan
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approach to facilitate better land use planning
for the multple functions that soil resources
must provide or accommodate. In Canada,
the term soil health emerged as soil manage-
ment research gradually shifted from control-
ling soil erosion and nunimizing its effect on
crop productvity, to broader wsues including
sustainable agriculture, environmental heaich,
and prevention of turther soil degradanon
{Karlen et al., 2003). Throughout the 1990,
rescarch, education, and mstitational changes
occurred exponentially as the concept of soil
qualiy began to be implemented werldwide
(Karlen et al., 2001). Important accomplish-
ments included the publication by Larson and
Pierce (1991) that outhined a quanuratve for-
mula for assessing soil qualiry and relating the
changes to soil management practices. As a
result, soil quality was recognized and inter-
preted as a more sensiive and dynamic way
to measure soil condition response to man-
agement changes and resilience 1o stresses
imposed by natural forces or human uses.
Many researchers participated in developing
the soil quality concept by contributing to the
publications entited. "Defirung Soil Qualiry
for a Sustainable Environment” (Doran ct al..
1994 and “Methods for Assessing Soil
Qualicy” (Doran and Jones, 1996). Studies
were also conducted to: 1) establish monctary
land wvalues, 2) monitor soil degradauon, and
3) address challenges affecting food security.
The latter 15 espectally important in develop-
ing countries where loss of per capica land areq
and water resources often resule in decreased
soll quality (Lal, {999).

Soil quality research and education pro-
erans have evolved even where politncal lead-
ers and often scientsts do not understand or
agree upon the effects thar land use decisions
have on soil resources. The progruns have
grown 1 part because obvious linkages
berween soil qualiny, management decisions,
and sustainability are often overlocked or
evenn ignored. They have grown because
questions regarding organic farming, conser-
vation tillage, safer pesticide use, protection
and muinienance of terraces, integrated crop
nanagement. management of low-intensiey
pasture svstems, Jowering stock density, use of
certited compost. or urban and suburban
development effects on soil quality abound
and currentdy remain uranswered.

The soil quality concepr has always been
clascly associated with the eriteal funcirons
that soil resources pertorm 1 the biosphere
{(Doran ct al.. 1996}, Therefore, we maintain

that the sumplest defirution tor the concept is
“the capacity [of s0il] to function” (Karlen et
al., 1997) or stared another way, “how well is

the soll functioning” for a specific goal or use.
This closely parallels many other definitions
{i.e., suitability for chosen uses or mnge of
possible uses) that have been used (Doran et
al., 1996}, The close assoc:ation between soil
function and soil quality also helps lustrace
the concept of soil services used to describe
the concept of sustainability and soil
resihence (Blum, 1998), Those services have
been grouped in two categories. The first,
focusing on agriculture, includes bionass
production (food, fiber, and energy). soil as a
reactor (filtering, buffering, and transtorming
actions). or soil as a biolagical habitat and
genetic reserve. The second, focusing cn
nonagricultural uses, considers sold as a phys-
ical medium, a source of raw materials, and a
repository  for cultwral hertage thae helps
preserve the history of carth and humankind
Dorn et al.. 1996).

Future soil quality developments. Tools for
monitering soll guality and building a knowl-
edge base for coherent future acrions are
needed. The monitoring should be  estab-
lished using existing inforriarion systems and
databases where possible, Tt should be
designed in such a way that the dat can be
mntegrated into more comprehensive, multi-
lavered monitoring and reportng progranis,
Based on systematic sampling and analysis,
soil monitoring svstems should aim to deliver
intormation on changing soil patameters,
importaint for soil functuons such as nutrient
and organic matter cyveling, biodiversiry, or
resilience after contaminacion by pesticides,
heavy metals, or other anthrapogenic materialks.

The focus for ongoing soil quality effores
must be on protecting or restoring critical soil
functions (Hoper, 20010) and using good agri-
cultural management practices. Soil protec-
non and preventon of further degradation
requires an integrated approach based on
exssung and new knowledze. Tr also requires
the development of a long-term approach
through which soil protection 15 based on a
more complete knowledge of bath the direct
and indirect impacts of hunan activites and
the best pracuces and measures to address soil
resource degradanon.

As the soil quality concept continues to
evolve, there are several tssues that need o
be resolved. Two assoctated with indicaror
selection are the spaial and emporal scale
1997 Wander

(Falvorson  er al.. and

Drinkwater, 2000). Another is the need to
demonstrate causal relationships berween soil
qualiey mdicators and ccosystem functions
(Herrick, 2000). The accuracy, precision, and
cost of idenufving nunimum sets of indicator
variables, someumes described as a minimum
data set (MIDS), are questions that have not
been resolved.

We anricipate that the use of soil quality
assessment will ingrease and will help quanufy
resistance [defined as the capacity of a svstem
to contnue functonng without change
through a disturbance (Herrick and Wander,
1999 Pimm, 1984)] o degradation and the
resilience of a soll resource to recover follow-
ing degradation. Although 1 single mini-
muni data set will probably never be defined
because of the inherent variability among
solls. a fexable suite of brological, chemical,
and physical indicators will uldmacely be
identified and used o evaluate site-specific,
remporal trends 1 soll qualitv. Whether or
not the indicators are used o develop index
values is not an ssuc. The appropriate use
for so1l quality sssessments 15 to evaluate the
remporal trends for a specific soil at a specif-
ic locauon or to deternune the effects of dif-
ferent pracuces on a sumlar sod. Soil survey
mformation provides a basic geographic
framework and context for the assessment of
soll quality for a given Jocation and for a
givenn pomnt in tme. Traditional sol survey
Jocuments the inherent differences among
sotls 1 the  landscape  and  makes
recommendatons regarding potential uses,
Thus, we suggest an importane role for soil
sclentists s to determine appropriate indica-
tors for various management goals or land
uses. Daomng so will ensure that assessments
will be useful and understandable to farmers
and other land managers who are, and wiil
conunue to be, the stewards of soil quality
(Doran and Zeiss, 200005,

Undoubtedly. nuny bsues need to be
reselved before the setl quality concepr i
fullv operadonal. However, we feel thac it is
unportant to stress 10 this editorial thae, to
our knowledge. no sotl quality researcher has
aver implied that the concept would replace
modern soil survey prograns or duninish the
importance of rechnology and scientifically
bused so1l management strategies. For the
benetit of evervone, it is lmiperative that
the pusconceptions regarding soil qualicy
concepts be corrected through rigorous sci-
enufle debare and dialogue,
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capacity tor conunodity crop producton as
one factor for adjusting soil rental rares. The
model used inherent soil properties so thar it
was consistent across political boundaries and
over time. In contrast, efforts o develop
indices of relative soil qualiy (Kadden et al.
20031y have focused on dynanue soil proper-
ties. The soil ratdngs for plant growth was
designied to use enly the soil survey database
because the systemn had to be usable for all
soils and all arable land on which conunodi-
ty crops were grown. Soil guality assessnients
utilize recent visual, on-site, or laboratory data
that may or mav not be interpreted using
informanoen from soul survey databases.

The procedures used to develop the soil
ratings for plant growth model alse provided
information needed to develop a mational map
delineating oot zone avalable water capacity,
The values were computed by sumnung the
available water capacity for each layer above
an identified rooting constraint within the

profile and were very influential in deternmn-
ing inherent productiviry (Figure 1), The root
zone avalable water map [USDA-NRCS.
1999} displavs 4 pattern (Figure 2) that nearly
coincides with the extent of former prarie or
grassland soils. Those soils, often tormed in
medivm textured Aeolian or glacl parem
material with few rooting constramts are.
sol taxonomy  terminelogy Molbsols. The
strong positive relationship berveen root zone
available water and soid ranngs for plant growth
model resulied ina close assoclatuon between
Figure 1 and the dominane soil orders {Frgure
3y associated with United Seates soil taxono-
my (USDA-INR.CS. 1999b). This close asso-
ciation apparently led some (e.g: Sojka and
Upchurch, 1999; Sojka et al.. 2003} to the
incorrect conclusion that sod quality evalua-

g
2

rion and indexing are taxononucally blased.
To demomstrate this error the soll rating

for plant growth model was rerun for an irri-

gated condition where root zone available

warer (Flgure 20 was not hmiting planc
growth [USDA-NRCS
1 an Irrgated soil madngs for plane growth

2002y This resuleed
wodel map (Figure 45 that closely norrors the
“muarket value” nup presented by Sotka et al.
(23]

1. However, with regard to long-term
sustainabalivy: 1t o abselutely nnperative to
recoguze that achieving the irrigared soil rae-
ings for plant growth levels has a weal cost for
water. energy, and nutrients that must be con-
stdered. Fallure to account tor all input costs
15 not acceprable.

Incomplete veviews. Sotka and Upchurch
119997 and Sojka ev al. (2003 conrend thar
the praccal realites associated with inter.
preting indicators of the wwltiple functions
that solls perforin have nor been addressed.
We teel this perception 1s incorrect because
evenn though Sejka et all (20013) vite more
than 3400 references, they lgnore Andrews
and Carroll (2001). Andrews et al, (2001,

2002y, Herrick et al. {20023, Karden et al.

Figure 2

SCHL SURVEY ATLAS OF AGROECOLOGY - UNITED STATES |

Plant available water holding capacity for soils within the United States (USDA-NRCS, 1599a).
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(1998), Karlen et al. (1999 and numerous
mternational websites where those challenges
have been recognized,

Sojka et al. (2003} ako conrend that no
procedural approach for tegrating various
soil qualicy indicators has been offered and
suggest that the complexity and contlice of
values muakes the process insurmountable,
Orther authors {e.g.; Schjonning et al. 20003)
have also questoned the teasibiliny of assess-
ing soil quality because of che vase inherent
differences among soil resources. While we
agree with Sparrow et al. (2000 that devel-
opent of soil qualty asessmene 15 m o1t
infancy. substantial progress has been made n
the United States (Andreves et al.. 2000,
20002 Herrick et al.. 2002 and around che
world (Shepherd, 2000 Beare et al, 1999),
Omee agan. Sojka ev al. 2003) chose
ignore those etforts, opting instead to return
to their criticisin of the nonexistent “Sinclair
modet of soil qualiny” and their position that

soil quality evaluattons were primarily quali-
tative and sensory.

Misconceptions  regarding  soil  gquality
assessment. Undoubredhy, selecuion. mter-
pretation, and integraticn of indicaror data
are among the more ditheult and conmover-
stal 1ssues assoctated with the soil quahey
concept. This was recogized and has been
an integral part ot the soil qualicy research
and cducanion program smee our brse evalu-
ations of crop residue management and
nllage treacments wsing a soil qualiy index
(Karlen et ab., 1994a by Despite assernons o
the (e.g: Sojka and Upchurels,
E99y: Sogka et al., 20037, substanaal progress
n soil qualiny assessiment and quanuficanon
has been made during cthe past decade.

The selection of mdivators for evaluation

k‘OI][}'J.l"\'

15 most often based on expert opmion e,
Doran and Parkin, 1994 buc also can be
accomplished with statistical procedures such

a5 principal components or facror analvsis

{(’,
ab.

knowledge of the system and carries the

g Andrews and Carroll. 200 : Brejda et
L 200 Expert opanion requires expert

possibihty of disaplinary biases: sratisucal
approaches require lirge exsung data sers
and are also ulimately subgecr to disciplinars
bras as well because results depend on the
number and rype of ndicators m the origi-
nal data pool. Both appreaches produced
sinubar resules in 2 comparson of indexing
approaches wsing data from a vegetable pro-
ducton study on rrigated soils in northern
Cahtornia, USA {Andrews et al, 2002,
Scoring and combining the mdicators into
mdiwes can be done inoa variety of wavs
{Andrews eral, 20000 Linear scoring can be
wsed and nay be desitable for mdicators thae
change gradually along a contnuuni. Step-
tuncrions fie: good or bad. ves or no) may
be appropriate for indicators that micasure
‘contanmated versus noncontaminated’ situ-

atons. Nonlinear scoring  accommodates

Figure 3

Hawar

Dominant soil orders within the United States (USDA-NRCS, 1999h).
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threshold and  optimum values a4y well
as tramsitiont areas where snall changes in
mdicator values represent lirge changes
soil function and thus the wmdicators” score
{Herrick et al 200125 Andrews etal. (20612}

tound nonlinear SL'Lﬁfil'lti wiore accurdtely

reflected soil function when compared 1o a
linear method,

Development of nonlmear scoring fune-
tons requires n-depth knowledge of each
indicaters behavior and relanonship o tunc-
tons within the systewn. For cach mdicator,
delined
based on inherent soil propertes. Several

baseline and threshold levels are
miethods, including the use of benclaark
sites, have been suggested for establishing
baseline values. Benchmarks may be miast
appropriate for remediaton applicadons.
For agronomic uses. thresholds shouid be
based on studies showing the relationships
between wdhcator values and soil tuncdon.

We prefer to use nedsurenments tor a specific

soil ar T and o then determine the net
change (e aggrading, degrading. or stable)
at future mimes (T3] that are appropriare tor
each indwator.

A uwser-triendly soi management assess-
ment fnunework has been proposed  and
tesced (Andrews et al. 2001 Karlen
Swotr. 1994, The framework consists of

and

three steps: 1) indicator selecnon, which sug-

gesty appropriate chenucal. biological and

physical mdicarors; indicaror interpreta-
ton, offering site-specific interpretauons of
those mdicators in relatien o soil function;
and 3} integration meo an mdex, which pro-
vides an overall assessment of dhe mdicator
interpretations. The framework utilizes a
nested  hierarchy for expert opnnon-based
indicator selecrion based on management
goals. soil tuncuons, and site-specific oriteria.
This allows it to be tlexible for various land
uses across multiple scales, and for sonls
inherent  characterisaies.

with  different

Interpretations. using nonlinear scoring,.
J;’L'L]llll]]l_'!\,lﬂt(_" \_l]T‘FL‘TCHf iT]L‘llL'thC:H' th'c‘*h(ﬂdi
soil, climate. and

tor  muluple crop

combimations. thereby addressme importine
spatial and temporal sues fseisu Halvorson
et alo 19977 that are based on these mherent
soil andsor climane Factor. Site—speciiic
factors chat can atfect mdicaror selection or
wterpretation include managemenc goals.
such a productivity or waste disposal: inher-
ent soil propertics, as I Grganic marter or
texture: clinzate tactors, such as annual pre-
cipitation and temperature; or crop require-
ments. Prototypes have been developed n
Excel spreadsheer and oblect-oriented Java
progranuning forma for Grther evaluanoen
and refimement (Karlen eval, 200033, Several
US. Deparunent of Agriculure-Agriculoural
Research Service (USIDA-ARS] scientiss con-
tribuning to the Soil Resource Management
National other researchers

Program and

arowid the world are currewtdy evalvating the

Figure 4

SOIL SURVEY ATLAS OF ACROECOLOGCY - CONTERMINCOUS UNITED STATES

The spit ratings for plant growth (SRPG) model for irrigated production throughout the United States (USDA-NRCS, 2002).
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framework for several different soil muanage-
ment apphications.

Misconceptions  rvegarding  individual
indicators. Sotka and Upchurch {199%) and
Satka et al. (200113% objected suenuowsly o
the nnportance given o sol organic natter
by niany sotl quality researchers. One reason
that soil organic matter has received so much
attention 15 the well-documented tace that
worldwide, soil orgenic matter levels have
decreased by 501 or more during the past
century. This degradaton of sod quality 1
nnportant because of the numerous funcuons
that soil organic matter intluences fe.g:
nurrient cveling, water retention, aggregarion.,
surface sealing, energy substrate. etc). The
potental need tor an increased mte of sod-
wcorporated herbicides on hugh orgamic mat-
ter solls 15 used as one reasou why sonie sug-
gest that inereased soll organic natter should
not be given a high priority 1w soi guality
assesstient (Sojka and Upchurch, 1999 Sotka
et al.. 2003). While we agree that soil orgamc
marter levels can and do influence herbicide

applicanion rates, the relative proportion of

soll-incorporated  herbicide v dechning.
Furchermore. in the framework being devel-
oped to evaluate sod quabey indicators, the
scoring curves can eastly be given a declining
slope (and therefore lower rating) for combi-
nattons of management svstemn and soil
organie matter levels where this mighe oceur.
A similar adjustment may be needed for tor-
est areas where, due to litter acoumulation.
soll organic marrer levels can becomie so high
that runoff actually increases (personal com-
B. Hudson, USDA-NRCS

(Reetired), August 2iti3).

Hnicanon,

Sojka et al. (2003) express concern regard-
ing the use of earthworms as a biological indi-
cator because of their potential o increase
bvpass dow and mpid movement of surface-
applicd contaminants to groundwater. While
this is possible, they fail to acknowledge that
carthworm effects are species dependent. o
vertical  burrows
{Berrv and Karlen, 1993). As with soll orgin-

not Al create permuanent
1c mareer. the famework beng developed for
assessment of soil quality mdicators can be
moditied through the scoring curves hased on
avatlable  data and subsequenr  sdre—speciic
knowledge such as the predununant carth-
WOrm specles at a given locaton,

Sotka et al. {20130 state that Karlen et al.
20m15 talled ro address how soill qualiey

the
mdicators such as senl resprranon. This s not

assessment could cope wath Jdvnanue
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erue it the enore body ol sod qualiey reracure
is examined. Parkin ev al. {1994 sware that
respiration is an indicator of organic mateer
decomposinon in soil, and therefore it reflect
o general processes: 17 loss ot carbon (G

from the soid svstenn and 20 recyeling of

nutrients. Either process can be viewed as
detrimiental or beneficial depending upon the
mrended use of the sotl. the masmitude of the
respiration activiry, und the remporal and spa-
tial distribudons exhibited by those processes.,
Parkin et al. (19967 also outline an analvocal
process whereby respiration. normabized
organic carbon inputs. mav be a promsing
soil qualiny indicator. Specihic mrgers or val-
ues tor precise interpretation of soil respiration
stll need to be established, and this may have
o be done on 4 site-by-site busis o account
for the intended use of the sod. local manage-
ment praceees. and the clhnate, Other bio-
logneal mdicators, such a3 nucroblal bionass,
seasonal. and climatic ductuanons m expected
range. have been mecorporated weo nonhinear
mterpretation curves within the famevwork
currently bemng evaluated.

Sol respiration 1 also arr unportant soil
guality 1dicator with regard to 1ty education-
al vadue 2y evidenced by the sale of more than
300 sorl quality test ki, Siniple, senu-quanti-
rative nieasures of carbon dioxade (COh) pro-
duction have been used to demonstrate the
bving and dynaime nature of sous to mamy
different avdiences (USDA-NRCS, 1993

Sojka er al. (2003} dispute the we of

compacnron,  salinity, microbial - biomass.
microbes feg. . oolf). and almost any other
potental mdicator of how a sed 15 funcion-
ing. Repeatedly, they continue to state that
“the finst insticutional use of a seil qualin
United States

soils” Thix eceurred bhecause they nusused

mdex  devalued arid-zone
the soil rmnngs for plane growth nwedel an
error that we have hopetully corrected
(Figure 4. We tully acknowledge the diti-
culey asseciated with dentifving the most
critical  facrors attecring ol resoarces.
Indicator evaluation and indexing have suc-
cesstully dentonstrated ehat sod manageinent
praciices dave multple effects on sold tne-
tor. However. viewimy individual mdicartors
trom the perspectve of onlv one duapline—
chenucal, phesical. or bielogical—ean sl
i contlicting messages to the land marager
who needs to wke a specific action on a

particular so1l resouree

Summary and Conclusion
We strongly disagree with Sojka et al.

23
who mplv that the sl quabne efforr 1=
solenntic distraction thae has vesulied n ot
ure of soll scientsts. agronomists. ecologisls.
and others to sty o message” with regard
o dsues such as ol eresion. They guors
Pimental 20000 who stared that sod erosion
control has not received the research and mit-
LEULOI sUppert 1t deserves because: 1 erovon

1 msidious, 23

croston oocurs very slowly
relative to humau percepaon. and 3 the pub-
lic has Intle regard tor dhe value of son. o
the contrary, one of the undetlying reasons
for focusing on soll quality sinee the publica-
non enutded. “Sold and Water Qualio: An
Agenda  for Agriculture”™  was released.
Natienal Rescarch Couneil, 19930 was the
nead to mprove public swareness about soil
resources and to help them understand how
sof managenient decwions atfect net only
the seil ielf but other wesources e, water
and air) as well. Soil guabiey has been aceepr-
ed ws g concept for guiding and developing
miproved  soill  muanagement  practices
throughour the world {c.g.: Beare et al.
1994 Shepherd. 20005 Shepherd e al., 20013,

Educanond prograns., including the use of
relatively sunple wols and techuiques. have
been used  increase awareness that soils are
wideed bving and dvime, The effare has
ncreased  awareness regarding the  tragile
nature of many sods. This conclusion awas
vertfled chrough surveys in the United States
fAndrews et al, 20031 and New Zealand
{Shepherd et al., 20011), [n the lacter. 835 1o
Y9% of the participanes i visual soil assess—
ment warkshops mduding Y2% farmers)
found visual soil asessment scorecards and
feld guides easy o use and rechnically appro-
priate. Dducavional activities spousored by
the USDA-NRCS Sail Quality [nstiture have
also been very effective in promating a herrer
understnding of soll science ammong feld seatt
and other natural resource persounel.

We hope that the mibine of the woil ratings
lor plant groweh model will stop tollowing
this exchange ot research editorials. The soil
ratings for plant growth model 15 net aul
never was intended o ber a model of ol
qualits, We have mied oot the record
stratght reganding why and hese the maps
were  generated, [ addinon, we have
attepted o refute other misconcepuons
abour guantitcation of soll gualiny wang
idicators or mdiees.

We deseribed o three-step tramework for
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