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1 | INTRODUCTION

Abstract

Soil moisture and temperature are incorporated into Soil Taxonomy through the broad
classes of moisture and temperature regimes. Although both are important variables
in soil formation and land use, soil temperature regime (STR) is typically applied
at the family level, whereas soil moisture regime (SMR) is applied at the suborder
level. In this paper, we are questioning whether moving SMR to the family level
will create a classification system that is more efficient and provide more informa-
tion to the user at higher categories. The pros and cons of moving ustic, xeric, and
udic SMRs from suborder to family category are discussed. To explore this potential
change, we used Shannon diversity (AH) as an index of the information gain mov-
ing from order to suborder when classifying a soil. The analysis indicated a relatively
small AH for most of the country considering current suborder classes. The proposed
group of suborders, characterized by diagnostic horizons instead of SMR, conveyed
a considerably larger AH supporting a substantial gain in information if the change
was incorporated into Soil Taxonomy. The proposed change also has the potential to
reduce the number of subgroup taxa by nearly 50%, without losing any of the current
information within each taxa. Counterarguments for the change are that SMRs have
soil genesis connotations and provide a way to group similar soils on broad-scale
maps. A change in the hierarchy of SMRs within Soil Taxonomy could deemphasize
the relevance of soil moisture to soil genesis, morphology, and ecology.

land use zoning, and understanding natural ecosystems (Troeh
& Thompson, 2005). Soil moisture influences the presence,

Seasonal moisture dynamics is one of the principle drivers
of many biological and pedological processes in soils. This
knowledge base is generally documented by soil moisture
regimes (SMRs) in Soil Taxonomy to inform decision mak-
ing such as engineering design, cultivation practices, county

Abbreviations: SMR, soil moisture regime; SSURGO, Soil Survey
Geographic Database; STR, soil temperature regime.

depth, and thickness of many epipedons and diagnostic hori-
zons (Buol, Southard, Graham, & McDaniel, 2003; Schaetzl
& Anderson, 2005) that are often used as criteria to classify
soils. The strong correlation of soils to bioclimatic zones was
captured in the concept “zonality” by Dokuchaev and his stu-
dents in the late 1800s and subsequently incorporated into
the early U.S. classification systems in the 1920s and 1930s
(Baldwin, Kellogg, & Thorp, 1938; Marbut, 1935; Simonson,
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1997; Tandarich, Darmody, Follmer, & Johnson, 2002). Simi-
larly, the authors of Soil Taxonomy incorporated soil moisture
into the order, suborder, great group, and subgroup categories
using the concept of SMR (Soil Survey Staff, 2014).

The authors of the World Reference Base (IUSS Working
Group, 2015), the other international soil classification sys-
tem, make it clear that “climate parameters are not applied in
the classification of soils.” Krasilnikov, Ibanez Marti, Arnold,
and Shoba (2009) reviewed the Chinese, New Zealand, Ger-
man, Polish, Hungarian, Romanian, Israeli, Japanese, and
South African soil classification systems and reported that
only the Chinese used moisture regimes like udic and ustic
at the order or suborder level. New Zealand uses “Semi-
arid” as one of their 15 orders and the Israeli system recog-
nizes Desert Lithosols and Desert Alluvial at the order level
(Krasilnikov et al., 2009). All of the systems reviewed by
Krasilnikov et al. (2009) identified wet soils at the order level.
This is also true for the Australian (Isbell & National Commit-
tee on Soil and Terrain, 2016), Canadian (SCWG, 1998), and
English and Welsch systems (Spaargaren, 2000).

In this paper, we examine an idea to move selected SMRs
from the suborder to family level within the hierarchy of
Soil Taxonomy to test the effect of such a change on Soil
Taxonomy. These discussions initiated within the Soil Sci-
ence Society of America’s task force to make Fundamental
Changes to Soil Taxonomy (Galbraith, Stolt, Rabenhorst,
& Ransom, 2018). The goal of the task force is to explore
changes to Soil Taxonomy to create a less complicated and
more user-friendly system that can serve as an effective and
engaging tool, and as a way for the soil science community
to reach and assist other disciplines and communities that
use soils information. The issues to be addressed with
Soil Taxonomy are many, but this should not be surprising
considering that development of the system began in the early
1950s, and it was adopted for USDA soil surveys by 1965
(Cline, 1979). Throughout the evolution of Soil Taxonomy, a
tremendous number of taxa have been added. For example,
between 1983 and 2010, over 160 new subgroups were added
just within the Inceptisols order (Stolt & Needelman, 2015).
Since 1960, the number of subgroups in Soil Taxonomy has
increased 10-fold from 250 to 2,500 (Rabenhorst, 2016).
Much of these increases are the result of international com-
mittees on Andisols, Anthropogenic Soils, Aquic Moisture
Regimes, Aridisols, Taxonomic Families, Low Activity
Clays, Oxisols, Permafrost-Affected Soils, Soil Moisture and
Temperature Regimes, Spodosols, and Vertisols (Historical
International Committee Recommendations, 1975-2013,
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/
survey/class/taxonomy/?cid=stelprdb1262263).  Although
the number of taxa in Soil Taxonomy has grown rapidly as we
have learned more about soil classification, there have been
relatively few conceptual changes to maintain the original
goal of the document as a basic system of soil classification.
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Core Ideas

* Many aspects of Soil Taxonomy need changing for
a more efficient system.

* Soil classification could be more efficient if soil
moisture regime (SMR) was at the family level.

* SMR at the suborder level provides insight into soil
genesis.

* SMR at the suborder level allows for creation of
broad-scale maps.

* Soil use decisions may be better served with diag-
nostic properties at the suborder level.

The issue being debated here is whether moving the SMRs
to the family level will streamline the system without losing
the valuable information that is held within each taxa. In this
paper, we debate the positives and negatives of making this
change. There are a range of reasons for both keeping SMR
where it currently is at the suborder level and moving it to
the family level in the classification system. For the purposes
here, we focus on the pros and cons of moving udic, ustic,
and xeric SMR identification from suborder to family level.
Aridic and aquic SMRs will not be considered in this discus-
sion. Aridic SMR is not uniformly applied across soil orders
and is limited to Aridisols and Entisols. Aquic and peraquic
SMR are not used for taxa; the aqua formative element is used
in taxa (i.e., Aqualfs) to indicate aquic conditions (Soil Sur-
vey Staff, 1999). In addition, the aquic and peraquic mois-
ture regimes are being considered part of other fundamental
changes at the order level.

2 | ARGUMENTS FOR MOVING SMRTO
THE FAMILY LEVEL
2.1 | Towards a more efficient and consistent

classification system

Currently in Soil Taxonomy, soil temperature regimes (STRs)
are applied primarily at the family level (cryic and gelic are
the exceptions because of their severe limitations to soil use).
Thus, one advantage of moving SMR to the family level is
that it would provide added consistency to the classification
system by having both soil climate attributes at this same level
in the hierarchy. This makes sense, since soil temperature is
already tied directly to the definitions of the SMRs being used
to specify when the control sections are either moist or dry.
For example, in the definition of the udic moisture regime
Soil Taxonomy reads: “If the mean annual soil temperature
is lower than 22 °C and if the mean winter and mean summer
soil temperatures at a depth of 50 cm below the soil surface
differ by 6 °C or more, the soil moisture control section, in
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| SOIL MOISTURE REGIMES OF THE CONTIGUOUS UNITED STATES |
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FIGURE 1

normal years, is dry in all parts for less than 45 consecutive
days...” (Soil Survey Staff, 2014). Temperature criteria were
applied to the SMRs to ascertain whether coldness or dryness
controlled the growing season (Smith, 1986, p. 124). The tem-
perature requirements in the udic definition cited above are
not uniquely specific to udic. Temperature criteria also apply
to xeric and ustic regimes.

Although primarily applied at the suborder level, presently
SMR is also applied at the order (Aridisols), great group (e.g.,
Xerofluvents, Torripsamments, Udifolists, Ustivitrands), and
great group/subgroup (e.g., Xeric Torrifluvents, Aridic Usti-
fluvents) levels. The orders Spodosols and Gelisols do not
apply SMR in any taxa. Placing SMR at the family level
would ensure that SMR is specified consistently for all
soils.

The SMRs discussed here cannot be identified from soil
morphologic descriptions. Although easy to measure, soil
moisture is not something that is typically monitored in the
field for classification purposes because of daily, seasonal,
and interannual variability (Salley, Sleezer, Bergstrom, Mar-
tin, & Kelly, 2016). Although soil moisture content is a
dynamic soil property, SMR is a class of climatic conditions
that define soil moisture distribution and availability through-
out a typical year based on long-term (30-yr) averages of
measured data. Thus, soil moisture is rarely measured for
classification purposes, but rather inferred from climatic data

Soil moisture regimes in the United States (https://www.nrcs.usda.gov/Internet/FSE_MEDIA/nrcs142p2_050436.jpg)

or vegetation, and could be considered a barrier step during
classification of soils in the field. The Keys to Soil Taxon-
omy make it clear that inferring SMRs from climatic data is
the expected protocol: “The intent in defining the soil mois-
ture control section is to facilitate estimation of soil moisture
regimes from climatic data” (Soil Survey Staff, 2014). Thus,
maps based on temperature and precipitation patterns are typ-
ically used to determine SMRs (Winzeler et al., 2013), and
this process can be efficiently accomplished after soils have
been described in the field.

Using SMR at the suborder level is confusing along cli-
matic boundaries. In large parts of Texas, Oklahoma, Kansas,
Nebraska, South Dakota, and Montana, SMRs are recog-
nized as borderline or transitional (Figure 1). At present,
these borderline SMRs are defined within Soil Taxonomy in
selected cases of particular taxa by adding Udic or Ustic at the
subgroup level (i.e., Udic Argiustolls). The classification of
adjacent soils in different taxa, however, may not utilize
(recognize) the borderline case at the subgroup level. For
example, in parts of Oklahoma the Lovedale series (Udic
Argiustolls) is mapped adjacent to the Dougherty series
(Arenic Haplustalfs). In one case, the transitional nature of
the moisture regime is recognized, whereas in the other case
it is not. Moving the SMR to the family level would allow
these transitional soil moisture conditions to be identified in
all the soils of these transitional areas.
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One of the arguments made in this manuscript for keep-
ing SMR at the suborder level is the importance that SMR
plays in allowing for the creation of small-scale maps show-
ing broad patterns of important soil properties (e.g., Udults,
Ustalfs, Xerepts). We argue here that with the advent of GIS,
SMRs are not necessarily needed at the suborder level to con-
vey broad-scale patterns. Continental-scale maps based on
soil orders can be an effective approach to relate soil kind
with geographic areas. For example, such maps show that very
few Mollisols occur in the eastern United States (Figure 2).
Using GIS, the SMR layer (Figure 1) can be overlain with
the distribution of Mollisols (Figure 2) to show climatic rela-
tionships of Mollisols. This offers another way to easily make
broad-scale maps of soil taxa. In the first 25 yr of Soil Taxon-
omy, GIS applications were not available, but now this is how
almost all soil maps are currently made. This suggests that for
broad-scale mapping of soil climate differences, there is no
advantage to having suborders defined by SMR.

The advantage of a dynamic GIS approach to SMR depic-
tion was suggested by Winzeler et al. (2013). These authors
used a Newhall-based simulation model (NSM) to develop
GIS-based raster grids of SMR and compared these with a tra-
ditional analog map of SMR created with expert knowledge
coupled with limited climate simulations (Newhall & Bern-
danier, 1996). Although the true accuracy of these approaches
was not evaluated, the GIS-based approach resulted in a
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76% agreement with the traditional map with certain transi-
tional areas between moisture regimes presenting most differ-
ences. It is evident that with global climate change, increas-
ing temporal and spatial variability of SMRs will occur, and
such an approach suggested by Winzeler et al. (2013) may
have increased validity to soil classification and mapping in
the future. Furthermore, accurate SMR placement using a
GIS-based approach can be implemented at any category of
Soil Taxonomy, but the potential dynamic nature of SMRs
(D’Avello, Waltman, Waltman, Thompson, & Brennan, 2019;
particularly near transitions) warrants its placement at a lower
category (i.e., family vs. suborder) where local changes in cli-
mate could be documented. This dynamic nature of SMRs
cannot be recognized at the suborder level because it would
influence too many taxa outside the area where these local
conditions apply.

Moving SMR to the family level may provide a more effi-
cient classification process by minimizing the number of taxa
that have to be considered in the key prior to reaching the low-
est levels of the hierarchical system (family level). This could
be visualized by considering examples for Xerepts, Ustepts, or
Udepts (Table 1). Each suborder shows redundancy of major
diagnostic horizon or characteristic identification at the sub-
order level by having more than one great group identified
with the formative elements Eutr, Hapl, Dystr, Calc, Dur, and
Frag (Table 1). There are 184 different subgroup taxa for these
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TABLE 1 Great groups of Inceptisols in the suborders of Xerepts, TABLE 1 (Continued)
Ustepts, and Udepts and the number of subgroups in each great group No. of
of the current version of Soil Taxonomy (Soil Survey Staff, 2014). The Subord. Great (;;0
order reat gro subgroups
Fundamental Change Example (FCE) shows possible suborder and u SRl SOl
great group taxa if soil moisture regime was moved to the family level Intercalcepts 5
Haplocalcepts 4
No. of Totals: 7 24 93
Suborder Great group subgroups
Current Note. The example uses all the currently defined taxa. Aqui, Lithi, and Haplo great
groups are those currently defined as Aquic, Lithic, and Typic subgroups. Inter-
Ustepts Durustepts 1 great groups (e.g., Interdystrepts) are defined as those soils with significant evi-
Calciustepts 10 dence of pedogenesis besides a cambic horizon (e.g., a weakly developed spodic
Dystrustepts 11 horizon, Spodic Interdystrepts). Subgroup formative elements for the FCE include
Fragic, Fluvic, Psammentic, Spodic, Andic, Humic, Epi, Endo, Vertic, Vitrandic,
Haplustepts 23 Lamellic, Alfic, Ultic, Entic, Oxic, Oxyaquic, and Typic.
Humustepts
Xerepts Durixerepts . X . . X
) three suborders. Moving the xeric, ustic, and udic moisture
Calcixerepts . .
i regime to the family level means new suborders need to be
Fragixerepts > created. As previously discussed, this can be done by mov-
DRI G 1l ing important soil property information currently at the great
Haploxerepts 16 group level higher in the classification process. In our pro-
Humixerepts 11 posed move of the SMR to the family level (Table 1), new
Udepts Sulfudepts 1 suborders of Sulfepts, Durepts, Fragepts, Eutrepts, Humepts,
Durudepts 5 Calcepts, and Dystrepts were created. In this example, great
Fradiudepts 5 groups were divided into Aqui, Lithi, and Haplo great groups
Eutrudepts 22 that match those currently defined as Aquic, Lithic, and
Dystrudepts 23 Typic subgroups. The example also includes “Inter” great
HOmuaept 17 groups (e.g., Interd)./stre;')ts). These great groups .repres.ent
Totals: 3 17 184 intergrades, th?se soils with eV1den?e of Pedogeneéls moving
toward something more than a cambic horizon in this case. For
Fundamental Change Example R X A i
) example, soils with a weakly developed spodic horizon at the
Dystrepts Aquidystrepts 7 . .
o subgroup level would be classified as Spodic Interdystrepts.
Lithidystrepts 2 The current number of great group and subgroup taxa under
Interdystrepts 8 the Xerept, Ustept, and Udept suborders is 201 (Table 1).
Haplodystrepts 3 The Fundamental Change Example has only 117 taxa at the
Sulfepts Haplosulfepts 1 great group and subgroup level. Other orders such as Alfisols,
Durepts Aquidurpts 2 Andisols, Vertisols, Mollisols, Oxisols, and Ultisols all have
Interdurepts 2 similar redundancy at the great group level from using xeric,
Haplodurepts 2 ustic, and udic suborders. Thus, there is the potential for sim-
Fragepts Aquifragepts 4 ilar reductions in the number of taxa at the subgroup level for
Interfragepts 3 these orders too.
Haplofragepts 1 Our example clearly §how§ that changes in hierarchical
Eutrepts J— 3 placement can be made 1n' Soil Taxonomy that. would. mak.e
suborder taxa more meaningful in regard to diagnostic soil
Intereutrepts 17 . . . . .
properties while at the same time effectively reducing the
Hapleutrepts 8
i number of taxa at the subgroup level. One concern of those
Humepts Aquihumepts 3 opposed to moving SMR to the family level is that with mov-
LLiEi nrm s 5 ing great group properties to the suborder level there will be
Interhumepts 6 little information gain between great groups and subgroups
Haplohumepts 6 (see below). It is noted in Table 1 that for the Aquidys-
Calcepts Aquicalcepts 1 tepts there are eight subgroups. As proposed, these subgroups
Lithicalcepts 2 include Fragic, Densic, Humic, Psammentic, Spodic, Fluvic,
(Continues) Andic, and Typic. In a udic moisture regime under the present

hierarchy, all these soils are classified as Aquic Dystrudepts.
With the moisture regime at the family level, considerable
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FIGURE 3 Soil moisture parameters for representative locations within a Udic soil moisture regime (SMR) from Soil Taxonomy (Soil Survey

Staff, 1999, pp. 98-100). The graphs were developed using a Thornthwaite approach utilizing averages of monthly temperature and precipitation, and

estimated potential evapotranspiration (PE) values (Soil Survey Staff, 1999;

https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_051232.pdf)

additional soils information (e.g., depth to densic contact,
organic-rich epipedons, fragic soil properties) could be added
at the subgroup level that is not presently identified.

2.2 | Conveying the most relevant
information

Few specific decisions regarding soil water management can
be made with knowledge of SMR. To illustrate this point,
Figure 3 (taken from Soil Taxonomy; Soil Survey Staff, 1999)
provides four examples of locations with udic SMRs. These
graphs were developed using a Thornthwaite approach using
average monthly temperature and precipitation, and estimated
potential evapotranspiration values (Soil Survey Staff, 1999).
Based on these averages, estimations of water deficit, sur-
plus, utilization, and recharge were calculated. It is evident
from these graphs that a wide range in the amount of water
utilization exists within a udic SMR among these four loca-
tions. Therefore, although broad depiction of soil moisture
status can be developed from SMR knowledge, minimal spe-
cific information (e.g., irrigation management during growing
season) is relayed in udic conditions. Similar variations are
illustrated for ustic and xeric in Soil Survey Staff (1999, pp.
101-102). In addition, recent research in Idaho along moisture
gradients (Harvey, 2020) indicated that as presently defined,
SMR did not align with vegetative communities in the Pacific
Northwest. For example, of the 12 sites that were predicted
to be xeric based on vegetation, not a single one met the xeric

requirements. As such, it is likely that the introduction of diag-
nostic horizons and/or properties at the suborder level instead
of SMRs would increase specific soil information needed for
land management considerations.

Most land users understand the local climatic constraints.
There is a vast body of knowledge about soil moisture in the
hands of growers, especially at the local level where climatic
data are too coarse. A criticism for using SMR at the sub-
order level is that no information about the nonclimatic soil
properties is gained moving from soil order to suborder. To
test this, we calculated the relative information gain between
the order and the suborder level across the contiguous United
States based on the current classifications (SMR at the sub-
order level) and then again using a proposed suborder mod-
ification. The proposed suborder classifications were based
on diagnostic horizons. For example, in the case for Incep-
tisols, information gain (from order to suborder) was eval-
uated through a comparison of current suborders Xerepts,
Ustepts, or Udepts with proposed suborders of Inceptisols
such as Calcepts, Fragepts, Durepts, Humepts, and so on
(Table 1). We used Shannon diversity (Legendre & Legen-
dre, 1998) as an index of taxonomic diversity and information
content (Guo, Gong, & Amundson, 2003; Shannon & Weaver,
1949). The FY2020/2021 snapshot of the detailed Soil Sur-
vey Database (SSURGO) for the conterminous United States
(Soil Survey Staff, 2020) was used as the basis for calcu-
lating Shannon diversity (hence abbreviated as H) within
0.5 x 0.5° grid cells. The area of a 0.5° cell varies with lat-
itude, decreasing towards the poles. Within the continental
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0.5 Degree Blocks

Current Suborders
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FIGURE 4 Change in Shannon Diversity
(AH) within 0.5° grid cells, from the order to
the suborder level across the contiguous United
States for the current suborder classifications
(upper panel), and those of the proposed using
diagnostic horizons (lower panel). Maps have
been warped to an Albers equal area coordinate
system for clarity. The “Aqu” suborders (e.g.,
Aquults) were not included. The approach
illustrated in Table 1 was used for the
Inceptisols, Alfisols, Andisols, Vertisols,
Mollisols, and Ultisols orders where moisture
regime is used at the suborder level. Square
symbols represent “western” and “eastern”
exemplars of degrees of changes

Source: FY2020 SSURGO (non-aqu* suborders)

United States, the approximate area of a 0.5° block varies from
2,043 to0 2,780 km? with a median value of 2,461 km? (roughly
608,000 acres). For the analyses,

n
H= - ZP;‘ log, (p;)
7

where H is the Shannon diversity within each grid cell, » is
the number of taxa within each grid cell, and p; is the area
proportion for taxa i within each grid cell (sums to 1 across
all taxa):

b= logo (;)
l Z,” log; (ai)

where g, is the total area of taxa i within each grid cell:

a; = Z taxa; X comp_pct;

with taxa; representing the area of each instance of taxa i
within each grid cell and comp_pct; representing the com-
ponent percentage i within each grid cell as converted to a
fraction. The change in Shannon diversity (AH) was com-
puted as Hgporder — Horger for both current and proposed
suborders.

For this exercise, we used the approach illustrated in Table |
for Inceptisols, Alfisols, Andisols, Vertisols, Mollisols, and
Ultisols where SMR is currently used at the suborder level.
The AH maps (Figure 4) represent the change in Shannon
diversity within each grid cell. The computed values are inter-
preted as an index of “soil information” encoded within vari-
ous levels of Soil Taxonomy. Ideally, A H values within each
cell will increase as one moves from soil order to suborder.
That is to say, we would expect that there should be a substan-
tial increase in “soil diversity” provided by Soil Taxonomy per
unit area as one moves from higher to lower levels within the
hierarchy.
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FIGURE 5 Histograms (50 bins) representing the distribution of AH over all 0.5° grid cells, computed using the current and proposed

suborders. The percentage is that of the total area of the contiguous United States. The median A H is 0.6 for the current suborders and 1.4 for the

proposed suborders

Under the current taxonomic system, throughout much of
the eastern United States and large parts of Texas, Okla-
homa, and North Dakota, A H values are generally <0.5 and
approaching zero as indicated by the yellow and blue color
patterns (Figure 4, top panel). In the Shannon diversity index,
values are relative to what is being compared with zero indi-
cating there is no diversity or information content (Ricotta &
Szeidl, 2006; Shannon & Weaver, 1949). Overall, the distri-
bution of A H values for the current suborder classification for
the conterminous United States is skewed toward zero with a
median AH of 0.62 (Figure 5). These low values are inter-
preted to be indicative of little additional soil information
conveyed between order and suborder levels using the cur-
rent SMR classification elements at the suborder level, espe-
cially for those areas east of the 100th meridian (over half of
the conterminous U.S. land area). In contrast, under the pro-
posed suborder structure (moving SMR to family), in general,
theA H increases 1.5-3 times relative to the current suborder
classification values, even for many of the areas west of the
100th meridian (Figures, lower panel). Overall for the pro-
posed classification, the median AH is 1.4 and distribution
of AH values is more balanced and slightly skewed toward
a value higher than the median (Figure 5), suggesting that
considerable additional information was provided between the
order and suborder levels using the proposed suborder classi-
fication approach.

Two example grid cells were selected to demonstrate the
Shannon entropy calculation and A H results in a xeric/aridic,
“western” (39.5° lat., —115.0° long.) context, and in a udic
“eastern” (33.0° lat., —82.5° long.) context (Figure 4). The
“western” example grid cell is predominantly Mollisols (42%
by area) and Aridisols (38% by area), and the “eastern”

example grid cell is predominantly Ultisols (71% by area)—
most of which are Udults (54% by area). There are 79 sub-
group taxa within the “western” grid cell and 37 within
the “eastern” grid cell. Most of the differences are due to
the dominance of a single SMR (udic) within the “east-
ern” grid cell vs. multiple SMR (xeric, aridic) and STR
(thermic, mesic, frigid, and cryic) within the “western” grid
cell. The AH (Figure 4) for current suborders was cal-
culated as 1.47 (“western”) and 0.17 (“eastern”), and AH
for the proposed suborders was 2.10 (“western”) and 1.22
(“eastern”).

The way soil survey information is accessed today is much
different than when the 7th Approximation was first applied
to soil surveys in the 1960s, or even when the official sys-
tem was published in 1975. Few knew what GIS was, no one
had a laptop or tablet, and smartphones were still 25 yr away.
Today, we use smartphones or tablets in the field, with the
use of a simple soil survey application (https://casoilresource.
lawr.ucdavis.edu/gmap/), to find the soil type or types associ-
ated with the map unit at our location. With a click or two
we have the soil classification of the predominant compo-
nent. This can be a powerful tool for use and management
and for teaching the use of Soil Taxonomy to more than just
a few pedologists. More and more farmers are using preci-
sion agriculture and managing on a mapping unit by map-
ping unit basis. At the field level, SMR is not directly rele-
vant to these farmers. However, soil attributes such as water
table level or depth to restrictive layers are much more impor-
tant. In an afternoon, agronomy, ecology, and geology stu-
dents can be introduced to the basic concepts of soil classifi-
cation and how that information is easily accessed in the field
on their phones. Those students cannot learn everything about
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soils in an afternoon, but they can learn the basic concepts of
the suborders (and maybe even great groups) that they could
encounter. For an Ustoll, the information gained by these stu-
dents is limited to an understanding that for these soils there
is likely not enough soil moisture to support trees. In contrast,
explaining that the suborder classification indicates that the
soil has a duripan (i.e., Duroll) or calcic horizon (Calcoll), and
showing them the horizons will impress upon them the advan-
tages of understanding soil survey and Soil Taxonomy for use
and management. Such students could then easily look up the
implications of a duripan or calcic horizon on their tablet or
smartphone.

3 | ARGUMENTS TO KEEP SMR AT THE
SUBORDER LEVEL
3.1 | A hierarchical classification system

In hierarchical classification systems such as Soil Taxonomy,
higher level classes carry the most general information to
characterize broad groups, and as you move down the hier-
archy, unique details further differentiate classes. Soil Taxon-
omy was designed to be a multicategory system, with a few
taxa in the highest categories and a large number in the low-
est categories (Smith, 1963), similar to biological taxonomy
(kingdom — phylum — class — order — family — genus —
species). There are >25,000 soil series (lowest level) in the
United States, whereas there are 12 soil orders (highest level).
The broad groups are subdivided based on the presence of
diagnostic features and conditions such as an argillic, natric,
or calcic horizon, depth to bedrock, SMR, and mineralogy.
Consequently, statements about general properties are made
at the order and suborder levels. Having SMR at the subor-
der level allows the system to communicate that associated
diagnostic features at lower hierarchical levels “share” and are
unique to a specific climatic environment (SMR). Such taxa
can be shown on broad-scale maps (e.g., 1:7,500,000). In con-
trast, statements about specific properties needed for land use
decisions are made at lower levels where soil map units are
more homogeneous (Cline, 1963; Riecken & Smith, 1949),
and these map unit delineations are best shown on detailed
maps (1:24,000) (Smith, 1986).

To understand the placement of SMRs high in the hierarchy,
it is important to point out the difference between “connota-
tive” and “denotative” in classification systems. Denotative
definitions are limited to exact, literal criteria. Connotative
definitions go one step beyond the literal meaning and give
a broader understanding of accessory characteristics. Conno-
tative definitions provide environmental context and insight
about not only what taxa exist based on their denotative def-
initions, but why—pedologically speaking—they exist based
on their connotative meaning. It makes connotative sense that
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Udalfs generally do not have calcic horizons, but the Ustalfs
do.

Moving SMRs to family level of Soil Taxonomy could
disrupt some of the hierarchical continuity of the system.
For example, the current placement of SMR for many orders
allows the classifier to communicate that classes lower in the
hierarchy are a result of governing processes linked to soil
moisture. Soil moisture regime often serves the function in
classification of providing a general grouping (based on man-
agement and controls on pedogensis) through which more
specific characteristics can further differentiate classes. From
a pedogenic perspective, the concept of SMR highlights that
soil characteristics driven by seasonality in wet and dry con-
ditions (e.g., xeric or ustic) vs. uniformly moist conditions
(udic) are fundamentally different. In support of this perspec-
tive, soils with udic SMRs do not have salic or gypsic horizons
and ustic SMRs lack fragipans.

A reason to keep SMR at higher levels in the classifica-
tion system is the effect soil moisture has on the soil environ-
ment, both as a soil property and a soil-forming factor. Pedo-
genic processes are a function of available soil moisture and
soil moisture content. Since early in the conception of soil
science, climate has been recognized as one of the five state
factors of soil formation (Jenny, 1941). Processes that drive
the translocation of soil constituents such as presence, thick-
ness, and depth to argillic horizons and/or pedogenic carbon-
ates are often moisture dependent. These relationships can
be seen in a transect east to west across Texas (Texarkana
to El Paso) where, as the soil moisture status decreases, the
soils change from Hapludults, to Calciustalfs, to Petrocalcids
and Haplocalids (Bureau of Economic Geology, 2008). Soil
moisture is a soil property in the same sense that percent-
age organic C, clay, or base saturation are soil properties. It
is widely agreed among these authors that soil moisture is an
important factor, and this factor, like parent material, can be
shown on a separate map. Other pedologists hold that SMRs,
which represent a range of soil moisture or degree of satu-
ration, can be viewed as a property and soil-forming factor.
In the pedogenic paradigm shown below (Targulian & Gory-
achkin, 2004), SMRs occur twice:

Factor — Process — Property D

That is, a SMR—as a property—is an innate part of a soil
in its natural state in the environment. Together with the other
selected properties, a SMR is part of a discrete concept, a
taxon, a classification based on a specific objective (Cline,
1949), and is its own soil entity with lateral boundaries. By
analogy, a grassland is an entity with lateral boundaries. A
broadleaf deciduous forest is an entity. A wetland is an entity.
Likewise, a Udox in Africa is an entity. With climate change,
soils classified as Udox will likely shrink as an entity while
neighboring soils classified as Ustox will expand as an entity.
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To many pedologists, the concept of Udox as a broad-scale
entity, a shrinking entity, conveys more insight than simply
overlaying a GIS layer of SMRs.

3.2 | Conveying information

Several points need to be made relative to the Shannon
diversity approach described above (Figures 4 and 5). First,
increasing the number of suborders will always lead to a pos-
itive AH. For the number of suborders to increase within
a grid cell, they must be smaller, which makes it harder to
show them on a regional small-scale map. Second, the infor-
mation normally at the great group level (i.e., calcic, sulfu-
ric, mollic, umbric horizons, duripans, fragipans, and high
or low base saturation) has been shifted up a level. What
formative elements will go in the great group and subgroup
positions to keep those taxa from losing their original con-
cept, especially if SMR was used at two levels? Third, the
premise of the approach is to show that in the current tax-
onomy little information is gained moving from soil order
to suborder. However, will the information gained by shift-
ing up that information be lost when moving from subor-
der to great group or when moving from great group to
subgroup?

An important question to consider is whether “general
information” associated with SMR equates to relevant infor-
mation at the suborder level. Soil Taxonomy rests on the foun-
dation that groups are formed for the purposes deemed to
be important for a specific objective, such as crop produc-
tion. For example, the profile of a soil formed in loess in
Illinois (udic) may be essentially identical to the profile of
a soil formed in loess in eastern Washington (xeric), but the
soil in eastern Washington must be irrigated to produce maize
(Zea mays L.) and soybeans [Glycine max (L.) Merr.] (Smith,
1983). Soil holds moisture that native plants and crops require.
Whether a soil needs to be irrigated is moisture dependent.
Soil Taxonomy was developed as a basic classification system
for classifying and mapping soils for agricultural purposes. In
the guidelines for creating Soil Taxonomy, it is stated that “in
deciding between two properties, the soil property that most
contributes to agriculture should be given priority” (Soil Sur-
vey Staff, 1975).

Natural biomes follow soil moisture patterns. As an exam-
ple, the boundary between grasslands and forest ecosystems
moving west through the central United States is often obvi-
ous. Thus, Mollisols are typically found in native grasslands
and prairies of the Corn Belt and Great Lakes states and
west of the Mississippi River. Similarly, in the western United
States, ecosystems change from desert shrubland to grass-
land to savannah and from savannah to forests as elevation
increases with a consequent increase in effective soil mois-
ture. These general soil moisture—plant relationships stress the
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importance of soil moisture to related issues such as biodi-
versity, fire management, soil C management, and pedogene-
sis. These cases point to the fact that soil moisture, not mean
annual precipitation alone, contributes to soil and vegetative
diversity (Dick-Peddie, 1993; Herbel & Gile, 1973; Rango,
Tartowski, & Laliberte, 2006; Weems & Monger, 2012). In
other words: “climate within the soil is unlike that above
the soil” (Kellogg, 1941). In addition to the extrinsic fac-
tors of slope aspect, elevation, runoff-runon conditions, and
groundwater inputs, intrinsic soil properties—namely, parti-
cle size distribution, organic matter content, pedogenic car-
bonate, and presence of rock mulch—affect SMR as well
(Dick-Peddie, 1993; Duniway, Herrick, & Monger, 2010;
Tejedor, Jimenez, & Diaz, 2002). Thus, soil moisture is not
always climate driven, and at the local level it can also
be a function of the location on the landscape. In these
instances, the SMR is a dominant feature of the soil sys-
tem that helps describe its geography, ecology, and pedogenic
evolution.

3.3 | Should SMR be separate from STR in
Soil Taxonomy?

Although it is undeniable that soil moisture is important to
ecological and pedogenic processes in soil, some pedologists
consider the other component of soil climate, temperature,
to be equally important. Smith (1986) noted “Soil moisture
and soil temperature are amongst the most important soil
properties in controlling the uses of the soil.” Soil and air
temperature are important as well because they modify the
effectiveness of precipitation in changing soil moisture and,
consequently, influence the type and quantity of vegetation,
rate of organic decomposition, rate of chemical weathering,
and freeze—thaw. Soil moisture can be managed by drainage
or irrigation, but soil temperature cannot. However, some
pedologists point out that temperature exerts less influence
on soil properties than moisture (Yaalon, 1983). Soil mois-
ture is more consequential than temperature to diagnostic
horizon formation because water is the agent that leaches
ions and translocates clay and organic compounds, and like
temperature, it influences the type and quantity of vegeta-
tion. Evidence that soil moisture is more consequential than
temperature for diagnostic horizon formation can be seen
by examining the climatic distribution of diagnostic hori-
zons. As stated above, the gypic, salic, calcic, and petrocal-
cic horizons are rarely found in the udic moisture regime, but
these horizons are readily found in the hyperthermic, ther-
mic, mesic, and frigid temperature regimes. Thus, although
all agree that consistency is important in a classification
system, some suggest that there are distinct advantages to
applying SMR at different levels in Soil Taxonomy (Smith,
1986).
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34 |

Does the move increase the efficiency
Soil Taxonomy?

One of the goals of making fundamental changes to Soil Tax-
onomy is to increase the efficiency of the classification pro-
cess as much as possible without losing any of the information
provided in the current system. Moving SMR to the family
level can be argued as moving away from this goal, since iden-
tifying the moisture regime is an easy step in the classification
process. This proposed change would add an additional com-
ponent to the family level classification, which is arguably the
most complex part of the classification already having family
particle size, mineralogy, cation exchange, and soil tempera-
ture classes. It is likely that this change would greatly increase
the number of taxa at the family level.

3.5 | Resource barriers

A pragmatic but important consideration is recognizing that
if such a change to Soil Taxonomy was to occur, depending
on how differentiating characteristics and/or diagnostic hori-
zons are prioritized or introduced in newly developed subor-
ders, great groups, and subgroups, existing USDA-NRCS soil
survey products (e.g., SSURGO) could be impacted. This is
more likely if soil series are split into two or more new clas-
sifications due to the development of new classes within cat-
egories. For example, a series that classifies at the subgroup
level as a Plinthic Kandiudult potentially could be changed to
a Plinthkandult. A logical development for this taxa, in order
to provide more information, is to have Oxyaquic (among oth-
ers) as well as Typic subgroups. As such, some of the Plinthic
Kandiudult soils could be reclassified as Oxyaquic Plinthkan-
dults, whereas others would classify as Typic Plinthkandults
because they have a deeper water table. Because soil land-
scapes are correlated to appropriate taxa for the develop-
ment and delineation of soil map units, changes in classifica-
tion could require revisiting documentation of existing survey
maps for determining dominant and/or percentages of minor
components.

In addition, if the proposed restructuring was to occur, it
would require a large (huge) effort to rewrite the Keys to
Soil Taxonomy (Soil Survey Staff, 2014). As an example, for
Alfisols, the key to suborders would need to be rewritten, as
would the keys to the Udalfs, Ustalfs, and Xeralfs. Within
these pages, the concepts for Torrertic Haplustalfs, Uder-
tic Haplustalfs, Vertic Haplustalfs, Aquic Arenic Hapustalfs,
Aquultic Haplustalfs, Aquic Haplustalfs, and Oxyaquic Hap-
lustalfs would have to be reassigned or rewritten because the
concept of these soils emphasize borderline soil moisture con-
ditions. Similar rewrites would be necessary for Andisols,
Entisols, Inceptisols, Mollisols, Oxisols, Ultisols, and Verti-
sols.
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4 | SUMMARY

Soil Taxonomy is a tool containing a vast amount of knowl-
edge that enables pedologists, as specialists, the opportunity
to help other disciplines understand many soil-related facets
of the Earth’s surface. All the members of the Fundamental
Change Task Force agree that Soil Taxonomy needs to be
improved, especially increasing clarity and explaining con-
cepts and the rationale for how taxa were quantified, but what
changes are needed within its present architecture are in ques-
tion. The example approach taken here to change taxonomy at
the suborder level is debatable; however, the example clearly
illustrates that changes can be made in Soil Taxonomy that
would make classification at the suborder more meaningful
with regard to diagnostic soil horizons and characteristics and
other important soil properties while drastically reducing the
number of taxa at the subgroup level. The goal in making fun-
damental changes is to create a system that more than experi-
enced pedologists can use, and that can serve as an effective
and engaging tool for the soil science community to reach and
assist other disciplines that use soils information. Moreover,
this approach might provide an avenue to increase the use of
Soil Taxonomy by other disciplines that need detailed soil
property information but do not necessarily need to engage
in Soil Taxonomy to the family or series level.

The proposed change could increase the efficiency of soil
classification. The perceived downfall of moving SMR to
the family level is (a) a deemphasis of the importance of
SMR, (b) a major disruption of a hierarchical taxonomic
system in which having SMRs at the suborder level provides
a broad category from which to subdivide soil taxa into
progressively more specific groups, and (c) that the current
system works well in certain areas for making soil moisture
and vegetation patterns intelligible, such as in environments
where ecosystems experience seasonal water stress.

The proposed change would not eliminate SMR but
move it to the family level along with its counterpart soil
temperature, thus giving the impression that soil temperature
and moisture are equally important, and making it necessary
to reconceive existing taxa. Soil scientists, agronomists,
conservationists, and ecologists understand the fundamental
relationships between native and cultured plant communities
and soil moisture at the regional and local levels. Recent
research (Harvey, 2020), however, suggests that as currently
defined, SMR may not adequately convey these relationships.
Thus, by emphasizing soil properties other than soil moisture
at the suborder level, these users of Soil Taxonomy would
benefit from developing an understanding of the relationships
between plant communities and other important soil prop-
erties. In question, however, is whether moving a property
from great group level to suborder level would enable soil
scientists, agronomists, conservationists, and ecologists to



STOLT ET AL.

have a greater understanding of relationships between the
ecosystem and Eutr, Dystr, Calc, Dur, and Frag than they
now have with Soil Taxonomy. Technologies such as GIS,
smartphones, and tablets, which were not available when
Soil Taxonomy was initially developed, are an excellent
mechanism to relay these relationships to the user.

We present arguments for and against a potential change in
classification at the suborder level that emphasizes soil prop-
erties over SMR, and that reduces the number of taxa at the
subgroup level. The proposed change continues to support
the use of Soil Taxonomy by more experienced pedologists
but emphasizes soil property-specific information sought by
users outside of the discipline of soil science, or who do not
necessarily want to engage in Soil Taxonomy to the family
or series level. Is this the best way to go? Soil scientists east
of the 100th meridian may argue that the suggested change
increases the efficiency of soil classification without losing
any of the current knowledge in the system. Perhaps this argu-
ment is because SMR at the suborder level, east of the 100th
meridian, is not an effective discriminator of dominant path-
ways of soil genesis. West of the 100th meridian, soil scien-
tists might argue that SMR at the suborder level simplifies
communicating large amounts of information regarding cli-
mate as a dominant driver of pedogenesis and soil properties.
Thus, the perceived downfall of moving SMR to the family
level is a deemphasis on the importance of soil moisture and
less clearly and efficiently communicated soil information.

Our goal is an accurate, clear, and efficient Soil Taxonomy
for all users. We seek responses to this proposal that present
analyses of the proposal’s strengths and weakness. Detailed
assessments of the proposal’s effect on classification of soils
and its field application are essential to the comprehensive
evaluation of a proposed change and any potential revision. A
written record of these communications will facilitate a long-
term mechanism of recording the rationale for changes to Soil
Taxonomy for future generations.
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