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Preface

Many papers have been published explaining the rationale for properties iand ciass limits
used in Soil Taxonomy, a syvstert of seil classificaiion for making and iiiterpreting soil surveys
(U.S. Department of Agricalture, 1975) before and since its publicstion. Sincs Foil Taxonomy
does not provide these raticnzle, many scientists folt that it would be use¢fur to document the
reasons for many of the decisions explaining the selection of properties and class limits.

The one person whe was fully conversant with the system and who co-ordinated its design
was the late Dr. Guy D. Smith. In 1976, DOr. M. Leamy and staff of the So:! Bureau of New
Zealand conducted a series of interviews with Dr. Smith. These interviews were published in
the MNewsletter of the Nesw Zealand 5So0i! Science Scciety and iatar reprizied in Soil Survey
Horizons. The considerable interest shown in thiese interviews was the impetus necessary for the
Soi! Management Support Services {SMS5), established in October 1979, to continue this effort.

In 1980 aad 1981, SM3S airanged a series of interviews at the Urniversity of Ghent,
Belgium, Cornell University, University of Minnescota, Texas A&M University, and with the
Soil Conservation Service (SC8). Dz Smith also travelled (0 Venezuvei: and Trinidad and was
intzrviewed by coileagues at instituiions in these countries.

The format of the interviews were similzr at each place. All interested persons were
invited and were free to ask cuestions on all aspects of Soil Taxonomy. However, the
csordinator of the intervisws at each place also developed a list of major subject maiter areas
for discussion. Both thz questions and answers were taped and reproduced.

Although the intent was 0 covesr as much of Soil Taxonomy as possible, Dr. Smith’s
failing health forced thz terminarion of the interviews in late 1981. Dr. Smith, did aot have an
oppcriunity to review the transcripts and co.'sequenily the iranscripts are reproguced with only
some editorial changes. Readeis arc advized to bear this in mind when they use these
transcipts.

The success of the interviews is also due to the large number ¢f persons who came to
discuss with Dr. Guy D. Smitk. Ii 1s not possible to list all the names vut we would like to
reccgnize the main co-ordinators, wheo are:

Dr. M. Leamy (New Zezland); Dr. R. Tavernier (2elgium); Dr.
R. Rust (Minnesota); Dr. B. Allen {Texas); Dr. A. Van
Wambeke and Dr. M. G. Clise (Cornzll), Dr. L. Wilding
(Texas}; Dr. J. Comerms {Venezvela), and Dr. N. Ahmad
(Trinidad). Staff of zhe Scil Conservation Service,
particularly Dr. R. Arnold, R. Gushirie (formerly SCS) and

J. Witty (Washington, D.C.}; J. Nichols (Texas), S. Riegen
(Alaska) and F. Gilbert {New York) also contributed to the
interviews. '



Dr. H. Eswaran put an extraordinary amount of work in transcribing 2 large set of original
tapes. These were at a later stage compiled, edited and indexed by Dr. T. Forbes, who alsa
coordinated the final piublishing,.

As indicated previously, the inierviews are not necessarily complete. There are still many
more questions that could be asked. However, this monograph serves to provide some aspects of
the thinking that was behind the formuiaticn of the document. From this point of view, we
hope this will be a useful document ;o all users of S~il Taxonomy.

-iii-
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Texas Interview

Allen:

Do you have any opening statements or comments?
Guy Smith:

I don't have any particularly startling comments to make. This is the 3rd meeting since
the AID people and Div. 5 of SSSA decided to prepare a book about the rationale of Soil
Taxonomy For the most part I rather carefuily concealed the reasons for doirng, this and that,
when I wrote Soil Taxonomy for the simple reason that if I had explained why we did, this or
that, the reader would be more apt to pay attention to the reason than to the actual definition.
We wanted a test of the definitions not of the reasons. The reasons, of course, are going to be
very highly disputed by pecple who have other backgrounds than those of us who developed
Soil Taxonomy. It seemed best if we wanted to test the definition,s the reasons had better be
kept out of the book, for the most part.

There are a few places in Soil Taxonomy where I did spell out a few of the reasons for
one requirement or another, but for the most part they are very carefully hidden. Now the
reason was that this was a staff effort. A lot of these definitions were prepared by committees
of the Regional Work Planning Conferences and the special meetings at the regional Technical
Service Centers. I couldn’t sit in cn all those discussions of the committees so very frequently I
didn't know the reasons that they proposed for a specific definition. These definitions then
were presented generally to the entire conference and were accepted ur rejected according to
what the conference felt, at that date. Frequently the conferences would reverse themselves

from one year to another. I think most of you know that Divisicn 5 asked Professor Rust of

the University of Minnesota to prepare a list of questions. I agreed that I would do my bLast to
answer the questions if I knew what they were. But I didn't know preciseiy what things wera
bothering whom.

Professor Rust prepared a list of questions and Dr. Cline prepared another list of
questions. The questions from Dr. Cline have been answered but we have as yet no transcript
of those conversations. They only ended the 22nd of December. I will go from here to the
University of Minnesota to a meeting that will be somewhat similar to this, Lubbock, Texas,
and from there I am proposing to go to Venezuela for interviews on the scils of intertropical
regions. I had hoped that at this group by coming to Lubbock 1 could introduce into these
questions those things that were bothering people familiar with the semi-arid and arid regions
of the U.S. People at Cornell and the people at Washington, D.C. probably would never dream
of asking the questions that I hope will come up here. After Venezuela, I will go to Trinidad to
see what ouestions exist now in the West Indies. 1 finished the interviews with Dr. Leamy from
‘New Zealand. This will then give me, I hope, a goc: cross section of questions. There will be

many duplications. I will have to sort the questions according to subj ject maiter and consolidate
some of the answers.

Allen:-

I think if there are times that if questions are asked here and you know that they have

already been asked at Cornell, for example, if you prefer not to dwell on that you can just say
3 SOQ
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Question 1

Wilding:

In the construction of Soil Taxonomy, the system was built from the base up and in sort
of an ascending manner, as well as from the top down in a descending manner. It is my
understanding that the family category was perhaps the last constructed as the link between
suogroups and series. What was the rationale in constructing the family category and criteria
used for the {amily classes?

Guy Smith:

This answer requires going back a long way in time, and I propose to put it into an
., introduction to the whole book. Starting in 1900, approximately, we began to build up a group
of so0il series which were defined with varying rigor at varying periods of time. But these soil
series and types were the basis for the published soil surveys, and they had a good deal of
actual testing in the field. People became familiar with them, and they use¢d them. In lowa,
farms advertised for sale in the newspapers generaliy said 160 acros of Carrmgton loam. The
tax assessors used the soil series and types, the highway engineers used the soil series and types,
and they became familiar with them, and they well established their utility. At the same
general period of time, beginning about 1920 in this case, Marbut introduced the concept of thz
Russian soil type, o7 as it became known here, the great soil group. Marbut's final pubhcatxon
the Atlas of American Agmulture gave his great soil groups that he recognized at that time
and gave an example of 1 or 2 series for each of his great scil groups, but he was never abie to
arrange his series into the greut soil groups. The great soil groups were coniinued in the 1938
yearbook of agricuiture, Soils and Men. Dr. Kellogg has often explained to me the probiems
they faced, that they had only one year to devise a new sysiem, because they recognized the
xmperfecnons of Marbut’s system and they couald not be made to work. In that one vear, they
devised a number of descrxptnons of grcat soil groups, including summary arraugement of
Marbut’s great soil groups intc suborders and orders. So we had, beginning about 1920 and
running up until World War II, two systems of classification of sonls. One was into soil series
and types and the other was into great soil groups. Tlhse two sysiems have never been meshed.
~ They were completely separate, one from the other. At the end of WWII, Kellogg put his senior
staff to work to develop better definitions of the great soil groups. He had a committea o Red
Yelloew Podzolic soils and one on Gray Brown Podzolic soils and one on Planoscls. Members of
these committees were almost inva:iably people who had worked with these particular kiads of
soils. They tended to write some rather narrow definitions, so that for the iuost part, there
were jarge gaps between the definitions of one grext soil group and another that was bordering
it. The 1938 classification also had the defect that at the highest category soils were grouped
into three classes, zonal, azona!, and intrazonal. We could not discover any common
characteristic of the zonal soils that were not also shared by any of the intrazonal soils. We
~decided that it would be best to abandon the concept of zonality as a differentiae in the
ftaxonomy nf our soils and find something to take its place. We had quite a few thousands of
serics at this momont -- the exact number escapes me -- but it was would be something like 5
or 6 thousand. It was too many serigs for anyone to comprehend. While there were long
- arguments about the importcace of grouping the series into successively higher categories, rio
- one knew the series well encugh to do this. It was necessary, then. to find some sort of a
differentiae or some groups of differentiae, for the kigher categories, and to test those by sesing
-how the sories fell in the definitions that had been proposed We had the link between the
- great soil group and the series that was mxssmg We had no criteria in mind when we started to
- arrange the caiegories between the series and the great scil group. But we had been having

_ discussions for many years atout the intergrades between one-great soil group and another --
- soils that shared some characteristics of another or several other great soil groups. This seemed

to 'be-a logncal basis for defining the subgrcups. We still needed a link between the subgroups
.. and the series. It was Dr. Allaway who made :he suggestion that, at the subgroup level, we
. pretty. well have ‘taken care of ail the genetic factors that concern us, so why don’t we, at the
" family level take into account the pracucal physical factors that affect the growth of plants and
- the “engineering uge - of soxL e testee severa. concepts begmmng thh the Third

| '330 -
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Approximation. 1t was the beginning of the Third Approximation that we proposed the use of
_the physical properties that affected plant growth and engineering uses of soils. We tested a
number of definitions by examining the groupings of series that resulted from the use of those
definitions. These were modified rather substantially in the fourth and fifth approximations as
a result of this testing against the grouping of series. Beginning with the Sixth Adpproximation,
we examined the interpretations that were made for the various phases of all the series that fell
into a single family. The assumption was that if we had to make substantially different
interpretations for comparable phases of the series in the family, there was something wrong
with either the interpretations that we were making or with the definitions that produced those
groupings. Basically, the family grouping is intended to permit us to group soils about which
we make the same major interpretations for use and management. If we get soils in a family
“whose comparable phases require substantially different interpretations, we krow there is
something wrong. A number of such defects have come to life since Seoil Taxonomy was
published. There is a major problem at the moment about how Soil Taxonomy is going to be
revised and kept up to date. That problem is unresolved as yet. There have been to my
~ knowledge no really approved changes in Soil Taxoromy since it was printed, aithough
suggestions have been flowing into Washington from outside the U.S. as well as within.

Question 2

Wilding:

Do you believe that there is now an adequate international representation through various
committees looking at revisions of Soil Taxonomy, that the system will truly evoive as the
acceptable international system of soil classification, and how does the international emphasis
affect the category definitions that were based primarily on the knowledge of soils in the U.S.?

Guy Smith:

Under the stimulation of AID, which is attempting in one of its major functions, to
increase food production in -the developing countries, the Soil Conservation Service {(SCS) has
established a number of international committees to examine the function of Coil Taxonomy,
particularly in intertropical regions. It was impossible to spend much time in the study of these
soils when Soil Taxonomy was being developed because the appropriations to the department of
agriculture are exclusively for the benefit of the American people. And studies of soils in the

~developing countries were intended to be for their benefit, not that of the U.S. We could not
say that we were going fo learn a great'deal that could be applied to the soils of the U.S. by

~ working with the people in Kenya or in Zaire or Uganda. We did examine_the European soils
rather carefully, and the European systems of classification on the basis that these were
“advanced countries that soil science has started there, that we could probably learn considerably

~ from their experience with the European soils, and that we could transfer their experience to
_the US. if we had a system that was based on the soils of both continents. The first of the
internationai committees established under the chairmanship of Dr. Frank Moormann concerned

the classification of soils with low-activity clays. They’ve been working now about 6 or 7 years:

 on the classification of these soils which are extensive in Africa and South America, and much
- less so in the U.S., although they exist in the south eastern states. Most of the work with soil
- management in tbe US. concerned the soils of the glaciated regions of the US. There was
-+ relatively little work done with the soils of the southeastern humid, warm regions. The bias in
- Soil Taxonomy is strictly in favor of the soils that occur in western Europe where the last
glaciation, Wurm II, disturbed virtually all the soils and left us with completely new surfaces to
‘weather, and with similar soils in the northern half of the United States. The committees have
‘quite good - international vepresentation.. The committee on the classification of soils from
olcanic ash ‘had about 75 people who indicated an interest in this subject.. They came from

e
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virtually all parts of the world because the volcanoes don’t much care where they erupt. The
work is slow. There is much dissension among the committees; there are always on each
committee several people who want to scrap Soil Taxonomy completely and develop their own
system. This is not in the mandate that has been given to the committees. They are supposed
to suggest improvements with the minimum of disturbance to the structure of the system,
though in no case is there ever going to be any unanimous agreement on anything. The report
chairmen of the committees are going to be faced with the problem that I had in the
development of Soil Taxonomy, that there was sometimes a consensus of agreement, but there
were always vigorous objectors. How far Soil Taxonomy can be improved to make it an
international system I will not yet predict. I think that the functioning of these committees is
going to go a long way towards gaining acceptance for Soil Taxonomy in the developing
countries. It is not going to pacify the Russian pedologists who are attempting now to develop
an international system, one that, they say is truly international, under the auspices of FAO.
How far they will go, I do not know, but the Russians at the first meeting to develop this
international system, went along way toward accepting some of the basic principles of Soil
Taxonomy that they resisted violently at the time of the International Congress in Bucharest.
They have accepted now the use of diagnostic herizons and features as a basis for the new
system, and it is very likely that anything that is developed will be compatible with Soil
Taxonomy, so that it will be possible to compare Soil Taxonomy with whatever sort of system
they eventually develop. They have had a distinct impact on the classification of soils in the
more developed countries, where they have their own system of classification, as in France,
Germany, Canada, Holland, New Zealand, Brazil, and so on. The classification is being
reexamined in most of these countries, but not yet all of them. The previous classifications in
France and Germany have been pretty much abandoned, and they are working now on the
development of new systems which will probably be compatible, or more nearly compatible with
Soil Taxornomy than the older systems.

Question 3

Hallinark:

You responded in a brief manner to the following question, but I would like to give you

an opportunity to respond in a little more detail. Soil Taxonomy recognizes the need for chunges

~ in classifications as new knowledge is discovered. However, in the five years since Soil

Taxonomy was released in the hardback, we have seen very few changes. Do you think that Soil

Taxonomy is ico hard to change under the present vehicle, and do you have any ideas on
speeding this process along? :

e an “Siﬁithi

" To the best of my knowledge, T have seen no approved changes for Soil Taxonomy,

- although I did see a document that said certain changes had been approved. The present feeling
in_the Soil Conservation Service is that approval was premature. The SCS is reexamining
* everything that was listed as approved. ' After some years of debate among a considerable

' number of people, the international committees, perhaps, offer one major route to make
" changes. 1 think that they will come out with well-reasoned proposals for changes. It is not
. easy to suggest how other changes should be made. There are small problems that probably
‘" don’t warrant an. internaticnal committee. The Soil Conservation Service ‘at one time had Dr.
 McClelland as the director of Soil Survey Operations, Classification and Correlation.  That was a
- serious overload for any one man; he simply could not give proper attenticn to any part of that
work.. They now have three positions to cover that: operatisns, onz position, classification, one
position, and correlation, one position. ~ And to the best of my knowledge these are-all vacant.
The recent changes in civil service regulations make it very difficult to recruit people to move
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to Washington. How they are going to resolve this problem, I have no idea, but it is a very
serious prazolem. Dr. Arnold is very well aware of its importainice, but kis hands are tied a litile
bit by Civil Service regulations, 2and by federa! law. I could give one example of a change that
is needed that probably doesn’t require an international committee: the definition of Inceptisols
excludes soils with a conductivity of Zmm or more within certain defined depth limits. We see
over and over again on one continent or another, that if soils that have a relatively low
precipitation are irrigated, the conductivity increases, and then an Inceptisol becomes an
Aridisol. You have this in Texas ir the lower Rio Grande. These Inceptisois that can be used
for dry farming are suddenly grouped with Aridisols when they're irrigated. The major thing
we want to say about the Aridisols is that they're too dry to cuitivate without irrigation.
Suddenly we find we can’t even say that about Aridisols without changing the definition. This
change is so obviously nesded, I don’t understand why it hasn’t been made, except that they’re
tied up in vacancies in Washington. I don’t think 2a international committee is needed for
problems like that. I've been working since I retired, first in the West Indies, in Venezuela,
then in New Zealand, and I have page after page of minor changes that are obvicusly needed.
The problem is how to get these approved and to get them into circulation so that the
pedologists over the worid can know what changes are approved. It was proposed at one time
to publish these approved changes in the Soil Science Society of America Journal. That is also
under reexamination. They're planning now to publish them in the Soils Handbook. The Soils
Handbook is not generally available around the world. This will not solve the problem.
Although it will be useful to the soil surveyors in the United States, it will be of limited use in
any other country.

Question 4

Allen:

You mentioned the Kussian system as being somewhat altered to make it international in
‘scope. How is that going to fit intc the existing FAO system. What is going to be the
relationship there?

Guy Smith:

It seemed obvious at the meeting in Sofia, Bulgaria that the Russians are prepared to
abandon their old classification. They were represented there by three people: Professor
Gerasimov, Professor Kavda, and Dr. Friedland. They would like to use the preseat legend for
the FAO and UNESCO Soil Map of the World as a basis for devising a new system of
classification with at least 4 categoriss. They accepted the use of diagnostic horizons that they
attacked so bitterly at the time of the International Congress in Bucharest. They accepted the
use of soil moisture znd soil temperature rather thaa climate as a basis for definitions. It would
appear that what they have in mind is to extend the map urits for the Soil Map of the World
into what amounts to a classification sysiem. As it now stands, the legend specifically says this
is a legend, not a ¢lassification system, aithough they turn arcund and behave as though it were
‘a classification with 2 categories. Now they want to extend this to 4 categories, but the basis
~ for the definitions in the legend of the Soil Map of the World aze copied very nearly exactly

- from Soil Taxonomy, with one exception. They objected to the use of soil moisture and soil

~ temperature in the taxonomy. They (the Russians) violated this principle in only one situation,
where they had soils of arid regions. that had the same profile characteristics as soils in

- Mediterranean climates. The uses of the two soils were entirely different. In this one situation,
- they brought in the soil moisture regime.  Extending that legend [FAO] and adding some
- categories will probably still result in a system that is compatible with Soil Taxonomy, especially

now.:that‘-'e\{eryone»at\the'meeting.im Sofia, with the exception of one man from FAO, everyone
accepted the use of moisture and temperature as soil properties.

133-
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Question 5

Sortmann:

One of the things that intrigued me is the different temperature regimes. How will the
temperature regimes at the family level carry over if you try to go to a truly international

system? Also in line with that, how did you come about those particular criteria or temperature
ranges for that?

The basic fear that people had of the new system was that it was going to split a lot of
series that had been in use, were well known, and had been tested. Every definition was
examined to see whether or not it split series i a wholesale manner. If so, what splits were
good, in that they permitted better interpretations and splits that were bad, in that they merely
made more series to keep track of. It so happens that at the time we began to develop Soil
Taxonomy there was more or less a rule of thumb in soil correlation that a series should not bte
carried very far across a major land use boundary. In other words, if we went out of the cotton
belt into the corn belt, the series virtually all changed. It was quite possible to select limits for
temperature that did not split very many series. The limit between the cotton and the corn belt
works out at 15 degrees C mean annual temperature. The northern limit of the corn belt, the
limit between winter wheat and spring wheat worked out at 8 degrees C. The series all changed
at these temperature limits. They may not work as well in other countries, but this is something
that needs to be tested. In Venezuela they are reexamining the limit between the
isohyperthermic and isothermic temperature regimes. They are tentatively proposing a split in
the present isohyperthermic temperatures. We have an international committee that is working
on this particular problem of temperature and moisture in these areas. We won’t know how
“these temperature limits will work out until we’ve had a chance t. actually test them in these
other countries mostiy through the international committees.

Question 6

Sortmann:

, ‘How much actual data is there on these temperature regimes? For example, what is the
percentage of soil series that have data on soil temperature regimes?

~ Guy Smith:

There's an enormous amount of data, not on soil temperature, but on water temperature at
varying depths below the surface you'll come out with the same mean annual temperature and
eventually you'll come at a depth to a zone where the temperature is constant the year round

- _and this is the mean annual temperature of the soil above. Now the well water records give us
~an enormous volume of data on the temperature at this depth of constant temperature. The ' has
" been related to the mean annual air temperature, so that it is possible with relatively few actuai
. measurements of soil temperature to relate the soil temperature to the air temperature. It's not
- everywhere the same, this relation. - The Soil Taxonomy says in much of the US. the soil is 2
" degrees F warmer than the air. That does not hold for the arid parts of the U.S. at all. It does
~‘not hold for. Alaska where you have the snow insulation during the cold weather and no
‘insulation during the warm weather. There the soil temperature can be very much warmer than
" the air. Where .we lack data it is possible and in the course of a year or so, with only a few
temperature measurements, to get at the mean annual temperature as well as the summer and
growing season: temperature. B T R i e E

18
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Question 7

Daugherty:

Dr. Smith, this is Leroy Daugherty. One of the biggest problems we have in £oil survey in
the west is with the use of and recognition of soil moisture regimes. Do orographic influences
affect soil moisture? We can vary from an aridic moisture regime to an udic moisture regime
within 25 miles. Would you discuss the rationale of ¢he moisture regimes in the transitional
subgroups, especially as tiiey apply to the west?

Guy Smith:

Soil moisture and soil ‘temperature are amongst the most important soil properties in
controlling the uses of the soil. We wanted to devise a grouping of series that would permit us
to make the largest number of most important statements about the soil behavior. Moisture and
temperature could not be disregarded if we were to do that. We were greatly influenced in our
~ definitions ¢f udic and ustic moisture regimes and of xeric moisture regimes by the dryland

stations of the Great Plains some of which were located in Texas and from Texas to North
Dakota. That was the only body of data we could find on soil moisture. They did measure the
soil moisture. And we could recalibrate their measurements which were in percentages to
moisture tensions by resampling and determining the moisture tension characteristics of these
‘dryland stations. We have records running up to thirty years. Our definitions of soil moisture
were based in part on these dryland star*un records of soil moisture. The actual classification of
the soils was predetermined. We decided in advance that we wanted certain areas to be udic.
We wanted certain areas to be ustic. In the ustic groups we wanted iniergrades to the Aridisols
and to soils that had udic moisture regimes. If you go across Nebraska or Kansas you will find
that in the extreme eastern parts of the states you have a system of farming that is based now
on corn and soybeans. As you approach the central part of the Great Plains you have a system
of farming that’s based largely on wheat and sorghum. As you 2pproach the Aridisols, you have
a system of farming that’s based on alternate fallow and cultivation because they get more total
- production by failowing one year and cultivating ihe next than they do by cropping every year.

We've decided where they must fallow to get maximum production, we would want to put those
into an Aridic subgroup of an ustic great group. Where they get the maximum production by
cultivation every year, we wanted to put those into the typic subgroups of the ustic great
groups. We plotted on maps where these boundaries should come. Having located the
boundaries, we then developzd the model for calculating the presence or absence of available
moisture and we adjusted our definitions to the boundaries that had been predetermined in the
field. Now, this is not the situation you asked about but this is how we got at the definitions.
When you are working in mountainous regions anc you do not have this very gradual change in
climate as you have on the Great Plains then the location of the boundaries is going to be
largely a matter of inference. You should know which plants are characteristic of which
moisture regimes. And in making your detailed maps in the field you will be guided by the
nature of the plants. We have said that the properties we use should be measurable in the field
or they should at least be able to be inferred from combined knowledge of soil science and one
or more other scientific discipline. In this situation, for getting at the moisture, your plant
science is the best you can get to use. You know a great deal about range in these western
states and which plants belong where. A man coming from New York State would be lost for a
time until he had gone into the problems of distribution of the range plants and of certain of
your forest plants. For temperature you can measure very readily, I think. That'’s been studied
in 2 number of countries and they always come out with the same conclusion that if you know
“the elevation and the latitude you can estimate the mean annual temperature very precisely.

v   -§/335 G
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Questicn 8

Wilding:

The pedon concept is under reexamination, and especially the cyclic pedon that provides
for variable space considerations of, say, 1 to 10 square meters. For example, in Vertisols, what
can be accomplished with a cyclic pedon that could not be accomplished with a complex of soil
series, if the pedon were decreased to a constant size of approximately 1 square meter? How
does oscillatory, but not cyclic changes in soils fit with the pedon concept? For example,
changes in solum thickness in soils derived from limestone residuum or pimple mounds on
young Pleistocene surfaces of the coastal plains which are not cyclic but oscillatory.

Guy Smith:

For one thing that the cyclic variability in the pedon of variable size accomplishes is the
simplification of numbers of soil series that are required in mapping the landscape. Where you
get this regular repeating pattern, (more or less regular repeating, never exact), would seem to
‘be as good a characteristic of a soil series as the nature of the clay and the amount of clay, and
so on. It is variable. It gets a little complicated in some situations where the diagnostic
horizons either are just beginning to form or are being destroyed. Let's start first with the
destruction of a spodic horizon by liming and fertilization. The destruction starts in spots, and
doesn’t proceed uniformly over the whole pedon. These pedons normally can be about = meter
in size. Because the spots where the spodic horizon is biologically destroyed are normally a
matter of a few centimeters rather than a matter of a meter or so. Where the horizon is starting
to form, as in the situation with a Xeralf with rather shallow limestone, the argillic horizon is
not a continuous thing. As the rock becomes shallow the clay that has been mobile, is moving
from the shallowest spots to the deepest spots in the landscape. If you had complexes, it would
require a considerable number of series, rather than one series in one ruptic subject. The intent
was 0 simplify the manner of record-keeping of series as well as to show the genetic
differences where the horizons and being formed, or being destroyed. Where the variability is
oscillatory, you have some of the same problems as where it's cyclic. You will have for each
area, a range in thickness permitted in the various horizons. If the oscillatory one exceeds that
range, then you would most :ikely have a complex unless the oscillations were very closely
spaced. There are many places where you have to have complexes in your mapping. I keep
calling to mind a situation in southern Illinois, where I first started to map soils. We had, what
I think you probably cali slickspots herein Texas. Many of them no larger than this room, and
on any reasonable scale, there was no option but to set up complexes. You had several

complexes according to the percentage that you estimated was occupied by the slickspot soils
with natric horizons.

But, by and large, if we can keep the numbers of complexes to a minimum, it is easier to
explain the soils to our users and it is much easier to maintain records on the series. It does
cost to keep records on everyone of these series that we have. Now I'm told the number of
series is approaching 14,000 to 15,000.

Question 9

: © Wilding: g

_  In terms of record keeping on the series with the cyclic pedon, we very ofter as the case
~with Vertisols, need to sample different parts of the pedon to define the pedon. A concept of
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sampling is one of the considerations in revising a pedon to possibly a constant area. We still
have the problem of record-keeping in definition, even though we would include cyclic
concepts in the pedon.

Guy Smith:

I might comment that in other parts of the world, they would like the pedon to be larger
than 10 square meters. They would prefer to have it more nearly the area under the canopy of
the larger natural species that grew there. In Zaire you can have one tree that collects sulphur
growing next to a tree that collects calcium, and the base saturation characteristics under these
two trees are very unlike.

Question 10

Wilding:

In the establishment of the rationale of the pedon, oscillatory changes a: well as cyclic
changes were a part of that original concept? .

Guy Smith:

This has been answered before, whether we're classifying pedons or polypedons, and why.
I'll simply say that the pedon does not have all the properties of the polypedon, which is what
Soi! Taxonomy says was the actual body being classified. The polypedon has shape, it has
transitions to other polypedons which are natural boundaries, whereas the boundaries of the
pedon is pretty much arbitrary, depending on where you start your measurements.

Q;t;estion 11

Hallmark:

Snil Taxonomy has been criticized often by soil chemists for our use of cation exchange
criteria determined in buffered solutions, particularly when we make calculations of base
saturation. Should we begin shifting to effective cation exchange data as a base for division of
classes? For example, the mollic versus the umbric epipedon and the Ultisols versus the Alfisols
~ division. ‘

Guy Smith:

There is no question but that some changes are coming in this direction. The International
Committees on the ciassification on soils with low-activity clays, on the Oxisols, on the

- Andepts, are all considering these problems. At the time that we were working on Soil

Taxonomy, many of these properties were nct well understood, and many of the things the

- chemists talk about still cannot be measured conveniently. Point 9f ZET0 charge, for example.
" There is no reasonabie procedure for determining this, that is practical. It is just too expensive

-to do it on a great ‘number of samples. If you have no data on your soils, you can’t propose a
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aefinition and consider what changes it's going to make, beczuse you don’t have the data on the
soils to see how they fall under ary proposed definition. While there has been considerable
discussion about using point of zeio charge, it’s just not possible at this moment. Somebody
may someday devise a reasonable method for estimzting it, but to actually measure, so far as 1
know, is always going to be very difficult and time-consuming. We con’t have the laboratory
money for tha: sort of thing, particularly in the countries where it is important, the developing
countries. We have the further problem in deveioping Taxonomy shat we were not allowed to
split series. I wanted, at one time, to use CEC, admittedly, buffeved at pH7, in some of the
definitions of the soils of the Southeast. But if we did that we split the Ruston series in two or
more, because in the Mississippi valley the CEC is influenced by a bit of monimorillonite dust
blowing around, and your CEC per 100g clay there is in the neighvorhood of 30 meq or more
per 100g clay. The same series on the Atlantic Coastal Plain runs about 6 meq. Now, the
correlators would not agree to split th.ose series, and it couldn't be done without their approval.
We have Prof. Buol vho has been bringing this up at the Southern Regional Work Planning
Conferences year after year, and he may get it through in a couple more years, that the Ruston
and Norfolk serirs should be split, because their management requirements are conditioned by
the activity in the clay. The use of the sum of bases plus KCl zxtractable aluminum is a
potential substitute for CEC by ammonium acetate or by sum of caiions. T'at has been used to-
some small extent in Soil T xonomy, particularly with Oxisols. The thrze Internationzi
Committees that are exa:aining these problems include 12 number of chemists, as well as field
men. They are corresponding with each other and preci.cly what they will finally come up
with is unpredictable to me. '

Question 12

Nichols:

Could we go back to the definition of a series for a moment, that you alluded to before.
The decision was made to include the entire series range within the limits imposel by the
higher categories. Was this done early in the Taxonomy, and was there an argument for,
perhaps, allowing some of the range of characteristics to go outside the boundaries of the
categories? :

Guy Smith:

: There was a lengthy argument  about this. I would refer you to Professor Cline’s
publicaiion on Soil Classification in the United Stetes, where he discusses the logic of
classification. At the time that we were trying to develop our definitions, there were two more
or less contrasting points of view about the range of a series. For the purposes of correlation in
ore rigivsai technical service center versus another, the ideal definition is one that gives the
limits: of the class, because you can observe those. It is not something that you apply
subjectively. ‘If, on the cther hand, you take the point of view that a taxon is something that
shouid e bound from within, rather than circumscribed from without, then the judgement of
the correlator in one-state or one service ceater may be quite different from the judgement of
anotker. I zust remind you that one of the basic problems that we had to resolve with Soil
‘Taxonomy was the correiation backlog. We could never get more than about 30 countries
“correlated in any orne year. We had built up a backlog of uapublished soil surveys of 10 years
or mcre. We had to decentralize the correlation process, but we had to keep it under reasonable

* control, in that what we do at Fort Worth and what they-Go at Lincoln will not be diametrically

.. opposed. There seemed 10 be no reasonable solutiza to this backlog of unpublished surveys,

- unpublished because they couldn't be correlated.except to decentralize the ¢orrelation process to
_the states and tie technical service centers: ~ The only way the correlation process could be

- coatrolled ﬁas:'byﬁmgans,of the definition in terms of lizaits. If a soil exceeds a proposed series,
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exceeds the limits of some higher category, then you have 3 possibilities: 1) one is to have a
new series, 2) to recognize a taxadjunct, or 3) to modify the definition so that in one
combination of circumsta:ices you have one limit, and in another combination of circumstances
the limits may vary. This is one of the reasons that we have so many coraplzints about zhe
complicated definitions. That we have kinds of soii that straddle one of the limits in some
higher category. And they may not deviate much fromi that limit, but they are on both sides. -
We have tried in some places to keep these natural groups together, as in the Glossudalfs, where
the base saturation at the critical depth runs between about 30 and 40 percent. It's never much
above the limit between -Alfisols and Ultisols, and never much below, so we've got scme
paragraphs in the definitions that make them difficult to understand, but that keep these natural
groups together by allowing the variations in one property if it i: accompanied by a variation in
another.

Question 13

Miciols:

There are not toc many of those situations, as the one you mention, wnere, if you have
mixed iinc¢ralogy, you can allow the base saturation to vary. Do you think that using more of

that convention would perhaps get rid of some of the arguments that we have in getting
correlation and classification ‘into closer alignmept?

Guy Smith:

Well, I would favor more of that if it can be managed. As a general rule, these
complicated definitions are that way because of a very few soils. They do concern soraeone
who is classifying the soils; they don’t concern anyone who is using the classification. I think
these definitions could be greatly simplified for people who are using the classification. I see
no good way to simplify it for the people who are doing the classifying.

o~

QYuestion 14

Nichols:

Did imerprewtjons, then play quite an important part in the designing of 7axonomy, so
- that the taxonomy would fit the Gse made of the soiis?

Cuy Smith:

They were the major control. The major control at the family level and the series. We
- would like to have as many interpretations as possible for each taxon. While we can make some
- statements about Vertisols and Alfisols, there is no statement we can make about Entisols. That
‘is'a taxon about which you can say nothing of any importance, just that they don’t have
.- horizoas, and what does that mean? Nothing.
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Question 15

Nichols;

I have wondered about the cyclic soil concept that Dr. Wilding mentioned a while ago, 1
never knew how much interpretations entered into that, but I suspected that the cyclic soil
limits were set so that if a soil was split into two s50ils, you would still have to interpret them as
one, such as a house would occupy both of the soils in the cycle and a large tree would occupy
both of the cycles. Was that, in fact, a consideration on the size of the cyclic pedon?

Guy Smith:

~ That was one genetic consideration, and one applied consideration. The actual limits were
set by the normal range in the size of the variability in the Vertisols, for example. It’s the
same in soils with permafrost, the same size. We took the maximum size to give us the fewest
complexes as possible. In the design of a structure, a house for example, on a Vertisol, you
have to consider the swelling nature of the whole soil, and not just the center or the edge of the
polypedon. You control your shrink-swell by keeping the whole soil moist or dry, so that the
moisture doesn’t change over the year. These are things that you don't manage as spots;, you
manage as fields or as good size polypedons.

Question 16

Allen:

You alluded to interpretation at the family category, and I've been aware of this all along,
that it seemed to be the major consideration for development of families. I was wondering why
that particular category was selected. What is the background?

Guy Smith:

We had io bring together the series classification and great group classification. That was
ope thing that was necessary for the correlation process. We have used the same characteristics
at different categoric levels. Temperature limits for the family are smaller than those of the
suborder. Again, those are there because of their value for interpretive uses, and we would be,
1 think, violating the logic of classification if we stayed blindly to the use of one characteristic
at the saine categoric level with all soils, because the iogic of classification says that we should
have classes about which you can make the greatest number and most important statements. For
the most part, the things that concern us with the soil survey are interpretations. We also have
to bring together the soil classification and the capability classification. One was an
interpretative classification and the other was taxoromic. You had to go by one additional step
- of reasoning to get from the taxonomy to the capability. It was about the only test we had of
_the validity of the way we had grouped our soils. Namely, what could we say about their use
~and behavior..  Those are our important statements in the soil survey. Someone who is
concerned with soil chemistry might consider that those are not important statements at all,
~from his point of view. If he doesn't like them, I think that he has every right to develop his
. own classification, but it's a major undertaking. One of the chief pedologists in ORSTOM, the

- French overseas ministry, is developing his own classification at the moment, pretty much
~following the principles ¢ Fields in New Zealand, according to composition. While we have
- considered composition in some orders, as in Oxisols, and in some suborders, as in Andepts, we
- have not given composition a particular place, a particuiar category in the system. We have
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used it to subdivide the scils in such a way that we do get homogeneous groupings in the low
categories.

Question 17

Wilding:

Does the rationale of excluding recent cverburdened up to thickness of less thar 30 cm (or
sometimes as much as 50 cm) in S¢il Taxornomy hold for all soil orders (i.e. Vertisols) and for
all overburden materials (i.e. pvroclastics)? For example, consider a 20 cm mantle of pumicitic
ash over a soil which meets all other Vertisol criteria except for the requirement of a 30% clay
content in the surfice 18 cm after the soil is mixed. It appears that pyroclastic material are

handled separately as an overburden material because of their unique properties. Would you
please comment on this matter?

Guy Smith:

That was one of the changes that [ have proposed. 1 ran into a situation for the first time
where I had a thin mantle of pyroclastic materials over a buried soil. Under the conventions of
- Soil Taxonomy, if that mantle were less than 30 cm, we would invariably disregard it except at
the phase level. It also so happens, that, with that mantle over the buried soil, we have an
organic carbon value that decreases irregularly with depth, which we use at the suborder level
to classify a soil as a Fluvent. So 1 found a situation where, on the ridge, this mantle persisted
and we had Fluvents on the ridge. On the side slopes the man.le had been removed, and we
had an Orthent or something else. So we had the Fluvent at the high point, the Orthent below
it, and then down below on the lower ground we went back to Fluvents again. This wasn’t the
intent of the definition of the Fluvents. You must have the same thing around Mt. St. Helens
today. So I proposed a solution to this and in one of my letters to the correlation staff. It’s
irratic aal; it was not foreseen.

Question 18

VWildin

-In the concept of Vertisols, what was the rationale of maintaining the clay content at 30%
all the way to the surface? Was it to avoid a break in hydraulic conductivities so that the soils

would desiccate and crack m the specified dimensions, or was there some other underlymg
reason‘7

G uy Sn Sxmth.

‘ On" res,on WHS - that we wamed to maintain the cultxvated soils and their virgin
cozmterpam n the same taxon. We dida't waat to change the classification except in unusual
ivcnrcumstances, as a result of smglr plowing or a couple of plowings. There are a few
‘situations-where that can happen, as in some of the soifis with very thin natric horizon in arid
ions. 'If they’re reclauned by deep mowmg te brmg gypsum up and get the sodium out, the
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natric horizon is destroyed, completely mixed. It's a drastic amount of change in the soil and
enough to warrant a change in the classification. We kave among the Vertisols, particularly in
Australia, and in some parts of the southeastern states, a very thin eluvial horizon, a matter of
just a few centimeters. These are cyclical, too. If the soil were plowed, they would disappear
completely. There was 2 iot of discussion about how much percent clay we should have and
what CEC we should have. The people who knew the most about the vertisols of the
Blacklands wanted to have more than 30% clay and 2 lower limit on the CEC of the soil.
However, this experience was all in the Biacklands of Texas. When we got in to oiher kinds of
Vertisols in other parts of the world, the 30% limit seemed to be a reasonable comprormise.
Having proposed it, it never got criticized. Many features in Soi! Taxonomy are there because I
made a propcsal and nobody ever bothered to criticize it. They'll get around to it someday.

Question 19

Gile:

I have another question about young mantles and buried soils. It seems that some of the
grossarenic subgroups, for example the Grossarenic Paleustalfs as curreatly ideniified by some,
consist in part by buried soils. The basic decision in classification is whether thick sandy
sediments constitute an epipedon that developed with the underlying argillic hcrizon, or are
younger materials that have buried the argillic horizon. For extensive areas with thick sandy
surficial sediments in the high plains, the evidence is clear: the young sediments have buried
the underlying argillic horizes. In our 1972 move from the desert project in New Mexico to the
high plains of Texas, I noticed that there seemes to be a difference in the way the buried soils
were handled, where they are buried by young materials without diagnostic horizons. In the
desert project, and I believe in the western states generally, such buried soils a rehandled by
using the rules for classification of Entisols. But about the Texas line ana region boundary, this
seems to change and for surficial sandy sediments the arenic and grossarenic subgroups are
emploved, instead of recognizing buried soils. Would it not be better to treat these subgroups as
in fact what they really are: relatively thin Ustipsamments that overly buried soils. Then there
would be an expected and natural gradation from thick Ustipsamments to thin ones as the
youthful deposits become thinner in various places.

Guy Smith:

Just that one of the reasons that you were moved to Lubbock, here, was just that problem.
This problem exists also in the southeast, where we have arenic and grossarenic Ultisois. In
some of them, the break is very obvicus in the particle-size distribution of the sand fraction
between the epipedon, and the argillic horizon and is a lithclogic discontinuity that is ver
obvious to the project. It would be my feeling that the subsoil should not be in the arenic or
grossarenic group. But it also happens in other places that there is no discontinuity, as in the
coastal plains geomorphology studies. A doctorzl thesis of Erling Gamble examined the sand-
size distribution in the Arcpic and the Grossarenic Paleuduits. While he found there was a very
great variability in different parts of his thesis area of Johnston County, North Carolina some
were much coarser sand, or much finer sands thaa others. Still, the sand distribution in the A
" and the B horizons in every instance was the same. It seemed impossible to figure out how,
- then, one could get a mantie of sand deposited over this county area in which the recent sand
- always had the same size distribution as the underlying material. 1 think thes2 are good
- evidences that they are legitimate Arenic and Grossarenic Paleudults. I realize that even though
. we heve tried to lay down rules for correlation, that there are or have been differences of
_ opinion between the regional staffs on this particular problem, especially in Florida. Where I
‘have looked at the soils and I find a fine sand that is 1.5 m thick that overlies a sandy clay

S

Jloam in which the sand is rather coarse, to me, ‘this-is buried soil underlying the recent sand.
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But just what the correlators have done with these I couldn't say. I know it has been discussed
in Washington D.C. what we could do abou: it, but we don’t have the answer in Washington,
D.C. for every problem that comes to us.

Question 20

Wilding:

Following that question just a little further, what was the rationaie of using an abrupt
illuvial contact as evidence of age or pedogenic development intensity in the ustic moisture
regime? Further, in the Ustalfs we utilize this abrupt contact as a criterion of the "pale” great
groups, but in the Ustults we do not. This seems to be incompatible.

~ Guy Smith:

The rationale, to start with, was the observation that as the soil climate became drier, with
more intense and greater frequency of moisture changes in the soil, we got stromger and
stronger development of the argillic horizons, Probably our experience with the old great
group of Planosols had something to do with this, because the Planosols with clayey argiilic
horizons, or claypans have that abrupt boundary, where the climate is udic, marginal to ustic.
Where the climate is udic, then the abrupt boundary becomes very tonguaed and ceases to exist
as an abrupt boundary. Now, we made ar assumption that this abrupt boundary was an
indication of age. It took time to develop it.. This assumption may not have been too valid.
Recent studies of clay destruction in the presence of an intermittent groundwater tavble would
suggest that we had the wrong basic assumption about the development of the abrupt boundaries
on some of these soils. In the Ultisols, we had another group of correlators than we had with
Alfisols. I think in general they fix their concepts of Ultisols on soils that did not have an
abrupt textural change between the A and the B. In the soils that they showed me in my
t-avels, the Ustults of east central Texas, I did not see this abrupt boundary. Although I did in
some of the Ustalfs in east central Texas. It may be that they exist without anyone realizing
that I should see it.

That was the intent. To use "pale” for soils with considerable age, and with overly
developed or over-thickened horizons of one sort or another. It was not the intent to get a soil
of a "pale” great group in Holocene deposits, although we have run into situations where that’s
what happened. We had a student at the University of Ghent on a doctoral thesis last year. He
was working with Holocene deposits where there was an argillic horizon, and where the
- underlying sediments were fine-textured so that there was no decrease in the percentage of clay
with depth. We originally introduced the limit of weatherable minerais with the idea that you
. would find weatherable minerals in Holocene deposits. This was in the Ultisols rather than the
- Alfisols; Holocene sediments in Malaysia were all pre-weathered when deposited and had no

- weatherable minerals. “We have made a proposal for [not clear on tape!] over 18 years & new

definition at least for the Ultisols. The Alfisols haven’t come to my attention in this.
connection. - BRERe ‘
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Question 21

Wilding:

In vertisols, what was the raticnale for establishing the chromic versus pellic great groups"
Were these mtended to provide an inference for the oxidative state and orgamc carbon
preservation or tc separate materials of different parent lithology? It appears in Texas to
differentiate both conditions. And how are the definitions on periodicity of cracking patterns
in Vertisols established?

Guy Smith: Smithi

R Fxrst the pellic and chromic great groups were intended to distinguish between the
‘Vertisols that could be given surface drainage and those that could not. We had at one time a
suborder of Aquerts, and the present international committee on Vertisols is discussing the

- reinivoduction of that group. That was dropped because we had no reasonable basis that I could

" see to define the wettest of the Vertisols. You can, in a soil of medium or sandy texture, put in
a bore hole and measure the groundwater table. But you cannot do that in Vertisols; you don't
know where the groundwater is. That suborder was dropped and in its place we substltu'ed the
pellic and chromic groups. These are not working well, and this is one of the reasons there is
an international committee on Vertisols. I found myself unable to suggest 2 sciution to the
misclassification of a number ¢f Vertisols in the West Indies, except by the introduction of
slope ‘Normally slope is reserved to the phase level in most soils in a few aquic great groups,
and in some Histosols slope is needed to distinguish between the soils that are wet due to

~ seepage and those that are wet due to low permeability or high rainfall. An entirely different

: dramage system must be devised where it’s due to seepage.

‘ For the second part of your question, we cannot use the soil moisture reglme as such in

. Vertisols because our model doesn’t work in a soil that wets from the bottom of the crack as

" well as the surface of the soil. All that we could do was to predetermine the classification of

" some of these soils. We did that by keeping the Xeric, Ustic, and Udic great groups together

~ with other Xeric, Ustic, and Udic great groups. With inquiries among people who were familiar

thh the soil Vertisols, we proposed a definition of cracking penods and cycles. There was
_ nmever any crmcxsm of the proposed definition.

Question 22
-ﬂi‘i.'Daughergx'

We have been dxscussmg Vertxsols " In the interest of consistency in Soil Taxonomy why
’t there an atte'npt to make great groups for Torrerts?

G '”g Smxth.

‘:We 'have that in’ connecnon thh Oxxsols not in connection with Vertisols. In the
Vertlsols ‘the variability of -the Torrerts that we knew in the U.S. was very small. None of
em had low. chromas. In part, I think that this is due to the fact that most of our Torrerts are
in closed depressxons and periodically flood. The water stays for months or even a year vr so. ~
In some. areas there. is very little: vegetanon on the Torrerts except for some annual weeds. That

eans: -there is no:energy source for ‘the mxcmorgamsms that reduce the iron to give you the
gray. colors"‘ Becaase we dxdnt fmd any partlcuxar vanabxlxty, w;!;hm the soils of the Vertisols
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of the arid regions, we saw no need for a great group. The suborder was the same as the great
group. We could, of course, have put a name on a great group but we would have had only
one. There are other places in the system, as in the Rendolls, where we have figured there was
no need for another name for another category. We would treat the suborder as a great group.

Question 23

Allen:

We were aiready discussing moisture regimes to some extent, but I would like to come
back to one question that I have. It has bothered me, and I'm sure it has bothered a number of
field men who have worked in west Texas and eastern New Mexico on the boundary between
the ustic and aridic moisture regime. This is a very imprecise boundary. I know basically what
the concept was, but would you give us a liitle more packground if pessible on this boundary.

Guy Smith:

We tried, but not always with much success, to introduce properties that are readily
recognized in the field, in the soils that are marginal and transitional between one moisture
regime and another. That is why we got the limit of 2 mmhos conductivity into the definition
of Inceptisols and Aridisols. We assumed, perhaps wrongly, that if we had enough growth of
grass to produce a mollic epipedcn, that we would then view that as a marker on this boundary,
rather than the estimate of soil moisture. The soil that had enough moisture to produce enough
grass to give a mollic epipedon, we assumed that we could put it into an ustic regime, or an
ustic great group, so that in the definition, [ think you will find an ustoll can have an aridic
moisture regime. I find it in the limits between the ustic and in the udic we used the presence
of secondary lime or soft powdery lime. This did not work at all. When we got into regions of
Mollisols where the parent materials were not calcareous we did not find the secondary lime
even though the sgil was marginal to an Aridisol intergrading to a udic subgroup. This was one
of the big problems with classification of soils of the Orinoco vailey in Venezuela. They're all
noncalcarecus, practically. So the udic subgroups of the Ustolls border right on the Aridisols as
well as on the Udalfs and the Udults. It made no separation whatever. It was useful. I was
told by Dr. McClelland that you have some similar problems in Texas. You have typic, udic,
and aridic subgroups all in the same area where there is no known difference except in the
depth to lime. } propose that be dropped, and that some other differentias be used.

Questio"n 24

 widing

" Following that question, in some of the ustollic intergrades to Aridisols, a sliding sand-

. clay ratio has been employed with crganic carbon requirements. We krow that strongly

-~ calcareous. sediments appear to be effective in preserving organic carbon against oxidative
decomposition many_times, even in aridic environments. Hence, in utilizing organic carbon &as
index’ of moisture regime, it would seem to be confounded by the carbomnate status of the
1t materials. What is the validity, then of organic carbon a5 such an index?
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Guy Smith:

Its validity is probably not very great. We recognize that in strongly calcareous materials
there is preservation of organic carbon. However, we did want to make a distinction between
the typic subgroups of Aridisols, which may have virtually no organic carbon, particularly in
North Africa in the margins of the Sahara where the rains come once in a hundred years or so,
if ever, and the Aridisols such as you have in eastern New Mexico and Southwest Texas, where
there is more rain and more production of grass but not enough to produce a mocilic epipedon.

'We thought these were not the typic Aridisols which go for years without rain. In ustollic
Aridisols you have a reasonable summer rain and a flush of ephemeral grasses if the soil is not
too badly eroded. At least they developed with a grass vegetation but that evidence may now
be missing because of soil blowing.

At one of our meetings we asked the correlators on the Great Plains to work out a
definition. This was done by Arvad Cline and some associates. They were not happy with it
when they gave it to me but they said this is the best we can do with our present knowledge.
They said it’s not good but it's the only thing we can suggest.

Question 25

White:

I've got a problem on a chronosequence in southern California. I think the same sort of
problem is geing to show up on the Brazos Valley terraces in Texas. The chronosequence
specifically starting from the top terrace down is a Xerochrept, Palexeralf, Palexeroll, and a
Fluvent. It's my contention that the top terrace is truncated and the argillic horizon is now a
surface horizon. 1 can find nothing in Soil Taxonomy nor talking to peopie like Dr. Wilding or
‘Dennis Nettleton at the NSSC in Lincoln, who has been on the sites with me. What we do when
an Inceptisol is on the top terrace like the example you gave this morning with a Fluvent,
Ochrept then back into a Fluvent. You would not expesct the Inceptisol to be on the highest
terrace over a Palexeralf and a Palexeroll. What do we do in those situations?

Guy Smith:

~ We have said in Soil Taxonomy that we have tried to put major emphasis on subsurface
horizons rather than on surface horizons which are most apt to be lost by erosion. And so long
as we can identify remnants of that diagnostic horizon, in this case presuiuably it might have
been an argillic horizon at one time. As long as we can identify that we treat it as a soil that
has an argillic horizon. In such a soil we need only to be able to identify the clayskins. We do
not requnire any increase in clay with depth because we have so many soils that are truncated
with plow layers in the argillic horizon. We don’t like to split the series into new series because
cf erosion as long as we can identify the diagnostic horizon. In the case of the Udalfs it's a
part of the argillic horizon that remains. If the diagnostic horizon has been completely lost then
we must change the classification to classify the soil cn its present properties and not on the
 properties that we think it should have had at some time in the past. What you think it should
_have had and what I'¢hink it should -have had may be very different.

it “You ca- still ses cutans, clayskins, argillans--whatever you want to call them--in the
_“surface horizon with the naked eye. You don’t need any magnification. They are there. It has

‘been enriched or clay illuviation is evident.

L e  - 3464 -
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Guy Smith:
Then it would be classified, by me, as though it had an argillic horizon.
White:
So, it would be another form of a Xeralf then.
Guy Smith:
Yes.
White:
Instead of a Xerochrept.
Guy Smith:

Correct. You'll find in Soil Taxonomy that no clay increase with depth is required in the
soil that has been truncated.

White:

That's the thing that we've looked and looked for and could never find and how to handle
that. That's Lenny Lund and Nettleton and a little bit with Wilding but mostly with Lund and
Nettleton in California working on that. I think we're going to have the same situation on those
Brazos Valley terraces. The top tzrrace has just remnants left. The soils have formed in the
alluvium. They're not formed from bedrock material. It's transported parent material and

they're going to be truncated. The little gravel pits on top, of the terraces, Larry. There’s not
much left of what we would call an A horizon.

Question 26

Vilding:

There are different thickness criteria for recognition of aquic moisture regimes. For the
aquic intergrades in Glossudalfs and Hapludalfs, gray mottles must occur in the top 25 cm of
the argiilic horizon; for the Paleustalfs and Paleudalfs, they must occur in the upper 75 cm of

~ the 'soil; for Hapludults, they must occur in the top 60 c¢cm of the argillic horizon; and for
Paleudults in the upper 75 cm of the soil, or in some cases throughout the top 12.5 cm of the
. argillic. Lo o ' _ :

. Guy Smith:

w0 T suppose -primarily that-these differences exist because the definitions were written in

~ different parts of the country. The correlators in the cooler sections of the couvntry are
" " .concerned with the low chroma mottles indicating wetness because they shorten the growing
. 'season:for the plants and delay the period when the soil can be prepared and seeded. In the
'southern part of ‘the country, where the temperatures are appreciably warmer, the growing
‘season may be stortened :but the difference is not critical to the use of the soil and this may be
‘why the correlators in the north central and the northeastern states took the different view
bout the thickness of the unmottled zone from the southern correlators. 1 do not know
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precisely what was in their m.ads but they were the ones who proposed these depth limits after
considerable discussions among themseives and the state representatives.

Wilding:
So these depths are primarily arbitrary based upon regionality considerations.

I think so.

Question 27

Hallmark:

Breaks in lateral continuity are allowed in bedrocks when recognizing lithic or paralithic
contacts, for instance, the minimum average horizontal spacing between cracks could be 10 cm
or more. The criteria for the petrocalcic horizon requires a continuous cemented or indurated
calcic horizon. Both bedrock and the petxocalcx, horizon cause rooting and water impediment

and various engmeermyﬁs problems Why is the criterion for petrocalcic horizons with regard to
lateral continuity more strict than that for lithic contacts?

Guy Smith:

I was under the impression that we had the same genera! rule for petrocalcic horizons and
duripans about the spacing of cracks that we had for a lithic contact. I do not immediately put
my eyes on the sentence in Soil Taxoromy that says so. If it doesn’t have a statement to that
effect, that’s an error in the writing of the definition of the petrocalcic horizon because, in
practice, we have followed that rule of at least 10 cm between prime roots in fragipans,
duripans and petrocalcic horizons and so on.

Guy Smith:

We looked at soils on the High Plains with petrocalcic horizons and discussion centered on
what would the average spacing be of the cracks. We were certainly considering distance
between cracks for the petrocalcic horizon at that time.

= ' Questicm 28

I have; a questxon also about the lxthzc contact in ¢racks and it might be well to bring it up

i -fu: here. My questionis about desert soil with bedrock at shallow depths. Some soils on bedrock -

- are not covered by definitions of the lithic. and paralithic contact. The bedrock concerned
‘would be an R honzou, in t.he sense of the 1962 supplement, in bemg consolxdated Because of

o 34g-
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common cracks based at intervals substantially less than 10 cm, the top of the bedrock does not
qualify as a lithic or paralithic contact. How should these soils be handled?

Guy Smith:

Those would be handled as skeletal families. We've looked at those together. It's possible
to dig though, because the fractures are both vertical and horizontal.

Gile;

The soils concerned have cracks and the materials are very closely spaced and they dig out
very difficultly even with a back hoe. The reason I ask is that I know we have classified these
as loamy-skeletals and it’s gotten a pretty negative reaction because rock of that hardness that’s

so difficult to displace should be recognized in the system as something other than sedimentary
deposits.

Guy Smith:

We have no way to deal with it at the moment except as a skeletal family of some sort,
provided you get roots in the cracks.

Question 29

- Wilding:

It seems that the use of calcic horizons as a differentiae between udic and ustic moisture
regimes assumes the downward vector of water movement. In udic regimes, caicic horizons
under some conditions form by upward capillary water movement of calcium carbonate-charged
waters. The carbonates are then precipitated at some depth, either at the surface or close to the
surface. For example, in east Texas along the Coast Prairies, Mollisols that have a calcic
horizon within 75 cm of the surface are placed as Calciustolls even though they’re surrounded
bv Arguidolls, Haplaquolls and Glossaqualfs. Is there some rationale for the use of the calcic
* horizon that is formed by an upward vector water movement versus that of a downward water

‘vector movement?

Guy Smith:

1In some of the Aquolls, the calcic horizon is at the surface. This is clearly upward
“movement and evaporation. These were at one time called Calcium Carbonate Solonchaks.
Where the calcic horizon is at depth, say 50cm or more, the determination of how that got there
‘is quite subjective and depends on your experience and training and was not considered. I

. mentioned earlier, this morning, that it was a serious mistake to have used calcium carbonate as

a distinction between the udic and the ustic moisture regime because it does not work where the
‘parent materials are noncalcareous. We need something that can be applied more universally.
. The emphasis on it, of course, goes back to Marbut’s distinction between Pedalfers and Pedocals

i on the basis of presence or absence of free carbonates in the sola.
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Question 30

Daugherty:

I'd like to ask you to comment on the concepts of the cambic horizon, in particular, the
development of structure in the cambic horizon. Is there a certain grade of structure and type
of structure which must develop to qualify for a cambic horizon?

Guy Smith:

No, there is not. We mentioned that it shows soil structure or the absence of rock
structure. In particular, it would be the absence of rock structure. Any kind of granular,
blocky or prismatic structure of any grade would qualify as soil structure any way as long as it
was discernible.

Question 31

Allen:

Along the same line since the cambic horizon has been mentioned, -- in the past week I
was in the field and there is a rainfall area of about 10 inches down in the Trans Pecus. ! had
- a very difficult time d..ciding whether to call the second horizon down an Al12 or a B2 (A2 or
BW in new horizon nomenclature). In other words, if I went the B2 route I was saying now is
this a cambic horizon, or not? I really didn’t know which way to go on this. This was over ash
and it’s about 30 cm and so I think it was very questionable which way to go on this. It could
make the difference between an Entisol or an Inceptisol. Would you have any guidelines in this
kind of a situation? '

~ Guy Smith:

; Tm afraid not. The cambic horizon iz supposed to show at least weak expression of the
rearrangement of particles in the soil by fauna in the rcots of plants and some other evidence
normally of weathering either the stronger chroma or redder hues that extend down to more
than 25 cm in depth.  Where you have the surficial materials lying on an ash, they're very apt
to qualify for tae color difference just because of the lithologic discontinuity. Without studying
the soil in question I surely have no comment to go with that one.

f_‘-}_‘.?.@ o
: I thin’k this question arises guite coinmonly.
Guysmiw
No séééﬁdary:carbohateS?,'_ -
Allen: o |

Yes, no secondary carbonates, it is calcareous throughout.
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Question 32

Calhoun:

Many of the Mollic Vitrandepts in El Salvador were Inceptisols based solely on the
presence of a mollic epipedon. On steeper slopes under intensive row-crop cultivation, the
mollic epipedon was often severely eroded and these soils were then classified as ashy
Ustorthents. Should the Andisol order, if adopted, include ashy (and other combined texture-
mineralogy families) soils with only an ochric epipedon?

Guy Smith:

The suborder of Andepts currently presented is based on composition primarily. It has
many defects--the definition of the suborder and the classification at great group and subgroup
lower levels. From my personal point of view I think I should prefer to keep these soils with
an ochric epipedon and nothing else as Entisols with an ashy mineralogy but I think that more
than one mind has to be consulted on this, so we have a committee of about 75 that will be
arguing about it. I should mention that this proposal arose from my experience in the West
indies on the volcanic islands where 1 found, even though I had the family classification, I
could make no interpretations for bases. When I got to New Zealand, it was primarily to have
a look at the soils from ash or pyroclastics in a country where they had studied these soils
intensively and there was no language problem. 1 had the same problems there on
interpretations with the proposed classification as Andepts that I had in the West Indies. Dr.
Leamy came one day with a problem that they were supposed to meet with the horticulturalists
and suggest to them where horticulture could be expanded in New Zealand and with a
knowledge of family classification, I could not tell him. I had to inquire and inquire and
inquire for additiona! information before I could suggest that this particular soil might be useful
for horticulture. '

The skaletal soils whese the soil is actually a mixture of pumice with little ash to store
rainfall in available form. Now, you can't do this with glacial gravels from granites and we
cannot use entirely the geologist’s classification of pyroclastics. The andesitic and rhylotic
vesicular ejecta behave the same but only one can be called pumice, the rhylotic. Dr. Leamy is
publishing my proposal in a book that they're issuing in New Zealand for the meetings of next
month because he says they're not generally available.

Question 33
" Hallmark:

A Sa!init}"stfong}y affects use and management of soils. Why was the presence of soluble
salts not given more prominence in Soil Taxonomy?

 GuySmith

- .. "Probably for two reasons- and I don’t know which is.the more important but they’re
- related. For.one thing, the series that were set up in the detailed soil surveys for irrigation
~ ‘areas used salinity as a phase. "I think this was justified to use it as a phase rather than bring it
into - the series definition because the salinity in soils where it is not extreme is subject to
‘'seasonal; annual, and periodic fluctuations according to the quality of the water, the amount of
‘water, where you.are in your leaching system. ‘The salinity can go up and down during the
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growing season in one year; it can be reduced by leaching in the fall to get ready for another
crop and if salinity is brought into the taxonomy above the phase level, then a series name has
to change regularly and frequently. By setting a limit for salinity at a depth suck that the
variation will not be great according to the time of year or the leaching cycle, it might be
possible to have a stable series but this could easily involve bringing in to your taxonomy a part
of the material that is really nct part of the soil and we have tried to classify the soil on its own
properties rather than on the properties of something that lies below it. If the material lies

below the soil, below the zone of rooting and if it's important again that is entered as a phase
differentiae.

Question 34

Thompson:

We have the Natrustalfs which have more than 15 percent exchangeable sodium and have
an argillic horizon. We've also discovered that we have soils with more than )5 percent
exchangeable sodium that lack argillic horizons in other words they could be some type of

Inceptisols. Is there any reason why there was not a criteria set up for recognizing sodic soils in
Inceptisols?

Guy Smith:

I wouldn’t expect too many in Inceptisols. We do have them in Aridisols. We have them
in Vertisols. We have one place in the Taxonomy where we have such a subgroup, not for soils
in the US. but as a request from the pedologists in India. These were fairly heavy clays.
Sodium saturation was 65, 75, 80 percent. They had very serious problems with them and they
didn't feel that the series would be adequate to deal with this problem. So, there is this one and
I could look it up and insert it later. In the Vertisols, we had at one time recognized the
sodium saturation when it became high as a subgroup characteristic but, in Puerto Rico, we
have some experiment stations on Vertisols and the behavior of the sodic Vertisols and the
others were exactly the same. This used to puzzle me for awhile until I realized that once the
Vertisols swelled up they were just as impermeable without the sodium as they were with it. So
“it didn't matter except as a potential pH difference.

Question 35

ﬁ_wudmg.

Followxng that same’ questwn en the 15 percent exchangeable sodium percentage, 1 wonder
”71f some possxble exclusion from natric horizons should not have been proposed for those soils
'that ‘contain ‘carbonates. -We have found instances where the exchangeable sodium percentage
‘can’be. between 15 and 20 percent in the presence of 20-30 perc"nt calcium carbonate so the
f’smls do not act as. dlspersed natnc honzom rather they act as soils dominantly Havmg calcium.
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Guy Smith:
After Soil Taxonomy had been largely written, the Salinity Laboratory at Riverside

switched from sodium saturation to sodium absorption ratio and we didn’t think that we should

deviate from what they were.doing so we made the same switch, We used the sodium
absorption ratio rather than scdium saturation for the most part.

Vilding:

These particular soils that Dr. Hallmark was commenting on would aiso have high SAR’s.
Allen:

I'd like to ask Ir. Wilding a question. What do you mean by high SAR’s?

Wilding:

The SAR’; are betwo2n 20 and 25 with ESP's between 15 and 20 percent and they're in
tha presence of dominantly carbonate-charged systems up to 20-25 perceat calcium carbognate so
thev reaily don’t act as natric horizons though they meet the criteria of natric horizons.

Guy Smith:

Structure as well as SAR? 1 can't be of assistance on that.

Question 36

Allen:

1 was wondering something along the same line. 1 have sone concern as to whether a lot
of soils with SAR's meet the requirement of being in the natric horizon as long as we have a
lot of soluble salts that doesn’t act significantly different from the natric horizons with this
greater than 15 percent exchangeable sodium or the magnesium plus sodium, in fact I was just
reviewing that in Taxonomy.

Guy Smith:

The study of these sodium containing soils is not finished. Just as we are not really
finished with Soil Taxonomy until we stop learning abeoui soils. There is still a great deal to
learn about the influence of sodium in the genesis and in the properties of the soil. At the time
we switched to the SAR the revised Saiinity Manual had been edited and was about ready to go
for printing and the Director of (ke Salinity Lab retired and a new one came in and it’s never
been printed. He wasn't satisfied with the SAR or with something that was in there and
- stopped the publication.

V“ »‘“-‘ 353 -




Texas Interview

Question 37

Wilding:

The upper and lower boundaries of the moisture control section have been defined as that
depth at which a dry soil will be roistened by 1" and 3" of water respectively. For example, in
a loamy-textured soil, this would correspond roughly to 4 to 12" below the surface. Yet in
morphological inferences of soil moisture regimes, we commonly use not only the morphological
evidence in that zone but throughout the argiilic horizon or other diagnostic horizons to
approximately 1 meter. Why has the moisture control section been defined at such a shallow
depth while morphological inferences are made at greater depths? Further, many of the
important interpretive considerations of aquic moisture regimes are not restricted to shallow
depths but include zones up to 1 meter or more.

Guy Smith:

I think that any soil that is saturated say with groundwater standing more or less long
periods at a depth of about 4 to 12 inches is going to have periods when the water table comes
to the surface as long as there is going to be rains. I attempted to write the definition so that
such soils would meet the requirement for an aquic moisture regime. 1 may have failed. We
only wanted the capillary fringe to come to the ground surface.

Wilding:

My concern is those soils that clearly have an aquic moisture regime in the lower sola, say
in the lower Bt but in which the upper part of the argillic horizon has only occasional gray
mottles but not dominantly 2 chroma. These soils would be placed as aeric intergrades to aquic
" moisture regimes when in fact they may not meet the aquic definition. They may be saturated,
but not reduced for significant periods in the upper Bt.

Guy Smith:

: The amount of oxygen hasn’t been often measured. The main studies on that were done
by Ray Daniels in North Carolina and the best meter he could get for measuring the oxygen
didn’t go low enough to reach the anaerobic levels of oxygen, but they approached it and
probably it was anaerobic but he couldn’t prove it. There's been studies made in Maryland and
in Pennsylvania betwe=n the groundwater fluctuations and the depth to low chroma mottles and

‘they generally show a zood correspondence. The inferences that the field men make about the

depth to the anaerobic conditions are probably valid. The interpretations based on the depth of
mottling are surely valid from the studios that have been made of depth to water table in wells

‘and soil descriptions indicating depth to the low chroma mottles. I should perhaps point out
that in the Aquults we do not require low chroma mottles, only 2.5Y or 57 hues accompanied
by mottles. When I got into the intertropical regions 1 found this should have been done
generally for soils with isothermic or warmer temperatures. One of my proposals was to change
the definitions of these aquic suborders to provide for other colors for the isothermic and
isohyperthermic soils. ‘

Wilding:

. On the other side of the coin, in view of your comments above, recent research work on

“‘,_"the"(COast’al Plains of east Texac suggests that aquic moisture regimes occur in the presence of 3

- chroma c¢uditions. “This would be in agreement with your comments about not requiring Tow
- chromas with warmer temperature regimes, .-t TTE T :
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Guy Smith:

Yes, and no restriction on the chrom:. Whare you have high chroma mottles--if it's 2.5Y
or 5Y hues vou can have any chroma. This was because in the southeastern states on the coastal
plain such hues have long been observed that very wet soils.

Wildirg:
That's in the Aguults though., I'm talking about the Aqualfs with 10YR or redder hues.
Guy Smith:

Mo, I've proposed that these changes be extended. Where we have hyperthermic,
jsothermic, or ischyperthzrmic temperatures, so that the Mollisols, the Alfisols, and the
Inceptisols would be treated parallel to the Ultisols.

Wilding:
I thick you may want to consider thermic as part of that proposai.
Guy Smith:

In the Ultisols it is thermic. I didn't have any examples of that in the intertropical
regions; that's why these propcsals should go for review in other parts of the world where they
have an impact.

Question 38

Hallmark:

Dr. Guy Smith, Soil Taxonomy was formuiated in such a way as to minimize genetic bias
and to coucentrate on the properties of the soil as these properties exist at the time the seil is
classified. Part of the definition of plinthite requires an individual to project into the future and
basically determine if an iron-rich, humus-poor material will irreversibly harden on repeatcd
wetting and drying. Could you tell us the rationale for selecting this critcrion, which must be
essentially predicted as an event in the future?

Guy Smith:

1 don’t think it's an event predicted in the future, because there is no assurance that these

will ever be exposed and harden irreversibly in the next million years or so. In general, I
think it is quite possible for the pedologist who sees these dark red mottles to decide whether or

" not they will harden irreversibly. There are 2 ways of doing it; one is to throw some of it on

- the ground surface and come back a year later and see what happens. Ray Daniels and some
“~others, T'll have to add to the reference later, has pointed out that.not all dark red mottles will

"}h'arden and P've done vway with more plinthite in Venezuela, by far, than I've created, because

" you can have a twenty-year-old emoankment with red mottles that does not harden. On the
- other hand, you've got another exposure that's a year or two old and there they are --

‘hardened. And if you examine the nature of these red mottles away from the exposure where

~  they have not hardened, there are certain properties that they have if they are going to harden.

They are brittle in character. There is enough iron relative to the surface of the silt and sand
that, if exposed, they will harden. If they are going to harden, they will be brittle in-the fresh
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pit. As a general rule, then, one can check the presence of plinthite by locating a site that has
been exposed, preferably one that faces the sun at some time of the year.

Question 39

Hallmark:

Following up on that question if I may. In my experience in the Southeast, it often
seemed that the most important use in managemeni application of the recogniticn of plinthite
was not aecessarily the plinthite itself but the reticulately mottled red zone in which it occurred
and the fact that this zone limits water movement and root penetration. Was there a particular
reason that plinthite was used for distinguishing this type of material rather than the red
reticulately mottled zone?

Guy Smith:

Yes. We didn’t care about the presence or absence of plinthite. That didn’t matter a bit.
It was a marker of 2 horizon which that did restrict water and root development and has the
behavior of a fragipan It may be that we should have included these in our definition of a
fragipan, but this is being examined very carefully by the committee on classification of
Alfisols and Ultisols with low acthty clays. There has been much discussion about this. When
one finds plinthite in a soil in Venezuela we do not find this restriction on water and root
development. The plinthite was not the best marker we could have used. So they will come up
with some recommendations for changes on that. One alternative is to include these with the
fragipans. There is a mention in Taxonomy about some soils that are classified as having
fragipans even though they didn’t mest the requirements but they did have this restrictive layer.
it has been observed and reported to me at least, that, when a hurricane comes through, the
trees blow over on scils with plmthxte and they're broken off on soils without, so it is associated
in the U.S. but not necessarily in other parts of the world.

Question 40

: ledmg' -

LR The mmera!logy tamxhes have probablv come under progressive attack for a concern in
e placmg soils into families that have common interpretive values. You eluded to this earlier in a
- .question regarding the mixed family, which in my judgement, is far too inclusive and the
* vermiculitic and chloritic families whick appear to be far too restrictive. In fact, ‘lcokmg at the
“series in the U.S. in the last revision I think we have only one vermiculite series in the U.S.
?prparentiy, a part of that problem deals with the fact that chlorite and ‘vermiculite families sre
‘only -recognized -on the basis of less than 2 micron fraction in fine families. What was the
‘j‘ratlonale for not recognizing chicrite and vermiculite mineralogy in the sand and silt fractions
in, for. example, ‘the- pledmont regxon of the U.S. and other places where it wouid be a
prominent occurrence? - B e ‘
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Guy Smith:

I really cannot answer that question. The suggested definitions for the mineralogy classes
came from the soil laboratory people, and what they had in mind when they made their
recommendations, I do not know. I do know there has been criticism of mixed mineralogy. We
have. not always used the less than 2 millimeter fraction for mineralogy. This difference in
behavior is a mineralogic difference and we did not say that the mineralogy classes are mixed
any more than any other part of the Taxonomy. It is a problem that needs to be studied by the
people who work in the laboratory as well as on experimental stations and they should make
suggestions for changes in the mineralogy classes.

Question 41

‘Thompson:

I'd like to ask a questior along ihe same line on mirneralogy, Dr. Smith. On the soils with
more than 95% quartz. for example more than 95% quartz is a Quartzipsamment and less than
95% quartz is a Udipsamment, was there a rationale behind the very narrow tolerance between
these two or was this based on water retention values or what caused this very narrow criteria
for the differentize?

-Guy Smith:

Presumably, it’s because a proposal was made that never got criticized. Actually, the
Quartzipsammegts that I have seer analyses on are much closer to 99.9 than they are to 95. The
90 percent limit was set to keep in siliceous families those that still had an appreciable amount

of weatherable minerals. 1 have suggested to the correlation staff that, instead of combining
them, they raise the limit on the Quartzipsamment to more than 99 and leave the 90 alone.

Question 42

Hallmark:

e Does tongumg of albic matenals exclude genetlc pathways such as animal activity? I'm
o dun mg parnculerly cef crayfxeh activity?

Gu y Smith:

o I've seen many nmnels made by crayf.sh but it never had occurred to me that they would
be’ mterpreted as tonguing of albic materials because of their shape they do not penetrate
between peds but they. disrupt-peds. I think this tonguing has some hmxts about thickaess on
oining ped faces which don’t appear m ’h animal burrows. There is a possibility in better
irained soils that h&ve an albic horizon of albic materials following down the channel left by a
{ 6dt;’-"“-‘and agam ‘this normally has dxsmpted the peds and a little careful dissection will
0W - that--ths is Just material that has fallen down into a void left by the decomposing root
actual dxsruptxon of the ped coatmgs by removal of the clay It certaxnly would
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not be within the intent of the definition of tonguing of albic materials to include either
crayfish burrows or root channeling.

Hallmark:

We had a number of discussions along this line in Florida in which soils did have crayfish
activity. In the definition of tonguing nothing was said about the genetic mechanism. In the
Glossaqualfs the genetic mechanism is mentioned in the write-up but not necessarily in the
definition. From that we assume that the genetic mechanism was to be that of stripping out of
materials or degradation of the argillic horizon,

Guy Smith:
That was the intent.
Thompson:

Could it be possible that the crayfish activity could have hastened the tonguing during a
long time.period. Just on my experience in the field I know that crayfxsh have been active in
soil movemsznt or disturbance and stili see the channel and so forth but in that same soil there
are also areas that qualify for the glossic fzatures. I ¢an‘t really tell whether they were crayfish
or whether this really happened as a result of some genetic or morphologic feature.

Gu_ Smith:

I would suggest you loox for peds in the severely crayfish affected areas. In my
experience, you don’t have gn argiilic horizon to begin with--the crayfish have prevented its
formation by corcant mixing. ['ve also noticed they will penetrate to depths of 3 or 4 meters
where the groundwater fluctuates drastically. They like to stay very close to the water itself.
They add so much material at the surface that you just frequently don’t find horizons in these
soils. You could justify a cambic horizon, perhaps, but not anything else.

Wilding:

Fcllowing up on the question of crayfish activity and how they might be handled in Soil
Taxonomy. We have a number of soils in the Texas coast prairie as well as in the coastal plains
of Texas where the crayfish activity is restricted to the upper part of the argillic horizon and to
the zone which has undergone significant degradation by tonguing. The soils have well
expressed argillic horizons below a depth of 1 m or 1.5 m. Is there any reason in looking at the
ratiopale of Soil Taxonomy that a suborder of Vermaqualfs would not be a satisfactory manner
tc handle these soiis? We feel that the activity of crayfish have had a very important pedogenic
process on these soils in terms of their hydrological properties and thus should be recognized
from other kinds of Aquaifs or Glossaqualfs.

Gu Z Smith:

I would see no objecnon to your making such a proposal. The vermic great groups were
recognized because their horizons were commonly next to a meter or more. Certainly a crayfish
can do as much or more than the earthworm. He makes bigger holes, brings more materials to
the surface -- much larger particle snzes You'll find small gravel in the casts of the crayfish
‘but not in the eanhworm s casts.
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Question 43

Allen:

Dr. Smith, I noticed in your latest conversations with Leamy in Ghent, that you proposed,
or at least mentioned, the possibility of expanding the definition of the oxic horizon to include
all sandy loams, if I'm not mistaken. Now, I know this is going to reflect my lack of
experience as far as oxic horizons, but I really wonder about soils with such low clay contents
and how they react versus those so many oxic horizons have such high clay contents,

Guy Smith:

They all have relatively low available water-holding capacity whether they're loamy or
clayey. One of the princxpal defects of Oxisols is the low avaiiable water-—holding capacity. We
originally put a restriction on the lower limit of the clay content of an oxic horizon ai a point
where we thoughlt it would distinguish sandy and loamy soils. We were mistaken. We went on
the assumption that, in these extremely weathered soils, there would be very little silt present.
But, when we looked at the data from laboratories, we find that therc sometimes is an
appreciabie amount of silt that it measures, almost totally quartz. This may be actually present
in the soil in nature, or it may be a laboratory artifact, I do not know which it is. But, we do
know that silt and clay can be generated by dispersion processes and mechanical analysis. Just
to simplify the business of how much silt is or isn’t present I simply propose that we drop the
clay content completely and substitute the difference between the sandy material and the loamy
matenal The sandy material cannot b2 an oxic horizon because we want to have an intergrade
- between the Quartzipsamments and the Oxisols. We get very sandy Oxisols and we get very

strongly weathered quartzipsammants, and we wanted to have the Oxic Quartzipsamments as
well as the psammentic Oxisols. We thought there was plenty of room there, management wise,
for the two central concepts and one intergrade on each side of the boundary. The simplest
way to define that boundary and to avoid the silt problem is just to say loamy or sandy.

Allen:
And all the loamy ones would go as an oxic horizon?
Guy Smith:
| Yes.

Question 44

Wilding:

I'm curious as to why calcxte and dolomite minerals are not considered as weatherable

" minerals? ' In soils developed from calcareous sandstones in East Central Texas where the
. sandstones  are . composed primarily of carbonates and quartz and other more resistant
" _components, and where the control section is fine-loamy or coarser, these soils in ustic moisture

~ regimes are placed in siliceous families even though they may have calcic horizons in the lower
- solum. © What ‘is the rat:onale of not permitting carbonate mmemls to be considered as
weatherable mmerals?
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Guy _Smith:

This comes about from the soils of the arid parts of the U.S. Where we mzy have a
Paleargid, perhan.,, that has now become recalcified. From the dust, from calcium in rainwater
and so on, the interiors of the blocky peds will not effervesce while the exteriors are coated
white with calcium carbonate. This is obviously a soil that has been decalcified at some point
in the past, but, in the present dusty and dry environment the carbonates are accumulating
again. It just seemad that in the definition on weatherable minerals, we had betier leave them
out. There had been plenty of questions about this befors.

Question 4%

Dzugherty:

Dr. Smith, in teaching Soil Taxonomy to students, 1 find that one of the biggest problems
that they have is understanding the differences in the family control sections for soil texture
and mineralogy. Could you discuss the rationaie on choosing the different depths and different
thickness2s of fainily texture contrs! sections?

Guy Smith:

We generally made the distinction between soils that had an argillic horizon and soils that
did not. If there was no argillic horizon, we used 2 more or less arbitrary control section of
25cm to Im. If the soils there had an argiilic horizon we generally used the upper 50cm of the
argillic horizon. Now I must confess that, when I taught, 1 required my students to place the
soils thai they were studying at the family level. 'Cn examinations I gave them exercises, where
they wrote the descriptions, and required that they identified the family and they couldr’t do it.
The trouble is the way the book is written, so 1 developed a little chart for the students and 1
guess copies have been made ava:lable by Dr. McClelland to SCS Staff and you can probably get
copies. {Note: Smith was writing on a black board.) I simply listed the orders across here
fhorizontal at top] and family differentiae on this axis [vertical at side] and then I came out with
a lot of blocks and I gave the control section and then the number of particle-size classes and
mineralogy classes and s¢ on, and, [coming down here,] moving to a box wculd list which
familiss could be used in a particular order. Once I gave them this they had no trouble. So if
~you would contact the State SCS Office I think they could give you a copy.

Question_ 46

llen. »; A

. Dr. Snuth 1 often have a problem, again, on the albic horizon. It is difficult to explain to
]students where there is no minimum thickness required in the definition. Is there some
soni g“be}und that? : : ,
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Guy Smith:

It may have been pure oversight. Many of the Boralfs have a relatively thin albic horizon

where the argillic horizon has a fine or very fine texture and, if plowed. this is mixed and

- cannot be observed anymore but you can still observe the argillic horizon. When you look at
the use we made of the albic horizon, I can’t think of anyplace offhand, where it’s diagnostic.

Allen:

So then maybe it's like being a diagnostic horizon, perhaps is the reason it's not listed.
Guy Smith:

I'll have to check Soil Taxonomy. The only place in Soil Taxonomy where I find the
albic horizon used as a diagnostic horizon is in the suborder of Albolls. The minimum thickness
of albic horizons in other kinds of soil would not be critical because of presence or absence of
an albic horizon is not diagnostic to the classification. It was our desire, generally, to keep in
the same series in the same family the cultivated and the undisturbed soil so that the series
would not be changed by a few plowings. There are soils, such as the Boralfs, which may have
a very thin albic horizon if the argillic horizon is fine or very fine in texture, and these are
kept together in the classification by not making the albic horizon diagnostic, rather we have
used temperature, primarily, to define the suborder of Boralfs. The albic horizon is normal in
these soils and has been recognized by the Canadians as a diagnostic feature. They, however,
do not mind the thinness of the albic horizon because they classify the soil on the basis of the
presumed virgin profile, rather than what is there today. The other group where the albic
horizon is common is in the Spodosols. In the Russian classification, the Australian
classification, and the New Zealand classification, classified as Podzols, soils that had an albic
horizon, irrespective of the nature of the B horizon--argillic or spodic. There has been in those
countries considerable resistance to Soil Taxonomy because it does not use the presence or
absence or the thickness of the albic horizon as a diagnostic in the classification.

Question 47

Wilding:

1 know that you have commented on this question recently, and the questions raised at
Cornell, but I'd like to have you respond here also. The pedon in Soil Taxonomy is considered
the unit of sampling. The polypedon is considered the unit of classification. Now, the
polypedon is certainly conceptual because we cannot view a polypedon at any one instantaneous
point in time, but we certainly can view, at least portions of, the pedon. Why is the unit of
“classification the polypedon rather than the pedon?

' Guy Smith: -

| iLé_ﬂs" consider at least two or three attributes that the polYpedon has *hat is not possessed

by an individual pedon. First, the boundaries of a pedon are, to a large ext- _:, purely arbitrary
~and depend on where you start to dig your pit. The boundaries which are not the same as the

‘ " pulk of the pedons that you might study for identification of the polypedon. They are real,

“natural boundaries.  You may not be able to see the polypedon in its entirety on any single dzay,
- but you can, and in detailed soil surveys we try to represent the boundaries of the polypedon on
‘our soil maps. They are obviously imperfect because of cartographic problems of scale and
“because of sampling errors. We make an effort to indicate the boundaries of the polypedons

_which are the ‘natural boundaries. The second attribute would be the matter of the slope. The
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polypedon has a slope which can be measured with a simple abney level if you like. So many
of the cultivated soils have been either put into beddings and the pedon slope would be quite
different from the polypedon slope. The cultivation of many crops requires that the soil be
ridged with the crop planted in the ridge and so the slope of the pedon may be very steep as
against the nearly level slope of the polypedon. It has been proposed that this is no problem
because you just compare the elevation of this pedon with that one but then you're using
another soil to classify this one. We have said you must not do that. You must classify the soil
on its own properties so these are two reasons for choosing the polypedon as the unit to classify.

VWilding:

The pedon, however, is defined as a three-dimensional body of soil that has lateral
dimensions large enough to include r2presentative variations in the shape and relationship of
horizons and in the composition of the soil. The polypedon is a conceptual unit that includes
‘holes in that conceptual unit which is presumably an attempt to portray, taxonomically, the
cartographic unit which is the real landscape body. So, it seems to me that if you go to
classification systems such as mineralogical systems which use a unit cell as the basic individual
building block on which the classifications are constructed, that the pedon could serve in a
similar role for classification in Soil Taxonomy.

Guy Smith:

I cannot comment too much on that, as you say I've discussed this a number of times
before. At one stage in the preparation of the manuscript we used that analogy to the
individual basic cell of the mineral. The polypedon is defined as a group of contiguous pedons
that do not differ significantly in any diagnostic property. Though that sort of analogy would
apreal to most any mineralogist. It would not really appeal to the man who's making soil
surveys.

Wilding:

~ Bui, is it trus that the skape attributes of the soil comes out as 2 phasq criteria outside of
the taxonomic system sxcept for Orthents and I guess its utility in some of the higher classes
but, geueraily speaking, for our inteipretive purposes slope, for example, is handied as a phase
of a series.

Guy Soith:

Generzily, but not in the more serious sttuations where you have say an Aquoll on a side
slope where there is seepage water coming out, or you'll have a Histosol on that side slope
where it hzs still more water. The drainage of these soils engineering-wise is entirely different
from the drainage of the cthers, and ii is a difference of such magniiude that we thought it
shouid come out at the fzmily level instead of the series level.

Question 48

. Wilding:

" Why do sbrupt boundaries with less than 20 percent clay in the alluvial horizon require

- only a doubling of the clay content within a vertical distance of only 7.5 cm? For example,

“an eluvial horizon of sand with 3 percent ciay content over a Bt laminae with 6 percent clay
- content could be considered an abrupt boundary.. What was the general rationale utilized in

defining the abrupt bovndary categories?
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Guy Smith:

Laminar argillic horizous in the sands have abrupt boundaries, without guestion, but they
did not ianterfere so much  with the soil permeability as did the abrupt boundaries with the
illuvial horizons that kad more clay than you have in the sand. Laminar abrupt boundaries are
actually beneficial to the farmar in that they will at least double the available water-holding
capacity of such a soil because the water hangs in the base of the clay laminae. We were trying
there to get at a definition that would keep together the tulk of the soils that had been called
Claypan Planosols at one time. Where we commonly have a silt-loam albic horizon over a fine
or very fine textured argillic horizon where the nature of the argillic horizon causes the water
to perch above the argillic horizon in the albic horizon. In the laminar soils the water does not
perch above the argillic band but perches within it, and does not introduce problems of
aeratior, and anaerobic ground waters and death to the roots of any air-loving plant that
happens to be growing there. There was an effort made to utilize some of the concepts of the
1938 classification in the development of Soil Taxonomy. The ones that were judged to have a
maximum utility we tried to retain in Joil Taxonomy.

Question 49

Allen:

You have already answered this question in some of your other sessions, but since very
few of us have even seen placic horizons, 1 am still unclear as to why placic horizons are
- separated as a distinct type of horizon from spodic horizons, even after reading your answers,

Guy Smith:

The placic horizon is a rather distinctive sort of horizon when you see it in the field. Itis
very thin, it is involute, it is hard, it makes a barrier to the water enroute just like any other
pan, although it wasn't called a pan. We don't understand the gexesis of the placic horizon as
well as we understand the genesis of the spodic horizon, though there are many similarities in
the composition. There are significant differences in the composition, in at least some placic
horizons. The placic horizon consists of an accumulation of iron, aluminum, organic carbon,
and manganese. Manganese has never been found, to my knowledge, in a spodic horizon. This
accumulation of manganese may be on the upper or the lower boundary of the placic horizon.
We have no reasonable genetic theory that explains the development of placic horizons. We
know from geographic correlation that they are all always in soils with perudic moisture
regimes. They are continuously moist throughout the year. Beyond this, we really don’t know
much about them. They can occur in very skeletal materials; they can occur in clays - very
fine textured materials, normally, within a depth of 50 cm or | m. They are important to the
movement of water in the soil; they are important to the growth of roots in a very different
manner than the spodic horizons. Now, they have, like the spodic horizons, virtually completely
pH-dependent charges and almost never a permanent charge. The major difference between

. them is the thickness, the barrier to water-use and the presence of manganese. Manganese is

" not always present in the placic horizon but it may be, and as I said it may be at the surface or
"~ 'at the base on the placic horizon. The studies I have seen suggested that, when the manganese
“is ‘at the base, you have water moving laterally below the placic horizon from higher ground
" .somewhere nearby. But manganese is a mark of some alternate oxidation-reduction process.

L es
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Thompson:

Then the principal reason, I gather, is why it is set out at the categoric levels where it is,
primarily because of a difference in its resistance to water and root penetration as contrasted to
spodic horizons?

Guy Smith:

No, that’s not entire'y true. As I said, it is a barrier to water and roots. It occurs in very
unlike kinds of soil. We have them irc the Hydrandepts which are the soils that are mostly
oxides, clay-size, that dehydrate irreversibly in drying. We have them in Spodosols. They may
be above or in the spodic horizon. We have them in Dystrcchrepts. If we treat that as a spodic
horizon, then, we put together some of the Hydrandepts with some of the sandy Spodosols and
we get a class that contains soiis about which we can make o statement.

Question 50

Hallmark:

As use and management pressures are becoming more acute in the wetlands, we find
ourselves mapping in areas that are constantly inundated by brackish water. What are your
feelings on extending mapping into such areas and, in particular, can you give us your ideas on
whether soils should be terminated as the water depth is increased?

Guy Smith:

Well, we did say in Soil Texonomy when the water gets deep enough that we have only
floating plants, that ceases to be soil. That probably does vary some according to the
envircnmental conditions of these wetlands. If we are going to use these soils, then certainly we
must find ways and means of making soil maps that will be helpful in predictions of the
cousequences of use. If the wrong wetiand is drained, you may wind up with a Sulfaquept
which is finished, some of them at least for three or four hundred years, it will grow nothing.
Those are the extreme omes. We must be able tc warn peopis not to drain such soils, and you
=a't find out about their existence in the brackish waters without finding some way to get over
the ground and collect samples to study. Shrinkage of these soils, on drainage, are the ones that
do not become acid, the shrinkage can 2lso make very serious problems in the engineeriug use
of the soils. You may have seen the New Orleans subdivision where the soil has shrunk away
. from the house and the garage, so we must be able to predict this shrinkage, and the architects
must understand the problems they are going to get into if they build on those soils. I would
say if there is a perspective use of the soil system, if you're proposing to use it for something,
then we do need a soil survey, elthough it may be difficult. I’'ve waded in water up to my hips
to look at these things--fortunately, in a warm country.
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Question 51

Hallmark:

(Note: this question is stated and restated - could be shortened). A foliow-up to this is
the use of the n value to bring out soils which basically have been permanently saturated and
are not abie to support particular animals in a normal grazing fashion. Why was it that started
to go with an n value, rather than to utilize something that would more directly get at what was
really the simple concept in establishing an n value, that is to measure the bearing-capacity in
some fashion or another directly, rather than indirectly with an n value.

Guy Smith:

The n value was borrowed from the Dutch soil scientist, who has perhaps the most
experience with reclaiming wetlands in the world. I don’t know what substitute measurements
we might have made. It is something that you can determine from the sample in the laboratory.
Bearing value -- I'm not sure about the engineering tests. It would be virtually nill in the
normal Hydraquent. It would vary somewhat with the sand content but not greatly because
there is a limit on the minimum amount of clay they would have. It was the only suggestion we
found in the literature that addressed this problem. The engineers have not concerned
shemseives with it much, so far as I know. Typically, they take their samples and dry them out
before they start their test, and that’s too late.

Hallmark:

A group of individuals has proposed, out of the Southern Regional Work-Planning
Conference, to possibly test in the field some lightweight apparati which would get a handle
directly on the bearing-capacity rather than n values because n values require quite a bit of
jaboratory manipulation. First of all the sample has to be maintained in a wet siatus and then
on top of that you're going to rua organic carbon and particle-size plus the percent water in
that natura! state and some of these things are very high in organic matter and the error factor
then becomes increasingly higher zs the organic matter increases.

Guy Smith: .

As we develop new methods to measure things, we will doubtless change our own
definitions. But I don't know a current method.

Question 52

- Wildin

We have a soil tar.cuwomy system that is constructed with 10 orders. Following the logic of
classification it seems that we could have eaded up with maybe even two orders -- organic and
" inorganic soils -- and then as suborders the various differences among the inorganic soils. What
. was the logic in determining how many orders there would be and what soils that they would

combine or group? | '

- 365 -



Texas Interview

Guy Smith:

In cur first approximation, we had one order for organic soils and another order for
mineral soils. This created an extra category that we could see no use for because we could just
as well subdivide the orders as to organic soils and mineral soils that have this and have that
and have the other and we didn't need that extra order. We examined what we had in our
earlier classifications and what other people had in classifications in other ccuntries to see what
we could devise in the way of orders. Marbut insisted on only two classes in his highest
category -- Pedalfers and Pedocals, and he ruined his system on this, because, while we have
soils that have both accumulation of carbonate and accumulation of iror: and aluminum, and we
could readily say well we'll give priority to one or the other. We aiso had soils with neither,
and they had no place to go. So Marbut just dropped them out of this system and said we'll
classify these on the basis of the soils that are around them because eventually a wet soil is
going to be drained by geclogic erosion and then it will begin to take on properties of either a
Pedocal or 3 Pedalfer. How he was going to drain the coastal marshes, I don’t know, except by
dropping the ocean, it can’t be done. We examined what had besn done in previous U.S.
systems 2nd in the other systems in countries where they were making soil surveys. We did not
look into classifications in coumntries without a soil survey program. We didn't feel we would be
apt to learn much from that. We wanted, then, to have enough classes in the order category
that we could accommodate the major differences in genetic processes, but not more than we
could readily remember. We figured one could understand 10 classes or a dezen without much
trouble but not 50. We also needed in our taxonomy, a sort of a key that could be used for
identification in the correlation process. When you start to correlate a soil, an unknown one,
you first figure out what order it’s in and then the suborder and then the great group and so on
down. And in each step we don't want to have more classes than can be reailily understood in
the context of that particular taxon. In Taxonomy it says 5 subdivisions on the average. We
didn’t want to have 50 subdivisions although we wound up with a few families with 50 series.
Still, the series are not defined in Taxonomy. We left it up to the correlation staff to devise
their own keys for these large families. There was nothing sacred about the number 10. Now
I’'ve proposed an 11th and that’s an awkward number. [ think I'li look around for a 12
somewhere. Twelve is 2 much more satisfying number than 11.

Question 53

Wwilding:

‘With regard to that, I just returned from Canada, visiting with colleagues there. They felt
very strongly about an order called Cryosols. Would you care to comment about the way we've
handled soils with pergelic temperature regimes?

Guy Smith:

They are subject to many of the same turbations that we have in Vertisols and the
possibility of having an order of you might say, Turbosols, was discussed seriously, but this
‘“involves two very unlike things. The one where the turbation is due to frost and other where
~the turbation is due to the amount and nature of the clay, so we were grouping two rather
" unlike things on the basis of a single process, that of mixing of the soil by freezing and thawing
_in one case, and by shrinking and swelling in another. So, while we considered that seriously,

we rejected it on those grounds--that just the turbation wasn’t quite enough--that we had very
unlike things put together. : =l ; ’

% You 'must notice that one’s attitude toward which classes we should recognize, which ones
‘should be combined or kept separate -- we are enormously influenced by our personal
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experience and by the geographic extent of the kind of soil invoived. This is one of the basic
difficulties with the FAO-UMESCO l!egend -- that only extensive soils can be handied in the
classification. The inextensive ones, thai may be extremely important on a particular farm,
have no place to go except if they put it in someplace, it's the wrong place, because it doesn’t
behave like the other soils in that legend.

Question 54

White:

May I ask a historical question here? Rick and I are, I believe, the only geographers in
the room and I think that we can both vouch that the Soil Taxonomy has taken a great deal of
verbal abuse from geographers, especially the old time geographers that were trained under the
¢39 -*49 system. When you developed the system as we see it today, was there any consideration
given to the spatial distribution of what the taxonomic classes would finally appear as on a
map? I don't see it as much of a problem because I think the new maps that we can make
using this system reflect more of the truth of the landscape. 1 will agree that cartographically
they aren’t as aesthetically pleasing as the old ones because the boundaries bscome more
convoluted rather than nice smooth rounded ones under the old system. That doesn’t bother me
a great deal but it does bother alot of the other geographers. Did you have any spatial
recognition or spatial logic as you went through testing the various approximations?

Guy Smith:

I'd say, basically, no. We recognize that some kinds of soil have very different shapes
from othars, and the polypedons have very different sizes. Some occur on the ridges and some
occur in the flood plains and so on, but by and large we were not going to concern ourselves
with spatial considerations. We took the view that it was the nature of the soil rather than it's
area and shape that was critical. I don’t like analogies. They are often misleading but if 1 were
going to use one I would go back to etymology where I first started college and we would have
to have a separate kingdom for the ants because there are so manry more of them than any other
kind of animal. This is the trouble with the FAO-UNESCO legend as a classification. The soil
must be extensive enough to be shown on a 1:5 million map or it doesn’t appear anywhere. We
make maps on all scales. In the soil survey we make small-scale maps and large-scale maps
and, depending on our purposes, we may make very large-scale maps from small areas. Then
the classification has to reflect the properties of the soils that are at the scale that we map, and
that scale has to be determined by the purpose of the soil survey, which is to reflect the
sehavior of a soil vnder the foreseeable uses, of not all possible uses, but the foreseeable ones.

Question 55

~ Returning to the concept of petrocalcic horizon, we have a minimum taickness definition
‘when the petrocaicic rests on: bedrock, however, in situations where it does not rest on bedrock,
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I do not see a minimum thickness. What is the rationale for having a minimum thickness over
bedrock, but none over an unconsnlidated deposit?

Guy Smith:

Well, the petrocalcic horizon has much less significance to use and management when it
lies on bedrock because the bedrock has the same practical effects as the petrocalcic horizon.
Instead of just having a thin film of lime before we recognize it as important we put a
minimum thickness on it. The normal petrocalcic horizon that I've seen, and Lee Gile tell me if
I'm wrong, is much thicker than this minimum thickness on bedrock. That’s tie normal

situation. I suppose one could find one that was 5Smm thick, but I don’t believe I've ever seen
one.

Wilding:

Guy, to rephrase the question, as you move from west to east in the ustic moisture
regimes where petrocaicic horizons occur in Texas, it not uncommon to find an indurated
laminar zone of calcium carbonate 5 to 10mm thick over a paralithic material, marls, for
example. It is my understanding that the petrocalcic horizon was established because it was a
restrictive horizon to root growth and water movement. Yet these thin laminar caps do not
meet the current definition of petrocalcic horizons over bedrock (2.5 cm or more thick). What
was the rationale used in determining how thick a petrocalcic horizon should be before it is
recognized at the higher categorical levels in Soil Taxonomy?

Guy Smith;

(Tape turned over while he continued to talk) I am not sure I understood. A thin laminar
horizon rests on what?

Wilding:
Well it commonly would rest on a paralithic material.
Guy Smith:

But bedrock can be lithic or paralithic; in Taxonomy we said bedrock and not lithic or
paralithic material, ’ :

Wilding:

OK, let me rephrase the question again and ask it in another way - so long as a laminar
cap has developed it implies to me that it turns water and it probably would likewise  turn
roots. it doesn’t really make any difference how thick it is.

‘Guy Smith:

: Not if the underlying material also turns water and roots; and the paralithic materials
generally do. ' S

. wilding:

. In this particular situation we believe that perhaps the marls may have a significant water-

. holdiiig capacity that would be available for the plant root if the petrocaicic horizon were not

" present, or the thin laminar caps were not present. From the use and management point of

' view  we  have been concerned about the minimum thickness of the petrocalcic horizon.

= QObviously we could still differentiate the soils with indurated calcic horizons too thin to meet -

' the petrocalcic at the series'level but we are interested in the rationale utilized in determining
" what the minimum thickness of a petrocalcic should be for interpretive purposes.
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Guy Smith:

It was just the relative importance of a very thin cap over an impermeable material versus
a thicker one.

Question 56

Thompson:

In the definition of petrocalcic it says the laminar capping commonly is present but is not
required. Could you comment, Dr. Guy Smith, a little or the identification of the petrocalcic
horizon where the laminar capping is not present as might appear in soils developed, in say,

- limestone geology?

Guy Smith:

; Well, in the work that Giles has done in the Las Cruces study area, he has pointed out the
various stages of formation of the petrocalcic horizon in which first you get pendents, then you
get above the horizon almost completely filled with carbonates and then finally when it becomes
impermeable the water film moving over the surface of the plugged horizon you devzlop this
laminar horizon which smooths the surface of the petrocalcic horizon into what Ruhe used to-
call "troweled surface”, I believe. Looks like a plaster job that I might do. The distinction of
the presence or absence of the laminar horizon is probably genetically related to whether or not
" you get an occasional rainfall that is hard enough to bring the soil above field capacity above
- the petrocalcic horizon, so that the water bearing the carbonates moves laterally and evaporates
‘and deposits it in the fine pores of the cross-sections of the petrocalcic horizon normally so that
“the sands, gravel, and so on_ are separated by the carbonates and pushed apart as though the
horizon was building up from the base to the top of the present laminar horizon. I can’t think
of too much trouble that people would have in deciding whether this horizon is cemented or
- not; certainly it should be free of fine roots at close intervals. There are still one or two
- questions about it that we cannot explain -~ the very curious radio carbon dates of the carbon
~in the petrccalcic horizon versus the radio-carbon dates of the calcium carbonates.

Question 57

(to Wilding) Do you find a kind of petrocalcic horizon that you referred to? Have you
observed them over materials or in materials that won't qualify as a paralithic contact? The
reason ‘that 1 am asking that, I can’t think of a single paralithic contact that T have seen in West
exas that is as thin as we are talking about and yet which is not too well fractured. I mean
punctured ‘enough that there is no problem on digging through it. It looks like remains of

calcic ‘horizons. I was wondering if you had any statement on that?
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Wilding:

I can’t recall that I have seen these over materials that were not either lithic or paralithic.
Coryell County would be probably the best prospect in terms of the sci! surveys that we are
currently making to look for this kind of phenomenon. The other situation in which it,
although I have ziot observed it, which this situation has been described to me has been in foot
slope positions where seepage waters of both from upsiope to toeslope positions. These
apparently are of variable thickness but I have not cbserved those direcily.

Question 58

Daugherty:

_ I would like to solxc1t your corments on the limits in the definition of calcic horizons. In
New Mexico we have very few Camborthids Aridisols due to the definition of calcic horizon
and to the nature of the key. I would like to solicit your comments on the change of the
percentage of calcium carbonate that's required for coarse-textured soils as compared to finer-
textured soils and some of the background behind the setting up of those limits.

Guy Smith:

o My memory is not too clear on this, but I think I can understand it. If you have a sandy
gravel vou can have a very distinct accumulation of calcium carbonate before you reach the
15% by weight, but in the case of these particle sizes we require at least 5% by volume of the
secondary carbonates. This would be censistent with the 5% limit of secondary carbonates in
the calcic horizon by weight greater than the underlying material, which is roughly the same
limit,

Daugherty:
. | On some of the soils when you approach 18% clay it is very difficult to visually see 5%
- calcium carbonates, and 1 guess maybe the background behind my question would be - Why
wouldn’t there be a sliding scale such as the ratio used for argillic horizons for calcium
 carbonate?
‘Guy Smith: ‘S’rr"iith: |
P Per}xaps there could have beﬂn but no one came up thh that proposal.
X Daugherg' | | v
: o It see'ns to be qmte a drasuc jump especxally when we deal with soils right around the
- 18% clay break to be required to have 15% calcium carbonate for the calcic. If you have a soii

. with 20% clay you need l’i% CaC03 if you have a so'l w;tn '7% clay you only need to have 5%
e ‘;’”CaCOB

G z Smlth. i

: »You must also 1&0 af the uses made of ihe calcic honzon In North Dakota the glacial till
rmally have more than’ 15% carbonate when they are laid down and so it is very easy to meet
,the reqmrements for a calcic: horizon if you have: 5% more in the Ca horizon than you de in the
"nderlymg till. ' Many of the tilis there, are margma! in this respect and we pay no attention in
ome series definitions as to whet‘zer or not there 1s a calcxc honmn It is not even co:.sxdered
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at the _serie§ level where we have a calcareous parent material. The presence or absence of the
ca horizon is considered important, but not the absolute amount of the calcium carbonate in the
till.

Question 59

Wilding:

In attempting to teach Soil Taxonomy at the undergraduate or graduate levels in the
university system, it has not been for many of us an easy task. Do you have any suggestions in
terms of the educational process how you would most effectively transmit the kind of
information that we have developed in Soil Taxonomy to the point that a student would be able
to pickup a description or a series of students would be able to pickup the same description and
consistently place the soil at least down through the family level?

Guy Smith:

I would prefer to have a group of students work on the classification of such a soil as a
group, rather than as individuals because it is complicated enough, that a beginner is apt to
make some serious blunder. If you have a half-dozen people working on the classification of
the same descriptions and data, what one man over-looks someone else will pick up and such a
group generzlly can come out with the same znswer. Whereas an individual will make a mistake
that he will not notice - that is one suggesticn. Don't give them this as an individual. The
pedologist who works in the field has a much narrower universe as a rule than a beginning
student. He quickly learns where he has made mistakes in his classification in the area where
he is ciassifying soils and can avoid them in the future, but for students I think the group
judgment is the best approach.

Question 60

Allen:

- I found it quite difficult in the field to determine whether gypsic horizons are present
often or not, and here are some of ihe problems. The definition on page 46 reads in part ---
- "secondary sulfates that are 15 cm or more thick, has at least 5 percent more gypsum than the C
horizon or the underlying stratum ...". It has been my experience in these things with gypsic
~horizons that it often goes like this, in other words there are bulges and then there will be a
_little bit of a decrease and then another tulge and sc forth so what is your standard of
- reference below there? - S .

 Guysmi s
EE whatyouaresaymgxs not going to be recorded here when you wave your hand, so I will

_:“see if I can put it on tape. With depth, the increase and decrease in the percent gypsum is
‘_e‘rraticf‘?”lfwogx‘ldr-:say‘,vl;y, and large, this application of the definition probably would be as good

"";*37}1 e
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as any. If it did decrease in some subhorizon by 5 percent this would qualify it for a gypsic
horizon.

Allen:

In some subhorizon?
Guy Smith:

Yes. I don't know why it is erratic and I haven't seen many data on soils with gypsic
horizons. As a general rule in the world where we have them, I don’t think they make any
problems but they were never recognized in the West before Soil Taxonomy and they were
included there because of soils in the Near East rather than the soils in the west. The gypsic
horizon has great importance if you are going to irrigate the soil. You have to continuously
level again and again because of uneven settlement or you must sprinkle, one or the other. 1t
was in the Near East countries where the pedologists were working to desiga irrigation systems
that the importance of the gypsic horizon was brought out and was introduced to give them a
handle to keep the soils separate from others, that once leveled were saline.

Allen:
I don’t understand your statement about sprinkier irrigation.
Guy Smith:

I guess now we would use a different system (?) that didn’t exist in use in any practical
form at the time we were developing these horizons.

Allen:

I have also found that it is very difficult to recognize the petrogypsic horizon when it is
overlying gypsite. There are some suggestions of laminations in many cases there (7) is and 'm
often confused by what I'm actually seeing.

Guy Smith:

I have never seen one myself so I cannot help.

Quzstion 61

- Wilding:

" You have responded to this question at least in part at the Cornell interviews, I am
 wondering what the impact of gecmorphology and the application of geomorphic principles has
been on Soil Taxonomy. ' : ’ :

Guyx" Smith:. .

"It has been much less than it has been on soil mapping. The classic concept of down-
" wearing of surfaces versus lateral retreat of slope has considerable influence on what the
" mapper does in the field, but it hasn't had & great deal of influence on Seil Taxonomy itself.
“The geomorphic studies have had their. principal impact in the pale great groups, in which we
tried to distinguish the soils of the very old from the younger geomorphic surfaces. - We have
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grouped scmewhat unlike things in pale great groups as in the Aridisols where we use the
petrocalcic horizon and abrupt textural change to define the Paleargids. This gives us two
unlike kind of things at the great group level which must be separated at subgroup level. Then
we have the Petrocalcic Paleargids versus the Typic Paleargids where we settled on the abrupt
textural change and the fine texture for the Typic. I don’t think of any evidence of where seil
geomorphology siudies have greatly influenced the Taxonomy other than that it helped us

understand what we already knew about these soils. How does the petrocalcic horizon form?
' 'What is its genesis. What is the difference between the Paleudults and the Hapludults of the
‘Southeast? Going back to the 1938 classification the southern correlators argued that the
definitions should be by type rather than by limits. The Ruston was the type Red-Yellow
Podzolic soils, and the Houston black was the type Grumusols, and so on. These definitions are
not really workable when you have so many thousands of series because there are so many that
are alike, one type of Red-Yellow Podzolic soil in one respect and one type a Gray-Brown
Podzolic soil in another property and which one are you going to weight? I use the example of
the field trip we had with the northern-southern correlators on the piedmont soils in Maryland
and Virginia where the soils have a solum that is comparable in thickness to that of the Miami
which was supposed to be the type Gray-Brown Podzolic soil.

But they have the clay mineralogy and so on cf the type Red-Yellow Podzolic soil of the
Ruston and the Norfolk. We never did resolve how to classify the Chester series because
neither group would have anything to do with it. Those who worked with Gray-Brown
Podzolic soils says it is a Red-Yellow Podzolic soil and those who worked with Red-Yellow
Podzolic soils says it is a Gray-Brown Podzolic soil and we couldn’t resolve it with that type of
definition. The soils geomorphology studies helped straighten us out. The study helped us to
understand a little better. We had a lot more typical Red-Yellow Podzolic soils in the south
than Ruston and Norfolk. They were clear off at one end of the spectrum so they became the
Paleudults. The Hapludults are soils like the Cecil soils. They are much more extensive, much
more representative of modern processes of development and these very old ones according to
Daniels may be up to 2 million years old without serious additions or losses.

Wilding:

Yes, this was my thought if perhaps geomorphology provided some of the pedogenic
thread that helped us understand the morphogenetic link with diagnostic horizons on stable land
surfaces in a particular area we could expect certain kinds of diagnostic horizons.

Guy Smith:

That is of principal benefit to the man who is making the map rather than the man who is
trying to design the taxonomy.
Wilding: |
~ But doesn’t it help us understand the taxonomic-cartographic bridge?
 Daugherty: | :
- Larry, it is very difficult to go from a soils map to a geomorpkic map. You can't very
*w_ell make that leap, that direction. :

_ Wilding_ 3

. There will be some people who might think that is possible. Parsons mapped a lot of
. ".series on given geomorphic surfaces in Oregon, for example, and different series on the next

.- geomorphic surfaces. ‘Taxonomically there was a relationship, I think, between the chronologic
‘age of those surfaces and the intensity of pedogenesis of the soils developed on different .
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Daugherty:

I think most of the thrust is going from the geomorphic surface to the soil rather than
from the soil to the geomorphic surface. Rick, you worked up on the Colorado (?) which way
do you find it easier to go?

Rick:

Generally from the surface to the soil. That is one thing to keep in mind, you can have

quite a variety of soils on a single geomorphic surface. Keep this in mind it wﬂl help. Use the

surface as a kind of chronological frame work in which to arrange the soils, very useful. Yes,
that direction is more useful.

Question 62

Wilding:

The Vertisols had been restricted tc the mesic temperature reglme or warraer. What was
the rationale for excluding soils that had in essence all of the properties of Vertisols in frigid
temperatures?

Guy Smith:
There was none. I tried to get rid of that unsuccessfully.
Nichols:

That change has been made.

Question 63

e Hallmark.

The terms, andxc and torric are used for the same moisture regxme but in different
- categories .in the taxonomy What was the logic in having those meamng basically the same
;thmg" \

7__{‘fG uy Smith Smxth.

T It was the structure of the termnno]ogy We dxd not want to repeat in dxfferent categories
the same’ formative element, because then we found when we got to the subgroup we had
mtergrades in which we had to repeat that formative 2lement twice. This was unsatisfactory.
When we used a-term in one categoric level, if we use the same concept in another category we
substituted another term.  Therefore, we have the Torriorthents and not the Aridiorthents. The
names of ‘the orders ‘were such that we required a single formative element at the suborder level
which we took from the name of the order All the Andxsols in the: suborders end in "id" and
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all the others lower categories. We didn’t want an Aridio, or an Aridi Orthent because then at
the subgroup level we have arid meaning an order and a great group. We can’t tell to what taxa
that intergrade subgroup belongs. We got intc serious trouble with that in our first attempt to
revise the nomenclature. You don’t see it until you see the names that you've made. Then you
realize you can’t tell where this intergrades.

Question 64

Calthoun:

Not all soils with aridic soils moisture regimes are classified as Aridisols even though the
introductory statement in Taxonomy for that particular chapter states that these are..."soils that
do not have water available to mesophytic plants for long periods.” Why was it decided to
exclude arid climate soils with oxic horizons, vertic properties or no diagnostic horizons from
the Aridisols order?

Guy Smith:

The first point on the soils without diagnostic horizons was that they came originally
from the concept of the Azonal soils. They were seils without diagnostic horizons and we
wanted to keep them together as an order because without any subsurface diagnostic horizons
there are really no statements you can make sbout the Entisols except that they lack subsurface
diagrostic horizons. The statement is not very important to the soil survey.

Their arid climate was shown only at the great group level because in the Entisols we
wanted first the suborder level to sort them out according to the reasons why they had no
subsurface diagnostic horizon. “For example, there is a big difference between the Orthents and
“the Fluvents, and agricultural importance. Perhaps more people in the world get their food
" from Fluvents than any other single kind of soil. The exclusion of the Oxisols that have an
~‘aridic moisture regime was primarily because they will under irrigation behave like other
Oxisols. We would have all of the difficulties that you would expect from management of other
~ Oxisols from that group. We might as weli keep them together as Oxisols. In that situation we
“couid deal with the arid climate at the suborder level instead of the g:eat group level because
they seem to be the most important subdivision of the Oxisols according to their soil moisture
regime. The exclusion of the Vertisols that have an aridic moisture regime or at least have an
‘arid climate, I think is parallel to the exclusion of the Oxisols. Under use they are going to

: - behave like other Vertisols. In Sudan in the Gezirz Scheme the irrigated soils are Vertisois and

they crack and the cracks close and so on every year and have slickensides, paralielepipeds, and
" what have you. —Jjust at the boundary of that Gezira Scheme I am told that the soils are not

. Vertisols. Because they never get moist ¢nough to swell, they are dry enough to be cracked and

) " the cracks that are there are filled with granules but because there is so little movement in the

" absence of irrigation you cannot find slickensides. This will illustrate the reason why the

v" .'-'vg'_'AVertiso, _probably should be kept together as a group instead of being split according to their

g8
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Question 65

Thompson:

Going back to the petrccalcic horizon, in the vetrocalcic horizon definition the criteria
seates that a thickness times percent carbonate 1s required if the laminar horizon rests on
bedreck. Why was a similar criteria not applied to those petrocalcic horizons that are underlain
by loamy highly calcareous materials?

Guy Smith:

I don’t think I know the answer to that. Perhaps Lee Giles can help us.
Giles:

No, I reaily can't. This might have been left over from the definition of the petrocalcic
horizon 25 it was originally formulated in which the laminar horizon was required for all
petrocalcic horizons.

Guy Smith:
These definitions al! went through a number of statements that were modified from time

to time, as we learned more about how the soils were grouped by the definitions we had
written. : :

Thoinpson:
This question is asked frequently by field soil scientists.
Guy Smitk:

If it is unimportant then we should consider changing the definition.

Question 66

Daugherty:
 Would you please discuss the rationale behind the limits of the moisture control section?

Thjere is no discussion in Soil Taxonomy as 1o physically how to measure the soil moisture
control section. It mentions tc add 1 inch and 3 inches of water but there is no methodology, 1

e ‘bave never seea anybody actually do it in the field.

- Guysmih il | |

. Inever have either and yet it would be feasible to do it if you had a soil that from time

~to time actually ran-out of available ‘moisture. ' In a humid region where the soil never dries out

1 don’t know: precisely Tow one wouid make the measurements. In a dry climate where the soil -

does become dry one could: readily apply the 2.5 ¢m of water and wait the 24 hours necessary .

angd then excavate and see the depth of penctration of the wetting front in that time. One could

‘do_the same with the 7.5 cm to see where the wetting front had reached. The purpose of the
oisture control section was to permit the calculation of moisture regimes from the climatic
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data because we are quite aware that it would rarely be measured. The model, I think we have
discussed this, the model that we designed to measure the wetting and drymg of the soil was
devised with the help of the records from the old dryland stations. Without some sort of a
defined moisture control section one would find it very difficult to say that the soil was dry or
moist or partly dry or partly moist ~ where is it dry and where is it moist? The upper limit of
the moisture control section was placed below the surface so that a very small shower would not
interrupt the dry penod in the soil. The soil can be dry throughout the moisture control section
but plants can still survive if their roots go below it. When we say the soil is dry that is a very
differeat statement from saying that the moisture control section is dry We need to be able to
define the part of the soil that we were talking about, being dry or moist.

Daugherty:

As a follow-up to that question do you think it would be feasible to have different
moisture control sections in a.id soils or marginally arid soils or a different moisture control
section to deal with the subgroup transitional areas?

Guy Smith: Smith'
It would he poss:ble but l don’t know of anyone who is thinking about that problem at the
moment.
Question 67
o lees.

- Thxs questxon concerns application of the taxonoimic syatem and mapping areas designated
L as broadly defined or low mtensxty In some cases examinations of these areas have shown a
.~~~ number. of soils not mentioned in the mapping unit description. It probably means the soil
.. series is still used in areas designated as broadiy defined. I wonder if this should be done if
" there is toco little time to CIaSStfy soils at the series level? Would a different approach be
- helpful in this case, such as, mapping the soils in categories higher than series? Mapping great
- groups, for example, generally show the presence or absence of horizons that are particularly
“significant. to land use. Mapping Paleorthids for example, would show the presence of
petrocalcxc horizon w:thout having to spend the time necessary to make distinctions of more
e categones lel you comment on thns?

G x Smxth.

, Thts is partly a correlatlon problem, partl y-a matter of legend devlgn. It is not
o partlcularly a problem of Soil Taxonomy, but it is a part of the applxcanon of Soil Taxonomy to
~*’_:"soxl surveys It is currently bemg done, that is, mapping at a categoric level higher than the
_-series. ‘it is currently being' done in the United States and in most of the developing countries.
In.Alaska for example ‘the Exploratory Soil Survey, the legend is- largely based on categories

higher than the series because they have no partxcular use for the series concept in areas of soil -
where' about the only potentxal use we can see is. grazmg by wildlife. In Nevada, in the small-
ecale .mapping they are not using series because again the utxhty of the series is smal! when the
only foreseeable use is very ‘extensive grazing by hvestock In the developmg countries their
first surveys generally are’ made at-scales of 1 : 50,000 or ‘smaller. “They have so little
expenenc ‘*thh the ‘use of the SOI.S, that if. they were to estabhs.. series they would go through

rtamlyv maopng_ [at the] famxly category, is about the lowest catngonc-

.My thinking is |
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level that should be used: even in small scale maps, of course, you cannot map at family level.
You can only map as associations of subgroups or great groups. The soil map of the U.S. in the
Atlas uses associations or phases of great groups and as the basic taxonomic unit.

Question 68

Nichols:

In reading over the questions that were asked at Cornell I noticed a question that I did not
quite understand about whether or not series should be kept as a part of the classification
system. Do you remember what the meaning of that question was and what you gave for an
answer?

' Guy Smith:

The use of the same name for the series as a mapping unit or an actual physical body of
soil and the use of that name fcr the conceptual taxonomic unit bothers some people. We say
Miami silt loam as a taxonomic nit is a conceptual thing, you can’t put your hand on it, you
can't feel it, you can’t sample it; it is a pure conceptual taxonomic unit. When we make a map
 we dig a hole or we clean off a road cut and we examine the soil that is there and if that fits
the concept of Miami silt loam we are apt to say that this is Miami silt loam. This is quite
another meaning. We really are saying this soil has all the properties of the concept of Miami
silt loam, 2 taxonomic vnit. When we have finished our soil survey the correlator comes along
and you have a map unit that is designated as #128 or something and the correlator says this
mapping unit is Miami silt loam. These are three different meanings of the same word and the
same phrase. This does not bother me because in context we always know what is meant and it
is not unusual in the English language and in several others; one word has more than one
meaning. I don’t think it would be wise to dc away with the series category. It is too well
entrenched in usage by the general public. They are not particularly confused by the
identification of a given delineation as Miami silt loam, They don't even know the conceptual
definition of Miami silt loam, their concern primarily is with the interpretations that we make
of that mapping unit. I am completely at ease with the use of the same word or phrase with the
three meanings that I have mentioned. It does not bother the users of the soil survey and
nonally it doesn’t bother the people who are making the soil survey.

Questien 69

. In some of the other sessions in which you have participated ycu discussed the problem of
chauging the classification of soils from Inceptisols to Aridisols with saiinization under
irrigation, of course, this would be in ustic or xeric moisture regimes. I am still unclear as to
your thinking about the solution of this problem. . ,



Texas Interview

Guy Smith:

1 proposad the solution that we drop that limitation on salinity in the Inceptisols. This
will require a slight modification in the definitions of both Inceptisols and Aridisols. As they
are now defined, the Aridisols are supposed to pick up any Inceptisols that have become <aline
by irrigation. If we drop the limitation on the salinity of Inceptisols then the definition of the
Inceptisols and the Aridisols would differ primarily by the moisture regime.

Allen:
So these would remain as Inceptisols?
Guy Smith:

It is quite a common situation in the Near East where the mcisiure regime is aridic to
irrigate and to salinize the soils. If the irrigation is stopped these soils will still produce crops.
1 ran into a situation in Venezuela where we had an ustic moisture regime and the government
had irrigated one farm for a nursery for cocoa. When you samried the soils on that one farm
they became Aridisois because of the salinity and yet all around them the farmers were growing
one gcod crop of maize every year. This was an island of Aridisols created by this definition.
If i.cigation were stopped the salinity would disappear within a year or two. It is a similar
situa’i~1 in the U.S. where they're irrigating citrus with Coloraso River water in California and
the soiis are mostly Xeralfs or Xerochrepts. Where you have a seepage spot at the base of a hill
the wetter soil on the landscape becomes an Aridisol if it dcesa’t have an argillic horizon. This
is irrational; we have the same problems on the lower Rio Grang Valley in Texas.

Question 79

- Thompson:

This proposal has been made previously but 1 would like to hear your comments
concerning the rationale. What is your comment on the prcposal to recognize ustic subgroups of
Albaqualfs and Ockraqualfs? These subgroups would identify those soils that are dry for long

~ periods during the summer months, but are saturated at some season. The Lufkin series is one
of several in Texas that meets this concept. Perhaps there might be a better suggestion that you
would have ¢ recognize what T would term as "wet-dry" soils from the "wet-wet" soils.

. Guy Smith:

 We have a precedent in Soil Taxonomy of Xeric subgroups of Albolls, Xeric Argialbolls,

for example. The Albolls like the Aquolls are inclined to be wet at some season. In the case

of .the Albolls the potential uses of the Xeric subgroup is very different from that of the Typic
subgroup that has either an aquic moisture regime or a udic moisture regime. I think it is
 essential that we distinguish these "wet-dry" soils at the subgroup level so that our families do
= pot cuutain soils of vastly different potential uses. The Aquolls of the Wilamette Valley in
. Oregon, tor example, cannot be cultivated for summer crops without irrigation. Yet they come
= into the sxne family as the Aquolls of Iowa and Illinois which are potentially extremely highly
- productive for summer crops. I have proposed, -myself, that we should establish ustic subgroups
“of all of thi"Aquic great groups for soils like your Lufkin which are too wet in one season and -
“too dry in auother so they must be both drained and irrigated to be used for the production of
“crops.- A very extensive situation in the swet-dry tropics. It includes the Aqualfs, the Aquepts,
_the Aquolls, thi Aquults and so on. ‘They all, I think, require some subgroups to distinguish
em from thZse which are in the humid parts of the tropics or the U.S,, and if drained, they
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really have the udic moisture regime rather than an ustic or aquic moisture regime. I think the
International Committee on moisture and temperature regimes is going to examine my proposal
and we will see how they come out. I proposed that the Typic subgroup be restricted to soils
that would not become dry for more accumulative days than we permit in an udic moisture
regime, and that the others be distinguished as Ustic subgroups.

Question 71

White:

In this same vein the Lufkin is still a Vertic Albaqualfs, aren't we still making a decision
on use and management that the wet-dry relationship is more important than the vertic at the
subgroup level? Can we really do that?

- Guy Smith:

You can manage this by having an Ustertic subgroup of the Albaqualfs.
White:

Uoing a double syllable there, the subgroup.

Guy Smith:

Yes there is. It indicates as to what kind of Vertisols you're intergrading.

Question 72

) Nxchols.

We have soxls in Flonda that seem to fit in the Albolls and yet the nearest Albolls are in
_south central Oklahoma or north central Texas.

' Gu zsm;m; o

Sl I wouldn‘t really have a comment without knowing a great deal more about the soils in
Flonda e ‘

The soxls chermcally and morphologxcally seem to be little dnfferent from those in south
- central” Oklahoma, except that they ‘are in consxderably more humid climate.  Most of the
wAlbolls are in ustic: moxsture regxmes or, border-lme ustic regimes. We hesxtated to classify those
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Guy Smith:

We have Albolls in central Illinois whkich have a udic moisture regime or an aquic moisture
regime. The Albolls are keyed out ahead of the Aquolls because they straddle the limits of the
udic, aquic or ustic/aquic moisture regime. We thought that it was undesirable to split them but
if they have the properties of Albolls then I see no reason not to classify them as Albolls.
Keeping in mind that the Albolls do have xeric subgroups and probably should have ustic
subgroups or udic subgroups one or the other. I would prefer the Ustic subgroup and fix my
concept of Albolls on soils that straddle the limit between udic and aquic moisture regimes.

Nichols;

We did take Albaqualfs into Florida on both aquic/ustic moisture regimes but the
chemistry fit so well that you couldn’t tell by looking at the chemistry of the profile whether

they come from East Texas or Florida. That didn't worry me, but the Albolls did, because of
the cropping habit.

Question 73

" Calhoun:

Dxagnostxc horizons, soil temperature and moisture regimes and other dxagnostxc features
are, I consider, the basxc building blocks for Soil Taxonomy. 1 guess we can view them that
way. Many of these dxfferentnatmg characteristics, as we are all aware, are not used uniformly
at a ngen categorical level in Soil Taxonomy. However, such decisions as to which categorical

level in a specific order a particular characteristic is used may in fact have a temperate/chmate
bias. If Soil Taxonomy is to be an effective tool for "Making and interpreting soil surveys" as
indicated in the subtitle of the book. In the tropics, or more specifically in a specific country
in the tropics, would there be some merit in maintaining the integrity of the principles of Soil
Taxonomy, using the same building blocks so to speak but possibly shuffling these
differentiating characteristics according to the needs of the country? Albeit some countries are
- very smal! and others are miuch larger but still everything is within the context of the poiitical
BT boundanes of that country and the environment, of course, that go along with it are probably
- narrower in scope thar say the U.S. including Hawaii. Addmg on to this too and redefmmg
. some of these characteristics po«sxbly, for example, soil temperature and soil moisture regime
~and into- ranges that are more realistic for that country. In other words use the principles but
restructure it to environments of the country. Now just let me give you an example of what we
ran into in El Salvador. The pedologists that I was working with there were concerned, first of
“all, about the emphases on mollic epipedon. Well first of all, when I arrived in El Salvador I
' had to convince them that 1) they had mollic epipedons and I also had to convince them that 2)
they did not have oxic horizons. After doing that they seemed to be a little concerned about
oo over emphasxs of mollic epipedons and having to deal with soils classified as Argiustolls but yet
.~ a very intensive agriculture in that country because of limited land resources. Once we got on
- the slopes those mollic epipedons were easily eroded and in classif ymg specific pedons too often
‘' because of erosion they would classify them back as Haplustalfs, or if it did not have an argillic
“horizon’ then it would revert back to an Inceptisol. They were concerned about man’s influence
“making these, soils shuttle back and forth between three different orders. That is one example,
-another example would: be in soil temperature. regimes. Again looking at some of the natural
" 'boundaries in_terms of say bean ‘production, of Phaseolus productxon Phaseolus cannot even be
grown below 400 meters or so in elevation which was sort of right in the middle of the
1sohypertherm1f"-‘ temperature regime.: That was a natural cutoff for them in terms of -
nterpretations: ;for agnculture productxon Coffee, for example, also wasn't. produced below
about 500 meters in elevation, and: there were several other natural boundanes of that sort
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There were gradation from East to West in the country in terms of the type of ustic that they
had, and in terms of rainfall probabilities and dependabilities. Would you have any comments
on those types of observations and the possible merit of that approach?

Guy Smith:

This would amount in effect to having a separate clzssification in each country. By using
the same general criteria so that one could readily convert from the national classification to
Soil Taxonomy. You'll never find in defining your temperature regimes, that you will not be
able to set any one limit that will fit all crops. It would be necessary for interpretations then in
terms of taxonomy to have phases of temperature in addition to the isohyperthermic regime, put
in a phase of mean annual temperature of 28 degrees F, or 28 degrees F to 35 degrees F, or
what have you. It is legitimate for your interpretations if necessary to have finer subdivisions
for specific crops than we have in Soil Taxonomy, all that we have here is a general grouping
of temperatures that we could not test in the U.S. We have the International Committee
working on this problem at the moment in Venezuela. They are unhappy about the present
temperature limits of the isohyperthermic. They want to subdivide that to show the extremely
warm one from the moderately warm ones. I would say there is nothing we can do but wait for
the International committee to discuss and debate the problems and make recommendations for
changes.

; Caihoun:

Just as a follow-up in terms of my advice to the Salvadoran pedologist was of course that,
1) the most important thing was to make good soil descriptions in the field and 2) we also set
up a laboratory to backstop, and in terms of publications whatever modifications were madie in
taxonomy to suit the needs of that country that the soils be classified both ways and to the
modified local system and also according to taxonomy and in any other system they might be
interested in publishing. =

Guy Smith:

There is a great deal of unhappiness in Iowa about the classification of soils that they
think used to have a2 mollic epipedon but have now lost it. These Mollisols have been changed
to Inceptisols for the moment. I think the correlation staff has dealt with this by classifying the
Inceptisols and eroded Mollisols and retaining the old series names. I believe that is what they

~ have actually done., Although it is some violation of the principle of Soil Taxonomy that they

“are classifying soils not cn the basis of their properties, but on the basis of what they think this

" property used to be. This was certainly one of the most bitterly debated points about the early

- approximations of Soil Taxonomy. Correlators did not want to classify the soils on their own

- properties. They preferred to be able to classify them on the basis of properties that they

thought they used to have. Now for an international or general system this leads to enormous

complications because in the U.S. you have the date when white settlers first canmie. This was

the practice before this to classify the soils on the basis of what they thought was the virgin

- profile. In some parts of the world you have no cut off date. In Western Europe, for example,

“_the soils have been cultivated for, we don’t know how many thousands but several thousands of

- 'years most of which time there were no fertilizers, and the cultivators used to bring the litter in

- from the forest to put in the stable and the soils were depleted and became acid and the heather
-~ .vegetation took over. = . . TR ‘

. ""Sotls that had been what they called Brown Forest soils that are now Dystrochrepts became
'Spodosols: . So:what date then are you going to use if you are going to reconstruct the virgin
_profile, because spodic horizon formed under man’s influence and there are other soils that have
“been receiving sediments. under irrigation or under cultivation from flooding that never had a

native vegetation.- The oniy vegetation they ever had was the crops that the farmers grew, and
“so_what sort of cut-off date do you use on those soils, to say this is what it used to be? You
have to fix a date.  Once you fix it, it is impossible to use it because you are not that precise.
iese soils’ that have changed under cultivation, I think, have to be classified on the basis of
their  pres

present properties, and not on the basis of what somebody thinks they used to be like at
r time - when there was no one around for recording properties. - -

e P
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Question 74

Nichols:

I would not add any objection in Oklahoma and Texas to correlating eroded soils as other
kinds of soil. There are only three scries that are Alfisols that are the eroded counterparts of
Mollisols. Mainly we looked at the aress and many of the eroded areas still have slightly more
than half of the soils that are still Mollisols, and the others are similar so we can use the
correlation convention of saying that they are dominantly Mollisols and the others are similar
soils. They are encouraging us now to go to more complexes, and to set up more soils. That’s
in, Charlie, a cover letter to a new Chapter 5 to the Manual. We haven’t gone into that rnuch
yet, but I don’t look for much objection from Oklahoma and Texas on that. There is a related
question to the eroded Mollisols. There is a very sizable acreage of soils that are classified as
Alfisols that have grassland vegetation. A number of people, especially from the midwest have
been worried to find that we have this many soils classified as Alfisols that were formerly
Reddish Chestnuts and Reddish Prairie. Does this concern you?

Guy Smith:

Well no, it does not. I'm familiar with the prejudice of the Iowans and the Illinoisians
about grass vegetation vs. forest vegetation. I know they make a trip down to the southern
states and see these grasslands that are classified as Alfisois. 1 think what you need to do is
take them out there sometime when the soil is dry on the surface ard ask them to dig a hole.
You may make believers out of them because these are hard-setting 4 horizons.

Question 75

Nichols:

- ‘Some of them are, but there are still sizable acreages that are not hard-setting. Mainly
they are fine sandy loaxns that just don’t seem to have quite enough organic matter for
Mollisols. They don’t fit mcllic subgroups as they are currently written. We have had some
suggestions that we should rewrite mollic subgroups that cover some of these scils. A little
work indicates that you wouldn’t cover all of them anyway without inciuding soils that you
really wouldn’t want to include. There is another related question that I jotted down, ie., a

number of sarlier soil scientists gave great importance to A2(E) horizons. Wouid you care to
 comment on the lack of use of A2(E) or albic horizon as differentiating properties in
.. Taxonomy? One thing I was thinking about in partxcular was if' you got a lot of proposals to
'“ mclude A2’s albxc horxzons as dxagnostnc honzons in the various parts of taxonomy?

(_}_1 Smxth.

LR Well I cou!d sympathxze thh the desxre to use the albic honzon as a diagnostic horizon, 1

would be opposed to using an A2(E) which is extremely difficult to define. In general we hove
*_tricd to avoid the use of A, B, C horizon nomenclature in the taxonomy because people don’t
- agree : around ‘the world on what is an A, and what is a B, and so on. Mr. Giles had enormous
' problems in’ ‘using ‘the ABC terminology in the Desert Pro;ect What was a_Al, and what was an
: A2E), and so on. The use of the mollic epipedon as a diagnostic horizon was undesn'able but 1
‘could find no escape from it to find some horizon or some property that would group the soils
of. "the ‘Great Plains that had. ‘consistently been kept together in every taxcncmy. That have a
"onv propertxes, but there are exceptxons to most any one that you can fmd .
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except of the presence of the mollic epipedon. There was, we commented on this yesterday, the
A2 horizons of the Spodosols and how they have been used in various countries to call the soil
classified as Podzols if they have an albic horizon. This would have been possible but, I think
it is undesirable to group all soils that have an albic horizon into some categoric level because
the albic borizon is produced by the removal of something. The processes that remove the clay,
that colors the ochric epipedon of most Alfisols would not necessarily, obviously not, the same
process that produces the albic horizon above the spodic horizon. There is something very
different going on in those soils. The end product may be the same, in that you stripped
everything except the quartz which imports the light color of the albic horizon.

Question 76

Nichols:

We have another somewhat related question to Frank’s question about Mollisols in tropical
countries. There is nothing in taxonomy that keeps soils out of Moliisols that have quite low
cation exchange capacities per 100 grams of clay. Do you believe soils: with 12-20
milliequivalents CEC/100 grams of clay by the NH40Ac method should be classified as
Mollisols? There were a number of these soils in the arid lands project in Kenya. There was
objection on the part of the Dutch soil scientist and the Kenya soil scientist to classifying these
soils as Mollisois.

Guy Smith:

We havz recognized in a few places the Oxic subgroups of Mollisols. The many young
Oxisols, reexamining the question; do the Mollisols of the U.S. and of Europe have mostly 2 to
1 lattice clays? They are on late Pleistocene or even Holocene surfaces for the most part.
Minerals are not weathered to the extent that they are in some parts of the tropics. I am quite
happy to have the International Committee on Soils of Low Activity Clays and on Oxisols to
read them these questions and let them make suggestions.

'Nichois:

I think again there when you lock at the Mollisols in southern Oklahoma and Texas there

" . are Mollisols with relatively low CEC/100 gm which would bc gradational between Mollisols of

_the cornbeit and Moliisols of the tropics. There isn’t an area of a large gradient jump, it is a
variable change. '

Question 77

the process. of keying-out dark surfaced soils of El Salvador, I seemed to always have
difficuity ‘i,n;'_understaridingiand.applying;s‘e,ction G.4.c of the keys on page 93 which relate to -
restrictions on- Mollisols: of . intertropical regions. Could you paraphrase ‘this requirenient and
Iso explain why it is constructed in this manner? ... e ‘
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Guy Smith:

This was the problem in Puerto Rico in particular where we had at the base of a slope a
Vertisol, which is permitted to have a mollic epipedon, not required but permitted. As we
moved up the slope the soils became thinner (the rocks were basic rocks). The soils were
clayey with montmorillonitic mineralogy, but they were not Vertisols because the bedrock was
too shallow. Going further up the slope we came into rather shallow lithic subgroups of
Inceptisols. As we went from the very shallow Inceptisols at the top of the slope to the
Vertisols at the base, we had a lot of vertic subgroups that had a mollic epipedon. We wanted
to permit these vertic subgroups to be with or without a mollic epipedon. They were all
marginal, one way or the other, but we didn’t want to force a split in the series as we
intergraded from Inceptisols on the upper slopes to the Vertisols on the lower slopes. We
wanted to keep that range of soils together in one series. This was the basis for this particular
requirement. What we have done there is to define the vertic subgroups. These things could be
greatly simplified if they didn’t have here and there some soils that straddle one of the limits of
a diagnostic horizon, and desiring to keep them as a natural unit we had to permit the presence
or absence of the mollic epipedon in the Inceptisols. So you will find something parallel to that
in the full definition of the Inceptisols. You won't find it in the key because we have already
taken care of it under the Mollisols. The Inceptisols are just, "other soils that".

Nichols:

The original idea was to l:eep from introducing Mollisols in an area where there were no
* other Mollisols?

Guy Smith:

 This defirition was written to take care of the soiis where the epipedon is marginal to a
moliic epipedon, they just made it or it just didn't. This was a natural unit that we thought
should be kept together in the Taxonmomy. It takes all of this verbiage here for just a few
hectares of soil, practically. :

Question 78

Daugherty:
- One pfoblem we héd in teaching Soil Taxonomy is with the subgroup categoric level. The

entire population of soils cannot be handled in the categoric level, there seems to be no
~hierarchical approach in this category like there is in some of the higher categories. Would you

~ discuss the rationale of this category? . -

. Tt comes from a long-standing approach toward classification in the middlewest, in
" particular, where we have sequences of soils of varying stages of development ranging from the
" Hapludolls to the Argiudolls and. finally to the Albolls. In classifying these soils the concept
- developed that we had sequences, chronosequences if you please, or some other kind of
. sequences going-from grasslands or forest soils, depending on how long the forest had covered

“the scil; the mollic epipedon would become thinner and disappear. We had then series to
~ classify,  we would ssy one is- a Mollisol, one is an' Alfisol and the interme(iate one is an
“intergrade in: between a Mollisol and a' Alfisol. So the concept of the subgroup included the
tcrgrades, soils that had a dominant requirement of one taxon but that ‘had ' subsidiary
uirements of another. The drainage sequences would be another example where you have a
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well drained soil, and a very poorly drained soil, and in between you have the soils that show
mottling and low chroma with depth. These go into the aquic subgroups of the well drained
soils, or the aeric subgroups of the wetter soils. But not all soils with aberrant features show
characteristics of any defined taxon. One example, would be the cumulic subgroup of the
Hapludalfs in which there has been slow accumulation of material at the surface that produces a
greatly overthickened mollic epipedon, maybe a meter or more thick. We have no particular
kind of soil that is defined as having such an overthickened mollic epipedon. These we
considered to be extragrades soils that had aberrant features that were not typical of the great
group, but that did not seem to intergrade to any other defined kind of soil. The lithic
subgroup would be another example where the soil has been truncated you might say or
shortened by the shallowness of the bedrock. It is perhaps some sort of an intergrade to "not-
soil", but still is a soil. We have this kind of subgroup that has the aberrant features that are
not characteristic of any currently defined kind of soil and these we call extragrades. I, in my
own thinking, have not had much trouble with getting this concept to students, but these were
all graduate students though, and had been exposed to this before.

Daugherty:

The problem in teaching, I think seems to be, as you go from the order to the suborder to
the great group, the key that is in Soil Taxonomy seems to be fairly straightforward. When you
get to the subgroup level, the keys are not the same, the change is that there is not a spot for
every soil that occurs, especially in the tropics.

Guy Smith:

Well, that is correct. The keys are not inclusive in the sense that it provided for every
conceivable kind of soil. We preferred to deal with the soils that we know about. When we
find the kind of soils that are nct provided for then we think we should examine them to see
how they should be defined and how they should be classified so that the definitions for the
tropical soils commonly don’t even list subgroups because we don’t have them in the US. We
" don’t know enough about them, and we don't want to prejudge their classiiication. We would
rather that they be classified after we have examples of them in front of us, and know
something about their behavior. The Typic subgroup is defined with varying precisions
according to what we know zbout the scils within the United States. The subgroups that are
listed here are listed because we have series that belong to them in the US. if we had no series
that was unlike the typic in two or more respects, we did not deal with that particular problem.
If, for example, we have scil that is like the typic except for item a and another one is like
~ typic except for item b, the subgroups are listed as we have series. If we find one that is like
the typic except for a and b then we have t¢ examine that it may be that we don’t want ancther
subgroup. It may be we prefer to define that and include it with the soils that are like the
typic except for a, then we say we like the typic except for a or b. These are what ycu call

___ implied subgroups, in your correlation process.

Daugherty:

How does one handle the problem when there is a subgroup like typic except for a and
sabgroup like typic except for b, and you have a soil that lacks both of those featurzs and there
is no defined subgroup or the defined subgroup only has one cr both. There is no hierarchical
* order in which one you name first.

: Normzlly ybu ﬁould examine your interpretatioxis of that new kind of soil to see where it

“would best go. If it is markedly different rom either of the defined subgroups then you set up

~* the third subgreup for it, but if it behaves like one or the other of these two defined subgroups
~ then you modify your definition rather than setting up a third subgroup.

R -386 S
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Question 79

Allan:

If 1 have interpreted the requirements for a mollic epipedon correctly, the soil cannot be
both hard or very hard and massive. First of all is that correct?

Guy Smith:
That is correct, when dry.
Allan:

1 find some field soil scientists that say it has to be either of those and, of course, I never
thought that was what you meant by Soil Taxonomy. Have there been problems in interpreting
these criteria in the field? It always seems to me that the distinction between massive and weak
structure is rather difficult, sometimes, to determine, and I think that there is also quite a
problem interpreting consistence in the field. I was wondering if you had any comments along
these lines.

Guy Smith:

I don’t know what problems have been encountered in the field. I know the soils that
caused this requirement to be put in are some of the Xerochrepts and some of the Xeralfs in
southern California. When cne samples these soils in the summer, you start with an air-
hammer to get through the epipedon. It is just that hard, it is like digging in concrete. When
moist these soils would seem to have discernible structure in the epipedan, and they're easy to
plow, they are soft and easy to dig. This is what the Australians called the hard-setting A
horizon. Once you have encountered it you have no trouble recognizing that extreme
development. What problems you have on the intergrades, I don’t know. In Illinois and Iowa
the Molliscls don’t give this sort of trouble, for example, even though they are dry. Some of
the soils in California may have the dark color, high base saturation, and the organic matter of
a mollic epipedon but do not have the behavior of the Mollisols.

Nichols:

There are some of those soils in Texas. One other characteristic is there is a counterpart
of Alboll in Oklahoma. That Alboll in Oklahoma is prized for wheat, scarcely hardening when
cleared and planted to wheat, yet when you encounter the soil in Texas most of it lays out in
weeds or grasses so that the farmers know the difference. It does fit the requirements of the
mollic epipedon except that it doesn’t have structure and it is very hard when dry. Apparently
it is also droughty.

G uy Smith: Smith:

The farmers know a great deal more about the sonls on their own farms than we do, and
~ make much finer dxstmctlons. .

o387
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Question 80

Allen:

Continuing along the same line I knew that you had mentioned some of these Califoraia
soils in some of your other discussions. I assume that those were in mind when the taxonomy
was developed. Since your discussion here, you have mentioned something along this line in
Australia. 1 was wondering if you have encountered similar soils in other parts of the world,
what I am getting at is just how extensive are such soils?

Guy Smith:

Very extensive in Australia. Quite extensive in parts of Spain where parts of the
epipzdons are still present, that is, the original A horizon. 1 haven’t studied personally the <oils
of the middie east although I would expect them to be there. 1 have seen very few of them in
South America. This may be largely because of the soils of xeric moisture regime are pretty
much confined to the West Ceast which is largely covered with ash. I doa't recall secing them
in Venezuela or in the West Indies.

Allen:

In your experience though most of them that you have seen have been of the xeric
moisture regime.

Guy Smith:

Or ustic, in west Texas we have them. Then, of course, the Alfisols and Ultisols that
have not been truncated would have this hard-setting A horizon if they ever became dry. We
don’t notice this because they are so rarely dry. If you go to southern lilinois the Albaqualfs
occasionally become dry and it takes ten minutes, perhaps, to get an auger through the A
horizon into the argillic horizon below, you grind and grind and grind and can’t dig it. These
do become dry occasionally in some years. This would be a characteristic of Alfisols and
Ultisols if they should become dry and if you do have this problem with soil structure with
these soils, one of their characteristics is that you have structura! problems.

Question 31

Caihoun: :

In reference to this; what about the West African Alfisols in ustic soil moisture regimes,
such as Niger, Upper Volta, and Mali as far as hard-setting propertizs, there seems to be a
severe problem there too. .
 Guy Smith:

o ",,:':“'I‘haf/én’t tfavéled in that part bf ‘the world, but I would expect that it would be.

o lme
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Allen:

I saw one soil in Niger that probably would meet this requirement, most of them are not
and I also thought that this would not have a natric horizon, but we didn't do anything about
this.

Question 82

Daugherty:
Would you discuss the intent of the anthropic epipedon and the limits that were used?
Guy Smith:

The original intent was to deal with the kitchen middens of the Indians in North and
South America and of the early settlers in Western Europe. The nomadic people who settled for
periods in one spot year after year would bring in shells and anima!s and the bones would be
thrown on the soil and in time it developed a soil that had the appearance of a Mollisol.
Although the surrounding soils might all be Alfisols, these would be perhaps an acre or
something like that, maybe five acres, not much larger. When Roger Bray was working on his
phosphorus tests he sampled one of these and was astonished to find that this test dida't work
on these soils. This puzzied him because he got no blue color whatever for phosphorus. Yet he
could see bone fragments in the soil. He finally discovered that he had so much phosphorus
that it precipitated all his reagents. This was the basis for thinking that we might separate these
from Mollisois by the phosphorus found in it. The soils are rare enough that very few people
have studied them in the U.S., and so we went to Europe for their experience on comparabls
soils that had formed under the early pre-historic settlements. They proposed the phosphorus
limits that we used there, and we accepted their proposal because we had no data on soils in the
U.S. When I went to Venezuela and checked over the soils that they had sampled and analyzed,
I found quite a few soils that I thought should be Aqualfs but that had the phosphorus required
for an anthropic epipedon in the Orinoco Valley. The headwaters have deposits of rock
phosphate. The stream sediments coming down originated in such an area that you could have
many times the phosphorus that is permitted in a mollic epipedon. They couldn’t blame that on
refuse from the kitchen midden, no Indian squaw would tolerate a seafood made at a camp in a
swamp. This is just a sedimentation. That is not the intent of the anthropic epipedon. When I
examined the phosphorus distribution on those soils that were very high. I found that sediments
would come cone year from one stream and another year from another stream, and just like the
carbon decreases irregularly in the Fluvents, the phosphorus abundance was irregular with

- depth, it didn’t necessarily decrease it or increase, but it was a very irregular thing. 1 proposed
in Venezuela that we modify the definition so that such soils would be excluded from having an
“anthropic epipedon. The definition of the anthropic epipedon would require the phosphorus be
decreased regularly with depth.. ‘

- Allen.

S I am very mterested in your comments along this line and I have a note down here to ask
e yau about it ‘because I ran into a similar situation along the Rio Perco in New. Mexico, in that
- most of the soils' we sampled and some of the old Spanish fields established by the Spamard
“nearly all of them had greater than 250 parts per million, P,05. On this particular project we
- didn't sample at depth. I don’t know whether we had this erratic distribution or not. I don’t
" think that it was human habitation in each field that caused the high P,05 content, and I have
no way of tellmg “What you are proposmg is that these be sampled at depth to see whether it
was an erratxc dxstnbutxon B : , , ‘

_339 .
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Guy Smith:

We had already excluded from the anthropic epipedon the soils that developed in rock
phosphate, for example in Florida, Tennessee, and Kentucky on the basis of phosphorus there
was not due to any influence of man.

Question 83

Dzugherty:

Could vou address the mollic epipedon that might form in arid regions as a result of long-
term irrigation from Indian habitation?

Guy Smith:

i haven't seen them but they have been reported in Egypt in regions that have virtually
no natural rainfall. They have been irrigated for a long time and they have accumulated the
dark colors, the good structure, the high carbons, narrow carbon/nitrogen ratios, and so on that
we expect in the mollic epipedon. They haven't been fertilized, particularly, except for the
sediments that are in the irrigation water, And ocur feeling was they didn’t belong with
Mollisols. In such an arid environment they could not be used except for the irrigation. They
would ke much beiter if kept out of the Mollisols. Having very little knowledge about them,
we just included them with soils having 2n znthropic epipedon: 1 think it is pointed out in Soil
Taxonomy that it might be desirable to define some other sort of epipedon than anthropic.

Knowing that they exist we didn’t want them with Mollisois. They didn't fit the definition of
" Aridisols. We dida't have a class for irrigated soils like the Russians do, se we put them in soils
with an anthropic epipedon. That lets them be classified as Aridisols in anthropic subgroups.

Questior 34

Daugherty:

On these szme lines will you discuss the plaggen epipedon?
Guy Smith:

© This is primarily a European epipedon. When there were no fertilizers available under
pre-historic or Roman culture the farmers would bring in the litter from the forest or when
the heather repizced the forest they would go out and cut sod from the heather and bring it to

" the barn as bedding for the livestock. The sod in particular then, contained a lot of sand and
 the foliowing spring the farmers wouid put this litter from the barn on small fields close to the
_ house where they grew their food crops and then send their cattle out to graze in the heather.
‘Over time then with all this addition of the sand from the sod plus the manure from the
“aniials the surfaces of these fields; small fields ciose to the houses was raised. It finally

= commonly is more than a meter higher than anything around from this application of the

mixture of sod and manure. They are very obviously different soiis from those around them.

e
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We found no reasonable root in Greek or Latin for this so we had to take the German word for
sod.

Daugherty:

Specifically, my intent in asking the question is how you keep them separated from the
field that has been mechanically leveled, or where part of the field has been moved to another
part of the field, cr from a large cattle feedlot where soil has been built-up through the years
to say 2 meter or more than it has been in the past?

Guy Smith:

I haven't looked at the cattle feed lots, These soils have dark colors because of the nature
of the sods which came mostly from [?Humods?]. They are full of artifacts, chunks of brick,
tile, and what have you, throughout the whole plaggen layer. Not just on the surface but
throughout the soil. If you examine them in a pit you will have no trouble in seeing the spade
marks and the fine stratifications that form in a spaded field after a heavy rain at considerable
depths in the soil. It is obviously a greatly over-thickened plow layer. Its identification in the
fieid in Europe is commonly based on the change in elevation which follows the line in the old
fence line of the infield, the Scotts call it, that is, small field near the house where the food
srops were grown. In identifying it in Europe, it is the simplest thing, as you approach it, you
know what you are going to get before you get there.

Question 85

Daugherty:

While we are on the subject of asking questions about man-inftuenced soils, I wouid like
to ask another questiorz. There has been a drive by some to set up the new suborder of Entisols
called Spolents. This would be a suborder which would deal with mine spoil. Would yocu react
to this meains of handling mined land and indicate how you would classify disturbed land?

Guy Smith:

I don't thiak [ have had enough experience with these soils to have a valid opinion. I
prefer to leave this to the people who have to make maps of them now and have an opportunity
to look at them. The strip mines of Illinois used to be wasteland, actually. They didn't level it
because that was not required aad I would ssy they certainly had no diagnostic horizons. They
were not bedrock anymore, at least they may have becn at one time, but having piled up the
overburden in th2se huge ridges, there was enough fins2-earth material to support trees and
- other vegetation if’ it wasa’t too acid. I would be inclined to put them in the Entisols but what
suborder if they car define Spoients it is all right with me. The problem would be to watch
your definition, ‘

- Daugherty:

Under the current systém in' sozﬁe cases they would fall out as Fluvents because of the

' e ‘etj:vatik:_ distributior: of organic carbon with depth.
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Question 86

Nichols;

I have the same question. There has been considerable discussion and the problem seems
to be between those people that think the Arrents and Orthents are adequate for the
classification of these disturbed soils, and the group on the other end that want more specific
classification even to the very fine breakdown such as Garbents to define the kind of material
that is there. It appears that ycur question was very well thought out and very well answered
because there are not many people that would be willing to step-in and start to moderate
between these two extreme groups at this time. It is a real problem.

White:

In that same vein Texas is now undergoing large chunks of land that are going to go in
lignite mines by strip mining in which as the mine moves, the actual mining face, the material
taken out has be "reclaimed”. Let's move twenty vears down the road which is the expected life
of a given plant, like that just outside Cullege Station, which is going to be big. Now we have
3!l this materiai to put back and in that plant they are not going to save the topsoil and put it
back. It is going to be a total mixed situation. What do we do with a soil like this now? Now
there are no diagnostic horizons. I don't know whether the organic carbon is going tc be
erough that will give us the erratic distribution of depth. I doubt it. Looking at some of the
stuff that comes out of the deep borings that we have. What are we to do now with this? We
are going to have very large parcels, thousands of acres? Where do we fit them into the system,
or how do we attempt to fit them into the system?

Guy Smith:

I still don’t know. I think you have to examinie what does accumulate there in the way of
an area to see what can be done with it. There are a number of things possible, one of them is
to put a series name on it perhaps, although I suspect these mixed things are going to be too
complicated for a single series. I don’t object strenuously to having the old miscellaneous land
types which were in effect areas of unclassified soil.

Daugherty:

1 suppose I could rephrase the question. What do we do philosophically? Then within the
bureaucracy and hierarchy of the Federal Government. How do we approach this from that
standpoint? If somebody comes up that has beer working in this area, how do they try and
propose a solution to this, and kick it up the ladder, so that it can be used relatively
universally? Especially in the United States now, with the new EPA ratings we are not going to
have much plain old mine spoil as we have in the past. i see 2 strong cultural change there.
What do we do philosophically or bureaucratically?

Guy Smith:

Well, I think both philosophically and bureaucratically you have the cpportunity to raise

" this problem with your regional and nationai work-planning conferences. It can be thoroughly
_debated before you make any final decisions. I think that is the way you should do it. That is

- what these conferences are for.: I would trust the group judgment much better than I would my
. own, because I have had very little experience and most of those involved will have limited
..+ ‘experience but when you get the group together you may have quite a wide spectrum of
' experience. Out of the debate then I think you will come up with something you car live with.

 Daugherty:

e Iam ’thiliking“Of “the debates*in;_Caiifo:nia ‘on tk_ie_‘ gold mining tailings from the dredges
that have now been mined four times and now I have heard that the Yuba River Mine is open
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again and they are dredging it for the fifth time. There is no consensus of opinion as to what
to do with that other than miscellaneous land areas.

Allen:

) Back to the plaggen epipedons in Europe that we were discussing. I guess it goes without
saying that you end up with rectangular areas on the soil maps.

Guy Smith:

Yes, at least straight-sided and not nscessarily rectangular, maybe triangular or something
of that sort. The plaggen epipedon does stop mainly along the fence line.

Thompson:

Leroy has probably seen the same thing in areas where there has been drastic surface
‘modification through land-leveling. We have some straight land fill in the lower valley in
Hidalgo County.  We have some straight soil lines because of that cutting and filling operation
that they do in land-leveling.

Guy Smith: -

There are many straight-line boundaries between soils in Europe.. Many more than we
have here because of differences in the use of the land on one side of the fence or the other.
If the land belonged to a nobleman and was kept in forest the soil is now significantly different

“from the soils that were cultivated in the surroundmg areas. Many of the Glossudalfs of
Europe are in these forests that have been kept in forest because they belong to the nobility,
and were used for hunting, mostly.

Questian 87

' Daughe_x:g'

» Somewhat in relatlon to the question that I asked about Spolents I guess it’s kind of a
phxlosogzhmai quesnon also. Do you feel that the parent material dxfferences will be dealt with
in tuture changes in Sml Taxonomy’? ~

. Gu sznh. :

thle xnsofar as: puen; mats'xal is related o mmeralogy, parncle-sxze dxstnbunon and SO
- on, it is I think fairly well taken care of in broad classes at the family level and you can still
LT make as- many subdivisions as are needed at the series level. - We are not, I think, so much
. concerned with: the parent material as a rule as'we are of the nature ‘of the soil 1tself In the
~“southeast on the Paleudults the parent material isn't too important any more. The thing that is
" important is the mineralogy and particle-size of the present soil. To find out what the parent
“material  was is going to be difficult because you may have to go down 50 feet or so to find
‘weatherable minerals in some of . those. -Was the surface ‘mantle the same as that deep layer?.
We don’t: know tha -“More and ‘mose, we are fmdmg thai parent materials of soils is not what

another we find hive szgnxfxcmt admx,.turea ef aeolmn and fluvxal matenals at the surface

we t‘xought it was, So‘ls that were: supposed to have been developed in one parent material or
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Question 88

Allen:

Dr. Smith, I would like to ask you to review what has developed and some of the rationale
behind the proposal for a new order of soils called Andisols? Some of us have seen this

document and probably some have not in which this proposal was made and I would like to get
some of the background.

Guy Smith:

The trouble started for me when I spent a year in the West Indies. There are no
particular problems on the islands from sedimentary rocks, but on the volcanic islands there
were serious troubles with the classification, in that, at the family level I was unable to make
any interpretations whatever. There were a number of difficulties with the classification of the
Andepts as presented in Soil Taxonomy. 1 will not try to list them all here since they are listed
in my memorandum on the new order. One was the use of base saturation by ammonium
aratate at pH7, because the exchange capacity is so strongly pH-dependent it became very
difficuit to get a base saturation of as much as 60 percent unless the pH of the soil in the field
was pH7 and above, then the base saturation would exceed 50 percent or well over 2 100
percent in some. Another serious defect was the over emphasis on color, particularly color
value. The original concept of the Andepts came from the concept developed in Japan of the
Korobuco(?) soils which have very dark colors, fairly strongly weathered, and very high in their
percentage of organic matter. We had on the island of St. Vincent in the Lesser Antilles a series
of eruptions in 1902 and 1903. The north half of the island was blanketed by a rather thick
mantle of black cinders. The color of the parent material was black before it was weathered.
In the 75 years that had elapsed after that eruption a number of th:em had accumulated more
than one percent organic carbon, and so although they were very coarse in texture they were

" orincipally black cinders that came out with the Andisols, the Korobuco(?) soils, because the
colors were the same, but the organic matter was not the same. The further problem had to do
with the particle-size class which alluded in the classification of the Andepts. We used a
combination of mineralogy and particle-size, rather than strict particle-sizes, but we had too
few classes that we could not distinguvish between cinders and pumice. There is an enormous
difference in the available water-holding capacity between these two materials. So we needed

- another set of particle-size classes. We needed to de-emphasize the color, we needed to de-

- emphasize the base saturation, and we needed to give more emphasis to the milliequivalents of
exchangeable bases for 100 grams of soil. We had in New Zealand many Andisols whose total
exchangeable bases plus aluminum in materials that have a feeling of a silt loam, less than 0.2

~ of a milliequivalent total bases plus aluminum or a ECEC. Where we had a mixture of
pyroclastic materials plus other materials as we have in much of the alluvium and some of the
loess in New Zealand and in the U.S. we have a fairly high ECED, but the bulk of the ECEC is

~ the form of KCl-extractable aluminum. These are extremely high in aluminum compared to the
" bases. -These were properties that certainly were not brought out in the Soil Taxonomy
. classification. Further, the soils from pyroclastic materials are found in any environment, from

- the arctic to the tropics, from the desert to the per humid tropics. Soil moisture was not used,
- soil temperature was used only at the family level. We were short one category because the
- “Andisols were only a suborder. We were short the category at which we normally brought in
- 'moisture and temperature regimes. That meant that we had to combine these things at some
- categoric level or raise the suborder to an order. It seemed much easier to propose a new order
 'than to find some way, perhaps at the subgroup level to bring in the moisture regime, or
" perhaps, even at the great group level it might have been done. We also had tc get rid ofi base
' saturation and substitute total bases for it. These were the principal problems that come
__immediately to mind, but in my proposal I had to define my particle-size class terms, my
‘mineralogy terms, because I could not use them exactly as they are used in the AGI Glossary.
The geologists make a break at 4 mm and the pedologists at 2 mm. It didn’t seem rational to
adopt the ‘AGI particle-size classes for soil science. We retained our present size limits for
gravel.- We had to either redefine pumice or substitute another term for something with the
same properties but from'a mor: basic magma. The AGI terms restrict pumice to materials that

o 4- 394 -‘
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are nearly white. If you have the same vesicular materials from a more basic magma, the colors
are not white they become quite dark, in fact. The brittle vesicular nature, the very low
apparent bulk density of pumice and pumiceous-like materials are quite important in their
engineering uses, and even more important to the growth of plants because they will store so
much more moisture. A pumice blanket that has say a mean particle-size particle diameter of
10 cm or more can still store the whole years rainfall in New Zealand in an available form.
The foresters have studied the growth of the Ponderosa Pine and measured the moisture
extraction and it will store well over a meter of water within the rooting zone. Whereas, a
skeletal material that is composed of rounded chunks of granite will store virtually nothing and
vet particle-size is virtually the same. The mineralogy can be the same in the two. The basic
materials are quite full of glass. The soft gravel, for exampie, will not store water, but it is just
about as pyroclastic as the pumiceous-like materials that zre blown into the air. The whole
proposal is being considered by an International committee as I have mentioned with about 75
current active members, and it is being published in the book that the New Zealand Soil Science

Society is publishing on soils with variable charge. There will be one chapter that will inciude
that proposal. : ‘

Question 89

Daughertv:

Will you discuss lithologic discontinuities and to what extent their identification
specifically were to applv and be used in Soil Taxonomy?

Guy Smith:

We are concerned primarily I think with two distinctly differen: situations. One, there is

a serious change in the pore-size distribution which causes water either to hang above or below
the lithologic discontinuity. If you have silty material over sand the water will perch in the silt
and with only difficulty enter the iower material. If you have sand over silt the water will
perch where the pores become smaller. In either case if there is a marked contrast in pore sizes
this concerns us at the family level. The other situation is in the identification of an argillic
horizon where you have a finer textured original materiai at some depth in the soil so that there

- is some inherited clay, and the change in the percentage of clay may be entirely aue to the
stratification of the parent material, or it may be in part due to the stratification and ir part
due to accumulation of translocated clay. Different people recognize lithologic discontinuities at
different intervals and some people can see them in neariy every soil, and some people can
‘almost never see them. This is rnot a problem with an easy solution. The definition of the
argillic horizon is intended to allow one to bypass the percentage of increase required for an
argillic horizon by substituting the percentage of clay skins in the finer-textured material. On
the field excursions of the committee on low-activity clays where the identification of an
argillic horizon was commonly a problem in the field; some of the participants would see several
“lithologic disccntinuities in the data of the same profile where others would see none. How
~ significant these changes should be before one abandons the use of the percentage increase in
" clay, 1 frankly do not know. Most of my experience in northeast, midwest states rarely gave us
“many problems. We did have some terrace soils that appeared to have a clay pan and yet ther

" was no _evidence in the field of any translocation cf clay, because the late Holocene terraces
~* ~geem to be. purely a stratification. In general we didn’t argue much about presence or absence
" of argillic horizons in the Alfisols or Mollisols that had 2:i lattice clays. When one gets into a

.- group of soils with 1:1 lattice clays as in the Paleudults of the scuth east or in a number of the
‘intertropical soils the evidences of clay translocation are not sc clear. The best evidence I know

is the more or less abrupt irregular béundary between the ochric epipedon and the finer-
textured argillic horizon befow. The clay moved so long ago'I suppose that the clay skins have

a5
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all been disrupted now by animals and roots until you get into the horizons a coupie of meters
below the land surface where the biologic activity has been minimal. There you can begin to
pick them up. These are among the kinds of soiis that the committee on Alfisols and Ultisols
with low-activity clay have been evading now for a number of years. The final report is due
about June of this vear. The proposal is that that will be distributed for testing in parts of the
world where these soils are common and after a year of opportunity for testing the comments
are due in Washington and the fina! decision will be made on what changes to make. They are
proposing a number of new great groups with the formative element "kandi" to imply the low
activity clays. Not ali of them really are kaolinitic some of them are mostly free oxides.
"Kandi" will be used as indicative of low-activity clay.

Questior 90

Allen:

Another question or lithologic discontinuities. ! have no problem when I can see the
change in the field and is confirmed by the laboratory data. I am concerned when I can't see
this in the field and yet 1 get changes in sand/silt fraction ratios, and so forth, in the
laboratory. ! have never known whether those warrant the lithologic discontinuity designaticn
or not. I wonder if vou wouid comment on this. In cther words, if it is not enough that you

can see in the field, should we put that distinction on?
Guy Smith:

I would a little prefer not to use ss the manual provided a Roman (now Arabic) prefix
for something that is similar enough that I cannot distinguish it in the field. A small difference
in the ratios of fine and medium sand can bezcome very large ratios, there is a continuum there
and it is difficuit to say precisely when one should recognize the lithoiogic discontinuity. Dr.
Arnold can see cne in every soil, even in loess 1 believe. I think one should be able to identify
it in the field.

Allen:

Well, just to put a point along that line, most of our soils here on the high plain shows
certainly some differences in sand/silt-size fraction ratios. When you think how they were
~ farmed on this aeolian mantle, then that is to be expected. But very often I can’t see any
_indication of a lithologic discontinuity in the filed.

Question 91

Thompson: -

. "I want to ask a question about the cambic horizon and you perhaps have already addressed
this previously, but let me scate it and then if you don’t choose to answer now that will be fine.
ror: the definition of cambic horizon, the thickness criteria is at the base of the cambic
izon at least 25 cm below the soil surface, unless the soil temperature regime is cryic or

o wse
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pergelic. Why was this criteria on thickness used instead of perhaps a similar criteria used in
plotting the thickness of argillic horizons?

Guy Smith:

The thickness limit was waived for the very cold soils which we thought would be
unlikely to be cultivated. We likewise had some variability in the spodic horizon in such soils.
In general throughout the Taxonomy as a whole tried to keep the virgin and cultivated soils
together in the same taxon. The 25 cm limit to the base of the cambric horizon didn’t seem too
unreasonable for many of the soils in the midwest and the north-eastern states. One could have
argued that the Camborthids should have had a similar limit to the pergelic soils because they
are not likely to be cultivated but chances are much greater with the Camborthids if somebody
is going to irrigate and plow and the cambic horizon is such a weak sort of a diagnostic horizon
that it doesn’t seem to make & great change in properties of the soil if a thin cambic horizon is
plowed up if it is very similar to the virgin soil. It is not similar to what happens when a thin
natric horizon is plowed where the whole horizon is gone and has a much greater impact on soil
behavior. These are soils that if the slopes are suitable Camborthids certainly can be plowed
everywhere there is water. The serious problem is the water, Would Gile like to comment on
that? On his Desert Project he was going to have some very thin cambic horizons.

Gile:

Yes, the original depth of the camtic was 20 cm (8 inches). When that drepped to 25 cm
(10 inches) we lost a lot of cambic horizons. I remember asking Guy at the time the rationale
of this and his answer was as he has given it here. As compared to the argillic horizon it would
not be as strongly developed and for that reason they put the depth down to 25 cm.

Guy Smith:

You are more apt to have a cambic horizon of some sort in a zone of aiteration if you put
the depth down to 25 cm. The base of the cambic horizon, of course, is not easy to determine
unless you have either dominance of rock structure or a strong accumulation of calcium
carbonate. In non-calcareous alluvium the base of the cambic horizon is about as difficult to

determine as the base of an argillic horizon. It is not in itself an important horizon in that it
has much effect on the plants that grow or the structures that are put in.

Question 92

Allen:

A further poini that ! would like some clarification on if possible about the cambic
horizon. I have great difficulty in the skeletal soils in determining whether there is structure of
pedogenetic origin, or whether peds that I am seeing are merely because of the coarse
fragments. In fact we usad to use the term occasionally roc- controiled structure.

Guy Smith:
I still do.
. Allen:.

Do you have any gkuidelines along this line?

- 397 -
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Guy Smith:

I am afraid not. There are problems that are unresolved yet. The limits on texture of the
cambic horizon could be modified to throw out the skeletal soils. The sandy-skeletal soils are
excluded but the loamy and clayey-skeletal soils are not excluded. The clayey-skeletal soils in
the dryer countries are not very common in my experience, but loamy-skeleiwal 1s not at all
uncommon. Where the pebbles are touching each other and you simply have some finer earth in
the interstices between the pebbles, soil structure is not easily determined. One could perhaps
say we had there the absence of rock structure.

Question 23

Daugherty:

In most soils the temperature is used at the family level. Could you discuss the rationale
for using the temperature at the great group and suborder level in such things as Cryoboralfs
and Tropepts?

Guy Smith:

_At the great group and suborder level we use broader subdivisions of temperature than we
do at the family. It often happens that people want to make interpretations of a sort from
small~scale maps. In the small-scale maps the temperature is used, at the suborder and great
group levels. These are the kinds of units that are used on the small-scale maps for
cartog-aphy. If one does not use temperature in broad classes on small-scale maps it becomes
difficult to make interpretations. If you examine the soil map of the U.S. in the National Atlas
there i; quite a large area of Alfisols that is shown in the mountains in Arizona, Colorado, and
New Mexico. In the legend of the FAQ Unesco map these are grouped with the Alfisols of
Ohio and Indiana because they have the same horizon sequence. There is no way from looking
at the map to know what the elevation might be, you don't know the potential for farming from
the small-scale map. Whereas if they are identified as Cryoboralfs or something like that you
wili know immediately that the area is not suited for cultivation. it may be used for forestry
and perhaps for grazing, but not for farming. On the FAO Unesco map of the 1I. S. you
cannot reach that conclusion. If you don't require the man who is making the map to determine
what the soil temperatures are he can very easily forget it. You come up then with 2 soil map

" at a very different scale from any climatic map tkat you might be able o lay your hands on,
and the map might just as well been made to put in & drawer or hang on the wall as any other
purpose because you can’t use it for anything without the temperature and the moisture. At the
family level you are normally mapping at a larger scale and you need finer subdivisions and for
certain specific crops you have to use temperature phases because the limits between the

temperature classes at the family level cannot coincide with the limits of all the potential crops.

. Daugherty:

Would you discuss the fﬁfidnale for not using such features as soil climate at the same
 categorical level throughout. In other words, scil climate is not used at that level in the

“Entisols. ©- -

climate is brought in to the Taxonomy at about the first possible category below

t:

 brought in-at the suborder level, but when we came to the Entisols it seemed

‘some of the orders it is.brought in at the order level as in Aridisols. -in most of - -
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that it was more important to distinguish the reasons for lack of horizons than it was to bring in
the temperature and moisture at the suborder level and then subdivide them according to the
reasons at the great group level. That could have been done. But we weighted the importance
of whether you had 2 soil on a hillside that was eroding or a soil on a flood plain that was
agrading for interpretive values. It seemed that it was much more important to distinguish the
Fiuvents and the Orthents, and the Psamments at the suborder levels than to have the suborder
of Ustents and Udents and then put in a "Fluvoustent’ and an "Orthustent” and so on. You
could get the same combinations either way. It seemed that if you weighted the importance of
the reasons for lack of horizons versus the soil-forming factors of the soil climate in a soil that
had no development, it was better to bring soil climate in at the first category below the
suborder which was the great group. Many people are bothered by the use of a given soil
property in different categories in different orders. What we are trying to do is to develop a
- grouping of soils about which we can make the greatest number and most important statements.
" If we do that, I don’t see that any logic is violated because our logic is simply that to be able to
make siatements that are important, that is our purpose. If we can achieve our purpose by
using a given property in one category in one set of circumstances as 2 given order, and in
another category in another order. That just makes the most statements that is really the logical
thing to do.

Question 94

Ailen:

Somewhat of a follow up to Leroy’s question. I have great difficulty in explaining to
students the bringing in of moisture at the order level in the case of Aridisols. I think I know
why it was done, but I am wondering if you can clarify this so it would help me when I am
trying to tell students why this is so. Up to that point we use diagnostic horizons, by and large,

-

but when we get to Aridisols we have got to have that aridic moisture regime.

Guy Smith:

Well, I would like to quote Dr. Kellogg on this. One of the most important boundaries
on soil maps is the limit between the sown and the unsown. The land can be cultivated and the
land that can only be grazed, and so it seems to us that it would be useful to have an order that
included the bulk of the soils that were too dry to be cultivated and that did have some
horizons. Now in the Entisols you have that same border, but it comes at a lower categoric
- level.

Question 95

:I"hog:g'sdﬁ:i‘: G

would hketo ask a question ‘on Vertisols. In Vertisols the definition includes a

stateme

1nters

at’ that at some depth between 25 cm and one meter slickensides are close enough to
Have you ever seen soils that had slickensides that did not intersect? . | :
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Guy Smith:

Yes. In the Fargo Lake plains, the Red River Lake plains in North Dakota and Minnesota
we have very fine-textured montmoriilonitic soils with a udic moisture regime, really, they
rarely crack seriously, very little movement in the soii itself because of lack of serious moisture
changes. In these soils in a given pit you may find one large slickenside that runs for a meter
or so at least, at a much less angle to the horizontal than we get in most Vertisols but very well
developed slickensides, but there may be only one in a pedon. Whether these that we find are
due to frost or to occasional wetting and drying, I don’t know. It is very difficult to be
confident in these soils that freeze so deeply as to whether the freezing has produced the
movement or the shrinking and swelling due to moisture changes.

Thompson:

I have one other comment over soils or questions for you and this is going to be strictly an
opinion, I suppose. Do you have reservations about c.assxfymg soils as Vertisols that occur on
recent aged material such as the Trinityv River bottom in north central Texas?

Guv Smith:

I suppose I would not, provided the soils met the definition. You szy they are recent and
I don’t know how recent.

Thompson:
Very recent.
Guy Smith:

I see no reason why one couldn’t if he had the proper parent material developed an Entic
Vertisol in a relatively short time,

Thompson:

This is a comment we won't carry any further, but the reason I asked the question about
the slickensides closeé enough to intersect is that at one time the thought prevailed that these
materials had not been in place long enough to have forried the features diagnostic of Vertisols
even though if you dig a pit it had all the features including gilgai microrelief if you really
want to look for it. The way we wrote them out of Vertisols was that we said that they had

 slickensides that did not intersect. This is simply not true. They did intersect, all over the
- place, and we have changed our philosophy and thinking and we do recognize those soils now as
Vertisols. I was just curious as to your philosophy on the Vertisol order as to whether or not it

: c’ould be applied in very recent materials provided the other criteria were present.

Gu uy Smith:

S I would not see any reason why they would differ markedly in behavior from other
- Vertisols in the same family. - They would on the Trinity River perhaps, be flooded
L ,occasxonally, whereas on some: upland posmons that would not be the case.

chois ‘

b L;.xely they do not h ve rhe cychc sxtuatxon where the C honzon comes vy higher in part
off the pedon o L
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have on the typical Houston black clay formed in marl where you get the chimney. I think
they are there, I just don’t think we can see them.

Question 66

Daugherty:

I would like to draw your attention to p. 156 in Soil Taxonomy, the lower right hand side.
Would you discuss the background of the use of the organic carbon sand/clay ratio nomograph
used for the Ustoliic subgroups of Aridisois?

Guy Smith:

1 thought we went over that yestesday. I recall answering that same question.

Question 97

Daugherty: :
| I would like to ask a questicn in terms of how did you establish the organic carbon level
- you used to separate mineral and organic scils?

Guy Smith:

That was basically wtaken from the European experience. In the 38 Classification we had a
 rather vague definition and the organic soils, I think, were supposed to have only 30 cm of
~ organic material.  The people who have done most on this in Europe are the Dutch. The
. American classification of organic soils was extremely weak in the 1938 Ciassification. In

' Marbut’s  Classification they didn’t exist. - We use then in the U.S. for classification of organic

~ soils mostly the history of the bog, as revealed by different layers at different depths, and the
" nature of the so called plaats that grew in the bog. Woody peats vs fibrous peats vs other kinds.
" The limit then was one that had been worked out by the Dutch who had sampled and studied

_their Histosols much more carefully than znyone had ever done in the U.S. The limit comes
~~directly from their classification. SNSRI - . :
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Question 98

Allen:

Statements are made in Taxonomy, that the classification of the Histosols is not well
developed. What do you perceive as progress or other committees studying the classification of
the Histosols similar to what you have mentionad for some of the other soils?

Guy Smith:

I know of no committees that are studying the problems of the classification of Histosols.
One of the main troubles was that we had our series defined in completely different terms than
we used in Soil Taxonomy. The series in Histosols required revisions before we could test
anything that was being proposed. How far along the correlation staff has gotten in redefining
their Histosols series, I just do not know. There is no International committee working on
them. It seemed likely when we published Soil Taxonomy that we had provided for a lot of
subgroups on a theoretical basis that we thought they might exist so we couldn’t test the
numbers of subgroups that we had. In the long run I think we will have fewer and fewer
subgroups of Histosols instead of more and more.

Nichols:
We don’t have any big problems in using them.
What is in Taxonomy is working pretty well for the South regioa.

There are two things involved. With mineral soils you have a predictive value from the
landscape in most cases except with fairly recent alluvial soils and the soil scientists have even
learned to make the predictions there. There is a problem of prediction and investigation. It is
quite difficuit to make investigations on these soils and the tests you have to run are somewhat
time-consuming. There is just an amount of detail that you can gather in your mapping
procedure that is practical. I don’t know that we have any problems, we seem to have about
enough subgroups now, and no doubt we will have a few more series but probably not a great
deal more as long as they are in natural conditions. With the laws on wet lands and the coastal
zone management act it isn’t likely that they are going to be draining any more of those.

Question 29

le_houn.

© 1 have a question that pertains to the Ultisols, if you will just look at page 349, chapter

© 16, it is item 1 under the definition of Ultisols. It says they are mineral soils that "1. Do not
have tongues of albic materials in the argillic horizon that have vertical dimensions of as much
as 50 cm if there is greater .than 10 percent weatherable minerals in the 20- to 200- micron
fraction." - My. question on that is, I never really had.to struggie with that in the Ultisols that 1
‘have keyed out in the past but I am curious as to : 1) Why we have to discuss tonguing, vis-a-
vis, the  Alfisols vs. the ‘Ultisols, and 2) why that is tied into percent weatherable minerals?
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Guy Smith:

This is intended to keep out of Ultisols the Glossudalfs that have base saturation slightly
under the limit between A'fisols and Ultisols. We wanted to keep all the Glossudalfs together.
So far as we know they were all formed in Holocene materials mostly in loess. I have seen a
‘few in solifluction materials. They just straddie the limits between Ultisols and Alfisols in
terms of base saturation. The weatherable minerals were in there because, as I say, they mostly
are in loess but they are in very late Pleistocene materials. We have Ultisols that have tonguing
of albic materials that are very strongly weathered in seils where the B horizon apparently has
formed and then undergone serious destruction and reformed another argillic horizon at a
greater depth. . These are mostly classified 1 think as Paleudults in the U.S. This was the
definition that was suggested by those from Belgium to keep their Glossudalfs out of Ultisols to
avoid splitting them between Alfisols and Ultisols.

~ Calhoun:
~So that was more of a European problem?
; Gux Smith: | ‘
: It xsan ‘actuai 'préblem in the lower Mississippi Valléy, I think, that we have these
. Glossudalfs there, they have only been reported to me, I don’t remember seeing them. 1 have
- .seen them in Oregon where they are again in loess. :
Calhoun: '

In"South Carolina there is one series that would probably have to be split if Glossudults
were set up unless weatherable minerals are talen out. o

" Guy Smith:

v There is o'ne“way to ‘t‘i'y»tb“’simplif y the definition and that is to delete the first statement
_in the definition because therc are so few of these in the worid.

| Nvicholsf;_“ S
. If you simplify the definition you make the landscape more complicated for people trying
o to work with it. - - | “ ‘

'Quest%an 106

* Nichols: -

While we are mentioning Udults, the statement for pale great groups does not require .
olum - exceeding ‘1.5 meters  in’ thickness if the soil Goes not have. lithic or paralithic contact
within 1.5 meters nor a decrease in-clay by more than 20 percent. This has worried 2 number
of  soil scientists who thought that all Pale great groups sheuld require thick sola. Would you
Stogommenton that? - o ‘

e Paleudaltsas they y'_re‘f!éc:té& a soil of great age should not have rock .

nought that th
m of the soil

arface. -Ihat'j:Wasj_tha‘fi;st'_ thduzh't;-,ot!ﬁ’c,m stqp‘»;tb{e solum at me rock .
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there is no problem on that, but otherwise, if there is no rock it is very difficult to decide
where the solum stops. At one time we had a statement in item b [in definition on page 349]
that required, people thought, that we identify the base of the argillic horizon wi. th
presumably would be the base of your solum. We had to take that out because that is a limit
that pedologists of equal competence can disagree violently upon very widely. As it now reads
the definition does not require that one determine the thickness of the solum beyond the depth
to the rock or the base of the argillic horizon. In the Ustalfs we don’t have preciseiy the same
definition for the Paleustalfs or thz Paleargids though there are some similarities.

Question 101

Daugherty:

_ I would like to ask a question concerning the background on the classification of such
soils as Argialbolls, the old Planosols. Why is the mollic epipedon allowed to be split by an
albic horizon?

Guy Smith:

‘ Again, that is in order to keep similar soils together in the classifications. Some of the
Argialbolls have an albic horizon within plow depth and some do not. Some of the cultivated
~ones, then, are going tc lose their albic horizon the first time they are plowed. We don't want
to change the classification because of plowing, as I have expressed a number of times. We do
like to keep the similar soils together when they are marginal on the limit between taxa. The
Argialbolls typicaily have a mollic epipedor that is thick enough to qualify without considering
the nature of the argillic horizon below, below the albic horizon, but a few soils do have a very
shallow albic horizon and/or a very thin one. The photograph on page 107, plate 11D, shows
that the base of the albic horizon is abcut 25 cm. From the looks of it, it is about 15 cm to the
top of the albic horizon. So if this got plowed just a little deeper than 25 cm it would lose that
albic horizon. Let’s go to the Argialbolls to see how we handied that. We didn’t specifically
address that probiem in the key to Albolls pg. 273 if we mixed that whole albic horizon up it
would drop ‘out of Aibolls, wouldn't it, by the present definition. It doesn’t have a thick
__enough moiiic epipedon, as ar: Al horizon, to qualify as a Mollisol. If we add the Al plus the
~epper part of the argillic horizon it would qualify as a Mollisol. , ‘

S D's’Smxth,thlsmaybe nidré,f dff a soil genésis‘.qhesti'Oh than‘a'ta‘xonomy problem, but

because of: your experience in:so many different parts of the world, I would like to mention an

observation to you and see what- you think. - I have already discussed this with Frank over the =

" telephone.. . In a short visit' to Niger, I sampled a number of pedons in a rainfall belt of
pproximately 400 mm. I was’ o ways; fi

f. 2 meters’ and secondly, ‘a- base ‘saturation percentage of less than 35 percent in most cases.
oils had: a’ wezkly : ~textures for the ‘most part, however, were

eakly :developed -argillic - horizon

*

was surprised. in: two ways; first of all, no free carbonates to a depth - :
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loamy sands and sandy loams throughout the profile. I am just wondering if you have
encountered such soils, and if so, what kind of explanation you might have? Of course, again I

am biased because of my experience in west Texas, and certainly not expecting this type of
thing.

Guy Smith:

We have such soils in Venezuela. They are not at all uncommon where the Ultisols grade
up agamst the Aridisols. The rainfall is just marginal between ustic and aridic and the base
saturation is very low. The explanatxon of course, is hypothetlcal but we do notice that the
rainfali pattern, the soil-moistening pattern, is very different in these intertropical regions
where we have no summer and no winter, but we have a rainy season and a dry season. The
ramy season may give you your 400 mm of rain within three months, which is enough to
moisten the soil and send a little more on down _elow the limit of where we set the base
saturation determinaticn. We even have Venezuela Aridisols with pH’s of about 3.6 in water.
How those developed is purely speculative at the moment, but there are also some in Wyoming.
Aridisols with those low pH’s. These are developed in the U.S. in materials that have a fair
amount of pyrite. In Venezueia in the soils I looked at, I was unable to find any pyrite in the
rocks below ihe soil, but we had 6 milliequivalents of alummum in the saturation extract with
conductivity of about 15 or 16 something like that. Where the aluminum came from I am not
sure because I had expected when we went to look, to be able to identify the pyrite in the rocks
but i couidn’t. I think it is the rainfall pattern that basically produces leaching when you have
a ramy season and a dry season. Ia most of Africa you don't find Ultisols, you find Alfisols in

this situation. Most of South America you find Ultisols in these wet/dry climates if they have
any age.

Calhoun:

I gave the explanation of a concentrated rainfall in a short period. I mention this here as
the only expianation for this. It had a lot more effective leaching power because of that
concentration. than it would have in most places. Just one further comment - I think these are
like the Veriezuelan soils. It isn’t the geologic setting for these soils to have pyrite in them. So
1 don't thmk that is the answer. I think they are truly leached.

Guy Smith:
| The Aridisols obviously are not leached with a conductivity of 15 mmhos.
g_élhoun:

- Based on our comments right now about ustic soil moisture regimes in intertropical
regnons, those areas of the world that respord to the intertropical convergence zone Vs ustic
‘regimes that are more typical of temperate regions where we normally make ustic on the basis
of cumulative days rather than consecutive days and we traditionally make them on the basis of
" ‘both in tropical regions. Would you think there is merit, and I am sure this is being considered
‘now by. the International Comnuttee, in recognizing that difference? It is important in crop

roduction and certamly very 1mportant as far-as soil genesis is concerned also.

2ol 'G ySmxth.

We would eventually The current defnmtxonr of the ustxc moisture regime as apphed in

& i'the US puts a very different set of moisture conditions in. with the wet/dry tropics.  Here the -

" growing seascn is ‘controlled by temperature and moisture. You get your maximum zainfall here
”[durmg the eummer and :spring when you have the maximum- growth. 'In the intertropics.or
tropics then is no such control of temperature. ~The International Committee under Dr. Van
Wambeke is’ surely constdermg thxs In thexr cxrcular letters they were talkmg about a tentatxve o
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Question 103

Allen:

This next question was relayed to me by Dr. Ronald Paetzold who is with Agristars Soil
Moisture Program now in Beltsville. What was the rationale in choosing i0 years for the soil
moisture regimes, such as 6 out of 10 years, rather than a longer cycle because there are data
that suggest that there are weather cycles from 20 to 25 years, especially dry cycles. That has
been repeatedly mentioned by people in this part of the world. Some of the data pretty well
suggests this.

Guy Smith:

For dry, in 6 out of 10 years, that was one way of saying, in most years. If I used
percentages then I get an extra decimal, that is not significant. I can’t say 60 percent because

then 59 percent is less than 60. If I say 6 out of 10, then 59 percent of the time, rounds off to
60. ‘

Allen:

So the 6 out of 10 years really had no significance except to get "most of the time."
Guy Smith:

Yes. We wouldn't want to use data for less than 10 years to calculate the moisture regime
of a soil. Our practice in SCS has been to use the number of years for which data are available.
The weather stations here are mostly 30 or more years. We did throughout the Great Plains at
one time pay the experiment stations to put these. long time weather stations on tape. The
Weather Bureau was recording on tape the current data but they had no funds to go back and
pick up the previous data. SCS paid to have the experiment stations record the long-time
stations. We used the longest period we could find. v ‘

Question 104
Daughergf.“ |

, The fragipan has been rather confusing to a lot of people and it has had a lot of

- controversy. Would you comment on what you perceive as to what its genesis is, and the intent

' for usage as a diagnostic horizon in Soil Taxonomy? Some states have used Bx horizons and
. some states have used Cx horizons. o '

‘- .We haven’t said that a fragipan is a B or a C horizon. It may be either as far as I am
concerned.. - Some soils are obviously a B horizon. I don’t know. that it is so obviously a C
“horizon"in many soils, but it could be in a Spcdosol for example, because the C. horizon is not
sell defined. - In-a Spodosol 'you 'stop the B horizon when the color changes and you start C
“horizons. /Actually’ there has been a lot of - alteration in the fragipan. I think I said all that I
knew in Soil Taxonomy. The. genesis is not clear as to why we get this compaction other than
ot it is a zone of ‘low. biologic activity. - The soil is not frczen even though it has a cryic
ture regime. If you have a fragipan you will find the soil doesn’t freeze to that depth
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because of the snow mantle. There is no frost action to loosen the soil. It is virtually free of
small animals except, perhaps in the cracks between the polyhedrons. It is also virtually free of
roots except in the same place. The roots are frequently very flattened in these cracks
indicating that they are unable to compress the soil any further, it is as compact as pressure of
the growing root can make it. I would comment that I have learned a little bit about fragipans
“since 1 wrote Soil Tuxonomy. In New Zealand I found fragipans are normally in soils that have
an ustic moisture regime not a udic moisture regime. It is so typicai in New Zealand that if
they do find a fragipan in a soil with udic moisture regime they think they must be misjudging
the moisture regime. These are in noncalcareous sediments, mostly loess. Fragipans like loess
in glacial till in particular, noncalcareous, primarily from [I'll add the name later of the rock].
‘The rocks are abraded by the glaciers and by stream action on the mountains and the sediments
are blown into the upland and fragipans are normal with an ustic moisture regime in New
Zealand. 1 thir' we can consider that in the U.S. the fragipans are normal in the humid areas
but they are absent in the soils that have a high carbonate content close to the rivers. I think
perhaps the carbonate has something to do with preventing the formation of the fragipan, but
why it forms I don’t know. T

Question 105

- Daugherty:

There is often times under the fragipan dense basal till which has about the same bulk
density as the fragipan itself, which lends a problem in trying to determine where the bottom of
~ the fragipan is. Do you have a comment on that?

‘Guy Smith:

I got a lot of qu'estioné about that at Cornell. The different states handled it differently.

Some consider it just a compact till and not a fragipan. Other states considered this to be a
fragipan in the basal till. The practice is not uniform. There is no reason for them to worry
" about where the base of the fragipan is for Soil Taxonomy. There is no question that there are

- compact tilis that behave like a paralithic contact. These are just basal tills and particularly on

- the drumlins in the midwest in Wisconsin, for example. In New York the till in these drumlins

is extremely compact, more so than most fragi’pans.

Question 106

Ly " I know you ‘mentioned in New Zealand, that it's primarily in the ustic moisture regime.

" Now if you made a statement as to why or what the theories are why this is so0, I missed it and -
am asking why it is in the drier climate in New Zealand. Do you have thoughts along that line?
Did you say noncalcareous materials? S : ' ' o
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Guy Smith:

Yes, they are noncalcareous materials. They can occur in udic moisture regimes. The
only really good buried fragipans I have seen have been on the coast where you have three
different loess [deposits], each with a fragipan that protrudes even more in these exposures than
the one I photographed for Soil Taxonomy. There must be some sort of cement in a fragipan in
myv judgment. I don’t think compaction alone accounts for the slaking properties of the
fragipan. I compare fragipan with densipan which has bulk deasity of about 2 as a general
rule. It is much more dense than a normal fragipan which is around 1.5 t2 1.6. When dry
fragments of a densipan are placed in water it will slake completely to the individual silt and
sand fractions. The fragipan will not do that. It will fracture inte gravel-size fragments. It
won't slake the way the densipan does. I wculd conciude the densipan is not cemented with
anything, merely compact, but something prevents the fragipan from slaking in the same way
that the densipan slakes. Now it is not necessary that all fragipans have the same cement.
There are reasons to believe from the studies that have been made that it is unlikely that they
all have the same cement, but they seem to have some. We do cbserve in New Zealand going
from an ustic to a vdic moisture regime on the North Island where we have a beautiful duripan
in soils that we can identify a few mm of pyroclastic materials at least. As we go up the
mountain side into a more humid environment that seems to be udic and still find these thin
layers of pyroclastic materials, we find that the fragipanr has replaced the duripan. I have seen
similar situations in the U.S. where duripan grades imperceptibly into fragipans. In these I
would suspect since the silica is 2 cement in the duripan, I would suspect that it is one possible
cement in a fragipan. There are plenty of studies of trying to slake these fragipans with
different complexing agents tc take out the silica, the iron, or the aluminum. What works on

. one pan doesn’t work on another, which does suggest that there are different kinds of cements
in different kinds of fragipans. There is just not enough known, as yet, although it has been -
well studied in doctorate theses. We haven't yet found the solutions.

Question ‘.i.O?

Allen:

. Are these intergrades from fragipans to duripans mostly in a xeric moisture regime?

Guy Smith:

 In New .VZ'ealandb it is ustic.
- Allenﬁ‘ -

S e You weré talking about New Zealand then.

' Guy Smith: |
' In California it is xeric. The duripan is in the ustic moisture regime and the fragipan is
- in_the udic, in New. Zealand. , | ‘

I have some. general observations following a plinthite ~field study, with Dr. Roy
Simonson. We discussed the fragic and plinthic subgroups as they occur in the southeast and -
the fact .  could not find morphclogical features typical of fragipans in fragic subgroups

ing. I mentioned was the fact that seemingly better expressed fragipans were -
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developed in the southeastern tier of the United States especially in the lower coastal plains as
you moved west towards Mississippi. We have very little silt in soils especially in the lower
coastal plains and in northwestern Florida, it is basically sand and clay. As you move west
towards the Mississippi you start picking up more and more silt. Is there a possibility if there is
in fact a threshold of silt content necessary for fragipan developments?

Guy Smith:

I think not. Unless you substitute the very fine sand and add that to th« silt. We do have
fragipans in Belgium in loamy very fine sands that have virtually no silt. Tae very fine sand
content is quite high. I think, just as the texturai particle-size classes we had to combine the
very fine sand with the silt. I think there is a point somewhere around that which probably is a

~ critical limit, but not at 50 microns. :

Allen:

I agree.

Question 108

Calhoun:

In your interview with Mike Leamy - one of the questions was question 42 on page 59 in
the notes - You state in remarks to a question concerning soil climate - "It seems that probably
the hyperthermic temperature should have been included with the isohyperthermic temperatures
for the basis of interpretations.”" Your statement implies, the way I read it, that this would be
done only for udic and possibly aquic scil moisture regimes. Could you expand on your
possible reasons for combining these two temperature regimes? That is one question, ard the
second question in discussing this, would you also include ustic soil moisture regimes in this
argument?

Guy Smith:

‘ We had lengthy discussions with European pedologists who had worked in tropical areas
_about the classification of such soils. The distinction that we have made between the soils of
temperate regions and tropical regions, that is in the tropic great groups, were restricted to udic

" and aquic great groups, that is correct. The European pzdologists felt that in the humid tropics

" the leaf fall, the relations between vegetation and the soil were different from the temperate
regions where the temperature controls the growing season as weil as moisture. It is a genetic
factor that in North Carolina and New York with the deciduous forest you get a flush of fresh

. organic matter in the fall when the leaves drop. In the tropics this is a continuous process.
There is no flush at any season where the trees are evergreens. When we come to the drier
regions, the Europeans felt that there was no such dif ference, that you got a flush of vegetation,

- say, when the grasses died because of the lack of water, and you got the same sort of thing in
" the- intertropical regions where you had a distinct dry season. They advised strongly against
. -making any distinction where the moisture regime was ustic or aridic. That is the way
. Taxonomy was organized. The hyperthermic temperatures were not included with the iso-

‘temperature regimes in Soil Taxonomy. It does seem that in the humid hyperthermic regions as
. in Florida there is little difference between the hyperthermic and isohyperthermic, there is no
" serious frost problem in either temperature.. The crops are very similar. In Thailand Professor
Moormann, now at the University of Utrecht but who worked in Thailand for about 12 years;
he could finé' no difference in farming - patterns between the hyperthermic and the

isohyperthermic aregss. ~As far as rice production is concerned which is perhaps the most
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important crop in Thailand. Management practices are identical. He complained to me some
yezrs ago that there was no value in making that distinction in Thailand. He could have made
the same stat~~.nts about either one. I suggested to him that perhaps if the hyperthermic and
iso-temperatures were combined in the tropic great groups that it might solve his problem. It
would put similar things together instead of separating them. He thought for a moment about
that and said yes that would solve the problem. When I think then about the hyperthermic
areas in the U.S., which are also udic, that is largely in South Florida, and the udic areas of
Venezuela I can see no real reason for keeping them separate, putting one into a tropic great
group and another into a different great group. They seem to behave the same and if they are
separated we are separating thmgs that are basically alike, that is the reason I have proposed
this. Generally where the regimes are udic that we should combine the hyperthermxc
temperatures with the tropic great groups. Now in the lower Rio Grande where you again have
hyperthermic temperatures, you also have a control on the growing season by moisture rather
than by temperature. I think that this is a problem for the International Committee on
intertropical moisture and temperature that they are considering and will make recommendations
on. These are people with much more experience in those areas than mine.

Question 109

Alien:

Dr. Smith, you mentioned the densipan that had been proposed. Would you please
continue your comments on this?

Guy Smith:

I first ran into the densipan in New Zealand and Australia in 1959, but didn't understand
what they were. I went back to my notes on that trip and I found that I tried drying them and
seeing whether they would slake and they did. Then I forgot about that slaking and I proposed
a great group of Duraquods because this was more like a duripan than any other pan that we
had at that moment. Although, as the duripan is now defined these are not cemented at all and
they are merely extremely compact. When I got to the West Indies I found these again but
overlying an argillic horizon. My original proposal for the densipan was that we would require
a great group of Densiaquults. Well I got some feedback from that little note that there were
similar pans in the wet Spodosols in Malaysia. When I got to New Zealand I started to try to
find a duripan in an Aquod. According to our theory about the formation of a duripan we
must have a period of dryness in the soil, by dryness I mean below wilting poxnt to precipitate
the silica. It shouldn’t have occurred in an Aquod. I spent a great deal of time irying to find
the duripan in the Aquods in New Zealand and they were all densipans. We have them, thken,
in Ultisols and Spodosols. They make a soil uniquely worthless because the densipan is an albic
horizon, that for some reason has become extremely compact, the reason being unknown. The
"roots then are restricted to about the surface 10 to 15 cm. Below this depth the roots cannot
- penetrate. Therefore a very short rainless period is going to seriously effect the usc of the soil.
- The ability to store water is virtually nil in the soils with densipans. They are very wet, of

‘ course, after a moderate rain because the water is perched above the pan and the soil becomes

‘ - saturated above the pan to the surface. The sugar plantations in Guyana have tried cultivating

. - these soils because they have large fields and they want to farm the fields rather than the soil.

.~ Their - expenence has been that 1t is useless to try to harvest those. They don't produce
anythmg . : , ,
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Question 110

Nichols:
Do the densipans reform after ripping or deep plowing?
Guy Smith:

I don’t know. We did try the effects of one or two dryings on a remolded densipan. The
initial bulk density of the dry remolded densipan material was 1.7, which is about the limit
which roots can penetrate, normally if it is 1.7 to 1.8 or higher you cannot get penetration of
roots. I suggested that they might reform after ripping. The experience of the sugar plantation
in Guyana would be such that would discourage the attempt to farm such a soil if it occupied a
large part of the field.

- Question 111

Allen:

Then this is the type of thing that is referred to in the last paragraph under the duripan
horizon in Soil Taxonomy?

Guy Smith:

Yes., That paragraph where I referred to a third kind of duripan that forms in an albic
horizon is in error. It is not a duripan, it is not cemented, it is not indurated, it is merely
compact. The compaction is so pronounced that it is impractical to bore a hole or to dig with a
spade. To get through it, one must use a bar or a pick. Having done that one can break out
large chunks that come away with an abrupt lower boundary to the argillic horizon or the
spodic horizon.

Question 112

Gile:

_ We're talking about pans and I understand from our discussions last night that there is a
" proposal to drop some of the fragipans as a diagnostic horizons. Will you comment on this and
G ‘inparticular which ores, if any, should be dropped?

o we, T don’t know about the proposal to drop the fragipan as a diagnostic horizon. That
 may be under discussion in the northeastern states. The argument there has been about whether

- or _not the basal till is or is'ot a fragipan. They are still arguing about that. My experience

CCan -
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with these soils is quite limited and I can only say that their judgment would be much better
than mine. The effect may be the same. I don’t know, some of these basal tills are very
compact, I commented on yesterday, particularly on the drumlins. They are in effect a
paralithic contact. If they were shallow, one would have to recognize a shallow soil just as one
does when he has a paralithic contact with bedrock. There are fragipans in New York state, I
am sure, and the few soils that I saw in New Hampshire and Maine. Spodosols seemed to me to
have a fragipan. This is what they are arguing about today, whether it is a pan or whether it is
just a compact till.

A comment:

The ones that I’'ve worked with in New England have been on drumlins and they are a
demonstrabie pedogenic feature. There may be others that there are questions about.

Question 113

Daugherty:

I would like to ask you a philosophical question or make kind of a two part comment. I
~get somewhat concerned when we classify soil using non-soil parameters, we discussed this the
other day a iittle bit. The case in point is the classification of soil moisture regimes and
temperature regimes. One must use vegetation to extrapolate these parameters, like you pointed
out the other day. If the soil scientist is not careful he will end up mapping vegetation and
never test or never measure the soil property moisture. A side comment, how can w2 then keep
from falling into this trap? Another comment, even when we test soil moisture most soil
scientists test only to define the soil moisture control section. They don’t test to see whether the
soil moisture control section is useful to the soil survey in their area or their region. Do you
care to comment?

First 1 will disagree with your assertion that moisture is not a soil property.
Daugherty:
No, I didn’t say it wasn't.

Guy Smith:

I understand that you did. Perhaps you should restate that.

| - Daugherty:

| __If a soil scientist is not careful he will end up mapping vegetation and never test or
~ measure the soil property, moisture.

- Guy Smith:

That is"a'po‘ssibility‘. In general we can dispose of temperature easily because it's readily

mea'su‘r‘ed’compared‘ to the moisture. In soils of the Great Plains the moisture-supplying power
_-of the soil changes rather gradually with distance. For the most part one has no question that

the moisture regime is ustic or when you get to Iilinois and Indiana it is udic. There is a vast
body of knowledge on the soil moisture in the hands of the cultivator. They know much more
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about it than the pedologist who is out there who just wants to make a soil survey. They can
from their knowledge give him a great deal of help in deciding whether he is dealing with ustic
moisture regime or not. They know what crops may safely be grown and how often there will
be drought that will dry the soil out so that the crop does not mature. I think when you
combine the common knowledge of the cultivator with the inferences that you may draw from
the vegetation you are not going to restrict yourself just to mapping vegetation.

Daugherty:

My main area of concern lies in the Western states where we are starting to do soil
surveys on the millions of acres of wild land, the BLM land. The main concern would be when
a soil scientist assigns a certain moisture regime to Ponderosa pine another moisture regime to
Pinyon-Juniper type vegetation, another moisture regime to Grama grass and then start to map
these vegetations as if they fit these moisture regimes exactly. Then never test the moisture
regimes and we get million of acres of soil surveys with never testing the moisture regime.

Guy Smith:

While in these areas there is no body of common knowledge that the mapper can draw on.
These are National Forest lands or other public lands, I presume. I can readily see that it would
be possible to fall into a serious trap because the presence of the Grama grass vs the Ponderosa
pine may be due to something other than the moisture. Both will tolerate considerable drought.

Daugherty:

Especially the way the moisture is just held within the moisture control section. The
moisture control section as we use it in Soil Taxoromy might not apply at all to those kinds of
vegetation.

Nichols:

The vegetation might be due to temperature instead of moisture, such as the break from
Bluegrama on the rolling plaias. That is another danger.

Guy Smith:

Dr. Grossman, before I retired, was working with a number of soil scientists, including
some in Texas. They were cocperating in that they would sample the soil and estimate whether
or not it was above or below wilting point and send a sample to the laboratory which would
confirm that it was or wasn't. Some of the pedologists with a year of experience and some
calibration became very good at estimating whether or not moisture was held at 15 lars or
more. It was our hope that if we could develop this skill among the field men that we would
begin to accumulate data on the actual moisture regime. Having been away for eight years now
1 don’t know how that has progressed. Joe Nichols, do you know anything about it?

Nichols:

We really haven't done too much on soil moisture work lately. We started trying to work
with the figures from the Weather Bureau two years ago. We haven’t proceeded far enough to
have a meeting on those yet. We really haven't done as much as we should have lately.

.‘Guz Smith:

I would like to make one more comment on this that we pointed out in Soil Taxonomy

that we had predetermined the classification of the soils on the Great Plains. We then fit the

" definition to this predetermined boundary, using climatological data to do it. If we
- ‘subsequently found that our definitions were in error that we were much more apt to change
" the ¢efinition than the classification, which was predetermined. We said we want these soils to
. be inaridic subgroups of ustic great groups, or in udic subgroups of ustic great groups, or typic
. subgroups of ustic great groups. This was based on a lot more experience with land use than it
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was on the climatological data. The moisture control section was a device that permitted us to
infer from the definitions. One of the tests of the classification is the interpretations that we
make and in developing the system we repeatedly tested the taxonomy againsi the capability
classifications. As Joe Nichols has pointed out there was a problem between Colorado and
Kansas that we were quite aware of in Washington. There was a farmer living on one side of
the state line could get credit where the one on the other side of the state line could not because
of the discontinuity in the capability classification. While we have to test out Taxonomy aguinst
the capability classification the reverse is also true, that there may be troubles with it rather
than with the taxonomy. We have to match the two instead of adjusting cne to the other. We
have to consider the possibility that there may be an error in either one or even in both.

Question 114

Nichols:

The taxonomy is well defined down to the family level, the soil series is a part of
Taxonomy, but the limits of soil series are not as well defined. When to phase the soil series
and when to establish a new phase is especially troublesome. An example is that sugar cane is
grown in the southern part of the thermic temperature regime in Louisiana and Texas, but not
in the middle or northern part. Since soil series are a part of Taxonomy should better
guidelines t2 written for guidance on this question?

Guy Smith:

The problem of when to establish a new series or to use a phase of an existing series has
been with us for many decades. The office of Soil Correlaticn in Washington has really not
been very helpful in establishing guidelines. It was impossible to deal at any length with the
series category in Soil Taxonomy because there were too many thousands of them, and ones that
only include a few examples of families with the descriptions and data on the series in that
family, and to analyze then the differences that had been used to justify series separations, that
was about as far as it was possible to g in Soil Taxonomy. If one had the time and the
information on the series in an appreciable number of families instead of two or three, I think
one might be able to generalize to some extent on what should be used as phase criteria and
what should be used as series criteria. It is obvious that in the thermic zone as well as in the
mesic zone, differences in scil temperature than those recognized in the family levels would be
useful to make interpretations about crop yields. it is possible then to either phase this or to set
up series. The series limits, if they were established, say within the thermic range or within the
mesic range, might be valid at the moment that one established the series, but given a few years

" the plant breeders are going to produce varieties that will make those limits inappropriate. It
would be my judgment that it would be better on temperature to phase the subdivisions within
the thermic or mesic zone than to make series distinctions, assuming then that within the soils
themselves one doesn’t find any other difference than temperature. 1 cannot possibly generalize
on this today except to warn against building into the taxonomy differentiae that will become
‘invalid when another crop variety is produced.
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Question 115

Allen:

This question is related to one that Leroy Daugherty asked yesterday, and it was left by
Dr. Wilding, however, 1 believe that there is one part of the question here that has not been
answered. Soil Taxonomy has focused on the sola of soils intended to exclude the significance
of parent material from its use and behavior standpoint. Has the pendulum swung too far away
from parent material implications as a series criteria. I believe it was that last one there that
you alluded to yesterday, but 1 would like to hear ycur comments on it.

Guy Smith:

For most part the definitions that have been published of soil series, the categories, have
stated that the soil series is developed on a particular kind of parent material. You will find
this in the Soil Survey Manual, the first addition and the 1951 revision. The implication of this
definition of series is that parent material is important, but there is no clue as to what a given
kind of parent material is. There are almost an infinite number of kinds of variations in the
glacial tills of the northern states. How much difference does one require, say in the clay
content of the glacial tills, before one decides it is another kind of parent material. The clay
percentages of the Wisconsin tills in Illinois wili range from less than 10 percent of over 80. In
the mapping that continuum was broken into four steps. It would be the coarse-loamy, fine-
loamy, fine, and the very fine. When cne has everything between four possible subdivisions or
eight possible subdivisions, if one goes by steps of 10 percent for example, what is meant by
parent material is undefined actually. It is 2 matter of judgment of the man who is making the
survey and the purpose for which the surveys are being made. If one set up rigid limits of any
one property of materials that would distinguish one parent material from another, I fear it
would cause great troubles when surveys were made for different purposes. The soil survey of
Alaska, for example, would not find the same subdivisions useful as one would find in North
Dakota where the soils are virtually aii culiivated. We would like to, I think, keep some
flexibility. It isn't quite true that Soil Taxonomy is focused on the solum, 1 tried to avoid using
that word in Scil Taxonomy, except perhaps ip an explapatory racthod. li-does not appear in
the definitions of diagrostic horizons becausr. people won't agree on what the soil is. The
Americans and the Canadians differ violenciy on the accumulation of carbonate. The Soil
Survey Manual says the horizon of the accumulation of carbonate is part of the C horizon, now
the solum is suppose :0 be the A and B, not the C. The Canadians call the accumulation of

carbonates a B horizon, 3 Bca. If one uses that concept of A and B and C z2nd solum in the

definitions of the diagnostic horizons or the taxa, then one gets into endless arguments about
what is A zad what is B, and what is C, or what is parent material or is solum. There is no
geacral agreement whatever amongst the world’s pedologists about the meanings of these terms.

Question 116

Giie:

: Your comment comes right at the start of 2 question that I had and answers part of it, but
" 1 would just like to frame this for any additional comments that you have. The concept of
- diagnostic horizons is 2 very important contribution of Soil Taxonomy. Can ¥ou give us some
of the details of Sow this concep: developed as a tool for the new system? You have answered

o a good bit of this, but are there other detiis concerning the history of the development of the

diagnostic horizons 25 a tool that you could give us?
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Guy Smith:

Yes. We started very early in the approximations to use the general European concept
that some soils had AC profiles, some soils had C profiles, some ABC profiles,l or (A), B
profiles and these were classified differently according to the horizon sequences using ABC
terminology. We very early in our approximations reccgnized that there were different kinds of
B horizons, as eventually ended up as spodic horizon and the argillic horizon. At first we called
these Podzol B horizons, and textural B horizons, and Chernozemic A horizons, and so on. In
the Sth Approximation we were beginning to focus on the classification of soils that had been
called Latosols. We tried to develop Kellogg’s concept of Latosols into concept of a B horizon
such as we might expect in a Latosol and proposed a definition of a Latosolic B horizon. So
many of the workers in the tropics were insulted at the notion that this was a B horizon because
it was not a horizon of accumulation of anything. It was a horizon of weathering and of loss of
materials but not of accumulation by translocation. All comments that I got on that definition
were comments that said this is not a B horizon. None of them examined the definition to see
whether it would produce any useful groupings of soils. At this point I realized that is was
necessary to eliminate the use of the concepts of A, B, and C and go to named diagnostic
horizons. This then avoided the argument about what is a B horizon, which has raged I suppose
ever since Dokuchaiev recognized soils as natural bodies. There his B horizon in his Chernozem
was a transition between the mollic epipedon and the underlying stratum. It was not anything
else not even a cambic horizon necessarily. The concept of A, B, and C was introduced into
Western Europe where the soil had horizons of an accumulation of translocated materials, as in
" the Podzol and in thz sols lessives, sel bruns lessives of the French. The Western Europeans
adopted the B horizon as a horizon of accumulation of translocated materials which was quite
different from Dokuchaiev's originai use of B. This became entrenched in Western Europe, but
did not become entrenched necesszrily in all parts of the world. We have then, the current
dilemma between the Canadians and the U. S. about a horizon of accumulation of carbonates.
To the Canadians who adopted the Western European conventions it is a B horizon. To the
Americans who did not insist on the B horizon being one of accumulations of translocated
materials, the horizon of carbonate accumulation was commonly at considerable depth, and was
considered 2s a part of the C horizon. The date for the adoption of the diagnostic horizon is
hard to fix because we were speaking of different kinds of A horizons and different kinds of B
horizons. The use of named diagnostic horizons dates from the 6th Approximation. The 6th
Approximation was issued in 1957.

Question 117

- Gile:

. - _We discussed earlier how lowering the depth requirement for the cambic horizon
eliminsted substantial areas of potential Camborthids. ~ Another change in a definition
eliminated large areas of potential Mollisols. This is a change involving chroma. Would you go
into the reason for the change of chroma requirements for the mollic epipedon?

 GuySmitw -

- I suppose this came from my experience with the ‘former Reddish-Brown Lateritic soils

" of the northwest Pacific States. These had substantiaily more organic matter than was required

'for a mollic enipedon. They were ail from basic rocks and they all had relatively low color

~ values, mostly 3 whea moist. They were soils that formed under forest in a humid environment

 and they seemed more closely related to the Reddish-Brown Lateritic soils of the Southeast than

. they did to Moliisols of. the Great Plaius. The only distinction that I could arrive at was that in
 these soils w2 normaily had a chroma of 4 in the epipedon.
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Question 118

Allen:

While we are discussing mollic epipedons I would like to pose a question concerning
Mollisols. As defined in Soil Taxonomy the central concept was based upon the dark relatively
deep soils devecloped under tall grass mostly in the midwest prairies. I. has always been
difficult for me to explain to students why our extensive shallow soils in Texas, for example,
the Ector series over bedrock, should be Mollisols. What was the thinking in the development
of Taxonomy to break between Mollisols and Entisols along this line. The use of these kinds of
soils is very different from the cultivated soils of the midwest.

Guy Smith:

In general the first point is that these soils have shallow-lithic contacts or paralithic
contact. We have similar soils in Iowa with shallow limestone bedrock. We have to put some
sort of a limit on the thickness of the mollic epipedon where it lies on the bedrock. In order to
group the soils of the Great Plains that had formerly been grouped in the 1938 classification as
dark-colored soils of the semiarid, subhumid, and humid grasslands. We had to have some limit
of thickness to distinguish them from some of the soils that had formerly been called Gray-
Brown Podzolic soils which have an Al horizon that is for all practical purposes identical tc the
mollic epipedon except for thickness. Once plowed, of course, this disappears in the former
Gray-Brown Podzolic soils because it is mixed with the underlying horizons. The mollic
epipedon was thickest in the humid parts of the grasslands of the Great Plains and thins as the
soil climate becomes dryer. We developed a sliding scale of thickness based on the depth to the
accumulation of carbonates for the grasslands in order that they would all have a molliz
epipedon with one third of the thickness of the depth to secondary lime or a minimum or
maximum, up to a maximum of 25 cm. When we came to the bedrock then they were often
less than 25 cm. There was not necessarily any secondary lime in these soils. That sliding scale
had to be modified for soils where the mollic epipedon rested directly on the lithic or paralithic
contact. I proposed a minimum of 10 cm for these soils with no necessary maximum. This
proposal never got criticized.

Question 119

Calhoun:

Anotker Mollisol-related question. Why were the Rendolls restricted to a udic soil
moisture regime? ‘

- Guy Smith: -
" This comes from the original concept of Rendzinas as intrazonal soils whose characteristics
~ are due to the parent material rather than to the climate and the vegetation. The Rendzinas of
- Europe form pretty much our ceatral concept of Rendolis. They are dark-colored soils resting
‘mostly on marl and they are in a humid climate. Tiey do not consider the Chernozems as

L Rendzinas. To some pedologist, some who visited Texas, identilied some of your dark-colored
" 'soils on limestone with an ustic regime as Rendzinas. Although there was a marked difference

. in these soils from the Rendzinas of Europe in that they had a pronounced horizon of carbonate -
accurnulations. They reflected then, the climate, not the bedrock. I found that the Texans had
-Rendzinas all over Texas wherever the soil was shallow on limestone. These would have been



o g_y Srruth

Texas Interview

dark-colored soils irrespective of the nature of the rock, just as in Iowa, what was called a
Prairie soil, shallow over limestone, would have to be called a Rendzina because it had no
horizon of carbonate accumulation. These would be quite unlike kinds of soil. Although,
varizbility at the suborder level could have been handled at the great group level. It was mostly
to keep the grassland soils together and separated from the forest soils of the humid regions that
we restricted the Rendolls to soils that have a udic moisture regime. The soils on limestone
with ca horizons and an ustic moisture regime were then clearly separable from the Rendzinas
of Western Europe.

Calhoun:

As a follow-up to add, do you find the same observation to be true in ustic soil moisture
regime to the tropics, in fmdmg the zone of secondary calcium carbonate accumulation? I ask
this question because in the northwestern portion of El Salvador wez had a small area of
limestone. Although, we don’t have data nor detailed morphologxcal descriptions or observations
we basically had a mollic epipedon that was resting over limestone with no secondary
accumulation of either clay or calcium carbonate or anythmg else but was very distinctly an
ustic soil moisture regimz. However, it is a wet ustic with 1600 to 1700 mm of rainfall
occurring in a very distinct six-month dry season.

Guy Smith:

(NOTE: This is not the beginning of Smith’s answer, the tape was started after he had
begun his comment. TDC) In Venezuela developed on calcareous parent materials. In the
absence of carbonates in the parent materials we don’t find much secondary lime i the
mtertropxcal regions. The rainfall at Maracay is something like 2 1,000 mm in a six-months
rainy season. It is enough to saturate the whole soil, but it does not seem to be enough to get
the lime out of a moderaiely calcareous parent material. This is my only experience with

secondary lime in the intertropical regions. In the West Indies I do not at this moment recall
any Calciustolls. :

Question 120

' Allen:

. Are Rendolls extensive in any parts of the world with which you are familiar except
Eastern Europe" :

e Western Europe ’l‘hey are relatxvely mextensxve in the United States if one Judges by the
~“numbers of series that have been classified as Rendolls. They are quite extensive in parts of

France and Belgmm The Pam Basm is vc:ry fargely composed of Rendolis.

["f“xCalhoun. T

;‘Just as a 51dehne to’ 1rh:«n’: The area around Txcao (‘7) in Guatema!a ‘a continuation of the
“lower.. ‘basin of the Yucatan pemnsula, 1 don’t know how far up into the Yucatan, depends on
“whether we go from udic to. ustic, somewhere norih on that peninsula would be predommantly
“classified as Rendolls There are. large extenswe areas that suppor ted a very intensive Mayan
-agriculture. ' B TR o
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Guy Smith:

I thought maybe they were Vertiscis myself. They are dark colored.

Question 121

Gile:

Does the term clay, as used in the definition of the various "Pale™ great groups refer to
silicate clay on a whole-3oil basis, not carbonate-free?

Guy Smith:

The term percentage of clay, clay that is not clearly defined. In general this is measured
‘on the whole-soil basis. However, if the carbonates are secondary origins they may be of clay
size. These carhonates we specify are to be treated as silt rather than clay. If the secondary
carbonates are of silt size, of course they are treated as silt. So I would assume that in general
the meaning was the percentage of silicate clay in the whole-soil matrix.

Gile:

That is what 1 thought, but I just wanted to hear your answer.

Guy Smith: -

7 The clay size secondary carbonates are treated as silts because they do not seem to have
the physical properties of the silicate clay. They do not retain moisture in the same manner arnd
one can seriously misjudge the amcunt of silicate clay that may include the carbonate clay with
it. ‘

" Question 122

' Daugherty:
e 'Wbuld'you 'e'xplain the extra-grade subgroup leptic as in Leptic Natriborolls and the lack
. .of the use ‘of this term in Natrargids etc.?

Guy Smith:

" The Leptic Natrialbolls were provided for because of the feelings of the correlators and
the ‘state soil scientists. and the experiment station people, primarily in North Dakota and
Montana that they needed a distinction between soils with a very shallow solum and soils with a

oderatzly thick solum. The North central regioral correlation staff and the work-planning
confarences went along: with this desire for the Leptic subgroups. When we get to other kinds
of scils' where we ‘are dealing with different groups of people, the feeling might not have been
50 st ' tht have been abseni about the importance of the thickness of what we used to

g,
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call the solum. We are dealing with, not only different kinds of soil, but different groups or
committees of people.

Question 123

Caihoun:

Under what environmental conditions would an Oxic Argiudoll occur? It was mentioned
that Oxic subgrou; = are provided for some Mollisols, An Oxic Argiudeil I find rather

fascinating and possibly it relates back to some of these things that Joe Nichols was mentioning
in terms of Kenya.

Guy Smith:

The only gocd examples of such scils that I know of comes from the assembled data on
the soils of the former Belgian Congo or Zaire, where we have soils that have properties of
Mollisols as they are defined in Taxonomy, tut that have kaolinitic clays and free oxides for the
argillic horizon. These are intertropical soils, I think not necessarily from weathered sediments,
but pessibly from preweathered sediments. Under the high temperatures and the high rainfalis
that we have, the surprising thing is that one finds Mollisols. Their presence may be due to the
vegetation which would mostly be calcium-collecting evergreen forest trees.

Calhoun:

Is it possible that many of these are leguminous in nature and are nitrogen-fixing
avergreens.

Guy Smith:

I don’t know the species or their classification. I have never visited these areas. I think
that the collected data from INIAP or INEAC on the scils of Zaire probably will list the botanic -
names of the native vegetation that was growing when they sampled the soil. The botanic

classification is useless to tell me whether it is a tree, grass, shrub, legume, or a non-legume or
what have you. I only know it is a plant because the book says so, it is the vegetation.

Question 124

e We"télkedl brieﬂy about the change in the definition of the calcic horizon in which the 15

' percent requiremeit of calcium carbonate equivalent was waived if the horizon had at least 5

‘percent by volume more soft powdery linie than an underlying horizon. In the skeletal classes,

[ cited‘jn’_‘the.j-:iefinitign,‘fconsistence'of carbonate that I have seen has been harder than soft. Ia

- what kinds of situations would secondary soft powdery lime be expected in skeletal horizons
‘with less than {5 percent calcium carbonate equivalent. The definition is on page 45, Guy, if
you would like t6 look-atit. - - - - oo LT
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Guy Smith:

I am afraid I cannot answer that particular question. The requirements for 15 percent
calcium carbonate was waived for the sandier soils because we commonly have very distinct
accumulations in these soils with considerably more carbonate than the underlying horizon.
Being more or less siliceous by nature of the sandy parent material it never reached the 15
percent limit. We were really more concerned with the 5 percent limit than with the 15 percent
limit. We enumerated there the particle-size classes which were involved in this waiver of the
15 percent limit. Whether or.not we listad the proper classes, I could not say. I just have no
good experience with this. You have in your desert project probably seen many such soils. 1
do not know under what condition one would get soft powdery lime. I suspect you would be
more apt to get pendants under the stones, in arid climates.

Gile:

Yes, and as accumulation between the pebbles sometimes localized, but usually they are
harder than soft.

Question 125

Allen:

This question was left by Tommie Halimark, before leaving on Monday. It has been
alluded to, but I would like some additional comments if you are still inclined. The soil
scientist is concerned with the upper two meters, at best. Most geologists are concerned with
the bedrock. In many areas such as the Gulf Coastal Plain the material between the lower limit
of the soil and bedrock is somewhat of a no-mans land, which controls many interpretations.

But it is rarely studied. Should we as pedologists take the leadership in studying these
materials?

Guy Smith:

There arz several problems involved here. The first one of course is the difficulty of
making enough observations to yield valid conclusions about the significance. Where it is
critical to the interpretations as in an irrigation project in which one needs to know what is
going to happen to the leaching waters.  Although it is difficult, it still would be essential that
the pedolegist for his interpretations have a driil rig and bore it out and find out just what
underlies the soil and overlies the rock. It is a no-mans fieid and unless one feels that it is
important to interpretations, certainly the pedologists should not waste his time on it. If it is
critical, then, it is essential that the pedologist work out the distribution of the underlying
unconsolxdated materzals 1 only know of a few instances where this has been done and always
- for 1rngatxon.
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Question 126

White:

Under Albaqualfs Soil Taxonomy talks about the albic horizon resting abruptly on the
argillic horizon. It goes on about must have a mesic or thermic temperature regime and be
irrigated, because they are dry for short periods. The dryness seems to be essential to the
genesis. Could you give me some background on the sentence "The dryness seems to be
essential to the genesis." Is that to the genesis of the albic, to the argillic, or to the boundary
between the albic and the argillic? This is at the very bottom of page 109 top of 110 in Soil
Taxonomy.

Guy Smith:

This statement is primarily a statement coming from geographic correlation between the
occurrence of Albaqualfs and the dryness in the warm summer months. There is one from
northern Missouri where the Albaquaifs are very extensive in the loess. Across Iilinois and into
Indiana the Albaqualfs virtually disappear and are replaced by Glossaqualfs. The Missouri
Albaqualfs are the famous Putnam series. In southern illinois the Cisne and Cowdon are
considered representative Albaqualfs. They run on over into Kansas and Oklahoma, but I have
never seen them in those states. The dryness is probably not essential to the development of the
argillic horizon because the Glossaquaifs have argiliic horizons also. They don’t have that
abrupt boundary that occurs in the Albolls and the Albaqualfs. There was no good genetic
theory to explain this at the time that we were working on Soil Taxonomy. In recent years the
process of ferrolysis has been worked out to a considerable extent. Most of these soils have
groundwater perched on the argiilic horizon at some season of the year. That is one condition
that seems essential for ferrolysis which is basically destruction of the clay under anaerobic
condition. In the FAQ UNESCO legend the statement appears, “in these soils the clay has been
destroyed in the A horizon®. That is a serious overstatement because there may have been some
destruction of clay, but there also has been translocation of clay into the argillic horizon. It
may be a combination of the two. This is a field i which there is still a great deal to be
learnzd. Along about 1934 in the old soil survey association proceedings Roger Bray presented
a series of papers on the genesis of the B horizon, it was then cailed, now the argillic horizon,
in these soils. He worked out a series of calculations about clay formation in place and
translocation, and explained the difference between the A and B horizon of the Albaqualfs

basically on translocation rather than destruction. Clay difference could be due in part to both

. processes.  We can’t in any way at the moment quantify how much is due to one and how much
- to the other. : '

Calhoun: .

~_ Just before we started up again we were talking at this end of the room about these sharp

contacts. The Lufkin soils ‘in Brazos County which are Vertic Albaqualis has an extremely

- sharp, knife-edge boundary between the surface and subsurface. I am not even going to call

- them horizons becsuse that starts another problem. Joe mentioned that there are also several of

- these in Oklahoma. The question arose what pedogenic process can produce a knife edge

" poundary? If it is translocation, which is the story I have been given in Texas for the strong

7+ ... boundary, I can’t believe the translocation gives you a knife-edge. If it’s clay destruction, I

- hadn’t heard that, and will dig that out of the library. Do you have any thoughts aleng that
. Yine with these extremely sharp boundaries? L

GuxSrmth e

,?.:jwféil‘,;lé’t’s’ putxt thxs v."ray.' We have some series that are neither Albolls nor Albaqualfs

t}ijzié’:’ha"ye;,‘:hyiéﬂabrupt__boundary between the epipedon and the argillic horizon. There is no albic
orizon in between. These are still drier than the Albaqualf and the Albolls. Probably the albic
crizon is not there because they are not saturated for long enough pericds to destroy any ciays.

et there they are, a fact and the abrupt boundaries are genetically a bit of a problem.. We
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have them noi only in these soils but also in most Spodosols. I think most people agreed that
spodic horizon is due to translocation and precipitation of humus and aluminum or humus,
aluminum and iron. There is no good theory yet to explain any of the abrupt boundaries. Dr.
Flach has worried quite a bit about the abrupt boundary in Spodosols. He has presented a
hypotheses, though not in writing to my knowledge, that the humus to be precipitated does not
get encugh aluminum while it is in the albic horizon, but when it gets to the spodic horizon it
picks up some of the aluminum that is already there and that has been put into an available
form for further precipitation by biologic destruction of the ligands that bond the aluminum to
the humus. This won’t explain anything in terms of an argillic horizon.

Question 127

Daugherty:

Looking at some of the past questions that you have been asked. You have been asked
questions on reasons for base saturation and separation between Ultisols and Alfisols and
between mollic epipedon and umbric. 1 have a question that relates to base saturation, also.
How was the 60 percent base saturation decided upon for the division between Eutrochrepts and
Dystrochrepts?  Fifty percent is used for Mollisols and seems fogical that this might be the
logical separation for Eutrochrepts and Dystrochrepts instead of 60 percent?

Guy Smith:

The reason for-ihat is that the studies we had for the Inceptisols in the northeastern states,
in Pennsylvania, in New York, and Maryland shows that the most common range of base
satusation ir these soils was between about 45 and 65 percent. By moving the limit up to 60
percent we kept all of the related soils very much together. If we put the limit at 50 percent
we would have cut down the middle of these series. They are so similar that the field men
can’t tell what the base saturation is. They had to go to the laboratory. The sensible thing to
do was to use another number because none of them get very far above or very far beiow the
50 percent limit, ' ' :

Daugherty:

" When this gets into areas of ‘soils with different kinds of mineral suites, it might cause
sorme problems, woﬁu.!d!n’t‘it? o : : , . , :

- Guy Smith:

©oooo It might only have transferred the problem to some other part of the world but we have
~ no data on those cther parts yet. - - = - . SR :

| Thompor |
Thxshas to do again with the tonguing. Penetrations of albic material must occupy greater
ercent of the matrix of

e. T was curious as-

to why the 15 percent minimum figure was used as a criterion.

me sort of minimum figure or one'tongue to a meter or so wouid be

ngue that:is'only 5 mm'thick. This 15 percent limit to the best of my.

" some- part of the argillic or natric horizon to be considered as '

> work planning conference of the North central states where they
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probably considered what series they wanted to put into great groups that had tonguing and
what soils they did not want to put into that. I am sure I did not propose this myself. I had
rather relied on the recommendations of the work-planning conference committees that
discussed this particular definition. Tonguing is most common in the North central states in
Wisconsin and Minnesota. ‘

Question 128

Nichols:

Family groupings are useful for many interpretations. They would be useful for many
more interpretations with depth classes of about 20 to 40 inches, 40 to 60 and greater than 60
inches, were a part of the system. Do you think depth has a place in the family property of the
systems?

Guy Smith:
That is depth to a lithic or paralithic or some other barrier to roots?
Nichois:

If we go in now to the family classification we'll have soils that range from 20 to 80
inches or more to lithic or paralithic rock. It makes it very difficult to try to make common
statements about them especially non-agricultural interpretations.

Guy Smith:

As I interpret the definitions of the family and series control sections, we have a break at
20 inches for the lithic contact or the shallow soil in the family and the subgroup. Another
break at 40 inches, or a meter to be more precise, is required at the series level. Below 40
inches, or a meter, there is no strict requirement for a new series. It is possible tc phase such
soils in the family to improve your interpretations. If your interpretations are not good without
the phase then I think we are remiss in not using phases of the family. After all, all of our

interpretations are for phases of the families, not for families.

"~ Question 129

Foii':‘s‘éve‘rai years ‘we thought that the 10 percent weatherable mineral break at the family

evel coincided with important landscapes breaks. With additional data this is not proven to be

* true.- We have siliceous Ustic Torripsamments, such as Penwell, on the Texas and New Mexico
- line.:’ and mixed mineralogy on the Pamlico surface in South Carolina. Would you
“on the rationale for "the 10 ‘percent mineralogy break? The 10 percent
“break for the siliceous mineralogy. - .. i :
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Guy Smith:

Not having the recent information when we were doing this, proposing this limit, we
attempted to set a limit that would make the distinction, say between the soils of the lower
coastal plains and the next higher one. It would not make a complete clean separation because
~the sandier deposits are going to have fewer feldspars and micas than the loamy ones. We do
have in North Carolina, we have Quartzipsamments of a very recent age, as a matter of perhaps
less than a hundred years. Because the sands are nearly pure quartz when you get out into the
ocean beds. In examining the limited amount of available data that we had at that time the
glacial Pleistocene sands had generally appreciably more than 10 percent weatherable minerals,
but the Pleistocene surfaces on sandstones might yield Quartzipsamments in the glaciated
country. So the parent material has some effect there, as well as the degree of Quaternary and
Holocene weathering.

Nichols:

I was wondering if there was some kind of crop nutrient supplying capacity for crops at
about the 10 percent weatherable mineral.

Guy Smith:

I don't believe so because there is so much difference in the release of nutrients according
to the nature of the weatherable minerals present. The calcium feldspars weather very rapidly
and it doesn’t take many thousands of years for them to disappear from the soil in the humid
climate, but muscovite is very resistant to weathering and being resistant to weathering we
would expect that the nutrient release would be very slow. The committee on classifications of

soils with low-activity clays has been discussing this limit, and may come up with some
recommendations for them.

Nichols:

I remember the last couple of circular letters from them did not have anything on
mineralogy.

: Gux Smith:

| Well, they have been discussing it in' particutar, I think, and probably you have been
involved in this, that is, what to do with Cecil and Appling series. Should they be included

~with the low activity clay soils or excluded. If we use weatherable minerals they are [the Cecil

- soils] excluded. If we use, strictly, the nature of the activity of the clay then they are included.

S WNichvoIs‘:

coooo It aﬁpem if they exclude those they may exclude a lot of soils they wanted in, other parts
~ of the world. e

 Question 130

o Would,'ouaddress the ffineiclay/totél} clay ratio as part of the argillic horizon definition
and the quantitative ‘requirements for the increase in this fine clay/total clay ratio? It says in

Soil Taxonomy.it needs about one third or more increase. .
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Guy Smith:

We had relatively few data on the ratios of fine to total clay when Soil Taxonomy was
written. The studies that we had principally came from the northern states where we have
Mollisols and Aifisols with a more or less mixed clay mineralogy. The implication was very
clear that in these soils on which we had data, the bulk of the difference in clay between the
argillic and the overlying horizons was due to translocation of the finer part of the clay. The
montmorillonite is normally much higher than the illite or the kaolinite and seems to move
preferentially, and have a big effect on the ratio of fine to total clay. We have more data now
than we had then. The introduction of some such statement as this does often stimulate studies.
The laboratory we used to have at Riverside made some studies of some of the soils for the arid
parts of the U.S. and reported back that they couldn’t find any difference. So the ratio of fine
to total clay was not made an absolute requirement. If you read what it says here--"The ratio
of fine to total clay in the argillic horizon is normally greater than in the illuvial horizon by
about one third or more.” We have "normally" and "about" in that sentence. I thought this
would be used as a clue where it was useful, but should not be an absolute requirement in the
definition of the argillic horizon. The sliding scale of 3%, 1.2, and 8% is related to the
discussion on how sensitive field men could feel these increases. What could they consistently
determine in the field? In the sandier soils we finally decided that a competent field man
should be able to recognize the difference of 3 percent. In the loamier soils an increase of 1/5
120%] could be recognized. In the clayey soils it would require at least 8 percent, but that was
less than a 1/5 if you got up into 60 or 70 percent clay in the very fine textures.

Question 131

Allen:

I have often wondered why that was not continued from 15 percent up to 40 percent on a
percentage basis rather than the one to two ratio. I never quite understood the reason switching
back to 1.2 ratio. :

- Guy Smith:'

' This was, we thought, sométhing that was observable in the field with the finger. If you

_ have 25% clay then 5% difference should be recognizable. If ycu have 30% clay it would take a

6% difference to be recognizable. The more clay you get the less precise are your estimates.
The Freach use a ratio of 1.4. Of course 1.4 is readily observable. As we examined the data,
" particularly in the Mollisols, the soils that we thought had rather distinct argillic horizons did

- _not reach the 1.4 ratio because the A horizons of the mollic epipedon contained too much clay.
~ When we came to Alfisols the 1.4 ratio would have worked.

. Allen

e Thesldmg ip’ejr'c v;’z";ggé scale between 15 and 40 could have been constructed, I guess.
Guy Smith: o

was by using th ratio. “That was a slding scale.
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Question 132

Daugherty:

I would like to ask another question in relation to the argillic horizon. Would you discuss
the lamelia in the argillic horizon. There seems to still be a question among states or among
regions as to whether all of these lamellae are pedogenic or geologic? - v

Guy Smith:

They can readily be a combination of both. These lamellae, however, where they are
pedogenic are stuffed with oriented clay. The finer-textured strata in the sands are not. The
jamellae conceivably start to form at a point where there is a change in the particle size of the

sands. They will follow stratifications if they can, but they often cut from one stratum to
another in such a manner that it is difficult to imagine the sedimentary process that would be
responsible. The probability is that these lamellae formed because at some stage in early
‘development the down-moving water hangs, is withdrawn by evapotranspiration and deposits
whatever it is carrying at that point. This accentuates the difference that originally caused the
water to stop there. Water stops when there is a change in pore size. The lamellae that we have
in the soils of Pleistocene 2ge are not found in calcareous sediments. = When you reach
carbonates in the Pleistocene sands in lowa and Illinois there are no lamellae below. . It is-
difficult to understand this, if it is geologic because you may find them to a depth of 50 cm in
one soil and 2 meters in another. In all cases they are in the noncalcareous sand. The argument
for their being geologic would conceivabiy come from the tendency of these lamellae to follow
stratifications in the sands. We get the same forms of the lamellae in the sandy Spodosols.
These iamellae are restricted to relatively coarse-textured soils with low clay contents. I used to

~ say that we had no lamellae in loess but unhappily the Belgians have found some. '

Daugherty:
" We have found some that appear to be lamellae in sandy and lightly gravelly material in
the desert regions in New Mexico. The question is whether these are pedogenic or geologic.
- Maybe Lgland Gile can spezk about them better. 2 : ’
-~ Gile: e ﬂ

“yew‘}\_'j;“;h"dngs are you talking about? Which lamellae in New Mexico?

 Duughernty S |
" The ones we saw around Socorro, NM. - John Hawley mentioned that you had some on the
7 desert ‘-pgqjec;t»~ttgat you thought maybe were agrading due to clay carried in arroycs.

77 Yes, these aremverygravelly deposits though. They could be below a real nice argillic
‘horizon, that could represent a great depth of clay accumulation or maybe some lateral
accumuliation.- i haven’t seen them in the gravelly deposits in Holocene soils. I think from the

standpoint of trying to explair them in the sandier soils than with the rationale for explaining

hem according ‘to contact of different size materials, such as Guy mentioned.

ut interestingly though, we haven’t found the lameliac in the Las Cruzes area where it is
‘very.dry in Holcsene soils:” These would be in sandy sediments. -But we do have them out here

‘ unty area’ where we have got precipitation of about 16 inches. ~This suggests
s the s / .

erestingly tho

“two extremes of precipitation range of about 16, there is a place
e n i o and vou

two extremes of ,p"reqipit'ation of about ‘16 inches. ~This suggests '

tail off and you just don’t get them in the desert soils. From =~
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Guy Smith:

I have not seen them in the sandy Aridisols in Australia. They are very common in the
sandy soils of Australia where the moisture reginie is ustic, xeric, or udic.

Gile:

This again seems to suggest that we need a little more moisture than 8 or 10 inches to get
the lamella formmg The only additional comment that I would have about the lamellae or
bands is that it would help to use the more or less standard tests for horizons in determining
whether these are pedogenic or not. In our Bailey-Talmage study area sola are relatively thin
and in many places are underlain by C horizon material and is quite readily demonstrated that
most or all of the lamellae that are in that area are of pedogenic origin. The problem is more
difficult in areas where there is more precipitation, the wetting-front goes deeper and you run
into zones that have bands of uncertain origin, at least uncertain at this time. These areas I
think need a lot more study.

Question 133

Daughertz‘

- This is a- phrlosophxcal questron and is not really asked as a question maybe just to
formulate a comment on your part. How do we overcome some. of the bias toward creative
thinking which a document such as Soil Taxonemy would create. This would be especially true
‘in areas where we would set up aroitrary boundaries or class limits rather than ones that have a
special meaning. You have to guard agarnst stifling of progress in soil genesrs Do you have
any comments? : .

‘ G X Smith:

Just really one. The reason I am he""e is that I very carefully tried to hrde all of this stuff
in Sozl Taxonomy to force the people to examine the definitions to see how they grouped the
-soils. If I had given all the background on all thess questions then people, I feared, would pay
~ more attention to the reasons why we did something than to what we said. Then they would be

~less inclined to examine the groupings of soils that result from the definitions in Soil

“Taxonomy. 1 dont see how as it is written Soil Taxonomy can stifle creative thinking because

~ it only forces you to examine the groupings.. If ‘you don’t like the groupings that result you

" then have a. perfect rxght to. suggest changes in. hmxts and natures of definitions that will
produce better groupmgs o St . DR

 Question 134
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tension somewhere between 60 and 100 cm is used as field capacity for sands rather than 345
cm,

Guy Smith:

Well it was primarily the Florida people who were concerned with this family distinction
between coated and uncoated. The only data they had was on moisture equivalent. That is all
that was available, nothing else. It had to be written, the definition, in terms of available data
or we wouldn’t have any notion as to what we were doing with the classif ication cf our soils. 1
would surely agree that the very fine sand fraction, particularly that part less than about 74
microns i just as important to moisture properties as is the silt. In the taxonomy as written you
might talk about eyeballing. I looked at the cumulative curves of a number of sands. If the
‘soil was a sand the bulk of the very fine sand was in the largest half of the very fine sand
fraction. We had some data on very fine sand effects on capillary rise and moisture retention
from Michigan. Consequently using the definitions of the families of the particle-size classes as
they now stand treat that very fine sand fraction in a floating manner so that if the bulk of the
sand is medium and coarser sand, it is treated as sand. It was generally appreciably in the
upper half of the very fine sand range. {NOTE: tape starts in the middle of a sentence.) and it
should be treated as silt. We were dealing with relative absence of data and yet if we made no
proposals nobody would ever examine these things in all probability. When they object to the
“groupings they get here they are stimulated to do some work and to try to make corrections and
improvements.

Question 135

" Allen: '

I will give somewhat of a lengthy prearible here before I get to the question, Dr. Smith.

‘A soil can qualify as a Paleustalf by either having a petrocalcic horizon or one of the following:
1) A clay distribution that does not decrease by as much as 20% of the maximum within 1.5
meters of the surface in addition to some color requirements, 2) or have an argillic horizon in
‘which the upper part is clayey and there is an increase of at least 20% clay within a vertical

. distance of 7.5 cm or an increase of at least 15% clay within a vertical distance of 1.5 cm of the
‘upper boundary. This is on page 138 in Soil Taxonomy. Now question No. 1 - Does a 20%
clay increase apply to any part of the argillic horizon where it says 7.5 cm? But my question is,

" when the clay increase is 20% within 7.5 cm does the 20% increase have to occur at the top of
" the argillic, somewhere within 7.5 cm of the top of the argillic, or anywhere in the argillic

- because for a 15% increase it states at the top of the argillic.

~ Giy Smith:

' A 20% clay increase. This clay increase of 20% within a vertical distance of 7.5 cm or
" 15% within a vertical distance of 2.5 cm is an absolute increase. In other words, in going from
-305% ;:lay,to‘ ‘50%';g:lay":o»r»' fro;n;‘the ’15% from 30 to 45 percent clay. : ‘

Bh't}m}?q;ieétion,"‘is;fwhen the clay increase is 20% within 7.5 cm does the 20% increase
‘occur: at. the top of 'the argillic, somewhere within 7.5 cm of the top of the argillic, or -
argillic because for a 15% increase it states at the top of the argillic. o
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Guy Smith:

It says at the upper boundary. Then absolute clay increase must be et at the top of the
argillic in either a 20% increase within 7.5 cm or a 15% increase in 2.5 cm. It states at the top
of the argillic horizon from the material above the argillic and the material in the argillic.

Allen:

In contrast of the Paleustalfs a soil can qualify as a Paleargids only in two ways, p. 165 1)
A petrocalcic horizon or 2) either a stated percentage increase at the top of an argillic horizon,
the amount of which depends upon whether or not Ap is present. The question is: Why is
there no provision for the deep clay distribution in the Paleargids as there are in the Paleustalfs.
There are only two ways it can qualify?

Guy Smith:
Yes.
Alien:

Now in the Southwest part of the High Plains we have Aridic Paleustalfs that border onto
the Ustalfic Haplargids 1 wonder why we don’t have that provision in case of the Paleargids.

Guy Smith:

I presume that's because we never found that deep distribution of clay in Aridisols. The
water just doesn't go deep enough or hasn't gone deep enough to move the clay and to produce
the clay by weathering in spch deep horizons as a 1.5 m. Theoretically you shouid be able to

find some polygenetic Argids that have such a deep clay distribution. They haven't been
reported to me, I didn’t run across them in the development of Soil Taxonomy.

| Queys‘tion 136
"l’homgs‘dn‘:’ -

% - 1 might have one last question Dr. Smith, then I am going to about wind my questions up.

~ Why. were the aquic arenic subgroups excluded from Paleudaifs, and why was it felt that no

" aquic grossarenic subgroups were needed in Udalfs, Ustalfs, and Udults. I readily recognize

' _that the 75 cm depth to gray mottles splits the class limits of arenic subgroups. This is on page
' 135'and 365 if you care to look at the Alfisols and Paleudults. ‘

o

-

. This is a ‘question that I cannot answer. In theory the bulk of these Arenic and
Grossarenic Paleudalfs and Paleudults are in the region of the southern states. We are not
dealing with two different groups of people we are dealing with the same group. It is one thing
with the  Paleudults in Florida and another thing with the Paleudalfs in Texas.  Their
recommendations were : ac 1 was not in on their discussions at the Work-Planning
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Thompson:

I presume then if we felt it would serve a useful purpose we could propose an addition of
Aquic Arenic Paleudzlfs?

Guy Smith:

: Certainly, yes. That is Paleudalfs. In the Alfisols this is an implied subgroup in that
these are the definitions for the Aquic Paleudalfs excludes the Arenic subgroups and the
definition for the Arenic subgroups does not mention the Aquic properties. It is an implied
subgroup. If an examination of your interpretations suggest that you need that subgroup then it
should be proposed. If your examination of your interpretations suggests that you make the
same interpretations for the Arenic Paleudalfs, let us say, that also meet the restrictions on the
Aquic subgroup, then you should propose a modification of the definition of the arenic
subgroup. Bear in mind that the only subgroups listed here are those that appeared in the print
out of the classification of the soils of the United States. Many other implied subgroups exist
throughout the Taxonomy but are not spelled out simply because we had no series that had been

so classified. :
Guy Smith:

The limits were proposed by the regional groups based on their experience with the
significance of the depth to the gray mottles. In general the sandier the soil the less importance
one is inclined to put on the gray mottles. Particularly in thermic soils the importance of the
depth to the gray mottles decreases because you have a long growing season. If the soil is
inclined to be a little wet in the winter it is not so important as it is in the frigid and mesic
soils where your growing seasons are shorter and the delay in planting due to wetness may be

very critical.

Question 137

Nichbls: ,

Why did the depths to 2 chroma mottles for aquic subgroups vary from within one meter
. for. Argiustolls to within 75 cm for Haplustalfs to within 75 c¢cm and the upper 12.5 cm of the
- argillic for Haplustults? et - :

 Guy Smith:

. This is another question that I cannot answer because these subgroup definitions were
- developed in Work-Placning Conferences that I couvld not always attend. If I did attend one I
“could only sit in.the discussions of one committee. I simply do not know the answer.  If it

‘seems irrational and irrelevant to interpretations then changes should be proposed. I think that

'we must not tie our hands by trying to be completely consistent at this moment. Our only

. consistence is ‘that we want to get the taxa about which we can make the most important
statements and the greatest \numb;etv.qf: them. - B

Th ‘_'midw’est*‘:fprvobab‘ly.-'ﬁ?on‘ld&: _pot notice this, because they don’t have the Alfisols

a 100 cm on‘the other one when they occur side by side seems a little odd to our

ey wouldn't:-riotice that further north.. We.do‘rl_ft‘j,have‘t:}lat many of these kinds of

n:one a

people and th

with Mollisols like we do have Ustalfs and Ustolls together. With 30 inches or 75 cm - :
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soils and they are soils with high water tables. We haven’t had many complaints on that, it just
seems odd. They make up an extremely small part of the landscape anyway.

Allen:

I don’t think you have complaints so much as you have questions as to why. Nobody
questions the validity of the requirement simply why was it set that way.

Guy Smith:

I should point out that when you are dealing with Udalfs and/or Udults the shallow water
table can be an impediment to use. When you are dealing with Ustalfs and Ustolls the shallow
ground water may be a benefit. In northwestern Iowa where we have a relatively thin mantle
of loess over a fine-textured till, the ground-water perches above the till. Crop yields are
better because of it, because the soils then retain and can supply more water. These are
considered Udolls at the moment but they are getting marginal to the Ustalfs, and I don’t have
much personal experience with the Ustalfs.

Nichols:

The aquic and the pachic subgroups have higher yields than the typic for the most part in
the ustic areas. The aquic subgroups are also the highest yielders in the Cherokee Prairies. The
Dennis series in an aquic subgroup. The soil has a 2w land capability class, but it is higher

producing than a typic subgroup because the extra moisture is more of a benefit than it is a
handicap.

Guy Smith:

Then it doesn't belong in 2w because w implies that wetness is a limitation and not a
handicap.

Nichels: |

- The soil doesn’t grow aifalfa. You ave limited scmewhat on the number of crops. It may
delay the corn planting a littie but the yiclds on the crops other than alfalfa are higher. It
seems ideally suited to winter wheat which can take just enough of the moisture during that
season to give higher yields.

Que’stion 138
© Nichdls

= Dr., Bartelli and others involved thought that the oxidic mineralogy was going to help them
. in classification that would isolate certain kinds of soils. They thought that soil such as Tifton
-~ would have oxidic mineralogy. The soils that had the relatively low CEC per 100 grams of clay.
""" Along in about 1968 or 1969 when they started getting some data they found out in fact that
-~ Tifton did not. have oxidic mineralogy nor did the Norfolk or Cecil or some of the other soils
- they thought would. - They did find some soils that did have oxidic mineralogy and they were
~the soils in the mountain areas in Tennessee. I believe one of them was the Alcoa series and
“another one, the Brevard series in the mountains of North Carolina. After they found out it
: ‘m “the split that they wanted they declared a moratorium on it until they could get
_more data. Now after I came to Fort Worth in 1971, we talked several times about what to do
ybout this and always put it off a little longer until when the low cation activity clay committee.

- wasn't making
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began we were in hopes that they would solve the problem because the Kandi Udults, or
whatever the final terminology would be when they were defined, might make the splits that
they wanted. That committee has run a little longer than most people had thought it would at
the beginning. There are still hopes that after that committee produces their work that maybe
oxidic mineralogy won't be needed. Before long we have to make a decision as to whether we
will retain this or whether we won’t. Apparently the mineralogy is essentially inherited from
the rocks in the area for the few soils that we have. I have the latest circular here for the low
cation activity clay committee. If they stick with the same CEC break that is used for Oxisols
of 16, there are going to be very few of those in the southeast. If they had used 24
milliequivalent break at pH 7, there would have been a tremendous areas in the south east U.S.
and southeast Texas. After much discussion it looks like they are going with the 16
milliequivalents and we may again be left with the problem. That decision needs to be made
fairly soon about what to do. If it isn’t solved by the low cation activity clay committee we
may want something like a task force similar to the one that we had on organic soils or the task

force on the orders of soil surveys to try to solve that problem. Dr. Smith do you have a
comment on this?

Guy Smith:

There are still two alternative courses ¢f action. If you decide you don’t want the oxidic
mineralogy in Alfisols and Ultisols that is as far as you should go in your proposal because
they may still want these in Oxisols, for example. There are many oxidic families of soils in
Hawaii. Before you drop it completely you must examine its impact in other orders than
Alfisols and Ultisols.

Nichols:

We talked to Beinroth and Ikawa in fact on the trip to Brazil. They thought it was doing

something for them at the time. Another possibility might be that there could be some change

in the formula which you use. The moratorium stili exists and Stan Buol and Dr. Ben Hajek are
two of the people who have been working on this and have been concerned with it.

Question 139

w 'Daughem‘

: How was it intended that the family particle-size classes be determined from the data on
honzon basis and wenghtmg by tluckn-.:ss of horizon or by mixing of the samples?

: Gu uy Smith Smxth

, Normallv we would prefer not to mix the samples because we lose mformanon if we do,
_”but rather by weighting particle-size by thickness of the various subhorizons that were taken.

" As a gerneral rule one gets zlong better by nttmg a smooth curve, to the data and as a function
of depth ~Then identifying the control section and from that takmg the average of the control
se It often happens that the sampler doesn’t sample the control section as such. By
thxs smooth curve one can get at the partxcle -size dlstrxbutxon of the control section.
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Question 140

Allen:

I wonder if you would comment on the concept of the salic horizon and problems that you
have encountered, if any, in applying use of the salic horizon in Soil Taxonomy.

Guy Smith:

The salic horizon is defired more or less on the salt content rather thzn on the genesis.
The one great group of soils that we provided for which the salic horizon was diagnostic was a
group of soils in which there is relatively shallow salty groundwater, and the salts accumulate at
the surface of the soil from capillary rise and evaporation. The Salorthids are suppose to have
groundwater at some season of the year before the salic horizon becomes diagnostic. The
photograph of the Salorthids in Soil Taxonomy, plate 5D page 101, is of a soil that had
groundwater at one time but stream entrenchment has lowered the water table so that it no
longer is shallow enough to strictly meet the requirements in Soil Taxonomy. Nevertheless, it
seems best to consider that as the Salorthids because the genesis was the same, that of capillary
" rise and evaporation. There are other kinds of salic horizons in the most arid regions of the
world, Peru would be an example, where the salt content is adequate for salic horizon, but it is
not st the surface. It is a subsurface horizon, and has been formed by the leaching from the
occasional rain that they get on the Peruvian Coastal Plains. The salts there may accumulate to
the extent that the salic horizon becomes indurated and you get what could be considered a
petrosalic horizon. These have not been considered diagnostic of anything, in the past. The
Iaternational Committee on Aridisols that has just begun its work may have another feeling. It
was the feeling of our correlation staff, since these didn't exist in the United States, that they
wouldz’t worry about them. When Taxonomy use is extended to other countries, however, this
will become a problem that will need debate of the International Committee on Aridisols.

Question 141

Allen:

To continue our discussion on salic horizons and Salorthids. It would be my
“understanding, or this is the way I have applied it, that any and all horizons in a profile should
~ be considered as salic so long they meet the requirement of having a product of 60 or more cm
. times the percent sali. Is that correct? We have sampled some soils in which every horizon

. would have met this requirement. - ‘

.1 don’t believe this issue was ever settled. There was discussion about what to do with

~-some of the salt flats in Utah where the salt crust that has formed is thicker than the soil. How

" these were to be classified was discussed but no agreement was reached. At the time that we

~ were developing Soil Taxonomy there were no series for the salt flats, they were mapped as
‘miscellaneous land types, and identified as salt flats. This would be a similar situation that you

asked about but perhaps even more extreme. There are plants growing on these salt flats so

they come within our definition of soil. ‘ It is another problem I presume that should be brought
up_before. the ‘International Committee on Aridisols. = These are. not formed by capillary rise
from a ground water.

They are not formed by the occasional leaching, but rather tney are
] “could be considered a parent material rather than a soil. .




Texas Interview

Question 142

Allen:

In a study done here at Texas Tech for an MS thesis on two Salorthids, one soil classified
as Typic Salorthid and usually had chromas of 3 or 4, and is wet only a short time in most
years. The other scil is wet most of the year and has chromas of 2 or less. How ever, this
latter soil does not have the necessary organic carbon content to qualify as an Aquollic
Salorthid. The term Aquollic to me implies both wetness and a relatively high organic carbon
content. Yet nothing is said about wetness in the taxonomy as indicated by the low chromas.
This is the real question. Is there a place for an Aquic subgroup, which this would have been
in my opinion, since it did not meet the organic carbon requirement?

Guy Smith:

There is certainly a potential place for such a soil, but as the Salorthids are defined they
are suppose to have ground water at some season. The low chromas of the wetter soils may or
may not indicate differences in the wetness of the soil. My experience in the West Indies, I was
concerned with working out a better definition of distinction between Pellusterts and
Chromusterts. On the Island of Jamaica the highest chromas I think I found were in the wettest
soil. It was not only wet but very salty and extremely low in organic carbon. I think the high
chromas were simply the effect of lack of energy for the reducing microorganisms. In these
salty soils I would say we wouid need considerable discussion about the use of chroma as an
indication of wetness. I don’t know precxsely what the effect of a very high conductivity would
be on the iron-reducing microorganisms. Perhaps the soil microbiologists should be consulted
on that, and would be I think, before any decision was made.

Allen:

I believe, however, that these two soils had a distinct difference in drainage. There were
other indications besides chromas according to the field soil scientists the one that had the low
chromas, was a poorly drained soil.

Guy Smith:

But the definition might better be based on the depth to the water table instead of on the
chroma, I don’t know.

Question 143

;Thomﬁon. ‘
i Tam curnous on. the nomenclature of the subgroup Aquollxc Salorthids as to why the AQU

fwa.. placed on the name of Adquollic Salorthids rather than just Mollic Salorthids, since
. Saiorﬁnds are defmed as oemg wet" \

[,I»-dony know precxsely why xt was cal!ed Aquolhc rather than Mollic. The proposal for
the subgroup came from the soils in the State of Texas at sea level virtually and very close to
‘the: coast’ ’*vhere»“-the salt concexvably was commg from the Canbbean sea rather than from a
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salty aquifer somewhere. When the proposal was made the southwestern people thought that
because these soils did occur in a much more humid environment than the normal Szlorthids
that they needed to be distinguished. In the 7th Approximation and the first supplements no
such subgroup was provided, but for interpretations the correlation staff and perhaps the Texas
snil scientists thought that a distinction needed to be made between these Salorthids in the more
humid environment from those in the arid environment where most Salorthids had been
recognized.

Question 144

White:

Many alpine slope locations, specifically in Colorado, receive considerable amounts of
snow and due to the insulating properties of the snow have higher winter temperatures than are
obtained by using ambient air temperature data. Thus the soil temperatures are actually higher
and should be classified as mesic, however, the growing season and the soil temperature are
typical of a frigid soil. That is the end of his question so I am assuming that he is trying to say
- Can we use a different measure for these soils or not? I am sure these are Rick’s soils that he
is getting on top and the edge of these rock glaciers up in the Rockies. He is getting a

different regime from air temperature 2nd a different regime from what the response of the soil
is. ;

Guy Smith:

I don’t know of any requirement on the winter temperatures for frigid or cryic soils. It is
rather typical of some of the cryic soils of southeastern Alaska that they never freeze. They do
not have a great deal of snow but they are cold in the summer. I would be astonished if these
snow-covered soils came up with a mean annual temperature as high as mesic. The snow in the
vsinter is an insulation and it does raise the raean annual temperature, that is correct. In Alaska
the niean annual temperature may be a number of degrees higher than the air temperature, 8 to
10 perhaps. The air temperature is cold enough that these remain as cryic soils or even

‘pergelic. I would want to see some actual measurements on the temperatures of the soil.

~ White:

- He was telling us last night that he has tried to get temperatures. The problem some of
 them discussed yesterday about how do you insert the thermccouples and the problem of

' disturbing the soil and what have you. Last summer during the field seascn they were out there
. and they tried measuring with thermocouples and digging a hole and pressing them into the side
and filling the hole back up and they were getting temperatures in the ice of a rock glacier of
.. 48 degrees. There is obviously something wrong in their technique.

i Yes therexs One ’thi:ng‘they' could do would be to bore a deep hole and put a
_thermometer down and let it equilibratc with the soil around it and then read the thermometer.
We did this in North Carolina to see how it would work. Dr. Daniels was the one who did it

and there

re no problems in North Carolina, in getting the mean annual temperature from the

zone of constant temperature in the soil. =
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White:

I think I can go a little further than Rich had here. Continue that for the moment. We
have had some of those same problems in California. My experience out there getting what we
thought were correct soil temperatures. Under these conditions that Rick is working with of
high elevations or cold climates. Would it be more beneficial for the taxcnomic classification if
we were t0 Use 5ay a summer temperature or growing days as a better piece of evidence for
pedogenic process than how long it is frozen?

Guy Smith:

Well the definition of, the distinction between cryic and frigid is based on the summer
temperature.

Vhite:

He thinks he is over into mesic by looking at the soils. I have not seen these sites but
have just talked with him. He thinks the soil reflects more of a low mesic regime because a lot
of them are on south slopes so they get a great deal more insulation during the summer, the
long days, the higher elevation, less is blocked. He feels up there that summer temperatures
might be more beneficial. Maybe something on the old term of degree days like the Soviets
use.

Guy Smith:

Summer temperatures are used in the distinctions between frigid and cryic, but not in the
distinction between frigid and mesic. The summer temperaturss should be relatively easy to
measure. Three measurements one & month during the summer at 50 cm depth is all that is

required and that is not a problem to find soils that you can bore a hole through 50 cm and
insert your :
thermometer.

White:

This summer he is going to start boring the holes then filling them with styrofoam balls,
the little tiny ones like they are using on these solar energy walls to see if he can stop the flow,
the flux of energy up and down the hole and giving these aberrant readings.

Guy Smith:

I think it is much simpler to bore a hole to 50 cm and not to go to all the trouble he is
going tco. ‘ o

 White;

i 1 know in California we had real problems getting temperatures without doing some kind
~of insulation in the hole, we were using thermocouples on a stalk. We had to backfill with
. varions tnings. We ended up using that close cell urethane foam that comes out of an aerosol
~ can and inserting the stalk and filling the hole with that to stop the flux. If I may continue
. with a philosophical question that Rick and I have and a lot of our colleagues. Many of the of
" . the geographers and geoiogists, earth scientists shall we say, leaving out soil scientists, still
“" refuse to accept Soil Taxonomy. Rick and I each huve a little button behind our ear we push
. and if the tape comes off we feel the benefits of this of Soil Taxonomy opposed to others. I

- pubiished on it and Rick is attempting too. 1In your experience with these sorts of individuals
outside of :soil science, or the so called young turks of geography, what have you found to be a
worthwhile technique te convince these hard-headed geologists that the shortcomings of the
938 ‘system are for.the most part overcome with Soil Taxonomy. 1 am convinced but I have

difficulty convincing some of the others. That can be on our tape Charley, I am just so mad at




Texas Interview

Guy Smith:

There are geographers who are relatively enthusiastic about Soil Taxonomy, Prof. Bunting
would be an example who has published a fair bit on this. Amongst the geologists, like the
pedologists I should say, there is strong resistance to Soil Taxonomy from those who learned
another system when they were in school. I don’t think that anything can be done with some of
them. I would mention Dr. Hunt as an example of a geologists who is violently opposed to Soil
Taxonomy, and who doubtless will not change his mind. It is necessary for us then to outlive
some of these people, and trust that the next generation who learn Soil Taxonomy in the
University will take a more moderate attitude.

White:
You don’t have any little gimmick that would kick some over the edge.
Guy Smith:

I haven’t had enough contact with these people to ever persuade anyone about anything.

Question 145

Calhoun:

Could you comment on the operational usage of Fluventic, Pachic, and Cumulic
extragrades? In your comment I would like to know: are there impiied landscapes relationships
in terms in these three extragrades as they are predominantly used in the Inceptisols and
Mollisols, and finaily in terms of these three extragrades why weren’t these really provided for
in the Andepts? That relates back with landscape aspects of these.

Guy Smith:

There were impiied differences in landscape positions beiween the cumulic, pachic, and

‘the fluventic subgroups. The cumulic and the fiuventic were supposed to be soils which were
receiving fresh sediments at a rate at which the accumulation of organic matter would maintain

a thickened mollic epipedon. If the sediments come very rapidly, of course then, the
development of the mollic epipedon will not be able to keep up with the rate of accumulation.
This was intended to be the fluventic subgroup. Where the accumulation is slow as at the base

. of a slope, in a concave position, the original intent was that this should be cumulic. Then the
pachic subgroup was a rather curious sort of thing for some unknown reasons perhaps. We had
soiis with ustic moisture regime, but with a miuch thicker mollic epipedon than normal. The
Pachic, I don’t believe was used in soils with udic moisture regimes. Pachic is used with

- Mollisols that have argillic horizons. Whereas cumulic and fluventic are not used for Mollisols
that have argillic horizons. The pachic subgroup is in the more stable landscape position than
- the cumuiic or the fluventic soils. The thought was at one time that this over-thickened mollic
_*_epipedon, and by over-thickened I mean, thickness that was greater than normal for the
" environment of the soil, might reflect somae local variaticn in moisture availability.  No
“ comparable subgroups were recognized in the Andepts because it was assumed that where you
had a.soil forming in volcanic ash or pumice that there would be repeated falls of ash or
‘pumice, and that buried soil horizons, buried Al horizons were considered normal in the
ndepts rather than abnormal. | -
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Question 146

Allen:

Both Petrocalcic and Calcic Ustolls and also Paleorthids are relatively extensive in the
southwest. It seems reasunable to me to expect the existence of Ustochrepts with a petrocalcic
horizon in the area. Such soils were recorded from Iran in a paper published about two years
ago. I believe a Petrocalcic Ustochrepts subgroup was recommended. I am wondering why no
provision was made for such soils in Taxonomy?

Guy Smith:

The subgroups that were provided in Soil Taxonomy were primarily those for soil series
that were either established or tentative in the United States. A few subgroups were provided
that were not known to occur in the United States, but this was only done when we had a
specific request. If we have a series in the U.S. of Ustochrepts of Xerochrepts with a
petrocalcic horizon then it is very likely that we would have provided such a subgroup. It is an
implied subgroup in Soil Taxonomy in that the Typic Ustochrept has a calcic horizon or soft
powdery lime but no petrocalcic horizon is provided for. There is no question if a soil had a
petrocalcic horizon instead of a calcic horizon we would have recognized two series. One for
the petrocalcic horizon and one for the calcic horizon. Had we had such a tentative series or

established series, I think without question that a petrocalcic subgroup would have been
provided. '

Allen:

To make a correction I believe the proposed subgroup in the paper from Iran was a
Petrocalcic Xerochrept rather than a Petrocalcic Ustochrept. To switch a little, Dr. Smith, this
question is from Dr. Ron Paefzoid. Has there ever been any consideration given in developing
Taxonomy for artificial moisture regimes where the soil moisture is controlled through drainage
and/or irrigation?

Guy Smith:

To some extent quite a bit of attention was given in thai the aquic suborders of great
groups are supposed to have an aquic moisture regime or artificial drainage. This is not a man-
made change in the soil and we discussed this at some length tecause the ground water level has
been altered by the artificial drainage and there is no way that is practical or feasible for the
soil surveyor to determine what the groundwater level was before the drainage. We don’t want
to close the tile drains to find out what it becomes if we stop the drainage. Further in the
definition of the moisture regimes and in many of the taxa where we are referring to periods of
dryness in the soil, we specify that these periods apply to soils in which there is no artificial
management of the soil moisture as by fallowing, water collection, or irrigation. The Typic
Ustochrepts have an item which reads "When neither irrigated nor fallowed to store moisture™.

. Then we specify the length of dryness. So these are examples of proof that we did consider,

the artificial management of soil moisture. We also specified at the beginning of the book that
~.we had not attempted yet to classify soils that were artificially flooded for rice production. The

-, development of this was not practical in the U.S. One of these days someone is going to ask for

an International Committee to consider the classification of these soils. A committee has been
established the Iniernational Committee on Aquic soils (ICOMAQ).

~.439 -
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Question 147

Allen:

Dr. Smith, I have one additional question here. After teaching horizon designations and
the meaning of various suffixes, for example, p, ca, etc. in soil classification courses, 1 find it
difficult when 1 switch to the mean’-g of argillic, calcic and so forth in the teaching of Ssil
Taxonomy per se. Switching to thc named diagnostic horizons. Now you have already given
the reasons bekind this and I am merely asking in your teaching do you have any particular

short cut on this to really get the point across as to why this diagnostic horizons is needed
rather than the symbols?

Guy Smith:

The letter designations of A, B, .ad C to which we add suffixes like t, or e, or what have
you, make it impossible to avoid the use of A, B, and C considerations in the taxonomy. We
found it necessary to get away from designating a givern horizon as B or C by substituting the
definition of, say, the axic horizon. There is a second problem, here, in that a Bt horizon may
not be an argillic horizon. The Bt horizon nomenclature is a designation that is placed on the
horizon when the man describing the soil makes his interpretation. Certainly 1 would, in the
sand with very thin lamellae, 1 would use in my descripticn Bt for the-lamellae, but it may not
necessarily constitute an argillic horizon. There may be too few lamellae and they may be too
thin. The designaticn Bt, then would make no distinction between a Psammentic Hapludalf and
an Alfic Udipsamment because they both have lamellae, and they both have Bt's. In the Alfisol
the lameliae are thicker and more frequent, and in the Psamment the lamellae are present but
they are very thin and very few.

Allen:
This concludes our discussions in Soil Taxoncmy. Dr. Smith, I think all of us who are
here agree that these discussions have been extremely valuable to us and we trust that the

material that will come from this will be vaiuable to many other people and we are confident
that they will; so again we want to thank you very much.
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