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Preface 

Many papers have been published explaining the rationale for properties and class limits 
used in Soil T<:txonomy, a system of  .soil classificalion for making and interpreting soil surveys 
(U.S. Department of Agrical~.ure, 1975) before and since its publication. Since 6"oil Taxonomy 
does not provide these rationale, many ~cientists f¢.lt that it wou!d be usefm to document the 
reasons for matiy of the decisions expla~nit~g the selection ~f properties and class limits. 

The one person who ,,.'as fully conversant with the system and who co-ordinated it':; design 
was the late Dr. Guy D.  Smith. !n i976, Dr. M. Leamy and s',aff of the Soil Bureau of Ne~, 
Zealand conducted a ser;,es of interviews with Dr. Smith. These interviews were published in 
the l~tewsletter of the New Zeal',,.nd l~i! Science ~ c i e t y  and iater reprimed in ,Soil Survey 
Horizons. The considerable interest shown in these intervlie,vs was :he impetus necessary for the 
Soi' Management Suppor,' ~rvice~ (SMSS), established in October 1979, to continue this e f fo r t  

In 1980 and 1981:, SMSS a l~nged  a series of interviews at the Ur:iversiW of Ghent, 
Belgium. Cornell UnNersi ty,  University of Minne,..eta, Texas A&M U,aiversiW, and with the 
Soil Conservation.,. Service. (SCS). Dr. Smith also travelleg to Venezt)ei. and Trinidad and w~.s 
interviewed by colleagues at institutions in these countries. 

The format of the inte)views were similar at each place. All interested persons were 
invited and were free to ask questinns on all aspects e" Soil Taxonomy. However, the 
cGc-rdinator of the interviews at each 01ace also developed a list of majo r subject matter areas 
for discussion. Both the questions and answers were taped and reproduced. 

Although the intent wa£, ~o CGV~,~ ~ much of Soil Taxonomy as possible, Dr. 5mith's 
failing health forced th ,  termination of the interviews in late 1981. Dr. Smith, did not have an 
opportunity to review the transcripts and  co::sequeni,~y the Iranscriy>ts are reproduced with only 
,ome e.ditorial changes. RecMzis ar.a advised to bear this in mind when they use :hese 
trar,.~cnpts. 

The success of the interviews is a!so due to the large number cf  persons who came to 
discuss with Dr. Guy D. Smlih. It is not possible to list .-all the names but we would like to 
recognize the main co-ordinators, wko -,~.~r-"" 

Dr. M. Leamy (New Zealand); Dr. R. Tavernier (Belgium); Dr. 
R. Ru,o; (Minnesota); Dr. B. A~len (Texas); Dr. A. Van 
WambeRe and Dr. M. G. Cti.~e (Ce, rnell); Dr. L. Wilding 
(Texas); Dr~ J. Comerm~ (V'ene:~,~ela), and Dr. N. Ahmad 

" t  g ~  (Trinidad). Stafff of .h,. So~l Conservation Service, 
particularly Dr. R. Arnotd, R. Gu,.ar~e (formerly SCS) and 
J. Witty (Washington, D.C.): J. Nichols (Texas); S. Riegen 
(Alaska) and F. Gilbert  (New Ycrk) also contribmed to  the 
interviews. 

"/." k 

ii 



Dr. H. Eswaran put an extraordinary amount of work in transcribing a large ~et of origine, i 
tapes. These were at a later stage compiled, edited and indexed by Dr. T. Forbes, who also 
coordinated tb.e final publishing. 

As ind~c, ated previously, ~he :,nterviews are not necessarily complete. There are still many 
more questions that could be ask,ed. However, this monograph serves to provide some aspects of 
the thinking that was behind t~,e formulation of the document. From this point of view, we 
hope ,,'his will be a useful documen+: Z~ all users of S-'~! Taxommly. 

+ o .  
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Interview at the Agronomy Department, 
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December 1980 
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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 Dip. 5 of SSSA decided to prepare a book about the rationale of Soil 
Taxonomy. For the most part I rather carefully concealed the reasons for doir, g, 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 .'.he reason that, 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 people 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 ,'he 
reason was that this was a staff effort. A lot of these definitions were prepared by committees 
of the R.egional Work Planning Conferences and the special meetings at the regional Technical 
Service Centers. I couldn't  sit in on all those discussions of the committees so very frequently I 
didn' t  know the reasons that they proposed for a specific definition. These definit.~ons then 
were presented generally to the entire conference and were accepted or rejected according to 
what the conference felt, at that date. Frequently the conferences would reverse themmlves 
from one year to another. I think most of you know that Division 5 asked Professor Rust of 
the University of Minnesota to prepare a list of questions. I agreed that I would do my b,',st to 
answer the questions if I knew what they were. But I didn't  know precisely what things were 
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 trar~script 
of those conversations. They only ended the 22nd of December. ~, will go from here to the 
University of  Minnesota to a meeting that will be somewhat similar to this, Lubbock, Texa:% 
and from there I am proposing to go to Venezuela for interviews on the soils of inte~ropical 
regions. I had hoped that at this group by coming to Lubbock I could introduce into these 
questions those things that were bothering peo91e familiar with the semi-arid and arid regions 
of the U.S. People at Cornell and the people at Washington, D.C. probably woul~ never dream 
of asking the questions that I hope will come up here. After Venezuela, I will go to Trinidad to 
see what ~,uestions exist now in the West Indies. I finished the interviews with Dr. Leamy from 
New Zealand. This will then give me, I hope, a govd cross section of questions. There will be 
many duplications. I will have to sort the questions according to subject ma~ter and consolidate 
some of the answers. 

Allen:,,_ ',~ 

I think if there are times that if 0uestions 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 
SO. 

{!iii  ¸ 
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Question 1 

Wilding: 

In ~he 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 
undersganding that the family category was perhaps the last constructed as the link between 
subgroups aged series• What was the rationale in constructing the family category and criteria 
used for the family cl~sses? 

Guy Smith: 

This answez requires going bact, a long way in time, a~d I p~'opose to put it h~to an 
introduction to the whole, book. Starting in 1900, approximately, we began to build up a group 
of soil 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 f~eld. People became familiar with them, and they us¢:d them. In Iowa, 
farms advertised for s~le in the newspapers generally said 160 acres of Carrington loam. The 
tax a.ssessors used the so.~l series and types, the highway engineers used the soil series and types, 
and ghey became familiar with them, and they w¢il established their utility. At the same 
general period of time, beginning about 1920 in this cas,-., Marbut introduced the concep~ of th~ 
Russian soil type, o~" as it l~ecame known here, the great soil group. Marbut's final publication, 
the Atlas of American Agri~:ulture, gave his great soil groups that he recognized at t~at time 
and gave an example of 1 or 2 series for e.ach el" his great soil groups, but he was never able to 
~rr~.nge hi~ series h~to the gre~:~t soil group~. The great soil groups were continued in the 1938 
y~arbook of agricuhure, Soils and Men. Dr. Kellogg has often explained to me the problems 
they faced, that they had only ~.~ne year to devise a new sys!~em, because they recognized the 
imperfections of Marbut's system and they could not be made to work. In that one year, they 
devised a number of descriptions of great soil groups, including summary arn~ngement of 
Marbut's great soil groups into st:herders anti o rde r .  So we h~d, beginr, ing about 1920 and 
running up until World War II, two systems of clarif ication of soils. One was into soil series 
and types and the other was into great soil groups. Ti~.se two systems have neve:~ been meshed. 
Tl~ey were completely separate, on~ from the other. At the end of WWII, Kellogg pu-'. his senior 
s~:aff to work to develop better definitions of the gre~t soil groups. He had a committee on Red 
Yello,,v Podzolic soils and one on Gray Brown Podzolic soils and one on Planosols. Members of 
these committees were almost invariably people who h~d worked with these particular kinds of 
soils. They tended to write some rather narrow d~finitions, so that for the r~tost part~ there 
were |argo gaps between the definitions of one great soil group and gnother that was bordering 
it. The 1938 classification also had the defec~ that at the highest category soils were grouped 
into three classes, zonal, azonat, and intrazonal. We could not discover an:/ common 
characteristic of the zonal soils that were not also shared by ~ny of the intrazonal soils. We 
dec.:ded that it would be best to abandon the concept of zo~ali~y as e, differentiae in the 
taxonomy of our soils and find something to take ir~ place. We had qui*.e a f e~  thousands of 
series at this mom,'nt - -  the e ~ c t  number escape~ me - -  but it was would be something like 5 
or 6 thousand. It was too many seri~s for anyone to co~:~prehend. While there were long 
argumen~ about the importance of grouping the series ~nto successively higher categories, r~o 
one knew the series well enough to do this. It wa-: necessary, then. to find some sort of a 
differentiae or setup groups of differ~miae, for the h~gher categories, and to ~est those by seeing 
how the s'ories fell in the ~efinh~ons that ,had been proposed. We had the link between ',he 
great soil group and the serL~.s tha t  was missing. We had no criteria in ~ ind  when we started to 

~. arrange the c¢~egories be tween the series and the great sc,~i grot~. But we had been having 
discussions f o r  many yem's about the intergrades between one great soil group and another - -  

..... • ': sods ~ a t  ,ha ted  some chara~eristics of another or several other g~'eat soil groups. This seemed 
: to b o a  logical oas~s for deflating the subgroups• We sti~! needed a link between the subgroups: 

" ~ • and the series. It was Dr. Allaway who made ~he sugg,~stion that, at the subgroup level, we 
• p r e t t y w e l l : h a v e t a k e n c a r e  of a~l the genetic factors that concern us, so why don't we, at the 

,:~ .>-:: family level, take into account the practical physical factors that affect the growth of plants and 
~i:: " " u~e: of so~k. . . . .  W e  testee several concepts, beginning with the Third 

~ ' ~ ~ "  ~ : ,~  ~ . ~ ' ~ , ~ ' ~ ' , : ~  . . . . .  " . . . . . . . .  ~ " ~ - - 3 3 0  - -  
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Approximation. It 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 n,~ther substantially in the fourth and fifth approximations as 
a result of this testing against the grouping of series. Beginning with the Sixth Approximation, 
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 ~ubstaatially different 
~nterpretations 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 phaseg require substantially different interpretations, we keow there is 
soraething wror, g. A number of such defects have come to life since Soil Taxonomy was 
published. There is a major problem at the moment about how Soil Taxonomy i~ going to be 
revised and kept up to date. That problem is unresolved as yeL There have been to my 
knowledge no really approved changes in Soil  Taxo:wmy since it was pr.~nted, although 
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 evolve 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.7 

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 ~oil Ta..,conomy, 
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 
v.griculture 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 *.o learn a great deal that could be applied to the soils of the U.S. by 
working with the I>~ople 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 ex~,yerience with the European soils, and that we could transfer their experience to 
the U.S. i f  we had a system that was based on the soils of both continents. The first of the 
international 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 whi.ch are extensive in Africa and South America, and much 
less so in the U.S., although they exist in the .~outh eastern states. Most of the work with soil 
management in the U~S. concerned the soils o f  the glaciated regions of the U.S, There was 
relatively little work done with the soils of the southeastern humid, warm regions. The bias in 

~trict!y in favor of the soils that occur in western Europe where the last 
;disturbed virtually all the soils and left us with completely new surfaces to 
~imilar soils in the northern half of the United States. The committees have 

. au i t e  g~dl. international ~'~'epresentafion. The  committee on the classification of soils from 
:;:~v-olcani-cash~hadlabout 75Peop le  who indicated an interest in this subject.: They ,;ame from 
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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 ease is there ever going to be any unanimous agreement on anything. The report 
cimirmen 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 F A t .  
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 horizons 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 Taxonomy than the older systems. 

Question 3 

Hallmark: 

You x-esponded 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 changes 
in cla~ai.~cations 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 too hard to change under the present vehicle, and do you have any ideas on 
speeding this process along? 

• Gt_ALX Smith: 

To the best of my knowledge, I 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 Co~erva t ion  Service is that approval was premature. The SCS is reexamining 

• everything that was listed as approved. A f t e r  some years of debate among a considerable 
:,': n u m b e r o f  people, the international committees, perhaps, offer one major route to make 
~:! i ,  changes.  I t h i n k l t h a t  they 'will come out with well-reasoned proposals for changes. It is not 

• ~ easy t o  suggest how o ther  changes, should be made. There are small problems that probably 
i : ~ i  - ~" don' t  warrant a n  international committee. The Soil Conservation Service a t  one t ime had Dr. 
~:' =~:~ . . . .  MeC~lelland "as the d i r ~ t o r  o f  Soil Survey Operations, Classification and Correlation. That was a 
!'.~i~i"i:'=~iri~ i - ~! i'~ se-"ri-o~]o"~erlo--~d for  any one man; he simply could riot give.proper aHead on to any._par~; o f  that 
~i!i~!:)~ : :~ ~i~ .:~ work. : .  :They n6w h a v e  three positi0n~ to cover that: operatmns, or,~ posmon, classfflcatmn, one 
. . . . . . . . . .  mtd correMtion, o n e  position. A n d  to the best of my knowledge these are all vacant. :i~: : ,. '~ ,!: :",~ : . gc'oSttiOl~ _ . . . . . . .  

:~:~:~'::~:'::::~" :", ::, :r~,. ~ . t  chan*es i n  civil service regulatmns make it very diHlCult tO recruit people to move 

::" -~ : - 332 - 

~ ~ S .  :. ._ ~ -. , -~ ~, 
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to Washington. How they are going to resolve this problem, I have no idea, but it is a very 
serious proolem. Dr. Arnold is very well aware cf  its importance, but his hands are tied a little 
bit by Civil Service regulations, ~,nd by federa ~, law. I could give one example of a change that 
is needed ~hat probably doesn't require an interrmtional committee: the definition of Inceptisols 
excludes soils with a conductivity of 2ram or more within certain defined depth limits. We ~;ee 
over and over again on one continent or another, that if soils that have a relat':-vely low 
precipitation are irrigated, the conductivity increases, and then an Inceptisol becomes an 
Aridisol. You have this in Texas iv the lower Rio Granoe. These Ineeptisols 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 Aridi~;ols is that they're too dry to cultivate without irrigation. 
Suddenly we find we can't even say that about Aridisols without changing the definition. This 
change is so obviousl~ needed.. I don't  understand why it hasn't been made, except that they're 
tied up in vacancies in Wa.shington. I don't  think an 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 obviously needed. 
The problem is ,~,,ow to get these approved and to get them into circulation so that the 
pedologists over the world 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 Russian system as being somewhat altered to make it international in 
scope. How is that going to fit  into the existing FAO system. What is going to be the 
relationship there? 

Smith: 

It seemed obvious at the meeting in Sofia. Bulgaria that the Russians are prepared to 
abandon their old classification. They were ~epresented there by three people: Professor 
Gerasimov, Professor Kavda, and Dr. Friedland. They would like ~o use the present 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 categories. They accepted the use of diagnostic horizons that they 
attacked so bitterly at the time of the International Congress in Bucharest. They accepted the 
u.qe of soil moisture and soil t empe r ,~ re  rather than climate as a basis for definitions. It would 
appear that what they have in mind ~ to extend the m~p units for the Soil Map of the World 
into what m o u n t s  to a cl~sifi(-atioa system. As it now stands, the legend specifically says this 
is a legend, not a classification sys:em, although lhey turn around 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 defini t iow in the legend of the Soil Map of the World are copied v e ~  nearly exactly 

~ ~ : from Soil Taxonomy, wi th  one excep6on. They objected to the use of soil moisture and soil 
~rf 7" t empera .~ re in  the taxonomy. They (ti~.e Russians) violaw~ this principle in only one situation, 

~:: .... : ~ where they had soils of add  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 ibrought  i n  the soil moisture regime. Extending that legend [FAO] and adding some 
~i--~i! ' -  , : =  categoriesWill probably still result in a system that is compatible w~th Soil Taxonomy, espec;.ally 

i ,  i now tha t  everyone at the meeting in Sofm, with ~ the exception ot  one man from FAO, everyone 
:a pted the use,of moisture and temperature as sod propemes. 
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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 th~.t 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 
exa~nined to see whether or not it split series in 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 begats to develop Soil 
Taxonomy there was more or less a ~ l e  of thumb in soil correlation that a series should not be 
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 serie~ virtually all changed. It was quite possible to select limits for 
temperature that did not split very many seri6s. 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 
is,3hyl~erthermic 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 yea," round 
and th is  is the mean annual temperature of the soil above. Now the well water records give us 
an enormous voltane of data on the temperature at this depth of constant temperature. Th~'i has 
been related to t h e  mean annual air temperature, so that it is possible with relatively few actual 
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 U.S. the soil is 2 

• .:~degreesF Warmer than the air. That does not hold for the arid parts of the U.S. at all. It does 
r not hold for: Alaska where you  have the  snow insulation during the cold weather and no 

t h e a i r ,  Where.we lack data  it  is possible and in the course of a year or so, with only a few 
:~,,~ : ~ .~ lcmpvraturel  measurements, t o  get at the mean annual temperature as well as the summer and 
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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 aridie 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 riley apply to the west'?. 

Guy Smith: 

Soil moisture and soil temperature are amongst the most important soil properties in 
controlling the uses of the sbil. 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 ef  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 stav:.m records of soil moisture. The actual classification of 
the soils was predetermined. We decided in advance that we wanted certain• areas to be udie. 
We wanted certain areas to be ustic. In the ustic groups we wanted intergrades 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 approach the Aridisols, you have 
a system of farming that's based on alternate fallow and cultivation because they get more total 
production by fallowing one year and cultivating the 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 developed 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 r,~,gions and 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 plar~ts. For temperature you can measure very readily, I think. That's been studied 
in a 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. 
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Question 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 cha.nges in soils fit with the pedon concept? For example, 
changes in solum thickness in soils derived from limestone residuam 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 Lhe s podic 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 to 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 call 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 g 

[: :~ ;:..- ~,~,/ In ~ rms  of  record keeping on the series with the cyclic pedon, we very often as the case 
!i/? i~ ! i : .  w i t h  Vertisols, need to sample different  parts of the pedon to define the pedon. A concept of 
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sampling ~.s one of the considerations in revising a pedon to possibly 
have the problem of record-keeping in definition, even though 
concepts in the pedon. 

a constant area. We still 
we would include cyclic 

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 8, well as cyclic 
changes were a part of that original concept? 

Guy Smith: 

This has been answered before, whether we're classifying pedons or polypeJons, and why. 
r l l  simply say that the pcdon does not have all the properties of the polypedon, which is what 
Soil 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. 

Question 11 

Hallmark: 

Sail 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 too!tic versus the umbric epipedon and the Ultisols versus the Alfisols 

division. 

There is no question but that some changes are coming in this direction. The International 
Committees on the classification 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 not well understood, and many of the things the 
chemists talk about  st i l l  cannot be measured conveniently. Point of zero charge, for example. 
There is no reasonable procedure for determining this, that is practical. It is just too expensive 
to d o  i r o n  a great number of samples. If you have no data on your soils, you can't propose a 
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Qefinition and consider what changes it's going to make, because you don't  have the data on the 
soils to see how they fall under 'ar, y proposed definition. While there has been considerable 
discussion about using point of zero charge, it's just not possible at this moment. Somebody 
may someday devise a reasonable method for estimating it, but to actually measure, so far as I 
know, is always going to be very difficult  and time-consuming. We don'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 ~hat we were not allowed to 
split series. I wanted, at one t~me, to use CEC, admittedly, buffered at pH7, :.n 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 valle7 the CEC is influenced by a bit of montmorillonite dust 
blowing around, and your CEC per 100g clay there is in the neighoorhood of 30 meq or more 
per 100g clay. The same series on the Atlantic Coa.~tal Plain runs about 6 meq. Now, the 
correlators would not agree to split tLose series, and it couldn't  be done without their approv~xl. 
We have Prof. Buol v'ho 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 seri¢:.s should be split, because their management requirements are conditioned by 
the activity in the clay. The use of the sum of bases plus KCI extractable aluminum is a 
potential substitute for CEC by ammonium acetate or by sum of cations. "I~ at has been used to ,~ 
some small extent in Soil T xonomy, particularly with Oxisols. The three International 
Committees that are exa:aining these problems include a number of chemists, as well as field 
men. They are corresponding with each other and preci:~ly what they will finally come up 
with is unpredictable to me. 

J ,  . 

/ 

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 imposea 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 

categories7 

G_Q.u x Smith: 

There was a lengthy argument about this. I would refer you to Professor Ciine's 
publication on Soil Classification in the United States, where he discusses the logic of 
cl~sif icat ion.  At the time that we were trying to develop our definitions, there were two more 
or less contrasting points of v iew about the range of a series. For the purposes of correlation in 
or, e r~ ;g~a!  technical service center versus another, the ideal definition is one that gives the 
limits ~ of the class, bavaause you can observe those. It is not something that you apply 
subjectively. If,  on the other hand, you take the point of view that a taxon is something that 
should  :~e bound from within, rather than circ,.tmscribed from without, then the judgement of 
the correlator in one..~tate or one service center may be quite different from the judgement of 
another. I must remind you that one of the basic problems that we had to resolve with Soil 
Taxonomy was the correlation backlog. We could never get more than about 30 countries 
correlated in any one year. We had built up a backlog of unpublished soil surveys of 10 years 
or more. We had to decentralize the correlation process, but~ w e  had to keep it under reasonable 
control, in thatrwhat . we do at  Fort Worth and what they, d 0  at t:tncom will not be diametrically 
opposed. There seemed to be no reasonable s o l u ~ n  to th is  backlog of unpublished surveys, 

~Y 
unpublished because they couldn't  be correlated~:~:~xcept to decentralize the correlation process to 
the states and the technical , , rv ice  center~= ST he only way the correlation proces, could be 

• co, atroEed was  by means of  the  definition in terms of lifaits. If a soil exceeds a proposedseries,  
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exceeds the limits of some higher category, then you have 3 possibilities: 1) one is ~o have a 
new series, 2) to recognize a taxadjunct, or 3) to modify the definition so that in one~ 
combination of circumsta:~ces 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 complaints about ~.he 
complicated definitions. That  we have kinds of soil that straddle one of the limits in some 
higher category. And they may not deviate much from that limit, but they are on both sides. 
We have tried in some p~aces to keep these natural groups together, as in the Glossudalfs, where 
the base saturation at the critical depth runs between about 30 and ,t0 percent. It's never much 
above the limit between Alfisols and Ultisols, and never much below, so we've got some 
paragraphs in the definitions that make them difficult to undo:star, d, but that keep t h e e  natural 
gr(,ups togethe:r by allowing the variations in one property if it ~:; accompanied by a variation in 
another. 

Question 13 

Nichols: 

There are not too many of those situations, as the one you mention, where, if you have 
mixed mineralogy, you can allow the base saturation to vary. Do you think that using more of 
that conventiog~ would perhaps get rid of some of the arguments that we have in ge'ttiag 
correlation and classification :into closer alignme~,t? 

Smith" 

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

Question 14 

Nichol~ 

Did haterpre~tions, then play qui~e an important part in .'.he designing of Taxonomy, so 
that the taxonomy would tit  the ase  made of the soits? 

_Qu.~ Snfith: 

They were the major control  The major control at the family level and the series. We 
would like to have as mr, ny ]n,,erpretations as possible for each taxon. While we can make some 
statements about Ver t i~ ls  and AIFtsols, 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 
hor izon ,  and what dck~s 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, I 
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 soils, you would still have to interpret the,'n as 
one, such as a house woul:l occupy both of the soiFs 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? 

Smith: 

We had to bring together the series classification and great group classification. That was 
o~e 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, 
I think, violating the logic of classification if we stayed blindly to the use of one characteristic 
at the sa~e categoric level with all soils, because the logic 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 sur~ey are interpretations. We also have 
to bring together the soil classification and the capability classification. One was an 
interpretative classification and the other was taxonomic. 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 of  Fields in New Zealand, according to composition. While we have 
considered composition kin some  orders, as in Oxisols, and in some suborders, as in Andepts, we 
have  n o t g i v e n  composition a particular place, a particular category in the system. We have 
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used it to subdivide the soils in such a way that we do get homogeneous groupings in the low 
categories. 

Question 17 

Wilding: 

Does the rationale of excluding recent overburdened up to thickness of less than 30 cm (or 
sometimes as much as 50 cm) in Soil Taxonomy 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 surface 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 I have proposed, i 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 inva~'iably 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 I found a situation where, on the ridge, this mantle persisted 
and we had Fluvents on the ridge• On the side slopes the mande had been removed, and we 
had an Orthent or something else. So we had the Fluvent at the high ~oint, 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 
irratil aal; it was not foreseen. 

Question 18 

Wilding: 

In the concept of  Vertisols, what was the rationale of maintaining the clay content at 30% 
all the way to the surface7 Was it to avoid a break in hydraulic conductivities so that the soils 
would desiccate and crack to the speci_~ed dimensions, or was there some other underlying 
reason? 

$__mith: 

One ree~.on was that we wanted to maintain the cultivated soils and their virgin 
co~ator~,tts in  the same taxon. We didcz't want ~o change the classification except in unusual 
circumstances, as~ a result of  a single plowing or a couple of plowings. There are a few 
situatiovs~:wher¢ that can happen, as in some of  the soils w i th  very. thin natric horizon in arid 

u . . . .  ' .  ~ , • ~ d  " " • " ,reg!OlgS. If . they r e  reclauu by deep plowing te bring 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 ~o warrant a change in the classification. We k, ave among the Vertisols, particularly in 
Australia, and in some parL~ of the southeastern st,qtes, a very thin eluvial horizon, a matter of 
just a f~w centimeters. These are cyclical, too. If the soil were plowed, they would disappear 
com.91etely. There was ~ 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 a lower limit on the CEC of the soil. 
However, this experience was all in the Biacklands of Texas. When we got in to other kinds of 
Vertisols in other parts of the world, the 30% limit seemed to be a reasonable, compromise. 
Having proposed it, it never got criticized. Many features in Soil Taxonomy are there because I 
made a proposal 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 Orossarenic Paleustalfs as currently identified by some, 
consist m part by buried soils. The basic decision in classification is whether thick sandy 
sediments constitute an epipedon that developed with the underlying argillic horizon, or are 
younger materials that have buried the argillic horizon. For extensive areas with ~hick sandy 
surficial sediments in the high plains, the evidence is clear:, the young sediments have buried 
the underlying argillic horizon. Xn our 1972 move from the desert project in New Mexico to the 
high plains of T e x t .  I noticed that there seemed 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 genf.'rally, such buried soils a rehandled by 
using the rules for classification of Entisolso But about the Texas line and region boundary, this 
seems to change and for surficial sandy sediments the arenic and grossarenic subgroups are 
employed, instead of recognizing buried so~ls. Would it not be better to treat these subgroups az 
in fact what they re~Ytly are: relatively thin Ustipsamments that overly buried soils. Then there 
would be an expected and natural gradation from thick Ustipsammet'tts 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 LUbbo,:k, here, was just that problem. 
This problem exists also in the southeasL where we have arenic and grossarenic Ultisois. In 
some of them, the break is very obvious in the particle-size distribution of the sand fraction 
between the  epipedon, and the argillic horizon and is a iithologic discontinuity that is very 
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 plairis geomorphology studies, A doctoral thesis of Erling Gamble examined the sand- 
size disla'ibut;.on in the Arenic and the Grossarenic Paleudults. While he found there was a very 
great variability in different parts of his thesLs area of Johnston County, North Carolina some 
were  much coarser sand, or much f iner  sands than others. Still, the sand distribution in the A 
and the  B:hor izom in every instance was the same. It seemed impossible to figure out how, 
then, one torrid get a mantle of sand deposited over this county area in which the recent sand 
always had the  same size distribution as the underlying material. I think these are good 
evidences ~ t  they are legitimate Arenic and Grossarenic Paleudults. I realize timt even though 
we l~Ye trlexl to lay down rules for correlation, that there are or have been differences of 
opini0n_Imtween the regional-staffs on this particular problem, especially in Florida. Where I 
havelook¢~l a t  the soils and. I f ind a fine sand that i s  1.5 m thick that overlies a sandy clay 

: loam:in w~nich the  sand is r a the r  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 abot.: 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 rationale of using an abrupt 
illuvial contact as evidence of age or pedogenie 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 stronger and 
stronger development of the argillie 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 ch, ypans have that abrupt boundary, where the climate is udie, marginal to nstie. 
Where the climate is udic, then the abrupt boundary becomes very tongaed and ceases to er, ist 
as an abrupt boundary. Now, we made at, 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 table would 
suggest that we had the wrong basic assumption about the development of the abrupt boundaries 
on some of these so i l .  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~3vels, the Ustults of east central Texas, I did not see this abrupt boundary. Although I did in 
some of the U'stalfs 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 ,_vorking with Holocene deposits where there w ~  an argillic horizon, and where the 
underlying sediments were fine-textured so Lhat there was no decrease in the percentage of clay 
with depth. We originally introduced the limit of weatherable minerals with the idea that you 
would find weatherable minerals in Holocene deposits. This was in the Ultisols rather than the 
Alfisols. Holoeene sediments ~ in Malaysia were all pre-weathered when deposited and had no 
we.atherable minerals. We have made a proposal for [not clear on tape!] over 18 years ~ new 
definit ion at least for the Ultisols. The Alfisols haven't come to my attention in this 
connection, 
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Question 21 

Wilding: 

In vertisols, what  was the rationale for establishing the chromic  versus pellic great groups? 
Were these in tended  to provide an inference  for the oxidative state and organic carbon 
preservat ion or to separate materials of  d i f fe ren t  parent  li thology? It appears in Texas to 
d i f ferent ia te  both conditions.  And  how are the def ini t ions on periodici ty of  cracking patterns 
in Vertisols established? 

+ 

Guy Smith: 

First  the pellic and chromic great groups were in tended to dist inguish between the 
Ver t i so l s  that could be given surface drainage and those that could not. We had at one time a 
suborder  of  Aquerts ,  and the present international  commit tee  on Vertisols is discussing the 
re int roduct ion of  that  group. That was dropped because we h:ad no reasonable basis that I could 
see to def ine  the wettest  of  the Vertisols. You can, in a soil of  med ium 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 substituted the 
pellic and chromic groups. These are not working well, and this is one of  the reasons there is 
an internat ional  commit tee  on Vertisols. I found myself  unable to suggest a solution to the 
misclassification of  a number  of  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 be tween the soils that are wet due to 

++ seepage and those that  are wet due to low permeabil i ty or high rainfall. An entirely d i f fe ren t  
drainage system must  be devised where it's due to seepage. 

For the second part  of  your question, we cannot use the soil moisture regime ,as such in 
+ Vertisols because our model  doesn ' t  work in a soil that wets f rom the bot tom of  the c1~ck as 

well as the surface of  the soil. All that we could do was to prede te rmine  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 
wi th  t he  soil Ver t isols ,  we proposed a def ini t ion of cracking periods and cycles. There  was 
never  any cri t icism of  the proposed defini t ion.  

+ :  

i - : . + + q ' + .  + - +  + + + . .  

L::.'. :.:+'(:~ Daugherty:. " + 

Question 22 

. + : + -  

• have been discussing Vertisols. In the interest of consistency in Soil Taxonor,:y why 
~re:an a t tempt  to make great groups for Torrerts? 

'":+;>i G U y  S m i t ~  " - +  + +  • 

+J;::ii~+ i++i ::.i/+ + .,m :+ We ohave~, that  .ip :connection w i t h  Oxisols, not in connect ion with Vertisols. In the 
J:i/:!!~Ve~ols~ ~ t he  variabilRy of  the Tor.rerts : that we knew i n  the U.S. was very small. None  of  
+~+?:+;th~mi:hsd lC~w,chromas. ~ ::,+.+ _ _ +In part, I th ink that  this is due to the fact  that raps+ of  our Torrerts  are 
i+!;ii;,:in!+¢10se~ldepressions:iand periodically flood. The water stays for  m6nths  or even a year or so. " 
/~+:-{+Iii:s6meareas there  i s v e r y  little vegetat ion on the Torrerts except  for  some annual weeds .  That  
+ ++ : +': : +++" + :: ,,:,,means+ there+ is + energy  s o u r c e  for t h e  microorganisms that reduce the iron to give you. the 

L~+++~+/'ay ¢olors.+:!Because w e  d idn ' t+f ind  any particular variability, wi thin  the soils of  the Vemsols  

:i%?i!+::-++:: ~ + : ?  ". " + . . . . .  + : . . . .  ; . , ;  
: + : : : + e ~ ; , ' ~ . ' : ? + . , 9 . ~ . .  . , : -  : '  : ' +  " . ~ - , + ~ , : i ' . . ~  , - . . . . .  

-+++4 + + , '  : 

. : , 2 ! ; " + + ,  . , . + . 

; 4 "~ :++ ~ ; . '  :k+++:'+ + ~+J,+ + +:+ ~ +  ¢ +#~ ++ + + "'  + + + ' + : 1 #+  %" ;+ :.+ k : ~ + ~ + ~ r r+~ + :~ ;  + +~J+ +~ h ~+ f $1+ ::+q[ + '+ : ~. ''~++ +6 : +A+ J " + ++: + j + = ' _ _  " 

, + ~ ' + + + ~ ;  + " ¢ ~ ' ~ / + + . , ' " , : + + : w ,  : t + - , ' ' : , ' . + ;  ~ ? - . :  : + , .  ' . ~ + ' - + ~ +  , / . . : : +  ' + +' L % , + :  e + ' '  + -+ . z + - . . . . .  . . . .  . - " ' + 
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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 already discussing moisture regimes to some extent, but I would like to come 
back to one question that I have. It h,'Ls 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 bou)~dary. I know basically what 
the concept was, but would you give us a little more background if possible on this boundary. 

Guy Smith: 

We tried, but not always with much success, to introduce properties that are readily 
recognized in ~ e  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 mollie epipedon, 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 mollie epipedon, we ~sumed that we could put it into an ustic regime, or an 
ustic great group, so that in the definition, I think you will find an ustoll can have an aridic 
moisture regime. I find it in the lim[Ls between the ustic and in the udic we used the presence 
of secondary Hme 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 f ind the secondary lime 
even though the soil was marginal to an Aridisol intergrading to a u d i c  subgroup. This was one 
of the big problems with classification of soils of the Orinoco valley in Venezuela. They're all 
n o n c ~ . r e o u s ,  practically. So the udic subgroups of the Ustolls border right on the Aridisols as 
well as on the Udalf~ and the Udu!ts. 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, udie, 
and aridic subgroups all in the same area where there is no known difference except in the 
dep th  to l ime.  I propose that  be d ropped ,  and that  some other  d i f f e ren t i ae  be used. 

Question 24 

.... ~ Wilding: 

.:!: . , Following.that question, i n  some of the ustollic intergrades to Aridisols, a sliding sand- 
:: i:( ~ :. .r ~ clay:ratio/ has b e e n  employed  with o~'ganic carbon requirements. We know that strongly 
, ' . .  ,c~l¢:'m-eo~ sediments appear to be effective in preserving organic carbon ~agaimt oxidative 
$ ~ '~ ::"" ': ~--r :':"" I "  :" ":~ ~' : : - - d ~ o m o o s i t i o n :  many times, even in aridie environments. Hence, in utilizing organic carbon .as 
~ , : _  ~ . . . . . .  . E - ' - -  • ' • ¢ )  

:~::::: :~:; : :: n6' :indgg"of moisture  regime. . i t  would seem to be confounded by the earbon,~te status ot  the 
?i:ii?!~.;i;!) ::: !: ?. ' .i pa ren t :  ~e i i~_Is : :  What ~ the validity,: then  of orgame carbon as such an index? 
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G.u_x 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 mollie 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 going to show up on tire 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 argilL;c horizon is now a 
surface horizon. I can find nothing in Soil Taxonomy nor talking to people 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 expect the Inceptisol to be on the highest 
terrace over a Palexeralf and a Palexeroll. What do we do in those situations7 

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 a p t t o  be lost by erosion. And so long 
a.q we can identify remnants of that diagnostic horizon, in this case presu[nably 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 ~ argillic horizon, In such a soil we need only to be able to identify the clayskins. We do 
not require 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 
of  erosion as long as we csJx identify the diagnostic horizon. In the case of the Udalfs it's a 
par t  of  the argHlic horizon that :-emains. ff the diagnostic horizon has been completely lost then 
we must change  the classification to classify the soil on its present properties and not on the 
properties ' that w e  th ink  it should have had at some time in the past. What you think i~ should 
have had and what I:;~.hink it .qhould have had may be very different. 

-~:: .. :.~ " " You ca," still see cuians, clayskins, argillans--whatever you ,want to call them-=in the 
!i. i.: .-:. : ,  "surface horizon.with the naked eye. You don't  need any magnification. They are there. It has 
": ~./i,:i ?:".-J .:::: :-... :been enriched or Clay illuviation is evident. 
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Guy Smith: 

Then it would be classified, by me, as though it had an argiUic 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 
Brazes Valley terraces. The top t~rrace 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 

+ 

Wilding: 

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 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 em of the 
argillic; 

Guy Smith: 

• I SuPpose primarily t h a t t h e s e  differences exist because the definitions were written in 
different  par ts  of t h e  country. The correlators in the cooler sections of the coentry are 
concerned with' , the ~ low chroma mottles indicating wetness because they shorten the growing 

. . . . . . . . . . . . .  ~,. the period w h e n  the soil can be prepared and seeded. In the 
where the temperatures are appreciably warmer, the growing 

ae di f ference  i s n o t  critical to the use of  the soil and this may be 
rth central a n d  the northeastern states took the different view 
amot t led  zone from the  southern correlators. I do not know 

" ~ L ' " ' . " ~  " ; '  , 1 , : 1 :  : ' ' , : ; ~ ' , 7 , ; . `  - ,  7 " ,  1- . . . . . . . .  . = ' + . . . . -  . 
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precisely what was in their re:ads but they were the ones who proposed these depth limits after 
considerable discussions among themselves and the state representatives. 

Wilding: 

So these depths are primarily arbitrary based upon regionality considerations. 

Guy Smith: 

I think so. 

Question 27 

Hallmark: 

Breaks in laterP.! 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 
calcie horizon. Both bedrock and the petrocalci:: horizon cause rooting and water impediment 
and various engineering problems. Why is the criterion for petrocalcic horizons with regard to 
lateral continuity more strict than that for lithic contacts? 

Guy Smith: 

I w ~  under the impression that we had the same genera! rule for petrocalcic horizons and 
duripans about the spacing of c=cks  that we had for a iithic contact. I do not immediately put 
my eyes on the sentence in Soil Taxonomy 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 le~t  10 cm between prime roots in fragipans, 
duripa~s and petrocalcic horizons and so on. 

Guw 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 petrocalcie horizon at that time. 

Question 28 

' " " " r  Gile: 

~i::i/,i,~ i I hav~ ~ question also about the l i th ic  contact in crack.~ and it might be well to bring it up 
~i :;:: ~ h e r e . / M y  Ciuestion is about desert soil with bedrock at shallow depths. Some ~oils on bedrock 

~. ~ ~ are not c o v e r e d  by definitions of the lithic and paralithic contact. The bedrock concerned 
~ : :~ '  ~ w6Uld be a n R  horizon, in the s ense  of the 1962 supplement, in being consolidated, Because of 

~ : 5  . . . . .  ~ - k- 

~i::i ~ i:i i~ ¸̧  / ! 
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common cracks based at intervals substantially less than I0 cm, the top of the bedrock does not 
qualify as a lithic or l~arali~hic contact. How should these soils be handled? 

Smith: 

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

It's possible 

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 poetry 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. 

G ~  Smith: 

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

Question 29 

Wilding: 

It seems, that the use of ca!cic horizons as a differentiae between udic and ustic moisture 
regimes assumes the downward vector of water movement. In udic regimes, calcic 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, MollisoL~ that have a calcic 
horizon within 75 cm of the surface are placed as Calciustolls even though they're surrounded 
by Arguidolls, Haplaquolls and Glossaqualfs. ~s there some rationale for the use of the calcic 
horizon that is formed by an upward vector water movement versus tha~ of a downward water 
vector movement? 

Guy Smith: 

In 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 ~:rbona, te 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 mater ia ls  a r e  noncalcareous. We need something that can be applied more universally. 
_-~ The emphasis on it, 0f course, goes back to Marbut 's distinction between Pedalfers and Pedocals 
~ ~ • - 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 eatable horizon. Is there a certain grade of structure and type 
of structure which must develop to qualify for a eatable horizon'?. 

Guy .Smith: 

No, there ;.s 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 ,~ame line since the c~mbic 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 TraPs Pecus. I had 
a very difficult time d.~eiding whether to call the second horizon down an AI2 or a B2 (A2 or 
BW in new hor izon nomenclature). In other words, if I went the B2 route I was saying now is 
this a cambic horizon, or not7 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 Incepdsol. Would you have any guidelines in this 
kind of a situation:? 

Guy Smith: 

I 'm afra.~d not. The cambic horizon iz- ~uppos~d to show at least weak expression of the 
rearrangement of particle,a in ~he soil by fauna in the roots of plants and some other evidence 
normaDy 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 q~alify for the color difference just because of the lithologic discontinuity. Without studying 
the soil in question I surely have no comment to go with that one. 

Allen: 

. I think this question arises quite commonly. 

:? Guy Smith: 

-~. ; " - " " -No secondary carbonates? 

i!:~:;:ii!< : . ,  ><~:, Yes, nO secondary carbonates, h -is calcareous throughout. 

~:~.~ii  ~ : : ~ i :  : : "  . . . . . . . .  - > -  - ~ ~ 

.... -. - 350 - 
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Question 32 

Calhoun: 

Many of the Mollie Vitrandepts in El Salvador were Inceptisols based solely on the 
presence of a m o l l i c  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 definit ion 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 e~ipedon 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 o~ the volcanic islands where I found, even though I had the family classification, I 
could make ~o interpretatiot~s 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. I 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 
~nd 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 ~nd inquire and 
inquire for additional information before I could suggest that this particular soil might be useful 
foc horticulture. 

The skeletal soils where ',he soil is actually a mixture of pumice with little ash to store 
r~infall in available form. Now, you can't do this with glacial gravels from granites and ~,e 
cannot use entirely the geologist's classification of pyroclastics. The andesitic and rhylotic 
vesicular e~ecta behave the same but only one can be called pumice, the rhylotic. Dr. Leamy is 
publishing my prol)osal 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: 

SalinitT strongly affects use and management of soils. Why was the presence of soluble 
sal~ not given more prominence in Soil Taxonomy? 

Guy Smith: i, 

-~ • i ._ Probably  for twO,:reasom and  I don ' t  know which  is=the more important but they're 
~- ~- .... reiated..~ For .one thing,  the, ~ r i e s  -- that were set up in the detailed soil surveys for  irrig.atio.n 
ii)~:~/:., a r ~ s  used "~ ,n i ty  ..as.a" phase, I t h ink  this was jus t i f ied  to use it as a phase rather .than.bring tt 
.ii:::i,:~':ii;~: ~, / in to : the  series :de£Laittor~ because the salinity in soils where it is not extreme ~s subject to 

se~2sonN;!~minuu~l)'iand periodic fluctuations according to the quality of the  water, the amount of 
where/  ' . . . . .  The ~ l in i t y  can go up and down during the : !?..::~:~:i:~i~, :: "~/i~ ~ t e r (  ~ ~re, you.~are m your leaching, system. 
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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 such 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 not 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 15 percent 
exchangeable sodium that lack argillic horizons in other wordq 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 U.S. but as a request from the pedologists in India. These were fairly heavy clays. 
Sodium saturation was 65, 75, g0 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 statiov,, 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 a.e a potential pH difference. 

Question 35 

, -  -Following that samequest ion on the 15 percent exchangeable sodium percentage, I wonder 
::.~;~ .%.::~=.~.•~ ... : i f  .- some-~ possible exclusion from natric horizons should not have been proposed for those soils 
-ili!~ ~. , ' : ~ :  : j :  ' that Conl~tin'carbonates: We: have  f o u n d  Instances where the exchangeable sodium percentage 
i,:i:~i..-~'!~ '-~: 'i .can:be between.15 and .20,percent  m .the presence o f  20-30 percent calcium carbo.nate so the 
.:~:..~::~i":.~.:i!.ii~ ::i :: . so~dO~n~t~:.act~as, dispersed natric horizon, rather they act as soils dominantly having calcium 
~i~i:: '~i!i-::i:7!~. :~ :.i~.i-i,:,i:.':. !::-~'~ on":the :exch~ge complex, .:, .. :'!-- . 

: : .  ~71 !••i~ ¸ 
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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 ~vere doing so we made the same switch. We used the sodium 
absorption ratio rather than sodium saturation for the most l~:-~,rt. 

Wilding: 

These particular soils that Dr. Hallmark was commenting on would also have high SAR's. 

Allen: 

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

Wilding: 

The SAR',~ are betwc;m 20 and 25 with ESP's between 15 and 20 percem and they're in 
ths presence of dominantly carbonate-charged systems up to 20.-25 percent calcium carbonate so 
they really don't  act as natric horizons though they meet the criteria of natric horizons. 

Guy Smith: 

Structure as well as SAR? I can't be of assistance on thin. 

Question 36 

Allen: 

I was wondering something aloP, g the same line. I have some concern as to whether a lot 
of soils with SAK's meet the requirement of being in the natric horizon as long as we have a 
lot of ~oluble salts that doesn't act significantly different from the n.~tric horizons with this 
grea~er than 15 percent exchangeable sodium or ~he magnesium plus sodium, in fact ! was just 
rev,"ewing that in Taxonomy. 

Guy Smith  

The study of these sodium containing soils is not finished. ,lust as we are not really 
finished with Soil Taxonumy until we stop learning abom soils. There is still a great deal to 
learn about the ;nfluence of sodium in th~ genesis and in the prope~rties of  the soil. At the time 
we switched to the SAR the revised Salinity Manual had been edited and was about r,,'ady to go 
for printing and the Director of  ghe Salinity Lab retired and a new on~, came in and it's never 
been printed. He wasn't satisfied with the SAR or with something that was in there and 
stopl~cd the publication. 

_ 
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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 ~oistened 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 zono but throughout the argillic 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. I 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 I~"t 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 aqt~ic definition. They may be saturated, 
but not reduced for significant periods in the upper Bt. 

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 between the groundwater fluctuations and the depth to low chroma mottles and 
they generally show a ~ood 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 stud.~'~ that have been made of depth to water table in wells 
and soil descriptions indicating dfpth to the low chroma mottles. I should perhaps point out 
that in the Aquults we do not require low ehroma mottles, only 2.5Y or 5Y 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 Coastal Plains of east Texa: suggests that aqmc moisture regimes occur in the presence of 3 
chroma ct~uditions. This would be in agreement with your comments about not requiring-low 

~., ~ ~ chromas with warmer temperature reg ime .  .. . . . . . .  ~ 
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G . ~  Smith: 

Yes, and no restriction on the ehroma. Where you have high chroma mottles--~f it's 2.5Y 
or 5Y hues you can have any chroma. This was because Jn the southeastern states on the coastal 
plain such hues have long been observed that very wet soils. 

Wildir~g: 

That's in the Aq:~ults though. I'm talking abom the Aqualfs with IOYR or redder hues. 

Guy Smith: 

No, I've proposed that these changes be extended. Where we have hyperthermic, 
isothermic, or isohyperthermie temperatures, so that the Mollisols, the Alfisols, and the 
Ineeptisols would be treated parallel to the U!tisols. 

Wilding: 

I think you may want to consider thermic as part of that proposal 

-Guy Smith: 

In the Ultiso~ it is thermie. I didn' t  have any examples of that in the intertropical 
regions; that's why ~ese  proposals should go for review in other parts of  the world where they 
have a~a impact. 

Question 38 

Hallmark: 

Dr. Guy Smith, Soil Taxonomy was formulated in such a way as to minimize genetic bias 
and tc~ co~tcentxate on the properties of the soil as these properties exist at the time the soil 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 repeated 
wetting and drying. Could you telI us the rationale for ~electing this criterion, which must be 
essentially predicted as an event in the future? 

G u y  Smith: 
Z 

I 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 
th ink 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, I'll h ave  to add  to the reference later, has pointed out that not all dark red mo:tles will 
harden and I 've  done .'_.',~eay with more plinthite in Venezuela, by far, than I've created, because 

:: you c a n h a v e  a- twenty-year-old  embankment wi th  red mottles that does not harden. On the 
~i other h a n d ,  you've got another exposure that's a year or two old and there they are - -  
ha rdened .  And if  you examine the nature of these red mottles away from the exposure where 

~: :~ . . . .  they h a v e  not hardened, there are certain properties that they have if  they are going to harden• 
- . - *  * " o "  - • . . . .  • • • • * .......... ~ '~ ~. ~ :  ~ ,  hey are brittle m character. There ~s enough ~ron relative to the surface of the. slit and. sand 

.7(#~. ~ , :  '~7~ ~ ~ t : : [ i f :  ektmsed, they will harden I f  they are going to harden, they will be brittle i n  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 managemen~ application of the recognition of plinthite 
was not necessarily 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 aboet the presence or absence of plinthite. That  didn' t  matter a bit. 
It was a marker of a horizon which that did restrict water and root de~,elopmeP.t and has the 
behavior of a fragipan. It may be that we should have included these ~n our definition of a 
fragip~n, but this is being examined very carefully by the committee on classification of 
Alfisols and Ultisols with low activity 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  meet 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 soils with plinthite 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 

.- Wilding: 

The mineraiogy families have probably come under progressive attack for a concern it, 
placing soils into families .that have.common interpretive values. You eluded to this earlier in a 

.... ~ , ~ ,  ~quesfion regarding the mixed family., w h i c h  in my judgement,  is far too inclusive and the 
i~f/i; .. : verm~culitic and chlorR~c families which appear to I~ far too restrictive. In fact, looking at the 
~f,~:~/! . series in~ the U.S. in the  last  revision I think we have only one vermiculite series in the U.S. 

.... ~ . .  ~ , Apparently, .a  part of that problem deals with the fac~ that chlorite and verm~cuhte families ~re 
the.bas~s o f  less than~-2 ra~cron fraction in fine families. What was the 

.rationale£or not recognizing chlorite and vermiculi:e mineralogy in the sand and silt fractions 
i~ii::i~!::i ~i'~i: ':~,in,' for lexample ,  I t h e  p~edmont region o f , t h e  U.S. and other places where it would be a 
~~:.~ !-'i : ~':,~. ~-~. p r o m i n e n t  occurrence? ..... 

I k . . . .  •k  

. . . . . . . . .  . i~; i~i  . . . .  ! , ~ ! i  ~ - .  i "~: . ; : ~" 
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Guy Smith: 

I really cannot answer that question. The suggested definitions for the mineralogy classes 
ca.~e from the soil laboratory people, and what they had in mind when they made their 
rec(~mmendations, 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 

- , j  

Thompson: 

I'd like to ask a question along ghe same line on mineralogy, 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 differentiae? 

Guy Smith: 

Presumably, it's because a proposal was made that never got criticized. Actually, the 
Quartzipsamments that I have seen analyses on are much closer to 99.9 than they are to 95. The 
90 percent limit was ~et to keep in siliceous families those that still had an appreciable amount 
of weatherable m;,nerals, l 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: 

~ Does to~lguing of  albic materials exclude genetic pathways such as animal activity'?. I'm 
. . . .  thinking particularly of  crayfish activity? 

!ii;~ :i(:ii . : - I 've seen -many tunnels made by crayfish but it never had occurred to me that they would 
~"~:::~::~: i - .  be i interpreted a s  tonguing of albic materials because of their  shape they do not penetrate 

:~ between v e d s b u t  they disrupt.pod.q: I think ~ i s  tonguing has some limits about thickness on 
, , . . '  • , .  - g - ,  • • • • 

~!~ ~i~,::.~,:: :~:~ioiningvedfaces Which d o n ' t  appear in tho animal burrows• There is a possibdlty m better 
i~i!i:~ .=~,i~ :. d~ned!,soils~:that h~-wean albi¢ horizon of  albic materials following down the  channel left by a 
~'::~:';'::i:':.~;=~-tree":t~'~and~ao~;~: this normally h a s  disrupted the ped~ a n d a  httle careful dissection will 
':;:.-~,~:.~::/:.- ;:.~hbw:that~tl,.~Lslzs jus tmater~al  tha t -h~ . fa ! l en  do~'m into a void left by the decomposing root 

~ r a ~  ..... a n  actuMdisrup,fion o f t h e  peal coatings by removal of the  clay• It certainly would i:::, r than: 
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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 
definit:~on. 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 ~ctivity could have hastened the tonguing during a 
long time. period. Just on my experience in the field I know that crayfish have been active in 
soil movement or disturbance and still see the channel and so forth but in lhat same soil there 
are also areas that qualify for the glossic features, I can't really tell whether they were crayfish 
or whether this really happened as a result of some genetic or morphologie feature. 

G.._.q,. Smith: 

I would suggest you look for peds in the severely crayfish affected areas. In my 
experience, you don't  h.~r,'~.oe an  argiilic horizon to begin wi th-- the  crayfish have prevented its 
formation by coJ~e~nt mixing. I've also noticed they will i:,enetrate 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 just i fy  a eatable horizon, perhaps, but not anything else. 

Wilding: 

Following 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 Tex~s 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 argil!ic horizons below a depth of I m or 1.5 m. Is there any reason in looking at the 
rationale of  Soil Taxonomy that a suborder of Vermaqualfs would not be a satisfactory manner 
to handle these soils? We feel that the activity of cra~/fish have haci a very important pedogenic 
proces~ on these soils in terms of their hydrological properties and thus should be recognized 
from other kinds of Aqualfs or Glossaqualfs. 

Guy Smith: 

I would see no objection to your making such a proposal. The vermic great groups were 
recognized b ~ a t ~ e  their horizotm were commonly next to a meter or more. Certainl.v a crayfish 

do as much or more than the earthworm, fie makes bigger holes, brings more materials to 
the surface - -  much larger particle sizes. You'll find small gravel in the casts of the crayfish 
but not in the e~rthworm's casts, 

i:.i:: 
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Question 43 

Allen: 

Dr. Smith, I noticed in your latest conversations with Loamy in Ghent, that you proposed, 
or at least mentioned, the possibility of expanding the definition of the oxic horizon to include 
all sandy learns, 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. 

Smith: 

They all have relatively low available water-holding capacity whether they're loamy or 
clayey. One of the principal defects of Oxisols is the low available water-holding capacity. We 
originally put a restriction on the lower limit of the clay content of an oxic horizon zt a point 
where we thought it would distinguish sandy and loamy soils. We were misr,aken. 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 there sometimes is an 
appreciable 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 . .~ust  
to simplify the business of how much silt is or isn't preseng I simply propose that we drop the 
clay content completely and substitute the difference between the sandy material and the loamy 
material. The sandy material cannot be an oxic horizon because we want to have an intergrade 
ber~veen the QuartzipsammenLq and the Oxisols. We get very sandy Ox:.sols and we get very 
strongly weathered quartzipsamm,~nts, and we wanted to have the Oxic Quartzipsamments as 
well as the psamment'.'e 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: 

r m  curious as to why calcite and dolomite minerals are not considered as weatherable 
minerals? In soils developed from calcareous sandstones in East Central Texas where, the 
saadstones are,, composed primarily of carbonates and quartz and other more resistant 

componen t s ,  and where the control section is f ine-loamy or coarser, these soils in ustic moisture 
. ~ regimes are placed in siliceous families even though they may have calcic horizons in the lower 

ii!i ~ solum. W h a t  i s  t h e  rationale of not permitting carbonate minerals to be considered as 
::,ii~ .. weatherable, minerals7 

. . . . .  - ,  " . +  . _ .  ' : 
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Guy Smith: 

This comes about from the soils of the arid parts of the U.S. Where we may have a 
Paleargid, perhaps, that has now become recalcified. From the dust, from calcium in rainwater 
and so on, the inter io~ 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 poin~ 
in the past, but, in the present dusty and dry environment the c~rbonat~s are accumulating 
again. It just  seemed that in the definition on weatherabte minerals, we had better leave them 
out. There had been plenty of questions about this before. 

Ques. ion 45 

D~-~ugherty: 

Dr. Smith, in teaching Soil Taxonomy to s~udents, I 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 rationale on choo.-.ing the different depths and different 
thicknesses of family texture control sections? 

Gug Smith: 

We generally made the distinction between soi~ that had an argillic horizon and soils that 
did not. If there was no argillic horizon, we u~.ed a more or less arbitrary control section of 
25cm to Ira. If the soils there had an arg-~llic horizon we generally used the upper 50cm of the 
arg;.llic horizon. Now I must confess that, when I taught, I required my students to place the 
soils that they were studying at the family level. O n  examinations I gave them exercises, where 
they wrote the descriptions, and required that they identified the family and they couldn't do it. 
The trouble is the w~..~y the book is written, so I developed a little chart for the students and I 
guess copies have been made a~'a;!able by Dr. McClelland to SCS Staff and you can probably get 
copies. (Note: Smith war, writing on a black board.) I s imply listed the orders across here 
[horLzontal at top] and family differentiae on this axis [vertical at side] and then I came out with 
a lot of blocks and I g~ve the control section and then the number of particle=size classes and 
mineralogy classes and so on, and, [coming down here,] moving to a box would list which 
familie~ could be used in a pa~'ticul~" order. Once I gave them ~.his they had no trouble. So if 
you would  contact the State S ~  Office I think they could give you a copy. 

Question 46 

--;i.. Allen:." 

, ~<,. Dr. Smith. I often have a problem, again, on the albic horizon. 
~!::~i:i}i:} ii ! ~ I - :  ' -  ~ rc.a,qonmgbehindStudents" Where ",here iSthat?  n o  minimum thickness required in the definition. 

- - 

It is difficult  to explain to 
Is there some 

; i : i ~ . : - "  • ~ 
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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 piowings. 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--argill ic 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 diagnos~c in the classification. 

Question 47 

Wilding: 

I know that you have commented on this question recently, and the questions raised at 
Cornell, but Fd 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 pedon7 

: :  Let's consider at least two or three attributes that the polypedon has ,hat is not possessed 
~::ii/~ . . . .  b y  an individual  pedon. First, the boundaries of a pedon are, to a large ext ~;, purely arbitrary 

and depend o n w h e r e  you  start to dig your pit. The boundaries which are not the same as the 
~:=~ ~ bulk 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 daT, 
!i!~:ili,~:~i i~:~i ;~.i ~:I:~- b u t  yO~'r can, a n d  in.~detailed~soi I surveys we_try .to represent the boundaries o f  the polypedon on 
i~i~!i!iiii'~.:.i -:~,- ~!.,:~.:: our~sofl..maps. : They are obviously imperfect t~ecause ot- cartograpnm ,roolems of scale and 

.!!!!~i:!i:,.i~-~ :-: because of:, sampling errors. W e m a k e  an effort  to indicate the boundaries o f  the polypedons 
/~:!:i~ii!ii::;;~:!ii:;::ii ..whicha~-thei~natmTallboundaries. 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 w i t h  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. 

Wilding: 

The pedon, however, is defined as a three=dimensional body of soil that has lateral 
dimensions large enough to include r.*.presentative 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 bas~¢ individual 
building block on which the classifications are constructed, that the pedon could serve in a 
similar role for classification in Soil Taxonomy. 

Gu~ 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 
ap.rayal to most any mineralogist. It would not really appeal to the man who's making soil 
surveys. 

Wiiding" 

But, is it true tha t- the shape attributes of -'.he soil comes out as a phase criteria outside of 
the taxonomic s ~ t e m  except for Orthents and I guess its utility in some of the higher classes 
bm~ getter',ally Sl:eaking, for our interpretive purposes slope, for example, is handled as a phase 
of  a series. 

Srait~ 

Generally, but not ia the more serious situations where you have say an Aquoll on a side 
~lope v:her¢ there is seepage vmter coming out, or you'll have a Histosol on that side slope 
where it has still more water. The drainage of these soils engineering-w~se is entirely d~fferen', 
from the drainage of the others, and it Ls a difference of such magnitude that we thought it 
shouid corse out at the f.~mily level ingtead of the series level. 

Question 

-. - - -- Wildinff 

i~i!< :":J : i : Why do  ~tbrupt boundaries with less than 20 percent clay in the alluvial horizon require 
~~i:,~i~!/,ii:,..: '.ii<: o n l y a  doubling of  the clay content within a vertical distance of  only 7.5 cm? For example, 
i~-::~i:::::, ' "~ an eluvial horizon of  sand with 3 percent cl~y content over a Bt laminae with 6 percent clay 
~<~:y,i~i,~>:: - ~<!,~.-,:" ' con ten t .  could, tm co~ ide red  ~.qn. abru, pt boundary.. What was the general rationale utilized in 
-. .......... :~ . . . .  clef'ruing 
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Guy Smith: 

Laminar argillic horizoi~s in the sands have abrupt boundaries, without question, but they 
did not ;,aterfere so much with the soil permeability as did the abrupt boundaries with the 
illuvial horizons that had more clay than you have in the sand. Laminar abrupt boundaries are 
actually h~'~nefic;~.al to the farmer in that they will at lea.st double the available water-holding 
capacity of such a soil because the water hangs in the base of the clay la~ninae. We were crying 
there to get at a definition that would keep together the bulk of the soils that had been called 
Claypan Planosols at one time. Where we commonly have a siR-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 a~bic horizon. In the laminar soils the water does ~ot 
perch above the argillic band but perches within it, and does not introduce problems of 
aeration, and anaerobic ground waters and death to the roots of any a/r-loving plant that 
happens to be growing there. There was an effort made to utilize some of the concepts of 0~c 
1938 classification in the development of Soil Taxonomy. The ones that were judged to have a 
maximum utility we tried to retain in ,Soil Taxonomy. 

Question 49 

Allen: 

You have already answered this question in some of your other se~ions, but since very 
few of us have even seen placic horizons, I am still unclear as to why placic horizons ace 
separated as a distinct type of horizon from slxxlic horizons, even after reading your answers. 

Smith: 

The placic horizon is a rather distinctive sort of horizon when you see it in the field. It is 
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 genesis 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 1 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 
p.tl-dependent charges and almost never a permanent charge. The major difference between 
them i s  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 
i s a t  t h e b a s e ,  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. 
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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 horizons7 

Guy Smith: 

No, that's not entire;+y ~rue. Az I ~aid, it is a barrier to water and roots. It occurs in very 
unlike kinds of  soil. We have them it~ the Hydrandects 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 Dystr6chrepts. 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 soils a l~ut  which we can make no statement. 

Question 50 

Hallmark: 

As use and management pcessur~ are becoming more acute in the wetlands, we find 
ourselves mapping in areas that are constantly inundated by brackish water. What are your 
feelings c,n ex~ending 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? 

Smith: 

Well, we did say in Soil T~xonomy svhen the water gets deep enough that we have only 
floating plants, that ceases to be soil. That probably does vary some according to the 
environmental 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 
cot~sequences of use. If the wrong wetland 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 ones. We must be ~.ble to warn peopi¢ not to drain such soils, and you 
~,.~'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 also make very serious problems in the engineeri~g use 
of the soils. You may have seen the New Orleans subdivision where the soil has shrunk away 
from ",he 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, a./though 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 follow=up to this is 
the. use of the n value to bring out soils which basically have been permanently saturated and 
are not able to support particular animals in a normal grazing fashion. Why was it that started 
to go wi~h an n value, rather than to ~.filize 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. 

Smith: 

The n value was borrowed from the Dutch soil scientist, who has perhaps the most 
experience with reclaiming wetlands in the world. I ~on't know what substitute measurements 
we might have made. It is something that you can c~etermine from the sample in the laboratory. 
Bearing value -= I'm not su~  about the engineering tests. It would be virtually hill 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 
themselves with it much, so far as I know. Typically, they take their samples and ¢lry them out 
before the'y ~tart 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 fie~:t some lightweight apparati which would get a handle 
directly oct the bearing=capacity rather than n values because n values require quite a bit of 
laboratory manipulation. First of all the sample has to be maintained in a wet ~atus and then 
on top of that you're going to run organic carbon and particle=size plus the percent water in 
that natural state and some of these things are very high in organic matter and the error factor 
then becomes increasingly higher ~ the organic matter increases. 

.Smith: 

.~s we develop new methods to measure 
definitions. But I don't  know a current method. 

things, we will doubtless change our own 

Question 52 

C 

Wilding: 

We have a soil ta~.c~.~omy system that is constructed with I0 orders. Following the logic of 
classification it seems that we could have ended up with maybe even t~,vo orders -- organic and 
inorganic soils -- and then as suborders the various differences among the inorganic soils. What 
was ~e logic in determining how many orders there would be and what soils that they would 

combine o: group7 

;~_,...i ¸̧  ..... ~ .... . .  ...... , . . . .  
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Guy Smith: 

In our first approximation, we had one order for organic soils and another order for 
mineral soils. This created an extra category that ,re could see no use for because we could just 
as well subdivide the orde~ 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 countries 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 accumul~tion of iron and aluminum, and we 
could readily say well we'll give priority to one or the other. We ~.lso had soils with neither, 
and they had no pl.~ce 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 geologic erosion and then it will begin to take on properties of either a 
Pedocal or ~ 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 bee~n done in previou~ U.S. 
systems mad in the other systems in countries vd'~ere they were making soil surveys. We did not 
look into classifications in cour~tries 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 w;~thout much 
trouble but not 50. We also needed in our taxonomy, a sort of a key tha~ could be used for 
identification in the correl~tion 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 greet group and so on 
down. And in each step we don't  want to have more classes than can be readily 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 ser~es. 
Still, the series are not defined in Taxonomy. We left it up to the correlation staff to devL~e 
their own keys for these large families. There was nothing sacred about the number 10. Now 
I've proposed an l l t h  ~nd that's an awkward number. I think VII look around for a 12 
somewhere. Twelve is a much more satisfying number than 11. 

Question 53 

? . 

W i l d i n g :  

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 tempe~ture  regimes? 

Guy Smith: 

They are subject to many of the same turba~ons 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 w ~ n ' t  quite e n o u g h - - ~ a t  we had very 
-.~ ., unLike things put together. ~ 

i . . . . .  ' <' You ~nust notice that one's attitude toward which classes we should recognize, which ones 
!:~ii:/':!:~i: :~:~ ~ should be combined or k e p t s e p a r a t e  - -  we are enormously influenced by our personal 
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experience and by the geographic extent of the kited of soil involved. This is one of the basic 
difficulties with the FAO-UNESCO legend - -  that only extensive soils can be handled 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 sy.-tem 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. I will agree that cartographically 
they aren't as aesthetically pleasing as the old ones because the boundaries become 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 oth~,rs, and the polypedoas 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 I 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 many 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 nppear 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 
behavior of a soil trader the foreseeable uses, of not all possible uses, but the foreseeable ones. 

Question 55 

'?/:i ::-!i -- Returning to the concept of petrocalcic horizon, we have a minimum thickness definition 
~:~,:/~:::~ ~° when the petrocalcle 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 unconsolidated deposit? 

Guy Smith: 

Well, the p, etrocalcic 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 t!~e normal 
situation. I ~uppose one could find one that was 5ram 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 ustie moisture 
regimes where petrocalcic 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 petrocaleic horizon was established because it was a 
restrictive horizon to root growth and water mow~ment. 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 petrocalcie 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 lithie or paralithic; in Taxonomy we said bedrock and not lithic or 
paralithic material. 

Wilding: 

OK, let me ~'ephrase 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 an7 difference how thick it is. 

Smith: 

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

• In this particular situation w*. believe that perhaps the marls may have a significant water- 
hbldii~g capacity that would  be available for the plant root if the petrocalcic horizon were not 
present, o r  the thin laminar caps were not present. From the use and management point of 
v i e w w e  have been concerned  about the minimum thickness of d,~e petrocalcic horizon. 

O b ; d o m l y  We could still  d i f ferent ia te  the soiLs with indurated calcic horizons too thin to meet 
" : the petro~alcic at series leve l  but we are interested i n  the  rationale utilized in determining 
~' ~i i i~ wl~at the minimum thickness o f  a petrocalcie should be for interpretive purposes, 

: : :i 12~368 
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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 

Thomp:;om 

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 on 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 tl~e 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 develop 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 petrocalcie 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; cer ta in ly  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 petrocaleic horizon versus the radio-carbon dates of the calcium carbonates. 

Question 57 

,~,:::i~,i~. "~>- (to Wfldmg) Do you  f red  a kind of petrocalclc ho.lzon that you referred to, Have you 
~iii".~:... -I ~ibbser~;edthem ovor . materials or in materials that won t qualify as a paraiithic contact? The 
°~.i.:'.,~ :.:iieason-thatI amask ing . tha t ,  I can't think of a single paralithic contact that I have seen in West 
• ............. :< " "T.i,Te~ms .... that is  ias~thin as we are talking about and yet which is not too well fractured, I mean : . . . . . . .  ' . . . . . .  e x ~  

¢.-:_ii::i.puncture.d enough  that there is no problem on digging through it. It looks like remains of 
i:~i,ii:ii:.i(.<~:.~ocalcic ~hOrizons. ~ ! w a s  wondering if you had any statement on that? 

: > :  , 0 , .  
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Wilding: 

I can't recall that I have seen these over materials that were not either lithic or paraHthic. 
Coryell County would be probably the best prospect in terms of the soil surveys that we are 
currently making to look for this kind of phenomenon. The other situation in which it, 
although I have ~ot observed it, which this situation has been described to me has been in foot 
slope positions where seepage wa~ers of both from upslope to toeslope positions. These 
apparently are of variable thickness but I have not observed those direcdy. 

Question 58 

Daugherty:. 

I would like to solicit your comments on the limits in the definition of calcic horizons. In 
New Mexico we have very few Camborthids Aridisols due to the definition of eaicic 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: 

My memory ~.s not too cle,o,r on this, but I think I can unders*,and it. If you have a sandy 
gravel you 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 consistent with the 5% limit of secondary carbonates in 
the c~leic 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 I 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 caleivm 
carbonate? 

G_.G.9. x smith: 

Perhaps there could have been, but no one came up with that proposal. 

Daugherty:. 

: / .  It seems to be  quite a drastic jump especially when we deal with soils right around the 
!8% clay break to be r~quired to have 15% calcium carbonate for the ealcic. If you have a soii 
with 20% clay you need 15% CaC03, if you have a soil with !7% e l y  you only need to have 5% 

~o CaC03. 

: - : - - :  Guy Smith: i .  i , " ~ 

. . ,; : You must  also loot, at 'the uses made of the ea~eic hor izon.  In North Dakota the glaeml till 
iiiii!!i!?~iiii : : i:i;: : .  n0rmally.~have m 0 r e t h a n  i 15% carbonate when they are la~d down and so. it is very easy to meet 

" the requirements foi-a ealcie horizon if you have: 5% more in the Ca horizon than you do in the ...... .<: ' ' - t h e  
till.: ": Man the .til!s there, are marginal in this respect and we pay no attention in 

,~i~i::~i!oiiii:i~:!{(~:=-:some series~definitions as r to):whether o r  not there is a caleic horizen.  It is not even considered 
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at the series 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 5g 

Wilding: 

In attempting to teach S o i l  T a x o n o m y  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 
~erms of the educational process how you would most effectively transmit the kind of 
information that we have developed in S o i l  T a x o n o m y  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 deser;ptions and data, what one man over-looks someone else will pick up and such a 
group generally can come out with the same answer. Whereas an individual will make a mistake 
that he will not notice - that is one suggestion. 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 ~vhere he has made mistakes in his classification in the area where 
he is classifying 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 no~, and here are some of the problems. The definition on page 46 reads in part - - -  
"secondary sulfates that are 15 e m  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 gypsie 
hor/zons ¢3aat 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 bulge and so forth so what is your standard of 
reference below there? 

. . . . . .  ~: G u y  Smith: ~ ~ 

'i :.~ , w h a t  you  are saying is not going to be recorded here when you wave your hand, so I will 
i i  " • " " , a .  • " • e • ~,~,see i,f I can put at on tape, W~tn depth, the increase and decrease m the percent gypsum is 

,i: ; erratic.? I would say, by and large, this application of the definition probably  w o u l d  be as good  

, . _  . . . .  : :  . . . .  : ( : ' . . -371 - 
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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. It 
was in the Near East countries where the pedologists were working to design 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 sprinkler 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 gyosite. There are some suggestions of laminations in many cases there (2) is and I'm 
often confused by what Fm actually seeing. 

Guy Smith: 

I have never seen one myself so I cannot help. 

Question 61 

Wilding: 

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

Smith_ :+++ 

It  has been m , c h  l e ~  t h a n  it has  been on soil mapping. The classic concept of down- 
wearing of s u r f a c ~  versus lateral retreat of stope has considerable ,~'nfluence on what the 

. mapper  does in the field, but it hasn't  had a great deal of influence on Soil Taxonomy itself. 
The geomorohic studies have h a d  their_principal impact in the pale great groups, in which we 
, . . ' ~ , 4 : , ^ . , ~ ; ~ , ; ~ , , , ; o k  ¢k~a ©t i | l e  t~f  t h ~  u # r u  et[cl f'rc~m the vounner ~eomornhic surfaces. We have 
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grouped somewhat unlike things in pale great groups as in the Aridi.~ols where we use the 
petroealeie 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 soil 
geomorphology studies 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 correl_ntors argued thnt the 
definitionz 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 of 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  ~erhaps 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. 

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 m~p to a geomorphic map. 
well make that leap, that direction. 

You can't very 

.: .... Wilding: 

" ~: There will be ~ m e  people who might think that is possible. Parsons mapped a lot of 
.~ " -serie~ on.~iven geomo~h ic  surfaces in Oregon, for example, and different  series on the next 
"~~:. ~. ~ ~ -  .- geomorPl~ic.. surf.~ce.s. . T~wonornicallv. .there was a relatmnsh~p,. I think, between the chronologic 
!:,;/...~;.;:...~ surfaces and the intensity of pedogenesis of. the soils developed on different  . . . . . . . .  

;::-;:~:?'~.?"~i~:::;-~-,-, -/~i...;:.i ~ . : ...: - .. ~ : ' k • " 
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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 c~n have 
quite a variety of soils on a single geomorphic surface. Keep this in mind it will 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 

Wildir~',g: 

The Vertisols had been restricted to the mesic temperature regime or warmer. What was 
the rationale for excluding soils that had in essence all of the properties of Vertisols in frigid 
temperatures7 

Guy Smith: 

There was none. I tried to get rid of that unsuccessfully. 

Nichols: 

That change has been made. 

Question 63 

Hallmark:  

The terms, aridie and torrie are used for the same moisture regime but in different 
categories i n  the taxonomy. What was the logic in having those meaning basically the same 
thing? 

. + . 

Guy Smith:." 
.+  ~ _ :  
+ . ,  ~ , : + . . , + .  + , 

• ~ : ~ .  + ~It was the structure of the terminology. We did not want to repeat in different  categories 
: -. . . . .  !the Same :: formative , elemenL because then we found when we got to the subgroup we had 

Which w e  had t o  repeat that formative element twice. This was unsatisfactory. 
!i L:a+termin one  categoric level, if we use the same concept in another category we 

. . . . . .  : .  :,:substituted another term: Therefore, we have the Torriorthents and n,,t the Aridiorthents. The 
.... :+ .... :.:rm!~. es o f t h e  orders Were such that we required a single formative element at the suborder level 
'+:: + :-: w h i c h  we took f rom t h e n a m e  o f  the order .  All the Aridisols in the  suborders end in "id" and 

-+  
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~II 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 into serious trouble with that in oar 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 

Calhoun: 

Not all soils with aridie soils moisture regimes are classified as Aridisols even though the 
introductory statement in Taxonomy for that particular chapter states t ha t  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 hhe soils without diagt~,i~sti¢ horizons was 'that they came originally 
from the concept of the Azonal soils. They were soils without diagnostic horizons and we 
war, ted to keep them together as an order because without any subsurface diagnostic horizons 
there are really no statements you can make about the Entisols except that they lack subsurface 
diagnostic horizons. The s;atement is not very important to the soil survey. 

Their arid climate was shown only at the grea*, 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 ~uven t s .  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 manageh~ent of other 
Oxisols from that group. We might as well keep them together as Oxisols. In th~.t situation we 
could deal with the. arid cl imat ,  at the suborder level instead of the g:eat group level because 
they seem to be the most important subdivision of the Oxisols accordin.g 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 Oxiso!s. Under use they are going to 
behave fike other Yertisols. In Sudan in the Gezira Scheme the irrigated soils are Vertisols and 
they  crack and the cracks close and  so on every year and have slickerisides, parallelepipeds, and 
. o * L  ~ . I ,  1 L f - ~ .  w,,:.t ~mve you. j u s t  at the boundary of that Gezira Scheme I am told that the soils are not 
Vertisols. Because they never get moist enough 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 

: ,: a b s e n c e  of i r r i g a t i o n y o u  cannot find slickensides. This will illustrate the reason why the 
Vertisols probably should be kept together as a group instead of being split according to their 
moisture regime. / 

c . - , : "  ' . . . .  , ,  " 

i~i~i~ii,i I .... i :/-i /i: ~i,.::~i L 3 7 5 -  
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Question 65 

Thompson: 

Going back to :he petrocalcic horizon, in the ~etrocalcic horizon definition the criteria 
state~ that a thickness times percent carbonate is required if the laminar horizon rests on 
bedrock. Why was a similar criteria not applied to those petrocalcic horizons that are underlain 
by loamy highly calcareous materials? 

Smith: 

I don't  think ][ kr~ow the answer to that. Perhaps Lee Giles can help us. 

Giles: 

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

Smith: 

These definitions all 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. 

Thompson: 

This question is asked frequently by field soil scientists. 

G ~  Smith: 

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

Question 66 

. . j  

Daughert~. 

Would you pleaSe discuss the rationale behind the limits of the moisture control section? 
There is no d~ct t~ion in S o i l  T a x o n o m y  aS to physically how to meaSure the soil moisture 
control section. It mentions to add 1 inch and 3 inches of water but there is no methodology, I 
have never seen anybody actually do it in the field. 

i -  " . T n~.vox~have either and Yet i t  wou ldbe  feasible t o d o  i t i f  you had a soil that f r?m time 
: L" . . . . . .  , ^ . . : , ~  n , . ~ , . . , ~ , ,  ,~. . ,  ~ , , t  ~ ¢  available moisture. ' I n a  humzd region where the soft never dries out 
::: ....... .. • ,~^-.,* ,,-;,,-,~-,,~,.-,,~;~eIv r-~ow one wo~id make the measurements, In a dry chmate where the soft 

" c - ~ ,  ' "  . " ~ "  " " , I , .  U U U  l i ,  J L ~ J t t . F V V .  [ e ~ v , d t ~  . n  " .  " • ' 

~! ::':: :/: : :.-: do~-becOme::dry ,on~,could: readily apply the 2.5[ c m o f  water:and wal t  the 24 hours necessary 
:I%:.~:I!IL!':; : :~t;~.-i,and then:i.*x~v~te and see:the depth of penetration of the wetting front in that time. One could 

thesame:wlts~!!the 7.5 c m t o  see where the wetting front had reached. The purpose of the 
WaS to permit theca lcula t ion  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 me~ure  the wetting and drying of the soil was 
devised with the help of the records from the old dryland stations. Without some sort of a 
defined moisture cvntrol 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 period in the soil. The soil can be dry throughout the moisture control section 
but plav.ts can still survive it" their roots go below it. When we say the soil is dry that is a very 
different  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 
~ection to deal with the subgroup transitional areas? 

Guy Smith: 

It would be possible but I don't  know of anyone who is thinking about that problem at the 
moment. 

Question 67 

Giles: 

. This quest ion concerns apvlication of the taxonomic system and mapping areas designated 
as broadly defined or low intensity. In some cases examinations of these areas have shown a 

• n u m b e r  of soils not mentione~ in the mapping unit description. It probably means the soil 
_, . series is still used in areas designated as broadly defined. I wonder if this should be done if  

"there is, too little time to classify soils at the se~-ies level? Would a different  approach be 
,~ _~ .... helpful in th is  case, such as, mapping the soils in categories higher than series7 Mapping great 

groups, for examvle,: generally show the presence or absence of horizons that are particularly 
~ ~ " significant to land use. Mapping Paleorthids for example, would show the presence of 
/: ~ .  petrocalc£c horizon without having t.o spend the time necessary to make distinctions of more 
" ~ categories. Wi l lyou  comment on this? 

:~ ~ Smith: i 

This i s  partly,  a correlation problem, partly a matter of legend design. It is not 
;~ . .  part ictdarly a problem o f  Soil  • Taxonomy,  but it is a part of the application of Soil  Taxonomy to 

.,~,~,i::~: i / :  :~ ~soil surve3rs~: I t . is  currently being~done, that is, mapping at a categoric le el higher than the 
!!i~i!:~ i~ ; ~ : s e r i e s .  : =t is currentl~ be,ng: done in t he  United States and in most of the developing countries. 
~:;i!!~i;!~: ::~ ~:.= :? ~InlAlaska f o r  ~ example ,  the E~iplocatory Soil Survey, the legend is la rgely  based on categories 
~ .:,r • ~/:/ !.~ higher thah the series because they have no particular use for the series concept in areas of soil 

fly potentizl use we can see .is grazing by wildlife.  In Nevada, i n  the small- 
' are n o t  using series because again the  u t i l i ty  of the series is small when the 
~e:is. e ly  extensive grazing by livestock. In the developing countries their 
rally : a r e  made. :at. scales of l .-50,000 or ~smaller; " T h e y h a v e  so little 
~:Use of:thels0fis,: . that if  they were to establish.series they would go through 
~ i  ~ we wen t~ th rough in  the  U . S :  As they acqmred knowledge about the soil 

; t h e i r  series and  setting new ones: My thinking is Ldbe: constantly: Splitting up 
ce r t a in lymappmg ~ [at I the] f ami ly  category, is about the lowest categoric 
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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 
syste~'n. Do you remember what the meaning of that question was and what you gave for an 
answer? 

Gu~ Smi',h: 

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 unit 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, a taxonomic unit. When we have finished our soil survey the eorrelator 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 lomn. These are three different meanings of the same word and the 
game 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 h~.s more than one 
meaning. I don't  think it would be wise to do 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 ;s 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 surve~ and 
nor/2~ally it doesn ' t  bother the people who are making the soil survey. 

Questien 69 

~:-i~i ~: ~,:/::.:~:i.~. i ~: . In s o m e o f t h e : 0 t h e r  sessions in which you have participated you discussed the problem of 
the classification o f  soils from Inceptisols to Aridisols with salinization under 

~& ~;=:~''~laf :" r ' ;  h~ 'a" ~'#" = ~ irr igation,  of  course, this would be in  ustic or xeric moisture regimes. I am still unclear as to 
~i;~ ~??:-5; yo~:, t l~nkmg,alxmt the solution of this problem. . 

- : /4:7:?,  ': '- 
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Guy Smith: 

I proposed the solution that wo 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? 

G_24_ x Smith: 

It is quite a common situation in the Near East where the moisture regime is aridic to 
irrigate and to ~alinize the soils. If the irrigation is stopped these soils will still produce crops. 
I 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 samrAe:l the soils on that one farm 
they became Aridisols because of the salinity and yet all around them the farmers were growing 
one good crop of maize every year. This was an island of Aridisols created by this definition. 
If L~gat ion werv stopped the salinity would disappear within a year or two. It is a similar 
situ~:~:::~ in the U.S. where they're irrigating citrus with Colorar~o River water in California and 
the sore 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 dcesn't  have an argillic horizon. This 
is irrational; we have the same problems on the lower Rio Gr~nd Valley in Texas. 

Question 70 

Thompson:  

This proposal has been made previously but I would like to hear your comments 
concerning the rationale. What is yore comment on the proposal to recognize ustic subgroups of 
Albaqualfs and Ochraqualfs? These subgroul~ would ;dentify those soils that are dry for long 
periods during ~he summer months, but are saturated at some season. The Lufkin series is one 
of several in Texas that meets this concepL Perhaps there might be a better suggestion that you 
would have to recognize what I would term as "wet-dry" soils from the "wet-wet" soils. 

Guy _Snu'th: 

We have a precedent in Soil Taxonomy of Xeric subgroups of Albolls, Xeric Argialbolls, 
for example. The Albolh 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 h a s  either an aquic moisture regime or a udic moisture regime. I think it is 

• essenti~ that we distinguish these ,wet-dry" soils at the subgroup level so that our families do 
" . not co~..min soils o f  vastly different  potential uses. The Aquolls of the Wilamette Valley in 

Oregon, t'~r example, cannot be cultivated for summer crops without irrigation. Yet they come 
: : : ~' into the ~.~ne f ami ly  a s  th~ Aquolls o f  Iowa and Illinois which are potentially extremely highly 
-!~i="i/-: . ~ productive, for summer crops. I have proposed, myself ,  tha~ we should establish ustic subgroups 

' tho :Aouic  great groups for soils like your L u f k i n  which are too wet in one season and 
. i  i .  . . . . . .  • • • 

.... • m a~0ther so they .must be both drained and ~rngated to be used for the production of 
. . . . . .  a i n  the wet-dry tropics. It includes the Aqualfs, the Aquepts, 

o n .  T h e y  all, I think, require some subgroups to distinguish 
~:~:i:~:!.::~,i~ i~i/i:.i~ them! from t b ~ . e w h i c h  are~in the humid parts of the tropics or the U.S., and if drained, they 
i~i~::i!~,~:~=~::~:~=~i,::::%~:.~ :~::=~ ~ : : - :  ::~i ~: ~ i ~:i . 

~ ~ : /  - 3 7 9 -  
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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 U,stic subgroups. 

Question 71 

White: 

In this same vein the Lufkin is still a Vertic Albaqualfs, aren't  we sti!l 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 Albaquall"s. 

White: 

Using a double syllable there, the subgroup. 

Smith: 

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

Question 72 

-:" : i  

Nichols: 

We have soils in Florida that seem to fit  in the Albolls and yet the nearest Albolls are in 
south central Oklahoma or north central Texas. 

Guy Smit  

I wouldn' t  really have a comment without knowing a great deal more about the soils in 
Florida.- . . . .  

: : , , : ; - Y : ~ " " ,  ~ : : T h e  soils chemically a n d  morphologically seem to be little different  from those in south 
i~ii~z~iilZi~i)~iii! i central Oklahoma, except t h a t  they are in considerably more humid climate. Most of the 
~:i!~i:!:i~i:~!: :,:~: ~isture regimes or border-line us*ic regimes. We hesitated to classify those 
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G.Qg.X Smith: 

We have Albolls in central Illinois which have a u d i c  moisture regime or an aquie moisture 
regime. The Albolls are keyed out ahead of the Aquolls because they straddle the limits of the 
udic, aquic or ustic/aquie 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 Ustie subgroup and fix my 
concept of Albolls on soils that straddle the limit between udie and aquie moisture regimes. 

Nichols: 

We did take Albaqualfs into Florida on both aquie/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 Aibolls did, because of 
the cropping habit. 

Question 73 

Calhoun: 

Diagnostic horizons, soil temperature and moisture regimes and other diagnostic features 
are, I consider, the basic building blocks for Soil T~'.xonomy. I gaess we can view them that 
way. Many of these differentiating characteristics, as we are all aware, are not used uniformly 
at a given 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/climate 
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 t rop ic ,  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 s a m e  building blocks so to speak but possibly shuffling these 
differentiating characteristics according to the needs of the country7 Albeit some countries are 
very small and others are much larger but still everything is within the context of the political 
boundaries of that country and the environment, of course, that go along with it are probably 
narrower in scope thae ~ay the U.S. including Hawaii. Adding on to this too and redefining 
some of these characteristics possibly, 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 mollie epipedon. Well first of all, when I arrived in El Salvador I 
had to convince t hem that 1) they had mollie 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 

" over emphasis of mollic epipedons and having to deal with soils classified as Argit~tolls but yet 
./ ,i 'i ' a very intensive,  agriculture in  that country because of limited land resources. Once we got on 

- :: t h e  slopes ~ose  mollie epipedons were easily eroded anci in classifying specific pedons too often 
., . . . . . .  - because of erosion t h e y  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 intluence 
~" ~ ~ ~ ]"r~" ~ ~ = ~. ~: "~ ~ . . ~ m ~ : ,  g the se ,  soils .shut t le  back. and. . . . . .  forth between .three different, orders., . That  is one example, 

another :~example would be: in sotl t empera tu re  regimes.,  Agmn looking at some of the natural 
:~:,: :~:, :, . _  boundanes :m terms of. say bean. productzon, of haseolus production. Phaseolus cannot even be 
::!~::,i?' ;~,: ~.,:; >i: :ftr0wn below 400 :meters or so in elevation which was sort of right in the middle of the 

temperature regime.  That~  was a natural  cutoff f o r  t h e m  in terms of ---  
~r,.agriculmre(production. Coffee, f o r  example, also. wasn't, produced below 
i i n  elevationCand~ there were several other natural  boundaries 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. 

Calhoun: 

Just as a fol low-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 made in 
taxonomy to suit the needs of that country that the soils be classified both w~ys and to the 
mod i f i ed  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 a mollie epipedon but have now lost it. These Mollisols have been changed 
to Ineeptisols for the moment. I think the correlation staff has dealt with this by classifying the 
Ineeptisols 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 on 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 came. 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 ~here were no fertilizers, and the cultivators used to bring the litter in 
f r o m  the forest to put in the stable and  the soils were depleted and became acid and the heather 

i¢ :,i~ vegetation took over. 7 

:~:. ~~": ~. - SoLls~that had been what they called Brown Forest soils that are now Dystrochrepts became 
: .:::~::. ;.=i:: Spodosols . .So what date then are  you :going to use. ff you are going to reconstruct the lrgm 
':::~i~!:::~'~ii?~: ':i:::i:~ :profile, becausespodi¢ horizon formed under mah's influence and there are other soils that have 
.... "~: . . . . . .  ler cultivation from flooding ,that never had a 

......... had was the  crops that the farmers grew, and 
~ )  : : C  • • • * 

i!ii!i~i ! so,Is, to say thls ts what ~t used to be? You 
~ ~i ~i~::'~' ~ ~.~. : :: ~ h a v e t o  f i x a  date. • Once you fix it. it i s  imvoss~ble to use it because you are not that precise. 
~!:i~;:i!:ii!,!~ili!)~i~i-:"Th~e~isoils~:that:ha~ie:ehanged. under cultivation, I .think, have to be cl~sffmd on the basis of 
.~i!:ii!,~ii:i.~i:~,ii.::i:i:!/~.:~:thelr:"nresent!;t~ro~rties~ ~ d .  not  o n  the  basis of. What somebody thinks they useo to be like at 

: 7 %  . . . .  

was no :one around fo r  recording properties. 
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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 series that are Alfisols that are the eroded counterparts of 
Mollisols. Mainly we looked at the a re~  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 ~nuch 
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 midwes¢ have 
been worried to find that we have this many soils classified as Alfisols that were formerly 
Reddish Chestnuts and Reddish Prairie. Does this c3ncern you? 

Guy Smith: 

Well no, it does not. I 'm familiar with the prejudice of the lowans and the Illinoisians 
about grass vegetation vs. forest vegetation. I know they make ~ tri9 down to the southern 
states and see these grasslands that are classified as Alfisols. I think what you need to, do is 
take them out there sometime when the soil is dry on the surface avd ask them to dig a hole. 
You may make believers out of them because these are ha rd - se t t i ng / ,  horizons. 

Question 75 

Nichols: 

Some of them are, but there are still sizable acreages that are not hard-setting. Mainly 
they are fine sandy loams 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 mollie subgroups that cover some of these soils~ A little 
work indicates that y o u  wouldn't  cover all of  them anyway without including soils that you 
really wouldn't  want to include. There is another related question that I jotted down, i.e., a 
number of earlier soil scientists gave great importance to A2(E) horizons. Would you care to 
comment on the lack of u se  o f  A2(E) or albic horizon as differentiating properties in 
Taxonomy? One thing I was thinking about i n  particular was if  you got a lot of p r o p o s ~  to 
include A2's albic horizons as diagnostic horizons in the various parts of taxonomy? 

Guy Smit~" 

i !" : Well, I could sympathize with the desire to use the albic horizon as a diagnostic horizon, I 
' : " would be o p p o s e d  to using an A2(E) w.h~ch ts extremely difficult  to define. In general we have 

:~ : : =  t r i e d  to  avoid the use of A, B,  C horizon nomenclature in the taxonomy because people don't 
~.!~:~.~. agree around ithe world on wl~mt is an A, .and wha t  is a B, and so on. Mr. Giles had enormous 
..... ; > " :  v r o b l e ~ i n  using the ABC terminology in the Desert Project. What was a AI ,  and what was an 
i~i!~ i: ~ ~:: ~ h , 2 ( E ) , ~ d s o o ~  The use o f  the mollic epipedon as a diagnostic horizon was undesirable, b u t I  
:~. ; i / i .  Could f ind:n0  ~ p e  f rom R to f ind some horizon or some pro~)erty that would group the soils 
~:!~!! i! : : i: of:;th~' Great~Plainsthat~ had consistently been kept together in eve ry  taxonomy. That have a 
i~, ~-;:i!? :!~:?-:: ~ ~ r e a t ~ v ~ ' c o m m o n  vrover t ies ,  b u t  there a re  exceptions to most any o n e  that you can find 

• " -383 - ' 
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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 i f  they have an albic horizon. This would have been possible but, l think 
it is undesirable to group all soils that have an albic horizon into some categoric level because 
the albic horizon 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 h nothing in taxonomy that keeps soils out of Mollisols 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 HH4OAc 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 Mollisols. 

Guy  Smith: 

We have 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 ~.he International Committee on Soils of Low Activity Clays and on Oxisols to 
read them these ques[ions and let them make suggestions. 

Nichols: 

I think again there when you look 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 c o r n ~ t  and Moliisols of the tropics. There isn't an area of a large gradient jump, it is a 
variable change. 

- ,  : -  " . . . .  . Question 77 

!i~) .... ~ ed of El Salvador, I seemed to always have :i~i::i)! ( !(: iii:~i ::i: ~,pr0cess eying.out  dark surfa.c 
');)~/:)~.::~::::::i:i~diffi~ultyi~ understanding and applying sectzon G.4.c of the keys on page 93 which relate to 

~" " . . . . . . . . . . . .  " Of,,intertropical regions. Could you paraphr~e this requirement and 
:~;:~%~ ,~::~::~::/,restrictions on:Mollisols . . . .  :his manner? 
?~i!~;~;:~':,:ii:.:!!~:.:~;~ii.?i:;~, .i:!.~als6  ̀e x p ~ : i  why.:it: is:: ~ t r u c t e d  i n  1 
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.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 mollie 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 vertie subgroups that had a mollie epipedon. We wanted 
to permit these vertie subgroups to be with or without a mollie 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 lnceptisols 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 mollie epipedon in the Inceptisols. So you will find something parallel to that 
in  the full definition of the Incepfisols. You won't find it in the key because we have already 
taken care of i t  under the Mollisols. The Inceptisols are just, "other soils that' .  

Nichols: 

The original idea was to I:eep from introducing Mollisols in an area where there were no 
other Mollisols7 

Guy Smith: 

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

Question 78 
. j:. 

Daughert~. 

One problem we had in teaching Soil Taxonomy is with the subgroup categoric level. The 
entire population of soils cannot b e  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? 

: " .. . .  I t c o m e s  from a long:-standing approach toward classification in the middlewest, in 
! ~ : .  parfiCu!ar, where we have sequences of soils of  varying stages of development ranging from the 

• I-Iapludo!13: to ~ ¢ A r g i u d o l l s  ~.nd. f inal ly to the Albolls. tn classifying these soils the concept 
developed that. We had sequences,  chronos.extuences if  you please, o r . some o t h e r  kind of 
sequen..e~s going~fr.om g.ra.~lands or forest sods, depending on how long the torest nao covereo 

:~::f::*~a,.:. i : ::i r° the  h .~¢iI; the: mollie eplpedon would become t h i n n e r  and disappear. W e  had then series to 
:~ y;~ilwewbuld sgY one is: a :Mollisol, one is an  Alfisol and the  interme(2iate one is an 
iilii~ I " MOIHSOI a n d  a ~ Alfisol. ~ So the concept of the subgroup included the ~_,~ ,. ~....orade:in: l~-.tween a 
..~: :"-:~:-~...imt6rg/adeS~i s o i l s / t h a t  had  • :a dominant requirement o f  one: taxon but  that -.•had subsidiary 

ii~!!!:i~iil/ii? ~i~ i~.:~?i!rVq~emcn ~ :of~iano~er. i:The" drainage sequences Would .be .an:.other, 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 mollie 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. I: 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 not 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 U.S. We 
don't  know enough about them, and we don't want to prejudge their classification. We would 
rather that they be classified after we hzve 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 ~bout the so;3Ls within the United States. The subgroups that are 
listed here are listed because we hav~ secies that belong to them in the U.S. If we had no series 
that was unlike the typic in two or more respects, we did not deal with that particular problem. 
h': for example, we have soil that is like the typic except for item a and another one is like 
typic except for item b, the subgroupz are listed as we have series. If we find one that is like 
t2~e typic except for a and b then we have ~o examine that it may be that we don't  want at, other 
subgroup. It may be we prefer to define that and include it with the soils that are like the 
typic except for a, then w:,, say we like the typic except for a or b. These are what you call 
implied subgroups, in your correlation process. 

How does one handle the pr.oblem whea there is a subgroup like typic except for a and 
subgroup like typic except for b, and you have a soil that lacks both of those fea tu r~  and there 
is no det~ned subgroup or the defined subgroup only has one or both. There is no hierarchical 
order in which one you name first. 

_ : Normcdly you would examine your interpretations of that new kind of soil to see where it 
iii ::L':: i : would be~;t go. If  it is markedly different  from either of the defined subgroups then you set  up 

: the th i rd  subgroup for it, b u t i f  it beh~ves like one or the other of these two defined subgroups 
}i~ ~i/i:i:..,. ::. then you modify your definition rather than  setting up a third subgroup. 

:L , '~ ' 2 . . ~ 2 ~ . i z ; ~ f f i  ~ "  2 z ~ . . . .  . , "  " 
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Question 79 

Allan: 

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

G_u_~ Smith: 

That  is correct, when dry. 

Allan: 

I f ind 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 Ta.xonorny. 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 one 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 epipedon, 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 Mollisols 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 
moUic epipedon except that it doesn't have structure and it is very hard when dry. Apparently 
it  is also droughty. 

Guy Smith: 

The farmers know a great deal more about the soils on their own farms than we do, and 
make much f iner  distinctions. 

~ 0 I ~ ~ ~ ~ ~ 4~ r ~ ~ ~ 3 ~  ~ - -  
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Question 80 

Allen: 

Continuing along the same line I knew that you had mentioned some of these California 
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. I 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? 

O_~ Smith: 

Very extensive in Australia. Quite extensive in parts of Spain where parts of ~ e  
epipedons are still present, that is, the original A horizon. I haven't studied personally the soils 
of the middle east although I would expect them to be there. I 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 Coast which is largely covered with ash. I don't recall seeing them 
in Venezuela or in the West Indies. 

Allen: 

In your expe~'ience though most of them that you have seen have been of the xeric 
moisture regime. 

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 ~o southern Illinois the AIbaqualfs 
occasionally become dry and it takes ten minutes, perhaps, to get an auger through the A 
horizon into the arg.,:llic 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 
Ult~ols if  they should becon,.e dry and if you do have this problem with soil structure with 
these soils, one of their characteristics is that you have structural problems. 

Question 81 

Calhoun: 

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

Guy Smith: 
. . :  - , . • 

~- ~ " I haven' t  traveled in that part of the world, but I would expect that it would be. 
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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'?. 

G_~ 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 animals 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 didn' t  work 
on these soils. This puzzled him became 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 comparable 
soils that had formed under the early ~re-historic settlements. They proposed the phosphorus 
limits that we used there, and we accepted their proposal became we had no data on soils in the 
U.S. When I went to Venezuela and checked over the soils :hat they had sampled and analyzed, 
I found quite a few soils that I thought should be Aqu~lfs but that had the phosphorus required 
for an anthropic epipedon in the Orinoco Valley. The hefidwaters have deposits of rock 
phosphate. The stream sediments coming clown 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 ir~ 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 one year from one stream and another year from another stream, and just "like the 
carbon decreases irregularly in the Fluvents, the phosphorus abundance was ~rregular with 
depth, it didn ' t  necessarily decrease it or increase, but it was a very irregular thing. I proposed 
in Venezuela that we modify the definition so that such soils would be excluded from having an 
anthropic epipedon. The clef'tuition of the ~nthropic epipedon would require the phosphorus be 
decreased regularly with depth. 

Allen: 

I am very interested in your comments along this line and I have a note down here to ask 
you about it because I ran in to  a similar situation along the Rio Perco in New Mexico, in that 

f i ~ i~i : m o s t  of the soils~we sampled and some Of the old Spanish fields established by the Spaniard 
near ly  a l l o f  them had greater than 250 parts per million, P20s. On this particular project we 

~,.~, .:..~ ] ~. d i d n t  sample at depth.. I d e n t  know whether e had thls erratic d~stnbutmn or not. I don t 
~--. :;, -. .- -- " think;,that it was human habRation in each field that caused the high P~0s content, and I have 

~- ~-' ~'. ~"~~ ......... .~ ~ .... ~ . . . .  ' . . . .  .... 389 
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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 

_D~ugherty: 

Could you 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 n,~tural rainfall. They have been irrigated for a long time and they have accumulated the 
d~.rk colors, the good structure, the high carbons, narrow carbon/nitrogen r~tios, and so on that 
we expect in the mollie epipedon. They haven't  been fertilized, particularly, except for the 
sediments that are in the irrigation water. And our feeling was they didn' t  belong with 
Mollisols. In suck an arid environment they could not be used except for the irrigation. They 
would ~ much better if  kept out+ of the Mollisols. Having very little knowledge about them, 
we just  included them with soils having an anthropic epilx~don: I thin~ it is poinied out in ~oil 
Taxonomy that it might be desirable to define some other sort of epipedon than anthropic. 
Knowing that they exist we d~dn't want them with Mollisols. They didn't  fit the definit:.on of 
Aridisols. We didn' t  have a c!ass for irrigated soils like the Rupiahs  do, so we put them in soils 
with an anthropic epipedon. That  le:$ them be classified as Aridi.~ols in anthropic subgroups. 

Question 84 

Daughert~. 

On these ~..me lines will you discuss the plaggen epipedon? 

G uX Smitlt: 

.'2/77 ) :  " 

: r ~ t ~  + , <  " " L , '  , " . ' " : "> . . . .  " 

This is pr[marily a European epipedon. When there were no fertilizers available under 
pre-kistoric or Roman. culture the farzaers would bring in the litter from the forest or when 
the heather rep|zced the fores~ they would go out and cut sod from the heather and bring it to 
the b ~ n  a s  bedding for the,, fives~ock. The sod in particular then, contained a lot of sand and 
the  following spring the farmers would put this litter from the barn on small fi, elds close to the 
ho::~e w h e r e  ~ e y  gi-ew their food crops and then send their cattle out to graze in the heather. 
Ove~" time then with all this addition of the sand from the sod plus the manure from the 
a~fimak the surfaces o f  the$e fieldr, small fields close to the houses was raised. It finally 
cormmoely i s  ~ o r e  than a meter higher than anything around from this application of the 
mixture o f  sod and manure.  They are very obviously different  soils from those around them. 

- 390 - 



Texas Interview 

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 h ~  been mechanically leveled, or where part of the field has been moved to another 
part of the field, or from a large catt!e feedlot where soil has been built-up through the years 
to say a 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 bu~ 
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 
field in Europe is commonly based on :he 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 
zrops 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 

Daughe~q3 ~. 

Wifile we are on the subject of a:;king questions about man-influenced soils, I would like 
to ask another questiov. There has been ~ drive by some to set up the new ~uborder of Entisols 
called Spolents. This would be a suborder which would deal with mine spoil. Would you react 
to this means of handling mined land and indicate how you would classify disturbed land? 

Gu), Smith: 

I don't  th~ak I have had enough experience with these soils to have a valid opinion. I 
~refer to leave this to the people who have to make m~ps 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 tha~ was not required and I would say they certainly had no diagnostic horizons. They 
wer¢ not bedrock anymore, at least they may have been at one time, but having piled up the 
overburden in th,~e huge ridges, there was enough fine-earth material to support trees and 
other vegetation if  i t  w ~ n ' t  too acid. I would be inclined to put them in the Entisols but what 
suborder if  they can define Spoients it is all right with me. The problem would be to watch 
your def'mition. 

Daughert3,-. 

Under  the current system in some cases they would fall out as Fluvents because of the 
erratic distribut/on of organic carbon with depth, 
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Question 86 

Nichols: 

I have the same question. There has been considerable discussion and the p~'oblem seems 
to be between those people that think the Arrents and Orthents are adequate for the 
cl~sification 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 your 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 "r~claimed'. Let's move twenty years down the road which is the expected life 
of  a given plant, like that just outside College Station, which is going to be big. Now we have 
MI this material 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 to be 
enough that will give us the ~rratic distribution of depth. I doubt it. Looking ~ 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 examine 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: 

I 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 been 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 a strong cultural change there. 
What do we do philosophically or bureaucratically? 

Guy Smith: 

f 

. ,  .... 

Well, I think both philosophically and bureaucratically you have the opportunity to raise 
this problem with your regional and national 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 f o r .  I would trust the group judgment  much better than I would my 
own, bemuse 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 o f  the debate t h e n  I think you will come up with something you can live with. 

Daugherty: 

ii>:~.:: ' ::. :,' :;I-am thinking of the debat.,esin California on the gold mining railings from the dredges 
i~i~,~i~;?":.::: . -." that have . now been mined four tlmes 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 necessarily 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 surrounding 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. 

Question 87 

Daugherty: 

~:.~ Somewhat in relation to the question that I asked about Spolents, I guess it's kind of a 
philosophical question also. Do you feel that the parent material differences will be dealt with 
in  future changes in Soil Taxonomy? 

While insofar as parent material is related to  mineralogy, particle-size distribution, and so 
on,. it is I th ink  fairly we l l  taken care of in broad classes at the family level and you can still 

. i  .... make  as~many subdivisions as. are needed at the series • level. We are not, I think, so much 
~i : concerned with the parent material as:a r,ale as we  are of the nature of the soil itself. In the 
, : '  : southeast on, the Paleudults the parent material isn't too impor t an tany  more. T h e  thing that is 
;i~ ::.. i. :.. . :  :. i important i s  the mineralogy and particle-size.of the  present soil. To-f ind out what the parent 

:ma-teriai~ was: is going to b e d i f f i c u l t :  because you. may. have to go down 50 feet or so to find 
Weatherable minerals in •some of i those . .  Was the surface mantle the same as  that deep layer? 

,.. More and more:, we:are f ind ing  that parent  matermls of sods ~s not hat 
!,!~i'~:iii:i~ . SO-:L~! tF.at,were, supposed to have been developed in one parent material or 
[!~'!~i~ii>!i(:il ~ ve Significantadmir.tures of aeolian and fluvial materials at the surface. " 
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Question 88 

Allen: 

Dr. Smith, I would like to ask you to review what has developed and some of the rr, tionale 
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 oroposal 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. I 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 
acetate at pH7, because the exchange capacity is so strongly pH-dependent  it became very 
difficult ~o 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 a 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 concel:,t 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 tI~em had accumulated more 
than one percent organic carbon, and so although they were very coarse in texture they were 
~rincipally 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 distinguish 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 KCbextractable 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 shor*, one category because i he 
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 

ca tegor i c  level o r  raise the suborder to an order. It seemed much easier to propose a new order 
than to f ind some  way, perhaps at the subgroup level to bring i n  the moisture regime, or 

~ "  perhaps, even at : the grea t  group level it might have been done. We also had to get rid of base 
saturation a n d  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 

:::.:~,: mmeralogy terms, because I could not use t h e m  exactly as they are used m the ALiI Glossa y. 
~::~i~:~: i :  :The geologists make a br.eak at 4 m m  and the pedologists at 2 ram. It didn' t  seem rational to 
i!ii!i:?i:~ ::i i a d o p t : t h e : A G I  particle-size classes for soil science. We retained our present size limits for 
~:~'~ .... ~ ravel; :~. ,We ,:~,/::~i!. g r ,  had t o  either redefine pumice or substitute another ,term for something with the 
!iii~.!)~i!iiii~ !!f~ :~ ~ame prooer t iesbut  f rom a m 0 ~  basic magma. The AGI terms restrict pumice to materials that 
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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 par t ic le -s i~  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 
yet 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 are 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 include 
that proposal. 

Question 89 

Daugherty: 

Will you discuss lithologic discontinuRies and 
specifically were to appl,: and be used in Soil Taxonomy? 

to what extent their identification 

Guy Smith: 

We are concerned primarily I think with two distinctly dif ferem 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 diff iculty enter the lower 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 material at some depth in the soil so that there 
is some inherited clay, and the change in the percentage of clay may be entirely oue to the 
stratification of the parent material, or it may be in part due to the str~..tification and in part 
due to accumulation of translocated clay. Different people recognize lithologic discontinuities at 
different intervals and some people can see them in nearly every soil, and some people can 
almost never see them. This is not 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 
fithologic discontinuities 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, I f rank ly  do no', 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 there 
was n o  evidence in the field of any .~'anslocafion of clay, because the late Holocene terraces 
~eem t0 be. purely a stratification. In general we didn' t  argue much about presence or absence 
of argillic horizons in the Alfisols or Mo1!isols that had 2:i lattice clays. When one gets into a 
group o f  soils with 1:1 .Lattice clays as in the P~leudults of the south east or in a number of the 

• ~ter~-opical soils the evidences of clay translocation are not so clear. The best evidence I know 
is / t h e  m o r e  o r  . less ' abrupt  irregular boundary between the ochric epipedon and the finer-  

textured:argi l l ic  horizon below. "The c l ay  moved so long ago I suppose that the clay skins have 

. . . ,  k 
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all been disrupted now by animals and roots until you get into the horizons a couple of meters 
below the land surface where the biologic activ[ty has been minimal. There you can begin to 
pick them up. These are among the kinds of soils that the committee on Alfiso!s and Ultisols 
with low-activity clay have been evading now for a number of years. The final report i.s due 
about June of this year. 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 final decision will be ~ade  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 all of them really are kaolinitic some of them are mostly free oxides. 
"KandP will be used as indicative of low-activity clay. 

Question 90 

Allen: 

Another ques!ion on iithologic discontinuities. ! have no problem when I can see the 
change in the field and [~ confirmed by the laboratory data. I am concerned when I can't, see 
this m th~ field and yet I get changes in sand/silt  fraction ratios, and so forth, in the 
laboratory. ! ha~e never known whether those warrant the lithologic discontinuity designation 
or not. I wonder if you would comment on this. In ether words, if it is not enough that you 
can see in the field, should we put that d~tinction on? 

Smith: 

I would ~ li~Ie prefer not to use ~ the manual provided a Roman (now Arabic) prefix 
for something that is ~im~lar enough that I cannot  distinguish ~t in the field. A small difference 
in the ratios of" fine and medium sand can become very large ratios, there is a continuum there 
and it is difficult  to say precisely when one should recognize the lithologic discontinuity. Dr. 
Arnold can see one in every soil, even ~;n loess I believe. I think one should be able to identify 
i~. ~.n 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/s.,.'lt-size fraction ratios. When you think how they were 
farmed on thLs aeolian mantle, .*.hen that is to be expected. But very often I can't see any 
indication of a lithologic d i~ont inu i ty  in the filed. 

: 

Question 91 

~:~::~:~ . . . . . .  Iiwant~to ask a question about the cambic horizon and you perhaps have already addressed 
,;:~ : ,.~:,.: ' ~ s  v rev io~ly ,  but let me s~te  it and then i f  you don't  choose to answer now that will be fine. 

. . . . .  _ - -  • J • definition of c'amblc hori:mn, the thlcl~ess criteria i s  at the base of the cambic 
:;z;i4::~i(:~::.:~:s?.:.:.?h6ri~n at. least  2 5 ¢ m .  below -t'he Soil. surface, unless the soil temperature regime is cryic or 
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pergelic. Why was this criteria on thickness used instead of perhaps a similar criteria used in 
plotting the thickness of argillie horizons? 

G ~  Smith: 

Tile thickness limit was waived for the very cold soils which we thought would be 
tmlikely to be cultivated. We likewise had some variability in the spodic horizon in such soils. 
In general throughout the T a x o n o m y  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 pergelie soils because they 
are not like!y 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 a 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 suitt~,ble Camborthids certainly can be plowed 
everywhere there is w.~ter. The serious problem is the water. Would GHe like to comment on 
that.'? On his Desert Project he was going to have some very thin cambic horizons. 

Gite: 

Yes, the original depth of the cambic was 20 cm (8 inches). When that dropped to 25 cm 
(I0 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 h ~  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 alteration 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-calcareouq alluvium the base of the cambic horizon is about as difficult to 
determine ,xs 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 fur ther  point that I 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 ~.~ed to use the term occasionally roc- controlled structure. 

Guy Smith: 

I still do. 

Allen: 

.... / D o  you have any guidelines along this line? 
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Gu.y. Smith: 

I am afraid not. There are problems that are unresolved yet. The limits on texture of the 
eatable 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 commo~ in my experience, but loamy-skeletal is 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 reek structure. 

Question g3 

Daugher~:  

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 Cpdoboralfs 
and Tropepts? 

G_._qXuv Smith: 

At the greaat 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 
cartography. If one does not use temperature in broad classes on small-scale maps it becomes 
difficult to make interpretations. If you examine the soil m.~p of the U.$. in the National Atlas 
there i:~. quite a large area of Alfiso~ that is shown in the mountains in Arizona, Colorado, and 
New Mexico. In ",he legend of the FAO 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 
wilt -know immediately that the area is not suited for cultivation. It may be used for forestry 
attd perhaps for grazing, but not for fa~rming. On the FAO Unesco map of the U. S. you 
cannot reach that conc i s ion .  If you don't  require the man who is making the map to determine 
what the soil tem0era~re~ are he can very easily forget it. You come up then with a soil map 
at a very different  :~'ale from any climatic map that you might be able to lay your hands on, 
Rnd the map might just as w~ll been made to put in a drawer or hang on the wall as any other 
pl~rpose 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. 

. . . . .  Daughert~ 

: i  Would you discuss the rationale for not using such features as soil climate at the same 
~5~:r! .-!. ea~gorieal level throughout, I n  Other words, soil climate is not used at that level in the 

,,>:: ,::!~:. ' .... i lae sod climate t sbrought  m to the  T a x o n o m y  at about the first possible category below 
""~ ~ ::" ::::;the Order:: " at the order level as in Aridisols. i n  most of 
:::>:.i:/c v : - , . .  > , ~ but when w e  came to the Entmols ~t seemed 

~k:: ' . '~ ' . ' ,~: ' ,~  ~: ' . ,~"  , ' - ~ - 5 - : " ~ 5 ; L :  " ~ : :  A '  , ' ( ' : ' ~ 3 o ' :  : ' . ' . ~ - ' . , i  " : -  . ' ; ~  . : ' ,  , ,  " :  - : "  . • • , " " . . " • 
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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 a 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 
Fluvents 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 s~me 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 statements 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 a 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 

Allen: 

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. 

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 
leve l .  

,,.- .: " Question 95 

l i k e t o  ask a question on Vertisols. In Vertisols the definit ion includes a 
a t : s o m e  d e p t h  between 25 cm and one meter slickensides are close enough to 
i/you ever seen soils that h a d  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 f ine-textured montmoriilonitic soils with a u d i c  moisture regime, really, they 
rarely crack seriously, very little movement in the soil 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 classifying soils as Vertisols that occur on 
recent aged material such as the Trinity River bottom in north central Texas? 

Gu~....._Z Smith: 

I suppose i would not, provided the soils met the def:nition. You say they are recent -and 
I don't  know how recent. 

Thompson: 

Very recent. 

Smith: 

I see no reason why one couldn't if he had the proper parent material developed an Entic 
Vertiso~. in a relatively short time. 

Thompson: 

l~ i s  is a comment we. won't carry any further, but the reason I asked the question about 
the slickensides close enough to intersect is that at one time the thought prevailed that these 
materials had not been in place long enough to have formed the features diagnostic of Vertisols 
even though i f  you dig a pit it had all the features iucluding 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 
Verdsols. I was just curious as to your philosophy on the Vertisol order as to whether or not it 
could be applied in ve ry  recent materials provided the other criteria were present. 

Guy Smith: 

I would not s e e  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 

= occasionally, whereas on someupland positions that would not be the case. 
_ . . r ,  - 

:::~.~ i:~ i_ ~ Nichols: 

~i:~ i t ~ ? p ~ Y n t h e y  do ~not have dxe cyclic situat,on where the C horizon comes vp higher in part 

will not because they are formed in the sediments from the 
prairie and 'they w "" ' " . . . . .  ere olack to begin with.. You do not have the situation that you 

- 400 - 
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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 g6 

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 Ustoli ic  subgroups of  Aridisois? 

Guy Smith: 

I thought we went over that yesterday. I recall answering that same question. 

Question 97 

I would like to ask a question in terms of  how did you establish the organic carbon level 
you used to separate mineral and organic soils? 

Guy Smith: 

That was basically taken from the European experience.  In the '38 Classification we had a 
rather vague def ini t ion 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 cl~ssification o f  organic soils was extremely weak in the 1938 Classification. In 
Marbut's Classification they didn't exist . :  We use then in the U.S. for classification o f  organic 

. . . .  soils mostly the  history o f  the bog, as revealed by dif ferent  layers at di f ferent  depths, and the 
nature o f  the so c~l led plants that grew in the bog. Woody peats v~ fibrous peats vs other kinds. 
The l imit then was one that had been worked out by the Dutch who had sampled and studied 
their His~,osols much  more carefully than anyone had ever done in the U.S. The limit comes 

• " • " ' " " n directly t r o m  their classifteatm . 

k 

~,7 
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Question 98 

Allen: 

Statements are made in Taxonomy, that the classification of the Histosols is not well 
developed• What do yo,a perceive as progress or other committees studying the classification of 
t h e  Histosols similar to what you have mentioned 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 g e  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 region. 

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 difficult  to make investigations on these soils and the tests you have to run are somewhat 
t ime-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 99 

.... Calhoun: 

L I have a question that pertains to the Ultisol.~, if you will just look at page 349, chapter 
• • • • n 

: •16, it is item 1 under the definiuon o f  Ult~sols. It says they are m)neral, sods.that 1. Do not 
have tonguesof  albic:materials in the argillie horizon that have vertical d~mensJons oI as much 

i:i~,:,:;::!::: : -  -as~50 em if  there is greater t ha..n 10 percent weatherable minerals in the 20- to 200- micron 
"~ :~ ' : :~' fraction.". M y  question o n  that is, I never really had to struggte with that in the Ultisols that I 
~:i::::::.: :3'::::~: :3 !:: 3 . . . . .  ' • I) Why we have to discuss tonguing, vis-a- 

!~!iiT:ii:(:!?:~::'ii~ii::: Vis, the:Alfisols vs .  the Ultisols, and 2) why that is tied into percent weatherable minerals? 
!i,i:~:?:!~:~i::!:::i~: : ~:have keyed  out m the :pas tbu t  I am eurmus as t o .  

• A A  
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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 
few in solifluction materials. They just straddle 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 albie materials that are very strongly weathered in soils where the B horizon apparently has 
formed and then undergone serious destruction and reformed another argiUic horizon at a 
greater depth. These are mostly classified I 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 ~kIfisols and Ultisols. 

Calhoun: 

So that was more  of a European problem? 

Smith: 

It is a n  actual problem in the lower Mississippi Valley, I think, that we have these 
Glossudalfs there, they have only been reported to me, I don't remember seeing them. I have 
seen them in Oregon where they are again in loess. 

CaL'aoim: 

InSou th  Carolina there is one series ~hat would probably have to be split if Glossudults 
w e r e  set up unless weatherable minerals are tal:en out. 

Guy  Smith:." 

There is one way to try to simplify the definition and that is to delete the first statement 
in the  definition because there are so few of these in the world. 

Nichols: 

If you simplify the definition you make the landscape more complicated for people trying 
to work with it.: 

:~~.i:i _:r" : W h a *  ~.'~'.~" °,re~ mefi imntng .... Udults, the statement for pale great groups does not require 
t .5  meters  in::thickn~ss if the soil does not have  li thic or paralithic contact 
nor a ddcre~e in-clay by more than 20 percent. This has worried ~ number 

who thought that all Pa legrea t  grgups should require thick sola. Would you 
" . . . .  - , ~ care~: ......... t o  comment on• that?: ' • .... 

~.i~)~ii~i~i!~,~::.:~i!,~:.i~Wdt~oaght that the Paleudults .as . they reflected a sod o. great• age should mot have rock 

L ~  .~ . % . "  .~. 
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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 c~efinition on page 349] 
that requ;red, people thought, that we identify the base of the argillic horizon wL-'~h 
presumably would be the base of .your solum. We had to take that out becaus~ 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 precisely the same 
definition for the Paleustalfs or the Paleargids though there are some similarities. 

Question 101 

Daugherty:. 

I would !ike 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'?. 

G.~ 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 t~ 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 
Argialbolis typically have a mollie epipec[on that is thick enough to qualify without considering 
the nature of  the argillic horizon below, below the alblc horizon, but a few soils do have a very 
shallow albic horizon and/or  a very thin one. The photograph on page 107, plate l iD ,  shows 
that the base of the albic horizon is about 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 handled that. We didn' t  specifically 
address Chat problem in the key to Albolls pg. 273 if we mixed that whole albic horizon up it 
would d r o p o u t  of  Aibol!s, wouldn't it, by the present definition. It doesn't have a thick 
enough mogiic epipedon, as an AI horizon, to qualify as a Mollisol. If we add the AI plus the 
upper part of  the argillic horizon it would qualify as a Mollisol. 

Question 102 

~ " ~ - -  • ~ ,  . . • . i • ! : • . ~  : i - • • ~ • • • • . ,  • • • • • • / 

"=.Smith, this m a y  be more of  a soil genesis question than a taxonomy problem, but 
beca~e ldf ,  your:experience in s o m a n y  different parts of  the world, I would !!.k~to mentidn an 
obscrvati0n to your and Seewlmt  you :think. ~ I have already oiscusseci this w~m r ~ n ~  over the 
telephone~ .! l n / a  sh0rt>ivis~t= t o  N i g e r ,  I. sampled a number  of pedons in . a  ra!nfall b e ! t  o f  
annroximatelv':400 ~ i J  I Was:su~rlsed m tw0ways;  first of all, no tree carvona.tes to a aepm 
0 f  2:meterS:~iand/secondly,'::a base s a t u ~ o n  P.ercentage o f ! e s s  than 35 percent m most cases. 
i : <::' "" ">had a : : ! ;w~  ''= d e v e l o e d  ~ar i lhc :  horizon,', textures for the r:mOst part ,  however,  were r 



Texas Interview 

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 t,f 
thing. 

Guy Smith: 

We have such soils in Venezuela. They are not at all uncommon where the Ultisols grade 
up against the Aridisols. The rainfall is just marginal between ustic and aridie and the base 
saturation is very low. The explanation, of course, is hypothetical, but we do notice that the 
rainfall 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 
rainy 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 determination. 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 Venezuela in the soils I looked at, I was unable to find any pyrite in the 
rocks below the soil, but we had 6 milliequivalents of aluminum 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 couldn't. I think it is the rainfall pattern that basically produces leaching when you have 
a rainy season and a dry season. In most of Africa you don't find Ultisols, you find Alfisols in 
this situation. Most of South America you find Ultisols ~n 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 explanation for this. It had a lot more effective leaching power because of that 
concen'cration than it would have in most places. Just one further comment - I think these are 
like the Venezuelan soils. It isn't the geologic setting for these soils to have pyrite in them. So 
I don't think that is the answer. I think they are truly leached. 

, 

i 

Smith: 

The Aridisol; obviously are not leached with a conductivity of 15 mmhos. 

Calhoun: 

Based on our comments right now about ustic soil moisture regimes in intertropical 
regions, those areas of the world that respoed to the intertropical convergence zone vs ustie 
regime~ 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 i the International Committee, in recognizing that difference? I t  is important in crop 
productmn and certainly very important as far as soil genesis is concerned also. 

¸ 

We would eventually. T h e  current definition, of the ust ic  moisture regime as applied in 
t he  U.S.:puts a ve ry  d i f f e r en t  set of moisture conditions i n  w i t h  the w e t / d r y  tropics. Here the 
growing season is controlled by temperatureand moisture: You get 'your maximum rainfall here 
during the summer .and ,spr ing  when you have the maximum growthi : In the inter t ropics .or  

n • ::troplcs the as :no: such ;control of t e m p e r a t u r e .  The  International Committee u n d e r  Dr. Van 
. W ~ b e k e ! i s  Surely considering this. In their circular letters r theywere  talking about a tentative 

cha t  they should use m the trop cs. 
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Question 103 

Allen: 

This next que~,tion 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." 

Smith: 

Yes. We wouldn't  want to use data for less than I0 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. 

Question 104 

Daugherty: 

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. 

G u y  Smith: 

~. ...... -: .We haven' t  sa id  that .a  fragipan i s a  B or a C horizon. It may be either as far as I am 
.:: .=..concerned.i :Some soils are obviously a B horizon. I don't know that  it is so obviously a C 
.~:::,i.-i~!il :~!iii: :~ ii horizon:a.n!many sofls, butit~c~ould be in a. Spodosol for example, because the  C horizon is not 
i,~i!:i~iiii~:!:i~i,!:~ i~.i ~i~i:=~:vielldefined.~.iIn~a:Spodosolyou stop the B horizon w h e n  the color changes and you start C 
;~!ii~:iii!::ii'i~i~i:i-! : ~: i : / : .horizons:!? ' :Ac~v:there • h a s b e e n  a l o t o f  alteration in t h e  fragipan. I think I said all that I 

,:.OI: 

onomy.::/The genests is no t  clear as to why we get this compaction other than 
low. biolo i e  ac t iv i ty . .  The~ soil is not frezen even though i t  has a cryic Otologzc 

ie. I f .you:have ,  a , f r ag ipan  you will find the soil doesn't freeze to that depth 

/ ~ i :  : i , ,  ....... , . / ~ ' i ;  . . . . . .  : . : : . " , !  ~, - / . :  : , : : " ~ " . ,  . . . .  . .... .. ~ ~  : . ,  . 
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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 01ace. 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 I wrote Soil Taxonomy. In New Zealand I found fragipans are normally in soils that have 
an ustic moisture regime not a udic moisture regime. It is so typical 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'11 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. I thin,~ we can consider that in the U.S. the fragipans are normal in the humid areas 
but they are absent lit the soils that have a high carbonate ,<:ontent 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. 

Question 105 

DaugherW. 

There is often times under ~he 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 o~" 
the fragipan is. Do you have a comment on that? 

_Smith: 

I got a lot of questions 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 tills 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 fragipans. 

Question 106 

Allen: 

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 w h a t  the theories are why this is so, I missed it and 

flare, ask ing  w h y  it  is in the drier climate in New Zealand. Do you have thoughts along that line? 
:Did-you-say noncalcareous materials? 

. • , . , 
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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 
my judgment. I don't  think compaction ale.he accounts for the slaking properties of the 
fragipan. I compare fragipan with densipan which has bulk densRy of about 2 as a general 
rule. It is much more dense than a normal fragipan which is around 1.5 to 1.6. When dry 
fragments of a densipan are placed in water it will slake completely to the individual silt and 
sand fractions. The f ragipan will not do that. It will fracture into gravel=size fragments. It 
won't  slake the way the densipan does. I would conclude 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 ;.s unlikely that they 
all have the same cement, but they seem to have some. We do observe in New Zealand going 
from an ustic to a u d i c  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 f ind these thin 
layers of pyroclastic materials, we find that the fragipar~ 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 a 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 to 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 107 

Allen: 

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

Smith: 

In NewlZealand it is ustic. 

Allen: 

in New Zealand. :: ~.-., . uuJ~, 

. You were talking about New Zealand then. 

In California i t  is ~erie. The duripan is in the usfic moisture regime and the fragipan is 

-~ I have-some general obse~ations fo l lowing  a plinthite field study, with Dr, Roy 
~i~ ~: Sim0nson:'~:;We discussed the fragic and plinthic subgroups as they occur in the southeast and 
> ~ ~::< ~he f a c t  thaflw6~c0iild not f i n d  morphological features typical of fragipans in fragic subgroups 
'=< ~.~ " "1 -thin I mentio~ed~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. "_the very fine sand 
content is quite high. I think, just as the textural 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 

i '" , ') , j "  

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 isohypertherraie 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 soil moisture regimes. Could you expand on your 
possible re~ons  for combining these two temperature regimes? That is one question, and the 
second question in discussing this, would you also include ustic soil moisture regimes in this 
argument? 

Guy Smitt~ 

We had lengthy discussions with European pedologists who had worked in tropical areas 
about the classification of such soils• The distinct'on that we have made between the soils of 
tet~perate regions and tropical regions, that is in the tropic great groups, were restricted to udic 
and aquic great groups, that is correct. The European pedologists 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 coDtrols the growing season as well as moisture. It is a genetic 
factor that in N o r t h  Carolina and New York with the deciduous forest you get a flush of fresh 
organic mat te r  in the fall w h e n  the leaves drop• In the tropics this is a continuous process. 
There is n o  flush at any season where the trees are evergreens. When we come to the drier 
regions, the Europeans felt that there was no such difference, 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 
t h e  intertropic~d 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 hype, rthermic temperatures were not included with the iso- 
temperature regimes in Soil Taxonomy. It does seem that in the humid hyperthermic regions as 
inn Florida there is little difference between ~the hyperthermic and isohyperthermic, there is no 
serious f ros t  problem in e i ther  temperature. The crops are very similar. In Thailand Professor 

• . . . .  -~ - o , • h Mo0rmana, ~ o w a t  the .Umvers l ty  of Utrec t but who worked in Thailand for about 12 years; 
: h e / c 0 u l d  i f ind n o  difference in farming patterns between the hyperthermic and the 
,-moh,coerth~rmm: are.~s, :As f a r ' a s  rice production is concerned which is perhaps the most 

J~:::•i •-/i~•i• i i~ 
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important crop in Thailand. Management practices are, identical. He complained to me some 
years ago that there was no value in making that distinction in Thailand. He could have made 
the same s).~*"~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 things that are basically alike, that is the reason I have proposed 
this. Generally where the regimes are udic that we should combine the hyperthermic 
tsmperatures 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 

Allen: 

Dr. Smith, you mentioned the densipan that had been proposed. Would you please 
continue your comments on this7 

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 point to precipitate 
the silica. It shouldn't  have occurred in an Aquod. I spent a great deal of time trying to find 
the duripan in the Aquods in New Zealand and they were all densipans. We have them, then, 
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 
room then are restricted to about the surface 10 to 15 cm. Below this depth the roots cannot 
penetra te .  Therefore a very short rainless period is going to seriously effect  the use 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 
~ese  soils because they have large fields and they want to farm the fields rather than the soil. 
Their exper ience  has b e e n  that it is useless to try to harvest 

' : anything . . . .  
those. They don' t  produce 



Texas Interview 

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 sugges~.ed 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: 

T~.en this is the type of thing that is referred to in the last paragraph under the duripan 
horizon in Soil Taxonomy? 

G.Q_qX 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 nor 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 
in particular which ones, if any, should be dropped? 

G._u~ Smith: 

ii: ........ Well, I 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 

o r n o t  the basal till is o r  i s~p t  a fragipan. They are still arguing about that. My experience 

i ~I~:~ I~:II,~I~ ' •  ' ̧ •̧ • " 
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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 o f  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 
demonstrable 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 little 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 w;ll end up mapping vegetation and 
never test or never measure the soil property moisture. A side comment, how can w~ then keep 
from falling into this trap? Another comment, even when we test soil w oisture 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 comment7 

Guy -smith: 

First I will disagree with your assertion that moisture is not a soil property. 

Daughert~. 

No, I didn' t  say it wasn't. 

Guy  Smith: 

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

Daughert~. 

If a soil scientist is not careful he will end up mapping vegetation and never test or 
measure the sol! property, moisture. 

"+ Gu~ Smith: 

That is a possibility. In general we can dispose of temperature easily because it's readily 
• ~ measured 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 
~,-i: ii~ ::~ ~ ,"~~the moisture regime is ustic orwhen you get to Illinois_and Indiana it is udic. There is a vast 
':: 7:-,::, ~ ' .,. :body of knowledge on the soil moisture in the hands of the cultivator. They know much more 

r! I .... 
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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 ustie 
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. 

Daughertx: 

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. 

G_qX 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 Taxonomy 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 plains. 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 co6perating 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 bars 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 
I 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 moistu,,'e 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. 

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 

defirdtion 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 definit ion than the classification, which was predetermined. We said we want these soils to 
i~i ~, ? , be  in aridic subg.roups of  ustic great groups, or in udic subgroups of  ustic great groups, or typic 

i ii~!! ~i;~ ~i ~i i~ ~ 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 tha.', 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 agains; 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 against 
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 one 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 I:• written for guidance on this question? 

Gm£ 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 Correlation 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 go 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 soil 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  f ind any other difference than temperature. I 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, i believe that there is one part of the question here that has not been 
answered. Soil Taxanomy has focused on the sola of soils in'tertded to exclude the gignificance 
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 I would like to hear your comments on it. 

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 variationg 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 wil' 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 one has everything between four I~-ossible subdivisions or 
eight possible subdivisions, if one goes by steps of !0 percent for example, what is meant by 
parent material is undefined actually. It is a matter of judgment of the man who is making the 
survey and the purpose for which the surveys are being a~ade.. If one set up rigid limits of any 
one property of  materials that would distit~guish 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 subdiyisions useful as one would find in North 
Dakota where the soils are virtually "all cultivated. We would like to, I think, keep some 
flexibility. It isn't quite true that Soil Taxonomy is focused on the solum, I tried to avoid using 
that word in Soil Taxonomy, except perhaps iv an explanatory method. It-does not appear in 
the definitions of diagnostic horizons beca,,use~ people won't agree on what the soil is. The 
Americans and the Canadians differ  violen'i~y on the accumulation of carbonate. The Soil 
Survey Manual says the horizon of the occumulation of carbonate is part of the C horizon, now 
the solum is suppose to be ~ e  A and B, not the C. The Canadians ca!! the accumulation of 
carbonates a B horizon, a Bca. If one uses that concept of  A had B and C ~nd solum in the 
definitions of the diagnostic horizons or the taxa, then one gets into endless arguments about 
what is A ~ d  what is B, and wh~t is C, or what is parent material or is solum. There is no 
general agreement whatever amongst the world's g~dologists about the meanings of these terms. 

Question 116 

_ Gii~ 

Your comment  comes right at the start of a question that I had and answers part of it, but 
I would just like to frmne this for any addit/onal comments  that you have. The concept of 
cl~gnosti¢ horizons is a ~ery important contribution of Soil Taxonomy. Can you give us some 
of  t h e  details of  how this concept developed as a tool for the, new system? You have answered 
a good bit of  this, but are there other de~aiis concerning the history of the development of  the 
~ ignos t i c  horizons ~ a to~l 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,! or (A), B 
profiles and these •were classified differently according to the horizon sequences using ABC 
terminology. We very early in our approximations recognized 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 Approximatioa 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 became 
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 mollie epipedon and the underlying stratum. It was not anything 
else not even a cambic horizon nece~arily. 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 the sols lessives, sol 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 original use of B. This became entrenched in Western Europe, but 
did not become entrenched necessarily 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 ~ rbona te  accumulation was commonly at considerable depth, and was 
considered as a part of the C horizon. ,'Die 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 17 

. 

Gile: 

.... + We discussed earlier how lowering the depth requirement for the cambic horizon 
+:i eLLminated 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? 

- .  . .  

• . + -  + . , .  + ,  . - . . + . 

• " S m i t h :  • 

t q:" # d r  : I suppose ~ came from my experience with the +former Reddish-Brown Lateritic soils 
of  thenorthweSt+Pacific States. These had Substantially more organic matter than was required 

• for a m011ic e p i p e d o n . :  They were all from basic rocks and they all had relatively low color 
values, mostly 3 when moist. "1"hey were ,,~ils that formed under forest in a humid environment 
~md th~v ~mL,,d more close|v-re!ated to the.Reddish-Brown Lateritic soils of  the Southeast t~han 

+ + :+ : :  they(Lid to Mollisot~ o f  t~Le Great Plains. The on]y dtstmct~on that I could arnve at was that tn 
~L~:~:.~ ,~ L ~r ' .  ~ ~ " ~  ~ 0 ~  r ~ ~ chroma of 4 in the epipedon. 

+ . .  ' :.+ ~ +~.  "=.  " , +  _ " + • . . . +. 
~+ : -  + + _ .  - . . . . .  . - . 
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Question 118 

Allen: 

While we are discussing mollie 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 developed 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 devf,qopment 
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-li:hic contacts or paralith.;c 
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 mollie 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 A I horizon that is for all practical purposes identical to the 
mollie epipedon except for thickness. Once plowed, of course, this disappears in the former 
Gray-Brown Podzolie soils because it is mixed with the underlying horizons. The mollie 
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 molE: 
epipedon with one third of the thickness of the depth to secondary lime or a minimum or 
maximum, up ~o 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 mollie 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: 

Another Mollisol-related question. Why were the Rendolls restricted to a udie soil 
moisture regime7 

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 

~ E u r o ~  form pro.try much our centr, d -concept of  Rendolis. They are dark-colored soils resting 
mostly on marl and they are in a h u m i d  climate. They do not consider the Chernozems as 
Rendzinas. To some pcdologist~ some who visited Texas, identified som~ of your dark-colored 
soils o n  limestone with an usti¢ regime as Rendzinas. Although there was a marked di f ference  
in th~---~, soils f rom the  Rendzinas of Europe in tha t  they had a pronounced horizon of carbonate 
accumulations. They reflected then, the climate, not the bedrock. , I found that the Texans. had 
Rendzinas all ove r  T~exas wherever ~ the sod was shallow on limestone. These would have peon 

~ r  k 
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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, 
vari~.bility 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 finding the zone of secondary calcium carbonate accumulation? I ask 
this question because in the northwestern portion of El Salvador we had a small area of 
limestone. Although, we don't  have data nor detailed morphological descriptions or observations 
we basically had a mollie epipedon that was resting over limestone with no secondary 
accumulation of either clay or calcium carbonate or anything else but was very distinctly an 
ustic soil moisture regim2. 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 in the 
intertropical regions. The rainfall at Maracay is something like a 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 moderately 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 Caleiustolls. 

Q u e s t i o n  1 2 0  

Allen: 

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

~, Guy Smith: 

Western• Europe. They are relatively inextensive 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 

i:i./> ~ France and Belgium. The Pans Basin is very largely composed of Rendolls. 

.? i Calhoun: • : 

=~!: :~: Just  as a sideline to that. The area around Ticao (?) in Guatemala, a continuation of the 
i~.~..ki i -:.i.lower basin of the Yucatan peninsula, I don't know how far up into the Yucatan, depends on 
.~.i.~: ..... whether,wego from udic to ustic,.somewhere north on that peninsula would be predominantly 
~iiii:::i:i~!: ~,;: :: classified as Rendolls: There are large extensive areas that supported a very intensive Mayan 
~:"!-'!~:i~,~?~i•:i -~k:;,!: agriculture:." ~, . : :  " 
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Guy Smith: 

I thought maybe they were Vertisols 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-soU 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 carbonates 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 I thought, but I just wanted to hear your answer. 

Guy Smith: 

it. 

The clay size second, dry carbonates are treated as silts because they do not seem to have 
the physical properties of the siF~cate clay. They do not retain moisture in the: same manner and 
one can seriously misjudge the amc~unt of silicate clay that may include the carbonate clay with 

Question 122 

: :  .... Daughert~. 

Would y o u  explain the extra-grade subgroup leptic as in Leptic Natriborolls and the lack 
>:~, : : '  of , the use o f  this term in Natrarg~ds etc.. 

}~:~h:':~'~:~)~ ~: : : i ;;'~'~ :- a . & : : r ;:~ ¢/" a ~ e  Leptic  Natrialbolls were provided for because of the feelings of the correlators and 
~:":;i:~ilil;~::~i:;.i:~ /:the ::.state .s0il scientists_and the experiment station people, primarily in North Dakota and 
ii:~:~:i,J~"i:i:i::~:i::::,: Monmim that ~ e y  needed a distinction between soils with a very  shal~w solum and soils, with a 
~;~i:iiii~!i::~i:i ::!:i:.r~!!mode~tely :thick-solUm~ The North central  regional correlation staxf and the worg-pmnnm.g 
i!i~i,:~!~,~?~i~:~.ii~:~:i:::"¢onferenc~,s w e n t  a long .wi th  this r desire: for the Lcptic subgroups. When we felt to other kinos 

clealing with dif ferent  groups of people, the feeling might not  have been 
~!!i~!i!?i!:iii~i::~iis0!str0ngor;~mighthhverbeen absenrt ~ about the importance of the thickness of  what we usecl to 
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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 

Calhoun: 

Under  what environmental conditions would an Oxic Argiudoll occur? It was mentioned 
that Oxie subgrou~ are provided for some Mollisols. An Oxic Argiudoil I find rather 
fascinating and possibly it relates back to some of these things that Joe Nichols was mentioning 
in terms of Kenya. 

Smith: 

The only good examples of such soils 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 
Mol!isols as they are defined in Taxonemy, but that have kaolinitic clays and free oxides for the 
argillie horizon. These are intertropical soils, I think not necessarily from weathered sediments, 
but possibly from preweathered sediments. Under the high temperatures and the high rainfalls 
that we have, the surprisit~g thing is that one finds Mollisols. Their presence m~.y be due to the 
vegetation which would m.~stly be calcium-collecting evergreen forest trees. 

Calhoun: 

ls it possible that many of these are leguminous in nature and are nitrogen-fixing 
evergreens. 

Smith: 

I don't know the species or their classification. I have never visited these areas. I think 
that the col!coted data from INIAP or INEAC on the soils of Zaire probably will list the botanic 
names of the native vegetation that was growing when they sampled the soil. The botanic 
cl~,.ssification 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 

' Gile:  

We talked briefly about the change in the definition of the calcic horizon in which the 15 
percent recluiremelit of  calcium carbonate equivalent was waived i f  the horizon had at least 5 
percent by volume more soft powdery lime than an underlying horizon. In the skeletal classes, 
c i ted  in the  definztL,n, constste~ce of carbonate that I have  seen has been harder than soft. In 

• what  .ldnds oI sxttmtlons woulg secondary soft powdery lime be expected in skeletal horizons 
..... _with less that l-~ISpercent  calcium carbonate  equivalent. The definition is on page 45,  Guy~ if  
:~: :you would like to looK-at 1t2 . . . .  

:.-.::...:.,: .... .-.,.~.=,:.~ :. ~ . ..... -. :. -. ~.. . 4 2 0  . 

j - 

? ~ , . / i ' . . , ~ ! ~ :  ~ " 
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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 listed 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. I 
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 Hallmark, befoge leaving on Monday. It has been 
alluded to, but I would like some addilional 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 m pedologists take the leadership in studying these 
materials? 

Guy Smith: 

There ar~ 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 
th~ pedologist for his interpretations have a drill rig and bore it out and find out just what 
underlies the soil and overlies the rock. It is a no-marts field 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 
unconsolidated materials. ~I only know of a few instances where this has been done and always 
for irrigation. 

• L - 

• ~ -: i :  • , -i~ ̧ / . 
~ ; - ~ ; ; ~ ? <  '; : i ! ' .... i ~ "  4 .... • • 

• % '  ' : ~ - ' . ~ . ~ > . ' / : ~ L ~ " . ~ ; . ~ .  ,' .~: " ! . , ' . ~ :  ? ~ ~ "  " ~ ' i . " ~ ' : . r . . ? - '  . - ' ~  . ~ ' "  , .  " : . '  ~.~ ' . .~ .  ' ~ . .  . ' , "  . • • ' . .  . "  ' " "  . ~  • 
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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 thermie 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 albie 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 Albaqualfs are very extensive in the loess. Across Illinois and into 
Indiana the Albaqualfs virtuall3 disappear and are replaced by Glossaqualfs. The Missouri 
A!baqualfs 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 Glossaqualfs have argillic 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 ferrolysi~ has been worked out to a considerable extent. Most of these soils have 
groundwater perched on the argillic 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 FAO 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 c~ay, but there also has been translocation of clay into the argillic horizon. It 
may be a combination of the two. This is a field ir'. which there is still a great deal to be 
learned. Along about 1934 in ~he old so.~l survey association proceedings Roger Bray presented 
a series of papers on the genesis of the B horizon, it was then called, now the argillic horizon, 
in these soils. He worked out a series of ca!eulations about clay formation in place and 
translocation, and explained the difference between the A and B horizon of  the Albaqualfs 
basically on transloeation rather than destruction. Clay difference could be due in part to both 
processes. We e.~n't in any way at the moment quantify how much is due to one and how much 
,v ~,,e other. 

Calhoun: 
m 

Just before we started up again we were talking at this end of the room about these sharp 
~mtacts. The Lufkin  soils in Brazos County which are Vertie Albaqualfs has an extremely 
s~:mrp, knife-edge boundary between the surface and subsurface. I am not even going to call 
ther~ horizons because 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 

i . . . . . .  boundary? If  it i s  tr, mslocation, which is the story I have been given in Texas for the strong 
: ~ boundary, I Can' t  believe ~.he t~anslocation gives you a knife-edge. If it's clay destruction, I 

: hadn' t  heard t ha t ,  and will dig that out of the library. Do you have any thoughts along that 
!ii: i~ l ine  with t h e e  extremely sharp boundaries? 

i::i :i . Guy  s m i t h :  • 

l e t s p u t R  this way. We have some series that are neither Albolls nor Albaqualfs 
~::":' ................ t h a t h a v e . t h i s a b r u P t  bound~ry between the epipedon and the argillic horizon. There is no albic 
............... horizon!in be tweem These are still drier than the Albaqualf  and the Albolls. Probably the a lbic 

!i~ii::~ii!ii!iii!i:!ili ': hor iz0n is not there  because they are  not saturated for long enough period.s, to a~stroy any cmys. 
i " a r e , i a . f a c t a n d  t h e  abrupt boundaries are genetically a bR of a problem. We i=:~ii:i~ ~ !i ~:i~i~i!~iii~ Yet there ' they:  
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have them not 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 abrup¢ 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 enough aluminum while it is in the albic horizon, but when it gets to the ~podic horizon it 
pick~ 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 pa~t questions that you have been asked. You have been asked 
questions on reasons for base saturation and separation between Ultisols and Affisols and 
between mollie epipedon and umbric. I 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 logical that this might be the 
logical separation for Eutrochrep~ and Dystrochrepts instead of 60 percent? 

Guy Sm;Ah: 

The reason for'~that is that ~he 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 
saturation in these soils was between about 45 and 65 percent. By moving the limit up to 60 
percent we kept all o f  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 below the 
50 percent limit. 

 ert . 

When this gets into areas of soils with different kinds of mineral suites, it might cause 
some problems, wouldn' t  it? 

G u ~  Smith• 

. . . . .  , . I t  might on ly  have transferred the problem to some other part of the  world but we have 
no da~aon those other parts yet. 

T h o m p s o n :  " : " : . . : - 

..... . . . . .  This has to do again with the tonguing. Penetrations of. albic material must occupy greater 
"~~ - " than 15 percent  of the  ~ mat r ix .o f  some: part of the argillic or natric horizon-to be considered as 

'" " " to  why the ~15 percent minimum figure was used as a criterion. :: .:-, . :: :-.tongue..I,w~s curious as 

S m i t h ' . , :  21 i -2 ;", :":T: .:.: , . .  : 2 -  ..... £- . :. 

......... ~],.2::.~ :'-. ~!.: ,"~::' .2'~:.:,i.-.:: :~;:~;:-.~ " : ' : :  ' f minimum figure or one;tongue ~toa  me.~er: or so would be i:: ::!..:~i ,-,We :,have .tO., na re, some sort o Onl] 
~::ii~:::!: ~i:~msidere,dt0r~g~ing: Z.i:tongue:thatiis i:5 ram"thick: This 15 percent limit tO the best of my 
:':.:/:!:r~olI~on~" .... }rues. ~rom th.. ~.:w0rk!~i'~ planning: " ~' '; ,,:conference", con£ of the North central states where they 

.... ~ ,:'.'2'2- ~,. 3:"~2~ :1~'"7 ,2 1"'~-,',~2 Q '.~'. ' ~ ~ '2 ;. ~"; 'i~ ,L/,,, ],' ,2'! ", ~ • . ::.'; "' 2" .~ :.:~ '-.'"'' ', 2 :' - " :/2 .;." ,. - . 

, : r %  % .  *¸" 

2, 

11: '.:,~ ~' ! ~ . - / : : T  ..;- / '  ~'~ ~ . . : : :~  
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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? 

G__qy_u v Smith: 

That is depth to a lithic or paralithic or some other barrier to roots? 

Nichols: 

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 to 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. 

':!"z:i:i:::i: :i i :":: ': -Nichols: 

true.:: 

" Question 129 

hti that  the 16 percent weath~rable mineral  break at the family 
mdscapes breaks. With additional data this is not proven to be 
}rripsamments, such as Penwell, on the Texas and New Mexico 

ith . . . .  s ~ o u s "  " ....... :and m.xed; mineralogy" ' - on the Pamlico surface in South Carolina. Would you 
. c o m m e n t : o n  ~ thel ra t ionale  for t h e  1O •percent  mineralogy break? The 10 percent 

.the, sdlceous m~,,~eralogy. "able:miner~l?brei~k 'for-! ' " " ..... :~ 

'424- ::'. " .... .... 

• " , . , - " i .  J - 



Texas Interview 

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 mazw 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 
mineralogy. 

the last couple of circular letters from them did not have anything on 

Guy Smith: 

Well, they have been discussing it in particular, 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. 

Nichols: 

It appears i f  they exclude those they may exclude a lot of soils they wanted in, other parts 
of the world. 

: : •  Question 130 

: D a u g h e r t y :  -~ 

Would y o u a d d r e s s  the f i n e  clay/total c lay  ratio as part of the argillic horizon definition 
uirements for the increase in this fine c lay / to ta l  clay ratio7 It says in 

Taxonomy i t needs  about  one third Or more increase, 

- 4 2 5  - 

. . . . . . .  ! ! ) ~  i i: r 
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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 Alfisols 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 cb.y 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 slay 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 I/5 
[20%] could be recognized. In the clayey soils it would require at least 8 percent, but that was 
less than a I /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. 

_Gux Smith: 

This was, we thought,  something that was observable in the field with the finger. If you 
have 25% clay then 5% difference should be recognizable. If you have 30% clay it would take a 
6% difference to be recognizable. The more clay you get the less precise are your estimates. 
The French use a ratio o f  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. 

;,:::i- .:- ~ The sliding percentage scale between 15 and 40 could have been constructed, I guess. 

':.~,,-.:-:- .,.~:.' ,, ~, It w a ~ b y u s ~ g t h e  ratio. That was as! iding 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 lamella in the argqlic horizon. There seems to still be a question among states or among 
regions as to whether all of these lamellae are pedogenic or geologic? 

G u y  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 
lamellae 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 ~ge ~re x~,ot found in calcareous sediments. When you reach 
carbonates in the Pleistocene sands in Iowa 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. I n  all eases they are in the nonealcareous sand. The argument 
for their being geologic would conceivably 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 lamellae are restricted to relatively coarse-textured soils with low clay contents. 
say that we had no lamellae in loess but unhappily the Belgians have found some. 

I used to 

Daugherty:  

We have found  some that appear to  be lame!lae in sandy and lightly grave!ly material in 
the desert regions in New Mexico. The question is whether  these are pedogemc or geologic. 
Maybe Leland Gile can speak about them better. 

.... Gile: 

: Wblch ones are you talking about7 Which lamellae in New Mexico? 

,,:.:.:: ,,: ....... The ones we saw around Socorro,  NM. J o h n  Hawley ment ioned  that you had some on the 
:::-,:>. deser t  p ro j ec t  that  you thought  maybe were agrading due tO c!ay carried in arroyos. 

" • ...... .:-" G i l e : . .  

::- " " " :Yes ,  . . . . . .  . , t h e s e  are in very gravelly deposits though. They c o u l d  be below a real nice axgillic 
i! i:::::/::ii!::: ::- .::: : : h c n z o n , . ~ h a t  .C0uid : r ePresen t  a great d e p t h  o f  clay accumulat ion or maybe  some lateral 
: : :  ::: :i:.::::: accumuk, tt:on., i haven?t seen them i n  the gravel ly  deposits in Ho~oeene soils. I th ink f rom the 
:'~: :ii~ii::i:i~:::i:i.!:i: ~ i~s~an d p o i n t o f : t ~ i n g : t o  explaia~them ~ in the sandier soils than with the ra t ionale  for  explaining 

them to:contact  o f  d i f fe ren t  size mater ials ,  such as Guy  ment ioned,  _ ,~:.,~':.:i:::.;! ' :  ~ /, ,:i :according . . . . . . .  

'--':~ "'a ~: ~:::~: ~:--'~:~r: :~: a:~'::: ~::~ ~:: "::::: ~':::~"~-- But,~teresfin~IY:-,thoagh: we haven, t founcl the iamehae , n t h e  Las Cruzes area where  i t  is 
i'7,i:hese ..would/be ~ in sandy sediments. B u t  we do have them out: here 
:where w e  have got precipitation of about 16 inches: :This suggests 
:he:t-wo extremes of precipitation of  about 1 6  inches. -This suggests 
he:-twoextremes :of precipitation .range of about 1 6 ,  there is a place 

..... " us t ldon ' t  . . . . .  t thedeser t  sods. From kind: ; t i f  " e , "  t = ~f l  o~ f and.you jus 

!i:i': ̧/-:':i 
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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 regime 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 forming. 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 wett ing-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 

. 3" 

/ . "  

Daugherty: 

This is a philosophical question 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 Taxonomy would create. This would be especially true 
in areas where we would set up arbitrary boundaries or class limits rather than ones that have a 
special meaning. You have to guard against stifling of progress in soil genesis. Do you have 
any comments? 

G u y  Smith: 

Just really one. The reason I am here is that I very carefully tried to hide all of this stuff 
in Soil Taxonomy to force the people to examine the definitions to see how they grouped the 
soils. If I had given all t he  background on all these 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. I don ' t  see how as it is written Soil Taxonomy can stifle creative thinking because 
i t  on ly  forces you to examine the groupings. If you don't l i ke  the groupings that result you 
then have a perfect  right to :suggest changes in l imits  and natures of definitions that will 
produce better groupings. : : : 

Question 134 

~iEic~ht;are',/coating-Ci~seS/~Psamments. Molsture release curves f o r  Florida 
iCate::that~::vei-y f inesand~conten t  ~is a more?important criteria especially when a 

i [ i 
% 



Texas Interview 

tension somewhere between 60 and 100 cm is used as field capacity for sands rather than 345 
c m .  

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 classification ef  our soils. I 
would surely agree that the very fine sand fraction, particularly that part less than about 74 
microns is 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 sar:d 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 3omewhat of a lengthy preamble here before I get to the question, Dr. Smiti~. 
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 i s  clayey and there is an increase of at least 20% clay within a vertical 
distance o f  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 par t  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  argilHc, 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. 

, ' ,  ~ Smith: 

:':::: . . . .  A 20% clay increase. This clay increase of 20% within a vertical distance of 7.5 cm or 
ii::~i:::i:: ' i  " - i 5 %  within a vertical distance of  2.5 cm is an absolute increase. In other words, in going from 
~:~ :: 'l r" : L ~" 30~c~ay ~0 50 ~ clay'or from the 15% from 30 to 45 percent clay. 

quest ion is,  when the  clay increase is 20% within 7.5 em does the 20% iner.ease 
"~'r,'~'~:. 'r~'~'~, ~ :']'' ':/~,::~:~ ~Ve~'tO" occur:at/the top of::the argillic, somewhere within 7.5 cm of the top of. the argillic, or 
ii!i!i:i~:.~ii:::~!:~ I.~. i.:,i' ! i i!, ~l!~ie;,i~!.~e:iargillic<beSause for al 5% increase it states at the top of the argfllic. 

,f'~/: ">T, ~,~i, "! . ,' 

• o" 

~: ~ ~ : ,  > :~ i/i~:~.i~!ii:~ :~:~ :: ~ : : 
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Guy Smith: 

It says at the upper boundary. Then absolute clay increase must be met at the top of the 
argillie 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 argillie 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 l) 
A petrocalcie 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. 

Al:en: 

Now in the Southwest part of the High Plains we have Aridic Paleustalfs that border onto 
the Ustalfic Haplargids I 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 such deep horizons as a 1.5 m. Theoretically you should 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 dovelopment of Soil Taxonomy. 

Question 136 

• Thompson: 

... .... • + I migh t  have one last question Dr. Smith, then I am going to about wind my questions up. 
Why were  the aquic, arenic subgroups excluded from Paleudalfs, and why was it felt that no 

+,i ++ .. 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. 

+: .... " " + +: Gu~-Smith: " "~•+ ~: + :  +- + " ++ 

:!+++?+~+::~:,.!:: ~:: ++ .. This is  +~que, stion that I cannot answer. I n  theory the bulk of these Arenic and 
-+ ' : :Grossarenic  Paleudalfsand:Paleudults.are:in the region o f  the southern states. We are not 

d t h t w 0  different  groups.of, people we are.dealing wi th  the same group. It is one thing 
! .Paleudu!ts/ in Flor;~da: and another  thing with the  Paleudalfs m Texas. Their 

ii.ii?:i: ifecommendations were. :accepted. I was + not.  i n  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 
Aqaic Arenic Paleudalfs7 

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 Areni¢ 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 

Nichols: 

Why did the depths to 2 chroma mottles for aquic subgroups vary from within one meter 
f o r  Argiustolls to within 75 cm for Haplustalfs to within 75 cm and ,the upper 12.5 cm of the 
~rgillic for Haplustul~? 

2 • " . 

Smith: 

:": ~ This is another  question that I cannot answer because these subgroup definitions were 
~:;:~ developed in Work-Pla~'aing Conferences that I cowld not always attend. If  I did attend one I 
:i!!'~ ~ { :  could .only .s i t  in the. discussions of one committee. I simply do not know the answer..  If it 
:;, : i . ,  seems irratlonal-and,liTelevant t o  mte~retat ions then changes.should be proposed. I think': that 
?:~:;:\: ~ i ~:~ ~ w e  m u s t n o t  tie our~hands by trying to be completely consistent at  this moment. Our  only 

4 ~ '  r i~ : " tJ 4 :consistence i s ~ t h a t  we want t o  g e t  ~ e  taxa about which we can make t h e  most important 
: -  number of them. :: ........ ~ s~tements, and the  greates! 

~;!:/ii,!,~:~':.:,:~:i~i,i:iiiiTheiii'midwestproba.b.ly-would not notice this, because they  don't  have the Alfisols ~ 
~:i:i,!~)ii?'ii::)!~f6d h : M o l l i ~ l s h k e  we-do have  Ustalfs and  Ustolls together. With 30 inches or 75 cm 
~ii!)!;!i::!:ii~6ii:~ ........ 10o.-¢mon:,the other , One When t hey  occur s i d e b y  s ide  seems a little odd to our 

wouldn, t:~/iotiCe tha t  fUrther north. We don't-have that many of these kinds of 
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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 f ine-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°i 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 aquie 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. 

Nichols: 

The soil doesn't grow alfalfa. You are limited somewhat on the number of crops. It may 
delay the corn planting a littie but the yields 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. 

5 . 

Question 138 

Nichols: 

Dr. Bartelli and others involved thought that the oxidic mineralogy was going to  help them 
" . . . .  in classification that wouldisolate  certain kinds of  soils. They  thought that soil such as Tifton 
, would have oxidie mineralogy. The soils that had the relatively low CEC per 100 grams of  clay. 
- ,  ~ A l o n g i n  about 1968or  1969 when they started getting some data they found out in fact that 
. : ,  Tifton did n o t h a v e  oxidic mineralogy nor  d i d  the Norfolk or Ce.c.il or some of the other soils 
: i (  } i i i- they thought  would~ They d i d  find some soils that .dld hav~ oxidlc mineralogy and they were 
%11 ' : i ;~, theso i l s  in the mounta in  areas in  T e n n e s s e e .  I believe one o f  them was the Alcoa series and 
~:/;i ~:!~ <:~ i a n o t h e r  one, the BreVard series in the• mountains o f  North Carohna. After they found out ~t 
ii:i!ri!~i:!i!i!(~ii ili:~:i i / : :  . . . . . .  wasn ' tmak ing thesv ) l i t  that~ithey wanted they declared a mora tor ium on ~t until they could get 

. more data:: . l~owafter  I c a m e  to Fort W o r t h i n  1971, we talked several times about what to do 
~ii~!!i:i!i:ii~i!i :~: ~!; !¢i:~i'i ' iabout; this l anda lways-puf - i t  off: a l i t t le longer, until-when t he  low ca t ion  activity clay committee 

..... " ..... -• - 4 . "  
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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 c~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 still 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 

Daugherty: 

How was it intended that the family particle-size classes be determined from the data on 
horizon basis and weighting by thickness of horizon or by mixing of the samples? 

.... Guy Smith: 

• Normally we would prefer not to mix the samples because we lose information i f  we do, 
b u t  rather b y  weighting particle-size by thickness of the various subhorizons that were taken. 

:: . As a general rule one gets along better by fitt ing a smooth curve, to the data and as a function 
of dep th . .  Then iden t~y ing  the control section and from that taking the average of the control 

: i f !  ~ ' : I : :~!~~-  section, I t  often happens that ~ e  sampler doesn't sample the control section as such. By 
.... - .-~ , drawing this smooth curve one can get at the particle-size distribution 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 defined more or less on the salt content rather than 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 ent~-vnchment 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 at 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 
~nternational 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 
wouldn'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 
unde~tanding,  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 salt: Is that correct? We have sampled some soils in which every horizon 
would have met this requirement• 

-/ : ~ GuySmith: ~ " 

" . " : I don't  believe this issue was ever sett led.  There was discussion about what t o  do with 
: some of  the salt fiats in..Utah where  the salt crust that has formed is thicker than the soil• How 

~:i:!-" II;I:I:I i: ' , :these wer~ to be classifledwas discussed but no agreement was reached. ~ A t t h e  time that we 
' . w e r e  develoving Soil-Taxonomy there were no series for the salt flats, they were map.ped as 

-iii'i i:: ~: miscellaneous,land types; and idenuf led  as salt flats, Thls would be a slmflar situation tha t  you 
-:, he.  There are plants growing on these salt flats so 
• - .  is another problem I presume that should be brough~ 

..... Aridisols. These are not formed by capillary rise 
:: f r o m  a groung~water. ~: t ney  are not tormed by the ~ occasional leaching, but rather tney are 

i i e~por i t~ iTrOmTormer  l ~ e s a n d  could be Considered al Parent material rather than a soiL. 
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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 soil 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 would need considerable discussion about the use of chroma as an 
indication of wetness. I don't  know precisely 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 
othvr 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 

. : . .  Thom.pson: 

" ' : I am curious o n t h e  nomencla tureof  the subgroup Aquollic Salorthids as to why the AQU 
. .... was placed on the name of  Aquollic .Salorthids rather that, just Mollic Salorthids, since 

Salor~ukids are defined as being wet? 

:.J ,-:I'-~ Id0n't know precisely, why:it was called Aquollie rather than Mollic. The proposal for 
oI[ • . . . .  , 

.... came:from thesous m .the State of, Texas at sea level virtually and very close to 
,: , salt, conceivably was coming from the Caribbean sea rather than from a 

:.~,?~ -, .-.. +" :'-2 -- " . "- ~ " ~ " - , " ., " - . . 

,.'. " .- .-._- 435 - 
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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 Sv.!orthids 
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 
.~.oil 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 Salorthicls 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 and a different regime from what the response of the soil 
is. 

Guy Smith: 

I don't  know of any requiremen~ on the winter temperatures for frigid or cryic soils. It is 
rather typical of some of the cryic soils of southe~tern Alaska that they never freeze. They do 
not have a great deal of nnow 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 
winter is an insulation and it does raise the mean annual temperature, that is correct. In Alaska 
the mean annual temperature may be a number of degrees higher than the air temperature, 8 to 
I0 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 thermecouples and the problem of 
disturbing the soil and what have you. Last summer during the field season they were out there 
and they tried measuring wi th  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. 

Smith: ; 

'Yes there•is .  One~ thing they could do would be to bore a deep hole and put a 
":~ thermometerclown and l e t  it equilibrate wi th  t h e  soil around it and then read the thermometer. 
::,::.i.!~.i::We d i d t h i s  ,in North Carolina ' to see how it would work. Dr. Daniels was the one who did it 
i~:~ , ~ a n d t h e r e  were_no  problems i .nNorth Carolina, in getting the mean annual temperature from the 
i~:il zone of:cOnstant temperature r a t h e  sod. • 
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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 taxonomic classification if 
we were to use say 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. 

White: 

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 
u s e .  

Guy Smith: 

Summer temperatures are used in the distinctions between frigid and cryic, but not in the 
distinction between frigid and mesic. The summer temperatures should be relatively easy to 
measure. Three measurements one a 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 t iny 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 ~.he trouble he is 
going too. 

White: 

I 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 
various taings. We ended up using that close cell urethane foam that comes out of an aerosol 
can a n d  inserting the stalk and filling the hole with that to stop the flux. If I may continue 

i with ~ pMlosophical question that Rick and I have and a lot of our colleagues. Many of the of 
t h e  geographers and geologists, earth scientists shall we say, leaving out soil scientists, still 

i ( , refuse to:a~-'cept Soil Taxonoray. Rick and I each have a little button behind our ear we push 
:~ ~ and i f : the  tape comes off  we feel the benef i ts  of this of Soil Taxonomy opposed to others. I 
!~:!!~:.i:=~ : : /  : ,: pubfished on it a n d R i c k i s  a t tempting too. I n  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 
ii::i::!:::ii:iii. ~, : ' : . / .:  wor thw~e, i technique  to  convince these  hard-headed geologists that the shortcomings of the 
(!~:: ~::: ~:!~ :~i : ; i'ii:. 1938 s ~ t e m  a ~  for.  t h e  most part overcome with Soil Taxonomy. I am convm,.ed but I have 
!~:~::!:' ~:i :~! ~ ' !~  d i f f i 6 ~ t y  convincing s o m e o f  the  others. Tha t  can  be on our tape Charley, I a m  just  so mad at 

:k ,~ :. ¸ • 

.. _ ~, 
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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 
Universi ty 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 ~.tsage of Fluventic, Pachic, and Cumulic 
extragrades? In your comment I would like to know:, are there implied landscapes relationships 
in terms in these three extragrades as they are predominantly used in the Inceptisols and 
Mollisols, and finally 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 implied differences in landscape positions between the cumulie, pachic, and 
the fluventic subgroups. The cumulic and the fluventic were supposed to be soils which were 
receiving fresh sediments at a rate at which the accumulation of organic matter would maintain 
a thickened mollie epipedon. If  the sediments come very rapidly, of course then, the 
development of the mollie epipedon will not be ~ble to keep up with the rate of accumulation. 
This was intended to be the fluventie subgroup. Where the accumulation is slow as at the base 
of a slope, in a concave position, the original ~ntent was that this should be cumulic. Then the 
pachic subgroup was a ~ t h e r  curious sort of thing for some unknown reasons perhaps. We had 
soils with usfic moisture regime, but with a much thicker mollie epipedon than normal. The 
Paehic, I don' t  believe-was used in soils with udie moisture regimes. Pachie is used with 
MoUisols t h a t  have argillic horizons. Whereas eumulie and fluventic are not used for Mollisols 
tha t  have argi l l ie  horizons. The pachic subgroup is in the more stable landscape position than 
the eumuiJe o r  the fluventie soils. The thought was at one time that thL~ over-thickened mollie 

~i~ ; /  ep ipedon ,  and b y  over-thickened I mean, thick, negs that was greater than normal for the 
. environment of t h e  soil, might reflect some local variation in moisture availability. No 

comparable subgroupswere recognized in the Andepts because it was assumed that where you 
:~had/asoil forming in volcanic ash or pumice that there would be repeated falls of ash or 

and that buried soil horizons, buri~:l Al horizons were considered normal in the 
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 reasonable to me to expect the existence of Ustochrepts with a petrocalcic 
horizon in the area. Such soils were recorded from lran 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 Xeroehrepts 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 Paefzold. 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 that 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 because 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 International Committee on Aquic soils (ICOMAQ). 
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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 I switch to the mean'~:g of argillic, calcic and so forth in the teaching of Soil 
Taxonomy  per se. Switching to the named diagnostic horizons. Now you have already given 
the reasons behind 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 ~;ymbols? 

Smith: 

The letter designations of A, B, .'rid 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 aw~y from designating a given horizon as B or C by substituting the 
definition of, say, the ..-,xie horizon. There is a second problem, here, in that a Bt horizon may 
not be an argillic horizon. The B~ horizon nomenclature is a designation that is placed on the 
horizon when the man describing the soil makes his interpretation. Certainly I would, in the 
sand with very thin lamellae, I would use in my deseriptien Bt for the.lamellae, but it may not 
necessarily constitute an argillie horizon. There may be too few lamellae and they may be too 
thin. The designation Bt, then would make no distinction between a Psammentie Hapludalf and 
an Alfie Udipsamment because they both have lamellae, and they both have Bt's. In the Alfisol 
the lamellae are thicker and more frequent, and in the Psamment the lamellae are present but 
they are very thin znd very few. 

Allen: 

This concludes our discussions in Soil  Taxonomy.  Dr. Smith. I think all of us who are 
here agree that the~e discussions have been extremely valuable to us and we trust that the 
material that will come from this will be valuable to many other people and we are confident 
that they will; so again we want to thank you very much. 
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