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Preface

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

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

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

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

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

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

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

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



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

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

Question 1

A. Perspective of Concepts tiat had Major Impacts on Soil Taxonomy and of the
Procedures Used by the Soil Survey Staff in its Develorment

Publications about Soil Texonomy have dealt with a large number of clements of this
topic. Yet it appears that misconceptions exist about some that have been discussed as well as
some that have not. Some of th¢ guestions ikat follow have been selected to help rectify certain
of the more common misconceptions. Others relate to the way in which the system was
developed, for most of those who wcre not involved in the development of Soil Taxonomy h-ive
iittle idea about how the Soil Survey Staff operated, the number of people involved, or the
magnitude of their collective ={forts,

L. Impact of historicai concepts gn Soil Taxonomy

The nomenciature and ordering of taxa are so unlike those of earlier classifications that
concepts prominent in the first half of this century are so well camouflaged in Soi! Taxonomy
that many appear to perceive fittle transference of ideas from ihe old to the new. Will you
comment specifically about the impact of the following on the ideas that underlie Soil
Taxonomy or its parts? ‘We are asking primarily for comments that concern transference of
1deas as they may reiate tc form and substance of the sysiem.

a. The fundarmental theses of Dokuchaiev

We must recall that Seii Taxonomy wus developed to be of assistance to the preparation of
soil surveyz which includes both the mapping and the interpretation of the significance of the
map units. The pedologist who is making a sci! map wkhile working in the field expects to find
a change in the nature of the soil wherever there is a change in one of the soil-forming factors
first enunciated by Dokuchaiev zud his schoo!. If the slope changes radically, the pedologist
looks for that border between polypedons at some point on the slope. When he locates it in one
place, he tries then to extend that border un the basis of the landscape ~onf iguration. This is an
enormous advantage in the preparation of the map because, knowing something about the
factors that influence the nature of the soil, a pedologist does not have to bore at randum and
make a grid of his observations and then draw boundaries betweern the poirits on the grid. It
not only greatly shorteas the time necessary for mapping but it greatly increases the accuracy of
the mapping. Particularly when the mapper draws his boundaries i7. advance of examination on
the traverse thst he proposes to follow. If he draws his boundaries in advance on his traverse,
he then can check when he crosses the point on that iraverse where the soil changes. If that is
the point, ke can have confiderce in where he drew his boundary on routes that he did not
traverse. If he finds that the bounslary ic not where he predicted, then he must reexamine what
he is doing because his limits are going to be just as bad to the right or to the left as they were
straight ahead on his traverse. Now this is the fundamental impact of Dokuchaiev’s idea of Soil
- Taxonomy. :

Dokuchaiev’s major contribution was to recognize that soils were natura! bodies; that they
owed their properties to th2 five factors of soil formaticn, namely the parent material, the
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vegetation and animals, the biologic factors, the drainage, the ground water the topography,
and the age of the landform.

Question 2

It seems to me that people iike Dokuchaiev were working at a preity high level, rather
than that at series and type level like the Americans wer: using in soil genesis, morphology, and
taxonomy. Do you want to comment on that?

Guy Smith;

Dokuchaiev was making soil surveys on rather small scale maps, not large scale maps for
the purpose of locating regions in Russia that were suitable for development for agriculture and
in some places, I have been told, that it was also used as a basis for assessment of taxes. There
is a very large difference between what we show on large scale and small scale maps and
Dokuchaiev noticed f{irst that the Chernozem was related to the climate and the vegetuiion.
Those were the two factors that were important in the region where ke was working, which was
largely of uniform parent material - loess of Wisconsin age - and so the limits of his
Chernozems corresponded with the drier parts of the Soviet Union, not the driest, but where he
had grass vegetation and the Chernozem was absent in the forest zorie. Sc he first developed
the notion of the Chernozem as a soil that forms under grase in a subhumid climate. This was
our concept of, virtually, the Order of Moilisols today (not entirely bus rather, maybe I should
say, of Ustolls).

(So the answer to the first quesiion is that, really, the fundamental thesis of Dckuchaiev
has been used quite specificaliy in 5oil Taxonomy and has had 2 tremendous impact on
Taxonomy. Is that correct?)

That’s correct. We acknowledge that in Chapter |.

Question 3

»
The question relates to the impact of Marbut's concept of the normal seil. It is used in
Soil Taxonomy and it has influcnced the structure of taxonomy, especially at high levels.
Could you comment on this?

Guy Smith:

Marbut’s concept of ncrrazl scil had little influence in the development of Tuxonomy. He
more often called it a mature soil than 2 normal soil, but the two terms were more or less
synonyms to him. These were soils that had A, B, and C horizons.

The development of the B horizon was essential to the normal soil. The nogrmal soil also
‘had to be a relatively free-draining soil, and his concep: was that we could only classify these

“soils. The others could not be classified. Those without B horizons or those with overly

developed B horizons couid not appear in his classificatios at any level of any category. He

50



Cornell Intarview

used tne analogy that in classif ying an insect v/e do not try tc classify the larvae but we wait
and classify the adult insezt. Thiz was not a good nnalogy because soiis are not going tc change
overnigit; as a ruie the changes are very slow, and they take a maiter of human lifetimes to
become very discernible. Marbut got around this difficulty with soils that did not have a
mature profile oy classifying those coils on the basis of the surrounding or neighboring normal
soils. Thus a poorly crained soi! which was not normal, he said, would eventually be drained in
geologic time and once the natural drainage was established the normal soil could begin to
develop. How he was proposiag io drzin the lower coastal plain I do not know. And yet these

soils had to be classified as though they were going to become well drained at some time in the
future when somebody lowered the ocean Jevel.

This concept of Marbut was untenable and was abandoned in the classification of Baldwin,
Thorpe, and Kellogg ir the :938 Yearbook of Agricciture (Soils and Men). It had been

abandoned as a tenable basis for classifying soils many years before we began work on Soil
Taxonomy.

Question 4

V/hat would happen to Histosols in his concept of normal soils?
Guy Smith:

The Histosols were treated the same wayv as the other poorly drained soils. Eventually the
bog would be drained, the organic matter wovid be oxidized, and you would begin to develep
ore of his normal soils. Though they id not appear in Marbut's classification above the second
category from the bottom. There wac no place for them in the higher categories. They
appeared somehow spontaneousty in the fower categories, and how he managed that in his mind
I cannot imagine. He recognized thezir existence, but they were not considered a part of his
pedalfers cr his pedocals or his greas <oil groups.

Question 5

Guy, don’t you think that, except €or the Entisols and the Inceptisols, the other orders
more or less corresnond to normal soils of Marbut, or not?

" G.D. Smith:
No, you would have to exclude the Vestisols, the Histosols, and Entisols; all of the aquic

- seborders would have to be exciuded, as well as the soils with pans: all the ragic graat groups
and tke duric great groups and the natric great groups would have been excluded.
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Questicn 6

Ma.rbut translated Glinka's book from German, which was derived or incorporated
Dokuchaiev’s ideas. How much change was there as Marbut took the translations from Germnian,
in terms of the original ideas, of Dokuchaiev?

Guy Smith:

There was an enormous change as a rssult of Marbut’s translation of Glinka's book.
Glinka introduced to Marbut the idea of the classification: at the level of what we now call the
great group. Prior to that, the soil survey had two categories, the series and the iype, and there
was no arrangement of the serics into any higher caiegories of any sort. Rather they were
grouped on the geology of ths parent materiai of the soils, so that we had the brozd nrovirces--
glacial and loessial for one, the piedmont and coastal piain for another. The theory at that tire
was that soils in the regions were develobed more or less from the sarae kinds of parent
materiuls over about the same length of geologic time, and a series couid not be placed in two
different provinces. Th¢ series had to change at the province boundary, vut this was not
actually a category in the ciassificaticn prior to Marbut's translation of Glinka’s book.

Question 7

We may shift to the discussion on the concepts of zonality which, I think, are derived
from the concepts of normal soils. “We may also include the intrazonal and azonal soils. Hagd
these three concepts an influence on the structure of Soil Taxonomy?

Guy Smith:

The concept of zonality was inssoduced by Dokuchaiev's students as a basis for arranging
their soil groups into a higher category. This was done about 1900. In 1938 the U.S.
Department of Agriculture introduced a new series of publications, the Yearbooks of
Agriculture, which previously had consisted of staiistics, It was decided that yearbooks would
be produced by subject matier o mzke available the status of the current knowledge to people
who were able to read something that was only moderately technicai. The Secretary of
Agriculture decided that the first such book should be ahout soils and appointed Ciiarles E.
Kellogg as chairman of a committee io arrange the contents of that book and to find the
appropriate authors. The lead time was about 1 year between the appointment of the committes
and the date that the manuscripts were due. Dr. Kellogg has told me many times that he told
the Secretary that they couid not prepar¢ such a book because we had no system of
classification of soils and we nesded time to develop such a system. He was told by the
Secretacy (Henry Wallace) that this was precisely why he wanted these books: to document the
current state of knowledge and that they were tc go ahead with the preparation of the
yeurbook--Soils and Men. Tiis gave them then 1 year in which to develop a classification of
soils of the United Stztes. There was no gime really to develop z new sysiem. They had to
borrow one that had been proposad at some time in the past. They had no time to test any of
the concepts that were presented in that book. There were no real definitions of any of the
.great groups; there were only more or less general descriptions. We were unable to find any
“single soil properiy that incloded all the soils that were called zona! and exciuded the soils that
were called intrazonal. The azonal soils were recognizable as the present group of Entisols, but
.. the intrazonal and zonal soils were ot ciearly distinguished by any soil property. The literature
“‘says in some places thai the zonal soiis were all more or less freely drained, but this is untrue,
becavsz the tundra soils were included as a zonai great group, and the tuadra soils were
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descrited as being grev, motted, and wet. So before the work really szarted on the
development of Soil Taxonomy, we had realized that if we classified soils as zonal and
intrazonal we could not do it vu the basis of their own properiies, and it was a fundamental
thesis even of Marbut that a soil should be classified on the basis of its own properties, even
though Marbut failed to do that.

Question 8

Maybe I could be a little bit more specific. I still think the intrazonal concept in terms of
poorly drained soils. There was a possibility to mzke an arder of poorly drained soils--putting
all the aquic subordeis together yor would have more or less an order. That was not done,
although it was for people who had t map and had to classify an easy way to get rid of a
group of soils that was rather disturbing sometimes. You put aquic properties at the suborder
level. What were the major reasons aot to have an aquic order?

Guy Smith:

First not all the intrazonal soils are poorly drained. Those with what Marbus calied
"excessively developed prorile” were xiso included as intrazonzl. Soils with natric horizons were
included as intrazonal, though not all are poorly drained. I might go back in mv own personal
experience when I first started t¢ map soils. I worked in a county in Central Illinois where all
of the soils virtually were Mollisols. The big differences that I saw as a beginning mapper were
the differences between the well-draired ond the poorly drained soils. Later i undertook to
study the crop yields that were cbtained vn the experimental stations, and I classified the soils
(211 Mollisols) on the basis of their watural drainage. 1 deiermined the yield that had been
obtained on the naturally poorly drained soils after drainage with the yield on the naturally well
drained soils. There was no significant difference. Once the poorly drained soils were drained
they behaved like the naturally well drained scils. If one goes into the southeast, in the region
of Ultisols, one would have the same experience, that after drainage the naturally poorly
drained soils will behave like the nzturaily well driined soils of that area. So the Aquolls have
many of the same properties as do the Udolis; after drainage, they have a mollic epipedon, they
are rich in bases, and they produce the same kinds of crops with the same yields. The Aquults
are low in fertility, they do not hzve a high base status, and they require about the same
management 25 do the Udulis. So it seemx that if we established an order of the Aquic great
groups that we would have some very strange bedfellows. We would be better off to keep the
Aquolls with the other Mollisois and the Aquuits with the other Ultisols. This notion certainiy
met with enormous objections in the early approximations. It was my notion that it would have
been better to have had Aquic great groups than Aquic suborders, but the staff generally was so
strongly opposed to having Aquic suborders that 1 had to abandon the notion of bringing the
soil drainage at the great group level rather than the suborder. There would have been
advantages to doing this. For example, your committee on moisture and temperature regimes is
. having to deal iow with the diiferences among the Aquic suborders according to whether, after
drainage and flood protection, they wiil have the natural Udic moisture regime or a natural
Ustic moisture regime. At present the Aquic great groups in the wet/dry climates are very wet
in the rainy season and extremely dry ist the dry season, whereas the Aquic great groups in
regions of uniform rainfall distribution are never dry in the sense that they lack available water

for plants. This is not reflected in the present taxonomy, but needs to be.
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Question ©

One thing that has caused us quite a bit of a problem is that the concept of Aquic
moisture regimes is reflected in different categories in Soil Taxonomy, just like you could have
Udic moisture regime in Entisols reflected, say, at the great group, where in Alfisols we have it
reficcted at the suborder. Would ii be helpfu! to be more systematic?

Guy Smith:

It appeals to a greai many peopls to use one property in one category throughout the
system. However this leads to an ¢normeus multiplication in the number of categories that we
must form. You cannot, for example, distinguish the Histosols on the %asis of the clay
mineralogy. Unless they have ciay minerals you may not use mineralogy in soils that are
organic in nature. This wouid be one exampie. It requires then a whole series of categories for
the Histosols. We make soils maps at different scales for many purposes. Some maps are made
at very small scales, some are riade at large scales. For the small scale maps it is desirable to
use some parameters with very broad definitions as of the scil moisture regime--udic, ustic,
xeric, aridic. For the large scale map this is inadequate becausz we must make subdivisions of
these broad classes of moisture regimes in order to make rez2sonable interpretations at the family
level. So we cannot make all of our classes apply tc the very broad map :u.its of small scale
maps, and so we must use broader groupings. For the large scale map where we are concerned
with a specific field uii a specific farm, to make the most precise interpretstions possible, we
have to recognize small differences in the moisture regime. Therefore, it is necessary to uss the

same characteristics at more than onz level in the taxonomy, or we must sbandon the notion of
making maps at different scales.

- Question 10

The series cencept as used in the 32 classification system does not seem to have changed a
whole lot as it currently stands in Soi/ Ta-onomy. Would you agree that there was very little

change between classification syztems on the series, and that most of the changes were in fact at
higher categorical levels?

Guy Smith:

The series has been & classification of its own sirce the Soil Survey started. The first
series came about 2 years after the icitiation of the soil survey. While general details of the
concepts of the series have bzen modified greatly since 1900, the genezal concept of the series
had undergone very little change. So in 1920 when Marbut began to work on the taxonomy of
soils in general, we already had some several thousand series divided into several thousand more
types. When Marbut introduced the concept of the great soil group, that carried on throuvgh the

1938 “lassification, there was a0 inadequsate knowledge and inadequate time to relate the series
to the great groups. Consequently ‘»e had two classificaticns of soils; one into series and ore
into great soil groups and other higher categories. The link between the series and the great soil
groups had not beea developed unti! well along in the various approximations of Soil
Taxonomy. There was enormous resistance to doing anything in Soil Taxonomy that would
have a wholesale effect on the definitions of the soil series. In Illinois and Yowa, when a farm

“was .advertised for saie in the local newspaper, they wouid very commoniy say 60 acres of
Carrington loam--the series. The highway engineers who were designing the rurai roads used

« - the'soil series and the soil maps @s a basic for their cesign of these secondary roads. The tax

. . assessors used the soil surveys as partial basis for taxing the farms and they all knew the names
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of these series and what they meant; they didn’t know all of the thousands of series in the U.S.
but they knew those in their county or the area where they were working, and it was desired to
aveid changes in concepts of seriez unless those changes permitted better and more precise
interpretations. The highway research board has been renamed now, but when the highway
engineers found that we were developing a new ciassification system they became alarmed,
because they wanted to retain the series they knew, and they demanded that I appear before
their annual meeting to explain what we were doing about the soil series. When I 2xplained
what we were doing, that we were trying to arrange the series intc higher categories without
disturbing them more than was necessary, they were greatly relieved at tiiis. They continue to
use the soil series ac a basiz for their highway design. So the concept of the series has been
refined as we learn more about soils and what properties are important to soil use, but it's been
a refinement that has not bee:i duve particularly to Soil Taxonomy per se but to our increasing
knowledge about soil behavior. What we have done has becn to develop one classification of
soils rather than the two that we had prior to 1950.

Question 11

Guy, would you say that the resistance to shift in series has been parallel with the

~ advancement in soil survey programs in the States. [ could alinost see in some States it made no

difference, like Nevada, but ia States like Wisconsin I can remember that they had Miami-

Wisconsin and that was to distinguish the Miami soil that was in Michigan and Illinois. It does

.ot seem as if the resistanc: to change was uniform across the United States, but rather that
where you had strong programs you gct more resistance. Would you say this is true?

Guy Smith:

When the potential uses of soi! ari extremely limited, as in Nev:da where one caa use
them for nothing but grazing and very extensive grazing at that, the series can be defined much
more broadly than in a State like Illinois or Wisconsin where the soils are very highly
productive. If the yield potential ranges from 30 bushels of cora to 150 bushels, that range (in
order to make predictions) must be subdivided into quite a few mapping units, mostly at the
series level. Where the notential production of edible forage ranges from 200 1o 400 pounds per
acre, one doesn’t need too many series in order to make reasonable interpretations of the
significance of the map units. So in the regions where we have our highest productions, we
find that we have far and away thz largest number of series. The Typic Hapludalfs would
iuclcde a very large number of series compared to the Typic Haplargids. This is necessitated by
the differences in the productivity of the soils.

Questicn 12

The next question deals with the relation of the central concepts of the zonal great groups
of the 49 system in general to ideas and concepts in the development of Soil Taxonomy. Marlin
.. had indicated that he could give some good concrete examples of the 49 system with respect to
~ categories in Soil Taxonomy. -
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Guy Smith;

I might use the red-yellow podzolic and the yrey-brown podzolic great groups as examples
of what happened to the central concepis of the zonal great soil groups. These two great soil
groups were not defined, but were described very generally in terms of the centra! concepts.
Some of the correlators wanted to use definition by type as the botanists do. The Norfolk
series, the Ruston series were the central concept uf the Red-Yellow Podzolic soils, and Miami
Series was the central concept of the grey-brown padzolic soils. There would be no confusion
between these central concepts. Howszver, about 1951 we had a joint meeting involving the
correlators of the Soutkern States where the soils were mostly Red-Yellow Podzolic soils and
Northern States where they were mostiy considered gray-broswn pod-olic soils. We worked on
the border betwsen. Virginia and Maryland, because of the limits of the correlation areas. We
examined quite a number of soiis that we could all ugree were red-yellow podzolic soils, but
when we got into Maryland we lookzed at a number cf profiles of the Chester series. This had
the clay mineralogy of the red-yeilow podzolic svils, but it was shaliow compared to the
Norfolk and Ruston; its depth comparable to that of the Miami. The base status resembled that
of the red-yellow podzolic soils rather than the grey-brown podzolic soils. If we were able to
find a virgin area, the c:ior of the profile was more like the gray--brown podzolic than the red-
yellow soil in that the A horizon was not particularly hleacted. The people from the Southern
States said this is a gray-brown podzolic soil and the people from the Morthern Staies said this
is a red-yellow podzolic soil, and as agreement was ever reached about how the Chester series
should be classified at the great soil group level. The central concepts of many of the great
soils groups form the current concepts of several of the orders anu a number of the suborders,
and we will probably get into this in more detail as we go along,.

Question 13

Do you want w0 say something of the concepts of the intrazoaal great soil grouwns in
relation to development and concepis of Soil Taxonomy?

Guy Smith:

The intrazonal great sci} groups were really the wastebasket of the classifications in use in
1950. They included many things--the scils that have natric horizons were all grouped into
one intrazor:al great soil group which covered a verv wide range of kinds of scii. We found
them in association with Boiaifs, with Borolls, with Udalfs, with Xeralfs, with Xeroils, with
Aquolls, with Aqualfs. These are the kinds of soils with which we get these iiny areas, the so
calld slick spots with natric herizons. Tiiey were all put into one great soil group, { think, ip
the 49 classification. " '

" Question 14

_ I recently finished the study of the genesis of some soils on the coastal plain formation of
“West Africa in a very humid envircnmen: around southeastern Nigeria. This srea is typically
- Paleudalfs on the upper surfaces, and in the ciosed depressions which form in this region you
have small valleys which seem to be.filling in with sediments. Neow the original materials on
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this whole formation are already preweathered before they were deposited in a shallow marine
environment at the end of Pleisiocene or Pliocene. So in these shallow depressions, along the
younger slopes, we find what are classified as Oxisols, and at the bottom in the upper surfaces
we find Ultisols, because ihis is where you see evidence of clay translocation. Do you think
this changes the Ultisol--Oxisol sequence, and dees this affect at all the classification?

Guy Smith:

In the development ¢f Soif Taxonomy we had no reasonable opportunity to study the
Oxisols of Africa and South America. The U.S. Department of Agriculture appropriations are
limited to uses that will benefit the American people. In the study of the inter tropicai soils,
which is intended primarily to deveicp a classification to help them exchange experience, would
not be of benefit to the U.S. So this travel was impossible with USDA appropriations.
Actually, as you say, your studies are very recent, and this was knowledge that was not
avaiiable to us at that time. Ve have similar situations in Malaysia that we have {earned about
within the last 2 or 3 vears, and so this is cne reason that we have an International Committze
on Oxisols, which is desperately needed. We had only a limited number of samples from Puerto
Rico and Hawaii that we could study, and these were virtually all formed in basic igneous
rocks. These were by no means a good selection of the Oxisois as compared to the soils of
South America, Africa, or Southeast Asia.

Question 15

Another potential theoretical genetic sequernce wculd be Entisol-Inceptisol-Spodosol. In
this instance, however, exclusion of Inamy sand and coarser textures from cambic horizons also
exclude soils having subsoil hor:zons, that grades from the Inceptisol order, disrupting the
theoretic2! sequence in coarse textured but not in finer textured soils. One of Professor Rust's
contriontors noted that this is confusing to students. Will you comment on this apparent
discrepancy?

Guy Smith:

This question relates to the exclusion from cambic horizons of sands and loamy sands. We
tried at one time to develop the concept of a color B horizon; the cambic horizon at that time
was called a color B, because it was redder in hue aznd higher in chroma than the horizons
above and below. The color B, however, in the sands and loamy sands do not necessarily refiect
any particular amount of change due to genetic processes. It takes very littiz free iron and
humus to coat the sand grains, but it takes 3 great deal mors to change the colors of silts and
loamy soils. The soils with sand and lcamy sand particle size, as 1 meationed elsewhere, have a
number of very important common properties: namely iow water holding capacity, blowing,
poor trafficability when dry, and we finally decided it would be best to keep all of these soils
n one place in the taxonomy. Therefore, we had to modify our concept of the colsr B horizon
to exciude the soils that have these very coarse textures. 1 ran ucross a number of iate
Pleistocene or Holocene sands in western Europe that have 3 rather distinct difference in color
between the B horizon position and the horizons above and below. Yet we cannot identify any
significant differeaces in the degree of aiteration of the sandy parent materials in these
horizons. We rather suspect that the change in color is 2 result of manuring rather than of soil
- development. w5 :
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Question 16

The work on geomorphology in relation to soils was well advanced while Soil Taxonomy

was being developed. What impact, if any, did the concepts derived from this work have on
Seil Taxonznzy?

Guy Smith:

Within the Soil Conservation Service, work on Soil Taxonomy and soil geomorphology
started at the same moment, and it is difficult for me to say it was well advanced. Soil
Taxonomy was developed with rather primitive concepts of geomorphology. The impacts were
important in some of the orders tha: were developed last, namely the Oxisols and the Aridisois.
Soil geomorphology work did teit us a good deal about the genesis of the petrocalcic horizon,
which is most prominent in Aridisols but does occur in some Mollisols. It led to the concept of
the "Pale” great groups along with tie work on the coastal plain in North Carolina, where we
developed the concepts of Paleudults as distinct from the Hapludults. Soil geornorphology
studies surely affected the classification of the soils at the great group level.

(Question 17

What place does the traiisport/deposition of parent materials have as they influerice soil
genesis. D0 you ses thzi as being an imporiant feature like soils that have discontinuities due to

different episodes of deposition and ercsion and those kinds of things. How do these fit into
Soit Taxonomy? :

Guy Smith:

We tried to keep them: out of the higher categories of Soil Taxonomy, 1o restrict them
lurgely to the family category, wherc the transport was long ago that we have some genetic
horizons to base our classification on. So that the definition of the argillic horizon takes into
account the potential increas2 in the percentage of clay due to a stratification of the parent
materials.  Current deposition is takes into account at a higher categoric level in the Entisols,
where we distinguish Fluvents and Crthents at a suborder level. That is the current process,
whereas the others are somewha? remot: in geologic time. It's not always easy to recognize in
- the Tield a small difference in the sedimentation; unless the sand grains are large enough to be

detected with the fingers or the tezith, one cannot always dstect it in the field. A laboratory is
required, and we prefer, in so far as possible, to base our classification on properties that can

either be seen or felt in the field or that can be inferred from the combined knowledge of
edology and some other science such as botany, geo:norphelogy, and climatclogy.

~ Quasstien 18

_ In regards to that last statement, cne soil order that is giving us auite a bit of trouble in

~ ..New York is Spodosol, especially if you cannot quaiify a spedic horizon based on field criteria,
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and you are forced to bring the samples into the lab and go through analysis of iron and
aluminum. We find the chemical criteria quite restrictive, az it currently stands, and oniy vour
best spodics will meet the criteriz. Those are usually fairly obvious in the field, and some of
the Canadians and some other people have been developing criteria that are less restrictive so
that will leave these soils clearly in Spodaosols instead of putting them back in Inceptisols. 1 was

wondering if you could commen? on that chemical criteria for spodics, and whether or not it
should remain as restrictive as it is.

Guy Smith:

There is a gradual transition from soils with cambic horizons to soils with spodic horizens
and this is in New York State particularly troublesome. It is the reason why, when we tried to
write our definition, we came to New York State. We had Dr. Cline classify the soils as he
thought they should be classifizd 2nd then we took the samples o the laborziory to see what
criteria would make this same classification. This is how it was developed, to draw a line
between Spodosols and Inceptisois. When we got additional data on Spodosols that were much
oider than those that we were studying in New York State, we found that many of them did not
meet the chemical requirements that were needed to separate the Inceptisols from Spodosols in
new York State. So we introduced the concept of fizld identification of Spodic horizons by the
crack coatings and the pellets, in which case it was not necessary to take the soil to the
laboratory. Now cur Canadian chemists complain we put 100 much emphasis on field
identification. Our Canadian field men complain we put too much emphasis on laboratory
identification. That’s a2bout the best compromise we were able to reach with the state of
knowledge at that t:me.

Question 19

I think the problem with Inceptisois and Spodosols is quite like the coior B and cambic
horizon. You do get a morphology of a podzol within 50 years, whereas you do not get the
other associated chemical changes mare indicative of good padzols.

Guy Smith:

I do not know. Fifty years may be 2 littie short, but we have some studies in Alaska that
indicate that it can be identified in the laboratory after about 75 years. I might add that I do
not know of any studies on this in particular, but I do know that the Spodosols rormally react
te the addition of fluorides and the pH gees up above 9 in the Spodic horizon. The cambic
horizon normally does not show this rcaction unless, as in New Zealand, there is an appreciable
amount of glass floating arcund in the ares. There the use of the fluoride reaction test did not
prove entirely satisfactory, but iz Europe the soil surveys use fluoride as an indication of the
presence of the spodic horizow. [t is exactly the same mechanism as we get in the soils from
ash that causes the pH to rise. ’ :
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Question 20

Soil Taxonomy (page 71) states that after defining soil orders to reflect concepts of
dominant sets of soil-forming processes, soils thought to have significantly different genesis
within a given order are segregated at ilie suborder level. Many of the former intrazonal soils
scgregated at the highest level in the 1938 and 1949 systems are included in the same order as
their zonal and azonal counterparis in Soil Taxonomy. What considerations led to subordination
of concepts of genesis at the order lovel?

Guy Smith:

This question is partially answered elsewhere. The dominani processes for the genesis of
the Moilisols, for example, are considered to be the formation of the mellic epipedon as a result
of underground decompositior: ¢f plant residues in the presence of appreciabiz calcium. This
same process operates in some of the former intrazona! soils, but not the azonal ones. The
intrazonal soils, the forme: humic gleys, have the same dominant process as te the Ustolls and
the Udolls. The grouping of the Mollisols differs from Marbut's in that he separated the Udolls
from the Ustolls in his highest category--Pedalfers and Pedocals. In the 1938 classification it
was decided that the Udolls with their dark colored thick surface horizon belonged better with
the Ustolls than they did with any other soils; so they vere changed from intrazonzi to zonal
soils and were included with the suborder of dark colored soils of subhumid and humid
climates. This was a precedent in the '38 classification that carried over into Soil T. axonomy in
developing the concept of the order of Mollisols. The reasons for including the Aquolls with
the Udolls and Ustolls are discussed under the question (to be added later). Marbut for some
reason wanted to have only two orders. He wanted to classify all soils on the basis of some
property, so that he would have only two orders. We could see no reason to limit the number
of orders to two, and it seemsd best 15 try to segregaie these dominant sets of processes.

Question 21

Some individuals apparently think that the architects of Soil Taxonomy identified
important properties of soils, weighted them in some manner, and only thea applied them in the
system to arrive at a hierarchy of tax: of the higher caizgories. That idea may arise from the
fact that it is comsistent with the way Snil Taxonomy is applied to classify soils. Will you
describe in general terms (a) how the taxs of the higher categories evolved, (b) the apjroximate
numbers of soil scientists involved, and (c) the magnitude of the effort that was expended in
the assembly of field and laboratory data, examination of potential schemes and repeatcd
testing. :

Guy Smith:

The concepts of the taxa of the higher categories evolved only slowly; we tested many
alternatives by placing the szil z=ries into the system according to the definitions of the various
approximations starting with the third. Jehn Stuart Mill points out that the best classification is
the one which permits the largcst aumber of the most important siatements to be made 2bout
the object, and by importance he means that these statements are of high relevance to the
objective for which the classification is 1o be used. Therefore, you may have several equally
- valid classifications of the same cbjects according to the purpesze that the classification is 0
-~ serve. Soil Taxonomy was iniended to serve the purposes of the scil survey which includes

- mapping and interpretations. So, starting with the third approximation, the correlation staff of
- the Soil Conservation Service was requested to classify all of their series as best they could
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according to their current knowledge to see what Linds of groupings evolved. At that stage we
were not yet prepared to go into much detail at the family or subgroups level, though concepts
were developing of what kinds oy criteria should be used for these two categories. When the
correlation staff, which included, something like 100 people at the Washington, regional, and
state offices, examined the kinds of groupings that resulted from the criteria proposed in the
various approximations they found various defects; there 'were soils that were genetically
dissimilar included in the same taxa; there were soils with rather different sets of horizons
included in the same taxa; there were soils that had no place; and these deficiencies then in the
definitions of the third, fourth, sixih, and seventh approximaiions were brought to my attention
generally with suggestions for soluiion to the difficulties that were observed, and sometimes
merely expressing an unhappineis with the groupings that resulted. Surely there must bave been
at least 100 man-years of work of the correlation staff irvolved in the development of the final
Taxonomy. 1 suspect this is a gress underestimate of the actual time, but no specific records
were ever Kept. In the laboratory we had to develop methods, for one thing, and the
developmert for example cf the sampling of the soil in such a way that we could get a measure
of the total amount of organic matier for even volume. It is simple enough to sample and gat
the percentage of organic carbon, but it is a very different business to get comparable data for
the total amount of carbon per unit volume of the soil because the bulk density depends in
some soils enormously on the :noisture content ai time of sampling, narticularly among the
Vertisols and the vertic subgroups of other orders. So methods had to be developed for
coraparing soils at a stardard moisture content so that if we were sampling in the dry season in
oie place and the rainy season in another our data would be comparable. This involved a
avmber of inan-years of work before we came up with the current method of cuating the clods
with Szran. Then we had to characterize a number of scils. We had a program for the start, of
the Scil Survey Laboratories and the start also of Soil Taxonomy, to characterize the soils of
specific mapping areas. We had 2i that time three laboratories. The data generated DLy this
effort became the cata that we had to corsider whether we were developing taxa about which
wu couid make statements. The laboratory staff must have expended something 'ike 300 or
more man-years of work in colizcting the data that were needed. Similariy we had a hz!f dczen
man-yzars of soil geomorphelogy seams working primarily to understand the reiations between
geomorphology and soil genesis and propertizs. The testing went on for over a rather long
period of time, beginning abont 1952 with the earlier approximations and continuing up to ihe
preseat time so that the numbers I have givan involved the testing through the Seventh
Approximation. The Seventh Anproxima:ion was known be to deficient in many respects and
had virtually nothing to say aboui organic soils--Histosols. The work on the classification of
Histosols required another project for study of means of classifying Histosols according to their
properties and ot according to the presumed vegetation from which they came. Once the
Seventh Approximation wa: published, we made a more concerted offort tc test the tara that
evolved from the definition that we sed against the interpretations tha: we were making t the
level of phases of familizs. * We feit that the given phase of a family shouid be subject to the
same major interprezations, and so we raquested our interpretation experts to get together with
our classification experts and compare the interpretations that were being made for phases of all
the series that were grouped in a family. This kind of testiug brought a number of deficiencies
to light that we had not been told about from a more general testing or examination of tha
groupings that resultec from application of the definitions. Consequently, a number of
additional modifications had % b2 made in the definitions that came to light caly because of the
testing that against the interpretations ihat we were making. This led to the publication of the
supplements that came out in ‘64 before we began io use the taxonomy aad in subsequent years
once we had come to use if. Actuaily we had to use it. Starting in 1965 the staffs in the State
and regional offices were Leing forced to examine the definitions more carefully than they had
ever dcne before,
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Question Z2

If you had to go through this whole process again, or if the whole thing had been started

over, would you make any civinges thai weuld streamiine it, or would you look at some aspects
differently?

Guy Smith:

I would retire again. Cr it they would not let me 1 wouid go through the process the
tame way--through approximatioris. You cannot bring a group of pecple together in a big
committee znd get useful proposals from them unless you give them something to react to. This
is why we started froon the beginpisg with approximations, because we could call our
correlation staff together but they would not do anything but argue, so that if we gave them
something to react to, they could react positively or negatively, and we could get something
from their time here. I would go about it the same way. | have found many errors in the
classification. If we judge rhe classification by what statzments we can make abou: the soils
that are grouped, and for those errors I would correct them, but before they had to have an
intzrnational committee, but some thicgs requires s great dea! of correspondence and diccussion
between knowledgeable pecpic. There is no one man who can know enough about soils in
general to devise a usefu! classification by himself. It requires the effort of a great many
people knov.ledgeable in soils of their own areas in 2!l parts of the world to develop a sysiem
that can be useful gersrally.

Question 23

D¢ you think the mectanisms for wpdating Soil Taxonomy as it now stands are adequate?
Guy Smith:

It is not just the mechanisr:. It is a problem of people. When I reiired vee had one mar
responsitie for soil survey operaticns, for correlation, and for classification, and he was a totally
overworked man. We now have three vacancies to deal with these preblems in SCS. So having

the vacancy perhaps may be an improvement but actually it is not until they get at least one of
them filled.

- (Question 24

Could you elaborate on the kinds of purposes each of the five categories in Soil
Taxcitomny are expected to serve? This will assist us when we make suggestions to refine the
system. L :
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Guy Smith:

We need a muiticategoric system: of taxonomy, because we make soil maps at varying
scales, and because we need a taxonomy ihat converts into a key for purposes of identif ying the
classification of a particular sericz. We have some 12,000 series we must keep track of. For
purposes of the soil survey these series must be correlated and grouped in such a way that we
can make the largest number of the most important statements about the series grouped in a
particular taxon. To do this we must then start at the highest category to trace down the
individual series and the related series with which we are concerned. The categories themselves
really serve no other purposes, and there was nc intent to have specific pu: poses for specific
taxa above the family level. The family levsl was intended to be useful for making our major
interpretations concerning use for grawing rlants or for engineering purposes.

The series category is intended to permit the most precise quantitative interpretations that
our current knowledge perruits. But above the series there are n¢ particular specific purposes.
The subgroup level is intended to show relations petween soils in a given great group. The typic
sabgroup on the one hznd which is cur central concept but not necessarily the most extensive
soil, the intergrades which share properties with other great groups and the extragrades which
kave properties which are not characieristics or typical of any other kind of soil. At the great
group level, the subgroup, th: order, the suborder, the purposes are to permit generalizitions in
small scale maps and to assist us in the identification of a particular kind of soil.

Question 25

When was the decision made to have saly ten orders? Any particular reason to have only
ten?

Guy Smith:

We wanted to hold the orders to a smuininium. I might elaborate just a Iittle bit. In
comparison to the Russian sysiem, where the scils types are not orgarmized into iny higher
category cne has to then compare the kinds of soil. The last count I had was 117 s0ils types of
the plains, and there mus: be at ieast an equal number in the mountains. This does not
facilitate identification, beczuse i17 times 2 is too many sail types 1o keep in mind. The FAO-
UNZESCGC legend fcr their soil majp of thz world recognizes about 23 major kirds of soil, most
of which are subdivided on the legend. This is still quite a few to keep clearly in mind for
rapid identification. It requires more or less constant checking ui the aefinitions. Fifteen I
think one can manage without t>0 much trouble, but when it gets above 20 the normal mind is
in troutle in carrying everything ic mind without checking zgainst the legends.

Question 26

Will you enlarge on the cnncept of the pedon as a sampling uiit and the basis on w.hich its
definition was based? Oue questioner criticizes the definition as vague, arbitrary, and without a
firm basis in observed or measured chsracteristics. :
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Guy Smith:

The pedon is a somewhat arbitrary volume of soil. It has virtually no natural boundzries.
It is so small that it cannot have shape without considering the elevations of other pedoas. |
observed particularly in my travels in Eurcpe that there wsre many soils in which horizons such
as argillic horizons, spodic horizons were either forming or undergoing destruction. The
argiliic, the spodic horizons were not ccntinuous, but were intermittent on varying scales from a
matter of 5 or 10 centimeters to perhaps 5 or 7 meters. Because these were repetitive
discontinuities in the horizons, it seemed that in the U.S. we would prefer to classify these soils
as a single series with the intermittent horizons rather than as a complex of very tiny bodies of
contrasting kinds of soil. We must idewntify the soils, at times collect samples, and we need a
minimum volume for the siudy of the arrangement of the horizons and for sampling them. If
there is no lower limit to the size of the sampling unit we run into problems that I have seen
when sampling where the pedolegist took his pen knife and took a tiny sample of soi! on the
point of bis knife and carry that off to the laboratory for analysis. Well this is getting to the
extreme and it seems to me to be tco small. We must tolerate discontinuous horizons where a
root penetrated a horizon and swurficial material has fallen in and filled the hole or a worm has
made its hole which has a coating around the edges, the sides but which has not been filled.
These things wz have to iclerate and accept them, but they are examples of holes in horizons
rather than say discontinuous horizon, because the horizons surround the hole, whereas in the
discontinuous horizon there may no: be any kind of horizons that surround the pzrticular break
in the horizon itself. Because there normally are no natural boundaries in pedons, you can have
an infinite number of pedons and polypedons sccording to where he starts his measurement.

The basis for setting the limit at somewhere between a square meter and 10 has been
criticiz2d on the grounds that the properties that are determined by cycling of bascs may be
quite different where one tree has grows from those where another species of tree has growa.
In the parts of Africa, for exarple. we have species that collect ca'cium and the truak (the
wood) of the tree contains large chunks of caicium carbonate, and next to it may be a sulfur
coliector, and the base saturation uriiier these two trees are v-rv ifferent, and it has been
proposed that the pedon be enlarged to something like the cznopy spread of a mature tree. By
and large this i5 a little too iarge for sarmpling, and so we have put most of our emphasis on
subsurface horizons wher¢ the effect of the growth of one tree has its effect in the surface
horizons but not in the subsoil, and we articipate that many of the differences that we find
under forest scils, in base saturation, orgamic carbon, nitrogen, and so on, are in the surface
horizons, and subsoils are much the same because the subsoil properties are not influenced so
much by the growth of one gzaeraticn of a specific species of tree. So while we have discussed
the possibility of enlarging the pedon !¢ the canopy arca of a mature tree, this did not seem
facilitate sampling and analysis if we couid base most of the properties on the subsvi! horizon
rather than the surface horizon.

Question 27

Has there been a2ny discussicn of having a concept of a minimum-size horizon? 1 think
the pedon is the smallest sacepling unit but it is complete as a soil. Has there been any
discussion on having a minimum size for particular horizons during the development of Soii
Taxonomy?

Guy Smith:

, No, not' that I can recall. There have been questions about the minimum thickness. This
should b¢ thick enough that it is observable to more than one person.

'

- 64 - ] | |



Cornell Interview
Question 28

The oxic horizon has tc be 30 centimeters; that is the minimum size. Somc horizons have
been assigned a minimum size, but nobody ever taiked about developing a concept of the
minimum horizon | would say. When do ysu take into account the thickness?

Guy Smith:

We have minimum limits on cambic horizons, on spodic horizons, on oxic horizons, in a
few instances even an argiliic horizon; it is supposed to be /10 the thickness of the overlying
horizon, but if they have been removed by erosion this becomes infinitely small s¢ we like to
have something obcervable like 2-1/2 centimeters minimum thickness for the argillic horizon.

Question 29

Was the samipling of Vertisols a basis for devising polypedons rather than pedons?
Guy Smitk:

Well 1 do not quite agrez to that. There are other reasons for the polypedon. This is the
unit that we are trying to celineate on large scale maps. On small scale maps the polypedon has
little relevance. The polypedon has properties that are in addition to the properties of any one
peden. There is a wider range ia properties in a polypedon than in one pedon. The polypedon
has natural beoundaries where it grades into other kinds of soil, which the pedon does not have.
The poiypedon has shape; it s slope; if we try to classify according to slope percentages, for a
pedon, it makes a big difference on whether that has been ridged for the growth of potatoes or
something else. The slopes are very steep actually, although the polypedon may be very level or
vice versa. So you have in the polypedon a wider range of properties; you have natural
boundaries to other kinds of soil and you have shape, none of which you have in the pedon per
se. The polypedon, the individual polypedon again, is restricted in its range and properties
relative to the series. :

Question 30

I think in our sampling ang characterization programs within each Siare, we zre forced to
deal with the question of sumpling and sample analysis, and so often we tend to select pedons
that are going to fit some known serics. So we tend 1o be imvolved in biasing our samrle,
usually towards the center of the range of the series. We select a pedon rather than a polypedon
sampi¢ and analyze it. What I am wondering is if we are really getiiag information that is
relevant to the poiypedon ranges; in other words we preierd to be focusing on a pedon, usually
near the median or center of thz range. Do you think there shouid be more sampling of a series
of pedons within a polypedon or do you like ths concept of taking just one pedon in the middle
of the range? & L
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Guy Smith:

If 1 had relatively unliinited funds for sampling in laboratory work, theoretically [ wouid
prefer random sampling, but we do not live in that sort of an environment. We like tn have
more than one sample of a particuiar series. They used to require that we have a minimum cof
two pedons from different poiypedons and these be matched as closely as possible. We wajved
that requirement if we were sampling a transcct where we ran across one kind of soil to
another. So the transect sampiing is perhaps closer to randem sampling and not nearly so
expensive. The requiremen: for attempting to match two pedons also gave us some element of
quality control for the fieid work, because if the samples matched very badly we had every
reason to be suspicious of the quality of the work that had beea doze in that particular survey
area.

Question 31

You say a polypedon is a natural unit delincated on large scale maps. Is there a natural
body delineated on smalt scale maps like soil association maps?

Guy Smith:

I do not know of any. We have associations, contrzsting kinds of soii that we can show on
small scale maps.

I have looked at ore survey in Kansas where every soil is classified as a Mollisol. Maybe
you could consider Molliso! the taxonomic uwnit there, but it is rare that you don’t have some
contrasting soil such as Aquells and Udoils and Calciustolls mixeé in with each other. So the
smaller the scale the greater the necessizy 10 go to a higher categoric level to define what is in
your mag delineations.

Question 32

When you are in a Spodcsol arva it is relatively easy to visualize a pedon or polypedon,
series or higher categories. But whesn you are in some Oxisc.? zreas like some of the Cerrados of
Brazil, these have very large units aad it is not 2asy to put a limit and say here we have a
pedon and here a polypedon and probabiv that may be ose of the reasons why people in the
tropical areas do not appreciate this concept and this might apply to Histoso! areas probably and
some Aridisols.

Py

Guy Smiih:

I will go back with you to Brazil bziefly. Around Brasilia you have largely Oxisols except
on. the steep valley sides and the floodnisins below:; these arz not Oxisols at least in the fiood
piamns.  You have a wide range of particle size distribution. 3Some arz intergrades to
Quartzpsipsamments; some are very clayey: and these occur mixed up in the landscage according
to the parent :ock or the sedimeniztion that took place when weathered materials were laid
down on the Planalto. So there are large aress, perhaps if you exclude the steep side slopes

- 86 -




e

Cornell Irterview

where you have a gallery foiast, there are large areas that would come out as Acrorthox, but
they would have widely varying textures anG water-holding capacities. So there would not be
onc polypedon, there would be many because the.e would be a number of subgroups and
families in these large arcas. We heve not developed a concept comparable to the polypedon for
use in small scale inaps.

Question: 33

Do you know of any examplzs where you need polvpedon characteristics to be able to
classify 2 pedon in Soil Ta:xonom;? Wherz you need shape, where you need slope to ciassify
the series?

Guy Smith:

We nave slope built into the classification of at least two great groups and we need it in
some others. The two w2 have are Aquolis and Aquuiis. These are often wet soils; they must
be drained for cultivation, and i1ane common practice is 0 shape these nonsloping soils o provide
surface dreinage. The sloping members do not require shaping for drainage, and they require
some sort of intercention nile to cut off the seepage water. The same thing would be true for a
good many of the Histoscls. If ihese are cultivatad and the polypedon is flzt, then normally you
have the soil ridged very sieeply ic provide for a better acrated medium for plint growth. We
have other Histosols that are natassily sloping with s!spes (in Malaysia) up to 50 percent or
more. To get at the series one has to corsicer the polypedon shape rather than ihe slope of the
individual pedon.

Cuestion 34

The sampling for the characterizztion of ssries is rather different from the type of
sampling that the soil surveyor does. The s0il surveyor only samples paris of pedons with an
auger 50 that only 3 small sample is brought up. How does that relatc in the requirement of
Soil Taxonorty that we classify using full pedons?

Guy Smith:

In sampling the pedon you are correct that in the deep horizons, where we have no reason
to think there is any significant variation, rather than dig a deep hole we may sarmaple with an
auger. If however we exasaine the pedon whil: we are excavatiny, we see that there are or
there ar: not significant variations within the pedon. If thsre a:e, then praper sampling
requires that we subsample each different kind of profile within the pedon. This often has not
been done, but in a number of cases it has been. In a motiled horizon, they sample the gray
parts separately from the rusty brown spots to measure free iror. and so on. These are
subsamples to reflect the different kinds of features that we find within the pedon. As a
general rule there is not much variatility within the pedon. That is the exceptionai situation

where you must sample separately. It is more common in Spodosols perhaps than in any other
kind of soil.
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Question 25

Related to the weighting of genetic concepts and interpretive value in the choice of
criteria for the higher categories, several individuals have asked in various ways the basis on
which decisions were made about the choice of criteria in the higher categories. When two, not
always compatible objective: were to be served namely (a) to reflect natural genetic
relationships for a fundamental understanding of soils in nature, and (b) to provide interpretive
value for applied purposes. Will you describs how the two were reconciled in categories above
subgroups, and which was given priority, if reconciliation did not appear feasible?

Guy Smith:

I must go back to Jokn Stuart Mili's statement that the best classificatior is the one which
permits the largest number and most important statements about the objects that are grouped.
The end product that we want for large scale maps is the interpretations about soil behuvior or
growth of plants and enginceriag purposes. So, we had to examine the interpretations that
resulted from the choice of one criterion versus another. One might be interpretive; an example
would be where we have grouped ail the sands into Psamments, unless they had a spodic
horizon or an argillic horizon, pettizz them into Entisols rather than splitting them between
Entisols and Inceptisols on the basis of 2 small difference in color in the subsurfzce or subsoil
horizon. So we have also in some of the Psamments z strong genetic relationskip, namely vhere
the soil is virtually 100 percent quartz sand. It is very difficult in such soils to form any
horizons, because, of course, it is so difficuit to weather and form horizons. However, some of
the Psamments are very ancien! ¢ails, some are just recent dunes, and we have no way to
distinguish them at the momenat. This is a mattes of interpretatior: of the individual; it is not
anything that can be documented, unless you actually see the sand blowing, which is not too
often the situation. So, in general, we have tried to use genetic factors ir. the higher categories,
and interpretive factors in the lower categories, but it is not always to do this. So if we cannot
distinguish two kinds of soils that we belisve to differ in genesis, but cannot prove, then we go
to the interpretations in their place.

Question 36

If my understanding is corrsct, zbove the subgroup the genatic considerations have
priority above the interpretation.

Guy Smith:

The {inal test was, what kinds of families we came out with. If we had contrasting kinds
of soii grouped at the great group level, then if we could not separate them at the subgroup
level, we had contrasting kinds of sofl in the famiiy, with differing kinds of interpretation, and
when we got that we knew comething was wrong with our definitions in the higher categories,
and we reexamined those definitions to sce where we couid divide those contrasting soils above
the family level so that we caiwe cus with relutively homogeneous familins.
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Questica 37

Is this true, that genesis was given priority also at the suborder level, where you have the
main subdivision on “he bacis of climate? Was that also a genetical separation, or was it land
use consideration?

Guy Smith:

Climate is both, actually. It contrcls genesis, it does not result from genesis, but it
controls it. It is exceedingly important to soil behavior. So many of these factors are both
genetic and interpretive.

We take the preseat climate. If you tried to take the climate that was responsible for the
development of the characteristic, you are speculating, and this depends on what your professor
taught you as an undergraduate student, and on what you have seen, how much you have
unlearned of what he taught you.

(I am teaching my students that at the suborder level you take the climate because the
climate is so important for land use, and it is not a genetic consideration that put it up at that
level. Am I wrong?)

Guy Smith:

You are wrong, I think. I thick the climate is also important in the genesis of the soil.
Do you have water going through the soil, and on down :n the groui:d water so that you have a2
leaching environment? Or do you have water going in and then being withdrawn, so that the
soluble things tend to accumulate? The calcic horizons are the result of soil genesis. They
require a dry climate to form. So the climate in this situation, interacting with the carbonates
of parent material, produce the calcic horizons in the Ustalfs. In the Aqualfs, calcic horizons
are due to another factor. They are due to capillary rise of ground water and evaporation of
the surface. This is another genesis of the calcic horizon.

Question 38

¥ am concerned that if you apply this principle hat the present climate is guing to reflect
genetic factors, I think that in the tropics, where you have these strongly weathered materials,
that past climates had an influence or the presecnt characteristics, and that you selected for
clissifying the Oxisols, based nn ustic and udic mainly for iaterpretation, and less for genesis.

Giuy Smith:
. Mayvbe so, but I will not agree with that. The past climgte controls the presence c¢:
absence of some horizons, but it dces not cornirol the present biclogic phezomenon. The present

biologic phenomeron is contiolled by the present climate. . The present climate rcflects what is
going on in the soil today. . :
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Question 39

When we talk about interpretations, would it be fair to say that we give more weight to

agricultural interpretations in higher taxonomic classes than we do to urban or other kinds of
uses?

Guy Smith:

Perhaps we do, but I am not convinced we should. We give attention to the foreseealle
uses of the area that we are mapping at a large scale. It is true that there are larger areas used
for agriculture than for housing. But a foresezable use requires the intensity of interpretation,
whether it is urban development, highway, airport design, w..at have you. So we weight these

interpretations according to the uses that we anticipate will be made of the soiis in that
particular area.

Aristotle said "It is as hard to unleara 2s it is to learn.” (Politics of Aristotle, translated by
B. Jowett, Oxford University Press, 1885.) ! should like to comment that for me that it is more
difficult to unlearn than to learr. One siarts with preconceived ideas, and he must bump his

head repeatedly against the hard facts in nature to realize that what he was taught is not right;
that the truth lies somewhere in another direction.

Queastion 40

On the new modified concepts that Soil Taxonomy introduced--soil temperature and
moisture. The question is, you have adequately addressed the question about whether or not sojl
temperature and moisture be considered soil properties. There remains, however, historical
perspective of the decision to wse them a3 criteria at the suborder level and great group level.
Will you discuss this?

Guy Smith:

In historical perspective, we must remember that we were stariing to build from the 1938
classification in which we had in the highest category zonal, intrazonal, and azonal soils. These
were untenable as they were expressed in that classification, and we had to find substitutes of
some sort. In a given area on the great plains, in the Appalachian mountains, the coastal plain,
everywhere in the U.S. except perhaps the Rocky Mountains and the Sierra Nevada mountains,
the temperature and the rainfall and their distribution were important ractors in contiolling the
vegetation, as well as the possibility of leaching, the probability of permafrost, and so on. The
‘temperature, the moisture, changing gradually over large distances, ied to the grasslands of :he
Great Plains, the forests of the more humid regions, and they were the closest substitutes for
the concept of zonality that we had. A goed deal of the utility of the concepts of the zonal
- soils could be maintained if soil moisture and temperature were introduced at a high categoric
level. Consequently, before I agreed. to undertake the job of developing a new system, I
‘reached agreement with Dr. Kellogz that scil moisture and temperature would be introduced as
soil properties at a high categoric level. This was decided before any work was underiaken with
the purpose-of maintaining as muck continuity with previous classifications az possible.
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Question 41

Was there any time that soil temperature and moisture had been considered to be used at
the highest level, like some Russian systems have the soils of the tundra, soils of the tropics, at
the highest level. Has this been ever considered when Seil Taxonomy was developed?

Guy Smith:

The Russian system did not consider soil moisture or temperature, they considered climate.
Now, the two are related, but imperfectiy. The temperature of the soil on a south facing slope
in the northern hemisphere or the southern hemisphere differs from that on the slope in the
opposite direction. In many instances in the literature we have examples where the south facing
slope has Inceptisols, the north facing the Spodosols, becaunse, I think, of the difference in
moisture and temperature. It is a combination, the colder the soil, with the given rainfall, the
more humid it is. I should mention that those who prefer to use climate to classify the soils
may readily get-in trouble, because the climaie is not as uniform as very small scale maps of
climate would suggest. We have rain shadows of mountains which are not reflected in the
clirmatic maps. If the pedologist mapping is not required ¢o investigate the soii moisture, the
soil temperature, he is apt to forget about it completely, so that when he finishes his map, it is
impossibie to make any interpretation whatever. This has happened many times, and while the
FAO/UNESCO legend of their soil map of the world uses soil moisture in only one place, the
substitution of climatic maps is inadequate, because the clitnatic maps are not detailed enough to
permit interpretations of specific areas, even fairly large ones.

Question 42

If you coasider moisture regime and temperature being properties that are important to
soil genesis, what was the reascn only to place that at the sccond leve! instead of the first one?
Has there been any discussion of that?

Guy Smith:

One could start with moisture and temperature at the order level, but we thought that
their effects were integrated into the formation of horizons of varying sorts, and that we could
integrate them much better by using the horizons and other diagnostic properties, at the order
level, and then bringing in temperature and moisture at the suborder 'svel, where that was
possible. or at the great group level where something else secemed more important than moisture
ard temperature.

Question 43

SRR At the b'eginning'stages' of'SoiI Taxonomy, the several approximations, was this problem
~. ... discussed quite strongly? Strong opposition came from some people, or was everybody in
R agreement at least in the United States? :
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Guy Smith:

There was very strozg opposition in the United States, and evervwhare else in the world
to using soil moisture and temperature at any categoric levei, and there are stili complaints that
we used them in different levels,

Question 44

Will you characterize the concept involved in the term "Pale” beyond the simple statement
of excessive development, given on page 89 of Soil Taxonomy? Historical prospective of the
evolution of a concept as the sysiem developed may be helpful.

Guy Smith:

The concept invoived in the term "Pale™ at the great group level was propased fairly late
in the development of Soil Taxonomy. It came about, as ! mentioned earlier (about
geomorphology studiesj, as a result of geosmorphology of the coastal plain soils in the
southeastern United States and the Aridisols and the Mollisols of the arid and the semiarid land
of the Southwestern United States. The concept that was heid when I started working in soil
science was of the lowering of the land surface on the interfluves and the replacement of this
concept by the noticn of linear retrsat ¢f the slopes was much later. It was pretty much
assumed by pedologists of Europe and Northeastern United States that ail soils were about the
same age, and that the differences were due to other kinds of soil forming factors. When we
started the geomorphology studies, we found that the soils in any of these landscapes which
were not covered by the glaciers was guite variable. Some of the soils were very early
Pleistocenc or Pliocene in age, and others were Holocene. We began to look at the differences
in these soils with such greasly varying age. Obviously, if one goes back to Plivcene or even
early Pleistocene there have been z number of differing climates under which these soils
developed.

In the southeastern States, the Ulsisols, the older surfaces whichk have been dated by Dr.
Daniels and Associaies at well gver 2 miliion years, we found that we had something very
simiiar in chemical properties to many Oxisols. They were mixtures of quartz, kaolin, and free
oxides, and they had something very similar in chemical properties to many Oxisols. When we
went on to the late Pleistocene or even early Holocene surfaces in the coastal plain, we found
soils with completely other suites of mineralogy. There were many feldspars, we had
montmorillonite and illite in place of kaolinite, although mosily they were mixtures. The
activity of the clays were much higher than in the soils of very old landscapes. So we tried to
define the Paleudults in terms of measurable properties, not in terms of age. Su¢ we put the
- limit of weatherable minerals on the siit and sand fraction, on the Paleudults, and the thickness
of the B horizon, to distinguish them from the Hapludults. Amongst the Aridisols and the
Ustolls, we found that in the Helocene soii we never had appreciable areas with petrocalcic
horizons; we never had thick argillic horizons, we had thin argillic horizens. On the older
surfaces in the Western States, we normaily had a petrecalcic horizon that had formed, which
was a barrier to movement of water and roots. ~So the Pale concept of the Aridisols, as an
_examgie, included two kinds of soil, one with a very thick argillic horizon and clay texture in
the argillic horizon, and an abrupi boundary between the argillic horizon and the overlying
horizon. We also had the old =oils that had & petrocalcic horizon at a shallow depth. If the
carbonates which were present in the parent material, or came in the dust and rain, were
adequate we get petrocalcic horizons developed in sediments that had virtually no calcium to
‘begin with. So we developed the concept of the Paleargids and the Paleorthids; in the Argids to
the presence or absence of the petrocaicic horizon, and according to the abrupt upper toundary
and clay texture of the argillic.hcrizon. This was our first opportunity to develop the Pale
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concept in the Argids and the Orthids, so at the subgroup level, we distinguished these as typic
and petrocaleic subgroups. In the glaciated parts of the U.S., these Pale great groups do not
exist. This is where soil science began--in the Soviet Unioa, in Western Europe, and in the
MNortheastern United States.

Question 45

Do vcu see any problems, like in the P:ieudults, that these Pale features may be more a
condition of the origin of the parent material being highly weathered, and not the fact that the
soil is formed and been therz a miliion years? I have found, with some of my chronological
studies, that in Nigeria at least, may be down to a mieter and a haif of these older surfaces seem
to indicate that material was not in place for a real long period of time. It was in a constant
state of deposition and transport, so that maybe the feature of the argillic herizon is not so
much a pale feature, but it could be just the weathered material itself is more the pale feature.

Guy Smith:

There is no question but that ihis is a possibility, and it was recognized at the time that
we developed Soil Taxonomy. In our southern coastal plains, the sediments coming from the
Piedmont were unweathered when they were laid down, but sediments coming from Oxisols
might arrive completed weathered, and one might get Pale great groups in relatively late
Holocene sedimerts, just enough time ta develop an argillic horizon. We hope that the limit on
weatherable minerals would separate these, but it is not necessary that they do. A soil coming
from a very small watershed may consist of completely weathered sediments. The soil coming
from a relatively large watershed wiil norinally have some areas of unweathered sediments that
are transported to mix in scme unweathsred minerals, but the small watersheds could get us into
trouble. This was not only the case in Nigeria where you experienced it but also we have run
into 1t in doctorate theses from Malaysia where we cannot identify weatherable minerals in
relatively late Holocene sediments. The solution to this has been discussed at some length at

Ghent, a proposal has been made to resalve it, but whether or not that wili be acceptable to
other people 1 do not know.

Question 46
Please describe the conczpt that the term "Rhod" is intended to imply, and the background
of the decision to recognize it at the great group level.
Guy Smith: |

, This was answered in question 28 from Dr. Leamy. I do not believe that I can elaborate
on that, but for your informatinn I can make a brief resume.

1t is primarily from the Rhodudalfs, the Rhodoxeralfs, the Rhoduduits whers we observed
the same phenomena. In most Alfisols and Ultisols that retain an A horizon, or trat even have

" been eroded into the B, the structure of the plow layer is critical to germination and growth of

seedlings. The Rhodic great groups, in ihe absence of any quantitative measures of the amount
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and form of the free iron, had to be defined on color. We know now that the Free iron and its
form are important factors in determining the pH dependent charge on the clay. Wz also knew
from pragmatic experience that these dark red soils are intensively cultivated, that the structural
problems are very easy to manage compared to the non~-Rhodic soils. We have to accumulate
moere data on the amounts of free iron to see whether the definition can be improved. Using
the color simplified identification in the field, and relates well to land use. in general, in Soil
Taxonomy, we have deemphasized color relative to all other classification. But this was one
point in which we thought the dark red color was an important mark of an important property.

Question 47

if my understanding is correct, then the Rhodic groups were made for interpretaticn niore
than for genetic reasons?

Guy Smith:

There must be a genetic factor to have the dark red colors. Normally, this is because
these soils were formed on basic or ultra basic rocks. It is a different kind of parent material.
To that extent, it illustrates the problem of zonality and intrazonality, where we have two
different zonal groups covering the same range of climate, nameiy the reddish brown lateritic
soils, and the red-yellow podzolic soil. They both were considered zonal soils, but the
difference was due to difference in parent material. This perhaps was an error in the '38
classification, but it is also a 7act that it should be impossible to have two contrasting zonal soils
that have exactly the same geographic range.

Question 48

Why was not Rhodic or similar color connotztions used in the Oxisols?
Guy Smith:

It was not used in Oxisols simply for lack of information about them. We just did not
know what was important in Oxisols. Most of our Oxisols were quite red having come from
basic rocks, 2nd we had no other experience tc g0 on. No one suggested any cnanges in the
concept of the classification of the Oxisols in the Seventh approximation. I just got no
comments.
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Questicin 49

Please comment on the background for the decision to recognize the sombric horizon as a
diagnosti> horizon, and the genstic implications of its attributes.

Guy Smith:

The sombric horizon was identified first by the Belgian pedologists working in the Belgian
Congo, now what is Zaire. It was a herizon that they found in a number of kinds of soils.
They found it in the sombric horizon in Ultisols, in Inceptiscls, in Oxisols, and they concluded
that the horizon would tend to help identifyv the soils in the cooler mountains in inter tronical
regions. We actually had very litile information about sombric horizons when Soil Taxonomy
was published. There was one siudy of an Ultisol with a sombric heorizon, which did suggest
strongly that this was not a buried Al, but was the result of translocation and accumulation of a
dark colored humus of some sort. In thin sections, in the argillic horizon, the dark colors were
restricted to the exterior coatings cn the peds, If it had been a buried Al horizon, the dark
colors should have gone through the peds rather than forming on the ped curfaces. So, this
seemed to be evidence, admittediy very weak evidence, because only one profile was eramined,
but it was a proof. The Belgians wese anxious that it be recognized. It was an additional
horizon of unknown genesis, its importance was that it was restricted to the reiatively cool and
humid inter tropical regions. For smail scale maps, it would then be useful to recognize it at a
fairly high categoric level, because the great group--suborder associations are about all one can
show on a map at 1:1,000,000 and yet cne at that scale might be interested somewhat in the
agricultural potentials, and the penetic importance was and 1 think still is virtually unknown.
There are differences of opinion vet that are quite pronounced about the sombric horizon.

Question 50

What are the differences and similarities of sembric horizon, and the spedic horizon of a
Humod?

Guy Smith:

We do not know much. We know very little. The tranzlocated organic matter in the
spodic horizon, we think, is precipitated primarily by aluminum, and to some extent by iron; I
thick aluminum may be essential, because we always find it. We just do not know much about
the organic carbon, the organic maiter that is in the sombric horizon. The spodic horizon
organic matter reacts with fluoride to produce a highly alkalize solution.

I do not know of anyon¢ who has tried the fluoride on a sombric horizon. We do not
have them in the U.5. We caunot study them and so we just simply must say this is something
we do not know. We have studied ths organic matter that has moved in the soils with natric
‘horizons. And this is not associated with aluminum,
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Question 51

We have orthic suborders, we have Haplic great groups, and Typic subgroups. Will you
characterize the concept cach of these terms imply and differences among them? Do any imply

a central concept or standards of comparison within the taxa of which they are members in the
next higher category?

Guy Smith:

None of these imply a standard of comparison within the taxa at the next higher category.
In generai, the Orthic suborders represent something about the relative extent of the soils. The
Orthods, for example, are the most common ones in our present experience. The Orthids
likewise rezpresent the most common soils in Aridisols. The Hapla formative element means
simple. The Haplic great groups have the fewest horizons required to place the s0il in that
particular order and suborder. They are not necessarily the most extensive; they can be, but
they merely represent the minimum of horizons. For example, the Hapludalfs have an ochric
epipedon and an argillic horizon and nothing else in the way of diagnostic horizons. If you find
a fragipan below that, that is an additional horizon, and is placed in the Fragiudaifs instead of
Hapludalfs because it takes the three horizons to get into that. So "Hapla" simply derived from
"simple” in Greek, and it means tha: it has the fewest diagnostic horizons. The typic subgroups
are defined in terms that permit us to show relations to other great groups in that particular
great group or in some other great group. The typic subgroups may not be the most extensive;
in several instances they are relatively inextensive, but they permit the definition of intergrade
and extragrade subgroups with the simpler nomenclature. for example, the Typic Cryacuepts do
not have permafrost, do not have a pergelic temperature because it is so much easier to
intergrade or to make an extragrade of the soils that have a pergelic temperaiure aad permafrost
than it is to find an intergrade for the omes that do not. The nomenclature beccmes very

complicated and we were striving for the simplest possible nomenclature, with the fewest
possible combinations of formative elements.

Guestion 52

The next suestion is relzted to it, ¢n the intererades and extragrades.

Guy Smith:

It was intended to be comprehensive or to be modified so that it wili be comprehensive
with a mirimum of disturbance. Obvicusly, we cannot er should not classify a soil about which

we know ncthing. We should not prejudice the classification by providing for every possible
contingency.

There are gaps in Seil Taxcromy. You cannot, for example, classify an arid soil in a
polar region. It does not meet the definition of Aridisols because the temperature never gets up
to 5 degrees, so it is not dry more than half the time that the temperature is above 5 degrees at
30 ¢m depth. That does not occur so it cannot be an Aridisol, and yet it will not fit inte any
other order, and we specifically said that we simply did not know enough about these soils %o
propose a classification. At the subgroup level, where we have a typic subgroups, the definition
specifies 2 ncmber of properiies that are required of the typic subgroup. The intergrades and
extragrades then, are soils that have some one or more aberrant properties relative to the typic,
but the cnly subgroup we define in Soil Taxonomy were those that were known to accur in the
US. We had series that fitte¢ intc a particular subgroup, we defined that subgroup and
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discussed it Uriefly in the texi. A {ew subgroups that are not known to aecur in the ULS. were
included if we had a specific request from seme other part of the world to provide such a
subgroup. There are many implied subgroups. For example, you have a soil that is like the
typic except for A. And you have another one that is like the typic except for B. If you find
a soil that is like the typic except for A and B this is an implied subgroup, but does nct mean
that you must have it. You must examine the nature of the soils that are like the typic except
for A and B, and compare them with :he other two subgroups. It is quite possible that the one
that is like the typic except for B should be defined as like the typic for B with or without A,
and unless there are some significant interpretive differences between these, we should modify

the definition of the soil that is like the typic except for B. So that we do not have three
sibgroups when two will serve onr naads.

Question 53

In the extragrades and intergzades, one example is given of moderaiely deep soils. This
comes up time and iime again that we should have built into the system the 2 to 40 inch
moderately deep secils as reflected much like we do the shallow soils. Clearly it is quite
important for agricultural interpretations, why did we not recognize 2 moderately deep soils in
the higher taxonemic levels.

Guy Simith:

We had discussions abtout this. i is specified 2s a series property. It must be separated at
the series level. The fecling was oa the part of the correlations staff that this could be handled
at the series level. We did not have to have another famiiy. If we did not need another familv,
we did not need another subgroup.

In so many of the shallew ones, the lithic contact is of such overriding importance to
interpretations that it seemed wcrthwhile to put it in a the subgroup level. It does represent not
an intergrade to another kind of soil, but an intergrade to what we would call "not soil". That is
the concept of the lithic subgrour:. The soil is truncated; it comes from the old concept in the
38 classification of lithosols. It was downgraded considerably in Soil Taxonomy, but it is
important not only to plants but 1o sngineering uses of the scils. If you ever tried to dig a
grave in a cemetery in a lithic subgroup you would find out guick!ly thai that is the wrong place
to put a cemetery.

Question 54
What about the second example, Guy? May be you could make some comments the way
that you understand the problez:? :
Guy Smith:
As the question is worded, it seems that it would be impossible to have an uitic subgroup

of a5 oxic great group if tha soii did not meet the requirements of the order of Oxisols. If I
- revefse that, one could have an QOxic subgroup of an Ultisols, which is something that we did
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have. This was based on clay activity. The International Committee on the Classification of
Alfisols and Ultisols with Low Activity Clays has been discussing the possibility of ultic
subgroups of Oxisols which meet the requiremants of Oxisols. The most important guidelines
which should govern the proposals for new subgroups would be the interpretaiion that we are
making at the family level. If thev are all thie same, then it is better not tc establish zn implied
subgroup but rather to modify the definition of the subgreup which is so similar.

Question 55

Permafrost is treated as an extregrade property in Soil Taxonomy. Some of these soils,
particulariy among those which are wet in the summer, exhibit the effects of cryoturbation to
an extent that the mixing is analogous t0 thai which controls the character of Vertisols. Sorme
workers in the arctic contend that these soils merit recognition at the order level, that
cryoturbation is the dominant process. Wiil you comment on that suggestion?

Guy Sumith

In the first place, these men are working 'n the arctic regior, but they are not making
very many large scale soil surveys in the arctic region. It should serve no purpose to make large
scale surveys in areas of the sort described here. We discussed the possibility of broadening the
definition of Vertisols to include those where the churring was due to frost as well as due to
shrinking and swelling. Nobody on the staff seemed willing to accep: this as a valid
classification; they felt that the ruptic subgroups wouid permit ample recognition of the affects
of cryoturbation. The principle progponesnts of this sort of thing generally are geologists rather
than pedologists. ‘

You have to have stones in order to see the effects of cryoturbation--the stone stripes and
stone polygons and so on. On the other hand, vou can have cryoturbation in uniform textured
materials, in that you have two possibilities. You may have z histic epipedon, or even a peat
which may be either at the borders of the polygons or in raised centers. It can go both ways in
the absence of stones.

Dusstion 56

Inciusion of Andepts iz the Inceptiscl crder required enumeration of a number of their
definitive properties in the definition of the Inceptisol order and enlarged the range of that
order substantially. It is not surprising, therefore, that a new order of Andisols h2s Laen
proposed. it could be helpful if you would {a) describe the basis for the docision to include
these soils in the Inceptisol order, and (&) discuss the rationaie for including soiis of the
Vitrandept great group in the And2pi suborder, then finally discuss the rationale for re:ognizing
.. an Andisol crder. L '

. Guy S'"ufiith:; s |
" _The decision to "ix‘x'cllnde the soils with large amounts of x-ray amorphous materials in the
- Inceptisols, if there were no particular diagnostic horizons other than a cambic horizon, was the
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subject of discussion. It was discuszed as a possible eleventh order at the time that the orders
were being attempted. The concept of the Inceptisols at that time was pretty much the concept
of rather weakly wreathered soils. We did not fully realize that we could get rather strongly
weathered soiis in that order, if we had the proper moisture regime and temperature. It was
more or less a wastebasket order for the soils that did not fit any of the other nine orders and
when we examined what was in that order the Andepts stood out as a rather unique group and
the staff thought generally that it would be adequate to have a subcrder for these soils. The
Vitrandepts were inciudad with the other Andepts partly because of the geographic association.
For small scale maps, one is apt to gat rather coarse textured pyroclastic materials ciose to the
volcano, getting finer and finer with distance. They are largely of glass; what fine earth there
is, in the way of weathered products, is going to be similar to that formed in the volcanic ash
rather than the coarser pumice. They have, therefore, @ number of properies in cerainon with
the other Andepts: relatively high phosphate fixation; relatively good moisture holding
capacities; if climate is perhumid, irreversible changes on drying of samples. I would still favor
including the Vitrandepts with the other ..ndepts, if I had it to do over again. However, the
proposal I made for establishment of 2 new order of soils was based on my experience with
them in the West Indies and in New Zealand. The soil series of the various islands of the West
Indies could he ciassified by the cefinitions in Soil Taxonomy, but haviang classified them by
the definitions, there was nothing you could say about them except that they had these
diagnostic properties. They had very little else in common. The use of color in defining the
varions great groups was greatly cveremphasized. We called for dark colors on some of these
soils, and we found them in the island of St. Vincent, black soils, but the black color was from
the cinders, not from organic matter and they just barely qualified for Inceptisols. Some of
them did not; some of them had io be classified as Entisols--Psamments. But others had just
enough B horizon, just enough organic matter, to quaiify as Umbrandepts, although the black
color was entirely due to the coior of the cinders. The classification did not distinguish
according to the soil climate, 50 that one could have for small scale maps a variety of climates
from polar to equitorial. Only at the family level could one distinguish the differences. When I
finished classifying the soils of the West Indies, 1 realized that it was impossible to make any
interpretations at the family levei. ! ccuid find there no relation whatever between the value of
the surface horizon, the chroma of the surface horizon, and the content of the organic matter.
It just did not exist. There is, it has been pointed out, apparently some colorless organic matter
in inter tropical soils, and while they are realizing the imperfections of the classification of this
suborder. 1 thought that New Zealand would be a good place to work on this preblem. I had
no language problem there and they had a great deal of data on the properties of their soils, and
a great deal of experience with their use. I went to Wew Zealand with one purpose: to try to
devise @ more rational classificaiica of these soils from volcanic ash and cinders and pumice,
While there, the horticulturalists on the north island wanted to explore the regions where
horticulture could be extended in New Zoaland, and this is where most of the Andepts, ali of
the Andepts in New Zealand, are found. They brought me the series with analytica! datz and
asked which ones of these would be good for horticulture. It was impossible to answer that
question without a great deal of informaiion that was not in the family name. We had the
families, but we could not interpret them. That was the purpose of that category, to be able to
make interpretations, and it was this complete inability to make interpretations for the families
cf the Andepts that led to the proposal fur an order subdivision (an order category), an eleventh
order in which we could bring in the scil climate, much as we did Alfisols and Ultisols and so
on. The msisture holding capacity varied enormously bstween the skeletal classes, sandy
skeletai, loamy skeletal, in which the rock f{ragments were pumice, and the skeletal families in
which the rock fragments are limestone or granite or someihing else. Very sandy skeletal
pumiceous soils in New Zealand will held, in an avzilable form, more than | year’s rainfall for
the growth of the Radiata pine. Any other skeletal soi! will have 1/10 or 1 /20 of the moisture-
hoiding capacity of the pumiceous :0ils. So we had tc have a new grouping of particle-size
classes for the soils frem pyroclastic materials. There is a difference between pumice and

~ cinders in terms of their moisture-heiding capacities. The cindery soils are very much lower.

We needed a new set of particle-size classes for the soils from pyroclastic materials. We needed
to be able to bring in the soil climate in such & way that we could make some interpretaticns
whea ‘we¢ got down to the fanily ievel.
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Question 57

Many soils disturbed or made by man were once treated as miscellaneous land types or
were unclassified as soil. The ides that their heterogeneity merits recognition as a unique group
or groups has persisted, if not outside Soil Taxonomy, at least a separate taxa at a high
categorical level. One questioner, for example, asks whether a great group listing as Udortaent
is needed for mine spoils in the humid regions. Ancther possitly referring to Arrent suggests
that Soil Taxonomy provides little guidance for classification of soils greatly disturbed by man.
Will you discuss the guiding principles that should govern the placement of such soils in Soil
Taxonomy? It may also be useful to remind raaders of the devices available to segregate those
manmade or disturbed soils whese attributes give them unique potential for use from other soijs
with which they are grouped at a high categorical level.

Guy Smith:

Once we had succeeded in defining soil, it became obvious that these disturbed things
were soil, and that if we were going to have a system that could be zoplied potentiallv to the
soils of the world some place had to be made for them. This was covered in some detail in the
discussions in Washington that you have not hed 2 chance to see transcribed as yet. My
experience with the Arrents at the time we wrote Soil Taxonomyv was restricted to some of the
disturbed soils of Europe in which the disturbance was the resuit of deep spading, so that we
had fragments of spodic horizon {if you picase) that could be identified fragments the size that
would fit or the shovel with which the soil was turned. It seemed logical that in this country
the soils that had been badly gullied with, in the loess in the Southern States, for example,
where on the narrow ridges we had Udalfs, Hapludsaifs, and in between we had Orthents. When
these were reclaimed, leveled with bulldozers, and so on, we would be abie to find these same
fragments of argillic horizons in the smooth shaped land tkat was left by the bulldozers. But we
had really no observations of what was present in these aieas. I czn hardly lay down any rules
in the absence of some studies ss to the kind and variabilities that are found in these. On what
scale does the variability occur? Do you get these fragments within each pedon or not as the
sampling is described, it would be necessary to have at least one identifiable fragment in each
pedon or xnu would then have a complex of Arrents and Orthents or something of thzat sort that
would require two series. It would be pessible to continue to identify these as miscellaneous
land types. It is really more informative t¢ users of the soil survey to identify an area as a
burrcw pit than to identify it as an Arrent. So that in the naming of the map units there is no
harm in naming these according to whether it is a burrow pit or a fill, or what it may be. In
the classification, which is technical, which we do not actually use much with the users of the
soil surveys, we can simply identify thess to them as unit BP, for pit, and in our legend,
taxonemic classification, BP appears instead of a series and is identified taxonomically.
Admittediy, the technical nomenciature is not intended for use by users of soil surveys. They
should go from the legend of the mzp, the symbol that they find in the area that concerns them
to if¢ important interpretations that they are concerned with. They can completely bypass the
‘technical nomenclziure, but thizs nomenclature is intended for use by the people who makc the
soit surveys, rather than by the people who are interested ia finding out what their land can be
used for. Until we hgve some more siudies of this problem in the U.S., I certainly have no
valid suggestions. These problems occur, for example, in the areas which are subject to fill by
dredges, in which the dredge pumps the sand and the silt out and spreads it over an area that
they waat to raise above the water table. These are stratified just like the Fluvents, but they
are not subject to flooding like the Fiuvents. I do not think they would belong with them.
But as the present definition is written, that is where they come out.
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Question 58

. How would you consider the terrace soils? Large areas of the Middle Fast have terrace
soils or paddy soils in Southeast Asia. How do these fit into this?

Guy Smith:

Those are greatly disturbed by man. I have not found many descriptions of the terraced
paddy soils. I can visualize what must be there, but while writing Taxoromy 1 could only lay
my hands on one description of such a soil. I have seen them myself in China, but I have p~t
had a chance to look at the soi!, just the landscape. I stated specifically that no provision was
made for these soils, and it is in the introduction, I believe, or the pioface. It is pointed out
that nc provision is made for the naturally weli drained paddy soils.

If the soil is naturally wet, I do not think there has been much disturbance, but if it is on
a slope, in order to build the terrace, the soil has to be movecd from the upslope to the
downslope position, so thar at the terrace edge, you are going tc have a much deeper soil than
you are at the base of the terrace next o the next higher terrace. And until we have some
studies on descriptions of these, I do not see any good way to make definitions. 1 envisage,
since these are flooded, that we will have gleyiag at the surface that will disappear with depth.
That { wouid predict, and the only profile descriptions that I had was of such a situation, but I
do not know how to write definitions un the basis of one description.

Question 59

The areas with strip mines are becoming very large in the U.S., clearly in Pennsylvania,
Ohiio, West Virginia, and t0 a lesser extent the Midwest and V/est. We do have a lot of
documentation, descriptions, and datz on those. I think it is relevant to address the question
whether we need 4 new suborder or great group such as "Spolents”, whether or not they should
be defired by series criteria. A number of different States are submitting preposals both on a
series basis and as a great group or fumily classification. Do you have any feelings on how this
should be handied?

Guy Swith:

I again, am quite ignorant on a good deal of this. I have seen a few strip mine areas in

southern Illinois. We do know that un t&s natural Orthents, that there is some sort of order to
- the occurrence of the stones of various sizes, and so on. They are not present at random with a
chunk of limestcae next to a chun’ of sandstore, and 2 chunk of shale. There is an order to
the natural soil that is missing in thess strip mines. This I can only say is a suggestion to
someone W9 wants 12 propose soraethiing different--~that ke probably will have to base it on the
absence of wny order between the coarse fragments.
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Guestion 60

Often in strip mine spoils we do find there is an order because coal is usually a particular
seam if stripped. There are usually certain beds, whether it be limestone or zhales or some
particular beds above it, and the strip mining process often deals with the same procedure to
extract it, and very often we kavs large areas with calcareous shales on the surface, or other
areas where there was a sandstone band which comes out in large stones. There are certain
pH’s, certain slopes. There is, surprisinsly, a high degree of repetitive rarface materials on
strip mine spoils in certain areas, depending on the mining techniques. Accually, they do repeat
themselves, and you can define certain physical properties in each map ait. -

Cluastion 61

The basis of umits defines seil criteria and taxa. The first point is the historical
perspective of the evolution of criteria and the limits. The question is, will you discuss in detail
to illustrate how the limits of taxa and the definitions of criteria were established, includine th=
successive a2pproximations, the testing, and the field and laboratory investigaticns :nvolved.
Perhaps, an example such as how the limits, defined for the mollic epipedon, evolver; would be
helpful. ’

Guy Smith;

When we began the developient of Soil Taxonomy in 1950, there was no body of
laboratory data about the soils of the United Siates that was available generally to any interested
pedologist. The filing drawers in the agricultural experiment station were full of unpublished
data that nobody could find. We just did not know much about the base saturation, for
example, of the soils of the United States. There were different methods for deterinining base
saturation that could not readily be compared. A sum of bases, using triethanol-amine, was
almost never the samz as the base saturation by ammonium acetate at pH 7. We did not know
why they differed at that moment. The concept of pH dependent charge did not really become
generally accepted until some years after we started our worlk.

Base saturation by the sum of bases seeined to give reproducible figures for noncalcareous
soils, but in many parts of the Great Plains, the soils were calcareous and the exchange capacity
by that method was obviously unsztisfactory. We used then, in the soil survey laboratories, the
sum of bases for the noncalcareous soils which were generally in the more humid parts of ihe
country. We used the ammoniun acetate method for the Great Plains which had many
calcareous sniis. We had troubles i making comparisons between the two methods. The
numbers of data were quite limited in published form. Our data in the !zboratories suggested
that in Mollisols the base saturaticn by ammonium acetate never dropped below 50 percent, In
tiie humid regions, the base saturation by zither method was frequently well below 50 percent,
‘but if the soil had received applications of limestone, the base saturation in the epipedon was
readily changed. We proposed 5C percent by ammonium acetate as a limit for the mollic

- epipedon with th¢ idea that the people in the agricultural experiment stations would go through
their unpublished datz and criticize that iimit. No criticism was ever received from any of
them. This is true for most of the limits that you will find in Seil Taxonomy. The proposals
that were not criticized were cerried over from one approximation to another, and finally

- _became more or less entrenched in Sa:! Taxonomy. What the reasons were that ihere wer. no

criticisms, I do not know. It mzy be that the initial proposals, based on very fragmentary data,
-were reasonable. It may be that there ‘was simply a lack of interest in the agricultural
‘experiment stations in going through their filing cabinets and dizging out their unpublished
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data. I can recall that I once, in preparing a paper for Advances in Agronomy, mentioned that
we had the percentages of carlon, but we did not have any bulk densities and we could not
calculate the amount of « zanic carbon in the soil per unit volume. The percentage values are
really inadequate in accessing the organic cycles in soil, because if you have a lot of coarse
fragments, you t -~ to increase the percentage of organic matter in the fine earth, but not in a
ziven volume of soi.. After the ariicle was published, I was told by cne of the workers in the
experiment station where we got the data that they had the buik densities but they had not
published them. The people who were at that moment at the experiment station did not know
that these data existed. Two of the joint authors on that paper were located at that experiment
station. These data get lost in files very readily and this led te $CS policy that all the data
would be published if they covered a more or less complete characterization of a pedon. I
worked for many years at the experiment station in Illinois and there we had pages and pages of
data and analyses, all unpublished. I spent the better part of two winters assembling those data
for publication vefore World War II. The assemblage was completed, but I have never seen any
published data yet from the illincis Experiment Station. They are completely lost in the files.
So the 50 percent limit for base saturation for the mollic epipedon represented a preliminary
judgment as to how low that base saturation might go in the soils that we wanted to classify as
Mollisols. No criticism of that limit was received to the best of my recollection. It was an
initial approximation based on limited data, and it has come right down to us in Soil Taxonomy.
As a general rule, most of the limits about which questions have been asked had the same
history. There are a few exceptions, and they come to light iz some of Dr. Cline's later
questions. :

Question 52

What was the basis for using textural class limits of the fine-zarth fraction in the family
particle-size classes different frora those of the conventional textural requirements? You might
wish to mention the common misuse of the term "family texture.”

Guy Smith:

Texture refers to the particle-size distribution of the textural triangle published in the

1952 Soil Survey Manual. Because we felt we needed somewhat different classes of particle-size

distribution, for interpretaticas, we have had to invent a substitute term for texture, and so we

simply use I think a correct technical term, “particle-size distribution,” dropping out the word

"distribution” for simplification. The wvarious soil surveys of the world have used various

groupings of particle-size distribution. The Dutch have c¢ne, the Belgians have another, the

‘French have one, and they are not thz same as that of the USDA. The principle difficulty with
the textural triangle was for engineering interpretations. The range in clay content of a silt

loam was from O to 27 percent clay. For engineering interpretations, this grouped quite unlike

“soil textures. The limit of 18 percent clay between coarse and fine silty and coarse and fine
loamy was made to relate our soils te the engineering classifications of seils. Somewhere in the

neighborhood of 18 percent clay there is a change from non plastic to plastic and this is

~considered by the engineers to be a very important distinction. We tock all of the soils for
‘which we had data on the Atterburgh iimits, and mechanical analyses, and we ran a correlation
between the clay content and the limit between plastic and non plastic. It seemed that the limit

was somewhere in the neighborhood of 18 percent clay. It is not exact, for some soils with as

~ much as 20 percent clay ‘vould come cut as npoa plastic and some with as little as 16 percent

" clay would come out as piastic but the 18 percent limit seemed to be scmewhere in the right
. neighborhood. . We compared the mechanical analyses with the descriptions of the field men,
- and we observed consistently that if they had 20 percent or more clay, if the soil deformed in a

- plastic manner, they described it as a silty clay loam, aithough by the laboratory metheds it was
~a'silt loam. We were trying to preserve the series without sericus disruption, and wheu we




Ccrnell Interview

noticed the discrepancy between the texture described in the field and that measured in the
laboratory, it was obvious that most of our field men were describing texture by the plasticity,
not by the estimate of the clay content, so that putting the limit somewhere around 18 percent
merely brought the series concep: into line with the laboratory measurements. Soils that had a
silt loam texture, but exhibited plasticity, were normally described as siity clay leams or clay
loams, although the laboratory could not find the clay, the Atterburgh limits did indicate the
plasticity of the soil. The other textwrz! triangles in the world, generally, had a limit
somewhere in the neighborhood of 18 percent. Some were 20, but they were mostly close to
that, and for the engineering interpretations, then we needed to introduce a limit between the
plastic and non plastic soils and, therefore, we had to modify our textural triangie. The textural
triangle of the Soil Survey Manual, ¥ siould say, for some inexplicable reascn to me, considered
that a boulder was not part of the soii, so the very stony soils with coarse stones boulder-size
were described in terms of the particle-size distribution of the fine earth fraction, and of the
gravel and the stones that were not large but the boulders wer2 disregarded. This sesmed
unreasonable from the point of view of ihe plant, which has to deal =with these bouiders in its
rooiing system. So we had to begin to recognize the distinction between a soil that was 75
percent coarse fragments versus cne that had none 2nd this again required = modification of the
concept of soil texture because the plants are concerned with these coarse fragments which do
not retain water. We had no way to dea! with the soiis that were entirely or almost entirely
coarse fragments. The skeletal class inciuded those with fine earth, but we had in the perhumid
climate of Hawaii, for example, 2-a lava, in which there was no fine earth fraction. But
because it rained nearly every day we had beautiful forests growing on this fragmental material,
and so modifications of the textural iriangle were essential to deal with the diversity that we
actually found in nature.

Quastion 63

Why, in lithic soils, did the family criteria go from 11 groups down to 9 groups? What
was the reasoning behind that for particie~size class?

Guy Smith:

Where the clays were primarily ksolin and oxides, it sesemed to the correlation staff that
there was nothing to be gained by making distinctions betweer. very fine and fine particles size.
Where the clays were 2:1 lattice structure, it seemed rather important to make a disiinction
between a seil that had 75 percent clay versus one that had 40 perceat clay. With 2:1 clays, the
permeability is considerably influsaced by the percentage of clay. Where the clays are mostly
oxides there seemed to be no such relation, and the correlation staff in the Southiern States in
particular felt that they did not want to distinguish between 70 percent clay and 40 percent
ciay, that it added nothing to the interpretive velue of the groupings at the family level to make
this distinction. Now, there are differences in viewpoints. Thase who have worked in the iuter
tropical regions have suggested t¢ me since publication of Soil T'axonomy that such a distinction
might be useful in Oxiscls. This is 2 problem for the International Committee for Classification
of Oxisols to review. : o
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{Juestion 64

You have not mentioned anything about the difference in the mineral composition of the
clays, for example, going from the silicate clay minerals to the amorphous material and its
effect on plasticity, and how it came out in terms of the percentage of clay.

Guy Smith:

We had no method that seemed valid for the measurement of the particle-size distribution
in soils with x-ray amorphous clays. There has been a method proposed to disperse thesa; I
think it is with lithium. (I will try to add the reference here.) We have no data by such a
method.  We cannot use the moisture &t 15-bar tension as an estimate of the ciay with
amorphous clays, because the 15-bir water content may exceed 200 percent on soils with these
clays, and you cannot have more than 100 percent clay. So with these, we had no valid
laboratory methods. We had these soils segregated into the suborder of Andepts and the order
of Spodosols. Curiously, many of the finer textured soils with x-ray amorpkous clays have the
engineering properties that the liquid limit is reached before the plastic limit is reached, and
they come out as non plastic in the Atterburgh system. Traditionally, all soils have been air
dried and screened before laboratory analyses are made, and when, because of irreversible
changes on air drying, most laboratory analyses of soils with Xx-ray amorphous clays have
relatively little validity. The mcisiure retention, the particle-size distribution, the cation
exchange, ihe plasticity are changed irreversibly on drying such soils.

Question 65

Why must the base of a horizon extend below a depth of 25 cm to qualify as cambic?
Specifically, why a shallower cambic hevizon should aot be recognized in arid regions, where
horizonz are commonly thin and skallow, especially since shallow natric horizons are recognized.

Guy Smith:

The natric horizou is much easier to icentify in the field than the cambic horizon. The
latter is not easily defined, and some limit must be specified, or we will have cambic horizons
in every soil that we find anywhere in the world, provided by definition, of course. It may not
be transiticzal to an argillic horizon or 2 natric horizon. In the arid regions, the cambic horizon
would be identified as such if we had no thickness limit. There would be no Aridisols of any
sigaificance in any arid climate. Everybody would be able to find a horizon of 1 ¢cm or more
thickness somewhere between the sarface of the soil and the underlying material. Thz 25 cm
limit was. propesed, therefore, to insure that the cambic horizon would be thick enough that
different people would agree on it. if the carbouates arcumulated at a depth of less than 25
em, then there would be no cambic horizon in the soil.  We did the same, not just for the soils
of arid regions, but also for soils of humid regions, provided that the temperature was not
extremely ccid, that the likelihood of any potentiai cuitivition was virtually nil. Admittedly,
there are many soils in arid regions that wiil not be irrigated and cultivated. There Just is not
enough water to go around the world’s arid regions. WNevertheless, we did not want to change
- the classifization of these soils if they wers irrigated. We wanted o keep, as we did throughout
the system, tke cultivated acid the uadisturbed soils together in the classification. - The limit of
25 cmwas proposed because that is the normal depth to which the soil is disturbed under
cultivation. Admittedly, in some arid ‘spils or. semiarid soils, the reclamation pracess of
remaving  the sodium invuived deep plowing to bring gypsum to the surface. That is the
- cheapest way to eliminate the sodiugs. Thie shailow natric horizon in these sojls is obliterated by
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this reclamation process, but it seemed that when the soil was so seriously disturbed by

reclamation that we could justify changing the ciassification of the disturbed and the
undisturbed soils.

Question 66

Why were cation exchange nrocedures for limits within the Andept suborder not modified
taking into account the pH-cependent charge of these soils [he questioner notes that the

methods used may bias the resuits of base saturation determined by the ammonium acetate
method.

Guy Smith:

It surely does bias the resultz. It is very difficalt to get a high base saturation in such
soils unless the pH of the soil is naturally somewhere in the neighborhood of 7. However, you
must keep in mind the following facts: at the time that we developed Soil T axonomy, there
were virtually nc data of any sort on the catics exchange capacity of thc Andepts in the United
States. W~ speak of the pH-depcndent charge, which one can estimate perhaps by the
difference between the retention of baser at the yH of soils in the field versus the retention of
bases at pH 7. Such measureraents were simply not available at the time that we began the
development, or even reached well toward the development of Soil Taxonomy. Now that we
have some data, not as much as we would like, still we have some t(hat compares the retention
of pH 7. We realize that the base saturation should not be used as a differentiae in these soils

with x-ray amorphous clays. So we have an international committee reexamining the
classification of such soils.

| Question 67

- Why doss the oxidic minersiogy ¢lass require less than 90 p- “cent quartz? See the table on
page 387 of Soil Taxoncmy. The Guestioner was referring specifically to Oxisols, Ultisols, and
Alfisols derived from basic ignecus rock.

r Guy Smith:

I cannot understand this question. Tke soil derived from basic igneous rock is not going
to have 90 percent quartz. Sech a scil cannct exist, and there is no way that I can answer suc
a question. I think it will drop out of the publication. Ninety percent quariz from a basic
igneous rock! . ‘

le
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Guestion 68

Why have the carbonates been excluded from weatherable mingyals?
The question referred specifically tc soil of arid regions.
Guy Smith:

It is not at all uncommon that we have a soil that had undergone repeated humid and dry
cycles in arid regions, going back to Pliocene or early Pleistocene time. We have soils in which
we have a well developed argillic horizon, that were noncalcareous at one time. If we examined
the soil carefully, the carbonates are on the ped surfaces and not in the ped interior. These are
soils that have been recalcified, presussably from blowing of calcareous dust or from calcium
that is brought in by the rain. 1In thinking about the weatherability of the carbonates as a factor
indicating prior weathering, because the carbonates could be a very recent addition. Therefore,
we excluded the carbonates from the weatherable minerals of the arid soils in particular. We do
not find them in humid regions, we excluded them specifically from weatherable minerals so
that we could take into account what had happened in some previous weathering cycle.

Question 69

What was the basis for the 3 percent, 1.2 ratio, and 8 percent, increase in clay content
required beiween an overlying eluvial and an underlying argillic horizon at less thaa 15, 15 to
40 percent, and more than 40 percent clay in the illuvial horizon.

Guy Smith:

The basis here was the ability of the field man to estimate the percentage clay. We
wanted to set the limits at a point at whick we could get reasonable agreement among the field
men as to the change in the clay content. If the soil is very sandy, one could have 100 percent
increase in clay, going from 1 to 2 perceat clay, but vou cannot estimate it in the field with
that precision. There had to be some minnimum lisiit for the soils with very sandy textures, and
we thought perhaps the change with 2 percent clay might be enough that most field men could
agree upon it. Similarly, at the upper Lmit, when you have 60 percent clay, what is the
minimum change that is disccraible in the ficld? We thought that probably most field men
could tell the difference betweer: 60 to 68 percent clay. In between, we use the 1.2 ratio
because it should be discernible. If you have 20 percent clay, a change of 4 percent clay might
generally be discernible to the fingess. Thiriy percent clay is a 6 percent increase; these limits
were set by what we thonght tizld men could estimate.

Question 70

~ What were the bases for the 18, 35, and 60 percent clay; 15 percent f ine and coarse sands;
and 35 percent by volume rock fragments, limits of the family particle-size classes?
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Guy Smith:

We have already discussed thz 18 percent limit for clay in the family particle size class
under Question 62. The 35 percent limit on clay again was set by the comparison of the soil
texture, and the Atterburgh limit. There seems to be a significant break z: about that limit.
Even though one stratified the samples by orders, the important change in the Atterburgh limits
was in the neighborhood of 35 percent clay. The same study indicated that there was another
important break in Atterburgh iimits somswhere in the neighborhood of 60 percent clay.
Again, without regard to the nature of the clay, whether I to 1 or 2:1 clay; theamorphous clays,

of course, do not fit into this system readily because we still have no way to determine how
much of the soil is of clay size.

(uestion 71

These limits in the family textural triangle have not been defined, but there are places in
Soil Taxonomy where other numhers are used. For example, in the oxic horizen, at least for
the moment, we use |5 percent clay as 2 minimum amount of clay. Would you consider that

when we change parts of Soil Taxsnomy i0 change those numbers so that they fit the tamily
criteria we have now?

Guy Smith:

I have proposed the complete removal in the clay limit in the definition of the oxic
horizon.

(My cuestion is, so that w2 can standardize these numbers throughout the Taxonomy )

Without the limit of 15 percent ziay in the oxic horizon, the famnilies would be
standardized at 18 percent.

There are not reany other places. Tt 't was a serious mistake, based on the assumption
that there woaid be no silt in such a scil. ° . unhzppily the evidence that we hzve accumulated
now is that there niay be an apyreciable amount of silt, quartz siit. 1t may be an astifact of the
mechanical analysis. It may be thit the dispersion process produces the silt, but it is measured
in the laboratory.

Question 72

What were the bases for (1) the 35 persent base saturation between Alfisols and Ultisols,
and (2) the 50 percent base saturatior. requirement to qualify as Moilisols having argillic or
cambic horizons?

_ Guy Smith:
The first question, on the 35 percent base saturation limit, reflected a desire to retain
some of the zonality that we found between the red-yellow podzoiic soils of the Southern U.S,,

- 88 -



Cornell Interview

and the grey-brown podzolic soils of the glaciated regions in the northern part of the United
States. The examination of the data indicatad generally that the base saturation in the red-
yellow podzolic soils decreased with depth below the B horizon, or ever within the B, whereas
in the Alfisols, the base saturation incrcased. The Ultiscls in general were conceived of as soils
in which the reserve of bases was maintained by recycling by plants. In the Alfisols, the
reserve of bases was maintzined not only by recyciing of the bases ¢ plants, but by weathering
of primary minerals. We felt ihat the Ultisols were soils that could not be brought into
permanent cultivation withcut the use of soil amendments, whereas ‘we have plenty of examgles
of permanent cultivation of Alfisois, without zmendments in Western Eurcre and in the
northern parts of the United States. We hzd to find some basis, then to distinguish between the
soils that could be used only for shifting cultivation without amendments, and the soils that
could suppor: a permanent agriculture, and examination of the data suggested that the 35
percent limit by the sum of bases mi¢thod might make such a separation. Soils that had been
considered as red-yellow podzolic soils with large amounts of free oxides had enough varied
pH-dependert charge that the sum of bases method showed base saturction below 35 percent,
but ammonium acetate showed bas: saturation in excess of 50 percent. To keep the soils
together that had been considered red-vellow podzolic soils, therefore, we chose sum of bases,
not knowing that the free oxides coatriduted so much to the low base saturation when we usad
sum of bases. We simply examined the groupings that we got by using the two methods, and
we had only a few data by ammonium acetate on the red-yellow podzolic soils. We have (in the
second part of the question) zeils that originally had low base saturation in an umbric epipedon
and in an underlying cambic or argiliic horizon. If such soils are limed, of course, the epipedon
can readily become a mollic epipedor, bui the base saturaiion of ihe underlying horizens is not
so readily changed. It would require probably some hundreds of years to bring up the base
saturation to 50 percent. We have such soils in the southern part of the Grest Plains area;
mostly soils that have undergore one or mwosc interglacial pluvial pericds. The base saturation
of the argillic horizon is low, bu: there has been enough dust and enough liming that the
epipedon has become mollic. The problem then was whether the people who knew these soils

felt that they should be classified as Alfisols or Ultisols. Their preference was to have them as
Ultisols. That is the way it was done.

Question 73

Why did you choose a percentage on the Ultisuis/Alfisol break, instead of dealing with the
magnitude of the bases. For example, if you have a soil that has a very low CEC by some
method, and you have just a feiw bases left, but in magnitude very small, ofien i* is encugh to
throw you over the 35 percent brezk. And yet from the point of view of roet growth and
recycling the bases it is such a small amouni of bases anyway that maybe it would better be
classified as an Ultisol.

Guy Smith:

‘This was discussed. We had no basis to propose limits on the total extractable bases that
seemed to make a distinction of the sort we wanted. We wanted to more or less keep the gray-
brown podzolic soils as we had conceived them in the 1938 classification. These can be very
sandy, and have fewer bases than a ciayey red-vellow podzolic soil. There was a question and
there still is as to which is the mast important--the base saturation or the total bases. 1 do not
know myself of any research that wouid establish that total bases are more important than base
saturation. In general, I would questinp that at the moment, because with layer-lattice clays if
the base saturation becomes extremely low, the aluminum comes in and you have not only a low
base satu:ation but a kigh alumirnm saturation. What litile work ! have seen would suggest that
tue aluminum toxicity may be more importint than the total amount of bases that are present,
at least j0 planis that are not alumninum <ollectors.
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Question 74

In West Virginia, Pennsylvania, and Ohio (the southeastern part) we havz a lot of soils that
have lithic contacts, clearly within 40 inches, and sometimes within 20, that result in very acid
root zones, just above the lithiz contact, and the base saturation is quite low in these zases. So
as a result, we have Ultisols running up through those three States almos: into New York. Was
that the intent? Obviously, that is what happened, but does tha: concern you, thzi we ran
Ultisols this far north up the Allegheny plateau?

Guy Smith:

We had no information on such soils, and when we wrote Soil Taxoi.omy we did not know
of their existence. If you have datz now, it is new data, ard 1 should point out, we said
specificaily in Soi! Taxonomy that the groupings that result from these limits must be
continually tested against the functioning of the soils. How do they behave: like Alfisols or
like Ultisols? If they behave like Aifisols, then ysu have to make some changes in the
definitions. As we accumulaze new knowledge, we must continually examine these efinitions. -

(You did not anticipate all the soils to get that far north, did you?)

i anticipated the Ultisols running intoc New Jersey on the coastal piain, but I did not really
expect them in the valleys. I was afraid that some might =xist in New England. ‘e had no
data on base saturation. None. Not one anaiysis that was published that we could find. So I
put a temperature limit on the Ultisols so you wauld not have to worry about it.

Question 75

It iocoks to me that the puspose of base saturation, the use of base saturation dats is more
nearly direcied towards recognizing different soil groups, and the significance of these limits do
not seem to be evident too clesriy in crop growth (mayv be) an:d certainly not in plaa:
composition. At least I canaot sz¢ any. | think it is a useful tool for classifying scils, but not
for undersianding plant growth and plant uptake. Base saturation only seems to be useful only
as an estimate of tha rescrve that the soil has of that purticuiar element.

Guy Smith:

It is intended as a sort of index of the reserve and how it got there. Cycling by plants
versus weathering of primary minerals. I we had defined the difference between Alfisols and
Ultisols as being, whether or nat the soils could be cuitivated permanently without amendment,
we would have then an ezormous clement of subjectivity in the classification of a given soil. It
would all depend on whether or not *he man thought this could be cultivated indefinitely
without amendments, and opinions are going to vary enormously on that point. You cannot
write a definition of that sort.
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Question 76

I think "he other concern which I see in this particuiar question, and which has been
voiced by many other people is the reason why 35 percent hase saturation by sum of cations
was used for Alfisols/Ultisols, while 2 50 percent base saturation by ammonium zcetate CEC
was used for Mollisols and Inceptiscis.

Guy Smith:

L —

I have not yet come to the second part of this question. We had pro data oi the Mollisols
on base saturation by the sum of cations because in calcarecus soils it is impossible or was
impossible to determine the base saturation. /e could assume the calcareous soil was saturated,
but we cannot assume what the exchange capacity really is. This was the only method by which
we had any dara, and so we had to definz the method b, the availability of the data. In most
soils with a low pH-dependent charge, the 50 percent base saturation is equivalent to 35 perceant
by sum cf cations, but if there is a high pH-dependent charge, this relationship breaks down.

Question 77

1 did wonder about the reason behirid the 60 perceni base saturation for separating
Dystrachrepts and Eutrochrepts.

Guy Smith:

If we were going to make a distinction, we had to get a limit somewkhere. The
Dystrochrepts may have only 5 percent base saturation, the Eutrochrepts may have up to 100
percent. Somewhere along the line, there has to be a distinction, a limit. We have been using
the 50 percent for the distinction vetween higiy base status and low base status in other parts of
the Taxonomy, so it seemed logical !z extend it there. The definitions were firmed only by
testing what soils were grouped snd how these =0ils that were grouped behaved in the field. In
the Northeastern States we had a lot of soils where the base saturation was just 45 percent or 55
percent. The 50 percent was the mcst common figure that we got, and we did not want to split
these soils all over the landscape, so we iigured that if we raised the limit to 60 percens from S0
then we had the limit from which there wsre not too many svils that we fouad in nature and
those with 55 percent and with 45 percent, which occurred more or less mixed up in the
landscape, particularly or the river terrazes in the Northeastern States, would remain as a single
group. Many of the apparent discrepancies in Soil Taxcrnomy, the exception hers and there, are
made just to keep a small group: of soils together. They sit with 4 property that is just on the
limit between two classes in a higher cairgory, and to avoid splitting 2 natuial group, we made
exceptions here and there. So we use 60 perven: on Dystrociirepts and Eutrochrepts and we use
50 percent oa Moliisols. The next quesiion refers to another exariple, where we tried to keep
soils together that were sitting just on the limit of the Lreak between Ultisols and Alfisols.
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Question 78

1 do ast quarrel with the 60 percent limit between Dystrochrepts and® Eutrochrepts, but
there is some fine print in Soil "axonoriy that says "or carbonates within the soil.” That brings
us back to the basic definition of what is soil, but there is some fine prirt in the first couple of
pages of Soil Taxonomy that said rooting depth of perennial plants which could be 1 or 2
meters. So, in the state now we have 3 or 4 soil series that we have very low base sa‘uratisn
dats in the 25 to 75 centimeter control section, or depth that you normally look, but we also
have carbonates at a depth of 70 (. 80 inches very close to the 2 meter depth. As a
consequence, we zre forced to call them or we think we are forced to call them Eutrochrepts
when we know they have a very low base statas in the rooting zone. But I was wondering why
we did pst set a lower depth limit of carbonates say at 1-i/2 meters ar something more
reasonable than to look clear down even at 2 meters in depth. Do you have any comment on
that, or how you would decide & case like that?

Guy Smith:

Simply that we did aot know about the existence of such soils. We knew nothing about
their beh2vior. There was an opportunity for the people in the experiment stations in the Soil
Conservation Service to criticize that proposai, and no criticism was received. So the proposal

being un criticized has come down into Soil Taxomomy. Now it is time, when you have
examples, to reexamine the definitions.

Questien 79

Would you comment on the colors of the argillic horizon?
Guyv Smith:

The question about the colors of ihe argillic horizon in defining the depth lirnit for base
saturation came about because we have 3 group of soils in the Southeastern Stater, from basic
igneous rocks which wers red in color and at the depth of 1.8 meter, the most common base
saturation was 35 percent. It varied a little bit above, a litidde bit below, but act very inuch
above or below. And to keep from spliiting all those series according to measurements that you
could not possibly ger, we clianged the depth limits according tr: ccior to keep these soils from
basic rocks together.

"~ Quastion 80

Whst was the basis for establishing (1) a 59 ¢cm depth limit for surface mantles of buried
soiis having thick (more than 10C cn:) <Ziagnostic horizons, and (2) a minimum of 30 cm in
surface mantle and at least haif of a thickness cf thinner diagnostic horizon of buried soils?
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Guy Smith:

The recent mantles normaliy are from alluvial or aeolian deposition on a preexisiing soil;
we have got a lot of new caes tcday somewhere in the neighborhiood of Mt. St. Helens. when
do we classify the soil on 2 basis of 2 buried soil or on the basis of the surface mantle and
treated as an overwash or overblown phase; you have to have some rulez. We did consider that
we could normally disregard in the Taxonomy a surfacc mantle of 10 or 25 or 50 centimeters
and treat it as a phase. But what would be the maximum thickness a: which we would ve .
unable to treat the soil as an overblows or overwashed phase and have tc treat it on the basis of
the properties of the new mantle. We needed scme sort of sliding scale according to the
strength of development of the buried soil in flood plains, in rivers, and in soils from volcanic
deposit:  You normally have a succession of buried soils, all weakly developed, but still
apparenr n the field. So the shding scale that we proposed was iae one that i questioned.
There were no criticisms of that ang again the original proposal which was arrived at by
discussion principally of the Washington staff has come down in print in Soil Taxonomy.

(Question 81

What was the basis of the depths limits of 50 cm bilow the top of a fragipan, for the 35
percent base saturation limit between Aifisois and Ultisols, considering the fact that the
fragipan is a root barrier? :

Guy Smith:

The first point is that these soils are sometimes severely eroded, and what -vas originally
at a depth of 1 meter we now find ai a deptls of 50 cm and we did not want to have to change
the series because of erosion as long as we retained an identifiable part of the diagnostic
horizons of the series. Erosion was to te comsidered a phase property. The upper boundary of
the fragipan is something that generally can be identified in the fieid. It may be closer to the
surface in an eroded soil than an unerodsd soil, but it is identifiable, and if we put a limit
below that point, rather than a limit in terms below the surface, it is a2 more stable limit. The
fragipan is a barrier, but not a comiplete barrier o roots. it normaliy hLas the bleached
nonbrittle surfaces around the polvhedrons in the pan, and the roots penetrate that rather

readily, although sometimes they are flaitened by pressure. Still we do extract some water and
some nutrients from the pan itseif.

Qu=stion 82

o Why were different methods of determining bLase saturation criteria specified for
- Inceptisois and Alfisols? -

- Guy Smith: |

o "We did specify sum of bases for Aifisols and ammonium acetate for Inceptiscls. That is
~ the ‘only thing we had data cn in the bulk of the Ultisol/ Alfisol separation. In the Inceptisols
- we used ammonium acetate becaase in general over the world, that is the method that has been
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used, and if you use a method on which you have no data, you do not know what sort of
classification you are developing. You must use methods which yieid enough data to let you
determine what you are doing with your definitions. What kinds of groupings you are making.

Question 83

What was the basis for the 24 milliequivalents per hundred gram clay limit for low
activity clays?

Guy Smith.

I suppose this refers to the oxic subgroups of various taxa in the classification. This has
come up before on the 16 meq. limit for Oxisols. We did not have enough data in the United
States to have any basis for making a proposal.

We knew that some was needed, some sort of limit, and we got this 24 meq. limit from
the Brazilian pedologists who have to dea! with these soils in huge areas. The basis that they
used for this 16/24 meq. limit was just the way that they grouped their soils. They thought that
it made natural groupings of the Brazilian soils and having no cther basis for proposing a limit
we took the limits that they were using at that moment.

They were concerned with the distinction between what they called Latosols and red-
yellow podzolic soils. They wanted intergrades between the two great soil groups. The limits

that they were using were limits that sesmed to reflect to them natural groupings of the
variability that existed within Brazil.

(Is not the 24 meq. limit going to make many oxic subgroups in the southeastern part of
the United States?)

No, becau..: it is not used by itself. It is used in combination with weatherable minerals.

(Just that for clarification did the 24 limit aisc come from the Congo classification on the
Ferrisol/Ferralsol, or did they take it from Soil Texonomy?)

I am not sure. I would have to do scme reading before I could answer that. But never
having visited the Congo, I did not get it there. The Congo may have had the same limits as
Brazil. I do not know about thas.

Question 84

: My question is on the differences in depth cf mottling for aquic subgroups of
~Dystrochrepts versus aquic subgroups of Fragiochrepts. This may not be zppropriate at this
S time, e T M
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Guy Smith:

I cannot give you a good answer to that. These proposals originated in the correlation
staff of the different regional offices and States. These were their proposals, and 1 accepted
what they proposed. There must have been, I am sure there was, a good deal of discussion at a
number of regivnal work planning conferences. We had committees on these various groupings,
according to kinds of soil, and their thinking evidently was that mottling limits should vary
with the kind of soil.

Question 85

This gives us a problem in New York. Commonly with the Fragiochrepts it would seem
more appropriate in the aquic subgroups if they were mottled at 12 inches. Usually they are
wet enough and have an aquic regime, and you slide clear past that possibility into the
Fragiaquept, and consequently most of our moderately well drained soils still wind up being
classified in typic subgroups. It is a problem that can be hazndled by the series rather than in
Taxonomy.

Guy Smith:

In general, the correlation staff thought that the well drained or moderately well drained
soils could be kept together in the Taxoromy, and the distinction handled as a series dif ference.
When your drainage got worse than moderately well drained, it was considered to be important
enough that they needed other famslies, and the families required a subgroup separation -- as
an aquic subgroup. We had only the four subdivisions that were possible. We had the freely
drained soils; we had the aeric subgroups of the poorly drained soils, and the typic subgroups.
Four possibie classes: two typic and two intergrades. But we have five drainage classes and so
we were in a bind. We could only get four separations into the Taxonomy where we had five
drainage classes which were ill-defined in gereral, It seemucd to me that they should be able to
get by with four classes, according 1o the drainage, the depth to mottling (which was defined)
instead of the five classes that were provided in the manual but with rather vague definitions.

Queastion 86

In orders like Alfisols and Ultisols, especially when they get interweven in the landscape,
then you start dealing at the subgroup ieve!, where your aquic properties come in. I think one
criterion is the upper 25 cm of the argillic, whether it is mottle-free or not. The other criteria
in Ultisols is about 50 cm mottle-free or not. Jn the seme landscape it starts to get fairly
confusing that we use different depths. First of all, w.a do not know where your argillic is
~going to start. Then it starts at different depths and .nen once you have it started you go to
actually different depths within the argillic. This seums to create some confusion. [ was
‘wondering why we did not consider a more standard depiir for considering mottling?
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Guy Smith:

This reflecis the thinking in different groups of States. The Southern States had one
opinion and we used their opinion for Ultisols, and the Northern States had another opinion and
we used their opinion for Alfisc’s. If you get into trouble about it, I can only suggest that you
ask that this be reexamined.

Question 87

A number of times in discussing the criteria for the different limits here, you made
mention that a number of these things shouid probably bz reexamined since the writing of Soil
Taxonomy and more and more data is coming in; are you satisfied with thz rate of
reexamination, the rate of attitude towards looking at Soil Taxonomy as a changing model,
which is the way that it was presei..zd specifically in the United States. Are pecple looking at
it at a rate that should be discussed?

Guy Smith:

No, I am not satisfied. I think that there is too much tendency to accept what is written
there, without critical examination. Somewhere or other Marlin Cline said that that is not the
gospel according to St. Guy, and Armund %nows that when I am in the field that I wear holy
shirts (coming from my cigar).

Question 88

Some people still probably very strongly feel that the separation of the Alfisols and
Ultisols should have been tased on charge characteristics, and they can justify with good
reasons. I think for purposes of the record it would be helpful if you can state if this
alternative was discussed during the development of Soil Taxonomy and what were the
arguments for using base saturation to make this split.

Guy Smith:

Surely lnere was not very much discussion of the use of charge characteristics, rather than
base saturation. There was not a great deal known at_ut charge characteristics. For example,
extractable aluminum was almost never reported in the literature. At the time the Seventh
- Approximation was written you could not fird any data. You could not consider then, how the
use of other things than base saturation was going to affect your classification. You knew what
- soils you wanted to keep together but you did not know what the use of charge characteristics
would do to your groupings. It was not really considered until we had the International
Committez on the Classification of Saiis with Low Activity Clays. It has been discussed at
length in that committee and I think they a2re retaining base saturation rather than the low
-activity clays for the distinction bstween Alfisols and Ultisols. They are raising charge

. characteristics to a higher categoric leve! in their recommendations but act to the order level.
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Questicn 89

The aoplication of the same concapts nd criteria at diffessnt categorical levels, the use of
different criteria for the same concept, and other seeming inconsistencies.

You have answered a number of questions that relates to this topic in your conversations
with Dr. Leamy, and ir some of the answers you have mentioned the principles involved.
Nevertheless, so many users of Soil Taxonomy appear to have uncertainties about them that we
consider it may be useful to explore the vopics furtiier, even at the expense of some repetition.
We will dea! (1) with the use of concepts and criteria at different categorical levels, (2 with the
use of different criteria for the same gensral concept, and (3) the omission of potential taxa that
could be identified on the basis of concepts applied elsewhers in the system.

1. Concepts and criteria used at different categorica! levels.

You have touched on the reascns; shis is done in your answer to Mike Lramy’s questicn
No. 41. Will you elaborate fuerther here on why it was impracticai to apply a given criteria
uniformly at the same categorical level to ai! soils to which it is relevant? In the topics which
follow under this heading, we would like to have you illustrate specific appiications on the
principles you discuss: (a) criteria associated with the terms albic, andic, fluvic, humic, ochric,
and umbric. These differentiate among soils having moisturs regimes, drier than aquic at the
suborder level, if they are relevant, but they differentiate at the great group level, among the
counterparts of these soils having aguic moisture regimes.

Guy Smith:

The general answer would be that we have tried to keep together in the Taxonomy soiis
that are similar enough that we can make some important statements about them. Consider the
difference between the Albolls, where we use the albic horizon at the suborder level, and
Albaquuits, I think where we use it at the great group level. The Albolls are Mollisols that have
an albic horizon. The drainage is always impeded to some extent, but they are a group of
Mollisols with an albic horizon, and they cover the range from somewhat poorly to poorly
drained. They did not want to separaic tem in the classification, according to the judzment of
the ficld men about how wet they were. The horizons were easy to recognize, one could always
I think have no problem in getting agreemens about the presence or absence of an albic horizon,
but great problems about getting agre#meni about the drainage class; so by separating the
Albolls at the suborder icvel, and giving priority to the albic horizon over the aguic moisture
regime, we kept this natural group of soils icgether in the Taxrnomy. In the Ultisols, we have
used the aquic moisture regime to definc the suborder because they are 2!l wet, and some have
an albic horizon, others have an umbric epipedon, others have an ochric epipedon. Those with
the aibic horizon generally have an ochric egipedon above it.

The distinction between the Aquults with the ochric epipedon and the albic horizon versus
those with the umbric epipedon carry over into the Taxonomy the old distinctica betwzen the
humic gley and low humic gley soil of the Scutheastern States. They seem te think there that
these were distinctions important enough to recognize at tha great group level. We had used the
moisture regime at the suborder level, so the first level at which we could bring in the
differences in horizons were the gresz group level. Suppose we insisted thet ws use the zlbic
horizon at the great group isvel, and all soils where it occurred. First, because it does not cccur
in all soils, we require an extra category to bring it in. Second, if we use it at the same
categoric level in all soils where it does occur, then we split what seems to be a natural group of
Alboils according to their natural drainage, which again does not always exist today, bui is
always restricted. These are seils that are naturally wet at some season, and the variability
between the test and the worst drained members of the Albolls is not particularly significant so
far as one can see.

The other terms, "andic,” I suppose, refers to the use of ardic properties as a suborder of
‘Inceptisols and as a subgroup. Here we are dealing with differences in degree. The andic
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suborder has the andic properties throughout the upper 36 cm or more, in which case they are
dominant in the root zone of most plants. The andic subgroup reflects a considerably lesser
influence, a lesser thickness of the mantle which is derived from a pyroclastic material. If we
consider an Andeptic Haploxeralf, where we have a thin mantle of ash, again, somewhat
weathsred, or we have no andic properties, but thick enough to have some influence in the rcot
development, versus an Andept with a xeric moisture regime, but with a very thick mantle of
ash. We are dealing with differences in degree of the influence of the ash mantle on the
growth of plants and the engineering uses of that soil. Because we make maps at varying scales,
which 1 have mentioned before, we must not put ourselves into a box simply because we say we
must deal with the same property at one and only one categoric level. Differences in degree
should be reflected in different categoric levels, just as in the aquic suborder or great group,
the aquic moisture regime is used at a fairly high categoric level and a difference of degree is
used at a subgroup level. If I had a choice to make a new start, I probably would not have split
the Inceptisols into Gchrepts and Umbrepts. This is leading io serious trouble outside of the
U.S., whereas in the U.S. the Umbrepts are so rare that they make us no problem here.

Question 90

The next question, which is similar in concept, is about the criteria associated with Udic,
Ustic, 2n0d Xeric moisture regimes. These differentiate among minera! soils for which they ure
relevant at the suborder ievel if the zcil has well expressed genetic properties. They «lso
differentiate among Vertisols at that ievel. They are used at the great group level, however, to
differentiate within the Andisois and Inceptisol orders which have weakly expressed genetic
properties.

CGuy Smith:

First, I should comment zbou: the Vertisols, that we have not used a moisture regime to
differentiate among them, but rather the periods of cracking. The concept of saturation of
water that we have used for somewhszt more permeable soils simply cannot be used with
Vertisols. When we come to the Entisols it seemned to us that it was important to maintain the
old concept of allevial soils, because they are so importaat agriculturally in the world and they
are s¢ different from the other Entisols which are generally of iittle use. So we wanted, at the
highest possible level, to distinguish betwzen the Fluvents and the Orthents. That seemed more
important than the moisture regime. Having made that distinction between the Psamments, the
Orthents, the Fluvents, at the sutorder level, we wanted to bring in the moisture regime at the
next lower category, the highest that was possible if we kept the first subdivision of Entisols
according to the reason why the soils had no horizons, and these were extremeiy important
separations from ar agriculturz! viewpeint, and we wanted to get them on maps of small scale;
large scale maps do not concern us at these high categoric levels, except as a matter of
identification of the taxonomic class of # particular series. Higher categories are needed thare
to function as a key for identification.

Among the Inceptisols, we made a first break according to the mature of the epipedon--
umbric or uchric. As I mentioned a moment ago, this probably was an error, but it was related,
so far as the United States goes, to the moisture regime. The Umbrepts that 1 know of in the
U.S. ave in mountains relatively cool and very humid and have extremely low hase saturation.
The Ochrepis, on the other hand, have somewhat drier moisture regimes than perudic in the
U'S., though there are some in ihe Appalachians and southern New York, perhaps that certainly
are marginal to perudic moisture regimes.

- The subdivisions of the Cclirzpts and the Umbrepts were not madz on the basis of the
moisture regime, in genera!l, although w2 do havz Ochrepts with an ustic moisture regime, aud a
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xeric moisture regime. There we used it at the great group ievei, the reason being, 1 suppose,
that we must have thought the umbric and the ochric epipedons were of more importance than
the soil moisture regime. Frankly, Inceptisols were a wastebasket that included everything that
did not belong in some other order. That classification should have been crigicize”. much more
severely than it ever was. 1am hopeful not only that the Andepts will be reexam’aed closely by
an international committee, but that the rest of that wastebasket will also be reeximined.

Question 91

Is it not that you had a big wastebasket because you only have 10 orders; if you only have
10 orders and you want to keep them extremely pure then, of course, you get this soil that does
not belong to one of the 10 orders, but do you think that an increase in the number of orders
would be an improvement.

Guy Smith;

I proposed a new order of the suborder of Andepts, and I can visualize that ore could
easily take another order out of that.

Question 02

I kave a more specific question on the use of moisture regimes. You said yesterday that
you used as criteria properties that are a result of genesis or properties that influence genesis.
Ir the moisture regimes, could you comment on the use of the names of the following subgroup:
the Udic Pzleustoll; you have it udic, so you use udic, and then you have Paleustoll. The Ustoll
is given here because of calcium carbonate in the soil, and then this is because it is udic
moisture regime. 30 you use the result of genesis at a higher level than the property which
influences the formation of Udic Paleustoll.

Guy Smith

The Udiz, as you say, in the Udic Paleustoll gets into the Ustoll because of the secondary
lime. Udic Paleustoll is defined as having the secondary lime at greater depth than the Typic
Paleustoll. This was a serious mistake in Soil Taxonomy. It does not work in the rest of the
world if the parent materials are not calcarecus to begin with. In the U.S. in the steps of the
Soviet Union, all parent materials practically are calcareous, and the dspth of the accumalation
of secondary lime is related to the penetration of the rainfall. If one goes into a wet/dry
climate--intertropical regions, or subtropical regions--the relationship breaks down completely.
I surely have proposed that this definition be modified, or that the definition of the ustic
moisture regime be modified. One or the other is essential. Wz have now in the U.S., I am told
by Dr. McClelland, aridic, typic, and udic Paleusiolls asscciated in the same landscape,
depending on the carbonate content. There are no differences in interpretations for those three
subgroups, whereas there should be serious differences of interpretations. The udic subgroup
should imply that the rainfall is higher than that of the typic, and the aridic should imply that
the rainfall is less thaa that of the typic. The aridic subgroup is defined in terms of the soil
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moisturs rather than depth to carbonates, which I think is proper. But the udic subgroup is
mystifying.

Question 93

I would like to come back to thz andin subgroups, and for the question I will use the
aquic subgroup as a comparison. From the point of view of logic for the system, it is correct to
have andic, or acric subgroups if they are subordinate propertizs of the seil, but from a point of
view of management, particularly if you have a thin layer of ash on the surface, it can be
argued that the andic property should be brought out at a higher categoric level, although for
the soil system as a whoie it is a subordinatz property. Is this a conflict in Soil Taxonomy?

Guy Smith:

If we were not trying to devise a classification that helps us with cur soil survey purposes,
I would see nc conflict in bringing the andic subgroups into the same highest category with the
Andepts. If you want to select some other purpose than the soil survey then it would be
perfectlv logical to keep them all topether, though your maniie was 5 cm ir: one and 5 m in
another. You could do that, if your purposz was to show the presence or absence of pyroclastic
weathering products. I do not think that even Dr. Segalen has gone quite that far, however, in
his proposed classification. According to the material compcsition of the materials, using that at
the highest category, using presence or abserce of horizons at lower categories. I think he
would not take into account that 5 cm. We do not dare do it, because once i! is plowed, you
can no longer identify it in the field.

(The problem is, first it is identification, but what is more relevant is that the plants,
particularly the annuals, are more seasitive to 5 or 10 cm of ash sitting on the soil surface in
comparison to an aquic subgroup property, which is influencing at a much deeper level.)

That bothers the roots. They die when it becomes anaerobic. But the 5 or 10 cm or even
15 cm, these properties are reserved to the phase le-el deliberately because the management of
the soil has so much influence on the nature of the . aysical and the chemical properties. It was
the intent that we would not change the classification of a soif as a result of plowing a few

times to a normal plow depth. But for the use of the soil survey, I think this was a correct
decision.

Cuestion G4

We have also found that generally in the red soils of the area but also in mest of our soils
in northern New York and Northern New England, where the temperature regime is frigid, we
just do not seem to get the color manifestatinn indication that it is wet, i.e., the morphological

-manifestation. -
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Guy Smith:

Ve said that soils like that were too few in the U.S. to permit much testing of thc limits
that we proposed. You seem to have an cpportunity to test these limits; if you have not dcne it,
I suggest you should.

Ciuestion 95

I did talk to John Witty; at onc point I wondered about whether or not the red soils did or
did not reduce artificially, and I guess they checked the same thing in Pennsylvania. They will
reduce, but this does not hzppen ian nature, apparently. It not only happens in the Fragiaguepts
or Haplaquepts, but also we do not get the colors indicative in the aquic subgroups, either, that
you would expect for the draiaage class that you see in the field.

Guy Smith:

it is too bad your predecessor did nct check these definitions more carefuily before they
got printed.

Question 86

The wetness problem did bcther us in Long Island, because all we had was sand down
there, and it just refused to get any color other than what the sand grains had. Along on the
thinking on that, there are very few Haplaquods currently recognized, and I do not know
whether this is a matter of we have not been doing that much work in these areas, or if
requirements for mottiing in the ugper part of the spodic horizon keeps pushing the soils out of
this possibility. ‘When they say upper part, I assumz that this does not necessarily mean the
topmost subdivision of the spodic, but if you took the various subdivisions or sub horizons of
the spodic collectively, I presume the upper part would be something in the upper half of all
the sub horizons of the spodic.

Guy Smith:

The normal Haplaquod does not have an appreciable amount of free iron in it; ngt enough
to produce mottles. So, you will find some in which there are some mottles in the lower part of
the spodic horizon, but there may be no mottles within the first two meters, because there is no
iron, manganese, or cobalt. So the definition is written so that motiles are not required for
Haplaquods. 1 have to check that. If it does require mottles it is a serious error, because we
know that normally the wet Spodosols have, what we used to caii Bl. There is a disceruible
_ transition between the albic horizon and the major part of the spodic horizon. There is one
- profile, one analysis here of an Aeric Haplaquod, which is the Leon series from Florida.

‘Ac'tually’ the Hablaqaeds | weint unreéognized for a long time, because the organic

.. aluminam complex that makes the spedic horizon has a red color itself, and this can Ye checked
. in the field easily by just ignition, to see whether or not the sandy materials become red on
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igniticn.  If the definition needs modification, certainly that shouid be preoposed through
channels to the SCS.

Question 97

About the only time you get mottles in the subsoils is where you get a discontinuity in
texture.

Guy Smith:

You cannot get mottles without iron, and the Haplaquods normally are free of iron.

{Juestion 98

Sometimes in these soils yvou get, what are more like wetting fronts occurring where the
iron is precipitated. It goes to a certain depth, and just about dries in place, and gives you a
mottled look, primarily because the iron is precipitated out at that point. Usually it is clearly a
redder color, but it gives you a mottling pattern just from the fact that it went down a certain
way and dried before it hit the water table.

Guy Smith:

Generally you do not find these in the Aquods, but you do in the Humods, in particuiar,
and I have a photograph in here to iliustrate this wetting pattern that lcoks exactly like the
leakage of water from a sand into the substratum. I think that the sand, that has a2 medium
dimension with the sand grains of iess thasn a millimeter, will hold when drv about 2 1/2 ¢cm of
water in the surface before it begins to move downward. There are innumerable photographs of
this leakage of water in a dry soil into the substrata. The Spodosols rarely become air dry, and
the leakage comes from the accumvulation of the amorphous materials that makes the spodic
horizon; the water hangs in that horizon uati} it becomes saturated, before it leaks into the sand
below, and once this starts, it is a self-accelerating process. The more spodic material that
accumulates in the spodic horizon, the more common this is, the water hangs in the spodic
horizon, and will not enter the underlving sand. These are quite common soils in western
Europe under the heath vegetation.

Qdestien 99

L In the Northeast, we have been having quite a controversy over the concept of fragipan.
- There have been rival factions, I guess, between people in New England and people in New
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York fer the concept of a Cx horizon versus a Bx horizon. With the connotation that the people

in New York have taken, that a fragipan is 2 genetic horizon, and the more we start to lock at
fragipans within New York, we are finding more and more of them are actually probably parent
material (C material) that is reaily relatively unaltered material, and yet in the classification
scheme we have, due to the interpretive nature of our classification tied in with our
interpretation, that we classify these as fragi at the great group level. 1 was wondering if you
might care to comment on this angle. I do not know if you are aware that this has been going
on in the Northeast for a number of years.

Guy Smith:

There is no question that some glaciai tills are extremcly compact, and if unweathered,
they amount to a paralithic contact, particularly on drumlins. There is no reason why the
glacia! tili cannot have been comipacted other than by the pressure of the ice against the
drumlin; though the basal till can be compacting now. Normally, in these 30ils the compact
nature of the till does not greatly affzct the movement of water. It does not affect the water
nearly as much as it does roots. So in Minnesoia, in Illinois, the basal till, which may have 20
percent lime, is not penetrated by roots; even in a severe dry seasoi, the basal iiil maintains the
same moisture content ihroughout the year. Ii does not dry, and this indicates the failure of
roots to be able to attract water. These tasal tills however, in the Middle West, the calcareous
ones, do not have any characteristics of the fragipan. They are in no way brittle. You have no
trouble putting an auger into one at the end of the sumamer when presumably the moisture is
low, but the studies of moisture extraction show that the moisture content is virtually uniform
the year round. The fragipan in this moment is virtually impossible to define by operational
methods, but we wou'd expect the fragipan to peich water, when at the end of the growing
season. We would expect that, with & shallow observation hole you would find water perching
on top of the fragipan. I do not know of any studies of this sort. They are not difficult for
the field men to make, but I do not kaow of any one who had the curiositv to make the
observations and then write them up. This 15 something that could be done. The basal till
normally does not appear to perch water; ¥ou never find raottles above them, whereas you
norraally find mottles in or above the fragipan\. I can make no other suggestions than that you
take a close look. You have a manual of field procedure, which describes how to put in these
obsarvations. The best thing to do, instead of arguing, is to collact some information.

Question 100

Further on that particular subject, we speni quite a bit of time thiough the regional TSC’s
office and the correlation people in each staiz on fragipan studies, primarily in frigid regions of
New York and New England. Most of the cvidence that we have collected from field
observations and some laboratory amslysis does suggest that we'll probably do away with the
great group classification as it cuts ascross a iand resource area boundary; plus crop yields,

‘partxcularly corn yields for grain, in the frigid areas, do not seem to be that much different
than in most of our mesic areas.

k'G x Smith:
Podzolic, now Dystrochrepts, (o Spoducols again -- Brown Podzolic and Podzols. So, if we

drew the temperature limit at somewmnre in the neighborhood of 8 degrees, we did not split
very. many series. It was an absolute minisium. The 15 degree temperature limit was set the

Pi.;"j.i‘zame WaY. This was a pomt wherc the series changed in the arid reg:ons, from Desert to Red
" Desert: in the semi-arid regions from Chestnut to Reddish Chestnut; in the humid regions from

-~ Gray/Brown to Red/Yellow Podzolic.. You switched from an agricuiture based on cotton to one
; ,based on corn m the humxd regxon ;, sorgmm and wheat in the drier regions. No particular
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difference in the arid -egions, except that you had creoscte bush on the reddish desert, and you
did not on the normal desert. These were boundaries that were related to some extent to natural
vegetation. They would not have been recognized at an early date at different great soil groups.

In later years they were baszd on the difference in the type of agriculture, where we
made interpretations for one group of crops at one temperature, another group of crops in
another temperature; and that !imit ali across the U.S. was 15 degrees. This is how those limits
got set; they did not split series. It was oniy a very few of the very old serizs, like those which
went from New Jersey to the south ¢nd of Florida. In New Jersey they are used for summer
vegetables, while those in south of Florida, for citrus and winter vegetables. This has been
written ii. Y book that Elsevier plans to publish, but there is no harm in repeating i; here.

Question 101

I guess the reason I asked that questicn is that we are having, @gain, this is kind of u
localized problem in New York. Through our temperzture datr, we find a split up in the
northern part of the state, St. Lawrence county, but it is not necessarily allowing any
physicgraphic boundaries, or any necessarily, 1 think it in New York state over the past 3 or 4
years have I guess, this is in refersnce to the mesic versus the frigid break, and I have either
read or heard that that break was set because of the inatility to grow winter wheat above in the
frigid zone. I was wondering, is that corr=et? What is the reason for the break at 8 degrees?

Guy Smith:

The major criticism that I got in proposing the definitions for taxa was that I was splitting
series; and nobody liked that not the engineers, not the agronomists, no: the correlators.
Certainly everyone objected to any split of a series, unless that split made it possible to improve
the interpretations. It so happens that there was at one time a general, buat not too well known,
principle on correlation, that a soil that occurred ir two different major land use areas could be
divided into two series, because in ona major land use area, you might be making
interpretations for cotton and sorghum, and in another one for soybeans aud corn. So, not
many series went from one major land use avea to another. The major land use areas across the
northern U.S,, in the Great Plains, we had spring wheat and flax versus winter whent and a
diversity of other drought tolerant crops. In the Middle West more humid area:, say Wisconsin,
Illinois, there was a break between corn grown for grain and for silage, at about that
temperature. There was also a difference in the nature of the soil, that at about that
temperature, you went from whai was callsd a Gray-Brown Pedzolic soil to a Gray Wooded soil.
The A2 horizon became an albic horizon with the iower temperature, rather than just an ochric
epipedon with brown colors. Crossing into Michigan, at about that tempersture, you wen? from
Alfisols to Spodosols, and when you came over here to New York state, you generally went
from what were cailed Gray-Brown Podzolic to Podzols. In Belgium, the fragipans run a little
bit into the cryic temperature regime. The frigid zone does not occupy a large extent there, but
in the Ardennes, the higher part of the Ardenaes are definitely cryic, and the lower parts of the
Ardensnes are frigid. The fragipan, ¢.2 Fragiochrepts are jrretty much the normal soil on the
ridges, and the Dystrochrepts on the slopes, and I cannot see anything different about those
fragipans from the thermic ones in Mississippi and Teanessee. They are the same, with ail the
- bleached cracks and polyhedyons, the bleached zone surrounding the polyhedrons, absence of
roots within the polyhedron, the presence in the bleached zone between them. This seems to be

normal there. But the parent matsrials there are not calcareous to begin with. If you have
7. material, with 20-30 percent lims, cace that lime is dissolved and removed, you have lots of
. 'void space, and fragipans seem to be more difiicult to form in such materials.

L 104-
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Questicn 102

You were talking about iemperature regimes, and we have been doing some studies on
temperature regimes here. I guess scme things are absent from them; for example, usuaily you
see very little development in any of this, zad the fragipan usually in those eroded situations,
there is no pan, in other words it dees not follow the landscape unit as you would think of any
type of development, and we Lave kind of assumed that it has to te genetic or it could not be
fragipan. So you have to have some obvious mark which would show that there’s some sci]
development going on, and we haves’t been able to support that. We talked t¢ Dr. Cline quite a
bit about this, and I don’t think he hag any objections of calling these Cx and indicating what
propzrties they have. They probably wii! act show up at the great group level.

Guy Smith:

Presumably, I do not %mow what sciis you are discussing. I have looked in the
Appalachian plateau at soils that had fragipans that were virtually identical to those ia
Tennessce and Mississippi. This is not basa! t;il

Giuestion 102

What temperature regime would ihat have been, frigid or mesic?

Guy Smith:

What we were noticing, it seems to de less a chance of fragipan development for some
reason in frigid areas. At least that is where we have most of the problera in the Northeast.

I think the other problem, tco, with this is that we do not necessarily see any morphologic
differences in the soil. In fact, the soiis that we are now classifying as frigid wouid have the

same description, would look the same as those soils in adjacent counties that are, in fact, called
mesic.

No, in the Dystrochrepts, | would aot expect you to find much difference in the
moerphology, but surely for your interpretations, you would recommend different varieties of
maize for the frigid zones versus the mesic zones.  You would be very apt to; that is an
interpretation.

- Qizestion 104

Has there been any commest from any part of the United States concerning that § degree
break? ' R ’
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Guy Smith:

No, not toc my knowledge.

Question 104b

Just one more to follow up on that. I guess I want to know, even though we have the
data to back up to justify changing to frigid soils, I was worndering what your thoughts might
be, to tie it more to, say physicgraphic regions or to differences that are fairly readily observed
in the soil, morphological differeaces.

Guy Smith:

Normally, the soil temperature cas: be inferred from the iatitude and the elevation. Since
the subdivision is only made at the family level, rather than the subgroup or great group, cne
wonld not anticipate any particuiar morphoiegical difference. If there were a morphological
difference, it would have been brought into the taxonomy at a higher level.

Question 105

There has been some talk of redefining Spodosols to relax the requirement to classify soils
into the Spodosol order. I can not give vou any specific suggestions; there has just been some
talk that so many of the soils as we see them in the field look like Spodosols, but then you run
them through the Iab, and get the iab dzia on them, and they will fail on one or the other three
major requirements.

Guy Smith:

, There is no requirement for any lakoratory data whatever on the presence of a spodic
horizon. All you need is a good 6G-power hand lens, and normally you can identify the spodic
horizon without any laboratory measurements. We have a boundary between the Dystrochrepts
and the Spodosols, znd therz was a problem about where that should be, and so Dr. Cline went
to the field with our laboratory pecple, and he classified the soils where he thought they
belonged: Spodosols or Dystrochregis. Then the laboraiory sampled, and fitted their az:inition
-to Dr. Ciine’s classification. This was then circulated for criticism, not only in the U.S., but in
other countrics. The chemists in Canada complained bitterly that too mvch emphasis was given
to the field identification. The field pecple complained bitterly that too much emphssis was
given to laboratory characteristics. We do know that maay beautiful Spodosols will not mee; the

. laboratory requirements, and pointed out hore that, presumably, over time the organic ligands

are broker. that makes the Spod&c»mate(ial-sclublp. So that tome of our best Spodosols will net
meet the cheruical -test, but the chemical test is not required, oniy the field observation is

‘ . required. Since everyone objecied to the definition, both the lab and the field men, I thought
" maybe it was the best we could do in the state of our knowledge at thdt moment. I know of no -
- proposals for modification at this_ug‘z_;oment’ﬂ though McClelland may have rzceived some.
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The laboratory method is pretty completely relaxed. In the event that it is cemented, or
in the event that you can identify pellets in the spodic horizon, or the cracked coating on the
':nd grains; there is no requirement there for any chemical test. If you can identify it in e
tield, that is enough. You can stop there, and do not bother the laboratory here with samples,

because they all by any means meet them. The chemical requirements are for the intergrades
with the Dystrochrepts, and only for thai.

Question 106

Our gensral experience is, if they can not sce a good spodic in the field, it does not pass
the chemicai test. Occasionally ones that look real good in the field have a hard time meeting
the criteria. And as I mentioned yesterday, the Canadians use a little bit different ratio of
pyro-phosphate extractable, iron and aluminum. I think at some time there will be another
study as to whether or not the chemical test should be changed slightly or the ratios changed to
get a better match.

I should also mention one other thing, that in Europe, at least, the pedologists use the
fluoride test. Just put a pinch of the soil on fiiter paper, saturated and dried with
phenolphthalein, put a drop of sodium fluoride on it; if it turns red, they call it spodic.

We considered at one time the possibility of subgroups of Spodesols, defined on the basis

of pH in fluoride, but we never could accumulate enough data to fird out whether it would
work or not.

Guestion 10¢H

Did you discuss yesterday the definition of Dystric Eutrochrepts? I guess the problem
arises from determining what the lower limit of soil is.

Guy Smith:

Well, the definition of Eutrochrepts and Dystrochrepts does hang on the definition of the
soil. 3o, if I go to the definition of soil, the lower limit of biologic activity are the common
rooting of native perennial plants, a maiter of 1 or 2 meters. In general the series control
section stops at 2 meiers. There are cnly one or two exceptions that I can think of in

Taxonomy where we consider the soil 10 go below 2 meters. No argument that the writing can
“be improved; I am to blame for it; I am just ros smart enough.
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Question 107

‘ That is one area we seem to have, not a major probiem, but at least a problem in the
correct classification of some of the soils; in fact, one soi! that has been considered a
Dystrochrept, 1 guess, from the time that it was placed. It was an outwash soil, and it was
found to have free carbonates down at scme depth less than 2 meters, but probably in the
neighborhood of 65 or 70 inches, and based on this it was rcclassified as a Dystric Eutrochrept.
Then we have other soils; some we lcoked at this summer where the same question comes up,
and base saturation certainly belew ihe 60 percent within a depth of 75 cm. Right now we sre
reating them as Dystric Eutrochrepts ba:ed on the distinction given in Taxonomy,

Gny Suith:

You will find a few roots here, but if you are talking about native vegetation, then we are
talking about tree roots getting into there, and I suspect they do. Now, the question is what is
common rooting; maybe just a few fine roots down there does not fulfill the requirement for
common rooting depth.

I used to have a standzrd answer for problems of this sort for people who did not like the
defirition. They were dissatisfied with jt. I recognized that, but I asked them in order to stop
the arzuments, to suggest another definition. That generally ended all the discussion.

This concept of the Eutrochrept came from the old great soif group of Browa Forest Soils,
and when I looked at the soils that were claszified as Browa Forest Soils and was trying to get
some notion as to what they were. I found a good many with rather shallow carbonates, 50 cm,
40 cm, or less. 1 alsc found Andisois where there wouldn’t have been the presence of volcanic
ash as parent materials. The first Brown Forest Soil I guess I saw was a very good Andisol, out
in Montana. I saw Brown Fores: Soil in Minnesota that made me think of Spedosols, but there
was no A2 horizon. They cut the forest and had repeated fires, poplars ieplaced the conifers,
and the earthworms came in. Thae earthworms started turning the soi! and left a layer of worm
casts, except when I located a small aiea or twn where the fire had not burned the iitter from
the original forest. The Ao was still present. I fooked uuder that, and a beautiful albic horizon
about S or 6 cm thick, and that disapiiearzd laterally withir a distance of about two feet, a
mixture of spodic worm casts and albic worm casts, and then you got two feet away and it was
all worm casts. This is going on at the mcment with a number of their Boralfs. There were no
worms there in nature; the fishermen brought them in for bait, and they got away. So they are
chewing up the Albic horizon of some véry good Boralfs in the neighborhood of the lakes and
they are spreading rapidly. The glaciation destroyed the worm. They do not spread distances
of very many miles very rapidiy. So the boundary for a soil, then, inciuded Entisols and
Spodosols that were wormy, and then what we have retained as a concept, these calcareous
parent materials. Perhaps you would 4o better to propose that you reguire carbonates within a
particular depth limit, rather thar within the soil, which is admittedly vague.

4Questien 108 |

In a case like this, the base saturation we had is 14 percent, which is real low. To me, the

: . common sense thing is that it i5 more typical of a Dystrochrept than it is of a Eutrochrept.

Somewhere in the system we start deaiing with definitions, and you know you are just violating
- the' interpretations if you put it the way that you do not feel comfortable with its placement,
- Somekow we have to deal with that; you either have two choices: ysu change the rules, which

- will take you about 10 years, or you can make some adjustments, I think, as to how you place
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your soils so that you do not ruin your interpretations. If you felt that you were in a situation
where you were, you know you were putting it in the wrong box, how would you handle it?

Guy Smith:

I would propose a change; I admit that it may take 10 years to make the change, but |
would give the example of why vou need that change for your interpretation. It was no
accident, as I wrote in more than one place that, "Determination of the similarity of one kind of
soil to others is not always a siruple matter. There may be similarity in particle size o the
members of one taxon, and to the base status to the membars of another. One must decide which
property is more important, and this decision must rest on the nature of the statements that one
can make about the classes, that the kind of soil is grouped one way or the other. The best
grouping should determine the definition, not the definition the grouping. If the grouping has
imperfections, so does the definition. For gur purposes, the statements about the nature of :he
soils and the interpretations thcr we might make to the various phases of the taxon. The
grouping that heips us make the most precise and most importani interpretations is the best. The
taxonomy for the use of the soil survey must be tested by the nature of the interpretations that
can be made.” So, if just the interpretations give you trouble; there is something wrong with
the definition. If there is something wrong with the definitions, it is not going to go away
unless you suggest a change. There is no use in worrying about it this year, it is going to be
with you for the rest of your life if you do not suggest and argue for a change. So, this
problem should be brought to the attention of the Staff Leader in Soil Classification.

Question 100

We have discussed the use of the meisture regimes at different levels, and now we arrived
at point C, which is related to critzria associated with the aridic soil moisture regime. These
criteria differentiate the Aridisols from mosi other mineral soils at the order level, in the
Vertisol and Oxisol lavels at the suborder level, and in the Entisol order at the great group level.
So the question again is why do you use the same s&i of criteria at different levels?

Guy Smith:

We come back to the purpose ¢f the classification. This is 2 general answer to this whole
set of questions, using concepts at different categoric levels. 1 have to go back, again, to John
Stuart Mill, a hundred years agc. who taid that the best classification is the one that permits
you to make the largest number and the most important statements about the obvious truths, for
the purposz of making your classificatiosi. For the soil survey, we are interested in facilitating
field work, mapping, and in developing the best interpretations possitle for the soil maps that
they make, which may be made at a scale of 1:5,000,029 or at & scale of 1:5,000. Obviously, if
we cannot maks interpretations for phases of taxa of a high categoric level, we cannot make any
statemunts about the soils of the given map unit. No interpretations would be possible unless
we devise a system that lets us make some statement about the greater part of our taxa. We
cannct make any statement about Entisols as an order, =xcept that they do not have horizosns.
Tkis is not 2 very imporiant statement, except genetically perhaps, but for other purposes of
interpretation, it has pe value whatever -- the order of Entisols. The order of Vertisols one can
make a great many statements about; Spodosols you can make many statements about; Moliisols,
_Alfisols, Ultisols, there are mot tos many statements other than suitability for permanent
- agriculture, with and without soil am2adments. The argillic horizon is used not because it is in
itself too importaat, but because of its accessory properties. It is a mark of some certain
_ stability of the land surface, somie minimum age. In itself, it is. not particularly important; it
only has importance to the extent that the pads in the argiilic horizon have clay coatings which
‘are rauch richer in nutrients that are cycled by plants than the interiors of the peds. Gtherwise,
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it has little importance. If you have a cambic horizon with blocky structure, no one has yet
studied that to see whether or not the suifaces of the blocky peds or prisms have a different
nutrient status than the interior. One may assume that there is a difference, but I do not know
of any study on that. On the argillic horizon, Buol (reference tc be added later) has several
oapers showing that in the argiilic horizon there is a considerable difference in the nutrients
that are cycled. We wanted a grouping of soils at the order level. We wanted to subdivide
those groupings at the suborder level, and at the great group level, and so on down, so that we
could have a means to identify this taxonomic position of a particular soil series. This is a very
nice arrangement with about 1C crders, and each order, each taxon subdivided roughly § times
in each lower category. So, for the most part, one can readily understand the nature of ihe soil
included in the taxon. You get 50 or 160 subdivisions of a taxon, it is virtually hopeless to
understand what is in that taxon, wiihout some sort of a completely artificial key.

So, we have to assess the relative importance of some of these things. The argillic horizon
is not important; the base status is, but these are soils of stable surfaces that we put into Alfisols
and Ultisols. When we get to Mollisols, we have to weigh the importance of the argillic horizon
versus the soil climate, and versus the presence or absence of a mellic epipedon. I just read you
the statement here from Soil Taxonomy that we decide this, which is the more important by
which grouping let us make the greater number and of the most important statements. So, the
Mollisols were put together as a group because they have a mollic epipedon, and they had high
base saturation throughout the whole ssil. Having grouped them, then, what was the most
important feature: the goil climate or the argillic horizon. Well, as I said, the argillic horizon
by itself has little importance. The «iimate and temperature of tke soil, the moisture regime of
the soil, are extremely important t¢ the nature of the siatements we can make about the use of
the soil at the order level. The soils that de not have a moilic epipedon, we tried in several
approximatians, to group the soils with and without argillic licrizons by other properties, and in
every instance thiat we tried that, 'we¢ met with serious resistance to the nature of the groupings
that resulted. So, finally, we settled upsa using the argillic horizoii and the base saturation at
the order level in Alfisols and Ultiscis, not because the argillic horizon is important, but
because it gave us what seemed to be groupings of soils homogeneous enough that we could
make some statements about them, ard thzy should be important statements, not that they have
or do not have an argillic horizon, bui because there is something else that we can say that is
important fo: the purposes of thza soil survey. I should say, that in general, we gave priority to
the properties of the soil that were most limiting t~ its use; so that if the soil limitation
principaily was its coldness, we gave that priority over the moisture regimes. If the property
that was limiting was principally moisture as in Venezuela, where the temperature does not limit
exciept in the high Andes, we gavz priority to the moisture regime over temperzture. This was
the general principle we foilowed in the dewvelopment of the system. People who complain that
we . ¢ the same characteristic at different categoric levels generally want a classification for an
unknown or undisclosed purpose. ! know of no otker taxonomy which states the purpose for
which it was made. These are classifications designed to satisfy somebody’s intellectual fancies,
. not made for practical purposes, and yet it Lkas been over a 100 years since John Stuart Mill
pointed out that classification should be made for practical purposes. They are devices made by
man and not truths to be discovered.

Most pedologists have never bothered to read a book about logic on taxonomies.
Pedologists are remarkably uncuricus abcut problems on taxonomy.

Question 110

ST V\Yh'at about numerical texonomy? These are being increasingly used by biologists.
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Guy Smith;

For microorganisms, single celled organisms, it may be a good approach. In my
experience, it seems to be less useful for soils. The first argument for a numerical system is
that you do not weight the properties~-all pioperties have the same weight. This in itself is a
weighting.  You cannot avoid this. Secondly, any of the exampies ! have seen on the
application of numerical taxoromy to soils involve a rataer careful correlation analysis on how
properties are interrelated. If there is a higk correlation between two properties, they throw
one out. This ignores the pessibility that it is a correlation but is not a one to one relationship.
There are serious discrepancies between clay content and CEC according to the nature of the
clay and the method used to detesriine the amount of clay and CEC.

Questicn 111

There are soiis with common properties, and numerical taxonomy may be a mechanisim to
select criteria to separate different kinds of scils within a class.

Guy Smith:

It depends on what properties you selecs. There was a paper on numerical taxonomy in
the Proceedings of the Svil Science Society of America. They developed clusters of soils which
we can look at. They clustered a wery salty Aridisol with an Aquoll from lowa. These were
closely related according to the procedure they followed. As the procedure grouned the most
produciive with the most unproductive scil, we have to question the methodology. The reason
is that they used the wrong properties for the clustering. The numerical taxonomists insist that
they are unbiased as they do noit weight the properties. My opinion is that, as they are
weighting them equally, they are as wrong as if they gave different weights.

For mono-celled organisms where the identification of the organism is based on its
behavior, there are insufficient characteristics o classify them and numerical taxonomy is very
useful. But these are limits to any system of taxonomy. When you weight color as being equal
to base saturation, it is not serviag the purposes of soil survey.

(iuestion 112

The question refers to criisriz associated with the aridic (toiric) soii moisture regime.
Thess: differentiate the Aridiscls from most (?) other mineral soils at the order level, within the
Vertisols aad Oxisols orders at the subcsder level, and within the Entisol order at the great
group level.

Guy Smith:
So far as the aridic soil moisture regim‘es which is used to group the Aridisols, Ozxiso!s or

Ve:tisols, but have some horizons so that they do not get into the Order of Entisols, there are
several situations. A questica was asked by Dr. Eswaran in Washington: "Why do we have

- Torrox instead of Oxids?" Wkich is more important, the oxic horizon or the aridic soil moisture
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regime. We may have made the wrong decision, but we decided that if a soil with an oxic
horizon {and an aridic SMR) was irrigated, the oxic properties still remain limiting to use.
Similarly with Torrerts, it was more important to reccgnize the shrink-swell potential than the
soil meisture regime which, though a liruitation, could be corrected. So in these two examples,
we decided to bring the moisture regime at a lower level. In the Entisols, we thought it was
important to recognize at the suborder level the reason why the soil had no horizons. It was
either losing material too rapidly through truncation or receiving additicns too rapidly for
horizons to form. Having used that particular set of characteristics to define the suborder. We
brought the moisture regime at a lower level. If we try to bring in these properties all into a
single category, we have too many categories and we do not have the opportunity to reflect the
major differences in the high categories for small scale maps and the smaller gifferences in
these prcperties for the large scale maps.

Question 113

Would you dewvelop the “trop™ concep??
Guy Smith:

This has been criticized enormcusly by some people. We can take the Inceptisols as an
example where we got into a trap, according to whether or not we have an umbric or ochric

epipedon. Ja the US, this difference is closely related to the content of organic matter in the
soil and also to the base status.

The Umbrepts in the US have a relatively high content of organic matter, compared to the
Ochrepts. in the tropics, this relation breaks down almost completely. You cannot find any
good relation between soil color and its content or organic matter. So, to get away f{rom this
problem of trying to subdivide the soils of the inter tropical areas according to color-which has
no accessory properties--we have to bring in the "trop” concept into the suborder. This is one
of the principle reasons for the trop concept. It is @ way tc not to use standards of temperate
regions in the inter tropical regions.

Guestics: 114

It was stated earlier that moisture regimes are used as properties that have an influence on
genesis. What is the purpose of the moisture control section? Scil Taxonomy says that the
intent of the soil moisture conirol section is to facilitate estimation of & seil moisture regirae
from ciimatic data. Most people cousider that the conitrc! section iz a mechanism toc know how
much water is available to plants. This is upparently not correct and if so what is the intent?

- Guy Smith:
The moisture control sectidn can bhe ce'mpletely dry even'though the crops are surviving
~ and making moderate growth bemusq of available moisture below the MCS. We cannot
obviously define these various SMR without some sort of a control section. The one that we

. _select secas to permit an .estimation by the model developed by Newhall. The assumption is
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always that there is no loss of water by runoff or accumulation by run-on. This will moaify
the moisture conditions in the soil.

A case that was brought ¢ my attention was a Torrifluvent. The soil is flooded several
times 2 year in summer during the arowing season. His record shows that he ca:u obtain 1,000
Ibs. of edibie forage per acre froin the Torrifluvent while the other soils with aridic SMR in the
neighborhood are producing about 100 lbe. Ye does not believe that the soil is properly
classified.

If the SMR is computed strizily from precipitation, it is an aridic SMR. The criticism of
MR made most commonly is that yot cannet measure it. I have to admit that it has rarely becn
measured. But one can, with the knowiadge of the ecclogy of iie plants which are growing
there and the climate, make a good estimate of the moistire regime. The correlation between
the vegetation and climate is gensralily pretty good.

For example, in wet/dry climates of Veniezueia, you do not find a plantation of banarnas
uniess it is irrigated. Around Maracay, they cannot grow cummercial bananas without
irrigation, but they do grow with irrigation. There are many crops which cannot stand moisture
stress. The moisture control section has nothing to do with these limitations; we have to
consider the whole soil.

Question 129

The next question deals with the conflict of series names for both taxa and mapping units.
It has been suggested that the confusion resuiting from the use of series names for both
taxcnomic and mapping units may justify reserving the iong established convention of series
names for mapping units, and in sffect dropping the category of soil series from Soil
Taxonomy. Will you comment or, the suggestion?

Guy Smith:

To some extent, at least, tke soil series are considered a category in the taxonomy, and yet
they are not defined in Soif Taxanomy, there are too many. The definitions of the series
themselves take quite a few filing cases, instead of the one microfiche. You can, of course,
microfiche the series definitions and descriptions, but the series has 2iways been a pragmatic
categiry. We establish series with narrow ranges of properiies and with relatively broad ranges
in properties, according to whetker or not that definiticn lets us make the best interpretations
that we can make to meet the needs of a pasticular soil survey. The only limits that are
imposed on the series are those that have accumulated in the family and the higner categories,
and the pedoiogist is free 10 subdivide that rangs into as many series as proven useful, This is
refated to one of the earlier questions very Closely. We did drop ihe type as a category and
moved it into 2 phase position. Presumably the type was supposed to reflect the texture of the
plow layer, or its equivalent in an undisturbed soil, but nationwide, the usage of the type name
- was quite variable. In Jowa, Sharpsburg sifty clay loam has an argillic horizon with a silty clay
texture. Whan eroded, the plow laver is normally a complex of silty clay loam and silty ciay.
To be sirictly accurate, the map units should have been named Sharpsburg silty clay icam and
siity clay, where the soils were erodsd; but they did not do that in Iowa or Missouri. Under the
influence of some previous correlator these soils were named according to what they thought the
surface texture had been originaliy. In other parts of the country, a Ultisol with a ''ndy loam
plow layer overlying a clayey argillic herizon wouid be named as a clay texture if erusion had
removed the sandy loam surface. The argument there, was that you had to do this because you
could not bz sure what the orizinal texture had been before erosion. Su we get Cecii sandy

- loam and Cecil clay in the southern States.
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If we were going to retain ihe type as a category, then we had to make a change in the
map naming processes where they theught they could identify what the texture had been before
erosion and require them to complicate their map names by listing all the textures that occurred
within the mapping unit. This did not seem to be a useful sort of ¢xercise, so we simply moved
the surface texture to a phase ievel where ii could be shown when it was important cr
disregarded if it was not important. if one wants to drop the series as & category, I suspect you
will have o go ihe same route with the family and use a large number of comp!icated phase
names for tne families. Aguin, this does not seem to be a useful sort of exercise. The names
are complicated enough by phaszs as it is, and the family names are. not usually well received
by farmers. They are uszful to pedelogists, but the farmer prefers a simplar name, and he is
the one we are trying to help in the rural areas. In the urban planning process, vie are dealing
with people who are trzined in one or more technical disciplines and they can master the
meaning of the family name without much troubie. But they would be bothered by all of the
phase features that we would have to spezify for the family in order to arrive at something
comparable to the series.

Question 130

Wasn’t there a suggestion at one time to shorten the family name by giving it the name of
the most dominant geries?

‘Guy Smith:

That i5 stiil doune as far as I knew. You will have then slope phases, erosion phases. If
you want to drop the series category, you aie going to have to phase out about 40 other
characteristics.

In some families that have a wide geographic spread, they have use¢ a serizs from lowa as
a family name there and another series from Oregon as a family xame there. For the most part
this represents a defect in the Taxonomy because these should not be in the same family. The
one with virtually no rainfall in summer c2n oaly be used with irrigation to grow maize; the one
in Iowa produsces very good yieids without irrigation, and they Jo not belong with the same
farnily. The proposal has been made tc correct this defect, particularly true in Aqusifs, for
example, or other aquic great groups where you have a wet/dry clirsate versus where ycu have
a humid climate.

Ozestion 131

. ~There are many countries which are now starting small-scale maps on scale 1:1,000,000

like the soii map of the Arab worli. The tendency to include a large amount of detail makes

- them want to use subgroups in the legend, aithough they could achieve the same purpose by

using phases of gueat groups. Probably oue of the reasons for this phasing oui at higher

- categoric levels in Taxoncray is not spelled owi in Soil Taxonomy 5r many other documents. Do
- you have any suggestions for this?
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Guy Smith:

The subgroups are a little better defined than the phases to get uniformity among all the
Arab countries. The soil map of the Unitad States is an example of the lcgend design. There
was a great deal of opposition at the rime tha: it was developed. There was a feeling on the
parts of some that, for a small-scaiec map, all of the map units should be identified at the sawme
categoric level. It was possible i delineste on the Great Plains the Ustolls, but there would
always be a mixture in the landicape of Hapiusiolls and Argiustolls because the map scaic is
small and the avgillic horizon is restricted 10 stable landscape forms. Instead of just calling this
Ustolls, we thought we could convey 5 good deal more information about these soils if we used
associations of subhgroups rather than associations of great grougs. So when you examine that
legend, you will find that we speak of aridic subgroups, typic subgroups, and udic subgroups,
and they arrange themselves neatly into a pattern that can be shown on a scale of something like
1:51,000,000. This helps you visualize and understand the cropping paiterns that you see on
these relatively large areas. In the aridic subgroups the fields are kept in fallow one year out
of two. In the typic subgroups tlie fields are cultivated and planted every year. In the udic
subgroups there is a change in the kinds of crops that are grown. Your iegend should de
designed in terms so that the map that results will convey the maximum possible information.
In some instances this may inveive using associztions of subgroups rather than great groups.

{Quastion 132

The next question is on Soil Taxonomy and small-scale maps. A surprising number of
peopie appear to believe that using taxa of higher categories automatically insures that the areas
they occupy will be large. Will yoi: comment on (a) the degrees in numbers of taxa identifiable
in the large land areas represented on small-scale maps as one uses taxa of successively higher
categories to identify inem, (b) the difference in apparent complexity of the patterns of soils
identified as taxa at low and at high categoric leveis in such areas, and (c) the differerces in the
number and specifity of statements that can be mude about the soils of such areas when they
are identified in terms of taxa at iow znd at high categeric levels.

Guy Siuith:

In some parts of the world, the number of taxa that must be identified in the name of the
delineation will decrease considerabiy as :iie goes from a low categoric ievel to a high one. 1
looked at one county in Kansas and every soi! in the legend was classified as a Mollisol. So that
using the order, one could have a relatively pure map unit defined as Molliscls, and in this
county I think une could also have a similar purity if one referred to Ustolls or Udolls. I think
the niormal situation is that you have associations of different orders and that going to the order
level does not eliminate the need tc mention that you have Entisols, Inceptisols and Alfisols in
the county. The point ‘b* is a little difficult to understand for me. With respect to the apparent
complexity of the patterns of soils cn a small scale map, one could describe or enumerate the
phases of all the families that occurred, bui it would not be reflected in thz map .iself. The
complexity would be in the identificztion in the field and the interpretations of potential uses
for that area that is drawn on the small-scale map.

One can always make more statements sbout the soils identified at the iower categoric
level. As one goes from a lower t¢ & higher categoric level, there is more heterogeneitv and
there are fewer statements that csz be ipads for a great group that for a subgroup or or a
suborder than for a great group. The business here has something to do with the purpose vou
have for making the map. If one makes 2 map jusi to hang on the wali or fill up a drawer

- somewhzre, it does not matter what statements vou make. These maps are expensive, even at
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small-scale, and one should know clearly why he is doing that and then design his nomenclature
to bring out what is needed for the purpose of making that particular map.

Question 133

The last question on this section deals with the special variability of diagnostic properties
in relation to the categorical level at which they are used. To what extent did spatial variability
of diagrnostic proparties enter iato the choice of categorical levels st which they are used. This
may requirz an answ.r in terms of breadth of perspective, that is the perspective of local
landscapes versus that of broad regions. :

Guy Smith:

I have alzeady commented cn the use of the soil ciimate in the higher categories as a
partial substitute for the old concept of zonality in soils. The spatial variability in soil climate
is apt to be appreciably less than the spatiai variability. of the glacial till in this area. We have

broad areas where the soil climate may be uniform or it may, as we have here, be a mixture of
aquic and udic regimes.

Guestion 134

Do you have any good suggestions 6a how to name mapping units other thaa the current
practice that is being used to get around this problem of homogeneity and inclusions,
taxadjuncts?

Guy Smith:

No, I was involved in the development of the present practice before 1 retired but have
had little or no opportunity to keep track of what has been done since then.

Comment: There has been some suggestion that we need somewhere a correlation book to
describe principles, concepts, and guidelines for correlation.

The late Dr. Kellogg tried t¢ have such a2 manual written but never could get anyone to
write it.
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Nuestion 135

There was a principle of using mono-:2xa unit names for map units, as much as possible.
As we gather more transect data to determine what is in the map units and statistically look at
them, we are findiag that at least in the Northeast, our units shouid be named as multi-taxa
units, As we learn more it may play havoc with a system that's been deeply entrenched in the
use of mono-taxa for the utility 9 interpretations. Would you care to comment on that?

Guy Smith:

Depending on the uses of the soil, those that can be or are foreseen tc be made, we do
need to know what variability we have within the arsa arcund whick we draw a boundary in
the field. The estimation of that variability by sampling on a transect is not exactly new, but
on the other hand, it was not done 50 ycars ago. It has spread gradually in the last 20 or 30
years to find out what variability we have, either by transect or by random sampling. It is
fairly important in many surveys that we kiicw something about this before we assign z given
name to the map unit. There was 2 time when I first started making maps that we did not
worcy about this. We drew a boundary and then never went back at another date to see what
was in that boundary. Our boundary was drawn on the basis of a couple of samples of auger
hoies, and instead of really boring it cut, a random pattern or a transect pattern, we just
assumed it was uniform. Then when people tegan to study this variability, we discovered that
we were not as good as we thought we wer3. Many areas named for a series should have been
named for an association of series. There were significant inclusions of soils that behaved
differently. We have the rule that we can tolerate some small areas that have very different
interpretations from the series or family or whatzver we name the map unit for, though we like
to tell people that if possible these inciusions should be Jdesignated by a spot symbol of some
sort, just to warn the user that it is not honiogeneous.

Our taxonomy is still a rather coarse grid compared to what the farmer sees on his farm.
He always sees much finer differences than the pedclogist car put on his map.

‘Quzstion 136

This question is relaied to mapping units and taxonomic units. We have been saying that
Soil Taxonomyv classifies polypedcas, and some people have been making the interpretation that
if in a2 landscape they find an argillic 7 hers, or thiey find moilic epipedon that thzy put these
things together and say this is whkat I am classifying. If they tell me they are classifying
polypedons, they have the wrong interpretation of polypedon. I think it would be good to
clarify that this is not the way to do it, if you agree with me.

Guy Smith:

You examine the soil mostiy at what amounts to points. When you are sampling the
pedon, you have a volume that covers »n area of at least a souare meter. If you find no
variability within that square meter, you have fixe¢ pretty much the size of your pedon. But if
you find therc is variability within that meter, you must probe around your initial pit to
determine whether that variability is a boundary between this soil or whether that variability is
a cyclic thing, and if it is cyclic, how large the cvcle is. The polypedon is supposed to consist
of adjacent pedons that do not cross the boundaries of a limit between taxa at some category
above that at which you are making your map legend.
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Your pedon is a sample of ‘your potypedon. You have worked out in advance the limits of
your taxon where you have the borders that adjoin kinds of soil that differ.

Question 137

What do you do with a unit that is cyclic; by taking it in smaller units one -ould have
several different taxa. How have you traditionally thought of handling that in Taxonomy?

Guy Smith:

The purpose of the polypedon was to permit classification within a series of somewhat
contrasting kinds of soil, such as I have illustrated here--that is a natural landscape unit with
great local variability. It seemed unnecessary to mess up our map unit name with an association
or a complex of 3 or 4 different series. This sort of local variability seemed to belong at a very
low categoric level if anywhere, because the variability is a property of that soil.

Question 138

But this same situation very likely occurs not too far away, where there are larger
contiguous areas that have both the albic and the bleached clay that would classify as one.
There may be another area in which it is primarily the caicareous clay close to the surface.
Both of those would be classified as separate series, probably different taxa other than series,
and vet here they happen to be combined because of the uniqueness in the landscape, and then
we say, then, how do 1 classify this oze, where the two separate components are classified,
separately if they are a little but larger bodies [sic]?

Guy Smith:

Well, they get into different families in that situation, because one is a ruptic family and
the cther is not.

Question 139

But then how do you classify the pedon?
Guy Smith:

, On the basis of the variability and the nature of the horizons within very short lateral
_distances.
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Question 140

Soil Taxonomy states that the mapper delineates polypedons on large-scale maps, but then
it carries on to say that there are various problems by doing this. It lists three majer problems.
1t is particularly difficult to recognize a polypedon in nature, particularly where there are no
lateral changes that can be recognized. A common answer has been to map geographic or
geomorphic elements rather than trying to identify polypedons. Would you say that this
particular problem has led to a breakdown in the polyp:don concept?

Q' M .
Guy Smith

No, I do not think so. I know that there are places in the world where the intent is to
map the geomorphic surfaces, and then to sample those to find out what kinds of soil are
present from one surface as against another. But those are not really soil raaps, those are
geomorphological maps, and they are being interpreted in terms of the kinds of soil that they
find. But their boundaries have nothing to do with soils, and perhaps they are useful in some
parts of the world where the variability in use is limited by some factor, such as an arid climate
or a very cold climate.

If you check any detailed soil map in the 1J.S,, carry it out to the field and start looking
at what the pedologist did, you will see that he tried to draw his boundaries around the kinds of
soil. His knowledge of geomorphology might have suggested to him that whan he changes from
one landform to another he is pretty apt to be changing from one soil to another, but he will
normally try to delineate the polypedon if he can. If he cannot do it, thep he reflects that in
the name that he puts on that map unit as a complex, or an association, or what have you.

Questior 141

Can you say generally at what scale the polypedon becomes applicable?
Guy Smith:

No, because it is not the same everywhere in the United States or the world. On the
Russian Steppes, where you have a loess mantle and a subhumid climate, vou can have some
very large, polypedons if that loess has not been dissected yet. If the loess has been dissected
by geoiogic erosion your polypedons may be quite small, particularly in arenic areas you might
not be able to find enough that you can map; virtually everything is goirg to be a complex or
association.

Question 142

Would you say that the problem of polypedons may be more specific or more important
under certain conditions? For examp!le, the illustration here is more peculiar to soils formed in
materials like Austin chalk; then there is the other extreme of getting mound and intermounds

- 119 -



Cornell Interview

in frggid areas, It seems to me that vcu have to recognize the importance of polypedons for
certain conditions, but not for the soil universe as a whole. Is this right or wrong?
Guy Smith: a
~ You 2:e really dealing with the next topic. Of course you make a soil survey for a
particular reason, or you should. Xnowing that reason, then, you will design your map legend
so, that your survey will meet those anticipated needs. This may or may not require that you
delineate polypedons. In Alaska and Nevada, they are not particularly concerned with
polypedcns there; they add virtually nothing to the interpretations that you can make. The only

thing we must do, then, is to name what we have enclosed by our boundaries in such a way that
it is intelligible.

Section F Soil Interpretations

Some have taken the subtitie of Soil Taxonomy, which reads "A Basic System of soil
classification for making and interpreting soil surveys", to mean literally that Soil Taxonomy is
an interpretive system. The first two guestions relate to the misconception.

Question 143

Will you clarify the intent of the <= "title of Soil Taxonomy as quoted previously?
Guy Smith:

Making a soil survey is a rat’.er complicated sequence of operations. You should not make
a soil survey without knowing why you are doing it. What do you want to make that survey
for? You must design your legend so that when the map is completed, you are able to make the
important interpretations that are needed for the use for which that soil is apt to be put. The
naming of vour map umnits involves the correlation problem. If this breaks down, then you are
defeating one of the purposes of your soil survey; you are not describing accurately what is in a
particular map delineation.

The interpretations involves another step of reasoning. We have tried to build into the
basic classification system the prcperties that are most apt to be important for interpretations.
The importance is not everywhere in the world the same, just as the purpose of making the
surveys are not everywhere the same. But ore must go through another step in reasoning to
make the interpretation. They are unot there themselves but one can, then, still make
interpretations if the important properties have been built into the definitions of the kinds of
soil you have mapped.

Question 144

‘We say that interpretation is a function of time, and is a function of the technology that is

.~ employed. In that case, why should wz not make at least some of the major categories purely
“ . morphogenetic. What is the argument 2gainst that?
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Guy Smith:

To a large extent, the three higher categories are refections of the kinds ofhorizons and
properties that the soils have. You could call that morphiogenetic. When we get to the family
level, it is much more for practical purposes, but it is not the only thing that affects the
interpretations. The presence of a pan alerts us that this may affect our interpretation seriously.
You consider a soil under forest with a ragipan and with an occasional hurricane going by, you
realize that the forest may blow over, and depending on the frequency ¢f hurricane you may
decide that this soil is or is not going to produce a certain volume of wood, because the
marketable wood may not be produced due to trees blowing over too frequentiy.

Question 145

The soil maps produced in many parts of the world by less than detailed survey methods
necessarily delineate areas that are relatively heterogeneous. We have reports that some soil
scientists of these places have become disillusioned with Soil Taxonomy because they expected
it to enhance the interpretive valuz of such maps. Will you comment for the benefit of those
people on the implications of your answer to guestion 144 for development of both soil survey
and inferpretive techniques to give their surveys greater interpretive value?

Guy Smith:

To get really good interpretive value from a map that includes rather heterogeneous kinds
of s0il, the basic problem is whether or not they identify the soil variability within those map
units, and get some notion of the relative extent of the different kinds of soil within that map
unit. From thereon, the interpretive value is partly a function of what is known about the
vekavior of the soil under another system of management then the one it is presently under.
Arn area of Oxisols being farmed under shifting cultivation does not require large numbers of
interpretations, and they can be rather general. If, on the other hand, you are going to use that
area for the production of a plantation crop, with a fairly high level of management, the
interpretations wiil have to be a function of how much you know about the behavicr of that
soil. One purpose of the taxonomy is to let us extend the experience of a plantation to an area
of similar soil that has been farmed under shifting cultivation. What will be, then, the affect of
bringing this second area into plantation use as the first one, where we get our experience.
Depending on the variability, then, and how caref ully we record the nature and the aerial extent
of the variations and on our knowledge aboui the soil behavior, we can make limited
interpretations for areas of very considerable varizbility. Soil Taxonomy wili not enhance the
interpretations that you can make unless you are rather careful in your control of knowing what
that variability is in the soils and their effect on the interpretations.

-
2

Ouestion 140

If we reissued Soil Taxonomy, would you change the title?
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Guv Smith:

I am content with the title.

Question 147

This is a particularly important question because it deals directly with use management of
soil for many purposes particularly for annual crops. The performance of these crops are
determined to a large extent on the properties of the surface horizons. Should the properties of

surface horizons have been incorporaied into the criteria of soil famiiies to enhance their
interpretive value?

Guy Smith:

I see no way that can be done economically. The physical, chemical properties of the
plow layer, admittediy are critical 10 the growth of plants, and yet they can vary enormously
from one system of management to another on what is essentially the same kind of soil. You
will see field boundaries in which the growth of the vegetation on one side of the fence is
enormously different from that on the other side of the fence, and yet the kinds of soil along
that fence line may be very similar. If the mar with the poor crops changes his management to
the same as that of the man with the good crops, in the course of time, generally a few years,
there will be no differerce along that fence line. The poor physical or chemical properties that
stunted the crops of the man with poor management will have disappeared and you will have
good chemical and physical properties on oth sides of the fence. To build this in to the
:axonomy is difficult. It is readily changed by the death of an owner or the sale of a farm, to
bring in a new manager with higher managerial skills. That means you have to go back and
remap every few years, and it is much tetter to have a stable taxonomy and to make your
interpretations according tc the levei ¢f management and the properties which will exist under
different levels of management. The Russians do this in their mapping of the State and
collective farms at the phase level. But in that situation they have firm control over the
management system, whereas in this couniry this is a matter for private enterprise, and a man
canr: ruin his farm or build it up if he sees fit,

Question 129

‘ The next question deals with the conflict of series names for boch taxa and mapping units.
It has been suggested tihat the confusion resulting from the use of series names for both
taxonomic ard mapping units may justify reserving the long established convention of series
names for mapping units, and in effect dropping the category of soil series from Soil
- Taxonomy. Will you comment on the suggestion?

Guy Smith:
‘To some extent, at least, the soil series ars considered a category in the iaxonomy, and yet

',-fthéy are not defined in Soil Taxcnomy, there zre too many. The definitions of the series
_themselves take quite a few filing cases, insicad of the cne microficke. You can, of course,
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microfiche the series definitions and descriptions, but the series has always been a pragmatic
category. We establish series with narrow ranges of properties and with relatively broad rangss
in properties, according to whether or not that definition lets us make “te best interpreations
that we can make to meet the needs of a particular soil survey., The only limits that are
imposed on the series are those that have accumulated in the family and the higher categories,
and the pedclogist is free to subdivide that range into as many series as proven useful. This is
rclated to one of the earlier questions very closely. We did drop the type as a category and
moved it into 2 phase position. Presumably the type was supposed to reflect the texture of the
plow layer, or its equivalent in an undisturbed soil, but nationwide, the usage of the type name
was quite variable. In Iowa, Sharpsbure ciity clay loam has an argillic horizon with a silty clay
texture. When eroded, the plow laye: is normally a complex of silty clay loam and silty clay.
To be sirictly accurate, the map ur.ts should have been named Sharpsburg silty clay loam and
silty clay, where the soils were erc ded; but they did not do that in lowa or Missouri. Under the
influence of ome previous correlator these soils were named according to what they thought the
surface texture had been originally. In other parts of the country, a Ultiso! with a sandy lcam
plow layer overlying a clayey argillic horizon would be named as a clay texture if erosion nad
removed the sandy loam surface. The argument there, was that you had to do this because you
could not be sure what the original texture had been before erosion. So we get Cecil sandy
loam and Cecil clay in the southern St:ies.

If we were going 10 retain the .ype as a category, then we had to make a change in the
map naming processes where they thought they could identify what the texture had been before
grosion and require them to complicate their map names by listing all the textures that occurred
within the mapping unit. This did not seem to be a useful sort of exercise, so ve simply moved
the surface texture to a phase level where it could be shown when it was important or
disregarded if it was not important. If one wanis to drop the series as a category, I suspect you
will have to go the same route with the family and use a large number of complicated phase
names for the families. Again, this does not seem to be 2 useful sort of exercise. The names
are complicaied enough by phases as it is, and the family names are not usually well received
by farmers. They are useful to pedciogists, but the fariner prefers a simpler name, and he is
the one we are irving to help in the rurz! areas. In the urban planning process, we are dealing
with people who are trained in one cr more technical disciplines and they can master the
meaning of the family name without much trcuble. But they would be bothered by all of the

phase features that we would have to specify for the family in order to arrive at something
comparable to the series.

Queszion 130

Wasn't there a suggestion at one time to shorten the family name by giving it the name of
ie most dominant series?

Guy Smith:

That is still done as far as I know. Yecu will have then slope phases, erosion phases. If
you want to drop the series category, you are going to have to phase out about 40 other
characteristics.

) In some families that have a wide geographic spread, they have used a series from lowa as

a family name there and another series from Oregon as a family name there. For the most part
this represents a defect in the Taxoncmy bacause these should not be in the same famiiy. The
~ one with virtually no rainfall in summer can only be used with irrigation to grow inaize; the one
in Iowa produces very good yields without irrigation, and they do not belong with the same
family. The proposal has been made to correct this defect, particularly true in Aquezlfs, for
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example, or other aquic great groups where you have a wet/dry climate versus where vou have
a humid climate.

Question 131

There are many countries which are now starting small-scale maps on scale 1:1,000,000
like the soil map of the Arab world. The tendency to include a large amount of detzil makes
them want to use subgroups in the legend, althcugh they could achieve the same purpose by
using phases of great groups. Probably one of the reasons for this phasing out at higher
categoric levels in Taxonomy is not spelled out in Soil Taxonomy or many other documents. Do
you havz any suggestions for this?

Guy Smith:

The subgroups are a little betier defined than the phases to get uniformity among all the
Arab countries. The soil map of the United States is an example of the legend design. There
was a great deai of opposition at the time that it was developed. There was a feeling on the
parts of some that, for a small-scale map, ali of the map units shouid be identified at the same
categoric levei. It was possible tn delineate on the Great Plains the Ustolls, but there would
always be a mixture in the landscape of Haplustolls and Argiustolls because the map scale is
small and the argillic horizon is restricted to stable landscape forms. Instead of just calling this
Ustolls, we thought we could convey a good deal more information zbout these soils if we used
associations of subgroups rather than associations of great groups. Sc when you examine that
legend, you will find that we speak of aridic subgroups, typic subgroups, and udic sukgroups,
and they arrange themselves neatly into a pattern that can be shown on a scale of something like
1:51,000,000. This helps you visvalize and understand the cropping patterns that you see on
these relatively large areas. In the aridic subgroups the fields are kept in fallow one year out
of two. In the typic subgroups the fields are cultivated and planted every year. In the udic
subgioups there is a change in the kinds of crops that are grown. Your legend should be
designed In terms so that the map that results will convey the maximum possible information.
In some instances this may involve using associations of subgroups rather than great groups.

Question 132

The next question is on Soil Taxonomy and small-scale maps. A surprising number of
peopie appear to believe that using taxa of higher categories automatically insuvres that the areas
they occupy will be large. Will you comment on (a) the degress in numbers of taxa identifiable
in the large iand areas represented on small-scale maps zs one uses taxz of successivelv higher
categories to identify them, (b) the difference ir apparent complexity of the patterns of soils
~ identified as taxa at low and at high categoric levels in such areas, and (c) the differences in the
number and specifity of statements ihat can be made about the soils of such areas when they
are identified in terms of taxa at low and at high categoric levels.
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Guy Smith:

In some parts of the world, the number of taxa that must be identified in the name of the
delineation will decrzase considerably as one goes from a low categoric level to 2 high one. |
looked at one county in Kansas and every soil in the iegend was classified as a Mollisol. So that
using the order, one could have a relatively pure map unit defined as Mollisols, and in this
county I think one could also have a similar purity if cne referred to Ustolls or Udolls. I think
the normal situation is that you have associations of different orders and that going to the order
level does not eliminate the need to mention that you have Entisols, Inceptisols and Alfisols in
the county. The point ‘b’ is a littlc ditficult to understand for me. With respect to the apparent
complexity of the patterns of soils cn a small scale map, one could describe or enumerate the
phases of all the families that occurred, but it would not be reflecied in the map itself. The
complexity would be in the identification in the field and the interpretations of potential uses
for that ares that is drawn on the small-scale map.

One can always make more statemcnts about the soils identified at the lower categeric
level. As one goes from a lower (o a higher categoric level, there is more heterogeneity and
there are fewer statements that can be made for a great group that for a subgroup or for a
suborder than for a great group. The business nere has something to do with the purpose you
have for making the map. If one makes a map just to hang on the wall or fill up a drawer
somewhere, it does not mattcr what statements you make. These maps are expensive, even at
small-scale, and one should know ¢lesrly why he is doing that and then design his nomenclature
to bring out what is needed for the purpese of making that particular map.

Quastion 133

The last question on this section deals with the special variability of diagnostic properties
in relation to the categorical level at which they are used. To what extent did spatial variability
of diagnostic properties enter into the choice of categorical levels at which they are used. This
may require an answer in terms of breadth of perspective, that is the perspective of local
landscapes versus that of broad regions.

Guy Smith:

I have alrsady commented on the use of the soil climate in the higher categories as a
partial substitute for the old concept of zonality in soils. The spatial variability in soil climate
is apt to be appreciably less than the spatial variability of the glacial till in this area. We have
broad areas where the soil climate may b2 uniform or it may, as we have here, be a mixture of
aquic and udic regimes,

Question 134

N Do you have any good suggestions on how to name mapping units other than the current
- practice that is being used to get around this problem of homogeneity and inciusions,
“4 . taxadjuncts? ' :
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Guy Smith:

No, 1 was involvec{ in the development of the present practice before I retired but have
had little or no opportunity to keep track of what has been done since then.

Comment: There has been some suggestion that we need somewhere a correlation book to
describe principles, concepts, and guidelines for correlation.

The tate Dr. Kellogg tried to have such a manual written but never could get anyone to
write it.

Question 135

There was a principle of using mono-taxa unit names for map units, as much as possible.
As we gather more transect data to determine what is in the map units and statistically look at
them, we are finding that at least in the Northeast, our units should be named as multi-taxa
units. As we learn more it may play havoc with a system that’s been deeply entrenched in the
use of mono-taxa for the utility of interpretations. Would you care to comment on that?

Guy Smith:

Depending on the uses of the soil, those that can be or are foreseen to be made, we do
need io know what variability we have within the area around which we draw a boundary in
the field. The estimation of that variability by sampling on a transect is not exactly new, but
on the other hand, it was not done 350 years ago. It has spread gradually in the last 20 or 30
years to find out what variabiiity we have, either by transect or by randem sampling. It is
fairly important in many surveys that we know something about this before we assign a given
name to the map unit. There was a time when I first started making maps that wz did not
worry about this. We drew a boundary and then never went back at ancther date to see what
was in that boundary. Our boundary was drawn on the basis of a couple of samples of auger
holes, and instead of really boring it out, 2 random pattern or a transect pattern, we just
assumed it was uniform. Then when people began to study this variability, we discovered that
we were not as good as we thought we were. Many areas named for a series should have been
named for an association of series, There were significant inclusions of soils that behaved
differently. We have the rule that we can tolerate some small areas that have very different
interpretations from the series or family or whatever we name the map unit for, though we like
to tell people that if possible tliese inclusions should be designated by a spot symbo! of some
sort, just to warn the user that it is not homogeneous.

Our taxonomy is still a rather coarse grid compared to what the farmer sees on his farm.
He always sees much finer differences tihan the pedologist can put on his map.

: Quéstirm 136

.~ This question is related to mapping units and taxoncmic units. We have bezen saying that
.. Soil Taxonomy classifies polypedons, and some pecpie have been making the intefrpretation that
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if in a landscape they find sr argillic 8 here, ¢r they find mollic epipsdon that they put these
things together and say this is what I ar classifying. If they tell me they are ciassifying
polypedons, they have the wrorg interpretation of polypedon. I think it would be good to
clarify that this is not the way to do it, if you agree with me,

Guy Sirith:

You examine the soil mostly at what amounts to points. When you are sampling the
pedon, you have a volume that covers an area of at least a square meter. If you find no
variability within that square meter, you have fixed pretty much the size ¢f your pedon. But if
you find there is variability within that meter, you must probe around your initial rit to
determine whether that variability is a boundary between this soil or whether that variability is
a cyclic thing, and if it is cyclic, bow large the cycle is. The pciypedon is supposed to consist
of adjacent pedons that do not cross the boundaries of a limit between taxa at some category
above that at which you are making your map legend.

‘Your pedon is a sample of your polypedos. You have worked out in advance the limits of
your taxon where you have the borders that adjoin kinds of soil that differ.

Question 137

What do you do with a unit that is cyclic; by taking it in smaller units one could have
several different taxa. How have you traditionally thought of handling that in Taxonomy?

Guy Smith:

The purpose of the polypedon was to permit classification within a series of somewhat
contrasting kinds of soil, such as i have illustrated here--that is a natural landscape unit with
great local variability. It seemed unnecessary to miess up our map unit name with an association
or a complex of 3 or 4 different series. This sort of local variability seemed to belong at a very
low categoric level if anywhere, because the variability is a property of that soil.

Wuestion 138

But this same situation very likely occurs not too far away, where there are larger
contiguous areas that have both the aibic and the bleached clay that would classify as one.
There may be another area in which it is primarily the calcareous clay close to the surface.
Both of those would be classified as separate series, probably different taxa other than series,
and yet kere they happen to be combined bicause of the uniqueness in the landscape, and then
‘we say, then, how do I classify this ore, where the two separate components are classified,
separately if they are a little but larger bodies [sic]?

- Guy Smith:

- Well, 'they get into different families in that situation, because one is a ruptic family and
~- the other is not. S L
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- Question 133

But then how do you classify the pedon?

Guy Smith:

On the basis of the variability and the nature of the horizons within very short lararal
distances.

Question 140

Soil Taxonomy states that the mapnar delineates polypedons on large-scale maps, but then
it carries on to 3ay that there are various problems by doing this. It I'sts three major problems.
Tt is particularly difficult to recognize a polypedon in nature, particularly where there are no
lateral changes that can be recognized. A common answer has been to map geographic or
geomorphic elements raiher than trying to identify polypedons. Would you say that this
particular problem has led to a breakdown in the polypedon concept?

Guy Smith:

No, I do not think so. I know iha: there are places in the world where the intent is to
map the geomorphic surfaces, and then to sample those to find out what kinds of soil are
present from one surface as against another. But these are not really soi! maps, those are
geomnorphological maps, and they are being interpreted in terms of the kinds ¢f soil that they
find. But their boundaries have noihing to <o with soils, and perhaps they are useful in some

purts of the world where the variability in use is limited by some factor, such 2s an arid climate
or a very cold climate,

If you check any detailed :cil map in the U.S., carry it out tc the field and start leoking
at 'vhat the pedologist did, you will see that he tried to draw his boundaries around the kinds of
soil. His knowledge of geomorphaiogy might have suggested to him that when he chaages from
one landform to another he is preity apt te be changing from one soil to another, but he will
ncrmally try to delineat~ the polypedon if he can. If he cannot do it, then he reflects that in
tke name that he puts on that map unit as a complex, or an association, or what have you.

Giuestion 141

- Can ydu say generally at what scale the polypedon becomes applicable?

Guy Smith:

- No, because it is.not the same¢ everywhere iz the United States or the world. On the
-~ Russian Steppes, where you have a ioess mantie and a subhumid climate, you can have some
- very large, polypedons if that loess has not been dissected yet. If the loess has been dissected
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by geologic erosion your polypedons may be quite small, particularly ir. arenic areas you might

not be able to find enough that you can map; virtually everything is going to be a complex or
association.

Question 142

Would you say that the problem of polypedons may be more specific or more important
under certain conditions? For example, the illustiation here is mere peculiar to soils formed in
materials like Austin chalk; then there is the other extreme of getting mound and intermounds
in frigid areas. It seems to me that you have to recognize the importance of polypedons for
certain corditions, but not for the scil uaiverse as a whole, Is this right or wrong?

Guy Smith:

You are really dealing with the next topic. Of course you make a soil survey for a
particular reason, or you should. Knowing that reason, then, you will design your map lesend
so, that your survey will meet those anticipated needs. This may or may not require that ycu
delineate polypedons. In Alatka and Nevada, they are not particularly concerned with
polypedens there; they add virtually nothing to the interpretations that you can make. The nrly
thing we must do, then, is to name what we have enclosed by our boundaries in such a way : ¢
it is intelligible.

Se¢ction F Soil Interpretations

Some have taken the subtitle of Soil Taxonomy, which recds "A Basic System of soil
classification for making and interprcting soil surveys", to mean literally that Soil Taxonomy is
an interprative system. The first two questions relate to the misconception.

Question 143

Will you clarify the intent of the subtitle of Soil Taxonomy as quoted previously?
‘ Gux'_Smith:

Making a soil survey is a rather complicated sequence of cperations. You should not make

a soil survey without knowing why you are deing it. What do you want {0 make that survey
“for? You must design your legend so that when the map is completed, you are able to make the
‘important interpretations that are needed for the usc for which that soil is apt to be put. The

- naming of your map. units involves the correlation problem. If this breaks down, then you are
- defeating one of the purposes of your soii survey; you are not describing accurately what is in g
. -particular map delineation. e ' ' , -
- . The interpretations involves another step of reasoning. We have tried to buiid into the
basic clessification system the propesties that are most apt to be important for interpretations.
* The importancs is not everywhers in the world the same, just as the purpose of making the.
surveys are not everywhere the same. But one must go through another step in reasoning to
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make the interpretati.on. They are not there themselves but one can, then, still make
interpretations if the important properties have been buiit into the definitions of the kinds of
soil you have mapped.

GQuestion 144

Ve say that interpretation is a function of time, and is a function of the technology that is
employed. In that case, why should we not make at least some of the major categories purely
morphogenetic. What is the argumsnt agzinst that?

Guy Smith:

To a large extent, the three higher categories are refections of the kinds ofhorizons and
properties that the soils have. You could call that morphogenetic. ‘When we get to the family
lavel, it is much mere for practical purpuses, but it is not the only thing that affects the
interpretations. The presence of a par alerts us ihat this may affect our interpretation seriously.
You consider a soil under forest with a fragipan and with aa occasional hurricane going by, you
realize that the forest may blow aver, and depending on the frequency of hurricane you may
decide that this soil is or is not goisg to produce a certain volume of wood, because the
marketable wood may not be produced due 10 irees blowing over too frcguentiy.

Question 145

The soil maps produced in many parts of the world by less than detailed survey methods
necessarily delineate areas that are rclatively heterogeneous. We have reports that some soil
scientists of these places have become disillusioned with Soil Taxonomy because they expected
it to enhance the interpretive value of such maps. Will you comment for the benefit of those
people on the implications of your answer 10 question 144 for development of both soil survey
and interpretive techniques to give their surveys greater interpretive value?

~ Guy Smith:

To get really good interpretive value from a map that includes rather heterogenzous kinds
of soil, the basic problem is whether or not they identify the soil variability within those map
units, and get some rotion of the relative exient of the differert kinds of seil within that map
unit. From thereon, the interpreiive value is partly a function of what is known about the
behavior of the soil under another system of management then the one it is presently under.
An area of Oxisols being farmed under shiftirg cultivation does not require large nu.nbers of
- interpretations, 2nd they can be rather general. If, on the other hand, you are going to use that
. area for the production of a pizntation crop, with a fairly high level of management, the

interpretations will have to be ‘a function of how much you know about the behavier of that

soil. -One purpose of the taxonomy i ¢¢ let us extend the experience of a piantaticn to an area
-of similar soil that has been farmed vader shifting cultivation. What will be, then, the affect of

~ bringing this second area into plantatice use as the first one, where we get our experieace.
‘Depending on the variability, then, and how carefully we record the nature and the aerial extent
c)f the varmuons am:l on our kcmvk,dge %bout the soil behavior, we can make limited
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§nterpretat§ons for areas of very considerable variability. Soil Taxonomy will not enhance the
mnterpretations that you can make unless you are rather careful in your control of knowing what
that variability is in the soils and their effect on the interpretations.

Questicn 146

If we reissued Soil Taxonomy, would you change the title?
Guy Smith:

1 am content with the title.

GQuestion 147

This is a particularly important question because it deals directly with use management of
soil for many purposes particulariy for annval crops. The performance of these crops are
determined to a large extent on the properties of the surface horizons. Should the properties of
surface horizons have been incorporatod inio the criteria of soil familics 1o enhance their
interpretive vaiue? ‘

Guy Smith:

I sez no way that can be done econcmically. The physical, chemical properties of the
plow layer, admittedly are critics! to the growth of plants, and yet they can vary enormously
from one system of management to another on what is essentially the same kind of soil. You
will see field boundaries in which the growth of the vegetation on onc side of the fence is
enormously different from that on the other side of the fence, and yet the kiuds of soil along
that fence line may be very similar. 1f the man with the poor crops changes his management to
the same as that of the man with the gocd crops, in the course of time, generally a few years,
there will be no difference along that fence line. The poo: physical or chemical properties that
stunted the crops of the man with poor management will have disappeared and you will have
good chemical and physical propertieas on both sides of the fence. To build this in to the
taxonomy is difficult. It is readily changed by the death of an owner or the sale of a farm, to
bring in a new manager with higher raanageria! skills. That means you have to go back and
remap every few years, and it is wiuch beiter to have a stable itaxonomy and to make your
- interpretations according to the level ¢ management and the properties which will exist under

different levels of management. The Rusgians do this in their mapping of the State and
~coliective farms at the phase level. But.in that situation they have firm control over the
management systerz, whereas in this country this is a matter for private enterprise, and a man

© can ruin his farm or build it up if he sees fit.
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Question 148

It has been suggested by Dr. Kf‘logu and others that one reason for replacing the 1949
system was to improve the interpretive value of taxa in the higher categories. As a number of
successful attempts to use the taxa of higher categories for interpretation has been small, has
Soil Taxoncrmy accomplished that objective? If the system has enhanced interpretive value at
higher categoric levels, will you specify ways in which that has been accomplished?

Guy Smiti

The interpretive value of the higher categories, the great group, suborder, and order, is
not great. The use of soil moisture and temperature in the definitions in these categories does
give us some control over potential uses. We can make statements about the benefits that we
can expect from following the Ustolls or Xerolls with mesic temperatures. These can be more
quantitative than the interpretations that we used to be able to make about Chernozems and
Prairie Soils, where the Prairie Soils included the xeric soil and the udic soils. In general I am
not sure that I can give many other examples of hcw Taxonomy has improved interpretive
values for higher categories, but yvou can say about Xerolls that without irrigaiion you cannot

grow summer crops. You could nrot say (hat abcut Prairie Soils, because th2y were combined
with xeric and udic moisture regimas.

We have subdivided tke old great soi! group of Planosols, according to the nature of the
pan, and .uc«.ordmg to the soil moistura and teruperature regimei. This does perm:it better
interpretations for Durixeralfs for exampie, with a mesic temperature. The interpretations
would be quite different from those of an Albzqualf in a humicd climate. But in general the
interpretations that we make are mostly for large-scale maps, certainly i:1,000,000 or larger. At
the 1:1,600,000 scale, numbers of i .merpr-ﬁmtlons are rather limited becauce of the heterogenenty
of map units and the specific mterpretatxons 27 the great groups levei are difficult to quantify.
One can generally, though, make some mterprc tations at the great group or higher level. If we
consider the presence or absence of a frugipan, which is refiected in the taxonomy, you can say
two things about that (1) it is going to malw troubles for highway construction, and (2) it is
going to make troubles for urbanization of areas with the use of septic tanks. You can say
forget, septic tanks in these soiis. Bu: it is not easy to specify whether those are going to grow
30 or 100 bushels of corn with proper use of fertilizer without the introduction of a rather
complicated phase terminology.

Questian 149

Will you dascribe the kinds sf interpretations that are feasible to taxa of higher
categOries? By kinds we refer to both purposes and ievels of generalization.

-Gu uy Smith: Smlth.

: Interpretatxons at any categoric Ievel are normally made for phases of taxa in that
" category. We cannot say that Mgliisols are suited to cultivation without specifying something
“about the slope, and we cannot say that Aridisols need im’gation without phasing again, because
if the soil properties are not suited for cultivation, then the u‘rlgdtlo hois imprag ctical. They do

e f»y-not ‘need it unless they are going to produce a reasenable crop after irrigation. We can say that

- -an-Aridiscl cannot be succcssfully ‘cultivated unless irrigated; we can say that a Mollisol ¢2n
pmduce some sort of vegetanve crop, -ut nct which one, unless we specify the siope. Then we
still- want for any quantxtatxve or, t,ua.,*atxve mterpretat.on as to what kiznd of crop, we have to
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then come down below the order level to bring into our interpretive information the nature of
the soil climate. The Mollisols of Vailey must be irrigated for summer crops, but they are
commonly in use to produce grass sead, without irrigation. The Mollisols of Iowa may produce
grass seed if the slopes are steep, but if the slopes are suited for cultivation, they primarily are
in grain crops, and the yield wili depend on the properties at the subgroup and family level,

more S0 than on the great group. For the precise quantitative interpretation, one must get the
phase of the series.

fiuestion 150

The basic premise of the Benchmark Soils Pedon Project is that they can transfer
techaology using soil families. Would you prefer that they had used phases of families?

Guy Smith:

I hope that they had used phases of families when they located their plots. I do not know
what they have done, but because they were irrigating as one system of treatment, and because
they were using mechanical cultivation, I suspect they got everything on all level land like ail
other experiment stations are.

Question 151

The other criticism or comment has been that, even at the f amily category, the properties
that cne could derive of a control section, which is 25 to 75 cm. depth, and rot the surface soil,
which is more relevant for the performauce of the annual crops. So, for technology transfer,
should they go to the series level as the basis, or just phases of families?

Guy Smith:

The Benchmark project is cxercising some control over the properties of the upper 25
centimeters through use of fertilizers, through the selection of crops and their rotation. I think
they are trying to apply uniform treatment on each of the Benchmark sites, but you may know
~more about this than I, I have only looked at the layout on paper of one of the Benchmark sites
to see what kinds of treatment they were applying.

First they obviously have used phase criterin when they selected sites. They have not
taken the full range of soils within that family; they have selected the more level areas. Now,

~ in their current interpretations they are beginming to specify that they have selected this phase,

they have done these things, which initially was not in their statement; they said just at the

- family level. Now, in the interpretations they are beginning to make, they recognize that they

- cannot interpret for the whole family, based oa the experiment they have, bscause of slope or

~ stoniness or other sets of characteristics that we might consider either phases or properties that

. we couid use as phases. They do not use a series, but they could phase to attempt to get the
more important properties. > R ’

s ‘:.‘133 -



Cornell Interview
Question i52

The other comment that I have with my experience in Malaysia indicates that, for
perennial crops like rubber and cil palm, which are deep-rooting, we can with a certain amouni
of confidence predict the yields which we are going (o get based on family classification, but
we cannot o the same thing with annuals, particularly rice, for other reasons. What kind of
criteria do we need, particularly at the iower categoric level, at series, so that we can have some
measure for prediction of performance of the crop?

Guy Smith:

The family ievel was not iniended for the most precise quantitative interpretations. It was
intended to indicate that for a given phase of a family tie yields wouid be adequate to make
the production of annual crops praciical or impractical. With some general implication of the
nature of the Annual crops that were suited for that particular soil. These are our major
interpretations of our maps for the work of the soil conservatiouist in the SCS. Capabiiity
classification is an interpretive classification, and it must mesh with the taxonomy, or there is
something wrong with one or the other, or both.

The interpretations for the anaual crops that we make, always involve the specification of
- the plan of management that he proposes to follow. We do not tell him what to do; he tells us

what he is going to do, and thes according to what he plans to do, we can tell him what kinds
of problems he is going to run into, 2ad he may change his plans because of the consequences
of having the wrong managemecnt in mind. These major interpretations we think, given the
phases of the family, should ke possible. It was the intent that they would be possible.

You could say on the Oxiscls of Malaysia, that for nearly level or gently sloping phase and
with 2 system of management that involved the use of shifting cultivation with long fallow; you

can predict rather safely that he is not going to get very good yields. It may be the only way
he can utilize the soil, but he will not get rich.

The interpretations in published surveys of the National Cooperative Soil Survey are
primarily, but not soleiy, interpretations of taxa, not of mapping uaits. The two are no:
necessarily the same. Do yocu se¢ any feasible way to present interpretations for mapping units
in such publications.

It should be feasible where the mapping unit includes a number of taxz. It should be
possible to make interpretations first for the individual taxa, specifying then the relative area of
a given taxon, and then the interpretaticns for the use of that taxon. This is still interpreting
by the taxon, rather than by the mapping unit, but then there are interpretations that would
apply to mapping urits rather than to taxsu. For example, a wet drainzze way crossing an area
- is going to be a limitation for passage with wheeled vehicles. Normally it shows up as a line on
your inap, and one does, generally in the SCS program, make interpretations by fields as wel! as
by kinds of soils, because ihe presence of an untavorzble condition can reduce the potential of a
much more faverable condition in the fieid. It you must cultivate and plant late because of a
wet area in the field, we would advise a farmer that he is going to continue to have trouble
unless he drains that. We do not tell him he should, but we can tell him he is going to be
planting late and his yields are going to te reduced because of that.

Interpretations for cther than the growth of piants would be feasible, as 1 mentioned
~earlier with the fragipans, the certain uses might be a mixture of Fragiaqualfs and Fragiuda:Ss.
The whole map unit would be unsuited for the development of housing with septic tanks and
_special basement would be needed for the houses.
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Question 153

Other taxcnomies that have been developed that have not been primarily used for soil
survey, what has generally been their fate, what has happened to those taxonomies?

Guy Smith:

As socn as the man who developed them has retired, they have been replaced. Where the
classification was intended for making soil surveys, as the Dutch classification, the system
persists even though the criginal authors would disappear from the scene.

A classification system should te dynaric, in the sense that it should be continuously used
and in the process continuously tested. You must remember that a classification is a creation of
man and is a reflection of the siate of knowledge at that tizne and the uses that were intended
at that time. Both of these may and will change and the system should be able t0 accommodate
these changes. If not it becomes decadcat.

Question 154

Some people say it is exiremely difficult to decide in the field the depths of the moisture
control section, especially in soils that cre never dry. Would you care to comment?

Guy Smith:

In soiis that are never dry, you arz not really concerned about the moisture control
section. It does not matter where it is. If you know that it is udic or perudic, you do not have
to have a moisture control section for predictions.

If you are in the field and you do not kaow that you have a udic, or ustic, and you do
not know the depth of the moisture control section, it is difficult to know when the moisture
control section is going to be compietely dry or partly dry or partly moist or completeiy moist.
You nced 2 kind of diagnostic depth or he moisture control section in thase miarginal cases to
be able to say, am I in a udic or a ustic moisture regime.

In soils that are dry at some time, the moisture control section was thought to be
something that you could either estimate cr. if you were quite uncertzin you could actually
measure by simply adding water to thie soi! at the moment that it is dry. We gave some rough
approximations of the limits according to the particle-size distribution, but these are
‘approximate only; they are influenced by siructure and by organic matter, and other things than
just particle-size. We did not think that there would be very many measurements to determine
the upper and lower limits of the moisiure control seciion. We did not think that there would
" be very many studies to find out whether the soii moisture control section was moist in all parts
- .or dry in all parts or dry in some parts. We do think that there should be some studies on this
to relate the truth to the calculations that we make with the help of the computer. Actually,
classification of the soils in the U.S. was predetermined. We decided in advance that we wanted
soils in certain counties to have an ustic moisture regime. It was considered typic. We wanted
in other counties to have a moisture regime that was ustic but grading toward aridic, and we
~ drew these boundaries and fitted them {o the caiculated moisture conditions. We are much more
- apt to change the moisture regime definitions than we are the classification. -
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Question 155

Irp. some same definitions a 5 degree temperature limit is used. Taking into account the
number of days that the moisture control section is mist or partly moist. In other cases you
use the 8 degree Celsius. Once Soil Taxonemy uses 5 Celsius, and once it uses 8 degree Celsius.
What were the reasons to have two different limits?

Guy Smith:

The 8 degree Celsius at 50 cm depth was thought to be high enough that we surely had a
growing season thar was controlled by moisture and not by temperature. The 5 degree was used
in the aridic moisture regime defizition. It does happen that we have soils on the Great Plains
that do dry out in the early summer or early fail, and winter comes and they remain drv all
winter. They do not moisten up again until the spring rains arrive. Wc did not want ¢to count
that dry period as a part of any j>ossibie growing season; we wanted to allow those soils to be
dry all winter without adding to the length of time that the soil was dry. We put the 5 degree
limit in, on the grounds that during the winter when the soils were dry the temperature would
be below 5 degrees. These were rather early proposals and no one has criticized them as vet. It
is quite likely that the definitions can be modified in a way to make them more useful.

There would not be any problam I think in using 8 degree in both cases.

It would not make much changz, no.

Question 156

This questicn is on the definition of xeric moisture regime. What were the reasons not to
accept soils with a regime in which the mean annual soil temperature is more than 22 degrees
Celsius, or where the difference between summer and winter is less than 5 degrees? Why don’t
you accept in the xeric moisture regime, mean 2nnual temperature of more than 22 degrees?

Guy Smith:

There are two reasons. In the first place, if you have a hyperthermic temperature, your
- .growing season is controlied by the moisturg, not by the temperature. It does not matter
whether the rains come in the calendar summer or the calendar winter. You have a wet seasen
~and a dry season. The wet season can be in any month or months of the year and the
‘temperature has no control over the growing season. The normal xeric moisture regime that we
wanted .was one in which we had a winter of some sort with some control of the growing season
by botu temperature and moisture. So we did not want to allow the xeric moisture regime to
-exceed the limits of the thermic temperaturzs regime. You go to Venezuela and you have a
pronounced rainy and a pronounced dry ssasca. But in one part of the world or another this
‘may come in the calendar winter or the calendar summer, but winter and summer have no

. meaning there; it is the wet seasor: and the dry season that are critical. Another reason was

- that, T did not want to have Oxisols with a xeric moisture regime because the name is patented.

~ Ithought I was excluding "Xerox" from acy possibility of occurring.

Theff ‘-;is‘-',a fmpm_ 1 At'h‘ink of soma higher alevatiéns in Mexico, that we have hyperthermic
- temperatures that we essentially have the winter rainfail. They are getting some cold season,
but:the temperature comes out as hyperthermic. | -
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You have in North Africa many places that have all the characteristics of xeric except you
have hyperthermic temperatures. They become ustic. In the coastal plain of Lebanon, Syria,
Israel it becomes ustic because the summer is too hot.

RQuestion 157

A proposal that you made to include all soils with hyperthermic soil temperature regimes
into the "tropo” subgroups. What were the reasons to make that proposal?

Guy Smith:

In many ways the bulk of the hyperthermic temperature areas are more nearly tropical
than temperate. We wanted to be able to use different criteria in inter tropical regions from
those we used in the temperate regions. One of the overriding considerations is that so many
of the inter tropical soils have no relation that is discernible between soil color and organic
matter. In New York State and in lllinois, in the temperate regions of North America and
Europe, there is a relation betwezn color and organic matter. This relationship disappears in
inter tropical regions. So we have biased our classification of the soiis of the U.S. by using
color value tc define mollic epipedons, umbric epipedons, because the color is related to the
carbor. But in inter tropical regions if we use coler, we are getting groupings that have no
meaning. Now the hyperthermic zone seemed more like the inter tropical regions than the
temperate regions.

Question 158

We have the general principle in Tazcunmy that we keep the cuitivated and noncultivated
together. Sometimes this creates some problems. An example which I recently encountered was
1a the Gezira scheme in Sudan, where thers was a field which was under fallow, according tc
them, for more than 25 years and the soil there is a Vertic Camborthid. Deep cracks have been
in filled. But across the field where they have been continuously irrigating, you have
development of very nice slickensides. You have the parallel epipedons and all thz features to
classify the soil as a Torrert. So the Guestion was, here we are seeing the effect of irrigation on
changes in soil properties. How does this effect the principles in Soil Taxonomy?

Guy Smith:

It is easy tc understand why under irrigation you find all the properties of the Vertisol.
Because the soil is moistened and then dries, and you have the movement going on. Without
irrigation, the soil simply remains dry the year round. Our Torrerts generzlly in the U.S., are in
closed depressions where the odd heavy rain shower will fiood the playa and moisten the soil,
- then you mtay go i0 years before you get moisture again, but it is the same process as fiooding
- or irrigation. I do not like the idea of changing the classification according to whether or not a

 fieid is irrigated, but admittedly that irrigation does affect the processes going on in the soil.
- This will be a problem for ICOMMERT to discuss and make recornmendztions about.
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Question 150

There is aiso the reverze situation where you have the potential acid sulfate soil -- the
Sulfaquents-- on draining they transform rather rapidly to Sulfaquepts and so over z short time
you have tke problem of the accuracy of vour map.

Guy Smith:

That is a drastic reclamation. To drain the Sulfaquent rcquires drastic drainage treatment
and the change in the soil is an enormous one, once it is drained. This was discussed when we
first started to work on taxonomy, thai we did not want to change the classification of 2 soil
just because of artificial drainage, but when we have the development of a Sulfaquept the
changes were so drastic that we really had little alternative but to change the classification.
There is nothing much you can do with a Sulfaguept; but the Sulfaquent, as long as you do not
drain it, still has a number of potential uses,

Question 150

I still have another question cn the temperature regimes. To define the temperature
regime of a soil, under what corditions shouid the temperature be measured? I have had many
criticisms, especially from Australia, on the methodology of measuring soil temperature. Should
it be under a shelter, under the crep, on the bare soil, or on the natural vegetation? Soil
Taxonomy does not seem to give ary instruction on that.

Guy Smith:

It should be under whatever wvegetation the soil is capable of supporting.  The
metzeoroiogist will keep the soil bare, bnt this cdoes not concern the soil survey because in
nature, the soils do not remain bare. Nobody is going to go out and scrape all the vegetation
off every week. Such areas are artifzcts, ar¢ificial and do not concern the soil survey. They are
small, a matter of a few meters in dimensions, and you can not put them on maps. You are
just going to forget the removal of the vegetation and under certain conditions the removal of
the snow will affect the temperaiure but these are artificial. We assume that the soil is
suppeiting whatever kind of vegetation it can support. There are bare spots in Aridisols. The
ground caver, the grass, and the shrubs, probably do not shade 10 percent of the soil surface,
but this is the natural condition. If you irrigate, the soil temperature changes rather drastically,
so we specify that you should not use the temperature of an irrigated soil.

Guestion 161

~ The main concern was betweea a soil that is cultivated and a soil that is stiil under forest
anG thar the temperature changes quite drastically in the cultivated soif. In mapping and
- classifying, by just cutting the forest and opening fields you may change classification of the
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soil itself. Would not it be usefui to havz the temperature measurements made vader standard
conditions? Has this been considered?

Guy Smith:

That couvid be done. We have also, acwever, used different limits for soils with an O
herizon than we used for soils with an Ap horizon. On the assumption that if there is an O
horizon, there must be some trees scmewhere around and in the forest, particularly in the cooler
regions, the O horizon insulates thz soil during the warm season and so the net affec: is to
lower the mean annual temperature and to lower the summer temperature.

Cuestion 162

Was it the purpose of the temperature classes to regionalize a temperature property or was
it to classify pedon by pedor, becavse a¢ find in ous well or moderately well drained soils we
exhibit the mesic temperature class. Some of our poorly drained soils within the same catena
exhibit frigid temperature class. Scil Survey ac it stands in the United States right now does not
deai with thar within a survey arca. Was it the intent to regionalize the temperature concept or
was it the intent to classify polypedon by olypedon?

Guy Smith:

‘The original intent was to introducs inoisiure and temperature as o partial substitate for
the old concept of zonality. We did recognize that in a very small area the temperature of one
soil might differ significantly from ihat of another soii, particularly according to the aspect of
the siope. The situation you mentioned is a littie difficult for me to visualize because all the
records we found showed the mean annual temperature of the soil was independent of drainage.
Summer and winter temperatures were affected bat they had the same mean 2nnual temperatare
if they were the same elevation, iatitude and aspect. Getting a frigid in a mesic temperature
according to drainage was not in the books according to the literature. We stressed that in that
technica! publiication (reference to be added) on moisture and temperature. I would wonder if
your statement is really correct. HHow much data do you have to back it up that those
temperaturee are different?

(We have been looking at it for about three and a half years aow. Our temperature break
is falling right at the 8 degree centigrade. The somewhat poorly drained seera to be falling
below the 8 centigrade and the well drained are in the range between 8.2 and 8.4. Techaically
according to the classification it comes out. Management-wise it might not be all that different.
There is a large zone across northern New York and New England when you come to these gray
zones, you have a trapsition zonz batween more frigid to the north mesic to the south. It has
posed quite a problem as far as reading a seriss based on this.)

i do not think you should coacern yourself abou: a difference of 2 tenths of a degree
riean annuax! temperature. Even ithree years with a rather limited number of measuremenis you
¢an make, it’s nothing of any significance. You couid of course fiet a very good check on that
if you made a measurement at 2 dzpth of which there is no annual change in temperaturc. That
is the most accurate method. You get a 36 or 40 foot well that is being pumped regularly and
just measure the water temperature. I think you are defeating the whole purpose of taxonemy
when you start a guibbic over a2 couple of tenihs of 2 degree in the mean annual temperature of
a soil. ‘ : o
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Question 163

Along that line, they have aisn found localiy that in some places, for example, in some
valleys in Vermont, they have cicarzd the forests and that will now go cryic and where it
remains in forest it remains frigid, which is the reverse of what we thought the intent was. So
that has created problems locally where it seemns to go against the initial rationale of the O
horizon. Some peuple said we might adjus¢ that by adjusting the temperature limits that we
associate with the O horizon. It creates 2 nusrow band the way it is written now.

Guy Smith:

We had very few data on soil temperature in terms of the temperature during the growing
season. When we tried to define the cryic temperature we wanted to get into the taxonomy, the
limit at which a soil is so cold that it is hardly werthwhile to use it for crops. Admittedly,
plant breeders can shift the zone in which a particular crop will grow. They can develop new
varieties that will grow in shorter and shorter growing seasoms. In general, we thought we
wanted o exclude those soiis from the same taxa as the warmer ones that were normally
cultivated. With inadequate data we could propose some iimits and leave them fsr soraeone to
study. Aad, having studied it and fousd it does net work the way we thought at times we have
considered proposing that we change the limits.

Question 164

At the time you did this, did you have very much information, say, in the west, on
vertical zonaiity, iemperature and moisture?

Guy Smith:

Practically none. The studies of soil temperarure were made in the mountains of the west
after we began to use Soil Taxonomy. In severai States they measured the soii temperatures and
related them to elevation. Everywhere that this has been done, one comes up with a very good
relation between elevation, latitudz, soil temperature and aspect. All the places where they keep
records or scil temperatures, they are flat.

Question 165

Along with that, we noticed in some of the mapping in the west where some groups,
primarily the Forest Service, also uses either potential natural vegetation or the habitat type as
one of their criteria for mapping units. They are, in effecs, using that as a substitute for some
of the temperature moisture relationships, primarily the moisture relalionships. Where we have

- seen those two kinds of surveys come together, where one relies more on natural vegetation than

the other; we have ended up with different classifications of the soii, neither one of us having
“adequate data. One using their concept of the potential natural vegetation as a substitute snd
“others trying to use their best guess cn the weather records and also their concept of potertial
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vegetation. And we have had that now severa! times where they come together with the map.
This one has that because they are coming from high areas, they are more moist. They are
bringing the moist zone down farther and heve they are coming from the dry one and they
overlap about one class in taxa. 1 just wondered if you had also had this experience where

peopie were trying to use the vegetation as a substitute for moisture when we had very little
data.

Guy Smith:

In the absence of data there is not much you car do except use the vegetation, but when
it is poiential vegetation rather than what is there. That is a matter of judgement and what one
man says is the potential vegetatica another man will argue abcut. It isn't anything that can te
demonstrated. It is the same sort of thing that caused us to try to keep genesis out of our
definitions. By and large in areas where there is a lot of natural vegetation, as in Venezuela,
the relation between vegetation and moisture is excellent.

Question 166

I think we have seen more of the difficuities as we go to the semiarid. for example, New
Mexico and Arizona where prior maanagement has had a drastic effect on vegetation than exisis
there today. Overgrazing in one case will obiiterate certair species ther: and you are not sure
they can regenerate.

Guy Smith:

In New Mexico and Arizona, once you have overgrazed the land and destroyed the native
grasses the soil management people have mever found a way to bring them back. It is a
permanent change in the vegetation.

Guestion 167

I think the other problem, is that you have salt effects in grazings that zre reflected
through the planis, like tolerance of greasewood versus sagebrush. I would wonder about the
use of plants. We have some groups that very rigidly attach taxoncmic things to their potential
nawural vegetation or their concepts of the vegetation and they have subdivided, say,
precinitation belts and temperature belts and it looks very good and very systematic but it is not
basedl on very much data. But that is what they use because they cap zpply it rather
systematically in their mapping orogram. In Vedezuela, whenr you have an evergrezn forcst,
you ¢o not have to wait around tc sze whether you have a pronounced dry seasca or not. You
know the species. You know they do not drop their ieaves. You are safe in saying that is a
Udic wmoisture regime. If you have a deciducus forest, you are safe in saying there is a
pronotinced dry season here and the only survival mecharism the trees have is to shed their
leaves in the dry season. When you do not have & forest but just have cacti; you are pretty safe
in saying this is aridic. it is iu this sridic zone that you begia to run into these salt problems.
‘You do not have to werry about your moisture regime. Your plants will tell you that this is

~arid? If it is salty or not salty this is a fusction of the position in the landscape.
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Guy Smith:

Soil moisture, since it is used so high in the system. The vegetation indicates the moisture
that affects the placement of the soil in Taxonomy. When you are playing the margin between
the Ustic/Aridic then the plant incicator may tell you depending on whether you are coming
from the aridic back toward the Ustic or from the ustic toward the aridic, and since we allow
one intergrade on one side, well it hias been put on one side it is not on the other, so it depends
ca which way you are mapping as to which subgroup you are going to use. That is where we
have had this conflict. It is always the margin. Once you move away from the margin there is
no question. It is as the two comes together.

Question 158

You proposed including the hvper:kzrmics in the "tropo”. Wouid there be an advantage to
confining the "tropos” to the hyperthermics and the isohyperthermics and leaving the cther “iso"
cut? © When I look around, from ihke poin: of view of use of the soil, this seems to be an

important limit rather than bringing in the isothermics and the isomesics into the coacept of the
"tropos”.

Guy Smith

1 am willing to leave this to the committee on soil moisture and temparature in inter
tropical regions. Surely the isomesic sils thai I have seen have very, very different uses from
the mesic soils. They grow the same crops, yes, but they grow them the year round--three
crops a year instead of one. I consider thai an important difference in use.

(I agree, that is, one kind of importance. The other kind is when you compare the
isornesics with the isobyperthermics. There is z big diffarence in the use of the soil in those
kinds of environments.)

Yes, but I have already mentioned that the bzsic reason for the "trop" was to get out of
the bind we find ourselves in from the temperste regions, of weighting the soil color value
heavily because it is related to the organic mutter.

In the west Indies { had hundreds of analysis of organic matter, each with the Munsell
color value, and there is no relatic: whatever, These werz not only 1isohyperthermic; they were
also isothermic.

Question 169

This is relatec to the mapping questions that we covered yesterdav. In Soil Taxorory,
~taxa are defined by ranges rather thait central concepts ard it is eas, to understand why --
‘because of reproducability -- but when we try to classify a soil that is very close to a
taxonomic limit, would it not help if we could compare th2 soil that we are classifying with the
central concepts of taxa? ' :
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Guy Smith:

We do not specify a central concept consistently for any taxa except the typic subgroup
which is considered a central concept of the great group. We have no basis for specifying 2
central concept of a suborder or an order. The mappers in this country in describing and

defining a series, normally try to specify a central concept of the seriey and the permitted range
in properties as they deviate from the series.

It is rather difficult for me to imagine the central concept of a family or of an order.
The properties are too few. But, we do have the typic subgroup which represents, pretty much,
the central concept of a great group though it is not necessarily the most extensive. There is
confusicn amongst people on this peint. The world soil map of FAO and UNESCO is
enormously biased by the aerial extent of kind of soil. With their map scale a soil has to be
very extensive before it can show up in the legend. Miror kinds of soil that would be
extremely important on a given farm have no place to go in the legend because they are only
dealing with the very extensive soils. It would be a little bit like deciding that the ants should
be recognized as a separate kingdom because there are so many of them in the world.

Question 170

Why are the definitions in Sc¢il Taxoriomy so compiex? Perhaps an explanation of that
should be on record. '

Guy Smith:

We have been over this once. It would nct do any harm 10 go over it again because i can
put them together when I get the traascripticns. The definitions are very complicated in many
places in Taxonoray because there exists somewhere a few soil series that straddle the boundary
between taxa at some higher categoric leve! and we want to keep them together in the
ciassification. I can use the Glossudalfs as sn example. There are 2 or 3 series in Washington
and Oregor and there are 2 or 3 series in southern Mississippi loess region. So far as I know,
they are all formed in loess or at least in very siity sediments. The same thing holds in Western
Europe. They are rare soils but they 2o occur. Their base saturation is a narrow range from
about 30 to 40 percent. This just siraddles the {imit between Alfisols and Ultisols; but thev are
a natural unit. They should not be split arbitrarily into Alfis_Is if it is just above 35 percent
and Ultisols if it is just below. It is comparabie to this little narrow temperature range that we
discussed this morning.

So, in order to get the Glossudalis all in orie order we have to have a paragraph or two in
- the definition of Alfisols and in tke definition of Ultisols to keep them out of one order and
clearly put them in the other. This invoives very small areas and very limited numbers of soil
- series, but it contributes a great dzal to tha bulk of these definitions in Soil Taxonomy. If these
were omiited from the definitions, they could be greatly simplified and the occurrence of
exceptions to a cimplified definition could be inserted as a footnote.

There are many such examplss in Soil Taxonomiy of complicated definitions intended
simpiy to keep a few series that form a natural group, together.
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Question 172

Many soil scientists thai I have spoken with, regard Soil Taxonomy as a system for
naming pedons. This seems to be because soil scientists can see the pedon whereas ihe
polypedon can only be sampled and they have to make correlations be:ween the sample of the
polypedon and the landscape elements. How would you reply to this?

Guy Smith:

The pedon is intended as a sampling unit to st us classify the polypedon. The polypedon
is the one we must classify if we are making a large scale map. That is what we try to
delineate if our map scale is suitable. With small-scale maps the question is the opposite way.
We can not concern ourselves with delineating the polypedons oii small-scalv maps. The
polypedon has properties that its individual pedons do no: have. It has natural boundaries
which a pedon does not have, where one polypedons grades to another kind of soil. You have a
wider range of properties within the polypedon than you do within any single pedon. The
polypedon has a shape that the pedon may cr may rct have but particularly where one is
growing row crops in a soil that is naturally somewhat wet, the individual pedon has a man-
made slope that the polypedon does not have. So, you have slope phases of the polypedons and
these would be very different for an individual pedon. Where the row has been raised you
may have quite a steep slope, actually, in the pedon, where the nolypedon is flat.

Question 172

Will you comment on the potential for quantifying field criteria for estimating or
replacing criteria that are laboratory dependent?

Guy Smith:

The criteria in Soil Taxonomy that require laboratory measurement can generally, we
hope, be inferred from our combined know'edge of soil genesis, climatology, botany, geology,
geomorphology, etc. Some few benchmark dewerminations must be made so that we %now what
part of the universe the soils that concern us represent. If vou .Lave . pE above 7, you can
infer you have a high base saturation. If you have 2 pH of 4.5 you cannot draw the opposite
inference. So, we have to have occasional laboratory determinations. We can have field
portable laboratory measurements, and in the case of Dr. Fields's test for alloptane. We have
developed and I presume there is still available for sale, very portable laboratory kits which
permit the measurement of most of the parameters that we use in taxonomy. We cannet
estimate the percentage of silt, sand, or clay. We cannot measure that readily in the field but
the field men, by having some laboratory determinations made and practicing at identification
can do not too unreasonable a job of estimating percentage clay, silt and sand. So, if one is
~ working in a new area where we have no data and no experience certainly one has to have
access to a laboratory or he has 1o c«rry his portable laboratory with him. I have had to do that
in some of the West Indian Islands. I needed to know what kind of clay I was dealing with and
there were no determinations on that. So, I estimaied ihe percentage clay and we measure the
CEC of the soil sample and the CEC was well under 18 m.eq. per hundred grams clay aid I said
to myself, "That’s kaolinite,” and I ciassificd the soil that way. But withou: knowing the CEC
~of the soil and without estimating the perceniage of clay that was contributing to that CEC I
would have had no notion about the mineralogy of the soils of one of the larger islands i the
- Caribbean. ™ CL :
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Question 173

Will you comment on the historical perspective of the way soils that have developed across
the context of contrasting parent materials are handled in Soil Taxonomy? it is our inpression
that such soils are much more extensive than was appreciated while Soil Taxonomy was being
developed. Are there potentially better ways of handling them in the future?

Guy Smith:

The problem of identifying argillic horizons in materials in which there was an initial
difference in the percentage clay was recognized when we developed Soil Taxonomy. The
problems of very marked changes ir pore-size distribution that affect movement of water
through the soil were recognized when we developed Soil Taxonomy. If these differences are
not marked, 1 do not think they are going to constitute any serious problems in classifying the
soils or in soil management. When we go ints the field with some people, one man in the group
may be able to identify a contrasting material that has so little contrast that the bulk of the
group will not see it. That has been demecnsirated on our excursions of the internaticaal
workshops. By and large I have not felt that this was a serious problem except in the
identification of argillic horizons in some few soils, particularly those that do not have readily
discernible clayskins. I do not know of any way to handle this. There will continue to be
differences of opinion, I fear.

Question 174

Some soils that are subject to frequant flooding fail to meet either a) irregular distribution
of organic carbon with depth or b) more than 0.2 percent organic carbon at depth of 1.25m.
Did the original concept of Fluventic soils include such polypedons? If so, should the criteria
be reevaluated?

Guy Smith:

I would be qguite happy to sce the criteria reexamined. Before we began work on Soil
Taxonomy we were dealing with concepts of Regesols, Alluvial Soils, and Lithosols, and there
was a question in my mind of how much difference it actually made if, say, a calcareous ioess
were eroded from a hillside and the deposit spread out on a floodplain below. Was the soil
drastically modified by that transport and redeposition? Some properties generally are modified
by that process and some organic matter is deposited with the sediment that was not in the
original material that was being eroded. The concept of alluvial soils, of course, led to the
concept of the Fluvents. We wanted to distinguish them at a rather high categoric level because
of their enormous agricultural potential compared to other kinds of Entisols. The only features
. I'could find that would define them were these two points mentioned. 1 am aware ihat we have

- soils in alluvium in arid regions eroded frem higher lying arcas which have virtually no organic

- matter in them and these do not meszt either of these requirements. They get classified as

- 'Orthids. However, they do not flood frequently. It is rare that they actually flood, but they

- “do.- They are subject to flooding. Ore thing that we should like to be able to say about
- -Fluvents is that, unless protected, they are subject to flooding.

'
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Question 175

Certain areas that receive large amounts of snow, like areas to the lee of the Great Lakes,
have higher winter soil temperatures than would be predicted from air temperatures.
Consequently, average annual soil temperatures are higher and qualify as mesic although in both
growing seasons, air and soil temperature are more typical of frigid soils nearby. Is there
justification for including summer soil temperatures as criteria to characterize the soils more
nearly consistent with their biological environments?

Guy Smith:

There is no question that the mean annual soil temperature rises with the thickness of the
snow mantle that insulates the soil during the cold season. The soil temperature is very
appreciably warmer than the air temperature in Alaska, for example. In these snow belts it is
doubtful that the soil ever freezes to depths of more than a few centimeters and once the snow
has accumulated it is doubtful that there is any frost in the soil whatever. In defining cryic
temperatures we took this into account and cryic temperatures have low summer temperatures
but have no frost in the soil or they zre frozen rather deeply and have limited maximum
summer temperature. This was done to separate frigid and cryic temperature regimes. Here
you are dealing with something that is a distinction between frigid and mesic and 1 am not
experienced in this. I really have no valid opinion except that if the people concerned with
these soils feel there is a problem, then it is up to them to suggest a modification. I know that
in New York State you have a snow beit whara farming has stopped. The land is very cheap 1
am told. It is used now only for summer residences. It is not only the soil temperatures. The
farmers were isolated by this thick snow. They just moved out. They would not live there.

Question 176

In some scils the decision about whethsr or not a cambic horizon is present rests on
identification of developed soil structure. That identification is very difficult in some soils.
Can you describe the criteria that you have used to establish the limit for minimal soil structure
necessary for a cambic horizon?

Guy Smith:

I do not think that soil structure is really required fur a cambic horizon. I would have to
‘look at the book. I am quite confident we said that rock structure must be absent and tried to
specify what rock structurz was. We say soil structure or absence of rock structure in at least
half the volume of the horizon you want to zail cambic. Where you have an alluvium and it has
been in place one to three hundred years and you are concerned with whether this is a
Fluventic Inceptisol of some sort. The rock structure is fust the fine stratifications and
normally is difficult to see unless you use special techniques. A pump for inflating a tire is a
very useful thing to find that rock structure. You make a cut and then you blow a jet of air on
that and if you do have these fine stratifications you normally will find them unless, of course,
the soil is saturated with water. Then you ace in trouble. You have to come back another day.
I have only run into this problem a few times in my travels when I was uncertain as to whether
- ¢r not rock structure was present in half the volume. I suppose this will have to be left to the
- people who are -evising the Soil Survey Manual. ‘

(It" has been difficult becauss in some cases there are alluvial sediments that have encugh

e - v’bidlogical»actiVity so that you get what appears to be, more or less, a constant change of
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structural things. You do not see stratification but you see evidence of biological activity that
has modified it. Sometimes ysu wonder if ike rock structure is adequate as a soil structure to
recognize it as a cambic.)

The biological activity ecither resulis in the formation of wars: casts or in the mixing of
the soil by the growth of the rcots of plants. Generally, unless the parent raaterial is just
marginal to a loamy sand, you should find some blacks developed or prisms. Even ir perhumid
climates there is a weak development of blocky structure. I do not think I would want to try to

do what they ask here, to describe how ! would recognize it.

Question 177

Could you tell us something c¢f the rationale of how you treated the soils formed from the
serpeatine soils? In some ways you get a very pronounced chemical effect, in some ways you
have a pronounced morphologic effect. What were vour iGeas on how some of these soils were
separated? What was the rationale when ysu were thinking about separation of the soils?

Guy Smith:

I think one can get more than one kind of soil from serpentine. Tuke the exampie of the
Nipe of Puerto Rico--an Oxisol. Almost without exception, the soils from serpentine seems to
have serious soil management problems; the natural vegetation is quite different between a soil
on serpentine and a soil on limestone or basz2lt. We actually have very few clues as to why;
people speculate, but we do not know why. Uniil we have some fairly good data covering a
variety of soils, and identifying the nature of the chemical problem, we can not propose a ‘way
to handle it. But on Tobago and Trinidad, sume soils tha:; should be productive soils but
nothing will grow. We have soils from serpentine, and we have soils that behave like them, but

we can not identify the serpentine. It is probably some chemical property that is still unknown
to me,.

Question 178

In soils found from volcanic ash, I get the impression that ask influence was more strongly
recognized in your more humid soiis than in your more arid soils. Would you comment on that?

Guy Smith:

That impression is correct. The presence of allophane, the glass in the humid areas, is
something that generally we can identify, and it creates soms problems of management. In the
arid regions we made the assumption that zs the glass weathered, it wint to smectite rather than
to allophane. This may not be trve, but this was an assumption that we made, and on the basis
of the limited data that we had, I think we probably were justified in making that assumption.
- With the high bases that you get in arid regions from ash, the clays do not scem to be
- amorphous in general. But we do, in these regions, gst very strongly developed duripans, and

while we do not specify the ash in the taxcnomy there, we do specify the duripans, so that the
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ask~derived soils in an arid region given a little time for developmeni, ge! intc a duric subgroup
or a duric great group. it i3 not specified, it is the horizon that resulis.

Question 179

Do you have any suggestions on how we could bring some of these cbservations into Soil
Taxonomy?

Guy Smith:

No, 1 think not, the problem is quite compiicated. In New Zealand, the ash is all on the
rorth island, and we have no arid zcnes on the north isiand. We do have some relatively dry
areas there, and we have duripans in the soil, very nice ones. As we go up in elevation, the
rainfall increases and the duripan grades inte 2 fragipan. Going still higher, we get more and
more ash and then we go into an Andept. These duripans and fragipans are certainly a function
of the glass in the parent material, not pure ash, but if you have a duripan or fragipan there,
you can always identify some pyroclastic components above the pan.

We have fragipans in New Zealund that we cannot assign to any ash component on the
south island. A fragipan is a bit of a problem here. We assume fragipans did not occur in dry
climates, but they do in New Zealand. They take it as evidence of a dry climate if they find a
fragipan, because that is where most of thes: occur, as you know. I cannot make a suggestion
on this; I can oniy react to one.

Qizestion 180

Getting back to soil temperature. Bringing it into family level, the other components of
the famiiy level seem to be very specific for within a survey area. Why was it brought in at the
family level and not at a higher level, ur it has been suggested by some people, bring it in at a
lower level? Would you comment on why it came in at the family level.

Guy Smith:

We brought it in at three ievels, acivally: suborders, great groups, and families. The
distinctions 2t the higher categoric levels are rather broad distinctions. When we came down to
the family level, where we want %o begin to make precise quantitative intecpretations
approaching the series level, nci there yei, we need some relatively refined subdivisions of
temperature, compared to those that we have made ai the suborder ard great group levels. So,
we use the frigid, mesic, thermic, hyperthermic subdivisions with the idea that we can keep a
single series from running from New Jersey in the north to the southern tip of Flerida, which
we used to have. You cannot make the same siatements about the soils.
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