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Message from the Chair 
I  am  pleased  to  introduce  the  7th  Soil  Classification  newsletter  from  IUSS  Comm.  1.4.  that 

summarizes  the  activities  of  the  Commission during  a  four‐year  period.  This  newsletter was 

compiled by Pavel Krasilnikov. Pavel has chosen a cover painting by Salvador Dalí called “The 

Path of Enigmas” (1981). It is the second painting, different than the first, shown below. 

   

Several details  changed, yet  the  symbolism  remains.  In  the  first painting, we  see white bags 

filled with unknown materials that are aligning with the path and  landing  in front of the bags 

that hover just over the surface. There is a light source, possibly the rising sun. The enigma, the 

confusion or mystery that  is hard to explain,  is how to  interpret what  is present. Do the bags 

represent different classes of objects: those high in the air, low in the air, and on the ground? 

Or the white ones versus brown, flat‐bottomed versus rounded, closed versus cut and spilled. 

How  can  we  categorize  them,  much  less  understand  their  hidden  contents?  Can  these 

questions apply to soils as well?  

In the second painting, (1981), the bags closest to the ground have changed color and are tied 

with rope. The light source is now different and there are two rows of bags on each side of the 

path. Two bags opened, each with different contents. As we go down that path, we could now 

add more classes of objects. By doing so, have we simplified the explanation of the objects and 

their contents (properties) or have we just double the number of objects? As we proceed in the 

adventure of explaining the enigma of soils, have we simplified life or doubled it’s complexity? 

How  far  have we  come  since  the  study  on  colloids  and  classification  of  soils  by  Byers  and 

Anderson? How should we proceed down the path in the next four years?   
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REPORTS OF THE COMMISSION AND ADJACENT WORKING GROUPS 

IUSS Commission 1.4 “Soil Classification” 

Report to the IUSS Council, August 2010 through April 2014 

 

John Galbraith, Chair  

Pavel Krasilnikov, Vice‐Chair  

 

1. Dissemination (Newsletter and the Commission website)  

Since  2010  the  Commission  started  publication  of  a  semestral  Commission Newsletter.  The 

Newsletter includes the announcements of the forthcoming events and conferences, reports on 

the  meetings  related  to  soil  classification,  selected  conference  abstracts,  book  and  paper 

reviews, and  reprints of historical papers. The Newsletter also publishes materials  related  to 

the  activities  of  the  thematic  Working  Groups  (World  Reference  Base  and  Universal  Soil 

Classification).  Until  now  six  issues  of  the  Newsletter  are  available  at  the  IUSS  website 

http://www.iuss.org/index.php?option=com_content&view=article&id=416%3Asoil‐

classification&catid=31%3Anewsletters&Itemid=11 

The Commission also established in 2010 and maintains a web site  

http://clic.cses.vt.edu/IUSS1.4/SoilClassificationIUSS.htm  

 

2. Guy Smith Medal 

The Commission established a Medal in the name of Guy Smith to award the personalities who 

made a major contribution to the development of soil classification. The award honors Dr. Guy 

Smith,  a university professor,  a  soil mapper,  an  internationally  traveled  taxonomist,  and  the 

principal author of the 7th Approximation of US Soil Taxonomy published  in 1975. His body of 

work  in developing a new classification system was exemplary, drawing on experiences of the 

worldwide community of pedologists and existing systems. The Guy Smith Medal is awarded for 

the  person  whose  body  of  work  has  advanced  soil  classification.  The  Medal  is  awarded 

biannually, at  the  IUSS World Congress and at  the  traditional Conference “Soil Classification” 

that is held between the WCSSs.  

The  selection  of  awardees  is  done  by  a  special  award  committee. Guy  Smith Medal  Award 

Committee  is a group of experts  invited by the current officers of the 1.4. “Soil Classification” 

Commission  of  the  IUSS  in  order  to  select  outstanding  individuals  among  the  candidates 

proposed  for  investiture  of  the  Guy  Smith  Medal.  Actually  the  Committee  includes  three 

members, namely Josef August Maria Jan (Seppe) Deckers (Belgium, Chair), Maria Gerasimova 

(Russia) and Lúcia Helena Cunha dos Anjos (Brazil). 

At  the  initial presentation of  the award  in 2010, Professor Emeritus Raoul  (Rudi) Dudal, Geo‐

Institute, Katholieke Universiteit Leuven, Belgium has been awarded  the Guy Smith award by 

the Commission on Soil Classification of the International Union of Soil Sciences, at the event of 

the 19th World Congress of Soil Science in Brisbane, Australia. Dr. Dudal has since passed away. 
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The  second Guy  Smith Medal was awarded  in 2012  to Dr. Hari Eswaran,  retired USDA‐NRCS 

Director of World Soil Resources  in Washington. Terry Cook, Consulting Soil Scientist  from CA 

accepted the award on behalf of Hari, who was seriously  ill and has since passed away. Lúcia 

Anjos of Brasil, a member of the Awards Committee, presented the Laudation. 

 

 

 

 

 

 

 

 

 

 

For the third time the Medal will be awarded at the 20th WCSS in Juju, South Korea in 2014. The 

recipient has been chosen, and the announcement will follow the meeting. 

3. Soil Classification Conference 

Regular  conferences of  the Commission 1.4.  “Soil Classification”  started  from  the meeting  in 

Gődőlö,  Hungary,  organized  by  the  initiative  of  Erika  Michéli,  followed  by  the  events  in 

Petrozavodsk, Russia (2004) and Satiago, Chile (2008). The 4th conference on the topic was held 

in Lincoln, NE, USA, June 11‐14, 2012. The conference was followed by a field workshop and a 

business meeting of the Universal Soil Classification WG. 

Meeting  attendance:  46  conference  attendees  from  19  countries,  five  continents.  The  IUSS 

officers  present  were  Karl  Stahr  (Division  1  Chair),  John  Galbraith  (Commission  1.4  “Soil 

Classification”  Chair),  Zhang  Ganlin  (Commission  1.3  “Soil  Genesis”  Chair),  Pavel  Krasilnikov 

(Vice‐Chair of the Commission 1.4), Peter Schad and Cornie van Huysteen (the Chair and Vice‐

Chair  of  the WRB Working Group,  correspondingly),  and  Jon Hempel  and  Erika Michéli  (the 

Chair and Vice‐Chair of the USC Working Group, respectively).  

The conference included eight sessions, six symposia, 32 speakers plus 16 posters. 

Sponsors:  University  of  Nebraska‐Lincoln,  USDA‐NRCS,  Virginia  Tech,  Nebraska  Society  of 

Professional  Soil  Scientists,  International  Union  of  Soil  Science,  and  Soil  Science  Society  of 

America. 
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The abstracts were published electronically and in the Commission Newsletter. 

4. Participation in the Division Meeting 

The conference took place in Ulm University in Ulm, Germany from September 30th to October 

5th  of  2013.  Also  a  number  of  other  German  universities,  especially  the  University  of 

Hehenheim, contributed to the organization of the meeting. The Chair of the Scientific and local 

Organizing Committees was Professor Karl Stahr who is acting as a Chair of the Division I of the 

IUSS. 

The topic of soil classification was well represented at the conference. Peter Schad presented a 

plenary  talk  “WRB 2014: How  logic helps  to  span  an umbrella over  contrasting national  soil 

classification  systems”.  The  symposia  related  to  soil  classification  included  No.  12.  “Soil 

classification  and  soil  assessment:  turning  the  theory  into practice”  and No. 13  “Man‐made, 

deeply transformed and marginal soils”. Also along almost the entire meeting the WRB Working 

Group organized a workshop for preparation of the 3rd edition of the World Reference Base to 

be presented at the World Congress of Soil Science in Jeju, Korea. 

5. Launching classification‐related symposia at the 20th WCSS 

The Commission proposed the following symposia for the forthcoming Congress: 

o Folk soil knowledge for soil taxonomy, soil assessment (Inter‐Divisional Symposium: Div. 1 
and Div. 3) (convener Francisco Bautista‐Zuñiga) 

o The  progress  in  the  development  and  harmonization  of  soil  classifications    (convener 
Sergey Goryachkin) 

o Marginal soils:  the classification of  technogenic, subaqueous, and extraterrestrial soil‐like 
bodies (convener John M. Galbraith) 

o WRB  ‐  lessons  learned during  the development of  the  third edition 2014  (Organizers and 
conveners Cornie van Huyssteen and Seppe Deckers) 

All  the  symposia  were  supported  by  the  organizers  and  received  a  sufficient  number  of 

contributions. The detailed schedule is available below in this issue. 

6. Other activities 

The Commission participated in a number of field tours aimed at fine‐tuning soil classification, 

mostly organized jointly with the Working Groups WRB and USC. These tours include the Post‐

conference tour after the Soil Classification 2012 Conference, the Ultra‐Continental Mammoth 

tour in Sakha (2013) and some others listed below. 
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IUSS Working Group World Reference Base for Soil Resources 

Report to the IUSS Council, August 2010 through April 2014 

 

Peter Schad, Chair  

Cornie van Huyssteen, Vice‐Chair 

Erika Michéli, Secretary  

 

1. Scientific WRB Excursions 

Norway, September 13 ‐ 17, 2010: Organized by the Norwegian Forest and Landscape Institute 

(Siri  Svendgård‐Stokke  and  colleagues),  attended  by  18  international  and  11 Norwegian  soil 

scientists. Route: Oslo to Trondheim, focus: hydromorphous soils. The presented soils belong to 

the  following Reference Soil Groups: Planosol  (2x), Albeluvisol  (3x), Stagnosol, Cambisol  (2x), 

Podzol, Histosol, Luvisol. 

Poland, August 30 ‐ September 3, 2011: Organized by the Wroclaw University of Environmental 

and Life Sciences (Cezary Kabala and colleagues), attended by 22 international and 8 Polish soil 

scientists.  Area:  Silesian  Lowlands  and  Karkonosze  Mountains,  focus:  soils  with  clay 

translocation and soils developed on stratified parent materials. The presented soils belong to 

the  following  Reference  Soil Groups:  Luvisol  (2x), Alisol  (3x),  Cambisol  (2x), Albeluvisol  (4x), 

Regosol, Gleysol, Chernozem, Podzol (3x). 

Australia, November  26  ‐  28,  2012: Organized  by  Ben  Harms,  David  Rees, Mark  Imhof  and 

colleagues,  attended  by  12  international  and  9  Australian  soil  scientists  (see  photo  below). 

Area: Victoria,  focus: sodic  texture‐contrast soils. The presented soils belong  to  the  following 

Reference Soil Groups: Alisol (2x), Lixisol, Vertisol, Stagnosol, Planosol (2x), Solonetz (5x).  

Many participants also attended the excursion through Tasmania, November 29 ‐ December 2, 

2012,  pre‐conference  tour  of  the  joint  SSA  (Soil  Science Australia)  and NZSSS  (New  Zealand 

Society  of  Soil  Science)  conference.  Topic:  ‘Soils  in  the  landscape  –  managing  soils  for 

agriculture and the environment in Tasmania’.  

The results of these excursions allowed a better accommodation of Australian soils within the 

WRB system in the 3rd edition of WRB.  

Russia,  August  17  ‐  23,  2013:  Organized  by  Roman  Desyatkin,  Sergey  Goryachkin,  Pavel 

Krasilnikov  and  colleagues  from  Yakutsk  and Moscow,  attended  by  17  international  and  16 

Russian  soil  scientists. Area:  Republic  of  Sakha  (Yakutia),  focus:  ultra‐continental  permafrost 

soils. The presented soils belong to the following Reference Soil Groups: Cryosol (4x), Solonetz 

(5x), Solonchak, Fluvisol, Cambisol  (2x), Histosol, Stagnosol  (2x). The  results of  this excursion 

were  directly  used  for  the  3rd  edition  of WRB  for  a  better  classification  of  ultra‐continental 

permafrost soils (see photo below). 
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2. Participation at International Meetings 

At many meetings, WRB was well  represented by  several oral and poster presentations. The 

following meetings are to be mentioned especially: 
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Stuttgart  (Baden‐Württemberg,  Germany),  July  29  ‐  August  1,  2011:  International 

Paleopedology and Soil Geography Conference, University of Hohenheim. By IUSS Commissions 

Paleopedology and Soil Geography. Post congress field trip was held in the Swabian Alb and the 

Black  Forest.  This  excursion  proved  that WRB  is well  suitable  to  classify  paleosoils  although 

some suggestions for further improvement were under discussion.  

Mar del Plata  (Buenos Aires, Argentina), April 16  ‐ 20, 2012:  ‘Congreso Latinoamericano de  la 

Ciencia del Suelo’. Symposium ‘Atlas de Suelos de América Latina y el Caribe’. 

Lincoln (Nebraska, USA), June 11  ‐ 14, 2012:  ‘Soil Classification 2012: Towards a Universal Soil 

Classification System’, by IUSS Commission Soil Classification. 2 days field trip included. 

Bari  (Puglia,  Italy),  July  2  ‐  6,  2012:  ‘Eurosoil’,  by  European  Confederation  of  Soil  Science 

Societies. Symposium  ‘Soil classification: Using WRB for providing soil  information and making 

harmonized maps on a European level’. 

Kursk (Kursk and Voronezh Regions, Russia), August 10 ‐ 15, 2013: International Symposium and 

Field  Workshop  on  Paleopedology.  By  IUSS  Commission  Paleopedology.  Discussion  of 

classification of paleosols  in the WRB, during the conference and  in the  field. 4 days  field trip 

included. 

Toruń  (Kujawsko‐Pomorskie, Poland), September 16  ‐ 20, 2013:  ‘SUITMA 7’, by  IUSS Working 

Group  on  soils  in  urban,  industrial,  traffic,  mining  and  military  areas.  Symposium  on  the 

classification  of  Technosols  and  Technic  subgroups  of  other  Reference  Soil  Groups.  The 

conference included a 2 days mid‐conference tour and a 3 days post‐conference tour.  

Ulm  (Baden‐Württemberg,  Germany):  September  30  ‐  October  4,  2013:  ‘Soils  in  Space  and 

Time’, by IUSS Division 1. Workshop: ‘Finalizing the 3rd edition of WRB’. 1 day field trip included. 

3. Making Maps 

The qualifier sequences according to WRB (2006) are only suitable for soil classification and not 

for making map  legends. The need to have different qualifier sequences for map  legends was 

served with the ‘Guidelines for constructing small‐scale map legends using the WRB’, published 

electronically  in  January  2010.  By  allowing  some  hierarchy,  the  qualifier  sequences  in  these 

Guidelines are more suitable for map  legends, and the publication of the Guidelines started a 

wave of map‐making. The  Joint Research Centre of  the European Commission prepared  two 

new atlases presenting  soil maps using WRB according  to  the Guidelines: Soil Atlas of Africa 

(2013) and Atlas de Suelos de América Latina y el Caribe (2014). With the 3rd edition of the WRB 

(2014), the Guidelines are obsolete (see below). 
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4. Development of the 3rd edition of the WRB 

The result of all our activities during the last years is the 3rd edition of the WRB to be launched 

at the World Congress of Soil Science in Jeju, 2014. The citation is: 

IUSS Working Group WRB. 2014. World Reference Base for Soil Resources 2014.  International 

soil  classification  system  for  naming  soils  and  creating  legends  for  soil  maps.  World  Soil 

Resources Reports No. 106. FAO, Rome. 

The major changes comparing the 3rd edition with the 2nd edition are: 

 The qualifier sequences and the rules for qualifier usage are now suitable for both classifying 

soils and creating map legends. They are now subdivided into principal qualifiers (ranked for 

every Reference Soil Group, RSG,  in order of  relevance) and supplementary qualifiers  (not 

ranked). 

 The only change at the Reference Soil Group (RSG) level is to replace Albeluvisols by Retisols. 

Retisols have a broader definition and include the former Albeluvisols. 

 Fluvisols have moved down  in  the key  to be  the  second  last RSG. The Umbrisols are now 

placed directly after Phaeozems. The following RSGs switched their positions: Solonetz and 

Vertisols,  Durisols  and Gypsisols,  Cambisols  and  Arenosols.  The  soils  characterized  by  an 

argic horizon now have the following order: Acrisols – Lixisols – Alisols – Luvisols.  

 The definition of Gleysols has been broadened.  

 The  definition  of  Acrisols,  Alisols,  Luvisols  and  Lixisols  has  been  narrowed  by  setting  the 

lower depth limit for the occurrence of the argic horizon uniformly to 100 cm. This implicitly 

widens the definition of Arenosols. 

 Base saturation – used to separate Acrisols from Lixisols, Alisols from Luvisols and the Dystric 

qualifier from the Eutric qualifier – is now defined as the sum of exchangeable bases (by 1 M 

NH4OAc, pH 7) plus exchangeable Al (by 1 M KCl, unbuffered).  

 Three new diagnostic horizons have been defined. The chernic horizon replaces the voronic 

horizon and is required for Chernozems. The pretic horizon allows a better accommodation 

of  ‘Terra preta de  Indio’ within  the Anthrosols. The protovertic horizon  (the  former vertic 

properties) describes layers with weakly expressed shrink‐swell features.  

 The anthric, takyric and yermic horizons have been changed to diagnostic properties.  

 ’Retic  properties’  are  a  newly  introduced  diagnostic  property  in  order  to  characterize 

Retisols.  ‘Albeluvic  glossae’  replaces  ‘albeluvic  tonguing’.  ‘Shrink‐swell  cracks’  are  a  new 

diagnostic property that is useful for the definition of Vertisols and related soils.  

 Some  new  names  have  been  created:  ‘protocalcic  properties’  (instead  of  ‘secondary 

carbonates’),  ‘sideralic  properties’  (instead  of  ‘ferralic  properties’).  The  ‘gleyic  colour 

pattern’ and the ‘stagnic colour pattern’ are now ‘gleyic properties’ and ‘stagnic properties’ 

repectively. The ‘abrupt textural change’ has been renamed ‘abrupt textural difference’; and 

‘lithological discontinuity’ is now ‘lithic discontinuity’. 



11 

 

 The albic horizon has been redefined as ‘albic material’.  

 ‘Soil  organic  carbon’  has  been  introduced  to  separate  pedogenetic  organic  carbon  from 

organic carbon that satisfies the diagnostic criteria of artefacts. ‘Dolomitic material’ is a new 

diagnostic material.  ‘Hypersulfidic material’  and  ‘hyposulfidic material’  are  introduced  as 

specific varieties of sulfidic material.  

 ‘Technic hard rock’ has been renamed ‘technic hard material’. 

 Major  improvements have been made  in the definitions of the argic and natric horizons,  in 

the depth criteria of the mollic and umbric horizons and  in the separation between organic 

and mineral materials. 

 Several new qualifiers have been added to give more information about some important soil 

properties.  Precise  rules  have  been  introduced  for  the  use  of  specifiers  to  define 

subqualifiers. 

 The  WRB  should  be  able  to  express  characteristics  regarded  as  important  in  national 

systems. Some amendments have been made to allow for the better representation of soil 

units in the WRB, for example from the Australian and the Brazilian systems. 

 Some  parts  of  the  world  had  not  previously  been  well  represented  in  the WRB  system 

before,  e.g.  ultra‐continental  permafrost  soils.  The  system  has  been  enlarged  to  allow  a 

better classification of these soils. 

 Efforts have been made to improve the clarity of definitions and terminology. 

The new edition of  the WRB  is an  international soil classification system  for naming soils and 

creating legends for soil maps. 
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IUSS Working Group Universal Soil Classification 

Report to the IUSS Council, August 2010 through April 2014 

 

Jon Hempel, Chair 

Erika Michéli, Vice‐Chair  

 

1. Business meeting of the WG  

During the years 2010‐2014 the WG organizes the following meeting of the Core Team or of the 

Task Groups, most of them accompanied by field trips: 

 Purdue University, West Lafayette, IN, USA – May 2011 (meeting of the Core Team with 

a field tour); 

 Lincoln, NE, USA – June 2012 (Core Team meeting linked to the Soil Classification 2012 

conference with a field tour); 

 Fairbanks, AK, USA – December 2012 (Cold Soils Task Group meeting with a field tour); 

 Florianapolis, Brazil – August 2013 (meeting of the Core Team with a field tour); 

 Las Cruces, NM, USA – February 2014  (meeting of  the Salted Soils Task Group with a 

field tour). 

 

2. Dissemination   

Since 2011 the Working Group established a web site: 

http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/class/?cid=nrcs142p2_053562 

The information is partly duplicated at the web site of the Commission 1.4. 

3. Publications 

The WG produced a number of publications on the topic, some of them are listed below. 
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PROGRAM FOR THE SOIL CLASSIFICATION‐RELATED SYMPOSIA AT THE 20TH WCSS  

We are pleased to present the program of oral and poster sessions related to the activities of 

the  Commission  1.4  and  classification‐linked Working Groups.  The  attention  devoted  to  soil 

classification at the 20th World Congress and the number of contributions is exceptionally high 

and may be compared with that having been presented in the “golden age” of soil classification 

in the 1950‐1970s. 

Please include the following sessions in your agenda. 

 

Session IDS1 “Folk Soil Knowledge for Soil Taxonomy and Assessment” 

ORAL SESSION 

June 9(Mon) 10:10 ‐11:00 

Yeongju Hall A+B(1F) 

 

1) Pavel Krasilnikov (Russia, Moscow State University) “Soil Perception by Humans: From 
Ethnopedology to Neuropedology” 

2) Nkosinomusa Buthelezi (South Africa, University of Limpopo) “Indigenous soil knowledge 
and soil mapping by Zulu farmers, Potshini, South Africa” 

3) Alma Barajas (Mexico, Centro de Investigaciones en Geografía Ambiental, UNAM) “Use and 
management of the soils, local perspective of the land attraction” 

4) Mohd Effendi Wasli (Malaysia, Universiti Malaysia, Sarawak) “Ethnopedological knowledge 
by smallholder farmers for agriculture practice ‐ a case study in Nanga Machan, Kanowit” 

5) Francisco Bautista (Mexico, Centro de Investigaciones en Geografía Ambiental, UNAM) 
“State and regional soil maps using Maya Soil Classification” 

6) Alma Barajas (Mexico, Centro de Investigaciones en Geografía Ambiental, UNAM) 
“Inventory of local knowledge about buried soils in a volcanic zone of Michoacan, Mexico” 

 

POSTER SESSION 

June 9(Mon) 15:30~16:20 P1‐1 

 

1) Monica Aviles “Characterization and classification of soils in Mexicali valley, Baja California, 
Mexico” 

2) Leo Adriano Chig “Relationship between phytophysiognomy and classes of wetland soil of 
northern Pantanal Mato Grosso – Brazil” 

3) Luiz Felipe Moreira Cassol “Use of GIS tools in the treatment of data and study of the 
relationship between soil, geology and other factors” 

4) Maria Alcala “Farmer's knowledge of land and classes of corn of Michoacan, Mexico” 
5) Pantelis E. Barouchas “Soil mass balance for an Alfisol in Greece” 
 

C1.4‐1 “Marginal Soils: The Classification of Technogenic, Subaqueous, and Extraterrestrial 

Soil‐like Bodies” 

ORAL SESSION 

June 10(Tue) 13:40~ 14:10 

Room 402(4F) 
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1) Pieter Vandeventer (South Africa, North West University)  Pedogenic processes in 
anthropogenic mine soils 

2) John Galbraith (USA, Virginia Tech) “Human‐altered and Human‐transported soils: A 
bottom‐up approach in US Soil Taxonomy” 

3) Jaroslava Sobocka (Slovakia, National Agriculture and Food Centre) “Human transported 
and altered material as a diagnostics key feature for Technosol” 

4) Boris Aparin (Russia, The Dokuchaev Central Soil Science Museum) “Introduced soils of 
urban areas and their placement in the World Reference Base for Soil Resources” 

5) Lulie Melling (Malaysia, Tropical Peat Research Laboratory) “Agro‐Management Practices on 
Tropical Peatland for Mitigation of Soil C Flux” 

 

POSTER SESSION  

June 9(Mon) 15:30~16:20 P1‐312 

 

1) Rasool Mirakhorli “Cultivation of Populus euphratica / Populus alba hybrid in Garmsar saline 
soil plain In Iran” 

2) Pirach Pongwichian “Utilization of salt tolerant species for rehabilitation coastal saline soil 
at Petchaburi province of Thailand” 

3) Abayomi Fasina “Characterization and classification of some selected wetland soils for rice 
and vegetable production in Ekiti state, Nigeria” 

4) Sankar Mahapatra “Soil Resource Potential of Buraka Micro‐watershed in Mewat District of 
Haryana, India for Integrated Development” 

5) Valentina Cotet “The subaqueous soils of the Danube Delta Biosphere Reserve” 
6) Fiona Curran Cournane “Elite and prime land: similar messages and continued trade‐offs 

over half a century later in New Zealand’s largest city” 
7) Sartji Taberima “The amount and distribution of peatlands carbon stock in selected areas of 

Papua, Indonesia” 
8) Arturo Aguirre “Agronomy development of mustard plants (Brassica juncea) grown on 

mining soils” 
9) Darmawan “Subsidence Rate in Peatland Planted to Acacia crassicarpa at Bukit Batu, Riau 

over a Two‐Year Measurement” 
10) Alireza Zahirnia “Exactly soil science study of South‐West Iran region” 
11) Jaya N. Surya “Characterization and Classification of Salt Affected Soils for Reclamation and 

Management ‐ A Case Study of Haryana, India” 
12) Suwardi “Nutrient Cycle in Acacia crassicarpa Plantation on Deep Tropical Peatland” 

 
Session WG9 “Steps made toward a Universal Soil Classification” 

June 12(Thu) 14:10~ 14:30 

Baekrok Hall A(1F) 

   

ORAL SESSION 

1) Jonathan Hempel (USA, NRCS) “Towards a Universal Soil Classification System” 

2) Erika Micheli (Hungary, Szent Istvan University) “Approaches to Define the Elements of a 

Universal Soil Classification System” 
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3) Curtis Monger (USA, University of New Mexico) “Toward a Global System of Soil Horizon 

Nomenclature” 

4) Philip Hughes “Creating Numerical Horizon Classes for the USA” 

5) Phillip Owens (USA, University of West Lafayette) “Soil Climate Regimes and the Global 

Application in Soil Taxonomy” 

6) Sergey Goryachkin (Russia, Institute of Geography) “Cold Soils in Universal Soil 

Classification” 

 

POSTER SESSION 

1) Ben Harms, Lucia Anjos and Thomas Reinsch “Diagnostics for the Classification of Tropical 

Soils” 

2) Alexey Sorokin, Vince Lang, Erika Micheli, Phillip Owens, Jonathan Hempel and Pavel 

Krasilnikov “Harmonizing humus‐enriched soil groups in different soil classification systems 

using taxonomic distance”    

3) Cornie Van Huyssteen “Proposals for the classification of hydromorphic soils in the 

Universal Soil Classification system”    

4) Paul Reich and Thomas Reinsch “A New Global Soil Regions Map” 

 

Session WG2 “WRB ‐ Lessons Learned from the Development of the Third Edition 2014” 

ORAL SESSION 

June 12(Thu) 16:40~ 16:55 

Baekrok Hall A(1F)   

 

1) Peter Schad (Germany, Technische Universitaet Munich) “Presenting the 3rd edition of 
WRB“ 

2) Luca Montanarella (Italy, European Commission) “The Application of WRB by the European 
Commission: Experiences and future perspectives” 

3) Ben Harms (Australia, Department of Science, IT, Innovation) “WRB and the Australian Soils 
Experience” 

4) Lucia Helena Anjos (Brazil, UFRRJ) “A New Diagnostic Horizon in WRB for Anthropic Topsoils 
in Amazonian Dark Earths (South America)” 

5) Przemyslaw Charzynski (Poland, Nicolaus Copernicus University) “Classification of 
technogenic soils in WRB in the light of Polish experiences” 

6) Carlos Omar Cruz Gaistardo (Mexico, Instituto Nacional de Estadistica y Geografia) 
“Conceptual Development of WRB 2014 and its Impact on the Third Soils Cartography Series 
in Mexico” 

7) Einar Eberhardt (Germany, Federal Institute for Geosciences) “Software tool for deriving 
WRB soil names from national soil data? Potential for further development of WRB” 

 

POSTER SESSION 

June 12(Thu) 15:30~16:20 P3‐531 
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1) Markku Yli‐Halla “Update of the WRB soil classes in the 250K Soil Database of Finland: 
expression of soil moisture regime in mineral soils” 

2) Hakki Emrah Erdogan “Converting Legacy Soil Map of Turkey into the World Reference Base 
(WRB) for Soil Resources‐ Case Study: Gaziantep, Turkey” 

3) Roman Desyatkin “Specific Features of Pedogenesis in Thermokarst Depressions (Alases) of 
the Permafrost Zone and the Place of Alas Soils in the World” 

4) Jonathan Gray “World distribution of WRB reference soil groups presented on new 
educational poster” 

5) Brian Murphy “Estimates of the rates and processes of development of texture profiles in 
some Australian soils ‐ implications for the definition” 

6) Lucia Helena Anjos “New qualifier in WRB based on Brazilian soils with high iron contents” 
7) Karen Vancampenhout “Belgium University of Leuven Poster Genesis and variability of 

Anthrosols in the Campine area of Belgium” 
8) Karen Vancampenhout “Digging deeper in soil classification: could buried palaeosols be 

adequately represented in the World Reference Base system?” 
9) Nikolay Khitrov “Symbols for diagnostic horizons: experience of the Russian soil 

classification system and proposals for WRB” 
10) Carlos Omar Cruz Gaistardo “Application of WRB 2014 (FAO) in the Greenhouse Gas 

Emissions Inventory for the Biennal Report in Land Use and Forestry of Mexico” 
11) Erika Micheli “Suggestion for Modification of the Setting of Salt Affected Soils in the New 

WRB Classification Key” 
 

Session C1.4‐2 The Progress in Development and Harmonization of Soil Classifications 

ORAL SESSION 

June 13(Fri) 16:50~ 17:10 

Samda Hall(3F) 

 

1) David Smith (USA, USDA, Natural Resources) “Proposed Soil Taxonomy Changes for Gelisols 
and Other Soils with Gelic Materials” 

2) Lucia Helena Anjos (Brazil, UFRRJ) “Soils with high activity clay and high CEC in Acre State, 
Amazon region” 

3) Erika Micheli (Hungary, Szent Istvan University) “The method of development and structure 
of the modernized Hungarian Soil Classification System” 

4) Micheal Golden (USA, USDA Natural Resources) [Presented by David C. Weindorf, Texas 
Tech University] “Developing a Simplified Guide To Soil Taxonomy” 

5) Zhongjie Ye (China, Zhejiang A&F University) “Explore the Secrecy in the Distribution of Red 
and Yellow Soil on the Earth” 

 

POSTER SESSION 

June 12(Thu) 15:30~16:20 P3‐205 

1) Abayomi Fasina “Properties, Genesis, Classification and Sustainable Management of Soils 
from Ijebu East, South western Nigeria” 

2) Alexandra Nikiforova “World soil classification, the systems approach, and multiscale GIS 
Mapping” 
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3) Boris Pshenichnikov “Classification of Maritime Burozems of the Souther Far East of Russia” 
4) Stjepan Husnjak “Correlation of Gley Soils Classified According to the Croatian Soil 

Classification with the WRB” 
5) Nina Pshenichnikova “Problems of Nomenclature Correlation and Soil Classification in Amur 

River Basin” 
6) Marta Fuchs “Suggestion for modification of the setting of salt affected soils in the new 

WRB classification key” 
7) Jutom Ongkosing “Characteristics and Classification of Soils in Sabah, Malaysia, Borneo” 
8) Piotr Bilski “Poster Conceptual clustering for the geotechnical data analysis” 
9) Bing Ju “Research of Pedogenetic Features and Classified Characterization of Calcification 

process in Ustic Cambosols” 
10) Jaroslaw Kurek “Automatic computer estimation of geotechnical soil profile based on CPT 

and DMT probes” 
11) Bipin Bihari Mishra “Indian System of Soil Classification Scheme: A Proposed Framework” 
12) Li Liu “Diagnostic Characteristics and Classification of Sub‐Alpine Fir Forests Soils from 

Western China” 
 

And please do not forget about  

Business meeting: C1.4, World Reference Base for Soil Resources and Universal Soil 

Classification System: June 10(Tue), 18:10~ 20:00 Room 400(4F) 

  Newsletter Editor, Guy Smith Award, Meetings. WRB to follow. USCS to follow. 
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THE COMPOSITION OF SOIL COLLOIDS IN RELATION 
TO SOIL CLASSIFICATION 

BY HORACE G. BYERS AND M. S. ANDERSON 

Introduction 

For a period of approximately fifteen years investigators in the Bureau of 
Chemistry and Soils have been engaged in the accumulation of scientific data 
concerned with colloid material of the soil. During this period a large volume 
of accurate information has been secured which has been published in the 
form of bulletins and journal articles. So far as the Bureau publications are 
concerned, but little has appeared concerning theoretical aspects of the com­
position of the colloid. They have concerned themselves, for the most part, 
with methods of isolation and estimation, and determination of general 
physical and chemical characteristics. 

Meanwhile it is recognized that two more or less clearly defined ideas con­
cerning the character of the colloidal complex have been developed. The one 
which for some years was dominant, and which, without serious error, may be 
attributed to van Bemmelen and Stremme, regarded the soil complex as 
essentially a mixture of three oxides, those of silicon, aluminium and iron. 
The water and bases of the complex were regarded as held by 'surface' re­
actions which are not described in terms of the ordinary laws of chemical be­
havior. The other view, which, of course, is really much older, but submerged 
for a time by the flood of physico-chemical research, has reappeared, and, in­
deed, has again become orthodox, though as yet not fully formulated. This 
view regards the colloid complex as essentially a group of acids, organic and 
inorganic, which are both weak and unstable, as well as insoluble and essen­
tially amorphous. The salts of these acids, which are the colloid, behave as 
described by the ordinary laws of chemistry modified by this unusual combi­
nation of properties. The essential complex is also in special cases modified 
by the possible presence of undecomposed minerals and of the ultimate prod­
ucts of their hydrolysis. The variants of this view are almost as numerous as 
the number of contributors to it. In the near future the Bureau of Chemistry 
and Soils expects to present a discussion of its accumulated data bearing upon 
this question. Some comments only will appear in the present paper. 

In recent years, largely due to the activities of, or stimulated by, the Soil 
Survey, under the direction of Dr. C. F. Marbut, and based initially upon the 
investigations of Russian soil workers, there has been developed a system of 
soil classification dependent upon the properties of the soil profile. This 
classification takes into consideration, in addition to the dynamic factor of 
soil development, the parts played also by the parent material in the genesis 
of the soil. It is the purpose of the present discussion to consider some of 
our recently accumulated data in their relation to this system of classification 
and to the composition of the acid complex of the soil. 

Unknown
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SOIL COLLOIDS A~D SOIL CLASSIFICATIO~ 349 

TABLE I 

TABC:LAR ARRANGEMENTS OF SOIL GROC:PS INTO CATEGORIES 

Category VII I. Pedalfers 2. Pedocals 

Category VI 

Category V 

Category IV 

I. Podsolic soils 
2. Lateritic soils 

Sub-groups of Group 
ro in Category IV 

I. Tundra 
2. Podsols 
3· Gray-brown podsolic 

soils 
4. Red soils 
5. Yell ow soils 
6. Prairie soils 
7· Laterites 
8. Ferruginous laterites 

3· Pedocals of Temperate Zone 
4· Pedocals of Tropical Zone 

r. Chernozem 
2. Chestnut colored 
3· Brown 
4· Gray 
S· Sub-groups of groups 9, I I and 

I2 of Category IV, none of 
which have yet received dis­
tinctive names 

9· Northern Temperate Pedocals 
IO. Mid-latitudeTemperatePedocals 
r r. Southern Temperate Pedocals 
I 2. The various still unknown groups 

of Tropical Pedocals 

r. Soils with perfectly 3· Soils with perfectly 
developed profiles developed profiles 

Category III 2. Soils with imperfectly 4· Soils with imperfectly 

Category II 

Category I 

developed profiles developed profiles 

I. Soil Series Groups 
(a very great number) 

r. So:l units based on 
texture of surface 
horizon 

2. Soil Series Groups 
(a very great number) 

Soil units based on 
texture of surface 
horizon 

Without making a critical historical resume of the development, from a 
beginning made by Milton \Vhitney about forty years ago, of the system of 
soil classification used in the United States, it may be stated that, while it is 
the result of a field study of the characteristics of the soil, for many years 
it was largely confined to a study of the surface, and, to a lesser degree, of 

Unknown
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350 HORACE G. BYERS AND M. S. ANDERSON 

the subsoil. The views of Ramannl, based largely upon the data of Cushman2•3 

and co-workers in the Bureau of Chemistry and the Office of Public Roads that 
the weathering of the silicates is "really a result of the hydrolytic action of 
water," has been accepted, and the work has been greatly influenced by the 
publication in 1914 of the work of the Russian soil scientists by Glinka.' The 
work of the Soil Survey since 189o, influenced by these results and others, 
has resulted in the system outlined by Marbut/ to be published in the near 
future. In this system, which was developed through a study of the soils 
themselves, the influence of environmental factors in producing, and in 
furnishing explanation of the observed results has been recognized. These 
factors are chiefly the vegetative conditions which are at the same time deter­
mining factors of, and a result of, soil and climate; the climatic conditions, 
especially of temperature and rainfall; the duration of the soil forming pro­
cesses; the relation of the terrain to the drainage and to the water table, and 
the material producing the soil. In this classification, given in Table I, the 
whole soil profile is considered, Horizon A and its subdivisions, with Hori­
zon B and its subdivisions together constituting what may be considered the 
solum, or true soil, while the disintegrated parent material is called Horizon C. 
It is of very considerable interest to discover whether this scheme of classifica­
tion is reflected by the composition of the soil colloid. 

Data and Discussion 
Previous to 1924 only a very few chemical analyses of colloid material were 

available. These were, for the most part, either partial analyses of fine soil 
fractions or of clays, or were not associated with sufficient field information 
to permit of any general conclusions. 

In 1924 a bulletin by Robinson and Holmes6 gave the analyses of 44 col­
loids derived from 19 soil series. On the basis of these analyses the authors 
drew some very significant conclusions regarding not only the constitution of 
the soil colloid itself, but also that the molecular ratio of silica to the sesqui­
oxides in a colloid is characteristic of the soil series from which it is derived. 
They were led to conclude that rainfall is a very important factor in deter­
mining colloid composition in that silica is more readily removed by leaching 
than are the sesquioxides, and high rainfall tends towards the decrease of the 
ratio. Also since calcium and sodium disappear from soils more readily 
through leaching than do sesquioxides, therefore the molecular relation of 
the sum of these bases to the sum of the sesquioxides indicates, by its mag­
nitude, the extent to which leaching has occurred. It follows that, in a general 
way, these ratios are parallel. In this bulletin, also, the authors call attention 

1 Ramann: "Bodenkunde" (191 1). 
'A. S. Cushman: The Effect of Water on Rock Powders. U.S.D.A. Bureau of Chemistry, 

Bulletin 92 ( 1905). 
3 A. S. Cushman and P. Hubbard: The Decomposition of Feldspars. U.S.D.A. Office of 

Public Roads, Bulletin 28 (1907). 
'"Die Typen der Bodenbildung" (1914). 
5 "The Soils of the United States" (1931). 
'"The Chemical Composition of Soil Colloids," U.S.D.A. Bulletin No. 1311 (1924). 
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to the relationship between the quantities of silica, alumina and iron oxide 
required to form the compounds kaolinite and nontronite on the assumption 
that these exist in the colloid and have the general formula 2H20: M20a: 2S02. 

:\Iany other investigators have discussed the relation of silica to ses­
quioxides and of silica to alumina in their relation to the different portions of 
the soil profile, both in the soil itself and in the colloid fraction. Recently, 
G. W. Robinson' has called attention to variations of the magnitude of the 
silica-sesquioxide ratio as a result of profile development in Wales. He finds 
a general tendency toward increase of sesquioxides in the B horizon as com­
pared with the surface soil. These results are in accord with those of Tamm' 
in Sweden, and, indeed, with all investigations of northern humid soils. 

The extensive data now available for American soils, most of which have 
found publication in recent bulletins,3 render possible a general comparison 
between the soils and the soil-making processes, and for this purpose the data 
are presented in full in Tables II and III. In these tables the analytical 
results have been recalculated in order to better bring out the points under 
discussion. 

In Table II are given the data for soils from both of the main sub-divisions 
of soils, the Pedocals and the Pedalfers (Marbut's Category 7). The pedocals 
are represented by the Amarillo silt loam from Texas (Marbut's Category 4) 
and the Barnes silt loam from South Dakota (;.\iarbut's Category s). The 
Pedalfers are represented by three podsols, the Superior fine sandy loam from 
Wisconsin, the Beckett loam from :\1assachusetts, and the Emmet fine sandy 
loam from Michigan. The gray-brown podsolic soils are represented by the 
:\Iiami silt loam, Chester loams and sandy loams, and Leonardtown silt loams, 
the mean values of the data for which are given in Table II and the detailed 
data in Table III. The red soils are represented by the Davidson clay loam 
from North Carolina, and by the mean values of the Cecil clay loams and 
sandy clays from Virginia, North Carolina and Georgia, given in Table III. 
The laterites are represented by the Nipe clay from Cuba, which is a ferrugi­
nous laterite. So far as we know, there are no modern truly laterite soils in the 
'C'nited States. The prairie soils are represented by the Marshall silt loam from 
Nebraska and the Shelby silt loam from Missouri. 

In the following discussion the soil making process, so far as its chemical 
relations are concerned, is considered as essentially one of progressive hydroly­
sis of the soil minerals. Out of this material the soil development processes, 
such as translocation or elimination of the products of hydrolytic action and 
other processes, produce the soil. Translocation of material involves true 
solution or colloidal suspension, or both. It is recognized, of course, that the 
hydrolytic process is profoundly influenced by the "catalytic" effect of the 
presence of carbonic and organic acids and its rate is also a function of the 
temperature and of the character of the material being acted upon. It is 

1 J. AF;r. Sci., 20, 618-39 I 1930). 
2 Medrlel. St"tens Skogsforsoksant (Sweden) 17, 49-300 (1920). 
3 Robinson and Holmes: Lac. rit; Holmes: J. Agr. Research, 36,459-70 (1930)· Holmes 

and Edington: U.S.D.A; Tech. Bull., 229 (1930); Denison: J. Agr. Research, 40, 469-8J (1930); 
Anderson and Byers: U.S.D.A. Tech. Bull., 229 !1931). 
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TABLE II 

Chemical Constituents of Colloids from Soils characteristic of Various Soil Groups 
"' 

Colloids of the Pedocal Group <n 

"' Chemical composition Monovalent and divalent bases Total base calculated on the basis Molecular ratios calculated as milliequi valents exchange Si02 +A!,O,+Fe,O,= 1oo per I oo grams capacity 
Horizon Depth SiO, A!,O, Fe,o, SiO, SiO, SiO, Fe,o, Ca' Mg K Na Total by BaCiz 

Location Al,O,+ A!,O, Fe,O, Al,O, milli- milli- milli- milli- milli- milli-
of inches per per per Fe,O, equiv- equiv- equiv- equiv- equiv- equiv-

Profile cent cent cent alents alents alents alents alents alents 
Amarillo, Tex. I o-5 62.09 27.09 10.82 3· 10 3.88 '5· 19 .255 52.8 103.2 56.9 I 9 220.8 s6.6 

2 IQ-20 62.19 27-42 IO.J9 J.09 3 85 15.84 .243 56 7 132.0 53-9 O.J 242·9 62.8 1:1: 
0 

3 JD-40 62-43 27.28 10.29 J. IJ 3-87 I6.o6 .241 65·4 138.9 53 I 1.9 259 3 63 4 !:0 
4 54-64 61 35 28.84 9.8I 2.97 J.6o 16.57 217 61.7 140·4 51.4 J.2 256 7 69.2 > 

("} 

5 7D-75 62.20 28.56 9-24 J.o6. 3 68 '7· 79 .207 75.0 125.5 38 9 I -9 241 ·3 65 .6 
"" 6 96--100 62.97 27-57 9 46 3 18 J.86 17.66 .219 56 4 142-4 48.0 O.J 247- I 70 0 g"l 

Barnes, S. D. Ao o-2l 62.65 23-47 IJ.88 J.30 4 53 11.93 ·379 59 2 47-6 448 58. I 209-7 td B, 14-48 6o 89 23.85 15.26 3 09 4-32 10.57 ·408 46-7 63 0 41.0 45-5 196.2 ~ c, 6o-78 64.00 21 ·48 '4-52 3 55 5-05 10.31 ·432 - "" !:0 
Colloids of Podsol Soils "' > Superior, Wis. Ao D-3 66.44 2J.89 9-67 3-76 4· 7' 18.12 .260 62 I 52. I 16 8 8.4 139-4 78. I z 

A, 3-8 68.52 24.72 6 75 4.01 4 70 26.88 . 175 J6. I 62.0 45-4 I l.O '54-S s6.3 tl 
B 12-30 45-'" 35.81 19.18 I 59 2. IJ 6 20 343 23.6 84.8 29. I 4·8 '42-3 44 ° fo:: c 3D-40 55· 14 28.77 16.09 2.40 3-24 9 o8 ·357 21.8 169.2 26. I 1.9 219.0 39 9 !" 

Beckett, Mass. Ao o-6 52-35 29.64 18.01 2.16 2.99 7.68 ·389 2J.2 '5-4 10.4 8. I 57-' 78 9 > A, 6-11 59-80 31.56 8 64 2.74 3 22 18.30 . 175 14·3 51. I 53-3 7-7 126.4 51. I z 
B, 11-13 28.03 25.15 46 82 0.86 I 88 I. 58 I. 189 II ·4 32.2 17.6 3 9 65.' tl 
B, 13-24 39-46 36.71 23.83 I. 28 I 83 4 39 -416 5 7 s8.5 42.0 9·0 IIS. 2 53 7 "" !:0 c 24-36 46. 7' 37- so 1579 1.67 2_ II 7 83 .270 6. I 104.2 87.0 8. I 205. I 18 9 "' 0 

Emmet, Mich. A, 1-4 61. IJ 29.26 9 61 2.94 3 55 16.88 .211 19.2 8.9 55-4 23-9 107-4 z 
B, 24-33 55 33 27-35 17-32 2 45 3-41 8.46 ·404 66.0 81 8 56., 2J.2 227. I 
c, 48-6o 62.50 19-92 17.58 3 40 5 33 9 4' .566 

Colloids of Gray-brown Podsolic Soils 
Miami A, ss 90 30.01 11.08 2.69 3-3.1 14.11! .237 27.0 IOJ.s s6.6 7-6 '94-7 32.7 

Mean values B 56-76 29 70 '3-54 2.50 3-25 II. IJ .291 26.J 130.0 72.6 4-8 233-7 38 7 
of 9 profiles c 57-85 29.19 12.97 2.61 3 36 I1.72 .284 II I. 8 156-7 94 9 7-8 350.5 36-3 

Leonardtown A 51. so 34· 10 14-40 2.01 2 so 9.62 .268 14.8 44· I 30.2 11.6 100.8 19.7 
Mean values of B 51.19 32-76 16.05 2.01 2.62 8.29 .J17 10.4 42-5 26.8 10.6 90·4 22.7 
6 profiles 

• Where analyses show carbonates to be present an equivalent amount of Ca is deducted. In some cases, however, analyses do not includt 
carbonate, which may be present. 
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TABLE II (Continued) 

Chemical Constituents of Colloids from .'loib characteristic of Various Hoil Groups 

Chemical compoHition Monovalent and divalent bases 
ealculated on the basis Molecular ratioH ealeulatpd as milliequivalents Total ba•e .'liO,+AJ,<}, t-Fe,O,~wo per 1 no grams , exrhan~c 

Horizon Depth SiO, AJ,O, Fe,O, SiO, SiO, ~iO; _Fei)~ Ca1 Mg K Na 1 otal capacity 
Location AJ,O,+ Al.,O, Fc,O, Al,O, by BaCl, 

of inehes per per per Fe,O, milli- milli- milli- milli- milli- milli-
Profile ecnt cent rent equiv- equiv- cquiv- equiv- equiv- cquiv-

alents alent.s alents alcnts alents alents U1 

Colloids of Gray-brown Podsolic Soils, Continued 0 

Chester A 44-65 38 82 16. 5.1 I. 54 1.96 7 51 273 20.5 775 20 9 3 5 I22.4 25.6 8 
Mean valuP~" of B 46·94 35-39 17-42 1.69 2.26 7 36 .323 I3.6 69.9 24.2 J.O 110.6 21.9 () 

0 
8 profiles c 45 53 38.69 IS 77 I. 59 2.00 9.06 27I II 8 46.8 I9.0 3-0 8o.6 IS-3 t< 

t< 

Colloids of Red Soils 
0 
8 Davidson, N.C. A 0--<j 43 62 40.67 I5.7I 1.46 I 82 7.J6 .247 20.7 4S.6 I0.6 I .0 87.9 I8.3 U1 

B, 9-36 43 6J 37-43 18 94 1.49 1.97 6.10 -323 20.0 20.J 7 9 t.ra.ce 48.2 I2.6 ;.. 
B, 36--f>o 41.4I 34 46 24 I3 1.42 2.03 4-54 -448 12.5 I7 9 3 8 trace 34 2 Is.s z 

t1 c 6o+ 4I -44 34-92 2J 64 I .40 2 OJ 4-64 -434 17.8 3 0 J.6 trace 24-4 ls.6 
U1 

Cecil, A 43· 18 1.64 . 184 r.6 II.6 0 
44·4I I2.p 1.45 9 75 7 5 22.0 I5.0 45-3 8 Mean values for B 42.02 42.8I 15. I7 I .Jll I 57 7-47 .228 6.0 IS. I 8.6 I -9 34- I 8. I 

() 
8 profiles c 42.62 41-91 '5-48 I 40 I 63 7-41 .23H 4·8 14.5 10.3 2. I 31.7 7 7 t< 

;.. 

Colloids of Laterite Soils 
U1 
U1 

Nipe, Cuba I 0-12 II . .)I 17 89 70.60 0.31 1.09 "-43 2.525 8.2 2 5 trace tra.ee 107 .). I :;; 
2 40-60 6.64 13-72 79 64 0.17 o St () 22 3-723 trace 3 5 1.5 0.6 5 6 2 0 ;::; 
3 100-144 15.28 21 26 63 46 0.42 I 22 0.64 1.915 trace 10.4 3 4 1.0 I4.8 2.1 ;.. 

>-l 

Colloids of Prairie Soils 
0 z 

Marshall I 0-14 59 97 28.J6 11.67 2.82 3.58 IJ.I4 .263 42 5 99 7 47-3 6.8 I96.3 
14-36 60.07 27·43 12 so 2.87 3-72 12.59 .292 48 5 80.3 44-" 4·8 I77.6 

Shelby I 0-7 58 35 29-90 II.75 2.64 3-3' I2.40 .252 47 I 92 7 25-5 7 I 172 4 
2 8-12 57 99 29.81 12 20 2 61 J.JO II 42 262 46 0 92.8 24 0 6.8 I69.6 
3 12-20 57-83 29 So 12.36 2.60 J.28 I I. 18 .265 48-9 100.2 26.8 9-3 '75 9 
4 2()-24 57-56 29-09 13-35 2.60 3-36 10. So .294 5s 2 107-7 28.0 12.J 206 2 
5 24-48 ss 4I 27-75 13.84 2. 7I 3 57 13.61 .319 77·4 102.7 34-6 14.2 2289 
6 48--f>o 57-98 27-79 '4-23 2.67 3 54 12.72 .,)28 8J.8 102.7 35- 2 13.2 234-9 

"' "' 1 Where analyses show carhonates to be present an equivalent amount of Ca is deducted. In some cases, however, analyses do not include (;.> 

carbonate, which may be present. 
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TABLE III '""' "' 
Chemical Constituents of Colloids characteristic of Various Soil Series -1>-

Colloids of the Miami Series 
Chemical composition Monovalent and divalent basis 
calculated on the basis Molecular ratios calculated as milliequivalents Total base RiO,+AI,O,+Fe,O, =too per 1 oo J!rams exchange 

Horizon Depth SiO, AJ,O, Fe,o, SiO, SiO, SiO, Fe,o, Ca Mg K Na Total capacity 
Location A!,O,+ AJ,O, Fe,O, A!,O, byBaCl, 

of per per per Fe,O, milli- milli- milli- milli- milli- milli-
Profile inches cent cent cent equiv- equiv- equiv- equiv- equiv- equiv- ti: 

0 alents alents a!ents alents alents alents l%l 
Eaton Co., Mich. A 6-to sB 48 30.01 I I. 51 2.65 3·29 13.46 .245 18.9 I21. 5 57·5 6.8 204.7 31.7 > 

0 
B 18-30 57 57 29.04 I3.39 2.59 3·36 I I. 39 .295 28.9 153·3 76.8 8. I 267.I 37.5 t'l 
c 34-40 sB.29 28. I2 I3.59 2.68 3.5I II .36 ·309 44·6 169.6 ss 4 11.0 310 6 42.6 ~ 

Washtenaw Co., Mich. A o-8 29.76 2.75 14.58 105.7 224.8 
tlj 

59·45 10.79 3·39 .233 33·9 73 9 II. 3 31.7 ~ 
B 8-30 57.29 29.89 12.82 2.55 3.25 II.83 .275 33·2 I36.9 97.2 8.4 275·7 33.8 t'l 

l%l c 54+ sB.s7 29.08 12.35 2.69 3.4I I2.55 .27I I83.7 161.2 100.4 10.6 455·9 23.7 rn 

> 
Branch Co., Mich. A 2-8 6o.47 29.84 9.69 2.84 3·43 16.52 .208 7· I I07.6 58 2 8 4 181.3 22.9 z 

B 9-36 56·59 30.48 12.93 2.48 3· IS II .6I .27I 23·5 I36.4 90.9 3.2 254·0 33.7 
tj 

c 4o-6o 58. IS 29.75 12.10 2.62 .).31 12.72 .260 6I. 7 155·7 I00.4 4·8 322.6 34 3 ~ 
rn 

Miami Co., Ind. A 4-IO 58.37 29.5I 12. II 2.66 3·35 I2. 77 .263 32.8 109.6 55·4 6.8 204.6 29·3 
B 12-20 56.81 29.08 I4. II 2.52 3·3I Io.66 .310 31.4 I42·4 73·3 s.B 252.9 42.5 > z 
A 6-IO 59·30 28.84 11.86 2.75 3·49 I3.25 .263 34·3 97· 7 ss.o 4·2 I9I .2 31.3 tj 

B IS-20 S7.0I 29.81 I3. 18 2.53 3.24 II.45 .283 3I ·4 I23.0 60.7 4·5 2I9.6 40·3 t'l 
:0 c 4o-so 57·35 29.57 I3.08 2.55 3.28 I 1.62 .282 I33· I I54·3 89.2 7· 7 384·3 34·2 rn 
0 

Blackford Co., Ind. A 59.89 9.82 2.78 28.9 64·3 8. I 221.8 36.8 z 
4-7 30.29 3·30 IS.92 .207 I20.5 

B II-18 56·44 30.37 13.19 2.48 3.15 II.33 .278 27·5 I29.0 83·9 4·8 245·2 39.1 
c 38-42 s8. I4 29.29 12.57 2.64 3 36 II.33 .274 81.0 I42.9 102.5 6.s 332.9 32.8 

Grant Co., Ind. A 3-9 6I.OI 28.85 10.14 2.92 3.58 15.94 .225 32. I 107. I 51.0 6.s I96.7 32.9 
B 1(}-26 s6.ss 29.60 I3.82 2.37 3·23 I0.84 .298 19·3 I26.o 69 4 3.2 2I7·9 37·9 c 32-42 57·92 28.93 13. IS 2.57 3·39 11.66 .290 52. I 147·8 IOI.1 9·4 310·4 35.2 

Hancock Co., Ind. A 2-12 ss.89 32.47 II.64 2.39 2.91 12.71 .229 32.8 s8.o 52.] 11.0 IS4·5 36 5 
B 16-32 55.83 29.54 I4.63 2.43 3·30 10.10 .317 25.0 II9. I 57·5 2 .. ) 203.9 40·5 
c 36+ s6.9o 29.28 13.82 2.53 J.30 10.89 .303 53·5 153·3 90.9 5 2 302.9 36.4 
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TABLE Ill (Continued) 

Chemical Constituents of Colloids characteristic of Various Soil Series 

Chemical composition Monovalent and divalent basis 
calculated on the basis Molecular ratios calculated as milliequivalcnts Total base 

Si0,+AJ,O,+Fe,03 = roo per 1 oo grams 
~ exehange 

Horizon Depth SiO, Al,O, Fe20a SiO, SiO, HiO, Fe,o, Ca Mg K Na 1 otal capacity 
Location AJ,O,+ AJ,O, Fc,O, AJ,O, by BaCI, 

of inches per per per Fe,O, milli- milli- milli- milli- milli- mill-
UJ 

Profile cent cent cent cquiv- equiv- equiv- equiv- equiv- equiv- 0 
alents alents alents alents alents alents 8 

Colloids of the Miami Series, Continued ("} 

Rush Co., Ind. A s-r4 57 33 30.49 12.18 2 so 3 '9 12-45 .256 22 I 104.2 41.8 5 2 '73 3 41. I 
0 
t"' 

B 14-18 56 75 29 48 13 77 2.51 3.27 10 92 .299 16.8 103-7 43 7 3-2 167-4 43 3 t"' 
0 c 6o.64 57 45 29-48 13.07 2 57 J.JO 11.64 .283 z8s 4 16/L 7 89.2 6.8 550. I 51.2 8 
UJ 

Mean A 58.90 JO.OI II o8 2.69 3 33 14 18 .237 27.0 103-5 56.6 7.6 194 7 32.7 >-
Values B 56.76 29.70 13 54 2 so J.25 II. 13 .291 26.3 IJO.O 72.6 4 8 233-7 38.7 z 

c 57.85 29.19 12 97 2.61 3-36 II 72 .284 III. 8 rs6.7 94-9 7 8 350·5 36 3 tJ 
UJ 
0 

Colloids of the Leonardtown Soil Scnes 8 
Prince Georges Co., Md. A 0-7 51 51 33- 24 15.25 2.0J 2.62 8.95 .293 20 4 52.5 31 0 12.9 II6. 8 ("} 

B 7-17 so.86 JJ.04 16.10 1.99 2.61 8 36 .JI2 '4 3 52·5 27 8 II 6 106.2 t"' 
>-
UJ 

PrinceGeorgesCo.,Md. A ()--12 49.09 37.26 IJ.65 1 8o 2.21 9.81 226 8.2 43-7 31.9 13.9 96-7 23.0 UJ 
:;; B 12-18 52. '4 33· [() '4-76 2 07 2.64 9 35 .286 7 5 43 7 2H.o 7 7 86 9 23 3 8 

Charles Co., Md. A 9-36 .282 16 8 28 5 >-G-7 51.97 33 33 '4-70 2.05 2 27 44 I '3-9 IOJ.J 21.0 >-3 
B ?-14 51.61 32 58 15.81 2 os 2 69 8.64 31I 12.9 33 7 22 3 I 1.9 8o.8 21.5 0 
A ()--7 51.28 33 83 I4.89 2 OJ 2 57 9- II .281 I6. I J8. 7 28 7 '7·4 100;9 18 5 z 
B 7-'4 50.72 33-12 16.16 1.98 2 53 7 24 .J05 8 6 37 7 22 I 16.8 85 2 21.5 

Prince Georges Co., Md. A I··8 53-56 33 35 13.09 2 15 2 72 11.30 .251 II 8 37 7 30.2 3 9 83.6 IS. I 
B 8-18 51.4I 3I. 73 16.86 2.05 2.75 8.08 340 5 0 45 6 30.2 8 4 89.2 23.8 
A I-8 51.57 33.6o I4.83 2 02 2.60 9.20 .283 IS 4 48. I J2.1 7 7 103-3 21. I 
B 8-I8 5<>-41 33 00 I6.59 1.97 2.59 8 05 .J22 14 3 4I 7 ,)0 4 7-4 9.). 8 23.3 

Mean A 51. so 34- IO I4-40 2.01 2 so 9.62 .268 14.H 44· I 30.2 I 1.6 100.8 19 7 
Values B 51. I9 J2. 76 r6.os 2 02 2.62 8.29 -3I7 "'·4 42-5 26.8 lll.6 90-4 22.7 w 
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TABLE III (Continued) "' <n 

Chemical Constituents of Colloids characteristic of Various Soil Series 0\ 

Chemical composition Monovalent and divalent basis 
calculated on the basis Molecular ratios calculated as milliequivalents Total base SiO,+ AI,O, + Fe,03 = 100 per 100 grams exchange 

Horizon Depth SiO, AJ,O, Fe,O, SiO, SiO, SiO, Fe,O, Ca Mg K Na Total capacity 
Location Al,O,+ AJ,O, Fe,o, AI,O, by BaCI2 

of inches per per per Fe,O, milli- milli- milli- milli- milli- mill-
Profile cent cent cent equiv- equiv- equiv- equiv- equiv- equiv-

alents alents alents alents alents alents ~ 
Colloids of the Chester Series 0 

~ 
Chester Co., Pa. A 0-<) 42-.57 37· 10 20.33 1.44 I -94 5-52 -3.52 30-7 140-9 20.0 5-5 197. I 29-9 ;.. 

B <)-28 40-56 33-84 25.60 1.38 2.03 4-20 ·483 12.1 111.6 20.2 I -9 145.8 18.4 0 
t".. c 40+ 43· 13 33 46 23-41 I. 51 2.19 4.86 -450 '4-3 84 3 24.0 2.3 124-9 18.2 p 

Cecil Co., Md. A I-8 42-47 39· 74 17-79 1.41 I. 81 6.32 .287 3."2 120.5 8.7 0.3 132.7 27-7 b:l 
>< B 8-30 47-88 33-96 18.16 I. 78 2.39 6.97 -343 3-6 77-9 18.7 0.6 100.6 26.0 t".. c 42--uo 46-96 42-92 10.12 I. 61 I. ss 12.25 .151 8.6 31.3 8. I 2.3 50-3 18.7 ~ 

"' A 0-<) 46.67 40-52 12.81 1.65 1.95 9-63 .203 2.).3 82.3 28.7 1.9 138.2 27-9 
~ B <)-28 46.27 38-53 15.20 1.62 2.03 8.o6 .252 13-9 66.0 24.6 4-8 109-3 18.2 

c 28--50 47-35 41.64 II .01 1.64 1.93 I 1.38 .169 7-S 42-7 21.0 o.6 71.8 14- I t::j 

A D--7 48.30 37-39 14-31 I. 76 2.19 8.92 .246 20.0 74-9 22.9 4-5 122.3 25.2 ~ B 7-32 S0-36 33-25 16.39 1.98 2.57 8.13 .316 15.7 76-9 27-4 3-9 123-9 25-7 
?' c 44--uo S0-36 40.68 8.96 1.84 2.10 14.86 . 141 12.8 31.7 13.0 2.6 59-9 15.0 

A Q--10 41.22 43-57 15.21 1.31 I.6o 7 16 .224 18.9 68.s 20.0 o.6 108.0 22.5 ~ B ID--30 45-27 39-58 15. IS 1.55 1.94 7-90 .245 12.5 6o.o 20.2 o.6 93-3 '9-9 
t".. 

Harford Co., Md. A 1-<) 45-60 37-57 16.83 1.60 2.06 7-18 .287 18.6 63.5 22.5 2.9 10].5 19-9 ~ 

"' B <)-28 46-33 35-83 1].84 1.66 2.19 6.87 -319 11.4 34-7 21.7 1.9 69-7 18. I 0 
c 4D--6o 41.22 37-26 21.52 '-37 1.87 5-07 -370 I I. I 42.2 20.6 5 8 79-7 12.0 z 

Montgomery Co., Md. A o-8 41.81 37-32 20.87 1.40 1.90 5-30 -359 12.8 58.o 17.2 1.6 89.6 22.] 
B 8-34 46.6o 33-53 19.87 1.77 2.35 6.22 -379 16. I 68.5 21.2 1.6 107-4 26.9 
c 54+ 44-18 36.20 19.62 I. 55 2.07 5-96 -347 16.8 48.6 2].2 4-2 96.8 13-5 

Montgomery Co., Md. A, o--8 48·59 37-36 14.05 1.77 2.20 10.01 .222 34-6 11.4 27-4 10.6 84.0 29.0 
B 8-32 52.27 34-61 13.12 I. 79 2.56 10.54 .243 23.2 63-5 39 3 8.4 134-4 22.] 

Mean A 44-6S 38.82 16.53 I -54 I.g6 7-5' .273 20.5 77-5 20.9 3-5 122.4 25.6 
Values B 46·94 35-39 17-42 1.69 2.26 ].36 -323 13.6 69-9 24.2 3·0 II0.6 21.9 

c 45-53 38.69 15-77 1.59 2.00 9.o6 .271 II .8 46.8 19.0 3-0 8o.6 15-3 
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Location 
of 

Profile 

Horizon 

Goochland Co., Va. A 
B 
c 

Rockinl(ham Co., N.C. A 
B 
c 

Davie Co., N.C. A 
B 
c 

Rutherford Co., N.C. A 
B 
c 

Clarke Co., Ga. A 
B 
c 

Wilkes Co., Ga. A 

Troup Co.,Ga. 

Chambers Co., Ala. 

Mean 
Values 

B 

A 
B 
c 
A 
B 
c 
A 
H 
c 

Depth 

inches 

o-8 
12-30 
6o+ 

4-10 
16-38 
70+ 

I-8 
20-50 
so+ 
o-s 
s-36 

]2-<)6 

1-5 
5-60 

110· 130 

o-g 
9-36 
2-6 

2 (}-35 
75-90 

0-7 
ll-24 

2559 

TABLE III (Continued) 
Chemical Constituents of Colloids characteristic of Various Roil Heries 
Chemical composition Monovalent and divalent basis 
calculated on the ba.•is Molecular ratios calculated a.' milliequivalents 

SiO,+Al .O,+Fe ()" ~ 100 per 100 !(rams 
SiO, AJ,O, Fe,O, SiO,· SiO, SiO, Fe,O" Ca .Mg- k . Na total 

Al,O"+ ALO~ Fc,O, AU),;-
per per per Fe,O, milli- milli- milli- milli- milli-
cent eent eent equiv- equiv- equiv- cquiv- equiv­

alents alents alents alent.s alents 

49-07 
44-67 
44 53 

44-7' 
44-66 
43 74 

49 44 
45 99 
45-39 
41 78 
38.26 
J6. 10 

42.12 
39 92 
40·47 
41 .go 
39-72 

44-26 
42' '4 
45 65 

41.97 
40.81 
42·43 

44-4' 
42.02 

42.62 

40·53 
4' 8g 
39.66 

41 34 
4' 49 
4073 

40·3.'1 
39 69 
39 38 

44 59 
441/l 
so. 13 

46.21 
45-90 
41 . .)0 

44 so 
47 77 

45 19 
4" 51 
42.0.) 

42 71 
4' 08 
40.11 

43 18 
42 81 
4' 91 

Colloids of the Cecil Series 
IO.J9 I 77 2.05 12 50 
13 44 1.50 I 81 8.80 
15 81 1.51 I go 7 45 

13 94 I 51 I. 83 8 48 
13.85 I 50 I 82 8.54 
15.53 I 46 l.il2 7-47 
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also to be kept in mind that the consequences, as well as the degree of dis­
persion, are modified by the quantity of water entering into the operations, 
and by the character and quantity of the materials through which percolating 
waters must pass, as well as by erosional effects both at the surface and within 
the body of soil and soil material. 

From Table II it will be noted that when the analytical data are recal­
culated so that the sum of the three chief constituents equals roo%, certain 
marked differences are evident in the different groups. In the pedocals the 
silica, alumina and iron oxide content is nearly constant. In the case of the 
Amarillo there are two distinct series of layers, r to 3 and 3 to 6. In each a 
layer is marked by the fundamentally characteristic accumulation of calcium 
carbonate. In the third stratum the quantity of CO, is o.3s%; in the fifth 
rr.82%.1 In the soil itself the percentages were not determined. The field 
data, as collected by the Soil Survey indicate clearly that the lower set of 
strata represents an old and buried soil and, indeed, this fossil soil had reached 
a much higher degree of maturity than the present soil. The material from 
which both were developed is of the same character. These facts make the 
essential constancy of the colloid composition the more striking and illumi­
nating. The maximum range of silica throughout the profile is r.62%; of 
alumina, r.7 s%; of iron-oxide, r.s8%. This constancy is also revealed by the 
molecular ratios of silica to alumina, a range between 3.6o and 3.88; of silica 
to iron oxide, between 15.19 and r6.57 for the solum, and in the whole profile 
between rs.r9 and r7.99, and of silica sesquioxide between 2.97 and 3.18. 
This latter value is about fifty per cent greater than is required for the com­
position of kaolin. 

The combined water also is strikingly constant. If we eliminate carbon di­
oxide loss and the loss due to organic matter and recalculate the data for the 
Amarillo profile, the range for the first four layers is 8.o6, 7.36, 7.90 and 7.76. 
This constancy of the composition of the colloid of the various horizons is the 
more remarkable in view of the range of the mechanical composition of the 
soil.' The inorganic colloid content is 23.9% for the first horizon and 42.8% 
for the second. When we turn to the content of bases in the soil colloid the 
following relations appear. The magnesium content is high as compared with 
the other bases, and its constancy in the profile, except in the first horizon, 
leads to the suspicion of the presence of undecomposed minerals in the colloid, 
or of the existence of the same definite complex in all horizons, especially when 
considered along with the like constancy and high content of potassium. The 
high total base content in comparison with the t'Jtal base exchange capacity 
and the total exchangeable base are in accord. The fact that in each horizon 
the excess of exchangeable base over the total base exchange capacity, as 
determined by the use of normal barium chloride, accords with the pH values 
of the whole soil. These values are, for the respective horizons, 6.5, 7.8, 7.8, 
7·9 and 8.3. 

1 Anderson and Byers: U.S.D.A. Tech. Bull., 229 (1931). 
'Anderson and Byers: Loc. cit. 
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The same relations shown by the Amarillo profile are also shown by the 
Barnes profile with such exceptions as are to be expected from the facts that 
the Barnes soil is developed near the east side of the Chernozem area and 
therefore under higher rainfall and from calcareous glacial drift instead of 
calcareous sand and clay. There is a somewhat greater contrast between the 
C horizon and the A and B in respect to silica-alumina ratio and the silica­
sesquioxide ratio. There is also shown by the distinct though slight change 
of silica alumina ratio, and the very marked alteration of the silica-iron ratio 
between the A and B horizon, definite indication of a concentration of alumina 
and of iron-oxide in the B horizon at the expense of the A, a process most 
marked in the podsol and podsolic soils of the humid regions. 

The most interesting difference between these profiles is the difference be­
tween the calcium and magnesium content of the A horizon as compared with 
the B. In general, it may be said that the A horizon is enriched by the ash 
content of the plants, a part of which is derived from the B horizon. The 
Barnes profile, with its abundant organic matter, shows this relation for cal­
cium and potassium and a marked decrease in magnesium content, while the 
Amarillo shows a slight decrease in calcium, and the expected decrease in 
magnesium and a very slight excess of potassium in the A horizon of the colloid 
as compared with the B horizon. This analytical difference in the potassium 
is very slight and probably not real, since the reverse relation is shown by the 
soil itself. The explanation of these differences is found in the greater rainfall 
and more luxuriant vegetation of the Barnes compared with the scanty rain­
fall and light vegetative cover of the Amarillo. 

There is revealed in the data so far assembled no evidence of any free 
sesquioxide in the Amarillo colloid and of but small quantities of free oxide of 
iron in the Barnes. 

The greater concentration of colloid in the B horizon of the Amarillo and 
the Barnes, as revealed by mechanical analysis, may either be due to colloidal­
freshet-erosion from the A horizon into streams, or to eluviation from the A 
and concentration in the B horizon. If the latter, then the ·evidence points 
toward the transfer of the constituents as a whole, and to the existence of 
definite complexes, acidoids, of the silica with alumina and iron oxide. 

The data given in Table II for the podsols offer some interesting contrasts. 
The podsols have two distinct portions of the A horizon, the surface layer high 
in organic matter and the highly leached "bleicherde." The A horizons are 
invariably high in silica and low in alumina and iron oxide, when the major 
inorganic constituents are alone considered, as compared with the B horizon. 
The silica-alumina ratio for the colloid of the Superior fine sandy loam is the 
highest yet noted in our analyses, and in the two other podsols is of the same 
order of magnitude as in chernozem colloids. The silica-iron ratio is exceed­
ingly high, although quite appreciable quantities of iron compounds are pres­
ent, both in the soil and colloid. That free hydrated iron oxide is not present 
in the A horizon is indicated not alone by this ratio but also by the color of 
the colloid and of the soil. By contrast in the B horizon, the silica sesquioxide 
ratio is low and in the Beckett profile reaches o.86 in the B stratum, a value 
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approaching that of laterites. The silica-alumina ratio is, however, relatively 
much higher, the minimum being r.83, which is close to that of true clay. 

The silica-iron oxide relations are very illuminating. In every case this 
ratio is markedly different from that in the A horizon, the maximum variation 
being 18.3o in the A to r.58 in the B. It is to be noted that in this comparison 
the total silica is considered. These facts and the color of the B horizon and 
its colloids leaves no element of doubt that in the podsols the B horizon repre­
sents a zone of enrichment at the expense of transportation of material from 
the A horizon and that the transportation, so far as segregation of materials is 
concerned, is almost, if not quite, wholly of hydrated oxide of iron. That this 
is true is also indicated by the relatively small increase in the percentages of 
colloid material in the A, and B1 horizons. These are for the Becket from 3 .go/o 
to s.Bo/o and from the Superior r.6 to 4·9· In this connection it may also be 
mentioned that the B, horizon is a zone of greater enrichment than is B2, a 
fact which would seem to indicate that the concentration of the colloid is the 
result of a species of filtration in which suspended colloid, the dispersion or 
solution of which is favored by the organic matter in the surface, is flocculated, 
or precipitated, by the higher alkalinity of the subsoil, especially when it is 
young. (These relationships are not new but have been frequently referred 
to in studies of the whole soil). When the B horizon is once established as a 
zone of accumulation it becomes a more effective filter, or may even become 
impervious. 

The quantity of bases present in the colloid of the podsol is notably less 
than in the chernozem soils and, except in the Ao horizon, the base holding 
capacity is also somewhat smaller. In the Ao horizon the high base holding 
capacity is increased by the presence of organic matter, this relation being 
characteristic of organic matter. The base exchange content of the podsols is 
notably less than in the chernozem and by consequence the degree of satura­
tion. The greater quantity of calcium in the organic layer and the smaller 
quantity of magnesium occurs in all three soils. The increasing quantities of 
magnesium in the C horizon point to the presence of unhydrolyzed, or at least, 
less hydrolyzed minerals in the colloid of this horizon. 

We may now turn to a consideration of the gray-brown podsolic soils. We 
find in Table II the mean of eight profiles of Miami, six A and B horizons of 
thP Leonardtown, and six profiles and two additional A and B horizons of the 
Ghester soils. The details for each soil are given in Table III. 

The Miami soils are developed from calcareous glacial drift under decidu­
ous forest cover and under higher temperature and somewhat smaller rain­
fall than the podsols. 

The Leonardtown is developed from the sandy material of the coastal 
plain and the Chester from gneisses and shale. The Leonardtown and Chester 
are developed at a much higher mean annual temperature than is the Miami, 
though also under forest cover, mainly deciduous. 

In the Miami series the silica-sesquioxide ratio is much lower than in the 
pedocal soils and also very much lower than in the A horizons of the podsols, 
while it is much higher than in the podsol B1 and B2. On the other hand, the 
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silica-alumina ratio is of the same order of magnitude as that of the chernozems. 
The cause is evident from the silica-iron oxide ratio which is materially and 
invariably less in the B than in the A. (It is to be noted from the depth meas­
urements that none of the Ao horizons of the Miami samples were analyzed. 
These examinations were for a purpose other than that of the present con­
siderations.) 

Insofar as podsolization is regarded as a segregation or fractionation of 
colloidal material, it is evident that the effect is chiefly upun the iron oxide 
content of the colloids. That eluviation has occurred to a large extent is 
evident from the fact that in the Miami soils the colloid content of the B 
horizon1 is invariably very much greater, from soo/c to 4oo':7c, than in the A. 
It is recognized, of course, that this colloid deficiency in the A horizon is due 
in part to erosion (horizontal elutriation) but it must also be due to eluviation 
(percolation or perpendicular elutriation). 

In the Miami soils the total bases in the B horizon are of the order of 
magnitude of the pedocals and are somewhat less in the A horizon. The 
calcium content is undoubtedly greater in the Ao horizon (not shown in the 
tables) but the fact is indicated clearly by the complete analyses of Miami 
soils on file in the Bureau. The total base content of the :\1iami soils is greater 
than that of the podsols and less than that of the chernozem, while the total 
base exchange capacity is less than either. These facts are indicative on the 
one hand of somewhat greater hydrolysis in the Miami and a considerably 
more effective leaching. Unfortunately, the base exchange content of these 
samples was not determined so that the degree of saturation is not available. 

When we turn to the Leonardtown series we find a marked decrease in the 
silica sesquioxide ratio as compared with the series previously discussed, but 
the silica-alumina ratio is still well above 2 and is less in A horizon than in the 
B. The podsolic effect is most largely shown by the shifting of the iron oxide. 
The total base exchange content and the total base exchange capacity are 
both much less than in the Miami series. These facts are in accord with the 
general effect to be expected from the greater hydrolysis at higher temperature, 
and indicate extensive hydrolysis and the elimination of the freed bases and of 
silica. The strikingly small base exchange capacity in spite of the high silica 
alumina ratio also points to quartz particles in the colloid, a supposition in 
harmony with the very large content of silt in the soil which is upwards of 
soo/c. 2 The most striking characteristic of this series is the uniformity of the 
colloid composition. 

The mean values of the colloid from the Chester series are given in Table 
II. These include six complete profiles and two additional profiles of two 
horizons given in detail in Table III. In this soil the silica-sesquioxide ratio 
is well below 2, while the silica-alumina ratio is r.96 in the A horizon and 2.26 

in the B. This is in strong contrast with the reverse relations in the podsols 
and Miami and the practical absence of such relation in the pedocals. The 
same difference is shown to a less degree in the Leonardtown series. There is 

1 Holmes and Edington: C.S.D.A. Tech. Bull., 229, i I 193)1. 
2 Slater and Byers: t:.S.D.A. Tech. Bull., 232, 18 (1931). 
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not in the Chester series so marked evidence of segregation of iron-oxide, 
though the increase of the silica-alumina ratio in the B horizon and the de­
crease of the silica-iron ratio being opposed indicate considerable differentia­
tion. This differentiation is shown by the iron-oxide-alumina ratio which is 
considerably greater in the B than in the A, as is the case in all the podsols and 
podsolized profiles. This differentiation in the B horizon is further emphasized 
by consideration of the mean value of the colloid content, which is r7.6o/c in 
the A horizon and 27.6% in the B. 1 

The total bases of the Chester are of the same order of magnitude as those 
of the Leonardtown series. The mean values are slightly higher but this is 
due chiefly to one sample from Chester Co., Pennsylvania, in which the mag­
nesium content in the A and B horizon is abnormally great. Mean values of 
the magnesium content and the greater content in the A horizon as compared 
with the B would seem to indicate the presence of some partially hydrolyzed 
magnesium silicate in the colloid. The low base exchange capacity of the 
colloid indicates a degree of leaching approaching that of the red soils given in 
the next group. It will be noted that the base exchange capacity of the A 
horizon is greater than that of the B, owing to the higher base exchange 
capacity of the organic matter. 

Why a similar relation does not appear in the Leonardtown series is not 
clear since the mean percentages of the organic matter are 7. rr% for the 
Chester (Holmes and Edgington: Tech. Bull., 229, r2) and 7.66% for the 
Leonardtown (Holmes: J. Agr. Res., 36, 464, (r928)). The explanation in 
the case of the Miami may be in the fact that the Ao portion of those profiles, 
high in organic matter, was not analyzed. Nevertheless, in the At and Bin 
the Miami the organic matter mean values are 5·95% and r .98% respectively. 
In these profiles the usual relation of higher base content in the A horizon 
obtains. 

The red soils given in the next section of Table II are the Davidson and the 
Cecil. The data for the Cecil are the mean values for a series consisting of 
seven profiles of three horizons and one of only the A and B. The detailed 
data for these profiles are given in Table III. 

The Cecil soils are derived from highly weathered gneiss or schists and the 
Davidson from diabase, basalt or other quartz free igneous material (Marbut). 
These two soil series may be described as lateritic, though not yet laterites. 
The colloid content of the Davidson soil is very high. As determined by the 
water vapor absorption method it is 27 .3, 64.8, 66.5 and 29.6 for the respective 
horizons given in the table (Anderson and Byers: Bull., 228, 17). The mean 
values for the Cecils are rr.4 and 42.2% for the A and B horizons. In these 
soils the silica sesquioxide ratio lies well below the value of two in both soil 
series, and that of the silica-alumina in the Cecil is also much below two. In 
the Davidson soil the silica-alumina ratio is well below two in the A horizon 
and almost exactly two in the Bt, B2 and C horizons. 

Even if we assume that ail the iron-oxide exists as free hydrate and that in 
these colloids there are no free quartz particles or free hydrated silica, it is 

1 Holmes and Edgington: Bull., 229, 8 (1930). 
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difficult to avoid the conclusion that free alumina, more or less hydrated, exists 
in these lateritic soils. In the B horizons the silica-iron ratio in both series is 
well below that of the A and indicates a distinct segregation by transfer of iron 
oxide to the B horizon to a greater extent than the corresponding transfer of 
alumina (podsolization). The same result is indicated by the iron oxide­
alumina ratio. This podsolization process is more distinctly marked in the 
Davidson than in the Cecil profiles. It may be remarked parenthetically that 
podsolization is a species of natural fractionation of colloid material and that 
in the near future I. C. Brown of the Bureau will publish the results of his 
efforts to accomplish the same result by laboratory methods. 

In these colloids great extent of leaching is indicated by the very low 
values of the base content and in particular that of calcium. The extreme 
degree of hydrolysis is indicated by the low base exchange capacity of the 
colloids. In both of these respects the weathering has proceeded much farther 
in the Cecil than in the Davidson soils. In view of the fact that we are deal­
ing here with only one profile of the Davidson and with a very diverse set of 
Cecil profiles, the above general statement may seem over-bold, but it should 
be remembered that the work on the Miami, Chester, Leonardtown and Cecil 
soils indicates a very great degree of constancy in the colloid of a given soil 
series whatever may be the location of the individual sample provided only 
that the sample be a fair representative of the series. 

When we come to a consideration of the only true laterite we have studied 
we find the process of hydrolysis and of leaching carried almost to the practical 
limit. This means the complete conversion of the silicates to alumina and 
iron oxide and the removal of the bases and also of silica by leaching. In the 
Nipe soil this is carried to practical completion, the silica-sesquioxide, silica­
alumina and the silica-iron oxide ratios all falling to fractional values. Even 
in this soil the process of podsolization is still detectable in the relation be­
tween the silica and iron oxide and between the iron oxide and alumina. Also 
in this soil the higher value of the silica-alumina ratio, distorted as it is by the 
material being essentially an iron ore, indicates the reluctant yielding of the 
alumino-silicates to weathering, a fact also attested by the abundance of clay 
in the surface of the lithosphere. In this ferruginous laterite the total bases 
become extremely small and calcium is absent except in the surface layer. 
The total base holding capacity also becomes an almost vanishingly small 
quantity. 

The Nipe represents, therefore, a soil that has completed its course and is 
essentially dead, a condition recognized by plants which, on this soil, are 
scanty and ill nourished. We have no corresponding soils in the United 
States, so far as the writers are aware. In the Bureau we have analyses of 
the colloid from a fossil aluminous laterite (Anderson and Byers: Bull., 229, 
r 7) and of a deep layer from a similar material from Costa Rica (Anderson 
and Mattson: U.S.D.A. Bull., 1452, 2) in which the relations are of the same 
type. In the former the silica sesquioxide ratio is o.84 and in the latter o. 55. 
They are not true soils, and are not included in Table II. 
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We may now, having traced the chemical relationships from West to East 
and from North to South, return to a consideration of the data contained in 
the last section of Table II. This section gives the composition of the colloid 
of the Marshall silt loam from Case County, Nebraska, recalculated from data 
found in U.S.D.A. Bulletin 1311 (Robinson and Holmes: "The Chemical 
Composition of Soil Colloids") and of the Shelby silt loam from Bethany, 
Missouri, recalculated from data soon to be published by C. S. Slater of the 
Bureau of Chemistry and Soils. These are prairie soils (see Marbut's classifica­
tion, Table I) and are derived, according to Dr. Marbut, from loessial material 
in the case of the Marshall and from somewhat calcareous glacial drift in the 
case of the Shelby. In both soils the dominant vegetation is grass and the 
temperature and mean rainfall moderate. 

The Rilica-sesquioxide, silica-alumina and silica-iron oxide ratios all show 
them to be closely related to the chernozcm soils. The silica-alumina ratio 
indicates that hydrolysis has not reached the point where appreciable fractiona­
tion of the aluminous silicate has occurred by eluviation. The silica-iron 
oxide and iron oxide-alumina ratios indicate a certain but limited podsoliza­
tion. That leaching has proceeded to a very limited degree is clearly indicated 
by the large values of the basic components and by the very slight concen­
tration of calcium and total bases in the A horizon. The base exchange 
capacity and the degree of saturation of these colloids have not been accurately 
determined for the Marshall by methods comparable with those used for the 
other colloids. The values for the Shelby, however, show that both are 
essentially saturated soils. The lower horizons of the Shelby profile represent 
the composition of the glacial drift from which the solum is derived. 

The mechanical analysis of the Shelby profile shows about roo% increase 
in the quantity of colloid in the lower horizons. As determined by the pipette 
method the percentages are 25.1, 49.6, 46.o, 37·9, 29.8, 31.0, r8.s and 36.ro/c, 
and by the vapor absorption method 23.1, 49.6, 37.2, 27.o, 26.8, r6.s and 30.6. 
In this case, then, as in the chernozem soils, the removal of the colloid from 
the A horizon may be ascribed to horizonal elutriation, erosion, or to eluvia­
tion. That the former is effective is evidenced by the character of the streams, 
especially in freshets, which traverse the prairie soils. That perpendicular 
erosion, eluviation, also occurs is evident from the data given. If so, it is 
clear that the transfer is of the colloid as a whole. The conclusion is clear 
that the colloidal complex in these soils is an essential unit, as contrasted with 
the colloid of the podsols and of the podsolic soils. 

The essential characteristics of the prairie soils as represented by the Mar­
shall and the Shelby series are those of the chernozem, modified by the absence 
of the zone of carbonate accumulation, due to adequate rainfall for percolation 
throughout the profile and by incipient podsolization. In these series there is 
but faint indication of laterization, but in the prairie region the soil surveys 
show the existence of soil series in which there is no doubt that examination 
will reveal the evidence of the active operation of this process. The chemical 
characteristics of the colloids of the prairie soils are in harmony with the high 
degree of fertility of these soils. 
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Summary and Conclusions 

The striking differences shown by the colloids of the great soil groups given 
in Category 4 of Table I clearly reflect the field differences upon which the 
classification is based. The analyses show that the process of podsolization, 
fractionation of colloids, occurs wherever humid conditions are adequate to 
permit extensive leaching of the products of soil hydrolysis. They also show 
that the hydrolytic effects of water are greater, the higher the temperature. 
It is also clear that not only is the soil making process affected by moisture and 
temperature, but by the character and quantity of the vegetation upon the 
soil and that in turn the soil condition is reflected by the character and 
quantity of the vegetation it will support. 

Two rather important inferences from differences between the colloids dis­
cussed may be drawn. When soils have but little colloid content it is well 
known that all attempts to build up a permanent store of available plant food 
are useless, since percolation rapidly removes the material not used practically 
at once. Yet such soils are not valueless, as many of the soils of Florida witness. 
It would appear from the data of Tables II and III that similar attempts with 
laterites and highly ferruginous soils are almost equally futile. Such soils must 
be "spoon fed." On the other hand, chernozem, prairie, podsol and podsolitic 
soils may, if exhausted of their exchangeable base content by over-cropping, be 
restored to their pristine productivity, provided they be not ruined by erosion, 
by the proper u~e of adequate fertilization, or perhaps even by the lapse of 
adequate time for non-exchangeable bases to become available, and that this 
renewal is, in a manner of speaking, a permanent restoration. 

The other inference requires for its full substantiation a more elaborate 
discussion and fuller evidence than can be presented in this paper. It is, 
briefly, as follows: The progressive hydrolysis of the soil forming minerals re­
sults primarily in the production of an acid complex, probably polybasic, 
consisting of an alumino-silicic acid radical, in which silica-alumina ratio is 
greater than two, and in which, as a soil colloid, the acid hydrogen is partially 
replaced by bases. The salts of this acid, as well as the acid itself, are ex­
tremely slightly soluble in water. The details of the structural relations of this 
acid complex will vary with the structure of its parent material, and with the 
degree to which iron replaces aluminum in the mineral silicate. The existence 
of this complex in the colloids of the prairie and podsol soils is rendered ex­
tremely probable by the X-ray examinations carried out by Hendricks and 
Fry1 and by subsequently obtained, unpublished data, on the Amarillo colloid. 
In these colloids the X-ray diffraction patterns are those of montmorillonite 
or ordovician bentonite, the latter term being taken to indicate the presence 
in the material of quartz. The presence of quartz thus indicated may be 
considered as due to primary quartz or to silicic acid freed as a result of hydroly­
sis. As hydrolysis proceeds the alumino-silicate is converted next to a com­
plex having a silica-alumina ratio of two, and, since the iron compounds 
apparently are more easily hydrolyzable than are the corresponding alumino-

' Soil Science, 28, 457-479 (1930). 
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silicate~, the colloid complex contains iron chiefly as the hydrated oxide. The 
hydrolytic influence being favored by time, high temperature and much mois­
ture, eventually produces a complex consisting essentially of hydrated oxides 
and, with extensive percolation, eventually of those of iron and aluminum 
alone. At any stage of hydrolysis all of these various compounds may be 
present and the character of the colloids be dependent upon which stage of 
hydrolysis is dominant, and to what degree removal of products by water has 
proceeded. 

This conception of the soil colloid necessarily envisages the possible pres­
ence, or, better perhaps, probable presence, of colloidal sized particles of 
quartz and of unhydrolyzed minerals in most colloids. 

A soil colloid is, therefore, not to be regarded as a single complex, even if 
the inorganic portion be considered alone, but as a system not in equilibrium, 
but proceeding, at a rate determined by environmental conditions, from its 
birth in the rocks to its ultimate end, a dead soil-the laterite. 

Division of Soil Chemistry and Physics, 
Soil Investigations, 
Bureau of Chemistry and Soils, 
Washington, D. C. 
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