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Preface

Sail isthe biologically active, structured porous medium that has devel oped below the conti-
nental land surface on our planet. The pedosphere is the envelope of the Earth where soils occur
and soil forming factorsare active. Thisbook isthefirst volumeinthe series, ‘ The Pedosphere and
Its Dynamics. A Systems Approach to Soil Science’ because | wanted to show how the soil is
connected to the four spheres (lithosphere, atmosphere, biosphere and hydrosphere) from which it
develops, and to other disciplines of Earth Systems Science.

The study of the connections and the interactions between the atmosphere, hydrosphere, bio-
sphere, cryosphere, pedosphere, solid earth, and near space is emerging as the foundation for Earth
System Science. Current issues dealing with global environmental change require an integration of
knowledge across spatial and temporal scales and the convergence of disciplinary interestsin Earth
System Sciences. Soils are natural, three-dimensional bodies in the landscape and can be studied
using a systems approach. Soils are also the foundation for lifein terrestrial ecosystems and affect
the energy budget, water exchange, nutrient cycling and ecosystem productivity. Therefore, they
are worthy of study in their own right.

The advent of the internet has resulted in a revolution in teaching and learning. Learners,
according to Elliott Massie (http://www.masie.com), expect: (1) choicesin theformat of learning;
(2) more intensity (higher levels of engagement), simulation (immediate ability to practice with
consequences) and collaboration (multi-learner and real-time access to expertise models); (3) ma-
terial with excellent and relevant content; (4) coaching and mentoring; and (5) assessment.

In order to address the above expectations, our team has developed accompanying web sites
which have server based interactivity in the form of gquestions and answers, tutorials and on line
content. Our expertise lies in the integration of three spheres of knowledge (teaching methods,
subject area expertise and information technology) and has been recognized on the University of
Alberta Campus. The on-linetext book provides content and interactivity for learning and explor-
ing soil science and soil resources at an introductory level. The content isorganized in 12 sections.
Each subsection has three headings: definitions, concepts and applications. | have done this to
ensure that the reader can master the terminol ogy necessary to understand the major concepts being
presented and apply these to solve problems. This approach also makes active use of the glossary.
The web-based interactivity, and design of the mid-term tests and the final examination also follow
the same design asthe content. Thisisavery useful method to provide quick and precise feedback.

Developments of interactive web based material require human and network resources, skill,
commitment, time, perseverance, cooperation, help, guidance, and opportunity. The challenge to
teach between 250 to 300 studentsenrolled in Soils 210 at the University of Albertaand 30 students
enrolled in the Soils course offered in the Environmental Resource Management Program of the
Faculty of Extension, University of Alberta, has been a tremendous opportunity. Current technol-
ogy is alowing our team to go beyond the classroom and disseminate the knowledge of soilsto a
global audience.


http://www.masie.com

We have created these resources to: (1) raise the profile of the discipline of Soil Science; (2)
show how Soil Scienceis or can be integrated with other disciplinesin Earth System Science; (3)
set a global educational standard which would aid in the evaluation and transfer of credits for
Introductory Soil Science courses among different institutions around the world; (4) help instruc-
torsdeliver Soil Science courses using a systems approach to address current issuesin agriculture,
forestry, ecology and environmental sciences; and (5) create a globa awareness of the importance
of Soil Science to humanity.

| thank Mr. Richard Johnson, Dr. W. B. McGill, Dr. D. J. Pluth and Dr. J. A. Robertson for their
advice and encouragement, Chris Harland and Craig Nickel for their support, dedication and cre-
ativity, graduate teaching assistants and students for their feedback, and many authors and publish-
erswho have allowed meto use their work. The latter have been recognized in places where their
work hasbeen used. | especialy thank my wife, Nasim, and our children, Adil and Hasina, and our
families for their encouragement, support, and cooperation.

Noorallah G. Juma
June 13, 1999



TABLE OF CONTENTS
Preface iii

1. WHAT ISSOIL? 1
00 A g1 oo LB o1 o o TSP 2
1.2  ThePedOSPhere... ... e 5
1.3 Pedosphere/Soilscape Relationships ........ccccveeveeienenneeiienne 10
1.4 Soil asan Open SYSIEM ..o 12
15 Enegy Flow inthe SOil ... 14
1.6 Maor Components of the Soil ..........ccccooeriiiininiiiee 16
1.7 SO Profil€S ..o 18
1.8 SUMIMAIY .ottt s eeas 21

2. ECOLOGICAL FUNCTIONS OF SOIL 23
1225 R 1 01 (00 (1 (o] o [T 24
2.2 Mediumfor Plant Growth..........ccocevieieiieneniiseeseee e 27
2.3 Regulation of Water SUPPIY .....cccereeririiiierieeieseee e 31
24 ReCYCHINGWASLES......ccceiieiieieree et s 33
25 Habitat for OrganiSms.........ccooceeierienieniese e 34
26 Mediate Air and Water QUality .......ccccoeeeereereniinneeneee e 36
2.7  Foundation for Human Infrastructure............ccoccveeeneeinneesennnns 39
2.8 SUMMAEIY ..ottt nne e 41

3. SOIL TEXTURE, STRUCTURE AND COLOR 45
G350 R 1 0100 (1 (o] o TSR 46
3.2 SO TEXIUME....eeeieieeee et 48
3.3 SOH SHUCIUE......eeeeee e e e 57
34 SO COlON it e 66
35 SUMMBAY .. e 70

4. SOIL FORMATION 73
V2 5 R 1 0 1700 107 1o IO PPN 74
4.2  SOIl FOrMINGFACLOrS .......coveiieiiieieeee s 75
4.3  Weathering of Rocksand Minerals.........cccoeveveeieninnensiencieneenn, 78
44 ParentMaterialS .....ccocoieiiiiiieeeee s 81
45 Soilsimpactedby Glaciation ...........ccccoveeienininiece e, 83
4.6  Strongly Weathered SOIIS.........ooveiiiiinieeeeee e 89
A7  HOrzon DevEOPMENTL ......cocueiieiieieeee e e 91
4.8 Horizon DesCriptioNS(CSSC) ..c.vvevereerieeriineenieeie e 92
4.9  Horizon Descriptions(Soil Taxonomy) .......cccceeeevereeneenenceeneeenen. 96
4.10 HorizonDescriptions(World ReferenceBase) .......coceveeveveeeniennee. 99
411 Correationof Soil Horizon NOtations...........ccoeeerereereeseenieenieenn. 103



5. SOIL CLASSIFICATION
ES30 RN 11 1 (0o 8 o: (o [OOSR
5.2 Canadian Soil ClassfiCation ........ccoceveeienenninieseeseeee e
5.3 Soil Taxonomy: TheU. S. Classification System .........ccccoeeevenenne
54  World Reference Basefor Soil RESOUICES ........cocvvveenieeiinniicrienens
55 Correlationof Soil Classfication Systems ........ccoccvveeieeieneesennns
5.6 SUMIMBY ...t e
. MINERALOGY
(G20 M 1 g (00 1 o (o o [ SPRRRN
6.2  SPaAial SCABS ..o
6.3  Clay CryStalS ..o e
6.4  NonCrygalineColloids .........cooereiiieiieie e
6.5  CallONEXChaNge......cccooiiiiiiieieee e
6.6  COlOIdGENESS ...c.eeiieiieeieeiee e s
6.7  SUMIMBIY ..ottt e e e n e s e e e nne e
. SOIL REACTION
4% S 1 (0o 1 o: (o o [0TSR
7.2 PHSCAL ..o e
7.3 SO PHRENGES. ....eeiiieee e
7.4 ExchangeComplex DYNamICS .........cccevvrienennienienee e
7.5 SOl BUfEriNgCapacity .......coceeverieiieeiieee e
7.6 SOIUACILY TYPES...coiieieiee et
7.7 NUtrientAValaDIlItY ......ccoveeeeeee e
7.8 SUMIMBIY ..ottt s sn e e enne s
. SOIL WATER
8.1 INIrOAUCHION ...ttt e
8.2  Propertiesof SO WS .........cooeeiiiieiee e
8.3  Classfication of SOl WALE ........ccccoeeeiieiiiiereeiesee e
8.4  Water MOVEMENL ...t e
85  Soil-Pant-Atmosphere ContinuUM ..........ccoeceererieneeneeie e
8.6  HumanImpactsontheHydrologica Cycle..........cccccconvriiiiinnnnnns
8.7 SUMIMBY ... e



9. SOILAIR 247

LS5 RN 11 1 (0o 1 o: (1o [0TSR 248
9.2  Oxidationand REJUCLION.........coeeiuirienieeie e 249
9.3 TheAIMOSPNENE ..ot e 251
9.4  TheSOil AIMOSPNENE .....ooviiiiieeee e 256
0.5 GBSTIANGION .....eeeieeieiieeee ettt 259
0.6 SUMIMBAIY ...t e 262
10. SOIL ECOLOGY 265
(0 25 RN 11 (0o 8 o: (o [ USSR 266
10.2  Classficationof Soil OrganiSmS..........cceeveereereerieseenieeee e 267
10.3  Impact Of SOIl BIOta........covereerieeieeieseeie e 270
104  FoOdWEDIN SOl ..o 271
105  SUMIMAY ..ot s sane e 275
11. SOIL ORGANICMATTER 277
0 R [ 010 [0 1 I USRS 278
112 TheGloba CarbonCyCle ........ccceveriiiieeeeeeee e 279
11.3  Propertiesof Soil OrganiCMatter ..........ccooceevereenenieneeseeeeseene 282
114 DECOMPOSTION ..ouvvivieieeiiesieeie ettt sse e sre e 283
(ST \\ [0 (1= 0 (@Yo [ oo SRS 285
11.6  FactorsAffecting Soil OrganicMatter ........occoeeeveeieveeneneeneenn, 288
117 SUMMEAY oottt ss e sme e e neesnneenneas 288
12. SOIL SURVEY 291
V225 RN 114 1 (0o 1 o: (o [ USROS 292
12.2  Hierarchica Frameworksin Pedology and Ecology .........cccccceeeuee. 293
123 Lega LandSUIVEY .......ccooiiiieieeeeeesieeie e 296
124 SOUMEIPING ..eoeieieeiesiee ettt s 298
125  AGRASID ...t e 299
12,6 SUMIMBY oottt s b e n e sne e enne e 302
Glossxry 305
Index 337

Websitelnteractivity Licenseand Conditions 339



The end of these two is never reached:
knowledge and understanding.
--Hazrat Ali





