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FOREWORD

The Annual Report of the Department of Land Resource 
Science provides an overview of the many and various 
activities of our faculty, staff and graduate students.

On behalf of everyone, I present this Report with a great 
deal of pleasure inasmuch as it provides information on our 
teaching, research and extension programs.

Undergraduate and graduate teaching is provided in the 
areas of agrometeorology, geology and soil science. Re
search continues to be one of the major thrusts of the depart
ment and this Report contains highlights of our most recent 
findings. Our efforts in teaching and research would be 
meaningless unless our findings are extended to various 
users in society. Thus this Report is meant to partly cover 
our extension efforts. It is often said that extension is a two- 
way process. Accordingly, we would be grateful for com
ments and advice you may wish to offer on any of our 
programs.

I hope that the information contained herein will be useful to other researchers, agricultural advisory personnel, 
representatives of different governmental ministries and agribusiness, farmers, and other members of the public. 
Information on our undergraduate and graduate education programs is provided for prospective students as well as 
those who were associated with our Department. I also hope that this Report reflects the creativity, enthusiasm and 
dedication of all the people in the Department,

Further information on any of our programs can be obtained by contacting the Department or visiting us. 
Visitors are always welcome!

Finally, I would like to thank Marilyn Metcalf, Debbie Wilson, Gordon Fairchild and Gary Kachanoski for their 
various duties associated with the preparation of this Report thereby permitting us to reach out to you.

E.G. Beauchamp 
Acting Chair.
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PERSONNEL

It can be said that the accomplishments of this 
Department are partly indicative of where we 
have been during the past year and the pos

sibilities for the future. It needs to be emphasized that 
everyone in the department contributed enthusiastical
ly to creativeness and scholarship in teaching, research 
and extension in the disciplines of land use planning, 
geology, agrometeorology and soil science. In the fol
lowing, some noteworthy accomplishments in 1988 arc 
presented.

The first head of the Soils Department, Dr. G.N. 
Ruhnke, was elected to the Ontario Agricultural Hall 
of Fame. He was a member of the Soils Section of the 
Chemistry Department from 1936 to 1945, head of the 
Soils Department from 1945 to 1948. Professor Terry 
Gillespie received the 3M Teaching Award which indi
cates superior proficiency in one of our major en
deavours. Professor Stew Hilts won the Guelph 
Horticultural Society Conservation Trophy for volun
teer work related to the preservation of our natural 
heritage. He has served as President of the Field 
Naturalist Club. Various members of the faculty 
served on editorial boards or as associate editors of 
several journals: P.H. Groenevelt, editor, Journal of 
Soil and Tillage Research; M.H. Miller, Canadian Jour
nal of Soil Science; L.J. Evans, Canadian Journal of 
Soil Science; D.E. Elrick, Journal of Contaminant 
Hydrology and Journal of Air, Water and Soil Pollu
tion; T.E. Bates, Journal of Environmental Quality; 
E.G. Beauchamp, Communications in Soil Science and 
Plant Analysis; M. Brookfield, Bulletin of the Indian 
Geological Society.

Graduate students also attained some outstanding 
achievements in 1988. Winners of scholarships, fel
lowships and other awards are listed elsewhere in this 
Report. Cheryl Cruickshank won a third place C.F. 
Bentley award in keen competition at the Canadian 
Society of Soil Science meetings at Calgary for presen
tation of a paper entitled "Elemental redistribution 
during podzolization". Cheryl along with Stella Mott 
were co-rccipients of the Morwick Scholarship Award. 
It should also be mentioned that the graduate students 
won the Bill Mitchell Immortal Cup for prowess on the 
soccer field.

The technical and clerical staff continued to con
tribute very significantly to the University. For ex
ample, through the efforts of Dirk Tel, a TRAACS 800 
autoanalyzer system was donated to the Department by 
the Bran & Lube Technicon Industrial Systems 
(division of Alfa Laval). Also Mark Evans was elected 
to the executive of the University of Guelph Staff As
sociation.

The Land Resource Science Club won third prize 
for the second year in a row for their exhibit at the Col
lege Royal. Favorable comments were also received 
for the Soil and Water Conservation exhibit organized 
by M.H. Miller and presented at the Royal Winter Fair.
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Faculty/Professional Staff

B.D. KAY, M.Sc. (Guelph), Ph.D. (Purdue), 
Professor and Chairman. Physical-chemical reactions 
in soils, dynamics of frost heaving, influence of tillage 
and cropping practices on soil structure. (Ext. 2447- 
8)*.

T.E. BATES, B.S.A. (Toronto), M.Sc. (North Carolina 
State), Ph.D. (Iowa State), Professor. Fertilizer use 
and prediction of fertilizer requirements for field 
crops; micronutrient and metal availability. (Ext.
2452).

E.G. BEAUCHAMP, B.Sc.(Agr.), M.Sc. (McGill), 
Ph.D. (Cornell), Professor and Acting Chair. Nitrogen 
in the soil/crop system; soil-plant relationships; fer
tilizers and plant nutrition. (Ext. 3239).

R.A. BOURBONNIERE, B.A. (Massachusetts), 
M.Sc., Ph.D. (Michigan), Adjunct Professor, Organic 
geochemistry.

M.E. BROOKFIELD, B.Sc. (Edinburgh), Ph.D. 
(Reading), Associate Professor. Paleoecology, paleon
tology, stratigraphy and tectonics. (Ext. 2654).

D.M. BROWN, B.S.A., M.S.A. (Toronto), Ph.D. 
(Iowa State), Professor. Climate related to land use 
planning, crop zonation and irrigation feasibility.
(Ext. 2206).

T.J. GILLESPIE, B.Sc. (British Columbia), M.S.A. 
(Toronto), Ph.D. (Guelph), Professor. Relationship of 
plant diseases and pests to weather; computer modell
ing of soil and air microclimates. (Ext. 2645).

W.A. GLOOSCHENKO, B.S. (California, Berkeley), 
M.S. (California, Davis), Ph.D. (Oregon), Adjunct 
Professor. Vegetation ecology and geochemistry of 
wetlands.

P.H. GROENEVELT, M.Sc., Ph.D. (Wageningen), 
Professor. Applied soil physics, erosion, soil structure. 
(Ext. 3585).

S.G. HILTS, B.A. (Western Ontario), M.A. (Toronto), 
Ph.D. (Toronto), Associate Professor. Joint appoint
ment with University School of Rural Planning and 
Development. Natural resources management, en
vironmental planning, land utilization. (Ext. 2702).

R.G. KACHANOSKI, B.Sc., M.Sc. (Saskatchewan), 
Ph.D. (California, Davis), Assistant Professor and Co
ordinator of Extension. Soil physics, soil and water 
conservation and extension. (Ext. 2498).

G.E. KIDD, B.A.Sc., M.A.Sc. (Waterloo), Professional 
Assistant. Electronic instrument development; 
transport processes within and above plant canopies. 
(Ext. 3434).

D.L. BURTON, B.Sc. (Dalhousie), M.Sc. (Guelph), 
Research Associate. Soil Biochemistry; nutrient cy
cling. (Delhi Research Station - 582-1950),

W. CHESWORTH, B.Sc., M.Sc. (Manchester), Ph.D. 
(McMaster), Professor. Geochemistry, petrology, 
mineralogy, geological mapping. (Ext. 2457).

D.E. ELRICK, B.S.A. (Toronto), M.S., Ph.D. 
(Wisconsin), Professor. Soil physics; solute and water 
transport in soils. (Ext. 3758).

L.J. EVANS, B.Sc. (Southampton), Ph.D. (Wales), 
Associate Professor. Soil chemistry and clay mineral
ogy. (Ext. 3017).

C.A. FITZGIBBON, B.A. (McMaster), M.Sc. 
(Saskatchewan), Co-ordinator of O.I.P. Computer 
Laboratory and Teaching Associate. Soil science, 
resources planning and management. (Ext. 3393).
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KM KING, B.S.A. (Toronto), M.S., Ph.D. 
(Wisconsin), Professor. Agrometeorology; 
evapotranspiration and photosynthesis of field crops 
and forests; effects of elevated atmospheric CO2. 
(Ext. 2787).

I.P. MARTINI, Doct. Geol. Sci. (Florence), Ph.D. 
(McMaster), Professor. Sediments and sedimentary 
rocks, sedimentology, glacial geology. (Ext. 2488).

R. MCBRIDE, B.Sc., Ph.D. (Guelph), Assistant Profes
sor. Soil science and agricultural land use planning. 
(Ext. 2492).

T.P. MCGONIGLE, B.Sc. (Sussex), D.Phil. (York), 
Scientist. Vesicular-arbuscuiar mycorrhizas and their 
effect on plant growth, (Ext. 8748).

M.H. MILLER, B.S.A. (Toronto), M.S., Ph.D. 
(Purdue), Professor. Soil fertility, plant nutrition and 
soil and water conservation. Director, Centre for Soil 
and Water Conservation. (Ext. 2482).

W.A. MITCHELL, Administrative Technical Officer. 
Controlled environment plant growth facilities. (Ext. 
2484).

E. PERFECT, B.Sc. (Newcastle-upon-Tyne), M.A. 
(Carleton), Ph.D, (Cornell), Post Doctoral Fellow, Ef
fect of cropping systems and ground freezing on soil 
structure. (Ext. 2489)

R. PROTZ, B.S.A., M.S. (Saskatchewan), Ph.D. (Iowa 
State), Professor. Soil genesis and classification; soil 
variability; soil clay mineralogy; mapping techniques 
and soil landform relationships. (Ext. 2481).

B. SCHNELLER, B.S.A. (Toronto), M.S. (Cornell), 
Manager, Agroclimatology Program, Plant Industry 
Branch, Ontario Ministry of Agriculture and Food. 
Retired March 31,1989.

R.W. SHEARD, B.S.A. (Saskatchewan), M.S.A. 
(Toronto), Ph.D. (Cornell), Professor. The agronomy 
of crop production of cereals and forage, (Ext. 2491).

G.A. SPIERS, B.Sc. (Waikato), M.Sc. (Alberta), 
Research Associate. Mineralogy, geochemistry and 
pedology. (Ext. 2489).

R.L. THOMAS, B.Sc., M.Sc. (Alberta), Ph.D. (Ohio 
State), Professor. The chemical characterization and 
reactions of soil organic matter. (Ext. 2459).

G.W. THURTELL, B.S.A., M.S.A. (Toronto), Ph.D. 
(Wisconsin), Professor. Physics of soils, plant and at
mosphere. (Ext. 2453).

H.P. VAN STRAATEN, Dipl. Geol., Dr. rer. nat 
(Gottingen, Germany), Research Associate. Geology, 
mineral exploration, agrogeology in East Africa. (Ext. 
2454).

R.P. VORONEY, B.Sc. (Calgary), M.Sc., Ph.D. 
(Saskatchewan), Assistant Professor. Soil biological 
activity, soil management. (Ext. 3057).

B. ZEBARTH, B.Sc.(Agr.), M.Sc. (Guelph), Ph.D. 
(Saskatchewan), Research Associate. Intensive cereal 
management. Commenced duties April 4,1988.

♦Extension number (e.g. Ext. 2447) at the University of Guelph. University of Guelph phone number is 
(519) 824-4120. FAX No. (519) 824-5730
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Clerical/Technical Staff

K. ALEXANDER, B.Sc. (Mount Allison), M.E.S. 
(Dalhousie), Research Assistant (part-time).
Maximum com yield research. (Ext. 8593).

R.D. BALDWIN, B.Sc. (Guelph), Forestry and 
Pedology Technologist. (Ext. 3488).

N. BAUMGARTNER, Assoc. Dipl. Agr. (Guelph), 
Teaching and Laboratory Technician. Soil physics. 
(Ext. 8556).

P.E. BEIRNES, Administrative Secretary. (Ext. 2448).

R. BERARD, B.S.A. (St. Boniface), M.Sc. 
(Manitoba), Research Assistant (part-time). Soil plant 
water relations. (Ext. 2487).

L. BISSELL, Clerk. (Ext. 2661).

D. BRENNER, Secretary. Extension. (Ext. 6364).

J.C. BRYANT, Assoc. Dipl. Agr. (Guelph), 
Technician. Soil management plot work and field 
equipment fabrication. (Ext. 2617).

J. CUTHILL, B.Sc.(Agr.) (Guelph), Project Co-or
dinator. Slow rate infiltration land treatment of landfill 
leachate. (Ext. 2565).

K. DENHOLM, B.E.S. (Waterloo), M.Sc. (Laval), 
Research Assistant. Land suitability for specialty 
crops. Resigned September 30,1988.

E.L. DICKSON, Dipl. Chern. Tech. (St. Clair, 
C.A.A.T.), Technician. Runoff collection and 
analysis, research analytical laboratory. (Ext. 2494).

M.R. EVANS, B.Sc. (Waterloo), Ccrtif. Comp, and 
Info. Sci. (Guelph), Technician. Computer data 
analysis. (Ext. 2493).

v

B. FARQUHARSON, B.Sc. Forestry (Lakehead). 
Research Assistant. Yield reduction effects of crop 
residues in conservation tillage (phytotoxins).
(Ext. 8157).

J.A. FERGUSON, Assoc. Dipl. Agr. (Guelph), 
Technician. Soil management data acquisition and 
statistical analysis. (Ext. 2617).

E.F. GAGNON, Assoc. Dipl. Agr. (Guelph), Super
visor. Analytical Services Laboratory. (Ext. 2494).

P. HILL, B.Sc. (Guelph), Research Assistant. Soil 
analyses. (Ext. 8175).

D.E. IRVINE, Chartered Cartographer (Ont. Inst. Ch. 
Cart.), Cartography and computer graphics.
(Ext. 3364).

S. LAYCOCK, Secretary. Undergraduate and 
graduate programs. Resigned September 22,1988.

D. LEE, B.Sc. and M.Sc. (Guelph), Technician. 
Analytical Services Laboratory. Resigned Feb. 23, 
1989.

D.A, LOBB, B.Sc. (Toronto), Research Assistant. Soil 
and water conservation. Centre for Soil and Water 
Conservation. (Ext. 2484).

J. LOVCANIN, B.Sc. (Belgrad), Technician. Soil 
management and plant nutrition field plot. (Ext. 6371).

T. MARTIN, B.Sc., M.Sc. (Alberta), Research As
sociate. Land stewardship cropping systems. (Ext. 
8166).

B. MERCHANT, B.Sc.(Agr.), M.Sc. (Guelph), 
Research Assistant Algonquin Forest Site Program. 
(Ext. 6494).
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MJ. METCALF, Secretary. (Ext. 6365).

T. MOULL, B.Sc.(Agr.), M.Sc. (Guelph), Research 
Associate. Natural Heritage Stewardship Project 
Co-ordinator. (Ext. 8329).

B. O’NEILL, B.E.S. (Waterloo), M.Sc. (Guelph), 
Research Assistant. Effects of management on surface 
hydraulic properties. (Ext. 8556).

C. PALMER, B.Sc.(Agr.) (Guelph), Soil Analysis 
Assistant. (823-5700 Ext. 330).

T. PARARAJASINGHAM, B.Sc. (Peradeniya, Sri 
Lanka), M.Sc. (Penn State), Research Assistant. 
Mycorrhizal relations. Commenced duties January 16, 
1989. (Ext. 8167).

H. PETTINGILL, Dipl.(Agr.) (Guelph). Research 
Assistant for period April 18 to December 31,1988.

J.A. POISSON, B.Sc. (Guelph), Technician. Soil 
chemistry/biochemistry and Analytical Services 
Laboratory. (Ext. 2494),

V. RASIAH, B.Sc. (Ceylon), M.Sc., Ph.D. (SDSU), 
Research Assistant. Enhancing biodegradation of in
dustrial wastes. (Ext. 2487).

P.J. ROBERTS, Secretary. Undergraduate and 
graduate programs. Commenced duties September 5, 
1988. (Ext. 2456).

J. A. RZADKI, B.Sc. (Toronto), M.Sc. (Guelph), Re
search Assistant. Natural Heritage Stewardship 
Project. Assistant Co-ordinator. (Ext. 8329).

S. SADURA, B.Sc.(Agr.) (Guelph), Teaching and 
laboratory technician. Information technology. 
(Ext. 3393).

IK. SCARROW, Secretary/Clerk. (Ext 2455/2661).

S. SCHALLER, B.Sc. (Waterloo), Research Assistant. 
Airphoto interpretation, remote sensing. Commenced 
duties October 31,1988. (Ext. 8175).

C. SIM, B.Sc. (Guelph), Technician. Computers and 
Geochemistry. Resigned February 15,1989.

M. SMITH, B.Sc. (Guelph), Technician. Soil 
Classification and genesis. (Ext. 8175)

P. SMITH, B.A. (Guelph), Technician. Geochemistry. 
(Ext. 8175).

L.A. STAHLBAUM, Technician. Soil classification. 
(Ext. 8170).

R.E. SWEETMAN, Dipl. Elec. Eng. (R.E.T.S., 
Detroit), Technician. Agrometeorology, electronic 
instrumentation, data acquisition and processing, field 
experiments. (Ext. 2208).

D. TEL, Dipl. Agr. (Oedekerk), Dipl. Agr. College 
(Groningen), Technician. Supervisor, Research 
Analytical Laboratory. Lab. Instructor for Soil 
Chemistry. Soil, plant and water analyses. (Ext. 3507).

M. VAN PATTER, B.Sc.(Agr.), M.Sc. (Guelph), Re
search Assistant. Natural Heritage Stewardship 
Project. (Ext. 8329).

P. VON BERTOLDI, Agr. Eng. (Argentina), M.Sc. 
(UCD), Technician. Soil management and plant nutri
tion plot work. (Ext. 8106).

R. VON BERTOLDI, B.A. (Argentina), Technician. 
Soil and Water Conservation. (Ext. 8106).

D.J.T, WILSON, B.A. (Guelph), Technician, Cartog
raphy, desk top publishing and graphics. (Ext. 3364).

W.G. WILSON, B.Sc. (Guelph), Technician. Soil 
chemistry, biology and clay mineralogy. (Ext. 8157).

♦Extension number (e.g. Ext. 2447) at the University of Guelph. University of Guelph phone number is 
(519) 824-4120. FAX No. (519) 824-5730
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UNDERGRADUATE EDUCATION

The Land Resource Science Department offers un
dergraduate education programs leading to the 
Bachelor of Science degree or the Bachelor of

Science in Agriculture degree. The B.Sc. degree is 
received by students majoring in Earth Science, which 
emphasizes an understanding of the physical and 
chemical processes near the earth’s surface. Course 
work includes near-surface geology, geomorphology, 
weathering, soil physics and chemistry, and meteorol
ogy, Soil Science majors focus on the fundamental 
science and management of our soil resources, and 
receive the B.Sc. (Agr.) degree. The remaining B.Sc. 
(Agr.) students in our Department are enrolled in the 
Resources Management major. Knowledge about the 
nature, economics and management of rural resources 
with a strong biophysical foundation, is emphasized.

Co-operative Education is available as an option 
for the Soil Science and Resources Management 
majors. Four work semesters with government mini
stries, conservation authorities and environmental con
sultants provide students with first hand exposure to 
realistic problems and potential future employers.

The undergraduate curriculum in the B.Sc. 
(Agriculture) program will undergo some modifica
tions, beginning in 1989. The sequence of four 
"Agriculture and Food System" courses currently taken 
in the first two years will be replaced by a mandatory 
two-semester foundation agriculture course taken in 
the first year, and students will also take two out of 
three upper-level courses to be named "Environmental 
Management and Resource Stewardship", "Rural Com
munity Development", and "World Food Systems". 
These courses are intended to give needed breadth to 
the Program and to bring each year’s group of agricul
ture students back together for interdisciplinary exchan
ges several times throughout their undergraduate 
experience. All B.Sc.(Agr.) majors will also be re
quired to leave eight free elective slots to increase the 
flexibility of course planning for students and 
academic counsellors. The Soil Science and Resources 
Management Programs will blend into these modifica
tions over the next two years. The Earth Science 
Major in the B.Sc. Program will continue with no sig
nificant changes.

6



Undergraduate Diploma and Degree Courses 
Offered During 1988

Course
Numbers Courses Enrolment

DIPLOMA
87-010 Principles of Soil Science 156
87-011 Soil Management for Crop Production 123
87-020 Land Resources & Environmental Quality 122

DEGREE
01-140 The Agriculture and Food System I 297
01-300 Field Trip in International Agriculture 21

46-100 Principles of Geology (Fall and Winter) 42
46-104 Study of the Earth 249
46-202 Stratigraphy 14
46-203 Paleontology 7
46-204 Paleontology 12
46-205 Glacial Geology 7
46-209 Structure & Tectonics 16
46-210 Mineralogy 10
46-250 Remote Sensing 7
46-306 Hydrogeology 20
46-307 Petrography 4
46-406 Clay Mineralogy 12
46-407 Petrology 2
46-409 Sedimentology 4
46-411 Topics in Earth Science 2
46-412 Topics in Earth Science 4

64-203 Meteorology and Climatology 35
64-302 Agrometeorology 11
64-305 Microclimatology 8

87-201 Soil in Planned Environments 58
87-250 Problem Solving in Land Resource Science 15
87-302 Soil Genesis and Classification 15
87-305 Land Utilization 19
87-308 Soil & Water Conservation 28
87-310 Resources Planning and Management 14
87-311 Resources Field Camp 11
87-320 Waste Management & Land Reclamation 23
87-321 Soils Field Camp 4
87-401 Soil Chemistry 12
87-402 Soil Physics 14
87-405 Soil Management 22
87-409 Soil Management 5
87-410 Soil Plant Relationships 27
87-415 Decision Making in Resources Management 23
87-420 Issues in Soil Science 4
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Graduates in Soil Science, 
Resources Management and Earth Science 
JUNE, OCTOBER 1988, AND FEBRUARY 1989

Undergraduate In-Course Awards-November 1988

8

SOIL SCIENCE MAJORS

Ron Beyaert
Lynn Freeman 
Lynda Sanderson 
Christine Lane-Smith 
Amy Szentimrey

EARTH SCIENCE MAJORS

Allen Bertran
Patrick Hill
Virginia Marcille
Leigh McDonald
Philip Wong

RESOURCE MANAGEMENT MAJORS

Jennifer Ballantine 
Steven Davidson 
Margaret Donnelly 
Jane Dusome Fraser 
David Hamlin 
Elizabeth Holland 
Patrick Langille 
Scott Nancekivell 
Sandra Neeson 
Marsha Paley 
Michael Pella 
Kenneth Ross 
Gary Watson

John A. Archibald Memorial Scholarship
Emile Giroux
Soil Science

Robert Harcourt Scholarships
Andrew Janette
Resource Management

Richard Steele
Resource Management

Fertilizer Institute of Ontario Scholarships
Greg Shannon
Soil Science

Robert McCann Scholarship
Jeremy Higham
Resource Management

Frank E. Wolff International Scholarships
Jeremy Higham
Resource Management

OAC In-Course Student Scholarships
Pamela Shantz
Resource Management

OAC Proficiency Prizes - Semester 2
Pamela Shantz
Resource Management

Dean’s Honour Roll -1988

Students with a minimum of 80% average and in the 
top 10% of their class
(W-winter semester F-fall Semester)

Ron Beyaert (W, F) Soil Science
Stephen Fraser (F) Earth Science
Andrew Jamette (W) Resource Management 
Virginia Marcille (W) Earth Science 
Kathleen O’Keefe (F) Earth Science
Pamela Shantz (W, F) Resource Management 
Richard Steele (W, F) Resource Management



GRADUATE EDUCATION

The Department of Land Resource Science offers 
a wide range of opportunities for graduate 
studies at the M.Sc. and Ph.D, levels. M.Sc. programs 

are available in agrometeorology, Soil Science and in 
Resources Development (in conjunction with the 
University School of Rural Planning and Develop
ment). An M.Agr, program is offered in Land Manage
ment and Agricultural Land Use. Ph.D. programs are 
available in Agrometeorology and Soil Science. The 
Department also participates in the interdepartmental 
groups on Biophysics, Hydrology, Plant Physiology 
and Toxicology whereby a student registered in the 
Department, may enrol and specialize in one of those 
disciplines.

Financial assistance in the form of scholarships, re
search assistantships and teaching assistantships are 
available to qualified students. Research facilities 
available include well equipped laboratories for 
agrometeorology, soil chemistry, soil mineralogy, soil 
physics, soil biology and biochemistry, and plant nutri
tion. Research instrumentation includes x-ray diffrac
tion, mass spectrometry, liquid and gas 
chromatographs, sonic anemometry, gas analysers, 
data loggers and agrometeorological field equipment. 
Greenhouses, growth chambers and 50 ha of field re
search plots are available for research projects. A 
graduate student has the opportunity to work with 
faculty in one of the many research projects underway 
in the Department. For further information contact the 
faculty members in the relevant area of interest or the 
Graduate Co-ordinators in Agrometeorology or Soil 
Science.

Graduate Co-ordinators: • Agromcteorology - K.M. King • Soil Science - R.L. Thomas

Graduate Awards - October 1988

Soden Fellowships in Agriculture
Alan G. Ban-
John W. Paul

Mary Edmunds Williams Fellowship
Peter G. Braunberger

Natural Science and Engineering Research
Council Fellowship
Peter C. Braunberger
John W. Paul
Ian van Wesenbeeck

Davison Travel Grants
John W. Paul
Ian van Wesenbeeck
Don McCabe
Cheryl Cruickshank 
Stewart Sweeney 
Arthur Groot

Other Awards
C.F. Bentley Award of the Canadian Society of
Soil Science
Cheryl Cruickshank (3rd)
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Graduate Students and Supervisors - Winter Semester, 1989.

M.Sc. Students Supervisors Ph.D. Students Supervisors

Soil Science Program

Bolton, K. L.J. Evans Alexander, K. M.H. Miller
Braunberger, P. M.H. Miller Bergstrom, D. E.G. Beauchamp
Brogly, P. I.P. Martini Beyaert, R. R.P. Voroney
Campbell, A. D.E. Elrick Caron, J. B.D. Kay
Cureton, P. P.H. Groenevelt Gregorich, E. R.G. Kachanoski
Dogo, Y.W. R.P. Voroney Huffman, T. R. Protz
Farquharson, B. E.G. Beauchamp Lu, S. M.H. Miller
Flather, D. E.G. Beauchamp Paul, J. E.G. Beauchamp
Fosu, M. E.G. Beauchamp Sweeney, S. R. Protz
Hamlen, C. R.G. Kachanoski Van WesenbeeckJ. Elrick/Kachanoski
Hart,R. M.H. Miller Williams,?. R.A. McBride
Jones, S. D.E. Elrick Winter, J. R.P. Voroney
Liu, L. T.E. Bates Zhang, C.Y. T.E. Bates
Lobb, D. M.H. Miller Zhang, Z. R.P. Voroney
Marcille, V, W. Chcsworth
McCabe, D. R. Protz
Mchihiyo, E. W. Chesworth
McNaim, H. R. Protz
Milne, D. W. Chesworth
Mott, S. P.H. Groenevelt
Nurwadjedi R. Protz
Penny, R. R.P. Voroney
Pringle, E. R.G. Kachanoski
Proud, B. R. Protz
Shrive, C. R.A. McBride
Ward, A. R.G. Kachanoski
Wen, G. R.P. Voroney
Young, D. P.H. Groenevelt
Zhang, X. E.G. Beauchamp

Agrometeorology Program

Lin,P. G.W. Thurtell Barr, A. T.J. Gillespie
McLean, H. K.M. King Edwards, G. G.W. Thurtell
Singh,G. D.M. Brown Fuentes, J. T.J. Gillespie
Smith, D.M. D.M. Brown Groot, A. K.M. King
Zhang, Y. T.J. Gillespie Wagner, C. T.J. Gillespie

Resources Development- University School of Rural Planning and Development

Sribimawati, T. D.M. Brown
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Graduate Degrees Conferred
JUNE, OCTOBER 1988 AND FEBRUARY 1989.

Student Degree Supervisor Thesis Title Defence 
Date

Soil Science Program

V. Alder M.Sc. R.W. Sheard The transfer of nitrogen from N 
labelled legume residues to com 
and barley using two tillage 
systems.

April 14, 
1988

D. Barry Ph.D. M.H. Miller Phosphorus nutrition of 
maize for maximum yield: seedling 
requirement and diagnosis using 
ear leaf and seedling samples.

June 30, 
1988

S, Connolly M.Sc. S.G. Hilts Beliefs and attitudes 
regarding conservation tillage.

Dec. 19, 
1988

D. Crabtree M.Sc. W. Chesworth The petrogenesis and weathering 
of basalt from the Rungwe 
volcanics, S.W.Tanzania.

Jan.ll, 
1989

C. Cruickshank M.Sc. L.J. Evans The chemistry, mineralogy and 
elemental redistribution associated 
with podzolization.

Nov. 8, 
1988

G. Dongol M.Sc. M.E. Brookfield Quaternary environments and soils 
of the Katmandu Valley, Nepal.

May 13, 
1988

C. Drury Ph.D. E.G. Beauchamp Ammonium fixation and 
immobilization of added (NH4)zS04 
in selected Ontario and Quebec soils.

April 15, 
1988

D.G. Evans Ph.D M.H. Miller The involvement of mycorrhizas 
in the effect of soil disturbance 
upon P absorption by young maize 
Zea mays L. plant.

Dec. 15, 
1988

G. Fairchild Ph.D. M.H. Miller VA mycorrhizae and the soil
disturbance-induced reductions in 
nutrient absorptions by maize as 
influenced by soil P amendments.

Nov. 21, 
1988

F.Jensen M.Sc. L.J. Evans Molecular weight fractionation of 
Fe and Al species in podzols and 
phenolic acid retention by 
amorphous iron hydroxide.

Oct. 5, 
1988
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Student Degree Supervisor Thesis Title Defence 
Date

T. Johnson M.Sc. P.H. Groenevelt The effect of salinity and 
water table depth on maize 
production.

March 2, 
1988

B. O’Neill M.Sc. R.A. McBride An application of the soil potential 
rating interpretive system for 
the evaluation of alternative land 
application methods for MSW 
leachate.

Sept. 14, 
1988

J. Paul M.Sc. E.G. Beauchamp Fermentation products of manure 
and plant residues as carbon sources 
for denitrifying bacteria in soil.

Jan. 11, 
1988

T. Pojasok M.Sc. B.D.Kay The development of a new method 
and its use in determining the 
effects of bromegrass and com root 
exudates on aggregate stability.

June 21, 
1988

C. Su M.Sc. L.J, Evans Adsorption of boron by clay and 
limed soils and limed soils and 
boron availability to alfalfa.

July 22, 
1988

R. Zhai M.Sc. R.G. Kachanoski The effect of tillage on the Aug. 11,
dynamics of soil water content, 1988
microbial biomass and C(h flux.

Agrometeorology Program

R. Berard Ph.D. G.W. Thurtell Whole-plant enclosure studies Nov. 10,
on the effects of increased evapor- 1988
alive demand and soil water content 
on photosynthesis in maize.
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EXTENSION HIGHLIGHTS
R.G. Kachanoski

The extension program of the Land Resource 
Science Department is designed to transfer and 
encourage application of research based 

knowledge related to the wise use of our land resource. 
The extension service is offered to farmers, the agricul
ture industry, and government through specialized 
education programs, provision of resource persons, ex
pert response for solving problems and answering tech
nical requests and stimulation of the process of 
problem identification.

Extension activities accounted for 1.5 man-years or 
328 days in 1988 (Table 1). Significant extension 
time was spent on supporting the provincial and 
federal governments’ conservation programs in On
tario. Close cooperation with the Soil and Water 
Management Branch (OMAF) helped the department 
deliver practical on-farm conservation advice and tech
nical assistance to Ontario producers. Tillage-2000, a 
farm scale conservation project sponsored jointly by 
OMAF and Land Resource Science, finished its third 
year with excellent results.

Faculty participated in many educational programs 
such as county level Land Stewardship courses offered 
through the Ontario Soil and Crop Improvement As
sociation, and innovative farmers workshops. Re
search updates to agribusiness continued to be 
facilitated through the annual Soil Fertility Workshop, 
and specialized programs during OAC days.

Considerable time was spent by faculty on various 
extension committees. The Ontario Soil Management

Research and Service Committee and its various sub
committees are responsible for the information in the 
Ontario production handbooks (example - Field Crop 
Recommendations, publ. No.296). Participation by 
faculty on these committees ensures that Ontario 
producers continue to have easy access to the best in
formation.

The department is looking forward to the start-up 
of the conservation Information Bureau, which will be 
housed in the Land Resource Science building. The 
federally funded bureau will serve Ontario agriculture 
by serving as a centre for information related to conser
vation production systems.

Table 1. Summary of Land Resource Science Extension Activities in 1988.

Total Ext.
Days

% of Total 
Ext. Effort

Courses, conferences, etc. 106 32
Consultations 64 20
Ext. Committees 70 21
Publications and Ext. Materials 71 22
Public Relations 7 2
Other Activities 10 3

TOTAL 328* 100

♦Represents 1.5 man-years @ 220 days 1 yr.
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RESEARCH SUMMARY

R.esearch involves learning about ourselves and 
our environment. It provides new information 
as a cornerstone for teaching in a University 

and for society in general. Although curiosity is often 
the driving force for the research we do, our objectives 
and goals are usually mission-oriented. Our research 
generates new knowledge and new ideas which will as
sist those needing to know more about our land resour
ces and our ability to sustain them for the future.

The total value of grants and contracts supporting 
research in Land Resource Science in 1988 was ap
proximately 2.7 million dollars. This represents a fur
ther significant increase over last year. The Ontario 
Ministry of Agriculture and Food contributed 
$1,033,862 to this funding. Other agencies which con
tributed funding to Land Resource Science include the 
following.

• Natural Sciences and Engineering Research 
Council

• International Development and Research Centre
• Potash-Phosphate Institute
• Ontario Ministry of Natural Resources
• Ontario Heritage Foundation
• Ontario Ministry of Agriculture and Food 

(special projects)
• Environment Canada
• C.I.L., Inc.
• Ciba Geigy Ltd.
• The Fertilizer Institute of Ontario, Inc.
• Indian Affairs and Northern Development Canada 
• Otto Pick and Sons Seeds Ltd.
• Pioneer Hi-Bred Ltd.
• Ontario Ministry of the Environment
• Domtar
• Agriculture Canada (Supplies and Services)
• Canadian Geological Foundation
• Ontario Turfgrass Research Foundation
• Hillsborough Resources Limited
• Employment and Immigration Canada
• Campbell Scientific
• Wildlife Habitat Canada
• Canadian National Sportmen’s Shows
• The McLean Foundation
• The Nature Conservancy of Canada
• Laidlaw Foundation
• World Wildlife Fund (Canada)

• Niagara Escarpment Commission
• Ontario Ministry of Culture and Communications
• Enichem Americas Ltd.
• University Research Incentive Fund 

(Ontario Government)
• Institute for Chemical Science and Technology
• Bran and Leubbe Technicon
The funding from these agencies indicates the con

tinuing and increasing needs for more knowledge 
about our land resources. In addition, the funding 
helps to maintain a dynamic research program at the 
frontiers of new knowledge.

Progress reports on research projects in 1988 are 
presented in the following pages. An index of authors 
are presented at the end of this Report. The reports are 
grouped as follows:

1. Land characterization
2. Land management
3. Land resource inventory and stewardship
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Current Research Projects and Funding Sources

Faculty Title of Project Funding Agency

T.E. Bates Nutrient requirements and response 
of turf to fertilizer

O.M.A.F.

T.E. Bates Development and evaluation of methods 
for prediction of macro-and micronutrient 
requirements of crops

O.M.A.F. &
Phosphate Potash 
Institute

T.E. Bates Use of sewage sludge on agricultural 
land with emphasis on plant availability 
of heavy metals

O.M.A.F.

T.E. Bates &
L.J. Evans

Evaluation of effects of deicers on soil, 
turf and shrubs

Domtar Ltd.

T.E. Bates A greenhouse comparison of zinc 
sources for com

Allied Colloids 
&C.I.L.Ltd.

N. Baumgartner Undergraduate Teaching Equipment O.A.C. Dean’s
Excellence Funds

E.G. Beauchamp Dicyandiamide as a nitrification inhibitor Cyanamid Canada 
Ltd.

E.G. Beauchamp Manure as a source of nitrogen O.M.A.F.

E.G. Beauchamp Availability of soil N in Southern 
Ontario

O.M.A.F.

E.G. Beauchamp Denitrification of soils N.S.E.R.C.

M.E. Brookfield Mesozoic evolution of the Himalayas N.S.E.R.C.

D.M. Brown 
M.E. Dixon 
R. Coffin
Jung

Development of an irrigation scheduling 
method for the potato crop

O.M.A.F.

D.M. Brown Occurrence and distribution of dry 
spells in southern Ontario

A.E.S.
Env.Canada 
w.u.s.c.

D.M. Brown Comparison of rainfall distribution 
spells using radar images and gauge 
networks

Atmospheric Env 
Services, 
W.U.S.C., 
O.M.A.F.

D.M. Brown
M.E. Dixon 
R. Coffin

Scheduling irrigation for optimum 
water use and yield of potatoes

O.M.A.F.

15



Faculty Title of Project Funding Agency

W. Chesworth Geochemistry of weathering N.S.E.R.C.

W. Chesworth
P. van Straaten

The Guelph-Morogoro (Tanzania) 
agrogeology project (second phase)

International
Research Centre

D,E. Elrick Transport phenomena in natural 
porous media

N.S.E.R.C.

D.E. Elrick Water and chemical transport in soils O.M.A.F.

L.J. Evans Boron in Ontario soils O.M.A.F.

L.J. Evans Charge characteristics of Ontario soils O.M.A.F.

L.J. Evans Chemistry of Fe and Al in soils N.S.E.R.C.

T.J. Gillespie Measurement and estimation of crop 
microclimates for pest management

O.M.A.F.

T.J. Gillespie Investigation of planetary boundary layer 
models to estimate regional scale climates

N.S.E.R.C.

P.H. Groenevelt Effect of erosion on soil properties 
and com yield

O.M.A.F.

P.H. Groenevelt Physical properties of soils under 
intensive cultivation

N.S.E.R.C.

S.G. Hilts Assessment of sources of motivations 
for farm conservation decisions

Ag. Canada

S.G. Hilts Natural heritage stewardship project Ontario Heritage 
Foundation, MNR, 
Canadian National 
Sportsmen’s Shows, 
Wildlife Habitat 
Canada, Nature 
Conservancy of 
Canada, McLean 
Foundation, 
Laidlaw Foundation, 
W.W.F., Coalition of 
the Niagara Escarpment

S.G. Hilts
D.M. Brown
R.A. McBride

Development of a rating system to 
evaluate agricultural land at the local 
level

O.M.A.F.

S.G. Hilts Soil-vegetation relationships 
in the wetlands of Southern 
Ontario

Undergraduate 
Student Scholar
ships from 
N.S.E.R.C.
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Faculty Title of Project Funding Agency

R.G. Kachanoski Tillage effects on the spatial and temporal 
variations of soil properties

N.S.E.R.C

R.G. Kachanoski Nitrogen response under conservation 
tillage

O.M.A.F.

R.G. Kachanoski Use of electro-magnetic induction 
measurements of soil resistance for 
medium scale variability assessment

N.S.E.R.C.

R.G. Kachanoski
R.P, Voroney

Effects of conservation tillage on 
bio-physical relationship on soil

O.M.A.F.

R.G. Kachanoski
M.H. Miller
D. Aspinall

Relationships between landform, soil, 
and tillage systems, on erosion rates 
and crop yield

O.M.A.F.
Ag. Canada 
(SWEEP)

R.G. Kachanoski Variable applications of fertilizers O.M.A.F.
N.S.E.R.C.

B.D. Kay Quantitative characterization of heat, water 
and soluble transport in freezing soils

N.S.E.R.C.

B.D. Kay
P.H. Groenevelt

Development of methodology to characterize 
some physical properties of soils under 
different tillage treatments

O.M.A.F.

B.D. Kay
B. Sheard 
T. Vyn 
P.H. Groenevelt

Land Stewardship Program O.M.A.F.

K.M. King Effects of elevated atmospheric CO2 
on agriculture

O.M.A.F.
Env. Canada 
Min. of Energy

K.M. King CO2 flux to a forest Atmospheric 
Env. Service

K.M. King 
TJ. Gillespie

Acquisition and compilation of 
agroclimatological data

O.M.A.F.

I.P, Martini Effects of river ice on sediment transport N.S.E.R.C., Min. 
of Indian & 
Northern Affairs

I.P. Martini Quantitative analysis of sands and 
sandstones

N.S.E.R.C.

LP. Martini Comparative analysis between recent 
cold climate peats and ancient coal 
measures

N.S.E.R.C
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Faculty Title of Project Funding Agency

R.A. McBride Compaction effects on soil properties and 
crop yields on Ontario Hydro access roads

Ontario Hydro

R.A. McBride Aberfoyle Creek (Agric. Productivity) Research
Excellence Fund

R.A. McBride Challenge *88 Employment &
Immigration Canada

R.A. McBride 
A.M. Gordon 
P.H. Groenevelt 
L.J. Evans 
T.J. Gillespie

Slow rate infiltration land treatment 
and recirculation of landfill leachate 
in Ontario

Ministry of the 
Environment

M.H. Miller
R.L. Peterson
T.E. Bates

Role of VA mycorrhizal in 
crop production.

Univ. Research 
Excellence Funds 
& NSERC 
Strategic Grant

M.H. Miller
W.A. Mitchell
D.Lobb

Methods of application of fertilizer at 
planting for com in conservation 
tillage systems

O.M.A.F.
Potash Phosphate 
Institute of 
Canada, Fertilizer 
Inst, of Ontario

R. Protz Influence of clay content on clay 
weathering and morphology of 
soils in the Lake Erie Basin

N.S.E.R.C.

R. Protz Implementation of Landsat and Spot satellite 
resource data into a microcomputer based 
county level geographic information system

O.M.A.F./ 
A.R.I.O.
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R. Protz Development of an index of soil quality O.M.A.F.

R.W. Sheard The enhacement of protein in wheat through 
efficient use of N and other cultural 
practices

O.M.A.F.
C.I.L. Inc.
U.C.O.
Ciba-Geigy 
T.F.I.D.

R.W. Sheard Forage systems as nitrogen sources in 
crop production

O.M.A.F.

R.W. Sheard Interactions of soil drainage,species and 
plant nutrition

O.M.A.F.

R.W. Sheard Soil test calibration for major field crops O.M.A.F.
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Faculty Title of Project Funding Agencj

R.L. Thomas Study of organic constituents in stable 
soil micro-aggregates

N.S.E.R.C.
O.M.A.F.

G.W. Thurtell Soil-plant-atmosphere N.S.E.R.C.

G.W. Thurtell Turbulent diffusion A.E.S.
O.M.A.F.

G.W. Thurtell Soil-plant-water relationships O.M.A.F.

R.P. Voroney
P.H. Grocnevelt
R.G. Kachanoski
L.J. Evans
T.E. Bates

Industrial waste management through 
enhanced land treatment

N.S.E.R.C.
I.C.S.T.

R.P. Voroney 
P. van Straaten

Use of natural zeolites to improve turfgrass 
establishment, growth and maintenance in 
sand root zones for putting greens

Ont. Turfgrass 
Research Found.

R.P. Voroney Conservation village effects on the 
decomposition of crop residues

N.S.E.R.C.

R.P. Voroney Crop residue management and phytotoxin 
effects under conservation tillage

O.M.A.F.

R.P. Voroney Identification of soil management and 
cropping practices which sustain the 
capability of a soil to accept, cycle and 
store organic matter

O.M.A.F.

R.P. Voroney
E.G. Beauchamp
T.J. Vyn

Yield reduction efforts of crop residue 
in conservation tillage

S.W.E.E.P.

R.P. Voroney Development of computer-assisted 
teaching modules in soil science

O.M.A.F.



LAND CHARACTERIZATION





A COMPARISON OF LARGE-SCALE AND LOCAL ESTIMATES OF SURFACE 
SENSIBLE HEAT AND WATER VAPOUR FLUX DENSITIES

Water vapour and heat released from the earth’s 
surface are stored in the lower layer of the atmosphere. 
The budget of heat and water vapour in this layer may 
be used to estimate the surface flux densities of sen
sible and latent heat (H and LE), giving spatially in
tegrated values over a horizontal scale of roughly 10 
km. It is useful to measure the surface flux densities of 
sensible and latent heat at this scale. Global climate 
models and numerical weather prediction models re
quire surface H and LE on a grid between 10 and 300 
km square. And it is at this scale that planetary bound
ary layer dynamics interact with the partitioning of 
energy at the surface, with important implications for 
the water budget.

Simultaneous measurements of sensible heat, water 
vapour, and carbon dioxide flux densities were made 
over forest and alfalfa near Borden, Ont., during July 
and Aug., 1988. The fields were 10 km apart and had 
excellent fetch to the south. At both sites, the fluxes 

were measured using the Bowen ratio-energy balance 
technique. In addition, simultaneous measurements 
from the Eulerian Model Evaluation Field Study of the 
Atmospheric Environment Service are available, in
cluding: eddy correlation measurements of H and LE 
above the forest (Drs. G. den Hartog and H.H. New- 
mann), and upper air soundings of temperature, 
humidity, and wind (Drs. Ray Hoff, Bob Mickle, and 
Walter Strapp).

The analysis will include: (a) a comparison of the 
energy partitioning and the carbon dioxide flux over 
forest and alfalfa, (b) an evaluation of the validity and 
meaning of the Jarvis-McNaughton concept of atmos
phere-canopy coupling, (c) an assessment of large- 
scale, spatially average, daytime, surface H and LE, 
estimated from the budgets of heat and water vapour in 
the convective planetary boundary layer, and (d) a com
parison of the large-scale flux estimates with surface 
measurements made over forest and alfalfa.

COMPOSITION AND SPECIATION OF FOUR SOUTHERN ONTARIO MUNICIPAL 
SOLID WASTE LANDFILL LEACHATES

The disposal of solid waste in sanitary landfill sites 
has been used and will continue to be used extensively 
throughout Ontario. The major problem resulting from 
this method of waste management is the generation of 
large quantities of liquid leachate which subsequently 
move out of the fill and into the surrounding soil. 
Since this leachate contains all of the essential plant 
nutrients, it has been proposed that it would be practi
cal to apply the liquid leachate to forested and agricul
tural ecosystems using slow rate infiltration land 
treatment. However, because the liquid leachate often 
contains high concentrations of organic and inorganic 
pollutants, our desire to solve one problem may, in 
fact, be creating another. Therefore before Southern 
Ontario landfill leachate can be considered as a source 
of recycled plant nutrients it is important to investigate 
their composition and speciation. This report contains 
the results of an extensive characterization of four 
Southern Ontario landfill leachates. The four leachate 
samples were taken from the Hamilton-Wentworth 
Regional Landfill (Glanbrook), the Essex County- 
Sanitary Landfill (Leamington), the Muskoka Lakes 
Landfill and the City of Guelph Landfill. The samples 
were analyzed for the anions Cl', NO3’, PO43', SO42" 

and F using Ion Chromatography, Ca2+, Mg2+, K+ 
and Na+ were measured with Atomic Absorption 
Spectroscopy (AAS) while the heavy metals Zn2+, 
Ni2+, Cu2+, Cd2+, Fe3+, Mn2+ and Pb2+ were deter
mined using Inductively Coupled Plasma-Atomic 
Emission Spectroscopy (ICP-AES). NH4+ was deter
mined colorimetrically using the TRAACS 800, pH, 
TOC and electrical conductivity (EC) were also 
measured. Subsequently the equilibrium chemical 
model GEOCHEM (Sposito and Mattigod, 1979) was 
used to simulate the inorganic chemical speciation of 
the landflll leachate.

The chemical composition of the four leachates is 
extremely variable (Table 1). Variability in leachate 
composition is due to factors such as: landfill age, size 
and composition of solid wastes, and degree of com
paction and rainwater infiltration. The leachates have 
high concentrations of alkali and alkali earth metals 
and chlorides. From an environmental point of view 
the heavy metal concentrations, particularly that of cad
mium, are of greatest concern. In all four leachates 
cadmium concentrations exceed the Ministry of the 
Environment’s maximum acceptable level of 0.005 
|ig/ml (Table 1).
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Large quantities of a rust coloured solid were found 
in the Muskoka leachate. Due to the high iron con
centration in this leachate (Table 1) an iron oxide was 
suspected. The characterization of the solid was car
ried out using scanning electron microscopy (SEM), 
with an energy dispersive system, and x-ray diffraction 
(XRD). The diffraction pattern of the sample consisted 
of a broad peak between 30° and 43°20. Scanning 
electron micrographs revealed that the solid had a fine 
granular structure (Fig. 1) and energy dispersive 
analysis indicated a high concentration of iron in the 
solid. Using all of the evidence it was concluded that 
the solid was the poorly crystalline iron oxyhydroxide 
ferrihydrite.

The computer program GEOCHEM was used to 
calculate the chemical equilibrium in all of the leachate 
solutions. Tables 2 and 3 show the calculated percent
ages of free and bound metals in the Muskoka and 
Guelph leachates, respectively. The alkali and alkali 
earth metals exist primarily as uncomplexed metals 
while iron exists entirely as a complex with carbonate 
or hydroxide. Excluding cadmium, the other heavy me
tals also exist primarily as free metals with a small 
amount of anion complexation. Chloride concentra
tion has a great impact on the amount of free cadmium 
present in the solution. The Guelph leachate has a very 
high chloride concentration and hence only 12 per cent 
of the cadmium exists as a free metal (Table 3) while 
the relatively low chloride concentration in the Mus
koka leachate results in almost 80 per cent free cad
mium (Table 2).
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Fig.I. Scanning Electron Micrograph of Ferrihydrite 
in the Muskoka leachate.

Table 1. The chemical composition of the Guelph, Muskoka, Leamington and Glanbrook leachates.

Guelph Muskoka Leamington Glanbrook
pH 7.01 5.44 7.65 7.45

— ----- pg/ ml------- —
Mg2+ 525 29 70 540
Ca^+ 883 203 169 228
K+ 1301 114 483 406
Na+ 1109 41 373 580
NH4+ 865 103 360 13
Ni2+ 0.52 1.46 0 0
Cd2+ 0.05 0.12 0.06 0.03
Cu2+ 0 0 0 0
Fe3+ 1.11 37.52 0.42 0.22
Mn2+ 5.07 6.77 0.01 0
Pb2+ 0 0 0 0
Zn2+ 0.03 2.67 0.04 0.04
F* 0 0 0 0cr 2464 98 900 1039
NO3' 0 0 0.34 0po?' 1.38 0 0 0
SO?' 49 0 10 258
TOC 3774 2446 216 447

— - - mmho/cm - -—
EC 9.92 1.42 5.20 4.25
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Table 2. Geochem - Muskoka Leachate Speciation

pH = 5.44

Metal % Free Metal CO3
- % Bound With — 

Cl OH

Ca2+ 99 0 1 0
m/+
IC

99 0 1 0
100 0 0 0

Na+ 100 0 0 0
Fe3+ 0 13 0 87
Mn2+ 100 0 0 0
Cd2+ 79 0 21 0
Zn2+ 98 2 0 0
Ni2+ 96 4 0 0

Table 3. Geochem - Guelph Leachate Speciation

Metal % Free Metal

pH-7.01

CO3
—% Bound With - 

Cl SO4 OH

Ca2+ 80 0 19 1 0
Mg2* 83 0 16 1 0
K+ 97 0 3 0 0
Na+ 95 0 5 0 0
Fe3+ 0 88 0 0 12
Mn2+ 92 3 4 1 0
Cd2+ 12 0 88 0 0
Zn2+ 80 14 4 1 1
Ni2+ 67 28 4 1 0
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RATING CLIMATE FOR HORTICULTURAL CROPS

A climatic rating scheme was developed for a 
qualitative assessment of land areas in southwestern 
Ontario for all commercial edible horticultural crops 
grown in the region. The general approach was to 
place the crops into three main groups - frost suscep
tible, frost tolerant, and winter temperature susceptible 
perennials. A four-point rating system was used to 
place areas into very good, good, fair, or poor 
categories based on restrictions produced by the criti
cal climatic factors appropriate for each group of 
crops. The Heat Unit map was used as the primary 
criterion to subdivide the area for the four-point 

rating. Secondary climatic features appropriate for 
each crop group were used to further subdivide the 
crops into subgroups. The climatic features used for 
the secondary subdivision were spring and fall frost 
dates, spring and summer maximum temperatures, and 
winter minimum temperatures. An example of the 
rating system for warm season annuals susceptible to 
growing season frosts is given in Table 2.

This scheme is the first step in developing a system 
that can be used to rate areas for their ability to 
produce edible commercial horticultural crops in this 
region of Ontario when combined with soil ratings.

Table I. Fruit and vegetable crops grown for commercial production in Ontario.

Warm Season 
Annuals

Cold Tolerant Annuals Perennials

green beans beets onions apples nectarines

lima beans broccoli parsnip apricots peaches

cucumbers brussel 
sprouts

peas asparagus pears

melons cabbage potatoes blueberries plums

peanuts cauliflower radishes cherries raspberries

peppers carrots spinach cunants rhubarb

pumpkins celery sugarbeets ginseng strawberries

squash faba beans turnip gooseberries

sweet com lettuce

tomatoes
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Table 2. Qualitative rating of areas within Heat Unit zones for fruit and vegetable crops susceptible to growing 
season frosts (0°C)

(Crop Subgroup) Corn Heat Unit Zones

<2500 2500-2800 2800-3100 >3100

(a) Crops susceptible to spring breeze damage*
green beans 
lima beans+ 
strawberries

F G G VG

(b) Crops susceptible to spring & fall frosts *♦
(bl) cucumbers, peppers, 
pumpkins, squash, F G G VG
sweet com, tomatoes, 
(b2) muskmelon, 
peanuts, watermelon

NLG P F G

* For areas with spring frost date after May 15, the ratings are:

P F G VG

+ Lima beans are not likely to be grown in areas with < 2500 CHU’s.

** For areas with average spring frost after May 15 and average fall frost before September 25, the rating for these 
crop groups would be:

{(bl) p F F G
((b2) NLG P P F
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FIELD MEASUREMENTS (DEPTH) OF SOIL HYDRAULIC PROPERTIES - 
THE GUELPH PERMEAMETER

The hydraulic conductivity of soil depends upon 
the soil water content. It is a maximum at saturation 
(the field-saturated hydraulic conductivity) and 
decreases rapidly as the soil becomes unsaturated. The 
saturated and unsaturated components of the flow are 
characterized by KfS) the field saturated hydraulic con
ductivity, and by 0m, the matric flux potential respec
tively. The ratio of Kfs to 0m, i.e. Kfs/0m, is an 
important soil property and has the symbol a*.

The above hydraulic properties can be obtained 
from field measurements of the steady intake rate of 
water from a cylindrical test hole using the Guelph Per
meameter. In 1985 we published a paper in Soil 
Science which took into account both the saturated and 
unsaturated components of the flow. The unsaturated 
component (the matric flux potential) was found to be 
extremely important, particularly in slowly permeable 
clay materials. The addition of the unsaturated flow 
component means that two unknowns must now be in
cluded in the flow equation. Several years ago we sug
gested that the field technique include flow 
measurements at two different heights in the same test 
hole in order to provide the two equations for the two

Working with the Guelph Permeameter.

unknown coefficients. This procedure has met with 
mixed success because inhomogeneities in the porous 
materials involved in the flow at the two different 
height measurements can lead to substantial errors in 
the determination of the saturated hydraulic conduc
tivity and matric flux potential (the theory assumes 
homogeneous porous media). Good positive results 
are generally obtained in medium and highly perme
able soils more than 75% of the time; in slowly perme
able soils this percentage may decrease.

In a recent paper (Elrick et al., 1988) we suggest a 
new procedure which partitions the saturated and un
saturated flow components based on a site evaluation 
of the structural/textural properties of the material. 
Recently published work, principally in Australia, has 
suggested that this partition coefficient, a*,  lies within 
established bounds. The important practical result is 
that only a single height measurement is required in 
order to obtain "best estimates" of the saturated 
hydraulic conductivity and matrix flux potential.

FIELD MEASUREMENTS (SURFACE) OF SOIL 
HYDRAULIC PROPERTIES - THE GUELPH 
INFILTROMETER ATTACHMENTS
(1 )The Pressure Infiltrometer

The pressure infiltrometer is currently under 
development and is designed specifically to measure 
Kfs and 0m at the soil surface, with minimal distur
bance to the soil surface itself. In practice, a 10 cm 
diameter sealed ring is driven a known distance into 
the soil (from 1 to 5 cm depending on soil properties) 
and a constant head (from 3 cm to 25 cm) is applied. 
Flow measurements are then taken until near steady 
state is obtained (similar to the constant head well per
meameter technique). Within limitations, the soil sur
face need not be disturbed and measurements can be 
taken on a grass or stubble surface. Although not par
ticularly obvious, the pressure infiltrometer approach 
has a number of physical and theoretical advantages 
over the constant head well permeameter technique 
and thus gives a more accurate measurement of Kfs 
and 0m. If more accurate measurements are required, 
the pressure infiltrometer could be used for depth meas
urements by augering a sufficiently large hole.

(2)The Clay Infiltrometer
A 20 cm diameter pressure infiltrometer is being 

tested on very slowly permeable materials such as com
pacted earthen liners. Preliminary tests indicate that 
hydraulic conductivities of the order of 1 Olins'1 can 
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be measured using ponded heights up to 50 cm by 
using an additional constant head burette system 
capable of measuring water volumes to 0.01 cm3. For 
these slowly permeable soil measurements may take as 
long as one or several days.

(3)The Tension Infiltrometer
The tension infiltrometer supplies water at a nega

tive potential at the soil surface and thereby eliminates 
the effects of highly conducting macropores (if 
present) such as surface cracks, root passageways and 
worm channels. The instrument is useful for soil 
management studies where tillage or other practices af
fect the surface structure. Measurements at negative 
heads require good contact between the porous disk 
and the field soil - in fact it is essential. A thin layer of 
crushed soil or fine sand is helpful in ensuring good 
contact.

TECHNOLOGY TRANSFER
The "Guelph Permeameter" has been marketed and 

sold by Soilmoisture Equipment Corporation of 
Goleta, California, U.S.A, since May 1986. The In
filtrometer Attachments should be available from Soil
moisture Equipment Corporation by mid 1989.
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THE EFFECTS OF TEXTURE ON C TURNOVER THROUGH THE BIOMASS

Ten soils with clay contents ranging from 19 to 
38% clay and 56 to 22% sand were amended with a 
14C-labelled glucose (1 mg C g'1 soil) solution contain
ing macro- and micronutrients and incubated for 90 
days at ambient laboratory temperature (22°C). 
Evolved CO2 was collected in 0.5 M NaOH and a 
direct K2SO4 extraction method was used to determine 
microbial biomass C at 1.25,7,45 and 90 days. The or
ganic C content of the K2SO4 extracts was determined 
on an autoanalyzer; the 14C-activity in the NaOH and 
K2SO4 extracts was estimated by scintillation counting.

The addition of this relatively small quantity of sub
strate C resulted in a large increase in the microbial 
biomass. In most soils the biomass increased 3-4 fold 
1.25 days after the addition of glucose but decreased 
thereafter at a relatively faster rate in the sandy soils 
(Fig. 1). The relationship between clay content and 
biomass was positive, linear and highly significant 
(P < 0.01) after 1.25,45 and 90 days incubation with 
the slope of the regression equation increasing with 
time.

The increase in the slope of the regression equation 
between time 0 and 1.25 days incubation, though not 
significant, indicates the increase in microbial growth 
during this period was greater in clay soils than in the 
sandy soils. The highly significant relationship be
tween clay content and biomass C after 45 and 90 days
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suggests that clay soils maintain the soil microbial 
population at a higher level relative to the sandy soils.

All glucose was assimilated after 1.25 days of in
cubation (less than 3% was extractable in the K2SO4 
controls) and 32-38% of the added glucose C was 
evolved as CO2. Biomass 14C was higher in soils with 
high clay content and decreased less rapidly with time 
compared to sandy soils (Fig. 2). Significant correla
tions were obtained between clay content and biomass 
14C at 7 and 45 days.

* 1 J

Measurements of C biomass and residual C 
make it possible to estimate the products of microbial 
activity, i.e., nonbiomass 14C. At all sampling dates a 
larger amount of nonbiomass l4C was found in sandy 
soils and less was found in soils with high clay content. 
The relationship between nonbiomass 14C and clay 
content was described best by a second order polyno
mial equation and was highly significant after 7,45 
and 90 days. A low amount of labelled nonbiomass C 
associated with a relatively large biomass suggests that 
a smaller amount of metabolites and products of 
decomposition leak from the biomass in clay soils.

Thus greater amounts of clay may retain and help trans
fer nutrients to succeeding generations of biomass and 
thus maintain the microbial population at higher levels.

Table 1. Correlations between microbial biomass C at different times during 90 day incubation and clay content.

Biomass C 
at day

a b r

0 106 8.5 0.79**
1.25 766 10.9 0.86***

7 630 1.4 0.47
45 199 13.0 Q91***
90 -69 19.6 0.88***

# Significant at p < 0.01**: 0.001***. 
a ~ regression intercept 
b ~ regression slope 
r = correlation coefficient
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BIOMASS C AND ATP MEASUREMENTS IN SOIL

The chloroform fumigation-incubation method, 
used to measure soil biomass, has recently been 
modified by Tate et al.(1988). They found that the 
flush of organic C in 0.5 M K2SO4 extracts after 
fumigation could be used as a direct extraction method 
to estimate soil microbial biomass C. The method was 
calibrated by comparing the organic C flush with the 
CO2-C flush using the fumigation-incubation techni
que and by adding known amounts of laboratory- 
grown organisms to soils. Sparling and West (1988) 
further calibrated the method by labelling the biomass 
in situ with 14C-glucose.

We report here on a further modification of the 
direct extraction method for measuring soil biomass C. 
The Ap horizons (0-15 cm) of ten soils (Table 1) rang
ing in texture, organic matter content and pH were 
sampled and stored field moist at 4°C. The samples 
were slowly dried to slightly above air-dry and sieved 
through a 2 mm sieve. The soil was amended with Re
labelled glucose (1 mg C g'1 soil with a specific ac
tivity of 33.30 kBq mg’1 glucose-C) solution 
containing macro- and micronutrients using a fine mist 
sprayer. Soil moisture was adjusted to -60kPa and 3 
replicates of each soil were incubated at ambient 
laboratory temperature (22°C) for 90 days in 11 
preserving jars. CO2 evolved during the incubation 
was absorbed in 0.5M NaOH.

The direct extraction method as outlined by Tate et 
al. (1988) was used, with the exception that liquid 
CHCI3 was added directly to the soil to lyse microbial 
cells. Briefly, the procedure is as follows: after the 90 
day incubation the samples were divided into two 
batches. The control (unfumigated) samples were ex
tracted immediately with 0.5 M K2SO4 added to the 
soil at an extractant/soil ratio of 2:1 (v/w); the 
fumigated samples were extracted likewise after the ad- 
ditioof 1 ml of ethanol-free CHCI3 pipetted directly 
onto the soil. The soil suspensions were shaken for 30 
minutes on a laboratory shaker, filtered and CO2-free 
air was bubbled through the fumigated sample to 
remove CHCI3. The organic C content of the K2SO4 
extracts was determined on an autoanalyzer and the 
14C-activity of the NaOH and K2SO4 solutions was es
timated by scintillation counting. The ATP content of 
the soils was also measured using luciferin-luciferase 
enzyme.

After 30 hours incubation, 32-38% of the labelled 
glucose was respired as CO2,0.7-3% was extractable 
in 0.5M K2SO4 in the unfumigated samples and 62- 
73% remained in the soil. None of these measurements 
was correlated with soil properties. If the addition of 

this substrate C results in the production of a labelled 
biomass qualitatively similiar to the soil biomass and 
if, after 1 day, all the labelled C was incorporated into 
microbial cells, then the residual 14C in the soil repre
sents the amount of label in the soil biomass. As a 
proportion of residual 14C, the flush of 14C resulting 
from the addition of CHCI3 comprised between 16 and 
19% of the residual 14C in the soil (Table 2). Recal
culating the data and not subtracting the control from 
the fumigated samples shows that between 18 and 22% 
of the residual 14C was extracted after CHCI3 treat
ment. The k factor usually refers to the proportion of 
microbial C mineralized to CO2 in the chloroform-in
cubation method. Our k factor is a measure of the ef
ficiency of the extraction procedure rather than 
mineralization. For these soils, which spanned a wide 
range in texture, the overall k factor was 0,172 ± 0.004, 
and 0.203 ± 0.005 (mean and SE, n = 10), calculated 
with and without a control respectively.

After 90 days of incubation ATP was extracted 
after the CHCI3 treatments were begun. The relation
ship between biomass C (Table 3), calculated using a 
control and extracted ATP was linear and showed a 
highly significant correlation (r = 0.71). Omitting one 
soil (#7) with little ATP per unit biomass improved the 
relationship (r = 0.85) and the corresponding regres
sion equation was

Y = 521.8 X-273.7

Biomass C and ATP contents of the soils were not 
correlated to C extracted from unfumigated samples 
but there was highly significant correlation with C in 
fumigated extracts. This suggests that the amount of C 
in unfumigated soil was influenced by factors other 
than ATP and biomass C.

The recovery rate of ATP in these soils was 91 % 
and was not affected by texture or organic matter. Cor
recting for the recovery rate, the average ATP content 
of the soil biomass is 3.18 mg ATP g‘rbiomass C 
(Table 4) with a C:ATP ratio of 314:1,

During microbial growth, the C: ATP ratio can vary 
from 1000:1 to 40:1 (Paul and Clark, 1989) with 
laboratory cultures averaging 250:1. Ross et al. (1980) 
measured C: ATP ratios in a number of soils and values 
ranged from 163:1 to 423:1 with an average of 248:1. 
In soils the microbial population is dormant for most of 
the time, thus the C: ATP ratio in laboratory cultures is 
probably high relative to that in soil.
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Table 1. Texture, organic C content and pH of soil samples.

soil 
#

sand 
(%)

clay 
(%)

organic C 
(mg g'1)

pH

1 55 19 13.7 7.2
2 53 19 19.4 6.8
3 44 23 20.4 7.0
4 41 24 21.8 6.9
5 41 26 22.4 6.8
6 39 28 23.2 6.7
7 34 29 23.7 6.8
8 32 33 25.0 6.7
9 27 36 29.3 6.4
10 23 38 31.8 6.5

Table 2. Distribution of14C in14C-glucose labelled soils (kBq g'1).

soil 
#

residual 
14C

unfum. fum. fum-unfum/ 
residual

fum/ 
residual

1 22.65+0.39 0.80+0.08 4.80+0.04 0.177 0.212
2 22.69+0.21 1.05+0.03 4.79* 0.165 0.211
3 22.27+0.28 1.17+0.07 4.80+0.16 0.163 0.216
4 21.24+0.55 1.12+0.10 4.45+0.12 0.157 0.209
5 20.75+0.38 0.64+0.05 4.52+0.12 0.187 0.218
6 20.92+0.29 0.53+0.01 4.06+0.07 0.169 0.194
7 21.38+0.95 0.55+0.03 4.46+0.22 0.183 0.209
8 23.09* 0.33+0.01 4.11+0.09 0.164 0.178
9 24.32+0.32 0.27+0.02 4.30+0.23 0.166 0.177
10 21.15+1.20 0.24+0.01 4.63+0.15 0.195 0.206

* 2 replicates
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Table 3. Correlation coefficients between soil measurements.^

clay
soil 

organic C
unfum.

organic C
fum.

organic C
biomass 

C

soil C 0,94***

unfum. 
extr.C 0.70* 0.79**

fum.
extr. C 0.93*** 0.87** 0.58

biomass
C 0.89*** 0.81** 0.47 0

ATP 0.81** 0.74* 0.54 0.86** 0.85**

Table 4. Biomass C and ATP measurements in soils.

soil 
#

biomass C 
ug C g'1

ATP ext.
ugATPg"1

ATP:C 
mg ATP g1C

1 346 1.269 3.67
2 295 0.982 3.33
3 212 1.164 5.49
4 393 1.407 3.58
5 502 1.516 3.02
6 473 1.390 2.94
7 596 1.210 2.03
8 568 1.441 2.54
9 612 1.462 2.39
10 647 1.848 2.86
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MOLECULAR WEIGHT FRACTIONATION OF WATER-EXTRACTABLE 
AL AND FE IN PODZOLIC SOILS

The primary objective of this work was to inves
tigate the content and molecular weight fractionation 
of organic and inorganic soluble and colloidal species 
associated with Al and Fe extracted from the A and B 
horizons of some podzolic soils. A combination of 
colorimetric, spectroscopic and ultrafiltration techni
ques were used on three Orthic Humo-Fcrric Podzols.

In Ae horizons, the small amounts of Al-con taining 
inorganic colloids were confined to MW fractions less 
than 10000, whereas in Bf horizons Alborg occurred in 
both intermediate and high MW fractions (Fig. 1). The 
largest proportion of water-extractable Al found in Ae 
horizons was associated with organic ligands of inter
mediate MW. The content of Alorg in the intermediate 
MW fraction ranged from 1.3-2.8 pg ml'1 and, on 
average, represented 34% of Al in Ae horizon extracts. 
An examination of the MW distribution within all five 
MW fractions examined for each of the three profiles 
analyzed indicated that Alorg was equally distributed 
within the 1000-5000 and 5000-10000 MW fractions 
and decreased in content into the highest MW fraction 
(Fig. 2).

Within the Bf horizons, the MW fractionation for 
Alorg was not as well defined as for the Ae horizons. 
There was in all cases an increase in Alorg into the 
higher MW fraction (Fig. 2) although the majority of 
Alorg was still found in the intermediate MW fractions, 
ranging in content from 0.27-1.23 pg ml'1 and averag
ing 23% of the water-extractable Al.

In Ae horizons the ratio of Feinorg to Feorg in
creased as the MW of the fractions increased (Fig. 1),

Fig.l.

Fig.2.

whereas in Bf horizons an opposite trend was ob
served. As with Aif, Fef only occurred in the lowest 
MW fraction in all horizons, being almost exclusively 
confined to the < 500 MW fraction. In intermediate 
MW fractions of both Ae and Bf horizons the relative 
proportions of Feinorg were equally divided between 
the 1000-5000 and 5000-10000 MW fractions and thus 
for each of the three profiles the percentage of Feinorg 
increased as the MW increased. The lowest MW frac
tions contained only small amounts of Feinorg, averag
ing only 4% of Fe.

The proportion of Feorg in Ae horizons was slightly 
less than the corresponding values for Alorg for all 
three profiles. However its MW distribution was very 
different. Whereas Alorg was largely confined to inter
mediate MW fractions, Feorg had a more even MW dis
tribution (Fig. 2). The highest amounts and 
proportions (10-15%) of Feorg always occurred in the 
smallest MW fraction ( < 500). Concentrations of 
Feorg in low MW fractions ranged from 0.38-0.83 
pg ml'1 and averaged 20% of the Fer in Ae horizon ex
tracts.

The pattern of MW distribution for Feorg was how
ever very different in Bf horizons where both the con
tent and relative proportions of FeOrg increased with 
increasing MW (Fig. 2) to a maximum of 15-40% in 
the 10000 MW fraction. In profile 2 the content of 
Feorg in the 10000 fraction reached a value of 3.7 
pg ml'1, the highest content of any fraction examined 
for either Al or Fe.
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THREE DIMENSIONAL UNSATURATED WATER FLOW: 
AXISYMMETRIC MEASUREMENT OF SOIL WATER CONTENT USING TIME 
DOMAIN REFLECTOMETRY.

A method of measuring soil water content distribu
tions during 3-D axial-symmetric water flow in a 
laboratory column has been developed using time
domain reflectometry (TDR) techniques. Previously, 
water content profiles were obtained using destructive 
gravimetric sampling of the column at the end of the 
experiment, or by tracing the progress of the visual wet
ting front along the plexiglass face of the column. The 
disadvantage of the destructive sampling is that the 
water content distribution is known only for the end of 
the experiment, and the column must be repacked for 
further experiments. This method is therefore impracti
cal for experiments with transient boundary conditions 
or where the soil-water distribution for a large number 
of lime steps are of interest.

The TDR method of soil water content determina
tion involves the measurement of the propagation of an 
electromagnetic wave in soil. A step voltage pulse is 
usually propagated along a pair of straight parallel 
transmission rods or wires inserted into the soil. When 
the plane wave reaches the end of the transmission 
lines, it is reflected back. The time interval between 
when the wave enters the soil and when it is reflected 
back can be measured with an instrument such as a 
cable tester. The dielectric constant of the soil, which 
is primarily a function of soil water content, can then 
be calculated since the length of the transmission lines 
and the propagation velocity are known (Topp et al. 
1980).

To date all published applications of the TDR 
method have used straight parallel transmission lines 
inserted into the soil, However, the two parallel trans
mission lines act as a wave guide and there is no

FigJ. 

theoretical requirement that the parallel lines be 
straight. If the parallel lines were curved, the plane 
wave should still follow between the transmission 
lines, but the travel length would now be the arc length 
rather than the straight length between the beginning 
and end of the transmission lines.

To test the accuracy of measuring water content 
along a curved line a plexiglass box (Fig. 1) with a pair 
of straight and curved parallel transmission lines was 
packed with Caledon sand, saturated with water, and 
then left to slowly dry out. A Tektronix 1502 cable 
tester was used to measure the wave travel time of both 
the straight and curved transmission lines during 
drying, and the soil water content calculated for both 
sets of probes in the standard way (Topp et al., 1980). 
The calculated soil water contents using straight and 
curved transmission lines are essentially identical (R2 
= .98) indicating the TDR method can be used to 
measure soil water content along a curved line of inter
est (Fig. 2).

The ability to measure soil water content in curved 
space has particular applicability to axial-symmetric 
flow problems in soil science. By definition, during 
axial-symmetric flow hydraulic variables including soil 
water content, are a function of the horizontal radial 
distance from the vertical flow axis. Thus, parallel 
transmission lines set an equal horizontal radial dis
tance from the vertical flow axis can measure soil 
water content in the correct geometry for axial-sym
metric flow experiments.

To illustrate the application of using curved TDR 
lines to examine axial-symmetric flow, a plexiglass 
column was constructed with a number of pairs of 
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curved transmission lines installed at different loca
tions that would enable the measurement of soil water 
content along the horizontal, vertical and diagonal flow 
axis. The box was packed with Caledon sand to a bulk 
density of 1.4 MG/m3 and the transmission lines were 
installed sequentially as the column was packed.

This method gives soil water content as a function 
of time at any radial distance from a point source, or 
the spatial distribution of soil water at different time in
tervals throughout the course of an experiment. The 
method can be used to test and study the theory of 
three dimensional flow of water into soil. The method 

also enables the testing and calibration of numerical 
models of water infiltration from a point source using 
different boundary conditions, or transient boundary 
conditions.

Reference:

Topp, G.C., J.L, Davis and A.P. Annan. 1980a.
Electromagnetic determination of soil-water content; 
measurement in coaxial transmission lines. Water 
Resour. Res. 16: 574-582.

CO2 FLUX OVER A DECIDUOUS FOREST

CO2 fluxes were measured during 1987 and 1988 
over a mixed deciduous forest near Borden, Ontario 
(76° 56*  12" W,44 0 19’ 13" N). Elevations ranged 
from 215 m a.s.l. at the site to 222 m a.s.l. at a distance 
of 2 km to the southwest, our principal direction of in
terest. Forested land extended a further 3 km or more 
to the southwest. The forest was composed mainly of 
Acer rubrum (about 35 percent), and the aspens 
Populus grandidentata and P. tremuloides (also about 
35 percent). The mean canopy height upwind from the 
tower varied from 18 to 22 m, with isolated trees up to 
25 m. The LAI was estimated to be 4 to 5 (Den Hartog, 
Neumann and King 1987).

MEASUREMENTS
The Bowen ratio-energy balance approach was 

used to measure fluxes. Water vapour and CO2 con
centrations, and temperature were measured differen
tially between 27.47 m and 23.47 m on a 
meteorological tower. Water vapour and CO2 con
centration differences were measured with ADC in
frared gas analyzers, and two two-junction thermopiles 
were used for the temperature measurements. The bare 
0.3 mm thermocouple junctions were ventilated at 3 
m/s and were located in radiation shields at the mouth 
of the intakes to the gas analyzers. These intakes were 
interchanged each 15 minutes with a reversing ap
paratus to minimize zero offset error.

Biomass heat storage and soil heat flux were in
cluded in the energy balance. The biomass heat storage 
was estimated from measurements of (i) temperature 
change within the trunks of two trees, (ii) temperature 
change of the canopy (measured by a radiation ther
mometer), (iii) temperature change of the air at 2 m 
and 25 m, and (iv) water vapour concentration change

Camp Borden Research Site

at 25 m. Soil heat flux at the surface was determined 
from measurements of soil heat flux at 10 cm using 
soil heat flux plates, and soil temperature change at 5 
cm. Values of biomass heat storage and soil heat flux 

35

K.M. King and A. Groot



for each half hour were smoothed with values from the 
preceding and following half hours to reduce the ef
fects of spatial variability.

Measurements were made once per second, and 
half-hour averages were used in subsequent analyses.

Because gradients of temperature, CO2, and H2O 
are generally small over rough surfaces such as forests, 
errors in the measurement of gradients may propagate 
large errors in estimates of fluxes. An error analysis 
was developed to determine the maximum possible 
error in CO2 flux measurements.

CO2 FLUX MODEL
The influence of solar radiation and temperature 

on CO2 flux over the course of the growing season was 
evaluated using a nonlinear regression model. The fol
lowing model was fitted to carbon dioxide flux obser
vations:

Fc = -ao + ai [1 - exp(-<72/<v)] [exp {-ai(T - 04)2} ]

Observations were used only if the average wind 
direction was between 90 and 250 degrees (the longest, 
most uniform fetch unobstructed by the tower). Also, 
observations were used only when the maximum pos
sible error in Fc was less than 2.5 gm'2h4.

The model was fitted to observations from 5 dis
tinct periods from June to early October of 1987.

RESULTS
Typical midday ranges of AO, Ae, and Ac during 

clear weather were: +0.02 to -0.08 °C, -4 to -15 Pa, 
and 0.1 to 0.5 vpm, respectively. Maximum CO2 flux 
values under these conditions were about 5 g m'2 h"1.

Measurements of H &n\LE were compared with 
independent eddy correlation measurements obtained 
by G. den Hartog and H.H. Neumann, AES. Although 
there was considerable scatter from half-hour to half
hour, overall agreement was good.

Unrealistic estimates of CO2 fluxes occasionally 
occurred when available energy or gradients were 
small. The error analysis provided an objective means 
for identifying combinations of observations that might 
produce large errors in estimates of CO2 fluxes.

The CO2 flux model indicated a seasonal decline 
in carbon dioxide flux under conditions of high 
shortwave radiation and favourable temperature. This 
decline is attributed to leaf aging. Several of the 
parameters of the CO2 flux model are meaningful. The 
ao parameter represents respiration and averaged 
1.0 g m'2 h‘l. The ai parameter represents an upper 
asymptote for CO2 flux and, excluding one anomaly, 
ranged from 6.2 g m'2 h'1 in late June to 3.2 g m'2 h'1 
in late September. The 34 parameter represents the op
timum temperature for CO2 flux, and, excluding one 
anomaly, it ranged from 18.3 to 29.70 C, with a mean 
value of 23.3 °C.

SYMBOLS
Fc - CO2 flux (g m’2 h4)
Ae - water vapour pressure gradient (Pa) 
A0- potential temperature gradient (°C) 
Ac - CO2 concentration gradient (vpm) 
T - temperature (°C) 

Rs - shortwave radiation (W m’2) 
H - sensible heat flux (W m'2) 

LE - latent heat flux (W m* 2) 
ao, at, 02,03,04,05 - model parameters
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MORPHOLOGY AND SEDIMENTS OF THE LOWER ANASTOMOSED REACHES 
AND DELTA OF THE SUBARCTIC ALBANY RIVER, JAMES BAY, CANADA

This is a continuation of the research on the coastal 
geology and geomorphology of the Canadian subarctic 
and arctic basins of James Bay, Hudson Bay, and Foxe 
Basin.

I am reporting here the geomorphological and 
sedimentological study of the lower reaches and sub
aerial part of the delta of the subarctic Albany River. 
The Albany River river experiences nival regime and 
annual ice jams. The lower reaches (12 km) are also af
fected by the semidiurnal tidal fluctuations of James 
Bay (2-3m high), and the marine salt wedge penetrates 
about 7 km inland during the summer.

The river crosses and drains a slowly emerging, 
vast, flat (0.50m/km) peatland (Hudson Bay Lowland) 
affected by discontinuous permafrost. It entrenches and 
reworks relatively thin (~20-30m) Quaternary silty 
deposits (the glacial Tyrrell Sea clay) and sandy coas
tal sequences and cuts into Paleozoic carbonate sub

stratum. The river carries large suspended and solution 
loads, a limited sandy bedload during floods, and an 
ice-rafted mixed load composed of silt, sand, pebbles, 
occasional boulders and organic matter.

Deposition occurs on sandy gravelly bars, narrow 
silty levees, muddy coastal plain and sandy tidal flats. 
The sedimentary sequences that develop are relatively 
thin, but acquire characteristics textural inversions due 
to ice rafted pebbles and unsorted lenses of material in 
fine grained, relatively well sorted water-laid fluvial 
and coastal sediments. Thick (l-2m), low ash peats 
cap large islands of the anastomosing reaches and inter
fluvial areas.

The polymictic deposits of the Albany River pro
vide diagnostic facies and textural models which can 
be utilized in the recognition of ancient cold climate, 
non-glacial, clastic sequences.

PERMO-CARBONIFEROUS INTERGLACIAL AND EARLY POST-GLACIAL 
COAL-BEARING SEQUENCES OF THE PARANA’ BASIN, BRASIL

This is a continuation of the research on compara
tive analyses between the Quaternary cold climate 
deposits of Ontario and the early Permian, early post
glacial deposits of Southern Brasil. The summer of 
1988 was spent studying the coal measures in S. Paulo 
State, Brasil.

Permo-carboniferous Gondwanan coals of the 
Parana’ Basin occur both in interglacial and post-gla
cial sequences. The first ones are found exclusively in 
the northeastern part of basin, in the State of Sao 
Paulo, included in the Harare’ Subgroup at three loca
tions: Buri, Monte Mor, and Cerquilho. They are usual
ly thin (max. 50 cm), generally dull, rich in mineral 
matter and silt intercalations. Some of the older coal
bearing muds (Monte Mor) are associated with pre- 
Gangamopteris flora in the lower part of the Harare’ 
Subgroup and are of possible Late Carboniferous age. 
The younger coals (Cerquilho) in the topmost Itarare’ 
Subgroup are associated with abundant Gangamop- 
teris. No Glossopeteris have been so far definitely iden
tified in these fluvio-deltaic coals. At Cerquilho the 
coals and associated sediments are locally folded, cut 
by a shearing surface, and capped by a silty-sandy 
diamictite which contains floating granules, pebbles 
and a few boulders. In nearby outcrops, the pebbles 

and boulders show facetting, iron shapes and striations. 
Boulders of a pavement show an association of lunate 
fractures, crescentic gouges and striae. All these fea
tures strongly suggest direct action of a glacier in fold
ing the sediments and shearing their top, and its 
proximal position during sedimentation of the capping 
diamictite.

The thin coals found in the uppermost part of the 
Harare’ Subgroup and the main coal measures of the 
overlying Rio Bonito Formation in the progressively 
more southern states of Parana’, Santa Catarina and 
Rio Grande do Sul are all post-glacial in origin, Lower 
Permian in age, and are associated with Glossopteris 
prevalent floral assemblages. Some coals of the Rio 
Grande do Sul State derive from limno-telmatic peat
lands developed in paleovalleys, others are associated 
with deltaic and barred coastal plains. Pebbly 
sandstones occur in many coal measures of Rio Grande 
do Sul State and they are usually interpreted as debris 
flows from nearby highlands; some may actually be 
flash-floods deposits reworking former glacial and 
slope deposits. Transgression of shallow seas ter
minated everywhere the peat-coal forming period of 
the Parana’ Basin.
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Evidence from the Parana’ Basin compared with 
better known Quaternary models developed from gla
cial and postglacial sequences of the Northern Hemi
sphere, lead to the following conclusions.

1. Rapid post-glacial climatic amelioration is the 
norm, with maximum peat development occurring 
under cool-temperate conditions with well defined 
seasons.

2. Vertical as well as lateral gross climatic changes 
are recorded in the floral assemblages studied along 
the eastern outcrop belt from Sao Paulo to Rio Grande 
do Sul states. Similarly to other Permo-Carboniferous 
coal measures of the Southern Hemispheres, for in
stance eastern Australia, a transition occurs from a pre- 
Gagamopteris early flora, possibly of arctic settings, to 
a Gagamopteris flora of possible boreal to cold- 
temperate settings, to a Glossopleris flora of possible 
temperate settings.

3. Local topography influences strongly the 
localization and the sedimentary characters of the 

preserved peatlands (coal measures). Similarly to 
Quaternary examples, it is rare to observe interglacial 
or interstadial organic deposits (peat, coal) in areas 
which have been overridden by glaciers. One difficulty 
in the Permian section is that such settings can only be 
established on the basis of lithological interpretations 
and correlations. Nevertheless there are compelling 
reasons to consider that Monte Mor and the Cerquilho 
represent such interglacial occurrences.

4. Whereas pebbly sandstones (diamictites) in the 
Sao Paulo State can be genetically related to glacial ac
tivity and many can be interpreted as tillites, most of 
those of Rio Grande do Sul may instead imply semi- 
arid conditions and/or reactivation of local faults.

5. In the Parana’ and Santa Catarina States the or
ganic deposits developed on extensive alluvial-deltaic 
systems prograding westward over marine sequences 
and do not show complex facies associations with 
pebbly sandstones like those of Sao Paulo and Rio 
Grande do Sul.

GEOLOGY OF LAKE ONTARIO: REVIEW AND OUTLOOK

This is the continuation of a multi-year study of 
the geology and geomorphology of Southern Ontario.

Lake Ontario presently occupies a deep 
topographic depression in Paleozoic carbonates and 
shales which outcrop along some of the shores. The 
Paleozoic and underlying Precambrian basement rocks 
contain regional structural elements such as major 
bedrock arches and fractures. The lake itself occupies a 
pre-glacial river valley which has been modified by 
glaciers and mantled by Pleistocene glacial sediments 
and Holocene silts and clays. The lake has undergone 
significant changes in both basinal water plane orienta
tions and elevations, from the high stages of the pregla
cial Lake Iroquois stages (about 12,500 yrs BP), to a 
low stage (Admiralty stage of Early Lake Ontario at 
about 11,400 yrs BP) when the St. Lawrence outlets be
came free of ice and Lake Ontario drained into the At
lantic. The basin area was topographically depressed 
and tilted to the northeast due to the differential isos
tatic loading on the earth’s crust by the adjacent glacial 
ice mass. Since then, the Lake Ontario basin has read
justed through continuing differential vertical motions 
of the outlet, causing lake levels to rise and adjust to 
the present day levels at about 4,000 yrs BP as has 
been recorded in the western part of the basin.

Recent revivals of neotectonic studies in central 
North America have revealed that numerous geologic 
structures criss-cross the Great Lakes area. Geophysi

cal studies have shown that sub-parallel, linear mag
netic anomalies exist under the lake, and associated 
linear features mapped by echo sounding and side scan 
sonar have been observed in recent lacustrine muds. 
Furthermore, micro and moderate earthquakes have 
been recorded along both the St. Lawrence and Ottawa 
valleys and into the Lake Erie and Ontario basins. This 
information suggests that the major faults which have 
existed since Precambrian times and were rejuvenated 
during the Paleozoic (at least in the area marginal to 
the Appalachian Mountains), have again been 
rejuvenated during the Quaternary when differential 
movements along weakness zones may have been trig
gered by supra-crustal loading and unloading of glacial 
ice masses.

The areas surrounding Lake Ontario have been in
tensely utilized by man and to avoid extreme deteriora
tion of the ecosystems a sensible management program 
must be implemented. Such a management program 
can benefit by the knowledge of geologic processes 
that have acted on and are still affecting the Great 
Lakes basins as a whole. It is extremely important, for 
instance to understand the behaviour of pollutants
gathering clays in the lakes. Most of them derive from 
the northshore of Lake Erie and end up in the deeper 
parts of Lake Ontario as well as in coastal lagoons and 
in the St. Lawrence River outlet.
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THE ROLE OF FAUNA IN SOIL QUALITY

In the development of an index of soil quality, a 
quantification of earthworm influence and other fauna 
upon soil is necessary. Earthworm influence on 
various soil properties such as organic matter break
down, soil turnover, aggregate formation, etc. is well 
documented. Therefore, in the development of an 
index of soil quality the biological, physical, and 
chemical factors must be considered in total.

Surface horizons from forested, never cultivated 
soils on stable landscape positions were sampled in 1 
cm increments to a depth of 16 cm over a 50 cm2 area. 
This sampling technique was employed to distinguish 
between faunal differences found in the profile. The 
soils sampled represent the range of textures found 
within the Lake Erie basin of southern Ontario.

Fig. 1. Cesium-137 distribution with depth for each 
profile.

Faunal populations were characterized at each site 
(Table 1). Faunal activity within each profile was es
timated by Cs-137 distribution (Fig. 1). It is evident 
from figure 1, that two models of Cs-137 distribution 
exist between the finer and coarser textured soils. The 

Fox loamy sand has the greatest amount of Cs-137 in 
the surface layers with the highest amount of unincor
porated leaf litter (Table 2). The other three profiles 
show a distribution of Cs-137 throughout the profile 
and have greater incorporation of leaf litter. These 
results can be attributed to earthworm numbers and 
weight differences (Fig. 2). From figure 2, it is evident 
that the greater earthworm numbers that exist in 
profiles Smithville Silt Loam and Donnybrook Sandy 
Loam give rise to the resulting Cs-137 distribution. 
The Fox loamy sand and Smithville Silty Clay Loam 
have the lowest earthworm numbers, but the increased 
earthworm weight in the Smithville SiCL is the com
pensating factor giving rise to more mixing.

Fig.2. Earthworm numbers and weights at each profile.

A correlation analysis was run on the physical and 
chemical properties measured to quantify their affect 
on Cs-137 distribution. A comparison of the Fox 
loamy sand (profile 16) to the Smithville silty clay 
(profile 36) is shown. This analysis shows the impor
tance of organic carbon and clay texture on Cs-137 dis
tribution.

Stepwise Regression Equations

1. Fox LS (Profile 16)

Cs dist (Bq/kg) = -23.5 + 23.0 (% org C) + (% silt) -
3.7 (%clay) R =0.99

2. Smithville SiL (Profile 36)

Cs dist (Bq/kg) = 5.2 -16.8 (% org C) + 0.04 (exchan
geable Ca) R=0.98
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Fig.3. Thin section showing partially humidified or
ganic matter in a worm cast at a depth of 8112 cm.
(Scale across the bottom = 3 1/2 mm)

Fig.5. Thin section showing the intimate mixing of or
ganic matter to the mineral matrix within a fecal pellet 
at depth of 3 cm. (Scale across the bottom - 11/2 mm)

Fig.4. Thin section showing intermixed mineral grains 
and fecal pellets of humidified organic matter at a 
depth of 5 cm. (Scale across the bottom = 11/2 mm)

In thin section the burrowing and mixing action of 
the earthworms is shown along with the action of other 
soil fauna (Fig. 3,4 and 5). In figure 3, a worm cast of 
partially humified leaf litter at a depth of 8 1/2 cm fur
ther illustrates how Cs-137 can be redistributed. In 
figures 4 and 5, the intermixing of humified organic 
matter with the mineral grains of the matrix has been 
achieved by soil fauna with a smaller depth of in
fluence.

In conclusion, the development of an index of soil 
quality demands attention to the following factors: (1) 
the organic matter distribution with depth, (2) the par
ticle size distribution, and (3) the diversity of fauna 
present to help mix and distribute material. All of 
these factors are interdependent. Without an adequate 
food source, faunal activity will be reduced resulting in 
a loss of their beneficial action upon soil structure, 
aeration, etc. Soil faunal incorporation of organic mat
ter will be impeded in coarse textured soils due to a 
shortage of soil moisture.

* A.D. Tomlin, Ag. Canada, London, Ontario.

Table 1. Taxon and Texture

TAXON
(Depth of Influence) LS

Numbers/m

TEXTURE
SL

2 (mass/worm i
SiL 

ng)
SiCL

Lumbricidae (>lm) H (-2) 35 (.3) 47 (.6) 11 (.8)

1000’s/m2

Enchytraeidae (5 cm) 12.1 4.5 1.2 1.7
Ncmatoda (< 5 cm) 1889.8 111.3 223.7 37.3
Acarina (2 cm) 308.2 34.2 22.7 30.7
Collembola (1 cm) 63.5 23.4 10.1 29.1
Other insccta 5.1 4.9 3.1 5.7
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Table 2, Weight 1987 leaf and LF horizons in gm m2

Fox 
LS 
(16)

Donnybrook 
SL 
(46)

Smithville
SiL 
(36)

Smithville 
SiCL 
(56)

1987 Leaf 496 436 370 306
LF 2425 1715 509 867

QUANTIFYING SOIL STRUCTURAL STABILITY IN TERMS OF ORGANIC 
STABILIZING MATERIALS

Kay et al. (1988) have proposed a conceptual 
model which facilitates quantification of the relation
ship between cropping history and soil structure. The 
model relates changes in structural stability charac
teristics to changes in the concentration of stabilizing 
materials present in the soil which are sensitive to 
management practice. The relative level of stabilizing 
materials under a given crop production system is as
sumed to be a function of time:

where Ri and Ro are the relative structural stabilities 
under crop i and the reference state, respectively.

Uncertainties regarding the identity of specific 
stabilizing materials which control specific stability 
parameters mean there are insufficient data in the litera
ture to define the form of eqn. [1], Consequently Kay 
et al. (1988) arbitrarily assumed exponential growth 
and decay functions, suggested by the form of first 

order rate equations used to model microbial degrada
tion of organic materials in soil (Hunt and Parton, 
1986). The rate of increase in the relative concentra
tion of stabilizing materials was assumed to be 
described by a function of the form:
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where Ci and Co are the concentrations of stabilizing 
materials under crop i and a reference state, respective
ly, and t is the length of time since planning crop i.
Soil in the reference state must be part of an ecosystem 
which is stable within the time scale of interest. The 
rate of change in the relative concentration of stabiliz
ing materials is the difference between the rates of ad
dition and loss of these materials.

Another hypothesis upon which the model is based 
is that the relative structural stability of soil under a 
particular crop can be described as a function of the 
relative concentration of stabilizing materials con
tributed by that crop:

where Ai is the rate constant for crop i. A similar func
tion was used to describe the rate of decrease in the 
relative concentration of stabilizing materials. The 
value of Ki in eqn. [3] can be expected to be in
fluenced by soil characteristics. It may also differ for 
different organic stabilizing materials.

Using the above approach, Kay et al. (1988) calcu
lated the relative concentration of stabilizing materials 
in soil which had been under com (Zea maysL.) and 
bromegrass (Bromus inertnis Leyss.) for five different 
time sequences over a 15-year period. Soil from the 
plots which had been in continuous bromegrass was 
taken as the reference state. The authors arbitrarily set 
Ki = 0.4 yr'1 in eqn. [3].

The calculated values of CilCo can be used to con
struct functions of the form of eqn. [2]. The compres
sion index for beds of aggregates, the mean weight 
diameter and the tensile strength of individual ag
gregates from the same cropping sequences were 
measured by Angers (1985). The percentage of water 
stable aggregates > 1 mm in diameter and the water 
stable aggregate size distribution (B index) were 
measured by Baldock (1985). From these data relative 
stabilities can be calculated, again using values for con
tinuous bromegrass as the reference, and then 
regressed against the relative level of stabilizing 
materials (Table 1). The most significant feature of 
Table 1 is that the relationship between CilCo and 
Ri!Ro is different for different stability parameters.

Ci/Co = f(t) 

[1]

Ri/Ro = f (Ci/Co) [2]

Ci/Co = 1-e-Kit i[3]



The range of finite values for the intercept provides an 
indication of the stability associated with stabilizing 
materials which are not sensitive to management. The 
above analyses indicate that eqn. [2] can be considered 
linear for most stability parameters, i.e.

Ri L Ml— = m 7T +H [4]
Co

where tn and n are the slope and intercept, respectively. 
The form of eqn. [4] is compatible with relations be
tween aggregate stability and total organic carbon 
given by Tisdall and Oades (1982). It is further sup
ported by studies (e.g. Cheshire et al., 1984) which sug
gest that the relationship between concentration of 
specific stabilizing materials, such as carbohydrates, 
and structural stability is linear in the range sensitive to 
change by management.

Despite lack of information on the nature of the 
stabilizing materials involved, field data obtained by 
Perfect et al. (1989) permit a preliminary assessment of 
the validity of the models main hypotheses. These 
authors made detailed measurements over a three year 
period to quantify rates of improvement in structural 
stability when different forages are introduced on a silt 
loam soil, previously used to produce com and barley 
for at least 13 years. Four species consisting of alfalfa 
(Medicago saliva L.), bromegrass, com and red clover 
(Jrifolium pratenseL.) were monitored in eight crop
ping treatments. Characteristics of the soil and 
methods used to determine structural stability are 
reported by Baldock (1985) and Pojasok and Kay 
(1989), respectively.

Wet aggregate stability (WAS) was found to change 
with time (/) and water content (0) according to an em
pirically derived function of the form:

In (WASmax - WAS) = aO + bi + c [5] 

where a, b and c are regression constants, and WAS/mox 
is the upper limit that wet aggregate stability would ap
proach after many years under continuous forages.

Rearranging eqn. [5] and collecting terms we ob
tain the following relationship:

WAS 1
[6]

where M = ea0+c/WASmax is a constant for a given 
moisture content. Comparing eqn. [6] with eqn. [3] 
lends support to the assumption of a linear relationship 
between the relative concentration of stabilizing 
materials and the relative level of structural stability in 
eqn. [4].

If the reference state corresponds to maximum 
stability, then Ri/Ro and Ci/Co in eqn. [4] are both unity 
and tn + n - 1. Applying this relationship and equating 
RilRo in eqn. [4] with WAS/WASmax in eqn. [6] gives:

£=1-^?' [7]

Assuming Ci/Co = 0 at t = 0 it follows from eqn. [7] 
that tn = M, Using this relationship in eqn. [7] we find 
that:

^=1-?' [8]

Eqn. [8] is identical in form to eqn. [3], However, 
eqn. [8] has the advantage of being derived from an 
empirical function describing the rate of change in 
structural stability with the assumption of a linear rela
tion between Ci/Co and Ri/Ro. Since b = -Kt the b 
parameter can also be considered the rate constant for 
the accumulation of stabilizing materials under a par
ticular forage. In the case of bromegrass, the b value is 
approximately one third of the value assumed by Kay 
et al. (1988) in illustrating the utility of these types of 
functions (Perfect et al., 1989).

The model presented provides a conceptual 
framework, wherein changes in soil structural stability 
parameters are related to changes in the concentration 
of organic stabilizing materials. It is hypothesized that 
changes in the concentration of organic stabilizing 
materials occur as a result of growing different crops 
for different periods of time. Thus, the model can be 
used to evaluate the impact of past, present and future 
crop management practices on soil structure.
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Table 1. Linear regression analyses between Ri/Ro and CilCo for different stability characteristics on a silt loam soil.

Ri/Ro Slope Intercept R2 Prob >

Aggregate tensile strength* 0.25 0.79 71.8 0.10

Compression Index* 0.09 0.91 80.6 0.15

Mean weight diameter* 0.35 0.67 91.4 0.05

Water stable aggregate size 
distribution* 0.45 0.44 81.9 0.05

Wet aggregate stability* 0.43 0.48 68.3 0.10

t Data for CilCo and Ri!Ro from Angers (1985).
$ As above, except data for Ri!R0 from Baldock (1985).
§ Probability for t-test of slope = 0.

RELATING AIRBORNE SAR DATA TO TEMPORAL CHANGES IN SOIL 
PROPERTIES.

Airborne C- and X-band SAR data were collected 
on five flights during the May to August, 1988 period, 
to correlate intensity of backscatter to soil properties 
on a pixel by pixel basis. Soil samples, insitu moisture 
measurements, and crop conditions were measured on 
three different soil types (two transects each on a sandy 
loam (Fox loamy sand, Brady sandy loam, silt loam 
(Perth silt loam, Huron silt loam), and clay loam (Perth 
clay loam)) located in Norwich Township, Oxford 
County, Ontario, at the time of the SAR Data collec
tion. The six transects were cropped with tomato, 
tobacco, alfalfa, soybean, and com (2). The severe 

drought in Southern Ontario during June and July 1988 
caused poor growth. Thus the SAR data are repre
sentative of crop conditions during an initial normal 
growth period.

Backscatter intensity values are related to an es
timate of surface roughness, moisture content, particle 
size distribution, and organic matter. This study ex
plores the feasibility of relating SAR dat on a pixel by 
pixel basis to earth surface properties.

*M. Manore - Canada Centre for Remote Sensing, 
Ottawa, Ontario.
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INTEGRATED REMOTE SENSING/GEOGRAPHIC INFORMATION SYSTEM 
IMAGE-MAP PRODUCTS FOR TOWNSHIP LEVEL INFORMATION.

As part of a Cooperative project between the 
Canadian Centre for Remote Sensing, Ontario Centre 
for Remote Sensing and the University of Guelph, a 
series of digital map and image products were 
produced to meet the requirements of land resource 
managers at the township level. The area of interest is 
Oxford County, Ontario, where a comprehensive Land 
Related Information System (LRIS) is used operational
ly by the County of Oxford Department of Planning 
and Development.

Using Landsat Thematic Mapper and SPOT image 
data, a series of enhancements and ground cover clas
sifications are being produced. These image products 
were combined with the LRIS in two ways; in image 
(raster form) as either themes or enhanced images, and 
as vector map layers extracted from the boundaries of 
image classifications. The visual impact of enhanced 
images overlayed with existing map files was very 
strong and well received by the potential users. Image 
classifications converted to vector map layers provided 
the potential users with information on land use/land 
cover in a familiar and easily retrieved form. The 

results of a questionnaire on the information needs of 
the local manager and the acceptance of integrated 
image/map products are discussed.

* M.I. Manore. Canada Centre for Remote Sens
ing, Ottawa, Ontario.

Interpreting satellite imagery on the PCI EASI-PACE 
Image Analysis software

METHODOLOGICAL DEVELOPMENT FOR ANALYSIS OF INORGANIC 
COMPONENTS IN SOLUTIONS
Graeme A. Spiers

An NSERC equipment grant has provided the 
Department of Land Resource Science with LECO 
Plasmarray inductively-coupled plasma atomic emis
sion spectrometer (ICP-AES) system. This instrument 
is essentially a prototype for the next generation of 
ICP-AES instruments, and consequently requires con
siderable developmental work for analysis of complex 
matrices. This development work is being supported 
with technical assistance from LECO Canada.

The Plasmarray spectrometer incorporates the 
major advantages of both simultaneous and sequential 
systems; the simultaneous multielement capability, 
together with the flexibility to select the analytical 
lines of interest. Selection of analytical wavelength 
regions is achieved through the use of a "spectral 
mask" situated on the Rowland circle of a concave grat
ing. Masks can be designed with virtually any con
figuration of sought wavelengths for real applications, 
such as soil solution analyses, geological or plant 
specimen digests or landfill leachates. The Plasmarray 
instrument system in LRS includes a selection of 

single element and multielement application masks 
specifically designed for the particular requirements of 
the analytical laboratory.

Dispersion of the optically preselected recombined 
radiation by an echelle grating within the instrument 
results in a very high resolution spectrum which is 
recorded by a linear self-scanning photodiode array 
multichannel detector. The photodiode array detector 
system accumulates the total spectrum simultaneously 
and this allows the measurement of peak profiles and 
background radiation simultaneously, a feature not 
common to other more conventional simultaneous or 
sequential systems. The LECO Plasmarray ICP-AES 
system is based on an optical design which employs a 
multiple dispersion concept and a linear photodiode 
array multichannel detector. The use of an array detec
tor provides several unique benefits including simul
taneous background correction and the ability to store 
analytical spectra for future processing. This latter fea
ture is proving to be invaluable in the routine analysis 
of diverse samples in the analytical laboratory.
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Thus, the combination of optical sub-systems and a 
solid state multichannel detection system have enabled 
the Department to obtain an instrument with the follow
ing features:

• simultaneous multi-element capability
• total flexibility of selecting analytical lines
• ability to perform simultaneous background meas

urement
• high sensitivity of the detection system
• high resolution
• low stray light

The re-programmable wavelength pre-selection sys
tem provides the ability to select different sets of 
analysis wavelengths in less than one minute. In the 
simultaneous mode, selected wavelength regions 
which are dispersed into spectral orders using an 
echelle grating are combined onto the array detector. 
These selected orders (wavelength segments) are simul
taneously integrated with the background and are read 
out by the computer system.

A second mode of operation enables random access 
of analytical orders. This unique scanning system, 
which does not rely on the movement of any optical 
components, can be disabled to permit simultaneous 
monitoring or it can be used in either of the two modes 
described below:

1. Sequential Mode: The analytical mask is removed 
from the system and the scanning system can random
ly access wavelength regions of interest in much the 
same way a sequential monochromator would.

2. Isolation Mode: The multielement mask is left in 
place and the scanning system is used to isolate 
specific wavelength regions.

A simple example of Isolation Mode operation is 
demonstrated by the seawater analysis illustrated in 
Figure 1. The spectrum in Figure 1 (a) was collected 
with no mask in the optical path, and illustrates how 
the intensity of Ca, Mg, K and Na radiation dominates 
the emission lines for any of the elements in low con
centration. By selecting the appropriate mask in such a 
situation, analytical lines can be transmitted while con
comitant and potentially interfering lines can be 
rejected. In Figure 1 (b), for example, a vanadium 
mask was inserted in the optical path, whereas in Fig
ure 1 (c) the 327.612 nm analytical wavelength for V is 
isolated by the scanning system.

Fig.l (a). Analytical spectrum for diluted (xlOO) 
seawater with no preselection mask installed (0.3 
second IT).

Fig.l (b). Analytical spectrum for 10 ppm V in un
diluted seawater with V single element mask installed, 
illustrating spectrum dominated by numerous V lines. 
Note the interference on the shoulder of the V327.612 
nm line (10 second IT).

Fig.l (c). Refined spectrum of the V 327.612 nm line, 
with the spectral interference illustrated in Fig. 1(b) fil
tered by scanning system isolation on the V mask 
(10 second IT).
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Another unique capability for ultra-trace element 
quantification is demonstrated by the spectra in Figure 
2. Figure 2 (a) illustrates the spectrum collected with a 
boron mask in place, essentially displaying only 
spectral noise. By extending the integration time on the 
detector, however, the photons of the selected 
wavelength essentially "pile up" on the detector thus 
enabling diferentiation from background. This 
capability is illustrated in Figures 2 (b) and (c), indicat
ing the presence of 20 ppb B in this soil solution.

To date, much of the analytical time on this instru
ment falls under the category of method development. 
However, operational analyses have been completed 
on a variety of matrices from several disciplines. These 
include analyses of B in soil solutions and xylem and 
phloem extracts, Cu and Zn at sub-parts per million 
levels in waters for an aquatic biology research project, 
V in sea water for a marine biology tolerance study 
with brine shrimp, and dissolved heavy metal analyses 
in municipal solid waste leachate fluids. A comprehen
sive survey of Nb levels in Tanzanian apatites is also 
under way. The development priorities in the immedi
ate future are:

1. Development of multielement analysis capabilities 
for plant material for projects both in this Depart
ment and others on campus, and the University of 
Quebec at Montreal.

2. Development of a mask specific for analysis of 
landfill leachates, perhaps in conjunction with flow 
injection techniques.

3. Routine analysis of soil and geological digests.

4. Development of a mask for analysis of rare earth 
elements in geological materials.

Fig. 2 (a). Spectrum of soil solution extract with B 
single element mask installed (1 second IT).

Fig. 2 (b). Spectrum of same soil solution extract as 
above with longer integration time (10 seconds).

Fig.2 (c). Spectrum of same soil solution extract with 
100 second integration time. Major peak is for the B 
249.773 nm emission.

(at left) Working with the LECO Plasmarray 
spectrometer.
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DETERMINATION OF FRACTURE PROPERTIES FOR FLOW MODELS IN GLACIAL 
TILLS BY IMAGE ANALYSIS.

INTRODUCTION
Glacial Lill is a predominant surficial geological 

material in much of Canada. The presence of this un
consolidated, heterogeneous mixture of fine matrix 
sediments and coarser (sometimes very large) rock 
fragments is evidence of the passage of the large con
tinental glaciers of the Ice Age over the area. Natural 
fractures, in the fine-textured matrix of glacial till, en
hance the rate of flow of water (bulk hydraulic conduc
tivity) through such materials by several orders of 
magnitude (Grisak et al., 1976: Hendry, 1982,1988). 
Greater knowledge of the nature and extent of these 
fractures is required to better understand the ground
water flow system in till terrains. These fractures un
doubtedly affect infiltration of natural or irrigation 
waters applied to these tills. They influence recharge 
of ground-water aquifers and may ultimately con
tribute to soil salinity. Water flow models, constructed 
with directly measured fracture parameters, could im
prove predictive capabilities for assessing the fate of 
waters applied to glacial tills.

An ongoing study of a fractured glacial till unit in 
southern Alberta has had as its focus the determination 
of the hydraulic, structural and genetic characteristics 
of this material. Preliminary study results have been 
presented by Sweeney et al. (1988a, 1988b, 1988c). A 
discussion of the application of image analysis to the 
quantification of physical structural fracture properties 
is presented below.

METHODS OF INVESTIGATION
A 5 metre-deep study pit was excavated in frac

tured glacial till at a site in the Milk River Watershed 
of southern Alberta. Detailed stratigraphic examina
tion resulted in the differentiation of eight zones in the 
till, from the surface to base of the pit, on the basis of 
pedology, lithology and structure. Oriented, undis
turbed samples of the till were collected to represent 
each of these zones.

These samples were maintained at their natural 
field water contents until the soil water was displaced 
with acetone in the laboratory. The till samples were 
then impregnated with 3- Hydroxy-butyl methyl
methacrylate (3HBMA) resin containing Uvitex- OB 
(Ciba-Geigy) UV fluorescent dye. The samples were 
then exposed to 15 minute incremental exposures of 
gamma radiation totalling 1.5 hours to accomplish the 
hardening of the resin. This method was first described 
by Shipitalo and Protz (1987) and modified by 
Sweeney et al. (1988b). The sample blocks were then 

cut with a rock saw to expose interior faces repre
sentative of the three spatial planes - horizontal-plane 
faces (C-plane) and vertical- plane faces (the East- 
West-plane or A-plane and the North-South- plane or 
B-plane). The cut faces were subsequently polished on 
a Logitech lapping wheel with aluminum oxide grit 
(9.5,3.0 and finally 1.0 microns).

The polished sections were photographed with 
high-contrast black and white film under UV illumina
tion. This technique allows the resin-filled void space 
to appear black against the white background matrix in 
the film negatives. Imaging of these negatives was per
formed on a Kontron Image Analyser. Images were en
hanced and then inverted so that voids were clearly 
delineated in white against a black matrix background. 
Pixel size for each image was limited to a maximum of 
40 microns for this study.

Images represent subsample areas (1 to 4 cm2) of 
the total areas of the polished sections. The sections 
were oriented for imaging as they appear in the field - 
top corresponding to top for vertical planes (A and B- 
planes) and top corresponding to north for horizontal 
planes (C-planes). Measurement of selected 
parameters was made at zero and 90 degrees rotation 
of each image because of the horizontal line-scan tech
nique employed by the system.

FRACTURE PROPERTIES AND FLOW 
MODELS

Models can be constructed to characterize water 
flow in fracture zones within the glacial till. Structural 
properties of the conducting voids identify the fracture 
network and serve as input parameters for these 
models. These include distribution, size, shape, orienta
tion and degree of interconnectivity. Quantitative two- 
dimensional determination of most of these parameters 
is possible with the IBAS system of the Kontron image 
analyser. Ringrose-Voase (1987) performed similar 
work for structural classification based on void shape 
on a Quantimet 720 image analyser. This paper will 
present results from image measurements directly re
lated to description of void space size. Other 
parameters are discussed in Sweeney et al. (1988a) and 
will be presented in subsequent publications.

VOID SPACE SIZE CHARACTERIZATION
Results from 5 samples are presented below to il

lustrate the application of image analysis to quantify 
void space size. These samples represent distinct struc
tural zones within the fractured glacial till unit. Depths
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Fig,!, Statistical distribution of individual void areas 
for horizontal planes from 5 fractured glacial till 
samples. Pixel size ranged from 20 to 40 microns.

from which these samples were obtained are given in 
Table 1.

Structural models developed to simulate the frac
ture network must be conditioned with realistic limita
tions on the parameters involved. Void space 
parameters such as porosity and void density give the 
spatial distribution properties of the network. If 

Fig. 2. Statistical distribution of apparent void widths for both vertical and horizontal planes from 5 fractured 
glacial till samples. Pixel size ranged from 20 to 40 microns.

homogeneous "bulk" conditions are imposed on the 
model, bulk spatial distribution parameters impose 
restrictions on the number of possible arrangements of 
void space that can be realised within the sample area.

Other void size parameters such as void width or 
length and individual void area may be better repre
sented by a statistical distribution of their values rather 
than by their simple arithmetic mean. This is par
ticularly important when considering the hydraulic im
plications of void size as water flow is dependent on 
void size. Also, these parameters are heterogeneous in 
nature and therefore some attention should be paid to 
their statistical distribution.

A number of the IBAS subroutines are directly 
analogous to void space parameters. Some subroutines 
yield void information directly whereas results from 
others have to be combined. The AREA% subroutine 
is effectively the 2-D porosity (the total of the in
dividual void areas divided by the total image area, 
then multiplied by 100 - Table 2). Combination of the 
number of the objects measured (COUNT) with the 
value obtained for the image area (REFARE) results in 
determination of the void density (number of voids per 
unit area - Table 2). These bulk void spatial distribu
tion parameters (Table 2) will aid in the positioning of 
voids in the fracture network realization generated 
with a model.
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The subroutine AREA measures the individual 
void areas directly and can therefore be used to charac
terise the statistical distribution of voids of various 
sizes (Fig. 1). The apparent void width or length can 
be determined with the subroutine CHORD (Fig. 2). 
The true width and length of voids is orientation de
pendent. The horizontal line-scan technique, used for 
CHORD measurements, measures only the horizontal, 
internal boundary to boundary distance for objects en
countered - regardless of their orientation. Rotation of 
the image and subsequent re-execution of the CHORD 
subroutine has proved useful in obtaining both width 
and length measurements for voids.

CONCLUSIONS
Image analysis can be used to quantify fracture 

properties in two-dimensions. Void size parameters 
can be directly measured using several of the IBAS 
measurement subroutines of the Kontron System. The 
data obtained in this way can then be used to impose 
conditional limits on the structural parameters used to 
produce model simulations of the glacial till fracture 
network. Future work will involve further 2-D void 
measurements on sequential planes for improved defin- 
tion of 3-D void structure. Improved understanding 
and prediction of the fate of waters applied to these 
tills will result from this work.
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Table 1. Sampling depths for fractured glacial till samples.

Sample Number Fracture Zone (cm) Depth of Top of Sample Block (cm)

MOI 30-50 45
MIO 180-230 200
M15 230-250 237
M19 390-420 390
M20 420-480 450

49



Table 2. Bulk, void size parameter data - porosity and void density.

Sample Number Porosity (%) Void Density (voids/cm2)

MO1B20 13.90 125
CIO 9.87 62
M10A11 3.72 56
CIO 12.04 119
M15B20 3.06 33
C20 4.59 46
M19A10 4.08 56
C20 3.18 54
M20B20 1.36 21
C20 1.29 28

A REPORT ON A METHOD TO OBTAIN REPRESENTATIVE ESTIMATES OF TWO- 
DIMENSIONAL STRUCTURAL PROPERTIES IN SOILS WITH MACROPORES BY 
IMAGE ANALYSIS

ABSTRACT
Image analysis techniques allow some two-dimen

sional (2-D) physical characteristics of void space in 
soils with macropores to be quantified. Void proper
ties examined in this study include macropore porosity, 
void density, individual void area, apparent void width 
and elliptical shape factor (ESF) of die voids. Measure
ments were made on successively smaller subsample 
areas of an image of a horizontally-oriented, polished- 
section sample of fractured glacial till. Images were 
analysed in their field- oriented positions and then 
were rotated 90 degrees and reanalysed to assess orien
tation-dependent void properties.

The selected void properties of each subsample 
image area were examined for trends in their spatial 
variability. Results, for each void parameter, were as
sessed with respect to the concept of a representative 
elementary volume (REV). At the REV, incremental 
changes in volume do not alter the void parameter 
values. Image analysis of 2-D sections provides a 
means of determining the areal components of the 
REV - the representative elementary areas (REAs) 
with respect to these selected soil physical properties 
in the spatial planes of the sections.

This method makes it possible to obtain statistical
ly representative estimates of void distribution, size 
and shape parameters based on the REA determination. 
These void property estimates can be used to impose 
realistic conditions on models developed to simulate 
the structure of macropore soils. The method can also 
be applied to the selection of the size of thin or 
polished sections required to encompass the range of 
microscopic structural variations present in soils with 
macropores.

INTRODUCTION
The spatial arrangement of mineral and organic 

materials and the void space which separates them, 
produces the structure in soils. Void space in soil and 
rock occurs as features which have been called pores, 
macropores, fractures, fissures or simply voids in the 
literature. The abundance of these voids, their sizes 
and their relative positions characterise the soil struc
tural framework. This structure dictates many of the 
physical properties of the soil.

The scale-dependent relationship between the 
variability of a given soil structural parameter and the 
size of sample examined is expressed in the concept of 
a representative elementary volume (REV) (Fig. 1). 
This concept has evolved from continuum theory 
(Bear, 1972). When viewed at an appropriate scale of 
observation, which encompasses the range of variation 
present in the structure (the REV), a soil can be treated 
as a homogeneous system with respect to its structural 
features (Fig. 1).

It is common in pedologic and geologic research to 
examine soils in two-dimensions (2-D) and make three- 
dimensional (3-D) inferences based on these 2-D obser
vations. Soils are examined in an implied Cartesian 
co-ordinate system with one vertical plane usually 
selected to be representative of the whole soil. Ex
amples of each of the three spatial planes should be ex
amined to completely describe 3-D properties of soils 
with 2-D observations. Multiple horizontal planes 
should be studied to fully describe layered soils. 
Pedologic and micromorphologic research has seldom 
followed this procedure.

The REV concept (Fig. 1) can be applied to the 2- 
D expression of soil structure as it appears on the walls
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Fig.l. A representation of the concept of repre
sentative elementary volume (REV) as defined by con
tinuum theory (after Wagenet, 1985).

of soil pits in the field or in thin and polished sections 
in the laboratory. The areal component of the REV, in 
any soil "spatial plane" being examined, is the repre
sentative elementary area (REA). An REA is obtained, 
with respect to the soil structural parameter being in
vestigated, when incremental changes in the sample 
area do not alter the parameter values.

A method has been developed in this current study 
to establish an REA with respect to several different 
void distribution, size and shape parameters using 
image analysis of polished sections of undisturbed soil 
samples. Void distribution parameters examined in
clude macropore porosity and void density. Individual 
void area and apparent void width (an estimate of true 
void width) have been used to characterise void size. 
The elliptical shape factor (ESF) of the voids has been 
determined to assess void shape.

This method should permit statistically repre
sentative estimates of these physical properties to be 
obtained once an REA is established. These estimates 
will be valid, therefore, for the scale of observation ad
dressed in this experiment. These values could then be 
used to impose realistic conditions on models 
developed to simulate the macropore network of struc
tured soils. Rigorous development of such models is 
beyond the scope of this present study and will be ad
dressed in future phases of this investigation.

Thin and polished sections are used in pedologic 
and geologic research for micromorphologic investiga
tion of the structural properties of soil and rock. What 
has not been well established is the size of thin or 

polished section required to statistically represent these 
structural features. The method presented here will 
also be applied to this problem. The size of thin or 
polished sections required to encompass the range of 
microscopic structural variations present in soils with 
macropores will be investigated.

METHODS OF INVESTIGATION
The structured soil examined in this study is a frac

tured glacial till from southern Alberta, Canada. 
Descriptions of the hydraulic, structural and genetic 
characteristics of this unit and the sample preparation 
techniques employed prior to image analysis are given 
in Sweeney et al. (1988a,b,c,d). This study presents 
results obtained from a selected, horizontal-plane, 
polished section of a glacial till sample (Ml 5 C20). 
This undisturbed soil sample was impregnated with a 
resin containing a UV fluorescent dye (see Sweeney et 
al., 1988a). The void space was clearly outlined in 
white against the black background-colour of the soil 
matrix when the polished section was illuminated in 
UV light.

Quantitative two-dimensional (2-D) determination 
of void characterization parameters is possible with the 
IBAS measurement subroutines of the Kontron Image 
Analysis System. Image analysis systems produce a 
digital representation of the scene present in the field 
of view of their input camera or scanner. In their 
simplest form, images are digitized into pixels which 
are either black (matrix) or white (voids). The IBAS 
measurement system treats contiguous groups of white 
pixels as an "object". These objects are analogous to 
the voids and macropores of the structured soil sample 
being examined.

Clay and silt-textured, structured soils, such as the 
glacial till examined in this study, are composed of par
ticles ranging in size from extremely small upwards to 
50 microns in diameter. The maximum size of in
dividual, intergranular voids in these soils echoes the 
50 micron-diameter, upper limit of the particle-size dis
tribution. Macropores are formed from multiple inter
connections of these intergranular voids. Void space in 
these structured soils can be naturally divided into two 
domains - the microscopic, internal-ped, intergranular 
and fine macropore void domain and the macroscopic, 
inter-ped, macropore domain, The 50 micron void 
dimension will be used in this study as a "working 
division" between these void spatial domains. Image 
analysis of the void space of the fine-textured, struc
tured soils examined here, therefore, will be limited to 
voids with dimensions larger than 50 microns. There
fore, void space measurements will be performed only 
on macropores.

The Kontron System used in this study resolved 
the field of view of the input camera into a 512 X 512
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510 x 510

Fig.2. A digital image of a portion of a horizontally- 
oriented, polished section (Ml 5 C20) from a glacial 
till sample taken from the 230-250 cm depth zone in 
the Milk River, Alberta study pit (1 pixel = 48.76 
microns). The image is in the field-oriented position 
(zero degree rotation position). The pixel dimensions 
and boundaries of the succession of subsample images 
centred on the same sample point are indicated on the 
figure. The corresponding areas of these subsample im
ages are given in Table 1.

pixel image. The pixel size for each image was main
tained at 48,76 microns (approximately 50 microns). 
Measurements of the soil structural parameters were 
made at the zero degree rotation position (field orienta
tion) and then again when the image was rotated 90 
degrees about its centre point, for each image. This 
technique was deemed necessary because of the 
horizontal line-scan technique employed by the IBAS 
measurement system.

Rotation of the image about its centre and sub
sequent parameter remeasurement allows differences, 
due to the non-square nature of the pixels, to be deter
mined for non-orientation- dependent parameters. It 
also provides for the determination of the directional 
components of orientation-dependent parameters (eg. 
apparent void width or length).

The 512 X 512 pixel base images (0 and 90 degree 
rotation positions) were subsampled at successively 
smaller areas centred on the same point in the polished 
section (Fig.2). The pixel dimensions and correspond
ing areas represented in each subsample image are 
given in Table 1. Measurement subroutines for the 
selected soil structural parameters were executed for 

each subsample image. Values obtained for these 
parameters were plotted against subsample area to as
sess their respective spatial variabilities. An REA was 
established for a given soil property when the values 
determined for that property reached a "plateau" - that 
is, the parameter values became independent of sample 
size (area) (Fig. 1). A representative estimate for the 
value of the soil property being examined is the 
"plateau" value. The REA dictates the size of thin or 
polished section required to encompass the range of 
microscopic soil structural variation needed for repre
sentative estimates of soil structural properties.

Table 1. The pixel dimensions and corresponding 
areas of subsample regions of the sample image.

Sample: M15C20

1 pixel = 48.76 microns

Subsample 
Size 
(pixels)

Area 
(cm2)

510X510 6.1840
482X482 5.5240
400X400 3.8040
350X350 2.9120
300X300 2.1400
250 X 250 1.4860
200X200 0.9510
150X150 0.5349
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EVALUATION AND METHOD DEVELOPMENT ON THE TECHNICON RANDOM 
ACCESS AUTOMATED CHEMISTRY (TRAACS 800)

Bran & Luebbe Technicon Industrial systems, a 
division of Alfa Laval Ltd of Scarborough, provided 
both the TRAACS 800 System Analyser and a grant 
that is funding a graduate student to assist with 
laboratory work and the preparation of a manual of 
methods for agricultural applications.

The system was installed beginning of Aug. 11, 
1988 and has been used to analyse several thousand 
samples for nitrate, nitrite and ammonium in water soil 
and plant extracts using the new methods developed 
for that purpose.

The method developed on the TRAACS can ana
lyse nitrite, nitrate and ammonium in highly colored 
soil and plant extracts. The interfering color of organic 
nature is dialyzed out of the sample stream using a in 
line dialyzer with a type C dialysis membrane which 
excludes proteins and organic substances of greater 
molecular size.

Nltrate/NItrlte:
The sample containing nitrate is buffered with a im- 

idazole/coppcr sulphate reagent at pH 7.5. Segmenta
tion of the stream is done with nitrogen gas and the 
segmented analytical stream passes through the cop- 
perized, cadmium reductor coil.

Nitrate is reduced to nitrite, which reacts under 
acidic conditions with sulphanilamide to form a diazo 
compound that then couples with N-l-Naph- 
thylethylenediamine dihydrochloride to form a reddish- 
purple azo dye that is measured colorimetrically at 520 

nm. Range 0.5 - 25 ug N03-N/ml or using auto dilute 
mode, the range would be 5.0 - 25 ug NO3 -N/ml. The 
TRAACS we have is a two channel system lending it
self for simultaneous determination of nitrate/nitrite 
and ammonium in IN KC1 extracts at a speed of 100 
samples per hour.

Ammonium:
The method developed for ammonium uses also a 

dialyzed sample. The procedure for the determination 
of ammonia utilizes the Berthelot reaction, in which 
the formation of a blue coloured compound believed to 
be closely related to indophenol occurs when the solu
tion of an ammonium salt is added to sodium 
phenoxide, followed by the addition of sodium 
hypochlorite. A solution of EDTA is added to the 
sample stream to eliminate the precipitation of the 
hydroxides of calcium and magnesium. Sodium nitro 
prusside is added to intensify the blue colour which is 
measured colorimetrically at 660 nm. Range 0.2 -10.0 
ug NH4-N/mI or using the auto dilute mode chloride 
the range would be 2 -100 ug NH4/ml.

Chloride is used as a tracer element in the soil. 
Chloride determination in soil extracts or ground water 
suffer the interference of organic color. The previous 
chloride manifold in our department corrected for this 
by passing a reacted stream through channel A of the 
colorimeter and the non reacted through channel B. 
The colorimeter subtracts A-B signal and gives inter
ference free results. Sample speed was 30 samples per 
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hour. To meet the demands in the department of 
several thousand samples to be analysed, a method was 
developed to handle the samples on the TRAACS 800 
using dialysis.

This automated procedure for the determination of 
chloride depends on the liberation of thiocyanate from 
mercuric thiocyanate, by formation of unionized but 
soluble mercuric chloride. The liberated thiocyanate, 
in the presence of ferric ion, forms highly coloured fer

ric thiocyanate, the concentration of which is propor
tional to the original chloride concentration. The color 
is measured at 480 nm Range 25-400 ug Cl/ml (other 
ranges are available) sample speed 100 samples per 
hour.

The TRAACS 800 system has been very useful and 
has many features besides the rapid throughput. In the 
next couple of months more trials will be run and addi
tional methods developed.

APPLICATION OF TIME DOMAIN REFLECTOMETRY TO MEASURE WATER AND 
SOLUTE REDISTRIBUTION DURING SOIL FREEZING

The redistribution of water and solutes under condi
tions of seasonal ground freezing is of interest to 
pedologists studying soil development and agronomists 
wanting to optimize the use of agricultural chemicals. 
Although theory describing the processes which in
fluence redistribution of solutes when soil freezing oc
curs is reasonably well developed, few experimental 
data are available for model validation (Kay and 
Groenevelt, 1983). The objective of this research was 
to provide a comprehensive data set for testing current 
theory.

To investigate the redistribution of water and 
solutes in frozen soil, one dimensional freezing tests 
were performed using twelve 27 cm dia. columns. The 
columns were insulated and placed in an environmen
tal chamber maintained at-5 °C. Freezing took place 
from the top, while the bottoms were kept unfrozen 
and had access to a free water supply. The columns 
were packed with a frost susceptible silt loam soil 
(Guelph series). Thermocouples and TDR probes were 
installed at different depths so that temperatures, 
volumetric water contents and bulk electrical conduc
tivities could be measured. Frost heave was monitored 
with a modified surface-relief meter.

The TDR method was used to obtain the 
volumetric unfrozen water content and the solute con
centration (as determined by bulk soil electrical con
ductivity) simultaneously. However, a number of 
problems were encountered in applying the TDR 
method to measure the bulk soil electrical conduc
tivity. The range of solute concentrations over which 
measurements could be made was limited. Further
more, there appeared to be some inaccuracies in the ex
isting methodology. Consequently, a new method was 
developed and tested (van Loon et al., 1989a).

In the TDR method, the electrical conductivity of a 
porous medium is determined by measuring the reflec
tion of an electromagnetic pulse in transmission lines, 

which are installed in the medium. The reflection is 
not only influenced by the medium, but also by the 
measuring system. The improved method corrects for 
influences of the measuring system by comparing a 
reflection measurement with a reference measurement 
performed in air. Calibration measurements were 
made in water and in saturated Caledon sand and 
Guelph silt loam. Columns with different well defined 
solute (CaCh) concentrations were used. Linear 
regression analyses were performed between the 
electrical conductivity measurements determined with 
the TDR and the theoretical electrical conductivities 
of the solutions. All slopes were close to one and the 
correlation coefficients were high: r2 = 0.998,0.993 
and 0.968 for water, sand and loam respectively. For 
the two soils significant intercepts were found. These 
may be related to the surface charge of the soil par
ticles.

The non-linear relation between electrical conduc
tivity and water content in unsaturated conditions 
proved to be another problem. Consequently, calibra
tion measurements were performed and an attempt was 
made to find a theoretical background for this non
linearity (van Loon et al., 1989b). With time domain 
reflectometry two dispersive parameters can be 
measured: the dielectric constant (e) and bulk electrical 
conductivity (<y). Both parameters are non-linear func
tions of the volume fractions in soil. Because the 
volume fraction of water (or water content, 0W) can 
change a lot in the same soil, empirical equations have 
been derived to describe these relations. We 
developed theoretical relations based upon the old dis
persion theories of Maxwell (1873) and de Vries 
(1952). The agreement between the empirical and 
theoretical models was highly significant. The e(0w) 
relation of Topp et al. (1980) had an r2 of 0.996 and 
the e(0w) relation of Smith and Tice (1988) for the un
frozen water content at temperatures below 0 °C, had 
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an r2 of 0.997. To obtain e(0w) relations, calibration 
measurements were performed on two soils, Caledon 
sand and Guelph silt loam. For both soils combined, an 
r2 of 0.89 has been obtained between the theoretical 
model and measured values. The correct relations are 
especially important at low water contents, where the 
interaction between water molecules and soil particles 
is strong.

Part of the freezing experiments have been 
analyzed and some preliminary conclusions can be 
drawn (van Loon et al., 1990). The unfrozen water con
tent was related to temperature and solute concentra
tion on a bulk basis (r = 0.55). The bulk electrical 
conductivity for water contents near saturation can be 
explained as a function of solute concentration and 
temperature (r2 = 0.95) probably due to its inverse 
relationship with the viscosity of water. At low water 
contents (< 30%) the measured bulk electrical conduc
tivity was dependent on both the unfrozen water con
tent and the solute concentration on a bulk basis (r2 = 
0.79). To assess the redistribution of calcium chloride 
during freezing, the measured electrical conductivities 
were calibrated for the above effects. The redistribu
tion of solutes was also determined destructively at the 
end of the freezing experiments. The soil columns 
were cut into sections of approximately 2 cm thick
ness. These measurements showed a decrease of solute 
concentration per total water volume in regions with 
high (segregated) ice contents, while in the unfrozen 
zone the solute concentration increased.

This research has important implications for the 
overwinter redistribution of fertilizers and pollutants 
during seasonal ground freezing. Thermally-induced 
water migration may result in an upward migration of 
solutes towards the frost line. Within the frozen zone, 
ice forms as a pure phase, producing an increased 
solute concentration in the unfrozen water. Solute-en
riched ’brine pockets’ tend to migrate through frozen 
soil in the direction of the freezing front. The net 
result is a concentration of solutes just below the frost 
line. Under these conditions, chemical denitrification 
of fall-applied nitrogen fertilizer can occur. In the 
spring, unstable thawing fronts may cause the forma
tion of ’unfrozen fingers’ through the frozen zone 
which promote rapid transport of solutes to the water 
table. Additional nitrogen is lost in surface runoff and 
gas emissions from the partially thawed soil.
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TRANSPORT OF SOLUTES DURING ONE-DIMENSIONAL, STEADY STATE FLOW 
IN A SANDY SOIL

The transport of agricultural chemicals to the 
groundwater has received considerable attention in 
recent years. Research is presently being conducted at 
the Delhi Research Station to determine the extent of 
nitrate contamination from crops with high nitrogen re
quirements such as com, under various management 
conditions. Several solute transport experiments using 
chloride as a conservative tracer were carried out in the 
field in the summer of 1988. The objectives of the ex
periments were to obtain data on the solute transport 
characteristics within the root zone of the Fox sand soil 
in Delhi, and secondly to determine and compare the 
variability and distribution of transport parameters in 
both the long-term cultivated and native sites.

A set of 96 soil-water solution samplers were in
stalled in a transect perpendicular to and spanning 12 
com rows, with solution samplers placed in the row, in
terrow and quarter row positions at depths of 40 cm 
(Fig.l) and 80 cm (Fig.2). This resulted in 4 solution 
samplers, spaced approximately 20 cm apart, per com 
row. A transect containing 32 solution samplers at a 
depth of 40 cm and spaced at 20 cm intervals was in
stalled in a native forest site adjacent to the cultivated 
site.

A uniform solute pulse of 125,000 ppm of KC1 was 
applied to each of the sites followed by constant rate 
trickle irrigation for approximately 12 hours. Soil 
water samples were obtained from all the solution 
samplers simultaneously at fixed time intervals using a 
vacuum pump. These samples were then analyzed for 
chloride using a colorimetric technique on the 
TRAACS 800 autoanalyzer to give breakthrough cur
ves at each spatial location. Breakthrough data is 
presently being analyzed to determine transport 
parameters (v - velocity - D - dispersivity) at each loca
tion in space using curve fitting programs such as 
CXTFIT (Parker & van Genuchten, 1984). Stochastic 
models of field scale transport processes such as the 
transfer function model (Jury et al., 1982) will also be 
examined using the data from these experiments.
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LONG-TERM HYDRAULIC PROPERTIES OF ACID AND ALKALINE SAND 
ROOTING SYSTEMS

In 1982, Professor R. W. Sheard set out twenty-four 
0.65 m(i) 2 micro-greens containing alkaline (pH 7.3) and 
acid (pH 5.4) sands at the Cambridge Research Station 
(Reported in Turfgrass Research Annual Report, 1984) 
to study the mineral nutrition of bentgrass. The major 
conclusion from that study was that alkaline sands 
favoured nitrogen and potassium fertilizer retention in 
the sand rooting zone. Alkaline sands, however, are 
generally not recommended in the construction of put
ting greens largely because a lower root zone pH is 
considered to be more favorable for bentgrass growth. 
In addition, alkaline sands are comprised of minerals 
which are more easily weathered compared to acid 
sands. Problems with water infiltration and conduc
tivity may develop as sand-sized particles breakdown 
to smaller particles and clog pores.

(i) to develop a technique to allow the non-destructive 
measurement of water and soil solute distribution 
during the three-dimensional infiltration from a point 
source.
(ii) to test the suitability of the solutions for three- 
dimensional solute transport (Clothier and Elrick, 
1985) in predicting solute movement from a trickle 
source.

The micro-greens have been carefully maintained 
for the past 7 years. They provide an opportunity to 

determine if the nature of the sand resulted in any long
term problem in either grass growth or in the hydraulic 
properties of the rooting zone.

There was no visual difference in bentgrass growth 
in the micro-greens. On site measurements of water in
filtration and permeability rates, using the Guelph Per
meameter*,  were very high in all of the micro-greens 
and there was no evidence of any significant resistance 
to water flow. The rates of saturated hydraulic conduc
tivity in these sand rooting zones would be more than 
adequate to handle rainfall and to meet irrigation stand
ards. Further, inspection of cores from the rooting 
zone profile showed no evidence of particle transloca
tion which could lead to the formation of a black layer.

♦Soilmoisture Equipment Corp.

SOLUTE TRANSPORT DURING THREE DIMENSIONAL UNSATURATED 
WATER FLOW: AXISYMMETRIC MEASUREMENTS USING TIME DOMAIN 
REFLECTOMETRY.

INTRODUCTION
There have been a number of attempts to model the 

simultaneous multidimensional transport of water and 
solute in soils. Recently Clothier and Elrick, (1985) 
examined the three dimensional transport of solutes. 
They presented a quasi- analytical solution for disper
sion of solute during three dimensional axisymmetric 
constant flux infiltration from a point source. However 
to determine water and solute distribution destructive 
sampling was necessary.

OBJECTIVES
The objectives of this experiment were:

MATERIALS AND METHODS
Calibration experiment

The theory on the application of TDR techniques to 
the simultaneous measurement of soil water content 
and the presence of solute relates specifically to the 
measured effect of EC on the reflected wave (Dalton et 
al, 1984). A calibration was therefore necessary to 
determine solute concentration from the extent of verti
cal attenuation occurring in the reflected wave (Fig.l).

Fig.l.
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To achieve this the amount of vertical attenuation (cm) 
caused by different concentrations of potassium 
chloride mixed with Caledon sand was recorded for 
several water contents.

Infiltration experiment
A triangular tank (0.8 x 0.8 x 0.8 x 1.3 m) was con

structed from plexiglass. This box was fitted with 
curved parallel paired transmission lines at various 
radial distances from the vertical axis of symmetry. It 
was the packed to a bulk density of 1.4 Mg m'3 with 
Caledon sand. Distilled water was applied at the sur
face via a trickling system. After reaching quasi 
steady state, a 5 ml pulse of potassium chloride was 
applied at the drip source. The movement of water and 
solute was followed at intervals by the simultaneous 
measurement of soil water and the vertical attenuation 
of the reflected wave by TDR (Topp et al., 1984; Dal
ton et al., 1984).

RESULTS
Calibration experiment

It is evident that a strong relationship exists be
tween measured vertical attenuation and solute con
centration for the particular soil using Potassium 
chloride as a tracer.

Radial distribution of soil water
It has been shown (Kachanoski et al., this issue) 

that there is no significant difference in soil water con
tent measured using straight probes as opposed to 
curved probes. Under axisymmetric flow the soil 
water content is a function of radial distance only, 
therefore this technique could be used to measure the 
radial distribution of soil water. This suggests that the 
measurement of solute concentration is also possible.

Breakthrough curves
The method allows measurement of soil solute con

centration as a function of time at any radial distance, 
or the spatial distribution of solute concentration at any 
time. Fig. 2 shows one such curve at a radial distance 
of 0.101 m along the 45° diagonal.

Transient depth of penetration
Clothier and Elrick (1985) gave an expression for 

the streamline constant A(U) as

A(U)= x* 3/3t [1]

where x*  = radial plane of separation 
t = time

If this theory holds we would expect a linear rela
tion between x* 3 and t. Indeed a plot of x* 3 as a func-

Fig.2.

tion of time for the gives a straight line where the slope 
of this line gives the streamline constant A(U).

Assuming that the diagonal can be treated as one 
flowline we can calculate an average A(U). Use of this 
value of A(U) to predict the depth of penetration shows 
that the predicted planes of separation are not sig
nificantly different from the observed. Such a plot 
showed a linear relationship with an r2 of 0.97.

CONCLUSIONS
The above results show that it is possible to non- 

destructively measure in a simultaneous fashion the 
three-dimensional distribution of water and soil solute 
distribution through the use of TDR.

The ability to measure the breakthrough time for a 
particular radial distance allows the estimation of the 
streamline constant which in turn can be used to 
predict different penetration depths. Since it has been 
shown that the technique works, it may be possible to 
test existing models of three-dimensional solute 
transport under various initial and boundary condi
tions.
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THREE DIMENSIONAL FIELD SOLUTE TRANSPORT
A.L. Ward and R.G. Kachanoski

In agriculture, we are faced with the movement of 
fertilizers, herbicides and pesticides out of the crop 
root zone into the ground water. Deterministic models, 
based on the assumption that solute transport is a 
precisely definable process, have often been used to 
predict solute movement. Under field conditions a 
major difficulty arise in the application of deterministic 
models when the inherent variability of hydraulic 
parameters is considered,

A recent approach to solute transport in the field 
has been proposed by Jury (1982). This approach 
makes use of a Transfer function model (TFM) which 
defines the probability Pl of a surface applied solute 
reaching a given depth L, after application of a net 
quantity of water / as

o

wherefL(I) is the pdf ie. the probability that a sur
face applied solute will reach depth L in a quantity of 
water between I and I+dl. I is the net amount of water 
applied and /' is the breakthrough volume. If therefore 
a solute pulse of concentration Co is injected at the sur
face (Z = O; I = O), collection of soil solution 
samples at depth L at several locations in the field will 
allow determination of ftfl).

Although some research has been done under con
ditions applicable to drip irrigation the models are not 
very practical due to the strictly defined conditions 
under which they were developed. It therefore seems 
clear that the CDE alone will give an inappropriate rep
resentation of three dimensional solute transport in spa
tially variable soil systems.

OBJECTIVES
1. to extend the stochastic approach to three dimen
sional solute transport in the field.

2. to use such an approach and the theory of Clothier 
and Elrick (1985) to predict depths of penetration in a 
spatially variable system.

MATERIAL AND METHODS
The experiment was conducted at the Delhi Re

search Station during the summer of 1988. It was of a 
randomized block design with two 10 m blocks and 
was repeated under cropped and bareplot conditions. In 
each plot 16 emitters were randomly chosen for the col
lection of samples.

The main field experiment was conducted under a 
crop of tomato (Lycopersicon esculentumMill.). Plant 
spacing was 30 cm intra-row and 125 cm inter-row.

Irrigation was supplied via a trickle irrigation sys
tem. Laterals were of a single wall type with emitters 
spaced at 60 cm and a discharge of 4L hr'1.

Three soil solution samplers were installed at each 
selected emitter. One was installed directly under the 
emitter to a depth of 30 cm to capture solute flow out 
of the root zone. Another was installed at a distance of 
20 cm from the emitter and a depth of 20 cm. The third 
was installed at a distance of 20 cm from the emitter 
and a depth of 20 cm. Two of the three samplers were 
positioned to sample the flow line described by the 45 ° 
diagonal.

Tracer study
A Potassium chloride pulse was applied at the emit

ter and its movement followed over a period of time. 
Such measurements allow the estimation of the prob
ability distribution function of the pore water
velocity and travel time. This experiment was repeated 
under cropped (two growth stages) and bareplot condi
tions.

Spatial variability of soil hydraulic properties
The awareness of the inherent variability of soil 

hydraulic parameters has led to the use of statistical 
techniques in describing hydraulic properties. Deter
mination of these parameters from soil cores from both 
the A and B horizon will allow estimation of the prob
ability density functions for the various parameters. 
The results will also allow the characterization of the 
extent to which different parameters affect the ob
served breakthrough curves for chloride during three- 
dimensional transport.

RESULTS
Preliminary analysis has shown that it is possible to 

obtain breakthrough curves for the three dimensional 
transport of solute in the field. These curves tend to ex
hibit a log-normal distribution, which may be due to 
the probability distribution function of pore water 
velocities. These curves can also be used to give a pdf 
of solute travel times.

Average saturated hydraulic conductivity values 
differed between the cultivated and bareplots and for 
the A horizon but were not significantly different for 
the B horizon. The lower values in the bare plot sug
gests that both cultivation and the presence of plant 
roots may have some influence on field solute 
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transport. The similarity in values for the A and B 
horizon of the bareplot strengthens this hypothesis.
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SOIL MICROARTHROPODS UNDER BROMEGRASS AND LONG-TERM CON
TINUOUS NO-TILL AND CONVENTIONAL TILLAGE CORN

Plant residue decomposition and the cycling of 
nitrogen through the soil microbial biomass may be ac
celerated by soil microarthropods (Acarina and Colem- 
bola). Their role in the detrital food webs may be 
affected by tillage practices which cause changes in the 
distribution of soil organic matter and plant residues, in 
soil water and temperature regimes, and in the nature 
and stability of pore space habitat.

Soil microarthropod populations were compared be
tween no-till (NT) and conventional tillage (CT: fall 
moldboard plow, plus harrowing twice in the spring) 
treatments on a silt loam planted to continuous com at 
the Elora Research Station. These treatments had been 
maintained since 1969. Samples were taken also from 
an adjacent soil in com from 1969 to 1983, then seeded 
to bromegrass in 1984. Soil cores, 5 cm in diameter 
were taken every 2-3 weeks, from the top 5 cm of the 
soil during the 1987 growing season, and in 5 cm incre
ments to a depth of 15 cm in 1988. Microarthropods 
were extracted from intact soil cores using a high 
gradient extractor.

In 1987, the seasonal mean numbers of 
microarthropods per dm2 were all significantly dif
ferent (p < 0.05) with values of 179 ± 17,122 ± 12, 
and 59 ± 7 for bromegrass, NT and CT respectively. 
In 1988, microarthropods were more numerous under 
bromegrass than under com treatments at all depths 
(p < 0.05), whereas NT and CT com were not sig

nificantly different from each other. To a depth of 15 
cm, in 1988, seasonal mean numbers per dm2 were 
444 + 66,333 ±48, and 351 + 51 for bromegrass, NT 
and CT respectively.

Although means at any depth were not different 
among com treatments, there was a difference in over
all distribution with depth. NT had a greater concentra
tion of microarthropods in the top 0-5 cm than at lower 
depths, whereas CT had highest numbers at 0-5 and 10- 
15 cm. In the bromegrass soil, microarthropod num
bers decreased linearly with depth.

There was no pronounced seasonal effect in 1987. 
In 1988, microarthropod numbers were low in May 
and June, but increased dramatically at the end of June 
to reach a maximum in mid September. The strong 
seasonal effect in 1988 may in part be related to the 
drought experienced in May and June. The increase in 
numbers was coincidental with the first significant rain
fall in mid July. The dry conditions at the beginning of 
the 1988 growing season may also have reduced the 
numbers of Collembola. Collembola accounted for 14- 
33% of the total microarthropods in 1987, but dropped 
to 1-5% in 1988.

In general, the effect of tillage was to change the 
vertical distribution of microarthropods, not their abun
dance. Bromegrass hay for 3-4 years had more impact 
on increasing numbers than 19 years of NT in con
tinuous com.
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PROPERTIES OF A SILT LOAM AFTER 19 CONSECUTIVE YEARS OF NO-TILL, 
OR CONVENTIONAL TILLAGE CORN.

Carbon cycling and organic matter conservation is 
being studied in the long-term tillage plots planted to 
continuous com at the Elora Research Station. Tillage 
treatments practiced for the past 19 years nave con
sisted of no-till (NT) and conventional tillage (CT: fall 
moldboard plowing, plus harrowing twice in the 
spring). It was hypothesized that compared to CT, NT 
conserves soil organic matter because it minimizes the 
disruption of the soil aggregates thereby reducing the 
exposure of labile organic compounds to microbial 
oxidation.

Soil samples (0-20 cm) were taken at end of the 
growing season (mid November), using a 5 cm 
diameter core to allow measurements of bulk density. 
Soil bulk densities were not very different between NT 
and CT (Table 1.). NT resulted in a stratification of 
soil organic C, with the greatest concentrations occur
ring at the soil surface (Table 1.). Yearly soil mixing 
under CT, in contrast had distributed the organic C 

throughout the Ap horizon. When the total organic C 
in the top 20 cm of soil was considered, CT was found 
to contain more organic C than NT. An explanation 
for the lower organic matter levels under NT is the 
reduced interaction of microbial decay products and 
soil minerals, when com residues decay on the soil sur
face. Organo-mineral complexes are essential for 
stabilizing labile organic compounds in soil. Greater 
loss of com stover-C as respired CO2-C may have oc- 
cured from soil surface stover in NT, rather than buried 
com stover in CT, and offset for NT, the advantage of 
less tillage enhanced oxidation of organic matter. Al
though NT com has in the past been shown to retard 
the loss of organic matter from soils with initially high 
contents, NT per se may not be a means for restoring 
organic matter levels.

In NT, soil pH was lower in the surface soil com
pared with the soil at depth. Soil acidity may be due to 
years of broadcast applications of N-fertilizers.

Table 1, Properties of a Conostoga silt loam after 19 years of continuous no~lill (NT) and conventional tillage (CT) 
corn.

Treatments Depth 
(cm)

Bulk density

(Mg/m ± s.e.)

Soil Organic Carbon pH

(pH ± s.e.)
% dry wt.

(% C ± s.e.)
Total organic C 
(Kg/m3 ± s.e.)

NT com 0-5 1.18 ±0.02 2.51 ±0.07 1.33 ±0.03 6.79 ±0.10
5-10 1.19 ±0.02 2.24 ±0.06 1.33 ±0.05 6.89 ±0.09
10-15 1.26 ±0.02 a 1.59 ± 0.22 b** 1.00 ±0.14 7.04 ±0.05
15-20 1.21 ±0.02 1.80±0.19q 1.05 ± 0.09b 7.08 ± 0.04 b

C L* L L
0-20 4.71 ± 0.19 q

CT com 0-5 1.15 ±0.02 ap =
5-10 1.22 ±0.02 2.35 ±0.04 1.35 ±0.06 7.09 ±0.05
10-15 1.18 ± 0.02 b
15-20 1.23 ±0.02 2.35 ±0.07 1.42 ± 0.06a 7.27 ± 0.04 a

L n.s. n.s. L
0-20 5.54 ± 0.16 p

* Not significant (n.s.) (p < 0.05), or significant linear (L), or cubic (C) response of depth within treatment.
** Numbers within depths and among treatments followed by the same letter are not significantly different 

(p<0.05).
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COMPARISON OF TWO METHODS FOR QUANTITATIVE MEASUREMENTS OF 
12C AND 14C IN PLANT AND SOIL

In soil biology and biochemistry, 14C tracer techni
ques have found useful applications for studying the 
dynamics of organic carbon (C) decomposition, the na
ture of stabilized compounds, and the mechanics of 
soil aggregate formation. Precise measurements of 
both and 14C in plant and soil are essential for 
studying isotopic dilution in components of the soil sys
tem. Our objective was to evaluate the merits of two 
methods of C determination in use in our laboratory, 
wet and dry oxidation.

The dry oxidation method used a LECO induction 
furnace (#763-20, LECO, St Joseph, Michigan) con
nected to a thermal conductivity CO2-C determinator 
(LECO #wrl2). Effluent gas from the C determinator 
was passed through a gas washing bottle containing 50 
mL 0.5 M NaOH (Cheng and Farrow 1976) to capture 
14CO2. 14C was measured using liquid scintillation 
counting (Beckman LS250) by mixing 1 mL aliquot of 
the NaOH solution in a scintillation cocktail (Picofluor- 
40; Packard Inst., Downers Grove, Illinois).

The wet oxidation method used was as described 
by Amato (1983). Samples were digested in acid and 
CO2 evolved was trapped in 2M NaOH. 14C was deter
mined in an alliquot of the NaOH solution, and the 
remainder was titrated to determine absorbed CO2.

Methyl methacrylate 14C standards (E.I. du Pont de 
Nemours & Co., Billerica, MA) were oxidized to es
timate the efficiency of each method. The total ef
ficiency of 14C determination, including liquid 
scintillation counting, was 0.830 ± 0.007 and 0.836 ± 
0.017 for wet and dry oxidation respectively. Efficien
cy of total C measurement was found to be 0.916 ± 
0.004 for wet and 0.964 ± 0.004 for dry oxidation. 
These efficiency values were used to adjust upward 
values obtained on soil and plant samples prior to 
statistical analysis.

Both oxidation methods were compared on samples 
of 14C labelled com (Zea maysL.) tissue, whole soils 
that had been incubated (> 40 days) with 14C-glucose, 
and sand, silt, and clay size fractions of these soils. Ex
cept for sand samples, regression analysis for total or
ganic C and 14C showed a very close linear 
relationship (p < 0.0001, r = 0.99) between wet and dry 
oxidation. Regression line intercepts were not dif
ferent form 0, and slopes (wet/dry oxidation) of the 
lines forced through the origin were 1.00 ± 0.01 and 
1.05 ± 0.01 for total organic C and 14C respectively. 
Less total organic C and 14C was recovered from sand 
samples by dry oxidation than by wet oxidation. This 
may have been due to incomplete combustion of sand 
during dry oxidation. However, sand samples were 
low in C, and during dry oxidation, may have released 
insufficient CO2-C for efficient total C measurement 
and 14CO2 capture.

Both wet and dry oxidation methods were precise 
and accurate for both plant and soil. However, the wet 
combustion method may be more dependable for low 
C samples, and requires only 25% more analysis time.
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ESTIMATING IN-CANOPY DROPLET DRYING RATES FROM NEARBY WEATHER 
STATION DATA

A dynamic model based on the Penman-Monteith 
combination equation along with wind profile theory 
was developed to estimate in-canopy droplet drying 
rates from nearby weather station data. In this model, 
first the microclimate in the canopy was estimated 
from standard weather station observations by using ap
propriate profiles and assumptions, and subsequently 
the evaporation of drops with known volumes and 
sizes was calculated from heat and mass transfer 
theory for hemispheroids.

The model works successfully to provide a good 
upper bound for droplet wetness duration. For 38 of 
the 54 drops studied on deep-canopy com leaves at the 
Elora Research Station in summer, 1988, differences 
between modelled and measured wetness duration 
were within 14% of the actual wetness duration (Fig. 
1). Other drops dried more quickly than predicted be
cause they deviated from model droplet behaviour, 
which is designed to estimate maximum wetness dura
tion for use in disease management decisions. In par
ticular, 4 drops showed very atypical behaviour by 

spreading rapidly over the leaf and evaporating very 
quickly. The average difference between modelled 
and observed wetness duration for the remaining 50 
drops was about 8 minutes.

Fig./.

SOIL AND PLANT ANALYSES TRAINING COURSE

January 1988 the last of the C.I.D. A. sponsored soil 
and plant analyses training course was held at the Inter
national Institute for Tropical Agriculture (I.I.T. A.) 
IBADAN, Nigeria. After the course had concluded a 
survey was conducted by I.I.T. A. of all the former par
ticipants as to the effectiveness of a training course of 
this nature. At press time of this report the results were 
not available to me.

A proposal was made together with I.I.T.A. to con
duct an advanced training course in soil plant analyses. 
The advanced course would place more emphasis on 
research orientated methodology to assist and 
strengthen the national programs in West and East 
Africa. The need for such a course has been clearly 
demonstrated, but financial assistance from C.I.D.A. 
could not be obtained. The training course was 
labelled by I.I.T.A. one of the "core" courses. It is not 
known at this time if I.I.T.A. will offer the course in 
June this year.

The study guide used for this course "Soil and 
Plant Analyses" by Dirk A. Tel and Myrna Haggerty is 
available in the English and French language. The

Spanish edition is in its final stages of preparation at 
the Departmento de Edafologia y Quimica Agricola. 
Facultad de Biologia, Universidad de Santiago Spain. 
Forty copies of the English edition of the study guide 
were purchased to be used by the Canada-Egypt-Mc- 
Gill-Agricultural-Response-Program. C.E.M.A.R.P. 
Parts of the study guide were rewritten by Professor 
A.F. MacKenzie of Macdonald College of McGill 
University to suit the requirements of the Egyptian 
training course held from Feb. 28 to March 25,1989 in 
Cairo. I was invited by CEMARP to conduct the Auto 
Analyser module for a period of two weeks.

A soil analysis training program for CEMARP was 
given at the Soil and Water Research Institute 
(S.W.R.I.) Ministry of Agriculture and Land Reclama
tion of Egypt Coordinator of the program was Profes
sor A.F. MacKenzie of Macdonald College of McGill 
University.

The objectives of the program were to provide 
flexible training in both theoretical and practical 
aspects of soil sampling, instrumental analysis and fer
tility recommendations.
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The course was organised in five modules.
- Sampling and extraction
- Atomic Absorption Spectrophotometry
- TECHNICON Auto Analyser methodology and 

analysis
- Computer use for fertilizer recommendations.
- Computer programming for fertilizer and amend

ment recommendations
Twenty seven trainees enrolled, including staff 

from S.W.R.I. Cairo University, University of Tanta, 
and the Rice Research Institute of the Agricultural Re
search Centre. Instructors were from McGill Univer
sity, Agriculture Canada, University of Guelph and the 
Ministry of Agriculture and Land Reclamation of 
Egypt. The course was meeting the objectives and the 
training in laboratory practice was particularly valu
able. Future development of the program could in
clude presentation of the same type of course in 
Arabic, and expansion of the program to include sub
jects such as plant analysis, computer data manage
ment and computer-aided statistics and report 
preparation. (Professor A.F. MacKenzie report to 
CEMARP)

TECHNICON Auto Analyzer installation and 
training program at Sokolne University of 
Agriculture, Morogoro, Tanzania.

The Agrogeology project of Tanzania funded by 
I.D.R.C. purchased an Auto Analyser with several 
analytical cartridges to be installed at the Soil Science 
department of Sokoine University. An agreement was 
made with the BRAN Luebbe TECHNICON industrial 
systems to provide the installation. A training program 
was conducted at the site from January 26 to February 
9,1989. The methodology covered followed by 
laboratory practicals on their analytical cartridges were:

a) Ammonium in IN KC1 soil extract
b) Nitrate - Nitrite in IN KC1 soil extract
c) BRAY I available phosphorus
d) Olsen available phosphorus

A very good cooperation and support was received 
from Professor Salema, Head of Soil Science and 
Professor Semoka, coordinator of the Agro-Geology 
project in Tanzania. A very supportive faculty and 
staff were trained in the use and maintenance of a Auto 
Analyzer system.
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1988 SURVEY OF THE PLANT NUTRIENT STATUS OF ONTARIO GOLF GREENS

OBJECTIVES
1. To measure the extent of macro and micronutrient 
deficiencies and/or toxicities and to survey the fer
tilizer practices on Ontario golf greens.

2. To determine the fluctuation of nutrients levels in 
grass clippings from a sand green over an extended 
period of time.

RESEARCH PROCEDURES
Objective 1

One green from each of 30 golf courses from 
across Ontario was sampled. Approximately 500 
grams of clippings was collected for each sample. 
Sampling was done from June to August with samples 
taken from each green mid-way between fertilizer ap
plications. Soil sampling was done at the time of tis
sue sampling. A questionnaire regarding fertilizer and 
turf management practices of the green was also com
pleted. Clippings were analyzed for nitrogen, phos
phorus, potassium, calcium, magnesium, copper, zinc, 
manganese and boron. Soil was analyzed for phos
phorus, potassium, magnesium and pH.

Objective 2
Clippings were sampled from a sand green once 

every 3 days following a fertilizer application from 
early June-late July.

Sampling continued at 3 day intervals until the next 
fertilizer application. Soil sampling was done just 
prior to the period of intensive sampling,

RESULTS
Tissue Analysis

As in 1987 none of the samples tested sufficiently 
low in nitrogen to suggest deficiency. As in 1987 phos
phorus was quite high, significantly above require
ments in over 50% of the samples.

Potassium and magnesium concentrations were 
quite acceptable in all cases in 1988.

The results in 1988 (Table 1) were more uniform 
than expected, given the wide geographic range of the 
survey, differences in age and composition of the 
greens, bentgrass/poa composition, different sampling 
dates, and different fertility and management 
programs. The weathcr/stress conditions of 1988 did 
not have any apparent effect on the results.

Micronutrient concentrations were within accept
able ranges with the exception of one green with high 
copper and two greens with high boron. Concentra
tions on these three greens are approaching toxic levels.

Iron was not determined on these samples because 
some soil contamination was expected and even small 
amounts of soil dust can make plant analysis for iron 
quite meaningless.

Results from the intensive sampling of a sand green 
showed that nitrogen and potassium concentrations in 
the clippings gradually decreased after fertilization as 
one might expect. It appears that plant analysis could 
be useful in diagnosing a deficiency of nitrogen or 
potassium. Sampling for this purpose is recommended 
before rather than after fertilizer application (this will 
be the lowest nutrient level over a 2-3 week period).

For phosphorus, magnesium and the micronutrients 
(except manganese) the values appear to be sufficient
ly stable to be of value in assessing the nutrient status 
over a longer term. For this purpose samples should be 
taken no sooner than 2 weeks after major applications 
of fertilizer (.5 lb N/1000 sq ft).

Calcium content varied widely in the samples and 
is believed to have little significance from a nutritional 
standpoint.

Magnesium concentrations were adequate and as 
expected were lower when potassium concentrations 
were high. Potassium is known to reduce magnesium 
uptake quite markedly.

Manganese concentrations were quite high at a cer
tain times in July. This can sometimes be a good in
dicator of waterlogging.

Copper, zinc and boron concentrations were more 
than adequate throughout the sampling period. Imme
diately after July 23 fertilizer application levels were 
extremely high. The concentration of 40 ppm copper 
is probably approaching toxicity for turf. Copper once 
applied remains in soils for many decades so is not ad
visable to build soil concentrations higher than neces
sary. If levels are high, copper should not be reapplied 
until copper concentrations in the lawns decrease.

Soil Test
Soil analyses presented in Table 2 covered a wide 

range except for soil pH which was very uniform. As 
expected a number of the sand greens tested low in 
potassium. Potassium readily leaches out of sands. 
However, the clippings from these sand greens con
tained sufficient amounts of potassium indicating the 
replacement of potassium through an adequate fer
tilizer program.

Research will continue to 1989.
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Table 1. Nutrient Content of Clippings from 30 Ontario Golf Greens in 1988

Nutrient Average Range Normal Range*

Nitrogen (%) 4.36 2.95-6.40 2.50-6.0
Phosphorus (%) 0.56 0.36-0.93 0.15-0.55
Potassium (%) 2.70 1.54-3.75 0.90-4.0
Calcium (%) 1.55 0.65-5.45 0.20-4.50
Magnesium (%) 0.38 0.26-0.65 0.15-1.0
Manganese (ppm) 49.93 22-96 20-140
Copper (ppm) 16.93 6-63 5-30
Zinc (ppm) 54.73 37-103 10-100
Boron (ppm) 15.73 8-70 3-30

*OMAF Pub. 383 Production Recommendations for Ornamentals and Turf

Table 2. Soil Test Results From Ontario Golf Courses in 1988

Measurement

24 Greens

Average Range

Soil pH 
Phosphorus 
Potassium 
Magnaesium

7.5 7.0-8.1
44 15-91
121 65-233
244 74-368

A N SOIL TEST FOR CORN

Although a N soil test for the humid regions of the 
world has always been considered to be an elusive 
goal, it was thought such a possibility existed based on 
evidence found in the literature. It was surmised that a 
determination of the soil profile NO3' present in late 
May or early June might be used to predict the need for 
further N fertilization of com, by sidedressing. Deter
mination of soil profile NO3' at other times such as the 
fall were considered inappropriate because of possible 
losses due to leaching or denitrification. At present, 
the predicted N requirement for com is based on his
torical data of yield responses to N fertilization as well 
as whether a legume was previously grown or manure 
was applied.

Field studies were done on small plots or strip plots 
mostly on farmers’ fields to determine if the soil 
profile NO3' present in late May or early June was re
lated to the most economic rate (MER) of fertilizer N 
applied. This required a measurement of the grain 
yield response of com to increasing rates of N fertilizer 

at each experimental site. The results of 23 field sites 
obtained from 1986 to 1988 are shown in Fig. 1. Al
though there is considerable scattering of data points, a 
highly significant relationship was obtained. Inasmuch

Fig.l. 
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as these data were obtained from trials representing dif
ferent soils, climatic conditions and experimental ap
proaches, they provide optimism for the further 
development of a useful N soil test for com. The 
relationship should enable us to objectively predict the 
quantity of N fertilizer to apply as a sidedressing for 
com. Other limited field studies with potatoes and 
tomatoes have not shown as clear a relationship yet as 
that for com.

It is recognized that more research is required to ob
tain further support for this relationship. It is also ac

knowledged that the practical implementation of this 
soil test is difficult logistically. For example a relative
ly large number of samplings and analyses would be re
quired within a normally busy 2-3 week period so that 
additional N might be applied before com plants attain 
the 8-10 leaf stage. Research is needed to determine 
the feasibility and development of a rapid, accurate N 
soil test.

The contributions of John Heard (OMAF), Ed 
Tomescek (OMAF) and Sam Squires (OMAF) are ac
knowledged in these studies.

SOIL-PLANT-WATER RELATIONSHIPS IN ZEA MAYS: EVIDENCE FOR 
A DIRECT ROOT-SHOOT MECHANISM OF STOMATAL CONTROL

Whole-plant enclosure studies by Graham and 
Thurtell (1989) carried out in 1985 showed that reduc
tions of photosynthesis did occur under high transpira
tion regimes and that this effect was greater in 
soil-grown plants. They speculated that the effect was 
due either to stomatai closure or to a biochemical 
response to reduced water potential in the leaves. 
While the photosynthetic reductions due to high 
evaporative demand were relatively small, they specu
lated that these reductions were dependent on soil 
water potentials and that this effect might increase 
dramatically under dry soil conditions. The enclosure 
studies carried out in 1986 and 1987 (Berard 1988) 
were designed to investigate this hypothesis.

The work was carried out at the Elora Research Sta
tion on maize (cv. Pioneer 3949) grown either 
hydroponically or in a silt loam soil (Gleyed Melanic 
Brunisol) at various soil moisture contents ranging 
from field capacity to near permanent wilting percent
age. Each experiment consisted of at least four days of 
continuous daytime measurements of whole-plant 
photosynthesis and transpiration of two maize plants 
exposed to very different humidity conditions (average 
VPD of 1.07 to 2.22 kPa, for high and low humidity, 
respectively). A few important modifications to the 
enclosure system used by Graham et al (1989) resulted 
in a much improved performance of the system and 
provided a more reliable and complete data set.

There was a very significant effect of soil moisture 
on the photosynthetic efficiency (CO2 assimilated per 
unit of incident photosynthetic photon flux density) of 
maize, with the dry-soil maize exhibiting a 32% reduc
tion in photosynthetic efficiency relative to maize 
grown in soil at field capacity. However, there was no 
difference in photosynthetic efficiency between wet 
soil and hydroponic treatments, which was consistent 
with a lack of difference in total dry matter yield in 

field trials of hydroponic and well-watered soil plants 
at the same location (M. Miller, unpublished data).

In contrast to the large effect of soil moisture on ab
solute photosynthetic rates, the effect of increased 
evaporative demand was relatively small, with average 
reductions of 4-5% in the maize exposed to high 
evaporation rates at all soil moisture levels. There was 
no difference between wet or dry soil in this effect. 
These results suggest that the higher yields generally 
obtained in the hydroponic plants relative to irrigated 
soil-grown plants cannot be explained on the basis of 
photosynthetic reductions due to high evaporative 
demand. It would appear that the yield advantage of 
hydroponic plants has more to do with nutrient rather 
than water availability of the rooting medium.

The significant effect of soil moisture on photosyn
thetic rates coupled with the lack of effect due to in
creased transpiration is indicative of a more direct 
mechanism, independent of leaf water potential, link
ing moisture conditions at the soil-root interface with 
stomatai behaviour and photosynthesis. This may well 
constitute the most significant finding of this research. 
Such a direct root-shoot mechanism has recently been 
proposed by a number of workers (Gollan et al., 1985 
and 1986, Turner et al., 1985, Blackman and Davies, 
1985) but little evidence has been obtained from field 
measurements. Davies et al. (1986) propose that under 
moisture stressed conditions, the reduced synthesis and 
transport of cytokinins in the root tips, which are 
known to reverse the stomatal-closing effect of ABA, 
will result in stomatai closure independent of the 
hydraulic status of the shoot.

This finding was completely unexpected and repre
sents a completely new concept in the relationship be
tween plant water status and stomatai behaviour. It 
puts into question many of the current crop production 
models which tend to emphasize evaporative condi
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tions rather than soil moisture conditions in their yield 
prediction routines. In view of the current problems of 
sporadic drought occurences and the projected increase 
of these events due to climatic change, there is no 
doubt that such a finding can have enormous benefits 
to Canadian agriculture by directing the approach of 
plant breeders in the development of drought resistant 
crop species.
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ALTERNATE CROP MANAGEMENT PRACTICES AND NITRATE CONTAMINATION 
OF GROUNDWATER WITH SANDY SOILS USED FOR TOBACCO PRODUCTION

As part of Agriculture Canada’s Tobacco Diver
sification Plan/Altemative Enterprise Initiative this 
project examines the impact of alternate cropping prac
tices on nitrate movement to the groundwater.

The low nitrogen requirements of tobacco limit 
potential nitrate contamination of ground water on 
sandy soils (Fox loamy sand) occurring in south 
central Ontario. The introduction of alternate crops 
having greater nitrogen requirements increases the 
potential for nitrate movement from the rooting zone. 
This project examines the impact of tillage and residue 

management practices as well as irrigation on nitrate 
loss from the rooting zone of soils planted to com. 
Detailed measurement of soil water content and com
position will be conducted with depth over the season. 
In addition, seasonal fluctuations in profile sources and 
sinks of nitrate will be measured.

The project will be conducted at the Agriculture 
Canada Research Station at Delhi, Ontario for a period 
of 4 years. Activities in the first year of the project in
cluded the establishment of tillage treatments, plot in
strumentation and collection of baseline data.

ROOT DENSITY AND WATER CONTENT EFFECTS ON THE 
STRUCTURAL STABILITY OF A CLAY SOIL

In a preliminary pot experiment, bromegrass was 
observed to cause a decrease in water aggregate 
stability (WAS) and an increase in dispersible clay 
(DC), which is in disagreement with results obtained 
from experiments in which grasses were grown in pots 
(Angers and Mehuys, 1988; Reid and Goss, 1981). 
Compared with the experiments carried out by the men
tioned authors, the differences in experimental condi
tions were small. The difference in results might be 
attributed either to a wetter soil or to a higher plant den
sity.

Under wetter conditions, destabilization of ag
gregates in the presence of growing plants is suggested 
to occur through one or more of the following 
mechanisms (Oades, 1984)

- changes in the pH in the rhizosphere;

- lowering of the redox potential, which favors the 
dissolution of ferric ions to ferrous ions, and sub
sequently increases the dispersion of iron oxydes, 
hydroxydes or oxyhydroxydes, or breaks clay-iron-or
ganic matter links;

- production of exudates (mainly organic acids) 
chelating iron, calcium, aluminium or magnesium in
volved in clay-metal-organic matter complexes. Reid 
(1974) showed for Ponderosa Pine, that a high mois
ture potential favors the production of more organic 
acids and less sugars. A shift occured at -190 kPa. At 
lower moisture potentials, exudation was greater and 
largely dominated by sugars. Moreover, reducing con
ditions favor accumulation of intermediate products of 
decomposition like organic acids (Lawongsa et al., 
1987), susceptible to increase clay dispersion (Oades,
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1984).
Higher plant density is a second factor capable of 

affecting aggregation. Munroe and Kladivko (1987) 
report a decrease in water stable aggregation with in
creasing plant density for com, soybean and wheat in 
pot experiments.

An experiment was conducted to test whether the 
observed breakdown of aggregates was the result of 
the high moisture content or the high plant density. 
Three different densities (0 (control), 10 plants/pot, 60 
plants/pot) were established and two gravimetric mois
ture contents were maintained (23 and 32%) for each 
density.

The experiment was conducted in a growth cabinet 
at 70% RH with 23 °C for 16 hours of light and 15°C 
(8 hours of darkness) for 27 days after seeding. The 
soil texture was the Brookston clay loam.

Results
The significant decrease in water aggregate 

stability, as observed earlier, was confirmed for both 
Pojazok and Kay’s (1988) and Yoder’s (1936) method. 
A large effect of the moisture content on water ag
gregate stability (WAS) and dispersible clay (DC) 
was observed (table 1). In addition, high plant den
sities (60 plants per pot) significantly decreased 
stability compared to the control. The plant density ef
fect was much less important than the moisture content 
effect. Analysis for individual aggregate sizes (fig. 1) 
showed that the larger fractions (mainly 2-4,1-2 and 
0.5-1 mm) were breaking down, resulting in an in
creased percentage in the smaller fraction (< 250 um). 
The low plant density treatment (10 plants/pot) failed 
to produce any significant decrease in stability. Thus, 
differences in results with respect to Angers and 
Mehuys (1988) and Reid and Goss (1981) maybe

Fig,l. Effect of moisture content and plant density on 
the wet aggregate size distribution of the Brookston 
clay loam.

explained in terms of the plant density they used (1 
plant per pot in both cases).

Both plant density and moisture content significant
ly affected the redox potential and the pH, but these 
parameters failed to correlate with the structural 
parameters.

Cold water extracts were used to identify any chan
ges in plant and microbial exudation as a result of the 
change in moisture potential. The extract reflects the 
presence of the plant well. Water soluble sugars were 
found in a greater amount under dry conditions as sug
gested by Reid (1974). Neither plant nor microbes, 
however, produced any detectable amount of acetic, 
butyric and propionic acids, as measured by gas 
chromatography (detection limit 5 microgram/gram of 
dry soil). It is probable that the soil was not sufficiently 
anaerobic (a minimum Eh of 400 mV was reached in 
the wettest conditions) to favor their production or ac
cumulation, The influence of such constituents on ag
gregate breakdown at undetectable levels remains 
questionable.

In terms of plant growth, the higher moisture 
regime resulted in lower shoot and root weight and 
lower root length. Even though the soil could not be 
considered waterlogged, plant growth was lower than 
under drier conditions. Root length measurements 
were made and the results were used in a stepwise 
regression with other variables in the data set. Only 
moisture content contributed significantly as a predic
tor in the various aggregate size groupings (except for 
one aggregate size). For the prediction of WAS and 
DC for the whole soil, moisture content was the 
strongest predictor, followed by root length. Together, 
they explained 90 % and 91 % (respectively) of the 
variation (table 2).

Our data show that breakdown of the large frac
tions is occuring. This breakdown will result in an in
crease in DC by increasing the surface area subject to 
abrasive stress. The data suggest that root length con
tributes to dispersion to a lesser extent than moisture 
content. Indeed, once the water content effect is 
removed by calculating the difference in aggregation 
between the observed values at different plant densities 
and its respective control at the same moisture content 
(CWAS and CDC), significant linear relationships be
tween CW AS and CDC vs. root length are obtained 
(fig. 2 and 3). It seems that under a drier regime, the 
increase in CDC per unit root length is smaller, even 
after the moisture content effect has been removed. 
This suggests a larger higher dispersive capability of 
roots under wetter soil conditions. Slopes are sig
nificantly different at p = 0.92, while the intercepts are 
statistically the same.

The dispersive capability of grass roots remains 
hypothetical. This capability was suggested by Bui
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Fig.2. Relationship between rootlength and water 
aggregate stability at two moisture contents.

Fig.3, Relationship between rootlength and dispersible 
clay at two different moisture contents.

Huu Tri (1968), but no clear evidence have been 
reported so far. Radicles might be capable of causing 
breakdown. The pea radicle has been observed to in
duce fissuration during penetration of the clay, but it 
was unclear whether this was a direct effect of root 
pressure or whether it was the result of shrinkage fol
lowing water uptake (Cockroft et al., 1969). We are 
facing the same uncertainty.

Treatments with higher plant densities had to be 
watered more frequently and experienced a greater 
amplitude in wetting and drying during the growth 
period. After drying, rapid wetting may induce 
cracks, and cause the observed breakdown if a critical 
point in drying is reached (Grant and Dexter, 1986). 
Further work is needed to test whether the loss in 
stability is attributable to the plant effect or to the 
greater drying associated with the different plant den
sities.
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Table 1. Effect of moisture content and plant density on IVAS and DC.

Moisture content
% (g/g)

Plant density 
plant/pot

Dispersible 
clay (DC) 

% (g/g of total clay)

Water aggregate 
stability 

(WAS) %

23 0 13.5 d 35.5 a
23 (dry) 10 14.9 cd 32.4 a
23 60 17.4 be 28.1b

32 0 17.4 be 20.8 c
32 (wet) 10 18.7 b 21.6 c
32 60 21.7 a 18.3 c

Table 2. Stepwise regressive model for structural parameters.

Dependent variable 
stability of aggregate 
of

Independent variables R2*

2-4 mm +0.00091 Eh -0.3092 .66

1-2 mm -0.00486 G +0.249 .77

0.5-1 mm -0.00549 G +0.276 .83

0.25-0.5 mm -0.00457 0 +0.246 .86

<0.25 mm +0.0222 0-0.0780 .87

WAS -1.67G-2.989 RL +75.04 .90

DC 0.802 0 + 2.074 RL - 6.49 .91

♦Regression models significant at p=0.01 
Eh = redox potential
0 = gravimetric moisture content
RL = root length
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TANZANIA-CANADA AGROGEOLOGY PROJECT

The First Phase
The first phase of the IDRC supported agrogeology 

project ended March 31,1988. The main results of 
this interdisciplinary project involving soil scientists 
and geoscientists from Tanzania and Canada include:

1. The agronomists specified the soil fertility problems 
and identified soils that are susceptible to ameliora
tion. The chemical problems identified are: high 
acidity, Al-toxicity, low phosphorus status and 
micronutrient deficiencies (Cu and Zn). The physi
cal problems in the Mbeya region are erosion and 
moisture stress.

2. The geologists discovered and delineated new 
agromineral resources, including - 3 phosphate 
deposits with a total tonnage exceeding 1.5 million 
tonnes, - 2 high grade zeolite deposits totalling ap
proximately 0.7 million tonnes.
The geoscientists characterized the newly 
discovered agromineral resources chemically and 
mineralogically. Additionally, the geoscientists car
ried out detailed studies on the weathering systems 
of volcanic and basement rocks.

3. The agronomists tested the newly discovered 
agrominerals in pot and field trials and concluded 
that some of the materials warrant further testing. 
The phosphatic materials from Panda Hill, Njelenje 
and Ngualla showed particularly promising results. 
The phosphates, zeolites, liming materials and the 
Cu-bearing sediments warrant further testing.
A comprehensive report on the results of the first 

phase has been prepared.

The Second Phase
The Board of Directors of the International 

Development Research Centre (IDRC) decided to con
tinue financing this project for a second phase from 
April 1,1988 to March 31,1991. The Tanzanian 
project activities are furthermore supported by the Min
istry of Minerals and Energy (MADINI), the Sokoine 
University of Agriculture and the Uyole Agricultural 
Centre.

The activities of the second phase will include: 
a) to evaluate, in detail, the agrogeological resources 

on their mineable tonnage and grades;
b) to develop simple physical beneficiation procedures 

for the Panda Hill phosphate deposit and to produce 
sufficient material for agronomic evaluation;

c) to continue to search for new fertilizer raw materials 
and their characterization;

d) to monitor possible harmful trace element buildup in 

the soils as a result of the application of the geologi
cal materials;

e) to develop new agromineral exploration models for 
general use in Eastern and Southern Africa and 
other areas with similar geological settings;

f) to provide the geotechnical expertise necessary for 
the water conservation experiments using rock 
mulch;

g) to continue the agronomic evaluation of the geologi
cal fertilizer raw materials by glasshouse and field 
trials. The assessment of residual effects in field ex
periments already in progress are particularly impor
tant;

h) to continue assessing the soil fertility problems of 
oxisols and ultisols of the Mbeya and Morogoro 
regions particularly P deficiency, Cu deficiency, soil 
acidity and related problems of metal toxicity and P 
fixation;

i) to investigate rock mulching as a means of soil water 
conservation particularly with perennial crops;

j) to survey existing fanning practices regarding soil 
and fertilizer management;

k) to assess the economic feasibility of using the 
agronomically effective geological materials iden
tified in the project.

Results from field work 1988
The field work during 1988 included geological sur

veying and agronomic testing, mainly in the Mbeya 
region.

The geologists from Tanzania and Canada carried 
out detailed exploration work on Panda Hill, conducted 
detailed topographical surveys of this phosphate 
deposit, channel sampled 23 pits dug to 7.50 m depth 
and prepared for a drilling survey. The detailed survey 
of the Kunja Zone resulted in the outlining of phos
phate rich residual soils. The geologists also surveyed 
and tested two carbonate deposits (Nachendezwaya 
and Ngana) on their agronomic potential as liming raw 
materials. Liming materials from these two large 
deposits are being tested in field experiments during 
the 1988/89 cropping season. A reconnaissance survey 
was conducted in the Ludewa District at Lake Nyasa. 
The geologists discovered new limestone deposits and 
a phosphate bearing rock suite near Lupingu.

Additionally, rock mulching experiments were set 
up using various geological materials on vegetable and 
coffee trial fields, and on trees.

The agronomic group continued testing the geologi
cal raw materials in field experiments in the Morogoro 
and Mbeya regions. The field experiments at 
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and Mbeya regions. The field experiments at 
Morogoro were not successful due to drought condi
tions in 1988. The field experiments carried out in the 
Mbeya region by Mr. J. Kamasho and his team were 
more successful. The yield increase of com on oxisols 
and ultisols using the newly discovered Panda phos
phates and Njelenje phosphates was comparable to im
ported triple superphosphate (Table 1). Furthermore 
the residual effects of these phosphates on acid, phos
phate deficient soils was measured and compared to 
the residual effect of TSP. Results of these field trials 
are summarized in Table 1.

Current activities
The Panda, Njelenje and Ngualla phosphates are 

currently being studied in detail to determine the 
chemical and mineralogical characteristics of the ‘ore*.  
These investigations involve detailed studies by XRD 
ICP, microprobe, IR and microscope.

The studies on the weathering systems on various 
rock types in SW-Tanzania continue. A special topic 
in these studies is the weathering of carbonatite rocks. 
E.P. Mchihiyo from the Tanzanian Ministry of 
Minerals and Energy is currently working on an M.Sc. 

program at LRS and is investigating the chemistry and 
mineralogy of this system with emphasis on phosphate 
phases.

The low solubility of the Ca-phosphate (apatite) 
phase has been a drawback to the use of rock phos
phate in direct application. Conventional industrial 
processing techniques require acidulation or heat treat
ments, both of which are economically not feasible in 
the Tanzanian context. Increased phosphorus 
availability from rock phosphates has been achieved 
by Lai & Eberl (1986) and Chesworth et al. (1987) 
through cation-exchange reactions. The apatite-zeolite 
system and possible ways of optimising the rate of 
phosphorus release are being studied experimentally 
by V. Marcille for her M.Sc. thesis.

Another possibility to increase the breakdown of 
apatites is the use of microbial methods. A study on 
the dissolution of apatite by nitrogen fixing and non
fixing cyanobacteria is the subject of the M.Sc. thesis 
of D. Milne.

The above studies are part of the joint effort to in
crease the breakdown of phosphates and subsequently 
increase the availability of phosphorus for uptake by 
food crops.

Table 1. Effects of rock phosphates on corn yield in SW-Tanzania (Results from J A.M. Kamasho, Uyole 
Agricultural Centre).

Treatments

(kg/ha)

Experimental Sites

Uyole Mbeya Majengo

Control 2014.3 2545.8 1558.0
40 kg/ha PPR 2626.5 3635.5 1895.6
80 kg/ha PPR 3255.5 3791.2 1726.3
120 kg/ha PPR 2850.8 3795.0 1734.5

40 kg/ha TSP 2894.9 4047.6 1953.6
80 kg/ha TSP 2676.9 3800.4 2042.1
120 kg/ha TSP 2823.8 3636.4 2858.4
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b) The residual effect of 1986/87-applied phosphate rocks and TSP on com yields of 1987/88 season.

Treatments (86/87) Experimental sites

Uyole Mbimba Mitalula

Control 3039.9 2023.3 1519.2
50 kg P NPR 5780.9 2955.9 3133.7
150 kg P NPR - 3393.8 2485.4
50 kg P PPR 7112.8 3055.8 3162.2
150 kg P PPR - 3596.2 3106.2
50 kg TSP 6809.8 3039.3 2466.1

PPR = Panda phosphate rock 
TSP = Triple super phosphate 
NPR = Njelenje phosphate rock

EVALUATION OF SELECTED INDUSTRIAL WASTE PRODUCTS 
AS SOIL AMENDMENTS

The industrial waste products, sugar lime (S) and 
latex (L) were evaluated for their effectiveness as soil 
physical amendments, in modifying runoff (RO), soil 
erosion (SE), and wet aggregate stability (WAS).

The experiment was carried out on a Guelph loam 
soil. The experimental design was a randomized com
plete block with 4 replications for each waste product 
and two for the control. Each plot measured 22.13 x 
4.57 m. The application rates of the waste products 
were, 4 kg/m2 and 2 L/m2, respectively, for S and L, 
The surface applied waste products were incorporated, 
by rototilling, into the plow zone of the plots, before 
the plots were row seeded to com

RESULTS AND DISCUSSION
Large variations in the data of RO, SE, and WAS, 

both the event and the growing season total, were ob
served among the replicates of each treatment (Table 
1). From the means of RO, SE, and WAS presented in 
Table 2, it is evident, that the waste products were not 
effective in modifying either one of the forementioned 
parameters investigated.

Because the treatments were not effective in 
modifying RO and/or SE, we decided to investigate the 
influence of other factors, slope (SP), rainfall (PP), 
square of rainfall (PP2), on RO and SE. Using a step- 
wise variable selection procedure RO was explored as 
a function of SP, PP, and PP2. The same procedure 
was used to explore SE as a function of RO, SP, PP 

and PP2. The results of the analysis are presented in 
Table 3. The results showed that 75 and 67% of the 
variabilities in RO and SE, respectively, in 1987 and 
50 and 78%, respectively, in 1988 were explained by 
the factors investigated. Thus it appeared that substan
tial portion of the variabilities in RO and SE were not 
accounted by the factors investigated. We suggest that 
a portion of the unexplained variability, each in RO 
and SE, was due to the waste products. However, we 
are not in a position to quantify this from the ex
perimental results.

Even though the anticipated modifications in physi
cal quality were disappointing, the grain yield results 
seem to indicate that there were no deleterious effects 
of the waste products on com growth and develop
ment. This suggests that the evaluated waste products 
could be disposed on farms to be grown to com, 
provided the composition of the products are assured. 
This may require further testing. High calcium content 
in sugar lime suggests that it could be used as a soil 
amelioration agent on sodic soils. Even though the 
concentration of heavy metals, Pb, Cr and Cd, present 
in sugar lime is small, due consideration should be 
given from an environmental point of view. For ex
ample, the Pb content is sugar lime is 1.8 mg/kg of the 
product. With a 40 tonne/ha/year application rate, it 
will lake about 1000 years of application for the Pb 
present in sugar lime to reach the upper permissible 
limit.
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In view of the bulk volume of sugar lime and the 
amount of landfill site volume it requires, our recom
mendation from this project is that sugar lime, after 

testing for constant composition, should be considered 
and allowed to be incorporated in general agricultural 
soil.

Table 1. Effects of sugar lime (S) and latex (L) on runoff, soil loss, wet aggregate stability (WAS) and grain yield of 
corn.

Plot# Treatment Runoff

(mm)

Soil Loss

(kg/ha)

WAS
Jun. Aug. Nov.

Yield

(kg/ha)(. .... %.....

1 L 19.49
1987 Growing Season
734.3 50.6 52.1 41.8 6474

2 S 15.94 578.2 46.5 49.5 31.1 6473
3 c 13.21 728.5 36.1 51.0 41.9 6652
4 L 15.51 807.2 19.2 36.9 31.5 6232
5 S 14.98 1064.5 27.2 31.3 27.8 6115
6 L 13.61 854.9 37.3 42.7 31.5 6455
7 S 20.14 1154.9 43.2 49.8 36.4 6104
8 L 20.23 1858.2 32.2 42.3 31.6 6558
9 C 20.47 1739.8 38.1 39.7 6507 6507
10 S 16.71 1776.4 44.1 41.4 34.9 6625

1 L 21.83
1988 Growing Season
260.8 44.8 30.8 4766

2 S 22.64 437.9 24.8 - 18.1 5819
3 C 20.38 422.5 26.8 - 17.6 5522
4 L 28.82 840.4 24.4 - 20.0 4488
5 S 19.62 456.9 22.0 - 13.9 3916
6 L 21.46 1220.4 27.7 - 27.8 5388
7 S 30.52 1702.5 26.7 - 21.6 4808
8 L 23.57 1359.9 24.1 - 23.9 4960
9 C 30.08 1019.7 22.2 - 15.4 4374
10 s 64.11 4092.1 22.6 - 22.2 5321

Table 2. Effect, averages of the treatments, of sugar lime (S) and latex (L) on runoff soil loss, WAS, and corn grain 
yield.

Treatment Runoff

(mm)

Soil Loss

(kg/ha)

WAS
Jun. Aug. Nov.

Yield

(kg/ha)(......%.......)

S 16.94
1987 Growing Season
1143.5 40.3 43.0 32.6 6330

L 17.21 1063.7 34.8 43.5 34.1 6430
C 16.84 1234.21 37.8 45.4 38.0 6580

S 43.22
1988 Growing Season
1672,4 24.0 19.0 5091

L 23.92 920.4 30.3 - 25.6 4901
C 25.23 721.1 24.5 - 16.5 5198
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Table 3. Regression parameters of runoff (RO) and soil erosion (SE).

Variables

RO = f(SP, PP, PP2)

Coefficient

SE = f(RO, SP, PP, PP2)

Coefficient

1987

PP (mm) 0.02228 -3.858
PP2 (mm2) -0.00006 0.00935
SP (%) 0.1203 12.251
RO (mm) - 97.092
R2 0.75 0.67

1988

RP (mm) 0.145 8.708
PP2 (mm2) 0.00107 -0.249
SP (%) -0.119 -7.537
RO (mm) - 68.617
R2 0.50 0.78

R2 = coefficient of determination of the best fit.

APPLICATION OF SUGAR LIME AND LATEX TO SEVERELY ERODED 
SOIL AND ITS EFFECT ON CORN YIELD

Sugar lime and latex, two industrial waste products, 
were applied to severely eroded soils and its effect on 
com grain yield was investigated. The experiment was 
carried out on a Guelph loam soil. The experimental 
area was divided into 20 plots, each measuring 4.57 x 
4.57 m. Approximately 4,6,6.6, and 5.8 cm of the top 
soil was artificially removed from each plot, respective
ly, in each year, beginning in 1984. These depths of 
removal are equivalent to soil erosion of 690,990 and 
870 tonne/ha/year. During the 1987 and 1988 growing 
seasons, two industrial waste products, sugar lime and 
latex, were applied to each plot The rates of applica
tion of sugar lime and latex were 4.0 kg/m2 and 2.0 
L/m2, respectively. The plots were seeded to com after 
being treated with the waste products.

RESULTS AND DISCUSSION
The stand count and number of cobs, and grain 

yield, for the both growing seasons, are presented in 
Table 1. Number of cobs harvested and grain yield ap
peared to be reflected by the stand count. Average 
grain yield in 1987 was about 86% of the intact plots. 
There was 52 kg/ha of grain yield reduction for each of 

the 17 cm of soil removed. The grain yield in 1988 
was 57% of the intact plots. The yield reduction due to 
soil removal, for each of the 17 cm of soil removed, 
was 132 kg/ha.

The relative yield in 1987,86% of intact plot, was 
an improvement over that in 1986,68%. Rainfall 
during the 1986 and 1987 growing seasons were suffi
cient for crop production. However, during the 1988 
growing season prolonged dry spells occurred during 
the months of May and June which affected stand es
tablishment. It appeared the influence of soil erosion 
on com production was greater in a dry year, 1988, 
than in a wet year, 1987. The influence was reflected 
early in the growing season, ie. at stand establishment. 
It appeared that with the top 17 cm of soil removed, 
the physical quality of the top soil left was not conduc
tive for stand establishment in a dry year. In this 
regard the industrial waste products applied over two 
years appeared to be insufficiently effective in restor
ing the water holding capacity of the eroded soil.

Com grain yield was explored as a function of 
depth to Ck horizon through the linear best fit proce
dure and the following models were obtained:
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y = 5.32 + 0.012 Ck (R2 = 0.05) [1]
y = 3.31 - 0.010 Ck (R2 = 0.02) [2]

where y and Ck are grain yield (t/ha) and depth to

Ck horizon (cm). Equations 1 and 2 were obtained for 
1987 and 1988, respectively. The R2 values indicated 
that the variability in grain yield was very poorly ex
plained by depth to Ck horizon.

Table 1. The effect of soil removal on stand establishment and corn grain yield.

Plot# Stand 
count

(-------

Number 
of cobs

#/ha------- )

Grain 
yield 
(t/ha)

Stand 
count 

(---#/ha-

Number 
of cobs

---)

Grain 
yield 
(t/ha)

— -------  1987-------- “’ ~----------- - -1988--------—

1 25400 25400 6.06 16800 13400 2.80
2 24900 24400 6.05 13400 9100 1.49
3 3500 23000 5,42 13400 12000 2.70
4 24400 23000 6.10 12500 12000 2.13
5 24000 24000 5.46 13000 10050 1.87
6 20600 19200 5.56 12500 11000 2.83
7 22500 22000 5.53 16000 14400 3.62
8 25400 25400 5.79 16000 11500 2.87
9 25400 24000 5.59 15300 13000 3.02
10 23500 22500 6.07 14400 14000 3.43
11 24900 23000 4.61 17800 13000 2.76
12 22500 21550 4.86 17200 14800 3.19
13 26300 25900 6.32 16000 14800 3.54
14 25400 24900 5.14 13400 9100 2.38
15 23450 23450 5.58 18700 15300 3.60
16 25400 24900 6.06 15300 12000 2.66
17 24400 24000 6.53 16800 16300 4.22
18 25400 25400 5.87 16000 11500 2.73
19 25900 25900 5.20 17800 17200 4.14
20 23900 23900 6.01 16300 16000 3.73

Mean 25400 24900 5.69 15300 13000 2.99
Intact
plot - - 6.58 - - 5.20

THE ROLE OF THE EXTERNAL MYCELIAL NETWORK IN THE EFFECT OF SOIL 
DISTURBANCE UPON VESICULAR-ARBUSCULAR MYCORRHIZAL 
COLONIZATION OF YOUNG MAIZE (ZEA MAYS L.) PLANTS.

Introduction
Disturbance of arable, zero-tilled soils has been 

shown to reduce the absorption of P by maize (Zea 
mays L.) seedlings. Subsequent experiments have 
linked these reductions to an inhibited vesicular-arbus- 
cular mycorrhizal development. The question ad
dressed by the present study relates to the mechanism 
by which this occurs. Four hypotheses were formed.

The first states that the integrity of a mycelial net

work is destroyed upon break-up of the soil macrostruc
ture and that the overall infectivity of the resulting 
hyphal fragments is lower than that of the intact struc
ture.

A second hypothesis states that, in the undisturbed 
soil, roots follow pre-formed channels within which 
the infected root system of the previous crop lies. It is 
suggested that the greater frequency of contact be
tween new and old roots in the undisturbed soil leads 
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to a greater mycorrhizal development.
The third states that disturbance inhibits the ability 

of the root system of the previous crop to supply 
nutrients and energy to infecting hyphae. Interruption 
of connections between the old root system and exter
nal infectious hyphae, occurring upon disturbance of 
the mycelial network and fragmentation of the root sys
tem, could conceivably reduce the accessibility of root- 
bom assimilates.

A fourth hypothesis holds that leakage of assimi
lates from roots growing in the undisturbed soil is 
greater than that occurring in the disturbed soil and that 
this leads to the differences in mycorrhizal coloniza
tion. The higher bulk densities encountered in the un
disturbed treatment could lead to an enhanced root 
exudation and subsequently, mycorrhizal colonization.

This study was designed to assess which of the 
above hypotheses is/are most likely.

Materials and Methods
Twenty-cm diameter plastic cores, each divided 

into three sections by two pieces of a 43-pm nylon 
mesh screen, were packed with a Conestogo silt loam. 
Mycorrhizal hyphae, but not roots were capable of 
penetrating the screen. Maize seedlings were cul
tivated in each of the outer compartments of each core 
over a series of growth cycles, leaving the central sec
tions root-free. Each cycle was of 21 d duration. 
Three disturbance treatments were then imposed. The 
first (Treatment D) involved carefully disturbing and 
repacking the soil in the central root-free section only. 
The second treatment (Treatment UW) involved pass
ing a narrow steel wire through the two screen-soil 
planes to the bottom of the core. A third treatment con
sisted of an undisturbed core (Treatment U). Plants 
were then cultivated in the central, root-free zones 
only. Shoot-dry weights and P and Zn concentrations 
were determined, as were lengths and mycorrhizal 
colonization of roots, 21 d after planting.

Using this design, the effects of disturbance of a 
hyphal network on mycorrhizal colonization could be 
assessed. For a control, maize was grown in unsec
tioned cores over a series of 21 d cycles, half of which 
were disturbed and repacked at the end of each cycle. 
At the end of the final cycle, shoot dry weights, P and 
Zn concentrations and mycorrhizal colonization of 
roots washed from the cores were assessed.

The control provided a disturbance effect derived 
from disruption of both the root system and the 
mycelial network with which effects obtained in the 
compartmentalized cores could be compared. A deter
mination of the importance of the mycelial network 
upon subsequent mycorrhizal development could then 
be made.

Results
For the control cores, shoot-P and Zn concentra

tions, dry weights and mycorrhizal colonization were 
significantly reduced by disturbance of the soil. Means 
are reported in Tables 1 and 2.

For the compartmentalized cores, disturbance of 
the soil within the central core sections (treatment D), 
from which root growth had been restricted during the 
pretreatment cycles, significantly reduced shoot-dry 
weights and P and Zn concentrations (Table 2).

Shoot-P and Zn contents expressed on a per unit 
root length basis and fractional mycorrhizal coloniza
tion were also significantly reduced by disturbance of 
the soil within the central compartments (Table 3).

Passage of a narrow-gauge steel wire over the 
nylon screen surfaces at the beginning of the final 
cycle (treatment UW) had no significant effect on any 
of the variables measured (Tables 2 and 3).

Discussion
Substantial and significant reductions in mycor

rhizal development and in P and Zn absorption oc
curred upon disturbance of the soil in the central 
compartments of the sectioned cores. These effects 
cannot be attributed to the destruction of inoculum-rich 
root channels, as suggested earlier, since such channels 
did not exist within the central compartments prior to 
the final growth cycle. Neither are the effects likely to 
be a consequence of disturbance-induced differences in 
root exudation, leading to effects upon mycorrhizal 
colonization. Bulk densities in the disturbed and undis
turbed treatments were equal throughout the experi
ment. Mechanical resistance to root growth in the two 
treatments in the final cycle was then similar and treat
ment effects were thus probably obtained in the ab
sence of a differential stimulation of root exudation.

It is likely that the effects were caused by the 
destruction of a pre-existing mycelial network which 
had penetrated into the central zone from the plants 
grown in the outer compartments. The reductions in 
mycorrhizal development, occurring upon disturbance, 
accounted for nearly 80% of the reductions found in 
the control cores, in which the root system and the 
mycorrhizal network were both disrupted. Destruction 
of the mycelial network thus appears to be an impor
tant component in the disturbance phenomena ob
served in this study.

Unique effects of the removal of hyphal bridges be
tween compartments are obtained from a comparison 
of the U and UW treatments. In the UW treatment, 
hyphal connections between the core sections were 
removed, while the integrity of the mycelial network 
present in the central compartment was maintained. 
The treatment had no influence upon colonization of 
plants subsequently grown in the root-free zones, sug
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gesting the infectivity of the network to be independent 
of the root systems from which it had originated.

It appears that the mycelial network present in the 
undisturbed soil is an important component of the in
oculum potential of the soil and that it is its destruction 
per se that is largely responsible for the effect of soil 
disturbance upon mycorrhizal colonization in our sys
tem.

The hyphal network, which is believed to persist 
from season to season could be a very important factor 
in the early P nutrition of annual species. First, it has 
been shown to be an effective instigator of mycorrhizal 
colonizations. A second, and perhaps more important 
aspect, relates to the functional significance of these 
colonizations. It is reasonable to assume that hyphae 
which are associated with a mycelial network and 
which are capable of infecting a root are also capable 
of translocating soil P. Thus, upon colonization, the 

seedling may be immediately linked to an extensive 
system of hyphal pipelines ramifying into the surround
ing soil. Colonization from a hyphal net thus seems to 
be more likely and, moreover, will probably have a 
greater functional significance to the plant in terms of 
P nutrition than that occurring from isolated mycor
rhizal propagules.

The relevance of our findings to agricultural prac
tice will remain unclear until experiments are con
ducted to determine the extent to which a soil has to be 
disrupted before the disturbance phenomena are ob
served. The observations could be especially sig
nificant in systems in which fertilizer-P input is low. 
The ability of a young seedling to associate with an ex
isting hyphal network capable of initiating colonization 
and absorbing and translocating P would then be high
ly advantageous.

Table 1. Mean shoot dry weights, P and Zn concentrations, nutrient uptake per unit root length and fractional 
colonization as influenced by disturbance and cycle of growth.

Table 2. Shoot dry weights and P and Zn concentrations as influenced by disturbance treatments.

Treatment* P 
gkg'1

Zn 
mg kg'1

Dry weight 
mg plant'1

U 1.77 19.15 567uw 1.88 18.8 597
D 1.27 15.83 523

L.S.D. for
UvsUW 0.164 3.22 47.2
UvsD 0.136 2.64 39.0
+U-Undisturbed UW-Undisturbed Wire Treatment D-Disturbed
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+U-Undisturbed D-Disturbed

Cycle Treat/ Nutrient 
concentration

Dry 
weight 
mg per 
plant

Nutrient absorption 
per m root

Fractional 
colonization 

%P 
gkg4

Zn 
mg kg'1

P 
mgm'1

Zn 
|ig m'1

First None - - - - -
Second U 2.47 19 470 - - -

D 1.72 18 432 - -
Third U 3.11 28 780 - - -

D 1.65 23 510 - - •
Fourth U 2.07 25 732 0.0266 0.415 38

D 1.16 18 495 0.0044 0.173 23

L.S.D.for 
comparisons within 
a cycle:

0.201 3.29 69.3 0.0062 0.115 5.4



Table 3. Shoot-P and Zn contents expressed on a per unit root length basis and fractional mycorrhizal colonization 
as influenced by disturbance treatments.

Treatment*

Nutrient absorption per 
unit root length

Fractional 
colonization

%P 
mg m'1

Zn 
pgm'1

U 0.01873 0.3079 44uw 0.02204 0.3139 42
D 0.00847 0.2258 31

L.S.D.for:
UvsUW 0.00392 0.0620 5.9
UvsD 0.00324 0.0514 4.9
+U Undisturbed D Disturbed UW Undisturbed Wire

VESICULAR-ARBUSCULAR MYCORRHIZAS AND THE SOIL-DISTURBANCE
-INDUCED REDUCTION OF NUTRIENT ABSORPTION IN 
MAIZE - INFLUENCE OF SOIL P AMENDMENTS

In previously reported studies (Evans & Miller, 
1988; Fairchild & Miller, 1988) maize seedlings ab
sorbed more phosphorus (P) from soil from long term 
zero-till plots than from the same soil after disturbance. 
This resulted primarily from greater vesicular-arbus- 
cular (VA) mycorrhizal colonization in the undisturbed 
soil. VA-mycorrhizae (Fig.l) are soil-root fungal sym
bionts that can enhance plant uptake of nutrients that 
have low mobility in soil. In the present study, a 
growth room experiment was conducted to determine 
the relationship between soil P and this phenomenon. 
Starting with disturbed soil, maize was grown for three

Fig.l. VA-mycorrhizae in a maize root, showing 
hyphae (H), vesicle (V) and arbuscules (A).

3-week cycles. Phosphorus was mixed with the soil to 
create five P-amendment rates; 0,40,80,120, and 160 
ug P g'1 soil. At the conclusion of each growth cycle, 
half the pots were disturbed and replanted whereas the 
other half were replanted without disturbing the soil.

In the third growth cycle, shoot dry weights (Fig.2) 
were greater in the undisturbed soil than in the dis
turbed soil at the lower P-amendment rates, but not at 
the 120 and 160 ug P g'1 soil amendments. Mycor
rhizal colonization (Table 1) was decreased slightly by 
P amendment in both disturbance treatments but was 
much greater in the undisturbed soil at all P amend
ment rates. In the undisturbed soil, shoot nitrogen (N), 
P (Fig.3), magnesium (Mg), and zinc (Zn) concentra
tions were higher than those in the disturbed at all P 
amendments, but only the increased P and Zn could be 
directly related to increased mycorrhizal colonization.

Even on a fresh weight or tissue water basis, P con
centrations in the shoots were still much higher in the 
undisturbed soil, even with the higher P-amendment 
rates where the shoot dry weights were similar.

The net benefit to the plant of the mycorrhizal 
colonization decreased with added P. This is most 
readily explained by a shift in the relationship between 
P benefit and C cost with increasing P amendment.

Under most agricultural situations one would ex
pect that the relationship between soil P and the degree 
of mycorrhizal colonization would be self-regulating 
and that the degree of colonization would decrease
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Fig. 2. The effect ofP amendment and soil disturbance on shoot dry weight.

Fig. 3. The effect of P amendment and soil disturbance on P concentration in shoots.

with increasing soil-P status. However, the relation
ship of the C cost - P benefit balance suggested by the 
shoot dry weights in this experiment indicates that 
mycorrhizas may cause a C limitation in crops at high 
P input levels in undisturbed soil.

The apparent benefit to the plants from increased 
mycorrhizal colonization in this experiment was large, 
73% increase in shoot dry matter with no P amendment 
in the third growth cycle, considering that the soil was 
not initially sterilized. The higher levels of mycorrhizal 
colonization have clearly been effective in improving 
the nutrition of the plants in the undisturbed soil up to 
a P amendment of over 40 ug P g4 soil. The soil-distur
bance-mediated effect on mycorrhizal colonization and 
nutrient absorption obviously has the potential, in this 
sense, to be of agricultural significance, although the 
practical dynamics and ecology of this relationship 
remain to be investigated in the field.
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Table 1. The effect ofP amendment and soil disturbance on mycorrhizal colonization intensity.

P amendment 

ug P g’1 soil

- - Intensity

Undisturbed Disturbed

0 0.330 0.181
40 0.313 0.148
80 0.235 0.125
120 0.293 0.122
160 0.254 0.108

Sx = 0.028 (standard error of a mean, n=3 for all treatments in the third growth cycle)

CHANGES IN DISSIMILATORY REDUCTION OF NO3 TO NH4+ AND REDOX 
POTENTIAL DUE TO ACETYLENE IN AN ANAEROBIC SOIL

Under anaerobic conditions, with sufficient ener
gy, indigenous and added nitrate can be denitrified to 
gaseous N or reduced to NH4+ by fermentative bac
teria. The employment of the acetylene blockage of 
N2O to N2 permits accurate quantification of N2O and, 
hence, the denitrification potential. Correct interpreta
tion of these results is contigent upon acceptance of the 
assumption that acetylene does not interfere with other 
microbial processes which may compete for energy 
and NO3' with denitrifying bacteria. Reported here are 
results indicating that, under certain conditions, the as
sumption is invalid.

In a laboratory experiment employing 15NOa‘ as 
tracer and glucose as carbon source, it was found that 
the presence of 10 kPa C2H2 reduced the amount of 
NO3‘ reduction to NH4+ as compared to soil without 
C2H2. Thus, there would be more NO3" available for 
denitrification so that use of the acetylene blockage 
technique overestimated the denitrification potential in 
this system. In another experiment, where soil was 
subjected to a preincubation period of 65 h with 
glucose, with and without C2H2, the presence of 
acetylene prevented the rapid drop in soil redox poten
tial normally associated with anaerobic soil (Fig. 1). A 
previous experiment revealed that N2-fixation(C2H2 
reduction to C2H4) occurred under very similar condi

tions. It is postulated that the artificial poising of the 
redox potential with acetylene is due to acetylene ac
ting as an electron acceptor, preventing the accumula
tion of reducing substances in the soil. Consequently, 
very different bacterial populations would develop 
under the two headspace conditions, questioning the 
validity of the continued use of acetylene in an 
anaerobic microcosm.

Fig.l. Pattern of Eh? during preincubation period and 
following NOf addition in glucose-amended 
(3 gC kg'1) soil with and without 10 kPa acetylene.
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MODIFYING EVAPORATION PARAMETERS BY ROCK MULCHING

A laboratory experiment was conducted to inves
tigate the effect of three rock mulches on three evapora
tion parameters, the drying coefficient (k), the soil 
water coefficient (ks) and the effective diffusivity (£)»).

The soil used in this study was a Guelph loam. The 
soil was packed in cylinders within 2 cm from the top 
to an average bulk density of 1.30 g/cm3. The mulches 
used were: (a) black volcanic scoria, (b) white zeolite 
and (c) black sand. The mulching treatments were sur
face application and mixing with the top layer of the 
soil. The columns were weighed for 39 consecutive 
days to monitor evaporation rates.

RESULTS AND DISCUSSION

EVAPORATION
Evaporation rates varied with the mulch type, 

method of application, and time. Mulching in general 
reduced evaporation irrespective of the method of ap
plication, Evaporation reductions from the surface 
mulch treatments were greater than those from the cor
responding subsurface treatments. The greatest reduc
tion in evaporation occurred with surface sand mulch 
followed by surface scoria and surface zeolite mulches.

DRYING COEFFICIENTS
The drying coefficient (k) is an index of the relative 

soil drying rate. The coefficient was calculated using 
the equation:

SOIL WATER COEFFICIENTS
The soil water coefficient (ks) is an index of rela

tive evaporation rates. The ks for each treatment was 
calculated using the equation: 

where, Et, Zw, De were, respectively, the evaporation 
rate, the depth of the wetting front, and the depth of 
water in the soil column at the beginning of the drying 
process.

Diffusivities at the beginning of the falling rate 
stage, on day 20 and those on day 39, were calculated 
(Table 2). The Dw of bare soil and those of the subsur
face mulch treatments, on day 20, were approximately 
twice those on day 39. The Dw of the surface mulch 
treatments remained unchanged over time. TheZ>w of 
the surface mulch treatments were approximately an 
order of magnitude smaller than those of the bare soil. 
Thus it appeared that surface mulching modified the ef
fective values of Dw to a large extent.

CONCLUSION
Surface mulching reduced the effective values of 

the drying coefficient, the soil water coefficient and the 
diffusivity.
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dt-do [1.0-exp(-kt)]] [1]

where dt, do and t are, respectively, cumulative water 
loss from the columns, initial water content in the 
columns, and time. Using the cumulative evaporation 
data, do and k were calculated for each treatment.

The values of k of the surface mulch treatments 
were an order of magnitude less than those of the cor
responding subsurface mulch treatments or the control 
(Table 1). This indicates that the surface mulches 
modified the evaporation parameter, kt to a large ex
tent The values of k for the subsurface mulch treat
ments were similar to the control.

Et = ksEp [2]

where Et and Ep are, respectively evaporation from the 
soil surface and from an open pan. Using the data col
lected on Et ^Ep,ks was estimated using the linear 
regression procedure. The estimates of its of surface 
mulch treatments were significantly smaller than those 
of the corresponding subsurface mulch treatments and 
the control (Table 1). This indicates that the surface 
mulches have modified the evaporation parameter, ks, 
considerably.

DIFFUSIVITY
The rate of transport of water to the evaporating 

surface, the diffusivity (Dw), was calculated using the 
equation,

Dw = 4Et(Zw)2/De(k)2 [3]



Table 1. Effect of mulches on the drying coefficient (k), and the soil water coefficient (kg).

Mulch k
(d '*)

Estimate of d0 
(cm)

R2 ks

Soil (control) 2.29E-2a 16.60a 0.99 0.56a

Surface mulching

Sand 2.97E-3c 15.99a 0.99 0.98c
Scoria 2.95E-3c 19.68b 0.99 1.12d
Zeolite 4.25E-3C 18.84b 0.99 1.17d

Subsurface mulching

Scoria 2.95E-2a 16.26a 0.98 0.47b
Zeolite 1.73E-2b 16.82a 0.96 0.44b

Same letter grouping in a column indicates that the means are not significantly different according to the 
Waller-Duncan test at 95% probability.

Table 2. Effect of mulches on the diffusivity (Dw)> and average evaporation rates (Ei).

Treatments
20

Dw on day
39 

(cm2 d’1)

Average Et during the period
1-19 days

(mm d
20-39 days

■*)

Control 20.67a 8.64a 3.40a 1.20a

Surface mulching

Sand 2.29c 2.43c 0.38c 0.38b
Scoria 2.58c 2.74c 0.45c 0.45b
Zeolite 3.61c 3.83c 0.65c 0.65b

Subsurface mulching

Scoria 20.10a 6.95b 3.10a 1.01a
Zeolite 17.57b 8.33a 2.80b 1.20a

Same letter grouping in a column indicates that the means are not significantly different according to the 
Waller-Duncan test at 95% probability level.
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RESPONSE OF CORN TO RATES AND TIME OF NITROGEN APPLICATION, 
SEED-PLACED STARTER FERTILIZER AND PLANT POPULATION

Two split-split plot experiments were conducted on 
a Guelph loam soil near Woodstock, Ontario to study 
the response of com (Zea maysL. c.v. Pioneer 3906) to 
rate and time of nitrogen application, use of a seed- 
placed starter fertilizer and plant population. Nitrogen 
was applied at rates ranging from 100 to 300 kg han in 
1985 and from 100 to 250 kg ha"1 in 1986. The effect 
of the time of nitrogen application, total amount at 
planting vs 100 kg ha'1 at planting and the remainder 
in one or two post-emergence applications, was studied 
at each rate of nitrogen (except 100 kg N ha"1 which 
was applied at planting only). The split plot treatments 
were 60 kg ha"1 of seed-placed 6-24-6 vs no starter and 
the split-split plots compared two plant populations, 
70,000 and 85,000 plants ha'1.

1 Plant population: 70 = 70,000 plants ha'1
85 = 85,000 plants ha'1

A com grain yield response was seen with the ap
plication of more than 100 kg N ha'1. Maximum yield 
occurred with 200 kg N ha"1 in 1985 and with 175 kg 
N ha"1 in 1986. Grain yields did not decrease at 
nitrogen levels in excess of those required for maxi
mum yield. There was no yield response to the time of 
nitrogen application. The data in Table 1 are the 
average of the two times of application.

The rate of nitrogen did not significantly affect the 
N concentration of the ear leaf at the time of final tis
sue sample collection; tasseling in 1985 and silking in 
1986. This indicates that the com grown in the lower 
rate nitrogen plots must have become deficient in N 
sometime after silking. In these experiments the N con
centration of the ear leaf at this stage was not an ac

curate indicator of the sufficiency of nitrogen available 
to the com crop.

The application of 60 kg ha'1 of seed-placed 6-24-6 
significantly increased grain yield an average of 2.7% 
(Table 1). This response was seen in spite of very high 
phosphorus levels at the 1985 site and high phosphorus 
levels at the 1986 site accompanied with an additional 
145 kg ha"1 of 0-46-0 broadcast and incorporated prior 
to planting.

Whole plant tissue samples were collected at thin
ning; 5-leaf stage in 1985 and 7-leaf stage in 1986. At 
thinning, the ratio of dry matter weights of the plants 
with starter to those without was 1.24 in 1985 and 1.64 
in 1986. Seed-placed 6-24-6 increased the seedling P 
concentration at the 5-leaf stage in 1985, but not at the 
7-leaf stage in 1986. It is suspected that the seed- 
placed starter increased the P concentration prior to the 
7-leaf stage in 1986, but the effect was not seen be
cause increased growth had diluted the shoot P con
centration by the time the samples were taken. 
Subsequent tissue samples showed no differences in 
the P concentration between the two starter treatments. 
It seems that grain yield was affected by early P nutri
tion and that a critical period of P nutrition occurred 
prior to the 7-leaf stage.

Increasing the final plant population from 70,000 to 
85,000 plants ha"1 resulted in an average grain yield in
crease of 4.5%. The higher plant population consistent
ly out yielded the lower population except in 1986 
when only 100 kg N ha'1 was applied (Table 1).

Table 1. Corn grain yield (at 155% moisture) as affected by rate of nitrogen, use of a seed-placedstarter and plant 
population.

NRATE

kg/ha

1985 
NO STARTER STARTER NRATE

kg/ha

1986
NO STARTER STARTER

701 85
tonnes/1

70 
ha

85 70 85
tonnes/1

70 
ha

85

100 8.12 8.34 8.11 8.40 100 7.35 6.89 7.45 7.16
150 9.00 9.30 9.12 9.45 125 7.27 7.50 7.77 7.82
200 9.23 9.70 9.12 9.94 150 7.67 7.99 7.67 8.18
250 8.98 9.40 9.33 9.89 175 7.86 8.00 8.03 8.65
300 9.13 9.60 9.26 9.77 200 7.66 8.20 8.21 8.31

250 7.58 8.23 7.81 8.28
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METHODS OF ASSESSING PLANT-AVAILABLE POTASSIUM IN ONTARIO SOILS

The effectiveness of five extractants, NaCl, 
ABDTPA, NH4OAC, Mehlich 3 and 0.1 M HNO3 was 
evaluated on 72 Ontario soils for prediction of plant 
available K to alfalfa grown in a greenhouse. Total K 
uptake by four cuts of alfalfa was used to measure 
plant available soil K. The average amounts of K ex
tracted were in ascending order: ABDTPA < NaCl < 
NH4OAC < Mehlich 3 < 0.1M HNO3. The highest cor
relation with K uptake by alfalfa was obtained with 
0.1M HNO3 (1^=0.76) and the lowest with NaCl 
(r2=0.61). The K uptake by alfalfa was used as depend
ent variable to develop predictive models using step- 
wise regression procedure with soil K extracted by the 
five extractants, exchangeable Mg and Ca, soil pH, or
ganic matter, cation exchange capacity (CEC), and con
tents of silt and clay as independent variables. With 
soil K extracted and its square, the highest prediction 
of variation in K uptake was explained by ABDTPA 
(R2=0.837), followed by 0.1M HNO3 (0.808), 
NH4OAC (0.807), NaCl (0.779) and Mehlich 3 (0.771). 
Inclusion of soil properties improved the effectiveness 
of prediction. The models developed differ in the num
ber of variables which contributed significantly at 5% 
probability. Based on the R2 and ease of measurement 
of variables, the NH4OAC model is one of the best as a 
predictor of availability of K in Ontario soils when 
used along with other soil properties.

The extractions of soil K by electroultrafiltration 
(EUF) and by chemical methods were compared to 
predict plant-available K on 38 Ontario soils. The rela
tion of soil properties to the amount of K extracted by

EUF fractions were also determined. The content of 
silt and clay were negatively correlated with EUF-K at 
50V and positive correlations with EUF-K at 400V. 
Soil pH and organic matter were not significantly corre
lated with the amounts of K extracted in the EUF-K 
fractions. In general, K extracted by chemical methods 
was more closely correlated than EUF-K fractions with 
K uptake. However, EUF-K fractions and K extracted 
by chemical methods had roughly equal ability to 
predict availability of soil K when used along with 
other soil properties. The EUF-(50+200+400V)-K 
model is the simplest one using EUF-K and contains 
three variables, K, K2 and Ca . The use of EUF is 
limited due to cost of equipment and time required for 
analysis unless all nutrients can be accurately deter
mined on the extracts.

The 0.1M HNO3-K extraction method of MacLean 
was modified. The modified method consists of 0.2M 
HNO3,1:20 soil/solution ratio and 30 minutes of shak
ing time. The modified and the MacLean method ex
tracted similar amount of K. Both had equal ability to 
predict K availability. The modified method can be 
used in lieu of the MacLean method for routine extrac
tion of soil K and for treatment prior to sequential ex
traction of nonexchangeable K with boiling IM HNO3. 
The advantage of the modified method over the Mac- 
Lean method is the improvement of analytical speed 
and convenience. Through modification of the 
MacLean method, the HNO3-K is easily incorporated 
into soil testing program along with NH4OAC.

SLOW RATE INFILTRATION LAND TREATMENT AND RECIRCULATION 
OF LANDFILL LEACHATE IN ONTARIO

This summary report details progress made up to 
the approximate mid-way point of this three-year re
search study (M.O.E, Project no. 333G). Emphasis is 
placed on two specific studies being undertaken in this 
multi-faceted, interdisciplinary project; that is vegeta
tive and soil microbial response to MSW leachate ex
posure. The vegetative response data presented here 
originate from the Muskoka Lakes landfill near Port 
Carling, Ontario (McBride el al„ 1988), whereas the 
soil microbial response data were collected at the 
Hamilton-Wentworth regional landfill in Glanbrook 
Township. In all, four leachate sources are being used 
for various experiments in this study.

Vegetative Responses
Research on vegetation at the Muskoka Lakes 

landfill site has been directed at aspects of forest 
decline and the stress ecophysiology of sugar maple 
(Acer saccharutn Marsh) attributable to the leachate 
spray irrigation system operated by the municipality. 
Studies on the carbon dioxide and water vapour ex
change rates of understory saplings and the spectral 
properties of their leaves have been undertaken in ir
rigated and unirrigated areas. The spectral properties 
of overstory leaves of mature trees pruned above the 
range of direct foliar contact have also been inves
tigated in collaboration with researchers from the
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Ontario Centre for Remote Sensing (OMNR). Data 
from the 1987 and 1988 seasons are being analysed 
and some preliminary results are presented and dis
cussed here.

Daily spray application of leachate on the forest un
derstory during the growing season deposits a residue 
on plant leaves to the point where the entire adaxial 
(upper) surface is irreversibly stained through to leaf 
senscence in (he autumn. This precipitate has proper
ties that may instigate changes in leaf energy budgets 
by altering the amount and characteristics of incident 
radiation in addition to possible direct phytotoxic ef
fects or changes in leaf cell structure. The abaxial 
(lower) surfaces of the leaves, however, remain largely 
unstained, the leaves remain turgid and otherwise 
retain the outward integrity of unsprayed leaves 
throughout the growing season.

A LI-COR model LI-6000 portable photosynthesis 
system was employed to determine carbon dioxide and 
water vapour exchange rates and stomatai conduc
tance. Measurable decreases in the stomatai conduc
tance and photosynthetic rates of spray irrigated 
saplings were observed (Fig. 1). Photosynthetic rates 
of spray irrigated saplings also decreased with increas
ing PAR irradiance (Fig. 2) in contrast to the normal 
rise with irradiance demonstrated by the control sa
plings. The rate at which photosynthesis increased in 
response to higher stomatai conductance levels is also 
lower in irrigated saplings (Table 1) but appears to 
have improved over the two month sampling period in 
1988. In contrast to these findings, transpiration rates 
of spray irrigated saplings did not deviate substantially 
and, in some cases, actually exceeded those measured 
in control saplings.

Water use efficiency (WUE), the ratio of carbon 
dioxide assimilated to water lost, was lower in irrigated

Fig.l. Rale of photosynthesis vs. slomatal conductance 
for leachate irrigated and unirrigated understory 
leaves of sugar maple at Muskoka Lakes (Aug. 31, 
1988)

Fig,2, Rate of photosynthesis vs. incident photosyn- 
thetically-active radiation for leachate irrigated and 
unirrigated understory leaves of sugar maple at 
Muskoka Lakes (Aug. 16,1988).

saplings over the sampling period (Table 2). However, 
the later measure of irrigated WUE exceeds that of the 
earlier season control measure made under abnormally 
severe water stress conditions.

The quality and quantity of spectral reflectance, 
transmittance and absorbance of light by leaves in the 
visible and near-infrared (400-1100 nm) wavelengths 
provide a basis for characterizing foliar structure and 
symptomatic interpretation of plant health (Gates et al.t 
1965; Horler etal., 1983). Spectral measurements on 
understory and overstory leaves were made with a LI- 
COR 1800 portable spectroradiometer fitted with an in
tegrating sphere. Measurements of overstory leaves 
were also performed by O.C.R.S. personnel using a 
Spectron 590 spectroradiometer.

The control data for adaxial spectral reflectance of 
understory sugar maple (Fig. 3) provide a typical pat
tern, with the characteristic green "thumbprint" at 540 
nm (i.e. chlorophyll, nitrogen content), the 
"chlorophyll well" at 680 nm, and the "red edge and 
shoulder" at 700-1100 nm (i.e. indicator of stress, cell 
structure integrity, water content). At positions closer 
to the spray nozzles, the amount of leachate inter
cepted and the density of residue precipitated on the 
leaf surfaces increases, progressively altering the 
spectral reflectance. The reduced reflectance of the 
sprayed leaves in the red (700-1100 nm) waveband sug
gests a higher absorbance, possibly upsetting the nor
mal leaf energy balance and leading to higher leaf 
temperatures. Spectral reflectance curves for under
story abaxial leaf surfaces (Figure 4) are not as drasti
cally altered and the decreased green reflectance (540 
nm) is indicative of increased nitrogen and/or 
chlorophyll content (Hinzman et al., 1986; Shibayama 
and Akiyama, 1986).
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Fig.3, Spectral reflectance patterns for adaxial sur
faces of leachate irrigated (variable intensity) and unir
rigated understory leaves of sugar maple at Muskoka 
Lakes (Aug. 31,1988).

Fig.4. Spectral reflectance patterns for abaxial sur
faces of leachate irrigated (variable intensity) and unir
rigated understory leaves of sugar maple at Muskoka 
Lakes (Aug. 31,1988).

Soil Microbial Responses
Two plot-scale installations (factorial, RCB ex

perimental design) involving three irrigation methods 
(spray, trickle, subsurface for leachate, spray only for 
water) and three application rates (3.5,7.0 and 14.0 
min’d'1) are operational at the Glanbrook landfill. A 
third is situated at the Essex County landfill #2 near 
Leamington.

Figure 5 shows a respresentative set of soil respira
tion data collected from the plots of the forested site at 
the Glanbrook landfill in 1988. The Glanbrook soils 

belong to the Smithville catena and are comprised of 
about 55% clay (dominantly clay mica/vermiculite, un
buffered C.E.C. 52 cmohkg"1, specific surface 250 
m2»g‘1). The application of raw leachate to the 
forested plots significantly increased the measured soil 
respiration when compared to both the water irrigated 
plots and the environmental (rain-fed) control (P < 
0.001). This analysis of variance takes both the rate 
and mode of irrigation into account. Soil respiration 
on plots receiving leachate by the spray method was 
significantly lower when compared to the trickle and

Fig.5. Rates of soil respiration on all treatment plots at the forested irrigation installation at the Glanbrook landfill 
(Aug.31,1988).

91



subsurface leachate irrigation plots (P < 0.001). For 
the trickle and spray leachate treatments, soil respira
tion tended to increase with the quantity of leachate ap
plied while the opposing trend was observed in the 
subsurface irrigated plots. The application of water to 
the plots by spray irrigation significantly decreased soil 
respiration when compared to the environmental con
trol (P < 0.001).
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2 1Table 1. Results from simple regression ofphotosynthetic rate (mg C02*m  *s'  ) of sugar maple against the 
logarithm of stomatai conductance (ernes'1) for three dates.

* all regressions were significant at P < 0.001

Coefficients*  
Date Treatment

Least Squares Parameter

bo (intercept) bi (slope)

July 6,1988 Control
Irrigated

0.429
0.254

0.154
0.081

Aug. 16,1988 Control
Irrigated

0.432
0.303

0.153
0.112

Aug.30,1988 Control
Irrigated

0.451
0.316

0.205
0.144

Table 2. Water use efficiency ofirrigated and unirrigated sugar maple for three dates.

Date Treatment Water Use Efficiency

mg CO2*g'*H2O

July 6,1988 Control
Irrigated

3.21 ± 0.05
0.94 ± 0.37

Aug. 16,1988 Control
Irrigated

6.64 ±1.32
0.87 ±0.42

Aug. 30,1988 Control
Irrigated

13.14 ±1.50
4.87 ±0.68
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DEVELOPMENT OF A RATING SYSTEM FOR SOIL COMPACTION 
SUSCEPTIBILITY ASSESSMENT

The principal objective of this research project has 
been to develop and verify a soil compaction suscep
tibility rating system for Ontario soils, requiring only 
limited soil physical properties as input, to be em
bodied in a local level rating system for agricultural 
lands. As of the end of 1988, this objective has been 
fully satisfied.

Soil compaction refers to the maximum density to 
which a soil can be packed by a given amount of ener
gy. Soil compression, on the other hand, refers to the 
ease with which a soil decreases in volume when sub
jected to a mechanical load. The latter form of soil 
mechanical testing formed the basis for this research 
over the last 3 years and provides much more useful in
formation on soil mechanical behaviour for modelling 
purposes.

Modelling the susceptibility of Ontario soils to traf
fic-induced compaction has been undertaken at two 
levels based on quite different approaches. The first 
approach has involved the re-examination and refine
ment of relationships between soil consistency and soil 
compressibility. In addition to developing a method to 
procedurally unify soil consistency (Atterberg) limit 
measurement, it has been shown that the "virgin com
pression line" (VCL) of plastic soils when in a 
remoulded and effectively saturated "reference" state 
can be reconstructed using the A.S.T.M. upper and 
lower plastic limit indices (McBride and Bober, 1989). 
Further, it has been shown that the Atterberg consisten
cy limits, as gravimetric moisture contents, occupy dis
crete and predictable positions at the flex points of the 
estimated moisture retention curves of Ontario soils 
when in this same "reference" state (McBride, 1989b). 
Water retention models have proven to be an effective 
means of estimating and characterizing the water 
regimes of field soils in Ontario where groundwater 
tables persist at known depths (McBride and Mackin
tosh, 1984a; 1984b). Thus it is now possible to make 
some relative judgments on both compaction suscep
tibility and probability for many soils in Ontario, the 
first two of three steps in the soil compaction classifica
tion scheme currently being developed for wide ap
plication in the U.S. (Voorhees, 1987).

As a definitive approach, the consistency-compres
sibility model outlined above has several aspects which 
limit its universal application, particularly in subsoil 
compactibility assessment. For example, it can only be 
applied to plastic soils (> 8-10% clay) in a remoulded 
condition (cultivated topsoils), it can only be used to 
define the saturated VCL (unsaturated VCL’s fall paral

lel but at relative positions not easily estimated), and 
the reconstructed VCL does not represent the lower 
end of the stress range (up to about 0.3 MPa) which, 
due to stress distribution with depth, is most likely 
linked to subsoil compaction. For these reasons, a 
second, more theoretical modelling approach has been 
pursued based on a non-linear, multiplicative model 
equation first proposed by Bailey et al. (1986). For a 
wide range of structured (undisrupted) agricultural 
soils in Ontario, this model is capable of estimating the 
density-moisture-stress functions from static, uniaxial 
compression tests with a suitably high level of 
precision (standard error of estimate 0.01 - 0.03 
Mg*m" 3) (McBride, 1989a). This work has also led to 
a three-tier classification for partitioning soils into 
groupings of comparable response to compressive 
stress for compaction modelling purposes and for in
clusion in the local-level land evaluation system now 
being developed.
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IMPROVED LAND TREATMENT OF OIL WASTES THROUGH OPTIMIZATION OF 
TILLAGE AND APPLICATION PRACTICES

Land treatment of oily wastes is one means of 
waste disposal employed by a number of oil com
panies. Due to numerous problems, including a high 
water content in the waste, excess waste production, 
variable composition, cold/wet weather for more than 
half of the year, and heavy clay soils, the conditions 
for waste biodegradation are usually far from optimal.

The information below represents a portion of the 
research investigating how soil properties and manage
ment strategies can be changed to improve the efficien
cy of land treatment. For the purpose of the following 
discussion, only the influence of tillage and waste ap
plication rate on waste biodegradation will be 
presented.

Tillage was an obvious choice for investigation 
since, under current land treatment management, the 
soils are tilled with only a field cultivator. This prac
tice often leaves clods in the order of 20 cm in 
diameter, despite a frequency of tillage of once every 3 
to 4 days, and, therefore, does not provide for exten
sive interaction of the oil with soil. As most of the 
microbiological activity takes place at the surface of 
aggregates and clods it is suggested that increased til
lage intensity and the resulting production of finer ag
gregates will promote waste biodegradation. However, 
there are two processes involved with increased tillage 
intensity which may have different effects on waste 
biodegradation, given the cyclical nature of application 
and tillage events. The first is the obvious improved 
mixing of soil and the previously added oil waste. The 
second is a more subtle effect of reducing aggregate 
size prior to the next application. The latter results in 
an increased aggregate surface area per unit weight 
soil, and hence an increase in the area available for 
waste-soil interaction.

To investigate whether the direct effect of mixing 
or the effect of aggregate size reduction prior to sub
sequent application is the predominant factor influenc
ing a proposed increase in biodegradation with 
increased tillage intensity, a controlled laboratory ex
periment was conducted. Three aggregate size ranges 
were separated from an untreated soil by gentle siev
ing. Only results for the two extremes, coarse (19-25 
mm) and fine (1-2 mm) are presented for brevity’s 
sake and since the intermediary range fell midway be

tween the two extremes under all circumstances.
Replicated 100 g portions of each size range were 

separately treated with water (control) or 2 g of refer
ence waste emulsified in water (Heavy Atmospheric 
Gas Oil). The average moisture content of all ag
gregates was brought to 25% by weight. The ag
gregate samples were incubated under aerobic 
conditions for 14 days while biodegradation was 
monitored by CO2 production measurements. After 14 
days, the coarse and medium aggregates were ground 
to attain the approximate size of the fine fraction, and 
thereby represent the effect of mixing after application. 
CO2 production was measured for a further 10 days.

During the first stage of incubation, it became ap
parent that waste applied to fine aggregates 
biodegraded more quickly than that applied to coarse 
aggregates (Fig. 1). Since there was no apparent dif
ference in CO2 production from water-treated ag
gregates of different sizes, this effect cannot be related 
to differences in soil organic matter contents. Since 
microbial activity within aggregates is limited, the ef
fect is a surface phenomenon, possibly related to avail
able surface area. To further investigate this premise, 
exponential regressions were performed on cumulative 
CO2 production data. The results indicate that if a 
common rate constant (K = 0.11) is used for both ag
gregate sizes, the initial mineralizable pool size (or 
amount of waste initially available for biodegradation)

Fig.l. CO2 evolution from aggregates over entire 
incubation.
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Fig.2. CO2 evolution from aggregates cumulative from 
Day 14.

Fig.3. Improved biodegradation with intensive tillage 
at twice normal application rates.

of waste applied to fine aggregates is higher. There
fore there is support of the supposition that increased 
tillage intensity will improve rates of biodegradation. 
However, the last stage of incubation will provide in
formation about the importance of mixing after applica
tion.

After grinding the soils to reach an average ag
gregate size of 1-2 mm, a slight increase in CO2 
production occurred with the ground aggregates. How
ever, after several days, the pre-grinding pattern re- 
emerged (Fig. 2). The fine aggregates overtook the 
other aggregates in terms of CO2 production. The 
above results suggests that little actual mixing of the 
oil and soil occurred with grinding after application of 
the waste. Consequently it can be suggested that 
biodegradation rates will improve if intensive tillage is 
carried out immediately prior to waste application as a 
soil preparation, likely in addition to tillage after ap
plication to discourage volatilization through waste in
corporation into the soil.

Lysimeter experiments were carried out to deter
mine if the effect of intensified tillage could be ob
served under field conditions. Three tillage intensities, 
cultivation, (aggregates 5-20 cm in diameter), rototil- 
lage (0.5-2 cm), and intensive tillage (0.1-0.5 cm), 
were simulated in the lysimeters. They were factorial- 
ly arranged with three application rates (0, normal, 
twice normal that at a currently operated site) in order 
that any interaction between tillage intensity and ap
plication rate could be observed.

After a summer of weekly application and tillage 
cycles the following observations were made: 
1. Application at twice the normal rate resulted in the 

highest cumulative CO2 production for application 
main effects.

2. Intensive tillage resulted in the highest cumulative 
CO2 for tillage main effects.

3. At normal application rates, there was no obvious ef
fect of tillage

4. Application at twice the normal rate with intensive 
tillage resulted in the highest CO2 production: more 
than twice the amount than was produced by cultiva
tion at normal application rates, as compared with 
the control treatments receiving no waste (Fig. 3).
It is apparent that increased tillage intensity can im

prove the rate of biodegradation, depending on waste 
application rates. This research shows that improved 
management practices, insofar as tillage and waste ap
plication are concerned, involve intensive tillage to pro
vide a shallow surface layer of aggregates 
approximately 0.5 cm in diameter followed by waste 
application at twice the normal rate.

Measuring moisture content in lysimeters.
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TWO NEW AGROGEOLOGY PROJECTS IN ETHIOPIA

- to measure the effectiveness of mulching in terms of 
evaporation reduction. In-situ measurements of soil 
moisture will be carried out in Central Ethiopia with 
tensiometers and a neutron-probe.

In the rock phosphate project the following ac
tivities will be carried out:
- measurements of the nutrient status of the agricul

tural soils of the Gimbi-Nejo areas,
- characterization of the potential phosphate resources 

in the Bikilal area,
- development of beneficiation techniques for the 

Bikilal phosphates,
- agronomic testing of the beneficiated phosphates in 

pot and field trials.

The two projects involve strong training programs, 
both at LRS, University of Guelph and in Ethiopia.

surface residue placements on phytotoxin produc
tion,

2) to determine the effects of soil climate and soil 
chemical properties on phytotoxin production and 
subsequent yield reductions,

3) to determine optimum crop residue management 
practices which minimize or eliminate the yield 
reduction caused by phytotoxins, and

4) to determine the sensitivity of various varieties of 
crops to phytotoxins. A combination of field and 
laboratory studies has been set up to carry out these 
objectives.
During the past season, rye and com residues were 

evaluated for phytotoxin production using com as the 
test crop. A range of crops including com, spring 
wheat, spring canola, barley, barley under-seeded to 
red clover, soybeans, and soybeans with a rye cover 
crop were also planted in the first season. These plots 
will be used in the following year for further 
phytotoxin research.

VFAs were detected in the field after rainfall in the 
plots containing rye residues. There was no measurable 
production of either VFAs or PAs in the plots contain
ing com residues, even when the plots were kept moist 
by regular irrigation.

VFAs were produced in the laboratory under condi
tions favouring an anaerobic environment and the
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Two new 3-year projects have been approved for 
funding by the International Development Research 
Centre (IDRC). Ottawa. The projects will involve 
geologists and agronomists from the Ethiopia Institute 
of Geological Surveys (EIGS) and the Institute of 
Agricultural Research (I AR) respectively and scientists 
from the Department of Land Resource Science. The 
two projects which are due to start in spring 1989, are: 
- Rock mulching: studying the effectiveness of vol

canic rock mulching techniques in the Central Rift 
Valley of Central Ethiopia, and

- Rock phosphate: studying the agronomic effective
ness of locally discovered rock phosphates on phos
phorus deficient soils in the Gimbi area, W. Ethiopia

The activities of the rock mulching team will be:
- to identify geological resources, including volcanic 

rocks, suitable for rock mulching, and

YIELD REDUCTION EFFECTS OF CROP RESIDUE IN CONSERVATION TILLAGE
R.P. Voroney and B.J. Farquharson

The researchers associated with this study include 
Dr. R.P. Voroney, Dr. E.G. Beauchamp, Dr. T. Vyn, B. 
Farquharson (Research Assistant) and graduate student 
K. Janovicek. The hypothesis of this research project is 
that under conservation tillage the crop yield reduction 
attributable to phytotoxin production is due to organic 
acids produced by microorganisms during decomposi
tion of crop residues under anaerobic conditions. 
Under conditions of reduced availability of oxygen, a 
fermentative metabolism is used by microorganisms 
during decomposition. The primary acids formed are 
acetic, propionic and butyric. Production of these 
volatile fatty acids (VFAs) and of phenolic acids 
(PAs), during anaerobic decompostion of crop residues 
at levels which were phytotoxic, has been widely 
reported in the literature. This research will relate the 
production of these compounds to different residue 
types, soil chemical properties and environments, and 
to different crop residue management practices. A criti
cal factor controlling production of phytotoxins is the 
soil environment: soil water content, air-filled porosity 
and soil temperature. Defining the soil environment 
under which phytotoxins are produced is critical to this 
research as it will allow us to extrapolate our findings 
to other soils and environmental conditions. The objec
tives of this research are:
1) to determine the effects of crop residues and



presence of an abundant organic carbon supply, i.e. 
plant residues. There are marked differences in the na
ture and amounts of phytotoxins produced depending 
on residue type (Fig. 1). Rye residues (fresh, green) 
were associated with the greatest accumulation of both 
VFAs and total PAs, followed by soybean, winter 
wheat and com residues.

The extent of residue weathering was found to be 
an important component affecting the accumulation of 
phytotoxic compounds (Fig.2). Incubation of 
weathered alfalfa (over-wintered) and fresh mature al
falfa (no weathering after cutting) in the laboratory at 
15°C for 32 days showed that fresh residues had a 
much greater potential for the production of VFAs and

Fig.2. Total VFAs and phenolics produced by fresh 
and weathered alfalfa.

total PAs.
Further studies have been set out to determine the 

effects of soil temperature and water potential. These 
soil climate factors have considerable effect on the 
production and accumulation of VFAs and total 
phenolics. Bioassays have been developed to measure 
the effects of phytotoxins on germination and early 
root growth in extracts from residue/incubation studies 
and to evaluate the individual phytotoxic compounds. 
Research will continue with an emphasis on develop
ing management practices to reduce the production of 
phytotoxins.

SOIL ATP MEASUREMENTS FOR SELECTING MANAGEMENT TREATMENTS 
IN OILY WATER WASTE BIODEGRADATION

ATP measurements have been used to study 
microbial activity during the biodegradation of organic 
wastes in a wide range of environments. Some ex
amples of such studies are in soils which have received 
long-term applications of sewage sludge and are con
taminated with metals, in composting systems, and in 
the biodegradation of grape pulp.

The objectives of this research were:
(i) to measure the ATP contents in soils which have 

been used to treat oily waste, and
(ii) to evaluate the use of ATP measurements for iden

tification of management treatments which promote 
microbial activity, thereby enhancing oily waste 
biodegradation.
Soils for this study were taken from two operation

al land treatment farms which have received repeated 
applications of oily water waste. One site has been 
used for the past ten years and contained high levels of 
metals and had about 7% residual oil and grease (long
term site); the other site has been used for 1 year, 
during the past land treatment season (short-term site).

The soils at both sites belong to the Luvisolic order 
and are members of the Brookston Family.

At the short-term site, a range of treatments was set 
out to evaluate various components of the management 
system, including method of tillage, nitrogen fertility 
and rate of oily waste application.

The oily water waste applied was from the waste 
water treatment system of an oil refinery. It contained 
approximately 10-25% oil, 60-80% water and 5-15% 
solids. The permitted rate of oily waste application is 
about 13 L oil/m2, and it was applied at about weekly 
intervals over the land treatment season (May to 
September).

Soil ATP measurements were done using a method 
proposed by Webster and Leach (1984) and modified 
for oily waste treated soils (Wen, 1989). Modifications 
to the method were developed using soil from the long
term site and examined the effects of parameters such 
as ionic strength, pH, and metal concentration on the 
ATP assay.

A prelim inaiy experiment showed that the fumiga
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Fig.l. Total VFAs and phenolics from crop residues.



tion-incubation method could not be used to measure 
microbial biomass in soil from the long-term site be
cause fumigated soil, without or with an added in
oculum, failed to show a significant CO2 flush during a 
subsequent 10-day incubation. High mineralization 
rates in the control treatment (unfumigated soil) due to 
the presence of excess residual oil could explain the 
lack of a flush; in addition, the microorganisms which 
develop after the fumigation treatment may have a 
limited ability to degrade oily waste. The quantity of 
metals in this soil would not have reduced the 

microbial activity observed after the fumigation treat
ment.

Examination of the data obtained from measure
ments of soil ATP content in the short-term site 
showed that innovative treatments which promoted 
biodegradation, such as intensive tillage and optimum 
nitrogen fertilizer application, had higher levels of 
ATP than those managed following conventional prac
tices. The soils from the innovative treatments also had 
the lowest residual oil contents at the end of the season.

EVALUATION OF EXTRACTANTS FOR PREDICTION OF MANGANESE 
AVAILABILITY IN ONTARIO SOILS

Five extractants, NH4OAC, ABDTPA, DTPA, 
H2PO4 and Mehlich-3, were evaluated on 43 Ontario 
soils for their ability to predict soil Mn availability to 
soybeans and oats in a greenhouse. To test the plant 
response to Mn, each crop was grown on each soil with 
or without Mn sprayed on the foliage. Manganese 
deficiency did not appear on soybeans but oats had Mn 
deficiency symptoms and yield response on some soils. 
The Mn concentration in soybeans and Mn uptake by 
oats were used as dependent variables to develop 
predictive models.

When the soil tests were used without additional 
soil characteristics, none explained more than 56% of 
the variability in Mn concentration or uptake. In
clusion of soil properties in the models improved the 
effectiveness of prediction. For the acidic extractants 
H3PO4 and Mehlich-3, soil pH was the only variable 
besides soil Mn which contributed significantly to the 
predictions. For the non-acidic extractants, CEC also 
entered the models. The DTPA, H3PO4 and Mehlich-3 
extractants appeared to be better predictors than 
NH4OAC and ABDTPA. In soybeans, Mehlich-3 
provided a model R2 (0.79) which appeared to be 

greater than with other extractants, followed by DTPA 
and H3PO4 (Table 1). In oats, the Mehlich-3 model 
produced an R2 (0.60) similar to the H3PO4 model 
(R2 = 0.59) and higher than the DTPA model (Table 
2). The Mehlich-3 model appeared to be the most ef
fective in separating soils producing Mn deficient oats 
from those producing non-deficient oats (Fig. 1).

Fig.l. Manganese uptake by oats as predicted using 
Mehlich-3 extract.

Table 1. Stepwise regression models for predicting concentration in soybeans.

Method Equation R2

NH4OAC Mn Cone. = 41.5 - 0.031 (pH x CEC) + 0.65(soil Mn)2 0.32

ABDTPA Mn Cone. = 56.0 - 0.05 (pH x CEC) + 2.55(soil Mn)2 -0.59(pH)2 0.59

DTPA Mn Cone. = 824+3.74(soil Mn)+0.09(soil Mn)2-224(pH)+0.34(CEC) 0.70

H3PO4 Mn Cone. = 640+1.47(soil Mn)-0.01(soil Mn)2-181(pH)+13.0(pH)2 0.67

M3 Mn Cone. = 113 + 0.37(soil Mn) - 0.0008(soil Mn)2 - 13.5(pH) 0.79
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Table 2. Stepwise regression models for predicting Mn uptake by oats

Method Equation R2

NH4OAc Mn Uptake = 1956.1 - 216.3(pH) - 0.0023(CEC)2 0.34

ABDTP A Mn Uptake »1134.8 + 8.2(soil Mn) - 14.3(pH)2 - 0.46(pH x CEC) 0.45

DTPA Mn Uptake = 664.6 + 13.6(soil Mn) - 7.08(pH)2 - 0.34(pH x CEC) 0.55

H3PO4 Mn Uptake = 172.5 + 36.6(soil Mn) - 3.9(soil Mn X pH) 0.59

M3 Mn Uptake = 1902 + 3.95(soil-Mn) - 0.01(soil Mn)2 - 240.1pH 0.60
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NATURAL HERITAGE STEWARDSHIP RESEARCH PROJECT

The Natural Heritage League is a cooperative or
ganization of 28 non-govemment and government land 
conservation groups, all having an interest in the iden
tification, protection and management of important 
natural heritage areas in the Province. Our research 
project receives support primarily from League mem
bers, as well as some independent private foundations. 
Current funders include the Ontario Heritage Founda
tion, World Wildlife Fund, Ministry of Natural Resour
ces, Nature Conservancy of Canada, Wildlife Habitat 
Canada, Canadian National Sportmen’s Shows, the 
Laidlaw Foundation and the McLean Foundation. 
Other organizations assisting in the project’s implemen
tation include Conservation Authorities and the 
Niagara Escarpment Commission.

The Natural Heritage Stewardship Research 
Project has evolved into a continuing project of the 
Natural Heritage League. Its primary responsibility is 
the development of mechanisms to encourage the con
servation and wise management of privately-owned, 
significant natural heritage areas in Ontario. Referred 
to as ‘Stewardship Enhancement Techniques’, they are 
methods of promoting good land stewardship through 
the use of a range of agreements and incentives.

Over the course of 1985 to 1987, the Stewardship 
Project was closely associated with Carolinian Canada, 
a major land conservation program in southwestern On
tario operating under the auspices of the Natural 
Heritage League. Landowner contact through our 
project has been employed to visit approximately 800 
private owners of 29 sites, from Toronto and Niagara 
to areas near Windsor. Ontario’s Natural Heritage 
Stewardship Award Program, designed through our re
search program, was initiated in 1987. It is based on a 
verbal, voluntary agreement between private land
owners and the Natural Heritage League. In return for 
agreeing to protect the property to the best of his or her 
ability, the owner receives a Natural Heritage 
Stewardship Award plague, signed by the Premier of 
Ontario and the Chairman of the Ontario Heritage 
Foundation. The Award program provides the 
Province a tool to recognize the contribution that many 
landowners make in land protection. In many cases, 
this first-level incentive tied to a voluntary agreement 
is all that is required for successful stewardship.

Three hundred and fifty voluntary stewardship 
agreements have been negotiated in Carolinian Canada 
to date, covering some 11,000 acres of natural area. 
This represents over 38% of the owners that we have 
discussed the program with, and also 45% of the 
privately owned natural area acreage within the 29 

sites. Followup contact with landowners, on behalf of 
Carolinian Canada is primarily being conducted now 
by local lead agencies.

Of these totals, approximately 75 agreements 
resulted from our work in 1988. The Dundas Valley, 
near Hamilton, was the last Carolinian Canada site on 
which landowner contact was to be initiated. Working 
in close cooperation with the Hamilton Region Conser
vation Authority, successful contact was made with 57 
landowners, and 42 were willing to make a verbal 
stewardship commitment. Contact continued in 12 
other Carolinian Canada sites during the year, resulting 
in the other 33 agreements. Award presentations will 
take place early in 1989.

Much of the information and processes developed 
through our research have been transferred to local 
lead agencies over the past year. As well as taking on 
the responsibility of following up with Stewardship 
Award recipients through ongoing personal contact, 
many will commence working with individual land
owners to develop stronger stewardship agreements. 
In 1988, more time was devoted to developing training 
materials for agencies and organizations wanting to 
develop private stewardship programs within their own 
jurisdictions.

A pilot study was conducted in 1988 on behalf of 
the Niagara Escarpment Program of the Ontario 
Heritage Foundation, to determine if these same 
private stewardship principles and techniques were 
adaptable to significant areas along the Escarpment. 
The study was guided by an implementation commit-

Mr. Peter Waddell with his two sons - recipients of a 
Niagara Escarpment Natural Heritage Stewardship 
Award in 1988.

102

S.G. Hilts and T.C. Moull



tee consisting of the ourselves, the Ontario Heritage 
Foundation, Ministry of Natural Resources and the 
Niagara Escarpment Commission. It involved 147 
private landowners in Grey County, and Peel and 
Niagara Regions. The results were very positive, with 
88 of the landowners willing to make a verbal 
stewardship agreement for their property, thereby 
protecting another 2,300 acres of heritage lands. 
During this study, a category of ‘conservation-minded’ 
landowner was also recognized. These owners are will
ing to protect the heritage features on their properties, 
but choose not to participate in the Stewardship Award 
Program. This category accounted for another 32 land
owners in the Niagara Escarpment study, owning ap
proximately 2,000 acres. The success of this pilot 
study has resulted in the Ontario Heritage Foundation 
approving an allotment to carry on the program in 
1989, as the first of a three year implementation pro
gram.

The new Conservation Lands Tax Reduction Pro
gram was introduced by the Ontario government late in 
1988, and was developed in part by this research 
project. It offers private landowners a 100% property 
tax rebate on identified provincially significant natural 
areas, which could include 'Areas of Natural and Scien
tific Interest’, Class 1 - 3 wetlands and areas desig
nated as ‘Escarpment Natural*  under the Niagara 
Escarpment Plan. Rebates can be retroactive to the 
beginning of 1987. Participating owners will be re
quired to sign a written agreement to protect their 
natural area, but will result in a tangible, financial in
centive that will be of interest to some owners who can
not protect a site through more simple, verbal 
agreements.

Land management agencies associated with the re
search project since the beginning, particularly the 
Ministry of Natural Resources Districts and Conserva
tion Authorities, are now beginning to adopt the prin
ciples of encouraging the private stewardship of 
significant sites by providing landowners with an in
tegrated resource management message. This is also 
reflected in the followup activities conducted with the 
local offices of these agencies, as noted earlier. 
Developing voluntary agreements with landowners, 
through our landowner contact process, has been in
cluded in the Ministry of Natural Resources policy to 
protect provincially significant ‘Areas of Natural and 
Scientific Interest’. A proposed wetlands policy state
ment issued under the Planning Act, includes as part of 
its implementation strategy reference to providing in
formation to landowners and encouraging those 
owners to protect their wetlands from incompatible 
uses.

In light of this, one important aspect of our work 
this year has been the development of a Landowner

Contact Training Manual, based on the process 
employed by the Project since 1984. This is due to be 
available in draft form in March, 1989, and published 
in final form over the subsequent year.

Also currently under production is the first edition 
of a natural heritage newsletter for landowners of 
provincially significant natural areas in Ontario. This 
prototype is intended to be the first of a regular semi
annual publication providing owners an opportunity to 
keep up-to-date on programs, events, natural area litera
ture and landowner protection projects. Eventually, it 
will incorporate a question-and-answer section, and ar
ticles on biophysical processes as requested by land
owners.

One highlight of the year was the presentation 
of a Conservation Award to Stew Hilts, by the Hon. 
Vince Kerrio, Minister of Natural Resources, for 
developing the private stewardship program for the 
Natural Heritage League. Mr. Kerrio stated that 
"Stewart Hilts is a conservationist in action - a 
motivator, a fact-finder, a planner. He has been an in
spiration to naturalists, conservationists and private 
landowners".

Dr. Stew Hilts receiving a Conservation Award from 
the Hon. Vince Kerrio, Minister of Natural Resources.

During 1989, a proposal will be submitted through 
the Natural Heritage League to implement the 
Stewardship Program into all of southern Ontario, 
based in the three Ministry of Natural Resources 
Regional Offices. Our project here would devote a 
higher percentage of its time to developing training 
programs and associated materials, and would maintain 
a coordinating role for the Natural Heritage League. 
Less direct time would be spent on field work with in
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dividual landowners. However, research results from 
field work at the regional level would be integrated 
and continued to be processed through this office.

Also in 1989, the Niagara Escarpment landowner 
contact project will be undertaken, two issues of the 
newsletter produced, a stewardship manual for land
owners written, and assistance provided to Carolinian 
Canada lead agencies in starting their followup 
programs. As well, project staff will continue to par
ticipate in various committees of the Natural Heritage 
League and Carolinian Canada.

We have continued to retain the services of 
Jo-Anne Rzadki and Mark Van Patter over the last 
year to assist with the research project. During the 
summer, we also employed one graduate and three un
dergraduates to assist with field work. Two research 
assistantships were also provided in 1988. Jo-Anne 

sits on the Editorial Board of the Natural Areas As
sociation, a professional organization based in the 
United States. Our program played a major role at its 
annual conference in Syracuse, organizing one half
day session on private stewardship, as well as present
ing two papers in other sessions. At a Federation of 
Ontario Naturalists conference on Wetlands, in Oc
tober, two further papers were presented at a session 
which we also moderated. Mark presented a guest lec
ture at the University of Vermont in October. Other 
presentations included the Soil and Water Conserva
tion Society Annual Meeting in February, the Ontario 
Institute of Agrologists Annual Conference in March, 
Federation of Ontario Naturalists Annual Conference 
in May, and to the Walpole Island Indian Reserve in 
July.
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DEVELOPMENT OF A RATING SYSTEM TO EVALUATE AGRICULTURAL LAND 
AT THE LOCAL LEVEL - PHASE II

The main focus of rsearch in this project to develop 
a local level agricultural land rating system is on the ap
plication of theLASTAN (Land Suitability Analysis) 
model to a test case for horticultural crops. Apples 
have been chosen as the crop for the first case study. 
The LASTAN (Land Suitability Analysis) model is a 
numerical parametric approach to land suitability 
analysis. The model assimilates existing knowledge 
and provides a comprehensive interpretation of soil 
and climatic information relating to a specific land use. 
LASTAN will aid rural land use planners and decision
makers in the strategic allocation of our agricultural 
land reserves by amalgamating large quantities of infor
mation and manipulating it to generate an index of 
suitability for a defined land use.

Beginning in January 1988, the model was first 
programmed in APL on the LRS network. As a test of 
the model, two varieties of apple were chosen - Mc
Intosh and Red Delicious. A soil matrix and a climate 
matrix were created and verified through an extensive 
literature search on the effects of the various 
parameters on apple yield. A modification of the Del
phi technique was employed to survey apple experts on 
a national scale to arrive at a consensus opinion on the 
values included in the soil and climate submatrices. 
Soil and climatic data are necessary to run the model, 
whereas yield data are needed to validate the suitability 
index values generated by LASTAN for each site.

At present, LASTAN provides suitability index 
ratings for hypothetical site parameters. Upon comple
tion of a soil map and conversion of available climatic 
data into a usable format, data from the Simcoe Ex
perimental Farm will be entered into the model and 
used to test the suitability indices.

Two aspects of this project have been completed to 
support the climatic ratings required in the LASTAN 
model. First, a climatic rating scheme was developed 
for qualitative assessment of land areas in south
western Ontario for all commercial edible horticultural 
crops grown in region, The general approach was to 

place the crops into three main groups - frost suscep
tible, frost tolerant, and winter temperature susceptible 
perennials. A four-point rating system was used to 
place areas into "very good", "good", "fair" or "poor" 
categories based on restrictions produced by the criti
cal climatic factors appropriate for each group of 
crops. The Com Heat Unit (CHU) map was used as 
the primary criterion to subdivide the area for the four- 
point rating. Secondary climatic features appropriate 
for each crop group were used to further subdivide the 
crops into subgroups. The climatic features used for 
the secondary subdivision were spring and fall frost 
dates, spring and summer maximum temperatures, and 
winter minimum temperatures (Brown and Place, 
1989).

Secondly, freeze risk information for Ontario has 
been updated to the most recent climatic normal 
period. Analyses of the last spring and first autumn oc
currences of temperatures from 0 to -4 °C have been 
completed based on the 1951-80 climatic statistics. 
Rule-of-thumb for frost (0 °C) risk at several prob
ability levels, and for critical temperatures below 0°C, 
were developed, so that only two maps are needed for 
estimating freeze risks across the Province. Maps for 
the 0 °C occurrences have been prepared (Bootsma and 
Brown, 1988).
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Climatological data at the Elora Research Station, 1988

Month

Daily 
Mean 

Temp.
(°C)

Corn 
Heat 
Units

Degree 
Days 

>S°C

Degree
Days 

<18°C

Total 
Precipi

tation 
(mm)

Mean 
Wind 
Speed 

(km/h)

Mean 
Daily 
Solar 

Radiation 
(MJ/m2)

Mean 
Daily 

Net 
Radiation 

(MJ/m2)

Jan. -7.1 777 39 19.5 5.5 -1.7
Dif. 1.1 -31 -19.3 0.7 -0.5 -0.6

Feb. -8.2 752 60.7 19.2 10.5 0.4
Dif. 0.9 37 11.8 2.0 0.7 1.4

March -2.5 8 634 38.8 16.9 M M
Dif. 0.3 2 -7 -35.3 -0.9 M M

April 5.1 38 390 68.2 17.0 20.9 M
Dif. 0.0 -26 4 -2 -0.6 3.6 M

May 13.4 297 261 154 41.8 14.7 M M
Dif. 2.0 74 58 -62 -35.8 -0.4 M M

June 17.0 537 347 89 22.8 16.1 25.6 10.2
Dif. -0.2 -43 -17 28 -64.1 2.4 3.9 -1.1

July 21.3 768 507 7 101.3 9.7 22.5 9.4
Dif. 2.2 52 69 -20 28.3 -1.8 0.8 -2.0

Aug. 19.6 722 452 36 52.1 11.0 17.4 8.9
Dif. 1.4 34 46 -4 -20 0.6 -1.1 -0.4

Sept. 13.7 448 262 133 93.1 12.5 14.8 5.5
Dif. -0.5 55 -15 1 21.8 0.8 1.0 -0.6

Oct. 5.6 56 386 83.6 15.1 7.7 1.9
Dif. -3.0 -71 90 17.3 1.3 -0.9 -1.0

Nov. 3.5 23 438 91.6 18.0 3.9 0.1
Dif. 1.6 -2 -42 25.9 1.5 -0.8 -0.5

Dec. -5.0 704 43.2 18.3 5.1 -1.6
Dif. 0.3 -14 -28.3 0.7 0.9 -0.8

Year 6.4 2772 1956 4499 736.2 15.7 M M
Dif. 0.4 172 44 -22 -99.7 0.6 M M

M - DATA MISSING

"DIF." is the amount that the 1988 value is above (+) or below (-) the 1951-1980 average value
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from Automated Stations in Ontario. Arboretum 
Centre, University of Guelph, October 20,1987.

Brown, D.M. 1988. The 1988 drought compared to 
dry years of the past. Drought Forum Perspective 88. 
Stratford Office of Ont. Min. of Agric, and Food. 
November 30th. (Organized by Pioneer Hi-Bred 
Limited, Chatham).

Brown, D.M. 1988. Climate: Is it changing?
-Swine Seminar. Organized by Milverton-Wellesley 
Veterinary Clinic. Wellesley, Waterloo County.
November 23rd.
-Annual Meeting of Directors. The Ontario Bean 
Producers’ Marketing Board. London. December 8th. 
-Plus nine times in Winter 1989.

Brown, D.M. 1989. Scheduling irrigation under 
severe (drought) conditions. Ontario Horticultural 
Conf., Potato Session. February 14th.

115



Flather, D. and E.G. Beauchamp. 1988. Transforma
tions of nitrate to gaseous N and ammonium with 
acetylene in an anaerobic soil. C.S.S.S. Meetings, 
Calgary. Aug. 22-24.

Groenevelt, P.H. 1988. Effective stress in structured 
soil. Second Int. Symp. in Soil Physics and Soil 
Mechanics. St. Paul, Minnesota.

Gupta, V.J. and M.E. Brookfield. 1987. Devonian 
Evolution of Northern Gondwanaland. Int. Conf, on 
Devonian System, Calgary, Alberta. August.

Jones, S.V. and R.P. Voroney. 1988. C.A.I. modules 
in soil science. Can. Soc. Soil Sci. Meetings, Calgary,

Jorjani, H. and P.H. Groenevelt. 1988. An economic 
assessment of the biophysical cause-effect structure of 
drainage impacts in the context of the SWEEP pro
gram. Annual meeting of the Canadian Soil Sci. Soc., 
Calgary, Alberta.

Kachanoski, R.G. 1988. Identification of repre
sentation sampling locations for soil water storage 
using non-contacting electromagnetic induction 
methods, Modelling and Validation of Unsaturated 
Water Flow Conference. Ruidoco, New Mexico 
(May).

Kay, B.D., D. A. Angers, P.H. Groenevelt and J. A. 
Baldock. 1988. Quantifying the influence of cropping 
history on soil structure. Xlth Conference on the Inter
national Soil Tillage Research Organization. Edin
burgh, Scotland.

Martini, I.P. and Rocha-Campos, A.C. (accepted). In
terglacial and early post-glacial, lower Gondwana coal 
bearing sequences in the Parana’ Basin, Brasil.
Proceedings 7th Gondwana Symposium, S. Paulo.

Martini, I.P. and Sadura, S., 1988. Multi-media com
puterprojection system. In, Herrmann, T. (ed.), Show 
and Tell 88, Proceeding from the conference - Univer
sity of Guelph, p. 115-117

McCabe, C. and R. Protz. 1988. Cs137 distribution 
with depth in surface horizons of several forested 
southern Ontario soils. Can. Soc. of Soil Science. 
34th Annual Meeting. Calgary, Alta. Aug. 21-24.

McCabe, D., R. Protz and A.D, Tomlin. 1988.
Earthworm Influence on Soil Quality in Native Sites of 
Southern Ontario. 80th Annual Meeting. Soil Sci. 
Soc. of Amer. Anaheim, California. Nov. 27-Dec.2.

Mott, S. and P.H. Groenevelt 1988, Industrial oil 
waste reduction through enhanced land treatment. An
nual meeting of the Canadian Soil Science Society, 
Calgary, Alberta.

Paul, J.W. and E.G, Beauchamp. 1988. Denitrifica
tion and fermentation in plant residue-amended soil. 
C.S.S.S, Meetings, Calgary. Aug. 22-24.

Protz, R., R. Martin and T.W.D. Edwards. 1988. 
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