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Foreword

It is with a great deal of pleasure that I introduce the 1986 Annual 
Report of the Department of Land Resource Science.

The purpose of this report is to provide an overview of the teaching, 
research and extension programs carried out in the Department and to 
provide a glimpse of the highlights of these programs in the past year. A 
summary of each program is provided as an introduction to the appropriate 
section of this report.

Further information on any of our programs can be obtained by contacting 
the Department or dropping by in person. Visitors are welcome at any time. 
Comments on any aspect of our program are very much appreciated.

The achievements of the past year can be traced to the initiative, 
enthusiasm, and creativity of all members of the Department. I would 
especially like to acknowledge the contributions of our technical and 
clerical staff. Their continued support is reflected in the excellence of our 
teaching, research and service programs.

In closing I would like to thank Andy McLennan, Marilyn Metcalf, and Tim 
Volk for the graphics, typing and editing associated with preparing this 
report, thereby making it possible for all of us in Land Resource Science to 
reach out to you.

B.D. Kay 
Chairman.





Personnel and Interests

Faculty/Professional Staff

B.D. KAY, B.S.A., 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 or 2448)’.

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. Nitrogen in the 
soil/crop system; soil-plant relationships; fertilizers and plant nutrition. (Ext. 3239).

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

M.E. BROOKFIELD, B.Sc. (Edinburgh), Ph.D. (Reading), Associate Professor. Paleoecology, 
paleontology, 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, clomatological reference stations, relationships of 
crop growth and development to climate and weather. (Ext. 2206).

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

D.E. ELIRCK, 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 
mineralogy. (Ext. 3017).

CA. FITZGIBBON, BA. (McMaster), M.Sc. (Saskatchewan), Co-ordinator of O.I.P. Computer 
Laboratory and Teaching Associate. Soil science, resources planning and 
management. (Ext. 3393).

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

WA. GLOOSCHENKO, B.Sc. (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, BA. (Western Ontario), M.A. (Toronto), Ph.D. (Toronto), Assistant Professor. 
Joint appointment with University School of Rural Planning and Development. 
Natural resources management, environmental planning, land utilization. (Ext. 
2702).

University ofGuelpb telephone number is (519) 824-4120.
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R.G. KACHANOSKI, B.Sc., M.Sc. (Saskatchewan), Ph.D. (California), Assistant Professor and 
Coordinator of Extension. Soil fertility, soil and water conservation and extension. 
(Ext. 2498).

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

K.M. KING, B.S.A. (Toronto), M.S., Ph.D. (Wisconsin), Professor. Evapotranspiration and 
photosynthesis of field crops; environmental measurements. (Ext. 2787).

J.T. KOCH, B.Sc. (Natal), M.Sc. Agric. (Natal), Ph.D. (Guelph), Post-doctoral Research 
Associate. Iodine transport in organic soils. Resigned April 8, 1987.

B.C. MATTHEWS, B.SA. (Toronto), A.M. (Missouri), Ph.D. (Cornell), D.U. (Sherbrooke), 
L.L.D. (Waterloo), Professor. Soil chemistry. President and Vice-Chancellor. (Ext. 
2200).

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

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

M.H. MILLER, B.SA. (Toronto), M.S., Ph.D. (Purdue), Professor. Soil fertility, plant nutrition 
and land productivity. (Ext. 2482).

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

R. PROTZ, B.SA,, 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.SA. (Toronto), M.S. (Cornell), Manager, Agroclimatology Program, Plant 
Industry Branch, Ontario Ministry of Agriculture and Food. (Ext. 2480).

R.W. SHEARD, B.SA. (Saskatchewan), M.S.A. (Toronto), Ph.D. (Cornell), Professor. Harvest 
management and fertilizer use for production, longevity and quality of perennial 
forage species. (Ext. 2491).

E.P. TAYLOR, B.Sc. (Agr.) (Guelph), Research Associate. Forest Pedology. (823-5700, Ext. 
320).

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.SA, M.S.A. (Toronto), Ph.D. (Wisconsin), Professor. Physics of soils, 
plant and atmosphere. (Ext. 2453).

H.P. VAN STRAATEN, Dipl. Geol., Dr. rer. nat (Gottingen, Germany), Research Associate. 
Geology, mineral exploration, agrogeology in East Africa. Three year appointment 
January 1, 1985 to December 31, 1987. (Ext. 2454).

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

R.W. WEIN, B.S.A., M.Sc. (Guelph), Ph.D. (Utah State), Visiting Professor — on leave from 
Dept, of Biology and Fire Science Centre, University of New Brunswick. Fire 
ecology especially of northern ecosystems. (Ext. 2489).

* Extension number fe.g. Ext. 2447) at the University of Guelph,
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K. Alexander, B.Sc. (Mount Allison), M.E.S. (Dalhousie), Research Assistant. 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.SA. (St. Boniface), M.Sc. (Manitoba), Research Assistant (part-time). Soil plant 
water relations. (Ext. 2487)

L. Bissell, Clerk. (Ext. 2661)

L. Bober, B.Sc. Agr. (Guelph), Research Assistant. Landfill leachate treatment disposal 
project at Muskoka Lakes landfill site (April 28, 1986 to August 31, 1986). Soil 
compaction modelling (September 1, 1986toApril 10, 1987). (Ext. 2492)

K. Bolton, B.Sc. Agr. (Guelph), Technician. Soil genesis. (Ext. 8175)

G. Bowles, B.Sc. Agr. (Guelph), Technician. Soil management. (Ext. 8167) Resigned 
November 28, 1986.

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

J.C. Bryant, Assoc. Dipl. Agr. (Guelph), Technician. Soil management and plant nutrition 
plot work. (Ext. 2617)

J. Cuthill, B.Sc. Agr. (Guelph), Research Assistant. Landfill leachate treatment disposal 
project at Muskoka Lakes landfill site (April 18, 1986 to February 27, 1987).

P. Cureton, B.Sc. (Guelph), Research Assistant. Landfill leachate treatment disposal project 
at Muskoka Lakes landfill site (August 5, 1986 to February 27, 1987).

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), Certif. Comp, and Info. Sci. (Guelph), Technician. Computer 
data analysis. (Ext. 2493)

J.A. Ferguson, Assoc. Dipl. Agr. (Guelph), Technician. Soil management and plant nutrition 
plot work. (Ext. 2617)

A. Fisken, B.Sc. (Guelph), Research Assistnt. Landfill leachate treatment disposal project at 
Muskoka Lakes landfill site (April 28, 1986 to March 27, 1987).

E.F. Gagnon, Assoc. Dipl. Agr. (Guelph), Supervisor. Soil and plant analysis. (Ext. 2494)

R. Harkes, Clerk. (823-5700, Ext. 330). Resigned June 30, 1986.

K.A. Hilborn, B.Sc. Agr. (B.C.), O.I.P. Computer Coordinator. Management of daily 
operations of lab. Resigned June 26, 1986.

S.E. Hipwell, Dipl. Lab. Tech. (Seneca CA.A.T.), Technician. Soil classification. Resigned May 
9, 1986.

D.E. Irvine, Chartered Cart. (Ont. Inst. Ch. Cart.), Technician. (Ext. 3364)

Clerical/Technical Staff
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S. Laycock, Secretary. Undergraduate and graduate programs. (Ext. 6365)

J. Lovcanin, B.Sc. (Belgrad), Technician. Soil management and plant nutrition field plot. 
(Ext. 8157)

J A. McLennan, Assoc. Cart. (Ont. Inst. Ch. Cart.), Technician. (Ext. 3364)

P.M. McLennan, Assoc. Dipl. Environ. Eng,, Forester. Forestry and Pedology Technologist. 
(Ext. 3926)

MJ. Metcalf, Secretary. (Ext. 6365)

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

N. Murray, Technician. Limitations to yield of com. Resigned January 30, 1987.

P. Newdick, B.Sc. Agr. (Guelph), Technician. Nitrogen requirements of barley and corn. 
Resigned March 31, 1987.

C. Palmer, Soil Analysis Assistant. (823-5700, Ext. 330). Commenced duties August 11, 
1986.

R.E. Place, B.Sc., M.Sc. (Guelph), Research Assistant. Climate rating for horticultural crops 
and irrigation. Resigned October 31, 1986.

LA. Podmore, Stenographer. (Ext. 2661/2455)

J.A. Poisson, B.Sc. (Guelph), Technician. Soil chemistry/biochemistry. (Ext. 8157)

D. Rachar, B.Sc., M.Sc. (Guelph), Technician. Soil conservation, Resigned February 11, 1987.

J.A. Rzadki, B.Sc. (U. ofT.), M.Sc. (Guelph), Research Assistant. Natural Heritage 
Stewardship Project (December 15, 1986 to September 30, 1987).

S. Sadura, B.Sc. Agr. (Guelph), Teachin and laboratory technician. (Ext. 3393)

P. Smith, BA. (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. Electronic instrument 
operations and plot work. (Ext. 2208)

G. Taylor, Assoc. Dipl. Agr. (Guelph), Technician. Soil management and plant nutrition plot 
work. (Ext. 8106)

D. Tel, Dipl. Agr. (Oudenkerk), Dipl. Agr. (Groningen), Technician. Pollution control and 
waste management; soil and water analysis and research analytical laboratory. (Ext. 
3507)

M. Van Patter, B.Sc. Agr., M.Sc. (Guelph), Research Assistant, Natural Heritage Stewardship 
Project (January 19, 1987 to April 24, 1987),

T. Volk, B.Sc. Agr. (Guelph), Research Assistant. Wetlands Classification Project and Natural 
Heritage Stewardship Project (June 1, 1986 to November 30, 1986); Soil 
compaction modelling (December 1, 1986 to January 31, 1987); and Capability 
rating system for specialty crops (February 1-28, 1987).

W.G. Wilson, B.Sc. (Agr.) Guelph, Technician. Pedology. (Ext. 8157)

T. Woerlen, B.Sc. Agr, (Guelph), Technician. Soil physics and soil conservation. Resigned 
March 26, 1987.
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Undergraduate 
Education

Summary of 
Undergraduate 
Teaching Program

The Department continues to offer undergraduate majors in three aspects of land 
resources: Earth Science, Soil Science and Resources Management. The Earth Science 
program leads to the Bachelor of Science degree, while the Soils and Resources 
Management majors receive a Bachelor of Science in Agriculture.

The Earth Science program places emphasis on fundamental understanding of the 
interplay of processes that occur near the earth-atmosphere interface. Course work includes 
strong exposure to near-surface geological and geomorphological processes, the weathering 
of rocks to soils, the physics and chemistry of the soils themselves, and the behaviour of the 
lower atmosphere.

In the Soil Science major, the focus is more specifically aimed at the soil resources. Again, 
the fundamental physics and chemistry of soils is emphasized, but also included in the 
program are aspects such as soil management and remote sensing. Opportunities to practice 
and synthesize this learning are provided by a field course and by senior-level courses 
concerned with current issues and problems in soil science.

The Resources Management major provides students with a breadth of knowledge about 
the major resource components of the rural landscape. The biophysical base for the 
program includes courses in soil management, meteorology, fish and wildlife management, 
water management, and forestry. Exposure to natural resource economics and policy is also 
included. All students take these core subjects but must also elect to develop an area of 
emphasis in one aspect of resources management.

Considerable progress has been made in the past few years to expose students to 
computers and their application to specific fields. Students are now using the VITAL and 
TCOSY programs in first year geology courses. Second year Resources Management and Soil 
Science majors are now required to master a word processing package and become 
knowledgeable with a spread sheet program. As students progress they are expected to 
expand their use of computers to include statistical analysis of data and a number of 
programs that simulate real world problems. The use of computers in undergraduate 
education will continue to be emphasized and expanded in order to keep students abreast 
with innovations in their fields.
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Undergraduate Diploma and Degree Courses Offered 
During 1986/87

COURSE
NUMBERS COURSES ENROLMENT

DIPLOMA

87-010 Principles of Soil Science 160
87-011 Soil Management for Crop Production 123
87-020 Land Resources and Environmental Quality 77

DEGREE

01-140 The Agriculture and Food System I 327

46-100 Principles of Geology (Fall and Winter) 57
46-104 Study of the Earth 124
46-202 Stratigraphy 8
46-203 Paleontology 23
46-205 Glacial Geology 8
46-207 Paleontology 15
46-209 Structure & Tectonics 28
46-210 Mineralogy 11
46-250 Remote Sensing 14
46-306 Hydrogeology 34
46-307 Petrography 8
46-405 Field Geology 6
46-406 Clay Mineralogy 19
46-407 Petrology 10
46-409 Sedimentology 17
46-412 Topics in Earth Science 7

64-203 Meteorology and Climatology 46
64-204 Meteorology and Climatology 16
64-302 Agrometeorology 21
64-305 Microclimatology 15
64-315 Microclimatic Measurement 6

87-201 Soil in Planned Environments 52
87-250 Problem Solving in Land Resource Science 14
87-302 Soil Genesis and Classification 28
87-305 Land Utilization 18
87-308 Soil & Water Conservation 25
87-310 Resources Planning and Management 19
87-311 Resources Field Camp 12
87-321 Soils Field Camp 7
87-401 Soil Chemistry 30
87-402 Soil Physics 21
87-405 Soil Management 38
87-407 Problems in Land Resource Science 2
87-409 Soil Management 9
87-410 Soil Plant Relationships 33
87-415 Decision Making in Resources Management 17
87-420 Issues in Soil Science 8
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Graduates in Soil Science, Resources Management and 
Earth Science, June, October, 1986 and February 1987

RESOURCE MANAGEMENT MAJORS

SOIL SCIENCE MAJORS

Kimberley Ann Bolton 
Julia Mary Cooper 
Bruce Gordon Johnson 
James Anthony Simpson 
Lisa Ann Sumers
Stella Corinne Thuemen 
Patrick Michael Toner

Pamela Anne Blair 
Leslie Michael Bober 
Mark James Canthal 
James Cuthill 
Richard Jonathan Fenton 
Maryann Koekkoek 
James Alan MacLeod 
Ian Stuart Murray 
Algis John Ratavicius 
Karen Louise Schmetzer 
Mary Jo Underwood 
John Michael Vercruyssc’ 
Linda A. Virgin 
Timothy Austin Volk 
Kathleen Agnes Zimmerman

EARTH SCIENCE MAJORS

David Charles Crabtree 
Cecilia Howkins 
Bruce Alan Kjarsgaard 
James Edward Marr 
Asiah Mohd Salih 
Colin Sim
James Edward Price 
Mark A. Schneider 
Rosa Velasco
Christopher John Williams

'Deceased March 30, 1986
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Undergraduate Awards — October 1986
John S. Archibald Memorial Scholarship Helen Lammers

Soil Science

Robert Harcourt Scholarships
Ron Beyaert, 
Soil Science
Christine Lane-Smith, 
Soil Science

Barkely’s of Avonmore Scholarship Karin Smith,
Resources Management

Fertilizer Institute of Ontario Scholarships Helen Lammers,
Soil Science 
Christine Lane-Smith, 
Soil Science

O.A.C. Proficiency Prizes Ron Beyaert,
Soil Science

Wellington County Fish & Game Association Award Elizabeth Pringle, 
Resources Management

Thomas H, Peters Scholarship Lisi Boegman,
Resources Management

O.A.C. Alumni Foundation Undergraduate Scholarship Christine Lane-Smith, 
Soil Science

Undergraduate Convocation Awards — June 1986
Roy Jewell Award in Agricultural Communications Julia Cooper,

Soil Science

N.R. Richards Scholarship Stella Thuemen,
Soil Science

OA.C. Alumni Graduation Award James Price,
Earth Science

Natural Sciences and Engineering Research Mary Ann McLean,
Council of Canada Undergraduate Timothy Volk
Research Awards (Summer 1986)

Canadian Geographic Society Undergraduate Research Jane Dusome-Fraser 
Award (Summer 1986)
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Dean’s Honour Roll — 1986
Students with a minimum of 80% average and in the top 10% of their class 

(W—winter semester, P—fall semester)

Sue Bradley (W,F) Earth Science
Julia Cooper (W) Soil Science
Christine Harding (W) Soil Science
Cecilia Howkins (W,F) Earth Science
Andrew Jarrett (F) Resources Management
Sandra Jones (W) Earth Science
Helen Lammers (W,F) Soil Science
Mary Ann McLean (W,F) Soil Science
Stella Thuemen (W) Soil Science
Timothy Volk (W) Resources Management
Brian Watson (F) Earth Science

4th Year Undergraduate Earth Sciences, 
Resources Management and Soil Science Projects

Livestock Waste Management Package Towards Improved Water Quality in the Upper 
Conestoga Watershed — Report to the Grand River Conservation Authority. Glen 
Hulkowich, Mary-Ann Koekkoek, Brian McMahon, John Vercruysee. April 7, 1986.

The Liberal Education Controversy: A Video. Kim Bolton, Mark Canthal, Katrina Lechner. 
April 8, 1986.

A Plan to Reintroduce the Massassauga Rattlesnake, Sistrurus catenatus catenates, into a 
Section of its Original Range. Alan Macleod, Karen Schmetzer. April 8, 1986.

Crop Production System Report — Report to Clarence de Groot. Julia Cooper and Lisa 
Summers. April 7,1986.

Land Development Alternatives for the University of Guelph. Wynn Bunbury and Andrew 
Campbell. April 8, 1986.

Alternative Energy for Ontario — A Summary Report. Michael White, Mary Joe Underwood. 
April 8, 1986.

Final Report: The Ronalane Feasibility Study. Pam Blair. Dec. 15, 1986.

A Development Study: Alternative Crops for Norfolk County Tobacco Soils — Report to the 
Office of the Deputy Minister of Ontario Ministry of Agriculture and Food. Tim Allen, Les 
Bober, Bill Stevens, Pat Toner. April 8, 1986.

Soil and Water Consecration Assistance Programs Available to Private Land Owners in 
Southern Ontario. Jim Cuthill, Stella Thuemen, Timothy Volk, Kathleen Zimmerman. April 7, 
1986.

Com (Zea mays L.) and Bromegrass (Bromus inermis Leyss.) Decomposition Studies: 
potential effects on soil structural ability. Stella Thuemen.

Atikouak River Anorthosite Massif, Labrador. Bruce Kjarsgaard.





Graduate Education
Graduate students and supervisors — Winter Semester, 1987

SOIL SCIENCE PROGRAM

M.SC. STUDENTS SUPERVISOR*

Alder, V....................................... R.W. Sheard
Brogly, P.......................................I.P. Martini
Crabtree, D............................... W. Chesworth
Cruickshank, C.......................................... LJ. Evans
Dongol, G............................... M, Brookfield
Farquharson, B...................... E.G. Beauchamp
Flather, D............................  E.G. Beauchamp
Hart, R......................................... M.H. Miller
Jensen, F.................................................... L.J. Evans
Johnston, T. ..................... P.H. Groenevelt
Lu, S............................................. M.H. Mifier
Mott, S................................. P.H. Groenevelt
Nurwadjedi...................................  R. Protoz
Ovid, A................................ P.H. Groenevelt
Paul, J..................................  E.G. Beauchamp
Pojasok, T..........................................B.D. Kay
Richards, N...................................  D.E. Elrick
Seech, A............................... E.G. Beauchamp
Su, C................................................ LJ. Evans
Tossell, R ......................... P.H. Groenevelt
Van Wesenbeeck, I............. R.G. Kachanoski
Wen, G...................................... R.P. Voroney
Wright, D...................................... R.W. Sheard
Young, D............................. P.H. Groenevelt
Zhai, R................................. R.G. Kachanoski
Zhu, Z.Y. ......................................... T.E. Bates

Ph.D. STUDENTS SUPERVISORS

Abboud, S......................................... T.E. Bates
Barry, D....................................... M.H. Miller
Campbell, A.................................. D.E. Elrick
Drury, C.............................. E.G. Beauchamp
Evans, D...................................... M.H. Miller
Fairchild, G................................. M.H. Miller
Gregorich, E.......................  R.G. Kachanoski
Simard, R.................................................... T.E. Bates
Sweeney, S.................................................. R. Protz
Winter, J.................................... R.P. Voroney
Zhang, C.Y. ..................................... T.E. Bates

AGROMETEOROLOGY PROGRAM

Fuentes, J.......................................... K.M. King
Kalliomaki, M............................. TJ. Gillespie
Lin, P......................................... G.W. Thurtell
Shi, G......................................... G.W. Thurtell
Singh, G.......................................D.M. Brown
Zhang, Y.................................... TJ. Gillespie

Barr, A....................................................... TJ. Gillespie
Berard, R.................................. G.W. Thurtell
Edwards, G............................... G.W. Thurtell
Hopps, P.‘............................... G.W. Thurtell
Leclerk, M................................ G.W. Thurtell
McGin, S...........................................K.M. King
’Deceased February 26, 1987

RESOURCES PLANNING
UNIVERSITY SCHOOL OF RURAL PLANNING AND DEVELOPMENT

Connolly, S...................................... S.G. Hilts
O’Neill, B.................................... R. McBride
Scribimawati, T....................... F.H. Cummings

M. AGR.

Taylor, P.F....................................RA. McBride
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Graduate degrees conferred June, October, 1986 
and February 1987

Student Degree Supervisor Thesis Title Defence
Date

SOIL SCIENCE PROGRAM

S. Brunsting M.Sc. P.H. Groenevelt The effects of soil erosion on Jan. 15
soil properties and com yields 1986

D.L Charlton M.Sc. S.G. Hilts Ecological studies of Bruce Apr. 21
Peninsula wetlands: classifi- 1986 
cation of fens and related 
wetland types

R.M. El-Asswad Ph.D. P.H. Groenevelt Surface treatment of sandy soil April 9, 
and its effect on evaporation 1986 
and wind erosion

B. Farrell M.Sc. E.G. Beauchamp I. Nitrogen kinetic isotope Jan. 15,
effects in dentrification and 1986 
II. Analysis of nitric oxide and its 
production in growth media with 
Pseudomonas cblororaphis

M.H. Marsh M.Sc. P.H. Groenevelt Soil surface condition and Jan. 20,
phosphorus losses due to 1986 
soil erosion

W.D. Reynolds Ph.D. D.E. Elrick The Guelph Permeameter Sept. 22 
Method for in-situ measure- 1986 
ment of field-saturated 
hydraulic conductivity and 
matrix flux potential

J.A. Rzadki M.Sc. S.G. Hilts Terrain sensitivity analysis May 16,
for all-terrain vehicle manage- 1986 
ment in the Cape Churchill 
Wildlife Management Area, 
Manitoba

M.J. Shipitalo Ph.D. R. Protz Soil structure formation and May 7,
stabilization by earthworms 1986 
and tillage effects on soil 
porosity

J.E. Smith M.Sc. D.E. Elrick Improved air permeability Dec. 10,
theory and apparatus 1986

AGROMETEOROLOGY PROGRAM

M.E.D. Graham Ph.D. G.W. Thurtell The effect of increased trans- Oct. 29, 
piration on photosynthesis 1986 
in maize

M.J. Heikinheimo Ph.D. G.W. Thurtell Techniques for detecting June 13, 
carbon dioxide and water 1986 
vapour transport above a 
vegetated surface using the 
eddy-correlation method
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Graduate Student Awards, October 1986
Mary Edmunds Williams Fellowship Stella Mott

John Paul

Mary Edmunds Welsh Williams Fellowship David Evans
Natural Sciences and Engineering Research
Council of Canada Postgraduate Scholarship James Smith

Ontario Graduate Scholarship Paul Hopps *

Herbert Armstrong Prize Marius Marsh

’ deceased, February 26, 1986

Additional Awards
Morwick Scholarship (June 18, 1986) Regis Simard

Bentley Award (July, 1986) Regis Simard





ExtensionHighlights

T he extension program of the Land Resource Department is designed to transfer 
and encourage application of research based knowledge related to the wide use of our land 
resource. The department offers services to farmers, the agriculture industry and 
government through specialized educational programs and the provision of resource 
persons for these programs, expert response in solving problems and answering technical 
requests, stimulation of the process of problem identifictaion, and preparation of technical 
information for publication.

Extension activities in Land Resource Science accounted for 1.7 man-years or 373 days in 
1985-86 (Table 1). Faculty participated in a number of educational programs and 
workshops including the “Forage — Your Key to Profit” series which was offered in six 
southern Ontario locations and had 850 registrants. The program discussed among other 
things, the role of forages in soils and water conservation, and in providing an alternative 
cash crop.

Significant extension time was spent working with the OMAF soil conservation advisors 
and other Soil and Water Management Branch personnel. Of particular importance was the 
completion of the first year of the Tillage-2000 project. Tillage-2000 is a 5 year on-farm 
conservation program carried out jointly by Land Resource Science and the Soil and Water 
Management branch of OMAF. Tillage-2000 is both an extension demonstration, and 
research program aimed at developing the best conservation system for specific soil-climate 
conditions. Local conservation authoriteis, soil and crop improvement associations, and farm 
operators are cooperating in the program to promote the wise use of our soil resource. 
Approximately 30 farm cooperators were associated with the Tillage-2000 program in 1985- 
86. A workshop for the cooperators was held in March, 1987 which discussed the progress 
of the project during its first year as well as activities which will take place this coming 
growing season.

The department continued to play a major role on the many research and advisory 
committees responsible for the agriculture production handbooks which are invaluable to 
Ontario producers. Many hours are spent revising and updating the handbooks ensuring the 
most recent information and efficient methods are available to the agriculture industry.

The extension activities of the department include all aspects of land resource planning. 
“Islands of Green” by Prof. S. Hilts was published in November 1986 and is a practical 
manual for natural heritage protection and a new approach to rural planning. The manual, 
along with the establishment of a “Natural Heritage Stewardship Award” for recognition of 
landowners, who voluntarily protect and monitor natural heritage features of their land, is 
part of an overall program to help change the way people think about rural planning, 
especially with regards to significant natural areas.

Land Resource Science will continue to be committed to education and the transfer of 
knowledge and technology to user groups outside the university.

'represents 1.7 man years @ 220 days/yr.

Courses, conferences, etc.

Total Ext. 
Days

37.5

% ofTotal 
Ext. Effort

10.0
Talks, speeches 53-0 14.2
Consultations 157.0 42.1
Publications 13.5 3.6
Tours 7.7 2.1
Radio, TV and Exhibits 3.9 1.0
Ext. Committees 35.0 9.4
Continuing education 6.0 1.6
Public Relations 34.0 9.1
Other Activities 25.0 6.9

Total 373.0* 100.0

R.G. Kachanoski

Table 1: Summary of Land Resource Science Extension Activities for 1985-86.





Research Summary
B.D. Kay

Research programs in the Department of Land Resource Science continue to 
respond to problems related to the management of land, as well as to increasing our 
understanding of the fundamental characteristics of this resource. It is worth emphasizing 
that the term land represents the continuum from geological materials from which soils
form, soils and the lower atmosphere at the earth s surface.

The total value of grants and contracts supporting research in Land 
Resource Science in 1986 was $2,397,612. This represented 
$1,342,516 from the Ontario Ministry of Agriculture and Food and 
$1,055,096 from other agencies. The latter agencies included the 
Natural Sciences and Engineering Research Council, Agriculture 
Canada, Environment Canada, Indian and Northern Affairs, International 
Development Research Centre, Transport Canada, Ontario Ministry of 
Natural Resources, Ontario Ministry of the Environment, Agrico Canada 
Limited, Canadian Industries Limited, Cyanamid Canada Limited, 
Ecologistics Limited, International Minerals and Chemical Corporation, 
International Turfgrass Society, Niagara Chemical Company, Ontario 
Racing Commission, Potash Phosphate Institute of Canada, The Cecil 
Delworth Foundation, Nova Scotia Agricultural College, Ontario Heritage 
Foundation and the Nature Conservancy of Canada. The level of funding 
provided for research in the Department was 5.5% greater than that 
provided in 1985. The financial support provided by these agencies is 
critical to an active research program which is operating at the 
“cutting edge” of new developments.

A highlight in research and educational programs in the past year was the formation of a 
Centre for Soil and Water Conservation. The Centre was established at the University of 
Guelph to promote and co-ordinate research and educational programs to reduce the 
deterioration of the quality of soil and water resources. The initial emphasis will be 
degradation of soil and water resources in the agricultural regions of Ontario. Faculty from 
Land Resource Science will be associated with the Centre along with faculty from several 
other academic units. The Centre will strengthen existing programs through increased 
interdisciplinary activity and will encourage a holistic approach to priority problems. The 
Centre will function as a focal point for interaction with off-campus organizations and 
individuals interested in soil and water conservation programs.

Details on research projects which were completed in 1986 are outlined on the following 
pages. The Project Reports are summarized into three groups:

(1) land characterization,
(2) land management,
(3) land inventory and planning.

This grouping represents a departure from the traditional groupings by discipline in the 
Department in order to provide a more coherent illustration of how the disciplines of soil 
science, geology, agrometeorology and land use planning interact in solving problems 
related to land resources.
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Current Research Projects and Funding Sources

Faculty Title of Project Funding Agency

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

O.MA.F.
N.S.E.R.C.

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

O.M.A.F.

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

E.G. Beauchamp
R.W. Sheard

Nitrogen recommendations for barley and corn O.M.A.F.
C.I.L Inc.
Agrico Canada Limited 
Cyanamid Canada, Inc.

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

E.G. Beauchamp Availability of soil N in southern Ontario. O.MA.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 Characteristics of droughts and their effects on field 
crop yields in southern Ontario

Atmospheric Environment
Services
O.M.A.F.

D.M. Brown Assessment of the potential for increasing yield of field 
com with irrigation

O.MAF.

D.M. Brown Development of an irrigation scheduling method for 
the potato crop in Ontario

O.MA.F.

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

W. Chesworth The fundamental chemistry and mineralogy of 
podzolization

Atomic Energy of 
Canada Ltd.

W. Chesworth
P. van Straaten

The Guelph-Morogoro (Tanzania) agrogeology project International Development
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.

D.E. Elrick Hydraulic conductivity and sorptivity of selected 
soil types

Agriculture Canada

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

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

TJ. Gillespie Measurement and estimation of crop microclimates 
for pest management

O.MA.F.
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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 corn yield O.M.A.F.

P.H. Groenevelt Mechanisms of phosphorus transport from agricultural 
land to open waters

International Joint
Commission

P.H. Groenevelt Physical properties of soils under intensive cultivation N.S.E.R.C.

P.H. Groenevelt
P. van Straaten

Rock mulching O.M.A.F.

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

Agriculture 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 on the Niagara 
Escarpment

S.G. Hilts 
D.M. Brown 
T.J. Gillespie 
RA. 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 
Scholarships from N.S.E.R.C.

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 soil variability assessment

N.S.E.R.C.

R.G. Kachanoski Effects of conservation tillage on bio-physical 
relationship on soil

O.MA.F.
N.S.E.R.C.

R.G. Kachanoski Effects of landforms on measured erosion rates using 
137cs as a soil tracer

N.S.E.R.C.

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.

KM. King Effects of elevated atmospheric CO2 on agriculture O.MA.F.
Environment Canada
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KM. King CO2 flux to a forest Atmospheric Environment 
Sendees

KM. King 
D.M. Brown 
T.J. Gillespie

Observation, compilation and analysis of current 
and past weather records

O.M.A.F.

J.T. Koch Tlie transport of nuclides through organic soils: 
Transport mechanisms and the impact of ground 
freezing

Atomic Energy of 
Canada Ltd.

I.P. Martini Effects of river ice on sediment transport N.S.E.R.C. (Northern 
Supplement)

I.P. Martini Quantitative analysis of sands and sandstones N.S.E.R.C.

I.P. Martini Comparative analysis between recent cold climate 
peat and ancient coal measures

N.S.E.R.C.

R.A. McBride 
A.M. Gordon 
(Env. Biol.) 
P.H. Groenevelt

Treatment of landfill leachate by spray irrigation Ministry of the Environment

R.A. McBride Development of a rating system for soil compaction O.M.A.F.
susceptibility

R.A. McBride Research on the state of compactibility of Ontario soils Univ, of Guelph Research 
Board

R.A. McBride Algonquin region site program O.M.N.R.

M.H. Miller
G.W. Thurtell
KM. King
E.G. Beauchamp

Modifying soil plant environment to maximize yield N.S.E.R.C.
potential of maize

M.H. Miller Reactions at the soil-root interface and their N.S.E.R.C.
significance in plant nutrition

M.H. Miller
W.A. Mitchell

Fertility requirements for maximum corn yield at Elora O.M.A.F.

M.H. Miller
W.A. Mitchell

Maximum Corn Yield at Elora Potash Phosphate Institute
of Canada

R. Protz Rate of podzolic soil formation near southern James Bay N.S.E.R.C.

R. Protz Soil criteria and class limits for soil classification O.M.A.F.

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

R.W. Sheard A maximum alfalfa yield project for Ontario O.MA.F.
Pioneer Seeds Inc. 
Potash Corp, of Sask. 
International Minerals 
& Chemicals 
Phosphate-Potash Inst. 
Fertilizer Institute of 
Ontario
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R.W. Sheard Forage systems as nitrogen sources in crop production O.MAF.

R.W. Sheard Phosphorus and potassium requirements for alfalfa O.M.A.F.
production

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.

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

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

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

R.P. Voroney
P.H. Groenevelt
R.G. Kachanoski
L.G. Erans
T.E. Bates

Industrial waste management through enhanced 
land treatment

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

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

N.S.E.R.C.



Land Characterization Studies
RESEARCH-SECTION ONE





27

The Influence of CO2 Enrichment and VPD on Transpiration from Maize in a 
Controlled Environment
A. G. Barr and KM. King

Rising atmospheric carbon dioxide 
concentrations hold promise to 
Increase crop yields by 
alleviating water stress. This 
study examines the differences In 
water stress in maize plants (Zea 
mays L.) growing at ambient C09 
concentrations (Ca) of 300 and^600 
p,mol/mol — by comparing the rela
tive changes which occur In the 
transplrat ion rate (E) and the 
leaf conductance (gl) as the 
leaf-to-alr vapour pressure 
difference (VPD) Is varied 
step-wise during a day. Plants 
growing In controlled environments 
at 300 and 600 p,mol/mol Ca were 

subjected to five step-wise 
changes In VPD of 2 h duration 
each, varying from 1.0 to 3.3 kPa.

In well-water plants, dally 
average E was 45? higher at 300 
than 600 p,mol/mol Ca, and gl was 
65? higher at 300 p,mol/mol Ca. 
The relative difference In E and 
gl between 300 and 600 p,mol/mol 
Ca, however, varied with VPD and 
the time of day. The greatest 
relative difference (of 90? for E 
and 120% for gl) was observed 
early In the day and at the lowest 
VPD, and the smallest relative 
difference (of 30? for E and 40? 
for gl) was observed later In the 

day and at the highest VPD. More
over, when water was withheld In a 
subsequent drying period, the 
daily average E and g I deciIned, 
and the relative difference In E 
and gl between 300 and 600 
jimol/mol Ca also declined.

The imp I icatlon of these 
results Is that transpiration was 
less restricted by water stress at 
600 than 300 [xmol/mol Ca.

Analysis of Highly Enriched Samples on a Mass Spectrometer

In a recent study, erroneous 
results were obtained using the 
ratiometer procedure on a Mlcromass 
602E mass spectrometer with a dual 
collector system In which ions 
were col Iected In the major 
collector and *9nl ions In the 
minor collector. ^Samples were 
found to have enrichment levels 
much I ewer than expected and d1s- 
played large variabtIIty. Ratio
meter and scanning procedures were 
compared to determine If a method 
for analyzing samples with high 
enrichment was possible.

Ratiometer Procedure: The 
Micromass 602E mass spectrometer Is 
equipped with twin faraday bucket 
collectors: a major collector which 
collects 28m |ons ancj a minor 
collector which collects ions. 
With the radiometer method, The 
2°N2 Ions are counted up to one 
million and then the ratio of the 
29^2 count to the 2«n count Is 
printed on a Hewlett Packard I/O 
97S calculator Interfaced to the 
mass spectrometer. This process 
was repeated 6 times and the ratio 
(Rr) from the 6th digital output 
was then used to calculate the 
content of the sample.

Scan Procedure: The power 
supply on the mass spectrometer was 
adjusted to 4.6 kV and 10? of the 
scale was scanned downwards In 30 
seconds as the voltage decreased 
from the 4,6 to 4.1 kV. The 

and Jons were col lectefl 
In The ml nor coll ector and the 
output plotted on a charge recorder 
(Rlkadenkl model II). The amperage

of the full scale deflector and the 
voltage of the chart recorder were 
adjusted to obtain clearly defined, 
measurable peaks. It was often 
necessary to run several scans at 
different full scale deflector 
and/or chart recorder voltage 
settings to optimize the peak 
height for each ’on*

The atom ? in the sample
was determined with the 28, 29 and 
30 peak heights suitably corrected. 
The 15N enrichment can then be 
calculated by using the 28 and 29 
mass peak heights as follows 
(Bremner, 1965).

100 
atom $ =----------—-----—--------------

((2 » (28N2/29N2>) + 1) 
where 29N2 and 30N2 are mass peak 
heights.

Similarly the 2’KL and 
peak height units were used to^ 
calculate the atom with the 29 
and 30 mass peak heights as 
fol Iows;

100 
atom $ 15N = —------------------------------

((2% / (2 * 30n2) , + n 
where 2^N9 and are mass peak 
heights. * 2

Ten 1:>N enrichment standards 
chosen to compare the ratiometer 
and scanning procedures were 0.366, 
1, 5, 10. 15, 20, 25, 50, 75 and 99 
atom % ^N. They were prepared by 
mixing aliquots of certified grade 

estimated to have 0.366 
atom t with (NH. )_S0. contain
ing 99 atom j£ ^N. 4 4

EnrIchment contain Ing 0.366, 1, 
and 5 atom ? were best esti
mated by the ratiometer method. 
Sample concentrations greater than 
10 atom ? were, however, best 
measured using the scanning method 
(equation 2) with 29 and 30 peak 
mass height as they produced lowest 
standard deviations and values 
closest to the calculated enrich
ment. The 99 atom ? enrichment 
was vastly underestimated by the 
ratlometer method and scanning 
method using 28 and 29 peak heights 
(equation 1).

Literature Cited
Bremner, J.M. ~96 5. Iso tope ratio 

analysis of nitrogen In nitro
gen - tracer Investi
gations. In C.A. Black et al. 
(ed.). MeTKods of Soil 
Analysis, Part 2, Agronomy No. 
9: 1256-1286. Am. Soc. Agron. 
Inc., Madison, Wisconson.

C.F. Drury, DA. Tel andE.G. Beauchamp
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Second License Agreement for Departmental Science Team: The Guelph Infiltrometer

The Guelph Permeameter, 
designed in the Department of Land 
Resource Science and manufactured 
by a Call fornla fI rm, will soon 
have a new attachment that expands 
the use of the Instrument to 
Include measurements at the soil 
surface. The permeameter, a field 
Instrument that measures hydraulic 
conductivity or how quickly water 
flows through soil, has been on 
the market for over a year. It 
measures hydraulIc conductivity 
beneath the soli surface but often 
the most critical measurement Is 
at the surface Itself.

The Guelph Inf 11trometer, an 
attachment which converts the 
permeameter Into an Infiltrometer, 
Is a surface Instrument designed 
by professor David Elrick, 
technician Norbert Baumgartner and 
former Ph.D. student Daniel 
Reynolds, now with Agriculture 
Canada In Ottawa. ph.D, student 
Alex Campbell who Joined the 
research team about a year ago has 
successfully tested the Instrument 
In packed sand tanks. Campbel I 
plans to carry out field tests 
this simmer.

The Guelph Permeameter and 
the newly developed Infiltrometer 
have appl icatlons In 
environmental, agricultural and 
industrial Installations, For 
example, early concerns with 
environmental quality have focused 
on pollution of our air and 
surface waters; more recently we 
have been concerned with various 
aspects of groundwater 
contamination. How fast and where 
groundwater contaminants move 
depend upon how fast the 
groundwater Is moving and this Is 
why thn Guelph Instruments are 
Important. The monitoring and 
modeling of waste leakage from 
landfill sites, the design of 
landfill covers and liners, the 
design of weeping tile fields for 
septic tank systems and the design 
of Irrigation and drainage systems 
are all examples of problems that 
the Guelph Instruments can help 
solve,

A novel applIcatlon of the 
Guelph Permeameter is being 
carried out by the Ministry of 
Natural Resources, Ontario Tree 
Improvement and Forest Biomass 
Institute, Maple, under the 
supervision of Dr. C. Papadopol, 
He has been using the Instrument 
on five of their ten provincial 
tree nurseries at Midhurst, St.

Williams, Thunder Bay, Kemptvllle 
and Chapleau. The results are to 
be used In a soil water transport 
model, adapted for tree nursery 
crops, to help Improve water 
management practices and avoid the 
excessive leaching of nutrients in 
sandy sol Is.

The Guelph Permeameter Is 
simple to put together and 
operate, ret table and inexpensive. 
One person can carry several 
Instruments and sufficient water 
to work for several hours, even In 
areas difficult to reach by 
vehicle. Marketed by Soilmoisture 
Equipment Corporation of Santa 
Barbara, California, It comes In a 
kit that Includes everything 
needed for testing In the field. 
Steve Cuilen, a representative of 
the company, says sales are very 
good. Private companies, 
government agencies and

Figure 1. Norbert Baumgartner 
with the newly developed 
Guelph Infiltrometer.

universities around the world are 
using the instrument. Guelph 
Permeameters have been sold to 
customers In the U.S.A., Canada, 
India, Belgium, China, Taiwan, New 
Zealand, South America and 
England, Cullen says the 
Instrument Is proving Invaluable 
to environmental consultants, 
agricultural and environmental 
researchers, regulatory agencies 
responsible for waste disposal and 
agricultural and sanitation 
engineers.

A IIcenslng agreement for the 
Inf 11 trometer attachment was 
signed In December, 1986, and 
production Is expected to begin 
soon. The I icense Is owned by the 
Ontario Ministry of Agriculture 
and Food (OMAF) which funded the 
research along with Agriculture 
Canada and the Natural Sciences 
and Engineering Research Council,

I).I:. Elrick, N. Baumgartner, W.D. Reynolds, and A. Campbell
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An Analysis of the Percolation Test for Septic Tank Systems

The percolation test Is 
commonly used In the determination 
of site suitability and filter 
field design for on-site waste
water treatment facilities. The 
test as presently practised, how
ever, Is neither standardized nor 
scientifically sound. The test 
hole radius, the depth of water In 
the hole and the measurement pro
cedure vary widely within and 
between jurisdictions; and more 
Importantly, the present Interpre
tation of the percolation test 
does not take Into account the 
cap!I I arIty component of flow In 
unsaturated soils.

A new analysis of the perco
lation test has been developed 
which Is based on 
three-dimensional, saturated- 
unsaturated flow theory. It takes 

caplllarlty, hole radius and water 
depth Into account, and It 
explains much of the anomalous 
behaviour previously observed In 
percolation rates.

The new analysis Identifies 
the field-saturated hydraulic 
conductivity and the matrlc flux 
potential, rather than the perco
lation rate, as the main soli 
hydraulic properties of relevance 
for determining site suitability 
and filter field design.

Procedures are suggested for 
determining the field-saturated 
hydraul ic conductivity and matrlc 
flux potential, and for dealing 
with spatial variability.

Details of the anlaysis are 
given in Elrlck and Reynolds 
(1986).

Literature Cited
Elrlck, D, E. and W.D. Reynolds.

1986. An analysis of the 
percolation test based on 
three-dimensional saturated- 
unsaturated flow from a 
cylindrical test hole. Soil 
Science 142(5): 308-321.

The Contribution of Organic Acids to Mineral Dissolution and to the Chemistry of Al in 
Natural Waters

Concerns in recent years 
about the deleterious effects of 
acidic precipitation on natural 
environments, particularly to 
aquatic systems, have stimulated 
much research Into the alumlnlim 
chemistry of natural waters. 
Particularly vulnerable to these 
effects are the extensive areas of 
lakes and rivers associated with 
the acIdIc PodzolIc soils of much 
of the Boreal forest regions of 
northern Europe and North America. 
These soils and associated 
landscapes are generally developed 
on felsic materials of glacial 
origin and are naturally acidic. 
A major source of the Al entering 
these waters Is from the 
weathering of minerals in Podzolic 
soils. These Al-containing 
minerals may undergo various 
congruent and incongruent 
dissolution reactions that release 
Al Into soil solutions.

However In spite of Its 
natural abundance, the speciation 
of Al In natural waters is poorly 
understood. It may exist either 
as Ionic Al3+ or as complexes with 
various Inorganic and organic 
species. Complexes with Inorganic 
I Igands include such hydrolysed 
species as AIOH2+ or Al (OH), “, or 
Ion pairs such as AISCL j wnereas 
organic complexes may be formed

Table 1. Hydrolysis constants (p^ ) for Al3+ In water.

m, n {°9 8

Al3+ + H20 - A IOl£ + + H + 1,-1 - 5.52

Al3+ + 21^0 = AI(0H)2+ + 2H+ 1,-2 -10.30

Al3+ + 3H2O = Al (0H)30 + 3H + -16. 17

Al3+ + 4^0 = AKOH)^- + 4H + 1,-4 -23.46

3AI3+ + 4H2O = AI3(OH)q5+ + 4H + 3,-4 -13.57

1 3AI3+ + 28H20 - Al x 0 (0H)2l+7+ + 32H + 13,-32 -109.2

with relatively simple aliphatic 
or aromatic acids, or with more 
structurally complex hunlc 
substances.

For solutions In equl I Ibrlirn 
with Al-containI ng minerals, the 
activity of Al3+ Is controlled by 
congruent dissolution reactions, 
whereas the total content of Al tn 
solution (CH) Is controlled by the 
extent of complexation reactions 
with Inorganic and organic 
I Igands. The most important 
Inorganic species are usually the 
mono- and polynuclear hydroxylated 

species formed during hydrolysis 
reactions with water. The content 
of these species can be calculated 
from a knowledge of their 
formation constants (Table 1).

The hydrolysis of AP+ In 
water can be represented by:

nW = MH3m"n + nH+

at equliIbrlurn,

PH,n = <HH> {H}n4M}m <l>

D.E. Ehick and W.D. Reynolds

LJ. Evans
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where {M} is the activity of 
Al3+, { (MH)} the activity of^ 
the hydrolysed species and p 
the overal I hydrolysis 
constant of the aluminium. 
As the extent of these 

weathering reactions can be 
Increased considerably In the 
presence of organic acids, a study 
was Initiated Into the effects of 
organic acids on mineral 
dissolution. The speciation of Al 
In the presence of low molecular 
weight alphatlc and aromatic acids 
can be calculated from their 
formation constants. However 
formation constants for Al with 
organic acids are scarce In the 
IIterature and have been 
determined at such a variety of 
Ionic strengths and temperatures 
that comparison of the 
experimental values Is usually at 
best only semlquantltatlve. A set 
of rel labl e and Internally 
consistent constants were however 
found for AI-complexes with 
lactic, oxalic, citric, salicylic, 
phthal ic and gal IIc ac Ids. The 
complexed species of these acids 
with Al that are likely to be 
Important In acid soils are shown 
In Table 2,

The formation of these 
Al-organlc complexes can be 
represented by: - 

mM + KHjL) = MmHn(H.L) l3rTrn 

t nH+

at equlIIbrlurn,

/{Mj^HjL}1 (2) 

ML where p 1s the overalI 
formation constant of the 
metal-ligand complex.
If only complexes with 0H~ 

Ions and organic acids are 
considered In the calculations, 
then the mass balance for 
meta I-contain Ing species (C„) can 
be calculated as fol lows,

CM = M + +

" (3)

To calculate the mass balance 
for I Igand-contaIn Ing species, the 
content of unionized acid and Its 
various conjugate bases must be 
known. For the Ionization of 
multlprotic acids (H.L) these 
species can be represented by: - 

H.L - (H. L)n + nH+
J J“n

- {<HJ_nl-)}{H}n/{HJL} (4)

where p^ are the overalI 
Ionization constants of the 
ac id.

MLTable 2. Overall stablI Ity constants (p । ) for the major comp I exes
of Al3 + with organic acids.

Lactic acid

Al3 + + HL = Al L2+ + H+ 1,1,-1 - 1.21

OxalIc acid

Al3+ + H2L = Al L+ + 2H + 1, 1,-2 1.43

Al3+ + 2H2L = AIL2“ + 4H + 2,1,-4 1.85

Al3+ + 3H2L = AILj3- + 6H + 3,1,-6 1.26

Citric acid

Al3+ + H3L = AIL + 3H + 1,1,-3 - 4.925

3AI3 + + 3H3L + 4H20 = A13 (OH)uL34 " + 1 3H+ 3,3,-13 -21.77

Sal IcyfIc acid

Al3+ + H2L = AIL + + 2H+ l,1,-2 - 3.052

Al3+ + 2H2L = Al L2“ + 4H + 2,1,-4 - 8.391

Al3+ + 2H2L + KjO = AlOHL22' + 5H+ 2,1,-5 -15.99

Phthalic acid

Al3+ + H2L = AIL4* + 2H + 1,1,-2 - 4.36

ai3+ + H2L + H20 = AIOHL + 3H+ 1,1,-3 - 9.01

Gallic Acid

Al3+ + H3L = AIHL+ + 2H + 1,1,-2 - 4.93

ai3+ + H3L = Al L + 3H + 1, 1,-3 - 9.43

Al3+ + 2H3L = Al L23~ + 6H+ 2, 1,-6 -21,98

Al3 + + 3H3L = Al L36- + 9H + 3, b-9 -37.69

2AI3+ + 3H3L + 2^0 = A l2 (OH )2L35“ + 1 1H + 3,2,-11 -39.56

The mass balance for I Igand 
containing species (C^) Is thus, 

Cl “ HJL" +?n <HjL}AH}n ... 

Pj {HjL}/{H}J 1 +

(5)

By solving the above 
equations, It Is possible to 
calculate the relative proportions 
of each of the meta I-comp I exes in 
equilibrium with AI-contain I ng 
minerals and, In addition, the 
total content of dissolved Al, 
For the congruent dissolution of 
gibbsite, results of these 
calculations for the relative 
proportion (a.) of complexed 
species with lactic, salicylic, 
gallic and citric acid are shown

I,m,n log 6

in Figure 1. These calculations 
assume a concentration of I igand 
of 1 x IO"4 M, a figure not 
unrealistic for soil solutions.

These calculations Indicate 
that no monodentate complexes are 
formed with the polyprotlc acids 
and that only mononuclear 
complexes are formed to any 
appreciable extent, except for 
citric acid, which can form an 
extremely stable polynuclear 
tr Identate compl ex, Al- (OHkL-J1-.

Although the extent of4 J 
complexation Is of Interest at any 
given pH, it Is also of importance 
to know the total content of 
AI(C^) In solution. To compare 
the relative importance of each of 
the considered acids In mineral 
dissolution, calculations have 
been performed to determine the
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content of in equlllbrlirn with 
gibbsite. Results of these 
calculations are shown In Figure 
2, From this figure It can be 
seen that both lactic and phthalic 
acids have IIttle effect on the 
dissolution of the mineral 
gibbsite, In contrast to oxalic 
and citric acids. At a pH of 4.5, 
the content of Al in solution Is 
Increased by 1,2, 1.6, 4.1, 7.4, 
64 and 122 times by lactic, 
phthalic, salicylic, gallic, 
oxalic and citric acids 
respectively. At pH’s above 7, 
gallic acid becomes an Important 
comp I exant acId.

Figure 2. Dissolution of gibbsite in presence of 
organic acids.

Figure I. Speciation of Al in presence of gibbsite 
and citric, lactic, salicylic and gallic acids
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Climatological Data and Usage for 1986.
J.D. Fuentes and K.M. King

ClImatlc data for both 
weather stations, the Elora 
Research Station and Guelph 
Arboretum Station, were provided 
to regular users on a monthly 
basis and many additional 
Individual requests were also 
handled (see Tables 1 and 2). The 
latter requests generally require 
the climatic monthly summaries 
prepared for both weather stations 
as welI as hourly data from the 
Elora Research Station.

Table 1: Monthly Weather Cota 
Requests for 1 986

Data User
No. of 
Users

Uhlverslty of Guelph 32
Government Agencies 5
Private Individuals 33

Table 2: Cl Imatlc Data Requests 
for 1986

Data User
No. of 
Users

Uhlverslty of Guelph 28
Government Agencies 6
Pr Ivate Ind Ivlduals 15

Table. 3: Cl Imatologlcal Data at the Elora Research Station, 1986.

Month Da 1 ly 
Mean 
Temp. 
(°C)

Corn 
Heat
Un 1 ts

7?Degree 
Deys 
>5 °C

Degree 
Deys 
<18°C

Tota 1 
Precl pl- 
tatlon 

(mm)

Mean 
Wind 

Speed 
(km/h)

Mean 
Dally 
So 1 ar

Radi a- 
t ion

(MJ/m2)

Mean
Da 11 y 
Net 

Radiation 
(MJ/m2)

JAN LARY 
DI f.

- 7.2
+ 1.0

782.8
-25.4

24.5
-33.8

18.2
-0.6

6.6
+0.6

- 1.5
- 0.3

FEBRUARY
Dlf.

- 7.6
+ 0.3

718.3
- 2.6

20.2
-28.7

14. 1
- 3.1

10.1 
+0.3

- 1.3
- 0.3

MARCH 
DI f.

-0.2
+ 2.5

564.2
-76. 1

57.8
-16.3

16.3
- 1.5

1 3.8
+ 0.9

2.9
+ 1.3

APRIL 
Dlf.

7.3
+ 2.2

31.3
+24.9

322.1
-63.9

62.3
- 7.9

13.8
- 3.8

16.5
- 0.7

6.9
+ 0.2

MAY
DI f.

13.5
- 2.1

347.9 
+24.9

99.9
+36.1

146.0
-69.3

78.6
+ 1.0

13.2
- 1.9

19. 1
-0.7

9.2
- 0.6

JUNE
Dlf.

15.6
- 1.5

536,6
-35.4

273.0
+70.4

82.2
+21.1

135.0
+48.1

12.5
-1.2

22.0
+0.3

10.6
- 0.7

JULY
Di f.

19.4
+ 0.3

727.0 
+9.0

318.0
-45.2

22.8
- 4.2

84.6
+ 11.6

10.5
-1.0

21.3
- 0.4

1 1.1
- 0.3

AUGUST 
01 f.

17.0
- 1.1

373.3
-33.5

444.6 
+ 6.6

56.1
+16.1

158.6
+86.5

8.6
-1.8

18.5
+0.3

8.5
-0.3

SEPT.
01 f.

13.7
-0.5

447.0 
+7.0

373.3
-33.5

134.0
+ 2.0

293.4
+222. 1

10.0
-1.7

1 1.7
-2.1

5.3
-1.4

OCT.
Dlf.

8.2
-0.3

261.0
-16.1

306.0 
+ 9.9

77.6 
+11.3

10.2
-3.6

9.0
-0.5

2.6
- 0.3

NOV.
Dlf.

0.5
- 1.4

105.9
-20.2

525.1
+45.2

49.2
-16.5

13.2
-3.3

6.0
+3.3

0.0
- 0.6

DEC.
Dlf.

- 3.1
- 2.1

9.3
15.8

646.8
-71.1

79.8
- 8.3

14.7
-2.9

3.8
-0.4

- 0.8
0.0

YEAR
DI f.

6.4
+ 0.4

2432.8
-292.2

1915.3
-3.3

4306.4
-212. 6

1121.1
-373.8

12.9
- 2.2

Dlf.: Deviation from the normal. Normal values calculated from 
1951-1980.

Figure 1. Precipitation at the Flora Research Station.
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A Comparison of Cylindrical and Flat Plate Sensors for Surface Wetness Duration

Two main types of sensors have 
been built to detect the duration 
of leaf wetness for use In plant 
disease management; flat plates and 
cylinders (Howard & Gillespie, 
1985). The plates are normally 
used to mimic flat leaves while the 
cyl Inders represent such plant 
parts as apple buds or onions. 
However, the cylIndrlcal sensors 
are easier to make and to deploy, 
so plant protection specialists 
have asked whether cylIndrlcal 
sensors could be used In situ
ations where flat sensors have 
previously been successful.

Response to dew was found to be 
dependant on cyl Inder diameter or 
plate width so approximate matching 
of the sensor to the size of plant 
parts to be mimicked Is recom
mended. The drying of water drops 
on both cyl Inders and and flat 
plates was strongly governed by the 

drop diameter rather than the size 
of the supporting object. 

There were still Important 
differences, however, between the 
responses of cylindrical and flat 
plate sensors to both dew and rain. 
We have found that dew onset was 
typically 1-2 h earlier and dew 
duration was 2-3 h longer on flat 
plates than on cylinders of similar 
size and exposure. At windspeeds 
slower than about 150 cm s-1, Iso
lated drops of various sizes dried 
faster on cyl Inders than would be 
expected on flat leaves. Such weak 
windspeeds are frequently found In 
the lower portion of plant canopies 
where the longest wetness durations 
caused by rain or Irrigation often 
occur. Thus the use of cylIndrlcal 
sensors to monitor wetness duration 
for flat leaves must be approached 
with cautIon.
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Soil-Vegetation Relationships of Southern Ontario Bogs and Fens

Wetlands In Ontario are 
usually grouped Into one of four 
general categories, marsh, swamp, 
fen and bog. However in the 
southern portion of the province 
wetlands of any type are becoming 
Increasingly scarce. As land use 
pressures escalate It becomes 
increasingly Important to be able 
to Identify what representative 
examples of different wetland types 
remain In order to enhance their 
conservation.

One specific research need has 
been to clarify between bogs and 
fens as wetland types. This study 
Initiated In 1985, and completed in 
1986, aimed to establish the 
ecological characteristics of 
l,class1c,, examples of bogs and fens 
In southern Ontario, It was hoped 
that some baseline data could be 
established against which other 
studies could be compared.

Using the limited quantitative 
and qua I Itative I Iterature, 
1:15,000 black and white air photos 
and In consultation with a number 
of southern Ontario wetland 
experts, eight "classic" bog stands 
and fifteen "classic" fen stands 
were chosen for the study. Fens 
and bogs are understood to be at 
extremes of a successlonal 
continuum; bogs being the end point

SOIL/PEAT VALUES

Depth 
to

Water pH

Conducjjf 
tlvlty 
(p,S« cm"!

Ca2* 
) (ppm)

Al ka- 
1 InIty 
(ppm)

Deptfc# Von
pH

0M
(*)

Ca2+ 
(ppm)(cm) Post

Bog Ave: 34 3.8 1 5 6 13 323 4 3.4 96 1181
Bog SO: 9.1 0. 1 22.7 0.9 4.2 58.6 1,0 0.2 2.2 674
Bog 23- 3.7- 0- 4- 6- 178- 2- 3.2- 93- 585-

Range: 47 3.9 63 7 18 345 5 3.7 98 2540

Fen Ave: 5 7.0 251 76 201 143 3 6.5 62 9631
Fen SO: 2.6 0.3 70.4 32.3 68.8 142.5 1.8 0.6 33.3 4333
Fen 0- 6.4- 69- 20- 59- 0- 0- 5.6- 8- 4700-

Range: 10 7.7 316 134 268 345 5 7.6 92 20500

*
Conductivity was corrected for hydrogen Ions according to Sjors 
(1950)

##
A depth 345 cm Indicates this was the minimum depth for that site 
because 345 cm was the maximum length of the equipment used for 
measuring.

to whIch fens wl11 develop under 
su1 tabie environmental conditions. 
The vegetation at each stand was 
sampled In four separate tiers; 
trees, shrubs, herbaceous plants 
and bryophytes. As well a variety 
of soil and water characteristics 

were measured.
The vegetation, soil and water 

character I st les of the bog and fen 
sites were distinctly different. 
The bogs were characterized by a 
very low vegetation diversity with 
only twenty vascular species found 

TJ. Gillespie and R.X. Duan

S. Hilts, T Volk, /. Attridge

Table 1: Means, standard deviations and ranges of soil and water 
parameters for bogs and fens.

SURFACE WATER VALUES
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over the eight stands. The most 
prevalent tier was the shrub layer 
which comprised ten of the twenty 
species. Fens, In contrast, were 
much more diverse florist leally 
with 132 species located over the 
fifteen stands and It was the herb
aceous layer that dominated, com
prising 99 of the 132 species.

Fens and bogs are also 
distinguished by their soil and 
water characteristics as can be 
seen In Table 1. Fens character
istical ly have cl rcumneutral soil 
and water pH and are rich In 
nutrients as Indicated by the con
ductivity, calclun and alkalinity 
levels. In contrast the peat and 
water In bogs are character Istical- 
ly quite acidic and deficient In 
nutrients.

To attain a more comprehensive 
understanding of the differences 
between bogs and fens two 
approaches were used to analyze the 
vegetation data (a) classification 
using both the manual Mueller- 
Dombols and Ellenberg (1974) tubu
lar comparison and TWINSPAN (Hill, 
1979a) a computer classification 
program and (b) ordination using 
the DECORANA (Hill, 1979b) computer 
program.

The final output from all 
three vegetation analysis methods 
clearly separated the bogs and fens 
and also revealed that there was a 
high degree of diversity within the 
fens, but very low diversity within 
the bogs. This Is shown clearly In 
Fig. 1 where the bogs are much more 
tightly clustered then the fens.

In I Ight of the diverse nature 
of the fens further analysis was 
carried out on these sites using 
the above mentioned methods. TWIN
SPAN divides the stands In a 
hierarchical fashion which 
corresponded with the ordination 
derived from DECORANA (see Fig. 1). 
An effort was then made to relate 
this classification to the soil and 
water parameters that had been 
measured.

The first division within the 
fens, Level II of the TWINSPAN 
analysis, separates the six stands 
that were located on the Bruce 
Peninsula from the other fens. The 
only two environmental character
istics that correlated with this 
division were water Ca^+ levels and 
depth of peat measurements. The 
Bruce Peninsula sites had the high
est Ca2+ levels and the smallest 
accumulations of peat, with the 
exception of Stoco fen; all below 
35 cm.

The Ievel I 11 d ivlslon 
separates out Stoco fen and Mud 
Pond which are the next two sites 

with the shallowest peat layers, 0 
and 75 cm respectively. The sub
sequent divisions are less clear 
but It Is interesting to note that 
the depth of peat factor continues 
to be the only soil or water para
meter that has any significant 
correlation with the classifi
cation. Other studies (Charlton 
1986; Riley 1982) have also Identi
fied a sIm 11 ar trend.

The commonly accepted depth of 
peat required for a wetland to be 
classified as a fen Is 30 cm 
(Jeglum et al. 1974), This would 
exclude the six Bruce Peninsula 
stands as welI as the Stoco site 
from the fen category. However 
this study clearly groups these 
sites with other fens based on the

Figure 1. DECORANA ordination with TWINSPAN divisions (Roman numerals) and depth of 
peat.
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Methods for Determining Organically-Bound Al and Fe in Water Extracts From Soils

Mathodologles for the 
character IzatIon of organically- 
bound Al and Fe In water extracts 
of soils Is not fully developed, 
despite the fact that metal-organic 
matter Interactions are of primary 
Importance In pedogenesis. Al
though the concentration of 
organic acids In soil solution Is 
normally low and variable, they are 
common constituents In soil and 
evidence Is rather conclusive that 
organic acids are Involved In the 
solubilization, mobilization and 
transport of mineral matter In 
soils. Autoanalyzer techniques 
involving u.v. irradiation and 
complexation can provide a means of 
determining "free metals", 
"organically-bound metals" and 
dissolved organic carbon. To date, 
few attempts have been made to 
apply colorimetric techniques to 
water extracts from podzolic soil 
hor i zons.

Water-soluble C, Fe and Al were 
extracted from subhorizons of three 
podzolic soils from northeastern 
Ontario by using a 1:1 soli to 
water ratio under high speed 
centrifugation. The use of water 
extracts of soil to Investigate 
the chemistry of dissolved carbon 
and metals minimizes the possible 
breakdown of crystal I Ine minerals 
and potential alteration of soil 
organic matter and of pH, Extrac
tions performed with water also 
allows for the continuous 
collection of comparable solutions 
for various analysis.

Water extracts were analyzed 
for pH, total dissolved organic C, 
and total Fe and Al. The metals 
were spec Sated according to the 
scheme in Fig 1. The scheme dis
tinguishes "free" (Ionic or hydro- 
la ted species), "organically-bound" 
and "Inorganically-bound" metal 
species. In this study 
organically-bound Fe and At are the 
major species of Interest.

Autoanalyzer techniques were 
developed to differentiate between 
organic and "free" metal species. 
"Free" metals are determined by the 
formation and absorbance of colored 
complexes of Fe and Al. To color- 
Imetrlcally measure organically- 
bound metals a sample Is acidified 
and oxidized with potassium persul
fate and u.v. radiation. Since the 
organic compounds In the sample are 
completely digested, the 
organically-bound metals are re
leased into solution. Redetermln- 
atlon of "free" Al and Fe color I- 

metrlcally results In a quanti
tative estimate for "free" plus 
organically-bound metal. 
Organically-bound Fe and Al are 
determined as the difference.

The oxidation efficiency of 
the u.v. digestion system was 
checked with standard organic com
plexes of Al and Fe, The recovery 
of metal from the complexes was 
98-100? and better than 95? carbon 
recovery for the organic 
compI exes. 

Results Indicated that 
organically-bound Fe Increased with 
depth In Ae horizons and reached a 
maximum concentration In Bf 
horizons. Preliminary experimenta
tion on a few water extracts for 
the measurement of organically- 
bound Al revealed a similar trend, 
tn contrast, total dissolved 
organic carbon decreased 
dramatically from the Ae to Bf 
horizons. Since soil profiles 
showed a relatively I Im I ted 
Increase In solution pH, the free 
and exchangeable forms of Al and Fe 
most likely become as predominant 
as the organically-bound species. 
A more complete Interpretation of 
these results however, requires

Investigating the organic IIgands 
most actively Involved with Al and 
Fe.

The objective of this study 
was to develop a simple and 
efficient method which 
differentiates Al and Fe species In 
water extracts from soils. Sequen
tial development and application of 
these techniques has been used on 
water extracts from podzolic soil 
horizons to estimate the content 
and distribution of organically- 
bound Al and Fe. As the method
ology for metal speciation In water 
extracts of soil was determined 
only In relation to total organic 
carbon, subsequent experiments will 
Involve Investigating the nature of 
organic ligands In soli solutions.

Ultrafiltration techniques 
will be applled to separate organIc 
carbon (less than 10 000 MW) from 
water extracts Into different 
molecular weight fractions (see Fig 
1), Speciation of Fe and Al in 
each molecular weight partition 
will provide Insight into the 
organic carbon fractions most 
actively involved In organic- 
mineral Interactions In podzolic 
so 11s.

F Jensen and LJ. Evam

Figure I. Flow chart of total metal speciation 
scheme.
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Estimating the Spatial Distribution of Soil Water Content Using Non-Contacting 
Electromagnetic Inductive Meters

The spatial distribution of a 
bulk soil electrical conductivity 
(Ec. ) can be measured quickly and 
accurately using non-contacting 
electromagnetic Inductive meters. 
Since dry soil Is a poor conduc
tor, the value of EC. Is a reflec
tion of the volumetric soli water 
content, the concentration of 
dissolved electrolytes In the soil 
water (EC..) , and the type and 
amount of"clay In the soil.

Measurements of EC. are 
usually used to Infer values of 
EC^, a measure of soil salinity. 
In soils with very low concentra
tions of dissolved electrolytes 
(l.e, low EC^), the spatial varia
tions of EC, wlI I depend mainly on 
changes In 0y and soil texture. 
For a samplIng area under the same 
cropping management It Is also 
I Ikely that texture and soil water 
content are interdependent. Thus, 
In areas of low salts It may be 
possible to quickly determine 
spatial variations In volumetric 
soil water content using non- 
contacting electromagnetic Induc
tive meters. The objective of 
this study Is to examine the rela
tionships between the field scale 
spatial variations of EC*, 0 and 
soil texture in an area wnerevECw 
Is very Iow. "

Bulk soil electrical conduc
tivity ECa measurements were made 
at 52 slope positions using the 
Geonlcs Ltd. EM38 and EM31 terrain 
meters. The EM38 measures the 
depth averaged EC. from the sur
face to 0.5 m (ECA n c-) and 1.0 m 
(EC. . q) depths. *Tfie EM31 senses 
to abotiT 3.0 m (EC. , $) and 6.0 m 
(EC. 6 Q) max 1mums, th Instru- 
menTS°?:an be used to measure EC. 
continuously along a transect. 
However, both meters give an aver
age horizontal measurement with a 
scale approximately equal to the 
length of each probe (1.0 m and 
4.0 m for the EM38 and EM31 
respectively). Thus, measurement 
locations were spaced 10 m apart 
to avoid any possibility of 
instrument over Iap. The locations 
of the sampling sites were select
ed to obtain the maximum variation 
of 0^ and texture across the site.

Two measurements (1 m apart) 
of volumetric soil water content 
0 were taken to a depth of 0.5 m 
a¥ each of the 52 slope positions 
using a Textronic 1502 cable 
tester, hand probe, and Time 
Domain Ref Iectrometry (TOR) 
theory.

Table 1: Statistical Properties of the measured soil properties.

Soil 
Property Mean

Standard
Devi at Ion

Ml n Imum 
Value

Maximum
Va 1 ue

Sand (?) 31.8 21.0 4,8 70.3
Silt (?) 47,3 10.6 25.7 64,3
Clay (?) 20.9 12.2 2.5 44.4
EC* n (Sm“}) 0.024 0.007 0.009 0.034
EC*’b,° (Sm-}> 0,024 0.011 0.005 0.051
EC*’?® <Sm-l> 0.015 0.013 0.000 0.050
ECA*0*5 0.015 0.014 0.005 0.050
ec3:S:? 0.107 0.038 0.044 0.206
0v (m$ m~3) 0.211 0.088 0.064 0.362

Three soil cores (76 mm 
diameter, 500 mm long) were taken 
at each of 37 sampl Ing locations 
using a hydraulic sampler. A 
composite sample from the three 
cores was used to obtain the 
percent sand, silt and clay at 
each location and the soil water 
electrical conductivity EC^ $ 

Results and Discussion

Sand content In the study 
area varied from 5.0 to 70.0 per
cent and clay content from 2.5 to 
44.0 percent (Table 1). Soil 
water content ranged from 0.06 to 
0.36 rrrm-3. The mean soil solu
tion electrical conductivity was 
0.107 Sm~l which Indicates low 
concentrations of dissolved 
electrolytes. However, the 
spatial variations of EC were 
still considerable with <§(n estima
ted coefficient of variation (CV) 
of 35,0 percent. The CV’s of the 
EC. measurements were 93.0, 87,0, 
46.0, and 29,0 percent for the 0.5 
m, 1.0 m, 3.0 m and 6.0 m depth 
Intervals respectively. This 
Indicated a systematic decrease in 
the variability of EC^as the depth 
Interval of measurement 
1ncreased.

Significant correlation exis
ted between almost all of the 
measured variables (Table 2.0), 
The correlation between EC. 
measurements over the different 
depth Intervals was expected be
cause of the overlap of measure
ment domains and because a signif
icant portion of the sensing sig
nal for the terrain meters origi
nates In the upper 20? of the 
sensing depth. There was, 
however, a systematic decrease In 
the correlation between EC^ 
readings as the dlfferenceln 
sensing depth Increased. Only

62,0 percent of the spatial 
varlabHI+y of EC. . . was 
explained by variations In 
ECA,6.0m. (Table 2)-

Electrical conductivity of 
the soil solution ECW n was 
significantly correlateJrto EC. 
measurements but the coefficient 
of determination (r*) was only 
0.25, ECy q 5 was not signifi
cantly correlated to sand, slit, 
or clay content (Table 2), 

Although soil water content 
was significantly related to sand, 
silt, and clay content, the co
efficients of determination (r^)
were all approximately 0,45, 
Thus, 55,0 percent of the spatial 
variation of 0 was not related to 
textural changes. The strong 
dependence of 0 on elevation 
(12=0.80) and tKe relatlonshlp 
between elevation and texture 
(sand, slit, clay content) Is 
probably the source of some of the 
covariance between 0 and 
texture. v

There was a very significant 
correlation (i*2=0,77) between 
measured soil water content© In 
the upper 0,5 m of soil and tne 
EC. measurements at the different 
depth Intervals. As mentioned 
earlier, the different EC. 
measurements are correlated 
because of an overlap of the sens
ing domain and origin of the sens
ing signal. Although EC. q e was 
measured over the same depTFr In
terval as 0 , It had a lower 
correlation*to 0 than the other 
EC^ measurements. The coefficient 
or determlnatIon (r^) for the 
curvilinear relationship between 
0 and ECA was 0,96 with a stand
ard error of estimation Of 0.02 
nrm“3, The EC^ measurement for 
depth Intervals greater than 0.5 m 
did not show a statistically sig-
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Sand Slit Cl ay ECA,6.0 ECA,3.0 ECA,1.0 ECA,0.5 ECW,0.5 Sv ELEV

Sand 1.0 -0.90 -0.93 -0.67 -0.59 -0.54 -0.44
*

-0.06 -0,67 0.74

Slit 1.0 0.68 0.52 0.43 0.40 0.30
*

-0.11 0.55 -0.59

Clay 1.0 0.70 0.65 0.58 0,50
* 

0.19 0.68 -0.75

ECA,6.0 1.0 0.93 0.84 0.79 0.32 0. 92 -0.96

ECA,2.0 1.0 0.93 0.89 0.49 0.94 -0.88

ECA,1.0 1.0 0.98 0.46 0.91 -0.77

EC
A, 0.5 1.0 0.46 0.88 -0.70

EC 
W,0.5 1.0 0.46 -0.31

0 v 1.0 -0.88

ELEV 1.0

*
Not significant at the .05 probabll Ity level.

nlflcant (0.05 probability level) 
curvllInear relationship to 0 .

The very high coefficients of 
determination for all EC. versus 
0 comparisons (Table 2)AIndlcate 
that when EC Is low the major 
spatial patterns of soil water 
content can be obtained by 
measurement of EC^ using non

contacting electromagnetic probes.
The study suggests that a 

prelImlnary survey of a field site 
for bulk soil electrical conduc
tivity variations could be used to 
optimize subsequent experimental 
designs where soil water content 
affects the dependent variable of 
Interest. Careful selection of a 

few samp I Ing locations for 
measurement of both soil water 
content and bulk electrical 
conductivity, along with a more 
detailed samp I Ing of bulk 
electrical conduct Ivlty could be 
used to quickly Infer the spatial 
distribution pattern of soli water 
content.

The Potential Influence of Organic Soils on the Environmental Migration of Iodine from 
Entombed Nuclear Fuel Waste (Final Report)

Nuclear fuel waste from 
present-day nucI ear power stations 
contains 1291 (+ _=1.7x1 $» 
which, because oTits potential 
mobility and long-term 
radiological hazard In the 
environment, Is of concern In 
efforts aimed at the permanently 
safe disposal of nuclear fuel 
waste. The current concept for 
the disposal In Canada of nuclear 
fuel waste envisages its 
emplacement In corrosion-resistant 
containers In a vault mined 500 to 
1000 m deep In stable plutonic 
rock on the Canadian Shield.
When the components of the vault 
eventually degrade, the soluble 
part of the waste may contaminate 
any groundwater present. This 
contaminated groundwater may 

originally articulated by Galileo 
was heeded: pertinence of a 
variable to an unknown process 
determining the behaviour of the 
diverse members of a system Is 
revealed If the variable Is 
capable of bringing mathematical 
order to the behaviour. To use 
this approach successfully, 
therefore, twelve samples from 
nine organic soils, varying widely 
In degree of humification and In 
parent vegetation (see 1985 
Progress Report), were collected 
(mainly on the Precambrian Shield 
of Ontario) and studied using 
batch reaction techniques.

Iodide loss from solution In 
the presence of the organic soil 
materials obeyed zero-order 
kinetics for all the soli 

Table 2: Correlation coefficients (r) between measured variables.

J.T. Koch and B.D. Kay

eventually emerge In wetlands, 
which on the Canadian Shield are 
dominated by organic soils, before 
a long-lived contaminant like 129। 
has decayed to Insignificant 
levels. The degree to which an 
organic soil Immobilizes 12° |, as 
the groundwater moves through the 
soil, may thus Influence the 
consequent biospheric migration of

|, The alms of this study, 
therefore, were to measure the 
behaviour of organic soils towards 
the Iodide anion (as an analogue 
of 129 । j, search for 
regularities In this behaviour, 
and to Identify some of the 
processes contributing to the 
behaviour. In attempting to 
explain the behaviour of Iodide In 
organic soils, a principle
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materials that were studied. The 
kinetic rate constant, which 
ranged from the slowest to the 
fastest between 1.44 and 36.0 mg 
Iodide per kg soil per day, was 
directly related to the natural I 
content (the historical quantity 
of fleid-Immob11 I zed I) for eleven 
of the twelve samples. This 
empirical order, which occurred 
for the diverse soil materials 
without having allowed for 
variations In nature of 
temperature, age of soil deposit, 
presence of other solutes, and 
rate of supply of I by means of 
convection and diffusion, Implies 
that the kinetic rate constant, as 
measured In the laboratory, Is 
related to the long-term processes 
that operate In the field to 
Immobilize I under natural 
conditions, A mathematical 
formulation of the overalI 
transport process of I in organic 
soils should, we therefore expect, 
express the loss of I from 
solution rather In kinetic than 
sorption-Isothermic form.

Because changes In the rate 
at which Iodide Is lost from 
solution were observed to have 
occurred after sample storage, or 
even after air-dry I ng the samples, 
the Involvement of micro-organisms 
In the processes of iodide loss 
was suspected. By observing 
changes to the loss of Iodide from 
solution on treating the soil 
materials In ways that would 
change microbial activity and 
viability, microbial Involvement 
in the soli processes that affect 
the fate of iodide can be 
Inferred. The Involvement of 
micro-organisms was subsequently 
confirmed by tests that made use 
of glucose, thymol, or 
gamma-Irradiatlon to, 
respectively, stimulate, depress, 
or terminate microbial activity In 
the soiI materials.

Although micro-organisms 
appear to play a major part In the 
processes of iodide removal from 
solution In organic soils of the 
Precambrian Shield of Ontario, 
micro-organisms do not act 
exclusively. Processes affecting 
Iodide removal endure under 
treatment condItions (like 
gamma-lrradIatlon) too harsh for 
micro-organisms to survive. These 
more resistant processes seem to 
be chemical and, further, seem to 
Involve manganese and copper. 
Paradoxically, the chemical and 
microbial processes do not act 
Independently, their Intensities 

being associated with one 
another.

Although biological processes 
are involved In the removal of 
Iodide from solution in the 
presence of the organic soil 
materials, we found direct 
relationships to exist between the 
proportion of manganese to copper 
contents of the samples and the 
following variables: the rate of 
loss of iodide from solution, the 
amount of I Immobilized naturally 
by the soils (their I content), 
and the loss of iodide from 
solution after having 
gamma-IrradIated the samples (100 
kGy). IndIrect relatlonshlps, In 
contrast, were found between the 
proportion of manganese to copper 
contents of the samples and the 
relative changes In the loss of 
Iodide on treating the samples 
with hydrogen peroxide (an oxidant 
or reductant, depending on 
conditions) or hydroxyl amine 
hydrochloride (a reductant). (The 
Invocation of a biochemical model- 
of competing reactions, not dealt 
with In detail here, was 
suggestive of the use of these 
chemicals.) Because the 
proportion of manganese to copper 
contents of the samples ordered

Spectral Characteristics of the Flow in the Vicinity of and 
Inside a Forest Canopy

A turbulence experiment Involv
ing the Atmospheric Environment 
Service and the University of 
Guelph was conducted at Borden, 
Ontario In the fall of 1986 Inside 
a deciduous forest. An array of 
ten 3-D sonic anemometers together 
with hot wire thermometers and fast 
response humid 1 meters were placed 
Inside and above the canopy. The 
heights of the anemometer ranged 
from 2 meters to 43 meters from the 
surface. The canopy height was 
approximately 17 meters. The ex
periment was Initiated when the

Into significant patterns a 
variety of treatment-Induced 
changes In iodide loss, we 
conclude that both manganese and 
copper play a critical role in the 
processes that affect the fate of 
I In organic soils. We suggest, 
further, that these metals are 
present as oxides that can oxidize 
iodide to Iodine. The resulting 
chemical iodination of organic 
matter by Iodine appears to be 
more effective in Immobilizing I 
In organic soils than the 
microbially mediated enzymatic 
iodination of organic matter. 

Overall we conclude that 
different organic soils have very 
different natural capabilities of 
Immobilizing I and that this 
difference Is related to both 
microbial and chemical processes 
that remove Iodide from solution. 
Although the chemical processes 
seem to be more important, the 
implications of both kinds of 
processes must be considered In 
predicting the Influence of 
organic soils on the environmental 
migration of 129 । should 
groundwater ever be contaminated 
with nuclear fuel waste from an 
aging disposal vault In the 
Canadian Shield.

canopy was fulI and green and was 
terminated after total 
defollation.

Turbulent velocity temperature 
and humidity spectra and cospectra 
are being compared with those 
predicted from similarity theory 
for the different leaf area 
throughout the season. The need 
for a zero plane displacement for 
seal ing the spectra above the for
est Is also being studied.

Occurrences of gravity waves 
are being studied as well.

MY. Leclerc, G.W. Tburtelland G.E. Kidd
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Sedimentary Studies of Glacial and Early Post-Glacial Times

The overal I objective of the 
research Is to analyze recent and 
Pleistocene cold clImate sediments 
and some of their processes of 
formation, and use this Informa
tion for a comparative sedimen
tological analysis with glacial 
and post-glacial sedimentary rocks 
of ancient times.

We are living during a cool 
Interglacial time. As much of the 
Pielstocene gIacI a I Ice me I ted 
between 12000 and 6000 years ago, 
the morphology of the continents 
has changed drastically. Northern 
lands were first Innundated by 
early post-glacial seas and have 
since emerged due to Isostatic 
rebound. The coastlines of the 
world were Innundated by rising 
seas as the water stored In glac
iers was released Into the oceans. 
During these times abundant sedi
mentary deposits were formed. 
They carry marks of cold clImate 
(coarseness, angularity of 
particles, Internal deformations), 
and of rising sea levels (sands of 
barrier beaches, sequences where 
deeper marine materials cover 
coastal and fluvial deposits). In 
cold, flat northlands extensive 
wetlands and peatlands have formed 
In the last 5000 years.

Geologically, these cold 
glacial and post-glacial events 
are relatively unusual. In the 
4.5-5 bill Ion years of hI story of 
Earth, they have occurred only few 
times. Among these, one has been 
documented In the upper Ordovician 
(about 450 ml I I Ions years ago) 
with Its center In what Is now the 
Sahara desert (at those times that 
land was at the south pole), and 
In late Carboniferous to early 
Permian times (about 270 million 
years ago) with center In what Is 
now Antarctica. In both Instances 
much of the continental masses 
were joined together . During the 
early Ordovician a proto-AtI antic 
sea was closing as the Americas 
collided with Europe and Africa. 
During the Permo-Carboniferous 
most lands were Joined In a super- 
continent called Pangea, the 
southern part of which Is named 
Gondwanaland. Antarctica was 
hugged by Australia, India, Africa 
and South America. The glaciers 
spread out from Antarctica over 
most of those lands. Since then 
these countries have drifted 
apart, however their sedimentary 
rocks maintain the record of the 
cold paleoenvironments. The sedi

mentary rocks which were located 
beyond the reach of glacier and 
cold climates record changing sea 
levels due to changing glacier 
regimes. The rock records differ 
somewhat however between recent 
settings and those of the Permo- 
Carboniferous and the Ordovician 
because of different IIfe forms 
and because In Ordovician times no

RESEARCH PROJECTS 
1. ICE DRIVES AND ICE-JAMS AS A 
SEDIMENTARY PROCESS (I.P. Martini, 
S.Sadura and students)

This Is a multiple year 
monitoring of Ice Jam events tn 
the lower reaches of the Albany 
River In James Bay, Ontario. The 
Albany River Is one of the largest 
rivers discharging In James Bay. 
For most of Its course the river 
flows as a narrow meandering 
ribbon across the vast, flat 
Hudson Bay Lowland. Its lower 
anastomosing reaches are affected 
annually by large Ice jams. The 
river has a "nival” regime with 
low, sub-ice flows during the 
winter, strong floods (freshets) 
at spring breakup, and low water 
conditions during the sunnier. Much 
of the sedimentary fluvial load Is 
carried during the spring floods 
as a bed load, suspended load and 
Ice rafted load. The total amount 
of fine material rafted by Ice has 
been estimated to be on the order 
of 204,700 tonnes/year, that Is 
0,25$ of the total yearly load of 
the river. The amount of rafted

2. PERMO-CARBONIFEROUS ROCKS OF 
TASMANIA (I.P,Martini and M, Banks 
(U. of Tasman la)).

Last summer a major study was 
conducted of early Permian 
coal-bearing rock sequences of the 
Tasmanian Basin (Australia). Such 
a basin Is essentially a fjord In 
size similar to James Bay, which 
was occupied and In part scoured 
by northward flowing glaciers 
during Late Carboniferous and 
earliest Permian times. It was In 
part filled by tillites (rock 
equI valent of til I) and was later 
occupied by a deep sea as the 
glacier retreated. Oue to 

major terrestrial plants or 
animals were yet evolved. For 
Instance, whereas It Is possible 
to compare and contrast the vast 
modern subarctic to cold-temperate 
peatlands with the extensive coal 
deposits of the Permo- 
Carboniferous, there Is no coal In 
the Ordovician because there were 
no land plants to form it.

fine material Is thus relatively 
small, and It Is deposited 
preferentially on locations where 
the Ice floes can accumulate, such 
as at the top of banks against 
trees, or In normally abandoned 
secondary channels reactivated 
during high spring water, and over 
wide coastal plains flooded by 
fluvial waters whose entrance into 
James Bay Is Impeded by the 
presence of solid sea Ice pack 
(the rivers break before the bay 
as they carry warmer southern 
waters). The ice rafted load Is 
composed primarily of fine silt 
and sand, but also of pebbles, 
boulders and logs, which Impart 
diagnostic characters to the 
fluvial and coastal deposits. 
Similar features can be recognized 
In ancient rocks, such that cold 
clImate paleogeographies can be 
reconstructed.

post-glacial rebound of the land, 
some mild tectonic movements, and 
progressive Infl I I Ing of the basin 
by sediments, the land emerged for 
a short time during the Lower 
Permian. During emersion sediments 
were formed which Indicate 
presence of cold shallow marine 
shelf affected by Intense Ice 
rafting, and deltaic and wetlands 
(some coal forming ones) 
paleoenvironments. The coastal and 
fluvial deposits suggests 
cold-temperate conditions.

IP. Martini
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3. SEMI AR ID MUDDY ORDOVICIAN 
DEPOSITS OF SOUTHERN ONTARIO (P. 
Brogly, I.P. Martini)

The Ordovician Saharlan 
glaciation may have affected the 
distant shores of the newly formed 
Taconlc Mountains of North America 
and the surrounding areas, such as 
southern Ontario, by generating 
worldwide changes In sea level. 
Southern Ontario was located just 
south of the Equator, in a 
subtropical setting. Large deltas 
were shedding mud and sand from 
the east. Clear, warmer seas 
existed to the west In the 
Michigan Basin. No major plants 
covered the terrestrial scorced 
landscape, and muds were 
redistributed In the shallow shelf 
and coasts forming the rocks known 
as the QUEENSTON SHALES. Those 

shores are visual ized to be very 
flat, such that occasional storms 
and tides could Innundate and 
expose vast tracts of land. The 
muddy surfaces underwent extensive 
evaporation, sun cracking and, 
formation of salts and gypsum 
within the sediments and In 
shallow pools. Al I this and more 
Is superbly documented In 
stratigraphic cores collected 
recently by the Ontario Geological 
Survey across the Province.
Changes In sea level are evident, 
particularly toward the top of the 
formation, and some may be related 
to the effect of the Saharlan 
glaciation.

A major goal of the research 

on the Queenston Shales Is to try 
and understand the types of 
sediment-soils which form along 
"terrIgenous" seml-arld shores, 
void of major land plant and 
animal Influence, a condition for 
which we have no good recent 
analog. A by-product of such a 
research Is also to establish 
which parts of the rock unit have 
the best materials usable for 
ceramic products (bricks, 
drainage, tiles, roof tiles and 
other products), thus leading 
perhaps to a better land use 
planning of the resources of the 
province.

Soil Compaction Susceptibility Rating System

Significant progress was made 
In 1986 toward the verification of 
a recently developed soil compac
tion model and the creation of a 
compaction susceptibility rating 
system for Ontario soils, one 
which would require only limited 
soil physical properties as Input. 
Investigations proceeded tn four 
principal areas: 1) Identifi
cation of the "apparent equivalent 
stress" between impact and static 
loading tests, II) Proctor and 
Compression Index estimation, III) 
measurement of the "preconsol i- 
datlon pressure" of various geo
morph I c soil types, and Iv) re
finement of a new procedure to 
measure the Atterberg consistency 
Iimlts of soils. 
Apparent Equivalent Stress Estl- 
matI on

Soil compression tests were 
conducted in year 1 of the study 
(1985/ 86) on 40 soil horizons at 
field moisture content taken from 
14 dissimilar soil series In the 
Regional MunIclpalIty of Niagara. 
This yielded strong evidence that 
the "apparent equivalent stress" 
between Impact (Standard Proctor) 
and static (Rowe compression cel I) 
loading tests was approximately 
0.6 MPa for the Proctor compactive 
effort. To more conclusively 
establish this Important aspect of 
the compaction susceptibility 
model, the compression character
istics of a narrower range of

soils were Investigated while at 
variable moisture contents.

Six undisturbed soil cores 
(15.0 cm diameter x 5 cm high) 
were sampled In 1986 from each of 
12 diagnostic soli horizons 
representing 4 disparate soil 
series in the R.M, of Niagara. 
These cores were allowed to 
saturate In the lab and were then 
subjected to pressure potentials 
of 0, -5, -10, -33, -100 kPa and 
-1.5 MPa In a pressure membrane 
apparatus. After the equilibrium 
moisture content was reached, each 
core was subjected to a range of 
normal effective stresses (l.e. a 
drained compression test) of .02, 
.05, and 0.10 - 1.00 MPa In 0.10 
MPa increments In a Rowe uniaxial 
compression cell. The time
dependent change In total porosity 
(l.e. dry bulk density) was deter
mined both while under the static 
load as welI as after the stress 
had been removed ("rebound") for 
each load Increment. The result 
was a family of virgin compression 
lines for each of the 12 soil 
horizons, each I Ine representing a 
different moisture content between 
saturation and the soil’s 
permanent wilting point. Plots of 
dry density vs. moisture content 
from these static tests are 
presently being compared to 
similar Proctor plots obtained for 
these same soils from the Ontario 
Ministry of Transportation and

Communication (O.M.T.C.) Soils and 
Aggregates Testing Laboratory in 
Toronto. This analysis Is as yet 
Incomplete but It Is expected to 
yield more definitive estimates of 
the "apparent equivalent stress" 
which wl11 greatly advance the 
model valIdation procedure. 
Proctor Compression Index Estima
tion C

The current unval idated com
paction susceptibility model for 
Ontario soils uses empirical re
gression equations taken from the 
IIterature, which are based large
ly on Atterberg consistency limits 
as Independent variables, In order 
to estimate the Standard Proctor 
(Ring et al«, 1962) and 
compression (Terzaghl and Peck, 
1968) Indices. To more fully test 
the applIcab11Ity of the former to 
Ontario soils, an extensive soli 
physical parameter data base was 
assembled from recent soil inven
tories conducted In the Regional 
Municipalities of Niagara, 
Ha IdImand-Norfolk and Ottawa- 
Carleton. The equations of Ring 
et al. (1962) were found to slg- 
nTfTcantly overestimate the Proc
tor Maximum Dry Density (MDD) and 
underestimate the Optimum Moisture 
Content (CMC), both with a co
efficient of determination (R^) of 
only about 63^. As a result, this 
same data base was employed to 
develop predictive equations for 
the Proctor Indices specific to

RA. McBride
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Ontario soils. Table 1 provides 
the resulting coefficients for 
regression equations based on 
cohesive or plastic soils only. 
Not only has a significant 
Improvement been achieved In the 
respective coefficients of deter
mination, but the a » 0.01 confi
dence Intervals about fk = 0 and 

= 1.0 for a plot of The 
measured vs. estimated Indices 
suggest a very high correspondence 
to the 1:1 II ne.

Work Is now underway to 
effect similar improvements in 
Compression Index estimation for 
Ontario soils. Both sets of 
indices are vital to the overalI 
compaction modeling framework. In 
addition, these Indices can be 
useful In regional level assess
ments of relative soil compact- 
Ibllity In their own right.

PreconsolIdatlon Pressure (o’) c
An Important aspect of any 

modeling exercise geared toward 
process susceptibility estimation 
is the establishment of the 
current state of that process as a 
baselIne determination. Relative 
to other forms of land degrada
tion, very little Is known about 
the current state of compaction of 
Ontario soils. There are many 
methods available to measure soil 
structural alteration or compac
tion (e.g. dry bulk density, total 
porosity, penetrometer resistance) 
but none would seem to lend Itself 
adequately to the resolution of 
this question. The solution would 
seem to lie In a concept taken 
from soil mechanics; the concept 
of "preconsolIdatlon pressure" 
((Jq)* By definition, this Is the 
maximum load that a given soil has 
been subjected to since Its time 
of deposition. This Isa much 
more useful Indicator of the 
"pressure history" of a soil than 
bulk density, etc., since most 
soils will have undergone volu
metric expansion during deglacia
tion or as a consequence of ero
sion of the overburden or a change 
In the water regime.

Investigations are underway 
to ascertain the cr’ values for 
several major sol |cgroups In 
Ontario under uncultivated condi
tions. These data wllI serve as a 
comparative baseline for later 
studies Involving tilled soils of 
known cultivation history. The 
principal diagnostic horizons of 5 
soil series representing as many 
modes of deposition were sampled 
In the R.M. of Waterloo In 1986. 
Two large undisturbed cores (15.0 
cm x 5.0 cm) were removed from

Table 1: Regression equations for the estimation of Proctor MDD and OMC 
based on cohesive or plastic soils only.

Y = Jin Maximum Dry 
Density (R2 = 76.l£)

Y “ In Optimum Moisture 
Content (R2 = 83,2%)

Independent
Variables

Parameter
Coefficients

Parameter
Coefficients

— Po (1.25754) P0 (0,89512)

X1 an Liquid Limit) Pl (-0.15056) Pl (0.46405)

X2 an Plastic Limit) P2 (-0.093737) p2 (0.20710)

X3 an Organic Matter
Content ($ g»g-1)) P3 (-0.030184) p3 (0.039767)

\ an Geometric Mean of 
Particle SI ze 
Distribution (p,m))

Ph (-0.013505) Ph (-0.0060894)

X5 an Geometric Standard
Deviation of 
Partlcle Si ze 
Distribution (p,m))

p5 (0,057828) p5 (-0,087380)

each horizon for determination of 
compression characteristics under 
saturated and field moisture con
ditions. By plotting the static 
compression curve as void ratio 
vs. log pressure while at satura
tion, It Is possible through a 
simple but Inelegant graphical 
technique to determine the <y'. 
Compression curves from the Sane 
soils at field moisture content 
will be slmlfarly analyzed to 
ascertain the dependency of this 
determination on saturated soil 
conditions. Recent success In 
fitting complex model equations to 
experimental dry density vs.
stress plots (Bailey et al., 1986) 
suggests that an analytical tech
nique might readily be developed 
to supersede the current Imprecise 
graphical procedure for <j' deter
mination. It Is anticipated that 
this investigation will yield 
characteristic and significantly 
different a1’ for the major geo- 
morphic solT groupings In 
Ontarlo.
Afterberg Consistency Limit 
Measurement

One o? the most routinely 
performed and Important of soil 
engineering tests Is the deter
mination of the Atterberg consis
tency IImits. These Indices are 
used extensively by soil and agri
cultural engineers to assess the 
nature of the clay fraction and 
Its effect on soil mechanical 
behaviour and compact lb 11Ity. The 
A.S.T.M. standard procedures for 
measurement of the upper and 

lower plastic I Imits of soils, 
however, are extremely subjective 
and prone to a high degree of 
operator variability. It Is for 
these reasons that a number of 
alternative procedures have been 
contrived, Including soil desorp
tion techniques (Gad a 11 ah et al., 
1974) and adaptation of the drop- 
cone penetrometer test (Campbell, 
1975; 1976). These alternatives 
have met with only IImited success 
and have not been widely adopted.

As mentioned above, It Is 
known that soil consistency limits 
correlate very highly with Indices 
of soli compactIblIIty (e.g. 
Proctor, Compression Indices). 
Hence, It can be postulated that a 
compression-based test might welI 
provide a more reproducible and 
meaningful measure of soil consis
tency, a possibility which has 
seemingly been overlooked In the 
literature. To test this hypo
thesis, a procedure Is currently 
being refined Involving the con
sol Idatlon of soils In the Rowe 
compression cell while In a satur
ated and disrupted (remoulded) 
state. Initial results suggest 
that cohes Ive so 11 s equ 111 brat e at 
their respective plastic limits 
when subjected to pressures of 
approximately 1.0 MPa In a 
drained, uniaxial test. An 
attempt will also be made to Iso
late the liquid limit norma I 
stress In unifying what has for 
decades been a cunbersome, two- 
phase lab procedure.
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Simultaneous Measurements of Energy and CO2 Fluxes Above Corn and Alfalfa Crops

Two reversible Intake systems 
were designed to allow continuous 
gradient measurements above corn 
and alfalfa during the 1986 growing 
season. The energy-balance 
Bowen-ratlo approach was used to 
determine the latent, sensible and 
carbon dioxide flux densities from 
the gradient measurements of water 
vapor, temperature and carbon 
dioxide. Net radiation and soil 
heat flux were measured to deter
mine the amount of available 
energy. The objectives of this 
work were to compare simultaneous 
fluxes over corn and alfalfa crops 
and relate these crop responses to 
weather parameters such as low

night temperatures.
Results Indicated that a 

single site was sufficient to ob
tain a representative flux for a 
crop. Latent heat flux was larger 
over mature alfalfa than over corn, 
and often exceeded the available 
energy In the late afternoon of 
sunny days. The carbon dioxide 
flux was determined during the 
third regrowth period above 
alfalfa. Daytime values for 
alfalfa ranged from -0.9 am"“IT1, 
after cutting, to 6.4 gm“”h“^. 
Following a period of low air temp
eratures at night, the subsequent 
photosynthesis levels for corn were 
reduced for a period of several 

days but no reduction was observed 
for alfalfa. Prior to August 28, 
carbon dioxide fluxes were greater 
over corn than over alfalfa 
(Fig,1), The last four days In 
August were marked by continuous 
low air temperatures at night (min
imums of 2.2, 1.9, 4.5 and S.T’C). 
During this time and early Septem
ber, carbon dioxide fluxes, over 
corn dropped below those for 
alfalfa (Fig.2). Over this period, 
the ratio of carbon dioxide flux to 
latent heat flux declined for corn, 
Indicating the effect of low air 
temperature was not related to the 
stomata I f unction•

Figure I. Carbon dioxide flux (Fc) and net radiation (Rn) on 
August 22.

Figure 2. Carbon dioxide flux (Fc) and net radiation (Rn) on
August 31.

S.M. McGinn and K.M. King
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Volatile Fatty Acids As C Sources for Denitrifying Bacteria

Denitrifying bacteria may 
benefit energetically from 
ferment Ive mlcroorganlsms In soils 
amended with complex carbon sub
strates* Many species of 
fermentative microorganisms produce 
cellulolytic enzymes which 
denltrlflers are unable to produce. 
Denitriflers can utilize the 
carbohydrates resulting from 
extracellular cellulolytic activity 
as well as the products of 
anaerobic fermentation.

The products of anaerobic 
fermentation are primarily volatile 
fatty acids (acetic, propionic, and 
butyric) which are excellent C 
sources for many denltrlflers. 
Significant quantities of these 
acids have been measured with 
anaerobic decomposition of straw, 
alfalfa, and red clover tissues.

Using the acetylene blockage 
technique, we measured rates of N?0 
production (denitrification) in z 
soil amended with acetate,

Table 1: Cumulative nitrous oxide production from Conestogo silt loam 
soli Incubated with carbon amendments (200 p,g C/g soil) and 
nitrate (200 p,g N/g soli as KNC^),

propionate, and butyrate (Table 1). 
Al I three acids resulted In greater 
fLO production than did.glucose.
N£0 production Increased as the 
cnaln length of the acids 
increased, indicating an Increase 
in efficiency as C sources. A 
significant correlation (r = 0.997) 

was obtained between hLO production 
rates In soli amended with various 
manures and the volatile fatty acid 
levels In the manures. These ob
servations provide evidence that 
denitriflers benefit from the 
decomposition products of other 
organ I sms.

Composition of Accretion and Depletion Cutans in the Brookston Soil Series

Work was completed on the 
differences between cutans and bulk 
soil sampled on the Brookston 
series at the Woodslee Sub-station 
long term plots. Five soil pro
files, one from each of five treat
ments (cultural practices) were 
sampled (Table 1).

Table 1: Various cultural practices 
where samples were 
col Iected.

Samples of the bulk soil and the 
cutanic material were taken from 
four horizons below the Ap horizon 
from each of the five profiles. 
Water soluble N, P, Ca, Mg, and Na, 
particle size distribution, pH, Figure 1. Soil peds showing surface cutanic material.

J.W. Paul and E.G. Beauchamp

C-sources 24

Incubation time (hours)

21648 96
w/g so r h

g1ucose 10.6 33.6 69.2 91.4
acetate 6,3 29.5 82.8 100.2
proplonate 4.4 17.9 82.9 11 5.1
butyrate 9.7 22.7 97.9 124.0
contro1 0.2 2.5 10.2 22.5

R. Protz, K. Bolton andJ. Fischer

Prof 11 e Treatment

2 - rotation, fertilized
3 - continuous corn, 

fert111 zed
5 - continuous corn, no 

fert111zer
8 - rotation, no fertilizer
9 - never cultivated
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Inorganic carbon content, and 
organic carbon content were deter
mined on all samples. No signifi
cant differences In water soluble 
Na, Ca, and Mg were found between 
cutans and bulk soil or between 
treatments.

Based on the loss of accumu
lation of Inorganic carbon In the 
cutanlc material, the horizons were 
divided Into two groups, those with 
’’depletion cutans” and those with 
"accretion cutans”. In ten of the 
horizons Inorganic carbon was lower 
In the cutanlc material than In the 
bulk sol I and hence were cal led 
"depletion cutan" horizons, while 
nine horizons were called "accre
tion cutan" horizons since Inorgan
ic carbon was higher in the cutanlc 
material. There was a significant 
difference (P = 0.026) In the 
amount of Inorganic carbon between 
the bulk soil and the accretion 
cutans, however the difference was 
less significant (P = 0.271) In the 
"depletion cutan" horizons.

In all five profl les the 
"depletion cutan" horizons occurred 
above the "accretion cutan" hori
zons. The CaCCL was leached from 
the upper horizon cutans by water 
moving along ped surfaces of the 
void space and was deposited on the 
ped surfaces further down the pro
file.

The accretion/depletIon 
pattern established above was not 
followed by phosphorus, nitrogen, 
and organic carbon. Cutanlc 
material consistently contained 
higher amounts of these three sub
stances than did the bulk soil. 
There was no depletion of phos
phorus and nitrogen from any of the 
cutans In profiles 2 and 3 due to 
the addition of phosphorus and 
nitrogen fertilizers on these two 
profiles. However, there were no 
phosphorus and nitrogen depletion 
cutans In the three profiles (5, 8, 
and 9) where no fertllIzer was 
added. The absence of phosphorus 
depletion cutans may be attributed 

to the relative Immobility of phos
phorus In soils. Some of the phos
phorus may also be tied up with the 
organic matter which, according to 
the data, is accumulating In 
cutans. In profiles 5, 8, and 9 
nitrogen and organic carbon do not 
follow the Inorganic carbon deple- 
tlon/accretIon pattern which 
suggests that there Is an addition 
of nitrogen and organic carbon on 
these prof 11es.

Nitrogen values of both cutans 
and bulk soil were higher in pro
files 2 and 3 than in profiles 5, 
8, and 9 due to the addition of 
nitrogen fertllIzers to the former 
two profiles. However, although 
phosphorus was higher In the fert
ilized profiles than In the non- 
fertlllzed profiles, the phosphorus 
values of profile 9, from the un
disturbed wooded site, were not 
significantly different than in the 
fertilized profiles, 2 and 3. 
Phosphorus Is very likely being 
continually recycled In profile 9.

Influence of Climate on Podzolic Soil Development in the Hudson and James Bay 
Lowlands

Protz et al, (1984) have pub- 
I I shed on the rate of podzolic soli 
formation near the Hudson Bay 
coast. Their transect near the 
Shagamu River has a projected mean 
annual air temperature of -5.5’0 
and a mean annual precipitation of 
51 cm. We chose another transect 
on similar parent materials within 
a storm ridge chronosequence In 
Southern James Bay, where the 
projected mean annual air temp
erature Is -0.1 °C and the mean 
annual precipitation Is 81 cm. The 
purposes of this study are, 1) to 
quantify the rates of podzolIzatlon 
In Southern James Bay, and 2) com
pare the rates of podzolization 
between the coldest and driest and 
warmest and wettest regions of the 
lowlands.

PodzolIzatlon processes are 
similar but about twice as rapid In 
the Southern James Bay area as In 
the Hudson Bay coastal zone. This 
Is largely due to the greater 
amount of precipitation and higher 
mean annual temperature In Southern 
James Bay. The maximum organic 
matter accumulation occurs within 
2,000 years in the southern James 
Bay Podzols whereas It occurs at 
3,000 years In the Hudson Bay zone. 
The evidence supports our theory of 
organic matter accumulation and 
subsequent oxidation. The same 
trend for vermiculite formation may 

be explained by the further 
weathering of vermiculite to 
smectite and for amorphous Fe203, 
AlgQq and SI0~ accumulation by The 
eventual dissolution of these con
stituents.

Extractable and Organic Fraction of Podzolic and Associated
Soils in the Hudson and James Bay Lowlands

Fractionation of organic 
matter extracted by sodium 
hydroxlde-pyrophosphate from the B 
horizons of Podzolic and podzol
like soils developed on calcareous 
gravelly beach ridges showed no 
significant differences In the 
organic matter fractions of the 
dark and lighter colored subhori
zons. Like B horizons of Podzolic 
soils In other areas of Canada, 
those of the Hudson Bay - James Bay 
area had the following properties: 
extractable 050^ of organic C, the 
ratio of C In humic acid to C In 
fulvlc acid (Ch/Cf) <0.4, and the 
ratio of C in the polyphenolic 
component of fulvic acid to C In 
fulvlc acid (Ca/Cf) >0.3. Some of 
the soils with L, F, H, Ae, B, Ck
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horizon sequences did not meet the 
criteria of Podzolic soils; nearly 
all of them had thin sola. The 
dark B subhorizons occurred within 
or immediately above calcareous 
material and their color is thought 
to be associated with the high pH 
and calcium-rich environment. With 
progressive leaching, the dark B 
horizons were apparently trans
formed to IIghter colored brown or 
reddish brown B horizons with lower 
organic C contents on average. The 
L, F, H, Ah and Ae horizons 
generally had lower proportions of 
extractable C and higher Ch/Cf 
ratios than the B horizons. An 
exception was the I ichen-rlch 
organic layers that had very low 
Ch/Cf ratios, commonly <0.2.

R. Protz, G.J. Ross, MJ. Shipitalo,J. Terasmae

PA. SchuppH, R. Protz andJ A. McKeague
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Denitrification in Soil Aggregates of Different Sizes

Figure /. Nitrous oxide evolution (denitrification) 
by different sized aggregates under 
anaerobic conditions.

Figure 2. Nitrous oxide evolution from crushed 
aggregates (<.25 mm).

A Conestogo silt-loam soil 
that had been In continuous corn at 
the Etora Research Station was 
sampled to assess the Influence of 
soil aggregate size on denitrifi
cation rates under a variety of 
conditions. The soli was separated 
Into seven aggregate size 
(diameter) ranges (<,25, .25-,5, 
.5-1, 1-2, 2-5, 5-10 and 10-20 mm) 
by dry sieving. Results obtained 
using the acetylene Inhibition 
method show that rates of denitri
fication (hLO production) were 
approximately four-fold greater In 
the smallest than In the largest 
aggregates (Fig. 1). Breaking the 
larger aggregates to <.25 mm to 
create similar physical conditions 
reduced the difference to approxi
mately three-fold (Fig. 2). Addi
tion of a readily available carbon 
source (glucose) eliminated differ
ences In denitrification rates 
(Fig. 3), Mi neralIzable carbon and 
carbohydrate concentrations were 
higher In the <«25 mm aggregates 
than In the largest aggregates. 
These findings suggest that higher 
denitrification rates In smaller 
aggregates could be due to greater 
availability of carbon to denitri
fying bacteria. Figure J. Nitrous oxide evolution from different 

sized aggregates after addition of 200 
mg glucose C/kg.

AG. Seech and E.G. Beauchamp



46

Genesis of Fractions in Glacial Tills of Southern Alberta

Gl act a I till Isa major sur
ficial geologic deposit on which 
soils In southern Alberta have 
formed. Several researchers have 
postulated that the continuous void 
space of these "fracture networks" 
controls water movement In saturat
ed zones within the till. Direct 
quantitative examination of un
disturbed, saturated till suspected 
of containing continuous voids, Is 
a major component of this present 
study ■

The solum (Fig. 1) will be 
examined from the surface downward 
In the saturated till to determine 
the continuity, genesis and Impor
tance to water movement of the 
continuous voids. Detailed mlcro- 
morphologlcal studies will be com
plemented by Image analysis tech
niques for quantitative determina
tions of the continuous void space 
geometry, frequency and dimensions. 
These physical characteristics will 
establish the degree of Inter- 
connectlvlty of the till "fracture 
network" and combined with hydro
geologic Information (I,e. 
hydraul ic conductivities), wl I I 
characterize water flow and solute 
transport.

The detailed examination of 
continuous void space and micro- 
morphological features In the solum 
will form the basis for the Inter
pretation of pedologic and geologic 
processes responsible for fracture 
genesis In the glacial till (Fig. 
1). Particular attention will be 
paid to the varlabllIty encountered 
within this material. Current 
concepts in soil variability 
studies will be applled to the 
sampling of the till In order to 
maximize the applicability of the 
results of this research.

Currently, several problems of 
methodology are being addressed. 
Production of high quality 
"undisturbed" saturated-till thin 
or polished sections Is crucial to 
achieving meaningful quantitative

Figure I. the multidisciplinary approach to studying the genesis of fractures in glacial tills 
of southern Alberta.

results. Water removal is 
necessary prior to resin Impreg
nation of the sample. Replacement 
of water by acetone appears to give 
the desired results without 
disturbing the sample. An ambient

temperature Impregnating resin, 
3-Hydroxy-butyl methamethacryI ate 
(3HBMA) will be tested on glacial 
till samples. Hardening of this 
resin Is Initiated by gamma 
radiation.

S.J. Sweeney and R. Protz
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Tanzania-Canada Agrogeology Project — Second Year

GEOLOGICAL INVESTIGATIONS
The geological teem Is 

responsible for prospecting for 
agricultural raw materials, and 
for defining the geochemical 
conditions of soli formation. The 
Mbeya region has so far been the 
focus of Interest. The Mbeya 
region Iles along the southwestern 
edge of the Archean central craton 
of Tanzania, covering an area 
mostly underlain by metamorphic 
rocks of the Ubendlan supergroup.

This area also marks the 
coming together of the eastern and 
western arms of the East African 
rift system, with the most 
prominent faults In the region 
being the Rukwa, Nyasa and 
Mbeya-Usango faults. At the 
Intersection, the Rungwe volcanic 
zone occurs with activity dating 
from late Cretaceous times 
(carbonatites) to late Tertiary to 
Recent. Picritic basalts to 
phonolites occur In the later 
period, as both flows and 
pyroclastIes.

Finally, Neogene lacustrine 
and fluviatile sediments are 
associated with the rift valleys, 
(conglomerates, sandstones, clays 
and cherts, commonly with 
volcanogenic additions).

A master*s thesis concerned 
with the petrology and weathering 
of one of the recent volcanic 
flows of the region has been 
started by D. Crabtree at the 
Uhlversltyof Guelph.

So far the geologists have 
located materials useful as 
phosphate fertilizers, as general 
purpose fertilizers, for liming, 
for nitrogen conservation, and for 
water conservation. The principal 
deposits that have been 
discovered, or re-Investlgated 
from earlier work are:

a. Phosphate deposits: 
Apatite bearing 
carbonatites and 
associated residual soils 
(Fig. 1). We have 
discovered sizeable zones 
of secondary phosphate 
enrichment associated with 
previously discovered 
carbonatites. Also a new 
carbonatite (Mballzl) has 
been discovered.
Lacustrine phosphorites: 
We reassessed the 
sedimentary lacustrine 
phosphorite of Chamoto and 
discovered the

phosphorites of Maherera. 
b. Liming materials:

The project geologists 
evaluated some of the 
lacustrine limestones and 
the carbonatites (see 
above) as liming 
materials.

c. ZeolItlc tuffs:
ShIngo Hill, Chamoto Hill, 
Mapogoro, Al I these were 
discovered by geologists 
associated with our 
project, 

d. Pyroclastic deposits:
Scoria, tephra and ash 
associated with major 
vents (Rungwe and Ngozl) 
and minor ones to the 
north of the Poroto 
mountains and southeast of 
Tukuyu. This project has 
provided the first 

analyses of most of this 
type of material.

Almost al i of these geological 
resources are amenable to labour 
Intensive small scale mining. The 
most Important deposit from the 
standpoint of future development 
Is Panda Hill In the Mbeya region. 
The Panda Hill Carbonatite

The Panda Hill carbonatIte, 
also called In some I iterature the 
Mbeya carbonatite, Iles 25 km WSW 
of Mbeya. The complex was 
Investigated In the past for Its 
potential as a Niobium resource. 
Only recently has work been 
conducted to determine its 
phosphate potential, After 
reviewing the survey data complied 
from 1978-80 by the Juguslav 
company Rudis we concluded that 
sizeable accumulations of easily 
mineable, higher grade phosphates

Figure 1. The project areas in relation to the carbonatites of the 
East African Rift.

P. van Straaten, P. Smith, D. Crabtree. P. Voroney, and Cbesworth
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are likely to be In an environment 
other than the carbonatite: the 
residual soils. We singled out 
two separate areas and In the 
strongly weathered cover of the 
carbonatite: the Kunja zone In the 
centra I/western part and the 
Museum zone south In the eastern 
part of the carbonatite.

A seml-detalIed survey was 
carried out In the Kunja and 
Museum zones respectively 
IncIudI ng soil samp ling on a 
50-100 m grid and a radiometric 
survey on a 25 x 100 m grid.

Additionally we carried out a 
detailed IIthogeochemlcal survey 
of adit IV In the Kunja Zone, and 
sampled rocks along an old quarry 
road section In the Museum zone 
south.

In the following account the 
main results of these surveys are 
presented:

The Museum zone south was 
Investigated In detail along a 
quarry road section at the eastern 
side of the carbonatite complex. 
In this 120 m long section the 
main contact between the 
carbonatite body and the fenltlzed 
basement roof Is exposed. The 
fenltlc rocks of the roof are In 
parts strongly weathered but still 
exhibit a remnant gnelsslc 
texture. The foliation dips at 
approximately 50° towards the 
southwest and parallels the 
general strike of the unaltered 
basement gneisses.

At places the fenltlc zone Is 
Invaded by 1-3 m thick Irregular 
carbonatite ’dykes’. The fenlte 

zone In the road section Is 
strongly weathered and generally 
yellowish and earthy brown In 
colour due to the presence of 
ferruginous hydroxides. The 
carbonatite, In contrast, Is less 
weathered and the carbonatltlc 
’dykes' Invading the fenltlc roof 
zone can be traced In the 
ferruginous material as positive 
morphological forms.

Rocks and soils along the road 
section were sampled at 2 m 
Intervals and analysed for their 
P.O. content. Additionally, the 
secTlon was radiometrically 
surveyed with the same sampling 
Intervals. The gamma-ray 
spectrometer used In this survey 
was a McPhar Spectra-44, with 
total count and 3 element 
discriminations, K, II and Th. 
Results of this detailed survey 
are plotted In Fig. 2.

The IIthogeochemlcaI survey 
reveals two distinct anomalous 
zones with respect to phosphates. 
Both zones I Ie within the 
weathered fenltlc zone. In zone 1 
the soft regollthlc zone analysed 
between 7 and 30$ averaging
about 14% over a distance of 20 m. 
Also zone 2 Is found In strongly 
weathered fenltlc rocks. Here 
rocks with P^Og values averaging 
about 12$ are recorded over a 
distance of 17 m. The phosphate 
content In the carbonatite 'dykes’ 
and the carbonatite In the contact 
zone Is typically Iow, In the 
range of 4-6$ P^O..

Not only the geological and 
IIthogeochemlcal surveys show 
strong contrasts between the 

carbonatite and the mineralized 
fenltlc roof zone, but also the 
geophysical (radiometric) survey 
reflects this contrast. The 
radiometric signature over the 
carbonatite Is significantly lower 
than over the mineralised fenltlc 
zone.

The anomalous radiometric 
zones coincide largely with the 
phosphate anomalies. Detailed 
measurements however Indicate that 
at places high phosphate values do 
not correlate with the highest 
total count. In fact, the highest 
total count readings often do not 
occur Immediately over the zone 
enriched In phosphate (Fig. 2).

Zone 1 with an average P^O. 
content of 14$ Is characterized by 
medium anomalous total count 
values (2 - 3 x background) and 
zone 2 (with generally lower 
phosphate contents) exhibits a 
relatively strong anomaly with 
total count readings 3-6 times 
background. In zone 2 we recorded 
higher than normal readings In the 
potassium channel and It Is 
thought that potassium 
fenltlsatlon at the contact to the 
carbonatite largely contributed to 
this anomaly.

A phosphate zone of greater 
areal extent Is the Kunja zone In 
the central/western part of the 
Panda carbonatite. Here we 
discovered strongly weathered 
phosphate rich, foliated fenltes 
at the contact to the carbonatite 
In an adit which was excavated by 
the Mbeya Exploration Company 
(MBE^CO) during their search for 
nloblurn.

Figure 2. Radiometric and lithogeochemicalprofile, Museum Zone South, Panda Hill.
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Our survey of the 30 m long 
adit IV Included detailed sampling 
at 1 m Intervals and radiometric 
profiling. Additionally we 
covered the area around the adit 
with a soil survey (50 x 100 m 
grid) and radiometric profiling at 
100 Intervals with stations at 25 
(Ti.

The adit crosses soft 
yellow-brown ferruginous 
materials. In places this 
material Is sandy, at other places 
micaceous and clayey. Analysis of 
these residual materials revealed 
phosphate contents between 6 and 
25$ The sandy portions are 
usuanyDthe phosphate rich zones. 
The average P?0r value of the 
residuals In The adit is 1

A bulk sample from the adit 
was washed three times at the site 
and analysed 20$ P„05. the 
laboratory In Guo I ph we subjected 
another composite sample from the 
adit to Intensive washing and 
subsequent magnetic separation. 
The composite sample analysed 
10,5$ P2(V, with Intensive washing 
we could concentrate It to 22$ 
PgCL, and with subsequent magnetic 
separation to 36$ P2°5» to an 
almost pure apat I tez concentrate 
(approx. 90$ apatite). The 
prelImlnary radiometric survey In 
the adit reveals a total count 
anomaly up to 30 times 
background.

To outline the approximate 
site of the residual phosphate 
anomaly we carried out a 
seml-detalIed soli survey with a 
samplIng grid of 50 x 100 m, and a 
geophysical survey. The soli 
sampling survey resulted tn the 
outlining of a zone around adit 
IV, approximately 100 x 150 m In 
size with soli samples showing 10$ 
P90l and more. The survey also 
outi Ined a 20-50 m wide I inear 
anomaly over a length of 
approximately 650 m along the 
fenite/carbonatlte contact

A geophysical survey was 
carried out over the same area 
using the soli survey 100 m grid 
lines. The project geophysicists 
used the spectrometer, McPhar 
Spectra 44 and measured total 
count, K, U and Th count at 
station Intervals of 25 m. In 
order to smooth out Irregularities 
In the survey data the field data 
were corrected using the three 
stations window average method.

The results of this survey 
clearly shows two separate 
anomalies, one relatively wide 
anomaly around adit IV, and the 
other in the striking continuation 
of the former anomaly, In the 
Mtonl zone. The anomaly (2-3 

times carbonatite background) 
around the adit IV In the Kunja 
zone Is relatively wide, c. 120 x 
120 m, the anomaly In the Mtonl 
zone is more linear, approximately 
70 x 180 m In size.

The results of both surveys 
show good correlation. High 
phosphate analyses In soils 
coincide In general with a high 
radiometric response. Anomalles 
from both surveys also coincide 
with a geological Interface. They 
occur at the contact zone between 
the shallow dipping fen I tic roof 
and the carbonatite. The zone Is 
strongly weathered.

From the targets Investigated 
In 1985 and 1986 this residual 
phosphate zone bears the greatest 
potential so far In regara to 
phosphate resources.

It Is, however, extremely 
difficult to give data on reserves 
at this early stage, but an 
estimate of the order of magnitude 
Indicate potential reserves In the 
range of several hundred thousand 
tonnes In the Kunja/MtonI zone. 
Zeolite exploration

Ongoing research with minerals 
of the zeolite group showed a high 
cation acceptor capacity and 
proved to Increase the solubility 
of apatites. Furthermore, 
zeolites have a high NK + 
selectivity and are currently 
being tested at the University of 
Guelph to Improve manure 
(reduction of bIH. + loss through 
evaporation), asHan underlay for 
turfgrass, and as a means of 
preventing the pollution of 
natural waters,, especial ly from 
feed lots.

During 1985 we discovered 
three zeolite occurrences. This 
year the project geologists 
carried out detailed work In both 
Chabazites at Shingo HliI and 500 
m south of Chamoto Hill, The 
exploration Included pitting, 
trenching and a plane table 
survey. PrelImlnary evaluation 
Indicate easily mineable reserves 
of a relatively pure chabazite In 
excess of 80 000 tonnes at Shingo 
Hill. The reserve situation 
Increases rapidly when considering 
the thick beds of less pure, 
chabazite bearing volcanIclastlcs 
which contain higher amounts of 
volcanic glass.

At Mapogoro, some 5 km 
northwest of Njelenje v 111 age, 
approximately 30 km northwest of 
Mbeya the project geologists 
outlined a 1.0 - 1.5 m thick 
phi 11Ipslte/feldspar/volcanlc 
glass bed In the lake beds. The 
phillipsite bearing bed can be 
traced over a strike length of 4 

km and easily mineable reserves 
are estimated at least 100 000 
tonnes.

Morphological details of the 
chabazites and phillipsites were 
obtained from studies with the 
scanning electron microscope (SEM) 
at the University of Guelph (Fig 
3).

Awaiting the outcome of more 
agronomic experiments no further 
geological work Is antlclapted at 
present.

SOIL INVESTIGATIONS
Studies of weathering trends 

on basalt and ash have been used 
to define chemical and 
mineralogical changes that 
ultimately can be related to 
soil-related agrlcuturai problems. 
All rocks of the region show a 
trend towards chemical 
compositions within the residua 
system of weathering and 
mineralogical compositions 
dominated by the assemblage 
quartz-kaoI inIte-goethlte (Figs. 
4 and 5). This has two Important 
consequences for agriculture. One 
Is that the progressive leaching 
Involved reduces the Inherent 
fertility of the soil and 
elemental deficiencies are the 
result. The second Is that the 
acidity of the system Is Increased 
to the point where Mn and Al may 
become mobile species. In this 
case elemental toxlcltles are 
produced, A further consequence 
of the chemical and mineralogical 
changes just mentioned Is that the 
clay fraction of the soil contains 
a large surface area capable of 
fixing phosphate.

In other words the principle 
soil-related agricultural problems 
are caused by simplified 
mineralogical compositions 
produced by a high degree of 
leaching and the attendant high 
acid Ity.

Sol I mineralogy
The chemical progression shown 

In Figures 4 and 5 Is accompanied 
by a tendency towards 
mineralogical simplification. The 
primary phases of the basalt and 
ash are replaced ultimately by 
phase assemblages In the system 
SKk-AljOg-Fe^CL-HgO as stated 
abdve. zThese^are dominated by 
kaolinite In the samples we have 
examined so far, but the 
posslbllIty remains that some may 
contain gibbsite, especially In 
excessively well-drained sites. 
An Intermediate stage contains 2:1 
sheet silicates and allophane and 
these are the soils that tend to
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be more fertile than the soils of 
the ultimate stage.

Acidity problems
The pH of the vol can Ic soils 

generally falls between 4 and 5.5, 
the lower limit being approached 
In older, more highly leached 
soils on basalt, and the upper or 
younger, less mature (In a 
weathering sense) soils found on 
pyroclastic materials (ash).

The spread of pH values Is 

explainable In terms of equ11Ibrla 
In the system SI09-AI90~-Fe9CL 
-H90-C09, the low extreme 2 J 
Involving reaction between 
kaolinite and carbonic acid, the 
high extreme Involving reaction 
between allophane and carbonic 
acid. This is explained In last 
year's annual report.

Toxlcltles
The envIronmentai conditions 

appropriate to soils of the Mbeya 

district can best be Interpreted 
In terms of pH and redox 
variables. pH has already been 
examined. Redox conditions will 
be expressed as pe values 
following Chesworth and Macias 
(1983).

The ratio of Al to Fe leaving 
a weathering system Is sensitive 
to both pe and pH. It also 
depends upon what minerals or 
amorphous phases are present. 
With respect to the least soluble 

Figure J. Zeolites 
from 
Shingo 
(trMfJcgjK)
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(kaolinite and goethite) pe~pH 
values must He along the lower 
curve of Fig. 6. In terms of 
possible phases of the highest 
solubility (amorphous Al and 
ferric hydroxides) the values must 
I Ie along the upper curve.

If the common pH range Is now 
added to the diagram, the dominant 
environmental conditions are as 
outlIned by the box abed. These 
conditions give a handle on 
possible toxlcltles that may be 
encountered In Mbeya region soils. 
When box abed Is superimposed on 
pe-pH diagrams for the chemical 
elements In an aqueous medium Al 
and Mn are found to be the only 
common ones (Fig. 7), though B Is 
a Hkely trace element candidate. 
Fig. 7 would also Indicate the 
possibility of Fe-toxlclty a 
problem that most agronomists 
beiI eve to be an uni Ikely one 
since It would tend to be masked 
by Mn.

Fertility problems
The conditions of the soil 

environment discussed In the 
previous section are also 
conducive to low to Intermediate 
cation exchange capacities and 
base saturations. Josephat 
Kamasho's data shows this to be 
the case (Table 1). They Indicate 
that the soils must be carefully 
managed or they will rapidly 
become Infertile. This appears to 
be the case In some of the soils 
of the Mbozl district where a pH 
as low as 3.5 has been produced by 
overcropping and an Injudicious 
use of acidifying fertilizers. 
The generally low base saturation 
of these soils makes them very 
fragile and very sensitive to 
management practices.

Other problems
Two physical problems that are 

encountered In the region are 
related to (a) erosion of soil, 
and (b) water conservation.

The slopes that are farmed In 
and around the volcanic massif are 
obviously prone to sheet erosion 
especially during the rains. 
Gui ly erosion Is very common on 
the ashy deposits of Ngozl crater 
and on the eastern side of Rungwe 
volcano.

Two techniques are practised 
In the district to counter this 
problem. The commonest Is to 
construct contour ridges on the 
slope. It also has the advantage 
of being relatively easy to 
maintain. Less common Is 
terracing, though Uyole 
Agricultural College maintain a 
terraced substation at on the road

Figure 4, The weathering trend of basalt showing (a) progressive.geoebemieal 
simplification towards relatively infertile compositions in the system SiOyA^Oy 
FeyOyl^O and (b) progressive mineralogical simplifications towards 
assemblages of kaolinite, goethite and quartz.

to Tukuyu. Unfortunately, the 
usual practice Is to Ignore the 
problem and to take no 
precautions. Consequently topsoil 
constantly winds up In the river 
and stream valleys.

The problems of water 
conservation generally increase 
from south to north since the 
clImatlc regime varies from humid 
to arid In that direction. 
However even In the more humid 
areas problems of water 
conservation are likely to arise 
because of the seasonality of the 
ralnfalI and because many of the 
soils are on materials and/or 
slopes that tend to drain 
rapidly.

Figure 5. The trend of feathering ash toward similar chemical and mineralogical end 
points as the weathering of basalt.

AGRICULTURAL APPLICATIONS OF 
GEOLOGICAL MATERIALS

The geological field crew have 
discovered and Investigated 
several local materials of use In 
ameliorating soli affected by 
the problems discussed above. 
Their principal findings are:

(a) phosphatIc materials of 
Igneous or sedimentary 
provenance,
(b) I Imlng mater lais from 
Igneous or sedimentary 
sources, 
(c) zeolites from altered 
vol can(clastic rocks, and 
(b) scoria, tephra and ash 
from explosive vents.
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Figure 6. Limiting pe and pH ranges in volcanic 
soils of tbe Mbeya region.

Table 1: Chemical analyses of soils (0-30 cm) In Mbeya region (J.A. 
Kamasho, Uyole Agricultural College).

Location Sol 1 pH In 
water 1:1

Exchange acid 
meq/100 g

C.E.C. In 
meq/100 g

Base Saturation 
%

Tukuyu 
area

Kapugl 4.1 25.8 30.0 4.0
Ml taiula 4.8 33.0 41.0 18.3
Masoko 5.3 20.8 29.0 24.5
Ch IvanJee

Estate 5.1 26.6 26.0 16.9
Mwe 1 a 4.8 30.0 39.0 20.4

Mbozl 
area

II Indi 5.3 27.6 19.0 46.3
Mbozl

Ml sslon 5.2 23.8 47.0 44.4
Ihanda 5.1 35.0 26.0 38.0
Chi wanda 
Idlwl11

5.4
3.5-4.5

20.8 30.6 42.6

Amel Iorating the problems
Most of The rock and mIner a I 

materials Investigated have the 
effect of reducing acidity on 
weathering. This Is most obvious 
In the case of carbonatite and Is 
most extreme In the case of 
zeolite. The more weatherable 
volcanic products, I.e. ash, 
scoria, tephrite, are also capable 
of Increasing pH.

Increasing pH to a minimum of 
about 5.5 Is also sufficient to 
prevent the common elemental 
toxlcltles, as well as Increasing 
base saturation. It may also cut 
down phosphate fixation, possibly 
In the case of volcanic additives, 
by providing H SIO. (from 
weathering glals) to blanket 
phosphate fixing surfaces.

Many of the materials useful 
In decreasing acidity are also of 
use In Increasing the nutrient 
status of the soil. This Is 
especially true of the volcanic 
ashes which have produced the most 
most productive soils of the 
region. However, we have 
concentrated on phosphate 
materials since P Is the limiting 
nutrient after N In most soils.

Here the principal source of P 
Is from apat Ite-bear Ing 
carbonatites, though minor 
lacustrine phosphorites have been 
encountered In the east of the 
region. Unfortunately the 
carbonatite apatites are also of 
the least soluble, fluorapatite 
types. Even so, Kamasho has 
provided evidence of their 
usefulness on the more acid soils. 
For other soils we are 
Investigating possible 

solubilising techniques using 
lon-exchanglng additives such as 
zeolites, in addition, composting 
techniques using farmyard manure 
offers further possibilities for 
solublIIslng apatite. Also the 
use of carbonic acid (from a local 
CCL-plant) as solubilizing agent 
Isrbelng studied.

As far as other nutrient 
elements are concerned, the 
volcanic ash Is a good source of 
nutrients other than N, Cu and 
Zn.

Regarding erosional problems, 
ridging and terracing of slopes 
should be extended from the areas 
where It Is already practised. 
The use of rock mulches, to be 
described In association with 
water conservation, can also help 
in preventing splash and sheet 
erosion of soil.

The principal use of rock 
mulch however, following Canary 
Island practise, Is to conserve 
water. The Idea Is to provide a 
coarse, porous overlay to the soil 
which act as a barrier to the 
capillary uprise of water In the 
soil, thereby cutting down loss of 
water by evaporation. Experiments 
performed at Guelph Indicate that 
water losses can be cut by up to 
6OJ6. On-site mulching experiments 
are being set up at Songwe and 
Mbozl experimental station.

Literature Cited
Chesworth, W., P. Macals Vazquez, 

D. Aquoye and D, Thompson.
1983. Agricultural alchemy: 
stones Into bread. Episodes 
6: 3-7.

Figure 7. Solubility curves for Al, Mn and Fe in the 
system Al-Mn-Fe-CoZ-S-lfyO- Conditions 
25°C; 100 Kpa; total C02 2000 mg/l as 
HCO y, total S 2000 mg/l as SOy-
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The Phosphorus Requirement of Com During Early Growth for Maximum Yield

Corn grain yields In a maximum 
yield experiment (1981 to 84) at 
the El ora Research Station averaged 
45? greater with a high fertility 
treatment compared to a normal 
fertility treatment (see LRS 
Progress Report, 1984, p, 62). 
Seedling growth was always greater 
with the high fertility treatment 
because of Improved P nutrition. 
We suspected that the Improvement 
In seedling P nutrition was a major 
cause of the yield response to high 
fertlIIty.

An experiment was conducted at 
the El ora Research Station during 
1985 and 1986 to determine the P 
nutritional requirement of corn 
during early growth for obtaining 
maximum grain yield. Corn was 
grown outdoors hydroponically In 
20-11tre palls of turface that were 
irrigated with nutrient solution. 
Plants received either a low P 
nutrient solution to the 6-leaf 
stage and then a high P solution to 
maturity (16 treatment), or a 
medium P solution to the 6-1eaf 
stage and then high P to maturity 
(M6 treatment) or a high P solution 
throughout the season (H 
treatment). Two other treatments 
extended the duration of the low P

Table 1: The effect of P supply during early growth on corn yield In a 
hydroponics system.

1985 1986 Mean

Treat- Dry
Graln^

Seeds
/Plant

Dry 
Matter GTaln^

Seeds 
/Plant

Dry 
Matter Q~aln^

Seeds 
/PI antment Matter

t/ha t/ha t/ha t/ha t/ha t/ha

18.2 9.18 434 18.7 10.20 453 18.4 9.69 444

M6 17.2 8.45 406 15.9 8.88 413 16.6 8.66 410

L6 17.4 8.19 398 15.9 8.67 399 16.6 8.43 398

^15.5? moisture

- high P supply throughout growing season

M6 - medium P supply to 6-1eaf stage, then high

L6 - low P supply to 6-leaf stage, then high

figure I, Shoot P concentrations in corn plants 
grown hydroponically with low, medium 
and high P nutrient solutions.

and medium P supplies to the 
10-leaf stage but they had no 
further effect on final yield In 
1985 and were not repeated in 
1986.

The P concentrations In the 
shoot dry matter during early 
growth In 1985 are shown In Fig 1. 
Shoot P concentrations In the H 
treafment plants were high 
throughout this period. Plants 
receiving the low or medium P 
solutions had considerably lower 
shoot P concentrations than the H 
treatment plants at the 6-leaf 
stage. The L6 treatment resulted 
In only siIghtty lower shoot P 
concentrations at the 6-leaf stage 
than what Is often observed In the 
field. The P concentration In the 
M6 treatment plants at the 6-leaf 
stage was still quite high compared 
to what Is observed in the field. 
Shoot P concentrations In the L6 
and M6 treatment plants Increased 
rapidly when they began receiving 
the high P solution on June 22. 
Shoot P concentrations during early 
growth In 1986 were very similar to 
those of 1985 and are therefore not 
presented.

Final yield data for the three 
main treatments Is given In Table 
1. The H treatment plants had 

sIgnIfleantly greater final dry 
matter and grain yield than the 
average of the 16 and M6 
treatments. There was I Ittle or no 
difference In final yield between 
the L6 and M6 treatments. The 
differences In grain yields were 
largely accounted for by 
differences In the nunber of seeds 
per plant (Table 1).

Some field experiments have 
shown no effect of early P 
nutrition on final yield of corn, 
perhaps because other nutrient or 
water stresses occurred and 
eliminated the effect. The 
hydroponics system was designed to 
prevent these other nutrient and 
water stresses from occurring. 
This experiment consistently showed 
that a high level of P nutrition 
was required during early growth to 
obtain maximum final yield. A 
shoot P concentration of less than 
5.0 g/kg during early growth 
reduced the yield potential of the 
crop by reducing the number of 
seeds produced per plant.

D. Barry and M.H. Miller
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Rates of Broadcast and Banded Phosphate With and Without Fertilizer With the Seed of 
Com

Objectives
To determine under Ontario 

conditions the effect of an N-P-K 
fertilIzer applled In the row with 
the seed on the amount of broadcast 
phosphate which Is profitable for 
grain corn production and to relate 
this to the sodium bicarbonate soil 
test phosphorus level In the soil.

Methods
FTve trials were run in 1985 

and the results were reported In 
the 1985 Annual Report. In 1986 
five trials were run on the farms 
of Bob McIntosh, St. Mary's; Brian 
Stever, Linwood; David Honderlck, 
New Hamburgh; Keith Macy, PuslInch; 
and Tom Jefferson, Guelph. Sodium 
bicarbonate extractable phosphorus 
soil tests were 18, 9, 7, 10 and 10 
m g P/L (ppm) respectively on the 
five sites. Soli pH was 6.7 on the 
McIntosh site and ranged from 7.3 
to 7.7 on the other four sites. 
The sites were all planted between 
May 6 and May 12 and final stands 
after thinning were approximately 
67000 plant/ha (27000 plants/ac). 
Urea and muriate of potash were 
broadcast and worked In before 
seeding as rates supplying 150 kg N 
and 80 kg ICO/ha.

Two liquid fertilizers, a 
6-24-6 and a 6-24-6 containing 
seaweed extract and micronutrients 
were compared with no fertilizer 
applled with the seed.

Phosphorus fertilizer from 46? 
superphosphate was broadcast by 
hand at rates from 0 to 184 kg 
P^Oc/ha and worked in by the farmer 
durtng normal seedbed preparation. 
One rate of phosphate was also 
banded approximately 5 cm to the 
side and 5 cm below the seed at 
seeding.

Conclusion
At the Honderlck site broad

cast phosphate Increased seedling 
height at the 5-7 leaf stage, ad
vanced silking, reduced ear mois
ture at harvest, and increased 
grain yield (Table 1). The 46 kg 
PjOj-Zha rate banded appeared to be 
STlghtly more effective than the 
highest rate (184 kg/ha) broadcast. 
At the four other sites there was

Table I: Corn Grain Yield as Affected by Broadcast and Banded Phosphate.

Trial

Broadcast P^Ot- 
____________ d

Banded 
P2°5 Stat.

Slgnlf.

Coefficient

of Variation0 46 92 184 46 Mean

Oaln Yield at 15,5? moisture - t/ha ? $

C6-McIntosh 8.91 8.99 9.13 9.17 8.78 9.00 n.s. 4.7

C7 - Stover 6,62 6.54 6.33 6.60 6.50 6.52 n.s. 11.5.

C8 - Honder lek 8,34 8.45 8.63 8.83 9.02 8.65 5 5.6

C9 - Marcy 7.83 7.80 8.00 7.94 7.77 7.87 n.s. 6.1

CIO - Jefferson 7,54 7.61 7.83 7,51 7,56 7.61 n.s. 6.5

Mean 7.85 7.88 7.98 8.01 7.93 7.93

Table 2: Corn Grain Yield as Affected by Fertilizer Banded with the Seed.

Tr ial

No Fert, 
with, 
Seed

Fert. 
with, 
Seed

Stat.
Sign 1 f.

Coef f. 
of 
Var.

6-24-6 
with

Seed

। 6-24-6
Plus 

Additives
Stat.
Slgnlf,

Qoeff, 
of Var

t/ha ? ? t/ha ? %
C6 - McIntosh 8.82 9.17 1 2.9 9.12 9.21 n.s. 5.6

C7 - Stever 6.54 6.50 n.s. 7.7 6.40 6.60 n.s. 10.1

C8 - Itonderlck 8.46 8.84 5 6.4 8.97 8.71 n.s. 7.6

C9 - Marcy 7.81 7.92 n.s0 5.0 7.94 7.91 n.s. 7.4

CIO - Jefferson 7.56 7.66 n.s. 3.6 7.57 7.73 n.s. 6.8■ ““ 1 1 ——-
Mean 7.84 8.02 8.00 8.03

The average of the two treatments receiving fertilizer with the seed was compared with the 
average of the two adjacent sub-plots receiving no fertilizer with the seed.

essentially no response to broad
cast or banded phosphate in spite 
of the rather low soil tests on al I 
but the McIntosh site. Samp I Ing of 
the soil at 2 cm depth increments 
after the fertilizer was Incorp
orated suggests that the fertilizer 
was Incorporated to depths below 
the seed on al I but the McIntosh 
site. In 1985 there was also 
IIttle response to broadcast phos
phate.
Both 1985 and 1986 were drier than 
usual at planting time and records 
at the El ora Research Station show 
that 4 cm depth May soli temper
ature under grass averaged 1.2 and 
1.6°C above normal In 1985 and 1986 

respectively. It Is possible that 
the higher temperatures reduced 
phosphorus response to some 
degree.

Fertilizer with the seed ad
vanced early growth significantly 
at all sites but increased grain 
yield significantly on only two of 
the five sites (Table 2). The 
acreage yield Increase due to fert
ilizer with the seed was 0.18 t/ha 
(3 bu/ac), the same as In 1985.

The 6-24-6 and 6-24-6 with 
additives produced similar yields 
(Table 2).

This project was funded by 
Alpine Plant Foods Ltd.

TH. Bates and G. Bowles
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Comparison of Manganese Fertilizers

Th© apptIcatlon of manganese 
Is recommended In Ontario to 
prevent or correct deficiencies of 
manganese on wheat, oats, barley, 
soybeans and several vegetable 
crops. However, soli application 
of manganese Is quite Inefficient 
on Ontario soils and Is not 
recommended.

The official OMAF recommenda
tions cal I for f Ive times the rate 
of manganese to be applled when 
manganese sulfate Is the source as 
when chelated manganese ts used. 
Lignosulfonates such as the product 
sold as "This" manganese have been 
considered as chelates In the re
commendations. The objective of 
this study was to compare the 
effectiveness of different sources 
of manganese when sprayed on the 
I eaves of crops.

Three farm fields were chosen, 
one with winter wheat and two with 
spring barley which showed 
deficiency of manganese based on 
visual symptoms. A hand sprayer 
was used to apply manganese at 
rates sufficient to wet the leaves 
using manganese sulfate (27$ Mn), 
"Mantrac" (32$ Mn), lignosulfonate 
(5$ Mn) and EDTA chelate (5.2$ Mn) 
at concentrations of 0, 0.5, 1.0 
and 2 kg Mn/200 L. A wetting agent 
"Super spred" was added to the 
manganese sulfate and EDTA chelate, 
the other sources are reported to 
contain wetting agents. The 
"Mantrac" source Is a proprietary 
product of unknown source. Al I 
sources were suppl led free of 
charge by May and Baker Ltd.

Figure I. Response in wheat to various sources 
and application of Mn.

The flag leaves of plants, 
sampled in all plots at heading, 
were analysed for nutrient content. 
Plots were hand harvested for grain 
and straw yield In ail but the 
wheat trial where, due to severe 
manganese deficiency, wild 
buckwheat was such a severe problem 
that straw could not be separated 
from the weeds.

Conclusions
Foliar applIcatlon of mang

anese Increased grain yield at the 
three sites with all five sources 
(Table 1). On the wheat site mang
anese deficiency was very severe 
and Is believed to have reduced 

yield potential appreciably before 
the manganese was applled. The 
ECTA source appeared to be more 
effective at lower concentrations 
than the other sources (Table 1, 
Fig. 1 and 2) and also produced 
higher manganese concentrations In 
the flag leaf at two of the three 
sites (Table 2). There was I Ittle 
apparent difference between the 
other three sources and no evidence 
that the I Ignosul fonate "This" 
source was more effective than 
manganese sulfate applied at the 
same rate. These conclusions are 
based on only one years results and 
require further confirmation.

Figure 2. Response in barley to various sources 
and application rates of Mn.

Table 1: Grain yield with different sources and concentrations of Foliar 
Manganese

Spray Concentration - kg Mn/ 200 L

Mn Source 0 0.5 1.0 2.0 Mean

wheat - tonne/ha

None 0.94
Sulfate - 27* Mn 1.47 1.72 1,92 1.70
Mantrac - 31* Mn 1.30 1.93 1.83 1.68
Llgnosulfonate - 5.0* Mn 1.63 1.57 1.95 1.72
EDTA - 5.2* Mn 1.66 1.77 1.52 1.65

Mean 1.51 1.75 1.80 1.69

Site 2- Barley - tonne/ha

None 0.95
Su 1 fate - 27* Mn 1,07 1.44 1.23 1.26
Montrac - 31* Mn 1.21 1.55 1.15 1.30
Llgnosulfonate - 5.0* Mn 1.08 1.24 1.26 1. 19
EDTA - 5.2* Mn 1.64 1.07 1.71 1.47

Mean 1.26 1.32 1.34 1.31

Site 3 - Barley - toon e/ha

None 3.71
Sulfate - 27* Mn 3.88 4.06 4.09 4.01
Mantrac - 31* Mn 3.84 4.03 3.97 3.95
Llgnosulfonate - 5.0* Mn 3.58 3.90 4.54 4.00
EDTA - 5.2* Mn 4.48 4.03 3.45 3.99

Mean 3.95 4.01 4.01 3.99

Table 2: Manganese concentration In flag leaves of wheat and barley at 
heading

Mn Source

Spray concentration - kg Mn/200 L

0 0,5 1.0 2.0 Mean

wheat leaf Mn -■ pg/g (ppm)

None 9
Sulfate - 27* Mn 19 31 49 33
Mantrac - 31* Mn 13 20 33 22
Llgnosul fonate - 5.0* Mn 18 24 36 .6
EDTA - 5.2* Mn 24 30 49 34

Mean 18 26 42 29

Site 2, Barley leaf Mn - pg/g (ppm)

None 10
Sulfate - 27* Mn 10 11 10 10
Mantrac - 31* Mn 10 10 10 10
Llgnosulfonate - 5.0* Mn 9 9 10 9
EDTA - 5.2* Mn 12 10 10 11

Mean 10 10 10 10

Site 3, Barley leaf Mn - pg/g (ppm)

None 15
Sulfate - 27* Mn 16 16 16 16
Mantrac - 31* Mn 16 16 17 16
Llgnosulfonate - 5.0* Mn 16 17 17 17
EDTA - 5,2* Mn 19 20 23 21

Mean 17 17 19 18

T.E. Bates and G. Bowles



58

The Effect of Increased Evaporative Demand on Photosynthesis in Maize Plants

A field portable whole plant 
enclosure system was used to study 
the effect of high evaporative 
demand on photosynthesis In maize 
(cv» PIONEER 3949), The enclosure 
system consists of duplIcate chamb
ers In which ful I grown In situ 
plants can be enclosed and main
tained at near ambient conditions 
(temperature, [C0„ I, PPFD) while 
varying the humidity levels. 
Photosynthesis and transpiration 
measurements are obtained by Inte
gration of mass flow control led CCL 
Injection and by weighing of the 2 
transpl rate absorbed on a CaSO. 
column, 4

Measurements were carried out 
on soil grown plants fertilized at 
recommended rates (46,5N, 60P, 50K 
kg/ha actual) and on hydroponically 
grown plants (2 titre pails of 
artificial "turface” medlurn 
suppl led twice dally with 1-2 

litres of nutrient solution) to 
determine differential effects of 
Increased evaporative demand on 
photosynthesis due to rooting en
vironment, The measurement period 
was from August 11 to September 9 
(2 weeks post-sllklng to late milk 
stage) and consisted of 5 separate 
experiments (2-solls, 2-hydro- 
ponlcs, 1 combined sol l-hydroponIc) 
each lasting 4-5 days. Dally 
measurements consisted of 1/2 hour
ly averages usually from 9:00 to 
19:00 on two similar plants exposed 
to low and high evaporative demands 
(average vapour pressure gradients 
of 1,02 and 2.17 kPa, respective
ly).

Photosynthetic rates were 
significantly affected by Increased 
evaporative demand In both rooting 
media. Average photosynthetic 
rates on a per plant basis were 
5,8/S and 7»1% greater In the humid 

than in the dry chamber, for soil 
and hydroponically grown plants, 
respectively (.252 and.267 
mg/plant/s in the humid chamber 
compared to .234 and ,254 In the 
dry chamber, for soil and hydro
ponic plants, respectively). 
Simultaneous measurements on a soil 
and hydroponic plant (experiment 
#5) showed a 20^ higher average 
photosynthetic rate In the hydro
ponic plant. The small difference 
between soli and hydroponic plants 
In the reduction of photosynthesis 
due to high evaporative demand 
might be explained on the basis of 
high soil water potentials at the 
time of measurement (> -50 kPa). 
Both rooting media were well 
supplied with water. Similar 
measurements are proposed on mois
ture stressed plants for the summer 
of 1987.

Validation Tests of Components in Crop Yield Estimating Models

Computer simulation 
procedures have been formulated to 
estimate yield response to 
Irrigation from climate data and 
soil physical characteristics for 
field corn (see 1984 LRS Progress 
Report, p. 63) and potato crops. 
Weekly soil moisture measurements 
taken In a corn Irrigation 
experiment (see 1984 Progress 
Report, pp, 52-53) have been used 
to val idate estimates of dal ly 
soli moisture content obtained as 
output from the corn model SIMCOY 
(Simulation of COrn Yield). Data 
collection for the potato crop was 
Initiated In 1986, A new 
procedure for measuring surface 
soil moisture was tested In potato 
trials at the Cambridge Research 
Station In 1986. This sunmary 
briefly describes the 
evapotranspiration (ET) components 
of the soli moisture budgeting 
procedure of these models and 
validation of the dally soil 
moisture estimates for two years 
of the corn experiment. Further 
detail can be obtained from Place 
and Brown, 1987 and R,E, Place, 
M.Sc. Thesis (1984),

The ET Components of Soil Moisture 
Budget

“DaIly soil moisture content 
In a six layer profile to 75 cm 
depth Is calculated using a 
standard soil water budgeting 
procedure with Inputs of rainfall 
and estimated evapotranspiration 
(ET). The energy available for ET 
Is partitioned Into that used for 
each of evaporation (E) and 
transpiration (T) using a dally 
estimate of the leaf area of the 
crop. Evaporation Is handled In 
two stages - the constant rate 
stage (controlled by the energy 
available when the soli surface Is 
wet) and the falling rate stage 
(controlled by the hydraul Ic 
properties of the soil when the 
surface has dr led). Transpiration 
is calculated In these models 
using the Monteith form of 
Penman’s combination equation 
(Monteith, 1973) In which net 
radiant energy, daytime 
temperatures, vapour pressures, 
wind and aerodynamic and canopy 
resistances are used. Aerodynamic 
resistance Is calculated from wind 
speed and canopy height. Canopy 
(stomatai) resistance Is assumed 
to depend on one or more of solar 
radiation, daytime temperatures 
and/or leaf water potentials.

Solar radiation and temperature 
are used In relationships that 
directly affect the magnitude of 
the canopy resistance term in the 
combination equation whereas the 
effect of leaf water potential Is 
Introduced by I imitlng 
transpiration (T) through soil 
water potential.

The I imlt of T Is calculated 
by using a theoretical maximum 
transpiration (TMAX) that could 
occur for a full crop canopy when 
the available soli water content 
Is adequate to meet the 
atmospheric demand. TMAX Is 
assumed to be 4,5 mm per day for 
Ontario conditions, A bulk soil 
water suction fcp^) Is calculated 
each day from estimates of 
volumetric moisture (©v) for each 
so 11 layer (J) from - 
<H(J) ’ exp <4'5 ■ 
where 0^ Is In (cm/cm) and (p^j) 
Is weighted for root content In 
each layer (J). The coefficients 
4,5 and 19.3 are soil specific. 
(In this case for the slit loam 
soil at the Elora Research 
Station.) This bulk soil water 
suction (<Pt>) Is US0d +o IImIt the

R.G. Berard and G.W. Thurtell

D.M. Brown and R.E. Place
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transpiration to 4.5 mm or less 
for a ful I crop canopy. A 
fraction of 4.5 Is used for a 
partial crop cover that depends on 
leaf area Index each day and a 
maximum LAI that depends on plant 
population. A maximum soil water 
suction (cpMAX) Is used to 
determine the I Imlt to calculated 
transpiration (TLIM) on any day (I) 
from LAI djMAX - <|> 
TLIM =------------ r----- -------- —1 IMAX

LA IMAX <|MAX 
When the calculated transpiration 
from the combination equation Is 
greater than TLIM, the dally 
transpiration Is set to TLIM.

VaiIdatIon
SIMCOY outputs of soil 

moisture are compared to field 
measurements In 1982 and 1983 for 
layers 1 and 2 of the soil profile 
at El ora Research Station In Fig. 
1 for raInfed and the Intermediate 
level of Irrigation. Daily 
rainfall and Irrigation amounts 
(mm) for each year are shown with 
the layer 2 soil moisture contents 
(mm). ClImatleally the 1982 and 
1983 season were the most 
d i fferent.

The early part of May 1982 
was the driest of the five year 
period and May 1983 the wettest. 
In June, rainfall was 113% of 
normal In 1982 and 47? of normal 
In 1983. An early simmer dry 
spell started In late June 1982 
tasted 26 days, whereas In 1983 It 
started In early June and lasted 
51 days. August and September 
rainfall was twice the normal In 
1982 but near normal in 1983. 
Exceptionally coot months occurred 
In June and August 1982 and May 
1983 and warm months In May 1982 
and July/August 1983. June 1982 
was excessively cloudy, but 
otherwise sky conditions averaged 
near normal each month (Brown, 
1986). These weather conditions 
resulted In quite different soil 
moisture regimes, as shown for 
ralnfed conditions, in Fig. 1.

The SIMCOY estimated values 
represent the trend of soil mois
ture content from day to day 
throughout the growing season and 
Indicate the calculated upper 
IImlt of aval IabIe moisture in 
each layer of this soil, where the 
highest values (spikes or flat 
I Ines) appear. Estimated moisture 
contents In these two layers re
lated much closer to observed 
contents, as measured weekly, In 
this version of the SIMCOY model 
than In a previous version that 
calculated dally evapo- 
transpirat Ion as one value, rather 
than separating soil evaporation 
from transpiration.

Figure 1. Estimated and observed soil moisture 
contents (mm) for rainfed and irrigated 
conditions during the seasons of 1982 
and 1983, for the depth of 0 to 15 cm. 
Rainfall and irrigation amounts are also 
provided.
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A Comparison of Broadcast, Band, and Nest Placement of Urea and Dicyandiamide 
With Com {Zea mays L.) __

Figure 1. Response of com to broadcast, nest and band placements of urea with and without DCD.

Two field experiments 
(supported by Cyanamld Canada, 
Inc.) at the El ora Research 
Station, on Conestogo silt loam, 
were performed during the 1986 
summer season to determine corn 
response to "nesting" of urea 
prills. Commercial prills were 
concentrated at several rates Into 
band and nest placements spaced at 
various distances from the corn 
seed and compared with broadcast 
prills. In addition, a 
nitrification Inhibitor, 
dicyandiamide (LTD), was 
Incorporated with the urea In 
conjunction with the different 
placement treatments.

I>ea broadcast appl Icatlon 
followed the conventional practice 
of Incorporating uniformly applied 
prills Into the soil. Band 
placement Involved placing the urea 
In a band beside the seed row, 5 cm 
horizontally away from, and 5 cm 
below the corn seed. "Nest" 

placement consisted of arranging 
the urea In localized zones or 
holes 20 cm apart at 50 kg N ha"1 
in the first experiment and at 
three rates (50, 100, 150 kg N 
ha"1) and three positions; 1) 37.5 
cm from the plants, In the middle 
of the Inter-row space, 2) 5 cm 
horizontally away from the corn 
seed row and midway between corn 
plants, and 3) 5 cm away from the 
seed row, perpendicular to each 
seed, In the second experiment.

The obj'ectlve of the first 
experiment was to measure the 
response of corn to broadcast, 
band, and nest placements of urea 
and also determine If there were 
phytotoxic effects of DCD on corn 
plants. It was found that the 
broadcast and band urea treatments 
(50 kg N ha"1) yielded 
significantly more grain than the 
nest placement treatment (Fig. 1). 
However, with the Inclusion of DCD, 
there was no difference In yield 

response with placements.
The second experIment was 

conducted to determine corn 
seedling response to nested urea 
placement both with and without DCD 
at several urea N rates and nest 
placements near plant rows. The 
results suggest that nesting urea 
prills close to the plants 
permitted much higher application 
rates of urea N (up to 100 kg N 
ha-1) than are currently 
recommended for banded urea. The 
presence of DCD did not appear to 
have any beneficial effect In 
alleviating the apparent toxicity 
associated with the high 
application of nested urea (150 kg 
N ha"1) for the corn seedlings.

Overall, the data suggested 
that higher rates of urea may be 
applied In close proximity to corn 
plants if DCD Is Included with the 
urea and the urea prills are placed 
In nests rather than bands.

J A. Cline and E.G. Beauchamp
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The Role of Vesicular Arbuscular Mycorrhiza (VAM) in the Disturbance Induced 
Reduction of Phosphorus Absorption by Young Maize Plants

The Impetus for this work 
originated from observations made 
by O'Halloran et al. (1986). 
Growth room experiments conducted 
by the authors demonstrated an 
enhanced phosphorus accumulation by 
shoots of young corn plants (Zea 
mays L.) grown In undisturbed soil 
as compared to those grown in dis
turbed soil. In their study, 
shoot phosphorus accumulation from 
soil cores which had been carefully 
removed from zero tilled plots was 
compared to that accumulated from 
physically disturbed soil originat
ing from Immediately adjacent posi
tions within the plots.

To account for differences In 
root length, NaHCCL-extractable 
phosphorus and bulk density between 
pots and depth within pots, the 
concept of Accesslble-P (Acc-P) was 
used. Inherent In this concept is 
the assumption that phosphorus Is 
absorbed from a cylinder of uniform 
dimensions surrounding each root 
(hence the ultimate term In the 
expression below).

Definition:
3 

Acesslble-P £ L[ x NaHCO^-ext. Pj 
x bd। x X-aJ'e^ abs. cylinder

L. = Root length I =1,2,3, layers 
within a pot

bd] = bulk density

The authors found a signifi
cant decrease In shoot-P/Acc-P when 
the soil was disturbed. Hence, In 
order to explain the effect of sol I 
disturbance on phosphorus nutri
tion, Investigation Into factors 
other than those which Influence 
the spatial arrangement of root 
members with respect to soil phos
phorus concentrations and bulk 
densities appeared necessary. 
Several hypotheses were examined, 
and subsequently rejected as ex
planations of the observation. An 
example of one such hypothesis 
entertained Included the notion 
that there may be Improved soil- 
root contact In the undisturbed 
soil, leading to enhanced phos
phorus adsorption. Another 
Involved the Idea that soil distur
bance exposed new P-flxlng sites, 
thus reducing the availability of P 
to the plant. Focussing on the 
possibility of a microbiological 
explanation, the authors found 
gamma-lrradI at Ion removed the 
effect of soil dIsturbance on P 
adsorption.

Figure 1. SbootP/AccP as a function of site and disturbance.

Our study examined the follow
ing hypothesis: A reduction In the 
efficacy of vesicular arbuscular 
mycorrhizal associations Is respon
sible for the lower shoot- P/Acc-P 
observed under disturbed condi
tions.

Three experiments were devised 
to test this hypothesis

Experiment 1
Thus far, Investigations Into 

the effect of sol I disturbance on P 
nutrition have been carried out on 

Figure 2. VAM infection intensity as a function of site and disturbance.

a silt loam soli originating from 
one site at the El ora Research 
Station. Experiment 1) examined 
the disturbance effect using soil 
from two other sites at which zero 
tillage has been practiced. One Is 
located proximally to the above 
site (1/2 mile), the soli being of 
similar texture, while the other 
site is situated several miles 
away, the soil being of a sandy 
loam texture. The experimental set 
up was as fol lows:

D. Euans and M.H. Miller
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Site

1 2 3
Disturbance U D U D U D 
Measurements: Shoot P/unlt Acc-P

: VAM Infection Inten- 
slty 0-6 cm 

U = Undisturbed D = Disturbed

For undisturbed treatments, 20 cm 
diameter plastic cores were driven 
Into the earth to a depth of 18 cm 
and carefully dug out. Soil from 
the Immediately surrounding area 
was collected separately from three 
depths and subsequently packed Into 
similar cores to form the disturbed 
comparisons.

The duration of the experiment 
was three weeks. One of the pur
poses of the site comparison was to 
assess the correlation between soil 
disturbance effects on shoot P 
uptake and VAM Infection Intens
ities. The results of the compar
ison are given In Figs. 1 and 2. 
Shoot P/unlt acc-P was significant
ly greater In the undisturbed 
treatments at the three sites. 
Highly significant differences In 
VAM Infection Intensity (defined as 
the average proportion of the root 
cortex containing VAM structures) 
were also noted In roots sampled 
from both the 0-6 cm and 6-12 cm 
depths at all sites. Not surpris
ingly, Inclusion of Infection 
intensity as a covarlate removed 
the effect of disturbance on the 
shoot P/Acc-P parameter. The evi
dence obtained thus became circum
stantial ly supportive of the VAM- 
hypothesls. It is feasible, how
ever, that the mechanism by which 
soli disturbance affects shoot P 
uptake Is autonomous to the effect 
of disturbance on VAM Infection. 
Hence further testing was 
required.
Experiment 2

- Th 1s experiment examined the 
effect of soil dIsturbance on phos
phorus absorption by four different 
species, two non mycorrhizal In 
nature, spinach (SpInacea 
oleracea) and canola ^Brassica 
napus), and two mycorrhizaI TrT 
nature, corn (Zea mays L.) and 
wheat (TritI cum "aest'fvum). A 
rejection of the hypothesi s could 
be confidently made If there were 
to be an effect of soil disturbance 
on P absorption by the non 
mycorrhizal species canola or spin
ach. The experimental layout was 
as fol lows:

Species

Corn Can. Wh. Spin* 
Disturbance UD UD UD UD 
Measurements: Shoot P/Acc-P

: VAM infection Inten
sity (0-6 cm)

Figure J. Sboot-Pas a function of disturbance and fungicide application.

The methodology for this In
vestigation Is similar to that of 
experiment 1.

A significant interaction 
between disturbance and species 
existed. The effect of soli dis
turbance on shoot-P/Acc-P In the 
corn comparison was only signifi
cant at the 10% level. Examination 
of the Individual replicates, how
ever, revealed that those repli
cates In which the differences were 
smallest corresponded with those In 
which a) the VAM Infection Intens
ities were lowest, and b) In which 
Intensity differences were 
smallest. Furthermore, a signifi
cant correlation was found between 
shoot P/Acc-P differences and VAM 
Infection Intensity dlfferences 
(p<0.05). It seemed that although 
the effect of soil dIsturbance on 
shoot P/Acc-P may not be reliably 
reproduced, with corn, the evidence 
for VAM Involvement when differ

ences exist remains circumstantial
ly strong.

There were no significant 
differences In shoot P/unlt Acc-P 
or In VAM Infection Intensities for 
the wheat comparison. The absence 
of a response In shoot P/Acc-P In 
the wheat comparison Is thus 
accompanied by an absence of a 
difference In VAM Infection Intens
ity. This was also found to be the 
case for the canola and spinach 
comparisons which was to be expect
ed If the hypothesis Is true.

Experiment 3
the evidence relating to the 

acceptance/reject Ion of the VAM 
hypothesis obtained In experiment 1 
and 2 Is circumstantial. VAM In
fection Intensities are noted to 
correlate with differences In shoot 
P/Acc-P. Before the VAM hypothesis 
was accepted, It was felt that an 
experiment capable of Indicating a 

Figure 4. Infection intensity as a function of disturbance and fungicide application.
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cause and effect was required. The 
obvious route to this end was to 
speclflcally remove the fungal 
component from disturbed and undis
turbed soil and examine the result
ing shoot P/Acc-P. To effect this, 
the fungicide benomyt, a potent 
Inhibitor of mycorrhizal fungi was 
used*

The experimental layout was as 
fol Iows:

No Plus
Fungicide Fungicide 

DIsturbance ; U D U D
Meas urements: Shoot-P/Acc-P

VAM infection Inten
sity (0-6 cm)

The fungicide was Injected 
into the top 1 cm of undisturbed 
and disturbed pots of the appro
priate treafments.

The results are depicted In 
Fig. 3. A highly significant

Interaction between disturbance and 
fungicide treatments was found.
The reduction In shoot-P/Acc-P for 
plants grown in disturbed soil 
cores with no fungicide addition 
was significantly greater than that 
found for the fungicide treated 
pots. Fig. 4 demonstrates that the 
benomyl injections were highly 
effective against the VAM-fungal 
component of the soil.

Based upon the evidence de
rived from the three experiments 
outlined above, we feel confident 
In accepting the hypothesis stated 
earlier. Further research will now 
be directed towards attaining an 
understanding of the mechanism 
behind the effect of soil disturb
ance on mycorrhizal Infection.

Some of the hypotheses put 
forward to explain this are as 
foI lows:
1) Disturbance causes a disruption 

of a hyphal network which remains 
in tact In the undisturbed soil. 
2) Disturbance results In a dis
persal of VAM-lnoculum (spores, old 
root members) from old root 
channels through which new roots 
may penetrate In the undisturbed 
system.
3) A dIsturbance-Induced flush of 
ammonium and/or nitrate nitrogen Is 
Inhibitory to VAM infection. In
deed, nitrate Ievels measured In 
undisturbed soil cores from Experi
ment 3 were found to be two to 
three times smaller than those 
found In the disturbed system.
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Influence of Environmental Factors on Photosynthesis and Stomatai Conductance of 
Maize
J.D. Fuentes and K.M. King

In studies to determine the 
soil and climatic I Imitations to 
the biomass productivity of maize 
(Zea mays L.) In Southern Ontario, 
lt"Tias been observed that maize 
grown hydroponically under field 
conditlons outylelds malze grown In 
soils by about 50 percent 
(Tolienaar and Mlgus, 1984). The 
reasons proposed to explain these 
significant yield differences In
clude a higher capacity of the 
hydroponically grown plants to fix 
C0„, and different photosynthetic 
raTes per unit leaf area due to 
rooting media. Therefore, the main 
goals of this study wore to examine 
whether photosynthesis Is limited 
due to rooting environment, water 
and nutrient availability and 
determine If higher maize yields 
are associated with higher photo
synthetic rates.

Net photosynthetic rates of 
Individual maize leaves, grown 
hydroponically and In soil, were 
monitored under field conditions. 
These measurements were taken be
tween tassel Ing and crop maturity 
during the sunmer of 1986, using a 
portable photosynthesis system 
(Li-Cor 6000). The system calcu
lated stomatai resistance to water 
vapour and net photosynthetic rates 
based upon the change In water 
vapour and C0„ concentration In a 
closed leaf chamber. In addition,

Figure I. Photosynthetic active radiation (PAR) vs. net photosynthesis (PN) of 
hydroponically grown plants (O) and soil plants (•).

the system calculated Intercellular 
C02 concentration. Photosynthetic 
active radiation (PAR) was recorded 
at the time of the photosynthetic 
measurements throughout the day.

Photosynthesis and PAR 
measurements were fitted to 
rectangular hyperbolic response 
curves (see Fig. 1). Stomatai 
conductance to CC^ versus photo

synthesis yielded a linear 
relationship. There were no sig
nificant differences of stomatai 
conductance between the soil and 
hydroponically grown plants. 
Photosynthetic rates per unit leaf 
area were almost the same in both 
treatments. However, the hydro
ponic plants developed a larger 
leaf area, 18? more than soil
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plants. Environmental factors, 
Including cool night temperatures 
and low vapor pressure deficits, 
affected photosynthesis, stomatai 
conductance to CO- and the ratio of 
ambient CO- to Intercellular CO-.

From This experiment It was 
concluded that rooting environment 
did not Influence photosynthesis 
per unit leaf area. However, 
nutrient availability and rooting 
media appeared to affect the 
development of leaf area and the 
onset of senescence.

LIterature CI ted
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Selected Industrial Derivatives for Soil Amendment

Screening of several Indus
trial waste products led to the 
choice of two of them for field 
testing.

The purpose of the applIca- 
tion of these products Is to Im
prove soli structure, either by 
Increasing the organic matter 
content of the soil or to supply 
long-chain synthetic polymers that 
act as binding agents between the 
primary soil particles.

The first product, "sugar- 
IIme", was provided free of charge 
by the Redpath sugar company of 
Toronto generously (5 drums fulI). 
The company produces about 10,000 
tonne of sugari Ime per year, which 
at present Is being landfilled at 
the cost of $9 per tonne. Another 
sugar company, "Lantlc" Is offer
ing 3,000 tonne per year, Sugar- 
IIme comes as an aggregated powder 
of light brown colour. Breaking 
up the lumps leads to very fine 
dust (organic matter).

The second product, a latex, 
was provided free of charge by 
Relchhold Ltd (5 drums full). 
This product consists of a blend 
of emulsion polymers. At regular 
Intervals the company has 100 
drums with latex aval fable. At 
present It Is being landfilled at 
the cost of $90 per drum. The 
product behaves, smells and feels 
very much I Ike white Lepage paper 
glue. It contains vinyl acetate 
polymers with molecular weight of 
500,000 or more.

Analytical data for the two 
products Is shown In Table 1.

The sugariIme was applled at 
the rate of 20 tonne/ha. On plots 
ft 2 and 10 the application (SI) 
was carried out before seeding 
(May 2). On plots #5 and 7 the 
applIcatlon (S2) occurred on dune 
24.

The latex was appl led at the 
rate of ZVnr. On plots # 4 and 6 
the applIcatlon (LI) took place 
Just after planting (May 15). On 
plots # 1 and 8 the applIcatlon 
(L2) occurred on June 24. 
Plots # 3 and 9 functioned as 
controls (C). The latex had a 
clear visual effect on the 
structure of the surface soli 
(F|gs. 1 and 2).

Results
Corn grain yields are pre

sented In Table 2. The applica
tion of sugariIme and latex did 
not result In significant 
differences In yield.

Discussion
The smaI I number of replica

tions and the rather large vari
ability In the field explain In 
part why the differences between 
the yields of the treated plots 
and the control are not signifi
cant. The WAS results were con-

Table 2: Corn Yields Under
Various Treatments

AVERAGES (kg/ha)

SI 5767
S2 6454 S 6111
LI 5013
L2 5426 L 5220
C 6104

Averaged Wet Aggregate 
Stability (WAS) values are 
presented In Table 3.

Sugar Lime Latex Control
May 86 29.9? 29.3?
Jul 86 46.3? 41.0? 48.5?
Nov 86 35.5? 37.2? 42.3?

trary to expectations. In the 
case of sugar I Ime the explanation 
may be that there were aggregates 
of pure sugar lime present In the 
samples used for the WAS determin
ations. These aggregates most

P.H. Groenevelt, S. Mott and E. Dickson

Table 1: Analysis of sugarlIme and 
I atex

Table 3: Average Wet Aggregate 
Stability For Various 
Treatments.

SugarlIme Latex

N 0.20? 0?
P 0.11? 0.01?
K 0.10? 0?
Mg 0.18? 0?
Ca 36? 0.03?
Nl <0.1 mg/kg <0.1 mg/kg
Cd < 0.1 mg/kg < 0.1 mg/kg
Zn 48 mg/kg 1.2 mg/kg
Co 13 mg/kg < 0.1 mg/kg
Pb 1■8 mg/kg <0.1 mg/kg
Fe 1125 mg/kg 4.0 mg/kg
Mn 65 mg/kg < 1 mg/kg
Cr < 0.1 mg/kg < 0.1 mg/kg
Cu 21 mg/kg <0.5 mg/kg

Plot #

YIELDS (kg/ha)

Treatment Yield

1 L2 6021
2 SI 5863
3 C 6309
4 LI 5342
5 S2 6433
6 LI 4683
7 S2 6476
8 L2 4832
9 C 5900

10 SI 5672
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Figure 1. Close up of the soil surface on May 26 of an untreated 
plot (C).

Figure 2. Close-up of the soil surface on May 26 of a plot treated 
with latex (LI).

likely have a very low WAS value. 
Therefore, In the coming year the 
sugar IIme will be mixed with the 
soli by rototllllng Instead of 
loosely spreading It on the soli 
surface as was done In 1986.

In contrast to the results 
obtained In previous years with

PVA, showing significant Increases 
In yield and WAS values, the pre
sent latex product resulted In 
seemingly lower yield and WAS 
values. The explanation for this 
most likely Iles In the way and 
time the product was applled, 
resulting In thin "plastic" sheets 

on the soli surface Instead of 
coatings around the soil aggre
gates.

This could have resulted In 
decreased Infiltration rates and 
therefore less water available for 
plant growth. In the coming year 
shallow rototllllng will follow 
the spraying of latex.

Quantifying The Influence of Cropping 
Practices On Soil Structure

A progressive shift from crop 
production systems Involving 
forage-based rotations to contin
uous row crop production has 
occurred In central and eastern 
Canada, The adjustment In crops 
grown and associated soil manage
ment practices Is resulting In 
changes In soil physical 
conditions. Information on the 
rates of change of soil structure 
under different cropping systems 
Is Important both In terms of 

projecting the Impact of existing 
practices and In assessing the 
effectiveness of amelloratlve pro
grams. However there Is a lack of 
experimental data or theoretical 
models which can be used to define 
the rate of change of different 
soil structural characteristics as 
different cropping and soil 
management practices are 
Introduced.

Crop production systems are 
known to Influence organic carbon 

content and, across a broad range 
of soils, changes In organic car
bon content has correlated with 
changes In some soil structural 
character 1st les. Models to 
describe changes In organic carbon 
content with time have been 
developed. However, there have 
been few attempts to link such 
models with changes In soil 
structural characteristics.
Furthermore, changes In soli 
structural characteristics have 

B.D. Kay, D.A. Angers, AA Baldock and P.H. Groenevelt
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been noted soon after cropping 
systems have been altered but 
before there have been measurable 
shifts In organic carbon content. 
This creates difficulty In linking 
models on total carbon turnover to 
changes In soil structure. Speci
fic components of soil organic 
matter (eg. roots and fungal 
hyphae, polysaccharides) may have 
a much more significant Impact on 
soli structure than total carbon. 
More specific data on the nature 
of agents which are most Important 
In stabilizing soil structure, 
their rates of turnover, and 
quantitative relations between 
aggregating agents and structural 
stability Is required. However, 
In the absence of such data we 
propose a Crop-Management Aggre
gation (CMA) factor which could be 
correlated with the temporal 
change In the characteristics of 
soil structure as cropping systems 
vary. The factor Is based on the 
assumptions: (1) that grasses 
contribute aggregating constit
uents to soil which result In the 
stability of soil structure 
Improving exponentially with time 
during the period that the grass 
was grown and (2) that soli 
structure deteriorates exponent
ially with time when the grass Is 
replaced by a row crop which Is 
grown using conventional tillage 
practices.

The CMA factor Is formulated 
as a function of time Ct) by 

CMA(t) = £ f 1 - expt-kiT ] exp

the sunmatlon of the
I

separate contributions and loss of 
the aggregating constituent s) 
arising from periods (I) In which 
the grass or forage Is grown.
T. Indicates the length of time 
(yr) of period I In which the 
grass Is grown, 
t. Indicates the length of time 
(yr), between the breaking of the 
sod after period (I) and the time 
under consideration (t).

The Improvement In the char
acteristics of soil structure as a 
consequence of Increasing levels 
of aggregating const Ituent(s) Is 
correlated to [1 - exp (-k, T)J, 
and would be expected to be Influ
enced by soli characteristics, 
plant species and plant growth 
characteristics. The rate may 
also vary for different character
istics of soil structure. The 
deterioration of soli structural 
characteristics as a consequence 
of the decay of aggregating con- 
stituent(s) after breaking of the 
sod Is correlated to [exp (-<t)J 
and will be Influenced by soli 
characteristics, tillage and other 
soil management factors, as well 
as plant species.

The objective of this study 
was to evaluate the concept of a 
CMA factor and to determine the 
relation between the CMA factor 
and the structural stability of a 
soli exposed to different cropping 
sequences. The soli used was a 
Conestogo silt loam which was 
classified as a Gleyed Melanic 
Brun I sol. Cropping sequences 
were: continuous brome grass (15 
years), brome grass (12 years) - 
corn (2 years) - 

bromegrass/alfalfa (1 year), brome 
grass (9 year) - corn (6 years), 
corn (13 years) - bromegrass (2 
years), and continuous corn (15 
years). Structural measurements 
Included wet aggregate stability, 
aggregate tensile strength and 
compactlb11Ity.

Using values of k, = kQ = 0.4 
yr"! It was found that1 the CMA 
factor was I Inearly correlated to 
wet aggregate stability (R^ = 
0.815) and aggregate tensile 
strength (R^ = 0.96). The CMA 
factor was also related to the 
total porosity under standard 
compaction conditions. The data 
clearly Indicates that It Is 
possible to quantify the Influence 
of cropping history using the CMA 
factor.

Research Is currently 
underway to obtain values of k. 
and k2 under different crop ana 
soil management conditions which 
provide the best correlations 
between the CMA factor and 
different structural characteris
tics. Work Is also underway to 
clarify the nature and dynamics of 
the aggregating constituents.
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Treatment of Landfill Leachate by Spray Irrigation — Muskoka Lakes

IntroductIon
The Muskoka Lakes sanitary 

landfill site (District Municipal
ity of Muskoka) Is the first known 
location In Ontario to have 
Installed a leachate collection 
and spray Irrigation disposal 
facility. The system at the 
present time consists of I) a 
leachate collection trench situ
ated downsi ope from the capped 
landfill, II) two settling lagoons 
where some limited aeration treat
ment Is achieved, and III) a net
work of 72 spray Irrigation 
nozzles distributing partially 
treated leachate over three areas 

totalling approximately 4.3 ha In 
a mixed hardwood forest,

A one year research study was 
Initiated In 1986, with the 
financial support of the Ontario 
Ministry of the Environment, which 
constitutes the first phase of a 
longer term (3 year) research plan 
on this method of leachate 
disposal In Ontario. Consistent 
with the above concerns, the broad 
study objective was to evaluate 
leachate spray Irrigation as a 
cost- effective, environmentally- 
sound, and long-term solution to 
the Muskoka Lakes sanitary land

fill seepage problem. 
Nature of the Problem

Slow ra+e Inf IItratlon land 
treatment systems are designed to 
recycle landfill leachate back 
Into the soll-vegetatlon ecosystem 
In such a way that the maximum 
degree of renovation and atten
uation of contaminants Is effected 
before the leachate re-enters the 
hydrologic cycle as deep drainage 
within the land disposal area. A 
maj'or problem with such systems, 
however, Is the excess concen
trations of certain elements that 
have phytotoxic properties (l.e.

Figure 1. Total organic carbon from soil microbial biomass after biocidal treatment with chloroform.

A1./! McBride, A.M. Gordon and P.H. Groenevelt
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Iron, manganese) and of heavy 
metals which accumulate In plant 
biomass. It has been widely 
observed that the direct contact 
of leachate with plant foliage Is 
phytotoxic, although the precise 
physiological cause Is not clear 
(Menser, 1981). It Is for this 
reason that the limited experience 
gained In spray Irrigation of 
leachate In parts of the United 
States Is not applicable to 
Ontario conditions. Spraying Is 
routinely carried out In the 
vegetative dormant months of 
October to April when direct con
tact between foliage and leachate 
can be averted. Leachate spraying 
Is not possible In Ontario during 
this same period due to the 
occurrence of air temperatures 
below 0°C. Thus, some degree of 
biological and/or physico-chemical 
pre-treatment of the leachate must 
be effected to remove the more 
offending contaminants If this 
means of treatment I s to be 
successfully adapted to Ontario 
clImatlc conditions.

Deciduous tree species and 
forage grasses have been shown to 
withstand leachate Irrigations of 
as much as 155 cm over an 8-month 
period from October to April 
(Menser et at., 1979). Observed 
depression In growth may be relat
ed to the tow aeration levels In 
the soli rooting zone Induced by 
high COD leachate appl Icatlon.

Methodologies and Preliminary 
ResiHTs
Ti Site Hydrology and Leachate 
Volume Reduction

Of Immediate concern was the 
ability of the existing silty clay 
to silty clay loam landfill cap to 
adequately reduce surface Infil
tration of precipitation. A grid 
Inventory performed of the cap 
Itself Indicated that the clay 
material was both discontinuous 
and thin (l.e. less than 10 cm) 
where present. The Incomplete 
sealing of the landfill was In 
part a consequence of the lack of 
local Iy available clay sol I for 
capping material. Saturated 
hydraulic conductivities ,(Ksa*) 
obtained on Intact cores usTng the 
constant head method confirmed 
both the ImpermeabllIty of the 
clay material If properly applled 
to an adequate depth (minimum K . 
= 5,1 x 10“8cm.s-1) and Its un- T 
suitability for this purpose If 
mixed with the local sandy soils 
In thin I 1 fts (maximum K += 5.5 x 
10"^ cm*s“l). Low altitude false- 
colour Infra-red photography con
firmed these cap discontinuities 

through the observation of 
differential vegetative moisture 
stress In areas of the grassed 
landfill with and without the 
clays of high moisture holding 
capacity.

A further experiment Is on
going Involving possIble al tern
ative capping materials. A series 
of nine Im x Im plots were 
established on the landfill In 
1986 to test the ablIIty of 
various materials or soil treat
ments situated under a 5 cm layer 
of turf to reduce or elImlnate 
downward percolation of precip
itation once Infiltrated. These 
treatments Included the existing 
slc/slcl cap and the local sand 
under both compacted and 
uncompacted conditions, a 
bentonite slurry with and without 
sand Incorporated, a bentonlte- 
polyvlnyl alcohol (PVA) mixture, 
an Industrial latex polymer-sand 
mixture, and plastic. By compar
ing the volume of water appl led to 
each plot when at field capacity 
to the volume recovered as Inter
flow over the treated soil layer, 
a slmpl e moisture balance al lows 
for the calculation of the volume 
lost to deep drainage. Results 
Indicated that the Industrial 
polymer-sand mixture and the 
bentonite slurry approach the 
total exclusion of water that a 
plastic IIner affords whlIe 
allowing enough deep drainage to 
promote microbial decomposition 
and accelerated stabilization of 
the landfilled refuse.

A second research effort In 
the hydrology area was aimed at 
reducing the quantity of ground
water In contact with the land
filled refuse. An extensive 
piezometer network was Installed 
early In the project to determine 
the major groundwater flow 
patterns in the vicinity of the 
landfill* From this It was found 
that a natural ravine located 
immediately to the north of the 
landfill dIverts groundwater flow 
originating from the north toward 
the perennial stream, thus circum
venting any direct contact with 
the landfill. An exposed bedrock 
ledge situated upgradlent and 
adjacent to the Iandf11 t 
further diverts any groundwater 
flow from the east around the 
landfill. Thus, major gr ou nd water 
diversion works are not believed 
to be necessary at this site. 
Indeed, most of the leachate 
collected on an annual basis can 
be accounted for by rainfall 
amounts directly Incident on the 
Iandf111 area.

In order to test the 

feaslblIIty of dewatering the area 
beneath the landfill to eliminate 
any leachate mounding In the 
refuse, a 6 m long x 75 cm 
diameter steel culvert and a num
ber of piezometers were Installed 
at the base of the landfllI, The 
location for the well was deter
mined with the use of a Geonlcs 
EM31 electromagnetic Induction 
meter In an area of apparent con
centrated leachate flow. This 
Instrument, by enabling the 
mapping of concentration Isotlnes, 
also confirmed the general direc
tion of groundwater flew as being 
from the landfill to the leachate 
collection trench, A pump test 
performed on the culvert welI 
established that the drawdown was 
significant even after only eight 
hours of maintaining the well at 
Its minimum level (l.e. 20 cm drop 
in a piezometer 10 m distant). It 
Is anticipated that continuous 
pumping from this well would Im
prove the quality of the leachate 
with time as the groundwater was 
removed from direct contact with 
the landfilled refuse.

2. Soil Quality for Leachate DIs- 
posa I

The present spray area of 4.3 
ha Is made up of two distinctly 
different landscape units. Spray 
areas 1 and 2 consist of a shallow 
veneer (less than 2 m deep) of 
rapidly permeable fine and medium 
sands with occasional silty or 
gravelly substrata. Spray area 3 
Is comprised of deeper and more 
homogeneous fine and medium sands 
(generally greater than 3 m deep) 
with few textural discontinuities.

Table 1 outlines the extent 
of volatile organic loss from the 
point that the leachate leaves the 
vicinity of the landfill In the 
groundwater flow system (l.e, 
culvert well sample) to the point 
when It Is ejected from the spray 
nozzle. Decrease In concentration 
of most Inorganics from the 
leachate collection trench to the 
settlIng lagoons Is not as marked, 
with Iron (Fe) decreasing from 49 
to 11 mg«X"^ as a result of 
chemical precipitation.

Soli character Izatlon In the 
field Included a number of 
detailed soli pit descriptions 
which revealed the presence of 
fully developed or developing 
Iron-Indurated or placlc B hori
zons ("ortsteIns"), Most soils 
examined belong the Sombrlc or 
Dystrlc Brun Isol Q-eat Groups and 
are In the embryonic stages of the 
"podzolization" soil-forming pro
cess. Large loadings of Iron
laden leachate thus accelerate 
this process leading to major soil 
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morphological changes which can 
radically alter a soli's water and 
tert 11 fty reg Imes,

The fate of I eachate 
contaminants In the soil was 
ascertained at three "monitoring 
stations" with the use of suction 
lysimeters Installed from 15 to 
120 cm below the surface, tn 
addition, the soil water regimes 
of these stations were character
ized using a network of tensio
meters Installed also 
from 15 to 120 cm below the sur
face, a neutron thermalization 
soil moisture depth gauge, and 
groundwater table observation 
wells. Field saturated hydraulic 
conductivity (K, ) was further 
measured using rne Guelph Permea
meter method. A mean K, of 7.5 x 
10“3 cm*s“l was obtalnecrln the 
deep, unIrrigated sands near spray 
area 3. A methylene blue dye 
infiltration experiment on the 
forest floor Indicated that sig
nificant quantities of surface 
applied leachate can move rapidly 
to depths beyond the root zone by 
preferential flow alone old root 
channels (l.e. "short- 
circuiting"). The Importance of 
the forest I Itter Iayer In I each
ate retention and renovation was 
exemplIfled through the measurment 
of <b(0) soil moisture character
istics for the sandy soils.

Soil attenuation capacities 
are further being evaluated In a 
leaching column experiment. In
tact soil columns (4.5 cm diameter 
x 75 cm long) were extracted In 
clear acrylic tubes from both 
sprayed and unsprayed locations. 
These columns are being subjected 
to surface applIcatlons of raw 
leachate as welI as IIme- and 
activated carbon-treated leachate 
at rates of 3.5, 7 and 14 
mrrwday'l. Sol I morphological and 
chemical changes are being moni
tored for each treatment as Is the 
quality of the effluent extracted 
periodically at the base of the 
columns. The use of sprayed and 
unsprayed soils will also assist 
In determining the effect of 
leachate spraying on long-term 
soli attenuation capacities.

3. Ecosystem Stress from Leachate 
IrrIgatlon

The visible damage observed 
In 1986 and previously In the tree 
and understory vegetation within 
the spray areas Indicates that the 
practice of spray Irrigating 
leachate Into the hardwood forest 
ecosystem Is effecting major 
stresses on the biota. At this 
point In the study, the key 
stresses are thought to be related 

to 1) the phytotoxlclty of leach
ate In direct contact with plant 
foliage and roots and, ID marked 
changes In the soli moisture and 
aeration regimes brought about by 
excessive and Inequitable appli
cation rates of relatively high 
COD wastewater (l.e. about 1200 mg 
C0D.JT1).

Vegetative and soil microbial 
stresses were measured In the 
field using a number of tech
niques. Time sequenced, low alti
tude Infra-red photographs demon
strated that vegetation deci Ine 
and mortalIty Is I Ike Iy a 
threshold phenomenon. Spray areas 
2 (moderate spray rate) and 3 
(light spray rate) showed little 
visible evidence of stress on the 
photography while tree canopies In 
spray area 1, which received a 
heavy spray loading In the spring 
of 1986, showed lighter shades of 
magenta compared to unsprayed 
trees. Several large gaps In the 
canopy were clearly visible to the 
southwest of the leachate lagoons 
where spraying has been carried 
out since 1980.

A total of nine circular, 0.1 
ha plots were established in 1986, 
three In each of a control area 
IIght spray area 3 and heavy spray 
area 1. Tree growth and product
ivity measurements in the plots 
included mid-canopy fol iage sam
ples for plant nitrogen determin
ation and stem Increment borings 
for assessment of age and annular 
ring width using the T.R.I.M. 
system.

The Influence of leachate 
spraying on forest transpiration 
and leaf stomatai reslstance was 
measured In the understory and 
tree mid-canopy with a Li-Cor 
LI-1600 steady state porometer. 
Some of the results for beech 
understory vegetation are given In 
Table 2. Porometer measurements 
taken on the same day under 
relatively constant atmospheric 
conditions for the beech under
story show a significant Increase 
In diffusive resistance and 
decline In transpiration rate with 
Increasing Intensity of leachate 
spraying. This information was 
complemented by a study of under
story community dynamics which 
sought to relate the presence of 
certain hydrophilic species (e.g. 
sedges - Carex spp.) to the trans
ition to wet far soil moisture 
regimes In the spray areas.

The importance of soil micro
bial populations to plant nutrient 
availability and uptake (e.g. 
mycorrhiza) and to the renovation 
of leachate in a forest ecosystem 
prompted a further study of spray 

Irrigation-Induced effects on soli 
microbes. Figure 1 provides the 
results from a microbial biomass 
experiment performed in August and 
October, 1986 on soil cores taken 
at three depths and In two 
different spray environments plus 
a control. The biocidal procedure 
Involves the measurement of the 
difference In total organic carbon 
between chioroform-fumigated and 
non-fumlgated soil cores which 
represents an approximate measure 
of soil microbial biomass 
(Jenkinson and Powlson, 1976), 
Apart from the expected decline in 
microbial biomass between summer 
and fall and with depth In the 
soil, Figure 1 shows a significant 
decrease In biomass with 
Increasing Intensity of spray 
Irrigation at comparable soil 
depths.

Vegetative and soli microbial 
stresses are also being Investi
gated in an atmospherically- 
controlled greenhouse environment. 
Potted red and sugar maple 
seedlings have been subjected to a 
prolonged series of treated and 
untreated leachate applications to 
the soil and/or the plant leaves 
In order to study possible plant 
physiological changes and 
partitioning of assimilated con
taminants amongst the plant roots, 
stems, and leaves. Apart from 
some foliar staining, very few 
visible symptoms have been 
observed when leachate Is applied 
at rates sufficient only to meet 
the atmospheric evapotrans- 
plratlonat demand. Other related 
ongoing experiments Include sugar 
maple seedling response to soli 
waterlogging with leachate and 
soil nItrogen mineralIzatlon rate 
changes with wastewater 
Irrigation.

4. Physico-chemical Pre-treatment 
of Leachate

Priority pollutant analyses 
Indicate that toluene and Fe are 
the organic and Inorganic consti
tuents of highest concentration, 
respectively. Both organic and 
inorganic contaminants can be 
removed to differing degrees using 
techniques as varied as high 
pressure reverse osmosis, upflow 
siudge bed-f11ters, activated 
carbon filtration, aeration, 
slaked lime addition, and filtra
tion through natural materials 
such as peat moss or tree bark. 
Some of these methods can be used 
together in multl-phase treatment, 
such as the Environment Canada 
mobile RO/actlvated C unit.

A laboratory pre-treatment 
study Is being conducted which



70

Table 1. Loss of volatile organic contaminants along the Muskoka Lakes 
leachate collection - disposal system.

Vol at 11e» Sampling Location (July 31, 1986)
Organ ic Cu1 ver t Leachate Leachate Spray
Spec les Wei 1 Col lection Trench Settling Lagoons Nozzl e

lig-JT1

Toluene 1900 2000 106 138
Meta-xylene 100 42 0 6
Ortho-xylene 62 25 8 6
Ethyl benzene 54 23 0 0
Tr ichloroethylene 18 0 0 0
Benzene 17 8 0 0

* volatile organic analyses performed at the Ontario Ministry of the 
Environment laboratories.

Table 2. Measurements of diffusive resistance and transpiration rates of 
beech understory vegetation exposed to leachate spraying.

Understory 
Spec les 
(samplIng 
date)

Treatment
Samp 1e
Size (n)

Means (Standard Errors In Brackets)

DIffuslve 
ResIstance

Transpiration 
Rate

Beech

s»cm~^ p,gH£O» cm“2»s~l

(Aug.^1/86) Control 
(non-spray)

29 2.78 
(0.075)

4.127 
(0.091)

(Aug.31/86) Moderate
Spray

34 3.4 7 
(0.110)

3.422 
(0.107)

(Aug.31/86) Heavy 
Spray

29 3.69 
(0.140)

3.207 
(0.117)

Table 3. Factors responsible for forest decline at the Muskoka Lakes 
landfII I site.

Predisposing Factors Inciting Factors Contributing Factors

- coarse soils shallow - micronutrient (Fe, Mn) - Insect, disease and
to bedrock Imbalance microbial
(deficient water and - low soil oxygen caused Infestations
nutrient availability, by waterlogging and (e.g. bark beet!e,
Inadequate root support) high COD leachate needle fungi

- formation of Indurated viruses,
Fe horizon of low root-decay fungi)
permeabl11ty in soli

- reduced photosynthesis 
and transpiration caused 
by excess soli water 
and follar stain Ing In 
understory

will compare the relative effect
iveness of activated carbon 
(Calgon Flltrasorb 300), reverse 
osmosis, Ca(0H)2 (0.25-2.50 
mg*^-1), aeration, and filtration 
through bark of various tree 
species In removal of Fe and 
toluene from leachate samples.
Summary

Investigations made of site 
hydrology suggest that targe scale 
groundwater diversion works are 
not required at the Muskoka Lakes 

landfill. The long-term resolu
tion of the leachate generation 
problem, however, rests on the 
achievement of both a suitable 
reduction In landfill cap Infil
tration and removal of groundwater 
In contact with the landfilled 
refuse through site dewatering. 
With prolonged pumping, the leach
ate quality should Improve with 
time.

Given the nature of the local 
soils, the forest floor litter 

layer is key to Increasing the 
residence time of the wastewater 
In the unsaturated zone and 
effecting a suitable level of 
renovation before the effluent 
reaches the groundwater table. 
High water table levels and 
shallow bedrock over much of spray 
areas 1 and 2 greatly reduce this 
residence time and cause the form
ation of leachate breakouts In 
depress Iona I areas. The waste
water distribution system Is 
currently less than satisfactory 
which gives rise to localized 
application rates far In excess of 
evapotransplratlonal demand and 
soli attenuation capacity. The 
removal of Fe from the leachate Is 
necessary to avert major soil 
morphological changes with long
term spray Irrigation.

Major transformations In the 
soil water regime due to heavy 
leachate loadings and soil morpho
logical changes are responsible 
for adverse Impacts on forest 
microbial populations, forest 
understory communities and tree 
vigour. More specifically, spray 
Irrigation of leachate Induces a 
relatively rapid forest decline 
caused by a sequence of factors as 
outlIned in Tabie 3.

With total treatment of 
leachate (reverse osmosls/actI- 
vated carbon), It may be possible 
to discharge the permeate Into the 
perennial stream without the need 
to spray Irrigate. With partial 
treatment to remove Fe only (tree 
bark, lime, aeration), spray 
Irrigation could be continued with 
more aesthetically acceptable 
results and with less forest 
decline If a better distribution 
system were Implemented. A 
combination of total (winter) and 
partial (summer) treatment wouId 
reduce treatment costs and lead to 
an environmentally acceptable 
resolution of the leachate 
disposal problem at Muskoka 
Lakes.
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The Use of Zeolites to Increase the Efficiency of N Use by Crops

The Tanzania-Canada agro
geofogy project aims to enhance 
agricultural production in Tanzania 
by Increasing soil fertility 
through the addition of geological 
and organic materials.

One aspect of this project Is 
the Investigation of materials to 
reduce nitrogen losses from agro

ecosystems and Increase the 
efficiency of nitrogen use by 
crops. Zeolites, which are abun
dant in Tanzania, and have a high 
affinity for NH. \ show great agri 
cultural potential.

During the summer of 1986, 
M.A. McLean, funded by an NSERC 
Undergraduate Award, conducted 

field and pot trials to determine 
the effectiveness of NH. +-saturated 
zeolItes In reducing N Tosses and 
Increasing corn yield.

Preliminary analysis of the 
data Indicates that corn yield and 
N use efficiency were Increased 
using NH^+-saturated zeolites.

Fertility Requirements for Maximum Com Yield

In an experiment conducted at 
El ora Research Station between 
1981 and 1984, marked responses In 
corn yield were obtained to fert
ilizer applIcatIons In excess of 
recommended rates. An experiment 
to further explore these results 
was Initiated In 1985 with 
financial assistance from the 
Potash Phosphate Institute, the 
Foundation for Agronomic Research 
and the Ontario Ministry of Agri
culture and Food.
The objectives were as follows:

1. To establish the maximum corn 
yield obtainable with the soli 
and clImatlc regime at the 
El ora Research Station.

2. To determine the effect of an 
Initial very high P and K 
applicatlon compared to annual 
recommended appt icatlons.

3. To determine the Importance of 
mid and late season N appli
cations In obtaining high 
yields.

Treatments
A partial factorial experi

ment was established In the Fall 
of 1984 at the El ora Research 
Station (43° 39»N, 80° 25'W. 
Elevation 376 m a.s.l.) on a silt 
loam soil. Treatments Included 
two hybrids (Pioneer 3949, Asgrow 
Rx308), two populations (65,000, 
90,000 pl/ha), Irrigation 
(trickle) vs no Irrigation and six 
combinations of the following 
nutrient applIcatlons: 
N, - 150 kg N/ha (as NH.N03) pre- 

x plant Incorporated4
N- - 150 kg N/ha prept ant Incorp- 
z orated + 200 kg pre

emergence
N- - 150 kg N/ha preplant + 50 kg 

d N/ha at 2-week intervals
beginning mld-June to provide 
total of 350 kg/ha.

P. - Recommended P - 22 kg P/ha as 
1 13-52-0 with planter

P9 - Fall 1984 - 350 kg P/ha I n- 
z corporated

Spring 1985 - 22 kg P/ha as 
In P.
Spring 1986 - 75 kg P/ha 
Incorporated

- 22 kg P/ha as 
In PT

K, - Recommended K - Spring 1985 - 
1 100 kg K/ha

prepl ant 
Incorporated 
Spring 1986 - 
60 kg K/ha 
prepl ant 
Incorporated 

K9 - Fai I 1984 - 664 kg K/ha In- 
z corporated

Spring 1985 - 100 kg K/ha 
preplant In
cor porated

Spring 1986 - 143 kg K/ha 
preplant In
cor porated

Mg and Zn - al I plots received 100 
kg Mg/ha and 20 kg Zn/ha In the 
spring of 1985 and 25 kg Mg/ha In 
the spring of 1986 as a preptant 
Incorporated application. 

Results
(5raIn yields for all treat

men t combinations are presented In 
Table 1 for both 1985 and 1986. 
The highest yield was obtained In 
both years with Pioneer 3949 at 
high population and the highest 
fertllIty Input. This yield was 
9.56 t/ha (152 bu/ac) in 1985 and 
9.31 t/ha (148 bu/ac) In 1986.

There was a smalI (410 kg/ha) 
but significant response to Irri
gation in 1985 but no response In 
1986, a year with above average 
rainfall. There were no signifi
cant Interactions between Irriga
tion and the treatment variables 
In 1985. Hence the Irrigation and 
no Irrigation data have been com
bined In all further discussions.

There was no response to time 
of N application (N2 vs Ng) In 
either year. All fBrther^compar 1- 
sons will be with the Nq treat
ment. J

Population x N x Hybrid Inter
action

There was no response to N 
applIcatlon above the recommended 
rate (150 kg N/ha) In 1985. There 
was a significant response to N in 
1986 due probably to the high 
rainfall resulting In either 
leaching or denitrification. In 
1986, the population x N x hybrid 
Interaction was significant. 
Pioneer 3949 responded to addi
tional N only at the high popula
tion (Table 2). The response of 
Asgrow Rx308 to N was greater than 
that of Pioneer 3949 and was the 
same at both populations.

Also apparent from Table 2 Is 
the fact that Pioneer 3949 
responded much more to the In
creased population than did Asgrow 
Rx308.

MA. McLean, P. Voroney, Cheswarth, P. van Straaten and P. Smith

M.fL Miller and WC4. Mitchell
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P xK x Hybrid Interaction
Bo+h hybrids responded to 

appl Icatlons of P and K In excess 
of the recommended rate In both 
years. However, there was a P x K 
x hybrid Interaction In both years 
(Table 3). The response of Asgrow 
Rx308 to both P and K was Indepen
dent of the level of the other 
nutrient. However, the response 
of Pioneer 3949 to P or K was 
greatest when the other nutrient 
was also at the higher level.

Plant nutrient analyses were 
obtained on whole plant samples 
from all treatment combinations at 
the 5 to 6 leaf stage and on leaf 
samples at 50$ silking. These 
data (not reported) wilt be used 
to assist with Interpretation of 
yield responses and to evaluate 
critical nutrient concentrations.

DISCUSSION
The maximum grain yields 

obtained In this experiment are 
similar to those obtained In a 
previous maximum yield experiment 
at El ora conducted from 1981 to 
1984 using a different hybrid (PAG 
SX111). In the previous study, 
the maximum yield averaged 9.27 
t/ha compared to 9.44 t/ha for the 
best treatment In the 1985/86 
experiment. The highest yield 
obtained In the previous experi
ment (10.8 t/ha) was, however, 
considerably above that In the 
current experiment. There was 
also a marked response to fertl- 
IIzer applIcatlons above the 
recommended level In the earlier 
experiment although the response 
to N, P and K could not be sepa
rated.

In a separate 1986 study 
funded by the Natural Sciences and 
Engineering Research Council of 
Canada, six hybrids, Including 
Pioneer 3949 and Asgrow Rx308, 
were grown In soil with similar 
treatment as that producing the 
highest yield In this maximum 
yield study. The same six hybrids 
were also grown In a hydroponic 
system with the same plant density 
as In the soil plots. The purpose 
of the hydroponic study was to 
determine the maximum yield 
obtainable when no soli factors 
were IImltI ng.

In the hydroponic study, 
Pioneer 3949 yielded 10.98 t/ha 
and Asgrow Rx308 yielded 9.74 
t/ha, both considerably higher 
than In the soil experiment. Ulis 
Indicates that some soil factor Is 
still IImltlng yield. Studies 
will be continued to determine 
what this factor (or factors) Is.

Table 1: Grain yield In 1985 and 1986.

Pop. Fert.
PIONEER 

IRRIG.
3949 

NOT IRRIG.
ASGROW 

IRrIG.
Rx308

' 'NOTTRRlUr
1985 1986 1985 1986 1985 1986 1985 1986

pl/ha ------------- 4/ha @ 1 5.5$ moisture- —

90 K n3p2k2 9.56 9.31 8,99 9.12 8.24 8.79 8.42 8.26

90 K N1P2K2 9.49 8.61 8.93 8.88 8.74 8.03 8.17 7.76

90 K n2p2k2 9.56 8.81 8.93 9.49 8.80 8.37 8.30 8.75

90 K N3P1K2 8.74 7.90 7.61 8.84 7.73 8.10 7.73 7.75

90 K n3p2ki 8.80 8.59 8.42 8.85 8.17 8.21 7.92 8.02

90 K Wl* 7.86 8.05 - 7.92 7.29 -

90 K W? *
8.09 - 8.51 - 8.00 - 7.14

65 K N3P2K2 9.05 8.19 8.36 8.61 8.49 8.43 8.24 8.53

65 K V2K2 9.56 8,13 8.86 8.64 8.61 8.19 8.05 7.49

65 K
TF-------

Wl 7.23 7.13 7.36 7.68 7.54 7.76 7.10 7.26

N treatment changed from N^ In 1985 to N$ In 1986.

Table 2: Differential response of two corn hybrids to N rates and 
population In 1986.

Population Pioneer 3949
Response 

to
N

Asgrow Rx308
Response 

to
NN1 N3 N1 N3

(plants/ha) (kg/ha at 1 5.5$ moist)

65,000 8384 8398 14 7841 8484 643

90,00 8748 9214 466 7896 8527 631

Response to Population 364 816 55 43

Pioneer
P1

3949
P2 Response 

to P

Asgrow Rx308
P1 P2 Response 

to P

(kg/ha 0 1 5.5$ mo 1 st)

K1 8123 8550 427 7561 8076 515
K2 8236 9249 1013 7834 8382 548

Response to K 1 13 699 273 306

Table 3: Differential responses of two corn hybrids to P and K averaged 
over two years.
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Volatile Fatty Acids as C Sources for Denitrifying Bacteria

Denitrifying bacteria may 
benefit energetically from 
fermentlve microorganisms In soils 
amended with complex carbon sub
strates. Many species of 
fermentative microorganisms produce 
cel I ulolyt Ic enzymes which 
denltrlflers are unable to produce, 
tenItrlflers can utl11ze the 
carbohydrates resulting from 
extracellular celluloiytlc activity 
as welI as the products of 
anaerobic fermentation.

The products of anaerobic 
fermentation are primarily volatile 
fatty acids (acetic, propionic, and 
butyric) which are excellent C 
sources for many denltrlflers. 
Significant quantities of these 
acids have been measured with 
anaerobic decomposition of straw, 
alfalfa, and red clover tissues.

Using the acetylene blockage 
technique, we measured rates of N?0 
production (denitrification) In z 
soli amended with acetate,

Table 1: Cumulative nitrous oxide production from Conestogo silt loam 
soil Incubated with carbon amendments (200 p.g C/g soil) and 
nitrate (200 jig N/g soil as KNO^).

C-sources

J

24

Incubation tin

48

ne (hours)

96 216
-------(|ig N/g soil) -------

g 1 ucose 10.6 33.6 69.2 91.4
acetate 6.3 29.5 82.8 100.2
propionate 4.4 17.9 82.9 11 5. 1
butyrate 9.7 22.7 97.9 124.0
control 0.2 2.5 10.2 22.5

propionate, and butyrate (Table 1), 
Al I three acids resulted In greater 
N„0 production than did glucose. 
N^O production Increased as the 
chain length of the acids 
Increased, Indicating an increase 
In efficiency as C sources, A 
significant correlation (r = 0.997) 

was obtained between bLO production 
rates In soil amended with various 
manures and the volatile fatty acid 
levels In the manures. These ob
servations provide evidence that 
denltrlflers benefit from the 
decomposition products of other 
organ Isms.

Components of the Yield of Barlev

The grain yield of barley Is a 
function of three components: the 
number of heads per unit land area, 
the number of kernels In the head 
and the weight of each kernel. The 
rate of nitrogen appl icatlon may 
alter one or al I of the three com
ponents. Likewlse cultural 
practices such as seeding rate and 
the use of lodging and disease 
protectants, which are part of 
Intenslve cereat management, will 
Influence the yield. This report 
evaluates the relative Importance 
of the three components and the 
influence of nitrogen on each under 
two management regimes.

During 1985 and 1986 ten 
experiments were conducted using 
conventional cereal management 
(CCM) - Leger barley g 115 kg 
seed/ha In 18 to 20 cm row width - 
In comparison with Intensive cereal 
management (ICM) - Leger barley g 
202 to 230 kg seed/ha In 9 to 10 cm 
row width with 360 g a.I./ha of the 
growth regulator, Cerone, at 
Zadok's growth stage 38 to 44 and 
125 g a.I./ha of the fungicide, 
Tilt, at growth stage 49 to 55. 
The CCM plots were fertilized with 
a single broadcast application at 
planting of rates of zero to 150 kg

Figure I. The influence of barley production systems and nitrogen rates on the plant 
population.

N/ha and the ICM plots were ferti
lized with zero to 200 kg N/ha.

At the lower seeding rate of 
the CCM system a linear Increase In 
population due to nitrogen was 
observed which was In contrast to a 

I Inear population decrease due to 
nitrogen with the thicker popula
tion associated with ICM production 
of barley (Fig. 1).

Nitrogen significantly 
Increased the number of kernels per

J. W Paul and E. G. Beauchamp

R. W. Sbeart
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head (Fig. 2), A greater number of 
kernels per head was measured In 
the thinner population of the CCM 
system with the maximum number of 
45 kernels per head achieved at 113 
kg N/ha. The smaller heads asso
ciated with the ICM system resulted 
In a maximum nunber of 36 kernels 
per head achieved at 159 kg N/ha.

The 1000 kernel weight of the 
barley produced without nitrogen 
was 1.3 g less with the ICM produc
tion system (Fig. 3). A nitrogen 
rate of 70 kg N/ha produced a 2.4$ 
Increase to 34.5 g/1000 kernels 
with the CCM system whilst the ICM 
system required 149 kg N/ha to 
realize an 8.9$ Increase to a 
maximum 1000 kernel weight of 35.2g, 

The data Indicated the number 
of heads per unit land area and the 
kernels per head were the most 
Important components for the yield 
of CCM produced barley. Nitrogen 
fertilization had a positive effect 
on both components. The yield of 
ICM produced barley, however, In
volved all three components. The 
major factor was a greater popula
tion resulting from the heavier 
seeding rate; a population which 
was siIghtly depressed by the 
application of nitrogen. Nitrogen 
had a greater Influence on the 
number of kernels per head and the 
weight per kernel under ICM In 
contrast to CCM production; an 
Influence which more than compen
sated for the depressive effect of 
nitrogen on the population.

The Integration of the three 
components predicted a maximum 
yield of 4926 kg/ha with CCM 
production in contrast to 5489 
kg/ha which would be produced 
through ICM production (Fig. 4). 
The nitrogen rates associated with 
the yield levels were 151 and 147 
kg N/ha for CCM and ICM 
respectively. These values compare 
favourably with the measured 
average maximum yield of 4775 kg/ha 
for CCM production and 5329 kg/ha 
for ICM production.

Figure 2. The influence of barley production systems and nitrogen rates on the number of 
kernels per head.

Figure J. The influence of barley production systems and nitrogen rates on the 1000 kernel 
weight.

Figure 4. The predicted yield of barley obtained from the measured population, kernels per 
head and 100 kernel weight.
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Red Clover Underseeding of Com

The accepted practice of red 
clover underseedlng of cereals has 
been successfully applied to 
silage corn through the use of the 
herbicide, Erad lea Ine, and the 
’band seeding’ of the red clover 
with a conventional graIn dr 11 I at 
the 3-4 leaf stage of the corn. 
The average production of contin
uous slfage corn without fertl- 
11zer N was Increased 17.4^ by 
underseedlng with red clover 
(Table 1). Whereas the average 
production with fertilizer nitro
gen to achieve maximum economic 
yield (M.E.Y) was depressed 2.8^, 
the amount of fertilizer nitrogen 
to achieve the maximum economic 
yield was reduced by 26 kg N/ha. 
No difference was measured In the 
protein content of the silage due 
to red clover underseedlng, which 
averaged 4.97 J? CP, however 
increasing the nitrogen applica
tion to 200 kg N/ha Increased the 
crude protein to 6.91JI.

Table 1: The yield and nltroqen requirement of continuous silage corn 
produced with and without red clover underseed Inq.

Cropping System

Crop 
Year

Continuous Sllaqe Corn Continuous Sllaqe Corn + Red Clover

Yield 
Without N M.E.Y

*
N Rate at

M.E.Y,
Yield 

Without N M.E.Y,
N Rate at 

M.E.Y.

(kq/ha 8 65* t^O) (kq N/ha) (kq/ha 8 65* H20) (kq N/ha)

1984 10794 17021 105 11207 16198 94
1985 12992 22117 1 52 17083 21360 94
1986 9747 18863 137 11095 18783 126
Ave 11178 15334 T3T 13123' 18780' w

As the monetary gain 
derived from the reduced N re
quirement was counterbalanced by 
the slight yield depression, 
sufficient benefit was not 
achieved to pay the cost of red 
clover underseedlng. Thus any 

benefits must be credited to a 
winter cover crop, Improved soil 
tilth and the opportunity to move 
directly In a rotation from a corn 
crop to a high protein forage 
crop.

€ .J

Field Equipment Modification and Development

Research by LRS at the Elora 
Research Station and elsewhere 
often requires the modificaton of 
existing machinery or fabrication 
of new items to meet the needs of
specific treatments. Four examples 
are illustrated of the type of 
machinery which has occurred under 
the supervision of Prof. R.W.Sheard and 
Mr. Gus Bryant.

Development of a wear simulator for turfgrass research

A*. IX Sheard

R. IX Sheard and G. Bryant

Based on N at 60 cents/kq and sllaqe corn at 2,36 cents/kq.





Land Inventory & Planning
RESEARCH—SECTION THREE





81

Natural Heritage Stewardship Research Project

Figure I. The Canard River in Essex County — one of the Carolinian Canada sites.

The Natural Heritage League’s 
Stewardship Research Project had a 
busy and productive year In 1986. 
It continued to be closely associa
ted with a major land conservation 
effort called Carolinian Canada, 
particularly with respect to the 
ongoing landowner contact aspect of 
the project. Funding sources Incr
eased In numbers, and now Include 
the Ontario Heritage Foundation, 
Ministry of Natural Resources, 
Canadian National Sportsmen’s 
Shows, Wildlife Habitat Canada, the 
Nature Conservancy of Canada and 
the Coalition on the Niagara Escarp
ment, As well, three Experience 
'86 and 2 SEED positions were 
secured to assist with our peak 
time of field work over the summer 
months.

The focus of our research con
tinued to be oriented to private , 
owners of significant natural areas 
and to developing appropriate meth
ods of encouraging and promoting 
good stewardship of these 
resources. This has been done In 
close cooperation with land 
management agencies In the 
province, such as the Ministry of 
Natural Resources and the local 
conservation authorities.

Further refining of the land
owner contact process, as initiated 
over the past two years, has been 
the main research focus In 1986. 
It was Implemented on twelve sites 
previously Identified by Carolinian 

Canada as being provincially sig
nificant In terms of their ecosys
tem and habitat representation, and 
ranged geographically from the 
Niagara Peninsula to Lambton 
County. The Project employed one 
fulI time coordinator and nine ful I 
and part time landowner contact 
representatives during the summer 
months.

Each Identified private land
owner on these twelve sites was 
mailed an Introductory letter ex
plaining our program, and Indicat
ing that a representative would 
call in the near future to arrange 
a personal visit at the owner's 
place of residence and at his or 
her convenience. During the per
sonal visit, the owners were infor
med of the site’s biophysical Im
portance, presented with compli
mentary copies of the special 
edition of "Seasons" magazine on 
Carolinian Canada, "Protecting 
Ontario’s Natural Heritage Through 
Private Stewardship" and simplified 
biophysical Information on their 
particular site, A two-way flow of 
communication was encouraged, as it 
becomes Just as Important, If not 
moreso, to honestly listen to the 
landowners concerns about protect
ing a site through private steward
ship. A soft-sell approach seems 
to be the most effective means of 
gaining landowner confidence and 
preventing the misconception that 
we are trying to tell them what to 

do with their land. Often, we are 
able to I ink an owner with an 
organization to provide further 
assistance In protecting or manag
ing their property.

A total of 272 personal visits 
were made with rural landowners In 
1986, with approximately 90% being 
receptive In varying degrees to the 
philosophy of land protection 
through private stewardship. One 
hundred and thirty-eight expressed 
an Interest In the Natural Heritage 
Stewardship Award, 20 in some form 
of management assistance for their 
natural area, 11 In conservation 
easements and 21 In the sale of 
their property.

As with our work in previous 
years, about 10& of those contacted 
were not very receptive. Usually, 
it Is found in these cases that 
economic pressure within the agri
culture Industry takes priority 
over the conservation of signifi
cant natural area resources.

Another aspect of the research 
project has been the development of 
a provincial Natural Heritage 
Stewardship Award, to recognize 
private landowner Initiatives In

Figure 2. An example of the Natural Heritage 
Stewardship Award presented to private 
landowners.

S.G. Hilts and T.C. Moult
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Figure 3- Newly released book “Islands of Green 
— Natural Heritage Protection in 
Ontario".

natural area protection. It was 
unveiled at the Annual Meeting of 
the Natural Heritage League In 
November by the Deputy Minister of 
Citizenship and Culture, with the 
first two awards being presented to 
landowners within the Beverly Swamp 
and the Grand River Forests.
Signed by the Premier of Ontario 
and the Chairman of the Ontario 
Heritage Foundation, the award 
takes the form of an engraved 
bronze medal I Ion mounted on an oak 
plaque. To be eligible, an owner 
must enter Into a handshake agrees 
ment with the Natural Heritage^ 
League to maintain their 
portion of a significant 
natural area Intact.
This award Is Initially being 
offered to Carolinian Canada owners
In southwestern Ontario, but will 
eventually be applled to the entire 
province.

One hlghlIght of the year was 
the release of the book "Islands of 
Green - Natural Heritage Protection 
In Ontario", authored by Stewart 
HI Its, M. Kirk and R. Reid and 
published through the Ontario Heri
tage Foundation. It Is a state of 
the art manual directed primarily 
at the lay person Interested In 
natural area protection and 
management. Among other things, It 
provides the rationale for protect
ing our natural areas, covers many 
of the practical aspects of conduc
ting biophysical Inventories, out- 
I Ines the municipal land use 
planning process and explains the 
most appropriate means of deal Ing 
with private landowners. It also 
Identifies the Interests of the 
many public and private organi
zations In the province Involved In 
natural heritage protection, and 
provides several descriptive case

hIstorles.
Looking ahead to our continued 

research In 1987, several new 
avenues will be Investigated. The 
successful development of a land
owner contact process has been 
Instrumental as a means of 
approaching landowners. Although 
we wilI continue to contact owners 
in conjunction with the Carol inian 
Canada project, It Is becoming more 
apparent that the further develop
ment of appropriate Incentive mech
anisms Is necessary to assist these 
owners. The Natural Heritage 
Stewardship Award Is viewed as the 
first level of Incentive, by recog
nizing and encouraging the private 
owner to maintain his natural area 
Intact. In many cases, this is all 
that Is necessary. Some owners, 
however, require more direct eco
nomic compensation, and we will 
therefore be Investigating the use 
of several non-acqulsit Ion methods 
of land protection, such as written 
management agreements tied to prop
erty tax Incentives, leases and 
restr let Ive covenants. With the 
recent agreement among the Ministry 
of Natural Resources, Wildlife 
Habitat Canada and Ducks UniImlted 
for wetland protection In Ontario, 
there may also be an opportunity to 
expand our research area to 
consider the owners of provincially 
significant wetlands. There Is 
also a growing Interest In 
promoting private stewardship on 
the Niagara Escarpment, now that 
the Niagara Escarpment Plan has 
been approved and Implementing 
funding al located.
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