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FOREWORD

On Saturday, May 10, 1975 two murals entitled "In the Beginning" 
and "Man and Land" were officially presented to the University. The murals 
which are located in the entrance foyer of the department were painted by 
Paul Buchanan, a local artist from Elora, Ontario, who has creatively 
incorporated the many diverse activities that take place within the 
department. The murals formed part of our O.A.C. Centennial project. 
We are indebted to the Department of Alumni Affairs and Development who 
assisted us throughout the project. Donations by members and friends of 
the department, and by Dorothy I. Campbell, William L. Campbell and 
Arthur D. Latornell to the Alma Mater Fund which supported the two murals 
are very gratefully acknowledged. We hope that Jack Ketcheson, who 
originated the movement for murals in the entrance foyer, will be pleased 
with the results when he returns from Kenya this summer.

The Agriculture Canada group of the Ontario Soil Survey Unit 
have been on the move again. They have left their carpeted quarters in 
the Landscape Architecture Building and are now located on the second 
floor the the Old Engineering Building. They have been joined by Erv 
Mackintosh and his students so there must be some lure to "old Ontario" 
architecture. We still continue to hope that there will be an addition 
to this building so that once again all members of the department can be 
housed in the same building. The government "freeze" on University con
struction is unfortunately still with us.

Faculty members in the department continue to explore the soils 
of the world. Jack Ketcheson and his family left in the summer of 197-4 
to spend a year with the International Atomic Energy Agency in Nairobi, 
Kenya. Frequent reports from Jack indicate that the program is progressing 
well. At about the same time last summer Les Thomas and his family left 
for Adelaide, Australia. Reports indicate that he has both benefitted 
from and enjoyed his stay at the Waite Institute. Les and his family plan 
to return to Guelph early this summer. Professor N.R. Richards spent the 
winter months in London, England as a consultant for the Ministerial Meeting 
on Food Production and Rural Development, which was held in early March of 
this year. Dr. I.P. Martini is spending the first six months of this year 
with the Centre for Study of the Geology of the Appennines at the University 
of Firenze in Florence, Italy. Dick Protz spent three weeks in Nigeria 
during the end of April and early May of this year as a soils consultant 
on the Dep River Basin Study. On his return from Nigeria, Dick was busy 
organizing the International Course on Remote Sensing sponsored by 
U.N./U.N.E.S.C.O.-C.I.D.A.

We have been fortunate this year to have a strong input to the 
departmental programs from Dr, Rodney Dowdell and Dr. Murray McBride. 
Dr. Dowdell is on leave from the Agricultural Research Council, Letcombe 
Laboratory and has very capably administered the teaching and research 



programs of Jack Ketcheson. We could only hang on to Dr, Murray McBride 
for one year but we were very pleased to have one of our undergraduate 
soils students return to the department and we wish him well in his 
faculty appointment in the Agronomy Department at Cornell University. 
We were also pleased to have Dr. Angus Alston, on leave from the Waite 
Institute in Australia, and Dr. Ed. Newman, on leave from the University 
of Bristol, work in conjunction with Murray Miller during the past year.

In the past year we bid farewell to Dr. Jim Moyer who administered 
the sludge program for several years. We wish him well in his appointment 
with Agriculture Canada at the Research Station in Brandon, Manitoba. We 
also bid farewell to Paul Smith who was with the Agrometeorology group and 
has taken a position with Department of Agriculture, Fredericton, N.B.

Congratulations to Rick Richards who has been appointed the 
First Chairman of the Canadian Agricultural Research Council. The 
Council is responsible for overseeing and establishing priorities for 
agricultural research in Canada. Rick’s coming year will be busy indeed 
as he assumes the office of President of A.I.C. at the Brandon meeting 
in June 1975.

Early this year we witnessed the transfer of the functions of 
the Advisory Fertilizer Board for Ontario to the Ontario Soil Management 
Research Committee. The Advisory Fertilizer Board which was initially 
formed in 193^ played an extremely important role in the development of 
soil management in the province. We anticipate that the transfer of 
these functions to the relevant committee of the Ontario Agricultural 
Services Co-ordinating Committee will result in a more efficient and 
integrated program.

We welcome Tom Weber, O.M.A.F. Soils and Crops Specialist, who 
has been stationed in our department to replace Howard Henry, now the 
Associate Director of the Soils and Crops Branch.

As the announcement is now official, it is my pleasure to 
congratulate Dr. K.M. King and wish him well in his tenure as Chairman 
of this department effective the first of July, 1975. Ken has played 
a strong role in the department for close to twenty years and his 
leadership during his term of office 1 know will advance the stature 
and reputation of the department.

As in past years, we have enjoyed our association with many 
individuals from organizations such as the Ontario Ministry of Agriculture 
and Food, Canada Department of Agriculture, Ontario Ministry of Treasury, 
Economic and Intergovernmental Affairs, Ministry of Natural Resources, 
Ontario Ministry of Health, Ministry of the Environment, as well as other 
departments of the Ontario Agricultural College, the Ontario Soil and 
Crop Improvement Association and the Advisory Fertilizer Board for Ontario. 
In particular, the provision, without charge, of land and facilities by 
a large number of interested farmers greatly assisted our program.

2



We gratefully acknowledge the financial assistance for our 
research and advisory programs from the following organizations:

Ontario Ministry of Colleges and Universities
Ontario Ministry of Agriculture and Food
Ontario Ministry of the Environment
National Research Council
Ontario Hydro
Canada Department of Regional Economic Expansion

(through A.R.D.A.)
Agriculture Canada
Atmospheric Environment Service
Environment Canada
Canada-Ontario Agreement on Great Lakes Water Quality
Canadian Industries Ltd. (C.l.L.)
City of Guelph
Canadian Forest Service
Centre for Applied Research and Engineering Design (CARED)
Department of Energy, Mines and Resources

My thanks once again to Len Webber and Doug Hons for compiling 
and editing this report.

June, 1975 D.E. Elrick
Department of Land Resource Science
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PERSONNEL AND INTERESTS

D.E. ELRICK, B.S.A. (Toronto), M.S,, Ph.D. (Wisconsin), Professor and 
Chairman of the department. Transport mechanisms through 
soils and applications to soil pollution.

W.A. MITCHELL, Administrative Technical Officer.

AGROMETEOROLOGY

Faculty

D.M. BROWN, B.S.A., M.S.A. (Toronto), Ph.D. (Iowa State) Associate 
Professor. Climate related to land use planning, crop 
zonation, climatological reference stations, relationships 
of crop growth and development to climate and weather.

M.C. COLIGADO, B.Sc, (Ag. Eng.) (Philippines), M.Sc. (Texas A & M), 
Ph.D. (Guelph) Post-doctoral Fellow. Resigned August, 197^-

T.J. GILLESPIE, B.Sc. (British Columbia), M.S.A. (Toronto), Ph.D. 
(Guelph) Associate Professor. Relationships of plant 
diseases and pests to weather; computer modelling of soil 
and air microclimates.

G.E. KIDD, B.A.Sc., M.A.Sc. (Waterloo) Scientist 2. Electronic 
instrument development; transport processes within and above 
pl ant canopi es.

K.M. KING, B.S.A. (Toronto), M.Sc., Ph.D. (Wisconsin) Professor. 
Evapotranspiration and photosynthesis of field crops; 
environmental measurements. On leave to England, May to 
September 197^.

P.J. SMITH, B.Sc., M.Sc. (Guelph) Scientist 2. Injurious effects of 
air pollution on plants.

G.W. THURTELL, B.S.A., M.S.A. (Toronto), Ph.D. (Wisconsin) Associate 
Professor. Physics of soils, plants and atmosphere.
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Technical Staff

D. Cunningham - Weather Records. Appointed September, 197^.
J. Dyer - Appointed December, 197*1.
R. Sweetman - Electronic instrument operations and plot work.

Clerical Staff

A. Slot - Stenographer.

SOIL SCIENCE

Faculty

T.E. BATES, B.S.A. (Toronto), M.S. (North Carolina State), Ph.D.
(Iowa State) Professor. Soil Management Research Coordinator. 
Fertilizer use and prediction of fertilizer requirements for 
field crops.

E.G. BEAUCHAMP, B.Sc. (Agr.), M.Sc. (McGill), Ph.D. (Cornell) Associate 
Professor. Soil-plant relationships, plant nutrition, 
fertilizer use and residues.

W.E. CURNOE, B.Sc. (Agr.) (GueIph). Lecturer. Appointed January, 1975.

W.T. EWEN, B.S.A., M.S.A. (Toronto) Associate Professor. Soil conserva
tion in relation to crop production; teaching diploma and 
correspondence courses in soils. Retired August, 197**.

R.W. GILLHAM, B.S.A. (Guelph), M.S.A. (Guelph), Ph.D. (Illinois) Research 
Associate. Resigned September, 197^.

P.H. GROENEVELT, M.Sc. (Wageningen), Ph.D. (Wageningen) Professional 
Associate. Soil Physics.

T.J. HEEG, B.S.A. (Toronto), M.S.A. (Toronto) Associate Professor. Soil 
management; in charge of provincial soil testing laboratory.

D.W. HOFFMAN, B.S.A. (Toronto), M.S.A. (Toronto), Ph.D. (Waterloo) 
Professor. Director, Centre for Resources Development.

D.B. HONS, B.Sc. (Bishop’s), M.Sc. (Guelph) Scientist 1. Effects on 
crop yield of soil compaction during the installation of 
hydro-electric lines. Appointed January, 1975.

R.W. JONES, B.Sc., Dip. Agr. (Wales), M.Sc. (Manitoba), Ph.D. (Guelph) 
Research Associate.
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B.D. KAY, B.S.A, (Guelph), M.Sc. (Guelph), Ph .D. (Purdue) Assistant 
Professor. Physico-chemical reactions in soils, including 
frost heaving and mobility of water and plant nutrients at 
mineral surface; soil physical chemistry.

J.W. KETCHESON, B.S.A. (Toronto), M.S. (Illinois), Ph.D. (Illinois) 
Professor. Soil management for better tilth, tillage related 
to fertilizer use, runoff and erosion studies, manure and 
crop residues. On leave to Nairobi, Kenya July, 197^ to 
July, 1975.

T.H. LANE, B.S.A. (Toronto), M.S.A. (Toronto) Professor. Extension 
coordinator, soil management and land-use.

E.E. MACKINTOSH, B.S.A. (Saskatchewan), M.Sc, (British Columbia), 
Ph.D. (Adelaide) Assistant Professor. Study of soil proper
ties and their relationship to land use; applied clay 
mineralogy.

M.B. McBRIDE, B.Sc. (Agr.) (Guelph), M.Sc., Ph.D. (Michigan State) 
Post-doctoral Fellow. Appointed September, 197^.

M.H. MILLER, B.S.A. (Toronto), M.S. (Purdue), Ph.D. (Purdue) Professor. 
Soil fertility and plant nutrition.

J.R, MOYER, B.Sc. (Waterloo), M.Sc. (Guelph), Ph.D. (Saskatchewan). 
Technical Coordinator, Sludge project. Resigned March, 1975.

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

N.R. RICHARDS, B.S.A. (Toronto), M.S. (Michigan State), D.Sc. (Laval) 
Professor. Soil classification and land use. On leave to 
Commonwealth Fund for Technical Cooperation, England. 
January, 1975 to May, 1975.

R.W. SHEARD, B.S.A. (Saskatchewan), M.S.A. (Toronto), Ph.D. (Cornell) 
Professor. Harvest management and fertilizer use for produc
tion, longevity and quality of perennial forage species. On 
leave to New Zealand, July 1973 to August 197^.

J.A. SMITH, B.S.A., M.S.A. (Toronto) Associate Professor. Soil and plant 
analysis development.

R.L. THOMAS, B.Sc., M.Sc. (Alberta), Ph.D. (Ohio State) Professor. The 
chemical characterization and reactions of soil organic matter. 
On leave to Australia, August 197^ to July 1975.

E.J. THOMPSON, B.S., M.S., Ph.D. (Iowa State) CIDA Research Fellow. 
(Senior Lecturer and Research Coordinator, Faculty of Agricul
ture, University of Ghana). Soil chemistry and biological 
transformations of nutrients in soils. Returned to Ghana 
September, 197^•
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L.R. WEBBER, B.S.A. (Toronto), M.S. (Cornell) Professor. Waste 
utilization and disposal, pollution abatement, environ- 
mental quali ty .

A.L. WILLIS, B.S.A. (Toronto), M.S., Ph.D. (Wisconsin) Associate 
Professor. Management of organic soils.

Technical Staff

N. Baumgartner 
N. Bazinet

I . Becker 
J. Brown 
J. Bryant

D. Chappel

R. Cooper 
E. Dickson

M. Evans 
J. Felker 
J. Ferguson 
E. Gagnon 
J. Hagarty

A. Haq
G. Ha rli ck

B. H i 1 1 i a rd 
B. Hohner 
C. Hubbard 
P. Johnson 
M. Leuty 
J. Leyshon 
L. Lindsay 
J. Lovcanin 
N. MacLean 
J. Mallard 
M. Markle 
R. Me lady

C. Mi Iler 
R. Razack 
A. Riddel 
A. Rothwel1 
W. Ryan 
M. Skelsey 
H. Stock 
D. Tel

R. White

Soil physics and management analysis.
Reclamation of mine tailings from Eliott Lake.
Resigned December, 197**.
Soil testing operations.
Soil testing operations.
Soil management and plant nutrition plot work 
supervisor.
Appointed September, 197**.  Resigned February,
1975. Soil testing.
Appointed October, 197**.
Runoff collection and analysis, greenhouse 
operations.
Computer data analysis.
Sludge project.
Soil management and plant nutrition plot work.
Supervisor, soil testing operations.
Research associate, Hydro project. Resigned
October, 197**.
Sludge project.
Soil management and plant nutrition field plot 
operat i ons.
Sludge research. Resigned August, 197**.
Geology technician. Appointed October, 197**.
Sludge project. Appointed October, 197**.
Sludge project. Appointed August, 197**.
Appointed November, 197**.
Denitrification research.

- Appointed January, 1975.
Sludge project. Appointed July, 197**.
Appointed May, 197**.  Resigned November, 197**.
Preparation of soil thin-sections.
Soil analysis. Resigned August, 197**.
Appointed October, 197**.  Resigned February, 197**.
Soi1 tes ting.
Soil and plant analysis.
Appointed December, 197**.
Plant analysis. Appointed November, 197**.
Research assistant. Resigned September, 197**.
Geology technologist. Resigned September, 197**.
Appointed January, 1975.
Plant analysis. Resigned December, 197**.
Pollution control and waste management, soil and 
water analys i s.
Appointed January, 1975.
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GEOLOGY

Faculty

H.S. ARMSTRONG, B.A., M.A. (Toronto), Ph.D. (Chicago), D.Sc. 
(McMaster) Professor. Dean of Graduate Studies and 
Resea rch.

M.E. BROOKFIELD, B.Sc. (Edinburgh), Ph.D. (Reading) Assistant 
Professor. Palaeoecology, palaentology, stratigraphy 
and tecton i cs.

W. CHESWORTH, B.Sc., M.Sc. (Manchester), Ph.D. (McMaster), F.G.S. 
Associate Professor. Geochemistry, petrology, mineralogy, 
geological mapping.

I.P. MARTINI, Doct. Geol. Sci. (Florence), Ph.D. (McMaster) Associate 
Professor. Sediments and sedimentary rocks, sedimentology, 
glacial and pleistocene geology. On leave to Italy January 
1975 to July 1975.

COOPERATING PERSONNEL LOCATED IN THE DEPARTMENT

Ontario Ministry of Agriculture and Food

T.O. WEBER, B.Sc. (Agr.), M.Sc. (Guelph). Soils and Crops Extension 
Specialist. Appointed August, 197^.

Canada Department of Agriculture

Profess ional

C.J. ACTON, B.S.A., M.Sc. (Saskatchewan), Ph.D. (Guelph) Senior 
Pedologist, Soil Survey.

B. CAMERON, B.Sc. (Agr.) (Guelph) Pedologist, Soil Survey.

J.E. GILLESPIE, B.S.A., M.S.A. (Toronto) Pedologist, Soil Survey.

E.W. PRESANT, B.S.A. (Toronto) M.Sc. (Carleton) Pedologist, Soil Survey.

L. van VLIET, B.Sc. (Agr.)(Deventer, Holland) M.Sc. (Guelph) Land Use 
Spec!al Is t.

G.J. WALL, B.Sc. (Agr.) (Guelph), M.Sc. (Guelph), Ph.D. (Ohio State) 
Pedologist, Soil Survey.

Technical Staff

R. Viitala - Soil analysis.
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Cleri cal Staff for the Department of Land Resource Science

P, Belrnes 
L. Bissell 
L. Bruce 
D, Irvine 
J. Jarvis

Departmenta1 Secretary.
- Clerk.

Stenographer. Resigned March, 1975- 
Cartographer.
Stenographer. Appoi nted September, 197^.
Resigned February, 1975.

L. Martin
V. Murray
F. Peer
K. Szajnowski

Stenographer. Resigned August, 197^.
- Stenographer. Appointed November, 197^.

Stenographer.
Stenographer.
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SERVICE TO AGRICULTURE AND THE PUBLIC

EXTENSION AND CONTINUING EDUCATION ACTIVITIES

The areas of Agricultural Production, Resource Utilization, 
Energy, Urban Waste Utilization, Land Use and Environment continue to be 
very relevant to the problems confronted by O.M.A.F. extension personnel, 
farmers, concerned individuals and public agencies. During 1974-75 the 
increased input costs for agricultural production such as energy and 
fertilizers have made the broad areas mentioned above even more 
s igni f i cant.

The Department of Land Resource Science will continue to 
intensify its role in research and extension in these areas.

In the following service areas to agriculture, the public and 
public agencies the department contributed a minimum of approximately 3.0 
man years.

Educationally Related Activities

Soil Management for Crop Production (Toronto)
Introductory Agricultural Course (London, Hamilton, Guelph and Toronto) 
Publication 296: 1975 Field Crop Recommendations 
O.A.C. Farm and Home Week
O.A.C. Agricultural Conference (January 1975)
Urban Day (E,R.S.)
Metals in Biosphere Symposium (January 1975)
Metals in Agriculture Workshop (January 1975)
O.A.C. Centennial Symposium
Farm Mechanics Course
Seminar and Workshop (Atmospheric Environment Service)
Soil Test County Programs
Ontario Hydro Conference
Ontario Aggregate Industry Conference
Soils and Crops Branch In-Service
Solid Waste Conference
Extension Branch In-Service
O.A.C, Banker1s School
Publication 492: Ontario Soils
Turf Managers Short Course
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Land Use Oriented

Cover Crop Workshop
Land Drainage Reference Group (International Joint Commission)
Land Committee Ministry of Agriculture and Food
Food Land Development Branch
C.B.C. Film: Land Use In Southern Ontario
A. I.C. Committee on Land Use
0.1.A. Committee on Land Use
United Church Committee Land Use
Grand River Land Use Planning Committee
Grand River Conservation Authority

Agricultural Production Related

Ontario Manure Management Committee
Sewage Sludge Guidelines for Ontario (Ad Hoc Committee of O.M.A.F., 

O.M.E. and University of Guelph)
Agricultural Code of Practice for Ontario
Ontario Soil Management Research Committee
Fertilizer Advisory Board of Ontario
Limestone Committee
Fruit and Vegetable Growers Association
Canadian Agricultural Research Council
Ontario Soil and Water Research Committee
0.1.A. Energy and Agriculture Brief

Consul tational Involvement

Interviews for Good Farming, Furrow, newspapers etc.
Ontario Ministry of Environment
Ontario Ministry of Housing 
Livestock Feeds Task Force 
Hediin-Menzies and Associates 
Niagara Escarpment Commission 
National FiIm Board 
National Starch, Collingwood 
Agriculture Canada
Ontario Pest Management Committee
Environmental and Ecological Advisory Board, Waterloo Region 
Roger Truemner (Wellington County Planner)



Resource Speakers

Seed Fairs at Algoma, Dryden, Emo & Thunder Bay
Peterborough Pork Producers
Cayuga Night School (Haldimand County)
Soil and Crop Improvement Association Meetings in Wellington, 

North Smicoe, South Simcoe, Grey, Dufferin, Norfolk, Bruce, 
Manitoulin and South Niagara

Grand River Conservation Authority
Ontario Goat Society
Feed Manufacturer’s Conference
London Farm Show
Pollution Control Association of Ontario
Municipal Engineers Association
Royal Canadian Golf Association National Turfgrass Conference
Humanities Association of Canada
Green Thumb Day (Alumni)
Association of Ontario Land Registrars
Fergus Rotary Club
Conservation Authorities Conference
C.P.A.C. National Conference
Windsor Prairie Conference (M.N.R.)
Peterborough Kiwanis
Peterborough County D.H.I.A.
Guelph Naturalists Club
O.A.C. Alumni Seminar

Tours of Research Facilities

Extension Branch
Soils and Crops Branch
O.A.C. Banker’s School
Plant Food Council of Ontario
Soil Testing Laboratory (25 groups)
O.M.E., C.D.A. and Environment Canada Tours of Sludge Research 
International Joint Commission Water Quality
Agricultural Students from Association of America’s Conference 
Ontario Feed Growers Association
Turf Grower’s Association

Other Related Activities

"Notes in Agriculture" Volume X Number 2, June 197^ on "Physical 
Resources and Rural Development" edited by R. Protz and coordinated 
by T.H. Lane.

O.M.A.F. Ploughing Match exhibit
Centennial Week Exhibits
Exhibits - London and Royal Winter Fairs
Ontario Institute of Agrologists
American Society of Agronomy (Planning for 1975)
Visiting Scientists (Australia, England, Scotland, United States etc.) 
"Notes in Agriculture" Volume X Number 3, September 197^ on 

"Agricultural Research at the University of Guelph"
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"Notes In Agriculture" Volume XI Number 1, January 1975 on
"Implications of the World Food Situation for Ontario Agriculture" 

A. I.C. Conference (Quebec City)
Journal of Soil and Water Conservation "Man and Resources: A

Resource Professional’s View"
Land Utilization (independent Study Course)

T.H, Lane
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SOIL TESTING SERVICE

The soil testing service provided by funds from the Ontario 
government began its history about 1930. The service has grown from less 
than 100 samples per year at its beginning to near 50,000 annual samples 
in recent years.

Complete records were not possible until computer reporting began 
on July 8, 1964. Since that time comprehensive summaries of soil test data 
have been developed. These have been useful both to research and extension 
workers in pin-pointing areas of unusual characteristics.

The soil testing year has been established to relate more or less 
to a cropping year. Samples received from July 1 , 1973 to June 30, 1974 
are considered to be almost entirely for the crop year of 197*+*  During 
this twelve month period a total of 56,432 samples were tested, of which 
39,709 were from farms. The other 16,723 samples were received from research, 
extension and demonstration plots as well as gardens (Table 1).

The 11,814 farmers using the service for the crop year of 1974 
submitted an average of 2.4 samples per farm. From Table 2, it will be 
noted that Kent and Norfolk counties had a sample submission of over 2,000. 
Other counties with appreciable sample numbers (1000-2000) were Ontario, 
Middlesex, Essex, York, Oxford, Huron, Wellington, Lambton, Brant, Simcoe 
South and Wentworth.

Table 2 also lists the average soil test values of each county. 
Highest average phosphorus and potassium values are generally found in the 
cash cropping counties. The most acid soils in the province are in the 
Niagara Peninsula, along with the counties bordering Lake Erie and some of 
the eastern townships and northern districts.

Figures 1 to 3 illustrate more clearly the regional differences 
in average soil test values for pH, phosphorus and potassium.

Table 3, comparing average soil test values over the years for 
which such data are available from computer records, shows some variation 
from year to year, but in general the differences are minor.

Data on average soil test values are measured from the following 
extraction procedures: pH - water paste method; phosphorus - M/2 sodium 
bicarbonate solution; potassium and magnesium - normal ammonium acetate 
solution.

T.J. Heeg
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Table 1: Total number of soil samples submitted, July 1, 1973 to June 30, 1974.

Farm samples 39,709

Samples from agencies of the Government of Canada 941

Samples from Ontario Colleges of Agricultural Technology, 
Extension personnel of O.M.A.F. and from other ministries 
of the Ontario government 7,315

Research samples from University of Guelph plots 4,613

Garden samples 3,854

Total samples tested 56,432
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Table 2: Average
July 1,

soi 1 
1973

test values 
- June 30,

by county in the 
1974.

provi nee of Ontario

County or 
District

No. of 
Samples PH

Average 
P (ppm)

Soil Test Vaiues
K (ppm) Mg (ppm)

Algoma 260 5.7 13 111 289
Brant 1246 6.7 22 111 252

Bruce 812 7.3 12 115 485
Carleton 419 6.9 17 134 414

Cochrane 212 6.4 16 108 425
Duffer in 558 7.3 15 97 284

Dundas 205 7.2 11 105 426

Durham 911 7-5 21 97 90

Elgin 933 6.5 29 139 183
Essex 1598 6.3 32 182 313
Frontenac 147 6.4 15 141 337
Glengarry 362 6.7 15 116 342

Grenvi11e 3 ill 7.0 12 89 377
Grey 681 7-4 12 108 481

Ha 1dtmand 693 6.4 17 146 395
Ha 1i bu rton 13 6.1 33 95 162

Ha 1 ton 518 6.7 20 122 273
Hast i ngs 329 7.1 18 125 165
Huron 1360 7.4 15 122 393
Kenora 49 6.1 16 226 504

Kent 2637 6.7 25 161 294

Lambton 1259 6.7 23 183 395
Lana rk 373 6.4 15 119 326

Leeds 259 6.6 15 116 410

Lennox & Addington 208 6.9 13 142 398

Man 1tou1i n 108 6.8 9 75 373
Middlesex 1649 7.0 20 127 253

Muskoka 137 6.0 17 94 170

Niagara North 474 6.2 24 188 404

Niagara South 840 6.2 19 129 378
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Table 2: continued

County or 
Di strict

No. of 
Samples

Average Soil Test Values
pH P (ppm) K (ppm) Mg (ppm)

N i pi ss i ng 202 6.0 23 no 313
Norfolk 2239 6.3 55 143 118
Northumberland 849 7.3 26 103 99
Ontario 1802 7.5 19 103 120
Oxford 1379 7.0 21 111 258
Parry Sound 228 5.8 19 85 166
Peel 552 6.8 22 124 218
Perth 1011 7.3 16 127 417
Peterborough 740 7.5 16 85 88
Prescott 508 6.2 15 152 305
Prince Edward 283 7.3 26 141 149
Rainy River 418 6.7 13 190 608
Renfrew 738 6.6 20 150 303
Russel 1 185 6.5 13 117 307
Simcoe North 885 6.7 19 122 155
Simcoe South 1147 7.0 31 118 200
Stormont 270 7.0 13 99 226
Sudbury 495 5.6 25 107 236
Temi skaming 407 6.4 10 152 516
Thunder Bay 204 6.1 13 128 344
Victoria 806 7.6 14 no 112
Waterloo 763 7.3 23 113 338
Wei 1i ngton 1345 7.4 15 113 429
Wentwo rth 1077 6.6 29 130 393
York 1585 7.2 33 119 212
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Table 3: Comparison of average soil test values for Ontario, from computer 
summar ies 1964-1974

Soi1 Test Year Phosphorus7' 
ppm

Potass i urn 
ppm

pH

1964-65 — 120 6.9
1965-66 — 128 7.0

1966-67 no summary available
1967-68 — 147 6.7
1968-69 — 115 6.9
1969-70 32 128 6.8

1970-71 26 130 6.8

1971-72 23 120 6.7

1972-73 27 132 6.7

1973-711 23 129 6.9

* In 1969-70 soil phosphorus was measured by the Olsen M/2 sodium bicarbonate 
method. In previous years phosphorus was determined by a modified Bray 
technique using 0. IN HC1 and 0.5N NH^F as an extracting solution. Average 
results from these years cannot be compared with those of the Olsen proced
ure and are therefore omitted from the table.
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Organic Materials Analysis Service

The plant analysis service established by the Department in 1971 
has expanded over the past four years to include various other organic 
materials such as manures, composts, sludges, and animal feeds, including 
a special fast service for greenhouse crops. The animal feed samples are 
analyzed for various nutrient elements for the Department of Animal and 
Poultry Science as part of their regular Animal Feed Analysis service. 
A fee is charged for each sample, depending upon the number of elements 
requested, to cover the cost of analysis plus overhead.

The total number of non-departmental samples processed has 
increased each year since the service was started, with the number 
analyzed in 197^~75 being 70% greather than for the same period In 1973-7^-

Table A shows the various types of samples and the number of 
each analyzed from May 1, 197^ to April 30, 1975> on a fee basis, from 
non-departmenta 1 sources.

Table 4: Organic Materials Analysis Service, 197^~75*

Type of Sample Number Analyzed

Animal feeds 1,861
Field crops
Greenhouse crops (fast service)

49
146

Manures and composts 55
S1udges 64

Other (mainly plant tissues from other Univ. Depts.) 260

Total for year 2,435

In addition to the service described above, the Plant Analysis 
Laboratory also analyzed a total of 4,294 samples in conjunction with 
various research projects being carried out by several departmental 
personnel. The research projects included those sponsored by O.M.A.F. 
as well as certain others contracted by outside agencies. While most of 
these samples were plant tissues from various field crops, several 
manure and sludge samples were also included. This analytical service, 
provided for the department’s researchers, contributed to the interpretation 
of fertilizer, sludge, and variety trial data, and to the establishment 
of critical levels for various elements in plant parts under Ontario 
condi tions.
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The Plant Analysis Laboratory is equipped to analyze organic 
materials for total nitrogen, phosphorus, potassium, calcium, magnesium, 
manganese, copper, zinc, boron, and dry matter on a regular basis, and 
certain other elements may be done on special request.

New Automated Procedure for the Determination of Boron in Organic Materials

Early in 1975, the quina1izarin-H^SO^ method for boron, used in 
the Plant Analysis Laboratory since its inception, was discontinued, and 
substituted, after extensive testing, by a new azomethine-H method. A 
change from the Technicon AA-1 system to the AA-2 system was made at the 
same time.

Some advantages of the new method are:

1. The qutnalizarin-FLSO^ reagent was highly corrosive to tubing 
and other equipment and a constant hazard in case of leakage 
in the system, while the new azomethine-H reagent is a non- 
corrosive aqueous solution.

2. The analytical rate has been doubled from 20 to 40 samples 
per hour.

3. The sensitivity has been increased which has significantly 
improved the precision of readings on low-boron samples.

4. Based on results on a U.S.D.A. standard orchard leaf sample, 
an increase in absolute accuracy has also been achieved.

5. Reproducibility of results has been improved.

J. A. Smith
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WEATHER AND CLIMATIC INFORMATION

Daily observations of air and soil temperatures, humidity, dew point, 
precipitation, evaporation, sunshine duration, wind and radiation were con
tinued at the Elora Research Station. Monthly records were forwarded for 
use by the Atmospheric Environment Service. These data and derived values 
such as degree-days above 42°F, heating degree-days and corn heat units were 
distributed on a monthly computer summary. The summary aided research pro
jects, industry and government. Many other requests for local climatic data 
were also handled over the past year.

The Weather in 197**  ~ ELORA RESEARCH STATION

(some interesting facts for other parts of Southern Ontario)

The annual mean tempeature was 1°F below normal (Table 5). The 
growing season was generally cooler than average, which resulted in a below 
normal accumulation of heat units, whereas January, November and December 
showed above normal temperatures. There were 25 days of the year when the 
maximum temperature was above the 1 in 10 probability level, 19 of which 
occurred in the periods January to April and September to December inclusive. 
The number of days when the minimum was below the 1 in 10 level was 39 
(Figure 4 ).

The accumulated degree-days above 42°F were below normal for each 
month during the period May to October except in August when they slightly 
surpassed the normal.

The cool, wet spring delayed the planting of crops until late May 
and early June. The last spring frost occurred on May 8th. Above normal 
precipitation occurred during each month of the period January to June. During 
this time the precipitation totalled 20.57 inches, 4.26 inches above normal 
(Figure 5 ).

A severe thunderstorm on May 16th deluged several river basins 
leading to Lakes Erie and Ontario. Elora Research Station recorded 2.02 
inches of rainfall. The Grand River Basin suffered severe flooding caused 
by heavy runoff conditions. The Cambridge area was hit hard as floodwaters 
crested waist deep in the business section of the city.

As summer approached, spring rains were succeeded by summer drought 
during July and August. Elora received .91 inches of rain in July and .67 
inches in August compared with normal value of 3*10  inches for each of these 
months. Relief from the drought came at Elora when .21 inches of rain fell in 
the last two days of August. Additional showers quenched the land in early 
September. Unfortunately, these rainfalls came a little too late for most 
crops (Table 6 ).
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The fall commenced with below normal temperatures and preci pltation 
during September and October. A severe killing frost struck on September 23*  
The minimum temperature in the Stevenson Screen dropped to 26°F while the 
grass minimum was 12°F. This frost resulted in major corn yield reductions 
and excessively high kernel moisture. Eastern Ontario received its first 
killing frost on the morning of September 18. The Experimental Farm in 
Ottawa which is surrounded by an urban heat island, experienced the first 
frost on September 24.

The year ended with above normal temperatures but below normal 
precipitation in December. Also as the year concluded, only an average of 
3 inches of snow covered the ground. The total precipitation for 197**  was 
2.5 inches below the average.

Table 5: Temperature and precipitation for 1974 (Elora Research Station).

Month
TEMPERATURE PRECIPITATION

Mean Norma 1 Total Norma 1

Jan 20.0 18.4 3-17 2.79
Feb 15*7 19*0 2.35 2.24

March 27*5 27.7 2.86 2.48

Apr i 1 43.5 42.6 3*52 2.70

May 49*4 52.6 4.83 3.10

June 61.4 63.2 2.91 3-00

July 66.6 66.9 0.91 3.10

August 65*8 65.2 0.67 3.10
Sept 54.9 58.4 2.41 3.00

Oct 43.7 48.3 1.31 2.79
Nov 35*7 34.8 3-73 2.70

Dec 26.6 22.8 1.60 2.79
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Table 6: Summary of 1974 weather at Elora R.S.

1974 Normal Departure 
from Normal

General

Mean maximum temperature (°F) 51.3 52.1 -0.8
Mean minimum temperature (°F) 33.2 34.5 -1.3
Mean annual temperature (°F) 42.3 43.3 -1 .0

Total degree days below 65°F 8336 7715 +621
Total degree days above 42°F 3048 3255 -207

Corn heat units from May 11 to 
first killing frost in autumn 2561 2743 -182

Total rainfall (inches) 26.3 27.9 -1.6
Total snowfall (inches) 46.6 59.3 -12.7
Water equivalent of snowfall (in.) 5.0 5.9 -0.9
Total precipitation (inches) 31.3 33.8 -2.5

Total hours of bright sunshine 2034 1923 + 111

Miscellaneous

Tempe ratures: Highest for year 
Lowest for year 
Last frost in spring 
Fi rst frost In autumn

90°F July 9
-7°F Feb. 5
May 8th
Sept. 23

Preci pi tati on: Greatest rainfall in a day
Greatest snowfall in a day
Longest period without measurable 

precipitation each day
Longest period with measurable 

precipitation each day
Last measurable snow in spring 

(>0.1ll)
First measurable snow in 

autumn (>0.1")

2.02 in.
4.4 in.

9 days

7 days

April 14

Oct. 1

May 16
Jan. 8

July 5“13

March 20-26

Number of days with: Month
J F M A M J J A S 0 N D

Freezing rain
Hail
Thunderstorms

6 2 4 0
0 0 0 0
0 0 0 4

0
0
0

0
0
2

0
0
1

0
0
2

0 0
0 1
0 0

0 3 15
0 0 1
0 0 9

days 
day 
days
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Figure 6. Mean Monthly temperature at Elora

Figure 7• Acumulated Degree Days at Elora
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SOIL SCIENCE RESEARCH

SOIL SURVEYS

The Ontario Soil Survey Unit, located in the facilities of 
the Department of Land Resource Science, University of Guelph, continues 
to receive its support from Agriculture Canada and the Ontario Ministry 
of Agriculture and Food. The unit is comprised of five pedologists and 
one laboratory technician as regular full-time appointments of Agricul
ture Canada. The Ministry of Agriculture and Food supports University 
of Guelph faculty members and their technical support staff, who are 
also involved in the program. Valuable cooperation in certain projects 
was received from interested individuals from the Department of Civil 
Engineering and Earth Sciences, University of Waterloo, the Ontario 
Ministry of Transportation and Communications, and the Ontario Ministry 
of Natural Resources.

During the past year additional funding was received through 
the Agricultural Working Group of the International Joint Commission, 
Great Lakes Water Quality Agreement, which enabled the appointment of 
Mr. Laurens van Vliet and Mrs. Katherine Knap for a one year term for 
soil erosion studies.

The objective of the survey unit in Ontario is to provide 
the necessary information about the soil resources of the province in
cluding their geographic distribution, characteristics and interpretations 
for agricultural, forestry, recreational, and engineering uses which are 
required for land-use decision making at the regional or local level. As 
the land base for agriculture in Ontario continues to diminish, the need 
for an expansion of the activities of the survey unit is being emphasized. 
This need is being recognized with the allocation of three additional 
positions for the soil survey unit from the Ontario Ministry of Agricul
ture and Food, to become effective in 1975-

The program of the soil survey unit during the year involved 
a continuation of those projects already underway, including soil inven
tories, correlation and applied research studies. Progress has been made 
in the following projects as given below.

1. Northumberland County -

This project has been completed, and printing of the soil 
report is presently underway. The soil maps are printed and in 
storage. The report, "The Soils of Northumberland County", Report 
No. 42 of the Ontario Soil Survey will be available for distribution 
in May of this year.
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2. Peterborough County -

This project is in its final stage of completion. The 
report, "The Soils of Peterborough County", Report No. 45 of the 
Ontario Soil Survey, should be available in October, 1975.

Preparation of interpretive data for the computerized out
put of interpretive maps for the county is presently underway.

3. Holland Marsh Area -

A detailed soil survey at a scale of 1" = 600 ft. was 
conducted on 5000 acres of the Holland Marsh in southwestern 
Ontario, with the objective of providing a more equitable system 
of taxation based on the productive potential of the soil. The 
information was compiled in a soil capability map based on the 
Organic Soil Capability Classification System in use in Ontario. 
This study was supported solely by the Assessment Branch of the 
Ministry of Revenue.

4. Lake Temagami Region -

With the aid of funding by the Temagami Region Studies 
Institute a soil inventory was conducted in two areas comprising 
9,500 acres along the Lake Temagami shoreline in northeastern Ontario. 
Soil mapping was conducted on a scale of 1:15,840. The information 
obtained is being used as a basis for determining the suitability 
of the area for further recreational development, and making recom
mendations on the types of development which would have minimum 
impact on environmental conditions of the area.

A soils map and report on this study has been prepared for 
limited distribution at this time.

5. Middlesex County -

Field mapping was continued in the townships of Adelaide, 
Caradoc and Metcalfe with approximately 100,000 acres being com
pleted during 1974.

6. Brant County -

Field mapping has been completed and editing of the photo
maps and preparation of the report is underway.
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7. Ottawa-Carleton Regional Municipality -

The soil inventory of this region including the area 
under the jurisdiction of the National Capital Commission was 
continued during 197^ in Nepean and Gloucester townships. 
Approximately ^5,000 acres were mapped in 197^. The project 
is continuing to include the remaining portions of the region.

8. Pukaskwa National Park -

Compilation of the soil map and assembling data for the 
soil report is underway. A preliminary report has been prepared 
for a portion of the area under consideration for recreational 
development.

9. Haldimand-Norfolk Region -

A re-survey of the soils was initiated in this region 
during 197^. Approximately 95,000 acres were mapped in Townsend 
and Woodhouse townships at a scale of 1:25,000. This area inclu
ded 16,000 acres which has been delineated by the Government of 
Ontario as a site for a new city. Development already is underway 
to provide housing for people working at the Nanticoke industrial 
complex on Lake Erie.

A preliminary soil capability map for agriculture was made 
for the Townsend city site and was made available to personnel in 
the region involved in land use decision making. Similar maps are 
being prepared for the remaining portions of Townsend and Woodhouse 
townships based on the recent soil survey information.

10. Northern Ontario Regions

Preparation of the soil report for the Timmins map sheet 
(42A), and the Lakehead region (map sheet 52A) are complete and 
require editing. Publication of reports for both of these regions 
is anticipated for 1976*

Research conducted by personnel of the survey unit is direc
ted towards providing the necessary data to improve the interpretability 
of soil survey information, and to assess the affects of soil and land
scape characteristics and agricultural land use practices on environ
mental quality.

A study to establish indexes for soil series based on their 
productive capacity for forestry is continuing. Initially, Red Pine 
plantations in southern Ontario were chosen for the study in which 
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growth data from trees 25"^0 years of age was related to soil physical, 
chemical and morphological properties. Productivity indices ranged from 
a low value of 40 to a high of 80 (100 point scale) for these soils. 
During the past year this study was extended to include soils of eastern 
and northern Ontario. Further research associated with this project 
indicated that severe mortality of Red Pine after 25-30 years of age is 
occurring on Melanic Brunisol soils as a consequence of excessive accu
mulation of Ca and Mg in their surface horizons. The contribution of 
different soil organisms to organic matter decomposition in soils of 
several Great Groups also is being investigated as a further extension 
of this study.

Soil erosion studies were initiated in several physiographic 
regions and under differing land use practices in southern Ontario. The 
Universal Soil Loss Equation was used for Ontario climatic conditions to 
compute potential sheet erosion losses from agricultural land. Initial 
computations indicated annual sheet erosion losses ranged from 0 to 9 
tons/acre in southern Ontario. The magnitude of stream bank erosion 
also is being studied in order to more precisely clarify the origin of 
stream water sediments. Finally, equilibrium processes that exist be
tween stream water, suspended sediments and bottom sediments are being 
studied to evaluate the effect of sediments on stream water quality.

C.J. Acton

Classification Criteria of Ultisols and Oxisols as Applied to Six 
Malayan Soils

Six Malayan soils, Durian, Kampong Kolam, Munchong, Prang, 
Rengam and Segamat, were sampled for the purpose of studying the clas
sification criteria for Oxisols and Ultisols as described by Soil 
Taxonomy. The analyses carried out were: bulk density, particle-size 
distribution, water-dispersable clay, moisture holding capacity, pH, 
organic-carbon content, exchange acidity, KCl-extractable Al, cation 
exchange capacity, oxalate-extractable, citrate-dithionite extractable 
and pyrophosphate extractable Fe and Al, sand and clay mineralogy and 
soil micromorphology.

The results indicated that the Durian and Rengam soils were 
Ultisols while the Segamat, Kampong Kolam, Munchong and Prang soils 
were Oxisols.

The data for total porosity, bulk density, particle-size 
distribution, organic-carbon content, KCl-extractable Al, citrate
dithionite extractable Fe and Al and micromorphology were clearly dif
ferent for the Ultisols than for the Oxisols studied. The cation ex
change capacities of all the Oxisols, with the exception of the Prang, 
were higher than previously reported due partly to the presence of 
chlorites. The values and/or distribution of the water-dispersable 
clay, moisture holding capacity, pH, exchange acidity, oxalate- 
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extractable and pyrophosphate-extractable Fe and Al were similar in 
all soils. The Durian soil contained weatherable minerals as defined 
by Soil Taxonomy, but the Rengam and the others contained only kaolinite 
and/or chlorites.

The following conclusions were drawn from the study of the 
s ix Malayan soils:

1. the present criteria for classification of Ultisols 
and Oxisols are adequate for the classification of 
these soils,

2. more data are required on the citrate-dithionite 
extractable Fe and Al content for consideration as 
a possible criterion,

3. all of the soils had high exchange acidity due to 
the predominance of exchangeable hydrogen, the only 
exception being the Durian soil which had high 
exchangeab1e Al,

4. the <10 meq of exchangeable bases plus KCl-extrac- 
table Al criterion for Oxisols satisfied all of the 
soils studied,

5. the Oxisols studied contained a dominant fraction of 
<0.5 p clay,

6. there was a co-migration of free iron with clay as 
indicated by the constant ratios with depth of citrate 
di th ionite extractable Fe over clay.

Nik Mokhtar b. Nik Wan and R. Protz

3*



LAND USE

The Relationship Between Soil Capability Class and Economic Returns 
FronT Grain Corn Production in Southwestern Ontario

The ‘Soil Capability Classification for Agriculture' was 
tested for its ability to predict the economic profitability of land 
for grain corn production in southwestern Ontario. The economic records 
from 7^ grain corn operations were supplied by the Economics Branch, 
Ontario Ministry of Agriculture and Food. In addition to the itemization 
of production costs and returns, each record was assigned a soil capa
bility class and productivity index as a measure of land quality.

Land quality as defined by the productivity index was 
significantly correlated with gross returns and gross margin per hec
tare. As well, frequency distributions showed that 'high*  gross returns 
per hectare were three times as likely if the productivity index was 
between 90 and 100 than if it fell between 80 and 89.

G.T. Patterson and E.E. Mackintosh

Soil Water Table Levels and Soil Morphology

Soil water table relations were recorded over a three year 
period on three different drainage sequences, each containing well, 
imperfect, poor and very poorly drained profiles.

For the well and imperfectly drained soils, the percent time 
a horizon remains saturated throughout the year can be predicted from 
mottle abundance (R2 = 0.87).

Monitoring of water table levels at four additional sites 
located on poor and very poorly drained soils also continued. Prelimi
nary analysis of data from these sites also confirmed a positive rela
tionship between morphology of gleysoltc soils and periods of water 
table saturation.

E.E. Mackintosh
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SOIL PHYSICAL CHEMISTRY

A. Freezing Processes

Seasonal surficial freezing is a phenomenan which is familiar to 
most Canadian scientists and engineers. The effects of freezing which 
include changes in soil structure, bearing strength, permeability, winter 
survival of perennial plants and redistribution of plant nutrients have 
been documented. Many of the phenomena associated with soil freezing 
are economically undesirable. Successful attempts to diminish the 
detrimental effects of freezing require a better understanding of the 
factors and interrelationships of the factors influencing freezing 
processes. The following studies are currently underway to achieve this 
end.

1. Hydrostatics of frozen soil

Two of the essential variables of hydrostatics of porous media 
are the water potential and the water content. The relation between these 
two variables is one of the basic ingredients of soil water studies. Leaving 
hysteresis out of consideration, this relation is taken to be unique if 
the porous medium is rigid (i.e., the geometry of the matrix Is fixed) and 
the temperature is above OC. Under these conditions the hydrostatics of 
soils is in general taken to be independent of loading and temperature.

Recent studies have considered non-rigid porous media above OC. 
Again leaving hysteresis out of consideration, the relation between the 
water potential and the water content Is then described by a single bundle 
of curves, each of them belonging to a particular value of the load pressure 
(P) of the mixture. In order to relate all these curves to a single 
standard curve (e.g., the zero load curve) one may split the actual liquid 
pressure p (at load P) into two parts: the standard value °p and an 
additional part Q. The standard part °p is the value which p would have 
if the system under consideration were "unloaded" without a water supply. 
According to the latest convention [ISSS, 197^] the additional part Q will 
be called the envelope-pressure potential (formerly this was "overburden 
potential").

For unfrozen soils the envelope-pressure potential ft may be 
expressed in terms of the void ratio e (volume of voids per unit volume of 
dry soil) and the moisture ratio (volume of liquid water per unit volume 
of dry soil).

The hydrostatics of frozen soils has to deal with an additional 
essential variable: the ice pressure, fi. The relation between the liquid 
pressure, p, and the liquid water content for frozen soils also requires 
the definition of additional volume ratio terms and a statement of the 
thermodynamic relation between p, p and T.

For frozen soils the envelope-pressure potential Q can be 
expressed in terms of the void ratio e and the moisture ratio equivalent 
(volume of water per unit volume of dry soil calculated on the basis of 
liquid water, i.e. considering all the liquid water and ice as if It were 
liquid). Beside the dependence on the load pressure, the moisture 
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characteristic of a frozen soil is also dependent upon the temperature. 
In order to relate the bundle of Isothermal moisture characteristics to 
a single standard curve (l.e., the moisture characteristic at a standard 
temperature) one may again subdivide the liquid pressure into a standard 
part and an additional part which may be called the frost potential. 
This frost potential can then be expressed in terms of the ice ratio 
(volume of ice per unit volume of dry soil) and the moisture ratio 
equivalent.

The relations between the various volume ratios are intrinsic 
properties of the porous medium. They have to be determined experimentally.

P.H. Groenevelt and B.D. Kay

2. Thermophysical characterization of the surface tier of an 
organic soil

Organic terrain is a common occurrence in cold regions. In 
Canada, 0.44 million square miles have been classified as organic soils. 
This represents more than 1/3 of the total area of organic soils of the 
world.

Because of its wide distribution, organic terrain Is encountered 
in many resource development activities. Often the movement of water and 
heat through soil materials is of paramount importance to these development 
activities. However, there have been few studies which have characterized, 
in detail, the thermal and hydrological properties of different organic 
materia Is.

Research has been initiated to obtain data on the upper tier 
of a sphagnum peat bog. Properties which are being studied can be 
grouped into the following categories: surface reactivity characteristics, 
microhydrologic properties and thermal properties. These parameters are 
being measured in order to facilitate subsequent description of coupled 
heat and water transfer under freezing conditions. Surface reactivity is 
being characterized by water vapor adsorption isotherms and partial molar 
heats of wetting. In general, smaller amounts of water are adsorbed on 
the samples in more advanced states of decomposition. This may be accounted 
for by an increasing number of hydrophobic groups arising during advancing 
decomposition. Partial molar heats of wetting were determined for different 
final water contents and states of decomposition. The partial molar heat 
of wetting decreases with increasing water content and appears to decrease 
slightly with increasing decomposition. A comparison with mineral systems 
indicates that both the quantity and heat content of water adsorbed on 
these organic samples corresponds most closely to similar data for water 
adsorbed on highly dispersed clay systems such as Na-montmorl1 Ion Ite.

37



Microhydrologic characterization has included measurement of 
water retentivity and shrinkage of samples from different depths in the 
profile when the applied air pressure varies from 1/3 to 15 bar. The 
distinguishing feature of the water retentivity curves is the relatively 
large water loss at low suctions. At pressures of 1/3 bar the percent 
saturation at the 0-20, 20-40 and 40-60 cm depths has dropped to 17.7, 
49.0 and 50.6 percent respectively. Extensive shrinkage of samples from 
lower in the profile occurred during desaturation. When an air pressure of 
1/3 bar was applied to samples from the 20-40 cm and 40-60 cm depths, 
the shrinkage which was observed could be accounted for entirely by 
water loss.

Thermal characterization has included measurement of the thermal 
conductivity of wet samples as well as the specific heat of freeze dried 
material. The thermal conductivity of samples increased sharply at 
temperatures just below 0C and increased slowly thereafter to -20C. These 
changes are attributed to changes in unfrozen water content with temperature. 
The observed changes could not be predicted by the standard de Vries 
equation for heat conduction.

D.B. Hons, J.B. Goit, B.D. Kay

3. Ground thermal regime investigation with a view to the prediction 
of frost penetration

Simulation techniques have been used with increasing popularity 
to describe complex physical systems. The simulation of coupled heat and 
mass transport in a frozen soil system will be used to predict frost 
penetration.

Complete characterization of the thermal and moisture regime 
of a site adjacent to the Meteorological Station at the Elora Research 
Station has been carried out from November, 197^ to April, 1975. Temperatures 
at 47 points below and at the ground surface and temperatures through 
the snowpack were monitored every 15 minutes to ± 0.1°C using a digital 
scanning unit.

Snow and soil thermal conductivities were measured using 
cylindrical heat sources, located in the snow pack and at seven depths 
below the soil surface. Snow densities were determined in conjunction with 
the snow thermal conductivity measurements.

Total soil moisture content was determined gravimetrI cally 
on a weekly basis. Dry bulk density was determined regularly in the frozen 
soil layer in order to account for a change in the density of the system 
with a change in the ice content. The water table was monitored with the 
use of an ammeter in a polyethylene stand pipe. A measure of the amount of 
ground surface heave was monitored continuously with a heavograph.
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The temperature data is currently being analysed and the input 
parameters are being prepared for at least two different ground thermal 
require models. The object of the research is to:

1. test the sensitivity of the input parameters, and
2. produce a model which is complex enough to simulate 

the observed phenomena of coupled heat and mass flow 
in a frozen system, yet simple enough to be used for 
engineering and agricultural purposes.

Marsha I. Joynt and B.D. Kay
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SOIL CHEMISTRY

Natural Weathering of Minerals in Some Ontario Soils

Micaceous minerals from seven residual and one non-residual 
soils from southern Ontario were separated. The naturally weathered, 
untreated 500-250 p, 50-2 p, 2-0.2 p and <0.2 p fractions were studied 
in detail using X-ray diffraction techniques. The morphological 
changes resulting from weathering of the mica were studied by petro
graphic and scanning electron microscopes.

Different stages and degrees of weathering have been recognized 
in these soils. The micaceous flakes from soils developed on a gabbro, 
amphibolite and Tweed marble contained no detectable amounts of 10A mica 
while those developed on Snowdon marble, synite, Metheun granite and a 
granite-gneiss contained varying amounts with increases occurring in the 
surface and C horizons. Vermiculite was the predominant mineral present 
in the 14A group which dominated most of the samples. A 15-5 A ethylene 
glycol solvated vermiculite-montmorillonite intergrade was identified in 
the Tweed marble soil.

Regular and random interstratified phases occurred tn almost all 
soils. The flakes from the lower part of the gabbro soil profile consisted 
of predominantly the regular interstratified phase of mica-vermiculite. 
These phases appeared to be the intermediate stage in the transition from 
micas to vermiculite.

Montmorillonite was also found in the clay fraction of most 
soils in varying quantities.

The non-residual, glacial, sand-derived soil micas were found 
to be highly-lgeterogeneous within and between the horizons. Transparent 
colourless 10A dictahedral, dark brown 14A tri octahedral, light green 
chloritic and montmori1 Ionitic minerals were identified in these soils.

Generally, the scanning election micrographs revealed six 
groups of particles;

(1) intact
(2) split along few lines parallel to (001) planes on the 

edges
(3) close to exfoliation
(4) particles at exfoliation stage
(5) split but coated with crusty material
(6) split with spaces filled with soil material

J. Tarzi and R. Protz
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(1) Adsorption of Aromatic Molecules by Clays in Aqueous Suspension

Since many pesticides and herbicides are aromatic in nature, the 
ability of clays and soil organics to adsorb these molecules could greatly 
affect their concentrations in soil solution and their loss by volatilization. 
A study was made of the adsorption of certain simple aromatic molecules by 
various clays in aqueous suspension by ultraviolet spectroscopy. For smectites 
(swelling clays) exchanged with strongly hydrating cations, water molecules 
competed for adsorption sites and prevented adsorption of aromatics on the 
clay surfaces. However, the adsorption efficiencies of clays that had been 
exchanged with hydrophobic quaternary ammonium ions were relatively high. 
Adsorption isotherms for tetramethy1ammonium-exchanged smectite equilibrated 
with aqueous solutions of benzene and phenol demonstrated that the interla- 
mellar surfaces of the smectite were fully covered with benzene, but only 
partially covered with phenol. There was a direct relationship between 
the interlamel1 ar surface areas of the various clays prepared (using several 
a 1ky1ammoniurn ions)and the amount of adsorption of benzene from aqueous 
suspension. The more hydrophobic chlorinated benzenes were effectively 
adsorbed by certain a 1ky1ammonIum-exchanged, hydrophobic clays. The adsorption 
characteristics of a muck soil indicated that soil organic matter has some 
ability to remove chlorinated aromatics from the soil solution. In contrast, 
the mineral fraction of natural soils has little or no capacity to adsorb 
chlorinated aromatics because of the hydrophilic nature of adsorption sites on 
clays exchanged with metal cations.

(2) Exchange Properties of Clays and Soil Organic Matter

+ Studies of the exchange properties of Na+i-smect i te using a specific 
Cu2 electrode to monitor Cu2 concentrations in aqueous suspension demonstrated 
that the Cu2+ ion is preferred to a large extent over Na+ on exchange sites 
when Na+ occupies most of the sites. Conversely, Na+ is preferred over Cu2+ 
when the latter ion occupies most of the sites. In contrast, Cu2+ - Mg2+ 
exchange does not show this effect, indicating that certain exchange sites on 
the silicate structure preferentially adsorb divalent ions. The experiments 
indicate that the Cu2+ initially adsorbed on Na -smectite has a very low 
activity coefficient because it is adsorbed on those sites preferring divalent 
ions and is very closely associated with the silicate surface. When these 
sites are all occupied by Cu2+ ions, remaining Cu2 compensates negative charges 
on two adjacent clay plates so that the smectite is not free-swelling in water. 
Thus, with less than 30% of the exchange sites occupied by Cu2+, the Na+-Cu2+ 
clays behave much like pure Na+-smectite and swell freely in water. However, 
with greater than 30% Cu2+, the Na+-Cu2+ clays show limited expansion in water 
similar to pure Cu2+-smectIte. Additional studies using X-ray diffraction 
and electron spin resonance (esr) suggest a much more ordered hydration 
structure on clay surfaces when Cu2+ (or other divalent ions) largely occupies 
the exchange sites than when Na+ is the main exchangeable ion. It Is concluded 
that (a) exchange sites on smectites are very inhomogeneous, a fact that greatly 
affects monovalent-divalent cation exchange; (b) smectites saturated with Na+ 
can very effectively lower solution concentrations of Cu2+.

The exchange properties of a water soluble fraction jf soil organic 
matter from a muck soil were investigated, again using the Cu2 specific ion 
electrode. The Cu2+ was very effectively complexed by the organic matter in 
aqueous solution and an exchange capacity of about 400 me/100 g was determined
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for the organic matter. However, when Cu2+ was added to the aqueous solution 
of organic matter in the presence of .05 N solutions of various nitrate salts, 
the adsorptive capacity of the organic matter for Cu2+ was reduced (see 
Figure 1). The metallic ions in solution appeared to compete with Cu2* for 
exchange sites in the following order of effectiveness:

Ca2+ > Mg2+ - K+ > Na+ > Li+

This result suggests that divalent ions are preferred to monovalent ions on the 
exchange sites and small, strongly hydrating cations (i.e., U+) are least 
preferred on the exchange sites. In any event, the ions in solution have the 
ability to considerably reduce the capacity of the soil organic matter to complex 
Cu2+. Thus, the composition and concentration of cations iiji soil solution 
could have a considerable effect in desorbing complexed Cu2 from soil organic 
matter.

(3) Nature of Inter1amel1 ar Water in Smectites

The properties of the Interlamellar water on swelling clays are 
being investigated by using spin probes - paramagnetic molecules that reflect 
their environment in the type of electron spin resonance (esr) spectra that 
they give. The nitroxide radical has been used as a probe in many biochemical 
membrane studies to elucidate the structure of the membrane. This study 
utilizes the same probe (in the cationic form) to demonstrate the mobility 
and orientation of exchange cations in solvated clays, frozen and unfrozen. 
Preliminary results suggest that the probe cation spends much of its time on 
the silicate surfaces of hydrated clays, and that freezing the clay immobilizes 
the probe due to collapse of the clay plates. Similar studies on frozen clays 
using Cu2+ as a spin probe indicate immobilization of hydrated Cu2+ near -25°C. 
These investigations may help to elucidate the properties of interlamel1 ar 
water in frozen and unfrozen environments, allowing greater predictability of 
the behaviour of clays in the natural state.

M.B. McBride
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WASTE DISPOSAL AND POLLUTION CONTROL

Accumulation of Nutrients in Soil Beneath Animal Manure Storage Lagoons

Storage of manure from large scale animal production enter
prises presents a potential source of pollution of surface and subsur
face waters with nutrients, particularly nitrogen and phosphorus. A 
number of these enterprises use an earthen lagoon as a storage reservoir 
for fluid manure and/or runoff from feed lots. These systems are much 
cheaper alternatives to concrete storage tanks. While the concrete 
storage tank, if properly constructed, will minimize loss of nutrients 
to the environment, its cost increases the cost of production thereby 
reducing the profit margin for the producer. Thus the use of lagoons 
is likely to increase.

The objective of this study was to determine the extent of 
accumulation of nitrogen and phosphorus in soil beneath manure storage 
lagoons.

Four hog manure lagoons were sampled during the spring and 
summer of 1974. Arrangements were made with the owners to have the 
manure level in the lagoons lowered as far as feasible. The soil was 
then sampled at approximately four inch intervals to varying depths 
with a hand auger at a point as close to the bottom of the lagoon as 
possible. In one instance samples were taken with a hydraulically 
operated auger mounted on a truck. Samples were taken from an adja
cent field area to obtain background levels of nutrients.

Analyses of these samples indicates that levels of NH^-N were 
very high (600-1000 ppm) immediately below the lagoon. These levels de
creased to background levels of 1-2 ppm 40 cm below two lagoons in fine 
textured soils that had been in operation for 2-3 years. Levels in 
excess of 200 ppm existed to depths greater than 140 cm in medium tex
tured soils and to depths greater than 420 cm in a coarse sand? These 
lagoons had been in operation for 8-10 years. Nitrate-nitrogen levels 
were less than 1 ppm at all depths whereas phosphorus levels were sig
nificantly above background only in the first 10-15 cm of all lagoons.

The accumulation of ammonium-nitrogen below the lagoon is 
not in itself a hazard to the environment. Due to the anaerobic condi
tions, this ammonium will not be converted to the mobile nitrate form 
as long as the lagoon is in use. If the lagoon were emptied and filled 
with soil, the zone in which the ammonium has accumulated would very 
likely remain anaerobic. If, however, the lagoon were left empty, or 
were regraded so that the soil presently beneath the lagoon became 
aerobic, large concentrations of nitrate-nitrogen would likely build 
up and be available for leaching to groundwater or into surface water 
suppli es.
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The study does not permit a precise estimate of the amount 
of seepage nor the time period over which it occurs. The large amounts 
of ammonium nitrogen accumulated below the lagoons indicate that caution 
must be used in recommending the use of lagoons in medium textured soils 
Their use should not be recommended on coarse textured soils. The data 
suggest they may be satisfactory on fine textured soils although studies 
on older lagoons are required to determine whether further movement 
will occur.

M.H. Miller, J.B. Robinson1 and 
D.W. Gallagher2

Professor, Dept, of Environmental Biology, University of Guelph.
2Soils and Crops Specialist, Ontario Ministry of Agriculture and Food.

Nutrients in Percolates from Surface Incorporated Sewage Sludge and 
Household Garbage

Incorporation of wastes into soil is becoming an increasingly 
favored method of disposal. However, the possible contamination of the 
groundwater has led to concern. In order to characterise the percolates 
from surface applications of sewage sludge and pulverised household gar
bage, a series of lysimeters were established in 1971 using 38 cm of a 
Guelph sandy loam over 58 cm of a fine sand. The objective was to 
determine whether mixing high C/N ratio garbage with low C/N sludge 
would reduce the contamination potential by providing a carbon source 
for microbial activity to immobilize the nitrogen applied.

The treatments were:

C . . . . Control, no wastes added
W . . . . 280 MT garbage per hectare
S . . . . 2.3 cm anaerobically digested sludge 

WS . . . . 280 MT garbage and 2.3 cm sludge per hectare
2(WS). . . . 560 MT garbage and 4.6 cm sludge per hectare

The treatments were applied in August 1971 and winter rye 
was planted as a cover crop. This was turned under and corn planted in 
May 1972. Following harvest the soil lay fallow over winter until April 
1973 when barley was planted. Following a second application of the 
treatments in September 1973 the cropping sequence of rye, corn, fallow, 
barley was again initiated.
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Table 7: Cumulative percolate characteristics for the lysimeters 
for the period from August 1971 to June 1974.

T reatment Percolate

(cm)

Ni trogen Tota I 
Phosphorus 

(kg/ha)

COD 
Total 

(kg/ha)
NO3-N 

(kg/ha)
NHJ-N 

(kg/ha)

C 56.2 182.5 0.40 0.25 39.6
W 70.0 180.5 0.73 0.42 207.0
S 50.8 409.7 0.25 0.15 50.3

WS 79.3 272.6 0.88 0.44 259.8
2(WS) 84.3 142.1 29.15 3.44 4,769.5
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Total precipitation for the period 207.6 cm.

The data in Table 7 show the cumulative characteristics of 
the percolate for the period from August 1971 to June 1974. During 
this period the volume of the percolates followed the fluctuations in 
rainfall. The volume of percolate collected from the lysimeters treated 
with garbage tended to be greater than the volume of percolate from the 
lysimeters not treated with garbage. It is suspected that the garbage 
had not decomposed sufficiently to retain moisture and hence the amount 
of water that could be lost by evaporation from the soil surface was 
reduced. This effect was especially noticeable in the 2(WS) treatment 
where the accumulated volume of percolate was over 40% of the total 
preci pi tation.

It is not the volume of percolate that is primarily of con
cern but the nutrients and pollutants that are carried in the percolate. 
The component of greatest concern is nitrogen, especially as the nitrate 
ion. Most of the nitrate occurred in the percolate when the volume was 
highest - in spring and fall. It was also noted that when a cover crop 
was absent, the amount of nitrate leached was much greater. Such an 
increase indicates that the nitrate uptake of plants is of value in 
reducing the amount of nitrate descending through the soil profile. 
Nitrate losses varied between treatments and it can be seen that the 
sludge treatment was considerably higher in cumulative nitrate losses 
than the control. Addition of garbage with the sludge reduced the losses 
despite the greater percolate volume indicating immobilization of the 
n i trogen.

When the system was overloaded, as in the 2(WS) treatment, 
the higher rate of microbial activity caused prolonged periods of



anaerobic conditions which not only increased denitrification, causing 
a greater decrease in the percolate nitrate, but also resulted in the 
appearance of large amounts of ammonia. Another result of the anaerobic 
conditions was a large increase in the COD of the percolate. This in
crease in COD became more apparent after the second application of the 
treatments and was probably caused by incomplete carbon metabolism 
during anaerobiosis. The greater amount of total phosphorus in the 
2(WS) percolate was also a result of anaerobiosis, appearing as organic 
phosphorus in the high COD. It should be noted that although large 
amounts of phosphorus were added with both the sludge and the garbage, 
the total phosphorus of all the percolates was relatively low.

An increased yield of corn was noted in both years from those 
treatments that included garbage. The analyses of the corn grain and 
stover showed that all the heavy metals examined were within the range 
normally found for crops grouped on untreated soil. However, corn grown 
on the lysimeters treated with sludge showed increases in the cadmium 
content.

This study demonstrates the value of a garbage-sludge mixture 
in reducing nutrient losses, especially nitrogen, to the groundwater 
providing the microbial system is not overloaded. It is not known whether 
the greater depth of soil in a natural profile would tend to further re
duce these losses. The study continues.

L.R. Webber

Soil Carbon Increased by Additions of Organic Wastes

In July 1971 and August 1973 shredded solid waste, anaero
bically digested sludge and liquid poultry manures were added to a series 
of field plots at the University of Guelph. Each year after the wastes 
were added, field corn was grown. After corn harvest 197^, soil samples 
were obtained and the readily decomposable carbon was determined.

The kinds and amounts of wastes, the approximate quantities 
of carbon and total nitrogen that were added in 1971 plus 1973 are sum
marized in Table 8. The soil carbon content and the carbon to nitrogen 
ratios of the soil are listed in Table 8.

It is widely accepted that normal crop and farm management 
practices will not maintain soil organic matter above a value that is 
characteristic of the soil. The significant increases in soil carbon as 
related to the waste treatments (Table 8) are not readily explainable 
nor is it certain that these increases will persist. The similarities 
in the soil carbon to nitrogen ratios suggest that equilibrium condi
tions have been established. The fate of the soil carbon as found in 
197^ will be followed by further analyses.



Table 8: Kinds and amounts of wastes added in 1971 and 1973, carbon 
and total nitrogen and soil carbon to nitrogen ratio in 
1974.

Treatments, each year Added in 1971 plus 1973 in 1974

Carbon'-*  Nitrogen Soil
Carbon^

Soi 1
C/NMT/ha kg/ha

0, Control, no waste added - - 1.85 a** 8.3

W, Solid waste, 280 MT/ha 140 2100 2.82 be 9.4

S, Sludge, 2.3 cm 6 1700 1.87 a 8.3

WS, Solid waste 280 MT/ha plus
2.3 cm siudge 146 3800 2.92 cd 9.b

WM, Solid waste, 280 MT/ha plus 
1.4 cm manure 144 4200 2.53 b 8.7

2(WS), Solid waste 580 MT/ha 
plus 4.6 cm siudge 292 7600 3.17 d 9.3

* The carbon values for the wastes and in the soil do not represent 
the total carbon content but rather that portion of the carbon which is 
readily oxidizable or decomposable.

"^Values in the same column followed by the same letter are not sig 
nificantly different at the 5% level of probability.

L.R. Webber

Sewage Sludge Disposal Financed by the Canada-Ontario Agreement on Great 
Lakes Water Quality

Research into problems associated with the disposal of sewage 
sludge on agricultural land has been funded since 1972 by Environment 
Canada and the Ontario Ministry of the Environment under provisions of 
the Canada-Ontario agreement on Great Lakes Water Quality.

The objective of this research is to determine maximum rates 
of sewage sludge application which can be used on agricultural soils 
without affecting the yield or quality of the crops produced or contami
nating subsurface water with nitrate nitrogen and surface waters with 
elements or organisms toxic to humans and animals.

48



The project involves sludges resulting from treatment of 
sewage with lime, aluminium sulfate or ferric chloride for phosphorus 
removal. Field experiments on clay loam, loam and loamy sand soils are 
in progress on the effects of various rates of sludge application on 
the yield of corn and bromegrass. Runoff losses from fall, winter and 
spring applied sludges are also being measured. In the greenhouse, 
metal uptake by crops and metal content of soils are being measured 
after applications of nine sludges selected to provide a range of metal 
additions. A second greenhouse study is in progress with the objective 
of developing chemical soil tests of plant-available metals.

Runoff losses of nitrogen, phosphorus and a range of heavy 
metals were low in 197^ compared with 1973. However, one runoff event 
immediately following fall sludge application resulted in appreciable 
losses of nutrients, metals and C.O.D.

In the field, crops responded to sewage sludge, responses 
being similar in most cases to those from chemical fertilizers. In one 
trial where soil structure was poor, sludges produced appreciably higher 
yields than chemical fertilizers. In the greenhouse, sludges at high 
rates of application caused salinity problems when the soils were not 
leached; salinity is not expected to cause problems in the field in Ont.

About twice as much nitrogen was required from sludges as 
from ammonium nitrate to produce a particular yield. At higher rates 
of sludge application, levels of nitrate in the forage approached those 
considered toxic to animals.

Sludge application increased the sodium bicarbonate soluble 
("plant available") phosphorus content of soils quite markedly, and this 
effect was greatest with calcium sludge.

Cadmium, nickel and zinc concentrations in crops increased 
appreciably following additions of sludges high in metals. Greenhouse 
studies provide some evidence that these metals become more available 
to plants with increasing time after sludge applications.

Chemical soil tests for plant available metals are under 
investigation. Water appears to hold promise as an extractant of cad
mium and nickel from Ontario soils.

In the field, nitrate concentrations in soil were high in 
1972* with less evidence of movement than in 1973, probably due to the 
lower rainfall in July and August. Nitrate accumulated to a greater 
extent under corn than under grass, and more nitrate was produced from 
sludges containing a larger portion of their nitrogen in ammonium form.

Extraction, and electron microprobe and X-ray analyses have 
shown that the iron contained in iron sludge and calcium in calcium 
sludge are in crystalline form. After the application of sludges to 
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the soil surface, calcium, aluminium and iron moved down into the 
soil, with calcium moving the farthest, up to 12 inches in two years.

J.R. Moyer, Supervisor of Operations
R. Protz, Soil Characterization
R.A. Johnston, Microbial Evaluations, 

Department of Microbiology, 
Uni versi ty of Guelph

T.E. Bates, Nutritional Studies 
and Coordinator

E.G.
J.W.

Beauchamp, Nitrogen Movement 
Ketcheson and R. Dowdell, 
Runoff Studies
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AGRICULTURE AND WATER QUALITY

The Contribution of Plant Nutrients from Cultivated Organic Soils to 
Drainage Water

The collection of drainage samples from three organic soil sites 
in Erieau marsh was continued during 1974 and the spring of 1975. (See 
1973 Progress Report for description of project and results of previous 
sampling). The N0,-N and soluble orthophosphate content for each drainage 
season since commencement of the study are reported in Table 9. The 
drainage season is taken to be the period between the start of drainage in 
the fall (Oct. 1 or later) and the end of drainage the following spring. 
Thus the drainage period is primarily that between one growing season 
and the next.

The NO -N concentration increased from the 71/72 to the 
season but has been relatively constant since 72/73. The concentration
is consistently much above the 10 mg/1 level considered acceptable for 
human and livestock consumption. The total amount of NO -N lost 
fluctuates from season to season due primarily to fluctuations in amount 
of drainage water. The amounts are frequently greater than the amount 
of nitrogen added as fertilizer (90-110 kg/ha). This is due to release
of NO -N from decomposition of the organic matter, 
kg of^N/ha would be released on decomposition of a

Approximately 1000 
1-cm depth of the

soil. Decomposition rates are probably at least this high. It Is
believed that much of this N is lost by denitrification. Because of the 
large amount of N released, it is not likely that a reduction in 
fertilizer use would significantly reduce the NO,-N content of the 
drainage water.

The soluble orthophosphate concentration in the drainage 
water has increased each drainage season on all sites and very markedly 
on site No. 1. The total phosphorus content has also increased although 
not as markedly due to a lower amount of drainage water In 73/74 and 74/75 
compared to 72/73*

The very high amounts of phosphorus are due to the very high 
levels of fertilizer application on these sites. Previously unfertilized 
cores from the same area have been leached in the laboratory with varying 
rates of P application. The amount of P in the leachate over a 6-month 
period increased from 0.4 mg P/core on an unfertilized core to 58.0 mg 
P/core on a core fertilized at a rate corresponding approximately to the 
rate used on the drainage sites.

No definite explanation can be offered for the marked increase 
in phosphate concentration on site No. 1. It is possible that the soil 
at this site became saturated with phosphorus to the depth of the drainage 
tiles in 71/72 when the study was commencing resulting in a rapid increase 
in phosphorus concentration with continuing fertilizer application.
Studies are continuing to obtain a more satisfactory answer to this question.

Because the high phosphorus levels are due primarily to high 
levels of fertilizer use, a reduction in fertilizer rates should result 
in a reduction in phosphorus levels in the drainage water. Laboratory 
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leaching studies have indicated that this reduction will occur but that 
it would be several years before the levels would be reduced to those 
observed in 1971/72.

M.H. Miller

Table 9: Nutrient Content of Tile Drainage Water from Intensively
Cropped Organic Soils 1971"1975

Site Drainage
Period

NO --N Soluble
Orthophosphate

Cone*  Total Cone*  Total

mg/1 kg/ha mgZ-1 kg/ha

I 1/10/71 - 17/5/72
12/10/72 - 20/6/73

14.8

23.1
46.9

127.5
1.59
3.49

5.0

19.3

20/11/73 - 19/5/74 30.7 87.7 12.13 34.6

IV12/75 - 31/3/75 37.3 75.3 18.23 36.8

Z 17/3/72 - WUTl 23.6 39.4 1 .24 2.1

12/10/72 - 27/9/73 31.5 245.0 2.50 19-4

30/11/73 - 19/5/74 33.4 155.0 5.20 24.2

21/11/74 - 31/3/75 32.5 124.8 5.41 20.8

3 17/3/72 - 15/8/72 26.7 37.5 1.14 1.6

1/10/72 - 24/8/73 37.4 202.4 3.31 17.9

9/11/73 - 14/5/74 42.7 167.1 3.72 14.6

A Weighted average of samples col 1ected daily when pumping occuring.
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Contribution of Phosphorus from Agriculture to Streams by Surface Runoff

The International Joint Commission (IJC) on pollution into the
Great Lakes has created a Reference Group to study Pollution from Land 
Use Activities (PLUARG). An integrated research program at Guelph involving 
personnel from Engineering, Environmental Biology, Agriculture Canada, 
and Land Resource Science has begun to develop a model to predict the 
surface transport of water, sediment and phosphorus in agricultural 
watersheds.

One facet of the program undertaken in this department will lead
to a predictive model of phosphorus content of surface runoff from crop 
land. Two watersheds, Canagagique Creek near Elmira and Holiday Creek 
near Embro in Oxford County, have been chosen and 38 samples of spring 
runoff from fields in these areas have been collected. A soil sampling 
and crop management survey program is now under way to characterize the 
areas in terms of soil phosphorus contents and management practices.
It is hoped that runoff from summer rainfall events can also be collected 
to complete the summer sampling program.

With data from the analysed samples, two relationships will be
developed. The first will estimate total soil phosphorus content at a 
given site knowing soil type, average soil test value, and management 
system. The second will estimate the phosphorus content of transported 
materials knowing the soil phosphorus content of the source area, the 
intensity of erosion and the degree and type of selection of materials in 
the moving water. The ultimate goal is to combine these models with 
models of fluvial transport of materials and derive an estimate of the 
contribution of phosphorus from agriculture in any watershed.

Extensive co-operation from other groups at Guelph and
agencies such as the O.M.E. will allow development and testing of the 
relationships with data from different watersheds and at different times. 
Development and testing of the relationships will take place throughout 
the year and may be supported by work in following years.

S.C. Sheppard and M.H. Miller
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SOIL PLANT RELATIONS

Apparent Recovery of Nitrogen from Slow Release Nitrogen Fertilizers 
by Corn Seed!ings

A greenhouse study was conducted to determine the relative 
persistence of N availability in soil treated with several slow-release 
N fertilizers including three granule sizes of crotony1idene-di-urea 
(CDU)t di-crotonylidene-di-urea (diCDU), sulfur-coated urea (SCU) and 
urea-formaldehyde (UF) . These N sources were compared with ordinary 
urea (OU) in a three-replicate experiment. Four crops of corn seed
lings were grown to the 7 to 9 leaf stage in pots containing 5.08 kg 
(oven dry) of a N-deficient silt loam from the Elora Research Station. 
After each harvest, the soil in each pot was mixed and replaced for the 
next crop. Six plants were grown in each pot. Sufficient phosphorus 
and potassium fertilizer was applied with each crop to ensure maximum 
growth. Before the first crop was planted, the following nine N treat
ments (pg N/g oven dry soil) were imposed: 200 and 400 of OF; 200 and 
400 of -16+40 mesh CDU; 200 of -8+16 mesh CDU; 200 of -40+100 mesh CDU; 
200 of -16+40 mesh diCDU; 200 of SCU.

The dry matter yield and N concentration of the corn seedling 
tops decreased steadily with each succeeding harvest. The N uptake data 
generally reflect these trends (Table 10). There was greater N uptake 
by four crops with 0U than with -16+40 mesh CDU at both 200 and 400 pg 
N/g soil levels. N uptake with SCU was generally comparable to that 
with 0U and considerably greater than with UF with the 200 pg N/g soil 
app1i cat i on.

The N uptake by four crops with different granule sizes of 
CDU were comparable with the 200 pg N/g soil application. There was a 
tendency for the -8+16 mesh granules to prolong the N supply over that 
for the smaller granules of CDU. The special formulation of diCDU sup
plied relatively little N except possibly during the growth of the first 
and fourth crops.

It is noteworthy that the N supply levelled off with the 4th 
crop regardless of the N source (Table 10) . Although N uptake differen
ces were significant, they were relatively small.

Apparent recoveries of fertilizer N were calculated taking 
into account N uptake by plants which did not receive N fertilizer 
(Table 10). Ferti1izer N exerts a “priming effect" on mineralization 
of native soil organic N rendering these data as approximations. The 
apparent recoveries were much lower than those usually recorded in the 
literature. However, a significant quantity of N was tied up in the 
root systems which were left in the soil and not recoverable. The 
apparent recovery was greatest from 0U and SCU and least with diCDU. 
There was a surprisingly low recovery of N from UF. There was a greater 
apparent recovery of N from -16+40 mesh CDU than from the other two gra
nule sizes of CDU. Apparent recovery was lower at the highest N level 
(400 ug N/g soil) particularly with -16+40 mesh CDU.



Table 10: N uptake by four corn seedling crops and apparent fertilizer N 
recovery with slow-release N fertilizers.

Treatment N uptake*  (mg/pot) Apparent
Recovery 

Ferti1i zer N 
(%)

(pg N/g O.D. soil) C rop 1 Crop 11 Crop IM Crop IV

Check 123 e 47 d 32 b 23 d ——

200 U 388 abc 99 cd 31 b 28 cd 32

400 U 410 ab 360 a 68 a 27 cd 31

200 (-16+40 mesh) CDU 322 c 114 c 32 b 28 bed 27

400 (-16+40 mesh) CDU 441 a 270 b 39 b 36 a 23

200 (-8+16 mesh) CDU 228 d 112 c 58 a 34 ab 20

200 (-40+100 mesh) CDU 320 c 89 cd 32 b 30 abc 24

200 (-16+40 mesh) diCDU 165 de 43 d 27 b 32 abc 4

200 UF 230 d 81 cd 36 b 32 abc 15

200 SCU 358 be 140 c 38 b 30 abc 34

Average 299 136 39 30

* Data within columns followed by the same letter are not significantly 
different at the .05 level of probability.

The most noteworthy conclusion made from this study was the 
relatively low persistence of any of the slow release N fertilizers under 
the experimental conditions.

The supplies of CDU and diCDU by Chemcel1 Ltd. and SCU by 
Canadian Industries Limited are gratefully acknowledged.

E. G. Beauchamp
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Time and Method of Application of Liquid Cattle Manure on Corn

A field experiment was begun in 1974 to determine the availability 
to corn of liquid cattle manure N as compared with fertilizer N. Preplant 
(disced in) manure was compared with a sidedress application when the corn 
plants were about one-foot high. The sidedress application was either 
knifed into the soil or left on the surface between the rows. Liquid 
cattle manure treated with formalin (0.4% weight/1iquid weight basis) for 
odor control was compared with untreated manure as a preplant application. 
Manure treatments were applied on the basis of the total N content in a 
random block design with four replications at the Elora Research Station. 
The leaf opposite and below the ear was sampled from each plot when the 
plants were at the silking stage and analysed for N, P and K. Silage dry 
matter and grain yields were obtained.

Silage dry matter yield generally increased with increasing N 
applied especially when the N was applied as urea (Table 11). The yield 
with forma 1in-treated manure tended to be somewhat lower than that with 
untreated manure. Generally, there was little difference between yield 
with different manure treatments at any particular rate of N application.

Grain yield increased with N application rate regardless of N 
source. It is noteworthy that manure applied as a sidedressing to the 
soil surface was just as effective as other methods.

The N and P concentrations in the leaf opposite and below the 
ear generally increased as the applied N increased regardless of N source. 
The K concentration tended to decrease with increasing fertilizer N. 
However, the K concentration tended to not be depressed with manure 
probably reflecting the uptake of some of the K applied with the manure.

E.G. Beauchamp
C.T. Corke, Microbiology
R. Stevenson, Crop Science
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Table 11: Silage dry matter, grain yields and N, P and K concentrations in the leaf opposite and 
below the ear of corn treated with urea, anhydrous ammonia and liquid cattle manure (LCM) 
applied before planting or as a sidedressing.

Treatment Rate Silage D.M.* Grain* Compos 11ion leaf opposite and below ear*
(kg N/ha) (kg/ha) (kg/ha,

15s h2o) U

Check. — 5612 gh 4279 de 2.61 e 0.297 c 1.82 abc

Urea; preplant 67 7706 bed 5461 ab 3.28 abc 0.312 be 1.58 bed
134 8552 ab 5654 a 3.30 abc 0.325 be 1.55 bed
268 9110 a 5531 ab 3.50 a 0.332 abc 1.26 d

LCM; preplant 67 6345 c-h 4548 b-e 2.71 de 0.345 abc 2.21 a
134 6692 c-h 4402 cde 2.85 cde 0.322 be 2.12 a
268 7095 c-g 5049 a-e 2.91 cde 0.327 be 2.18 a

LCM + formali n, 67 5997 fgh 4641 b-e 2.68 e 0.325 be 2.16 a
prepl ant 134 5570 h 4153 e 2.94 cde 0.332 abc 1.97 ab

268 6998 c-h 5107 a-e 3.16 a-d 0.335 abc 2. 10 a

LCM, sidedress, 67 6218 e-h 4117 e 2.74 de 0.297 c 1.80 abc
kn i fed-i n 134 6216 e-h 5190 a-d 3.58 a 0.362 ab 2.13 a

268 7244 b-f 5224 a-d 3.46 ab 0.342 abc 1.91 ab

LCM, sidedress, 67 6049 e-h 4643 b-e 2.78 de 0.307 c 1.52 bed
surface 134 6759 c-h 5197 a-d 3.01 b-e 0.312 be 1.88 ab

268 7§31 abc 5879 a 3.58 a 0.342 abc 2.16 a

An hyd rous Ammon i a, 67 7546 b-e 4978 a-e 3.40 ab 0.347 abc I.38 cd
sidedress 134 7519 b-e 5344 abc 3.49 a 0.347 abc 1.48 bed

268 6705 c-h 5037 a-e 3.60 a 0.380 a 1.29 d

* Data within columns followed by the same letter are not significantly different at 0.05 probability 
level.



Fertilizer for Forage Establishment

Previous research (Sheard et al. Agron. J. 63:922-927, 
1971) emphasized the localization of a P band directly below the seed 
for the establishment of vigorous seedlings of alfalfa and bromegrass 
by increasing the P content of the seedling. Miller et al. (Agron. J. 
62: 524-527, 1970) suggested the inclusion of N in the form of the 
ammonium ion increased the uptake of P over that obtained with the 
nitrate ion. Their results would indicate a further enhancement of 
the seedling vigor of forage seedlings may be obtained if N in the 
ammonium form was included in the fertilizer band.

Data summarizing the results from several experiments 
clearly indicate an increased seedling vigor of alfalfa, bird's-foot 
trefoil and bromegrass where P was banded directly below the seed 
(Table 12). Inclusion of either ammonium-N and/or nitrate N, however, 
did not result in a further increase in seedling vigor of alfalfa and 
bird’s-foot trefoil on a soil with a high P requirement or bromegrass 
on a soil with a low P requirement. In one experiment ammonium-N in 
the band did increase the seedling vigor of alfalfa growing on the soil 
having a low P requirement. A rate of 30 kg P/ha was sufficient to 
produce good seedling vigor in alfalfa.

Table 12: Effect of nitrogen source on the enhancement of the seedling 
vigor of forage species by the placement of a phosphorus band 
2.5 cm below the seed.

Species Ni trogen 
Source*

High P Requirement Low P Requirement
P

0
Rate (kg P/ha

45
P Rate (kg P/ha) 

3015 30 0 15

P content of seedli ng (mgm/pl ant)

Alfalfa* None 74 225 245 238 137 215 239
Nitrate 84 220 270 259 113 208 257
Ammon i urn 74 267 294 246 162 296 340

Trefoi1** None 21 — 85 - - —
Ammon i urn 33 - 94 — - - -

Bromegrass** None - - - - 317 373 423
N i trate - - - - 282 336 390
Ammon i urn - - - - 336 355 436

" Average of 3 experiments on the high requirement soil (9 ppm .5N Na 
bicarbonate extractable P) and 2 experiments on the low requirement 
site (22 ppm .5N Na bicarbonate extractable P).

** One experiment.
***N rate of 30 kg N/ha as CatNO^)^ and (NH^^SO/j.
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The concentration of P obtained from the fertilizer band 
increased as the rate of application increased up to 30 kg P/ha on a 
soil having a high P requirement (Table 13)*  A similar soil, but having 
a low P requirement, also showed an increase in fertilizer P concentra
tion in both alfalfa and bromegrass as the rate was increased from 15 
to 30 kg P/ha. Inclusion of ammonium-N or nitrate-N in the band did not 
influence the concentration of fertilizer P in the forage seedlings.

Influence of nitrogen source and rate of P on the concentra 
tion of fertilizer phosphorus in forage seedlings.

Table 13:

Species Ni trogen
Source

High P Requirement Low P Requirement

P Rate (kg P/ha) P Rate (kg P/ha)
15 3015 30 45

P concentration i n seedli ng
(% of dry wt.)

Alfalfa None .126 .158 .161 .089 .117
Nitrate .127 .167 .158 .106 .136
Ammon i urn .134 .169 .156 .090 .126

T refo i 1 None - .175 -

Ammon i urn - .195 - — -

Bromegrass None — - - .043 .081
N i trate - - - .040 .081
Ammon i urn — - - .055 .077

The proportion of P in the alfalfa seedlings which was derived 
from the fertilizer band increased as the rate of application increased 
up to 30 kg P/ha (Table 14). The uptake of P by alfalfa was reduced 
where the requirement for P was low. Bromegrass derived significantly 
less P from the fertilizer band than alfalfa whereas bird's-foot trefoil 
was comparable to alfalfa. No advantage for the inclusion of ammonium-N 
or nitrate-N in the fertilizer band was observed.

In general no evidence was obtained to warrant the inclusion 
of ammonium-N or nitrate-N in the phosphorus band to increase the seedling 
vigor of forage seedlings. In contrast all three species, under conditions 
of both low and high phosphorus requirement, exhibited an increased seed
ling vigor due to banding 30 kg P/ha directly below the seed.
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Table 14: Influence of nitrogen source and rate of P on the proportion 
of the fertilizer in forage seedlings which was derived from 
a band located directly below the seed.

Speci es N i trogen
Source

High P Requirement 
P Rate (kg P/ha)

Low P Requirement
P Rate

15

(kg P/ha)
3015* 30 45

Alfalfa None 48.7

P derived

60.0 60.2

from band (%)

30.7 40.7
N i trate 48.6 61.6 60.2 35.7 59.1
Ammon iurn 54.3 66.8 59.1 31.4 44.3

T refoi1 None - 52.2 — - -

Ammon i urn 62.7 - - -

Bromegrass None — - - 14.5 24.5

Nitrate - - — 12.5 27.4

Ammon i urn - — - 18.3 24.1

* Applied as 32P - labelled monoclacium phosphate.

R.W. Sheard

Long-Term Fertilizer Trials on Corn

Fertilizer trials have continued with corn since 1967 on 
three sites: a Fox sandy loam in Brant County, a Conestoga loam at the 
Elora Research Station and an Oneida clay in Halton county.

The objectives of these trials are:

(a) to determine the optimum rate of nitrogen fertilization for grain 
corn in continuous culture, and

(b) to determine the optimum levels of soil phosphorus and potassium 
for grain corn and the amounts of fertilizers required to maintain 
these 1evels.
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There have been reports on these trials in each annual 
progress report of the Department of Land Resource Science since 1967 
with the exception of the 1972 report. One aspect which has not been 
reported on is the effect of fertilizer on lodging.

Lodging in these experiments was expressed as the percentage 
of plants with stalks broken below the ear or leaning at greater than 
45° angle from the vertical as measured at time of grain harvest. In 
most cases the corn tn these trials reached physiological maturity before 
frost and was harvested at 25 to 35% ear moisture content. The hybrid 
used at the Conestoga loam site was UH 108 up to 1970 and UH 106 there
after. The hybrid used on the other two sites was PAG SX48 until 1972, 
after which Pioneer 3960 was used.

Lodging varied greatly from year to year varying from less 
than one percent on one treatment in one year at one site to over 80 per
cent with certain treatments at one site in another year. Lodging was 
usually greatest on the Conestoga loam probably due to the hybrids used 
on that site.

Each increment of nitrogen increased lodging when averaged 
over the three sites and all years (Figure 9). The effect of nitrogen 
on lodging was more marked when lodging was worst but the trend was rather 
consistent over sites and years. Nitrogen increased lodging even when 
applied at rates which did not affect grain yield.

Phosphorus had very little if any effect on lodging in these 
trials.

Potassium is usually considered to be very important in pre
venting lodging in corn. On these trials, averaged over the seven year 
period, potassium reduced lodging only on the one site where it increased 
yield appreciably (Figure io).

The data from the Oneida clay loam site are not presented as 
there was no effect of potassium on yield or lodging. On the Conestoga 
loam and on the Fox sandy loam rates of 96 and 192 lb. K2O per acre, 
(89.5 and 179 kg. K/ha.) were applied at the 300 lb N per acre (336 kg/ 
ha) rate. Even at this very high rate of nitrogen there was no difference 
in yield or lodging between the two potassium treatments.

Even at the Conestoga loam site where potassium reduced lodging 
on the average it reduced lodging in some years and increased it in others 
(Table 15).

Conclus i ons.

1. Nitrogen increases lodging of grain corn whether it increases 
yield or not. Nitrogen applications at rates above those required for 
profitable yields should be avoided to prevent lodging.

2. Phosphorus had no marked effect on lodging of corn in these trials.
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3. Potassium can reduce lodging where it increases grain yields.
It doesn’t appear to increase lodging when applied at rates above those 
required for yield. Even where potassium does increase grain yield it 
will occasionally increase lodging.

Table 15: Lodging of grain corn on Conestoga loam (Elora Research 
Station) as affected by potassium fertilization.

Potass i urn 
Appli ed/Year

YEAR
Average1968 1969 1970 1971 1972 1973 1974

KO
1 b/ac

K 
kg/ha % of plants lodged

0 0 21a 1 7cde 65a 15a 27cde 28bc 76ab 36
24 22.4 14abc 26abc 50ab lOab 23bed 22cde 79ab 32
48 44.8 1 Obc 27abc 41ab 9ab 21abcd 24cd 72abc 29

96 89.5 9bc 32ab 38abc 4b 23bcd 28bc 67abc 29
192 179 16ab 34a 40abc 6b 22bcd 39ab 66abc 32

11 nd i vidual 
letter are

means within 
different at I

a single year not followed 
3.05 probabi1i ty.

by a common

T.E. Bates
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Figure 9

Corn grain yields (19&7-7M 
harvest (1968-7^) averaged

and percentage of plants lodged at 
across three sites.
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Figure 10

Average corn grain yields (1967~7^*)  and percentage of plants 
lodged at harvest (1968-74) for two sites.
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Slow-Release Nitrogen Carriers for Forage Production

Slow-release N carriers are reported to require one applica
tion per season, releasing N throughout the growing season and thus 
providing more uniform production of forage grasses. Increased produc
tion of Reed canarygrass, which had received two applications of 50 kg 
N/ha during the previous seasons, was obtained from the use for two 
years of a single application per year and one year of residual effect 
of sulphur-coated urea (S.C.U.) and crotony 1 i dened i urea (C.D.U.) 
(Table 16). C.D.U., however, did not produce a significant response 
during the first year but produced the highest total yield in the second 
year. S.C.U. was equivalent to urea during 1971 and 1972 and had a 
superior residual yield in 1973. A December application of all three 
carriers tended to be superior to an April application in 1971, although 
the apparent advantage was not evident in yields obtained during the 
next two years. A split application of N as urea did not produce more 
total yield than a single application except in 1973, the year of resi
dual measurement. A single application of S.C.U. produced a second cut 
yield equivalent to a split application of urea in the first year but 
not in the second year.

A comparison of rates of the three N carriers indicated a 
very poor response to C.D.U. during the first season in contrast to 
the same material being superior to the other two carriers in the second 
season (Fig.11). In general urea was slightly superior to S.C.U. during 
both seasons. The degree of response, relative to the check, was greater 
in 1972 than in 1971, in part due to the reduced yield of the check which 
had not received N since 1970.

The apparent recovery of N in 1971 from urea was substantially 
greater than from S.C.U. which in turn was several fold greater than the 
recovery from C.D.U. (Table 17). During the second season, however, 
superior recovery was obtained from C.D.U. The data indicate that the 
microbiological population required for the mineralization of C.D.U. 
required one season to develop in the soil. In general most efficient 
utilization of N was obtained with an early May application of the three 
carriers. The apparent recovery of residual N was calculated by expres
sing the N removed as a percentage of the N not removed by top growth 
during the two years of application. In general less than 10% of the 
total N applied was recovered in the residual harvests and the residual 
recovery was greater with a split application of urea and with S.C.U.

In conclusion S.C.U. and C.D.U. were considered satisfactory 
N carriers for pure grass hay production, however, their use in farming 
practice will depend on their price relative to urea. Furthermore C.D.U. 
will require one year of application before the full benefit of the 
carrier is obtained.

R. W. Sheard
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Table 16: Influence of urea applied in December, May or split between December, May and July, croto- 
nylidenediurea (C.D.U.) and sulphur-coated urea (S.C.U.) applied in December or May at 
240 kg N/ha per year on the dry matter yield of Reed canarygrass.

Carrier Time 1971 1972 1973 3 Year 
TotalCut 1 Cut 2 Total Cut 1 Cut 2 Total Cut 1 Cut 2 Total

(kg dry wt/ha)

Urea Dec. 7164 1947 9111 5663 1917 7580 1836 1026 2862 19553
May 5941 1532 7473 5108 2331 7438 2234 1086 3320 18231
Split 5095 1851 6946 4814 3374 8188 3491 1246 4737 19870

C.D.U. Dec. 4335 1232 5566 6309 1913 8222 2893 1253 4146 17934
May 3708 870 4578 6576 3122 9698 3601 1277 4878 19154

S.C.U. Dec. 6074 1753 7827 5175 2206 7381 4281 1644 5925 21134

May 5382 1634 7016 4797 2448 7245 4160 1552 5712 19973

Check 3685 545 4229 1665 712 2377 1940 1049 2989 9596

Std. Error 375 95 417 251 110 297 179 93 221 708

h .s .d * 1650 418 1835 1104 484 1307 787 409 972 3115

*P = .05, 8 treatments, error d.f. = 87



Table 17= The apparent recovery* of nitrogen from the application of urea, crotony1idenediurea 
(C.D.U.) and sulphur-coated urea (S.C.U.).

Carrier Ti me 60 120 180 240
1971 1972 1973 1971 1972 1973 1971 1972 1973 1971 1972 1973

a)

Urea Dec. 48.9 26.4 0 55.8 43.9 6.5 49.2 30.2 1.8 54.4 35.0 1 .4

May 49.0 36.5 6.3 60.2 45.3 6.6 49.4 45.8 4.1 45.1 43.9 2.8

Split 40.3 32.0 10.8 33.5 35.1 10.9 28,1 35.0 9.2 24.4 39.2 8.7

C.D.U. Dec. 14.9 33.2 8.7 9.8 46.0 10.9 9.1 52.0 9.2 10.9 40.0 6.2

May 0.0 65-2 7.2 1.4 58.7 9-1 8.4 73.9 8.6 4.6 57.9 9.4

S.C.U. Dec. 24.1 20.2 6.7 27.5 26.0 6.6 30.1 33.4 13.1 32.3 31.2 10.2

May 29-6 24.6 9.7 36.3 31.0 10.5 27.2 26.6 11.5 27.6 36.9 12.5

* lb N removed in N treated grass - lb N removed in check 
Rate of N Application
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Figure 11: The response of Reed canarygrass to rates and time of applica
tion of urea, crotony1idenedI urea (C.D.U.) and sulphur-coated 
urea (S.C.U.)
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The Influence of Ammonium and Nitrate on Phosphorus Uptake by Corn

Many studies have shown that the addition of nitrogen to a 
phosphorus band increases the absorption of phosphorus. Studies have 
been conducted for a number of years to determine the mechanisms respon
sible for this increase. Recent studies indicate that an effect of 
NH/| in increasing P uptake by plants is through the reduction of the pH 
at the root-soil interface. It was postulated that a lowering of the 
pH at the root-soil interface with NH/| increased the phosphate concen
tration in the soil solution adjacent to plant roots, and this increased 
the P uptake by plants.

+ Corn was grown on soils of pH 4.3, 5.5 aijid 7-1 fertilized 
with NH/| and N0$ fertilizers. Nitrification of NHr was prevented with 
2 chloro-6 (trimethyl) pyridine. Using the centrifuge filtering tech
nique, solutions were isolated from the bulk soil and rhizocy1inders 
after 11 days1 growth. NH^ reduced the pH of the rhizocy1tnder solution, 
and increased the solution phosphate concentration and P uptake by corn. 
NOo increased the rhizocu1inder solution pH, but did not significantly 
reduce solution phosphate concentration or affect P uptake compared with 
the control (no N). Addition of nitrogen either as NH^ or NOp with phos
phate (as monocalcium phosphate) resulted in P uptake that was greater 
than could be predicted by either the rhizocy1inder or the non-rhizosphere 
solution phosphate concentration alone. This indicates that nitrogen 
either as NH^ or NO3 had a stimulating+effeet on P absorption and trans
location by plants. In the case of NH^-ferti1ized corn, the observed P 
uptake was much larger than that suggested by increased P concentration 
in the soil solution and the enhancement of P absorption and translocation 
by nitrogen. From laboratory desorption experiments, it was concluded 
that this increase was due to a lower phosphate buffering capacity of the 
soil in the rhizosphere at the lower pH, thereby increasing the effective 
diffusion coefficient and the diffusive supply of P to the roots.

This and previous studies have clarified the mechanisms 
whereby the addition of nitrogen to a fertilizer phosphorus band increases 
the absorption of phosphorus. The initial reaction is the one described 
above - the absorption of NH/*  results in a reduction in pH at the soil
root interface resulting in an increased phosphate concentration in solu
tion and an increased diffusive supply to the root. Nitrate nitrogen has 
the opposite effect on this mechanism, tending to reduce the absorption 
of P. The second mechanism which becomes operative within a day or so 
is an increased physiological ability of the plant to absorb and translo
cate phosphorus. NH4 and NO3 appear to have equal effects on this mecha
nism. A third mechanism which begins to operate after a week or so is a 
stimulation of root growth in the presence of either NH^ or N0$, thus 
resulting in increased phosphorus absorption.

The practical significance of these studies is that the 
inclusion of nitrogen will greatly increase the absorption of phosphorus 
from a fertilizer band. The ammonium form of nitrogen results in a greater 
increase in absorption than does nitrate, particularly during very early 
stages of growth when phosphorus absorption is frequently limiting.

Y.K. Soon and M.H. Miller
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Effect of Molybdenum on Yield and Quality of Head Lettuce

Sodium molybdate was applied as a liquid seed treatment to 
raw lettuce seed - variety Ithaca. Leaves were analyzed for molybdenum 
content at two stages of growth and from two different times of planting. 
Outside leaves were taken for analysis from small plants, and wrapper 
leaves from all others. The results are given in Table 18.

Table 18: Effect of seed treatment on the molybdenum concentration in 
lettuce leaves for four times of sampling.

June 20 
1st planting 

(smal1 plants)

July 5 
1st planting 

(mature plants)

July 5 
2nd planting 

(small plants)

July 20 
2nd planting 

(mature plants)

Check .15

Mo concentration (ppm)

.12 .30 .10
.12 . 1 1 .35 .20

Treated .91 .20 .73 .35
1.16 .32 .58 .35

For 197^> the check plants are consistently lower in molybdenum 
than treated plants. Uptake of molybdenum is greatest when plants are 
small. Yield and quality of lettuce were not affected by treatment except 
that better germination resulted from treated seed. There was no differ
ence in days to maturity due to treatment.

A.L. Willis
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Chemical Behaviour of Plant Nutrients in Organic Soils as Indicated by 
Soil and Plant Analysis

Zinc and manganese, as chelates, (Ciba-Geigy) were applied to 
the soil prior to seeding on three growers1 farms in the Holland marsh. 
When the carrots were six inches In height and again three weeks later, 
a foliar spray was applied with the same chelated materials. At harvest 
time the carrots were washed and examined for horizontal lesions and 
culls (forked, split etc.). The results are shown in Table 19.

Table 19: Effect of molybdenum treatment on lesions and culls in carrots.

G rowe r T reatment Total yield 
kg/ha-

Les i ons 
kg/ha

Culls 
kg/ha

Horii ng Zi nc 74760 13282 9751
Manganese 65233 15299 8967
Check 68988 14627 9582

Frantzem Zinc 70220 9695 12497
Manganese 66466 13394 8014

Check 69324 12889 8294

KI i c ZI nc 76665 3138 8350
Manganese 78739 3418 9695
Check 89107 5044 12329

* kg/ha divided by 56 " bus (50 lb) per acre.

The reductions in horizontal lesions were not as marked as in 
1973; only the zinc treatment on the Frantzem farm shows a significant 
reduction of lesions due to treatment in 1974.

A. L. Willis

71



Multiple Roles of Light in Nitrate Assimilation

Continuing studies on the relation of light to nitrate assimilation 
have revealed differences between various species in the association of 
incident light energy with nitrate content and nitrate reductase activity. 
Table 20 exemplifies three different modes of this association as found in 
young leaves of pea, wheat and corn seedlings grown under continuous light. 
Both nitrate concentration and nitrate reductase declined in peas with a 
decline in light energy, neither nitrate nor enzyme level were affected by 
the light gradient in wheat, whereas corn behave intermediately with a 
dependence of nitrate reductase, but not nitrate concentration, on the 
light gradient. Not shown are data which reveal that the relative behaviour 
of wheat and corn was preserved in a light gradient of much lower absolute 
intensities (220-1400 as against 3,000-19,000 lux).

For all three species, the transfer of plants to darkness results 
in a loss of nitrate reductase but not nitrate (data not shown), therefore 
light is essential to the maintenance of enzyme activity even when maximal 
activity occurs under very low light energies. We may surmise that a 
balance occurs between various types of light reactions each with a 
different requirement for light energy saturation, and that this balance 
differs amongst different species. A low energy (phytochrome) and higher 
energy blue light reaction have been shown to be involved in the induction 
and maintenance of nitrate reductase (see 1971 and 1973 Progress Reports). 
Both the latter reactions have a light requirement less than that of photo
synthesis, The interrelationship of these light reactions is complicated 
by the fact that they may operate directly on nitrate reductase, as appears 
to be the case for a low energy reaction in wheat and a high energy reaction 
in corn, or indirectly by controlling the concentration of inducer nitrate, 
as apparently occurs for a high energy reaction in peas.

The response of peas to a high light intensity gradient indicates 
that one avenue for the control of shoot nitrate reductase in this species 
may be via root absorption and/or translocation of nitrate, this in turn 
being controlled by the formation of photosynthate and its translocation 
from the shoot. Such a mechanism would not exclusively control the enzyme, 
however, since the latter declines in darkness without a parallel decline 
in the nitrate content of the leaves.

R.W. Jones and R.W. Sheard
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Table 20: Association of nitrate concentration and nitrate reductase 
activity with light intensity in leaves of peas, wheat and 
corn.1

Light Intensity _____ Peas_____ Whea t __ Corn_

(Lux)
2

NRA
_3

NO^ NRA N0“ NRA no;

19,000 9-9 43 10.2 147 16.1 43

12,000 6.0 35 8.5 143 12.3 48

9,000 4.8 21 9.9 149 10.5 37

5,400 2.3 20 12.8 137 8.6 42

. 3,000 0.3 10 10.1 122 6.9 45

1 o
Plants were harvested after growth for 6 days at 25 C on l/10th
Hutner’s medium containing 20 mM kN0„. Samples consisted of the 1st 

and 2nd leaf pairs from peas and the primary and secondary leaf lamina 
from wheat and corn. The varieties were Canada No. 1 (peas), 
Frederick (wheat) and U.H. 106 (corn).

Nitrate reductase activity, p moles NO^. gf wt .hr 1.
, - -1p moles N0$. gf wt
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RESOURCES INVENTORY, PLANNING AND DEVELOPMENT

The Effects of Smelter Emission on the Soils of the Sudbury Area

The soils of the Sudbury area have been exposed to emissions 
resulting from the smelting of sulfide ore for over 80 years. These 
emmissions consist mainly of S0_ and 25 other pollutants, 16 of 
which are metals. The effect or these emissions on the soil has been 
identified with increasing acidity and heavy metal contamination.

A three phase research program was developed to determine; 
(1) the chemical changes which have taken place in the soils around 
Sudbury which have been exposed to smelter emission; (2) the short-term 
effects of emissions on the acidity and the heavy metal concentrations 
in normal soils at different moisture contents; (3) the effects of SO^ 
on acidity and sulfate-sulfur content of soils differing in texture, 
moisture and calcium carbonate content under controlled laboratory 
cond i t i ons.

The increasing soil acidity has+$esul^d in ajj^arent accelerated 
leaching of such basic cations as Ca , MG and K_ *.  This has been 
accompanied by decreases in pH and ifjicreases+in SO^-S concentrations as 
well as increases in exchangeable Al and H concentrations. Coarse 
textured soils have been more strongly affected than fine textured soils 
in most cases. The strongest affects were found in the uppermost 
horizon of the soil profiles within 15 miles of Sudbury.

The concentrations of Cu and Ni have increased to over 2000 ppm 
from a normal background of approximately 30 ppm in the uppermost few 
centimeters in some areas. The highest increases were generally within 
five miles of the smelters with a sharp decline beyond ten miles. There 
was little evidence of Pb, Zn or Cr accumulations in the soil except with
in a few miles of the smelters. Neither Mn nor Cd showed any relationship 
to the proximity of the smelters.

Soils exposed down wind from the smelters at selected sites 
for 1$ weeks showed pH depressions as much as 0.9 units and increases 
of SO^-S concentration as high as 100 ppm above the background level. Three 
soil moisture treatments were studied; (1) a rain-exposed treatment 
where rainfall was the only source of moisture; (2) a moist treatment 
where the soils were maintained at approximately-0.3 bar matric suction 
and (3) a dry treatment where the only moisture source was atmospheric 
humidity. The largest changes in pH and SO^-S concentration were found 
in the uppermost layer (0 - 1 cm) of the soil at sites closest to the 
smelters. These changes were strongly influenced by the moisture content 
of the soil. In general the higher the moisture content the larger the 
changes. In this short time period there were only small indications of 
surface loading of heavy metals.

The effects of SO? on soil pH and SO^-S concentration in the 
laboratory were found to be related to the SO^ exposure (i.e concentration 
and time), moisture content, texture and calcium carbonate content of the 
three soi1s studied.

Greg Cox, E. G. Beauchamp, and 
R. L. Thomas
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Terrain Analysis For Assessing The Visual Impact Of Hydro Transmission 
Li nes

For the analysis of visual impact, an approach was developed 
from design theory which involved the consideration of factors of tower 
line visibility and observer awareness of tower lines. There were a 
number of variables which determined the level of these two visual 
impact components including the landscape's capacity to screen its 
potential for the occurrence of skylining and backgrounding situations, 
its spatial definition and scale characteristics, its inherent pattern 
and degree of naturalness. Other variables included tower design and 
the critical distance from a tower line in which visual impact is 
s igni ficant.

For the regional level analysis of visual impact a terrain 
classification system was developed to serve as a framework for this 
design-based evaluation process. It stressed the form of the land 
surface as its major criteria for classification and used quantitative 
measurements of form variability to allow for objective evaluations of 
visual impact and to ensure consistency in the application of the 
classification system in any area.

Landscape units called Land Systems were initially classified 
within a Pilot Study Area using stereoscopic aerial photo interpretation 
and field survey of land surface form variability. The major weakness 
of this approach was its inherent subjectivity and related problems with 
variation in interpretation. To overcome this limitation, form characterist
ics of Land Systems were quantified by the use of crest analysis and 
relative relief analysis which measured the density and degree of 
orientation of convex terrain features and their vertical extent and 
combined these into an index of complexity which was calculated for each 
land system.

These quantitative procedures were incorporated into the 
inventory procedures to allow for objective, precise Land System mapping. 
The data generated also aided in the process of objectively evaluating 
each Land System for visual impact. Other information on forest cover 
and land use was also gathered for interpretations of the visual character 
of the Land System.

J. Hagarty, S. Kendal 1 and 
E.E. Mackintosh.
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Management Problems of Polydjsciplinary Environmental Research Projects 
In the University Setting

The present wide-spread use of polydisciplinary groups in 
environmental projects has brought into focus the need for research Into 
the organizational, leadership and integrative aspects of managing these 
groups. The problems of polydisciplinary group management are identified 
and available methods and tools are reviewed in an attempt to define 
regions in which solutions to these management problems may be found. 
An interview and questionnaire technique, covering the participants of 
7 case study groups, was employed to identify the problems encountered 
and to investigate the attitudinal and motivational aspects involved. 
This survey did not find consistent differences among disciplines that 
explained the difficulties of polydisciplinary work. Communications, 
confusion of and insecurity in group research roles, and interpersonal 
skills emerged as the major problem areas. The author develops some 
of the concepts of systems science into a ‘systems approach1 to the 
very complex field of group management problems. The effect of the 
institutional (university) setting on the research group Is examined. 
A program is outlined, based on the information collected, for establishing 
a polydisciplinary research project within the university environment.

S. Kendall and E.E. Mackintosh

Impact of Transmission Lines on Agriculture

The impacts of hydro transmission lines on agriculture are 
identified and reviewed under the following headings: losses in 
agricultural productivity; reduced efficiency of operations; damage to 
farm property; impacts on property values; and impacts related to land 
acquisition policies. As well, the agricultural imputs into line 
location are discussed at the regional, corridor and site levels of 
p1ann i ng.

The importance of developing a comprehensive methodology at 
the regional level and in location of generation sites which includes 
agricultural inputs is stressed.

J. Hagarty and E.E. Mackintosh
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Impact of Recreational Use on Soil and Vegetation in Rushing River 
Provincial Park, Ontario

The use of cluster analysis and ordination techniques provides 
a convenient method for assessing the impacts of recreation on 
vegetation. The cluster analysis methods of Ward and Lance/Wi11iams 
were used to objectively classify and define vegetation units. These 
units form the basis for the subsequent and more detailed analysis 
directed at assessing the level of impact in relation to the intensity 
of use by principal components analysis.

The method as tested and presented provides a quantitative 
means of assessing recreational impact on vegetation and soils and as 
such, represents a major advancement in establishing a sound basis for 
developing future policies in park management.

A brief resume of the changes observed in vegetation and 
soils as a consequence of recreational use are as follows:

1. Environmental modifications occurring within campsites as a result 
of recreational activity:

(i) rearrangement of the original plant cover whereby more 
compaction and drought resistant 'weedy1 species replaced 
the natural vegetation in areas of heavy use.

(ii) destruction of the vegetation, the magnitude of which was 
directly related to the intensity of use

(1ii) frequent total destruction of vegetation in areas of intense 
use (high impact areas)

(iv) increased exposure of bare soil and bare rock in heavily 
used areas due to destruction of the vegetation (maximised 
in high impact areas)

(v) enhanced rates of soil erosion detected by the frequent 
exposure of tree roots In highly impacted areas.

2. Modifications of natural vegetation in high use areas:

(i) most fleshy plants, such as Clj nton i a boreal Is, were 
absent or showed diminished abundance

(ii) most species of lichen were absent or showed 
diminished abundance In campsite areas but were 
very common in drier undisturbed habitats
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(Hi) only a few species (mainly woody or low lying) 
seemed capable of survival near or close to high 
impact areas, eg. Diervi1 la Lon icera, Vaccln1um 
angus ti foliurn, Gaultheria procumbens, Fragaria 
virgin!ana Duschense., MaiantKemum canadense and 
Cornus canadensis. All of these had a dwarfed 
habit when growing in high traffic areas.

(iv) shrubby species such as Vaccinium angustifol 1um 
appeared very stunted, never produced fruit and 
were rarely seen to flower when growing in high 
traffic areas.

(v) many natural shrubs and young trees such as 
Junjperus communis L., Alnus rugosa (Du Roil) 
Spreng., Cory 1 us cornuta and Populus tremuloides 
appeared absent or markedly diminished in 
abundance in high traffic areas.

(vi) A zone of 'weedy1 species is usually present 
immediately adjacent to the high impace area. 
The natural vegetation In this zone is replaced 
by alien species such as Poa annua, PI antago 
major L., T r j f o 1 ium repens L., Taraxacum officinale 
Weber., plus various species of grasses and sedges.

M. Hoffman, T. James, E.E. Mackintosh 
and D.W. Smith.
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AGROMETEOROLOGY

The agrometeorology research program at Guelph inter-re1ates with 
several other research programs, including those concerned with field and 
horticultural crops, pest control, farm management and mechanization, and 
agricultural resource planning and projects conducted in cooperation with 
the Atmospheric Environment Service and Agriculture Canada. This program 
has continued to develop along four major lines:

1. the influence of weather on the outbreak and spread of plant 
d i seases;

2. effects of evaporative demand and available soil water on 
plant water status and crop productivity;

3. relationships between climatic factors and crop development; 
k, computer simulation models for predicting time available for 

fa rm operat ions,

DISEASE-WEATHER STUDIES ON CARROTS

Plots of carrots at the Ontario Ministry of Agriculture and Food 
Muck Research Station, Bradford, in the 197^ season were given either no 
fungicidal sprays, weekly sprays, or sprays on a reduced schedule. On 
the reduced spray program, the decision to spray was based on controlled 
environment studies along with microclimate and blight data gathered in 
1972 and 1973. Sprays were applied only when cloudiness, leaf wetness 
duration and temperatures were favourable for disease progress.

The data in Table 21 show that 6 sprays timed according to the 
weather controlled the blight better than weekly sprays. The 50% decrease 
in fungicide usage that we have achieved could benefit the growers directly 
by lowering their fungicide bills, and indirectly by reducing the pesticide

Table 21: Blight development in field plots sprayed on a regular weekly
bas is or on a reduced basis according to weather data.

Fungicide spray Number of Estimated percentage blight
appli cations sprays Aug. 20 Sept. 15 Oct. 8

None 0 3.3 7.6 31.2

Weekly 1 1 2.3 6.0 16.6

Reduced spray 
according to weather

6 2.1 5.7 11.8

load on the Bradford Marsh. We have observed the crop losses caused by 
carrot blight at harvest time and have found that the improved disease 
control obtained with timed sprays versus weekly sprays (12% vs. 17%) 
would pay the grower an extra $16 per acre in yield. His savings in 
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fungicide (6 sprays vs. 11) would be a further $16 to $28 per acre, depending 
on the chemical used (dollar values based on 197^ prices). If our reduced 
spray program had been used over the whole 2600 acres devoted to carrot 
production in the Bradford Marsh during 197*+#  the decrease in pesticide 
input to that environment would have been 22 tonsl

*Lysimeters, root pressure bomb, dew point hydrometers, gas-exchange (cuvette) 
system, air turbulence measuring and analysis equipment with on-line computers.

W.J. Langenberg and T.J. Gillespie

AIR, SOIL AND PLANT WATER RELATIONS

Instruments*  that have been developed previously through the efforts 
connected with this program have been used extensively in our research and by 
other researchers at Guelph and in other countries. In addition to the projects 
concerned with soil and plant water status here, some of the instruments have 
been used in projects concerned with evaluation of crop breeding techniques, 
nutrient uptake, ammonia release from soil, flux of NFL, CC^, ozone and water 
vapour in corn canopies, testing of an infra-red humidity sensor, soil freezing 
and zero tillage. The main thrust of the air-soi1-plant water relations 
projects can be divided into four general areas - (a) the movement of water 
into plants and its transport to leaves, and the effects of water stress on 
productivity, (b) diffusion processes in the air within and above plant 
canopies and above bare soil or snow covered surfaces, (c) comparison of 
the energy-balance, aerodynamic and eddy-correlation approaches to the 
micrometeorologica1 determination of heat, water vapour, and carbon dioxide 
exchanges between a crop canopy and the atmosphere, and (d) investigation of 
the flux of ozone from the atmosphere into plant leaves.

In part (a) measurements of water movement in several different 
crop plants have been made. Corn and sorghum have been studied most exten
sively in an attempt to pinpoint the parameters that result in corn being 
less tolerant to drought conditions. Measurements were made of generally 
accepted plant parameters but it was found that these did not adequately 
describe the water relationships of corn. In particular, when corn became 
stressed from reduced available water it appeared to be unable to extract 
from the soil the remaining water that was available while sorghum did not 
suffer from this deficiency. It has become apparent that we do not adequately 
understand the mechanisms involved and our experiments are now aimed at 
obtaining this understanding. It is interesting to note that during the course 
of our experiments with Mexican corn it was discovered that a wide range of 
genetic variability existed in this characteristic. Depending on the mech
anisms involved it may be that the incorporation of these characteristics 
into Canadian corn varieties would be very profitable.

In part (b) a diffusion model is being developed based on the 
statistical analysis of air motions within and above vegetated surfaces. 
An adequate model of this type would have many applications in the fields 
of agriculture and meteorology. The theoretical aspects of the model are 
progressing well and in May 1975 tests will be conducted during an NH, 
release experiment at the Elora research station. It is hoped that this 
new model will allow research to be conducted in areas where existing 
models of diffusion were clearly inadequate.
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In part (c) comparison of the three micrometeorologica1 approaches 
have given different quantities for the exchange of heat, water vapour and 
carbon dioxide between a corn canopy and the atmosphere during the last few 
years. The diffusion model, (b) above, suggests that the ratio of turbulent 
exchange coefficients change with height, which, if true, could be the reason 
that different quantities are estimated by the three approaches. A new 
method to measure temperature and humidity change with height within and 
above a corn crop was used in 197^ and results indicated that there was 
little evidence that the ratio of exchange coefficients for heat and water 
vapour changed with height above a corn crop. The method consisted of 
mounting a fine-wire resistance thermometer and an open-path Lyman-alpha 
hygrometer, both having a time response of less than 0.1s, on a cable and 
moving them up and down continuously over a 5-5 m vertical path at a speed 
of 1 m/s. An on-line computer sampled the vertical position and the temper
ature and humidity 100 times each second and provided half-hour mean values 
in 5 cm height increments. These data also were combined for periods of up 
to a few hours when under steady weather conditions and the resulting 
vertical profiles of temperature and humidity were extremely smooth.

G. Kidd, G.W. Thurtel1 and K.M. King

PLANT INJURY BY AIR POLLUTION

Recently, the air pollutant ozone (0,) has been convicted of 
causing substantial economic losses to Ontario's agriculture, especially 
in the southwestern portion of the province where, for example, in 1973 
losses attributable to ozone have been estimated at over 5 million dollars 
in white beans and tobacco. Although it is possible to apply systemic 
protectants, they are very costly and their protective effects are rel
atively short-lived. These facts prompted the Atmospheric Environment 
Service to issue a contract to establish the meteorological and physio
logical criteria which lead to crop injury and/or yield reductions from 
ozone.

One research tool currently in vogue in air pollution research 
is the open-top field fumigation chamber in which an attempt is made to 
expose plants to differing dosages of ozone under conditions approximating 
those of the field. These chambers are widely used for screening trials 
of different species and varieties, but lately they have also been utilized 
in studying the yield losses associated with air pollutants. In order, to 
have confidence in the data obtained from these open-top chambers, it is 
essential to understand their operating characteristics, and their effect, 
if any, on the plants within them.

Dr. D.P. Ormrod of the Department of Horticulture kindly allowed 
us to make some microclimatic measurements in his open-top chambers located 
at the Cambridge Research Station, The main findings were that on sunny 
days the fiberglass walls attenuated the photosynthetica11y-active radiation 
by 25“35% and the shade they projected onto the plant material may make yield 
comparisons difficult. The method of distributing and mixing the polluted
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air in the chamber was unsatisfactory giving rise to inhomogeneous 0$ and 
CO2 levels which could further complicate yield studies; a more effective 
design was suggested and implemented, The type of ozone analyzer being 
used to monitor 0$ dosage was found to be inherently inefficient, with 
efficiencies ranging from 33 to 60% of actual values. This was verified 
by recent reports in the literature and by subsequent lab experiments.

To further study the ozone injury criteria, two leaf cuvette
systems were constructed to allow an attached leaf to be fumigated while
continusouly monitoring rates of transpiration, photosynthesis and ozone 
uptake. It has been suggested in the literature that most plants respond 
to the presence of ozone by partially closing their stomata. Our measure
ments on white beans revealed that the stomata did not significantly respond 
to ozone. At present, the only difference noted between sensitive and 
resistant varieties of white bean, is that the stomatai resistance of the 
sensitive variety is about one-half that of the resistant one, and con
sequently in ozonated air, the sensitive leaf will take up approximately 
twice the amount of ozone as the resistant leaf. Corn, on the other hand,
is not considered to be a crop that is seriously affected by ozone. Gas 

to restrict almost immediately 
the chance of injury. Recovery 
this reason, it is thought

exchange data showed that corn stomata begin 
thus reducing the uptake of 0, and minimizing 
of stomata is almost complete overnight. For 
that corn is not subject to severe injury like beans, although chronic 
exposures to ozone may significantly reduce yields by suppressing photo
synthesis. Further studies are continuing into tobacco varieties and it 
is expected that field experiments will be underway in the summer of 1975-

P.J. Smith and K.M. King

CLIMATE AND CORN DEVELOPMENT

Research during the past few years has dealt with the early 
development periods of corn. Results indicated that conditions during 
germination affect subsequent development rates. A combined growth chamber
field experiment conducted in 1974 indicates that germination temperatures 
influence the time required to reach the tassel emergence stage, but there 
was no influence beyond this stage. The quantitative effect was not as 
large as calculated from previous field experiments. A preliminary pre
dictive equation for estimating corn leaf emergence rates from environment 
parameters was derived from field measurements of leaf emergence.

M.C. Coligado and D.M. Brown

TIME AVAILABLE FOR FARM OPERATIONS

The soil and crop moisture budgeting model developed for esti
mating the number of suitable fieldwork days from climatic records was 
applied to 50 years of records from four weather station sites in Ontario. 
The expected number of suitable harvest-days at specific probability levels 
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was calculated for two broad soil classifications in the climatic regions 
represented by the four sites. The tables prepared for each week of the 
fall season illustrated that a great number of suitable days in each week 
are available during critical harvest times than during the periods when 
spring seeding and planting should be carried out. For example, the number 
of suitable workdays at the 67% probability level for loam-clay soil types 
in the Guelph area for April 26 to May 2 are 1.8 and May 10 to 16 - 2.2 
and for Sept. 20 to 26 - 4.6, Oct. 11 to 17> 3-7, and Nov. 15 to 21 - 2.8 
days.

Research on the haying and summer harvest season has started. 
A computer simulation model to predict the probabilities of days available 
for haying is being developed, and so far it has been found that:

(1) the rate of moisture loss from cut hay is linearly related 
to accumulated potential evaporation;

(2) rewetting of the hay from dew, as well as rainfall, signi
ficantly affects the drying times. In modelling the effect 
of dew the assumptions were; a) when the relative humidity 
exceeds 90%, dew forms on the surface; b) the daily minimum 
temperature is the dewpoint; and c) the total precipitation 
from dew is related to the duration of the dew forming process.

The model has been derived from previous work in this area and checking 
estimated drying rates against actual hay moisture contents available from 
experiments conducted over several years in Program 21 - Forage Crops.

Accurate estimates of the days available for fieldwork are 
needed for farm management programs, so that the probable time for 
conducting field operations can be included for each climatic region.

J. Dyer, P. Van Die and D.M. Brown

GUELPH IBP PROJECT COMPLETED IN 1974

The project was begun on a small scale in 1967> was expanded 
greatly during 1968 and came to an end in 1974 with the submission of the 
final report. The project's full title was, Training in Agrometeorology 
and Research on Photosynthesis of Crops in Relation to Productivity. It 
was one of the hundreds established around the world for the International 
Biological Programme. IBP was non-governmental in origin, being set up by 
the International Council of Scientific Unions (ICSU) at its X General 
Assembly at Vienna in November, 1963. The principal objective of IBP was 
the investigation of the "biological basis of productivity"; much of the 
emphasis was on energy flows in ecosystems and on environmental interactions 
with biological communities. Seven sections were established internationally 
as follows: Production Processes (PP), Productivity of Terrestrial Communi
ties (PT), Productivity of Freshwater Communities (PF), Productivity of 
Marine Communities (PM), Conservation of Terrestrial Communities (CT), Use 
and Management of Biological Resources (UM), Human Adaptability (HA). In 
Canada the National Research Council established an overall Canadian committee 
(CCIBP) and sub-committees were formed for each of the seven sections. The 
Guelph Project came under the oversight of the Production Processes-Photo- 
synthesis Subcommittee.
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There was considerable international collaboration and information 
exchange, including publication of handbooks and proceedings. Participants 
from Guelph took part in PP meetings: one on methods at Trebon, Czechoslo
vakia in 1969 and one on synthesis of results at Aberystwyth, Wales in 1973- 
A series of about 40 volumes synthesizing the results from the various pro
jects in the seven sections is being published by the Cambridge University 
Press. Preliminary results from three major Canadian PP projects: the 
tundra project at Devon Island, N.W.T., the grassland project at Matador, 
Saskatchewan and the crops project at Guelph were presented at a workshop 
at Guelph in December, 1972 and published in a volume entitled, "Measure
ment and modelling of photosynthesis in relation to productivity". A book 
summarizing the Canadian effort for IBP will be published jointly by the 
National Research Council and the Royal Society of Canada and an article 
on the Guelph Project has been submitted. Canadian scientists also have 
gained a tremendous amount of know-how on the management of such large- 
scale interdisciplinary projects in terms of organization, level of funding, 
coordination, role of modelling, review procedures, etc. Dr. W.H. Cook, 
Director-General of CCIBP in fact prepared a report on these aspects. This 
report should be of great value to any group now planning to fund or carry 
out interdisciplinary research. A brief summary of the Guelph Project 
fol lows:

The Guelph Project had two main emphases: training graduate 
students in agrometeorology and research on the photosynthesis of crops. 
Graduate students entering with either a physical or biological background 
were trained in agrometeorology and participated in the research project. 
An attempt was made to bridge the gap which has divided research in 
biology from that in micrometeorology. The research emphasis was on the 
physical and biological processes which determine the physical environment 
of agricultural crops and their photosynthesis and production. Corn was 
the main crop studied.

The. water relations of plants in regard to photosynthesis, trans
piration and growth was one of the major research problems. An instrument 
was developed to record continuously the water status of a leaf attached 
to a growing plant and provided much new and accurate information. it 
was found that there was a considerable difference between corn and 
sorghum and indeed between some varieties in their response to water 
stress. Sorghum continued to transpire and assimilate carbon dioxide 
after corn had wilted. This research should assist in the development 
of improved drought tolerant varieties.

Plant diseases also affect crop growth and new weather indices 
were derived to indicate when corn leaf blights are likely to develop. 
The wetness of leaves and the temperature are critical variables.

Micrometeorologica1 experiments were done within and above the 
crop canopy. Measurements of the vertical transport of heat and momentum 
within the canopy of vegetation were made for the first time through the 
development of a new miniature anemometer which sensed the turbulent 
components of the wind. It was found that the horizontal variability in 

84



the vertical heat transport is only 10 to 25 per cent in a corn crop canopy. 
It was found that the plants caused increased turbulence in the air flow 
and the windspeed decreased exponentially with distance below the top of 
the crop. Comparisons of the Bowen-ratio approach and the eddy correlation 
approach for measurement of the amount of heat, water vapour and carbon 
dioxide being transported between the atmosphere and the soil-plant 
system showed significant differences when measurements were made over 
the tall corn crop but not over bare soil,

Several mathematical descriptions and models were developed. One 
was the prediction of the actual field microclimate from the data available 
at standard weather stations. Another was an improvement on the heat-unit 
system for predicting the rate at which plants develop. A bio-photo-thermal 
model was developed to predict tassel initiation time in corn and made use 
of genetic, photoperiodic and temperature information. A mathematical 
description was made of the imbibition of water by a corn seedling 
after planting and the emergence and subsequent growth of the radicle 
and shoot in relation to soil temperature. A simulation model for the 
seasonal growth of the corn crop also was developed and with a computer 
the season's growth was simulated in less than a minute.

K.M, King
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ACTIVE RESEARCH PROJECTS

SOIL SCIENCE

Soil Survey and Land Use

Studies of organic soils, their classification and uses.
D.W. Hoffman.
National Research Council.

Ontario soil surveys. D.W. Hoffman, C.J. Acton, J.E. Gillespie, 
B. Cameron, E.W. Presant, G.J. Wall (Agriculture Canada).
Ontario Ministry of Agriculture and Food, Agriculture Canada - 
Soil Research Institute.

Soil Physical Chemistry

Effect of snow pack management on water and nutrient movement 
in soils. B. D. Kay.
Ontario Ministry of Agriculture and Food.

Factors affecting frost heaving of forage species. B. D. Kay.
Ontario Ministry of Agriculture and Food.

Quantitative characterization of mass and heat transfer in 
freezing soils. B, D. Kay.
National Research Council, Geological Survey of Canada.

Soil Physics

Coupled processes in Na-saturated montmorillonite under 
i sotherma1 conditions. D. E. E1 ri ck.
National Research Council.

Comparison of neutron probes. P.H. Groenevelt, K.M. King.
World Meteorological Organization.

Waste Disposal and Pollution Control

Land disposal of sewage sludge. T.E. Bates, E.G, Beauchamp, 
J.W, Ketcheson, R. Protz, R. Johnston(Environmental Biology). 
Ontario M i n i s t ry~o f E nvT ro nme n t, Environment Canada.

Effects of manure residue on soil properties, yield and 
nitrogen requirements of corn. J.W. Ketcheson.
Ontario Ministry of Agriculture and Food.
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Farm manure disposal practice during winter in Ontario. 
J .W. Ketcheson.
Environment Canada.

Contribution of phosphorus from agricultural land to streams 
by surface runoff. M.H. Miller, S.C. Sheppard.
Ontario Ministry of Agriculture and Food, International Joint 
Commi ssi on,

Contributions of plant nutrients from agricultural lands to 
drainage waters. M.H. Mi 1ler, R.L. Thomas, D.E. El ri ck.
Ontario Ministry of Agriculture and Food, Agriculture Canada, 
Environment Canada.

Utilization of animal wastes in the production of forage species. 
R.W. Sheard.
Ontario Ministry of Agriculture and Food.

The effects of SO2 emissions into the atmosphere on the acidity 
of soils of the Sudbury area. R.L. Thomas, E. G. Beauchamp.
Ontario Ministry of Environment.

Effect of disposal of organic wastes (poultry manure) on 
properties of the soil organic fraction. R.L. Thomas, 
E.T. Moran (Animal and Poultry Science).
Ontario Ministry of Agriculture and Food, National Research 
Counci 1 .

Characteristics of drainage waters from waste disposal on land.
L.R. Webber.
Ontario Ministry of Agriculture and Food, Ontario Ministry of 
Envi ronment.

Land disposal of anaerobically digested sewage sludges.
L.R. Webber.
National Research Council.

Utilization and disposal of agricultural and urban wastes on 
1 and. L.R. Webber.
National Research Council, Ontario Ministry of Environment.

Soil-Plant Relations

Evaluation of macronutrient requirements of cereal grains.
T.E. Bates, E. Reinbergs (Crop Science).
Ontario Ministry of Agriculture and Food.

Evaluation of macronutrient requirements for corn. T.E, Bates, 
J.A. Smi th, W.l. Findlay (Agriculture Canada),

, C.K. Stevenson 
(Ridgetown College of Agricultural Technology).
Ontario Ministry of Agriculture and Food,
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Response of protein and oil seed crops to fertilizer.
T.E. Bates, J.W. Tanner (Crop Science).
Ontario Ministry of Agriculture and Food.

Denitrification in soils. E.G, Beauchamp.
National Research Council.

Evaluation of corn hybrids and breeding lines for macronutrient 
and micronutrient requirements. E.G, Beauchamp, J.A. Smi th, 
L,W. Kannenberg, R.B. Hunter (Crop Science).
Ontario Ministry of Agriculture and Food.

Non-exchangeab1e ammonium in the soil nitrogen cycle.
E. G, Beauchamp.
Agriculture Canada.

Time of application and source of nitrogen on corn.
E.G. Beauchamp, C.T. Corke (Environmental Biology).
Ontario Mi nl’s'try of Agriculture and Food.

Effect of soil physical conditions on plant growth.
J,W. Ketcheson.
Ontario Ministry of Agriculture and Food, National Research 
Counci 1.

Effects of tillage practices on soil properties and on growth 
and yield of corn. J.W. Ketcheson, T.B. Daynard (Crop Science), 
H. Lee (Engi neer i ng).
Ontario Ministry of Agriculture and Food, National Research 
Counci 1.

Surface movement of soil and nutrients as influenced by tillage 
and stover management. J.W. Ketcheson.
Ontario Ministry of Agriculture and Food, Agriculture Canada.

Reactions at the soil-root interface and their significance in 
plant nutrition. M.H. Mi 1ler.
National Research Counci 1,

Soil temperature and geotropic response of roots. M.H. Miller. 
National Research Counci 1.

Fertilizer use in the production of grass for esthetic pur
poses. R.W. Sheard, J.E. Eggens (Horticulture Science). 
Ontario Ministry of Agriculture and Food, Canadian Industries 
Ltd.

Interaction of fertilizer use and harvest management on produc
tion quality and longevity of forage species. R.W. Sheard, 
W.B. Towill (Agriculture Canada), J.E. Winch (Crop Science). 
Ontario Ministry of Agriculture and Food.
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Interaction of soil drainage, species and plant nutrition. 
R.W. Sheard.
Ontario Ministry of Agriculture and Food.

Interaction of visible radiation and plant nitrogen 
metabolism. R.W, Sheard.
National Research Council.

Method, source and time of application of boron for alfalfa 
production. R.W. Sheard, W.B, Towi11 (Agriculture Canada). 
Ontario Ministry of Agriculture and Food.

Time and rate of application and source of nitrogen for grass 
production. R.W. Sheard, E.G. Beauchamp.
Ontario Ministry of Agriculture and Foocf.

Time of application and placement of phosphorus and potassium 
for grasses, legumes and mixtures. R.W. Sheard.
Ontario Ministry of Agriculture and Food.

Characterization and identification of organic phosphorus 
compounds in soi1. R.L, Thomas.
National Research Counci 1.

Reclamation of land damaged during the installation of power
1i nes. L.R. Webber, D.B. Hons.
Ontario Hydro.

Chemical behaviour of plant nutrients in organic soils as 
indicated by soil and plant analysis. A. L. Willis.
Ontario Ministry of Agriculture and Food.

Resources, Inventory, Planning and Development

Hanlon Creek ecological study: Interdisciplinary study group 
evaluating the effect of urbanization of the Hanlon Creek Water
shed area. E.E. Mackintosh, T. J. Gillespie, J.W. Milliken 
(Landscape Arch iLecture), et a 1 .
City of Guelph, Ontario Ministry of Transportation and 
Commun i cat i on.

Relationship of soil water table levels to soil morphology and 
soil drainage classes. E.E. Mackintosh.
Ontario Ministry of Agriculture and Food.

The impact of intensive recreational use on the soils and 
vegetation of Rushing River Provincial Park. E.E. Mackintosh. 
Canadian Forest Service, Environment Canada.

Computer modelling of soil development. R. Protz.
National Research Council.
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Descriptive analysis of ERTS and analogue aircraft data 
applied to I.F.Y.G.L. hydrological objectives. R. Protz, 
A. Falconer (Geography), S. Collins, W.T. Dickinson 
(Engi neeri ng).
National Aeronautics and Space Administration through Centre 
for Applied Research and Engineering Design.

Mineralogical and micropedological characterization of soils 
from active soil surveys in Ontario. R.Protz.
Ontario Ministry of Agriculture and Food, National Research
Counci 1.

Quantification of initial chemical changes in various soils. 
R. Protz.
National Research Council,

Quantification of soil structure. R. Protz.
National Research Council.

Quantification of soil variability (Northern Ontario). R. Protz.
National Research Council.

GEOLOGY

Jurassic geology of the Pacific margins, M.E. Brookfield.
National Research Council.

Paleoecoiogy and diagenesis of selected carbonate formations 
in southwestern Ontario. M.E. Brookfield.
National Research Council.

Recognition of ancient mantle plumes and mid-oceanic rises.
M.E, Brookfield.
Nationa1 Research Counci 1.

Stratigraphy and palaeontology of the Harris Lake area of
British Columbia. M.E. Brookfield.
National Research Council.

Metamorphic conditions in the Grenville Province. W. Chesworth.
National Research Council.

Mi neral-equi1ibria in the system SiO„-A1„0--Fe„0„0 applied 
to soils. W, Chesworth.
National Research Council.

Studies related to the weathering of igneous rocks. W. Chesworth.
National Research Council.
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Analysis of the Grand River watershed. I.P. Martini.
National Research Council.

Anatomy of Silurian deltaic and littoral environments - 
the Medina formation. I ,P. Martini.
National Research Council.

Comparative studies between Alpine and Appalachian sedimen
tary basins. I.P. Ma rt i n j.
National Research Council, Centro Nazionale Delle Richerche 
(Italy) .

Geology and land use of Wasaga Beach, Ontario. I.P. Martini, 
E,E. Macki ntosh.
National Research Council, Ontario Ministry of Natural Resources.

Pleistocene geology and the soils of an area of central Prince
Edward Island. I.P. Martini, R. Protz.
National Research Council.

Sedimentology and weathering of pleistocene and modern 
sedi ments. I.P. Marti ni.
National Research Council, American Philosophical Society.

Sundry aspects of Italian geology. I,P. Marti n i.
National Research Council.

AGROMETEOROLOGY

Effects of climate on alfalfa forage production potential.
D.M. Brown, R.S. Fulkerson, J.E, Winch (Crop Science), 
W. Baier (Agriculture Canada).
Ontario Ministry of Agriculture and Food, Agriculture Canada.

Effect of climate on corn maturity and harvestability.
D.M. Brown, T. Daynard, R.G. Hunter, L.W. Kannenberg (Crop 
Science), A. McLaren (Ridgetown College of Agricultural 
Technology).
Ontario Ministry of Agriculture and Food, National Research 
Counci 1.

Observation, compilation and analysis of current and past 
weather records. D.M. Brown, T.J. Gi1lespte, K.M. King, 
Ontario Ministry of Agriculture and Food.

Workday probabilities for agricultural operations. D.M. Brown, 
P. Van Die (CANFARM).
Ontario Ministry of Agriculture and Food, Agriculture Canada, 
CANFARM.
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Meteorological aspects of integrated pest control - weather 
and carrot blight control. T.J. Gillespie, J.C. Sutton 
(Environmental Biology).
Ontario Ministry of Agriculture and Food, Ontario Ministry 
of Envi ronment.

Crop injury by air pollution. K.M. King, P.J, Smith.
Atmospheric Environment Service.

Crop micrometeorology with emphasis on water relations and 
photosynthesis. K.M. King.
Ontario Ministry of Agriculture and Food.

Atmospheric transport processes within crop canopies.
G.W, Thurtel 1, G.E. Kidd.
Atmospheric Environment Service.

Plant water status as related to crop productivity and crop 
production. G.W. Thurte11, K.R. Stevenson, L.A. Hunt (Crop 
Science).
Ontario Ministry of Agriculture and Food, National Research 
Council, Atmospheric Environment Service.

The effects of water potential on stomatai and internal plant 
diffusive resistances for water vapour and carbon dioxide.
G.W. Thurtel1.
National Research Council.

Turbulent transport processes above terrestrial surfaces and 
within plant canopies. G.W. Thurtel1.
Atmospheric Environment Service.

Water potential and water movement in the soil-plant atmosphere 
system. G,W. Thurtel1.
National Research Council.
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UNDERGRADUATE EDUCATION

The department continues to administer three undergraduate 
majors: Soil Science, Resources Management and Earth Science, and to 
participate in the training of Diploma students. Considering all courses 
offered, the total number of enrollments increased 11% over the past 
year (Table22). New courses given were Remote Sensing (46-250) and 
Resources Management I (87~3lO), the latter being the first in a sequence 
of three problem-oriented courses. Students will advance to Resources 
Management II and III during the coming year. Silicate Structures 
(46-208) and Field Geology (46-405) continue to appear in the calendar 
but are not shown in Table 1 since they were not given this year due to 
insufficient demand.

Spring 1975 graduates from Soil Science, Resource Management 
and Earth Science totalled 3, 21, and 10 respectively
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Table22: Diploma and Undergraduate Courses presented during 197^/75.

Course Number Course En rolIment

Di p 1 o m a

87-001 Soil Sci ence 19
87-010 Principles of Soil Science 203
87-011 Soi 1 Management for Crop Production 176
87-020 Land Resources and Environment Quality 29

Degree

46-100 Principles of Geology 80
46-104 Study of the Earth 31
46-202 Stratigraphy 9
46-203 Paleontology 21
46-205 Glacial Geology 18
46-210 Mi neralogy 20
46-250 Remote Sensing 21
46-303 Petrology 12
46-305 Sed i mentology 5
46-306 Hydrogeology 28
46-404 Geology of Canada 9

64-303/304 Meteorology and Climatology 97
64-315 Microclimatic Measurements 6
64-403 Agrometeorology 23
64-405 Microciimatology 17
64-416/417 Intermediate Meteorology 11

87-100
87-200

Land Resources and Man 
Soil Sci ence

13
525

87-201 Soil in Planned Environments 34
87-302 Soi1 Classi fi cation 43
87-304 Soil Science Seminar 4
87-305 Land Ut11i zat i on 100
87-310 Resources Management I 23
87-401 Soi1 Chemi stry 26
87-402 Soil Physics 19
87-405 Soil Management 116
87-406 Problems in Soil Science I 4
87-407 Problems in Soil Science II 6
87-408 Environmental Quality 23
87-410 Soil Plant Relations 11
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May 1975 Graduates in Soil Science, Resources Management and Earth 
Science

Name Home Town

Soil Science Majors

Raymond A. McBride Varna, Ontario
Hugh P.A. Gubbels Delaware, Ontario
Barry Lorne Ring Arnprior, Ontario

Resource Management Majors

David Roger Bradford Brandon 
Bruce William Chappell 
David Boyd Dixon 
H. Jurgen Eichler 
Dalen Blair Fairbairn 
Anatol Kafal 
Murray Edward Markle 
David Ian Ross 
Michael Thomas Weddel 
Steven James Cairns 
Philip A. Clarkson 
Danny Darrell Dalgleish 
John Douglas Downey 
Ronald William Kelly 
Peter Larmand 
Stephen R. Magee 
Roy E. Maxwell 
Paul Alexander Mooy 
Thomas Charles Moull 
David Brian Pybus 
William David White

Newboro, Ontario 
Amherst, N S 
Guelph, Ontario 
Guelph, Ontario 
Maryhill, Ontario 
Niagara Falls, Ontario 
Guelph, Ontario 
Orillia, Ontario 
Terra Cotta, Ontario 
Downsview, Ontario 
Mississauga, Ontario 
Coatsworth, Ontario 
Kingston, Ontario 
Scarborough, Ontario 
Guelph, Ontario 
Scarborough 712, Ontario 
Oakville, Ontario 
King City, Ontario 
Toronto 590, Ontario 
Tillsonburg, Ontario 
Galt, Ontario

Earth Science Majors

Mary Kathryn Thompson 
John Rhodes Mayes 
Gareth James Price 
Robert John Spencer 
Algirdas Kazimirus Grunys 
Martin Wesley Hodgson 
Lucien Jez
Jon William Matheson 
Alan Paul Joseph Strong 
John David Tutt

Guelph, Ontario 
Peterborough, Ontario 
Peterborough, Ontario 
Markham, Ontario 
Niagara Falls, Ontario

Toronto 260, Ontario 
Ottawa, Ontario 
Oakville, Ontario 
Paris, Ontario
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GRADUATE EDUCATION

Table23: Graduate Students and Supervisors - Winter Semester, 1975-

M. Sc, Students Supervisor Ph,>D. Students Supervisor

Soil S c i e n c e Program

G. Cox E.G, Beauchamp and T. Blom D.E. E 1 ri ck
R.L. Thomas N. Caramancion R.L. Thomas and

W. Curnoe E.G. Beauchamp and
J.W. Ketcheson N. Foster

E.G.
E.G.

Beauchamp
Beauchamp

P. Doyle L.R. Webber D. F r i esen M.H. Miller
J. Goi t B.D. Kay M. Joynt B.D. Kay
K.
B.

LaHay
MacLean

W. Chesworth
I.P. Martini

J. Oteng
Soon

E.G.
M.H.

Beauchamp
MillerY.

S. Mazzei R. Protz J. Tarzi R. Protz
M, 01 oto T.E, Bates P. Warman R.L. Thomas and
G. Patterson E.E, Mackintosh R.W. Sheard

S. Sheppard M.H. Miller
J. Van de Hulst E.E. Mackintosh
B. van den Broek M.H. Miller and

J.W. Ketcheson
1 . K. 1 ke G. Thurtel1

A_ grometeoro logy P r o g r a m

W. Langenberg T.J. Gillespie D. McKay G.W. Thurtel1
J. Pali — s h ikhu1u D.M. Brown R. Nu1 sen G.W. Thurtel1
D. Ward G.W. Thurtel1 S. Seii rio K.M. King

Centre for Resources Development Program (registered in L.R.S.)

J. Arbour I.P. Martini
M. Hoffman E.E. Macki ntosh
E. Snel 1 D.W. Hoffman
R. Yuri ck I.P. Martini
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Table 24 Graduate degrees conferred October 1974, February and May 1975.

Student Degree Superv i sor Title

S o i 1 S c i e n c e Program

D. Hons M.Sc. B.D. Kay Thermophysical characterization of 
the surface tier of an organic soil 
at sub-zero temperatures.

D. Howel I M.Sc. T.E. Bates Symptoms of nutrient deficiency in 
cassava (Manihot esculenta crantz).

A. Jowett M.Sc. E.E. Mackintosh Soil characteristics and water table 
relations.

N. Mokhtar M.Sc. R. Protz Classification criteria of ultisols 
and oxisols as applied to six 
Ma 1ayan soiIs.

G. Patterson M.Sc. E.E. Mackintosh The influence of soil capability on 
economic returns to grain corn 
production.

G. Patton M.Sc. W, Chesworth Studies in the system AI2O3’HpO: 
Boehmite-Gibbsite Relationships.

Y. Soon Ph.D. M.H. Miller Root-induced changes in the rhizo
sphere and phosphorus uptake by corn.

Agro meteorolo gy Program

J. Dyer M.Sc. T.J. Gillespie Simulation of the daytime bare soil 
surface temperature.

C. Lab i ne M.Sc. T.J. Gillespie Measurement and computer simulation 
of microclimatic differences between 
a polar desert plateau and a nearby 
coastal lowland.

W. Langenberg M.Sc. T.J. Gillespie Carrot leaf blight (Alternarla dauci) 
development in relation to environ
mental factors and fungicide applic
ations.

R. NuIsen M.Sc. G.W. Thurtel1 Hydraulic continuity and leaf water 
potential recovery of mildly and 
severely stressed corn (Zea mays L.).

Cent re for Resources Development Program (registered in L.R.S.)

S. Kenda 11 M.Sc. E.E. Mackintosh Management problems of polydisciplin- 
ary environmental research projects 
in the university setting.
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CONFERENCES, VISITING LECTURERS, 
VISITING SCIENTISTS

CONFERENCES

"Metals in the Biosphere" - organized by the Department of Land Resource 
Science, January, 1975

Featured speakers:

R.L. Chaney, United States Department of Agriculture, Beltsville, 
Ma ry1 and .
Metals in plants - absorption mechanism, accumulation 
and tolerance.

W. Chesworth, Department of Land Resource Science, University of 
Guelph.
The geochemistry of weathering in relation to metals.

C.T. Corke, Department of Microbiology, University of Guelph.
Metals and soil microbiology.

B. Kaye, Department of Physics, Laurentian University, Sudbury, Ont. 
Metal transfer in the environment.

W. Lindsay, Colorado State University.
The chemistry of metals in soils.

J.B. Sprague, Department of Zoology, University of Guelph.
Metals in water.

"Workshop on Metals in Agriculture" - organized by the Ontario Soil 
Management Research Committee and the 
Fertilizer Research Board for Ontario, 
January 1975.

Featured speakers:

R.A. Abbott, Ontario Ministry of Environment, Toronto.
Sewage sludges - Production of sludges low in metals.

S.A. Black, Ontario Ministry of Environment, Toronto.
Sewage sludges - Sludge production in Ontario and options 
for d i sposa1.
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D. Cunningham, Department of Animal and Poultry Science, University 
of Guelph.
Metals and animal health - Nutrition.

R. Frank, Pesticide Laboratory, Ontario Ministry of Agriculture 
and Food, Guelph.
Metals in soils - Survey of levels in Ontario soils.
Sewage Sludges - Guidelines for sludge use in 
agri culture.

R. Halstead, Agriculture Canada, Ottawa.
Sources of metals - Materials used in agriculture.

M.K. John, Environment Canada, Ottawa.
Metals and plants - Toxicities.

R.W. Johnston, Ridgetown College of Agricultural Technology, 
Ridgetown, Ontario.
Metals and plants - Nutrition.

T.H, Lane, Department of Land Resource Science, University of Guelph. 
Metals and plants - Macronutrient survey of Ontario.

S.N. Linzon, Air Resources Branch, Ontario Ministry of Environment. 
Sources of metals - Some results on contamination of 
soils and vegetation.

J.P. Stephenson, Environment Canada, Burlington.
Sewage sludges - Sludge composition.

M.D. Webber, Soil Research Institute, Agriculture Canada, Ottawa.
Metals in soils - Metal availability in soils.

R.A. Willoughby, Ontario Veterinary College, University of Guelph. 
Metals and animal health - Toxicities.

M. Wood, Ontario Ministry of Environment, Toronto.
Sources of metals - solid wastes other than sewage sludge.

The department was involved in the Ontario Agricultural College 
Centennial Symposium entitled, "Agriculture in the Whirlpool of Change," 
(October, 197^)• The appropriate session and speakers are: 

"Land Resources - The Next Hundred Years"

Chairman - R.S. Rodd, School of Agricultural Economics and Extension 
Education, University of Guelph.
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Panel Members - M.L. Hancock, Landscape Architect and Planner, 
Toronto.

P.D. McTaggart-Cowan, Executive Director, Science 
Council of Canada, Ottawa.

D. Middleton, Ontario Land Compensation Board, 
Toronto.

R.S. Ritchie, Chairman, Institute for Research on 
Public Policy, Montreal.

Speakers - D.G. Aldrich, Jr., Chancellor, Irvine Campus, 
University of California, Irvine. 
Global land resources and their potential 
to meet future demands.

N. Pearson, Department of Political Science, 
University of Western Ontario, London, 
Decision making and plan implementation 
in the Ontario situation.

G.P. Wibberly, Department of Countryside Planning, 
Wye College, University of London, London, 
England.
Changes in the human social environment 
brought about by resource problems.

DEPARTMENTAL SEMINARS

Soil Science

S.A. Barber, Department of Agronomy, Purdue University, Lafayette, 
I nd i ana.
Nutrient flux to plant roots.

R.Q. Cannell, Agricultural Research Council, Letcombe, England. 
Effects of reduced cultivation on soil condition and crop 
growth.

R.J. Dowdell, Agricultural Research Council, Letcombe Laboratory, 
Letcombe, England.
Denitrification and leaching losses of inorganic nitrogen 
from field soils.
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D.E. El rick and K.M. King, Department of Land Resource Science, 
University of Guelph.
Summer jaunts - Heat Transfer Conference, Dubrovnik, 
Yugos 1 avia.

E.E. Mackintosh, Department of Land Resource Science, University of 
Guelph.
Location of hydro transmission lines for minimizing environ
mental impact.

R. Marshall, Environment and Land Use Secretariat, British Columbia. 
Climate and resources management.

M. McBride, Department of Land Resource Science, University of Guelph. 
Spectroscopic studies of hydrating clay minerals.

R. Protz and P.H. Groenevelt, Department of Land Resource Science, 
University of Guelph.
Impressions of Moscow and the International Soil Science 
Society meetings.

G.G. Runka, General Manager, British Columbia Land Commission. 
Land use control measures in British Columbia.

R.L. Thomas, Canada Centre for Inland Waters, Burlington, Ontario. 
Sediment studies in the Great Lakes and ongoing research at 
the Canada Centre for Inland Waters.

J. Webber, British Agricultural Advisory Service.
Toxic metal problems arising from use of sewage sludge on 
farm land.

Ag rome teo ro1ogy

O.T. Denmead, C.S.I.R.O., Division of Environmental Mechanics, 
Canberra, Australia.
Waste transport in wheat plains.

K. Hare, Department of Geography, University of Toronto.
The nature of contemporary climatic change.

M. Sanderson, Department of Geography, University of Windsor.
Urban c1imato 1ogy.

M. Thomas, Atmospheric Environment Service, Downsview, Ontario. 
Canada's climates are changing.

T.K. Warley, Department of Agricultural Economics and Extension Edu
cation, University of Guelph.
World food supply situation and climate.
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VISITING SCIENTISTS

A.M. Alston, Department of Agronomy, University of Adelaide, South 
Australi a.

O.T. Denmead, C.S.I.R.O., Division of Environmental Mechanics, 
Canberra, Australia.

R.J. Dowdell, Agricultural Research Council, Letcombe Laboratory, 
Letcombe, England.

E.l. Newman, Department of Botany, University of Bristol, England.
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CURRENT PUBLICATIONS

REFEREED JOURNALS AND CHAPTERS IN BOOKS

Underlined authors are associated with this department,

Beadle, C.L., K.R. Stevenson and G.W. Thurtell. 1974. An open system 
for plant gas-exchange analysis. Can. J. Plant Sci. 54: 
161-165.

Coligado, M.C. and D.M. Brown. 1974. Response of corn (Zea mays L.) 
in the pre-tassel initiation period to temperature and 
photoperiod. Agr. Meteorol. 14:

Coligado, M.C. and D.M, Brown. 1974. A bio-photo-thermal model to
predict tassel initiation time in corn (Zea mays L.). 
Agricultural Meteorol.14:

Crow, R.M., T. J. Gj1lespie and K. Slater. 1974a. The relationship 
between air-moisture content and fabric temperature. 
J. Textile Instit. 65: 82-86.

Crow, R.M., T.J. Gillespie and K. Slater. 1974b. The relationship 
between regain, dewpoint temperature, and air temperature. 
J. Textile Instit. 65: 75-81.

Dale, H.D. and T. J. Gi1lespie. 1975. The influence of floating vascu
lar plants on the diurnal fluctuations of temperature near 
the water surface in early spring. Hydrobiologia (accepted 
for publication Oct. 1974).

den Hartog, G. and K.M. King. 1975. A free-floating shearing-stress 
meter. Boundary-Layer Meteorol. 8: 101-107.

E1r i ck, D.E. , P.H. Groeneve11 and T.J.M. Blom. 1975. Problems of 
chemical reaction and biological processes in soils, in: 
Heat and Mass Transfer in the Biosphere, D.A. de Vries and 
N.H. Afgan (eds), John Wiley, Toronto, pp. 537-548.

Groeneve 11, P.H. 1974. The use of a dual gamma scanner to observe the 
shrinkage of clay. Geoderma II: 287-295.

Groenevelt, P.H. and B.D. Kay. 1974. On the interaction of water and 
heat transport in frozen and unfrozen soils. II The liquid 
phase. Soi1 Sci. Soc. Am. Proc. 38: 400-404.

Groenevelt, P.H. and J.-Y. Parlange. 1974. Thermodynamic stability of 
swelling soils. Soil Sci. 118: 1-5.
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Jones ,_R.W. and R.W. Sheard. 1975. Phytochrome, nitrate movement and 
induction of nitrate reductase tn etiolated pea terminal 
buds. Plant Physiol. 28: In Press.

Kay, B.D, and P. H. Groeneve11. 1974. On the interaction of water and
heat transport in frozen and unfrozen soils. I Basic theory; 
the vapor phase. Soil Sci. Soc. Am. Proc. 38: 395’400.

King, L.D., L.A. Rudgers and L.R. Webber, 1974. Application of munici
pal refuse and liquid sewage sludge to agricultural land: 
1. Field Study. J. Environ. Quality 3 (4): 361-366.

Koch, J.T., B.D. Kay and G.L. Lange. A postulated mechanism for increa
sing the efficiency of organic soil conditioners. Soil Sci. 
Soc. Am. Proc. 38: 586-590.

Leyshon, A.J. and R.W. Sheard. 1974. Influence of short-term flooding 
on the growth and plant nutrient composition of barley. Can. 
J. Soil Sci. 54: 463-473.

McBride, M. B., T.J. Pinnavaia and M.M. Mortland. 1975- Exchange ion 
positions in smectite: effects on electron spin resonance 
of structural iron. Clays and Clay Minerals: In press.

McBride, M,B. , M.M. Mortland and T.J. Pinnavaia. 1975. Perturbation of 
structural Fe3+ in smectites by exchange ions. Clays and Clay 
Minerals: In press.
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