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FOREWORD

The sign out front of our building still reads “Soil Science", 
but "Land Resource Science" as we have defined it to include Agricultural 
Meteorology, Geology and Soil Science is well accepted as a departmental 
name for the activities that take place. There is still no word on 
whether, or if ever, there will be an addition to the building. The 
government "freeze" on university construction is, unfortunately, still 
with us. In the meantime we continue to grow at a modest pace with the 
result that office and laboratory space is at a premium. We are pleased 
that the Agriculture Canada group of the Ontario Soil Survey Unit leave 
their carpeted quarters in the Landscape Architecture building to have 
coffee in the old board room - it helps maintain the ties that have been 
built up over the many years. George Thurtell, Murray Brown and their 
students who are housed in the Crop Science Building next door usually 
have sufficient work going on in this building that lack of communication 
is not a problem.

The first Research Fellow of the Guelph Ghana Project, 
Dr. E.J. Thompson, University of Ghana arrived in October of 1973*  His 
wife and family came to Guelph in the spring of 1974. Dr. Thompson and 
his family have participated fully in the activities of the University 
and the City of Guelph.

We have been fortunate to have Dr. Piet Groenevelt with us 
during the past year working with David Elrick and Bev Kay. When it 
comes to the sludge project, we extend many thanks to Jim Moyer and his 
crew for their efforts. Bob Gillham completed his Warm Water Report 
for Ontario Hydro. We welcome back Paul Smith who will initiate the 
battle against ozone pollution.

A number of faculty saw fit to leave the North American 
continent during the past year. Bob Sheard has spent a year at the 
Department of Scientific and Industrial Research (D.S.I.R.), Palmerston, 
New Zealand. He will be returning in August of 1974. Ken King left in 
mid-May for a tour of facilities in Great Britain and Europe and will be 
returning In August of this year. Les Thomas departs in July for a 
year’s leave at the Waite Institute in Adelaide, Australia. Professor 
N.R. Richards returned to the department after spending the fall semes
ter at the University of Reading, England. Our congratulations to Rick 
on being elected President-Elect of the A.I.C. Len Webber visited 
research facilities in New Zealand and Australia during January and 
February.



Congratulations to Doug Hoffman and Howard Henry. Doug, who 
has been Acting Director of the Centre for Resources Development, becomes 
the Director as of July 1, 1974. Howard Henry, O.M.A.F. Soils and Crops 
Specialist who has been stationed in our department for several years, 
has been appointed Associate Director of the Soils and Crops Branch and 
will be working out of the Toronto Office.

Our first Earth Science majors, led by Craig Heath, organized 
a two-day symposium entitled "Earth and Man' for the Central Canada 
University Geological Conference.

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.

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
Canada Department of the Environment
Canada-Ontario Agreement on Great Lakes Water Quality 
National Science Foundation
Canadian Industries Ltd. (C.I.L.)
City of Guelph
Canadian Forestry Service
International Development Research (C.I.A.T. - Cassava) 
Centre for Applied Research and Engineering Design (CARED) 
Department of Energy, Mines and Resources 
American Philosophical Society 
Canada Department of Transport.

Our thanks to Len Webber and Doug Hons for compiling and 
editing this report.

July, 1974 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 to the department.

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.) (Phi11ipines), M.Sc. (Texas A & M), 
Ph.D. (Guelph) Post-doctoral Fellow. Appointed May 1974.

T.J. GILLESPIE, B.Sc. (British Columbia), M.S.A. (Toronto), Ph.D. 
(Guelph) Assistant 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 instru
ment development, transport processes within and above plant 
canopies.

K.M. KING, B.S.A. (Toronto), M.Sc., Ph.D. (Wisconsin) Professor, 
Director I.B.P. Guelph Project. Evapotranspiration and 
photosynthesis of field crops, environmental measurements, 
teaching agrometeorology. On leave to England, May to 
September 1974.

P.J. SMITH, B.Sc., M.Sc. (Guelph) Scientist 2. Injurious effects of 
air pollution on plants. Appointed February 1974.

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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Techn i ca1 Staff

M. Evans - Computer Data.
D. Hedley (Mrs) - Weather Records. Resigned December 1973*
R. Sweetman - Electronic instrument operations and plot work.

Clerical Staff

A. Slot (Mrs) 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.T. EWEN, B.S.A., M.S.A. (Toronto) Associate Professor. Soil conser
vation in relation to crop production, teaching diploma and 
correspondence courses in soils.

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

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

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) 
Associate Professor. Acting Director, Centre for Resources 
Development. July 1973 ~ June 197^*

R.W. JONES, B.Sc., Dip. Agr. (Wales), M.Sc. (Manitoba), Ph.D. (Guelph) 
Research Associate. Appointed May 197A.

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) 
Associate Professor. Soil management for better tilth, 
tillage related to fertilizer use, runoff and erosion 
studies, manure and crop residues.

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 miner
alogy.

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.

R. PROTZ, B.S.A., M.Sc. (Saskatchewan), Ph.D. (Iowa State) Associate 
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 In 
England, September to December 1973*

L.A. RUDGERS, B.S. (Cornell), M.S. (Michigan State), Ph.D. (Kansas) 
Post-doctoral Fellow. Resigned August 1973.

R.W. SHEARD, B.S.A. (Saskatchewan), M.S.A. (Toronto), Ph.D. (Cornell) 
Professor, Harvest management and fertilizer use for 
production, longevity and quality of perennial forage species. 
On leave to New Zealand, July 1973 - August 1974.

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.

E.J. THOMPSON, B.S., M.S., Ph.D. (Iowa State). CI DA Research Fellow. 
(Senior Lecturer and Research Coordinator, Faculty of 
Agriculture, University of Ghana). Soil chemistry and 
biological transformations of nutrients in soils.

L.R. WEBBER, B.S.A. (Toronto), M.S. (Cornell) Professor. Waste 
utilization and disposal, pollution abatement, environ
mental quality. On leave to Australia and New Zealand, 
January - Apri1 1974.
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A.L. WILLIS, B.S.A. (Toronto), M.S., Ph.D. (Wisconsin) Associate 
Professor. Management of organic soils.

Technical Staff

6

N. Baumgartner - Soil physics and management analysis.
N. Bazinet - Appointed November 1973. Reclamation of mine

tailings from Eliott Lake.
I. Becker (Miss) - Soil testing operations.
J. Brown - Soil testing operations.
J. Bryant - Soil management and plant nutrition plot work

supervi sor.
R. Cooper - Appointed September 1973, resigned March 1974.
E. Dickson - Runoff collection and analysis, greenhouse

operations.
J. Felker - Sludge project.
J. Ferguson - Soil management and plant nutrition plot work.
S. Finora (Mrs) - Resigned February 1974. Soil analysis.
E. Gagnon - Supervisor, soil testing operations.
J. Hagarty - Appointed May 1973. Research associate, Hydro

project.
A. Haq - Sludge project.
G. Harlick - Soil management and plant nutrition field plot

operations. Weather observations.
B. Hilliard - Appointed September 1973. Sludge research.
L. Kristoff - Resigned May 1974. Water analysis.
J. Leyshon - Appointed July 1973. Denitrification research.
J. Lichty (Miss) - Appointed November 1973, resigned May 1974.

Soil testing.
I. Mahabir - Appointed August 1973, resigned May 1974.

Water analysis.
J. Mallard - Preparation of soil thin-sections.
M. Markle - Soil analysis.
W. Merritt - Appointed December 1973, resigned May 1974.

Soil variability in remote sensing.
C. Miller (Miss) - Water analysis.
P. Perk - Appointed September 1973, resigned May 1974.

Sludge project.
A. Rothwell - Research Assistant.
W. Ryan - Appointed September 1973. Geology technologist.
H. Stock (Mrs) - Appointed September 1973* Plant analysis.
D. Tel - Pollution control and waste management, soil and

water analysis.



GEOLOGY

Faculty

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

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

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) Assistant 
Professor. Sediments and sedimentary rocks, sedimentology, 
glacial and pleistocene geology.

COOPERATING PERSONNEL LOCATED IN THE DEPARTMENT

Ontario Ministry of Agriculture and Food

G.H. HENRY, B.S.A. (Toronto) Soils and Crops Extension Specialist. 
Appointed Associate Director, Soils and Crops Branch, 
June 1974.

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.

S.E. HUMPHREY, B.Sc. (Agr) (McGill), M.Sc. (Guelph) Pedologist, 
Soil Survey. Resigned August 1973.

E.W. PRESANT, B.S.A. (Toronto), M.Sc. (Carleton) Pedologist, 
Soil Survey. Returned September 1973-

J. SLOT, B.A., M.Sc. (Guelph). Land Use Specialist. Appointed 
January 1974, resigned April 1974.
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L, van VLIET, B.Sc. (Agr) (Deventer, Holland) M.Sc. (Guelph) Land Use 
Specialist. Appointed January 1974.

G.J. WALL, B.Sc. (Agr) (Guelph), M.Sc. (Guelph) Pedologist, Soil Survey. 
Returned September 1973.

Technical Staff

R. Viitala - Soil analysis.

Clerical Staff for the Department of Land Resource Science

P. Beirnes (Mrs) - Departmental Secretary.
L. Bissell (Mrs) - Clerk.
L. Bruce (Mrs) - Appointed December 1973. Stenographer.
C. Crouse (Mrs) - Appointed October 1973, resigned April 1974.

Stenographer.
D. Irvine - Cartographer.
L. Martin (Mrs) - Stenographer.
F. Peer (Miss) - Stenographer.
S. Robinson (Miss)- Stenographer. Resigned January 1974.
K. Szajnowski (Miss)- Stenographer.
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SERVICE TO AGRICULTURE AND THE PUBLIC

EXTENSION AND CONTINUING EDUCATION ACTIVITIES

The areas of Land Use, Environment, Agricultural Production, 
Resource Utilization, Urban Waste Utilization, Energy and Education are 
all relevant to the problems confronted by various public agencies, 
extension personnel and individuals.

The Department of Land Resource Science plays a significant 
role in research and extension in all of these areas. Extension activ
ities were directed towards organizing planning meetings, investigating 
problems and providing service and information as resource personnel to 
various groups and organizations.

It is noted that the department contributed a minimum of 848 
days or 3.8 man years in the following service areas to agriculture and 
the public.

Educationally Related Activities

Soil Fertility and Fertilizers Course (Guelph)
Introductory Agricultural Course (London, Toronto and Guelph)
Extension Branch In-Service Training
Extension Branch Conference (Kemptville)
Conference on Urban Growth
Soils and Crops Branch In-Service Training
Banker’s School (Guelph)
O.M.E. Waste Management Branch Conference
January Conference (O.A.C. - Guelph)
Agricultural Research Station Days
Forage Conference (Waterloo)
The Hydro Appraiser's Course (Guelph)
Sewage Treatment Plant Operators (O.M.E.)
0.1.A. Conference and Branch Meetings
Turf Management Course (Guelph)
Nitrogen Workshop (Guelph)
A.I.C. Conference (Victoria)
Centralia College of Agricultural Technology
Soil Management for Crop Production (Toronto and Guelph)
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Land Use Oriented Contributions

International Conference on Land for Waste Management 
National Conference on Urban Engineering Terrain Problems 
Agricultural Waste Management Conference (Cornell) 
International Joint Commission
Land Use Brief to Secretary for Resource Development
Ontario Soil Survey Committee
Man and Resources Conference
Middlesex Land Use Planning Conference
Nature Reserves Committee
Ecological and Environmental Advisory Committee (Waterloo)
Land Use Advisory Board (G.R.C.A,)
Aggregate Industry Conference (Guelph)
Agricultural Planning Board of Brant County
A.R.D.A. Directorate

Agricultural Production Inputs

Sludge Disposal on Agricultural Land (Ad Hoc Committee of 
O.M.A.F., C.D.A., O.M.E. and University of Guelph)

National Fertilizer Conference (Toronto) 
Grain Corn Council Conference (London) 
Ontario Manure Management Committee
O.M.A.F. Soil and Fertilizer Publication Subcommittee
Ontario Corn Committee
Advisory Fertilizer Board
Dairy Farm Plan Computer Program: Field Work Days
Farm Weather Forecasts
Limestone Committee
Ontario Plant Food Council

Consul tational Types of Involvement

International Joint Commission 
Canada Centre for Inland Waters 
Environment Canada
Ontario Ministry of Environment
Ontario Federation of Agriculture
Ontario Soil Management Research Committee
Ontario Soil and Water Research Committee 
Canada Committee on Soil Fertility 
Euphrasia Drain Hearing 
Assessment Branch 
Solandt Commission 
Stock Brokerage Firms 
Canfarm
Agricultural Meteorology Research and Service Unit (Ottawa 
Hall of Fame Committee (Royal Winter Fair)
Agricultural Advisory to Canada Centre for Remote Sensing

10



Speakers Participation at

International Joint Commission (Ontario)
Canada Centre for Inland Waters
Georgian College (Barrie)
Acton Board of Trade
International Joint Commission - Land Use Seminar

(Miner Institute, N.Y.)
Advisory Fertilizer Board
Ontario Soil Management Research Committee
Ridgetown College of Agricultural Technology
Conservation Council of Ontario
Royal City Kiwanis (Guelph)
Woodstock Planning Board
Humanities Association of Canada
Ontario Rural Geographers
Queen’s University - Department of Geography
Soil and Crop Improvement Association meetings at Lindsay, 

Belleville, Shelburne, Waterloo, Hanover, Sault Ste. 
Marie, Thunder Bay, Rainy River, Kenora, Simcoe County, 
Brant County and New Liskeard

Guelph Naturalists Club (Guelph)
Wellington County Hog Producers
Ontario Association of Land Surveyors
Ontario Park Manager's Association

Tours Conducted for

McMahon High School (Hamilton) 
Cathedral High School (Hamilton) 
Grand River Conservation Resource Management Students 
Junior Farmers Crop and Soil Management Tour 

(22nd consecutive year)
Northwestern Ontario Farmers 
Environmental Science Teachers 
Elgin County Soil and Crop Improvement 
Russell County Soil and Crop Improvement 
O.M.E. Farm Waste Management Committee 
Japanese Delegates (Rotarians) 
Agricultural Research Station Days 
John F. Ross Collegiate (Guelph) 
Urban Day at Elora Research Station 
University of Western Ontario Geography Students 
Twenty tours of Provincial Soil Testing Laboratory
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Other Related Activities

Environmental Quality Work Planning C.D.A.
NRC Subcommittee on Hydrology
Central Canada University Geological Conference (Guelph) 
National Task Force on Environmental Protection
Grand River Conservation Authority Movie Film 
Coordination for Agricultural Meteorology Services 
"Climatologist in Orbit" - 10 Ontario University 

campuses visited

T.H. Lane

SOIL TESTING SERVICE

General Soil Testing

The soil testing year has been established to relate more or 
less to a cropping year. Samples received from July 1, 1972 to June 30, 
1973 are considered to be almost entirely for the crop year of 1973*  
During this period a total of 38,659 samples were tested of which 
25,862 were from farms. The large number of research samples from the 
University of Guelph, O.M.A.F. institutions and C.D.A. reflect the con
tinuing effort being made to ensure that soil test interpretation is on 
a sound basis. It is becoming Increasingly important that farmers 
receive good economic fertilizer recommendations, considering current 
fertilizer shortages and higher prices for fertilizer materials. The 
decreased number of farm samples during which most farmers take samples.

Table 1 gives the sample distribution between farm, garden, 
research and other areas.

Table 2 lists the number of samples received from each county 
or district together with average soil test values for pH, phosphorus, 
potassium and magnesium.

Table 3 shows the average soil test values for the province 
of Ontario over the past nine years in which such data has been available. 
These values are relatively stable on a provincial basis and the rela
tively minor fluctuations probably indicate differences in farmer 
submissions from year to year. However, on a county basis as seen in 
Table 2, those counties in which fertilizer use has been above average 
generally show higher soil test values, particularly phosphorus.

T.J. Heeg
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Table 1: Total number of soil samples submitted, July 1, 1972 to 
June 30,. 1973-

Farm samples 25,862

Samples form agencies of the Government of Canada 853

Samples from Ontario Colleges of Agricultural 
Technology; Extension personnel of O.M.A.F, 
and from other ministries of the Ontario Government 3,746

Research samples for University of Guelph plots 3,567

Soil samples accompanying plant tissue tests 100

Garden samples 4,531

Total samples tested 38,659
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Table 2: Average soil test values by county in the province of 
Ontario, July 1, 1972 to June 30, 1973-

County or District
No. of 
Samples pH

Average Soil Test Values
P K Mg

- - ppm - -

Algoma 192 5.6 14 105 245
Brant 805 6.6 30 123 243
Bruce 557 7.2 13 114 474
Carleton 248 6.4 20 137 390
Cochrane 146 6.2 15 125 433
Dufferin 393 7.0 19 119 284
Dundas 124 6.9 14 98 399
Durham 523 7.2 32 108 88
Elgin 488 6.4 31 137 176
Essex 762 6.2 41 186 311
Frontenac 83 6.3 16 137 386
Glengarry 174 6.5 19 110 320
Grenville 91 6.9 20 97 350
Grey 480 7.2 12 99 442
Haldimand 453 5.9 19 159 389
Haliburton 19 5.9 33 76 63
Halton 372 6.6 23 144 262
Hastings 264 6.6 26 146 190
Huron 864 7.2 19 127 404
Kenora 35 5.8 20 207 491
Kent 1436 6.7 30 165 298
Lambton 794 6.7 26 189 434
Lanark 234 6.4 13 99 310
Leeds 184 6.3 18 106 345
Lennox & Addington 118 6.8 15 147 386
Niagara North 384 6.3 35 162 314
Manitoulin 147 6.4 13 91 391
Middlesex 822 6.9 28 136 238
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Table 2: continued

County or District
No. of 
Samples pH

Average Soil Test Values
P K Mg

Muskoka 49 5.3 26 94 128
Nipissing 238 5.7 21 98 247
Norfolk 1762 6.3 56 145 100
Northumberland 424 7.2 40 121 92
Ontario 1025 7.4 21 108 123
Oxford 662 6.9 28 120 250

Parry Sound 150 5.6 15 79 146

Peel 419 6.7 23 120 241
Perth 605 7.2 18 121 411
Peterborough 332 7.4 17 89 101
Prescott 418 6.0 15 155 407
Prince Edward 232 7.1 31 140 157
Rainy River 551 6.5 18 185 611
Renfrew 553 6.4 25 164 302
Russell 210 6.3 15 no 284
Simcoe North 578 6.6 22 113 144

Simcoe South 991 7.1 29 115 161
Stormont 99 6.6 17 81 18o
Sudbury 310 5.7 42 123 224
Temiskaming 414 6.1 12 140 489
Thunder Bay 392 5.9 17 121 297
Victoria 427 7.5 12 102 111
Waterloo 465 7.1 35 132 303
Niagara South 498 6.1 31 170 365
Wellington 1021 7.2 16 108 471
Wentworth 644 6.5 35 139 276
York 1021 7.0 41 112 198
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Table 3: Comparison of average soil test values for Ontario from 
computer summaries 1964-1973.

Soi1 Test Year Phosphorus* Potassiurn PH

ppm ppm
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

* In 1969”70 soil phosphorus was measured by the Olsen M/2 sodium bicar
bonate method. In previous years phosphorus was determined by a modi
fied Bray technique using 0.1N HCl and 0.5N NH4F as an extracting 
solution. Average results from these years cannot be compared with 
those of the Olsen procedure and are therefore omitted from the table.

Organic Materials Analysis Service

Since the establishment of the Department's service for the 
chemical analysis of plants and other organic materials such as manures 
and sludges on a charge per Sample basis in June of 1971, and its expan
sion to include a special fast service for greenhouse growers in 
February of 1972, its use has steadily grown. This has been especially 
so since the service was further expanded in July of 1973 to include the 
analysis of various animal feedstuffs in cooperation with the Department 
of Animal and Poultry Science. About 100 feed samples had been analyzed 
in the year previous to the start of the cooperation.

Table 4: Non-departmental samples analyzed on a fee basis from 
May 1, 1973 to April 30, 1974.

Type of Sample Total No.

Animal Feed
Field Plants
Greenhouse Plants (fast service)
Manure,Composts and sludges
Other (mainly plant tissues from 

other university departments)
Total

870
83

132
39

308

1,432
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The total number of non-departmental samples analyzed (1,432) 
showed a large increase over the previous year when a total of 511 
samples of the five types listed in Table 4 were analyzed.

In addition to the service described above, the plant analysis 
laboratory also analyzed 5,344 plant samples from various O.M.A.F. 
research projects within the Department of Land Resource Science 
between May 1, 1973 and April 30, 1974, an increase of about 1,300 
over the same period of the previous year. This analytical service 
which was provided for the Department's researchers contributed to the 
interpretation of fertilizer and variety trial data, to the development 
of plant sampling techniques and also towards attempts to establish 
critical nutrient levels in plant parts under Ontario conditions.

The plant analysis laboratory is set up to analyze routinely 
various types of organic materials for total nitrogen, phosphorus, 
potassium, calcium, magnesium, manganese, copper, zinc, boron, iron, 
sodium, lead and when required,dry matter content.

J.A. Smith

WEATHER AND CLIMATIC INFORMATION 
Observations

Weather observations at the Elora Research Station continued 
this past year as before. The observation program at Guelph (O.A.C.) 
ended on November 30, 1973- Monthly computer summaries of the observed 
data and derived parameters, such as degree-days above 42°F, heating 
degree-days and corn heat units, were submitted to the Atmospheric 
Environment Service for publication and distributed locally for use 
in connection with research projects, extension activities, etc, 
Weekly reports of corn heat units were provided for the Soils and Crops 
Extension Specialists. Growing season temperature and precipitation 
records for several sites in the province were summarized for annual 
reports. Many individual requests for local climatic data were supplied.

The compilation and transferral to magnetic tape of historical 
climatic data for the 50-year period 1921-1970 was completed for Guelph, 
Harrow, Kapuskasing and Ottawa. Daily records of precipitation, temper
ature, sunshine and available radiation are all included on the magnetic 
tape.

The Weather in 1973 ~ Guelph

Mean temperatures for 1973 were slightly higher than normal 
(Table 5) although monthly means oscillated from above normal to below 
normal readings (Fig. 2). This variability was reflected in the 
temperature extremes, with 46 days having maximum temperatures above 
the one in ten probability level and 26 days having minimum tempera
tures below the 1 in 10 level (Fig. 1). Precipitation was also variable 
and only four months had precipitation totals within 0.5“ of the normal 
(Table 6). Accumulated daily precipitation totals were above normal 
during the late spring and early summer and were below normal for the 
remainder of the year (Fig. 3).
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Table 5: Summary of 1973 weather at Guelph*

1973 Normal Departure 
from Normal

General

Mean maximum temperature (°F) 
Mean minimum temperature (°F) 
Mean annual temperature (°F)

54.0
37-0
45.5

53.1
35.4
44.3

+0.9 
+1,6 
-1.2

Total degree days below 65°F 7465 7904 -439
Total degree days above 42°F 3664 3360 +304
Corn heat units from May 11 to

first killing frost in autumn 2729 2640 +89
Corn heat units from June 9 to

first killing frost in autumn 2358 2225 +133
Total rainfall (inches) 27.4 27.1 +0.3
Total snowfall (inches) 49.4 57.5 -8.1
Water equivalent of snowfall (in.) 5.1 5.7 -0.6
Total precipitation (inches) 32.5 32.8 -0.3

Total hours of bright sunshine 1962 1950 +12

Miscellaneous

Temperatures: Highest for year 
Lowest for year 
Last frost in spring 
First frost in autumn

93°
-8°
May 1 
Sept.

Aug. 
Jan.
9

17

28,
31,

Sept. 3
Feb. 17, 23

Precipitation: Greatest rainfall in a day 1 .31” July 31
Greatest snowfall in a day 9.2" March 17
Longest period without measurable

precipitation each day 26 days: Aug. 21-Sept. 15
Longest period with measurable

precipitation each day 6 day s: May 7 -12, June 3“8
Last measurable snow in spring

(0.1") Apr! 1 10
First measurable snow in

autumn (0.1") Nov. 5

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

Freezing rain 1 2 1 0 0 0 0 0 0 1 0 0 5 days
Hail 0 0 0 0 1 0 0 0 0 0 0 0 1 day
Thunderstorms 0 0 1 3 1 7 3 1 3 0 0 0 19 days

*Since the Guelph O.A.C. station was closed on November 30, 1973, Elora Research 
Station readings have been used for December.
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Table 6: Temperature and precipitation for 1973 (Guelph).

Month
Mean 

Temperature Normal
Total

Precipitation Normal

Jan 23.4 19.6 1.32 2.46
Feb 17.5 20.4 2.32 1.99
March 37.3 29.1 5.77 2.50

April 43.1 42.7 1.74 2.82

May 50.9 53.2 2.83 3.06

June 65.5 63.7 1.82 2.88

July 68.7 67.6 3.54 3.34

August 69.4 66.2 0.58 3.00

Sept 59.3 59.3 1.71 1.70

Oct 50.9 48.9 3.87 2.80

Nov 37.4 36.7 4.27 2.80

The winter of 1972-73 was mild and wet with above or near 
normal temperatures throughout the season. The result was a predomin
ance of wet weather with rainfall of 1.07" accounting for approximately 
70% of the total precipitation of 15.7" measured over the period 
December, 1972 to April, 1973. A cool, wet May delayed the planting 
of some field crops somewhat but was followed by a warm, dry summer 
and fall with temperatures remaining above or near normal until November 
when the Guelph station was closed.

The extremely high temperature (3.2° above normal) and low 
rainfall (2.4" below normal) recorded in the month of August were part 
of a "Heat Wave" that broke temperature and rainfall records throughout 
Southern Ontario. In Guelph maximum temperatures were as high as 93°F 
and some 26 days passed without measurable rainfall. Fortunately these 
conditions occurred late enough in the growing season so that extensive 
moisture stress and crop damage were not experienced although corn 
yields were reduced somewhat.

Accumulated degree days above 42°F were above normal in the 
early spring because of the unusually high temperatures recorded in 
April. However, the cool conditions in May reduced this total to near 
normal (Fig. 4). The high temperatures recorded in August brought the 
accumulated degree days 200 above normal where it remained for the 
latter part of the growing season.

D.M. Brown
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Figure 2: Temperature pattern at Cuetph, 1S73-



Fig. 2 MONTHLY MEAN TEMPERATURE AT GUELPH.

Fig. 4. ACCUMULATED DEGREE-DAYS, GUELPH, 1973.
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Figure 3: Accumulated precipitation at Guelph, 1973-



SOIL SCIENCE RESEARCH

SOIL SURVEY

The Ontario Soil Survey continued the program involving soil 
resource inventories, soil interpretations and associated research on 
Ontario soil. Support for the program was received, as in the past, 
from Agriculture Canada, Ontario Ministry of Agriculture and Food and 
the University of Guelph. Financial support from Ontario A.R.D.A., for 
special studies on organic soils, ended in 1973.

Full-time staff involvement in the soil survey program 
presently includes five pedologists and one laboratory technician. 
Temporary support staff during 1973 included four student assistants 
and three assistants occupying casual positions.

During 1973, office facilities for the pedology staff were 
obtained in the Landscape Architecture Building, whereas the labora
tories for the survey unit were retained in the Department of Land 
Resource Science, University of Guelph.

The program conducted by the Ontario Soil Survey Unit during 
the current year involved a continuation of projects already underway 
in a number of locations throughout Ontario, where the existing soils 
information is not adequate to meet the demands imposed by competitive 
or intensive uses of land, or in areas which previously did not have 
information on the soil resources. Field work continued in the 
counties of Brant, Middlesex and Carleton, and on the Elora Research 
Farm. Soils reports are presently being written for Peterborough and 
Northumberland counties and for the Lakehead and Great Clay Belt regions 
of northern Ontario. In all northern Ontario regions in which soil 
surveys are underway, the classification of peatlands are being modified 
on the basis of information gained in the organic soil inventory of 
northern Ontario, completed in 1973.

A new resource inventory project was commenced during 1973 in 
the area of the proposed Pukaskwa National Park as a basis for planning 
the development and management of the park site. The soil inventory 
was conducted concurrently with an inventory of the forest resource 
thereby enabling a multidisciplinary approach to be made in resource 
planning.

A summary of the various soil survey projects currently 
underway in Ontario is given in Table 1.
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In most soil survey projects under investigation by personnel 
of this unit, there is considerable research involvement. This includes 
research in soil genesis and classification, and the development and 
testing of interpretive classification of systems for agricultural, 
engineering, forestry and engineering uses of soils.

C.J. Acton

Table 1: Active soiI survey projects in Ontario.

Project Map Report Support i ng 
Agency

Brant County Incomplete Incomplete CDA
Middlesex County Incomplete Incomplete CDA, OMAF
Northumberland

County
Complete Complete OMAF

Peterborough 
County

Complete Incomplete CDA, OMAF

Organic Soil 
Inventory of 
Northern Ontario

Complete Complete ARDA

Carleton County, 
National Capital 
Region

Incomplete Incomplete CDA, NCC 
Reg. Gover. 
Ottawa- 
Carleton

Elora Research 
Farm

Incomplete Incomplete OMAF

Pukaskwa National 
Park

Incomplete Incomplete CDA, National 
Parks

Northern Ontario
Lakehead Region Complete Complete CDA, OMAF
Great Clay Belt Complete In preparation CDA, OMAF
Ft. Frances, 
Dryden, Kenora

Complete In preparation CDA, OMAF

Sault Ste. Marie, 
Sudbury

Complete Incomplete CDA, OMAF

North Bay Complete Incomplete CDA, OMAF
Gogama Complete Incomplete CDA, OMAF
Verner, 
Noelvllle

Complete Incomplete CDA, OMAF
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Detailed Soil Survey of Elora Research Farm

Variations in plot yield at the Elora Research Station 
resulted in a request for a detailed soil survey in an attempt to 
account for the yield variations. Soil horizon thickness data were 
collected on a systematic survey at forty-foot intervals. To date the 
Land Resource Science and a portion of the Crop Science research areas 
have been completed. Hopefully, the data will help in explaining yield 
variations or at least indicate soil properties which may be a cause of 
the variations.

Three single factor maps that are available at the forty-foot 
interval are: a. thickness of the cultivated layer (Ap horizon) 

b. thickness of the silt loam overburden
(depth to Bt horizon) 

c. depth to carbonates.

R. Protz

LAND USE

Organic Soil Capability Study

This is a continuation of the work started in 1972-73 in 
which the relationship of soil, cultural and climatic factors to onion 
production was noted. Only certain modifications of the original 
research were invoked. In this instance all research was conducted 
at various sites on Holland Marsh and the carrot crop (Daucus carrota 
L_., var. Hipak Elite) was the indicator crop selected.

Conclusions of this study were drawn from the data obtained 
specific to the crop and site under observation. The results indicate 
that yield variability of carrots is influenced by seeding date, depth 
of organic soil, harvest date, substratum texture, wood content and 
amounts of N, P and K added. These variables appear in a mathematical 
model which can be used to predict yield variability but some difficulty 
may be encountered in establishing valid predictions because of the 
complexity of the model.

Although differences in yield existed among the various 
classes of organic soil tested yield differences between classes were 
not significant. This was likely due to the fertilization program 
followed by most of the farmers. Regression analysis showed yields 
are being depressed by excessive fertilizer usage; and it is assumed 
that ail farmers are not getting soil tests, or if they are the 
recommendations are not always being followed. As a result a measure 
of the potential production of carrots on each class of land could not 
be obtained.
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This study has made it possible to develop the following 
guide for estimating organic soil classes, it must be noted that 
this is a simplified version which is only applicable to organic 
deposits In the part of Ontario south of the Precambrian Shield. 
Several additional categories, for example climate, are required 
before this system can be used in other parts of the province.

A Guide for Capability Classification of Organic Soils

Physical features are used to determine organic soil capability class.

Decomposition Wood Content* Reaction

35 Fibric 0 None 20 pH under 5.0
0 Mesic 5 1-25% 0 pH to 7.0

20 Humic 10 26-50% 20 pH over 7.0
20 > -50%

Depth Substratum Texture

0 Deep (>72") 0 Fine
20 Mod Deep (52" - 72") 20 Medium or Coarse
35 Shallow (36" - 52")
50 Very Shallow (<36")

Wood Content - expressed as percentage of total material 
present within the control section (volume).

The five characteristics listed have numbers to the left of 
each description. As a guide to the proper land class, add up the 
numbers which are opposite the descriptions you selected and subtract 
this figure from 100 (circle the land class below that approximates 
the value which you have now obtained).

1 2 3  4  5 6 7

100-85 80-70 65-55 50-40 35-25 20-10 less than 10
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Organic Soil Classes

Class 1 - (100-85) Organic soils of this class have no water,
topographical or pH limitations and are deep and level. 
They are located In climate category 1 and are at an 
intermediate stage of decomposition.

Class 2 - (80-70) Organic soils in class 2 have one limitation
which restricts their use in a minor way. The limitation 
may be woodiness, reaction, flooding, topography, depth 
or climate.

Class 3 - (65-55) Organic soils in this class have moderately 
severe limitations that restrict the range of crops or 
that require special management practices.

Class 4 - (50-40) Soils in this class have limitations which 
severely restrict the range of crops or which require 
special development and management practices. Reclama
tion and management costs will be high.

Class 5 - (30-20) Soils of this class have such severe limita
tions that they are restricted to the production of 
perennial forage or other specially adapted crops. Large 
scale reclamation is not feasible.

Class 6 - (20-10) Class 6 organic soils are capable of producing 
only indigenous crops and improvement practices are not 
feasible.

Class 7 - (less than 10) Organic soils of this class have no 
capability for agriculture.

The rating of organic soils is a relatively simple procedure 
when the guide is closely followed. First, identify the stage of 
decomposition, reaction, wood content, substratum texture and depth 
in the appropriate classes as defined. Next, classify the capability 
as outlined previously. Brief definitions of the soil characteristics 
follow.

Decomposition - Refers to the stage of decomposition of the organic 
materials.

Fibric - The least decomposed of all organic soil materials. 
There are large amounts of well-preserved fiber that 
are readily identifiable as to botanical origin. A 
rubbed fiber content of more than 40% of the organic 
volume.

30



Mesic - The intermediate stage of decomposition. Has a 
rubbed fiber content between 10% and 40% of the 
organic volume.

Humic - The most highly decomposed. Has a rubbed fiber 
content less than 10% of the organic volume.

Wood Content - Wood located with 60 inches of the surface will 
probably interfere with cultivation practices. 
The limitations posed by woody layers are noted on 
page 29.

Depth - Refers to the depth of organic material over sand,
silt, loam, clay, marl or bedrock. Limitations occur 
when any of these materials occur within 6 feet of 
the surface.

Reaction - Refers to the acidity or alkalinity of the soil.

Substratum - Refers to the proportion of sand, silt and clay in
Texture the underlying mineral material when it is within

60 inches of the surface.

Development Difficulty Classification

It is possible that two separate soils may have similar 
capability for agriculture but one may be more difficult to reclaim 
than the other. A development difficulty rating from 1 to 7 is 
proposed for all organic soils in an unreclaimed state. Brief 
definitions of the development difficulty classes follow.

Classes 1, 2 and 3 - Only minor reclamation is required. Minor 
reclamation is considered to be those operations 
which can be carried out by a single operator.

Class 4 - Major reclamation is required but is warranted
when soil capability is high. Major reclamation 
is that requiring cooperation between adjoining 
operators and/or outside financial assistance.

Classes 5 and 6 - Major reclamation is required and seldom
warranted.

Class 7 - Hazards to development are so serious that they
can be overcome only by major scale projects. 
Such development is unwarranted.
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Hazards which are considered In arriving at the degree of 
development difficulty are those shown on page 31 and vegetative cover, 
excess water and flooding, and surface roughness.

To determine development difficulty class follow the features 
as for capability class and add the appropriate amounts of following.

Excess Water
Vegetative Cover and Flooding Surface Roughness

0 Light(grasses, 0 None 0 None
reeds, etc.)

20 Moderate (brush, 35 Frequent 35 Holes and Mounds
smal1 trees) 1 to 2 ft.

35 Heavy (numerous 65 Extreme 50 Holes and Mounds
large trees) >2 ft.

Subtract total from 100 as before.

The guide for classifying the capability of organic soils 
for agriculture was prepared for Ontario conditions and was not devel
oped for application to larger more diversified regions. The technique, 
however, can be used on a continental basis by increasing or otherwise 
changing the number of physical features and their penalty points. For 
example, penalty points could be added for salinity, and type of under
lying material. Modifications will be made to the guide as it is field 
tested and more information becomes available.

The Features of Organic Deposits Influencing Land Use

Although some work has been done to map and classify organic 
soils in Ontario, little has been done to study organic landforms, 
vegetative cover and soil climate and their interrelationships. It is 
believed that this information, in addition to certain physical and 
chemical data, is needed to make decisions with respect to the use of 
organic deposits.

Research was started early in 1974 to gather more detailed 
information about wetlands and determine means that can be used to 
present much of the data in map form. Interrelationships among land
form, vegetation and soil are being studied to identify those character
istics of organic deposits which can be used to decide land use and 
which might provide the means of mapping organic soils in inaccessible 
areas.

D.W. Hoffman
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SOIL PHYSICAL CHEMISTRY

Freezing Processes

Seasonal surficial freezing is a phenomenon which is familiar 
to most Canadian scientists and engineers. The effects of freezing 
which include changes in soil structure, bearing strength, permeabil
ity, 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 under
standing of the factors and interrelationships of the factors influ
encing freezing processes. The following studies are currently under
way to achieve this end.

Thermodynamic Description of Water and Heat Transport in Frozen Soil

The withdrawal of heat during the freezing process is 
invariably coupled with a redistribution of water. The resulting 
accumulation of water in localized areas in frozen soil gives rise to 
ice lenses and accounts for the principal detrimental effect of soil 
freezing.

The coupled transport of heat and water has been described 
using irreversible thermodynamics and the energy dissipation equation. 
The relations between the transport coefficients have been defined 
using the generalized Clapeyron equation. The latter coefficients 
have been used to evaluate the extent of coupling between the differ
ent processes.

The coupling between heat and mass transport has been shown 
to be related to the heat of wetting and the heat of fusion. Model 
calculations have shown that the former term contributes less than 1% 
to the magnitude of the coupled flow processes and is negligible in 
comparison to the contribution from the heat of fusion. The magnitude 
of the coupling between the two processes is such that a temperature 
gradient of 1°C/cm causes a mass flux which is 104 times the mass flux 
caused by a liquid pressure gradient of 1 cm height per cm.

P.H. Groenevelt and B.D. Kay

Thermal Conductivity and Unfrozen Water Content of Frozen Organic Soils

Predictions of the transport of heat and water in freezing 
soils require a knowledge of the thermal properties of these systems. 
The thermal properties of many soils at subzero temperatures are very 
temperature-dependent, owing to the sensitivity of unfrozen water 
content to subzero temperature (e.g. water has a thermal conductivity 
four times that of ice).
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Predictions of mass and heat transport in freezing soils are 
particularly important in Northern Canada. The soils in many of these 
areas are overlain by an organic mat.

Research is currently in progress to determine the thermal 
conductivity of frozen organic soils whose water contents are near 
saturation. Thermal conductivities are being measured using a 
cylindrical heat source. Measurements are being made at several 
subzero temperatures and the data used to predict the unfrozen water 
content at these temperatures.

B.D. Kay and D.B. Hons

Specific Heats of Components of Frozen Soil

During the course of developing the necessary theory to permit 
measurement of unfrozen water and ice content of frozen soils using a 
cylindrical heat source, it has been necessary to predict the specific 
heats of the various components of frozen soil. The specific heats have 
been required at various subzero temperatures. The specific heats of a 
number of soil components have been measured over the temperature range 
of -70°C to +30°C using a differential scanning calorimeter.

The specific heats of soil materials appear to vary substan
tially with temperature; specific heats which have been determined at 
room temperature will be 30% to 45% greater than the specific heats of 
the same materials at, say, -30°C. Subsequent calculations have shown 
that the functional dependence of specific heat on temperature becomes 
important in frozen soil when there is negligible unfrozen water present. 
In such a case a linear temperature function can be used to predict the 
required specific heats.

B.D. Kay

Soil Structure Stabilization of Porous Siliceous Media with Silane 
Coupljng Agents

Attempts to stabilize soil structure are aimed at controlling 
various soil physical properties that affect plant growth. These 
properties increase in importance as fertility limitations are removed 
in crop production.

A mechanism whereby organic polymers may be made more effec
tive in maintaining the water-stability of soil aggregates has been 
postulated, The proposed mechanism employs coupling agents which 
chemically bond parts of the organic and inorganic phases of the 
aggregate together.
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Various silane coupling agents and other compounds of 
similar structure have been added to soil aggregates. Addition of 
silicon functional compounds resulted in a marked increase in the 
water-stability of soil aggregates. However, it was not possible 
to prove conclusively that the organic functionality of the silane 
participated in the postulated mechanism of strength improvement. 
In order to overcome the difficulty of proving effective bonding 
between natural organic polymers in the soil aggregate and the applied 
silane, a polymer of known structure and chemical compatibility to the 
amine functional silane (polyacrylic acid) was selected for further 
study.

Glass beads and a silt loam soil have been treated with 
polyacrylic acid and the previously selected amine functional silane. 
Although effects on strength were observed qualitatively for a glass 
bead coupling agent/polymer system, increases in aggregate stability 
by this mechanism could not be demonstrated for a soil system. 
Investigation of possible reasons for this failure showed that silane 
coupling agents adsorb strongly on the surfaces of glass beads and 
soil mineral particles, but it did not elucidate unequivocally the 
reasons for failing to achieve in situ peptide bonding between the 
polymer and coupling agent. The evidence for showing formation of a 
covalent bond in both the soil and glass systems remains inconclusive 
and requires further elaboration.

J.T. Koch and B.D, Kay

Simultaneous Tranpsort of Water, Salt and Electric Charge in Clay

The transport of water and salt in clay encompasses most of 
the complex processes of material transport through porous materials. 
A fundamental description of these processes combined with pertinent 
experiments is therefore relevant not only for agriculture but also 
for biology and industry.

In agriculture, the forces that cause the flow processes, 
viz a difference in water pressure due to rainfall, irrigation, evapor
ation, root uptake etc. and a difference in salt concentration due to 
fertilization, evaporation, root uptake etc. are always present. In 
addition, the flow of water creates a streaming potential due to the 
presence of the electric double layer of the clay. The electric poten
tial and the electric current are variables that can be measured 
experimentally.

A wealth of experimental data on the simultaneous transport 
of water, salt and electric charge is available. Several experiments 
were performed by D.E. Elrick, D.E. Smiles and N. Baumgartner by using 
the osmometer-diaphragm cell which was designed and developed in this 
department.
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As an outgrowth of this research, during the fall of 1973 a 
seminar of eight sessions was held to discuss the fundamental theories 
underlying the observed phenomena and to unravel the intrinsic proper
ties of the clay-water system. The theory of non-equilibriurn thermo
dynamics is particularly suitable in providing a framework for all 
possible coupling phenomena and all direct responses. The phenomeno
logical coefficients in this framework then describe the properties of 
the system.

Model calculations were performed to find analytical expres
sions for these coefficients and an APL program was written to analyze 
the experimental data.

The comparison of the experimental and the theoretical results 
confirms that the system is basically understood.

A series of papers to be submitted to The Proceedings of the 
Soil Science Society of America are in preparation,.

D.E. El rick and P.H. GroeneveIt

Dispersion of Solutes in Soils

In preparation of an invited lecture to be given at the 
International Symposium on Heat and Mass Transfer to be held in August 
1974 in Dubrovnik, Yugoslavia, a new equation of dispersion was 
developed which links the current theory of dispersion with the theory 
of coupled flow processes. The new equation will be particularly rel
evant for the analysis of dispersion phenomena in clay soils.

The mathematical treatment of the microbial activity in the 
transformation of chemical products during dispersion has up to now 
been restricted to the addition of a constant sink term in the disper
sion equation. There is clear evidence however (El rick and McLean, 
1966) that this sink term should be a function of time describing the 
growth of the microbial population. The final form of the dispersion 
equation to be presented in Dubrovnik contains a plausible time depen
dent sink term.

The ideas developed during the preparation of the above 
mentioned lecture led straight forward to an expansion of the theories 
of G.l. Taylor and R. Aris on dispersion so as to include the effects 
of negative adsorption or salt exclusion by the walls of the pores.

The expanded theory is amazingly elegant. A manuscript is 
being prepared for submission.

D.E, Elrick, P.H. Groenevelt 
and T.J.M. Blom
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WASTE DISPOSAL AND POLLUTION CONTROL

Land Disposal of Sewage Sludge

There has been considerable concern in Canada and the U.S.A, 
about the quality of water in the Great Lakes. As a result of this 
concern sewage treatment plants releasing effluent to streams draining 
into the Lake Erie watershed were required by law to have phosphate 
removal programs in operation by January 1, 197^* Phosphate removal 
programs for the Lake Ontario basin will be required at a later date. 
To lower the phosphate content of the effluent, sewage treatment plants 
are adding either calcium oxide, aluminum sulphate, or ferric chloride 
during the treatment process. This additional treatment increases the 
quantity of sludge, and the phosphate and heavy metal content of the 
s1udge.

Environment Canada and the Ontario Ministry of the Environment 
are jointly supporting a research project, at the University of Guelph, 
to analyze the effect of land disposal of digested sludges resulting 
from calcium, aluminum and iron treated sewage on soils, crops and 
subsurface water.

In the spring of 1973, Ca-sludge, Fe-sludge and Al-sludge 
were applied to land at the Elora Research Station, Cambridge Research 
Station and on a private farm near Mil ton. Corn was grown at Elora, 
Cambridge and Mil ton and bromegrass was grown at Elora. In the fall 
of 1972 instrumented plots for collecting surface runoff water were 
established at Elora on two and six percent slopes. Sludge resulting 
from iron treated sewage was applied to runoff plots each fall, winter 
and spring;and runoff water has been collected from each storm since 
the fal1 of 1972.

In general there was a crop response to sewage sludge. On 
bromegrass there was a smaller response to aluminum sludge than to iron 
or calcium sludge. This poor response may be due to the aluminum treat
ment or may be caused by other components of the particular aluminum 
sludge used in 1973. There is some evidence that this particular 
sludge may have contained abnormal amounts of organic materials from 
a chemical industry in the area. Al-sludge from a different treatment 
plant will be used in 1974̂.

A major concern with sewage sludge application is the metal 
content of the sludges. This is a long-term problem as metals added 
with sludge accumulate in the surface layer of soil. Sludges and 
plant material were analyzed for the macronutrients plus Fe, Al, Cu, 
Zn, Mn, B, Ni, Cd, Pb, Cr and Hg. In the first year of application 
sludges increased the concentrations of Cu and Zn, in the crops but 
not the other metals. There was little change in boron concentration.
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To provide additional information about metal uptake by 
plants from soils to which sludge has been applied, a greenhouse 
experiment was initiated in January,1974. In this experiment nine 
sludges with a wide range of metal concentrations (Table 2) were 
chosen. Six of these sludges were chosen because of their high 
concentration of one or more metals.

Another major concern with sludge application is the contam
ination of groundwater with nitrate. Ammonium and nitrate-nitrogen 
were monitored during the growing season and the concentration of 
nitrate-nitrogen was measured at the three foot depth, under plots in 
the runoff site receiving sludge equivalent to 800 kg N/ha and those 
receiving 100 kg N/ha as ammonium nitrate. Under plots receiving 
800 kg N/ha in fall, winter, or spring the nitrate-nitrogen concen
tration rose to 43, 47 and 36 μg/ml, respectively, in January, 1974, 
Under plots receiving the recommended 100 kg N/ha as NH4N03 the NO3-N 
level did not rise above 3 μg/ml. The permissible concentration of 
nitrate-nitrogen in public water supplies is 10 mg/1.

In the runoff studies high rates of sludge greatly increased 
nutrient loss but heavy metal losses were very small. Nutrient losses 
in winter and summer runoff were similar.

Bacterial studies have in general not demonstrated increased 
populations of indicator organisms on plants or in runoff waters from 
sludge-treated soils.

The macromorphology, micromorphology, chemical and physical 
state of the soils, were examined before sludge application in 1973*  
After a few years of sludge application, these examinations will be 
repeated to determine the affect of sludge on soil structure and to 
determine the fate of the metals. The project is planned to extend 
over several years.

T.E. Bates, Nutritional Studies 
and Coordinator

E.G. Beauchamp, Nitrogen Movement
J.W. Ketcheson, Runoff Studies
J.R. Moyer, Supervisor of operations 

on all phases of the project
R. Protz, Soil Characterization
R.A. Johnston, Microbiological 

Evaluations, Department of 
Microbiology, Univ, of Guelph
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Table 2: Chemical analyses of nine Ontario sludges (fluid weight basis)-

Sludge O.M. 
%

N
%

Sol. NH4+ 
μg/g

Exch. NH4+ 
μg/g

P
%

K 
μg/g

Ca 
μg/g

Mg 
μg/g

Al 
μg/g

Cd 
μg/g

Cr 
μg/g

Cu 
μg/g

Fe 
μg/g

Mn 
μg/g

Na 
μg/g

Ni 
μg/g

Pb 
μg/g

Zn 
μg/g

Hg 
μg/g

1 1.7 0. 10 50 24 0.08 46 1100 1 10 1487 0.24 194 7.0 122 3.8 161 2.79 5.8 6.8 0.06

2 3.8 0.11 8o 29 0.21 28 3150 277 670 0.82 107 31 689 16.1 96 325 80.4 68.9 0.33

3 3.6 0.15 170 16 0.09 46 3250 309 200 0.20 0.97 27 446 19.5 86 0.55 34.6 31.9 0.08

4 2.3 0.13 550 55 0.13 49 850 227 134 2.56 2.87 19 1864 76.9 50 0.69 86.2 314 0.14

5 3.0 0.17 775 23 0.08 78 1750 300 71 7.50 132 99 750 7.1 188 3.36 45.0 262 0.27

6 3.7 0.22 1050 46 0.06 82 1850 471 116 2.66 142 280 463 10.9 684 2.96 15.1 537 0.15

7 6.0 0.30 950 83 0.29 120 2200 420 810 2.49 48.0 93 5700 27.3 102 2.10 120 225 1.24

8 5.3 0. 10 450 22 0.06 71 9900 315 179 0.21 1.30 16 450 25.1 143 0.26 9.4 42.3 0.13

9 2.9 0.17 775 25 0.08 120 1450 204 285 4.35 95.6 47 1022 10.6 153 16.8 7.7 187 0.21



Utilization of Anaerobically Digested Sewage Sludge for Corn

A field experiment was established at the Elora Research 
Station in 1972 to study:

a. corn response to applications of anaerobically 
digested sewage sludge,

b. the status of nitrogen in the soil profile at 
different times of sampling,

c. the uptake of several heavy metals by corn.

Sludge was applied at four rates: 0, 0.5, 1.0 and 2.0 acre 
inches which supplied the equivalent kilograms of nitrogen per ha as 
shown In Table 3*

Table 3: Quantity of nitrogen applied for each rate of sludge 
application in 1972 and 1973.

Sludge Application 1972 1973

acre inches kg N per ha

0.0 0 0

0.5 390 360
1 .0 780 730
2.0 1570 1460

The yields of corn and the distribution of nitrogen in the 
soil profile for six sampling times for the four treatments were 
recorded in the 1972 Progress Report for the 1972 data.

The analysis of the wet sludge as applied to the plots in 
1973 is given in Table 4.
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Table 4: Analyses of sludge applied in 1973. All concentrations in 
pg/g except pH.

Element Amount

pH 7.7

Nitrogen Total 2875, NH+4-N (soluble) 799, 
exchangeable NH+4N 199.

Phosphorus Total 2413, soluble 33

Potassium 140

Calcium 11,200

Magnesium 1,040

Solids 81 ,800

Chromium 322

Cadmium 14.2

Lead 113

Copper 229

Iron 2,261

Manganese 19.1

Zinc 454

Nickel 8.0

During 1973, analyses of the leaf opposite and below the ear 
at silking time were carried out for several elements. The results are 
summarized in Table 5.

The concentrations of elements in the sub-ear leaf tended to 
increase with increasing amounts of sludge applied with possible excep
tions for potassium and copper. The quantity of nitrate and ammonium 
nitrogen remaining in the soil after harvest to a depth of 90 cm for 
1972 and 1973 is given in Table 6.
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Table 5: Elemental content of sub-ear leaf from corn grown on plots 
receiving sewage sludge in 1973.

Treatment
Elemental Concentration of Sub-ear Leaves

N P K Ca Mg Zn Cu

- Percentage μg/g
0 2.3*a .27 a .89 a 1.16 a .98 a 17.7 a 8.0 a

.5 2.9 b .35 b .93 a 1.26 b 1.10b 37.7 b 8.7 a
1.0 3.0 b .36 b .98 a 1 .29 b 1.12 b 46.2 c 9.5 a
2.0 3.0 b .37 b .98 a 1.25 b 1.06 ab 58.7 d 9.7 a

* Values in the same column followed by the same letter are not 
significantly different at the five percent level of probability.

Table 6: Quantity of nitrate and ammonium nitrogen remaining in 
soil to a depth of 90 cm for 1972 and 1973.

Sludge Added
1972 1973

NH+4-N NO-3-N NH+4-N N0-3-N

acre inches μg/g μg/g
0 2 45 6 43

0.5 5 85 8 115
1 .0 10 141 10 242
2.0 7 202 24 462

Utilization and Disposal of Urban Wastes on Land

Coarsely milled solid waste, anaerobically digested sewage 
sludge and liquid poultry manure were added in combination to achieve 
C/N ratios believed to be amenable to decomposition in the soil. A 
partial analysis of the added materials and the amounts and kinds of 
wastes added to the soil are given in Table 7.

The milled refuse was spread on the soil surface and plowed 
under using a Massey Ferguson Model 135 (Diesel) and a reversible 
Ransomes two-furrow plow with a clearance of 56 cm and a furrow width 
of 36 cm. The sludge and poultry manure were added to the plowed
soil, allowed to dry and incorporated by discing. The plots were
left undisturbed for six weeks, disced and seeded to winter rye in 
September 1971. In May 1972 the rye was incorporated by discing and
the plots seeded to corn. A barley crop was harvested in 1973*
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Table 7: Kinds and amounts of wastes added and the amounts of chemical 
elements.

In metric tons per hectare (MT/ha)

Table 8: Corn grain yields and content of selected chemical elements 
in grain.

Element Waste Treatments
0 W S WS 2(WS) WM

Yield (kg/ha) 6650abc* 7300a 6300bc 7100ab 6040c 6900abc
Total N% 1 .3a 1.7a 1.3a 1.7a 1.7a 1.7a
Zn (ppm) 34b 49a 37b 51a 52a 51a
Cd (ppm)** 0.14c 0.20bc 0.19bc 0.33b 0.50a 0.22bc
Pb (ppm) 0.14b 0.56ab 0.56ab 0.39b 0.36b 0.83a

Values on the same line followed by the same letter are not signifi
cantly different at the five percent level of probability.

In stover

Treatment Elements Added, (kg/ha)
c* N Zn Cd Pb

0 control, no waste added - - -

W, Solid waste, 280 MT/ha 70 1000 75 0.24 37
S, Sludge, 2.3 cm 2.9 610 74 1.1 9
WS, Solid waste, 280 MT/ha 

plus 2.3 cm sludge 73 1680 149 1 .4 46
2(WS), Solid waste, 560 MT/ha 

plus 4.6 cm sludge 146 3360 298 2.8 92
WM, Solid waste, 280 MT/ha 

plus 1.4 cm manure 73 1700 79 0.34 37



Table 9: Yield of barley from plots receiving solid waste and sludge.

T reatment* 0 W S WS 2WS WM

Yield (kg/ha) 1427.5a* 1556.6ab 1574.6ab 1696.5ab 1746.7b 1829.2b

For treatment details see Table 7.
**Values 

at the
followed by the same letter are not significantly different 
five percent level of probability.

This research project is continuing with a second application 
of solid waste and sludge having been made in August 1973. Further 
research is required to:

a. assess the plant nutrient content over a period of years 
with the incorporation of urban wastes,

b. determine the feasibility of incorporating the wastes 
singly or in combination at various seasons to immobilize 
the nitrogen and reduce the additions to ground water,

c. explore the potential for the release of heavy metals 
and their uptake by vegetation.

L.R. Webber

Decomposition of Urban Wastes in Soils

The carbon in wastes (urban and agricultural) is a nutrient 
medium from which microorganisms derive energy. Nitrogen is required 
by the organisms to develop body structures. If nitrogen is in excess 
(C/N less than 10), the nitrogen is mineralized and used by plants or 
is free to move to the groundwater. When carbon is in excess (C/N 
ratio greater than 30), the nitrogen is immobilized as organic nitro
gen in the microbial cells.

The objectives of the research were:

a. to predict the amounts and ultimate fate of nitrogen 
compounds resulting from the decomposition of mixtures 
of wastes in soil,

b. to assemble information outlining the amounts of waste 
and when wastes may be incorporated with a soil without 
contributing to soil, plant or water contamination.
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The C/N ratio and contents of carbon and nitrogen of the 
wastes used in the study were:

Total Total
Carbon (%) Nitrogen (%) C/N Ratio

Pulverized garbage 46.3 0.8 58:1
Digested sludge 1.9 0.3 6:1
Liquid poultry manure 0.9 0.5 2:1

The experimental program involved the incubation of soil plus 
additions of pulverized garbage, sewage sludge and poultry manure. The 
garbage was the primary source of carbon; the sources of nitrogen were 
the sludge and manure. The C/N ratios of the waste mixtures (garbage 
plus sludge or manure) incorporated with the soil were 15, 30 and 45 to 
1. The nitrogen-supplying wastes were also added to the soil without 
the carbon source.

The duration of incubation periods was 28, 56, 112, 168 and 
224 days. After each incubation period the materials were planted to 
barley.

From the analytical data assembled to date, it appears that:

1. After 224 days of incubation the C/N ratio of the mixtures ranged 
from 8.5 to 1 in the untreated soil to 10,1 to 1 in the soil
garbage only mixture;

2. The nitrate-nitrogen content (mg/1) of four sol 1-mixtures and for 
two periods of incubation were:

Control Garbage Only Sludge Only Manure Only
After 28 days 98 8 222 217

After 224 days 133 34 286 333

3. The nitrate-nitrogen in the barley exceeded the 0.25 percent level 
(considered maximum for livestock feed) in two treatments - the 
sludge and manure only additions. The high concentrations appeared 
in all crops grown on material incubated for 56 days or longer.

These data indicate that:

1, The soil microorganisms tend to reduce the C/N ratios of added 
wastes to a soil level around 10 to 1.

2. The organic and ammonium nitrogen in sludge and poultry manure is 
rapidly oxidized to the nitrate form. The high level of nitrate
nitrogen is established before most crops have advanced to a stage 
to use the nutrient. The excess nitrate-nitrogen persisted long 
after most crops would be matured.
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3, The addition of a carbonaceous material with wastes of a low C/N 
ratio, such as sludge and manure, may be a useful technique to 
immobilize the nitrogen.

L.A. Rudgers and L.R. Webber

Nutrients in Percolates from Lysimeters Receiving Wastes

In 1971, a series of lysimeters was established for the 
purpose of characterizing the percolates from surface applications of 
pulverized garbage and sewage sludge. The surface soil (38 cm) was a 
Guelph sandy loam and the underlying material (58 cm) was a fine sand 
The data on percolates suggest that the coarse sand had a very low 
water retention capacity in terms of volume and time.

The waste treatments were:

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

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

The data in Table 10 are for the period of August 1971 to 
August 1973 which includes the cropping sequence on the initial incor
poration of the wastes. Following the incorporation of the wastes, 
winter rye was planted for a cover crop. This was turned under and 
corn planted in May 1972; the soil was bare over the winter and barley 
planted in Apri1 1973.

Table 10: Percolate characteristics from waste treatments for the 
period August 1971 to August 1973.

Treatment Percolate 
(cm)

Ni trogen Phosphorus 
Total

COD
NO-3-N NH+4-N Total

kg/ha

C 31 172 0.3 0.1 20
W 39 167 0.5 0.3 100
S 27 282 0.2 0.1 22
WS 49 257 0.5 0.2 114

2(WS) 56 138 4.6 1.3 1062

Total prec ipitation for the period, 151 cm.
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During the 24-month period, the more important relationships 
between percolates and kinds of wastes appear to be:

1. Under the 2(WS) treatment, the volume of percolate was equivalent 
to 37 percent of the precipitation. It is suspected that decompo
sition of the waste had not progressed to the point where it 
retained the moisture. The pH of the percolate decreased to 6.8 
from initial values of 8.0 and this change may account for the 
losses of NH+4-N.

2. Previous reports have indicated that_sludge is readily decomposed 
and relatively high quantities of NO-3-N are released.

L.R. Webber

Predicting NH -N Loss From Surface-Applied Manure and Sludge

A laboratory experiment has been set up to measure the 
volatilization of NH3-N from surface-applied liquid poultry manure 
and tertiary-treated sewage. After three weeks a silt loam soil 
(pH 6.5) lost 22,of its applied NH+4-N by volatilization at 38°C, 
but only 6.9% at 7°C. Losses will also be determined for other 
temperatures, soil textures, soil pHs,soil moisture contents and 
rates of drying. The data collected will be used in a regression 
equation for predicting NH3 loss. This information will be useful 
in establishing guidelines for manure and sludge application to land.

W.E. Curnoe and J.W. Ketcheson

AGRICULTURE AND WATER QUALITY

The Contribution of Plant Nutrients from Agricultural Lands to
Water Supplies

Nitrogen and phosphorus, two major components of fertilizers, 
are of most concern from a water pollution standpoint. Many claims 
have been made that a large portion of the fertilizer nitrogen and 
phosphorus reaches ground and surface water and is therefore a threat 
to the quality of the environment.

To determine to what extent and under what conditions fertil
izer use might be a significant contributor of nitrogen and phosphorus 
to water supplies, the levels of these nutrients in tile drainage water 
from 12 sites in Kent County were measured during 1972 and 1973.

Samples were collected from 12 sites on a daily basis during 
the drainage periods. Four of the sites were in the Erieau area on 
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muck soils used for intensive vegetable production and ranged in size 
from 7 to 25 acres. Eight sites were in Dover Township west of Chatham 
on mineral soils (four on clay or clay loam and four on sandy soils) 
which were in cash crop production. The size of these sites ranged 
from 25 to 250 acres.

Mineral Soils

The average nitrate-nitrogen and soluble orthophosphate 
concentrations for each of the eight mineral soil sites are shown in 
Table 11. The nitrate-nitrogen concentrations varied greatly through
out the year with maximum values occurring in the spring and late fall. 
These were also the periods of greatest water flow.

Table 11. Average nutrient concentration in tile drainage water from 
mineral soils.

Site
5 6 7 8 9 10 11 12

Nitrate Nitrogen μg N/l
1972 17.5 6.4 4.2 8.2 6.3 4.4 8.2 20.4

1973 14.0 5.5 6.2 7.9 4.4 4.0 10.6 11.3

Soluble Orthophosphate - mg p/1
1972 .016 .015 .013 .015 .002 .021 .028 .014

1973 .061 .032 .069 .065 .048 .072 .053 .018

It is apparent from the data in Tables 11 and 12 that the 
concentrations and total amounts of nitrate-nitrogen in tile drainage 
water are relatively low when nitrogen is applied at or below recom
mended rates. The value of 10 mg N0-3N/l has been set by the World 
Health Organization as the safe level in drinking water. On two sites 
(5 and 12) where nitrogen applications exceeded the recommended rates, 
the concentrations of nitrate-nitrogen in the drainage water were 
greater than 10 mg/1.

The levels of phosphorus in the drainage water from mineral 
soils were consistently low. This substantiates the statement made 
frequently that phosphorus does not leach to a significant extent 
from mineral soils in Ontario.
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Table 12: Total nitrate-nitrogen content of tile drainage water from 
six of the mineral soils in relation to the fertilizer use.

S i te Texture
Average Nitrogen* NO-3-N Content

1972
of Water 
1973Applied Recommended**

kg/ha kg/ha
5 Clay 110 85 63.7 49.5
6 Clay 35 50 16.0 17.1

10 Clay 110 130 12.0 4.2
8 Sand 92 104 14.3 16.2

9 Sand 150 150 3.8 3.2
12 Sand 200 150 48.8 60.6

* Weighted average for 1970-1973 inclusive.
** Recommended by Ontario Soil Testing Service.

Organic Soils

The four organic sites being sampled are in the Erieau Marsh 
area and have been cropped with onions or carrots for several years. 
The fertilization practices on the four sites have been quite uniform 
during recent years and from site to site. Average nutrient applica
tions have been 80, 106 and 323 kg of N, P and K respectively per 
hectare per year.

The nutrient content of the tile drainage water has varied 
greatly from week to week with higher concentrations generally occurring 
during the periods of greatest drainage in the spring and in the fall. 
This was particularly true of nitrate-nitrogen and soluble orthophos
phate. The average weekly N0-3-N concentrations ranged from values of 
1 to over 50 mg/1. The soluble orthophosphate and total P ranged from 
values of 0.1 to 8.9 and 0.l to 11.74 mg/1 respectively. The highest 
values for phosphorus on all four sites occurred in the week of 
March 17, 1973 during which almost 10 cm of rainfall occurred indicating 
a relationship between phosphorus concentration and rate of drainage. 
These high concentrations resulted in average concentrations in 1973 
that were considerably higher than 1972. Sampling is continuing in 1974 
to determine if the very high spring concentrations reoccur.

The average nutrient concentrations and total contents for 
1972 and 1973 are shown in Table 13.



Table 13: Average concentration and total yearly content of nutrients 
in tile drainage water from four organic soil sites.

Nutrient Ave. Weekly Cone. Yearly Content
1972 1973 1972 1973

mg/1 kg/ha
NO-3-N 26.6 24.3 130.00 119.00
nh+4-n 0.39 0.32 1 .89 1.54
Organic N 4.40 2.73 21.5 13.3
Soluble Orthophosphate 1.56 2.93 7.6 14.4
Total-P 4.40 4.25 21 .5 20.8

The average nitrate-nitrogen content is considerably above 
the 10 mg N/l considered acceptable for drinking water for livestock. 
The total amount of NO-3-N in the drainage water during 1972 and 1973 
has exceeded the amount of fertilizer N applied. This indicates that 
large quantities of N are released from the decomposition of the 
organic soil. The contribution from natural sources cannot be sep
arated from fertilizer sources, Cores from fertilized and unfertilized 
sites are currently being leached in the laboratory in an attempt to 
determine the influence of fertilization.

The phosphorus concentrations are of considerable concern. 
Concentrations of 0.1 mg/1 are adequate to cause excessive algae growth. 
The much higher levels of phosphorus in drainage water from the organic 
soils compared to the mineral soils are due to two factors. The organic 
soils have a much lower phosphorus adsorption capacity per unit volume 
than do mineral soils. Thus, a given application of fertilizer would 
result in higher levels in the drainage water. Secondly, very high 
levels of fertilizer phosphorus are being applied to these soils. The 
application rate of 106 kg P/ha is about 10 times that required 
according to the soil test.

It is not known what proportion of the phosphorus is from the 
fertilizer nor to what extent reduction in fertilizer use would reduce 
the phosphate in drainage water. Studies are currently being conducted 
to answer these questions. Undoubtedly, a reduction in fertilizer use 
to that suggested by soil tests would reduce the concentration of P in 
the drainage water.

In assessing the importance of nutrient contributions from 
organic soils in Ontario, one must consider the acreages of cultivated 
organic soils. Table 14 shows the total acreage of cropped land in 
each of the four major organic soil areas. Also shown is the average 
fertilizer phosphorus application.
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Table 14: Area of cropped organic soils in Ontario and the average 
fertilizer phosphorus application.

Location Total Area* Fert. P.**

ha kg P/ha
Erieau 202 104
Leamington 405 61
Thedford, Grand Bend 1,504 82
Bradford 3,229 25

* From survey by Farm Products Inspection Branch, Ontario Ministry of
Agriculture and Food,.1973.

** From S.E. Humphrey, M.Sc. Thesis, University of Guelph, 1973*

Assuming the amount of phosphorus found in the drainage water 
in this study is representative of the total Erieau Marsh, there would 
be a total of A,272 kg of P/year entering Rondeau Harbour. While this 
amount is insignificant in terms of the total quantity entering Lake 
Erie, it no doubt has contributed significantly to the deterioration 
of the water in Rondeau Harbour.

The Erieau Marsh is the smallest of the four organic soil 
areas and has the highest average rate of fertilizer phosphorus appli
cation. The Bradford Marsh, the largest area, has the lowest rate of 
application. Other workers have reported losses of 1.56 kg P/ha in 
drainage water from the Bradford Marsh (K.H. Nicholls and H.R. MacCrimmon, 
1974, J. of Envir. Qual. 3:31).

Conclusions of Organic and Mineral Soils

1. Nitrogen content of tile drainage water from soils fertilized at 
recommended rates did not contribute significantly to water 
pollution.

2. Applications of nitrogen at rates in excess of those recommended 
resulted in levels of nitrate-nitrogen in tile drainage water in 
excess of established safe levels for drinking water.

3. Phosphorus content of tile drainage water from mineral soils was 
very low and not a threat to water quality.
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4. Nitrate-nitrogen concentration of tile drainage water from organic 
soils was considerably in excess of the 10 mg/1 established as a 
safe level for drinking water.

5. Phosphorus content of tile drainage water from highly fertilized 
organic soils was quite high and represents a definite pollution 
problem for small bodies of water into which the water may flow.

M.H. Miller

Runoff and Erosion During Winter and Spring

Weather conditions, soil cover and depth of frost in soil all 
affect runoff and erosion associated with the winter spreading of live
stock manures. The presence of a frozen layer below the surface enhances 
soil erosion because the water cannot percolate through the soil and thus 
must be lost as runoff. While corn stover may trap more snow than a bare 
soil, the water losses are greatest in the bare soil.

On March 9“12, 1973 corn plots were essentially snow-free and 
no frozen sub-layer existed. In this period soil and water losses were 
greater from plots without stover than with plots where the stover 
remained (Table 15). During the period January to March the plots 
without stover lost 5.4 cm of water as runoff while the stover-covered 
plots lost 2.9 cm.

The effect of a frozen layer and the protection afforded by 
corn stover are shown for March 4, 1974 (Table 15). Soil and water 
losses were greater from the bare plots than with the stover-covered 
plots.

If manures must be spread during the winter, it appears that 
erosion and runoff losses could be minimized by:

a. spreading on land that has a cover, such as, hay or 
pasture or corn land with stover left as cover,

b. selecting fields that are level or nearly so,

c. using areas where runoff and erosion will not contam
inate streams.

J.W. Ketcheson and E.L. Dickson
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Table 15* Effect of winter conditions on soil and water losses Guelph loam soil - 
7 to 9 percent slope - Guelph.

Conditions Associated 
with Runoff

1973
Jan 

21-23

1974
Mar 31- 
Apr 1

Jan 
16-23

Feb
1-2

Mar
1-7

Mar 
9-12

Feb 
21-22

Mar
4

Rainfall (cm)

Snow Depth (cm)

.8 2.5 2.0 3.8 0 3.2 3.8 3.3

with stover 35 Tr Tr 0 12 Tr Tr 0
without stover

Frost-free depth
3 Tr Tr 0 8 4 Tr 0

from surface 
(cm)

Runoff Losses

Water (cm)

0 0-2 0-10 frost- 
free

0 0 4 20

with stover .4 1.2 1.0 .3 .1 1.0 1.0 2.8

without stover

Soil (kg/ha)

1.4 1 .0 1.8 1.2 .1 .7 1.2 1.6

with stover Tr Tr 0 0 0 0 Tr 0

without stover Tr Tr 240 860 0 0 3100 Tr

Tr = T race



SOIL-PLANT RELATIONS

Response of Corn to Slow Release Nitrogen Fertilizers Applied In the 
Fall or Spring

During the period 1971 to 1973, slow release N fertilizers 
have been studied as N sources for corn in field experiments. Sulfur- 
coated urea (SCU) and crotonylidene diurea (CDU) have been compared with 
urea in fall applications at the Elora Research Station. The objective 
was to determine if application of slow release N fertilizer in the fall 
would be a more efficient source of N than urea. Most common N fertil
izers are subject to leaching and/or denitrification losses if applied 
too long before the crop can utilize the nitrogen. SCU was compared 
with urea applied just before planting on some growers* fields in Perth 
and Huron counties in 1973- The objective was to further determine the 
availability of N from a slow release N source.

Grain yield and leaf N concentration data are presented to 
illustrate the response of corn to slow release N sources (Tables 16 
and 17).

Fall Applied N

The experiments conducted at the Elora Research Station were 
on silt loam using UN106 as a corn variety. The grain yields with the 
SCU and CDU sources were similar to that for urea with the possible 
exception of the 65 kg N/ha treatment in 1973 (Table 16). With urea 
as the N source in 1973, 65 kg N/ha was adequate whereas much higher 
amounts of SCU and CDU were required for maximum yield. It may be 
parenthetically noted here that response to fall applied N on these 
experiments was similar to that applied preplant in the spring or 
sidedress.

The leaf N concentration at silking indicates the relative 
availability of N from each of the N fertilizer sources. It appears 
that, with the exception of the 65 kg N/ha CDU treatment in 1972, the 
N concentration In the leaf opposite and below the leaf was similar for 
the different fertilizer N sources at each rate (Table 17). It may be 
concluded that there was no apparent advantage of SCU or CDU over urea 
applied in the fall at the Elora Research Station.

Spring Applled N

Generally, the yield difference between SCU and urea at 135 
kg N/ha was not significantly different for three experiments on growers' 
fields (Table 18). However, there was a tendency for a lower yield with 
SCU on two sites. The leaf N concentration for SCU was generally lower 
than for urea (Table 18). This appears to indicate that N release with
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SCU may not be sufficient to adequately supply a corn crop and certainly 
does not offer any advantage when applied In the spring.

E.G. Beauchamp

Table 16: Corn grain yields from plots receiving several rates of urea, 
SCU, and CDU at the Elora Research Station in 1971 > 1972 and 
1973.

Year N Applled Urea SCU CDU

kg/ha 

1971 0 8400b* 8400b 8400b

65 8260ab 8590ab 9030ab

135 9220a 9220a 8780ab
270 9030ab 9090ab 8840ab

1972 0 5020b 5020b 5020b

65 6080a 6080a 6020a

135 6020a 6150a 5960a
270 6520a

1973 0 3700c 3700c 3700c

65 5650a 4830b 5060b

135 5460ab 5330ab 5650a
270 5520ab

* Data within years followed by the same letter are not significantly 
different at the 95% level of probability.
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Table 17: N concentration of the corn leaf opposite and below the ear 
at silking sampled from plots receiving several rates of 
urea, SCU and CDU at the Elora Research Station in 1971, 
1972 and 1973.

Year N Applied Urea SCU CDU

kg/ha Percentage -

1971 0 3.62 b* 3.62b 3.62b

65 3.83ab 3.77ab 3.80ab

135 3.87ab 3.87ab 3.82ab
270 3.93a 3.93a 3.91a

1972 0 3.18d 3.18d 3.18d

65 4.04a 3.70abc 3.55c

135 3.95ab 3.59bc 3.93abc
270 3.95ab

1973 0 2.25c 2.25c 2.25c

65 2.86b 2.78b 2.72b

135 2.98b 2.9^b 3.04ab

270 3.25a

Data within years followed by the same letter are not significantly 
different at the 95% level of probability.
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Table 18: Grain yield and N concentration of the leaf opposite and 
below the ear at silking with urea and SCU sources applied 
before planting In 1973 on three soil types.

Source N Applied Listowel 
Silt Loam

Perth 
Clay Loam

Brookston 
Clay

kg/ha
Grain Yield - 0 5460b* 4200b 3140b

Urea 135 6020a 5080a 4770a
SCU 135 6020a 5020a 4390a

kg/ha Percentage
Leaf N - 0 2.84b 2.24c 1.75b

Urea 135 3.09a 2.87a 2.31a
SCU 135 2.93a 2.62b 2.19a

Data within columns followed by the same le tter are not significantly
different at 95% probability level.

Response of Rapeseed to Fertilizers and Seeding Date

Rapeseed is an important crop in the Prairie provinces; and 
from work by the Crop Science Department at the University of Guelph, 
it appears to have some promise for the cooler areas of Ontario. Little 
was known about the response of this crop to fertilizers or seeding 
dates under Ontario conditions. A trial comparing fertilizer treatments 
at two seeding dates was therefore carried out at the Elora Research 
Station during 1972 and 1973. A third June seeding date was included 
but at only one fertilizer rate. The crop was seeded in 14-inch drills 
in 1972 and 7"inch drills in 1973. This study will be continued in 1974.

There was no apparent effect of seeding date on rapeseed yield 
in 1972, but in 1973 yield was markedly reduced by late seeding (Table 
19). In 1973 there was a severe drought late In the season which re
sulted in the bottom leaves of the later seedings dying before maturity. 
It seems probable that moisture supply was a major contributor to the 
difference in yield. There were no differences in fertilizer response 
due to seeding date in either year (fertilizer response was measured at 
only the two earliest seeding dates).

The trial site was very low in available soil phosphorus 
(4 ppm sodium bicarbonate extractable) and moderate in potassium (60 ppm 
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ammonium acetate extractable). Response to nitrogen, phosphorus and 
potassium is presented in Table 20. Rapeseed appears to be quite 
responsive to nitrogen requiring a similar amount to corn. There was 
some lodging at all rates of nitrogen in 1972 but only at the highest 
two rates in 1973*  Lodging was severe in both years at the highest 
rate of nitrogen and would have made machine harvesting very difficult 
if not impossible.

There was a moderate yield response to phosphate and potash. 
At early stages of growth, however, response to phosphate was very 
marked and potash deficiency symptoms were quite noticeable on plots 
without potash.

Half of each plot received 34 kg/ha of 13-52-0 fertilizer 
banded approximately 3.8 cm below the seed. The remaining fertilizer 
was broadcast and disced in. Data in Table 20 are the average of plots 
with and without this band of fertilizer. In 1972 there was no yield 
response to the banded fertilizer in spite of a marked response in 
early growth on plots without broadcast phosphate. In 1973 there was 
a marked response to the placed fertilizer on the plots without broad
cast phosphate (Table 21).

T.E. Bates

Table 19: Yield of zephyr rapeseed as affected by seeding date.

1972 1973
Seeding Date Seed Yield Seeding Date Seed Yield

kg/ha kg/ha

May 1 1580 April 19 2300

May 23 1600 May 18 2040
June 8 1780 June 13 1180
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Tabie 20: Response of zephyr rapeseed to nitrogen, phosphate and 
potash fertilizers.

Fer111i zer Seed Yield
1972 1973 Average

kg/ha - - - kg/ha - - -

Nitrogen Applied

0 800 1640 1210
25 1190 2060 1630
49 1590 2190 1880

100 2200 2590 2400
200 2300 2010 2150

Phosphate Applied

0 1120 1790 1460
27 1370 2220 1790
56 1330 2300 1820

101 1370 2200 1780
202 1590 2590 2080

Potash Applied

0 1380 2120 1750
27 1590 2260 1930
54 1590 2590 2080

109 1650 2430 2040
216 1450 2290 1860
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Table 21: Yield of zephyr rapeseed as affected by fertilizer placement 
in 1973.

Broadcast Phosphate Fertilizer Banded Below the Seed
None 30 kg 13-52-0/ha

kg/ha Seed Yield 
kg/ha

0 1230 2370
28 2290 2150

57 2310 2290
114 2160 2240

229 2410 2770

Potassium Fertilizer Requirement by Rutabagas for Improved Brown Heart 
(Water Core) Control

During the past few years, it has not been uncommon for ruta
baga growers to suffer decreases in crop quality because of brown heart 
(water core) occurrence. Brown heart consists of brownish, watery zones 
of discoloration in the root and has often been corrected by boron fer
tilization. However, in spite of recommended boron fertilization, some 
growers still experienced difficulties growing rutabagas free of brown 
heart.

During the period 1969 to 1972, fourteen field experiments 
were conducted on growers1 fields (which received recommended boron 
fertilization) to determine the cause of brown heart incidence. From 
analysis of top and root tissues, it was found that boron uptake was 
apparently adequate in the majority of experimental sites where brown 
heart occurred. It was also found that the calcium concentration in 
the roots may have been too high causing a calcium-boron imbalance. 
When the Ca/B ratio in root tissues increased above 170, brown heart 
was much more prevalent.

The data showed that the Ca/B ratio was inversely related to 
the potassium concentration in the root tissues. Also, brown heart 
incidence generally increased as the extractable (neutral 1N NH4OAc) 
potassium in soil decreased. It was established in other studies that 
increasing potassium concentration may coincide with decreasing calcium 
concentration in other plant species. It was concluded that, providing 
recommended boron fertilization practices are followed, increasing the 
potassium supply would decrease the calcium concentration in root 
tissues and thereby render the boron more effective in brown heart 
prevention.
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Accordingly, the potassium fertilizer recommendations by 
soil test for rutabagas have been amended. The amendement was consid
ered necessary only to improve rutabaga root quality and not to increase 
the total yield of roots. It is suggested that increased potassium 
fertilization be made only on soils in the neutral to alkaline pH range 
and that due regard be given to avoidance of a potassiurn-induced magnesium 
deficiency.

E.G. Beauchamp

Root-induced Changes in the Rhizocylinder Solution and Phosphorus 
Uptake by Corn

A plant root modifies the soil through which it grows,not only 
by absorbing water and nutrients but also by excreting materials that 
may alter the pH and microbial populations. Previous studies have shown 
that the pH at the root-soil interface was lowered by absorption of 
NH4+-N and raised by absorption of N0-3-N. The absorption of phosphate 
was increased by the prescence of NH4+-N and decreased by the presence 
of N0-3-N. Current studies are attempting to characterize the influence 
of NH4+-N and N0-3-N absorption on the pH and chemical composition of 
the solution at the root-soil interface, and to relate these changes to 
the phosphate absorption.

A technique has been developed whereby the solution at the 
root-soil interface is extracted by centrifugation from the roots and 
adhering soil. Centrifugal forces of 6,000 g's for a duration of 30 
minutes depleted the moisture content of the soil to the 1 bar level, 
and extracted 36% of the total moisture in the sample initially at 23% 
moisture by weight (the 0.33 bar level). The solution extracted in this 
manner is referred to as the rhizocylinder solution.

Corn was grown in a growth chamber on three soils of varying 
pH: Burford loam (pH in 0.01M CaC12, 7-1); Oneida clay loam (pH 5-5) 
and Wendigo sandy loam (pH 4.3). Plant shoots, roots plus adhering 
soil (rhizocylinder) and non-rhizosphere soil were collected on the 
eleventh day.

The pH of the rhizocylinder solution was lowered by the 
presence of NH4+-N and increased by the presence of N0-3-N. Treatment 
did not significantly affect the pH of the non-rhizosphere soil. The 
lowering of the pH in the presence of NH4+-N was associated with an 
increase in phosphorus in the rhizocylinder soluton and in the plant 
tops. Studies are continuing to more clearly establish cause and 
effect relationships in this phenomenon.

Y.K Soon and M.H. Miller
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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 loam in Halton county.

The objectives of these trials are:

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

b. to determine the optimum levels of soil phosphorus and 
potassium for grain corn and the amounts of fertilizers 
required to maintain these levels.

Average grain yields on each of the three sites as affected 
by fertilizer nitrogen are presented in Figure la. On this chart the 
most profitable rates of fertilization are marked for nitrogen/corn 
price ratios of 1/10 and 1/40. A price ratio of 1/10 could represent
10₵ nitrogen and $1.00 corn or 15$ nitrogen and $3.00 corn while a 
price ratio of 1/10could represent 10$ nitrogen and $1.00 corn or 
15₵ nitrogen and $3.00 corn while a price ratio of could repre
sent 10$ nitrogen and $4.00 corn or 20$ nitrogen and $8.00 corn. On 
the Conestoga loam price changes appear to have little effect on the 
most profitable rate of fertilizer application, but on the Oneida clay 
loam price ratio could have a large effect if the price ratio approaches 
1/40. At price ratios greater than 1/30 price change would affect the 
most profitable rate of fertilizer application only a small amount even 
on this soil. As these results are from only three sites, it would be 
unwise to base nitrogen fertilization practise on them alone.

Phosphorus fertilizer application has markedly increased the 
phosphorus soil tests on all sites (Table 21a) but has only increased 
yields on the Conestoga loam, the one soil low in phosphorus initially. 
Yields in 1973 still show no indication of phosphorus yield response 
on the other two sites. There has been no decrease in phosphorus soil 
test even on plots receiving only 12 to 15 lb P205/acre every second year.

Potassium fertilizer application has increased the potassium 
soil tests on all sites (Table 21c), but the average yields over the 
years show an increase from potassium fertilization only on the Conestoga 
loam (Table 21d). Response to potassium fertilization has begun to 
develop on the Fox sandy loam in the last few years as the potassium 
soil test on the unfertilized treatment has dropped. On the Oneida 
clay loam soil there is no indication of any decrease in potassium 
soil test without potassium fertilization and no indication of yield 
increases due to potassium.

T.E. Bates
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Table 21a: Effect of phosphorus fertilizer applications on soil test 
(sodium bicarbonate extractable) values.

Phosphorus*  
applied each year

Soil Test Value (ppm)
Fox Sandy Loam Conestoga Loam Oneida Clay Loam

kg P/ha lb P205/ac Brant Co. Wellington Co. Halton Co.

0 0 23 (24)** 7 (6) 25 (20)
11 23 25 8 27
22 45 34 12 30
44 91 44 21 37
89 181 63 48 56

* All treatments received 168 kg N/ha (150 lb N/acre) and at least
45 kg K/ha (48 lb K2O/acre) each year. Each year half of the plots 
on each trial also received 67 kg of fertilizer per hectare with the 
seed. The fertilizer was an 8-25-3 or similar grade.

An additional 6-7 kg P/ha (12-15 lb P205/ac) was applied to each 
plot every second year as starter fertilizer.

** Values in parentheses are the soil test values at the start of the 
experiment.

Table 21b: Average yield of corn as affected by phosphorus fertilizer
(1967-1973).

Phosphorus*  
applied each year

Grain Yield
Fox Sandy Loam 

Brant Co.
Conestoga Loam 
Wellington Co,

Oneida Clay Loam 
Halton Co.kg P/ha lb P205/ac

bu/ac kg/ha bu/ac kg/ha bu/ac kg/ha
0 0 86 5390 103 6460 100 6270

11 23 90 5650 107 6710 104 6520
22 45 85 5330 109 6840 109 6840
44 91 80 5020 111 6960 99 6210
89 182 88 5520 114 7150 107 6710
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Table 21c: Effect of potassium fertilizer applications on soil test 
(ammonium acetate extractable) values.

Potassium* 
applied each year

Soil Test Value (ppm)
Fox Sandy Loam 

Brant Co.
Conestoga Loam 
Wellington Co.

Oneida Clay Loam 
Hal ton Co.kg K/ha lb K20/ac

0 0 74 (110)** 90 (79) 146 (141)
22 24 100 97 165
45 48 120 106 167
90 97 158 133 196

180 193 186 208 232

* An additional 1-2 kg K/ha was applied to each plot every second year 
as starter fertilizer.

** Value in parentheses are soil test values at the start of the 
experiment.

Table 21d: Average yield of corn as affected by potash fertilizer 
(1967-1973).

Potassium* 
applied each year

Grain Yield
Fox Sandy Loam 

Brant Co.
Conestoga Loam 
Wellington Co.

Oneida Clay Loam 
Halton Co.kg K/ha lb K2O/ac

bu/ac kg/ha bu/ac kg/ha bu/ac kg/ha

0 0 76 4770 90 5650 107 6710

22 24 79 4960 105 6590 107 6400

45 48 81 5080 108 6770 98 6150

90 96 80 5020 111 6960 106 6650

180 192 80 5020 114 7150 110 6900

180 192** 82 5140 113 7090 —— — _
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* 44 kg P/ha (91 lb P 0 /ac) each year was added. Half of the plots on 
each trial also recieved 67 kg/ha each year as fertilizer with the 
seed. The fertilizer was 8-25-3 or similar grade.

* * This treatment received 336 kg N/ha (300 lb N/ac) each year.



Figure la: Average grain yiela on three soils as affected by nitrogen 
fertilizer 1967~1973 (1968-1973 on the Oneida soil).
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Controlled Soil Temperature for Corn

The temperature of field soil below a corn stover mulch was 
controlled to correspond to the warmer ambient temperature of an 
unmulched soil. On another plot the cooler ambient temperature of a 
mulched soil was maintained. The purpose was to ascertain the effect 
of temperature changes on corn yield brought about by mulching.

The results indicate that warming the soil under mulch can 
advance corn development as indicated by tassel emergence whereas 
cooling a bare soil tends to retard development. The similarity 
between the uncontrolled (ambient temperatures) mulch and the bare 
soils suggests that any cooling effect of a mulch may be offset by 
other advantages such as moisture conservation. Final yields were not 
affected by the temperature regimes.

In this study the stover was placed over the corn roots in 
the inter-row area. The row area itself (where plants emerged) was 
left bare. Leaving the stover in the field may not be detrimental to 
growth, provided it is not left directly over the germinating seeds.

E.L. Dickson and J.W. Ketcheson

Temperature Effects on the Response of Corn Radicles to Gravity

During 1970-1971, P.N. Mosher and M.H. Miller observed that 
the response of a primary root of corn to gravity was a function of 
soil temperature. The corn root grew in a more downward direction as 
the soil temperature increased from 18°C to 36°C. The effect of tem
perature was due to the absolute soil temperature and not a temperature 
gradient. (See 1970 Progress Report, page 49.)

J.J. Onderdonk and J.W. Ketcheson later observed that the 
primary root grew most closely to the horizontal at 17°C. Above or 
below this temperature the root grew in a more downward direction. 
They also observed that with cyclic temperatures the root followed 
the angle induced by the upper temperature. (See 1971 Progress Report, 
page 29.)

The present work began by attempting to find the minimum 
time at the high temperature necessary to cause this response. An 
apparatus was designed such that the seed was held between two plexi
glas plates and the primary corn root grew between two sheets of chrom
atography paper suspended in a 0.5 mM CaSO4 solution. This permitted 
a particular unit to be easily transferred from one temperature chamber 
to another and allowed rapid temperature equilibration. The temperatures 
used were 17°C and 33°C. Photographs were taken of the roots periodi
cally during the experiments and the angle of each 2-cm segment of root 
growth was measured on the photographs. Statistical analysis showed 
there to be no difference in the response to temperature between this 
system and a system in which roots were growing at a soil-glass interface.
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Fig. 2. Direction of Growth of Corn Radicles in a 17*33* C Diurnal Cycle of Varying Duration
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Figure 2 illustrates the direction of root growth when the 
plants were exposed to a 33°C temperature for varying periods of time 
each day. The plants were in the 17°C chamber when not at 33°C. It 
is apparent that a one-hour period each day at 33°C caused a much more 
downward growth of roots. As the length of time at 33°C increased, the 
direction of growth became more horizontal again. It is significant to 
note that in these experiments, seeds that were oriented with their axes 
positioned horizontally produced the same trends and almost the same 
root angles as those oriented vertically. In other words, the root 
achieved an angle with respect to gravity almost independent of its 
initial orientation. These trends have been observed in three related 
exper i ments.

A second approach involved investigating the effect of a 
single exposure to the higher temperature during the growth of the roots 
at 17°C. A distinct and statistically significant change in angle of 
the root occurred following the single exposure to 33°C for six hours, 
(See Figure 1). Longer periods at the higher temperature seemed to 
cause a greater change. It is interesting to note that although the 
total time at 33°C in this experiment was as much or more than some of 
the cyclic treatments, the single exposure is less effective in producing 
downward growth. However, the new angle of growth appeared to persist 
after the roots were returned to the 17°C chamber.

This project Is being continued to characterize the tempera
ture effect more closely and hopefully to hypothesize some possible 
physiological mechanisms.

S.C. Sheppard and M.H. Miller

Chemical Behavior of Plant Nutrients in Organic Soils as Indicated by 
Soil and Plant Analv^iq

Liquid chelates of zinc and copper were applied to 301 x IS1 
plots on three different locations of organic soil at the Bradford 
Marsh. The purpose was to check uptake of these elements by carrots 
and their effect, if any, on two quality aspects; namely, "horizontal 
lesions" and "rusty root". Three lots of lettuce seed and two of onion 
seed were treated with molybdenum previous to planting on soil areas 
that were acidic in reaction. The purpose was to find out if additional 
molybdenum would improve the growth and vigor of these crops as a result 
of additional uptake.

No increases in copper were found in tissue of the treated 
carrots and only small increases in zinc. Yield was not affected, but 
quality checks showed consistently lower numbers of horizontal lesions 
in treated versus untreated carrots in all three locations. All har
vested carrots which were marketable were wasted free of soil and each 
root was examined individually for lesions. The culls (unmarketable 
roots due to size, shape, or physical injury) were not examined for 
lesions. The results are summarized in Table 22.
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Table 22: Effect of molybdenum treatment on lesions and culls in 
carrots.

Grower Seeding Method Total Yield Lesions Culls

kg/ha kg/ha kg/ha
Ho rl i ng Precision planted 

(3 rows per row)
Check 90340 13390 13230
Treated 88270 7010 9580

Gasko Wide scatter shoe
Check 63830 12830 8070
T reated 61760 5720 8350

KIic Narrow scatter shoe
Check 89450 9980 11710
Treated 87770 4320 12440

Although three different seeding methods were used, the reduc
tion in carrots with lesions was consistent. The "rusty root" syndrome 
was not encountered in the trial areas last year.

Analysis of lettuce and onion tissue had not indicated any 
increase in uptake of molybdenum. Initial growth and vigor of treated 
plants seemed to be better, but by harvest time these differences had 
disappeared.

A.L. Willis

Tillage Studies for Corn Production at the Elora Research Station

Several primary tillage methods for corn production have been 
under study. The data in Table 23 indicate that a no-tillage system 
generally resulted in lower yields than conventional plowing followed 
by disking. In some seasons no-till yields are comparable to those 
from tilled soil particularly when a soil crust develops at the time 
of seed germination. Soil crusting was less severe in plots with a 
stover cover in a no-till system.
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Tilllage Treatment

Table 23: Effect of primary tillage on corn grain yield. 
Elora Research Station, 1970 to 1973.

Year Plow-Disk No-Tillage

kg/ha kg/ha

1970 6270 6340

1971 7210 6520
1972 5210 2260

1973 6590 6460
Mean 6340 5390

Chi sei-plow!ng in the fall to a depth of 30 cm instead of 
fall-plowing is a modification being studied. The chisei-plowing 
practice permits the corn stover to remain on the soil surface and 
act as an erosion control measure. In addition, the loosening of 
the soil appears to have a beneficial affect on corn growth.

J.W. Ketcheson

Blue Light Regulation of Nitrate Reductase

Our previous studies on the relationship of light to nitrate 
assimilation have shown the involvement of phytochrome in the regulation 
of nitrate reductase in etiolated pea terminal buds (see 1971 Progress 
Report). Phytochrome control is evident in the response of the terminal 
buds to a short burst of blue, red or far-red lights, where enzyme 
activity increases in the following dark period. Our studies have been 
extended to include the wavelength dependency of nitrate reductase 
induction during prolonged exposure. Continuous exposure of etiolated 
peas elicits the superiority of blue over red and far-red lights for 
induction (Figure 3). White light at 8-fold greater incident energy 
promoted the same quantitative response as blue light (Figure 3). In 
growth chamber experiments, green photosynthesizing corn plants grown 
under continuous blue light contain a nitrate reductase level approxi
mately twice as high as plants grown under continuous red light 
(Figure 4). The light quality regulation of nitrate reductase activity 
in corn is readily reversible (Figure 4).

Our experiments indicate that both phytochrome and a blue
absorbing pigment function in the light regulation of nitrate reductase. 
Since the literature amply documents the control of nitrate reductase
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Figure 3- Time-dependent change of nitrate reductase activity (NRA) 
in etiolated pea terminal buds during exposure to white, 
blue, red and far-red lights. Light energies at terminal 
bud level were 600 and 80 μW cm-2 for white light and the 
various wavebands, respectively.

Figure 4: Nitrate reductase activity (NRA) of 6-day old corn grown 
under continuous blue and red lights and following transfer 
from blue to red lights and vice versa. Light energies 
were ca. 800 pW μW cm-2 for blue and red lights.
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via photosynthesis, it is becoming clear that light participates in many 
reactions in what is probably a complex interaction.

Blue light is known to stimulate the preferential entry of 
photosynthetically fixed carbon into amino acids and proteins rather 
than in carbohydrates. In plants growing solely on nitrate as a 
nitrogen source, nitrate reductase may be a key enzyme in the wave
length dependent pathway of carbon assimilation, functioning by regula
tion of the supply of reduced nitrogen for organic combination.

R.W. Jones and R.W. Sheard

RESOURCES, INVENTORY, PLANNING AND DEVELOPMENT

Ontario Hydro Environmental Impact Study

This department has been involved with a number of other 
university departments in an interdisciplinary study of the environ
mental impact of Ontario Hydro high-voltage transmission lines. The 
major objective of this study is to develop criteria for the location 
of transmission lines which will minimize the visual, ecological and 
social impact of power corridors. Three main levels of decision-making 
were defined including the provincial systems: Planning or Regional 
Level, the Corridor Level and the Site Level.

The activity of the Land Resource Science Department has been 
centered around the development of a system of land classification for 
use in the evaluation of visual Impact at the Regional Level. The first 
phase of this involvement consisted of a physical resource inventory in 
a pilot study area from which evolved a morphological landform classi
fication system which emphasized the form or shape of the land surface. 
The objective was to develop mapping units which could be characterized 
for design factors relating to tower line visibility and awareness, such 
as scale, complexity, pattern and absorptive capacity. The land classi
fication system developed included nine land systems ranging from 
valleys to flat plains to strongly rolling interlobate moraine and 
hummocky terminal moraine areas.

In the second phase of development of this framework for 
visual impact evaluation, the land systems were subjected to a 
detailed parametric analysis of the main elements of form which 
determined their unique visual character. The main objectives of 
quantifying the morphological variation among the units of the class
ification system were to test the relative homogeneity of the systems 
as originally mapped, to provide a means to repeat the inventory process 
with a high degree of consistency and to provide an objective basis for 
the determination of design factors of importance in the evaluation of 
visual impact.
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The parameters measured included relative relief and a 
number of different measurements of land surface complexity collec
tively described as ‘crest analysis1. Crests, as defined for the 
analysis, included all convex terrain features of greater than 60 m 
in length. Crest parameters included measurements of the average 
crest length for each land system, the number of crests per unit 
area, the length of crests per unit area and the degree of orienta
tion of the crests.

These measurements were statistically analysed and then 
applied to interpretations of landform complexity, pattern, common 
visual enclosure and absorptive capacity for visual impact evaluation. 
Field tests of the variation in common viewing distances between the 
land systems were also used to aid in the assessment of the varying 
capacity of the land systems to absorb transmission lines.

Other areas of involvement in the project include the devel
opment of physical resource criteria for input into a site sensitivity 
evaluation which includes inputs from other disciplines. In this area 
soil erosion and erosion control will be emphasized as it relates to 
construction activities.

Further research activities of this department will be 
directed at the problem of impacts of transmission lines on agricul
ture and the evaluation of the Canada Land Inventory as a source of 
information for transmission line locational studies.

J.M. Hagarty and E.E. Mackintosh

Impact of Recreational Use on Soil and Vegetation in Rushing River 
Provincial Park, Kenora, Ontario

The overall objectives of the project can be stated as:

a. to determine the impact of various intensities of 
use upon the soil and vegetation of recreation areas 
in the boreal forest with emphasis upon camping areas 
(Phase A).

b. to devise and test methods of minimizing and ameliorating 
adverse impacts of recreational use upon such areas 
(Phase B).

During the past year activities have been directed toward 
Phase A of the investigation, in particular those concerned with the 
impact on recreation. A summary of activities are as follows:

a. analysis of visitor permits for 1971 and 1972 to deter
mine intensity of use for individual camp sites.
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b. sampling and analysis of vegetation and soil changes 
at the macro level, i.e. a comparison of the park 
site to surrounding areas undisturbed by recreational 
use,

c. sampling of vegetation and soil at the micro level, 
i.e. individual camp site level, in relation to dif
ferent intensities of use.

The vegetation variables, frequency and ground cover, are 
being analyzed by use of clustering methods such as those included in 
a cluster 1A package computer program. In turn these groupings are 
related to soil characteristics and use data. At the micro scale 
vegetative and ground cover changes will be related to use and soil 
factors through ordination techniques.

Several observations on vegetation changes and intensity of 
use are summarized below.

1. Absence of Lycopodium sp. in campsite areas; five of which are very 
common in undisturbed habitats.

2. Most fleshy plants such as Clintonia borealis are absent or very 
reduced in number due to human traffic.

3. Absence of Cladonia sp. in campsite areas which is abundant in 
undisturbed drier habitats.

h. Vaccinium angustifoliurn appears very stunted in habit, never 
produces fruit and rarely flowers in heavily used areas.

5. Only a few natural species (generally wood or low lying) are 
capable of remaining alive near or in campsites e.g. Pteridium 
aguilinum, Diervialla lonicera, Vacciniurn sp., Gaulther ia 
procumbens; all of these have a dwarfed habit when growing in 
traffic areas.

6. Removals of thickets, young trees and tall herbaceous species by 
management

a. interferes with tree regeneration,
b. changes plant habitats around campsites,
c. opens areas for "weed" invasion,

M.K. Hoffman and E.E. Mackintosh
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A Study of Land Productivity for Apple Trees

The relationship between land productivity and yield of apple 
trees was investigated for nineteen orchard sites in southern Ontario. 
A total of 171 individual trees, McIntosh variety (Malus domestica) on 
semi-dwarf rootstock EM VII, were used. Soil properties were measured 
on individual trees and management information was collected on an 
individual orchard basis. Climatological data from weather stations 
situated near the sites were employed to indicate climatic variations. 
Yields were collected on an individual tree basis and reported as kg 
and kg/sq cm. The data were analyzed using multiple regression techniques.

Factors related to management, such as the amounts of N and K 
fertilizers applied and density of tree plantings explained 29% of 
factors for 17% of the yield variation.

A revised capability classification for tree fruits indicated 
that the average apple yield in Class 3 was significantly different 
from the yields in the other classes (Table 24). No significant dif
ferences in average annual apple yield were observed between Classes 1 
and 2 and between Classes 4 and 5-

Table 24: Relationship between capability class and apply yield 
(kg/sq cm).

Capability 
Class

Average 
Yield

Number 
of Trees

kg/cm2

1 0.85 10
2 0.71 40

3 0.60 71
4 0.47 41

5 0.41 9

L.J, P. van Vliet and E.E. Mackintosh
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Relation Between Soil Watertable Levels and Soil Morphology

Soil watertable levels were recorded over a 1^ year period 
on three different drainage sequences, each containing well, imper
fectly, poor and very poorly drained profiles.

Physical, chemical and morphological measurements were 
related to soil watertable levels and fluctuations through multiple 
regression analysis.

For soils whose horizons were saturated for less than $0% of 
the year,the percent time a horizon remained saturated could be pre
dicted (R2 = .77) by the equation Y = 3-66 + (0.466 x mottle abundance) 
+ (2.07 x mottle boundary). Soil horizons saturated greater than 50% 
of the year tended to be gleyed or contain gley mottles.

Mottle formation in soils is closely related to the number of 
watertable fluctuations and the period of saturation. Depths to horizons 
of maximum mottle abundance for example, correlate well with the 
horizon of maximum number of watertable fluctuations.

A summary of the data also shows a close relation between 
periods of saturation and drainage class. The Harriston Catena, for 
example, well, imperfect, poor and very poorly drained soil were sat
urated at the 90 cm depth for 2, 30, 37 and 60% of the year, respec
tively. Such information can serve as a useful basis for developing 
criteria for assessing the suitability of soils for septic tanks.

E.E. Mackintosh

Muitispectral Image Enhancement Techniques for Mapping Soils

Airborne multispectral (twelve bands in the 0.41-11.70 y 
wavelength region) imageries were analysed to discern which bands were 
most useful for mapping soils. Visual examination of twelve images 
proved difficult so three image enhancement techniques were tested. 
These were:

a. the diazo transparency,

b. density slicing, and

c. multispectral additive techniques.

The results indicate that the diazo transparency and multispectral 
additive techniques were capable of providing separable and meaningful 
soil mapping units. Field observations made after image analysis led 
to the conclusion that the soil mapping unit boundaries drawn from the 
images were more accurate than those obtained by normal soil survey 
methods. Density slicing of the thermal infrared imagery (9.3-11.7 μ 
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region) provided surface and subsurface information about soil moisture 
regimes.

It is concluded that these techniques could.be used to map 
soils more accurately. Although cost/benefit data have not been gener
ated, we think that these techniques would be economical in areas of 
variable soils under intense use.

A. Symeonakis and R. Protz
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GEOLOGY

OVERALL RESEARCH PLAN

The objectives associated with the various departmental 
projects in geology may be outlined in two phases:

Phase 1. Comprised of quantitative analyses of rocks, sediments and 
soils formed in selected environments for use in modelling 
for such purposes as

a. to have a basic understanding of processes responsible 
for formation and incipient breakdown of the materials,

b. to improve the power of prediction of behavior of 
selected properties of the deposits.

Phase II. Consists of analysing the practical values of models for 
exploration and exploitation of natural resources such as 
hydrocarbons, water and industrial materials, and for urban 
and recreational land use planning.

Specific Projects

1. Sedimentology of Silurian Clastic Rocks

a. Detailed analysis of selected surface and subsurface 
sedimentological sequences being made to find criteria 
to use in determining the existence and range of 
Silurian "tides".

b. The study of the Medina Formation is in Phase II and 
consists of testing the sedimentological model by apply
ing it to subsurface study of gas fields under Lake Erie.

2. Pleistocene Geology and Land Use of Wasaga Beach, Ontario

a. Baste understanding of the processes that lead to the 
formation of a complete and well preserved lacustrine 
"barrier complex" will result from a study of measured 
sedimentary sequences exposed at Wasaga Beach, Ontario.
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b. The study of the effects on the geo-ecosystems of the 
“barrier complex” of the different types of recreational 
activities is comprised of direct field and remote 
sensing monitoring, experiments on the carrying capacity 
of the sand dunes, monitoring of changes in rates of 
erosion, changes in interstitial water regime in the 
soil, vegetative cover etc. (M.Sc., M. Yurick).

c. The process of formation, rate of propagation and rate of 
stabilization by vegetation of sand blowouts are being 
studied in undisturbed and disturbed natural conditions 
at Wasaga Beach. Ideal and real settings are being sim
ulated in flume experiments. (M.Sc., J. Arbour).

d. The processes that have formed the raised storm-beaches 
and parallel dunes of Wasaga Beach are still active today 
along the modern shores, the river spit and the shallow 
shelf of Nottawasaga Bay. A study is planned of these 
environments, of the effect of human activities (recrea
tional and urban growth) on the rate of coastal erosion 
and deposition, and of the management problems arising 
because of local conflicts between natural processes 
and human activities (M.Sc. project).

3. Sedimentology and Weathering of Pleistocene and Modern Sediments

a. The sediments and soils of selected area of central 
P.E.I. are being studied to determine criteria to 
distinguish between soliflucted weathered bedrock 
(Paleozoic red-beds) and till, or the relative propor
tion of the two in the present day surficial deposits. 
Fabric, textural and structural sedimentary analysis, 
soil micromorphology and chemical analyses that are 
normally used to characterize soils have been made and 
the data are being treated using multivariate statistical 
procedures (M.Sc., B. McLean).

b. Information about Pleistocene sedimentological sequences 
exposed in sand, gravel and clay pits in Ontario is being 
gathered to construct sedimentological models of contin
ental environments of sedimentation. Particular sedimen
tary features observed in the Pleistocene sections are 
sought and studied in recent environments and when 
necessary, duplicated in flume experiments to understand 
the hydrologic conditions under which they were formed.

c. The lower parts (B horizon) of soil profiles developed on 
Pleistocene sediments and the incipient weathering profiles 
of recent sediments are being studied to understand the 
processes involved in the disruption of primary sedimentary 
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structures and the progressive development of soil 
structure and micromorphology. Data on selected soil 
profiles are interpreted using multivariate statistical 
techniques and different types of mapping to discriminate 
the effect of parent sedimentary rock on formation of 
soils.

A. Comparative Studies Between Alpine and Appalachian Sedimentary Basins

a. A theoretical classification of subaqueous "sediment 
gravity flows" has been made by Middleton (1973, SEPM 
Short Course, Anaheim). Hypothetical sedimentological 
sequences of deposits related to these flows have been 
described or are known from both the Northern Appennines 
(Italy) and the Appalachians (Canada). The vertical and 
lateral variation and recurrence of the types of sequence 
will be studied in Mesozoic deposits of the Northern 
Appennines and in Paleozoic rocks of the Appalachians. 
The effects of sea-bottom paleotopography on the sequences 
formed by "sediment gravity flows" will be analyzed in 
selected Mesozoic sections of Italy.

5. Fabrics of Sedimentary Rocks and Soils

This study consists of systematic analysis of primary 
and post-depositional fabrics (particle orientation and 
packing) of sedimentary deposits.

a. Flume experiments are being constructed under different 
flow regime condition, to analyze the relationship 
between size, shape and orientation of particles in 
horizontal and inclined depositional surface.

b. Different natural environments such as debris flows, 
scree slopes, braided reaches of rivers and beaches are 
being sampled to analyze the orientation of pebbles of 
different shapes and sizes, in respect to the direction 
of flow.

I.P. Martini
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AGROMETEOROLOGY

WORKDAY PROBABILITIES FOR AGRICULTURAL OPERATIONS

All farm management programs developed for computer simulation 
and decision-making require information on the probable time for conducting 
field operations. Accurate estimates of the days available for fieldwork 
are needed to fulfill this requirement.

Workday probabilities in the spring season for two soil types 
(sandy and loam-clay soils) for six Ontario locations (Harrow, Vineland, 
Guelph, Lindsay, Ottawa and Kapuskasing) have been calculated and pub
lished. (See Current Publications Chapter - Reports.) A soil moisture 
simulation technique - SPRISM - was applied to 50 years of spring season 
weather records to provide the workday probabilities. A description of 
the SPRISM model with the computer program is included in the publication.

A model developed for simulation of crop and soil moisture 
conditions in the fall season has been extended to provide soil moisture 
estimates for the corn crop from planting to harvest. The model has been 
applied to 50 years of Guelph weather records to provide fall harvest 
workdays. This model was verified against actual soil moisture readings 
taken during the later summer and fall in 1970, 1971, 1972 and 1973 in a 
corn field at Guelph. (A publication based on these results is in final 
preparat ion.)

For the Ontario Dairy Farm Plan linear program, workday prob
abilities for the complete growing season were provided for the Guelph 
region. Workdays estimates were based on the above models for the spring 
and fall seasons and on rainfall records over the 50-year period for the 
haying and summer harvest season. The number of suitable work-hours for 
each half-month period at the 50, 67, 75 and 80% probability level are 
shown in the Table 25, based on Guelph weather data.

EFFECT OF CLIMATE ON CORN MATURITY AND HARVESTABILITY

Production of grain corn continues to expand into cooler 
regions. Thus the need for more and better information on the effect 
of climate on corn maturity and harvestability becomes more urgent as 
corn is grown in regions where the growing seasons are shorter and the 
frost risk is greater.
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Table 25: Suitable field work hours.

Probability: 50% 67% 75% 80%

Time Period Heavy Light Heavy Light Heavy Light Heavy Light
Soil Soil Soil Soil Soil Soil Soil Soil

Apr 1-15 0 16 0 8 0 3 0 2
Apr 16-30 25 95 12 68 8 52 4 42
May 1-15 85 127 53 103 35 88 23 78
May 16-31 101 143 60 122 39 110 24 101
June 1-15 121 114 109 105
June 15-30 122 111 106 103
July 1-15 124 115 108 103
July 16-31 127 117 112 108

Aug 1-15 118 111 107 105
Aug 16-31 134 127 124 119
Sept 1-15 125 113 108 105

Sept 16-30 125 99 84 74

Oct 1-15 121 95 80 69

Oct 16-31 118 94 79 71

Nov 1-15 99 78 66 56

Nov 16-30 76 58 48 42

Dec 1-15 55 34 26 9

* Based on 12-hour days and 6-day weeks
† April 1 - May 31 = Based on Spring Soil Moisture Simulation Model. June 1 - Sept 15 = Based on rainfall only - less than 1/10 inch today or yesterday for a workday.

Sept 16 - Dec 15 = Based on Fall Crop and Soil Moisture Simulation Model.



A biological response relationship (Bio-photo-thermal Model) 
utilizing mean temperature, diurnal range of temperature and length of 
photoperiod to estimate the time required to reach tassel initiation 
of corn was developed from growth chamber studies of two short-session 
corn hybrids. The model was tested against data from field grown corn 
in the summer of 1973 and proved to be more accurate for prediction of 
tassel initiation time than the Ontario heat unit system and two other 
degree-day systems. Even with a correction for photoperiod, the heat 
unit and degree-day systems proved to be less precise for simulating 
corn development rate during this early stage of corn growth than the 
Bio-photo-thermal model.

The simulated fall freeze experiment was conducted at 
Ridgetown (by R.C. Jenkinson) again in 1973. Results were similar to 
1972. Corn that was frozen before physiological maturity suffered a 
significant yield reduction of both grain and stover when compared to 
unfrozen corn. After each simulated frost treatment was applied, there 
was a slight increase in grain yield probably due to translocation of 
sugars from the stalk to the grain. Considerable information on kernel 
moisture reduction before and after physiological maturity from the 
untreated and artificially frozen plants was obtained. Freezing before 
physiological maturity increased the rate of water loss from the kernels 
when compared to untreated plants. After maturity, f reezing did not 
increase the rate of water loss from corn. The conclusion from this 
set of experiments is that as long as adapted (recommended) hybrids are 
planted before May 15 in Southwestern Ontario, a fall freeze would have 
to occur before the 10% freeze risk date (Sept. 28 at Ridgetown) to 
reduce the yield of grain corn. The practice of planting longer season 
hybrids than are recommended for an area could lead to yield reductions 
if a freeze occurred earlier than the 10% risk date.

The ‘field drying rate1 relationships determined from ear 
samplings in corn plots for the last four seasons have proven to be 
too unpredictable for application in computer simulation models. 
Further refinement and testing of these relationships is required.

D.M. Brown

ESTIMATING NEAR-SURFACE MICROCLIMATES IN THE AIR AND SOIL 
FROM STEVENSON SCREEN DATA

An important factor affecting biological activity is the 
microclimate surrounding the organism. For the most part, this activity 
takes place at sites where no microclimate data are available. Examples 
are the lower few centimeters of the atmosphere, or the surface of a 
leaf within a crop canopy. The objective of this continuing study is 
to determine if adequately accurate predictions of microclimates are 
possible using the macro-climatic observations obtained at the estab
lished network of standard weather stations. At present we have only 
considered bare soil or surfaces having very short vegetation.
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Our microclimate estimator is based on a paper by L.O. Myrup 
(J. Appl. Meteorol. 8: 908-318, 1969) which described a computer model 
he had developed as a teaching aid to understand the urban heat island 
effect. One important input to his model was a mean daily temperature 
and humidity value at 300 m obtained from climatological records. A 
significant difference between our simulator and Myrup’s is that we 
drive our model with current hourly temperature, humidity and wind 
data taken at a standard weather station.

We are encouraged by the present results of our investigation 
to say that in many situations near-surface microclimate estimates can 
be made that are sufficiently accurate to predict rates of biological 
activity in these habitats. A completed description of our experiments 
with this model is expected to appear in the Master's theses of Dyer 
and Labine which will be submitted sometime during the summer of 1974.

J.A. Dyer and C.L. Labine, 
and T.J. Gillespie

DISEASE-WEATHER STUDIES ON CARROTS

During the growing season of 1973, a very complete set of 
field data were obtained concerning the effect of weather and fungicide 
applications on carrot leaf blights caused by Alternaria dauci or 
Cercospora carotae. Previous reference to the literature had revealed 
that the following weather variables were most influential on these 
diseases: temperature, humidity, duration of leaf wetness, wind and 
sunshine. These variables were monitored continuously from early June 
to mid-October at the test site on the Ontario Ministry of Agriculture 
and Food Muck Research Station at Bradford, Ontario. In addition, the 
air was continuously sampled to obtain the hour-by-hour trends in air
borne spore loads and the spread of disease was recorded in terms of 
percentage leaf area blighted at regular intervals through the season.

The first Alternaria dauci spores appeared in our trap on 
July 1st,and commercial carrot growers in the area began their weekly 
fungicide spray program in the first or second week of July. However, 
in our unsprayed plot which was surrounded by nearby large commercial 
carrot fields, a very susceptible variety showed less than 2% diseased 
leaves until the first week of Agust when an increase to 12% blighted 
leaf are occurred. A moderately susceptible cultivar showed less than 
1% disease at this time. This data and data from 1972 suggest that the 
regular spray program in the marsh is often begun too early.

We also maintained two plots that were sprayed with a fungi
cide. The first was treated weekly beginning July 18 to mimic the 
common commercial practice in the area, although some growers had by 
this time already applied three sprays. The second was sprayed accord
ing to some general rules we had derived from 1972 experiences concern
ing the reaction of carrot blight to the weather. On Oct. 12 when the 
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commercial harvest was well underway, the following data were obtained 
for the highly susceptible carrot cultivar. it is seen that proper 
fungicide timing not only reduced the total chemical load but improved 
the disease control. Similar data were obtained in 1972.

Table 26: Effect of spraying on blighted leaf area.

Treatment % Leaf Area Blighted Total Sprays Used

No fungicide 75 Nil
Weekly fungicide 24 7
Fungicide time by weather 7 3

W.J. Langenberg and T.J. Gillespie
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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 ( c.d.A.).
Ontario Ministry of Agriculture and Food, Canada Department of 
Agriculture - Soil Research Institute.

Soil Physical Chemistry

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

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

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

Soil Physics

Dynamics of nitrogen transport in soil. D.E. El rick.
Ontario Ministry of Agriculture and Food.

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, J. Moyer, R. Protz, R. Johnston (Environmental 
Biology).
Ontario Ministry of Environment, Environment Canada.

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

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

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

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

Revegetation of high-acid uranium mine tailings. E.G. Beauchamp, 
N. Bazinet.
Environment Canada.

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

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

The effects of S02 emissions into the atmosphere on the acidity 
of soils of the Sudbury area. R.L. Thomas.
Ontario Ministry of Environment.

Soil-Plant Relations

Evaluation of macronutrient requirements for corn. T.E. Bates, 
J.A. Smith, W. I. Findlay (C.D.A.), C. Moore (Kemptville, C.A/F.), 
C.K. Stevenson (Ridgetown, C.A.T.).
Ontario Ministry of Agriculture and Food,

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

Response of rapeseed to fertilizer as affected by date of 
seeding. T.E. Bates, J.W. Tanner (Crop Science).
Ontario Ministry of Agriculture and Food.
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Nutrient deficiencies of cassava. T.E. Bates.
Canadian International Development Agency.

Non-exchangeable ammonium in the soil nitrogen cycle. 
E.G. Beauchamp. Canada Department of Agriculture.

Time of application and source of nitrogen on corn.
E.G. Beauchamp, C.L. Corke (Environmental Biology).
Ontario Ministry of Agriculture and Food.

Denitrification in soils. E.G. Beauchamp, A.J. Leyshon.
National Research Council.

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

Effects of tillage practices on soil properties and on growth 
and yield of corn. J.W. Ketcheson, T.B. Daynard (Crop Science) 
H. Lee (Engineering).
Ontario Ministry of Agriculture and Food, National Research 
Council.

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

Reactions at the soil-root interface and their significance 
in plant nutrition. M.H. Miller.
National Research Council.

Accumulation of nutrients in soil and movement to subsurface 
water from animal manure storage and land application.
M.H. Miller.
Ontario Ministry of Agriculture and Food, Ontario Ministry of 
Env i ronment.

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

Method, source and time of application of boron for alfalfa 
production. R.W. Sheard, W.B. Towill (C.D.A.).
Ontario Ministry of Agriculture and Food.

Time of application and placement of phosphorus and potassium 
for grasses, legumes and mixtures. R.W. Sheard.
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 fertilizer use and harvest management on 
production, quality and longevity of forage species. 
R.W. Sheard, W.B. Towill (C.D.A.), J.E. Winch (Crop Science). 
Ontario Ministry of Agriculture and Food.

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

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

Characterization and identification of organic phosphorus 
compounds in soil. R.L. Thomas.
National Research Council.

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

Landscape and life - Wellington County, 1841-1891. D.W. Hoffman, 
E. Waterston, A.M. Ross (English), M. Evans (History), K. Duncan 
(Sociology), K. Kelly (Geography), G. Couling (Fine Arts), 
J. Moldenhauer (Library).
Research Advisory Board.

Land productivity studies for tree fruit production.
E.E. Mackintosh.
Ontario Ministry of Agriculture and Food.

Hanlon Creek ecological study: Interdisciplinary study group 
evaluating the effect of urbanization of the Hanlon Creek 
Watershed area. E.E. Mackintosh, T.J. Gillespie, J.W. Milliken 
(Landscape Architecture), et al
City of Guelph, Ontario Ministry of Transportation and 
Communication.

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

Overhead high voltage transmission lines and installations: 
Planning and location criteria for minimizing environmental 
impact. E.E, Mackintosh, D.W. Hoffman, et al.
Ontario Hydro.
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Relationship of soil water table levels to soil morphology 
and soil drainage classes. E.E. Mackintosh.
Ontario Ministry of Agriculture and Food.

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

Computer modelling of soil development. R. Protz.
National Research Council.

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

Imagery for various purposes. R, Protz.
Ontario Ministry of Agriculture and Food, National Aeronautics 
and Space Administration through Centre for Applied Research 
and Engineering Design.

Low yield spots in intensively used farms. R. Protz, T.H. Lane.
Ontario Ministry of Agriculture and Food.

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

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

Descriptive analysis of ERTS and analogue air craft data applied 
to I.F.Y.G.L. hydrological objectives. R. Protz, A. Falconer 
(Geography), S. Collins, W.T. Dickinson (Engineering).
National Aeronautics and Space Administration through Centre 
for Applied Research and Engineering Design.

Biogenic opal phytoliths in Ontario soils. R. Protz.
National Research Council.

GEOLOGY

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

Stratigraphy and palaeontology of the Harris Lakes area of
British Columbia. M. Brookfield.
National Research Council.
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Recognition of ancient mantle plumes and mid'oceanic rises.
M. Brookfield.
National Research Council.

A metamorphic grid for the Haliburton Highlands. W, Chesworth. 
National Research Council.

Mineral-equilibria in the system SiO2~Al203-H20 applied to 
soils. W. Chesworth.
National Research Council.

Studies related to the weathering of igneous rocks. W. Chesworth.
National Research Council.

Anatomy of Silurian deltaic and littoral environments - the 
Med i na Format ion. I.P. Martini.
National Research Council.

Analysis of the Grand River Watershed. I.P, Martini.
National Research Council.

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

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

Sedimentology and weathering of pleistocene and modern sediments. 
I.P. Martini.
National Research Council, American Philosophical Society.

Comparative studies between Alpine and Appalachian sedimentary 
basins. I.P. Martini.
National Research Council, Centro Nazionale Delle Richerche 
(Italy).

AGROMETEOROLOGY

Observation, compilation and analysis of current and past 
weather records. D.M. Brown, T.J. Giliesple, K.M. King, 
D. Oldacare (Computer Institute).
Ontario Ministry of Agriculture and Food.

Effect of climate on alfalfa forage production potential.
D.M. Brown, R.S. Fulkerson, J.E. Winch (Crop Science), W. Baier 
(CD.A.)
Ontario Ministry of Agriculture and Food, Agriculture Canada.
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Effect of climate on corn maturity and harvestability.
D.M. Brown, T. Daynard, R.G. Hunter, L.W. Kannenberg (Crop Sci.)> 

McLaren (R.C.A.T.).
Ontario Ministry of Agriculture and Food, National Research
Council.

Workday probabilities for agricultural operations. D.M. Brown, 
P. Van Die (CANFARM).
Ontario Ministry of Agriculture and Food, Agriculture Canada, 
CANFARM.

Meteorological aspects of integrated pest control - weather and 
carrot blight control. T.J. Gillespie, J.C. Sutton (Environmental 
Bio]ogy).
Ontario Ministry of Agriculture and Food, Ontario Ministry of 
Envi ronment.

Microclimatic prediction from standard weather data.
T.J. Gillespie.
National Research Council.

Development of environmental research instrumentation.
G.E. Kidd.

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

Energy and water balances of agricultural land surfaces. K.M. King.
Ontario Ministry of Agriculture and Food.

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

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

Water potential and water movement in the soil-plant atmosphere 
system. G.W. Thurtell.
National Research Council.

The effects of water potential on stomatal and internal plant 
diffusive resistances for water vapour and carbon dioxide.
G.W. Thurtell.
National Research Council.
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Turbulent transport processes above terrestrial surfaces 
and within plant canopies. G.W. Thurtell.
Atmospheric Environment Service.

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

The undergraduate program of the department has been 
summarized in Table 1 and 2. The total number of course enrollments 
has increased slightly. An increase of 12.7% in the enrollment in 
soils courses was partially offset by slight decreases in the other 
areas. The net change for degree level course was an increase of 5.7%.

The courses offered in 1973-74 were not changed from the 
offering of 1972-73. However, several changes are planned for 1974-75. 
Among these will be a course tn Tropical Soi 1 s, another in Remote Sensing 
and a sequence of three problem oriented courses in Resource Management.

The first graduates of the B.Sc. program in Earth Science 
completed their studies this year. This program in honours science 
broadens the offering of the department to include a more strongly 
science-oriented degree in addition to the other programs which are 
under the B.Sc. (Agr.) degree.
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87-001 Soil Science 18
87-010 Principles of Soil Science 169
87-011 Soil Management for Crop Production 140
87-020 Land Resources and Environment Quality 20

Table 1. Diploma and Undergraduate Courses presented during 1973/74.

Course Number Course EnrolIment

Diplom a

Deg r e e

46-100 Principles of Geology 87
46-104 Study of the Earth 28
46-202 Stratigraphy 22
46-203 Paleontology 17
46-205 Glacial Geology 7
46-208 Silicate Structures 7
46-210 Mineralogy 23
46-303 Petrology 10
46-305 Sedimentology 19
46-306 Hydrogeology 32
46-404 Geology of Canada 14
46-405 Field Geology 10

64-303 Meteorology and Climatology 9
64-304 Meteorology and Climatology 69
64-315 Microclimatic Measurements 17
64-403 Agrometeorology 15
64-405 Microclimatology 19
64-416 Intermediate Meteorology 14
64-417 Intermediate Meteorology 2

87-100 Land Resources and Man 37
87-200 Soil Science 437
87-201 Soil In Planned Environments 34
87-302 Soil Classification 35
87-304 Soil Science Seminar 5
87-305 Land Utilization 111
87-401 Soil Chemistry 14
87-402 Soil Physics 18
87-405 Soil Management 92
87-406 Problems in Soil Science I 6
87-407 Problems in Soil Science II 4
87-408 Environmental Quality 23
87-410 Soil Plant Relations 8
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Table 2. May 197^ Graduates in Soil Science, Resources Management and Earth 
Science

Name Home Town

Soil Science Majors

Donald Blair Nicholson Breadalbane, P.E.I.

Resource Management Majors

Wayne Richard Alexander Cargill, Ontario
Susan Jean Barrett Ottawa, Ontario
J.A. Blair Campbel 1 Arnprior, Ontario
Michael James E. Columbus Simcoe, Ontario
Daniel J. Dobrucki Wellandport, Ontario
John Durward Godbolt Exeter, Ontario
J.A. Michael Hanley Toronto, Ontario
John Amos Henderson Coe Hill, Ontario
Robert Charles Hodgins Toronto, Ontario
Edward Charles Huffman Stirling, Ontario
James Clarence Frank Irish Springfield, Ontario
David Alfred Kains Arva, Ontario
Katherine Marianne Knap Guelph, Ontario
Marilyn Joan Leuty Guelph, Ontario
Rodney William Leuty Guelph, Ontario
Donald Bruce McClure Georgetown, Ontario
Brian Scott Murray Etobicoke, Ontario
Thomas James Nolan Verona, Ontario
William Jeffery Peters Inverary, Ontario
Thomas Bruce Prout Exeter, Ontario
Paul Wesley Revington Lucan, Ontario
Thomas Peter Strike Arnprior, Ontario
Karen L. Sturdy Massey, Ontario
Marilyn R. Watson Markham, Ontario
James H. Wheeler Ethel, Ontario
David Bertram Willis Huntsville, Ontario
James Edmond Robert Wills Niagara Falls, Ontario

Earth Science Majors

Paul Edwin Johnson Simcoe, Ontario
David Gordon Barker Woodbridge, Ontario
Craig Gowan Heath Toronto, Ontario
Ronald Hugh McMillan Guelph, Ontario
William Scott Wilkinson Taylor Cambridge, Ontario
Diane Taylor Oshawa, Ontario
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M.Sc. Students Supervisor Ph.D. Students Superv i sor

Soil Science Programs

S. Boyd 
G. Cox 
W. Curnoe 
D. Hons 
D. Howell 
K. La Hay (Mrs) 
B. MacLean 
J. McLean 
N. Mokhtar 
G. Patterson 
S. Sheppard 
B. van den Broek 
L. van Vliet

E.G. Beauchamp 
R.L. Thomas 
J.W. Ketcheson 
B.D. Kay 
T.E. Bates 
W. Chesworth 
I .P. Martini 
E.G. Beauchamp 
R. Protz 
E.E. Mackintosh 
M.H. Miller 
J.W. Ketcheson 
E.E. Mackintosh

T. Blom
N. Caramancion (Mrs)
M. Joynt (Miss)
J. Oteng
Y. Soon
J. Tarzi
P. Warman

D.E. Elrick
L.R. Thomas
B.D. Kay
E.G. Beauchamp
M.H. Miller
R. Protz
L.R. Thomas

Agrometeorology Programs

J. Dyer
I. Ike
C. Labine
W. Langenberg
R. blulsen

T.J. Gillespie 
G.W. Thurtell 
T.J. Gillespie 
T.J. Gillespie 
G.W. Thurtell

D. McKay
S. Seiirio

G.W. Thurtell
K.M. King

Centre for Resources Development Programs (registered in LRS)

M. Hoffman
S. Kendall
E. Snell (Miss)
R. Yurick

E.E. Mackintosh 
E.E. Mackintosh 
D.W. Hoffman 
I.P. Martini

GRADUATE EDUCATION

Table 1: Graduate Students and Advisors - Winter Semester, 197^*
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Table 2: Graduate degrees conferred October 1973, January and May 1974.

Student Degree Supervisor Title

Soil Science Program

S. Griffith M.Sc. R.L. Thomas Clay mineral influence on enzyme 
hydrolysis of organic nitrogen.

J. Koch Ph.D. B.D. Kay Structure stabilization of porous 
siliceous media with silane coup- 
llng agents.

N. Stewart M.Sc. L.R. Webber Land disposal of anaerobically 
digested sewage sludge.

A. Symeonakis M.Sc. R. Protz Muitispectral image enhancement 
techniques for mapping soils.

L. van VIiet M.Sc. E.E. Mackintosh A study of land productivity for 
apple trees.

Agrometeorology Program

M. Coligado Ph.D. D.M. B rown Tassel initiation studies on corn 
(Zea mays L.): temperature and 
photoperiod effects and a bio
photo-thermal model.

R. Jenkinson M.Sc. D.M. Brown The effect of simulated early fall 
frost on the yield and drying rate 
of corn (Zea mays L.).

Centre for Resources Development Program (registered in LRS)

J. Slot M.Sc. D.W. Hoffman A quantification of the organic soil 
capability classification system for 
agriculture.
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CONFERENCES, VISITING LECTURERS, 

VISITING SCIENTISTS

CONFERENCES

99

Central Canada University Geological Conference - Guelph, 1973

Organized by Craig Heath on the theme "Earth and Man".
Featured speakers were:

Coates, W.E., Wm Coates and Associates, Ltd. Surface mining 
and rehabilitation.

Dorny, Dr. R., Director, School of Urban and Regional Planning, 
University of Waterloo. Ecological planning - the 
state of the art.

Farvolden, Dr. R.M., Department of Earth Science, University 
of Waterloo, Hydrogeology and subsurface waste 
disposal.

Folinsbee, Dr. R.E., Department of Geology, University of 
Alberta. Energy and the nuclear fuels.

Hoffman, Dr. D.W., Director, Centre for Resources Development, 
University of Guelph. Land utilization.

Lane, Dr. R.K., Canada Centre for Inland Waters, Burlington. 
Remote sensing and the effect of geologic activities 
on the Great Lakes.

Lawrence, Hon. A.B.R., Secretary for Resources Development, 
Government of Ontario. No topic available.

Legget, Dr. R.F., Ottawa. Urban geology.

Lennox, Dr. D., Hydrology Research Division, Water Management 
Department, Environmental Earth Science Division of 
the Geological Association of Canada.



VISITING LECTURERS

Soil Science

Andrew, C.» Chief Research Scientist, Division of Tropical Agronomy, 
Cunningham Laboratory, C.S.I.R.O., Queensland, Australia. 
Nutrition of tropical legumes in acid soils.

Arnold, Dr. R., Soil Scientist, Cornell University. Soil management 
problems in Venezuela, Cornell's teaching program in tropical 
soils.

Baumgardner, Dr. M.F., Program Leader, Earth Sciences Research Program, 
L.A.R.S., Purdue University, West Lafayette, Indiana. Teaching 
and research in remote sensing at Purdue University.

Bentley, Dr. C.F., Department of Soil Science, University of Alberta. 
The food processing potential of Canada’s land resources.

Boersma, Dr. L., Department of Soil Science, Oregon State University.
Integrated systems for utilizing waste heat from steam electric 
plants.

Chrystman, J., Director, Abatement and Compliance, Environment Canada, 
Ottawa. Air pollution control engineering.

Cosgrove, Dr. D.J., Division of Plant Industry, C.S.I.R.O., Canberra, 
Australia. Origin of inositol polyphosphates in soil.

Frere, Dr. M.H., U.S.D.A., Agricultural Research Service, Water Quality 
Management Laboratory, Durant, Oklahoma. ACTMO, an agricultural 
chemical transport model.

Hall, Dr. G.F., Department of Agronomy, Ohio State University. Ohio 
State's contribution to university development in India over 
the last 15 years - final impressions.

Harris, Dr. C.R., Research Branch, Pesticide Division, C.D.A., London. 
The environmental dilemma.

Kilmer, W.S., Executive Vice-President, Plant Food Council of Ontario. 
The fertilizer situation in Ontario.

Menzies, Dr. J.D., Biological Waste Management Laboratory, U.S.D.A., 
Beltsville, Maryland. Sewage sludge research.

Morgan, Dr. A., University of Waterloo. Geology and related social 
effects in Iceland.
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Newman, Dr. E., Department of Botany, Unviersity of Bristol, England. 
Root functions and soil-root interrelations.

Parlange, Dr. J.Y., Connecticut Agricultural Experiment Station. 
Flow of water through soil and towards roots.

Peach, Dr. P., Brock University. Trip to Iceland.

Peterson, Dr. J.R., Soil Scientist, Metro District, Chicago, Illinois. 
Land disposal of sludge,

Pettapiece, Dr. W., Alberta Institute of Pedology. Permafrost soils 
in the sub-Arctic.

Shilts, Dr. W.W., Geological Survey of Canada, Ottawa. Surface 
patterns and sediment properties in continuous permafrost.

Williams, Dr. P.J., Department of Geography, Carleton University. 
Geotechnical science at Carleton University.

Agrometeorology

Outcalt, Dr. S., University of Michigan, Ann Arbour. Prediction of 
surface temperatures using physical environmental parameters.

Phillips, Dr. M., Environment Canada, Downsview. Air quality research 
at the atmospheric environment service.

Shaw, Dr. H., Iowa State University, Ames. Research in agrometeorology 
at Ames.

Tanner, Dr. C.B., University of Wisconsin, Madison. Crop yields and 
evapotranspiration.

VISITING SCIENTISTS

Brewer, Dr. R., Division of Soils, C.S.I.R.O., Australia.

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

Newman, Dr. E.I., Department of Botany, University of Bristol, England.

Wilding, Dr. L., Department of Agronomy, Ohio State University.
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CURRENT PUBLICATIONS

REFEREED JOURNALS AND CHAPTERS IN BOOKS

Underlined authors are associated with this department.

Batterham, R.L., D.M. Brown and P. Van Die. 1973. Agronomic, engineering 
and meteorological data required for an economic model in 
farm machinery selection. Can. Agric. Eng. 15: 88-92.

Beadle, C.L., K.R. Stevenson, H.H. Neuman, G.W. Thurtell and K.M. King. 
1973. Diffusive resistances, transpiration and photosynthesis 
in single leaves of corn sorghum in relation to leaf water 
potential. Can. J. Plant Sci. 53: 537“544.

Beadle, C.L., K.R. Stevenson, and G.W. Thurtell. 1973. Leaf temperature 
measurement and control in a gas-exchange cuvette. Can. J. 
Plant Sci. 53: 407-412.

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

Beauchamp, E.G. and I. Hussain. 1974. Brown heart in rutabagas grown 
on Southern Ontario soils. Can. J. Soil Sci. 54:

Bielby, D.G., D.A. Tel and L.R. Webber. 1973. Phosphorus in percolates 
from manured lysimeters. Can. J. Soil Sci. 53: 343“346.

Bootsma, A., T,J. Gillespie and J.C. Sutton. 1973. Germination of 
Phy]lostieta maydis conidia in an incubation chamber with 
control of high relative humidity. Phytopathology 
63: 1157-1161.

Brewer, R. , R. Protz and J.A. McKeague. 1973 Microscopy and electron 
microprobe analysis of some iron-manganese pans from 
Newfoundland. Can. J. Soil Sci. 53: 349-361.

Brookfield, M. Paleogeography of the upper Oxfordian and lower 
Kimmeridgian (Jurassic) in Britain. Palaeogeography, 
Palaeoclimatology and Palaeoecology 14:137-167.

Cihlar, J. and R. Protz. 1973. Surface characteristics of mapping units 
related to aerial imaging of soils. Can. J. Soil Set. 53: 249-257.

Crosson, L.S. and R. Protz. 1974. Quantitative comparison of two closely 
related soil mapping units. Can. J, Soil Sci. 54: 7“14.
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Gillespie, T. J, 1972. A simple index of southern leaf blight activity
in corn computed from temperature and leaf wetness observations 
near Guelph, Ontario. Can. J. Plant Sci. 52: 671-673.

Gill ham, R.W. and R.N. Farvolden. 1974. Application of sensitivity 
analyses to the determination of conductivities in groundwater 
flow systems. Water Resources Research (accepted Feb. 1974).

Groenevelt, P.H, and G.H. Bolt. 1973*  Theory of transport in soils: 
Generalized approaches based on continuous mechanics and thermo
dynamics of irreversible processes. Chapter 4 in: Physical 
Aspects of Soil Water and Salts in Ecosystems, A. Hadas et al. (eds), 
Springer, N.Y,

Groenevelt, P.H. 1974. The use of a dual gamma scanner to observe the 
shrinkage of clay. Geoderma 11 No. 3 (in press).

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. 
Soil Sci. Soc. Am. Proc. 38, No. 3 (in press).

Griffith, S.M. and R.L. Thomas. 1973. The influence of clay minerals on 
the enzymic activity of an insolubilized enzyme. Agronomy Abstracts, 
p. 91.

Hoffman, D.W. 1974. The lay of the land. Chapter 2 in: The Middle Ground - 
Landscape and Life in Wellington County, 1841-1391. Waterston and 
Hoffman (editors).

Jones, R.W. and R.W, Sheard. 1974. Blue light-enhanced nitrate reductase 
activity in e t i o 1 ated pea terminal buds. Can. J. Bot. 52 (in press).

Kay, B.D. and P.H,Groenevelt. 1974. On the interaction of water and 
heat transport in frozen and unfrozen soils. I. Basic theory; 
the vapour phase. Soil Sci. Soc. Am Proc, 38, No. 3 (in press).

Kay, B.D. and W.S. Scott. 1973- Reduction of frost heaving by 
tetraaIkylammoniurn ions. Can. J. Soil Sci. 53: 421-427.

Klute, A. and R.W, Gillham. 1973. An experimental study of soil water 
flow systems involving hysterisis. Submitted to Office of Water 
Resources Research, U.S. Department of the Interior.

Mi I ler, M.H. 1974. Effects of nitrogen on phosphorus absorption by plants. 
In: The Plant Root and Its Environment. E.W. Carson (ed.), 
University Press of Virginia.

Mirreh, H.F. and J.W. Ketcheson. 1973. Influence of matrlc potential and 
resistance to penetration on corn root elongation. Can. J. Soil 
Sci. 53: 383-388.

103



104

Neumann, H.H., G.W. Thurtell, K.R. Stevenson, and C.L. Beadle. 1974. 
Leaf water content and potential in corn, sorghum, soybeans 
and sunflower. Can. J. Plant Sci. 54: 185-195.

Neumann, H.H., G.W. Thurtell and K.R. Stevenson. 1974. In situ measure
ments of leaf water potential and resistance to water flow in 
corn, soybean, and sunflower at several transpiration rates. 
Can. J. Plant Sci. 54: 175-184.

Onderdonk, J.J. and J.W. Ketcheson, 1973- Effect of stover mulch on 
soil temperature, corn root weight and phosphorus fertilizer 
uptake. Soil Sci. Soc. Am. Proc. 37: 904-906.

Protz, R. and L.S. Crosson. 1973. Soil-terrain mapping by stereo
orthophotos for urban development. Proc. Nat. Conf, on Urban 
Engineering Terrain Problems. N.R.C. Tech. Memo. 109: 66-73.

Sheard, R.W. 1974. Organic reserves and plant growth. In Chemi stry and 
Biochemistry of Herbage. G.W. Butter and R.W. Baily. (Eds)

Webber, L.R. 1973. Solid wastes. Can. Geog. J. 86: 192-201.

NON-REFEREED JOURNALS, REPORTS, CONFERENCE PAPERS AND ABSTRACTS

Bates, T.E. 1974. Land application of sewage sludge. Research Report 
No. 1. A review and annotated bibliography. Environment Canada.

Bates, T.E. 1974. Land disposal of sewage sludge - current status. 
Presented at the Annual Meeting of the Pollution Control 
Association of Ontario, May.

Bates, T.E., T.H. Lane, J.R. Moyer and A. Haq. 1974. Metals in sewage 
sludges and manures. Presented at the Nutrition Conference for 
Feed Manufacturers, Guelph, Ontario. April.

Brown, D.M. and P. Van Die. 1974. Spring workdays in Ontario. Department 
of Land Resource Science Document. #74-1, 28 pp.

Chisholm, P.S., W. Stammers, and E.E. Mackintosh. 1973. Hydrologic factors 
in predesign environment assessment. Proc. Nat. Conf. Urban 
Eng. Terrain Problems, Tech. Memo. 109, National Research Council 
of Canada.

Elrick, D.E., P.H, Groeneve11 and T.J.M. Blom. 1974. Problems of chemical 
reaction ancTBlb1ogica1 processes in soils. Proc, of the 
Symposium on Heat and Mass Transfer. Dubrovnik, August (in press).

Falconer, A., S.H. Collins, W.T. Dickinson, R. Protz, R.P. Bukata, 
K.P.B. Thomson, G.P. Harris and P.J.'Howarth. 1973- Studies on 
the Lake Ontario Basin using ERTS - 1 and high altitude data. 
Symposium on Significant Results Obtained from the Earth Resources 
Technology Satellite - 1, 1: 819-828.



Gillespie, T.J. 1973.Microclimate during wet periods on differently 
sheltered turfgrass swards. Presented at Second International 
Turfgrass Conference, Blacksburg, Virginia. June.

Gillham, R.W. 1974. The feasibility of using waste heat in the Ontario 
agricultural Industry: Technical and economic considerations. 
Report on contract with Hydroelectric Power Commission of Ontario, 
Atomic Energy of Canada, O.M.A.F. , Agriculture Canada.

Gill ham, R.W. and A. Klute. 1973. Hysteretic flow in a porous medium: 
Experimental results and theoretical predictions. Presented 
at the American Society of Agronomy Annual Meeting. Las Vegas, 
Nevada. Nov. 11-16.

Groenevelt, P.H. 197**-  On thermo-osmosis and thermofiltration In porous 
media. Proc, of the 10th Int. Congress of Soil Sci. Moscow. 
August (in press).

Jones, R.W., E.J. Hewitt and A.J. Abbott, 1974. Effect of nitrate and 
molybdenum on In vivo formation of nitrate reductase in Paul's 
Scarlet rose cells, Tulecke strain. Presented at the 3rd Int. 
Cong, on Plant Tissue Culture. Leicester, England. July 21-26.

Ketcheson, J.W., W.T. Dickinson, and P.S. Chisholm. 1973. Potential 
contributions of sediment from agricultural land - Proc. 9th 
Can. Hydrology Symposium, Edmonton, Alta. May.

Ketcheson, J.W., and J.J. Onderdonk. 1973. Use of radioisotopes to estimate 
surface movement of phosphorus fertilizer on sloping land. 
Proceedings of I.A.E.A. - F.A.O. Symposium SM-176, Vienna, 
Austria. October.

King, K.M. 1974. Training in agrometeorology and research on photo
synthesis of crops in relation to productivity. Guelph Project 
final report submitted to Canadian Committee for the International 
Biological Programme.

King, L.D. and L.R, Webber. 1973. Incorporation of pulverized solid 
waste into soiI. Presented at National Conference on Urban 
Engineering Terrain Problems, Montreal. May 1-9.

Mackintosh, E.E. 1974 The role of physical resources in rural land use 
planning. Notes in Agriculture.

Mackintosh, E.E. 1974- The Hanlon Creek Ecological Study: An Inter- 
djsciplinary approach to solving resource management problems 
in urban planning. J. of Soil Water Conservation.

Protz, R. 1973. A systematic approach to in depth use of ERTS data 
for regional and detailed studies. Final Report C.A.R.E.D., 
McMaster University.
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Protz, R. 1973. Towards the limits of soil science. Abstracts of the 
Annual Meeting of the Can. Soil Sci. Soc., Quebec. Aug. 19-23*

Sheard, R.W. and J.E. Eggens. 1974. Addendum to investigations of 
fertilizer use for nursery sod production in Ontario. Report 
to N.S.G.A.O.

Stewart, N.E. and L.R. Webber. 1973. Land disposal of anaerobically 
treated sewage sludge. Presented at National Conference on 
the Urban Engineering Terrain Problems, Montreal. May 6-9*

Symeonakis, A. and R. Protz. 1974. Multispectral image enhancement 
techniques for mapping soils. Abstracts of the 2nd Canadian 
Remote Sensing Symposium, Guelph. Apr. 30 to May 1.

Van der Linde, R. and E.E. Mackintosh. 1974. Agriculture and the new 
Toronto International Airport: an introductory analysis. 
Agrology Consultants Ltd.,81 pp.

Webber, L.R. and J,W. Ketcheson. 1973. Contamination of drainage water. 
Presented at Impact of Sludge Applications on Agricultural 
Production. Ontario Ministry of Agriculture and Food, Guelph, 
October 9*

Webber, L.R. 1973. Waste disposal on rural land. Presented at Workshop 
on Water Quality and Land Use Activities sponsored by Internationa 
Joint Commission on Pollution from Land Use Activities. Guelph, 
September 11 and 12.

Webber, L.R. and L.D. King. 1973. Recycling urban wastes through farm 
soils. Presented at 1973 Annual Meeting, North Atlantic A.S.A.E., 
University of Maine, Orono, August 19_21.

Webber, L.R. 1973. Soil properties and processes in relation to waste 
recycling and disposal. Presented at International Conference 
on Land for Waste Management, Ottawa, October 1 to 3.

Webber, L.R. 1973. Non-agricultural pollutants and their significance 
in agriculture. Presented at Environmental Quality Workshop. 
Canada Department of Agriculture, Ottawa, January 9 to 11.

Webber, L.R., T. Stevens and D.A. Tel. 1973. Exchange properties of a 
soil used for the disposal of alkali cannery wastes. Presented 
at Agricultural Waste Management Conference, Syracuse, N.Y., 
March 26 to 28.

Webber, L.R. 1973- Current Canadian disposal techniques: research needs. 
Presented at National Conference on Urban Engineering Terrain 
Problems, Montreal, Quebec, May 6 to 9*
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RADIO TAPES

Bates, T.E, July, 1973. Corn growth problems.

Beauchamp, E.G. July, 1973. Slow release fertilizers - effective 
but costly.

Heeg. T.J. August, 1973. Have your soil tested for fall fertilizing 
of pastures.

Heeg, T.J. March, 1974. Soil test recommendations vital this year.

Hoffman, D.W. August, 1973*  The need for rural planning.

Ketcheson, J.W, February, 1974. Winter application of manure.

Ketcheson, J.W. March, 1974. Soil compaction.

Lane. T.H. August, 1973. Should you put manure on alfalfa fields?

Lane, T.H, August, 1973. Results of the land use conference.

Lane, T.H. November, 1973. Fall fertilizer purchases suggested.

Lane, T.H. January, 1974. Winter-soil test still possible.

Lane, T.H. January, 1974. Winter storage of bulk fertilizer.

Miller, M.H. December, 1973. Fertilizer overuse not recommended.

TELEVISION

Bates, T.E, Fall fertilization. CKCO-TV.

Hoffman, D.W. 100 years of soil science. Channel 8 - TV.

Hoffman, D.W. Landscape in Wellington County - 1841-1891. Channel 8-TV.

Miller, M.H. Drainage project - Kent County. News film.

Miller, M.H. Fertilizer use and pollution. O.M.A.F. news film.

Webber, L.R. Land for waste management. C.B.C., Ottawa.

107



PRESS RELEASES

Bates, T.E. August, 1973*  Fertilizer in fall for quality forages.

Bates, T.E. November, 1973. Can we avoid a phosphate shortage?

Bates, T.E. November, 1973*  Why were corn cobs small this year?

Heeg, T.J. August, 1973. Soil testing - a way to be sure.

Heeg, T.J. September, 1973*  How about a soil test?

Heeg, T.J. October, 1973*  Do-it-yourself soil tests.

Heeg, T. J, January, 1974. Soil test reports behind schedule.

Ketcheson, J.W. March, 1974. Compacted soil an increasing problem.

Lane, T.H. September, 1973*  Have you thought about fall fertilization?

Miller, M.H. August, 1973*  Lake Erie studies - Are fertilizers a 
problem?

FEATURE ARTICLES

Bates, T.E. Air pollution supplies sulfur for Ontario crops.

Mi 1ler, M.H. How overuse of fertilizer adds to the pollution problem.

Webber, L.R. Urban wastes on farm lands.
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ONTARIO MINISTRY OF AGRICULTURE AND FOOD PUBLICATIONS

Information for Industry Personnel (I.F,I.P.)

Bates, T.E. November, 1973*  Sulfur and sulphate fertilizers - do we 
need them? Agdex 100 or 200.

540
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