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FOREWORD

For over two decades this department has provided annually a 
Progress Report on its activities. Initially as a Department of Soils, 
the reports contained only information on research and advisory services 
with particular reference to progress in the long-term field projects. 
But the responsibilities and scope of activities of the Department have 
changed over the years and so also has the Progress Report. This edition, 
like recent ones, describes progress in many research projects and also 
describes our teaching, extension, continuing education and service 
p rograms.

From the research reported one can see that members of the 
Department have capabilities in a wide range of subject matter, currently 
of concern to science and society. Our areas of emphasis encompass the 
Earth's surface environment: soils, the lower atmosphere, water, plants 
and geological materials. Through an understanding of these environmental 
components, and the processes which take place within and among them, we 
try to apply our knowledge to various practical problems of crop produc
tion, land-use alternatives, air and water pollution, crop water-needs, 
management of agricultural and urban wastes on land, fertilizer technology, 
effect of climate change, soil erosion, and so on. At the same time we 
try to pass this knowledge to diploma and undergraduate students and, in 
the graduate student programs, develop the researchers and teachers for 
the future. In the Department, therefore, there is a wide range of 
activities and this report, I hope, will provide a good representation 
of the work we do,

As usual, faculty were involved in many national and inter
national scientific activities during the year. Professor Ketcheson 
returned from a year in Kenya under sponsorship of the International Atomic 
Energy Agency, where he studied plant relations and instructed trainees in 
use of radioactive techniques. Professor Brown also spent a month in 
Kenya, as a consultant to the same agency, on soil moisture-climate 
investigations. Professor Brookfield returned during the year from a 
sabbatical leave centered at Cambridge University studying Permian rocks 
of southern Scotland. Professor Martini returned from research on the 
geology of the Apennines, at the Universities of Florence and Pisa, Italy. 
Professor Chesworth, during the summer, continued research in France on 
chemical phase relations in soils. Professor Thomas returned from a sab
batical leave at the Waite Institute, Australia where he was involved in 
research on chemistry of soil organic matter. Professor Thurtell was 
invited to spend five months at the C.S.I.R.O. Division of Environmental 
Mechanics, Australia on a micrometeorological project. Professor Richards 
continued during the year as the first Chairman of the Canadian Agricul
tural Research Council and as President of the Agricultural Institute of 
Canada. Because of the considerable time needed by Professor Richards for 
the C.A.R.C. responsibility, the department was reimbursed with a budget 
to employ replacement personnel. Professor Mackintosh served on the 
Agriculture and Forestry Committee for the Canadian Man and the Biosphere 
program. Several faculty were involved in the planning of the 1978 Congress 
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of the I nternational Society of Soil Science and others contributed in 
various ways to scientific and professional organizations.

During the past year several scientists from other universities 
joined the Department temporarily to make use of our facilities and exper
tise while others returned to their home institutions or moved on to other 
positions. Dr. Charles Hortenstine of the University of Florida studied 
plant uptake of heavy metals from sludge applied to soil; Dr. David Firth 
of McGill University came to study the modelling of agricultural systems 
and Dr. M.H. Unsworth of the University of Nottingham was here doing 
research on crop injury by atmospheric ozone. Dr. Rodney Dowdell returned 
to the Letcombe Laboratory, England; Dr. Angus Allston returned to the 
Waite Institute, Australia and Dr. Murray McBride moved on to Cornell 
University. Ray Leuning of Australia, Gus Loch of the Netherlands and 
Dhiraj Pal joined the department as postdoctorates. We’re pleased that 
these various exchanges of scientists could be arranged; they’ve helped 
to provide fresh ideas to our various research endeavours.

There also were changes in the faculty of the Department during 
the past year. Professor Ted Heeg retired August 31, 1975 after being part 
of the soil testing and soil management research programs in the Province 
for over 40 years. He had been Director of the Soil Testing Laboratory 
since the Department of Soils was formed in 1945 and was responsible for 
many valuable contributions to Ontario Agriculture.

Mr. John Gillespie of the Agriculture Canada Soil Survey Unit 
also retired during the year after being involved with soil survey in Ontario 
since 1946. Fortunately, we’ve been able to retain him to help with a 
research project and so make use of some of this experience.

Mr. Bruce McLean resigned from the Soil Survey program to take 
a teaching position at Sir Sanford Fleming College, Lindsay. Mr. Bob van 
den Broek was appointed to fill the position.

Professor D.E. El rick served as Acting Dean of Graduate Studies 
while Dr. H.S. Armstrong was on leave.

As usual we received assistance from many individuals and 
organizations during the year and for this we're most grateful. These 
include interested farmers who provided land and facilities without charge, 
our colleagues in other departments at this university and at other univer
sities and research organizations. Also various Provincial Ministries, 
particularly the Ontario Ministry of Agriculture and Food, departments of 
the federal government and various agencies provided financial and other 
support for which we’re most appreciative.

Faculty members over the past year contributed time, thought 
and energy to the work of many departmental, university and outside 
committees. These contributions are appreciated. I would like to thank 
particularly Professors T.J. Gillespie, B.D. Kay and T.H. Lane who served 
as chairmen of subcommittees set up to prepare a planning report for future
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programs of the Department. This report has just been completed and it 
will be a good guide for the development of the Department during the next 
few years.

Finally, I thank all faculty, staff and student members of 
the Department for their varied contributions over the past year and par
ticularly Professor Len Webber and Mr. Doug Hons for compiling and editing 
this report and Mrs. Krysia Steinberg for typing it.

June, 1976 K.M. King, Professor and Chairman,
Department of Land Resource Science
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PERSONNEL AND INTERESTS

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

W.A. MITCHELL, Administrative Technical Officer.

AGROMETEOROLOGY

Faculty

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

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

G.E. KIDD, B.A.Sc., M.A.Sc. (Waterloo) Scientist 2. Electronic 
instrument development; transport processes within and above 
plant canopies.

I.S. SELIRIO, B.Sc, (Philippines), M.Sc,, Ph.D. (Guelph), Professional 
Associate. Modelling growth of forages and its application 
to crop loss for insurance claims.

P.J, SMITH, B.Sc., M.Sc. (Guelph) Scientist 2. Injurious effects of 
air pollution on plants. Resigned May, 1975.

G.W. THURTELL, B.S.A., M.S,A. (Toronto), Ph.D. (Wisconsin), Associate 
Professor. Physics of soils, plants and atmosphere.
On leave to Division of Environmental Mechanics, C.S.I.R.O., 
Canberra, Austral la, June to December, 1975-
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Technical Staff

D. Cunningham - Weather records. Resigned April, 1975*
J. Dyer - Resigned November, 1975-
R. Kelly - Weather records. Appointed October, 1975*
M. McLeod - Appointed October, 1975*
R. Sweetman - Electronic instrument operations and plot work.



SOIL SCIENCE

Faced ty

T.E. BATES, B.S.A. (Toronto), M.S. (North Carolina State), Ph.D.
(Iowa State) Professor. Fertilizer use and prediction of fert
ilizer requirements for field crops; micronutrient and metal 
availability; in charge of provincial soil testing laboratory.

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

W.E. CURNOE, B.Sc., M.Sc. (Guelph) Lecturer. Resigned May, 1975.

D.E. ELRICK, B.S.A. (Toronto), M.S., Ph.D. (Wisconsin) Professor. 
Transport mechanisms through soils and applications to soil 
pollution. Acting Dean of Graduate Studies.

L.J. EVANS, B.Sc. (Southampton), Ph.D. (Wales) Assistant Professor.
Soil classification and mineralogy. Appointed September, 1975-

J.E. GILLESPIE, B.S.A., M.S.A. (Toronto) Project Associate. Soil Survey. 
Appointed September, 1975.

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

T.J. HEEG, B.S.A. (Toronto), M.S.A. (Toronto) Associate Professor.
Soil management; in charge of provincial soil testing laboratory. 
Retired August, 1975.

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

D.B. HONS, B.Sc. (Bishop's), M.Sc. (Guelph) Scientist 1. Effects on 
physical status of soil and crop yield of soil compaction 
during the installation of hydro-electric lines.

R.W. JONES, B.Sc., Dip. Agr. (Wales), M.Sc. (Manitoba), Ph.D. (Guelph) 
Research Associate. Light and plant nitrogen metabolism.

B.D. KAY, B.S.A. (Guelph), M.Sc. (Guelph), Ph.D. (Purdue) Associate 
Professor. Physico-chemical reactions in soils, including 
frost heaving and mobility of water and plant nutrients at 
mineral surface; soil physical chemistry.
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J.W. KETCHESON, B.S.A. (Toronto), M.S. (Illinois), Ph.D. (Illinois) 
Professor. Soil management for better tilth; tillage related 
to fertilizer use; runoff and erosion studies; manure and 
crop residues.

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

J.P.G. LOCH, B.Sc. (Wageningen), M.Sc., Ph.D. (Cornell) Post-doctoral 
Fellow. Appointed October, 1975*

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

M.B. McBRIDE, B.Sc. (Agr.) (Guelph), M.Sc., Ph.D. (Michigan State) 
Post-doctoral Fellow. Resigned August, 1975*

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

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

N.R. RICHARDS, B.S.A. (Toronto), M.S. (Mi ch Igan State), D.Sc. (Laval) 
Professor. Soil classification and land use.

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

S.C. SHEPPARD, B.Sc., M.Sc. (Guelph) Scientist 2. Phosphorus pollution 
of watersheds from agricultural land. Appointed April, 1975*  
Soil-plant relations.

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

Y.K. SOON, B.Agr.Sc. (Malaya), M.Sc. (Aberdeen), Ph.D. (Guelph) Research 
Scientist. Technical coordinator, Sludge project.
Appointed March, 1975.

A.C. SPIRES, B.Sc. (London), M.Sc. (Laurentian) Research Assistant. 
Phosphorus pollution of watersheds from agricultural lands. 
Appointed February, 1976.

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

B. VAN DEN BROEK, B.Sc., M.Sc. (Guelph) Scientist 2. Soil Survey.
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L.R. WEBBER, B.S.A. (Toronto), M.S, (Cornell) Professor. Waste 
utilization and disposal; pollution abatement; environmental 
qualIty.

W. WHITE, B.Sc. (Guelph) Scientist 1. Soil survey. Appointed May, 
1975.

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

N. Baumgartner - Soil physics and soil management.
I. Becker - Soil testing operations.
J. Brown - Soil testing operations.
J. Bryant - Soil management and plant nutrition plot work

supervi sor.
N. Cameron - Soil analysis. Appointed February, 1976.
R. Cooper - Resigned April, 1975-
R. Cox - Soil testing. Appointed January, 1976.
E. Dickson - Runoff collection and analysis, greenhouse operations.
M, Evans - Computer data analysis.
J. Felker - Sludge project.
B. Ferguson - Soil testing. Appointed September, 1975.
J, Ferguson - Soil management and plant nutrition plot work.
E. Gagnon - Supervisor, soil testing operations.
C. Gale - Soil analysis. Appointed May, 1975*
R. Gulka - Soil moisture content and density measurements.

Appointed February, 1976.
A. Haq - Sludge project.
G. Harlick - Soil management and plant nutrition field plot

operations. Resigned May, 1975.
B. Hohner - Teaching technician.
C. Hubbard - Sludge project. Resigned May, 1975-
D. Irvine - Cartographer.
T. James - Research assistant. Appointed August, 1975.
P. Johnson - Sludge project. Resigned January, 1976.
J. Leyshon - Denitrification research. Resigned May, 1975.
L. Lindsay ~ Resigned May, 1975-
J. Lovcanin - Soil management and plant nutrition field plot 

operati ons.
J. Mallard - Preparation of soil thin-sections. Resigned

September, 1975*
M. Markle - Soil analysis. Appointed May, 1975.
R, Maxwell - Appointed May, 1975. Resigned January, 1976.
T. McCarrick - X-ray diffraction analyst. Appointed May, 1975.
C. Miller - Soil and plant analysis.
J. Miller - Soil analysis. Appointed September, 1975.
P. Mooy - Soil analysis. Appointed August, 1975.
T. Moull - Soil analysis. Appointed November, 1975-
T.D. Nguyen - Sludge project. Appointed May, 1975.
V.T. Nguyen - Sludge project. Appointed February, 1976.
D. Pal - Research assistant. Appointed December, 1975.
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A. Riddel - Plant analysis.
S. Schmidt - Appointed September, 1975* Resigned January, 1976.
M. Skelsey - Data analysis, soil survey. Resigned April, 1976.
D. Tel - Pollution control and waste management, soil and

water analysis.
M. Thompson - Soil analysis, phosphorus pollution of watersheds. 

Appointed April, 1975. Resigned December, 1975.

GEOLOGY

Facu1ty

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

M.E. BROOKFIELD, B.Sc. (Edinburgh), Ph.D. (Reading) Assistant Professor. 
Palaeoecology, palaentology, stratigraphy and tectonics.
On leave to England, September to December, 1975-

W. CHESWORTH, B.Sc., M.Sc. (Manchester), Ph.D. (McMaster), F.G.S. 
Associate Professor. Geochemistry, petrology, mineralogy, 
geological mapping. On leave to Iceland, France and Germany, 
April to August, 1975.

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

COOPERATING PERSONNEL LOCATED IN THE DEPARTMENT

Ontario Ministry of Agriculture and Food

T.O. WEBER, B.Sc. (Agr.), M.Sc. (Guelph). Soils and Crops Extension 
Speciali st.

Agriculture Canada

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. 
Retired September, 1'975.



C. HEATH, B.Sc. (Guelph) Pedologist.

K, LAHAY, B.Sc. (Guelph) Research Associate.

G. PATTERSON, B.Sc. (Alberta), M.Sc. (Guelph) Pedologist.

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

L. VAN VLIET, B.Sc. (Agr.) (Deventer, Holland), M.Sc. (Guelph) Land
Use Spec 1 alist,

G.J. WALL, B.Sc. (Agr.), M.Sc. (Guelph), Ph.D. (Ohio State) Pedologist, 
Soi1 Survey.

Cleri cal/Techni ca1 Staff

P. Ellis - Clerk Stenographer
R. Viitala - Soil analysis.

Clerical Staff for the Department of Land Resource Science

P. Beirnes - Secretary to the Chairman
L. Bissel1 - Clerk
L. Bruce - Stenographer. Appointed September, 1975- Resigned

February, 1976.
J. Giles - Stenographer. Appointed May, 1975-
V. Murray - Stenographer. Resigned May, 1975*
F. Peer - Stenographer.
A. S1ot - Stenographer.
K. Steinberg - Stenographer.
R. Woznica - Stenographer. Appointed February, 1976.
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SERVICE TO AGRICULTURE AND THE PUBLIC

The problems encountered by various public agencies, 
concerned individuals, farmers and extension personnel encompass the 
areas of agricultural production, energy conservation alternatives, 
land use decisions, environmental conflicts, resource utilization 
(urban wastes, sewage sludge, manure) and education. As energy input 
costs for agricultural production continue to escalate the area of 
resource utilization will become even more significant to both producers 
and consumers.

in the areas of research, extension and continuing education 
the Department of Land Resource Science must continue to assume a 
significant role.

During the 1975’1976 operational year the department contributed 
a minimum of approximately 1.8 man years of service to agriculture, 
the public, and public and private agencies in these broad areas.

Extension Activities

O.A.C. January Agricultural Conference
O.S.M.R.C. Soil Compaction and Tillage Symposium 
Canadian Society of Agronomy Conference and Tours 
Ontario Cover Crop Committee 
Ontario and New York State Joint Meetings S.C.S.A. 
O.A.C. Farm Week at E.R.S.
Muck Grower’s Conference
Urban Days at E.R.S.
O.A.C. Banker’s School
Ontario Soil Management Research Committee (0.S.M.R.C.)--both as 

committee members and chairman of sections.

Tours

Junior Farmer Soil and Crop Management Tour 
Visiting groups (farmers and out-of-country) 
Ausable River Conservation Authority 
O.M.A.F. county group tours
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Consultations

O.M.A.F. Weather and Disease Forecasting
O.M.E, & O.M.A.F. Joint Meetings
Food Land Development Branch
Newspaper Interviews
Ontario Manure Management Committee
Agricultural Code of Practice
Ontario Sludge Guidelines
Crop Insurance Commission
Niagara Escarpment Planning Commission
Pipeline Consultations with C.D.A. & O.M.A.F.
A.R. D.A.
Thames River Basin Study

Talks (Speaker Participation)

County Soil & Crop Improvement Associations
Nursery Growers
Fruit & Vegetable Growers
Western Farm Fair and Seed Fairs
0.1.A. (London, Hamilton)
New York State Soil Fertility Associations
O.M.A.F. Extension Branch Conference
Fertilizer Dealer’s Associations
Turnip Conference
O.M.A.F. Engineering Specialists Conference
O.M.A.F. Soils and Crops Branch Conference
West Central Region Soil and Crop Improvement Association
Centrali a Till age Day
Conservation Council of Ontario
N.E. Section A.S.A.E., Cornell University, New York

Pub H eat ion Imputs

O.M.A.F. Publications Related to Field Crops, Fruit & Vegetables, 
Turfs & Ornamentals, Tobacco and Greenhouse

Ontario Soils, Publication 492 Revised and Updated for Publication 
Required a Very Significant Departmental Effort

Factsheets, I.F.E.P. & I.F.I.P. Releases
O.M.A.F. Press Releases

Special Courses

Turf Managers Short Course
Park Managers Short Course
Novice Farmers Introductory Courses

Radio-TV and Exhibit assistance was provided on numerous occasions
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Other Contributions

A very significant amount of time is devoted to answering 
questions by telephone, letter and office visits.

I.B.M. International Seminar
High School visits to O.A.C.
Consultations and Discussions with Canada Centre for Inland Waters 

(C.C.I.W.) and (P. L.U.A.R.G.) Pollution and Land Use Research 
Group.

T.H. Lane
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SOIL TESTING AND PLANT ANALYSIS SERVICE

Sol 1 Testing

The soil-testing year has been established to coincide as 
nearly as possible with the cropping year; samples received after 
July 1st are used almost entirely for fertilizer recommendations for 
the next year’s crop.

During 1974-75, 54,870 soil samples from various sources 
were analysed, a slight decrease from the 1973“7^+ number (Table 1). The 
number of farmers using the service was 13,140 in 1974-75, up slightly 
from the 11,814 who submitted samples in 1973“74. From July 1st to 
Dec. 31st 1975, the number of samples received for testing was 18 
percent higher than during the same period in 1974.

Table 1: Numbers of soil samples tested in the last four years.

Source of Samples 1971-72 1972-73 1973-74 1974-75

Farm 36,195 25,862 39,709 40,944

Garden 4,913 4,531 3,854 4,831

Federa1 Gov1t 864 853 941 852

Provincial Gov11 3,829 3,746 7,300 2,487

Research - Federal & 
Provincial, University etc. 4,237 3,567 4,613 5,720

1ndus try* ____ 79 100 ____ 15 ____ 36

Tota 1 50,117 38,659 56,432 54,870

* A fee is charged for industry samples for which the report does not 
go directly to local OMAF offices and the farmer.

The number of samples received from each county and district 
and the average soil test values are presented in Table 2. Because of 
an increasing concern about the need for lime in Ontario, the percent
age of the samples showing a requirement for lime is given in Table 3. 
Lime is recommended at different soil pH values for different crops 
and accordingly, the percentages of samples where lime was recommended 
are affected to some extent by the crops grown in a county. The soil 
pH at which lime is recommended for such crops as tobacco, potatoes and 
vegetables is not as high as for most field crops.

The soil pH values and the percentage of fields tested which 
showed a lime requirement for the six counties along Lake Erie are 
presented in Table 3*  The percentages of the fields requiring lime in
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Table 2: Average soil test values in Ontario counties and districts for 
the Period July 1, 1974 to June 30, 1975.

County or 
District

No. of 
Samples

Average Soil Test Value pH %
Requi ri ng 
LimePhosphorus 

(ppm)
Potass iurn 

(ppm)
Magnes i um 

(ppm)

Algoma 277 12 125 297 5.6 70

Brant 1380 24 124 261 6.6 10

B ruce 804 12 130 488 7.1 2

Carleton 407 18 144 402 6.5 21

Cochrane N 232 16 157 485 6.3 25

Dufferi n 729 13 109 312 7.1 2

Dundas 363 13 131 456 6.8 6

Durham 788 20 106 105 7-3 1

Elgin 1320 23 135 216 6.4 19

Essex 155^ 34 210 363 6.1 30

Frontenac 148 18 183 395 6.2 32

Glengarry 513 13 129 349 6.5 12

Grenvi1le 273 14 112 444 6.9 6

Grey 917 10 117 510 7.2 <1

Ha 1d i mand 673 16 165 398 6.2 31

Hali burton 38 33 139 128 6.0 37

Hal ton 609 22 145 298 6.4 18

Hast i ngs 471 16 129 180 6.7 17

Huron 1438 17 143 446 7.3 1

Kenora 60 9 224 529 5.7 70

Kent 2077 27 175 307 6.5 16

Lambton 1549 23 194 329 6.7 13

Lanark 370 17 132 365 6.5 17

Leeds 222 12 116 396 6.1 33

Lennox & Add. 355 13 146 383 6.6 13

Niagara N. 591 24 197 372 5.9 33

Niagara S. 892 21 151 402 6.0 39

Man i tou1i n 128 11 93 400 6.5 27
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Table 2: continued

County or 
District

No. of
Samples

Average Soil Test Value pH %
Requ i r i ng 
LimePhosphorus 

(ppm)
Potass i um 

(ppm)
Magnes i um 

(ppm)

Middlesex 1842 22 155 312 7.0 3

Muskoka 110 22 106 130 5.5 33

Ni p i ss i ng 344 17 126 349 6.0 43

Norfolk 1787 51 152 128 6.2 20

Northumberland 628 24 104 96 7.2 3
Ontario 839 19 109 126 7.3 3

Oxford 1579 20 121 274 6.9 2

Parry Sound 154 13 83 150 5.5 62

Pee 1 673 18 141 242 6.6 8

Perth 1271 16 142 421 7.1 <1

Peterborough 716 17 101 98 7.4 1

P rescott 608 14 165 388 5.9 51

Prince Edward 603 23 147 166 7.0 4

Rainy River 432 14 192 599 6.6 13

Ren frew 431 16 144 257 6.1 34

Russel 271 14 118 272 6.1 31

Simcoe North 883 17 129 148 6.6 14

Simcoe South 1335 27 122 183 6.9 3

Stormont 362 16 112 234 6.7 10

Sudbury 521 24 105 227 5.6 46

Temi skami ng 377 11 147 450 6.1 45

Thunder Bay 361 14 137 334 5.7 71

Victoria 668 11 103 107 7.3 3

Waterloo 937 23 131 361 7.1 1

We 11i ngton 1646 16 121 463 7.2 1

Wentworth 983 32 142 287 6.4 19

York 1299 37 131 227 6.9 3

N. Ontario 2996 16 136 368 6.0 44

S. Ontario 37842 22 141 301 6.7 12

All Ontario 40838 22 141 306 6.7 14
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Table 3: Soil pH and % of tested fields requiring lime for Lake Erie 
counties for the last 7 years.

Year County

Elgin Essex Kent Norfolk Haldimand Niagara S Average

□Oil pH ”

1974/75 6.4 6.1 6.5 6.2 6.2 6.0 6.2

1973/74 6. 5 6.3 6.7 6.3 6.4 6.2 6.4

1972/73 6.4 6.2 6.7 6.3 5.9 6.1 6.4

1971/72 6.4 6.1 6.6 6.2 6.2 6.0 6.2

1970/71 6.6 6.3 6.7 6.4 6.2 6.2 6.4

1969/70 6.5 6.3 6.7 6.5 6.1 6.0 6.4

1968/69 6.0 6.4 6.9 6.4 6.3 6.1 6.4

ft- rt-p . _ a A .A
U 1 Tested Fields Req uiring Li me

1974/75 19 30 16 20 32 39 26

1973/74 5 16 9 4 24 31 15

1972/73 6 28 12 4 35 33 20

1971/72 9 28 13 4 32 35 20

1970/71 7 19 11 4 29 33 17

1969/70 4 16 10 2 35 29 16

Table 4: Number of samples of plant, manure and other organic materials 
analyzed by the Department of Land Resource Science.

Type of Materi a 1 1972-73 1973-74 1974-75

Feed (from Dept, of Animal Science) 95 870 1860

Plant Samples (field) 150 82 49

Plant Samples (greenhouse) 142 132 146

Manures, Composts and Sludge 66 39 71

Other-' 58 308 260

Total 511 1431 2386

* Consisting mainly of plant tissue from other university departments 
and paid for on a per sample basis.
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1975 (19 to 39 percent) Is of some concern. An examination of the data 
does not show marked trends toward lower pH or to a greater percentage 
of the fields requiring lime over time but rather a good deal of random 
variability within counties. Exceptions occur in Norfolk and Elgin 
counties which show marked increases in the number of times that lime 
was recommended. Ontario soils with pH values below 7*0  are expected 
to show a gradual decrease in pH, particularly where high rates of 
nitrogen fertilizer are used. These tables do not show consistent trends 
in this direction but rather a wide random variation within counties. 
The reason for the large increase in the number of lime recommendations 
for Norfolk and Elgin counties is not understood. Because of the high 
cost of lime, changes in soil pH will be carefully monitored over the 
next severa1 years.

In cooperation with the Ontario Ministry of Agriculture and 
Food, the Soil Testing Laboratory in the Land Resource Science 
Department provides a service for the analysis of manures, plant and 
other organic materials on a fee-for-service basis. Normally the elements 
determined are nitrogen, phosphorus, potassium, calcium and magnesium. 
On about one-half of the number of samples, additional analyses are 
made for manganese, copper, zinc and boron. A number of other elements 
may be determined if requested.

Some feed samples received by the Department of Animal and 
Poultry Science are analysed in the Land Resource Science Laboratory. 
The type of analysis required for the feed normally corresponds to a 
routine analysis in the department.

While the number of samples analysed is not large (2386 in 
1975“75) there appears to be a definite need for such a service (Table 4). 
Analysis of manures would undoubtedly increase if suitable containers 
and preservatives could be found to permit the mailing-in of samples.

T.E, Bates
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WEATHER AND CLIMATIC INFORMATION

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

The campus weather station resumed operation in July. It is 
located near the arboretum service building.

The annual mean temperature was 0.3°F above normal for 1975 
(Table 5). The year started off with above normal temperatures but 
March and April followed with below normal temperatures. The thin snow 
cover measured as of the end of January was in sharp contrast to the 
very bad storm on the 2nd and 3rd of April in which close to 10" of 
snow was recorded. However, May with its above normal temperatures and 
sunshine and below normal precipitation allowed for good planting 
conditions. There was no frost in May and temperatures of 80+ were 
recorded for one seven day period (May 19-25). June, July, and August 
were quite normal for temperature with the greatest departure from 
normal \ degree or less for each month. Rainfall was heavy in August 
with one storm on the 23rd producing 2.5" of rain in a hour period, 
A frost occurred on September 10 but little damage resulted (see note at 
bottom of page 20). October was a dry month, with near normal 
temperatures. The first killing frost occurred on October 3. November 
with 4 degrees above normal and the above normal degree days 
associated with this, produced an extended growing season for many of 
the frost hardy plant species. The year ended with wlntery conditions 
as below normal minimum temperatures and above normal snowfall were 
recorded in December. The yearly total for precipitation was 3^.99" 
which was 1.19" above the normal.

There were 33 days when the maximum temperature was above the 
1 in 10 probability level and 3b days when minima were below the 1 in 10 
leve1 (see Figure 1),

1975 saw the introduction of the metric system to weather 
forecasts. However, most instruments still record in the English 
system, requiring conversion of records to metric units. Hopefully all 
instruments will be converted to record in metric units by 1977*
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Table Temperature and precipitation for 1975 (Elora Research Station).

Month Temperature Preci pi tat ion

Mean 
°F

Departure from normal Total 
i n

Departure from normal
°F °C in. mm

January 22.7 +4.3 +2.4 2.35 -0.44 -11.18

Feb ruary 21.9 +2.9 +1.6 3.34 + 1.10 +27.94

March 23.8 -3.9 -2.2 2.63 +0.15 + 3.81

April 34.8 -7.8 -4.3 3.71 + 1.01 +25.65

May 59.3 +6.7 +3 * 8 2.00 -1.10 -27.94

June 64.1 +0.9 +0.5 4.33 +1.33 +33.78

Ju 1 y 67.1 +0. 2 +0.1 2.35 -0.75 -19.05

August 64.9 -0.3 -0.1 5.55 +2.45 +62.23

September 53.8 -4.6 -2.6 2.18 -0.82 -20.83

October 48.4 +0. 1 0.0 1.64 -1.15 -29.21

November 41.8 +7-0 +4.0 1.90 -0.80 -20.32

December 20.9 -1.9 -1.1 3.01 +0.22 5.58
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Table 6: Summary of 1975 weather at Elora Research Station.

Miscellaneous

Temperatures: Highest for year 
Lowest for year 
Last frost in spring 
Fi rst frost i n autumn

90.0°F
-15.0°F 
April 28 
Sept. 10

Aug. 1st
Jan. 20th

Preci pi tat ion: Greatest rainfall in a day 2.31" Aug. 23rd
Greatest snowfall in a day
Longest period without measureable

6.2" Dec. 2nd

precipitation each day

Longest period with measureable

12 days April 
(5th-16th)

precipitation each day

Last measurable snow in spring
(>0.1)

First measurable snow

12 days

April 4th 
Nov. 21st

February 
(4th-15th)

* Temperature dropped to 31°F (-0.5°C) on the morning of Sept. 10, but 
not long enough to cause damage to corn, soybeans and other tender crops. 
The first killing freeze occurred on the morning of October 3rd.
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1975 Normal Departure 
from Normal

General

Mean maximum temperature (°F) 52.2 52.1 +0.1
Mean maximum temperature (°F) 35.0 34.5 +0.5
Mean annual temperature (°F) 43.6 43.3 +0.3

Total degree days below 65°F 8121 7715 +406
Total degree days below 42°F 3448 3255 + 193

Corn heat units from May 11 2578 to Sept. 10 2561 +266
to first killing frost in 2827 to Oct. 3
autum see note at bottom

of page

Total rainfall (in.) 27.9 27.9 0.0
Total snowfall (in.) 69.5 59.3 + 10.2
Water equivalent of snow (in) 7.09 5.9 + 1.19
Total precipitation (in.) 34.99 33.8 + 1.19

Total hours of bright sunshine 1975 1923 + 52



Temperature 
Elora R.S. 1975



Fig. 2: Mean Monthly Temperature at Elora Research Station
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SOIL SCIENCE RESEARCH

SOIL SURVEYS

The Ontario Soil Survey Unit, located in the facilities of the 
Department of Land Resource Science, continued to receive support 
during the past year primarily from Agriculture Canada and the Ontario 
Ministry of Agriculture and Food. The level of support from the Ministry 
of Agriculture and Food was increased during this period to the extent 
of two additional pedologists, funded through Service Program 67. These 
personnel were utilized in the on-going soil survey area. Funding again 
was received through the Agricultural Working Group of the International 
Joint Commission, Great Lakes Water Quality Agreement, for continuation 
of the studies on the effects of agricultural land use practices on 
soil erosion and water quality, A grant in aid of research also was 
received from the Ontario Ministry of Housing for detailed soil studies 
in the proposed Townsend Townsite in the Haldimand-Norfolk Regional 
Municipality, the project commencing tn September 1975-

The program of the soil survey unit involved a continuation 
of those projects already underway, including soil inventories, 
correlation and applied research studies. Progress which has been 
made in the various projects is summarized below:

1. Northumberland County -

This project has been completed with publication of “Soils of 
Northumberland County", Report No, 42, Ontario Soi1 Survey.

2. Peterborough County -

The soil map currently is being prepared in the Cartography 
Unit, Agriculture Canada, Ottawa. The soil report is complete, 
and will be published in 1976.

3. Timmins Map Sheet (42A) -

The soil maps are currently being prepared in the Cartography 
Unit, Agriculture Canada, Ottawa, and the soil report is being 
wr i t ten.

4. Reprinting Out-of-Print Maps -

Soil maps for the counties of York, Ontario, Huron, Perth, 
Lambton, Bruce, Grey and Glengarry are being reprinted in color, the 
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work carried out by the Cartography Unit, Agriculture Canada, 
Ottawa. The base maps for these counties are in various stages 
of completion. One county is expected to be completed and reprinted 
during the current year.

5. Middlesex County -

Field mapping was continued in Mosa and Ekfrid townships, 
with approximately 55,000 acres being mapped in 1975. To date 95% 
of the mapping has been completed in the county.

Preliminary soil maps and agricultural capability maps have 
been supplied for portions of the county to users on request, 
including the Ministry of Transportation and Communications, Ministry 
of Indian Affairs and Northern Development, Ontario Federation of 
Agri culture.

6. Haldimand - Norfolk Regional Municipality -

Field mapping was continued in this region during 1975 includ
ing the townships of South Cayuga, Dunn and portions of North Cayuga 
and Walpole, representing an additional 90,000 acres. Mapping is 
now completed in approximately 25% of the region.

The development of a new industrial basin on the Lake Erie 
shoreline created a need for an urban development nearby. Approximat
ely 15,000 acres of land was assembled by the Ontario government in 
Walpole and Townsend townships for this purpose. Personnel of the 
Ontario Soil Survey were requested to provide detailed soil survey 
and interpretive information as a basis for development decisions in 
the urban site. The objectives of the project were to provide 
information which would:

(a) delineate good quality farmland with the objective of retaining 
it in agriculture for as long as possible,

(b) delineate soils that may present problems in urban-related 
cons truct i on,

(c) determine the areas best suited to recreational uses.

This aspect of the Ha 1dimand-Norfolk project will be completed 
in September, 197$.

7. Ottawa - Carleton Regional Municipality

The soil inventory, sampling and land ownership studies in 
Nepean and Gloucester townships in this region were completed during 
1975* The information presently is being compiled, soil and land 
use maps are being prepared and digitized in cartography, and the 
soil report is under preparation. Soils and land use maps, and the 
soil report should be prepared in draft form by the fall of 1976.
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Field mapping also was commenced in Osgoode township in 1975 
with the intention of completing the re-survey of the remainder of 
the region. Approximately 55,000 acres were completed in this 
township during 1975 by one mapping party.

8. Soil Inventory of Small Agricultural Watersheds -

Six representative agricultural subwatersheds ranging In 
size from 7 to 20 square miles were selected for detailed study 
under the I.J.C. auspices (Pollution from Land Use Activities 
Agriculture Reference Group). In three of these the soils were 
mapped during the 1975 field season, including Canagagigue Creek, 
Holiday Creek and Hillman Creek. The field mapping was conducted at 
1:15,840 scale and the information transferred to 1:25,000 N.T.S. 
base maps.

Profiles of the major soil series were sampled for routine 
pedological characterization, and for certain engineering properties, 
the latter tests being conducted by the Ministry of Transportation 
and Communication. In addition, seasonal variability in infiltration 
rates, bulk density and soil shear strength were studied on the 
major soils in the field.

9. Soils Along the Niagara Escarpment, Craigleith - Camperdown Area -

An area of approximately 12,000 acres was mapped In the 
Craigleith-Camperdown area of Grey County, at a scale of 1:25,000 
for the purpose of determining the agricultural capability, and 
limitations of the soils for certain engineering uses. This 
information was requested as a basis for evaluating land development 
proposals for the area.

10. Soils Interpretations for Pipeline Construction ~

Based on soil characteristics along the route of the Sarnia- 
Montreal oil pipeline, measures to mitigate soil damage due to 
pipeline construction were established. During visits to each of 
the pipeline spreads, application of these measures were discussed 
with National Energy Board personnel and pipeline inspectors. Soil 
problems encountered during the course of construction were noted, 
and reported along with recommendations for their mitigation, to 
relevant industry, government and university personnel.

11. Erosional Losses from Agricultural Land -

Sheet erosion losses from 13 agricultural watersheds were 
investigated to assess the effect of agricultural land use on soil 
erosion levels. The watersheds, ranging in size from 19“54 km^ 
were representative of the predominant livestock and cropping



management systems in the major physiographic and climatic regions 
of southern Ontario. Average annual sheet erosion losses were 
estimated on a field basis using the Universal Soil Loss Equation.

Since March 1975> sediment source areas were defined in two 
agricultural watersheds by on site turbidity measurements during 
all snowmelt and rainfall events, and by evaluating detailed soil 
survey and land use data of the site. The seasonal variability of 
the observed sediment source areas in both watersheds also was 
stud i ed.

A mathematical soil erosion computer mode] (Kling and Olsen, 
Cornell University), based on hydrology and transport modifications 
of the Universal Soil Loss Equation, is being utilized to facilitate 
the prediction of suspended sediment yields.

A further aspect of this project involves studying the clay 
mineralogical and exchange character Istics of soils, fluvial 
suspended and bottom sediments in several watersheds, to determine 
the relationship of erosion from agricultural land use practices and 
stream water quality.

C.J. Acton

On small "spots" on various farms of southwestern Ontario, 
yields of crops have dropped markedly. To predict the prime cause of 
these low yield "spots" three areas were sampled in detail. Two areas 
were in Kent County and one in Wentworth County. In each case six or 
seven soil profiles were sampled in a transect across the "spot". A 
total of nineteen soil profiles were sampled down into the C horizon in 
the three locations. Particle size distribution, pH, CaCO- equivalent 
and Na-dith ionite extractable Fe, Al and Mn were determined on each of 
the 190 soil samples from the three areas.

In all three areas the low yields were attributed to a lower 
pH. When these were limed in subsequent years the yields of crops 
increased. The reasons for the lower pH were not completely the same in 
each of the areas. In each case the soils were of sand or loamy sand 
textures. In each of these areas the farmers used relatively high rates 
of nitrogen fertilizers. The subsurface soil material stratigraphy was 
also variable.

In one "spot" in Kent Co. the depth to carbonates was greater 
under the low yield "spot" than under the normal yield areas even though 
the soil surface was of 0% slope. The variation in particle size with 
depth indicates a parent material of f1uvial~al1uvial nature. Thus

26

Low Yield Spots in Intensively Used Farms



under heavy nitrogen fertilizer application a slight difference in 
texture and sub-surface stratigraphy may result in a more rapid drop of 
pH in these “spots’1 resulting in lower yields.

The second "spot11 sampled in Kent Co. had poor growth on the 
crest of a knoll. In each of the soil profiles with poor growth the 
surface horizons had much higher amounts of <0.5p clay and slightly 
lower pH values than the soil profiles with good growth. Thus the low 
yields may be due to surface crusting and poorer aeration plus lower pH.

In a "spot" sampled in Wentworth Co. the two profiles with 
higher yields each had higher amounts of clay in the Bt horizons and 
were situated on a 1-2% slope. The four soil profiles with low yields 
were situated in the slight swale. The increased amount of water from 
runoff maybe the prime cause of lower pH in this "spot" and subsequent 
1 owe r yields.

Although the addition of lime has been of help in correcting 
the low pH, the long term soil management practices may have to be 
different in each case. Detailed micro sol 1-stratigraphic relationships 
should be defined before a permanent management practise is recommended 
for any farm. The areal extent of this problem should also be measured.

R. Protz, C.J. Acton and T.H. Lane

The weathering of micas in seven residual and one non-residua1 
Ontario soils developed on a granite, a granite-gneiss, a syenite, an 
amphibolite, a gabbro, two marbles and an out-wash sand was studied. 
Mica particles 250-500 y were separated from different depths, In each 
profile, and analysed for K, Mg, Ca, Fe, Si, and Al using electron probe 
microanalysis technique. X-ray diffraction analysis was carried out on 
the sand-size mica particles and clay fractions using random powder and 
oriented specimens for the former, and oriented specimens for the latter. 
Scanning electron microscopy was used to characterize morphological 
changes.

Phlogopites and Mg-biotites were at a more advanced stage of 
weathering than Fe-rich biotites. The latter tended to regain K after 
an initial loss becoming more resistant to weathering. The regained K 
concentrated at the edges of the mica particles and in the most 
weathered ones.

Weathering resulted in a general loss in Fe, Si, and Mg, and 
concentration of Al towards the surface of the profiles, except in 
Methuen granite and Catchacoma granite-gneiss biotites. The former showed 
a loss in Al and the latter in Si in the same direction.
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Released Fe precipitated on the surface of mica particles, 
particularly at the edges. There was evidence of the precipitation of 
some Si and Al as well,. The metal cation deposits formed amorphous 
coatings in phlogopites and Mg-biotites, and crystalline lepidocrocite 
and haematite in Fe-rich biotites.

Vermiculization was the major process in the alteration of all 
the micas. Vermiculites lost charge upon reduction in particle size 
forming an expanding phase which, except for some smectites in the 
clays of the two profiles containing the most weathered micas, 
constituted the highest stage of alteration. The alteration to vermic- 
ul i te proceeded via interstratified phases, mainly regular, in three 
micas. These phases occurred in the rest of the micas as well, but it 
was not obvious whether they were produced before or after 
vermiculization.

Chloritization takes place seemingly after vermiculization in 
the sand-size mica particles of the Mg-rich micas exclusively in the 
surface samples. The process was much more intense in the clay fractions 
occurring in all the profiles particularly at the surface samples.

Splitting, exfoliation, surface coating, filling of spaces 
with soil material as well as fracturing, cracking, crumbling and 
peeling of (001) surfaces were the main morphological changes taking 
place during weathering of mica particles.

J. Tarzi and R. Protz

Clay mineralogical characterization of twenty-five soil 
profiles (approximately 400 samples) has been completed. These soil 
profiles were collected to represent the range of soils found in Ontario. 
They were sampled in detail to detect any variation in clay mineralogy 
due to geological depositional processes. Analysis on northern Ontario 
soil profiles from Patricia Center, Emo, Moosonee, Hanbury, Rice Lake, 
and Smokey Falls have been completed. Analysis on soil profiles from 
July Falls, Dryden, Kapuskasing, Pidgeon River, Dinorwic, Longlac and 
Sandy Beach Lake are being completed. In addition, various soil profiles 
from southern Ontario have been analysed.

A publication on the clay mineralogy of Ontario soils is being 
planned. Clay mineralogical analysis of Ontario soils will continue as 
an integral part of soil surveys and other specific studies.

Non-disturbed soil samples (10 x 15 x 5 cm blocks) from thirty 
soil profiles have been impregnated. These thirty soil profiles represent 
the range of soils found in Ontario. Thick sections (10 x 15 x 0.5 cm) 
have been cut of each block for characterization of soil structure.
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These thick sections will also be used to characterize the structural 
changes induced by processes of soil genesis on geologic materials.

Thin sections have been made of these soils for micromorphol- 
ogical characterization. These materials have provided the basis for 
the soils section in the new course 46-307 (Petrography) offered in the 
winter 76 semester.

R, Protz, M. Markle, T. McCarrick, 
and J. Mal lard

This is a new project started in April of 1976. The project 
objectives are:

1, to locate soil - landform areas best suited for grape 
production along Lake Erie;

2. to define the meso-climate along the Lake Erie shore 
and the micro-climate in areas potentially best 
suited for grapes; and

3. to design best vineyard layouts for the areas 
recommended for grapes.

The area designated for investigation covers a four-mile wide 
area from Lake Erie inland extending from Sparta to Colchester. The four 
areas chosen for detailed investigation are near Colchester, Leamington, 
Blenheim and Sparta.

On April 9 the climatic conditions (clear calm night) were good 
for airborne data collection. The Canada Center for Remote Sensing was 
hired to collect Daedulus Scanner thermal imagery, color photographs and 
color infra-red photographs. The scanner data was collected at 2:00 a.m. 
and 2:00 p.m.

Ground-truth temperatures were collected at 24 sites during 
the night of the flight. Ground-truthing of field surfaces was done 
during the day of the flight. The MEP Company was hired to do temperat
ure and wind soundings to a height of 1000 m during the night flight In 
the Leamington area. Air temperatures were collected in the Sparta area 
for about 20 nights to measure variability in temperatures. This was 
done by fitting a thermocouple to an automobile and recording temperat
ures on a strip-chart recorder.

The imagery for these areas has now been produced and the 
organization and analysis of the data are in progress.
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This project is financed for a period of three years. The 
project has been planned to phase in with a study being carried out in 
the Niagara region by-O.M.A.F. and A.E.S.

The project is unique in that a question of land use was 
asked to be researched before farmers expended funds.

R. Protz, K.M. King, G.W. Thurtel1 ,
S.H. Collins, J. Duff and L.J. Thomas
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LAND USE

Land, or the lack of it, has been a factor shaping the 
destinies of nations and mankind since life, as we know it, has been 
recorded. Until very recently with the advent of improved communicat
ions, rapid travel and the population explosion, there was a general 
sense that land was an unlimited resource. There is a growing 
awareness that a favorable balance must be maintained between the 
population and the land mass available to support it. This awareness 
is supported by concern expressed about environmental problems, 
population density, mobility of people from rural to urban centres, 
urban sprawl and a growing preference for urban people to seek a place 
to live in the countryside. Information is required about land to 
provide guidance for those making decisions such as site locations for 
nuclear power plants, new townsites, highways, airports and recreation
al areas. There is a growing concern about our future food supply as 
fertile farm land is changed to other uses.

The use of land resources should not be considered apart from 
the broad topics of rural development and rural adjustment. The use 
of land for agriculture continues to be a priority use. The process 
of improving the level and distribution of opportunities among rural 
residents for achieving adequate income, an adequate physical 
environment, adequate services and opportunity for participation in the 
decision making process becomes increasingly more important with 
changing conditions in the rural areas.

The need for continuing close co-operation and collaboration 
among disciplines such as Land Resource Science, Agricultural Economics, 
Engineering Science and Geography is apparent.

Research projects in the Department of Land Resource Science 
identified with Program 33 "Agricultural Resource Planning" of the 
Ontario Ministry of Agriculture and Food are concerned about determin
ing what land should be retained for agricultural production and how 
the retention should be effected.

The results and observations herewith reported provide 
information in making decisions related to Agricultural Resource 
Planning from research carried on in the areas of soil inventories and 
their interpretation.

There is an increasing demand for soil survey information to 
provide users of land with information on the quality and quantity of 
land resources. Already a large volume of information has been 
compiled on soils, surface geology and the climate of Ontario - 
particularly for that area lying south of the Precambrian Shield. Users 
of soil survey information should recognize the relationship between the 
scale at which the soil survey information is published and the purpose 
for which it is required. Persons interpreting soil survey maps are 
urged to seek out the most detailed information available for a 
particular area. Canada Land Inventory maps published at a scale of
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1:250,000 provide information for decision-making at a broad level such 
as a region or a province. County soil maps are normally published at 
a scale of 1:50,000 and provide much more accurate information.

Hectares Ac res

Class 1 1,950,817 4,818,520

Class 2 2,134,676 5,272,652

Class 3 2,526,548 6,240,574

Class 4 2,157,848 5,329,887

Class 5 1.37^,463 3,395,346

Class 6 973,965 2,405,696

Class 7 8,036,456 19,850,048

Organ i c 2,121,545 5,240,218

Unmapped 190,922 471,579

Total 21,467,240 53,024,520

Mineralogical and micropeda1ogical characterization of soils 
from active soil surveys are essential for an adequate understanding 
of land resources. The development of the micropeda1ogica1 research 
capacity becomes more important and necessary as more garbage-and- 
sewage sludge is incorporated into agricultural soils. Such studies 
will provide information about the maximum waste loading capacity of 
soils. Mineralogical and micropedalogical characterization is an essent 
ial research function in support of the continuing soil survey program.

Work done on the interpretation of soil survey information 
has been conducted to develop interpretative classification which could 
be used to group and rank soils for defined uses. Research emphasis was 
placed on the development of mathematical models which could serve to 
predict crop yields by soil class. Potential yields were estimated for 
grain corn, oats, barley, forage and apples. Productivity indices have 
been calculated for common field crops for each soil class. These data 
have been used to estimate the profitability of certain types of 
farming on various classes of land. Since costs of farming have not 
been calculated by soil class the results obtained are not conclusive. 
There seems to be a strong indication that for common field crops, 
Class 1 and 2 are most likely to yield a profit, Class 3 soils are 
marginal and Class 4 to 6 soils are least suited.

Work on the classification and productivity of organic soils 
was established in 1968 with a special study of the swamps and fens of 
Simcoe County. Research has been directed to the development of a soil 
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capability classification of the relationship between soil characteris
tics, vegetative cover and surface hydrology. Yields of carrots and 
onions on the major developed wetlands have been gathered and compared 
to soil class. A classification of the wetlands of southern Ontario 
based on landform characteristics has been developed. Studies 
conducted to determine the relationship of certain organic soil prop
erties with fibre content and vegetative cover show little correlation 
between these constituents and a selection of other soil properties such 
as water, ash or organic matter contents. pH showed the best correlat
ion both with fibre content and vegetative community but did not 
always show distinct differences. The results from the research 
conducted on organic soils can be used to obtain more information about 
the swamps and marshes of Ontario particularly those that are inaccess
ible. The results make it possible to collect information about the 
properties of organic soils from airphoto interpretation. At the 
present time the majority of organic soils are being held in reserve as 
far as use for agriculture is concerned. Organic soils have a signif
icant potential and it is appropriate that information be compiled 
about this important land resource.

Work on airphoto mapping and remote sensing continues to 
complement existing land resource information and offers significant 
promise for future use. Colour aerial photographs, steroscopic 
orthophotographs and multispectra I imagery have been evaluated for soil 
survey purposes. ERTS (LANDSAT) imagery is being evaluated at present. 
The systematics of which imagery to use where has been conceived but has 
yet to be written up in one publication. Research for doing specific 
projects have been received from the Ontario Wine Council.

It is significant to the agricultural industry that colour 
aerial photographs could be used to great advantage by regional land use 
planners. ERTS (LANDSAT) imagery should be the basis for mapping the 
resources of northern Ontario.

A new course Remote Sensing (46-250) has now been taught for 
two years.

Work on monitoring of watertable levels on 30 waterwell sites 
has continued over the past year. The results of an investigation into 
the relationship between soil morphology and periods of saturation are 
currently being written up in a M.Sc. thesis by John van der Hulst.

Faculty associated with Program 33 are Professors Hoffman, 
Mackintosh, Protz and Richards.

N.R. Richards
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Landform Classification and Vegetation-Soi1 Relationships of Southern 
Ontario Wetlands

Studies of organic terrain and the soils therein have just 
been completed which have been most helpful in mapping and describing 
the wetlands of southern Ontario. The wetlands were classified on the 
basis of landform characteristics following an investigation of a 
variety of undisturbed wetlands. Upon the consideration of various 
orders and combinations of differentiating characteristics, a 
classification was formed. It is based on three classes of the topo
graphy in which the wetland is set:

(a) flat (less than 2% slope),
(b) hilly without an outlet for the wetland, and
(c) hilly with an outlet;

on three lake classes:

(a) lake area greater than that of the wetland,
(b) lake area smaller than the wetland, and
(c) no lake associated with the wetland;

on six river classes:

(a) levee,
(b) fluvial,
(c) floodplain,
(d) source,
(e) other, and
(f) no river associated with the wetland;

and two substratum permeability classes:

(a) permeable, and
(b) impermeable.

This classification was found to lead directly to four hydrologic types 
of wetland:

(a) discharge,
(b) seepage,
(c) seepage-catchment, and
(d) catchment.

The relationship of organic soil properties to vegetative 
cover was also studied. Of the soil properties, fiber content was 
stressed since it is the main differentiating characteristic of organic 
soil classification. A regression equation was developed to predict a 
soil index which includes fiber content throughout the profile and 
depth. Little correlation was found between fiber content and a 
selection of other soil properties such as water, ash or organic matter 
contents. pH showed the best correlation both with fiber content and
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vegetation community but even it did not always show distinct differences. 
However, very definite correlation was found between vegetation 
communities and fiber contents in the profile, especially that of the 
middle tier of the soil, that most important to soil classification.
Other vegetative community-edaphic factor relationships were investigated 
both by one way analysis of variance and with environmental ordination 
graphs. Finally a comparison was made between the more concentrated 
data gathered in one area with that quickly collected throughout the 
southern part of Ontario.

E. Snell and D.W. Hoffman
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SOIL PHYSICS

The measurement of moisture contents in the soil by means of 
a neutron probe is a well established technique.

Several nations manufacture this type of equipment. The 
shape and the method of operation of these instruments is sometimes quite 
different but the principle by which they operate is always the same.

For the present study three types of neutron probes were 
obtained at roughly the same price ($6,000). A comparison was made 
between their reliability, ruggedness, ease of handling and accuracy of 
moisture determination. The following types of neutron probes were 
chosen:

(a) the NEA (Nordisk Elektrik Apparat Fabrik) made in Denmark
(b) the Wallingford made in England
(c) The Troxler made in the USA.

1. The NEA has some major advantages over the other two probes. At 
about the same price it also provides a gamma unit for the measure
ment of the bulk density of the soil. The mechanisms, e.g. of 
lowering the probe Into the access tube and the depth registration 
are excellent. The scaler has a print-out unit which makes the 
operation in cold and wet weather considerably more comfortable. 
The accompanying manuals and calibration curves are extensive and 
clear. The moisture calibration curves are dependent upon the 
predetermined bulk density. The study indicates that at high bulk 
densities the measured moisture contents are often lower than those 
obtained by other methods of moisture content determination. The 
cause of this Is probably the strong dependence of the calibration 
curves upon the densities. Further studies to investigate this 
discrepancy are underway.

2. The Wallingford is a handy apparatus. The probe and the scaler are 
built into one unit. The main disadvantage is the absence of a 
calibration curve upon delivery. This is a major drawback for any 
individual purchaser. The battery is not very powerful and has to 
be recharged rather often. A comparative study between the 
Wallingford and the NEA was performed in the Holland Marsh. The 
apparatuses had to be recalibrated because of the high organic 
matter content. A comparison between the moisture profiles 
obtained by the Wallingford and the NEA shows excellent agreement.

3. The Troxler is a reliable apparatus. The main disadvantage is the 
depth indication of the probe. The marks on the cable are not 
numbered and the length units are not metric. The standard count
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rate is not very stable. However, this problem can be solved by 
adjusting the high voltage. The scaler is excellent. The 
manufacturer provides a single calibration curve to be used for 
any soil type at any density.

P.H. Groenevelt

The contents of silt, clay and organic matter were determined 
in 92 Ontario soils representing 41 series and 10 textural classes 
ranging from sand to silty clay1. The relationships between soil 
moisture (0.3 bar, field capacity; 15 bars, permanent wilting point; 
available water) and organic matter content and textural characteristics 
were determined using a stepwise multiple regression technique. The 
independent variable terms (0M, SILT, CLAY, OM2, SILT2, OM x SILT, 
0M x CLAY, SILT x CLAY) were entered into the equation in order of 
decreasing importance. Only significant (.05 probability level) terms 
were included (Table 7)*

** significant at 0.01 probability level.

Dependent Vari ab1e Independent Variable Coeffi ci ent S.E. R2

O.33“bar constant 3.662 —- — ---- -
SILT 0.115 0.026 0.58**
0M x SILT 0.030 0.005 0.66**
SILT x CLAY -0.003 0.001 0.69**
(OM)2 -0.024 0.006 0.74**

15~bar constant 3.862 — —
0M x CLAY 0.064 0.009 0.77*-
0M x SILT 0.011 0.005 0.79-

Avaliable water constant 6.W2 — — —

(0.33-bar - 15-bar) 0M x SILT 
CLAY

0.05
0.523

0.003
0.123

0.83**
0.86**

(CLAY)2 -0.007 0.003 0.88**
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Table 7: The coefficients, standard errors and R2 values for the 
independent variables in relation to O.33~bar, 15~bar and 
avai1able molsture.

1 L.R. Webber and D.A. Tel, 1966. Available Moisture in Ontario Soils. 
Department of Soil Science, O.A.C., University of Guelph.

F.G. Rpanrhamn

Soil Moisture Related to Texture and 0 rganic Matter



Work was commenced in 1975 to determine the effect that the 
movement of heavy vehicles across agricultural land has on several physica 
properties of the soil and crop yield. The vehicular traffic used was 
a simulation of that which will traverse agricultural land during the 
installation of hydro transmission lines for seven towers per mile. The 
vehicles used, their weights and the number of trips which each vehicle 
made across the land are shown in Table 8.

Table 8 : Weights and number of trips for the vehicles traversing the 
1 and.

Vehicle Total Weight Trips Per Plot

Truck 3 tons 112
Flatbed trailer 14 tons 76
Concrete truck (loaded) 35 tons 24
Auger 35 tons 2
Gravel truck 25 tons 12
Flatbed trailer 39 tons 8
18 ton crane 23 tons 2
80 ton crane 65 tons 2
Truck 8 tons 3

Four treatments were used for each of two crops, corn and 
alfalfa, on a silt loam and a clay soil. The treatments were:

C - control; no machinery damage.

D - machinery damage followed by ordinary tillage 
pract i ces.

D+ - machinery damage followed by chisel plowing and 
ordinary tillage practices.

RS - some treatment as 0+ only straw was applied at 
a rate of 14.3 MT/ha prior to chisel plowing.

Bulk densities were taken at various depths before damage, 
immediately after the damage (May, 1975) and in August. These results 
are shown in Table 9 . It can be seen that the vehicular traffic 
compacted the silt loam down to a depth of 60 cm but only compacted the 
clay soil to a depth of 30 cm.

Yield data obtained for the corn in 1975 was inconclusive 
because the lateness of planting.

Work is continuing in the second year of the three year study.

D.B. Hons

Reclamation of Land Damaged by Heavy Vehicular Traffic
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Table 9 : Soil bulk densities for corn plots before damage, after 
damage and August 1975.

Texture Silt Loam Clay

T reatment C D D+ RS C D D+ RS

Time

Before

Depth (cm)

0-7.5 1.23 1.27 1

Bulk

. 14 1

dens f

.07

ty (g/cnr)

1.28 1.30 1.27 1.19
damage 7.5-15 1.23 1.18 1 .24 1 .17 1.38 1.39 1.33 1.32

15-30 1.40 1.36 1 .32 1 .29 1.41 1.40 1.42 1.42
30-45 1.51 1.38 1 .51 1 .48 1.41 1.43 1.43 1.41
45-60 1.50 1.32 1 .44 1 .51 1.41 1.42 1.39 1.44

After 0-7.5 1.64 1 .58 1 .65 - _ 1.56 1.52 1.53
damage 7.5-15 - - 1.67 1 .51 1 .59 — 1.50 1.53 1.58

15-30 1.59 1 .50 1 .48 — •* 1.51 1.55 1.42
30-45 — — 1.69 1 .68 1 .64 - - 1.45 1.50 1.53
45-60 _ — 1.57 1 .63 1 .50 1.46 1.40 1.49

August 0-7.5 1,24 1.27 1 .42 1 .30 1.29 1.31 1.42 1.18
1975 7.5-15 1.40 1.55 1 .43 1 .49 1.25 1.46 1.44 1.41

15-30 1.51 1.65 1 .48 1 .50 1.40 1.38 1.51 1.38
30-45 1.59 1.62 1 .76 1 .60 1.38 1.49 1.48 1.44
45-60 1.53 1.58 1 .65 1 . 60 1.46 1.45 1.46 1.48

A laboratory incubation study was initiated to examine the 
effects of corn stover and nitrogen amendments on soil physical 
conditions. The proportion of water-stable aggregates (WSA) was 
determined as one indication of favourable conditions for growth. 
Aggregation in soil prevents compaction and dispersement of fine 
particles by wind and water. It promotes a pore-size distribution 
favourable to moisture retention and proliferation of roots. Water 
stability in the aggregates implies their existence following destruct
ive processes which might otherwise disperse them into smaller units or 
primary particles. The decomposition of organic materials in soil is 
throught to give stability to aggregates.

Guelph loam was amended with chopped (2 cm length) and ground 
(1.2 mm size) stems and leaves at an application rate of 0.5% of soil 
weight. Three methods of soil amendment with chopped stem were 
surface mulching, mixing and sandwiching (plow layer). One set of 
treatments listed in Table 10 was wetted to l/3"bar moisture with distilled 
water while the other set was wetted to the same moisture level with a
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urea solution to supply 100 ppm N. The incubation was carried out at 
room temperature, 21 °C.

After 30 days, the maximum fraction of WSA (three times control) 
was found where ground leaves were used. This was followed by chopped 
leaves, ground stem, chopped stem In a decreasing order. In unamended 
soil the fraction of WSA did not change much during the 30-day incubation 
period when urea was added as nitrogen source but decreased slightly 
when no nitrogen was added. Placement of chopped stem on the soil 
surface nearly doubled the fraction of WSA. Chopped and ground leaves 
were more effective in increasing the fraction of WSA than the 
corresponding stem treatment. Ground stems and leaves increased the 
fraction of WSA more than the respective chopped treatments. Mixing 
the chopped stem with soil produced a higher fraction of WSA than 
either surface mulching or sandwiching.

These findings suggest that one of the important advantages of 
stover return under field conditions is to stabilize soil aggregates to 
resist the mechanical and destructive forces of rainfall and tillage. 
This has implications in reducing the soil loss by erosion, and In 
providing a better environment for crop establishment and root 
proli feration.

D. Pal and J.W. Ketcheson

Table 10: Influence of corn stover incorporation by different methods 
of management on the fraction of water-stable aggregate (WSA) 
in Guelph loam with and without nitrogen application.

Soi1 treatment WSA > 0.25 mm

No nitrogen added 100 ppm N as Urea

Control 12.95

%
15.67

Chopped Stem: Mulched 25.84 27.97

Chopped Stem: Mixed 39.59 42.01

Chopped Stem: Sandwiched 29.90 32.30

Ground Stem: Sandwiched 33.89 36.86

Chopped Leaf: Sandwiched 37.53 39.33
Ground Leaf: Sandwiched 39.39 46.76
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SOIL PHYSICAL CHEMISTRY

A. 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, permeability, 
winter survival of perennial plants and redistribution of plant nutrients 
have been documented. Many of the phenomena associated with soil 
freezing are economically undesirable. Successful attempts to diminish 
the detrimental effects of freezing require a better understanding of 
the factors and interrelationships of the factors influencing freezing 
processes. The following studies are currently underway to achieve 
this end.

1. Development of a dual energy gamma transmission system to 
study redistribution of the soil solution under freezing 
conditions

Efforts to understand the mechanisms behind the driving forces 
responsible for water movement, ice lensing and frost heaving have been 
hampered by the lack of good experimental data showing the positions of 
water accumulation and zones of bulk density changes in relation to the 
position of the frost line. Available data uses either a single energy 
gamma system or a direct sampling procedure which disturbs the freezing 
event. Water content analysis of the data from the single energy gamma 
system involves the assumption that the bulk density remains constant. 
This is not a good assumption in the instance of a freezing system where 
ice lenses are forming and frost heaving is occurring.

With these factors in mind, the dual energy gamma system, 
which has been used effectively for water content - bulk density 
measurement in swelling soils, is being adapted to freezing 
situations. This system allows the measurement of both bulk density 
and water content simultaneously. Since the technique is non-destruct- 
tve, a continuous freezing event may be monitored in the laboratory.

A 300 Me Am-241 source has been placed ahead of a 200 Me 
Cs-137 source in a lead collimator 0.3 cm high and 2.54 cm wide. The 
gamma energies are beamed through a sample to a Nai (Th) scintillation 
detector which is housed behind a lead collimator which is 1.5 mm high 
and 2.0 cm wide. The information from the detector is processed by 
means of pulse height analyzers which electronically split the two 
gamma energies.

The sample of soil is contained in a 3-7 cm lucite cylinder 
fixed with a copper plate at the bottom end and with a movable copper 
piston at the top end. Each plate is outfitted with a porous plate 
which gives access to water at either end. Temperature is controlled at 
the ends of the sample by the use of thermo-electric cooling elements. 
A thermistor feedback control unit controls the temperature at the plates 
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to within .01 C. Lateral heat flow is minimized by surrounding the 
sample container by an air bath which is kept at the average temperature 
of the soil column. Using this set-up, gradients as low as 0.1°C/cm 
may be maintained over a 7 cm sample for periods of about 4 days.
During this time the scanning apparatus may be used to measure the chang 
es in moisture content and bulk density due to the presence of the frost 
front. The temperature in the sample is measured every 1 cm along its 
length by means of thermocouples embedded in the walls of the sample 
container. Heave is measured by noting the position of the piston with 
cathetometer to ± 0.1 mm.

This system will allow a more detailed measurement of a 
continuous freezing event than has been available up until now and 
should provide a good visualization of the phenomena around the freezing 
line in soi1.

J. Go it and B.D. Kay

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

Simulation techniques are being used with increasing 
popularity to describe complex physical systems. The simulation of 
coupled heat and mass transport in a frozen soil system represents an 
important technique in advancing our understanding of the freezing proc
ess. A model to describe the flow of heat and water in freezing soil 
has been designed and is being tested using both laboratory and field data.

The lab data are associated with an unpublished study which 
was completed in 1973- The field data have been collected as part of 
this study.

Complete characterization of the thermal and moisture regime 
of a site adjacent to the Meteorological Station at the Elora Research 
Station has been carried out from November to April during 1974 and 1975. 
Temperatures at 47 points below and at the ground surface and temperat
ures through the snowpack were monitored every 15 minutes to ± 0.1 °C 
using a digital scanning unit.

Total soil moisture content was determined gravimetrical1y on 
a weekly basis. Dry bulk density was determined regularly in the frozen 
soil layer in order to account for a change in the density of the 
system with a change in the ice content. The water table was measured 
every second day. The amount of ground surface heave was monitored 
continuously with a heavograph.

Preliminary tests indicate excellent agreement between the 
predictions from the model and the lab data. The model is presently 
being tested using field data acquired during the winters of 1974-75 and 
1975-76.

M.I. Sheppard and B.D. Kay
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WASTE DISPOSAL AND POLLUTION CONTROL

While many investigations are being carried out to determine 
to what extent metals in sewage sludge are available for plant uptake 
from sludge amended soils, there is a lack of information as to what 
factors determine such availability. It was considered likely that 
metals might be associated with organic matter in sewage sludge and an 
experiment was designed to determine whether this was the case. Any 
such association probably affects the availability of metals for plant 
uptake from sludge amended soils.

Eight Ontario sewage sludges were oven-dried at 105°C and 
refluxed with formic acid and formic acid-acetylacetone (90:10 v/v) and 
the extracts analysed for Mg, K, Ca, Al, Mn, Fe, Ni, Cu, Zn, Cd and 
Pb. In addition, the proportion of the organic carbon content 
extracted was determined (after removal of formic acid residue). The 
nitrogen in the extracts was fractionated into ammontum-N, hexosamine-N 
and amino-N. All data obtained were analysed in accordance with a 
predetermined statistical model.

The results indicated that metals are most readily extracted 
from sewage sludges which had been pretreated with lime for phosphate 
removal (Table 11).

The percentage of the total metal content extracted was 
highly correlated with amino-N content of both alum and iron pretreated 
sludges but not for lime pretreated sludges. The percentage of 
individual elements extracted was also highly correlated with amino-N. 
Negative correlations between hexosamine-N and metals extracted for 
alum pretreated sludges which had been air dried indicate that metals 
may be important in stabilising hexosamines or organic polymers contain
ing hexosamines (Table 12). That no significant correlations between 
hexosamine-N and metals extracted were obtained for iron and lime 
pretreated sludges indicates that pretreatment of sludges with chemicals 
for the removal of phosphate affects sludge properties.

The method of drying did not affect the correlations 
obtained between amino-N and metals extracted. It is suggested that the 
decomposition of organic compounds in sewage sludge applied to soil be 
studied, since this might have profound implications in determining the 
availability of metals for plant uptake.

P.J. Doyle and L.R. Webber
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Table 11: Percentage of total metal content extracted from oven dried sewage sludges by formic acid 
acety1 acetone.

Sludge
Pretreatment

No. of
SIudges Mg K Ca Al Mn Fe Ni Cu Zn Cd Pb TMR

Iron 3 53.6a 74.6ab 58.5a 18.0a 56.3a 43.9a 65.8a 6.4a 58.7a 70.8a 20.5a 50.8a

Alum 3 68. 5a 89.7b 72.0ab 29.0ab 70.3ab 67.3a 72.1a 8.2a 92.4b 84.7a 38.0ab 57.9a
Lime 2 101.4b 41.9a 87.0b 48.2b 75.9b 41.5a 56.2a 13. la 73.2a 73.9a 59.2b 82.0b

TMR - Percent total metal content removed (Mg + K ... + Pb).

Values in the same column which are followed by the same letter are not significantly different at the 5% 
level (Duncan’s Multiple Range Test).

Table 12: Significant correlations between percent metal extracted and hexosamine- and amino-nitrogen for 
air dried sewage sludge.

Mg K Ca Al Mn Fe Ni Cu Zn Cd Pb

Al urn Pretreated Sludges

HEX-N (-ve)'' (-ve)* N.S. (-ve)** (-ve)** (-ve)** N.S. (-ve)** (-ve)* N.S. N.S.
NH2-N N.S. J'th ** N.S. ** N.S.

Iron Pretreated Sludges

HEX-N N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
NH2-N A* N.S. N.S. N.S. ** N.S.

Lime Pretreated Sludges

HEX-N N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
nh2-n N.S. N.S. N.S. * N.S. N.S. N.S. ** N.S. N.S. N.S.

N.S. = not significant * - s i gni ficant at 5% level ** = significant at level



The practice of using digested sludges as a source of plant 
nutrients appears to be increasing in Ontario. Utilization of the sludges 
on crop-producing land should be regulated to avoid soil and crop contamina 
tion principally by heavy metals. Among the heavy metals, cadmium is con
sidered hazardous to human and animal health. The metal has no known 
essential function in plants or animals; it tends to accumulate in the body 
and is known to cause liver and kidney damage, pulmonary disease and 
skeletal disorders. The absorption of cadmium by plants is the primary 
pathway by which the metal enters the food chain. Cadmium in the environ
ment occurs naturally in rocks and originates from mining and smelting 
operations, from industries using cadmium alloys and is found in sewage 
sludges.

Anaerobically digested sludge was added to field plots at the 
Elora Research Station for three consecutive years, 1972 to 1974. The 
additions each year were 1.25, 2.5 and 5*0 cm depths of liquid sludge. 
Corn grain and stover yields were obtained and the produce analysed for 
several elements including cadmium. The three additions of sludge at the 
2.5 cm (1.0 inches) rate added a total of 9-6 kg/ha (8.6 lb/acre) of 
cadmium, equivalent to 3.7 ppm in the cultivated layer, 20 cm deep. The 
level of naturally occurring cadmium in the soil, the check plot, was 
0.34 ppm.

With one exception, the cadmium concentration in corn grain 
for 1975 was the highest for all years (Table 13 ). The cadmium content 
of the corn stover is usually much higher than in the grain. One ton of 
dried stover with a cadmium concentration of 1.64 ppm would contain 0.003 
pounds of cadmium.

TABLE 13= Concentrations of cadmium (ppm) for corn grain and stover, 
including the range in values for four crop years and for 1975*

S1udge 
cm

added Corn grain Corn stover
Range 1975 Range 1975

(check) 0 <0.01 to 0.05 0.05a* 0.12 to 0.17 0.17a*

1 .25 0.01 to 0.05 0.05a 0.18 to 0.84 0.40a

2.5 0.05 to 0.08 0.08b 0.4 to 1.24 0.93b

5*0 0.08 to 0.12 0.10c O.85 to 1.68 1 .64c

^Values in the same column followed by the same letter are not 
significantly different at the 5 percent level of probability.
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Safe or non-hazardous levels of cadmium in food for humans or 
livestock have not been established. Until more is known about cadmium 
in foods, a farmer using sludge as a source of plant nutrients should 
cons i der:

1. apply sludge to soils having a pH greater than 6.5,

2. maintain adequate levels of zinc in the soil as zinc 
apparently competes with cadmium for adsorption sites 
in a soil,

3. apply sludges to well-drained soils having high capacities 
for cadmium adsorption, that is, soil organic matter and 
clay adsorb significant amounts of cadmium.

L.R. Webber

The 1974 Progress Report (p. 47-48) included details of the 
amounts of shredded household refuse and sewage sludge that had been 
added to experimental plots at Guelph. Wastes were added in 1971 and 
again tn 1973- Corn was grown on these plots in 1974 and 1975 without 
further additions of waste. Chemical fertilizers were added to all 
plots to give 112 kg N, 27 kg P and 1 40 kg K per hectare.

Corn yields ranged from 5,500 to 7,200 kg/ha (76 to 99 bu/acre). 
The lowest yields were from plots receiving only chemical fertilization; 
the highest yields were recorded on plots receiving 280 MT/ha of 
garbage plus 2.3 cm of sludge. Yields were not significantly different 
due to waste treatment.

The addition of shredded waste to a soil causes a temporary 
increase in the carbon to nitrogen (C/N) ratio and an immobilization of 
available nitrogen. This effect was demonstrated immediately after the 
wastes were applied (see Progress Report 1974 p* 45 to 47). Figure 4 
illustrates the concentration of nitrogen in the nitrate form (N0"-N) in 
the soil for four depths before corn planting and after corn harvest in 
1975.

From Figure 4 and the tabular data, it appears that:

1. NO -N concentration (ppm) and amounts (kg/ha) in the 
soil were similar for the control and sludge only plots;

2. shredded waste alone or in combination with sludge or 
manure released significant amounts of NO ~N, presumably 
from the shredded waste;

3. the maximum concentrations of N0_-N occurred deeper in 
the soil after harvest than before planting;

4. yields of corn grain as summarized previously were not 
dependent on levels of NO^-N in the soil profile.

L.R. Webber
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FIGURE 4: NITRATE NITROGEN IN SOIL PROFILE BEFORE 
AND AFTER CORN (GUELPH 1975)



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

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

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

T.E. Bates

In the field rate and source studies^the bromegrass yielded 
slightly more with sludge than with ammonium nitrate. The calcium 
sludge tended to produce lower yields at low rates of application and 
higher yields at higher rates of application than the other sludges, a 
trend which was apparent in 1974. Corn yields were little affected by 
nitrogen or sludge in 1975*

The sludges markedly increased the sodium bicarbonate- 
extractable, "plant available" soil phosphorus. More phosphorus was 
extracted from soils that had been treated with calcium sludge. 
Phosphorus concentrations in the crops were high and unaffected by 
treatment.
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Sewage Sludge Disposal on Agricultural Land

Field Rate and Source Studies

Rainfall in 1975 was 6.4 cm above average; the greatest 24 
hour precipitation being 39 mm which occurred in June. Total runoff in 
1975 was similar to 1973 and 1974 as were the nitrogen, phosphorus and 
metal losses. Metal losses were small and mostly associated with 
summer losses of soil solids. Runoff from a 6% slope was similar to 
that from a 2% slope in winter but greater in summer. Sludge applicat
ion had no effect on total runoff volume.

Runoff Studies



Cadmium content of both grass and corn stover was increased 
by sludge application, the effect being greatest with the sludge 
supplying the most cadmium. Nickel, chromium and copper were increased 
in some plant tissues at some sites but the effects were not consistent. 
Zinc concentration increased in bromegrass, corn grain, and at one site 
in corn stover. Molybdenum in plant tissue appeared to increase with 
s1udge application.
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Greenhouse Rate and Source Studies

In the greenhouse study, increased rates of sludge applied at 
one time increased the concentrations of metals in ryegrass. Repeated 
cycles of sludge application and cropping did not increase metal 
concentrations in the ryegrass from one crop to the next (up to the 5th 
crop) at any of the rates studied. One application of sludge resulted 
in nickel concentrations in the first three crops of ryegrass that were 
as high as in treatments receiving three applications of the same amount 
of sludge. Cadmium, copper and zinc showed s.lightly reduced concent
rations in later crops of ryegrass where sludge was applied only once.

Extractants for Plant Available Metals

Several soil extractants could be used to predict cadmium, 
nickel and zinc concentrations in Swiss chard. Predictions were 
improved in most cases when pH, clay content, organic matter and cation 
exchange capacity were included in the equations. NTA (nitrilotriacetic 
acid) is probably the most universally acceptable extractant for all 
three of these metals on the group of soils studied. Satisfactory 
extractants for copper and lead have not yet been found.

Nitrogen Studies

As in previous years, NH4+-N applied in sludge was rapidly 
transformed to N03--N when applied to the soil in the field. Leaching 
of NO3 was apparently greater during the fall in the sandy loam soil 
than in the finer textured soils. There was some evidence of release 
of N03--N from sludge applied to the clay loam in the previous two 
years; Sludge applications had little influence on NH4+-N and pH levels 
in the soils with the exception of Ca-sludge which significantly 
increased pH. The concentration of N03--N in the soil solution generally 
exceeded the accepted level of 10 pg N03--N/ml particularly where larger 
quantities of sludge were applied.

Chemical treatment of sludges had no apparent effect on 
N03--N production from sludges mixed in soil. However, sludge from 
Point Edward resulted in relatively slow N03--N production suggesting an 
inhibitory substance present in the sludge. Approximately two-thirds 
of the organic N fraction of sludges was mineralized during a 49-day 
incubation period in the laboratory.

Field studies on NH3 volatilization from applied sludge showed 
that Al and 48% of applied NH4+-N was volatilized during two different 
periods of about one week.



Zinc, Cu, Pb, Ni, Cr and Cd were measured in acid NH4-oxalate, 
Na-pyrophosphate and Na-dithionite extracts of soils receiving the 
greatest amount of sewage sludges in the greenhouse experiment. The 
NH4-oxalate appeared to extract sludge - added Cu and Ni most 
consistently. The Na-pyrophosphate appeared to extract sludge-added Zn, 
Cu, Pb and Cd consistently.

Electron microprobe, scanning electron microscope and light 
microscope investigations lead to the conclusion that surface 
accumulations in the greenhouse soils are a mixture of salt evaporites 
and micro-organisms.
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Soil Characterization

Microbial Studies

Sal monel 1 a species were detected during the 1975 season in 
sludges (11 of 15 samples) and on corn (4 of 24 plot samples). 
Salmonella species were detected in the runoff waters (132 samples) or 
in the grass samples (36 plot samples).

During the period May 1973 to March 1976, Sa 1 monel 1 a species 
were detected in 20 of 54 samples of sludge, one of 484 samples of 
runoff waters, 2 of 96 samples of grass, and 4 of 24 samples of corn 
(above ground, young plants).

T.E. Bates, Nutritional Studies £ Co-ordlnator 
E.G. Beauchamp, Nitrogen Studies 
R.A. Johnston, Microbial evaluations 

(Dept, of Microbiology)
J.W. Ketcheson, Runoff
Y.K. Soon, Supervisor of operations
R. Protz, Soil characterization





AGRICULTURE AND WATER QUALITY

The Agricultural Code of Practice for Ontario recommends 
that producers have a 6-month‘s manure storage capacity to avoid winter 
spreading and the consequent contribution to pollution of surface 
water. Unlined earthen storage ponds offer the least costly storage 
system for liquid manure. A number of studies in the U.S. have 
indicated that these unlined ponds quickly become sealed when manure Is 
added and hence do not cause groundwater pollution. However, a study 
conducted in 1974 (See 1974 Progress Report pp. 44-45) Indicated that 
large amounts of NH4-N had accumulated beneath hog manure lagoons on 
coarse-textured soils. This NH4-N constituted a significant potential 
for pollution, particularly when use of the lagoon was discontinued. 
The 1974 study did not indicate the amount of seepage from the lagoon 
or whether seepage was still occurring. Hence firm conclusions as to 
the acceptability of unlined earthen storage lagoons could not be made.

In the fall of 1975, an opportunity arose for initiation of 
a detailed study of a newly constructed unlined pond associated with a 
4,500 capacity beef feedlot in Waterloo Co. This storage pond, when 
full, will have a surface area of 3.5 ha, a maximum depth of about 5 m. 
and will contain approximately 15 million gallons of liquid manure 
from which most of the solids have been removed. The soil in which 
the pond Is constructed is a Burford sandy loam, — Fox Sand complex. 
The surface materials have been removed from about 1/3 of the area 
exposing the coarse sand parent material of the Fox series. This 
material extends to below the groundwater level about 15 m below the 
floor of the pond.

A series of piezometers, and suction lysimeters and a soil 
moisture neutron probe access tube were installed near the lowest 
point in the lagoon in the fall of 1975 before any manure had been 
added to the lagoon. The pipes were extended about 6 meters above the 
floor of the lagoon and a platform was constructed to permit sampling 
and measurement when the lagoon is full.

Measurements of the water table level, samples of the ground
water and measurements of the soil moisture content are being taken 
periodically. Soil samples will be taken to a depth of 3 meters when 
the lagoon is emptied each summer.

The data obtained from these measurements will Indicate the 
extent to which the pond becomes sealed and the amount of nutrients 
that move into the soil and groundwater beneath the pond. The study 
will provide more concrete information on the acceptability of this 
form of manure storage.

M.H. Miller, N. Baumgartner and 
J.B. Robinson (Dept, of 

Environmental Biology)
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Lysimeters that had received applications of urban wastes were 
operational during 1975. The waste treatments are detailed in the 
summary, "Utilization of Urban Wastes on Soils", elsewhere In this 
report. The volume and characteristics of the percolates are reported 
for three periods, each of four months duration. The data are summarized 
in Table 14; each value is an average for three lysimeters. The 1975 
corn crop was the second crop following the additions of the wastes in 
1973.

Table 14: Percolate characteristics from lysimeters treated with urban 
wastes.

Treatment Percolate Nitrogen (μg/1) Phosphorus 

μg/1

COD*  *

μg/1cm %* N03-N NH4-N

Period: Jan. to April 1975; precipitation 20.6 cm

Control 11.9 58 7 0.09 0.009 4

Solid waste 15.3 75 131 .2 .06 14

Sludge 10.0 49 31 .05 .01 12

Waste + S1udge 15.2 74 78 .06 .02 21

2 (waste + sludge) 16.0 78 302 .12 .04 79

Period: May to August 1975; precipitation 31.8 cm

Control 2.0 6 14 0.09 0.05 13

Solid waste 3.7 12 40 .04 .03 22

S1udge 2.0 6 30 .03 .03 13

Waste + Sludge 3.8 12 38 .05 .04 27

2(waste + sludge) 4.3 14 144 .09 .08 62

* the percolate expressed as a percentage of precipitation

** COD: chemical oxidation demand, a measure of organics in the 
percolate.
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Ly s i meter Pe r co late C ha r a c t e r i s t i cs

Period: Sept, to Dec. 1975; precipitation 22.5 cm

No percolation occurred



From the data in Table 14, the following should be noted:

1. the percentage of the precipitation for the year that 
percolated the lysimeters, ranged from 18% (14 cm) on 
the controls to 27% (20 cm) on the 2(waste + sludge) 
treatment.

2. high concentrations and amounts of nitrate-nitrogen 
were related to the treatment 2(waste + sludge). These 
data follow the trend in the field plots, reported else
where in this Progress Report.

3. the concentrations of total phosphorus in the percolates 
tended to be higher in the May to Aug. period than in the 
spring period.

4. the higher concentrations of COD were related to 
treatments involving additions of solid waste.

L.R. Webber and D.A. Tel

Previous reports on this project (see 1974 Progress Report 
pp. 51~52) have indicated that very high levels of phosphate are present 
in the drainage water from the Erieau marsh area in Kent Co. The high 
levels are thought to be due to excessive rates of phosphorus fertilizer 
applied to these soils. Although the sampling of drainage water was 
discontinued following the spring of 1975, laboratory studies have been 
continued to obtain a better understanding of the reactions and 
movement of phosphorus in organic soils.

Undisturbed cores were collected from fields in the Erieau 
area as well as in the Bradford and Grand Bend marshes. These cores 
were leached at a constant temperature of 20°C at a rate equivalent to 
2.5 cm/day for a period of 177 days. This would be approximately 
equivalent to 8-10 years of leaching in the field. The soluble P 
concentration in the leachate from the Grand Bend cores was very low, due 
probably to the high mineral content of the lower layers of these cores. 
The soluble P concentration in the leachate from the Erieau and 
Bradford cores increased during the first 20 days of leaching, declined 
slowly throughout the leaching period (Fig. 5) but remained relatively 
high at the conclusion of the leaching. The Initial rise Is probably 
due to the leaching of P from recently applied fertilizer. These data 
suggest that, even if no further phosphorus is applied to these soils, 
the P concentration in the drainage water will remain high for several 
years. Although, the average concentrations from Erieau cores were 
consistently above those from Bradford cores, the large variation amongst 
the cores from each area prevents any general conclusion on the relative 
levels to be expected in drainage water from the two areas.
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Undisturbed cores were also obtained from an uncultivated 
area near the Erieau marsh and from two undeveloped sites in the Bradford 
marsh. These cores were leached with 2.5 cm of water/day for 177 days. 
Phosphorus as Ca (H2PO4)2 was added to the cores at rates equivalent
to 0, 12.5, 25 and 50 kg P/ha every 20 days during the leaching. The 
highest rate represents about half the normal yearly application of 
fertilizer phosphorus In the Erieau marsh and twice that in the 
Bradford marsh. The 20-day interval was selected because 20 days of 
leaching is approximately equivalent to the leaching occurring in one 
year in the field.

The soluble P concentration in the leachate from the Erieau 
cores at varying times is indicated in Figure 6. The concentrations 
from the core to which no P was added did not exceed 0.15 mg/1 at 
anytime. It is apparent from these data that the core of soil became 
saturated with P after the third or fourth addition at the 50 kg P/ha 
rate. After this time, the concentration fluctuated with highest 
values occurring 16-18 days after addition of P. With lower rates of 
addition, a longer period was required to obtain significant levels of 
P and the concentration did not reach the very high levels of the 
highest rate.

Crop removal in the field would delay the time at which the 
soil became saturated and might prevent the appearance of excessive 
levels of P in drainage water at the two lower rates of P addition. 
However, at the highest rate used in this experiment, which was half 
the rate normally applied in the Erieau area, very high levels of P 
would occur in the drainage water within a few years.

The total amount of P added to each core and the total amount 
of soluble P in the leachate from the cores from the three sites is 
presented in Table 15. At the highest rate of addition to the Erieau 
core, the total P leached was slightly in excess of the P added indicat
ing that essentially all the P added to this core has been leached. In 
contrast, very little P was leached from the two cores from the Bradford 
area indicating that the organic soil from the Bradford sites had a 
much greater capacity to adsorb P than did that from the Erieau site. 
This has been substantiated with phosphate sorption studies which, have 
shown that the soil from the Erieau core, particularly at depths 
greater than 20 cm below the surface, has a much lower P adsorption 
capacity than the soil from the Bradford sites (Table 16). This differ
ence in adsorption capacity does not appear to be related to acid 
extractable P level, pH, or mineral content. There does appear to be a 
relation between P adsorption and total iron content. Studies are 
continuing with organic soil samples from additional sites to test the 
validity of this apparent relationship.

M. H. Miller
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Table 15: Soluble P content in leachate from cores of organic soli from 
three locations.

Total P
Added

__________ Total Soluble P in Leachate__________________

Erieau Bradford-1 Bradford-2

(mg/core) -------------------------------------- (mg/core) ---------------------------------------

0 0.4 .04 .05

25 5.3 .04 .08

50 16.8 .05 .10

100 104.9 .06 .05

Table 16: Phosphorus adsorption and some chemical characteristics of 
organic soils from three sites.

S i te Depth

(cm)

P*
Adsorbed 

(μg/g)

pH Minera1**  
Content

(%)

Acid Ext 
P 

(μg/g)

Total 
Fe

(μg/g)

Erieau 0-20 63.1 5.6 26.0 143 2200
20-40 20.0 5.8 13.5 50 570
40-60 18.4 5.7 7.5 40 640
60-80 6.4 5.0 4.6 21 400

Bradford-1 0-20 99-8 5.0 17.2 108 3780
20-40 180.0 5.5 9.0 33 4520
40-60 178.9 5.8 9.9 19 4780
60-80 161.3 6.0 18.0 36 4350

Bradford-2 0-20 89.4 5.0 15.8 75 3380
20-40 120.0 5.5 7.1 10 3530
40-60 100.0 5.5 7.6 5 3680
60-80 161.3 5.2 25.9 21 2600

* 200 μg P/g soil added
** Determined by loss on ignition
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Figure 5: Phosphorus concentration in leachate from organic soil cores 
from fertilized fields.

Figure 6: Phosphorus concentration in leachate from organic soil cores 
with varying P additions.
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A programme was initiated in the spring of 1975 under the 
auspices of the International Joint Commission (1JC) through a Reference 
Group established to study pollution from land use activities. The pro" 
gramme, known as PLUARG, involves projects at several institutions in 
Ontario and the states bordering on the Great Lakes with a general objec
tive to determine the extent of pollution of the Great Lakes from land use 
activities. One phase of the programme is directed specifically to pollu
tion from agricultural land use.

An integrated research program at Guelph involving personnel 
from Agriculture Canada, Engineering, and Land Resource Science was begun 
in 1975 to develop a model to predict the surface transport of water, 
sediment and phosphorus from agricultural watersheds to rivers. This 
report deals with our efforts to develop relationships to permit the pre
diction of the amount of phosphorus in runoff from agricultural fields.

The quantity of P lost from cropland on mineral soils by sur
face runoff can be described by the following equation.

Amount of P lost 
in surface runoff

(P)

Total amount of 
sediment in surface 
runoff

(stot}

P concentration P enrich- 
of the surface x ment ratio 
soil

(CP) (EP)
This relationship forms the basis for the predictive capability 

being developed. Models that will permit the prediction of the amount of 
eroded sediment are being developed by H.R- Whiteley and W.T. Dickinson 
of the School of Engineering and by G.J. Wall and L. van Vliet of Agricul
ture Canada.

The emphasis in this project has been on (A) the development of 
a relationship for predicting the P concentration of the surface soil from 
information that is available or could be obtained relatively easily for 
any desired region and (B) the development of a relationship to predict 
the P enrichment ratio for a given runoff event.

Prediction of soil P content: Surface soils were collected 
from about 180 fields in two agricultural watersheds, Canagagigue Creek 
near Elmira, and Holiday Creek near Embro. Detailed histories of crop, 
fertilizer, manure and tillage of the sampled fields for the last three 
years were obtained. Each soil sample was analyzed for total P, available 
P and pH. Further characterization of both site and soil properties were 
obtained from soil survey maps of the two watersheds.

Stepwise multiple regression analyses were conducted to relate 
the measured total P to the following independent variables.
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1. Available P 7. Manure applied
2. pH 8. Fertilizer applied
3. Texture 9. (Available P)2
4. Estimated clay content 10. (Drainage)2
5. Drainage 11. Avaliable P x pH
6. Slope 12. Available P x texture

Drainage proved to be the single most important variable 
although it explained less than 10% of the total variation. A combina
tion including drainage, components of available P and manure accounted 
for slightly more than 20% of the variation in total P.

The variation accounted for is disappointingly low. However, 
two steps will be taken which hopefully will improve the prediction. 
The relationship developed did not include organic matter. The fact that 
drainage was a significant variable suggests that organic matter may be 
an important determinant of total P. This variable will be added to the 
relationship. The second factor is the relatively narrow range of total 
P values and of texture in the samples collected. Additional samples 
will be collected to give a wider range of these two variables.

Prediction of the P enrichment ratio: The P enrichment ratio 
is the relationship between the P content of the surface soil and that 
of the eroded material.

To obtain enrichment ratios, grab samples of runoff from small 
defined areas of farm fields were collected from the same two watersheds. 
The sediment loads of these samples were divided into coarse (>50μ), 
medium (5-50μ) and fine (<5μ) fractions and analyzed for total P. Por
tions of the coarse and medium fractions from some of the samples were 
dispersed and the sand, silt and clay contents determined. Samples of 
surface soil were collected from the contributing areas for each runoff 
sample and were analyzed for total P and sand, silt and clay content. 
From these data, P enrichment ratios and clay enrichment ratios were cal
culated for each runoff sample.

The P enrichment ratios varied from less than 1.0 to greater 
than 6.0. The higher values appear to be related to recent manure appli
cation and/or ponding of the runoff water. Manure application to the 
surface would increase the P content of runoff directly or increase P 
content of the upper few centimeters of the surface soil which would be 
the main source of the eroded material. Ponding would result in sedimen
tation of the course particles giving a higher proportion of clay-sized 
material. Total P analyses of the sediment fractions indicated that the 
<5μ fraction had a higher content of total P than did the coarser frac
tions .

There was an obvious relationship between P enrichment ratio 
and clay-enrichment for the limited number of samples for which clay 
enrichment ratios were obtained. This suggests that, as was hypothesized, 
the selectivity of the erosion process for the finer particles is the 
main cause of P enrichment.
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The equation given above for determination of the amount of 
P lost in surface runoff assumes that the amount P in solution is 
very low and is not a significant proportion of the total P. Determina
tions of P in solution in the runoff samples collected indicate that 
this assumption is not valid. Phosphorus in solution frequently 
accounted for more than 50% of the total P in the runoff even when sedi
ment loads were as high as 500 mg/I. This casts doubt on the assumption 
which is frequently made that elimination of sediment from surface runoff 
will prevent the contribution of significant amounts of phosphorus from 
agricultural fields. Studies are continuing with greater emphasis now 
being placed on the solution phosphorus component.

M.H. Miller, S.C. Sheppard, A. Spires 
and M. Thompson

The Effect of the Disposal of Poultry Manure on Soil Properties and 
React i ons

Poultry manure was added to soil at the rates of 5 or 25 
metric tons/ha. The effect of the manure, and feed additions in the 
manure (a coccidiostat and an antibiotic) on soil properties and 
reactiosn was studied.

Neither the antibiotic nor the coccidiostat influenced organic 
carbon buildup, chemical decomposition, cation exchange capacity, 
oxygen uptake by the heterotrophic soil microorganisms, or nitrification 
in the manure-amended soil. In laboratory studies, both the 
antibiotic and the coccidiostat were rapidly adsorbed or inactivated by 
soil colloids or soil microorganisms. However, some of the coccidiostat 
(0.8 ppm) could still be recovered from the soil in the greenhouse 
80 days after the equivalent of 56.1 metric tons/ha poultry manure 
applicat ion.

As anticipated, cation exchange capacity, readi1y-oxidizable 
organic carbon, and water-soluble organic carbon increased rapidly 
with poultry manure additions and then steadily declined. Despite the 
steady decline, the values for all three determinations at day 160 for 
the application rate of 56.1 MT/ha were greater than at day zero.

The addition of poultry manure to a soil affected the recovery 
of the metal (Cd) added subsequent to the manure additions. More Cd 
was found to be complexed in an unavailable form as the amount of 
readily-decomposable organic matter decreased. The higher the amount 
of manure added, and the longer the period of decomposition of the 
added organic material, the lower the total amount of the metal which 
could be extracted.

R.L. Thomas
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SOIL PLANT RELATIONS

Nitrate assimilation involves the reduction of nitrate to 
nitrite and of nitrite to ammonia. These two steps are mediated by the 
separate enzymes nitrate and nitrite reductase, respectively. Various 
kinds of evidence show that the first step limits the overall rate of 
assimilation of nitrate into organic nitrogen. Within this first 
step, two primary components of nitrate reduction are the intracellular 
concentration of nitrate reductase and the supply of reducing power for 
nitrate reduction. Our desire to understand what is limiting nitrate 
assimilation has led us to seek means by which nitrate reduction may 
be separated into these two components.

Tissue concentrations of nitrate reductase may be assessed 
by extraction and assay of the enzyme in v i t ro. Under the conditions 
of assay, neither the substrate, nitrate, nor the source of reducing 
power, NADH, are factors limiting enzyme activity. Consequently, 
enzyme activity may be related to the concentration or level of enzyme 
in the original tissue, provided that enzyme losses during extraction 
are not a source of confusion. Intact tissues alternatively furnish a 
measure of in vivo nitrate reductase activity based upon the rate of 
nitrite production during anaerobic incubation with nitrate. This 
procedure incorporates both the intracellular concentration of nitrate 
reductase and the supply of reducing power as potential limiting 
factors.

A compar i son of in vj vo with i n vitro nitrate reductase 
activity is presented in Fig. 7 as the ratio of the two respective 
activities. Variation in nitrate reductase level was obtained by 
growing different species at a range of irradiance (at high nutrient 
nitrate concentration) and nutrient nitrate concentration (at high 
i rrad i ance). 11 i s seen that the rati o of in v i vo to 1n vitro nitrate
reductase activity was generally less than unity and was higher with 
nutrient nitrate than with irradiance as the environmental variable. 
Moreover, the differential effect of nitrate and irradiance on the 
ratio was magnified as nitrate reductase levels declined, primarily due 
to an exponential increase in the ratio with declining nutrient 
nitrate. Only in peas throughout the irradiance range, and in wheat and 
marrow at low irradiances, did light have a similar effect to nutrient 
nitrate. Significantly, these trends were exclusively associated in 
these three species with declining foliar nitrate concentrations (data 
not shown).

It would appear that in vivo nitrate reduction becomes more 
efficient when nitrate reductase levels decline in response to lowering 
the nutrient nitrate concentration, while tending to remain at constant 
and lower efficiency with declining irradiance. Conversely, there 
would seem to be a loss of efficiency as the numbers of nitrate 
reductase molecules increase in response to nitrate. We tentatively 
ascribe this behaviour to the role of reductant in the regulation of 
nitrate reduction. This reductant is generated ultimately by photo
synthesis. The supply of reductant per enzyme molecule would be less

60

On the Components of Nitrate Assimilation in Chlorophyllous Tissues



limiting at low than at high nitrate reductase levels in plants grown at 
constant energy input or irradiance. Consequently the ratio of in vivo 
to ‘n vitro nitrate reductase activity becomes a function of nitrate 
reductase level in plants grown at varying nutrient nitrate concentration 
and constant high irradiance. Where the environmental variable is 
irradiance, changes in nitrate reductase level are accompanied by parallel 
and balancing changes in reductant supply, reflecting in a tendency towards 
a constant ratio of in vivo to in vitro activity when not compounded by 
effects of irradiance on in situ nitrate.

The foregoing results and interpretation indicate that nitrate 
reduction is severely limited by the supply of reductant to nitrate 
reductase. The law of diminishing returns, as it is reflected in 
nitrate nutrition, appears to have as Its biochemical basis a declining 
rate of increase in nitrate reductase levels and a parallel falling off in 
efficiency per enzyme molecule with increase in the supply of nutrient 
ni trate.

R.W. Jones
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Efficiency of Phosphorus Utilization by Forage Species

Pure stands of timothy, receiving three applications of 
60 kg N/ha and bird's-foot trefoil, growing at the Elora Research Station 
on a loam soil where the soil test indicated a requirement of 25 kg P/ha, 
were fertilized with increasing rates of 32P-labelled mono-calcium 
phosphate to permit the measurement of the uptake of fertilizer P. In 
addition 225 kg K/ha was applied at establishment of the forage species.

Increased production was obtained up to a rate of 30 kg P/ha 
with timothy whereas 120 kg P/ha was required to produce a significant 
response with bird's-goot trefoil (Table 17). Greater dry matter 
production was obtained at the first cut from the grass than from the 
legume whereas the opposite occurred at the second cut. The difference in 
total production between species at any rate of P was less than 600 kg 
dry wt/ha.

The total P concentration in both species at the first cut 
was increased two-fold through the surface application of phosphorus in 
contrast to 25 percent increase at the second cut (Fig. 8). The 
contribution of the fertilizer to the phosphorus concentration in the 
plants varied from 80 percent in timothy to 60 percent in trefoil with the 
contribution increasing in each species as the rate of application 
increased. The difference between the first and second cuts was small 
with timothy but was consistently greater at the second cut with bird’s- 
foot trefoi1.

The recovery of applied phosphorus by timothy was 50 percent 
greater than bird's-foot trefoil (Table 18). The major recovery by



Figure 7■ Dependence of the ratio of in vivo to in vitro nitrate reductase activity in 
various species on the nitrate reductase levels generated by varying the 
irradiance (open symbols) or by varying the nutrient nitrate concentration 
(closed symbols). Note different scales for activity ratios between upper 
and lower three figures.
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timothy occurred during the first growth period whereas equivalent 
recovery was obtained from the two cuts of bird's-foot trefoil.

The data suggest that timothy, well supplied with nitrogen, 
may compete for surface applied phosphorus with bird’s-foot trefoil 
when grown in a mixed stand to the advantage of the grass. Nitrogen 
fertilization of timothy-trefoi1 mixtures or stands having a high 
proportion of grass, therefore, are to be avoided. Increasing the rate 
of application beyond that required by the soil test resulted in a 
decrease in efficiency of phosphorus utilization as the yield was not 
increasing in proportion to the increase in fertilizer phosphorus in 
the plant.

R.W. Sheard

Table 17: The increase in yield of nitrogen-fertilized timothy and of 
bird's-foot trefoil obtained from surface applications of 
mono-calcium phosphate.

Rate of P
Application

Timothy Bird's-foot Trefoil
1st cut 2nd cut Total 1st cut 2nd cut Tota 1

(kg P/ha) (kg dry wt/ha)

0 5450 1930 7380 4820 2720 75A0
30 6730 2330 9060 5510 2860 8370
60 6560 2490 9050 5580 3190 8770
90 6770 2330 9100 5170 3310 8480

120 6820 2620 9440 6060 3170 9230

h.s.d. 1434 570 1632 1434 570 1632

Table 18: The recovery of phosphorus from a surface application of 
mono-calcium phosphate to nitrogen-fertilized timothy and to 
bi rd's-foot trefoil.

Rate of P 
Application

Timothy Bird’s-foot Trefoil
1st cut 2nd cut Total 1st cut 2nd cut Total

(kg P/ha) (%)

30 25.5 7.1 32.6 10.1 9.2 19.3
60 15.5 6.1 21.6 7.6 6.6 14.2
90 13.2 4.3 17.5 5.4 5.3 10.7

120 11.2 4.0 15.2 6.3 4.2 10.2

h. s. d. 4.4 1.8 5.0 4.4 1.8 5.0
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Figure 8: The influence of surface applications of mono-calcium phosphate on the 
uptake of total and fertilizer phosphorus by nitrogen fertilized 
timothy and by bird’s-foot trefoil (-percent of P in the plant which 
was derived from the fertilizer).
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A field experiment was carried out in 1972-74 to study the re
sponse of corn to several levels of different N fertilizers applied at 
different times. In 1975, each plot was divided so that one half was 
untreated and the other half received 134 kg N/ha as anhydrous ammonia 
when the corn plants were approximately 30 cm high. Grain yields were 
determined and are presented in Table 19-

There was a substantial carryover response to N fertilizers 
applied during the previous 3~year period in terms of grain yields. 
The carryover effect generally increased with increasing N fertilizer 
applied. There appeared to be greater carryover for sulfur coated 
urea (SCU) than for ordinary urea applied in the fall. However, the 
carryover effect from crotony1idene-di-urea (CDU) was not as great as 
from ordinary urea. It is particularly noteworthy that the carryover 
response to liquid cattle manure nitrogen occurred only with N fer
tilizer applied in 1975. Although the manure was applied only in 1972 
and 1973, the much higher yields with N fertilizer applied in 1975 
suggest that the manure provided other beneficial effects.

The moisture content of the grain at harvesting was lower 
with the N application (38%) than where N was not applied (48%) in 
1975- The percentage plants lodged or with broken stalks at harvest 
was greater with N application (10%) than where N was not applied 
(6%) in 1975.

The results of this study indicate that the rate of pre
vious N fertilizer applications in a continous corn system may have 
a substantial effect on the response to N fertilizer.

E.G. Beauchamp
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Table 19: Effect of previous N treatments In 1972, '73 and ‘74 on corn 
grain yield response to N fertilizer in 1975.

N applied in 1972, '73 and '74 Anhydrous Ammonia Applied

Source, Time and Method Quantity 
Applied

in 1975 (kg N/ha) 

0 134

(kg N/ha) (yield, kg/ha, 15% h2o)

Check 0 3641 7031

Urea; fall plowdown; 67 4708 6968" " " ; 134 5650 7407" " " ; 269 6780 6968

SOU*;  fall plowdown; 67 5336 7407" " " ; 134 6591 6654

CDU**;  fall plowdown; 67 4834 7031" " " 134 5273 7470

Urea; preplant disced in; 67 4520 7659" " " ; 134 5336 7345" " " ; 269 7470 7596

Anhyd. NH3; preplant knifed in; 67 5148 6717" " " " " ; 134 6277 7031" " " " " ; 269 7031 6654

Anhyd. NH3; sidedress knifed in; 67 5210 6780" " " " " ; 134 6340 6340" " " " " ; 269 6654 6403

LCM***; preplant disced in; 67 4896 7659" " " " 134 4520 7784" " " " 269 5273 8756

* SCU - sulfur coated urea.
** CDU - crotonylidene-di-urea.
*** LCM - liquid cattle manure (Applied only in 1972 and 1973).
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This experiment at the Elora Research Station is a continuation 
of that reported in the 1974 Progress Report. Response to liquid cattle 
manure (LCM) applied before planting (preplant, disced In) and as a 
surface side-dressing to young corn plants at rates of 67, 134 and 269 
kg N/ha was compared with urea (preplant, disced in) and anhydrous 
ammonia (AA). Urea and LCM were applied and disced in before planting. 
The side-dress treatments of LCM and AA were applied when the corn 
plants were approximately 30 cm high. The side-dressed LCM 
treatments were applied between the corn rows and left on the surface 
(not incorporated). Other treatments involving side-dressed, knifed-in 
LCM are not presented because of calibration difficulties at the time 
of application. Silage yields were obtained on September 10 and grain 
yields were obtained later when the corn had matured sufficiently. 
The carry over response to LCM applied in 197^ was also determined.

In general, it appeared that the highest rate of N as LCM 
was approximately equivalent to the 67 or 134 kg N/ha treatments as 
urea or AA for both silage and grain yields (Table 20 ). There appeared 
to be little difference between preplant LCM and side-dressed LCM with 
respect to silage yields. However, with respect to grain yields, there 
was a tendency for the preplant LCM to be more efficient than the 
surface, side-dressed LCM. There was no significant response to LCM 
applied in 1974 although the highest rate (269 kg N/ha) tended to show 
some carry over of LCM effects for both silage and grain.

Nitrogen 
Rate

Urea
Preplant

Manure
Preplant

Carry over
Manure

Manure
Side-dress

Anhyd. NH3 
Side-dress

(kg N/ha)  silage (mt/ha D.M.)

0 10.05cd 10.05cd 10.05cd 10.05cd 10.05cd
67 11.97abc 10.86bcd 9.60d 10.95bcd 12.03abc

134 12.95ab 11.98abc 10.14cd 12.01abc 12.62ab
269 10.85bcd 14.04a 11.24bcd 12.68ab 11.88abcd

— grain (kg/ha, 15% H2O)

0 6026f 6026f 6026f 6026f 6026f
67 7910abc 7219bcde 6o89ef 6654def 7596abcd

134 8035ab 7721abcd 5901 f 7156bcde 7596abcd
269 7533abcd 8412a 6905cdef 8161ab 7219bcde

Data followed by the same lowercase letter are not significantly different 
at the .05 probability level.

E.G. Beauchamp
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Lona-Term Fertilizer Trials on Corn

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

The objectives of these trials are:

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

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

There have been reports on these trials in each annual progress 
report of the Department of Land Resource Science since 1967 with the 
exception of the 1972 report.

Two of these trials will produce their 10th crop in 1976 and one 
in 1977. After the tenth crop the soil in each trial will be sampled 
carefully with depth for further study and the trial will be abandoned 
or revised.

T.E. Bates

Faba Bean and Soybean Response to Soil Fertility

Faba beans are a cool season, high-protein crop that may in 
future provide a useful home-grown-protein feed source. Soybeans are 
already accepted as an oil-seed cash crop in many parts of Ontario. 
Both crops fix their own nitrogen but rely on the soil and fertilizers 
for phosphorus and potassium. To investigate the response of these 
crops to varied soil fertility, a field trial was conducted in 1975 on 
plots where previous fertilizer levels had established ranges of soil 
phosphorus and potassium. Soybeans and faba beans were seeded without 
additional fertilizer. Grain and straw yields were recorded as the 
response to the respective phosphorus and potassium soil test levels. 
This work will be continued in 1976 on another area with similar 
ranges of soil fertility levels.

T.E. Bates and S.C. Sheppard



In recent years the appearance of horizontal lesions on carrot 
roots has been a problem. The lesions take the form of horizontal cracks 
in the tissue which permit organisms to enter and cause rotting during 
the storage period. Previous treatments with zinc chelate (Ciba-Geigy) 
indicated some control in 1973 but not 197^* The treatments were repeated 
on three growers' farms in 1975 where a lesion problem had been encoun
tered the previous year. The zinc was applied to the soil previous to 
seeding followed by two foliar sprays when the carrots were six inches 
high and again three weeks later.

Results - i975

Grower Treatment Total Yield
(bus./acre)

Les ions Culls

Nanowski z i nc 1401 226 148
check 1296 30*1 145

Noordhuis zinc 1735 99 151
check 1793 145 168

Keller z i nc 1368 160 92
check 1232 14g 89

Onions have a relatively high requirement for molybdenum. On 
acid soils the availability of molybdenum is reduced so that deficiencies 
are sometimes observed in the onions. Two acid soils (pH 5*0 and 5-1) 
were selected for this trial. One half ounce of sodium molybdate was 
dissolved in three tablespoons of water and mixed with sufficient seed to 
plant one acre. A foliar spray of the same compound was applied when the 
onions were ten inches high. The yield was not affected by treatment, 
but in both areas the maturity date was considerably enhanced. All of 
the treated onions had their tops go down together and this occurred 5 to 
7 days earlier than with the untreated onions.

A.L. Willis
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Rapeseed Response to Fertilizers and Seeding Date

Rapeseed is a cool season crop which produces a seed high in 
protein and oil that may in future provide a cash crop for farmers in 
the cooler areas of Ontario. Although it is an important crop In the 
prairie provinces, a basis for fertilizer recommendations under Ontario's 
soil and climatic conditions was lacking. To fulfill this need, 
fertilizer response trials were carried out on the Elora Research Station 
from 1972 to 1974 inclusive. Two seeding dates of rapeseed were 
employed each year and banded fertilizer was applied 3-8 cm (1.5 in) 
below the seed to half of each plot. Zephr variety was grown In 1972 
and 1973 and Tower in 1974.

Each year plant height, seed yield, total yield (omitting 
roots) and lodging were measured. Leaf tissue samples from each plot 
were analysed for 9 elements (N, P, K, Ca, Mg, Mn, Cu, Zn, B) and soil 
samples from each plot were analysed for P, K, pH and Mg by the Ontario 
Soil Testing and Plant Analysis Laboratory.

Rapeseed is responsive to nitrogen fertilization with optimum 
seed yields at 100 kg N/ha (90 lb. N/ac), about the same as recommended 
for corn (Figure 9). Nitrogen fertilization above this level increased 
plant height but also increased lodging, resulting in a loss in seed 
yield. Generally, the response to nitrogen was not affected by date of 
seeding, or placed fertilizer and was similar in all three years of this 
trial.

The response to phosphorus differed when some fertilizer was 
banded below the seed as opposed to all broadcast. With no banded 
fertilizer, the optimum seed yield occurred with 25 kg P/ha (50 lb 
P2O5/ac) broadcast (Figure 10). However, with banding of 4.2 - 7 - 0 
kg N - P - K/ha (3.7 - 14.3 - 0 lb. N - P2O5 - K2O/ac), the response to
broadcast phosphorus fertilizer was virtually eliminated, thus 
suggesting improved efficiency of phosphorus fertilizers when placed in 
a band. The data from each year and from different seeding dates support 
this observation. The check plots contained 7 ppm sodium bicarbonate 
soluble soil phosphorus in the plow layer.

The response of rapeseed to potassium was small in this trial 
with maximum seed yields occurring with additions of 22 to 45 kg K/ha 
(24 to 48 lb K2O/ac) (Figure 11). The check plots contained 56 ppm 
ammonium acetate extractable soil potassium in the plow layer. A small 
difference in response was noted in two years between early and late 
seeding and further analysis of the data may yield some useful 
information on this interaction.

The overall effects of seeding date and fertilizer placement 
varied from year to year; however, early seeding and placed fertilizer 
were seldom detrimental. At fertilizer rates of 100 - 25 - 45 kg N - 
P - K/ha (112 - 51 - 48 lb N - P2O5 - K2O/ac) early seeding increased
seed yields an average of 225 kg/ha (200 Ib/ac) and placed fertilizer 
increased yields an average of 55 kg/ha (49 Ib/ac).

T.E. Bates and S.C. Sheppard
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Figure 9: Average seed yield of rapeseed for 1972, 73, and 74, as affected 
by rates of nitrogen fertilization with and without 4.2 - 7 - 0 
kg N, P and K/ha (3.7 - 14.3 - 0 lb N, P2O5 and K20/ac) 
drilled 3.8 cm (1.5 in) below the seed.
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Figure 10: /Average seed yield of rapeseed for 1972, 73, and 74 as 
affected by rates of broadcast phosphorus fertilizer with 
and without 4.2 - 7 - 0 kg N, P and K/ha (3-7 - 14.3 - 0 
lb N, P2O5 and K2O/ac) drilled 3.8 cm (1.5 in) below the seed,
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Figure 11: Average seed yield of rapeseed for 1972, 72, and as 
affected by rates of broadcast potassium fertilizer with 
and without 4.2 - 7 - 0 kg N, P and K/ha (3.7 - 14.3 - 0 lb 
N, P2O5 and K20/ac) drilled 3.8 cm (1.5 in) below the seed.
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Corn Stover Management in Relation to its Decomposition and Nitrogen 
Immobilization in Guelph Loam Soil

The form and manner of corn stover incorporation in soil may 
have an important bearing on the rate and extent of decomposition, and 
on the amount of nitrogen immobilized. Some of these effects were 
assessed in a laboratory incubation experiment run at room temperature 
(21 °C) over a period of 30 days.

Decreasing particle size from a chopped form (2 cm lengths 
of stem or leaf) to a ground form (1.2 mm dia.) increased the peak rate 
of carbon dioxide evolution and advanced the time interval at which it 
occurred (Table 21). Chopped stover stems mulched on the soil surface 
gave the lowest peak rate next to the control soil without added stover, 
but also gave the longest delay in the time interval during which the 
peak rate occurred. Stems, whether chopped or ground, gave lower peak 
rates than did the corresponding form of leaves.

Peak rates of carbon dioxide evolution appear to correlate 
positively with disappearance of inorganic nitrogen, (Table 22), 
especially where nitrogen had been added. Under these conditions, 
leaves decomposed more quickly than stems, but this cannot be explained 
on the basis of surface area exposed to contact with soil since the 
ground materials had similar surface areas. Likewise the added nitrogen 
did not overcome the differences in the relative rates of decomposition 
of leaves and stems, and leaves produced the greatest dissappearance of 
added inorganic nitrogen. It is postulated, therefore, that the greater 
lignification of stem tissue compared to leaf may have caused the slower 
decomposition of stems.

Without organic matter amendment there was a net loss of carbon 
from the soil (Table 23). Mulching chopped stover in the surface gave 
the greatest net gain due to the slow rate of decomposition. Other 
treatments were intermediate. At a 0.5% application rate for stover 
(11.2 metric tons per ha), stems at 0.416% N contain 46.48 kg N and 
leaves at 0.448% N contain 50.18 kg N per hectare. Some of this should 
be mineralized for the benefit of the crops which follow. However, 
from Table 22 it appears that this would be most likely where rates of 
decomposition are kept relatively slow. Where corn stover is incorporated 
in a coarse state in spring, or left on the soil surface prior to the 
next corn crop, this situation may prevail.

D. Pal, J. Ketcheson, E.G. Beauchamp



Table 21: Influence of various methods of corn stover management on the 
peak rates and time interval of carbon dioxide evolution from 
Guelph loam.

Soil Treatment Peak rate of 
evolution

carbon dioxide Time interval
during which 
peak rate 
occurredNo Nitrogen

Added
100 ppm N 
Added

mg C per day per 100 g soil days

Control 3.069 3.996 1
Chopped stem: mulched 3.946 4.655 9-12
Chopped stem: mixed 6.295 7.083 5-9
Chopped stem: sandwiched 4.912 5.106 4-8
Chopped stem: sandwiched 6.990 7.608 1-4
Chopped leaf: sandwiched 6.863 7.855 4-8
Ground leaf: sandwiched 9.960 10.062 1-4

Table 22: Soil-stover contact area and change in the inorganic nitrogen 
pool over 30-day incubation period under various management 
systems of corn stover.

Soil Treatment Soil-stover 
contact area 

(average)

Change in the Inorganic nitrogen

No Nitrogen 100 ppm N
Added Added

2 cm ppm N 

Control -- 17.8 -22.7
Chopped stem: mulched 19 7.7 + 7.3
Chopped stem: mixed 38 - 3.4 -43.7
Chopped stem: sandwiched 34 - 2.4 -27-1
Ground stem: sandwiched 101 - 2.9 -57.7
Chopped leaf: sandwiched 96 - 2.3 -56.3
Ground leaf: sandwiched 101 - 5.5 -80.7
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Table 23: Organic carbon balance in Guelph loam under various management 
practices for corn stover.

Soi1 Treatment Carbon balance after 4 weeks___________

No nitrogen added 100 ppm N added

Control
Chopped stem: mulched 
Chopped stem: mixed 
Chopped stem: sandwiched 
Ground stem: sandwiched 
Chopped leaf: sandwiched 
Ground leaf: sandwiched

--------------------  kg C per hectare

- 985 -1004
+2036 +1747
+1258 +1172
+1300 +1107
+1603 +1386
+1067 + 845
+1199 +1200
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RUNOFF, EROSION AND TILLAGE

The Hydrology Runoff Plots on the University campus have been 
in operation since 1951. Over the recent ten-year period they have 
been cropped with continuous corn using different residue and tillage 
treatments. Soil and water losses have been measured for each runoff 
event throughout the summer for the past eight years and throughout the 
year for the past five years. We have temporarily discontinued the 
collection and analysis of samples as of May 1, 1976.

Our records indicate that approximately ten percent of the 
summer (May to October), and fifteen percent of the winter (November to 
April) precipitation was lost as runoff from the seven to nine percent 
slope. Runoff was reduced where corn stover was left on the surface of 
the soil.

Soil losses in runoff over the eight-year period (1967“1974) 
were markedly reduced by stover (Table 24). The effect was more 
pronounced where soil was not plowed thus leaving the stover to protect 
the soil surface. Although runoff from precipitation tended to be 
higher in winter than in summer, the loss of soil was the reverse. This 
may be related to the greater rain intensity associated with thunderstorm 
activity. The greatest soil loss (plowed in fall, no stover) was still 
less than one inch.

Farmers growing corn frequently on sloping land should leave 
the residues on their fields as much as possible. Residues should also 
be left near the surface, discing or chisel plowing. Spring tillage is 
also preferable from the standpoint of erosion control. Unfortunately 
no-tillage systems, which are the most effective in erosion control, do 
not produce both good growth and yield of corn. Tillage systems 
capable of achieving both good yield and erosion control are a current 
concern of our field research efforts.

J.W. Ketcheson and E. Dickson
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Treatment ______________Soil Removal

May-October 1967-1975 November-April 1971-1974

inches percent of
surface 6“

inches percent of 
surface 6"

Corn stover left on soil

not plowed 0.07 1.2 0.001 trace

plowed in fall .48 8 .02 .4

Corn stover removed

not plowed 0.76 13 0.02 .4

plowed in fall .88 15 .06 1.2

Since 1969, the plow has continued to give the best yield of 
corn in a continuous corn system of cropping. Yields in 1975 (Table 25) 
indicate advantages over chisel plowing and no-tillage of 19 and 31 bu, 
respectively. The response to nitrogen fertilizer is similar in each 
tillage treatment and does not indicate that nitrogen fertilizer could 
overcome yield depressions due to lack of good tillage.

Chisel plowing apparently does not produce as favourable 
tilth as moldboard plowing and this is reflected in the greater 
resistance to penetration by a cone-point penetrometer (Table 26). While 
moisture level can affect resistance, the range in values shown are 
not considered sufficient to affect the readings given.

J.W. Ketcheson
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Table 24: Effect of plowing and corn stover management on soil removal 
by runoff. Hydrology Runoff Plots, University of Guelph.



Table 25: Effect of different tillage and nitrogen application 
treatments on corn yield. Elora Research Station, 1975*

Treatment Nitrogen Application
100 lb N/ac No N

bu/ac

Moldboard Plowed 
disced in spring

in Fall 124 89

Chisel Plowed in 
disced in spring

Fall
105 77

No Tillage 91 54

Table 26; Effect of tillage on moisture and resistance to penetration.

Treatment Moisture Penetrometer Resistance*
at 5 cm depth 

vol/vol bars

Moldboard Plowed in Fall 
disced in spring 0.33 3.6

Chisel Plowed in Fall 
disced in spring 0.30 8.0

No Tillage 0.34 9.8

" measured by recording the pressure required to press a 3.14 cm2 diam 
30° cone-point into soil at 90° to surface at ten locations in each 
of four replications of each treatment.
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RESOURCES INVENTORY, PLANNING AND DEVELOPMENT

Soil Morphology, Soli Drainage and Watertable Relations In Poorly and 
Very Poorly Drained Mineral Soils
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Soil water table levels were recorded over a three-to-five-year 
period for eight poorly and very poorly drained soils. Stepwise 
multiple regression analysis was used to determine the relationship 
between the morphological and chemical properties of a soil and the 
periods of time that certain horizons were saturated on a yearly basis 
and over the period May 1 to October 31. No significant correlations 
were found when only soil morphological features were correlated with 
periods of saturation. However, when certain soil morphological and 
chemical properties were included in a multiple regression analysis, 
the model adequately predicted the percent time that a horizon was 
saturated (R2 = 0.7).

Analysing the data on a soil catena basis significantly 
reduced the variability which indicated that the type of parent material 
and topographic conditions were important contributors to the variabil
ity in periods of saturation between sampling sites.

By grouping all soil series together according to drainage 
classes, ranges in periods of saturation and the high and low levels 
of the water table could be established. T-tests performed on the data 
for the drainage classes indicated that small significant differences 
existed between the periods during which the different drainage 
classes were saturated. The variability in periods of saturation and 
water table levels among similar drainage classes appears too large to 
quantitatively express drainage classes according to periods of 
saturation or mean high and mean low water table levels.

To examine how the drainage classes differed within each 
catina, T-tests were performed between the periods of saturation and 
depths to water table for each soil series separately. Generally, 
significant differences in water table levels were found only between 
the imperfectly and very poorly-drained soils and the well and 
imperfectly drained soils.

J. van de Hulst and E.E. Mackintosh



The past year's activities have been directed toward rehabi1i- 
tation of degraded campsites, evaluation of recreation impacts on tree 
species, developing a preliminary model for assessing carrying capacities 
and determining the impact of campsite layout on the degree of degradation. 
Although the final outcome of these investigations will have to await 
an additional year's experimental data, the following presents a summary 
of activities.

1. Numerous problems associated with campsite rehabilitation
e.g. natural revegetation, or seeding grasses, are related to the loss 
of surface leaf litter and soil compaction. Intense recreation use 
destroys the surface organic horizon (L~H) and this leads to severe 
soil compaction, decreased infiltration rates, and increased surface 
runoff.

2. The development of a dense, compact surface soil layer prevents
germination of seedlings and natural regeneration of vegetation. To 
establish ground vegetation by artificially seeding or natural regener
ation will require scarification of the surface soil to a depth of 4 - 
6 cm. Scarification is an essential ingredient for the successful 
completion of any rehabi1itat ion program. The effects of liming and 
ferti1ization on establishing grass stands will be assessed in the 
summer of 1976.

3. The response of overstory trees to recreational use was
evaluated in stands of Pinus divaricata at Rushing River Park. 
Essentially two scales of response were detected. Overstory character
istics varied along use-intensity gradients within campsites and between 
areas within the stand subjected to varying intensities and duration of 
use.

Annual trunk diameter increment and foliage needle length 
decreased along a continuum of increasing use intensity-duration and 
were least in the high traffic areas of the oldest, most intensely used 
sites. These reductions in tree productivity were probably related to 
increases in water stress and mechanical damage.

Overstory water stress in impacted areas was largely a product 
of reduced water infiltration and increased surface runoff. The effects 
of these soil changes were aggravated by increases in root exposure due 
to compaction of the soil surface. Exposure of tree roots was common 
throughout Rushing River Park and most widespread in the high traffic 
areas of campsites subjected to prolonged and intense use. Root 
exposure increases the susceptibility of trees to drought, windthrow 
and mechanical damage.

The diameter growth of P_. divaricata trunks may have been 
significantly reduced by mechanical damage in heavily used areas. This
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was not conclusively demonstrated; however, the relationship may have 
been obscured by localized increases in trunk growth at wound boundaries 
(callus formation). Interception of callus tissue by increment bores 
was virtually unavoidable when sampling badly scarred trunks.

Extensive mechanical damage resulting from recreational 
activities was indicated by the great abundance of trunk scars on trees 
in high traffic areas, especially in the most impacted campsites. 
Trunk damage resulted from chopping firewood, vandalism (axe-cutting 
and initial carving), and vehicle collisions.

There was no evidence to suggest that the incidence of crown 
disease and mortality was increased by recreational use. For example, 
subjective measures of crown health, such as percentage rust infection 
and mortality of needles, were neither correlated with levels of use or 
foliage productivity. However, it is possible that these relationships 
were masked by sampling inaccuracies and natural variability. Significant 
crown deterioration has been noted following recreational use in other 
parks.

No extensive depletion of the tree overstory resulting from 
recreational impact was evident at Rushing River Park although localized 
losses were noted in some campsites. The absence of JR. d jvar j cata 
seedlings in campsite areas suggests that replacement of these losses 
is slow.

The overall responses of the various tree components to 
recreational use were generally undramatic. These preliminary obser
vations suggest that P_. d ivar tcata is relatively tolerant of stress 
resulting from recreational activity.

4. Recreational use of campsites in both the _P. d ivar i cata
(Jackpine) and P_. tremuloides communities resulted in zonation of 
vegetation and soils. Essentially three zones can be recognized: 
i) zone A (high impact area) - largely devoid of vegetation except 
for occasional ‘weedy1 species; ii) zone B - (co-dominated by 
elements of the original (natural) vegetation and 'weedy*  species; 
and iii) zone C - largely undisturbed, natural vegetation. The 
extent of zone A varied with use and the vegetation community. 
Recreational activity was generally more damaging in the P_. d ivar j cata 
commun i ty.

5. Recreation impact threshold (RIT) classes were developed from
a combination of intensity and duration of use data and these were used 
as a means of assessing environmental response. It was found that 
recreational use beyond RIT 2 i.e. development age - (10 yrs.) and 
use-intensity medium (101-200 camper days/year), resulted in considerable 
environmental modification (an expansion of zones A and B). Thus, 
recreational impact beyond RIT 2 is undesirable if the ecological 
integrity of an area is to be preserved.

6. Observations also indicate that the natural durability of
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P_. tremuloides campsites is greater than those in the P_. divaricata 
community and this suggests that from an ecological standpoint, future 
recreational development at Rushing River Park should be directed to 
the P_. tremuloides community.

7. The general planning and layout of campsites has a significant
impact on environmental degradation. The location of campsites on the 
interior of loop roads and the removal of vegetation screens or other 
physical barriers between campsites increases the size of high impact 
areas. Preliminary analysis indicates that a minimum distance of 
30 meters is required between campsite centres in order to maintain a 
natural ground vegetation cover between units. This distance may be 
reduced by employing physical barriers, i.e. vegetation screens, rock 
outcrop, between units.

T. James, P. Monte, E.E. Mackintosh 
and D.W. Smith.

The time that elapses between the initiation of a soil survey 
and publication of the final report is of necessity considerable. The 
accumulation of soil inventory information for making land use 
decisions is therefore slow. Considerable areas in Ontario, particularly 
in northern Ontario, will not be surveyed for many years even though 
soil information is needed now for decisions involving such things as 
pipe line construction, forest management and recreational utilisation of 
1 and.

Because the soils of Ontario are relatively young, the soil 
parent material has a dominant influence on the nature and distribution 
of Ontario soils, and a cursory glance at existing soil and geological 
maps will reveal a close association between the two. Thus even though 
much of the bedrock material was re-sorted by glacial and periglacial 
processes the distribution of soils in Ontario can largely be related to 
the composition of the underlying bedrock.

Notable soil-geological associations are:

(a) Gray Brown Luvisols - Calcareous Lower Palaeozoic shales and 
sandstones

(b) Humo-Ferric Podzols - Igneous granitoid Precambrian rocks

(c) Melanic Brunisols - Mixed Lower Palaeozoic/Precambrian rocks

(d) Gray Luvisols - Precambrian metavolcanics and metasediments

(e) Humic Gleysols - Lacustrine deposits derived from
Ordovician and Devonian shales and limestones

There are however a number of anomalous associations. These 
include extensive occurrences of Gray Luvisols on igneous granitoid rocks
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near the Ontario/Manitoba border and Humo-Ferric Podzols on mafic 
igneous rocks on the western side of Lake Nipigon. Both the expected 
and anomalous associations are being investigated in an attempt to 
facilitate the compilation of soil inventory information for areas in 
Ontario which may not be surveyed for many years.

L.J. Evans
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AGROMETEOROLOGY RESEARCH

The need for a better understanding of the role that weather 
and climate play in agricultural production and planning has become 
more evident in recent years, with more expensive energy, pollution of 
our environment by pesticides and atmospheric oxidants, shortfalls in 
crop production, development of farm management and planning computer 
programs, and the possibility of a continuing cooling trend in 
weather. The efficiency of production per unit of cultivated land 
must increase in order to provide the food required for an expanding 
population. The broad objective of research in agricultural 
meteorology is to provide information on the role of weather and 
climate in the food production system.

The research program during the last year has dealt mainly 
wi th:

1. the influence of weather on the outbreak and spread of 
plant diseases;

2. water use efficiency and crop production;

3. the effects of air pollution on agricultural crops; and

4. development of computer simulation models for 
predicting time available for haying operations and 
forage yields.

Computer models that simulate the time required to dry 
hay in the field and estimate forage yields from daily weather data 
have been developed. The hay drying model considers both the 
drying potential of the atmosphere, based on an estimate of potential 
evaporation, and rewetting of the hay from rainfall and dew. It has 
been used to provide the probability of drying periods of various 
lengths, given that each day of the haying season is a potential 
cutting day. It is apparent from the analysis of these results that 
the probability of hay drying in two or three days is very low so 
the chances of making high quality hay without artificial drying are 
very slim, especially during the normal times of making 2nd and 3rd 
cut hay, when dewfall shortens the length of the drying day considerably.

The forage yield estimator was developed for the Crop Insurance 
Commission of Ontario for a dry weather hay insurance plan. It is 
based on estimates of the daily soil moisture regime and prediction of 
daily dry matter accumulation from an idealized growth curve. 
Predictions of yields have been made for the years 1961 through 1966 
using Guelph climatic data and compared to experimental plot yields in
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the forage growth curve and aftermath experiments conducted in connect
ion with projects in Program No. 21. Predicted and observed yields 
were fairly comparable, although estimates of daily soil moisture were 
not as comparable to the soil moisture measurements. Further 
refinement of both simulation models is needed.

Weather observations at the Elora Research Station continue 
to provide valuable information on climatic fluctuations during each 
season of the year. The campus weather station was relocated to the 
Arboretum in July, 1975. Records for both stations are used for many 
research projects.

D.M. Brown
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There are two main thrusts in this area at present - that is 
research on - (a) the movement of water from the soil into plants, its 
transport to leaves, and the effects of water stress on productivity, 
and (b) diffusion processes in the air surface layer within and above 
plant canopies. In part (a) a great deal of new information about the 
response of corn to drought conditions has been obtained. It is 
difficult to explain these responses in terms of existing concepts of 
soil water uptake by plants and suggests an interaction between water 
and nutrient uptake. Since genetic variability may be involved here, 
this factor is presently being investigated. In part (b) a new model 
of turbulent diffusion processes has been developed which is physically 
more realistic than models used previously. Unfortunately, data didn't 
exist to evaluate such a model, so during the past year data were 
collected for this purpose. The model has been used in a study of 
ammonia release from sewage treated soil and it was found that model 
predictions compared favourably with measured losses from the soil 
surface. While there was no plant canopy involved in this test, it is 
believed that the model can predict diffusion processes within and 
above plant canopies just as well as from a bare soil surface. It is 
believed the model has a great many practical applications including 
predictions of water and CO^ movement within plant canopies and move
ment of air pollutants to such canopies.

G.W. Thurtel1



Crop damage attributed to the air pollutant ozone has caused 
considerable economic losses to crops of white beans and tobacco in 
southwestern Ontario in recent years. Work has continued under 
contract from the Atmospheric Environment Service to establish the 
meteorological and physical criteria which lead to crop injury and/or 
yield reduction. In particular we have developed methods for measuring, 
in the laboratory and in the field, the rate at which ozone is taken up 
by plants. By studying relationships between ozone uptake and plant 
response we hope to develop more meaningful criteria for damage than 
those based on pollution concentration and duration alone.

In the laboratory the leaf cuvettes described last year 
enabled us to fumigate attached leaves of white beans, corn and tobacco 
with ozone whilst monitoring photosynthesis, transpiration and ozone 
uptake. The results indicated that ozone uptake appeared to be almost 
entirely through stomata with little destruction of the gas at the leaf 
cuticle. Plants and varieties which close their stomata in response to 
pollution are therefore relatively protected. Similarly treatments which 
induce stomatai closure should also give protection from pollutants.

In the field at Delhi Experimental Station we undertook some 
preliminary experiments in cooperation with the Atmospheric Environment 
Service with the aim of relating uptake of ozone by a tobacco crop to 
damage. Tobacco was chosen for this study because it is sensitive to 
low ozone concentrations and rapidly develops leaf flecking which is 
easily assessed. Ozone concentration above the crop was monitored 
continuously throughout August 1975, and the stomatai resistances of the 
leaves were measured with a porometer to establish the typical variations 
of resistance hour-by-hour, and as the crop aged. With knowledge of 
stomatai resistance, ozone concentration, crop structure and wind speed 
in the canopy, a simple mathematical model was developed to calculate the 
uptake of ozone by the vegetation and by the soil. The calculated uptake 
was comparable with measurements of ozone uptake based on micro- 
meteorological studies above the canopy by staff of the Atmospheric 
Environment Service. As an example, on 17 Aug. 1975 there was relatively 
severe ozone pollution (> 10 pphm for 10 hours) and severe leaf fleck was 
observed the following day on tobacco (var. White Gold). Our^caIculat ions 
suggest that the ozone uptake by the vegetation was 1-2 pg m s"^ during 
the day 1ight hours.

A larger cooperative experiment is planned for 197& at a site 
where pollution epis.odesare expected to be more frequent. In particular 
we aim to identify the role of the soil as a sink for ozone and to study 
the effects of natural fumigations on transpiration and photosynthesis.

M.H. Unsworth, I.S. Selirio, J. Walker 
and K.M. King
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A scheme developed in 1973 and 1974 to maintain adequate 
control of carrot leaf blight caused by Alternaria dauci with minimum 
use of fungicides was tested In commercial growers' fields during 1975. 
The scheme utilized information on temperature, leaf wetness duration, 
sunshine, and current disease level to decide the timing of sprays. 
Fungicide was applied only when all the following rules were satisfied:

1. Blight was visible on 1-2% of the carrot foliage.

2. A day with 70% or more cloudiness (which lowers the 
resistance of the carrot leaves) was expected to be 
followed by,

3. sufficient warmth and duration of leaf wetness to allow 
infection of leaves by blight spores. The minimum 
requirements for infection are:

Results were very encouraging, as indicated by the table below. We have 
determined that no significant yield losses occur as long as only 10% or 
less leaf area is diseased at harvest.

S i te Spray Program Percent leaf area 
diseased at harvest

Number of 
fungicide sprays

Grower A Regular calendar 
intervals

9.0 6

Grower B* Timed 2.8 4

Grower C Timed 2.3 2

Grower D Timed 1.0 2

M.R. Station Timed 2.4 2

* Grower B required more sprays than the other timed test areas because 
the disease appeared earlier on his farm.

The fungicide scheduling scheme was successfully co-ordinated 
with Dr. K.R. Stevenson’s (Agriculture Canada) scheme for timing 
insecticide sprays for carrot rust fly. When necessary, both materials 
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Temperature Duration of leaf wetness

8 C 2 days or more
10 C 1 day or more
12 C 15 hours or more
15 C 10 hours or more
20 C 8 hours or more
25 C 6 hours or more



were applied together in one trip through the field and insecticide was 
never applied alone.

In 1975, work also began on development of improved fungicide 
scheduling guidance for onions, another major crop in the Holland-- 
Bradford Marsh. We are attempting to specify the weather conditions 
conducive to onion leaf spot disease (Botrytis squamosa) and hence to 
reduce fungicide usage on this crop by withholding sprays during periods 
unfavourable for disease progress.

Unsprayed and regularly sprayed plots of two onion varieties 
(Autumn spice and Sunburst) were maintained at the Muck Research 
Station (Bradford) along with plots where sprays were timed according 
to rather scanty information on B. squamosa available in the literature. 
The following data were obtained at harvest in the first week of 
September, 1975;

Treatment No. of sprays Lesions on 80 plants

No spray 0 2388

Regular spray 11 426

Timed spray 6 379

No significant difference in yield was found between the two spray 
treatments but the unsprayed yields were significantly lower. 
Controlled environment studies are underway to specify more precisely 
the rules that should govern fungicide spray timing on onions.

T.J. Gillespie, C.J. Swanton
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GEOLOGY

Experimental pedology at the University of Guelph began with 
the development of a technique for synthesising Al-bearing minerals 
under earth surface conditions. The method employs an Al-amalgan and 
is described elsewhere (Chesworth, 1971). The first system determined 
was the system Al2O3 -H2O (Figure 12a) which contains the soil minerals 
gibbsite and boehmite. A third component was added and the important 
soil-mineral system SiO2-Al2O3-H2O was worked out for earth-surface 
conditions, (Figure 12b). Now a fourth component has been added and the 
system SiO2-Al2O3-Fe2O2-H2O has been determined in a 25°C, 1 atmosphere 
total pressure cross-section (Figure 12c).

The four component system is identical to the residua system 
of chemical weathering described in Chesworth (1973)- It is 
applicable to a number of simplified soils, or "haplosoiIs”, (Figure 13) 
as well as being a model for the final stages of chemical weathering 
of igneous rocks. Earlier stages of weathering are shown on Figure 1A, 
a complex multicomponent system that is the object of current and 
future studies.

Ward Chesworth
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Figure 12

12a - the system Al2O3-H2O at low pressures and low temperatures.

12b- the system SiO2-Al2O3-H2O at 25°C and 1 atmosphere total 
pressure.

12c- exploded view of the system SiO2-Al2O3-Fe2O3-H2O at 25°C and 
1 atmosphere total pressure.



Figure 1A: Three postulated stages of weathering defined tn 
terms of three groupings of the major components 
of the crust of the earth.
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Figure 13: Projection of Figure 12c onto the SiO2-AlOOH-Fe2O3 
plane showing model soils within this system.



Geological Research in Europe

In 1975, I.P. Martini spent his sabbatical leave in Italy and 
France. His major activities while on leave were:

1. visits to and faculty discussions at various institutions 
majoring in geology, soils and engineering,

2. participated in several geological field trips and 
conferences including the International Conference of 
Sedimentology,

3. field research on the weathering of Tafoni in granites 
and in slightly metamorphosed conglomerates in central 
Italy, and

4. cooperative research with Italian colleagues in three 
particular areas:

(a) Sedimentology of Triassic formations in central Italy

These rocks are widely known under the term Verrucano, 
and the type-locality of these units was used as the 
major study area. The Verrucano has been re-interpreted 
as deposits that were continental and shallow marine in 
nature. Several ancient soil horizons (Caliches) were 
identified and studied in the alluvial portion of the 
Verrucano units.

(b) Sedimentology of deep sea deposits exposed in the 
nortKern Apennines =

Field studies of several outcrops involved the 
interpretation of the deep sea sedimentation process, 
and a statistical treatment of data to determine period
icities found in thickness of layers that form those 
sections. This project is in collaboration with the 
Geological Survey of Kansas, and the Centro Nazionale 
delle Rlcerche of Italy.

(c) Effects of marginal glaciation

Suitable locations were found In Apuane Alps and 
Mt. Pisani for studying the development of soils on 
steep alpine slopes. This project is part of a 
study concerned with the discrimination of glaciogenlc 
deposits from sediments formed by debris and grain flows.
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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, B. Cameron, 
Presant, G.J. Wall, B. Van den Broek, W, White.

Ontario Ministry of Ag r i culture' "and Food, Ag r i c u 11 u re Canada - 
Soil Research Institute.

Soil Physical Chemistry

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

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

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

Study of freezing processes In soil columns by using the dual 
gamma sensing technique. B.D. Kay, P.H. Groenevelt, J.P.G. Loch. 
National Research Council.

Soil Physics

Coupled processes in Na-saturated montmorillonite under 
isothermal conditions. D„ E. El rick.

Comparison of neutron probes. P.H. Groeneve 11, K.M. King.
World Meteorological Organization.

Waste Disposal and Pollution Control

Land disposal of sewage sludge. T.E, Bates, E. G. Beauchamp, 
J.W. Ketcheson, R. Protz, Y.K. Soon, R. Johnston (*En v~1 ronmenta 1 
Biology).
Ontario Ministry of Environment, Environment Canada.
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Agriculture and Water Quality

Contribution of phosphorus from agricultural land to streams 
by surface runoff. M.H. Ml 1 let, A*C. Spires.
Ontario Ministry of Agriculture and Food, International Joint 
Commission.

Contributions of plant nutrients from agricultural lands to 
drainage waters. M.H. Miller, R.L. Thomas, D. E. El rick.
Ontario Ministry of Agriculture and Food, Agriculture Canada, 
Envi ronment Canada.

The movement of water and nutrients into the soil beneath 
unlined manure storage ponds. M.H. Mill er, J.B. Robinson 
(Environmental Biology).
Ontario Ministry of Agriculture and Food.

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

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 
Counc i1.

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

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

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

Soil-Plant Relations

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

Evaluation of macronutrient requirements for corn. T.E, Bates, 
J.A. Smith, S.C. Sheppard, W.I. Findlay (Agriculture Canada} 
C.K. Stevenson (Ridgetown College of Agricultural Technology). 
Ontario Ministry of Agriculture and Food.

Response of protein and oil seed crops to fertilizer. T.E. Bates 
S.C. Sheppard, J.W. Tanner (Crop Science).
Ontario Ministry of Agriculture and Food.
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Denitrification in soils. E.G. Beauchamp.
National Research Council.

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

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

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

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

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
Counci 1.

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

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

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 fertilizer use and harvest management on 
production quality and longevity of forage species. R.W, Sheard, 
W.B. Towill (Agriculture Canada), J.E. Winch (Crop Science).
Ontario Ministry of Agriculture and Food.

Interaction of soil drainage, species and plant nutrition.
R.W. Sheard.
Ontario Ministry of Agriculture and Food.

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

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

Character!zation, identification, degradation and availability 
of phosphorus from organic phosphorus compounds in soil.
R. L. Thomas.
National Research Council.

Relationship of the complexing capacity of soil organic matter 
and the availability and measurement of metals in soils.
R, L. Thomas.
Ontario Ministry of Agriculture and Food, National Research
Counci 1.

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

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

Resources, Inventory, Planning and Development

Quantitative studies in pedogenesis on northern soils. L.J, Evans. 
National Research Council.

Relationship of soil water table levels to soil morphology and 
soil drain age classes. E.E. Macki ntosh.
Ontario Ministry of Agriculture and Food.

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

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

Locating the potentially most profitable soils for growing grapes 
in areas bordering Lake Erie. R. Protz, K. M. King, G.W. Thurtel1, 
S. Collins (Engineering).
Wine Council of Ontario.

Micromorphology of Canadian cryosols. R. Protz, J.A. McKeague 
(Soil Research Institute), C. Tarmocai (Agri cu'l ture Canada).
National Research Council.
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Mineralogical and mlcropedological characterization of soils from 
active soil surveys In Ontario. R. Protz, 
Ontario Ministry of Agriculture and Food, National Research 
Counci 1.

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

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

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

GEOLOGY

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

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

Recognition of ancient mantle plumes and mid-oceanic rises.
M.E. Brookfield.
National Research Council.

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

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

Mineral-equilibria in the system SiCL-AUO -Fe~0 -H„0 applied 
to soils. W■ Chesworth. J
National Research Council.

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

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

Anatomy of Silurian deltaic and littoral environments - the
Medina formation. I.P. Martini.
National Research Council.
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Comparative studies between Alpine and Appalachian sedimentary 
basins. I.P. Martini.
National Research Council, Centro Nazionale Delle Richerche 
(Italy).

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

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

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

AGROMETEOROLOGY

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

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

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

Workday probabilities for agricultural operations. D.M. Brown, 
J. Dyer (CAN FARM).
Ontario Ministry of Agriculture and Food, Agriculture Canada, 
CAN FARM.

Meteorological aspects of integrated pest control. T.J. Gillespie, 
J.C. Sutton (Envi ronmen tai Biology).
Ontario Ministry of Agriculture and Food, Ontario Ministry of 
Envi ronmen t.

Study on the potential air pollution damage to primary producers 
in Arctic and sub-Arctic environments. T.J. Gillespie.
Atmospheric Environment Service.

Crop injury by air pollution. K.M. King, M.H. Unsworth.
Atmospheric Environment Service.
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Crop micrometeorology with emphasis on water relations and 
photosynthesis. K. M. King.
Ontario Ministry of Agriculture and Food.

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

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

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

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

The department continues to administer three undergraduate 
majors (4-year courses); Soil Science, Resources Management and 
Earth Science, and to participate in the training of Diploma students 
(2 year course). There were some changes in courses offered during 
the 1975/76 academic year, particularly within the Geology grouping. 
Resources Management II (87“415)» the second problem-oriented course 
in a sequence begun last year, was taught for the first time. Silicate 
Structures (46-208) was deleted while Measurements in Geomorphology 
(46-206) and Structure and Tectonics (46-209) were added to the courses 
offered. Also, the Petrology course (46-303) was expanded In scope to 
encompass a two-course sequence; Petrography (46-307) and Petrology 
(46-407).

Spring 1976 graduates from Soil Science, Resource Management 
and Earth Science totalled I, 23 and 4, respectively.
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Table 27: Diploma and Undergraduate Courses presented during 1975/76.

Course Number Course EnrolIment

Dip 1 o m a

87-010 
87-011 
87-020

Principles of Soil Science 166
Soil Management for Crop Production 158
Land Resources and Environment Quality 19

Deg r e e

46-100 Principles of Geology 50
46-104 Study of the Earth 31
46-202 Strat i graphy 7
46-203 Paleontology 51
46-205 Glacial Geology 23
46-209 Structure and Tectonics 27
46-210 Mineralogy 22
46-250 Remote Sens i ng 22
46-305 Sedimentology 7
46-306 Hydrogeology 30
46-307 Petrography 12
46-406 Clay Mineralogy 8

64-303/304 Meteorology and Climatology 94
64-315 Microclimatic Measurements 14
64-403 Agrometeorology 42
64-405 Microcii matology 11
64-416/417 Intermediate Meteorology 7

87-100 Land Resources and Man 18
87-200 Soi1 Science 522
87-201 Soil in Planned Environments 10
87-302 Soil Cl ass i fi cat i on 46
87-305 Land Uti1ization 80
87-310 Resources Management 1 15
87-311 Resources Field Camp 22
87-350 Land and Water Use in Tropics 18
87-401 Soi1 Chemi s try 15
87-402 Soi1 Phys ics 17
87-405 Soi1 Management 85
87-406 Problems in Soil Science 1 7
87-407 Problems in Soil Science II 3
87-408 Environmental Quality 14
87-410 Soi1 Plant Relations 8
87-415 Resources Management 11 22
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Table 28: May 1976 Graduates In Soil Science, Resource Management and 
Earth Science.

Name Home Town

Soil Science Majors

Ronald Ian Young Oakvi1le, Ontario

Re sou rce Management Majors

David A. Ball 
Ross Stirling Barrable 
Robert John Bolibruck 
John William Bontje 
John Bruce Disher 
Carolanne Doig 
Wendy Kathryn El rick 
Chris W. Firth-Eagland 
John Roy Groen 
Wiebren M. Hoeksma 
Veryl David Horsley 
Karen Jean Loebel 
Lawrence Joseph March 
Marius Harold Marsh 
Donald Burton Marshall 
James Mark McFadden 
Shelagh Frances Meagher 
Larry William Schut 
George Ralston Sheffield 
Donald Mark Wales 
James Raymond Weatherall 
Eric Andrew Wi1 son 
Eric Lindsay Yaxley

Scarborough, Ontario 
Galt, Ontario 
St. Catharines, Ontario 
Woodbridge, Ontario 
Wei landport, Ontario 
Seaforth, Ontario 
Toronto, Ontario 
CampbelIvi1le, Ontario 
Lynden, Ontario 
Mount Brydges, Ontario 
Harriston, Ontario 
Guelph, Ontario 
Ballinafad, Ontario 
South River, Ontario 
Fonthi11, Ontario 
Comber, Ontario 
1 siington, Ontario 
Cambridge, Ontario 
Delta, Ontario 
St. Thomas, Ontario 
Shelburne, Ontario 
Woodstock, Ontario 
Ottawa, Ontario

Earth S c I e n c e M a j o r s

Alan John Del 1
Gary Alexander Grant 
Robert W. Howi tt 
Alan Sturch

Niagara Falls, Ontario
Guelph, Ontario
Ottawa, Ontario
St. Catharines, Ontario
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GRADUATE EDUCATION

Table 29: Graduate Students and Supervisors - Winter Semester, 1975

M.Sc. Students Supervisor Ph.D. Students Supervisor

Soil Science Program

V.K. Bhatnagar M.H. Miller M.R. Appiah R.L. Thomas

P.J. Doyle L.R. Webber T. Blom D.E. Elrick

J. Duff R. Protz N. Foster E.G. Beauchamp

M.M. ElSafty E.G. Beauchamp C. Fox R. Protz

J. Go it B.D. Kay D. Friesen M.H. Miller

J. Lucas M.H. Miller K. Laryea P. Groenevelt

S. Mazzei R. Protz J. Oteng E.G. Beauchamp

P. Mon t i E.E. Mackintosh M. Sheppard B.D. Kay

D. Mullin R.W. Sheard J. Tarzi R. Protz

J. Van de Hulst E.E, Mackintosh P. Warman R.L. Thomas

Agrometeorollogy Prog ram

I.F. Ike G.W. Thurtell D. McKay G.W. Thurtell

C. Swanton T. J. Gillespie R. Nulsen G.W. Thurtel1

L.J. Thomas K.M. King W. Pierce G.W. Thurtell

D. Ward G.W. Thurtell J. Walker K.M. King

K. Heidorn T.J. Gillespie

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

J. Arbour 1.P. Martini

E. Snell D.W. Hoffman

R. Yurick 1.P. Martini
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Table 30: Graduate degrees conferred October, 1975, February and May, 
1976.

Student Degree Supervisor Title

Soil Science Program

of the soil surface to the 
occurrence of an oxygen stress 
in young corn plants.

G. Cox M.Sc. R.L. Thomas and 
E. G. Beauchamp

The effects of smelter 
emissions on the soils of the 
Sudbury area.

W. Curnoe M.Sc. J.W. Ketcheson 
and
E.G. Beauchamp

Ammonia volatilization from 
sewage sludge applied to the 
soi1 surface.

P. Doy1e M.Sc. L.R. Webber Metals and organic matter In 
sewage sludge.

S. Sheppard M.Sc. M.H. Miller Temperature changes and the 
geotropic reaction of the 
primary root of corn.

B. van den Broek M.Sc. J.W. Ketcheson Effect of temporary sealing

A g r o m e t e o r o 1 o g y P r o g r am

Centre for Resources Deve1 opment Prog ram (reg i s te red In L.R.S.)

M. Hoffman M.Sc. E.E. Mackintosh Quantification of vegetational 
change concomitant with 
recreational use.

E. Snell M.Sc. D.W. Hoffman Classification of the wetlands 
of southern Ontario based on 
landform characteristics.

105

. F. Ike M.Sc. G.W. Thurtell Studies of plant water 
relationships In cassava 
(manihot species), u । 'i i nr ■» w

. Seii rio Ph.D. K.M, King Study of variation of apparent 
Bowen ratio with height above 
a corn field.



CONFERENCES, VISITING LECTURERS, 

VISITING SCIENTISTS

"Modelling: C1 Imate-P1 ants-Soi1" - organized by the Department of 
Land Resource Science, April, 1976.

Featured speakers:

D.M. Brown, Department of Land Resource Science, University of 
Guelph.
Simulation of soil - and hay - moisture for field 
work days.

D.A. Holt, Department of Agronomy, Purdue University, Lafayette, 
Indi ana.
The Purdue alfalfa growth simulation model - SIMET.

B.D. Kay, Department of Land Resource Science, University of 
Gue 1 ph.
Coupled transport of water and heat in freezing soils.

J.E. Lewis, Department of Geography, McGill University, Montreal, 
Quebec.
Verification and calibration of an urban surface 
climate simulation model.

J. McQuigg, United States Weather Bureau, University of Missouri. 
A regional yield prediction model.

D. Phillips, Atmospheric Environment Service, Toronto. 
The envi ronments of Canada.

P. Taylor, University of Southampton, England. 
Modelling the planetary boundary layer.

V.K. Chawla, Canada Centre for Inland Waters, Burlington, Ontario. 
Environment Canada’s research and development activities 
in land application of sewage sludges.

W. Chesworth, Department of Land Resource Science, University of 
Gue 1 ph.
Experimental approaches to pedology.
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J.H. Doveton, University of Kansas.
The role of numerical methods in the study of variability 
of natural systems.

L.J, Evans, Department of Land Resource Science, University of 
Guelph.
Quantifying pedological processes.

D. Firth, Department of Physiology, McGill University, Montreal, 
Quebec.
Mathematical models in biology.

J.E. Gillespie, Department of Land Resource Science, University of 
Guelph.
Soil capability for wood fibre production In Ontario.

C.C. Hortenstine, Department of Soil Science, University of
Fiori da, Ga i nesvi1le.
On some things about Florida that the Chambers of Commerce 
do not advertise.

R.W. Jones, Department of Land Resource Science, University of 
Guelph.
Light and nitrate assimilation.

J.D. Kalma, Division of Land Use Research. C.S.I.R.O., Canberra, 
Austra1i a.
Biophysical resource constraints in Australian agriculture.

B.D. Kay, Department of Land Resource Science, University of Guelph. 
Coping with a frigid system: a challenge facing land 
resource scientists.

E.E. Mackintosh, Department of Land Resource Science, University 
of Guelph.
Interdisciplinary research and project management.

I.P. Martini, Department of Land Resource Science, University of 
Guelph.
Sedimentation and weathering cycles.

M.H. Miller, Department of Land Resource Science, University of 
Guelph.
Nutrient content of tile drainage water from mineral and 
organ i c soils.

R.D. Miller, Department of Agronomy, Cornell University, Ithaca, 
New York, 
Freezing in unsaturated soil.

A. Morgan, Department of Earth Sciences, University of Waterloo, 
Waterloo, Ontario.
Volcanic erruptions in Iceland.
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P.A. Peach, Department of Geological Sciences, Brock University, 
St. Catharines, Ontario.
Geothermal energy - the Iceland experience.

R. Protz, Department of Land Resource Science, University of 
Guelph.
Soil genesis and classification from 1966 to 1976.

R.W. Sheard, Department of Land Resource Science, University 
of Guelph.
A decade of forage crop research.

M.H. Unsworth, Department of Environmental Studies,University 
of Nottingham, England.
Sun, spray and sulphur - some British budgets that 
ba 1ance.

L.R. Webber, Department of Land Resource Science, University of 
Guelph.
Disposal of urban wastes on agricultural lands.

VISITING SCIENTISTS

D.R. Firth, Department of Physiology, McGill University, 
Montreal, Quebec.

C.C. Hortenstine, Department of Soil Science, University of Florida, 
Gainesvi1 Ie, Florida.

M.H. Unsworth, Department of Environmental Studies, University 
of Nottingham, England.





CURRENT PUBLICATIONS

REFEREED JOURNALS AND CHAPTERS IN BOOKS

Underlined authors are associated with this department.

Beauchamp, E.G., L.W. Kannenberg, R.B. Hunter. 1976. Nitrogen 
accumulation and translocation in corn (Zea mays L.) genotypes 
following silking. Agron. J. 68: 418-422.

Campbell, L.C., M.H. Mi I ler and J.F. Loneragan. 1975. Translocation 
of boron to plant fruits. Aust. J. of Plant Phys. 2: 481-488.

Chesworth, W. 1976. Weathering stages of the common igneous rocks, 
index minerals and mineral assemblages at the surface of the 
earth. Geoderma (in press).

Chesworth, W. 1976. Conceptual models in pedogenesis: a rejoinder. 
Geoderma (in press).

Chesworth, W. 1975. The system SiO^-Al00H-Fe20_-H20 and the kaolinitic 
stage of the goethite facies. Clays and Clay Minerals 
23: 389-392.

Chesworth, W. 1975. Soil minerals in the system A^O^-SiCk-H^O: phase 
equilibrium model. Clays and Clay Minerals 23: 55“60.

Chesworth, W. 1975. Mantle plumes, plate tectonics, and the Cenozoic 
volcanism of the Massif Central. J. Geology 83: 579"588.

Coligado, M.C. and D,M. Brown. 1975. A bto-photo-thermal model to 
predict tassel initiation time in corn (Zea mays L.). 
Agricultural Meteorology 15: 11-31.

Dickinson, W.T., A. Scott, and G.J. Wall. 1975. Fluvial sedimentation in
southern Ontario. Can. J. Earth Sci. 12: 1813-1819.

Dube, P.A., K. R. Stevenson and G.W. Thurtel 1. 1974. Comparison between
two corn inbred lines for diffusive resistances, photosynthesis 
and transpiration as functions of leaf water potential. 
Can. J. Plant Sci. 54: 765“77O.

Dube, P.A., K.R. Stevenson, G.W. Thurtell and R.B. Hunter. 1975. Effects 
of water stress on leaf respiration, transpirat ion rates in 
the dark and cuticular resistances of two corn inbreds. Can. J. 
Plant Sci., 55: 565-572.
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Dube, P.A., K.R. Stevenson, G.W. Thurtel I and H.H. Neumann. 1975- Steady 
state resistance to water flow in corn under well watered 
conditions. Can. J. Plant Sci. 55' 9AI-9A8.

El rick, D.E., D.E. Smiles, N. Baumgartner and P.H. Groenevelt. 1976. 
Coupling phenomena in saturated homo-ionic montmorillonite, 
1. Experimental. J. of Amer. Soc. of Soil Sci. AO: (1976) 3.

Evans, L.J. and W.A. Adams. 1975. Quantitative pedological studies on 
soils derived from Silurian mudstones. IV. Uniformity of the 
parent material and evaluation of internal standards.
J. Soil Sci. 26: 319“26.

Evans, L.J. and W.A. Adams, 1975. Quantitative pedological studies 
on soils derived from Silurian mudstones. V. Redistribution 
and loss of mobilised constituents. J. Soil Sci. 26: 327“335-

Evans, L.J. and W.A. Adams. 1975. Chlorite and illite in some Lower 
Palaeozoic mudstones of mid-Wales. Clay Miner. 10: 387_397-

Friesen, D.K., M.H. Miller and D.A. Tel. 1976. Nitrate reduction 
during Kjeldahl digestion of water samples by the perchlorate 
method. Comm, in Soil Sci. and Plant Anal. 7: 311~317.

Groenevelt, P.H. and D.E. Elrick. 1976. Coupling phenomena in saturated 
homo-ionic montmorillonite. II. Theoretical.J. of Amer. Soc. 
of Soil Sci. AO:(1n press).

Langenberg, W., T.J. GI11espje and J.C. Sutton. 1976. An infection
prediction system for timing fungicide applications for 
control of carrot leaf blight. Phytopathology. Submitted for 
publication, 1976.

Langenberg, W., J.C. Sutton and T.J. Gillespie, 1976. Periodicities of 
airborne spores of Alternaria dauci in relation to microclimate. 
Phytopathology. Submitted for publication, 1976.

Martini, I.P. 1975. Sedimentology of a lacustrine barrier system at 
Wasaga Beach, Ontario, Canada. Sedimentary Geology 1A: 169-190.

Martini, I.P. 197A. Deltaic and shallow marine lower Silurian sediments 
of the Niagara Escarpment between Hamilton, Ontario and 
Rochester, N.Y. - A Field Guide. Maritime Sediments, Vol. 10, 
No. 2, August, 197A, pp. 52-66.

Martini, I.P. and C.J. Acton. 1975. Use of factor analysis in interpreting 
genetic processes in lacustrine soils of Ontario, Canada, 
Can. J. of Earth Sci., Vol. 12, No. 10, pp. 179A-180A,

Miller, M,H., J.B. Robinson and D.W. Gallagher. 1976. Accumulation of 
nutrients in soil beneath hog manure lagoons. J. Env. Qual. 
5: No. 3 (July-August, 1976).
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Patterson, G. and E.E. Mackintosh. 1976. The influence of soil 
capability class on economic returns from grain corn production 
in southwestern Ontario. Can. J. Soil Sci. 56 (In press).

Sheard, R.W. and A.J. Leyshon. 1976. Short-term flooding of soil: 
Its effect on the composition of gas and water phases of soil 
and on phosphorus uptake of corn. Can. J. Soil Sci. 56: 9-20.

Sheard, R.W. 1976. Sulphur responses on Ontario soils. The Sulphur 
Inst. J. 12: Spring Issue.

Stewart, N.E., E.G. Beauchamp, C.T. Corke and L.R. Webber. 1975. 
Nitrate nitrogen distribution in corn land following applications 
of digested sewage sludge. Can. J. Soil Sci. 55: 287-29**.

Stewart, N.E., C.T. Corke, E.G. Beauchamp and L.R. Webber. 1975.
Nitrification of sewage sludge using miscible displacement and 
perfusion techniques. Can. J. Soil Sci. 55: 467-472.

Wall, G, J. and L.P. Wilding. 1976. Mineralogy and related parameters of 
fluvial suspended sediment in northwestern Ohio. J. Envlr. 
Qual. 5: 168-173.

Warman, P.R. and R.L. Thomas. 1976. Effect of poultry manure additions 
on the extractability of an added metal. Comm, in Soil Sci. 
and Plant Anal. 7: 405-414.

Webber, L.R. and E.G. Beauchamp. 1975. The cold-wet region. Chapter 17, 
In Soils for management and utilization of organic wastes and 
wastewaters. Amer. Soc. Agron., Muscle Shoals, Alabama.

NON-REFEREED JOURNALS, REPORTS, CONFERENCE PAPERS AND ABSTRACTS

Ill

Bates, T.E., E, G. Beauchamp, R.A. Johnston, J.W. Ketcheson, J.R. Moyer and 
R. Protz. Land Disposal of Sewage Sludge, Vol. I I (Apr!1, 1973 ~ 
March, 197^*), Research Report No. 24, Research program for the 
abatement of municipal pollution under provisions of the 
Canada-Ontario Agreement on Great Lakes Water Quality. Available 
from Environment Canada or Environment Ontario.

Bates, T.E., E.G, Beauchamp, R.A. Johnston, J.W. Ketcheson, R. Protz and 
Y.K. Soon. Land Disposal of Sewage Sludge, Vol. lT1 ('Apr11, 
1974 - March, 1975), Research Report No. 25, Research program 
for the abatement of municipal pollution under provisions of the 
Canada-Ontario Agreement on Great Lakes Water Quality. Available 
from Environment Canada or Environment Ontario.



Bates, T»E., E.G. Beauchamp, R.J. Dowdell, J.R, Moyer and R. Protz. 1975*  
Effects of fluid sludges, resulting from chemical treatment 
of sewage for phosphorus removal, on soils and crops. Eastern 
Section Meeting, C.S.A. and N.E. Branch of the A.S.A. July 13“1&> 
Guelph, Ontario. Abstract in Abstracts of Technical Papers.

Brown, D.M. 1975*  Climatic change and crop recommendations, Proc, of 
Canadian Society of Agronomy, A.l.C. Brandon, June.

Chesworth, W. 1975*  Field guide to the granitic rocks of the Madoc- 
Haliburton section of the Grenville province. Geological 
Association of Canada 1975 Annual Meeting.

Chesworth, W. 1975. Geochemical behaviour of elements during 
weathering: in Metals in the Biosphere, A-14.

Chisholm, P., T. Gillespie, E. Mackintosh, J. Roff and J. Milliken. 
1976. Hanlon Creek Monitoring Program - Final report to 
Technical Advisory Comm., 138 pp.

Dyer, J.A. and D.M. Brown. 1975. Climatic simulator for hay drying. 
7th Internat. Biometeorol. Congress. Univ, of Maryland, Aug.

El rick, D, E. and P.H. Groenevelt. 1975. Infiltration and soil 
moisture studies in Canada during the International Hydro — 
logical Decade. Paper presented at the Canadian Hydrology 
Symposium, Winnipeg, Manitoba, August, 1975.

El rick, D.E., P.H. Groenevelt, K.M. King and R. Protz. 1974. Soil 
moisture networks. G.N. C.-I*H.D»  Workship on Hydrologic Data 
Collection. Ottawa, Ontario, Oct. 21-22, 1974.

Falconer, A. and R, Protz. 1975. Landsat data a basis for resource 
development. Pacific Science Congress., Vancouver, Aug. 1975*

Gray, E.G., E, E. Mackintosh, D.W. Smith and L. Wester. 1976. Location 
Hydro: Final report for Ontario Hydro. Centre for Resources 
Development, 166 p.

Groenevelt, P.H. and B.D. Kay. 1975. Hydrostatics of frozen soil. 
In Proceedings. Conference on soil-water problems tn Cold 
Regions. Calgary, Alberta, May 1975. pp. 192-199.

Groeneve It, P,H. 1975. An evaluation of the performance of various
instruments (used by different nations) for the measurement of 
soil moisture content by neutron scattering technique.
Part 1. Atmospheric Environment Service Canada.

Groenevelt, P.H, , R.E. Maxwell, R,A. Gulka and K.M. King. 1976. An 
evaluation of the performance of various instruments (used by 
different nations) for the measurement of soil moisture content 
by neutron scattering technique. Part II. Atmospheric Environment 
Service Canada.

112



Groeneve 1t, P.H. 1976. Gamma Scanning. Encyclopedia of Earth Science 
Series. Volume VI B - Soil Science. Ed. R.W. Rairbrldge.
Columbia University (in print).

Hoffman, D.W. 1974. "Trends in Land Use in Ontario." Conference 
Summary Ontario Aggregate Industry. University of Guelph, 
pp. T-6.

Hoffman, D.W. 1975. "Utilizing Ontario's Land Resources." Notes on 
Agriculture. January 1975- pp. 12-14.

Hoffman, D.W. and C.J. Acton. 1975. The Soils of Northumberland County. 
Report No. 42, Ontario Soil Survey, O.M.A.F. and Agriculture 
Canada.

Hoffman, D.W. and H.F. Noble. 1975. Acreages of Soil Capability Classes 
for Agriculture in Ontario. A.R.D.A. Toronto.

James, T., P. Monti, E.E. Mackintosh and D.W. Smith. 1976. Impact of 
recreation use on soil and vegetation in Rushing River Park, 
Kenora. Interim Report - Phase B, 100 pp.

Kay, B.D., P.H. Groeneve 11. 1975. The Soi1-Water-1ce complex.
Canadian Hydrology Symposium - 75 Proceedings. Publ. by 
National Research Council as NRCC 15195*

Kay, B,D., B.D. Hons, J.B. Goi t. 1975. Thermophysical characterization
of the surface tier of an organic soil. Proc, Conf, on Soil 
Water Problems in Cold Regions. Publ. by American Geophysical 
Union.

Ketcheson, J.W. 1976. Tillage and soil compaction. Edited Proceedings 
of a Symposium sponsored by Ontario Soil Management Research 
Committee, Feb, 1976.

Ketcheson, J.W. 1975. The use of radioisotopes in agriculture at the 
National Agricultural Laboratories, Nairobi. A report to the 
Government of Kenya. I.A.E.A. Technical Assistance Report 
No. 1043.

Marti n i, I.P. and D.W. Hoffman. 1976. Geology, Land-Use, and Conservation 
of the Quaternary Barrier System of Wasaga Beach, Ontario. 
Geoscience Canada, V. 3, No. 1.

Sheard, R.W, 1976. Plant nutrition for turf. Notes in Agriculture 12: 4-5. 
March, 1976.

Sheard, R.W. 1975. Research indicates better fertilizer use In nursery 
sod production. Landscape Canada 12: 31.

Sheard, R.W. and J.A. Ferguson. 1975. Investigations of the use of 
nitrogen ferti1izers~on turf. Report to Canadian Industries 
Limited. April, 1975.
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Sheard, R.W. 1975. Nitrogen carriers for turf grass production. 
Proc. Eastern C.S.A./N.E. Branch A.S.A. Meeting. Univ, of 
Guelph, July, 1975*

Sheard, R.W. 1975. Properties of slow-release fertilizers. Proc. 
Inaugural Meeting, Can. Land Reclamation Assoc. 58-64.

Van Vliet, L.J.P., G. J. Wal 1 and W.T. Dickinson. 1975. The effect of 
agricultural land use on sheet erosion losses in southern 
Ontario. A.I.C. Conference, Brandon, Man.

Wall, G.J., van Vliet, L.J.P. and W.T, Dickinson. 1975. Soil Erosion 
Invest!gat'ions 197^"1975, Section II of Annual Report, 1974-1975*  
Agricultural Watershed Studies, Great .Lakes Drainage Basin, 
Canada. PLUARG TASK C, I.J.C.

Webber, L.R. and E.G. Beauchamp. 1975. Heavy metals in corn grown on 
waste amended soils. Int‘1 Conf. Heavy Metals in the 
Environment, Toronto, Ontario.

Webber, L.R. and J.A. Leyshon. 1975*  Soil changes. In Technology 
Transfer Seminar and Spray Irrigation of Treated Wastewater 
Effluents. Sponsored by Environment Canada. Harrison Hot 
Springs, British Columbia.

Webber, L.R. 1975. Utilization of urban wastes on agricultural land. 
Can. Soc. of Agronomy and N.E. Amer. Soc. of Agronomy, Guelph.

Webber, L.R. and P.J. Doyle. Problems in using waste-amended soils for 
crop production. Amer. Soc. of Agricultural Engineers. 
Cornell University, Ithaca, N.Y.
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ONTARIO MINISTRY OF AGRICULTURE AND FOOD INFORMATION SERVICES

Factsheets and Publications

115

Brown, D.M. Heat units for corn in southern Ontario. Ont. Min. of 
Agr. and Food Factsheet AGDEX 111/31. 4 pp. Revised, 
Sept. 1975.

Gillespie, T.J. Metric units for wind speed and pressure. Ont. Min. 
Agr. and Food Factsheet AGDEX 073. In press, 1976.

Van Die, P., D. Waud, L. Small, T. Weber and D.M. Brown. Dollars and 
sense of fieldwork timeliness. Ont. Min. of Agric, and 
Food Factsheet AGDEX 811. 4 pp. Sept., 1975.

Waller, R. and T.J. Gillespie. Crop spraying with an eye to the weather 
Ont. Min. Agr. and Food Feature Article Series., 1975.

Wyllie, W.D. and D.M. Grown. The 1975 summer drought over southern 
Ontario. Ont. Min. of Agr. and Food, I.F.I.P. AGDEX 077- 
Oct. 1975.

Information for Industry Personnel (I.F.I.P.) and Extension Personnel
Ti.’f.e.p)

Brown, D.M. The weather factor - spring and fall field workdays and 
haying time. Proc, of Crop and Machinery Day, West Central 
Soil and Crop Improvement Association, Newmarket, March, 1976.

Brown, D.M. 1975 crops review gives mixed results. Farm Management 
Section. Farm and Country, p. 25, October, 1975.

Maitland, A.E., T.J. Gillespie and J.C. Sutton. Carrot blight monitoring 
and forecasting and their relation to fungicide scheduling, 
1975. Ont. Veg. Res. Comm. Research Reports 4: 68, 1976.

Swanton, C.J., T.J. Gillespie and J.C. Sutton. Timing fungicide sprays 
on onions according to weather data. Ont. Veg. Res. Comm.
Research Reports 4: 69. 1976.

BOOK REVIEWS

Chesworth, W. 1976. Review of Soi1 Components, Geochimica Cosmochimica 
Acta 40: 489.

Chesworth, W. 1976. Review of Introduction 5 la Gdochimie. Geochimlca 
Cosmochimica Acta (in press')'.

Martini, I.P. 1975. Review of Dynamic Stratigraphy, by Rob ley K. 
Matthews. Published by Prentice-Hall, Inc., Englewood Cliffs, 
N.J. Geoscience Canada, V. 2, No. 2, p. 120-121.
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