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FOREWORD

Once again the Department of Land Resource Science is pleased 
to present its annual Progress Report. It describes the research, 
teaching, extension, continuing education and service programs for the 
year ending April, 1978. Our teaching and research programs include 
various aspects of land-use, soil erosion, water quality, climatic 
change, waste management, rural planning, water quality, air pollution 
and energy conservation. Thus much of our research is directed towards 
the solution of problems which are of significance to residents of 
Ontario.

During the fall of 1977 we completed a five-year plan for the 
departmental programs. The areas of research emphasis which we 
identified were as follows:

(a) land-use planning

(b) management of soils for crop production and waste utilization 
under optimal conditions of environmental quality

(c) weathering of soil and other geologic materials

(d) agrometeorology and transfer processes in the soil-plant system.

As a development of the land-use planning area we believe 
that an expanded thrust in rural and environmental planning is 
essential. We proposed that there be a significant development in 
rural planning within the academic programs at this university. 
Although this department will be able to make a significant contribution 
to an emphasis on rural planning there will need to be input from 
other academic units.

In soil management, we see that over the next five years we 
will emphasize tillage and erosion control, utilization of animal 
manures and other waste products, fertilizer use and soil nitrogen 
dynamics. Soil management is a major factor in efficient crop 
production and is an area in which we have a major involvement. 
Diminishing per capita world food supplies, potential loss of 
agricultural land in Ontario and rising energy costs over the next five 
years can be expected to place an increasing demand for the continuing 
development of efficient crop production systems based on sound soil 
management.

The weathering of soil and geologic materials as an area of 
emphasis is critical to understanding the processes of soil development 
and will enable predictions to be made of properties important in soil 
management. At the present time we hope to promote greater interaction 
between our faculty and those with similar interests at the University 



of Waterloo; this should strengthen the teaching and research 
programs in both departments.

Agrometeorology, and transfer processes in the soil-plant 
system as an area of expertise involves studies on the transport of 
heat, water and solutes through the soil, the absorption and trans
location of water and nutrients by plants, the exchange of gases 
between the leaf surface and the atmosphere, the role of meteorological 
parameters on plant-pathogen interactions and the transport of heat, 
water vapor and other gases in the atmosphere. This research is 
critical to predicting the fate of fertilizers, pesticides or 
irrigation water applied as part of a production system, in identifying 
the mechanisms of drought tolerance in plants, and in understanding 
the response of plants to specific air pollutants.

We plan to continue our undergraduate teaching programs, 
offering majors in Earth Science, Resources Management and Soil Science 
with an emphasis on "quality". Our graduate programs have been 
favourably appraised or assessed and we expect graduate student 
numbers to stay in the range of 35 to 40. At the time of writing there 
are Al graduate students registered. There is a continuing strong 
demand for M.Sc. and Ph.D. graduates in Agrometeorology and in Soil 
Set ence.

We expect the present emphases in service programs (soil 
testing, plant analyses) and in extension and continuing education 
programs will continue in the Department. We do see a need for greater 
emphasis in agrometeorology and land-use in the extension and continuing 
education areas. We also see a need for more involvement of farmers 
and extension workers in the planning of future activities and 1 hope 
we can begin this during the next year.

One of the significant events of the past year was the visit 
to our department of Dr. Robin H. Best, Reader in Land Use and 
Environment Studies, Countryside Planning Unit, School of Rural 
Economics, Wye College, University of London, England. His visit came 
about because of the Short-term Visiting Professor program begun at 
the University last year. Dr. Best presented a nine-lecture series 
entitled, "Urban Growth and the Countryside - the British Experience". 
The series was well attended by faculty and graduate students and 
several meetings were held with faculty in various departments.
Dr. Rodd of Agricultural Economics, for example, organized a seminar on 
the Ontario land-use situation after Dr. Best’s last lecture. It was a 
very worthwhile visit.

Members of the Department continued to take part in many 
activities outside the University and also continued to attract funds 
for research from several sources. We are indeed appreciative of the 
support provided and one of our continuing objectives is to maintain 
the high quality work which will merit strong financial support. We 
also are grateful to the farmers who made field areas available to us 
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for experiments. We also thank our colleagues in other departments 
and at other institutions who contributed to our programs in various 
ways.

I hope you find the reading of this report interesting and 
if you have questions or comments please pass them on to us. The 
report was organized and edited by Professor Len Webber from the 
contributions of departmental members. Len will be retiring at the 
end of this summer and when it is time for the next report we will miss 
his red pencil and his careful attention to detail.
Mrs. Krysia Steinberg typed the report, Don Irvine and Andrew McLennan 
drafted the figures and the cover, I wish to thank all members of the 
Department for their contributions over the past year.

June, 1978 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. 
(Ext. 2447 and 2448)-'-.

W.A. MITCHELL, Administrative Technical Officer. (Ext. 2661).

AGROMETEOROLOGY

Fac ul ty

D.M. BROWN, B.S.A., M.S.A. (Toronto), Ph.D. (Iowa State), Professor. 
Climate related to land use planning, crop zonation, 
climatological reference stations, relationships of crop 
growth and development to climate and weather. (Ext. 2206).

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 microciimates. (Ext. 2645)•

G.E. KIDD, B.A.Sc., M.A.Sc. (Waterloo), Scientist 3- Electronic 
instrument development; transport processes within and above 
plant canopies. (Ext. 3434).

R. LEUNING, B.Sc., Ph.D. (Melbourne), Professional Associate. Energy 
budget of a snow cover and amount of available water after 
a spring thaw. (Ext. 3419)•

H.S. PINTO, M.Sc., Ph.D, (Brazil), Postdoctoral Fellow. Energy balance 
instrumentation as applied to plant disease modelling; 
coffee yield forecast. (Ext. 2493)■

I.S. SELIRIO, B.S.A. (Philippines), M.Sc., Ph.D. (Guelph), Professional 
Associate. Modelling growth of forages and its application 
to crop loss for insurance claims; corn production simulation. 
Resigned January, 1978.

G.W. THURTELL, B.S.A., M.S.A. (Toronto), Ph.D. (Wisconsin), Professor. 
Physics of soils, plants and atmosphere, (Ext. 3419)•

* Extension number at the University of Guelph. University of Guelph 
phone number is (519) 824-4120.



Technical Staff

R.W. Kelly - Weather records. (Ext. 2458).
R.E. Sweetman - Electronic instrument operations and plot work. 

(Ext. 2208).

SOIL SCIENCE

Faculty

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

V.C. BALIGAR, B.Sc. (India), M.Sc. (India), M.S. (Utah), Ph.D. 
(Mississippi), Professional Associate. Soil fertility and 
plant nutrition. (Ext. 2484).

E.G. BEAUCHAMP, B.Sc. (Agr.), M.Sc. (McGill), Ph.D. (Cornell), 
Associate Professor. Nitrogen in the soi1/crop system; soil
pl an t rel at ionsh i ps ; fert i 1 i zers and plant nu tr i t i on . (Ext. 3239).

D.E. ELRICK, B.S.A, (Toronto), M.S., Ph.D. (Wisconsin), Professor. 
Transport mechanisms through soils and applications to 
soil pollution. (Ext. 3758).

L.J. EVANS, B.Sc. (Southampton), Ph.D. (Wales), Assistant Professor.
Soil classification and mineralogy. (Ext. 3017)•

P.H. GROENEVELT, M.Sc., Ph.D. (Wageningen), Professional Associate.
Soil physics. (Ext. 8/48).

A. HAQ., B.Sc., M.Sc. (Pakistan), M.Sc. (Guelph), Scientist 1. Sludge 
project. (Ext. 3057)•

D.W. HOFFMAN, B.S.A., M.S.A. (Toronto), Ph.D. (Waterloo), Professor. 
Director, Centre for Resources Development. (Ext. 3523)■

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. Resigned 
June 1977.

R.W. JONES, B.Sc., Dip. Agr. (Wales), M.Sc. (Manitoba), Ph.D. (Guelph), 
Research Associate. Light and plant nitrogen metabolism. 
(Ext. 2484).
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B.D. KAY, B.S.A., 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. (Ext. 2487).

J.W. KETCHESON, B.S.A. (Toronto), M.S., Ph.D. (Illinois), Professor. 
Soil management for better tilth; tillage related to 
fertilizer use; runoff and erosion studies; manure and crop 
residues. (Ext. 2489).

H.K. KRUPP, B.S.A., M.Sc. (Guelph), Ph.D. (University of California, 
Davis), Professional Associate. Soil physics. Resigned 
March 1978.

T.H. LANE, B.S.A., M.S.A. (Toronto), Professor. Extension coord i nator; 
soil management and land-use. (Ext. 2450).

J.B. LUCAS, B.Sc. (West Indies), M.Sc. (Guelph), Research Associate.
Soil plant relations. (Ext. 8157)-

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. 
(Ext. 2486).

R.A. MCBRIDE, B.Sc. (Guelph), Research Associate. Land productivity. 
(Ext. 3594).

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

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 relation
ships. (Ext. 2481).

N.R. RICHARDS, B.S.A. (Toronto), M.S. (Michigan State), D.Sc. (Laval), 
Professor. Soil classification and land use. (Ext. 3194).

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

M.I. SHEPPARD, B.A., M.A. (Carleton), Ph.D. (Guelph), Research 
Associate. Land productivity. (Ext. 3594).

S.C. SHEPPARD, B.Sc., M.Sc. (Guelph), Scientist 2. Soil-plant relat
ions. (Ext. 2702).
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J,A. SMITH, B.S.A., U.S.A. (Toronto), Associate Professor. Soil and 
plant analysis development. (Ext. 2453)•

Y.K. SOON, B.Agr. Sc. (Malaya), M.Sc. (Aberdeen), Ph.D. (Guelph), 
Research Scientist. Technical coordinator, Sludge Project. 
(Ext. 3057).

A.C. SPIRES, B.Sc. (London), M.Sc. (Laurentian), Research Assistant. 
Phosphorus pollution of watersheds from agricultural lands. 
Resigned March 1978.

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

L.R. WEBBER, B.S.A. (Toronto), M.S. (Cornell), Professor. Waste 
utilization and disposal; pollution abatement; environmental 
qua 1 i ty. (Ext. 2480).

A.L. WILLIS, B.S.A. (Toronto), M.S., Ph.D. (Wisconsin), Associate 
Professor. Management of organic soils. (Ext. 2492).

Technical Staff

J.O. Aspinall - Soil testing operations and soil survey.
J.R. Ball - Chemical analysis and grain size of sand.

Resigned March 1978.
N, Baumgartner - Soil physics and soil management. (Ext. 8556).
I .A. Becker - Soil testing operations. (Ext. 2494).
J.F. Brown - Soil testing operations. (Ext. 2494).
J.C. Bryant - Soil management and plant nutrition plot work

supervisor. (Ext. 2494).
M. Bowen - Tillage and runoff studies. (Ext. 2489)*
R. Cox - Soil testing operations. Resigned January 1978.
E.L. Dickson - Runoff collection and analysis, research analytical 

laboratory. (Ext. 3057)•
C.M. Dufour - Nitrification inhibitors. (Ext. 8157).
N.M. El-Safty - Soil and plant analysis. (Ext. 3507).
M.R. Evans - Computer data analysis. (Ext. 3393)•
M.L. Fairies - Teaching assistant in resources management;

research in rural planning. (Ext. 2476).
J.J. Felker - Sludge project. Resigned March 1978.
J.A. Ferguson - Soil management and plant nutrition plot work.

(Ext. 2491).
E.F. Gagnon - Supervisor, soil testing operations. (Ext. 2494).
J. Hansen - Agricultural land use. Appointed September 1977-

(Ext. 8777).
D. Hergott - Chemical analysis, mineralogy and texture of sands

and pebbles. Resigned April 1978.
B.K. Hohner - Teaching technician.
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D, Irvine - Cartographer. (Ext. 3364).
J. Jackman - Development of dual energy gamma scanning system.

(Ext. 8748).
B. Kwan - Soil analysis. Appointed November 1977■

(Ext. 8175).
S. Lambe - Data clerk. Appointed February 1978. (Ext. 2476).
J, Lovcanin - Soil management and plant nutrition field plot

operations. (Ext. 8170).
T. McCarrick - X-ray diffraction analyst. (Ext. 8167).
A. McLennan - Cartographer. (Ext. 3364).
C.E. Miller - Soil and plant analysis. (Ext. 2494).
P. Mooy - Soil analysis. Resigned September 1977■
S. Newsom ~ Particle size analysis. Resigned April 1978.
T.D. Nguyen - Soil analysis. (Ext. 8175).
T. Parker - Soil analysis. Resigned February 1978.
R. Purdon - Soil resource and agronomic data collation.

Appointed January 1978. (Ext. 8579)•
A.K.E. Riddel - Plant analysis. (Ext. 2494).
D. Tel - Pollution control and waste management; soil and

water analysis and research analytical laboratory. 
(Ext. 3507). On leave to International Institute 
of Tropical Agriculture, Ibadan, Nigeria, January 1 
to December 31, 1978.

M. Van Patter - Soil modification studies in nursery sod production. 
Resigned May 1978.

M. Waffle - Preparation of illustrations and tables for report
on S. James Bay.

GEOLOGY

Faculty

U.S. ARMSTRONG, B.A., M.A. (Toronto), Ph.D. (Chicago), D.Sc. (McMaster), 
Professor. Dean of Graduate Studies. (Ext. 2441).

M.E. BROOKFIELD, B.Sc. (Edinburgh), Ph.D. (Reading), Assistant Professor. 
Palaeoecology, palaentology, stratigraphy and tectonics. 
(Ext. 2654).

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

I.P. MARTINI, Doct. Geol. Sci. (Florence), Ph.D. (McMaster), Associate 
Professor. Sediments and sedimentary rocks, sedimentology, 
glacial and pleistocene geology. (Ext. 2488).
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COOPERATING PERSONNEL LOCATED IN THE DEPARTMENT

Ontario Ministry of Agriculture and Food

M.N. LANGMAN, B.Sc., M.Sc. (Queens), Pedologist, Ontario Institute of 
Pedology. (Ext. 8773)-

G.T. PATTERSON, B.Sc. (Alberta), M.Sc. (Guelph), Pedologist, Ontario 
Institute of Pedology. (Ext. 8746).

L.W. SCHUT, B.Sc. (Guelph), Pedologist, Ontario Institute of Pedology. 
(Ext. 8777).

B. VAN DEN BROEK, B.Sc., M.Sc. (Guelph), Pedologist, Ontario Institute 
of Pedology. (Ext. 8742).

T.O. WEBER, B.Sc. (Agr.), M.Sc. (Guelph), Soils and Crops Extension 
Specialist. (Ext. 2454).

W.D. WHITE, B.Sc. (Guelph), Pedologist, Ontario Institute of Pedology. 
(Ext. 8773).

E.A. WILSON, B.Sc. (Guelph), Pedologist, Ontario Institute of Pedology. 
(Ext. 2476).

Agr i cu1ture Canada

Profess iona1

C.J. ACTON, B.S.A., M.Sc. (Saskatchewan), Ph.D. (Guelph), Senior 
Pedologist, Ontario Institute of Pedology. (Ext. 2483).

B.H. CAMERON, B.Sc. (Agr.) (Guelph), Pedologist, Ontario Institute of 
Pedology. (Ext. 2272).

J.E, GILLESPIE, B.S.A. (Guelph), M.S.A. (Toronto), Pedologist. 
Appointed December 1977 to May 1978.

C.G. HEATH, B.Sc. (Guelph), Pedologist. Transferred April 1978-

E.W. PRESANT, B.S.A. (Toronto), M.Sc. (Carleton), Pedologist, Ontario 
Institute of Pedology. (Ext. 2741).

L.J.P. VAN VLIET, B.Sc. (Agr.) (Deventer, Holland), M.Sc. (Guelph), 
Land Use Specialist. Transferred March 1978.

G.J. WALL, B.Sc. (Agr.), M.Sc. (Guelph), Ph.D. (Ohio State), Pedologist, 
Ontario Institute of Pedology. (Ext. 2485)*
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Clerica1/Technica1 Staff

7

P.D. Ellis “ Clerk Stenographer. (Ext. 2643)•
R. L. Viitala - Soil Analysis. (Ext. 3057).

Clerical Staff for the Department of Land Resource Science

P. Beirnes - Secretary to the Chairman. (Ext. 2448).
L. Bissell - Clerk. (Ext. 2661).
J. Giles - Stenographer. (Ext. 2455)•
K. Halliburton - Stenographer. (Ext. 2451).
F. Peer - Stenographer. (Ext. 8747)*
A. Slot - Stenographer. (Ext. 2458).
K. Steinberg - Stenographer. (Ext. 2451).



SERVICE TO AGRICULTURE AND THE PUBLIC

EXTENSION HIGHLIGHTS FOR 1977'1978

During the 1977'1978 year (April 1, 1977 to March 31, 1978) 
the department contributed 1.85 man years in service to agriculture, 
the public, and public and private organizations.

A major area during the reporting year has been the renewed 
emphasis on soil erosion and water runoff, water quality, soil 
structure, soil compaction, tillage and cropping systems.

The extension and continuing education activities as reported 
by departmental faculty are presented in Table 1.

Table 1: Summary of extension and continuing education activities, 
Department of Land Resource Science for 1977'1978 (faculty 
days involved - 8 hours/day).

Total Days % of Effort

Extens i on 50 1/2 12
Continuing Education 7 1/2 2
Tours (groups) 24 6
Consulta t ions 169 41
Talks 43 11
Pub] ications 22 3/4 6
Radio - TV 3
Exhibits 2 -
Other 62 3/4 16
Pub]i c Relat ions 23 6
Tota 1 407 1/2* 100

* Man years @ 220 days/year = 1.85

Extens ion

12% (50 1/2 faculty days) of faculty time was associated with 
activities such as:

- Soil Erosion Seminar (O.M.A.F, In-service)
- O.A.C. January Agricultural Conference
- Forage Days at E.R.S.
- Corn Day at E.R.S.
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- Banker's Schoo 1
- In-service training for O.M.A.F.
- Conferences (A.I,C., Irrigation and Waste Disposal etc.)

Extension Consultations

41% (169 faculty days) of faculty effort was involved with 
act i v i t i es such as :

- Manganese problems on Frederick wheat
- Erosion problem consultations
- Gas pipeline problem assessment and discussions
- Purple corn problem
- Iron problem in soils of Haldimand Co.
- Magnesium problem in Elgin Co.
- Sewage sludge management
- Manure management
- • Gravel pit renovation
- P.L.U.A.R.G. recommendations for agriculture
- Soil erosion and water quality
- Cannery waste disposal
- Erosion assessment
- Crop insurance planning
- Metrification of Ontario climatic maps
- Lime commi ttee
- Fertilizer use in Thames River Basin
- Home garden fertilizer recommendations
- Phone calls and letters

Extension Talks

1 1% (43 faculty days) of faculty time was consumed in speaking 
to groups such as:

- Waterloo Co. Cooperatives
- Tobacco Day (Delhi)
- Dairymens Forum (Ottawa)
- Oxford Co. Corn Information Update Session
- Soil and Crop Improvement Associations in the counties of 

Ontario, York, West - Central Region, Waterloo - Wellington 
Region, East Central Farm Conference, Frontenac, 
North-Eastern Ontario, Wellington, and Oxford.

- Centralia and Ridgetown Short Courses
- Fertilizer Dealers Associations and Schools
- Soils and Crops Branch Meeting
- Erosion Seminars (In-service training for O.M.A.F.) at four 

loca t ions
- South Western Ontario Branch of 0.1.A,
- The Fertilizer Institute of Ontario

9



Other Significant Extension Activities

A total of 16% (62 3/4 faculty days) of faculty time was 
occupied in the following ways:

- Chairmanship of O.S.M.R.C. and its executive and various 
subcommittee responsibilities such as:

- Waste Utilization Subcommittee
- Fertilizer Information Subcommittee
- Environmental Quality Subcommittee

- High school visiting groups
- Correspondence course Soil Science 201 assignments
- Ontario Junior Farmer Soil and Crop Management Tour
- International Soil Science (1978) Congress Tour Arrangements
- A.I.C. (1977) Tour preparations
- O.A.C. Extension Committee meetings
- Soil Erosion, Sedimentation and Rural Landscape in Ontario
- Critiques on misleading advertising to the agricultural 

industry

Tours (groups)

Tours of research programs and visiting groups involved 6%
(2^4 faculty days) of faculty time. The types of groups accommodated 
on these tours predominantly at the Elora Research Station 
include:

- Board of Governors
- Fertilizer Institute of Ontario
- Directors of the Ontario Soil and Crop Improvement Associations 
- Canadian Society of Soil Science
- Federation of Ontario Naturalists
- O.M.A.F. Extension Branch
- Ontario Junior Farmers
- Canadian Society of Agronomy
- Aberfoyle Public School, Elora Public School and Guelph 

Collegiate
- Forage Days for fa rmers
- Farm Credit Corporation
- Cornell University
- Provincial Soil Testing Laboratory tours (30) at Department 

of Land Resource Science
- Chinese delegation
- World Agriculture Society
- 4-H Club tours from Manitoulin, Oxford Co, and Sudbury

Public Relations and Extension Publications

Each occupied 6% of faculty time (46 faculty days in total). 
Activities such as the following were reported:

10



“ Factsheet preparation, revision and review
- Chairman, organizer and editor of symposium
- Feature articles
~ Chairman of Canadian Society of Soil Science annual meeting
- Erosion Seminar publication
- Critique on "Clay Buster"
- O.A.C. Resource Club lecture
- Technical Memos (L.R.S.) on "Hay Making Risk Levels in 

Ontario" and "Soil Moisture Measurements"
- A.I.C. - C.I.F.S.T. Convention at Guelph
- Land Disposal of Sewage Sludge guideline preparations
- Interviews with newspapers, magazines, radio and TV
- O.M.A.F. publications such as 296

T.H. Lane

In-service Training Seminars on Soil Erosion

The Department of Land Resource Science co-operated with the 
Ontario Ministry of Agriculture and Food, and Agriculture Canada to 
discuss erosion control problems with OMAF extension personnel.
J.W. Ketcheson, K.M. King, L. van Vliet and G.J. Wall participated from 
the department.

A seminar on soil erosion was presented at each of four 
locations - London, Guelph, Lindsay and Kemptville during October, 1977- 
Some 50 local persons from the Extension Branch, Soils and Crops Branch, 
and Colleges of Agricultural Technology attended the session in each 
location. In addition an opportunity was provided at the Kemptville 
location to view the lower Nation River where some serious drainage 
problems for agricultural land have developed.

The seminar program generated considerable interest and 
concern for better erosion control. Winter meetings with farmer groups 
were organized, and research priorities have been assigned to more 
investigational work on the problems of effective erosion control.

J.W. Ketcheson

1 1



SOIL TESTING AND PLANT ANALYSIS SERVICE

The field soil testing year runs from July 1 to June 30 to 
coincide as nearly as possible with the crop year for which fertilizer 
recommendations are intended.

A total of 49,972 soil samples were tested in 1976/1977, 
considerably fewer than in the record season of 1975/1976 (Table 2). 
The number of samples fluctuates rather widely from year to year. A 
portion of this fluctuation is undoubtedly due to such things as 
fertilizer and crop prices and promotional programs in individual 
regions or counties or for specific crops. It has become very obvious 
however that fall weather conditions are a major factor influencing the 
number of samples tested. The farmer’s top priority in the fall of 
each year is to get his crops harvested and soil sampling comes second. 
The fall periods of both 1976 and 1977 were quite unfavorable for 
harvesting and this is believed to be the major cause of the low number 
of samples tested. Interest in soil testing appears to be high.

Table 2: Numbers of soil samples tested in the last six years.

Source of Samples 1971-72 1972-73 1973-74 1974-75 1975-76 1976-77

Farm 36,195 25,862 39,709 40,944 48,520 36,719

Garden 4,913 4,531 3,854 4,831 5,127 1,946

Canadian Forces 
Base 864 853 941 852 923 860

Research - Federal, 
Provinci l, 
Uni versi ty and 
Unclassified

8,066 7,313 11,913 8,207 7,533 10,422

Industry* 79 100 15 36 22 25

Total 50,117 38,659 56,432 54,870 62,125 49,972

No. of Users** 10,534 10,494 11,814 13,141 13,809 11,393

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

** This statistic is slightly inflated as users who submit samples 
more than once per year are counted more than once.

In an effort to make soil testing less dependent on fall 
weather conditions it is intended to emphasize the advantages of summer 
soil sampling. Cash crop farmers in particular may find it convenient 
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to sample their soils in the summer at a time that fits their work 
schedule better than fall sampling. It would result in many fields 
being tested which are now missed in the fall rush. Early sampling 
will not appreciably affect the validity of resulting fertilizer 
recommendations and would have the added advantage of spreading the 
work load in the laboratory.

The numbers of soil samples submitted from each county or 
district during 1976/1977 are listed in Table 3 along with the average 
tests for phosphorus, potassium, magnesium and pH. Two counties, 
Norfolk and Kent each tested over 2,000 samples and an additional seven 
counties tested over 1,000 samples in the year.

Soil fertility levels vary from field to field so care must 
be taken in comparing county average fertility levels. However, the 
phosphorus test for the counties follow a predictable pattern related 
to past fertilizer use with Norfolk being by far the highest average 
phosphorus tests followed by York, Essex and Simcoe South. The lowest 
average phosphorus tests came from Grey county followed by Bruce, Leeds 
and Temiskaming.

Differences in exchangeable potassium levels between counties 
are not as easy to explain as phosphorus. Kenora has by far the highest 
potassium tests followed by Rainy River, Essex, Niagara North and 
Lambton. Kenora is probably high in potassium because of its lower 
rainfall and hence higher natural levels. High clay content probably 
accounts for the high available potassium tests in Essex, Niagara North 
and Lambton with higher fertilizer use also being a factor in Essex.

Average exchangeable magnesium was lowest in Haliburton 
followed by Northumberland, Durham, Peterborough, Victoria, Norfolk and 
Ontario. Low magnesium in feeds produced and occasional crop magnesium 
deficiencies can be expected in these counties particularly if more 
potassium is applied than the crops require.

Acid soils (low pH) are common in all districts of northern 
Ontario except Rainy River, in Niagara North and South, Haldimand, 
Norfolk and Essex counties near Lake Erie, and in Leeds, Frontenac, 
Prescott, Russell, Glengarry and Renfrew counties in eastern Ontario. 
Lime is recommended for a wide range of crops when the soil pH falls 
below 6.1. The proportion of samples tested with pH values below 6.1 
is presented for the counties with the most acid soils in Table 4 
along with the proportion of samples with magnesium tests below 100 
from the counties with the lowest magnesium tests. Magnesium tests 
above 100 rarely cause problems with magnesium deficiency in crops.

T.E. Bates



Table 3: Number of samples tested and average tests for phosphorus, potassium, magnesium and pH from counties, 
districts and regions of Ontario from July, 1976 to June 30, 1977.

County or Samples Average Soil Test County or Samples Average Soil Test
District Tested

Phosphorus * Potassium* Magnesium* pH
District Tested

Phosphorus*  Potassium'* Magnesium* pH

Algoma 284 17 110 162 5-8 Niagara N. 384 25 190 193 5.8
Brant 1 ,400 30 119 175 6.6 Niagara S. 555 27 133 188 6.1
Bruce 830 14 128 199 7- 1 Nipissing 290 20 95 148 5-9
Carleton 393 20 141 179 6.5 Norfolk 2,504 59 135 93 6.2
Cochrane 364 20 132 186 6.3 North-

804Dufferin 402 17 109 172 7.0 umberland 32 111 77 7.1
Dundas 251 16 108 183 6.9 Ontario 823 23 114 97 6.8
Durham 619 24 97 78 7.3 Oxford 1,536 29 114 169 6.8
Elgin 980 34 136 139 6.4 Parry Sound 187 28 112 128 5.4
Essex 1,569 43 197 167 6.1 Peel 582 31 147 158 6.7
Frontenac 190 18 148 179 6.0 Perth 977 20 140 197 7. 1
Glengarry 422 15 111 179 6.2 Peterborough 643 20 105 83 7.2
Grenville 180 16 93 169 6.7 Prescott 497 16 148 170 5-9
Grey 613 12 117 195 7.2 Prince Edward 499 26 1 56 139 7.0
Haldimand 731 19 155 194 6.2 Rainy River 365 21 197 199 6.5
Haliburton 44 27 110 75 5-7 Renfrew 499 18 139 157 6.1
Halton 498 22 140 182 6.6 Russell 231 19 113 166 6.2
Hastings 494 20 115 117 6.7 Simcoe N. 799 21 114 108 6.5
Hu ron 834 22 135 195 7.2 Simcoe S. 1,152 41 125 131 6.8
Kenora 59 22 253 198 6. 1 Stormon t 220 17 99 148 6.6
Kent 2,293 31 164 168 6.5 Sudbury 577 20 108 144 5.5
Lambton 891 26 187 193 6.7 Temi skami ng 563 14 139 185 6.1
Lanark 385 15 111 17^ 6.3 Thunder Bay 409 26 156 177 5.6
Leeds 379 14 119 188 6. 1 Vi ctor ia 720 16 114 92 7.3
Lennox & 
Addington 243 18 176 186 6.6 Waterloo 

We 11i ngton
591

1 ,^39
29
17

130
116

191
195

7.1
7.2

Manitoulin 69 19 106 190 6.6 Wen two rth 873 37 133 176 6.4
Middlesex 1,075 29 147 168 6.8 York 1 ,565 46 124 149 6.8
Muskoka 43 25 121 114 5.6

* Phosphorus, potassium and magnesium values are read only up to 100, 400 and 200 respectively and this affects the 
averages reported.



Table 4: Counties, districts and regions with low soil pH (acid soils 
and low available soil magnesium based on samples analyzed in 
1975/1976.

County, District 
or Region

% of samples 
with pH less 
than 6.1

County, District 
or Region

% of samples
wi th 
than

Mg less 
100 ppm

Muskoka 83 Haliburton 83
Parry Sound 80 Peterborough 72
Haliburton 78 Northumberland 66
Algoma 76 Norfolk 63
Kenora 75 Durham 63
Sudbury 69 Muskoka 57
Thunder Bay 68 Ontario 50
Prescott 60 Victoria 45
Nipissing 57 Simcoe North 44
Niagara North 52 Parry Sound 42
Russell 47 Simcoe South 36
Renfrew 45 Has tings 32
Niagara South 43 Elgin 32
Norfolk 42 Prince Edward 24
Temiskaming 41 York 24
Cochrane 39 Prescott 23
Frontenac 39 Sudbury 23
Essex 37 Renfrew 20
Haldimand 37 Nipissing 19
Elgin 30 Russell 18

Plant Analysis
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Along with the regular soil testing service the Department of 
Land Resource Science provides a number of other analyses on a fee for 
service basis, Table 5. The equipment and methods for most of these 
analyses were developed initially to serve research programs within the 
department. While providing a service to Ontario agriculture the offer 
of these services has helped to keep the cost per research sample down 
by increasing the number of samples analysed. The numbers of samples 
analysed over a period of years are provided in Table 6.

A large number of farmers, OMAF personnel and students visit 
the soil test laboratory each year to deliver samples, pick up sample 
boxes and or to discuss problems relating to soil testing. No record 
is kept of these visits. The laboratory also receives many requests for 
tours of the facilities and not all of them can be accommodated. Tours 
of the laboratory are listed in Table 7.



Table 5: Number of samples of plant, manure and other organic 
materials analyzed by the Soil and Plant Service Laboratory 
(with the exception of those for Land Resource Science 
research all samples were analyzed on fee for service basis).*

Type of Material 1972-73 1973-74 1974-75 1975-76 1976-77

Plant samples (field) 150 82 49 156 317
Plant samples (greenhouse) 142 132 146 76 121
Manures, composts and sludge 66 39 71 88 57
Feeds** 95 870 1,861 3,805 3,878
Other *** 58 308 260 179 303

Total service samples 511 1 ,431 2,387 4,304 4,676

Mainly plant tissue from Land 
Resource Science Department 4,046 5,344 4,294 4,243 2,745

The period reported is May 1 to April 30*

* * Analyzed for the Department of Animal and Poultry Science as part 
of the feed analysis service.

* ** Mainly plant tissue from other university departments.

Table 6: Tours of theSoil Testing and Plant Analysis Laboratory, 
Department of Land Resource Science, April 1, 1977 to 
March 31, 1978.

Type of Visitor Number of
Tours

Approximate Number 
of Vi s i tors on 
Tours

Ontar io Families 2 25
Foreign Farmers 2 8
Professional Agriculturalists - 1
Other Provinces 1 3

4-H Leaders 1 30
4-H Members 3 70
High School Students 5 130
Community College Landscape Class 1 20
Students from Colleges of Agric. 4 90
Technology

Agricultural Diploma Students - U. of G. 10 170
Agricultural Degree Students - U. of G. 30 500
Landscape Architecture Students - U of G 20

Total 60 1 ,066
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Table 7 Analyses available through the Soil Testing and Plant Analysis Laboratory, Department of Land 
Resource Science, University of Guelph.

Material Ana lyses Availabili ty Cost/sample

1 . Fa rm soils plant available phosphorus, potassium 
and magnesium + pH (calcium and salt 
concentration* if required)

all times no charge-cost borne by 
Ontario Ministry of 
Agriculture and Food

2. Home garden and lawn 
soils

as in (1) all times $ 1 .00

3. Soil organic matter enquire at lab $ 5.00

4. Soil texture sand, silt & clay) enquire at lab quoted on request

5- Soil other analyses may be available for 
groups of over 20 samples

enquire at lab

6. Liming materials calcium and magnesium content neutral
izing value, particle size analysis

all times $15.00

7- Dried plant and other 
organic materials**

nitrogen, phosphorus, potassium, 
calcium, and magnesium

all times $ 9.00

8. Dried plant and other 
organic materials**

boron, copper, manganese and zinc all times $ 9.00

9. Dried plant and other 
organic materials**

9 elements listed in 7 arid 8 all times $12.00

10. Manure and other 
moist organic matter

nitrogen, phosphorus, potassium, 
calcium, and magnesium and % D.M.

all times $11.50

11. Manure and other 
moist organic matter

boron, copper, manganese and zinc all times $11.50

12. Manure and other 
moist organic matter

9 elements listed in 10 and 11 all times $14.50

13- Organic materials sodium, iron, arsenic, cadmium, 
chromium, cobalt, lead, nickel, mercury, 
selenium, sulfur and other metals.

enquire at lab quoted on request

* electrical conductivity
** analysis of feed samples is arranged through the Department of Animal & Poultry Science.



WEATHER AND CLIMATE 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 to the Atmospheric Environment Service 
for publication. These data and derived values such as degree-days 
above 5°C, heating degree days and corn heat units were distributed 
on a monthly computer summary. The summary aided research projects, 
industry and government. Requests for local climate data were also 
handled over the last year.

The campus weather station which is located near the arboretum 
service building continued measurements of temperature, precipitation 
and sunshine.

The Weather in 1977 ~ Elora Research Station

The annual mean temperature was 0.3°C below normal (Table 8). 
The year started off with below normal temperatures in January. The 
mean temperature was 5.3°C below normal. There were 12 days when the 
minimum temperature fell below the 1 year in 10 line (Fig. 1) • There 
was no January thaw and precipitation was frequent but light. Total was 
60% of normal. Temperature was slightly below normal for February and 
precipitation continued below normal with over half the precipitation 
falling as rain. The snow depth, however, continued relatively constant 
at about 40 cm with frost depth being about 20 cm. The adequate snow 
cover gave the crops good protection and there were no real problems with 
respect to winter kill.

The mean temperature in March was about 4°C above normal with 
the maximums for 9 days being above the 1 in 10 year line. Precipitation 
was above normal with several heavy rains and by mid-March, there was 
essentially no snow cover left. By the end of the month, the frost was 
out of the ground as measured under sod at the Elora Research Station. 
The temperature in April continued above normal, however precipitation 
total was only 60% of normal. By the end of April accumulated precip
itation was only 75% of normal. (Fig. 2), Very good conditions pre- 
vai led this spring to provide a good sap run for the annual production 
of maple syrup. May being warm, dry and sunny, made for generally good 
planting conditions. Above normal accumulations of corn heat units and 
growing degree days were made (Table 8). However, lack of moisture 
especially in the first half of the month led to some problems. Corn 
germination was irregular especially to the north where moisture 
shortages were severe. First cut hay yield was below average as a 
result of the dry conditions.

Precipitation, although still below normal came more evenly in 
June and with temperatures only slightly below normal, generally good
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Table 8: Summary of 1977 weather at the Elora Research Station.

1977 Normal Departure 
from Normal

General

Mean maximum temperature (°C) 10.9 11.2 - 0.3
Mean minimum temperature (°C) 1.4 1.4 0.0
Mean annual temperature (°C) 6.2 6.3 - 0.1

Total degree days below 18°C 4470 4525 - 55
Total degree days above 5°C 1913 1910 + 3

Corn 
first

Heat Units from May 11 to 
killing frost in autumn 2862 2560* +302

Total rainfall (mm) 748.5 708.7 + 39.8
Total Snowfall (cm) 167.4 150.6 + 16.8
Water equivalent of snow (mm) 134.0 149-9 — 15.9
Total Precipitation (mm) 882.5 858.6 + 23-9

Total hours of bright sunshine 1911.3 1923 - 11.7

Miscellaneous

Temperatures: Highest for year (°C) 
Lowest for year (°C) 
Last frost in spring 
First frost in autumn

32.8
- 30.6 

May 10 
Oct. 13

July 20
Jan. 18

0.0
- 1.1

Precipitation: Greatest rainfall in a day 
Greatest snowfall in a day 
Longest period without 
measurable precipitation 
each day

(mm) 
(cm)

35-3
19.6

11 days

July 6
Dec. 8

May 2-12

Longest period with 
measurable precipitation 
each day

7 days Jan. 6-14

Last measurable snow in spring
(<0.25 cm) April 5 0.5
First measurable snow in spring
(>0.25 cm) Nov, 11 1.2

" To 1 in 10 frost date.
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Figure 2: A comparison by month of the normal and actual 
precipitation at the Elora Research Station, 1977-
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growing conditions existed. Localized frost occurred in some low areas 
in early June resulting in corn damage. The lowest for the month at 
the Elora Research Station was 2°C recorded in the Stevenson screen and 
-4°C at the grass level on June 3rd. Good growing conditions continued 
into July as favourable temperature and adequate rain was received. 
Above average corn heat, units and growing degree days continued.

August temperatures were below normal and rain occurred on 
18 days of the month to produce 150% of normal precipitation. Corn 
heat units and growing degree days although below normal for the month, 
continued above normal for the season.

September was very wet. Precipitation was measured on 21 days 
of the month to total more than 200% of normal. The mean temperature 
was below normal, however, the mean monthly minimum temperature was 
above normal as the clouds associated with the unsettled weather tended 
to moderate the extremes. Whereas the average frost date is 
September 26th, the lowest received all month was 3°C. Less than 50% 
of the normal sunshine was received. Accumulated precipitation for the 
year was above the normal accumulation by the end of September. This 
was the first time since the beginning of the year. The conditions in 
August and September combined to produce poor harvest conditions. Grain 
harvesting was difficult in many areas. Corn silage harvesting was 
held up and much of the acreages were left to be harvested later as 
grain. Second and third cut forages remained in the field to produce 
excessive top growth which dried up after killing frosts. Flax yields 
were also poor this year.

The cooling trend continued into October, however, the 
killing frost did not come until the 13th. Corn heat unit accumulation 
to this date was 2862 which was 302 above the Elora sum to the 1 in 10 
frost date. This allowed for full maturing of the corn grain and corn 
was harvested at below normal moisture levels. Percentage moisture 
levels ranged from the mid to low 20's. The dryness of the grain saved 
the farmers much expense in drying although many fields were not 
harvested until spring.

November was above normal for temperature and precipitation 
(Table 9). The most noteworthy fact is that only 30% of the normal 
sunshine was received. The damp and dull conditions saw some corn left 
until freeze-up. The first snowfall was received on November 11th and 
by the end of the month, we had 11 cm of snow measured on the ground.

Snowfall in December was quite heavy and despite several 
rains, a good snow depth continued through most of the month. Temperat
ures were near normal for December but sunshine remained low at less 
than 60% of normal.

The yearly total for precipitation was 883 mm which was 25 mm 
above normal. There were 33 days when the maximum temperatures was 
above the 1 in 10 probability level and 46 days when the minima were 
below the 1 in 10 year level (see Fig. 1),

R.W. Kelly
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Table 9: Temperature and precipitation for 1977 (Elora Research Station)

Month
Temperature (°C) P recipitation(mm)

Mean 
(°C)

Normal 
(°C)

Departure 
(°C)

Total 
(mm)

Normal 
(mm)

Departure 
(mm)

January - 12.9 - 7.6 - 5.3 41.9 70.9 - 29.0

February - 7.8 - 7.2 - 0.6 43.9 56.9 - 13.0

March 1.3 - 2.4 + 3.7 69.1 63.0 + 6.1

April 7.3 5.9 + 1.4 39.9 68.6 - 28.7

May 14.5 11.4 + 3.1 43.7 78.7 -35.0

June 16.1 17.3 - 1.2 59.2 76.2 - 17.0

July 19-9 19.4 + 0.5 87.1 78.7 + 8.4

August 17.3 18.4 - 1.1 119.1 78.7 + 40.4

September 14.4 14.7 - 0.3 155.4 76.2 + 79.2

October 7.3 9.1 - 1.8 66.0 70.9 - 4.9

November 2.7 1.4 + 1.3 87.9 68.6 + 19.3

December - 5.5 - 5.1 - 0.4 69.3 70.9 1.6
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Figure 3 : The norma I and the 1977 mean temperature by mon th 
for the Elora Research Station.

Figure The accumulated degree days, normal and for 1977, 
for the growing season at the Elora Research Station.



SOI L SCIENCE RESEARCH

SOIL SURVEYS

In 1977, the program in soil survey in Ontario was brought 
under the jurisdiction of the Ontario Institute of Pedology. This 
agency brings together personnel from the Department of Land Resource 
Science, University of Guelph, Agriculture Canada and the Ontario 
Ministry of Agriculture and Food for the purpose of encouraging and 
coordinating further soil resource inventories and pedological 
research in Ontario

In addition to the financial support from the cooperating 
agencies, funding again was received through the Agricultural Working 
Group of the International Joint Commission, Great Lakes Water Quality 
Agreement, for completion of studies on the effects of agricultural 
land use practices on soil erosion and water quality.

Progress which has been made in the various projects is 
summarized in Table 10.

Special Studies

A number of special studies are being continued, or have 
been initiated during 1977. These are as follows:

1. Effects of Pipeline Construction on Soil Properties -

Along the Nanticoke-Hamilton pipeline in the Haldimand- 
Norfolk regional municipality, studies were initiated to determine 
the effects of pipeline construction on soil properties and crop 
growth. The information, therefore, supplements data being 
gathered in the soil survey of the region.

Representative soils were chosen and sampled, prior to 
commencement of construction over the trench area, on the easement 
where machinery traffic would be greatest, and in the adjacent 
field. The sites will be sampled again after renovation is 
complete, and at yearly intervals for at least 5 years. Analyses 
inc1ude in situ testing of physical parameters including penetrometer 
and vane shear, as well as laboratory analyses of bulk density, 
hydraulic conductivity, particle size, particle density, porosity, 
pH, organic matter content, and exchangeable cations. Crop yield 
measurements also will be made at each of the sites during the term 
of the study.
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Table 10: Status of active soil survey projects in Ontario.

Proj ects Seal e Act i v i ty in 1977
Anticipa ted
Publication 
Date

Peterborough County 1:63,360 Soil map in preparation in Cartography Unit, Ottawa; 
final editing of soils report completed.

Feb., 1979

Thunder Bay 
(Map Sheet (52A))

1 :50,000 &
1 :250,000

Soil map in preparation in Cartography Unit, Ottawa; 
soils report was finalized.

1979

Timmi ns-Noranda 
Rouyn Map Sheet 
(42A, 32D)

1 :50,000 8 
1:250,000

Soil map in preparation in Cartography Unit, Ottawa; 
final field checking completed, soils report nearly 
completed.

Dec., 1978

Sault Ste. Marie-Blind
River Map Sheets (AlJ, 41K)

1:50,000 & 
1:250,000

Soil map in preparation in Cartography Unit, Ottawa; 
soils report was written.

1979

Sudbury Map Sheet
(411)

1:50,000 & 
1:250,000

Soil maps in preparation in Cartography Unit, Ottawa; 
soils report was written.

1979

Brant County 1:25,000 Some field sampling conducted, compilation of soils 
information on photo-mosaic base was commenced.

1980

Middlesex County 1:50,000 Field sampling and checking completed, editing of 
photomaps continued, preparation of the soils report 
in progress.

1980

Six Agricultural Subwater- 1:25,000 
sheds in Ont., I.J.C. Project

Regional Municipality of 1:25,000
Hald imand-Norfolk

Regional Municipality of 1:50,000
Ottawa-Ca r1e ton

Cochrane-Kapuskasing 1:50,000 S
Map Sheets (42H, 42G) 1:250,000

Dryden (52E), Kenora (52F), 1:50,000 &
Fort Frances (52C), North 1:250,000
Bay (31k), Gogama (41P, 31M)
Map Sheets

Soil maps completed, report completed for I.J.C.

Field mapping continued, approximately 138,000 acres 
mapped in 1977, region 60% completed. Preliminary 
soil maps prepared for portions of the region.

Field mapping continued, approximately 97,000 acres 
mapped in 1977 bringing region to 54% completion. 
Preliminary soil maps are in preparation.

Field checking was continued, report not written.

Field mapping has been completed, final editing and 
correlation are required, reports not written.
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2. Mineralogical and Micromorphologica1 Characterization of Soils -

Soils ranging in texture, drainage, mode of origin of parent 
material and pedogenic development are being studied in order to 
relate the strength of textural B horizon development to the type 
and extent of clay orientation. The purpose of the study is to 
improve field criteria for the recognition and classification of 
textural B horizons.

A range of soil parent materials also are being studied to 
determine the relationship of clay mineralogy to shrink-swell 
properties as determined by COLErod measurements.

These studies have been initiated by researchers of the 
Land Resource Research Institute, Ottawa in cooperation with 
personnel of the Ontario Institute of Pedology.

3. Collation of Historic and Current Soil Resource, Soil Productivity 
and Soil Management Data -

A survey was made of the types of crop performance research 
being conducted in southern Ontario to determine which sources of 
crop yield data would be most useful for the purposes of the 
Performance/Management File of the Canada Soil Information System 
(CanSIS). Problems associated with the use of this data for 
determining soil-crop performance relationships were identified. 
A methodology to obtain supplemental pedological and soil 
management information for crop trial sites is being established.

4. Soil Erosion Studies -

The aim of the current soil erosion investigations is to 
develop a capacity for predicting the source and magnitude of 
sediment derived from agricultural lands and delivered to the 
Canadian Great Lakes.

To offer a reasonably optimum approach to the broad problem 
of predicting the surface movement of pollutants from agricultural 
lands, five main stages were recognized in this study. These are:

(i) to develop conceptual deterministic models of soil erosion 
and sediment transport from source to stream;

(ii) to test, verify and improve the conceptual models with 
detailed data collected from a limited number of 
agricultural watersheds;

(iii) to test the spacial extrapolatability of the models with 
monitored data collected from other I.J.C. selected basins;
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(iv) to test the temporal extrapolatability of the models by 
comparing the sampled period of record (i.e. 2 years) 
with a longer history of flow and extremal situations; 
and

(v) to integrate results generated from other PLUARG studies 
relating to erosion and sedimentation.

C.J. Acton

Massive Iron Formations in some Gleysolic Soils of Southwestern Ontario

The occurrence of massive iron formations has recently been 
noted in some Gleysolic soils of southwestern Ontario, although their 
occurrence is very localised and not extensive. Many of these 
formations are up to 3,000 cm2 in area and up to 12 cm thick, with 
some material weighing up to 9 kg. These massive concentrations of 
Fe2O3 not only cause damage to agricultural machinery but also inhibit 
root penetration in newly established crops.

Six sites in all were investigated, five in Haldimand County 
and one in the Regional Municipality of Niagara. Five of the soils 
were classified as Orthic Humic Gleysols and one as a Humic Luvic 
Gleysol (Lincoln and Toledo Series, normal and coarse phases).

The topography of the sites was gently undulating with 
slopes from 1° to 3° and runs of 10 to 50 meters. The area in which 
the iron formations could be observed on the soil surface was very 
localised and ranged in area from 20 to 100 sq. m. At every site the 
formations occurred on small sandy to sandy loam knolls overlying 
clayey subsoils and immediately downslope of a low spot or wet area.

The major concentration of formations always occurred in the 
Bg horizon, and in some cases this horizon was completely cemented 
into a massive concretionary layer (Bgfc horizon). Their chemical 
composition ranged from 7.4 to 10.6% for Al2O3, 19.6 to 49.9% for 
Fe2O3,, 0.8 to 11.1% for MnO2 and 0.7 to 3.2% for C. Linear correlation 
analysis showed no significant relationships between the various 
elements and no consistent trend of chemical composition with depth. 
No crystalline forms of Fe or Mn could be detected by X-ray diffraction 
analysi s.

The very localised occurrence of these iron formations on 
small knolls immediately down slope of wet clayey low spots suggests 
that Fe2+ and Mn2+ are moving laterally through the clayey subsoil and 
and are oxidised at some seepage point downslope at the contact zone 
between the reduced finer textured subsoil and overlying more aerated 
coarser textured material. The large size of the formations suggests 
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that the Fe2O3 precipitated in them must have come from a considerable 
catchment area and may have originally formed as a continuous layer 
which has subsequently been broken up by ploughing.

L.J. Evans

Soil Investigations on Pre-Wisconsin Land Surfaces. Baffin Island, 
N.W.T.

It is only in the last number of years that it has been
recognised that large areas along the north coast of Baffin Island and 
possibly also small areas along the east coast of Labrador were not 
glaciated during the Wisconsin ice advance. Pedological development on 
these relatively old land surfaces has therefore not been studied to 
any great extent.

In July 1977 two contrasting areas were investigated, one
developed on granite/granite gneiss on Broughton Island (67°30'N, 
64°0'W), and the other developed on Tertiary basalts at Cape Dyer 
(66°35'N, 61°40'W). Both areas have similar mean annual temperatures 
of -8°C and -6°C but differ widely in the amount of annual precipitation 
(30 cm and 67 cm respectively).

The soils on Broughton Island were found to be intensely
cryoturbated and various pattern ground forms, principally sorted nets 
and polygons, were found. Permafrost was generally encountered at less 
than 30 cm in Turbic Cryosols and at approximately 1 m in Static 
Cryosols. The Static Cryosols were of only localised occurrence and 
associated with a large lateral moraine. Depth of solum was greatest 
in Static Cryosols although they contained much less silt plus clay 
than the Turbic Cryosols. A number of Turbic Cryosols, developed in 
sorted nets were sampled horizonally to determine the variation in 
soil properties from the centre of active cryoturbation to the 
relatively inactive stone line circling the sorted net. Results 
indicated that pH values, organic carbon contents and particle size 
distribution varied systematically across the circle.

Soil development at Cape Dyer was found to be much less than
at Broughton Island, probably because of the shorter snow-free period 
and the exposed location of the outcrops. Clay contents were found to 
be very low, the highest recorded values being 3%-

L.J. Evans and B.H. Cameron
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Evaluation of High Resolution Side Looking Airborne Radar on the 
University of Guelph Test Strip

Imagery obtained from the four channel Environmental Research 
Institute Michigan (ERIM) radar system was evaluated for soil survey 
and field type identification purposes. The area imaged was snow 
covered to a maximum depth of approximately 1 meter. An icy snow 
surface, high moisture content, or ice layers within the snowpack may 
have been the cause of attenuation of the X-HH signal, creating a 
lack of tonal variations. The other three channels exhibited 
tonality patterns which varied between and within channels and 
agricultural fields. These tonality patterns were not attributed to 
geologic or topographic influences, but low correlations with the 
soils map of the area were observed. Vegetation at these locations 
appeared to be the cause of these correlations. Grey scale values of 
the seven dominant field types encountered in the study area indicated 
that discrimination is possible using tonal signatures from all four 
channels of this side looking airborne radar (SLAR) system. The 
cross-comparison of each channel's response value may separate fields 
with very similar averaged reflectance values. More ground truth and 
more effective use of ancilliary data are needed to improve the 
interpretation procedure. A more quantitative method of the tonal 
measurement is also needed and combined with a measure of texture 
would greatly enhance the discriminative ability of radar systems. The 
combination of these improvements would make possible the digital 
classification of SLAR by computer. Thus multi-tempora1 and 
multi-spectral radar imagery, in combination with the effective use of 
ancilliary data, have the potential to discriminate crops and soils for 
agricultural purposes.

B. Brisco and R. Protz

The Soil Micromorphology of the Turbic Cryosols

The soil micromorphology was investigated for the Orthic, 
Brunisolic, Regosolic and Gleysolic Turbic Cryosols which were 
sampled from the MacKenzie River Valley.

The B horizons of the Orthic and Brunisolic Subgroups show 
predominantly a porphyroskelic plasma with distinct areas of iron 
oxide/organic matter accumulations, iron-rich nodules and organic 
matter fragments. The Ahyz horizon, located beneath the permafrost 
table, is dominated by undecomposed plant material (histons), humified 
organic matter and increased content of Na-pyrophosphate extractable 
Fe and Al.

Two profiles of a Regosolic Turbic Cryosol were examined: 
one developed on a morainal till had a dense plasma with skew planes, 
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and the second formed in a limestone-rich colluvial deposit had angular 
to subrounded lithorelicts set in a calcic plasmic fabric.

Special features noted in the Gleysolic Turbic Cryosol are 
the nodules, organic matter concentrations, and the weathering of the 
larger mineral fragments.

C. Fox, R. Protz, J.A. McKeague
(Land Resource Res. Inst. - Ottawa) 
and C. Tarnocai (Land Resource Res. 
Inst. - Winnipeg)
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LAND USE

The concept in which research related to land use is conducted 
regards land in the total natural and cultural environment within which 
several different uses occur. Land is a broader term than soil. Its 
attributes include in addition to soil other features such as climate, 
water, location in respect to centres of commerce and the size of indiv
idual tracts or holdings.

Problems about land use for which answers are sought result 
from a combination of both its natural genesis and human influences 
which have been brought to bear on it in the past and those which are 
still active in the present. Human influences may be the result of 
positive human action or they may be the result of human negligence. 
Some problems related to land used for agriculture have developed be
cause of a lack of understanding about the quality or capacity for per
formance of land. Other problems have developed because of a short 
supply of high quality land and continuing competition for the best 
land for several uses. Current concern about degradation of land 
through misuse, such as allowing accelerated erosion to take its toll 
and an apparent need for more precise information about the capability 
of land for agricultural use indicates the need for knowledge and fore
sight to develop effective land use programs.

Over the years much effort has been spent on developing an 
inventory of the land resources for Ontario. During 1977 more- inform
ation has been added to that compiled previously through the efforts 
of those associated with the Ontario Institute of Pedology as revealed 
in the Soil Survey portion of this Progress Report.

The total acreage of soil capability for agriculture in Ontario 
included in the Canada Land Inventory Study shows the quantity of high 
quality land is limited. The inventory includes approximately 8,750,000 
hectares of land in Classes 1, 2, 3 and 4. Of this amount only 46% is 
of Class 1 and 2 quality. Most of the Class 1 and 2 land occurs south 
of the Canadian Shield where the demand for land for uses other than 
agriculture is very high.

Those charged with the responsibility of making decisions about 
the use of land rely heavily upon published information about Ontario's 
land resources. Often the information has been published at a scale that 
does not provide sufficient information to support decisions required to 
allocate land areas for different uses.

Work commenced in 1977 to prepare a set of guidelines that will 
assist those who use published land use information. The guidelines will 
stress the strengths and weaknesses of published information that Is avail
able. For example the need to designate land for different uses is given 
significant priority in the Green Paper on Planning for Agriculture pre
pared by the Ontario Ministry of Agriculture and Food. The guidelines 
should be useful for this purpose.
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Sources of information being used in the preparation of the 
guidelines include County soil survey maps, Canada land inventory 
publications, climatic reports, and aerial photographs. A questionnaire 
has been circulated to users of information such as regional and county 
planners, agricultural representatives, engineers and personnel of the 
Food Land Development Branch of the Ontario Ministry of Agriculture and 
Food. Answers from the questionnaire will be used to assess how users 
feel about the suitability and availability of published information 
for the land use decision making process. Like several of the projects 
included in the Agricultural Land Use Research Program this study was 
initiated within the past year. Material for the guidelines is being 
compiled.

N.R. Richards and J. Hansen

Rural Development Review

The final report of the Federal-Provincial Rural Development 
Review Committee was completed in March 1978. This report has not been 
published. A Review Committee was established with a mandate to review 
and evaluate the past ARDA programmes, to report on the future role of 
a rural development agreement in Ontario, and to propose alternative 
mechanisms for implementing such an agreement. The report;

(a) summarizes the achievements of the Ontario ARDA programme since its 
inception in 1962.

(b) out!ines complementary federal and provincial rural development 
programmes.

(c) discusses existing and future economic and policy environment 
within which rural development programming must take place.

(d) proposes a set of goals, objectives and programmes for a new rural 
development agreement between the two levels of government; and,

(e) outlines three major alternative mechanisms for undertaking such 
an agreement.

A publication, Statement of Activities, 1975-1976 is 
available from Canadian Council on Rural Development, 161 Laurier Ave. 
W., Ottawa, Canada, KIA 0M4.

The Canadian Council on Rural Development convened a 
conference, Working Towards a Future, at Perth, October 20 and 21. 
Cooperating agencies were the provincial Ministries of Agriculture and Food 
and Treasury, Economics and Intergovernmental Affairs. N.R. Richards 
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assisted with the organization of and participated in the conference.

Copies of the report of the conference are available from 
the Canadian Council on Rural Development, 161 Laurier Ave. West, 
Ottawa, Ontario, Canada, KIA 0M4.

N.R. Richards

Canadian Agricultural Research Council

The annual report of the Council was presented by
N.R. Richards to the Canadian Agricultural Services Co-ordinating 
Committee in May, 1978. The report deals with the work programme of 
the Canadian Agricultural Research Council (CARC) for the year 
1977-1978. During the year, CARC published an Inventory of Agricultural 
Research in Canada. Copies are available from CARC, Neatby Building, 
Agriculture Canada.

N.R. Richards

Urban Sprawl in Wellington County

A study was performed in Wellington County to determine the 
impacts of urban sprawl on agricultural land use from 1955 to present 
day (1978). Three townships were chosen, Nichol, Puslinch, and 
West Luther, to portray a gradation of land use trends due to 
differential urban pressures. The investigation represents an 
extension to a similar study undertaken as a fourth year project in 
resources management during 1977.

To assess the changes in rural land-use patterns, 1955, 1964 
or 1966, and 1972 air photographs were used. Field mapping (1978) 
provided the basis for present day land use data. Observations were 
made on a number of land uses including farms, farm ruins, rural 
non-farm residences (R.N.F.R.), industrial sites (primarily aggregates), 
commercial sites, service sites, and recreational use.

Nichol Township represents an area of predominantly Class 1 
and 2 lands with a viable agricultural production. Urban pressures on 
rural lands in Nichol Township have increased steadily in recent years 
due to its proximity to Guelph and the expansion of Elora and Fergus.

Within the township, the number of farms has been decreasing 
while the number of farm ruins per year has been increasing. As 
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indicated in Table 11, R.N.F.R. have been rapidly increasing, especially 
since 1964, with the major development occurring along the corridors 
between Elora and Fergus. Other development is scattered randomly 
throughout the township with a higher concentration relative to the 
proximity of Guelph.

Puslinch Township, which contains mostly Class 3 and 4 land 
has experienced the most dramatic changes in land use patterns. During 
the period 1964-1978, about 5.8 farm dwellings have gone to ruin with 
the corresponding decrease in the number of farms per year being 1.3*  
Concomittent with these changes, the number of hobby farms has increased 
significantly. Factors affecting this loss of farmland include the 
construction of Hwy. 401, the Hanlon expressway, Nanticoke hydro line, 
the Montsberg dam, and aggregate mines. Urban pressure has had the most 
dramatic impact during this period as reflected by the construction of 
241 additional R.N.F.R. (Table 11) since 1972.

West Luther Township, which consists primarily of Class 2 and 
3 lands with the exception of the area immediately adjacent to Luther 
Marsh, is still a predominantly agricultural area and is under relatively 
little urban pressure. Farm numbers have diminished due to enlargement 
of existing farms and as lands are purchased for conservation uses 
(Class 5 and 6 land). R.N.F.R. have been increasing (Table 11), mostly 
in the vicinity of Arthur.

In general, land use changes in Wellington County during 
recent years have primarily been from agriculture uses to some alternate 
use such as R.N.F.R., recreational developments, or aggregate mining 
operations. Nichol and Puslinch Townships, which are located close to 
Guelph, show the most dramatic effects of urban pressure.

As development and conflicts in land use continue, it is 
apparent that policies are required to promote a strong agricultural 
industry and reduce urban pressures. In this regard, it will be inter
esting to evaluate the impact of the 'Green Paper on Agriculture - 19771 
and the implementation of secondary plans on future land use changes in 
these Townships.

M.L. Fairies and E.E. Mackintosh

The Effect of Selected Soil Properties on Surface Temperature Measured 
by Thermal Infrared Imagery along the North Shore of Lake Erie

This study was part of the larger contract entitled, 
"Locating the Potentially Most Profitable Soils for Growing Grapes in 
Areas Bordering Lake Erie".

Thermal infrared imagery (8-14 pm) flown in the early predawn 
period and also at a time centered around solar noon, was collected over
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Table 11: Distribution of rural non-farm residences.

Township Time Period

1955 - 1964 1964 - 1972 1972 - 1978 1955-1978

Rate of
Change 

(uni ts/yr)

Change 
i n No. 
Units

% Change Rate of 
Change 
units/yr)

Change 
in No. 
Units

% Change Rate of 
Cha nge 
units/yr)

Change 
in No. 
Units

% Change Rate of 
Change 

(units/yr)

Nichol 71 91.0 7.9 123 82.6 15.4 118 43.4 19.7 13.6

Puslinch 97 248.7 10.8 263 191.1 39.9 241 60.4 40.2 26. 1

W. Luther*  5 55.6 .4 10 71 -4 1 .2 23 95.8 3.8 1.7

* 1966 data used instead of 1964.



the north shore of Lake Erie. This imagery, collected in the early 
spring, provided surface temperature information which was subsequently 
correlated with soil properties measured at 314 different sites.

The soil properties measured were: surface moisture, 15'30 cm 
moisture, % organic matter and particle size distribution. Eighty of 
these sites were further characterized according to slope, aspect, soil 
colour and horizon thickness.

The thicknesses of soil horizons showed the highest correlation 
with surface temperature. Data are presented which indicate 
increased moisture contents, % clay, % gravel, and increased % organic 
matter each contribute to an increased surface temperature at night. 
Both soil chroma and value affect surface temperature. Data are 
presented which indicate that south facing slopes are warmer than 
of other aspects and steep slopes are warmer than gentle slopes during 
the night.

Multiple regressions are presented which indicate that up to 
50% of the surface temperature variations can be explained by soil 
properties in unstratified data.

J.P. Duff and R. Protz

Agricultural Land Productivity Studies

A program was initiated in 1977 to develop better estimates 
of the productivity of the major soi1-climatic combinations in Ontario. 
This is a part of an interdisciplinary program on land evaluation 
sponsored by Agriculture Canada and Ontario Ministry of Agriculture and 
Food and including members of the Department of Geography and the School 
of Agricultural Economics and Extension Education. The land evaluation 
program, which is administered through the Centre for Resources Develop
ment is designed to provide a better basis for land use decisions in 
Onta r i o.

Previous work under the Canada Land Inventory has classified 
each of the soil series mapped in Ontario into one of seven classes 
based on limitations for production of general field crops. Estimates 
have been made of the relative productivity of the top four classes 
under optimum management. The present land productivity program is 
intended to refine and extend the usefulness of the Canada Land Inventory 
Agricultural Capability information. Specifically, (i) climate will be 
treated as a separate component to allow greater flexibility in dealing 
with climatic change and (ii) management and cost of production factors 
will be incorporated.
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Crop growth and productivity models are being developed based 
on existing soil moisture-based growth models for corn and alfalfa hay. 
These models are being modified as required to account for the effect 
of soil limitations such as density, droughtiness, excess moisture, 
slope etc. on productivity. Preliminary tests of the revised models 
will be made in the field during the 1978 growing season.

N.H. Miller, D.M. Brown, 
E.E. Mackintosh, M. Sheppard and 
R. McBride
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SOIL PHYSICS

Simultaneous Transport Through Clay

An overview of a long-term study concerning simultaneous 
transport processes in montmorillonite was presented in the 1976 
Progress Report. The analysis is now completed (Groenevelt, El rick and 
Blom, 1978). Considerable progress is made in the understanding of the 
observed phenomena during short-circuiting of the electrodes. It 
appears that a consistent explanation for the apparent discrepancies 
between theoretical and observed values lies in the shorting efficiency 
of the membranes which are used as electrodes. This explanation closes 
the gap between two sets of observations by which the permiseilective 
properties of montmorillonite are exhibited. A particular result of 
the analysis is that from the observed macroscopic data the effective 
water layer thickness and the tortuosity within the clay-water system 
can be deduced. The permiselective properties can be characterized by 
two macroscopic parameters, the reflection coefficient and the 
"charge fluidity". The former is a parameter which is widely 
recognized in chemical and biological studies. The latter appears to 
be an indispensable element in the analysis. The significance of this 
parameter in a wider perspective has still to be worked out.

P.H. Groenevelt and D.E. Elrick

Dual Gamma Scanning of Stratified Systems

The dual gamma scanner continues to be the most promising 
apparatus for the study of transport phenomena in soils in which the 
change of water (or ice) content is accompanied by a change in the dry 
bulk density.

The observation of anomalies, apparently linked to the 
presence of a discrete ice lens, has led to a refinement of the analysis 
of data for systems which are stratified in the direction perpendicular 
to the gamma beams. This refinement is equally valid and mandatory 
in the presence of ice lenses as in the presence of horizontal cracks 
which may occur in shrinking clay soils. A modified scanning procedure 
is proposed to solve for the unknown densities on either side of the 
interface and to locate the position of the interface.

Our findings are submitted for publication to the J. of Soil 
Set. Soc. Amer. (Goit, Groenevelt, Kay and Loch, 1978).

B.D. Kay and P.H. Groenevelt
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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. The redistribution of solutes as a consequence of 
ground freezing conditions

Elucidation of the processes which influence the behavior of 
solutes in freezing soils involves two aspects. Firstly, the equations 
to describe the transport of heat, water and solutes must be formulated 
in differential form and then these equations solved using initial 
conditions which can be attained in the laboratory. Secondly, sound 
experimental data must be generated on which the mathematical models 
can be tested.

Formulating and solving the necessary transport equations has 
received considerable emphasis during the past year. Attention has 
been focused initially on solute redistribution due to exclusion of 
solutes by an advancing ice front. This mechanism is expected to be 
dominant under conditions of a rapidly advancing freezing front. In 
order to experimentally verify these equations, solute redistribution 
due to growing ice lenses must be minimized, i.e. the only water flow 
permitted would be that away from the freezing front due to the volume 
changes associated with phase transitions in a saturated medium. The 
initial and boundary conditions have been formulated such that 
analytical solutions are obtainable.

Measurements of solute distribution will involve both 
destructive sampling (slicing columns of soil which have been frozen 
for specific periods of time using specific temperature gradients) as 
well as nondestructive sampling (using radioactive tracers). The 
nondestructive sampling will involve the adaptation of an existing dual 
energy gamma scanning unit. This unit has been developed as part of 
our total program on freezing soils and is used to simultaneously 
measure total water content and bulk density of zones of 
0.1 cm in thickness. This technique is proving tremendously powerful 
in generating sound experimental data on which models of heat and 
water flow in freezing soil may be tested. As a consequence, the
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technique has attracted international interest. The unit requires 
additional refinements to measure water contents to the desired 
accuracy (+.02g H2O/g soil). Studies are continuing on this project.

B.D. Kay and J. Jackman

2. The development and evaluation of a laboratory-based 
screening program for winter hardiness in alfalfa

Alfalfa is important in agriculture as a source of protein 
as well as a cheap source of soil nitrogen. However, one of the 
principal limitations to alfalfa production in Ontario is winterkill. 
Depending on specific climatic conditions this may be due to frost 
heaving of the alfalfa plants, prolonged low temperatures in the 
crown and upper root zone, cyclic freezing and thawing of the crown, 
or the presence of an ice cover over the crown for an extended period.

A significant objective of most breeding programs is to 
increase winter hardiness. However, a detailed evaluation of winter 
hardiness in a breeding program is very time-consuming due to the 
uncertainty in weather conditions overwinter. As a consequence a study 
was initiated during 1977 for the purpose of developing an effective 
laboratory screening program which can simulate soil and climatic 
conditions overwinter in order to evaluate winter hardiness.

In order to develop a laboratory-based screening program for 
evaluating winter hardiness, a low temperature laboratory/storage 
facility is required. In addition a standard methodology for 
rearing plants must be developed. Efforts during the current year have 
been directed towards both of these aspects.

A low temperature growth chamber was selected to provide the 
necessary laboratory/storage facilities. This facility is being used 
for storing intact plants (including complete soil-root systems) and 
will also be used for those screening tests which will be carried out 
at temperatures close to freezing.

The development of an appropriate methodology for rearing 
plants required that the following criteria be met.

1. The plants be grown in soil which is known to be very 
susceptible to frost heaving.

2. The rooting pattern of the plants either be as similar 
as possible to that occurring under field conditions 
or such that winter survival is not influenced by 
rooting pattern.
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3. The plants go through a hardening-off process 
corresponding to that under natural conditions before 
the plants are transferred into storage and 
subsequently involved in the screening program.

4. The plant-soil systems be easily transported to the 
storage facility and maintain their integrity 
throughout the screening program.

In order to select an appropriate methodology which met 
these criteria, three different rearing techniques were considered. 
Alfalfa plants were seeded during May, 1977 in PVC piping of two 
different diameters (20.3 cm and 2.5 cm). Prior to planting, the 
pipes were filled with Guelph loam, a soil which both laboratory and 
field studies have shown to be very susceptible to frost heaving. 
Pipes of both diameter were set out in the field with the upper surface 
of the pipes flush with the ground surface. In addition, replicates 
of the smaller diameter pipe were maintained in growth chamber.

The plant-soil systems were transferred to the low 
temperature laboratory/storage facility after December 1, 1977- 
Preliminary tests on the winter hardiness of these plants are being 
carried out in order to identify any differences in survival rates due 
to the method of rearing. Once an acceptable rearing technique has 
been established efforts will be directed towards the development of 
rapid, reliable screening techniques.

B.D. Kay



SOIL CHEMISTRY

A Leco WR-12 carbon analyzer was obtained and set up with 
the existing induction furnace to give a simple and fast system for 
total C analysis in soil. All results to date indicate that the 
system is very precise and the results are comparable to other 
procedures. It is now recommended for total C determinations.

R.L. Thomas
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WASTE DISPOSAL ON AGRICULTURAL LAND

Land Disposal of Sewage Sludge

The objective of this research was to determine maximum rates 
of sewage sludge application which can be used on agricultural soil 
without contaminating subsurface water with nitrate nitrogen, and surface 
waters with elements toxic to humans and animals and without reducing 
the yield or quality of the crops produced.

Runoff studies were conducted with fall, winter and spring 
applied fluid sewage sludge on land cropped with grain .corn over a five 
year period. Nutrients and metals in runoff water were measured. Field 
rate and source studies are continuing with three sludges resulting from 
treatment of sewage with calcium hydroxide, ferric chloride and aluminum 
sulphate for phosphorus removal. One experiment involves surface sludge 
applications on a loam soil on which bromegrass is grown, and two 
experiments involve corn on a loam, and a sandy loam. These trials have 
been in progress for five years. In a greenhouse experiment six fluid 
sewage sludges, selected for their high metal content, are applied to a 
sandy loam soil. Eleven crops of ryegrass have been grown with sludges 
added before each crop. Half of the treatments received no sludge after 
the fifth crop. Crop growth and nutrient and metal uptake are 
mon i tored.

Runoff losses continue to be small, with generally less than 
2 kg N or 1 kg P/ha lost in one year. Rainfall and winter frost 
conditions appear to be more important than total precipitation in 
determining runoff losses. Sludge application in winter did not create 
added hazards provided reasonable precautions were taken.

In the field rate and source studies the bromegrass and corn 
yielded slightly more with sludge than with ammonium nitrate.

The sludges increase sodium bicarbonate-extractable (plant 
available) soil phosphorus markedly, with the calcium sludge being much 
more effective than the other sludges. Phosphorus concentrations in 
the crops were high, and little affected by treatment.

Cadmium content of both grass and corn stover was increased 
by sludge application - greatest with the aluminum and iron sludges. 
Chromium was increased in some plant tissues at some sites. Copper, 
nickel, zinc and molybdenum concentrations in bromegrass and corn stover 
increased with high rates of sludge application. Metal concentration in 
corn grain was little affected by treatment.

In the greenhouse study increased rates of sludge applied at 
one time increased the concentrations of metals in ryegrass, with the 
exception of antimony, mercury and selenium which did not increase. 
Repeated cycles of sludge application and cropping did not increase 
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metal concentrations .in the ryegrass from one crop to the next at any 
of the rates studied. One exception to this was zinc, which showed 
some increase in content from one crop to the next with one sludge 
very high in zinc.

The metal concentrat ions in ryegrass receiving different 
sludges frequently did not correspond to the amounts of metals added. 
The metals in different sludges therefore differ in availability either 
because they are in different chemical form or because their uptake is 
influenced by other factors which differ from one sludge to another.

T.E. Bates, A. Haq, J.W. Ketcheson 
and Y.K. Soon

Sludge Effects on Soil and Corn at Elora Research Station

Anaerobically digested sewage sludge from the Guelph Water 
Pollution Control Plant was applied in 1972, 1973 and 1974 to plots at 
the Elora Research Station. Corn grain and stover yields have been 
obtained for six consecutive years (1972-1977)• Chemical fertilizers 
were added for the cropping years 1975-1977.

This report summarizes the effects of the sludge on soil 
oxidizable carbon, cation exchange capacity, bulk density and l/3“bar 
moisture and cadmium (Cd) and zinc (Zn) contents of the corn grain 
and stover for 1977- Soil samples were obtained in July 1977 for 
laboratory analysis.

The quantities of total solids, Cd and Zn added to the soil 
over the three-year period (1972-1974) are shown in Table 12.

applications of sludge (1972-1974).
Table 12: Amounts of total solids, Cd and Zn added to soil by three

T reatment Total Sol ids Cd Zn
(cm sludge added) (metric tons/ha) — kg/ha-

0 0 0 0
1.25 25.1 4.8 140
2.5 50.2 9.6 280
5.0 100.4 19.2 560

The data on soil properties, Table 13, show few significant 
differences in the third year after sludge applications ceased. The 
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readily oxidizable soil carbon has increased 0.25% in the 5.0-cm treat
ment over the control treatment. If the carbon in sludge solids is 
approximately 33 percent, then the addition of 100 MT splids/ha (Table 
12) would have added 33 MT carbon/ha to the soil. If the 33 MT are 
distributed throughout a 25"cm surface soil, the increase in soil carbon 
would be approximately 1.1 percent (25-cm depth of soil over 1.0 ha is 
equivalent to 3000 MT). The cation exchange capacities and bulk 
densities were not affected significantly by previous sludge additions. 
The volume of water at 1/3-bar was greatest in those plots receiving 
the greatest sludge addition but the difference was not significantly 
greater than in the untreated plots.

Table 13- Soil properties following sludge treatments (sampled July, 
1977).

T rea tmen t
(cm sludge added)

Ca rbon 
%/wt

C.E.C.
meq/100 g

Bulk density 
g/cm3

l/3“bar water 
%/vol.

0 2.06 b* 24.6 a 1 .23 a 28.1 ab
1.25 2.09 b 24.4 a 1.19a 28.9 ab
2.5 2.03 24.0 a 1.23 a 27.7 b
5.0 2.31 a 25.7 a 1 .22 a 29.4 a

* values in the same column followed by the same letter do not differ 
significantly at the 5% level of probability.

* Values in the same column followed by the same letter do not differ 
significantly at the 5% level of probability.

The cadmium content of the corn grain did not show significant 
differences in 1977 due to previous sludge treatments, Table 14. 
Research published by other authors has indicated that the corn grain 
tends to accumulate less Cd when sludge applications were ended. The Cd 
content of corn grain was less in 1977 than in 1976 (Progress Report for 
1976, p. 44). The Zn content of the grain from the 5.0 cm sludge 
treatments was greater than from the control for 1977 and slightly 
higher for all treatments in 1977 than in 1976.

Table 14: Concentrations (μg/g) Cd and Zn in surface soil (0-25 cm) and 
in corn grain and stover.

Treatments
(cm sludge added)

Surface Soil Corn Grain Corn Stover

Cd Zn Cd Zn Cd Zn

ug/g "

0 0.45 95.8 0.03 a* 14.0b 0.26 d 19.9 d
1.25 1.59 131 .7 0.04 a 18.3 ab 0.55 c 44.3 c
2.5 2. 54 140.0 0.04 a 19.6 ab 0.93 b 84.1 b
5.0 5.23 216.5 0.06 a 21.0a 1.36 a 119.1 a
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Cadmium and zinc concentrations in the corn stover showed 
significant increases with increasing amounts of added sludge Table 14. 
The concentrations of Cd and Zn were generally lower in 1977 than in 
1976 in the two higher rates of sludge additions. The pattern for the 
concentration of Cd and Zn in corn stover to be in direct relation to 
the quantities of added Cd and Zn was not found in the corn grain.

L.R. Webber
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AGRICULTURE AND WATER QUALITY

Contribution of Sediment and Phosphorus to the Great Lakes from 
Agricultural Activities in Ontario

The program initiated in 1975 under the auspices of the 
Pollution from Land Use Activities Reference Group of the International 
Joint Commission (see 1975 Progress Report, pp. 57-59) was completed 
on March 31, 1978.

A major part of the Canadian PLUARG program was a study of 
agricultural watersheds to determine the sources, transport mechanisms, 
and river loadings of various pollutants from agricultural land. The 
effect of soil type, land use and the associated agricultural activities 
on the total contribution of these pollutants was determined. The 
agricultural watershed studies consisted of monitoring and detailed 
studies of 11 small (20-70 km2) agricultural basins selected to 
represent major agricultural regions in southern Ontario.

Our efforts were directed toward sediment and phosphorus. 
These are the pollutants of major concern to water quality in the 
Great Lakes at the present time. Similar studies were conducted by 
others to determine the loadings of nitrogen from agricultural land. 
Other pollutants including heavy metals and organic toxicants are of 
concern but do not appear to be a problem in drainage from agricultural 
1 and.

Detailed studies of erosion from cropland and from streambanks 
in the watersheds have indicated that 70 to 100% of the sediment load 
can be attributed to sheet and rill erosion from cropland while 0 to 
30% of the sediment load is from streambank erosion. While soil erosion 
on cropland occurs at varying rates, the eroded soil does not become a 
water quality concern until it is transported from the field to the 
stream. Runoff investigations in Ontario have revealed that as little 
as 20% of a rural area generally contributes runoff and sediment to 
surface waters. Therefore it is apparent that all cropland does not 
create water quality problems. The potential for stream sediment 
pollution from rural land is maximum when crops with minimum canopy or 
ground cover protection are grown in approximately 20% of the rural 
land that frequently contributes runoff to streams. Any remedial 
measure programs to reduce the sediment load in streams need to be 
applied only in these contributing areas.

The erosion and sediment studies further revealed that about 
75% of the sediment load is transported in February and March when the 
soils are saturated. High energy rainfall events during the summer 
months can cause high on-site sheet erosion, but because the soils are 
generally not saturated at this time, infiltration of water is enhanced 
and the transport of eroded sediments is minimized. Streambank erosion 
is also maximum in the February-March-April period.
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Detailed studies were also conducted to determine the
contributions of phosphorus from different sources in the agricultural 
watersheds. A model was developed based on the density of the 
different types of livestock in relation to distance from water courses 
to estimate the phosphorus inputs from livestock operations and 
associated activities. A relationship was also developed to estimate 
the contribution of P in runoff from cropland. This relationship was 
based on the estimate of sediment loss, the P content of the surface 
soil in the watershed and the degree to which the sediment is 
enriched in phosphorus due to the selectivity of the erosion process. 
Estimates were also made of the contribution of P from streambank 
erosion and runoff from unimproved agricultural land.

From these studies it has been estimated that 70% of the
total P from agricultural land in Ontario comes from cropland, 20% from 
livestock and about 5% from each of streambank erosion and runoff from 
unimproved agricultural land. The major portion of the livestock 
contribution (40%) can be attributed to runoff from larger beef feedlot 
operations located within 400 ft of water courses, while 20% comes from 
manure spread on snow covered or frozen ground within 400 ft of water 
courses. The remainder comes from runoff from dairy operations, manure 
storage etc.

Regression analyses were conducted relating the loads of
sediment and phosphorus at the outlets of the 11 watersheds to water
shed characteristics. Two characteristics - % clay in the surface 
soil and proportion of the agricultural area in row crops - were the 
major determinants of both sediment and total P unit area loads (kg/ha). 
The lower infiltration and hence greater runoff from clay soils in 
combination with the higher transportability of the finer clay 
particles will explain the increased loads with increased clay in the 
surface soil. The increased sediment loads with increased row crops 
can be explained by the greater erosion that occurs with these crops. 
This along with higher fertilizer use on row crops will explain the 
increased phosphorus loads with increasing row crop cultivation.

The information obtained in the detailed studies has been
used to estimate the load of sediment and P from agricultural activities 
in the Grand and Saugeen River Basins in comparison to the total 
estimated loads. These estimations indicate that about 80% of the 
sediment and 55% of the P in the Grand River can be attributed to 
agricultural activities. In the Saugeen River about 50% of the sediment 
and 65% of the P is estimated to come from agricultural activities.

It has been estimated that the total loadings from Canadian
agricultural land to streams in the Great Lakes Basin in 197& was about 
3,000 tonnes of P and about 1,064,000 tonnes of sediment. The 
contribution of P represents about 50% of the total P loading from the 
same region and about 80% of the P loading from diffuse sources. The 
sediment loading represents about 70% of the total loading from the 
region.

M.H. Miller, J.B. Robinson 
(Environmental Biology), G.J. Wall, 
W.T. Dickinson (School of Engineering)



Volumes and Nutrient Content (NO-3 and P) of Percolates from Lysimeters 
Treated with Solid Waste and Digested Sewage Sludge

A second application of urban wastes was made in 1973 to a 
group of lysimeters on the Hydrology Station, Guelph campus. The 
treatments were:

Control - no wastes added

Waste - 280 metric tons/ha of shredded unsorted household
garbage (188 metric tons/ha of dry material at 
49% moisture)

Sludge - 2.3 cm anaerobically digested sewage sludge

Waste + Sludge - 280 metric tons/ha garbage plus 2.3 cm sludge

2(Waste + Sludge) - 560 metric tons/ha garbage plus 4.6 cm sludge

The lysimeters have been cropped with corn each year since 
the wastes were applied. Each year the equivalent of 100-25-65 kg/ha 
N-P-K was added as chemical fertilizers. Table 15 is a summary of the 
volumes of percolate (cm) and the nitrate-nitrogen (mg/1 and kg/ha) 
and the concentration of total P in the percolates. Similar data have 
been presented in Progress Reports for 1975 and 1976. Each treatment 
was replicated three times.

Table 15: Percolate characteristics for three periods in 1977 from 
lysimeters treated in 1973 with urban wastes.

Percolate NO-3-N Total P 

μg/mlcm %* μg/ml** kg/ha

Period: Jan. 1 to April 30, 1977; precipitation 25.5 cm

Control 22.3 87.4 59.7 135 .019
Solid Waste 22.6 88.5 61.3 140 .024
Sludge 23.7 92.8 48.1 113 .005
Waste + Sludge 22.7 88.9 68.1 153 .022
2(Waste + Sludge) 21.9 85.7 91.1 197 .009

Period: May 1 to Augus t 31, 1977; precipitation 37.8 cm

Control 2.8 7.4 7.1 2.0 .006
Solid Waste 3.4 9.0 12.5 4.3 .015
Sludge 3.5 9.2 8.7 1.8 .005
Was te + Sludge 3.5 9.2 14.2 4.9 .006
2(Waste + Sludge) 3.5 9.2 20.5 7.1 .005

Period: Sept. 1 to December 31, 1977; precipitation 41.3 cm

Control 10.0 24.5 23.8 2.6 .027
Solid Waste 11.7 28.4 121.5 14.5 .015
Sludge 11.2 27.1 26.3 6.7 .020
Waste + Sludge 12.3 29.8 47.7 5.7 .016
2(Waste + Sludge) 13.2 32.0 105.7 13.6 .061
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Table 16: A summary of volumes of percolate for 1977 from lysimeters 
treated with urban wastes.

Treatment Percolate (cm) % of Precipitation*

Control
Solid Waste
Sludge
Solid Waste + Sludge
2(Solid Waste + Sludge)

35.1 33-6
37.7 36.0
38.4 36.8
38.5 36.8
36.6 35.0

* Total precipitation, January 1 to December 31, 1977 was 104.6 cm.

From the data in Tables 15 and 16 , the following observations 
are made:

1. The greatest volumes of percolate (cm) and percolate 
expressed as a percentage of the precipitation occurred 
during the period January 1 to April 30. Percolate 
losses expressed as volumes or percentages of the 
precipitation were greater in 1977 compared with the 
1976 da a.

2. For the 12-month period 1977 total percolate losses (cm) 
ranged from 35 to 38 percent (Table 16) compared with 
losses of 29 to 33 percent for 1976, Progress Report 
for 1976, pages 51-53.

3. Nitrate-nitrogen losses (kg/ha) for 1977 were greatest 
during the January-April period as were the 
concentrations of NO3-N, Table 15.

The concentrations of total phosphorus in the percolates 
ranges from less than 0.01 to 0.03 ug/ml, values 
commonly associated with "clean water", Table 15.

5. The data in Table 15 suggest that NO-3-N losses are 
greater from those treatments which included the 
incorporation of shredded solid waste.

D.A. Tel and L.R. Webber
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SOIL PLANT RELATIONS

Response of Corn Hybrids to N Fertilization in 1977

An experiment conducted in 1976 at the Elora Research Station 
was repeated in 1977- The objective was to compare the response of 
different corn hybrids to N fertilization. Five early season hybrids 
were compared with respect to grain yield and lodging responses to 
increasing nitrogen fertilizer (preplant; ammonium nitrate) levels.

Although there was a significant yield response to N 
fertilization, each hybrid responded in a similar manner (Table 17)• 
Lodging, measured as the percentage stalks at an angle of h5° or 
greater from vertical at harvesting time, was much greater than that 
normally observed. This was probably due to a root worm infestation. 
N fertilization had no general influence on lodging. However, the 
average yield of hybrids generally increased with a decreasing 
percentage of lodged plants.

Table 17: Grain yield and percent lodged plants at harvest of five 
hybrids with different N fertilization levels at the Elora 
Research Station (1977) -

Applied N

United
H 106

P ioneer 
3990

Hybrids

Warwick 
SL 207

Stewart 
2501

PAG
SXI 1 1

(kg/ha) — Grain Yield (kg/ha; 15% H20)-------------

0 4100 4400 3690 3330 4210
67 5400 6050 5530 5340 6210

134 5160 6590 5800 6000 7070
268 5710 7093 6010 60h0 7110

(o,\___________ _______Lodged Plants \'o)

0 70 43 61 67 57
67 48 45 68 54 19

134 75 37 61 48 22
268 56 43 54 55 27

E.G. Beauchamp
R.B. Hunter (Crop Science)
L.W. Kannenberg (Crop Science)
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Check 3990 h 6570 a

Urea; preplant; 67 4270 gh 6370 a
" " 134 4840 e-h 6380 a
" " 268 6150 a 6690 a

LCM; preplant; 67 4590 fgh 5960 a
" " 134 5000 efg 6340 a
" " 268 5860 abc 6560 a

LCM; resid.*; 67 4390 fgh 6410 a
" " 134 4250 gh 6220 a
" " 268 4230 gh 6360 a

LCM; inject** 67 4490 fgh 6170 a
" " 134 5210 b-f 6780 a
" " 268 6580 a 6550 a

LCM; surface**; 67 4430 fgh 6730 a
" " 134 5760 a-d 6250 a
" " 268 6120 a 6570 a

AA***; inject; 67 4880 d-h 6060 a
" " 134 5710 a-e 6360 a
" " 268 6030 ab 6290 a

Response of Corn to Residual Manure and Fertilizer Nitrogen

The response of corn to manure and nitrogen fertilizer 
applied at several rates in 1974 to 1976 was measured in 1977. One-half 
of each plot received 134 kg N/ha as a side-dressing of anhydrous 
ammonia when the corn plants were between 15 and 20 cm high. This 
treatment was compared with yields from the other half of each plot which 
did not receive any N fertilizer in 1977.

Yields of corn not fertilized with N fertilizer showed 
significant responses to residual N from previous treatments (Table 18).

Table 18: Grain yield response of corn to residual N in 1977 applied in 
previous years as N fertilizer or liquid cattle manure (LCM).

Previous Source and Treatment Grain Yield

0 kg N/ha 134 kg N/ha

(kg N/ha) ----------------(kg/ha)--------------------------
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* LCM applied last in 1974.

** Sidedress treatments.

*** AA = anhydrous ammonia.

Data within columns followed by the same lower case letter are not 
significantly different at the 95% probability level.



These data show that there may be significant carryover of either 
fertilizer N or manure N to a succeeding crop. Where N fertilizer was 
applied in 1977, no differences occurred between yields from plots 
receiving different treatments previously. There appeared to be no 
difference between residual N supplied by previous applications of 
manure and fertilizer N. Where manure was applied last in 1974, there 
was no residual N effect.

E.G. Beauchamp, J. Lovcanin

Response of Flax to Fertilizers and Seeding Date

Two trials were established in 1977 on the Elora Research
Station to evaluate: (i) the responsiveness of flax to nitrogen 
fertilization over three dates of seeding and, (ii) the responsiveness 
of flax to broadcast phosphorus and potassium fertilization and to 
compare two placements of a band of complete fertilizer. Total above
ground yield, seed yield and seed volume weight were measured on both 
trials, plant height and population were measured on the nitrogen
seeding date trial, and leaf chemical composition was measured on the 
phosphorus-potassiurn trial. These trials will continue for three years

The effects of seeding date and broadcast nitrogen on seed
yield are shown in Figure 5- These data present a classical picture 
with both overall yield and responsiveness to nitrogen decreasing for 
each delay in planting date. The 1977 growing season probably 
accentuated this pattern since the dry period in May and June slowed 
germination and reduced the potential for response to nitrogen of the 
later seedings. Also, the wet August and September probably was the 
cause of the indeterminate growth habit of the latest seeding, 
resulting in substantial pod drop before harvest. The total yield 
followed a similar pattern to seed yield and the volume weight (kg/cu. m) 
decreased significantly with each delay in seeding. These data should 
be interpreted with care as they represent only one crop year.

A small total yield response to broadcast phosphorus occurred
in 1977 but the seed yield response was not significant. There was not 
a significant yield response to broadcast potassium. With soil test 
at 4 to 5 for phosphorus and 60 to 70 for potassium some response to 
both nutrients was expected.

T.E. Bates and S.C. Sheppard

55



Figure 5: Responsc of flax to nitrogen and seeding date. Elora 1977.
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Response of Soybeans to Residual Fertility Following Corn

A ten-year fertilizer response trial with continuous corn near 
Brantford, Ontario ended in 1976, leaving a site with substantial 
differences in soil test phosphorus and potash. The soil test for 
phosphorus on the check plot was above the level where fertilizers are 
recommended for soybeans but the check plot potassium soil test was low 
enough that a response to potash fertilizer would be expected. in 1978, 
potash fertilizer was applied to half of the plots and the site was 
seeded to Evans soybeans. Although the site is a sandy loam, the 
frequency of rainfall seemed to be adequate in 1977. Modulation 
appeared to be excellent. The bean yield showed a response only to the 
soil potassium levels and this was eliminated by the potash fertilizer 
applied in 1978, substantiating the current phosphate and potash 
recommendations for soybeans in Ontario.

T.E. Bates and S.C. Sheppard

Manganese Application to Problem Areas for Wheat Production

Manganese deficiency has been a problem in some areas of 
soybean production for a number of years but has just recently been 
recognized as a problem in winter wheat. The problem became more 
apparent as tobacco farmers switched from rye to wheat as a rotation 
crop. A problem area was located by Ed Pridham (Soils and Crops 
Specialist, Ha Idimand-Norfolk) and a preliminary trial (1976-1977) 
indicated that manganese was limiting. The site is a tobacco farm 
(sandy soils) that has been recently limed to above pH 7.0 and ranged 
in severity of manganese deficiency from no visible symptoms to 
complete winter-kill (shown in this case to result from a manganese 
deficiency).

In the fall of 1977, two trials were established on the farm, 
one on a severely deficient area and one on an area with no visible 
deficiency symptoms. The varieties Frederick and Yorkstar will be 
compared on the severely deficient site and various methods of 
manganese application will be evaluated on each site. These methods 
included broadcast on the soil surface, banded with the seed, and 
various timings and frequencies of foliar application. The crop 
emerged well in the fall of 1977-

T.E. Bates and S.C. Sheppard
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Yield Response of Corn to Fertilizers and Residual Fertility

The study area for this project as part of a long term study 
of corn response to fertilizer, consists of plots that have received 
a range of fertilizer rates but a constant rate on any one plot for 
ten years. These treatments were divided into three sequences; a 
nitrogen sequence (0 to 336 kg N/ha each year), phosphorus sequence 
(0 to 89 kg P/ha each year) and a potassium sequence (0 to 179 kg K/ha 
each year). Over the ten-year study, the corn yield has shown a 
response to each of the applied nutrients on this site.

Now that the initial long term study has been completed, this 
site represents a valuable resource for research into the residual 
effects of such fertilization practices. In 1977 and again in 1978, 
the residual effects of each sequence will be evaluated with application 
of the respective nutrients in the crop year. The objectives of this 
approach vary with the nutrient being considered.

In the nitrogen sequence, the objectives are*.  (i) to 
determine if there is a residual effect of nitrogen fertilizer and, 
(ii) if there is a residual effect, will it appear when the recommended 
nitrogen rate is applied in the crop year?

In the phosphorus sequence, the objective is to evaluate the 
soil test calibration information, especially the soil phosphorus 
level beyond which phosphorus fertilizer need not be applied.

From the potassium sequence, the objective is to develop a 
regression equation to measure the interaction of soil test with 
fertilizer potassium as it affects corn yield. The importance of this 
interaction has been emphasized recently when potassium recommendations 
developed for grain corn are questioned when they are applied to corn 
intended for whole-plant harvest (silage).

The results of this study will be assessed at the end of the 
1978 crop year.

T.E. Bates and S.C. Sheppard
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The Influence of Ammonium and Nitrate Nitrogen on Phosphorus Uptake by 
Alfalfa and Corn

It has been known for several years that the addition of an 
ammonium (NH4+) source of nitrogen to a fertilizer phosphorus band will 
increase the absorption of the fertilizer phosphorus by many crops. 
This increased absorption has been found to result primarily from a 
reduction in pH in the rhizosphere when NH4+-N is absorbed by plant 
roots. The reduced pH results in an increase in P concentration in_ 
solution and also increases the proportion of P that is in the H2PO4 
form, the form that generally Is preferred by plants.

Field and greenhouse studies have demonstrated, however, that 
the addition of NH4+-N does not increase the fertilizer P absorption by 
alfalfa. Therefore, a comparative study of P uptake of alfalfa and corn 
was carried out in the greenhouse to establish the relative responses 
of the two crop species to the inclusion of NHt and N0~ nitrogen in 
a P-fertilizer band and to determine the causers) for any difference 
in response.

An increase in P uptake by 21-day old corn seedlings was 
observed when NH4+ was included with P in the fertilized volume. No 
such increase was found for alfalfa. Both crop species displayed a 
lower pH, and higher H2PO4 content in the rhizocylinder solutions in 
the presence of NH4+-N as compared to the P alone or P + NO treatments. 
Fertilizer P uptake by corn was found therefore to be increased by the 
lower pH and higher H2P04- content of the rhizocylinder solutions 
whereas that of alfalfa was not.

Several hypotheses were established in an attempt to explain 
the difference in response of the two species.

The absorptive capacity of alfalfa for fertilizer P was 
found to be as great as that of corn and was not limiting the fertilizer 
P absorption even at fertilizer application rates well in excess of 
that used in the comparative experiment.

Studies are currently being_conducted to test the hypotheses 
that alfalfa does not prefer the H2PO4-. form of phosphorus to the HPO4- 
form as does corn. Thus a lowering of the pH and the associated 
increase in the proportion of P in the H2PO4- form would not result in 
an increase in fertilizer P absorption.

J.B. Lucas and M.H. Miller
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Ammonia Volatilization From Applied Liquid Cattle Manure

In early May of 1976 and 1977, ammonia volatilization from 
liquid cattle manure (LCM) applied in the field was studied. An account 
of the aerodynamic method used may be found in the Journal of 
Environmental Quality, 7: 1M-146. This method permits an estimation 
of ammonia volatilization on a continuing basis with minimum imposition 
of artificial conditions.

Some data obtained are presented 'in Table 19- The data show 
that, during the period following application in early May, almost 
one-third of the ammonia applied in LCM was lost. As found previously 
with sewage sludge, ammonia volatilization varied diurnally; the 
greatest rate of loss occurred between 1200 and 1300 h whereas the 
lowest rate of loss occurred between 0000 and 0800 h. The rate of loss 
appeared to be most closely related to temperature.

Table 19: The quantities of ammonia applied in liquid cattle manure 
and lost via volatilization during periods in early May, 
1976 and 1977-

Year Period NH4+-N Applied 
in LCM

NH4+-N
Volati1li zed

Percent Ammonia
Volatilized

(kg/ha) (kg/ha)

1976 May 4-10 197 60 30
1977 May 7-14 72 23 33

Ammonia volatilization was greatest following application and 
generally decreased with time over the measurement period. On some days 
when rainfall occurred, ammonia volatilization was depressed. 
Application of manure before an expected rain would probably result in 
the conservation of available N in applied manure. Injection or 
incorporation of liquid manure as soon as possible are other alternat
ives for conserving nitrogen.

E.G. Beauchamp, J. Lovcanin 
G, Kidd and G. Thurtell
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Time and Method of N Fertilizer and Liquid Cattle Manure Application 
for Corn

Liquid cattle manure (LCM) was compared with N fertilizer as 
a source of N for corn silage and grain production in a field experi
ment. LCM was applied before planting in the spring and compared with 
LCM as a side-dressing. At both times of application, surface and 
injected methods were compared. With the surface preplant LCM applicat
ion, the manure was disced in four days after application. The surface 
side-dress LCM application was done when the plants were 15-20 cm high 
but the manure was not incorporated. The preplant and side-dress 
injected LCM treatments were done with the apparatus described in the 
1976 Progress Report. The LCM was applied on the basis of total N 
content and compared with preplant urea and side-dress anhydrous 
ammonia applications.

The details of N applied with different sources are shown in 
Table 20 along with grain and silage yields. There was a significant

Table 20: Yields of grain and silage corn treated with urea (preplant), 
anhydrous ammonia (side-dress), and liquid cattle manure 
(LCM) applied before planting or as a side-dressing and 
either left on the surface or injected into the soil.

N Source and Rate
Treatments

(kg N/ha)

Yields (kg/ha)

Grain (15% H20) S ilage (D.M.)

Check

Urea; preplant; 70; disced

3,760 l

5,390 gh

7,230 d

9,810 abc
" " 140; " 6040 c-f 11,730 a
" " 280; " " 5,730 e-h 10,330 abc

LCM; preplant; 70; disced 4430 jk 9,360 bc
" " 140; " 5,370 gh 10,280 abc
" " 280; " 6,270 b-e 10,040 abc
" " 560; " 6,590 abc 11,520 ab

LCM; preplant; 70; injected 5,460 fgh 10,890 abc
" " 140; " 6,510 a-d 12,030 a
" " 280; " 7,080 a 11,770 a

LCM; side-dress; 70; surface 3,970 kl 8,920 cd
" " 140; " 4,660 ij 8,830 cd
" " 280; " 5,140 hi 8,980 cd

LCM; side-dress; 70; injected 5,360 gh 10,400 abc
" " 140; " 5,920 d-g 9,990 abc
" " 290; " 6,610 abc 11,280 ab

AA; side-dress; 70; injected 5,770 efg 10,310 abc
" " 140; " 6,700 ab 10,420 abc
" " 280; " 6,280 b-e 10,260 abc

Data followed by the same lower case letter are not significantly 
different at the 95 percent probability level.
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response to N fertilizer up to and perhaps exceeding slightly 70 
kg N/ha. However, approximately twice as much N in LCM was required 
to provide the same yield response as with N fertilizer. In general, 
the response to injected LCII was greater than surface applied LCM. 
This is probably due to significant ammonia volatilization losses from 
LCM applied and left on the soil surface. It is noteworthy that 
response to LCM injected before planting tended to be greater than that 
of the side-dress injection.

E.G. Beauchamp and J. Lovcanin

Crop Response to Tile Drainage and Nitrogen

Data for production of corn (5 years), barley (5 years) and 
wheat (4 years) have been obtained under conditions of tiled and 
non~tiled gleizolic soil at four rates of nitrogen (Table 21).

Table 21: The yield response of corn, barley and wheat to tile drainage 
and nitrogen.
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Corn Barley Wheat

0 67.2-* 134.4 201.6 0 22.4 44.8 67.2 0 33.6* ** 67.2 100.8

— -(tonne/ha)------

Drained 4.06 5.95 6.27 6.31 2.30 2.61 3.20 339 3.26 3.64 3.76 4.03

Undrained 

Increase

3.54

0.52

5.33

0.62

6.04

0.23

5.90

0.41

1.90

0.40

2.47 2.77 2.81

0. 14 0.43 0.58

3.03

0.23

3.50 3.82

0.14 --

3.80

0.23

Ave. Increase 
for all levels 
of N

0. 0.39 0.15

* Rate of broadcast nitrogen (kg N/ha)

** one-half rate before planting, 1/2 rate in spring.

The average increase due to drainage was 0.44, 0.39 and 0.15 tonne.ha -1 
yr-1 for corn, barley and wheat, respectively. Marked response by corn 
and barley to nitrogen was obtained up to the third level of nitrogen. 
Less and more variable response to nitrogen was measured with winter 
wheat. Although not statistically significant, there was a trend for 
nitrogen response to continue to a higher level of nitrogen fertilization 
under drained conditions. These yields were not subject to any loss due 
to inability to harvest.

R.W. Sheard



Effect of Treating Onion Seed with Molybdenum on Yield of Onions Grown 
on Acid Organic Soils

Seven growers at Bradford submitted 5 lb lots of seed to be 
treated with molybdenum. Treatment was accomplished by dissolving 
one-half ounce of sodium molybdate in three tablespoons of water, 
spraying the solution on the seed from an atomizer bottle, mixing the 
treated seed by hand, and then allowing it to dry thoroughly before 
returning it to the growers. The seed was sown adjacent to similar 
seed which had not been treated. Chemical analysis of soil samples 
revealed the pH to be 5 or less in all cases and the total molybdenum 
content to be <0.4 ppm on a moist soil basis. The yields obtained for 
6 of the 7 growers are revealed in Table 22. Due to harvesting problems 
yields were not obtained from one grower. Small but consistent yield 
increases were obtained on 5 out of 6 trials.

Table 22: Yield of onions following seed treatment with molybdenum 
and untreated seed.

Grower ___________ Yield (bu/acre)* ______________

Treated Seed Untreated Seed

Fran tzem 
Brinkos 
Eichorn 
Noordhuis 
Bonigut 
Visser

768 768
835 808
852 831
540 467
911 885
931 917

* 1 bushel equivalent to 50 lb: bu per acre multiplied by 0.056 gives

The presence of horizontal lesions in carrots has proved 
troublesome in storage because the open lesions provide an entry for rot 
organisms. The cause of the lesions is not known, although it is 
suspected to be a fertility problem. Previous surveys revealed that 
the zinc content of most carrots in the Bradford area was low. As a 
result of this information a zinc chelate was applied to the soil, at 
2 and 5 pound per acre rates, and also in the form of three foliar 
sprays (2 pounds per acre) on carrots at 2 week intervals during early

yields in metric tonnes per hectare.

A. L . Willis

Zinc Treatment of Carrots to Control Horizontal Lesions
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stages of growth in July. Various fertilizer combinations were also 
used, the amount applied of each element being that recommended by soil 
test. Each treatment was replicated three times and each plot consisted 
of three rows 20 feet long. For yield purposes, 15 feet of each centre 
row was harvested in October. The carrots were washed and graded into 
three categories - culls, carrots with lesions and marketable carrots. 
There was no appreciable difference in treatments from the standpoint 
of yield of marketable carrots or the amount of carrots with lesions. 
Lesions were not a problem with any treatment. The check treatment 
(no zinc or fertilizer) gave the highest yield of good carrots.

A. L. Willis

Proposed Role of Nitrite in Rapid Response of Plants to Waterlogging

Nature on the whole has arranged that nitrite does not endure
at significant concentrations in the biosphere. Circumstances do 
however exist where nitrite increases in concentration and results in 
poisoning. Examples are methemoglobinaemia in cattle and infants, and 
inhibition of microorganism and seedling growth by nitrite accumulating 
during nitrification of ammoniacal fertilizers.

Recently, we showed that nitrite will accumulate in green
leaves switched from an aerobic to an anaerobic atmosphere in 
darkness (see 1976 Progress Report and publication). Accumulation will 
not occur in the light because nitrite is metabolized during 
photosynthesis. Nitrite buildup due to anaerobiosis is seemingly of 
only academic interest in the case of shoots, which rarely find 
themselves in anaerobic environments, but the same may not be said of 
roots, which in addition cannot metabolize nitrite by photosynthesis. 
Roots, or portions of root systems, frequently are waterlogged and 
thereby rendered anaerobic in varying degrees. The furthest reaches of 
root systems at vertically the greatest distance from the soil surface 
are naturally the regions to become first and most frequently water
logged by upswelling groundwater. This is the region of root tips 
which incidentally has a high metabolic rate, including oxygen demand, 
and in which is concentrated the nitrate reducing enzymes. Roots 
therefore seem favourably disposed towards anaerobic nitrite 
accumulation in a region where nitrite, were it toxic, could exert its 
greatest effect.

The evidence for nitrite as toxicant issues from experiments
with exogenous nitrite in aerobic nutrient solution. The effects of 
this nitrite generally are inhibition of shoot and particularly root 
growth, with some symptoms, such as rapid wilting of tomatoes, 
resembling classic waterlogging symptoms. Such exogenous nitrite is 
maximally effective at low pH, probably because the absorption of 
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undissociated nitrous acid is preferred to the nitrite ion. At the 
prevailing near-neutral pH of cytoplasm, once across the plasmalemma 
the predominant species is probably the nitrite ion. Because nitrite 
administered to aerobic roots is toxic, it is presumably metabolized 
less readily than it is absorbed, so that nitrite accumulates in situ. 
Also, because the toxic species is probably nitrite ion, it is easily 
conceived that nitrite forming and accumulating intracellularly in 
anaerobic conditions can be toxic.

We propose that the formation and subsequent intracel1u1 ar 
accumulation of nitrite, toxic to the growth and metabolism of plants, 
is a factor in plant response to waterlogging. Insofar as nitrificat
ion in most soils ensures the existence of some nitrate, this type of 
response to waterlogging may be very widespread. It is not necessary 
for the root environment to become entirely devoid of oxygen in order 
that nitrite can accumulate, since our understanding of the underlying 
biochemistry is that with a decline in oxygen below 5% v/v, respiration 
will decline and there will be inhibition of nitrite assimilation, at 
the same time as nitrate reduction is favoured (see 1976 Progress 
Report for more detail). The rates of nitrate reduction, and the speed 
with which a limiting oxygen status is transmitted as change in the 
relative rates of glycolysis and respiration, lead us to believe that 
the accumulation of nitrite is amongst the earliest responses to water
logging. The ensuing effect of this nitrite may comprise one set of 
primary causes responsible for irreversible growth inhibition.

The foregoing hypothesis is currently being tested. 
Preliminary evidence which appears to support its general validity is 
shown in Table 23- Peas grown with nitrate suffer almost instantaneous 
curtailment of root growth on flooding; plants grown with no nitrogen, 
or with ammonium instead of nitrate, grew 40 to 60% as much as unflooded 
plants, within the same eight hour experimental period. Nitrite was 
detected only in flooded plants grown on nitrate.

Table 23: Effect of flooding on growth and nitrite content of roots 
of peas grown with various inorganic nitrogen species.*

Inorganic N 
during growth 
period

Increase in 
over 8 hr. 
Flooded

fresh weight

Unflooded

NO2-^ in whole root

Flooded Unflooded

(mg/ root) (nmoles•gfwt-1 )

none 41 95 n.d. n.d.
nitrate 4 90 23.4 n.d.
ammonium 52 83 n.d. n.d.

* At the beginning of the experiment, fresh weight was uniformly about 
360 mg/root. Plants were eight days old, grown in vermiculite with 
5 mN NO-3 or NH4+ or no nitrogen, at 25°C and under continuous light of 
40 klux. Analyses were performed before and 8 hours after flooding 
of pots with tapwater. Nitrite in whole roots in most cases was not 
detectable (n.d. in the table).

R.W. Jones
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RUNOFF, TILLAGE AND DRAINAGE

Effects of Tillage on Surface Movement of Water, Soil and Nutrients

Tillage systems which leave residues on the soil surface are 
the most effective soil management systems for erosion control. For 
those farmers who grow row crops continuously, this type of management 
is essential, particularly on sloping fields. Research is underway to 
develop better methods of accomplishing residue protected soil surfaces 
without sacrificing yield.

During the past year, most of our efforts were devoted to 
extension programs to create greater awareness of erosion and the need 
for its control among extension personnel. As a result many winter and 
spring farm meetings featured this topic and personnel from our 
department accepted invitations to speak at a number of such meetings.

A compilation of data from the Hydrology Plots, University of 
Guelph indicated that mean soil losses in the order of 35 metric tons 
per hectare per year do not reduce crop yields (Table 2^). Although 
organic matter and fertility are removed from sloping fields by this 
order of loss, it is believed our management is compensating at a 
cor responding rate and must be costing the farmer accordingly. We 
intend to reduce this loss.

Table 24: Effect of soil and nutrient runoff losses on yield of crop - 
Hydrology Station, University of Guelph (1953-1976).

Soil Management Practice Soil Loss 
t/ha/y r

Nutrient Loss - N ,P,K 
kg/ha/yr

Yield 
t/ha/yr

1953-1962
Continuous corn 19 - 4.1
Oats, hay, hay, corn 1.8 - 4.5

1971-1976
Continuous corn - stover
returned to soil

- no till < 1.5 20 4.4
- moldboard plow 35 77 4.6

J.W. Ketcheson
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Effect of Tillage on Soil Physical Conditions and Crop Yield

Previous research under this project indicated that the 
texture of the soil determines tillage requirements. In general the 
finer the texture, the more tillage is required. No-tillage can be 
successful on coarser-textured soils, but leaves the finer-textured 
soils with too much resistance to root development for maximum yields. 
However, reduced tillage is desirable as a soil and energy conservation 
measure. Soil erosion can be effectively controlled by maintaining good 
soil structure and residue protection on the soil surface. Energy is 
conserved by efficient tillage practices. Our current research efforts 
are directed to the development of the most effective and efficient 
tillage methods for Ontario farmers.

An eight-year study on the effect of tillage on fertilizer 
requirements was completed in 1976. This indicated that the effects 
of insufficient tillage in reducing yields could not be overcome by 
increasing fertilizer use (Table 25). Increasing N, P and K above the 
normally recommended level showed no tendency to narrow the difference 
in yield between conventional plowing anu discing, and less effective 
tillage including no-till. Nutrient levels in tissue were increased by 
higher fertilizer rates and helped verify that nutrient stress was not 
a likely reason for yield reduction from inadequate tillage. The study 
did indicate that surface soil test values were increased proportionately 
more in no-till systems than the lack of soil mixing would suggest. 
This helps verify the finding that nutrient uptake can be effective from 
fertilizer applied to the surface of non-tilled soil. We conclude that 
if we could overcome the mechanical impedance limitations to root 
development in non-tilled soil, the lack of fertilizer incorporation 
would not limit maximum yield attainment.

Table 25: Effect of tillage on fertilizer requirements for corn, 
Elora Research Station.

Fertilizer Application* Grain Yield - t/ha

No Till Chisel Plow Moldboard Plow

N1P2K2 4.0 4.5 4.5

N2P1K2 4.8 5.3 5.7

N2P2K1 4.6 4.8 5.6

N2P2K2 4.8 5.1 6.0

N2P3K2 4.8 5.3 5-8

N2P2K3 4.9 5.1 5.6
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* N1, P1, and K1 represents the normally recommended fertilizer for this 
soil.

J.W. Ketcheson



AGROMETEOROLOGY RESEARCH

Climate and Field Crop Production Potential

Crop production models have been developed recently for 
predicting yields of forage (SIMFOY) and corn (SIMCOY) based on 
assumptions that soil moisture has the most significant effect on dry 
matter accumulation and that temperature is the most significant factor 
affecting development rate of field crops.

The mathematical relationships used in the models need 
further calibration and the interactions of the two main environmental 
variables with other climate and soil factors need to be checked against 
additional experimental evidence. The objectives are:

(1) To define more precisely the effect of temperature and its 
interaction with other environmental factors on field crop 
development rate, and

(2) To improve on the dry matter vs. soil moisture relationship used 
in SIMFOY and SIMCOY and isolate the important interactions with 
other environmental variables.

During the 1977 growing season, bi-weekly forage yields and 
weekly soil moisture observations were collected at two sites (Elora 
Research Station and on a farm north of HilIsburg) to obtain field
scale yields and soil moisture data for two soil types for further 
validation of SIMFOY and SIMCOY. Yields for the first, second and 
third cuts from the forage fields and SIMFOY estimates are summarized 
in Table 26 for the Elora location. It is evident that further 
validation is required.

Table 26: 1977 Forage yield at Elora Research Station compared to
SIMFOY estimates.

Cutting Degree Days 
> 5°C

Yield (kg/ha)
No. Date SIMFOY Actual

(1)* (2)*

1 0615 552 5,479 6,810 5,671
2 0722 552 3192 4140 3,735
3 0905 558 3,070 2,620

Total -- 11,7^0 13,570

* (1) Average of 12 - 0.5 m2 samples (2) Field yields actual weight.

D.M. Brown, I.S. Sei trio, and 
Marsha Sheppard
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Weather-timed Fungicide Spray Scheduling on Carrots and Onions During 
1977

Plots of carrots and onions were established at the Muck 
Research Station in the Holland Marsh during 1977 and given various 
fungicide spray-timing treatments. For both crops no-spray data were 
obtained, a regular 10-day spray was applied to some plots (beginning 
July 4 on onions, August 9 on carrots) and weather-timed sprays were 
applied to other plots before infection periods (beginning after 1-2% 
disease observed in the crop). Also, a systemic fungicide was applied 
after infection periods on carrots, and a later starting criterion 

disease) was tested in onions.

Table 27: Fungicide timing trials on carrots in 1977-

P rog ram Starting
% Disease

No. of 
Sprays

% Disease September 29 Yield-' 
(Tonnes/ha)

Upper Leaves Middle Leaves

No-spray - 0 12 20 76.3
Regular** 1.3 5 2 8 77.0
Weather- timed-- 1.4 4 7 8 74.6
Systemic 2.9 3 6 9 73.6

* Hand-harvested
Bravo 6F

*** Bay Meb 6447

During August and September of 1977» precipitation was 
respectively 150% and 200% of normal and under such wet conditions the 
weather-timed schedule was little different from the regular program. 
No significant differences were found in hand-harvested yields but some 
losses would be expected with a mechanical harvester in the no-spray 
plots, considering their significantly higher disease levels. The 
systemic spray was an effective "emergency procedure" to control disease 
after an infection period occurred on an unprotected crop.

Table 28: Fungicide timing trials on onions in 1977-

Prog ram Starting
% Disease

No. of 
Sprays

% Disease 
on Sept. 12

Yields

50 lb bags/acre Tonnes/ha

No-sp ray - 0 45 61 6 34.5
ReguIan* 1.5 7 8 679 38.0
Early-limed * 1.6 5 5 694 38.9
Late-limed * 2.5 3 9 638 35.7

* Bravo 6F
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Despite wetter than normal conditions, the early-timed onion 
schedule saved two sprays and had slightly (but not sign)ficantly) 
higher yields than the regular program. A later start for the spray 
program, or no sprays, resulted in lower yields.

T.J. Gillespie, P.A. Dzikowski and 
J.C. Sutton (Environmental Biology)

Crop Injury by Air Pollution

Studies on crop injury by air pollution, evaluation of the 
extent of damages, and development of varieties and cultural practices 
to minimize the effects of pollution have been handicapped by a lack of 
adequate techniques for evaluating the quantity of pollutant absorbed 
by plants. This problem has existed in experiments both with plants 
grown under controlled environment conditions and with plants grown in 
the natural field environment. We have developed and tested techniques 
which allot'? the quantitative measurement of absorbed ozone and which 
are applicable to the study of other pollutants. Instrumentation 
suitable for these measurements is presently being developed.

During the past summer a field experiment was conducted at 
the Elora Research Station which not only resulted in almost continuous 
data for the growing season, but which demonstrated that it is practical 
to make these measurements over extended periods of time and that 
meaningful experiments can be conducted in the natural field environment, 
using plants grown in the natural field environment.

R. Leaning, G.W. Thurtell, J.I. Walker, 
K.M. King

Soil-Plant Water Relationships

Our previous work has indicated that corn roots are easily 
damaged by water stress and may be largely responsible for corn being 
less tolerant to drought than many other crops. As a result, we have 
expanded our program to include the study of the water relationship of 
root systems. Where possible, instruments designed by others have been 
obtained and are being tested. Our dewpoint hygrometer system, which 
has been used for several years for the measurement of leaf water 
potential, has been redesigned and is being tested for use as our 
basic measurement of soil water potential. The increased capability 
represented by these new instruments will also allow us to study the
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water relationships of other crops. Our first such expansion will 
involve the effects of water stress on several varieties of wheat. This 
work will be conducted in co-operation with Dr. L.A. Hunt in the 
Department of Crop Science.

G.W. Thurtell, 0. Brunini, G. Pierce, 
L. Skretkowicz.

Turbulent Diffusion Processes in the Atmospheric Surface Layer

We are in the final stages of developing and testing a 
"Montecarlo" type diffusion model which will have many applications to 
agricultural problems. These include spread of crop disease spores by 
the wind, diffusion of air pollutants to agricultural crops, exchange 
of energy between crops and the atmosphere, diffusion of CO2 to crops 
from the atmosphere, and drift of spray droplets with the wind. In 
addition, this model can be used as an experimental tool in a wide 
variety of research applications. One example is the field study of 
NH3release from manure applications which is presently being conducted 
a t Elora.

Final development and testing of this model required 
collection of considerable data describing the turbulent flow of air 
within plant canopies. These measurements are difficult to make with 
the required accuracy but during the past year, we have made good 
progress and the results are now being analysed. It is hoped that an
experiment will be conducted this summer which will result in a 
publication describing our diffusion theory.

We then plan to apply this theory to the many problems which 
could not be treated adequately in the past.

G.W. Thurtell, G.E. Kidd, J. Wilson
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GEOLOGY RESEARCH

The Haplosoil System

The geological materials that have proven least tractable to 
any application of Gibbs' Phase Rule have been the products of 
weathering, particularly soils. A major need is for a simplified 
compositional model along the lines of the familiar haplobasalt and 
haplogranite systems of petrology. Consequently, I propose here that 
the system SiO2-Al2O3 -Fe2O3-MgO-K2O-H2O be so considered, i.e. as a 
haplosoil system: a simple, first approximation, compositional 
framework for the study of soils and other weathered products derived 
from silicate rich parent materials.

The first necessity is to classify the components and the 
most reasonable solution, in agreement with most natural occurrences, 
is for Al2O3 and Fe2O3 to be considered as determining inert components
and the other four as perfectly mobile ones. The terminology is 
Korzhinskii1s (1959).

This classification allows the system to be shown in the 
topological framework of Figure 6. The internal planes of this 
diagram divide the cube into a number of four phase stability fields. 
Quartz and an aqueous phase constitute two of the phases in all cases. 
The other two vary depending upon aqueous phase composition and AlO3/ 
Fe203 ratio.

To predict the equilibrium mineralogy of a given system the 
aqueous phase composition, in terms of the activities of Mg2+, K+, H+ 
and H4SiO4 must be known. This fixes the system as a point within the 
cube. Then if Al2O3/Fe2O3 is determined the position of the system on 
the Al2O3-Fe2O3 line will be known. Four compatibility lines are
shown on the diagram. Whichever pertains to point of projection of 
the system within the cube will enable the equilibrium phase 
assemblage to be read off.

Ward Chesworth
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Figure 6: Phase relationships in the Haplosoil system
(SiO« - Al2O3 " ^e2^3 “ ^2$ “ ^2$ ” i^O) at 25°C and 1 atmosphere 
total pressure.



Sedimentology and Environmental Geology

The objective is to construct sedimentological models to:
(a) illustrate and help in the understanding of processes active during 
deposition and incipient weathering of sedimentary materials; (b) improve 
the power of prediction of behaviour of sedimentary properties. For 
suitable projects, this last phase of study is extended to analyze 
potential applications for land use planning and for exploitation of 
resources and related impact on local environments (Fig. 7 ).

Coastal Environments

(a) One major project, the analysis of the barrier system of Wasaga 
Beach, has been completed except for some loose ends and preparation of 
a few more publications. A good sedimentological model has been 
constructed (Martini, 1975), an initial phase of the analysis of 
formation of blowouts has been completed (Arbour, 1977, thesis), and 
biological carrying capacity of coastal sand dunes has been determined 
experimentally (Yurick, 1977, thesis).

(b) One major project has been initiated along the coasts of James and 
Hudson Bay, Ontario. Although long in the planning stage, initiation 
of the project and a feasibility study were possible because fixed-wing and 
helicopter transportation was provided by the Dept, of Fisheries and 
Environment Canada. This has allowed a view of the whole coast, 
preliminary sampling of the tidal flats and coastal areas south of the 
Albany River, and identification of problems and suitable areas for 
research (Glooschenko and Martini, 1978; Martini and Protz, 1978).

Fluvial Environment

(a) The analysis has been completed of the hydraulic conditions and the 
characters of coarse flood deposits of the Irvine Creek (tributary of 
the Grand River, Ontario) (Martini, 1977)- The process of formation of 
coarse grained transverse bars, their internal structures, and their 
fabrics have been studied also in semi-quantitative flume experiments. 
Collection of information on sand and gravel sequences from temporarily 
exposed portions of the outwash materials in the Guelph area has been 
continued and some progress has been made in the interpretation of the 
complex sequences. A feasibility study has been made on possible 
research on reaches of the entrenching, anastomosing Moose River 
(James Bay). A local project has been initiated on the stratigraphy 
and sedimentology of Pleistocene-Holocene fluvio-lacustrine sediments 
exposed along the Bowmanville Bluffs (north shore of Lake Ontario from 
Port Hope to East of Scarborough).
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Figure J: Flow diagram of research projects in sedimentology (l.P. Martini).



(b) A sedimentological analysis has been completed of some of the 
most complete type sections of Lower Triassic (Verrucano) of Italy. 
These units are of extreme interest because they represent the basal 
alpine sequences, they preserve records of classical transgression 
sequences, and they have provided testing ground for ideas and fluvial 
and coastal models derived from study of recent materials (Tongiorgi 
et al., 1977).

(c) The field and statistical study has been completed of turbidite 
channel fills, and rhythmic sedimentation of selected Cretaceous Format
ions of the Northern Appennines (Martini and Sagri, 1977; Martini et al. 
(in press)).

Fabric and Incipient Pedogenic Structures

Parts of this research are a by-product of previously mentioned 
projects. That is, both field and flume samples are analyzed to 
determine processes involved In formation of particle orientation, and 
in the progressive disruption of depositional structures during incipient 
pedogenic stages.

(a) Detailed appositional fabric studies have been made of coarse 
grained bars of the Irvine Creek and of transverse bars formed in 
flumes under experimental conditions (Martini, 1977)- The processes 
active during sedimentation and the resultant measured grain orientation 
distributions suggest that this variable is a powerful parameter in 
determining certain paleoflow conditions in different parts of large 
scale bedforms of braided streams.

(b) A review has been conducted, and field and theoretical analysis 
has been made on the weathering processes that lead to the formation 
of Tafoni, a sort of cavernous and alveolar weathering (Martini, 1978).

I . P . Ma r t i n i

Tidal Flat Environments and Deposits of Southwestern James Bay, 
Ontario, Canada
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In southwestern James Bay, natural units of the landscape 
are: (a) an emerging coast that is characterized by a uniform, gentle, 
offshore slope of approximately 0.5 m/km. It bounds a shallow, cold, 
brackish, inland sea that is covered by ice for approximately six 
months of the year, and is otherwise acted upon by low range (0.7-2.0 m) 
semi-diurnal tides, by a counter-clockwise slow longshore current and 
occasional storm surges. (b) Wide bays that receive large amounts of 
fresh water from rivers, but relatively little sediment. (c) Promontories



that vary from wide headlands that expose carbonate and red-beds 
Paleozoic bedrocks, to narrow and long transverse ridges that act as 
gigantic natural groins and trap considerable amounts of sand, silt, 
and little clay in their updrift sides. (e) Sequence of beach ridges 
and spits that build parallel or at a low angle to the main shore, 
(f) Wide sandy and silty tidal flats some of which are ornamented by 
shallow synusoidal sand waves.

The glacial rebound of this land initiated approximately 
8000 years ago, and it is still continuing at a rate of approximately 
70 cm/century. Several characteristic environments of deposition and 
regressive coastal sequences have developed and some are preserved in 
the raised James Bay Lowlands. (a) Bouldery and pebbly tidal flats 
occasionally bounded landward by bouldery beach ridges, develop near 
outcrops where the bedrock is shattered by frost action, and near till 
or accumulations of boulders that are being reworked by tides and 
storm waves. These deposits are not very common. (b) Near wide 
promontories and in downdrift sides of narrow transverse ridges, tidal 
flats develop that are either erosional or have very low rates of 
deposition. Recent sediments are ice-rafted onto them and they are 
reworked by waves and longshore currents. Ice-drift features 
characterize these tidal flats. Their sedimentary sequences are 
composed of an upper thin layer of coarse, pebbly, poorly sorted sand, 
and by a basal reconstituted coastal diamicton, that has been formed 
by sinking of coarse ice-rafted material into a basal clay. (c) Wide, 
poorly drained tidal flats and marshes form near mouths of large 
rivers. They are characterized by low rate of deposition, but the 
ubiquitous presence of plants allows trapping of suspended silt and 
organic matter. Well developed grain size sequences develop, fining 
landward. The marshes have typical size sequences that fine upward, 
as well as characteristic organic rich silty laminations. (d) Wide 
sand flats develop in protected bays, in northern updrift sides of 
long, narrow promontories, and on those coasts whose orientation 
prevents breaking of storm waves directly onshore. These tidal flats 
have thick sedimentary sequences (up to 2 m thick), they may develop 
sand undulations (sand waves) in their intertidal zones, and most of 
them have wide coastal marshes. The steeper, narrower sand flats can 
develop storm beach ridges; the wider ones grade imperceptibly from 
the open flats, to high tidal flats, to fully vegetated marshes. Some 
of these tidal flats are affected strongly by ice-drift, which leaves 
its legacies in a pitted pool pattern, initiated by ice scouring in 
the lower marshes and high tidal flats and modified after rebound, by 
plant growth and action of birds and other organisms. Good sedimentary 
sequences develop in these tidal flats. They show a lateral shoreward 
fining in grain size, homogeneous vertical sandy and silty accumulations 
in sand flats, with an occasional poorly developed upward coarsening, 
and upward fining in high tidal flats and marshes. Beach ridges 
generally are composed of alternating sand, granules and pebbly sands 
that reflect recurring storm conditions.

I.P. Martini
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ACTIVE RESEARCH PROJECTS

SOIL SCIENCE

Soi] Survey and Land Use

Ontario soil surveys. C.J. Acton, B. Cameron, E.W. Presant, 
G. J. Wall, B. Van den Broek, W. Whi te, L. Schute, E. Wil son, 
G. Patterson, M. Langman.
Ontario Ministry of Agriculture and Food, Agriculture Canada - 
Soil Research Institute.

Collation of historic and current soil data on an annual basis 
in the Province of Ontario. K. M. King and C.J. Acton.
Agriculture Canada.

Soil Physical Chemistry

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. Groeneve1t, 
National Research Council.

Soi1 Phys i cs

Coupled processes in Na-saturated montmorillonite under 
isothermal conditions. D.E. El rick, P. H. Groeneve11.
National Research Council.

Physics of water and chemical transport in soils. D.E. E1rick. 
National Research Council, Ontario Ministry of Agriculture and 
Food.

Waste Disposal and Pollution Control

Land disposal of sewage sludge. T.E. Bates, A. Haq, J.W. Ketcheson, 
Y.K. Soon.
Ontario Ministry of Environment, Fisheries and Environment Canada.

78



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.

Ag r i cu1tu re and Wa ter Qua 1i ty

Contribution of phosphorus from agricultural land to streams by 
surface runoff. M.H. Miller, A.C. Spires.
Ontario Ministry of Agriculture and Food, International Joint 
Commiss ion.

The movement of water and nutrients into the soil beneath 
unlined manure storage ponds. M.H. Miller, J. B. Rob i nson 
(Environmental Biology).
Ontario Ministry of Agriculture and Food and Agriculture Canada.

Effect of disposal of organic wastes (poultry manure) on 
properties of the soil organic fraction. R.L. Thomas. 
Ontario Ministry of Agriculture and Food, National Research 
Counc i1 .

Soi1"P1 ant ReI at ions

Development and evaluation of methods for prediction of macro~ 
and micronutrient requirements for field crops. T,E. Bates, 
S.C. Sheppard, R. Johnston (Ridge College of Agricultural 
Techno 1ogyj.
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.

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. Sm i th, 
L.W. Kannenberg, R.B. Hunter (Crop Science).
Ontario Ministry of Agriculture and Food.
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Time of application and source of nitrogen on corn. E.G. Beauchamp, 
C.T. Corke (Environmental Biology).
Ontario Ministry of Agriculture and Food.

Use of nitrification inhibitors with preplant N and time of N 
fertilizer application on winter wheat. E.G. Beauchamp, 
L.A. Hunt (Crop Science).
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
Counc i1 .

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

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

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

Fertilizer use in the production of grass for esthetic purposes.
R,W. Sheard.
Ontario Ministry of Agriculture and Food, Canadian Industries Ltd.

Forage systems as nitrogen sources in crop production. R.W. Sheard. 
Ontario Ministry of Agriculture and Food.

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

Mechanisms for the control of nitrate assimilation in higher 
plants. R.W, Sheard.
National Research Council of Canada.

The requirement for sulphur in Ontario crop production.
R.W. Sheard.
Ontario Ministry of Agriculture and Food.

Soil modification during nursery sod production. R.W. Sheard. 
Nursery Sod Growers Association of Ontario, Ontario Ministry of 
Agriculture and Food.

Time and rate of application and source of nitrogen for grass 
p rodu c t i on. R.W, Sheard.
Ontario Ministry of Agriculture and Food.
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Time of application and placement of phosphorus and potassium 
for grasses, legumes and mixtures. R.W. Sheard.
Ontario Ministry of Agriculture and Food.

Characterization, 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 I .

Chemical behaviour of plant nutrients in organic soils as 
indicated by soil and plant analysis. A.L. W i11 is.
Ontario Ministry of Agriculture and Food.

Resourcesnven tory, Planning and Development

Quantitative studies in pedogenesis. L.J. Evans.
Na t i ona 1 Res ea rch Counc i1.

The use of existing geological and pedological information in 
predicting land use problems. L.J. Evans.
Ontario Ministry of Agriculture and Food.

Development of an agricultural land productivity model for 
Ontario. H.H. Miller, D.M. Brown, E.E. Mack i n tosh, R.A. McBride, 
M.I. Sheppard.
Ontario Ministry of Agriculture and Food and Agriculture Canada.

Methodology study and development of a data base for rural land 
evaluation in Ontario. M.H. Miller, D.M. Brown, D.W. Hoffman 
(Centre for Resources Deve1 opment), E.E. Mackintosh, J.A. Mage 
(Geography), T.P. Phillips (Ag. Econ. and Ext. Ed™.") , R.S. Rodd 
(Ag. Econ. and Ext. Ed), B.E. Smit (Geography).
Agriculture Canada and Ontario Ministry of Agriculture and Food.

Evaluation of high resolution SLAR imagery for soil survey 
purposes. R. Protz.
Agr i cu1tu re Canada.

Genesis and classification of selected soils from Sarawak, 
Malaysia. Loi Kuong Soon and R. Protz.
Canadian International Development Agency.

Genesis of northern Ontario gleysolic, podzolic and organic soils. 
R. Protz.
National Research Council.
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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. Tarnocai (Ag”ricu 1 ture Canada). 
National Research Council.

Mineralogical and micropedologI cal characterization of soils from 
active soil surveys in Ontario. R. Protz.
Ontario Ministry of Agriculture and Food, National Research 
Counc i1.

Quantification of chemical and physical changes on individual 
mineral grains during soil genesis. R. Protz.
National Research Council.

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

AGROMETEOROLOGY

Climate and field crop production potential. D.M. Brown, 
T.B. Daynard, R.S. Fulkerson, J.E. Winch (Crop Science)".
Ontario Ministry of Agriculture and Food, Agriculture Canada.

Modelling the phenological development of grain crops in 
relation to the weather. D.M. Brown.
Agriculture Canada,

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. 
Ontario Ministry of Agriculture and Food, Agriculture Canada, 
CANFARM.

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

Study on the potential air pollution damage to primary producers 
in Arctic and sub-Arctic environments. T.J. Gillesp j e.
Atmosnheric Environment Service.
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Atmospheric transport processes within crop canopies.
G.W. Thurtell, G.E. Kidd.
Atmospheric Environment Service.

Crop injury by air pollution. G.V/. Thurtell.
Atmospheric Environment Service.

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

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

Snow covered energy model. G.W. Thurtel1.
Atmospheric Environment Service.

Turbulent transport processes above terrestrial surfaces and
within plant canopies. G.W, Thurte11.
Atmospheric Environment Service.

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

GEOLOGY

Carbonate palaeoenvironments of the Middle Ordovician of southern 
Ontario. M.E. Brookfield.
National Research Council.

Evolution of recent and ancient sand seas. M.E. Brookfield. 
National Research Council.

Mesozoic evolution of the Pacific margins. M.E. Brookf i e1d. 
National Research Council.

Pleistocene geology of the Bowmannville Area, Ontario.
M.E. Brookfield, 1.P. Martini and H. Gwinn (Sherbrooke).
National Research Council.

Radiometric dating of rocks along the Indus Sutre Zone, Pakistan 
and India. M.E. B rook field (co-ordinator) with Universities of 
McMaster, Dalhousie, Royal Ontario Museum (Canada) and the 
University of the Punjab (Pakistan) and Wadia Institute of 
Himalayan Geology (India).
Funded by various sources by the participants. Brookfield - 
National Research Council.
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Minera1-equi1ibria in the system S I O^-Al “ Fe^O 
applied to soils. W, Chesworth.
National Research Council.

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

Vulcanism of the Massif Central. W. Chesworth.
National Research Council.

Weathering of Belbex basalt, Cantal, France. W. Chesworth.
National Research Council.

Analysis of the Grand River watershed. I.P. Mart i n i.
National Research Council.

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

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

Sedimentology of coastal sediments of James Bay. I . P. Martini. 
National Research Council.
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UNDERGRADUATE EDUCATION

Table 29: Diploma and undergraduate courses presented during 1977/78.

Course
Number Course Enrollment

Diploma

87-010 Principles of Soil Science 174
87-011 Soil Management for Crop Production 162
87-020 Land Use and Environmental Quality 32

D eg r e e

46-100 Principles of Geology 106
46-104 Study of the Earth 26
46-202 Stratigraphy 28
46-203 Paleontology 58
46-205 Glacial Geology 13
46-209 Structure and Tectonics 33
46-210 Mineralogy 13
46-250 Remote Sens i ng 24
46-305 Sedimentology 2
46-306 Clay Mineralogy 7
46-307 Petrography 7
46-406 Clay Mineralogy 7
46-407 Petro logy 3

64-303 Meteorology and Climatology 47
64-304 Meteorology and Climatology 71
64-315 Microclimatic Measurements 5
64-403 Agrometeorology 50
64-405 Mi croclimatology 29

87-100
87-102

Land Resources and Man
Soil Classification

19
27

87-200 Soil Science 573
87-201 Soil in Planned Environments 43
87-305 Land Utilization 62
87-310 Resources Management 26
87-311 Resources Field Camp 27
87-350 Land and Water Use in Tropics 22
87-401 Soil Chemistry 20
87-402 Soil Physics 22
87-405 Soil Management 105
87-406 Problems in Land Resource Science 1 12
87-407 Problems in Land Resource Science 11 7
87-408 Environmental Quality 12
87-410 Soil Plant Relationships 13
87-415 Resources Management 11 23
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Table 30: May 1978 graduates in Soil Science, Resources Management 
and Ear th Science.

Name Home Town

Soil Science Majors

Stanley Thomas Denault 
Robert J. Denis 
Thomas D. Kane
Richard John Leffler 
Michel J.L. Robin

Iroquois Falls 
Ottawa 
Rockwood
Ki tchener 
Montreal

Resource Management Majors

Louise Patricia Campbell 
Bruce Archie Dewar 
Peter Norman Duinker 
James Harold English 
Edward Gerald Gleeson 
Dorothy Jean Harrison 
Nancy Elizabeth Hill 
Mary Margaret Jeffery 
Jane Margaret Kerr 
Fredrick William Klassen 
Timothy John Lehan 
Jane Carver MacDonald 
Susan Jane Murray 
Martin Philippi 
James Edward Phillips 
Robert Elliott Purdon 
Stephen Raymond Smith 
Gerald John Winnicki 
Wendy Edith Jean Worthy

Dundas
Braes ide
Guelph
Ki ngs ton 
Drayton 
'Picton
Stony Creek
Hensall 
Don Mills 
Chatham
Toronto
Charlottetown, P.E.I. 
Thamesford
Cambr idge
Norwi ch
Cambridge 
Ma rmora 
Fenwi ck 
Gue 1 ph

Earth Science Majors

David Grinham 
William King 
Donald McEachern 
Colon Murray 
Glenn Reynolds 
Janice Reynolds 
Gordon Tanton

Stevensville
Barrie
Sault Ste. Marie 
Islington 
Toronto
Hamilton
Ottawa
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GRADUATE EDUCATION
Table 31 : Graduate Students and Supervisors - Winter Semester, 1978.

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

Soil Science Program

J.H. Arbour I . P. Martini M.R. Appiah R.L. Thomas

J. Belisle L.J. Evans V.K. Bhatnagar M.H. Miller

B. G. B r i s co R. Protz C.A. Fox R. Protz

V.J. Bulman B.D. Kay D.K. Friesen M.H. Miller

A.M. Chege J.W. Ketcheson K.B. Laryea D.E. Elrick

C.G. Heath E.E. Mackintosh

P. R. Marshall E.G. Beauchamp

M.J. Robin D.E. Elrick

J . G. Rowsell M.H. Miller

N.G. Shongwe T.E. Bates

J.M. White J.W. Ketcheson

J. C. Yeomans E.G. Beauchamp

Agrometeorology Program

M. Abdul-Ghani D.M. B rown O. Brun ini G.W. Thurtell

B. E. Crawford D.M. Brown B.W. Grace T.J. Gillespie

P. A. Dzikowski T.J. Gillespie I.F. Ike G.W. Thurtell

S. F. Foong D.M. Brown W.G, Pierce G.W. Thurtell

N.J. Li vi ngston G.W. Thurtell J.I. Walker K.M. King

M.J. Pedro T.J. Gillespie J.D. Wilson G.W. Thurtell

A.L. Skretkowicz G.W. Thurtell

L.J. Thomas K.M. King

V.J. Walton D.M. Brown

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

W.K. Elrick D.W. Hoffman

K.J. Loebel D.W. Hoffman

L.E. Smith D.W. Hoffman
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Table 32: Graduate degrees conferred October, 1977, February and May, 
1978.

Studen t Degree Supervisor Thesis Title

S o i 1 Science Program

J.P. Duff M. Sc. R. Protz The effect of selected soil 
properties on surface 
temperature measured by 
thermal infrared imagery along 
the north shore of Lake Erie.

P.W. Monti M.Sc. E.E. Mackintosh Effects of recreation on 
organic matter loss in the 
boreal forest of north-western 
Ontario.

M.I. Sheppard Ph. D. B.D. Kay A computer simulation of 
freezing soil; development and 
validation using experimental 
data.

Agrometeorology Program

C.N. Mintah M. Sc. T. J. Gillespie A numerical model to estimate 
leaf wetness duration.

C.J. Swanton M.Sc. T. J. Gillespie Influence of environmental 
factors on development and 
control of Botrytis leaf 
blight of onions.

D.P. Ward M.Sc. G.W. Thurtell Some observations of 
atmospheric turbulence within 
and above a corn canopy using 
a modified split film heat 
transfer anemometer.

Geology Program

J.H. Arbour M. Sc. I.P. Martini Blowouts in sand dunes of 
Wasaga Beach.

88



DEPARTMENTAL SEMINARS
AND VISITING SCIENTISTS

DEPARTMENTAL SEMINARS

Daniel Hillel, Soil Physics, Rehovot, Israel.
Computer simulation of soil water processes.

M.H. Miller, Department of Land Resource Science, University of 
Guelph.
Contribution of agricultural activities in Ontario to 
pollution of the Great Lakes - results of IJC-PLUARG 
agricultural watershed studies - Nutrients.

L.S. Robertson, Department of Soil science, Michigan State University, 
East Lansing, Michigan, 48823- 
Tillage problems in modern cropping systems.

J.B. Robinson, Department of Environmental Biology, University of 
Guelph.
Contribution of agricultural activities in Ontario to 
pollution of the Great Lakes - results’ of IJC-PLUARG 
agricultural watershed studies - Livestock.

G.J. Wall, Agriculture Canada, Old Engineering Building, University of 
Gue 1 ph.
Contribution of agricultural activities in Ontario to 
pollution of the Great Lakes - results of IJC-PLUARG 
agricultural watershed studies - Erosion and Sediment.

VISITING SCIENTISTS

Robin Best, Countryside Planning Unit, School of Rural Economics, 
Wye College, University of London, England.

Eustace Taitt, Department of Physics, University of West Indies, 
St. Augustine, Trinidad.
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CURRENT PUBLICATIONS

REFEREED JOURNALS AND CHAPTERS IN BOOKS

Underlined authors are associated with this department.

Alston, A.M. and M. H. Miller, 1978. Effect of water stress on 
subsequent uptake of chloride by wheat plants. Plant and 
Soil 49: 305-315.

Baligar, V.C., S.A. Barber and D.L. Myhre, 1978. Cation exchange 
equilibria in Florida and Indiana histosols. Soil Sci. 
(i n press).

Bal i gar, V.C. and S.A. Barber, 1978. Potassium and rubidium adsorption 
and diffusion in soil. Soil Sci. Soc. Amer. J., 42: 251-254.

Ba 1 igar, V.C. and S.A. Barber, 1978. Use of K/Rb ratio to characterize 
K uptake by plant roots growing in soil. Soil Sci. Soc.
Amer. J. (in press).

Ba 1igar, V.C. and S.A. Barber, 1978. Potassium uptake by onion roots 
characterized by K/Rb ratio. Soil Sci. Soc. Amer. J.
(in press),

Baligar, V.C. and V.E. Nash, 1978. Sorghum root growth as influenced 
by soil physical properties. Comm, in Soil Sci. and Plant 
Ana 1. (in press).

Beauchamp, E.G., 1977- Slow release N fertilizer applied in the fall. 
Can. J. Soil Sci. 57: 487-496.

Beauchamp, E.G., G.E. Kidd and G. Thurtell, 1978. Ammonia volatilization 
from sewage sludge applied in the field. J. Environ. Qual.
7: 141-146.

Brookfield, M.E., 1976. The age of the Al 11 Na Cuile Sandstone 
(Upper Jurassic, East Sutherland). Scott. J. Geol. 12: 181“ *
186.

Brookf ield, M.E., 1977- The emplacement of giant ophiolite nappes.
1. Mesozoic-Cenozoic examples. Tectonophysics 37: 247“3O3-

Brookfjeld, M.E., 1977- The origin of bounding surfaces in ancient 
aeolian sandstones. Sedimentology 24: 3O3"332.
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Brookf ieId, M. E. , 1977. Field Guide to the Permian rocks of the 
Dumfries and Lochmaben basins. Trans. J. Dumf. Nat. Hist. 
Antiq. Soc. 52: 1-16.

Brookfield, M. E., 1978. Stratigraphy of the Permian and supposed 
Permian rocks of southern Scotland. Geol. Rdsch. 67: 110-149.

Brookfield, M, E. , 1978. Coarse fraction analysis of ancient sediments. 
Sediment. Geol. (In press).

Brookfield, M. E. , 1978. Stratigraphy of the Upper Oxfordian - Lower 
Kimmeridgian type sections in South Dorset, England. 
Proc. Geol. Ass. (in press).

Brookfie1d, M. E. , 1978. Anatomy of a Lower Permian aeolian sandstone 
complex. Scott. J. Geol. (in press).

Dyer, J.A. and D.M. Brown, 1977- A climatic simulator for field-drying 
hay. Agric. Meteorol. 18: 37“48.

E1r i ck, D.E., H.K. Krupp, P.H. Groenevelt and K.B. Laryea, 1978. 
Hydrodynamic dispersion during infiltration of water by soil. 
J. of Amer. Soc. of Soil Sci. 42: (accepted).

Gillespie, T.J. and G.E. Kidd, 1978. Sensing duration of leaf moisture 
retention using electrical impedance grids. Can. J. Pl. Sci. 
58: 179-187.

Groenevelt, P.H■ , D.E. E1r i ck and T.J.M. Blom, 1978. Coupling phenomena 
in saturated homo-ionic montmorillonite. 111. Analysis, 
J. of Amer. Soc. of Soil Sci. 42: (in press).

Ike, I . F. , G. V/. Thurte 1 1 and K. R. Stevenson, 1978. Evaluation of the 
pressure chamber technique for field measurement of leaf 
water potential in cassava (Manihot species). Can. J. of 
Botany (i n press).

Ike, I. F. , G.W. ThurtelI and K.R. Stevenson, 1978. The relationship 
between steady state transpiration rates and leaf water 
potential gradient in cassava (Man j hot esculenta, Crantz cv. 
Llanera). Can. J. of Botany (i n press) .

Jones, R. W. , E.J. Hewitt and A.J. Abbott, 1978. Induction by nitrate 
and activation by molybdenum of nitrate reductase in Paul's 
scarlet rose suspension cultures. Planta (in press).

Jones, R.W. and R.W. Sheard, 1978. Accumulation and stability of 
nitrite in intact aerial leaves. Plant Sci. Lett. II: 285“ 
291 .
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Ketcheson, J, W and E.G. Beauchamp, 1978. Effects of corn stover, 
manure and nitrogen on soil properties and crop cover. 
Agron. J. (in press).

Langenberg, W. , J.C. Sutton and T. J . Gillesp i e, 1977*  Relation of 
weather variables and periodicities of airborne spores of 
Al terna r ia dauc i. Phytopathology 67: 879~883-

Mart i n j, I.P. , 1977- Gravelly flood deposits of Irvine Creek, Ontario. 
Sedimentology, v. 24, p. 603"662.

Martini, I.P. and M. Sagri, 1977- Sedimentary fillings of ancient 
deep-sea channels: two examples from Northern Apennines 
(Italy). J. Sed. Petrology, v. 47, p. 1542-1553-

Martini, I .P., 1978. Tafoni weathering, with examples from Tuscany, 
Italy. Zeit. fur Geomorph. N.F.

Mar t i n1, I . P. , M. Sagri and J.H. Doveton, 1978. Lithologic transition 
and bed thickness periodicities in turbidite successions of 
the Antola Formation, Northern Apennines, Italy.
Sedimentology, v. 48, (in press).

McKay, D.C. and G.V/. Thurtel 1 , 1977- The measurements of the energy 
fluxes involved in the energy budget of a snow cover.
J. App1. Meteor. 17: 339-

Newman, E.l. and M.H. Miller, 1977- Alleopa thy among some British 
grassland species. II. Influence of root exudates on 
phosphorus uptake. J. Ecology 65: 399~4O1.

Nu1 sen, R.A., G.W. Thurtel1 and K.R. Stevenson, 1977- Response of 
leaf water potential to pressure changes at the root surface 
of corn plants (Zea mays L.) Agron. J. 69: 951“954.

Potts, M.J. and L.J. Evans, 1977- The possible effect of air-borne 
salt of marine origin on the weathering of illite in 
West Wales. Clay Min. 12: 359“362.

Rowberry, R.G. and J.W. Ketcheson, 1978. Sources of potassium in potato 
fertilizer and times of application. Can. J. Plant Sci. 
(i n press).

Selirio, I.S. and D.M. Brown, 1978. Soil moisture-based simulation of 
forage yields. Agric. Meteorol. (in press).

Sheppard, S.C. and M.H. Mil 1 er, 1977. Temperature changes and the 
geotropic reaction of the radicle of Zea mays L. Plant and 
Soi1 47: 631-644.
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Soon, Y. K. , T.E. Bates, E.G, Beauchamp and J.R. Moyer, 1978. Land 
application of chemically treated sewage sludge:
I. Effects on crop yield and nitrogen availability. Journal 
of Environmental Quality 7*  264-269-

Soon, Y. K. , T.E. Bates and J.R. Moyer, 1978. Land application of 
chemically treated sewage sludge: II. Effect on plant and 
soil phosphorus, potassium, calcium and magnesium and soil 
pH. Journal of Environmental Quality 7: 269-273-

Tarzi, J.G. and R. Protz, 19/8. The occurrence of lepidocrocite in 
two well drained Ontario soils. Clays and Clay Minerals 
(in press).

Tarzi, J.G. and R. Protz, 1978. Characterization of morphological 
features of soil micas using scanning electron microscopy. 
Clays and Clay Minerals (in press).

Tongiorgi, M., A. Rau and I.P. Martini, 1977. Sedimentology of early 
alpine, f1uvio-marine, clastic deposits (Verrucano, 
Triassic) in the Monti Pisani (Italy). Sedimentary Geology, 
v. 17, p. 311-332.

Webber, L.R., 19/8. Incorporation of nonsegregated, noncomposted 
solid wastes and soil physical properties, J. Environ. Qual. 
(i n press),

NON-REFEREED JOURNALS, REPORTS, CONFERENCE PAPERS AND ABSTRACTS

Acton, C.J., 1978. Soils of the Canadian Shield. In G.K. Rutherford 
et al. (eds.), The Geosciences in Canada, p. 21-23- Annual 
Report and Review of Soil Science Geological Survey Paper1 
78-6. Energy, Mines and Resources, Ottawa, Ontario.

Ba 1igar, V.C. and S.A. Barber, 1978. Mechanism of K supply to plant 
roots as characterized by K/Rb ratio. 11th. Int. Soc. of 
Sofi Sci. meeting, Alberta, Canada.

Bates, T.E., E.G. Beauchamp, A. Haq, J.W. Ketcheson, R. Protz and 
Y.K. Soon, 19787 Land disposal of sewage sludge Vol. V, 
Research report no. 73. Fisheries and Environment Canada 
and Ontario Ministry of the Environment.

Bates, T.E., A. Haq, J.W. Ketcheson and Y.K. Soon, 1978. Land disposal 
of sewage sludge Vol. VI, Research Report, Fisheries and 
Environment Canada and Ontario Ministry of the Environment 
(i n press).
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Bates, T. E. , E.G. Beauchamp, A. Haq, R.A. Johnston, J.W, Ketcheson, 
J.R. Moyer and Y.K. Soon, 1978. Land disposal of sewage 
sludge. Proceedings of the sludge utilization and disposal 
seminar, Toronto, Feb. 20, 21.

Bates, T. E. , 1978. Chemical soil testing for agriculture. 1 n
G.K. Rutherford et al. (eds), The Geosciences in Canada, 1977, 
p. 67. Annual Report and Review of Soil Science Geological 
Survey Paper 78-6. Energy, Mines and Resources, Ottawa, 
On tar i o.

Brisco, B. and R. Protz, 1978. Evaluation of high resolution side 
looking airborne radar on the University of Guelph test 
strip. D.S.S. Contract No. 08SU 01525-7-0198 (Agriculture 
Canada) pp. 49.

Brookf j eId, M.E., 1978. Ophiolite nappes of Kashmir, India, and the 
evolution of the north-eastern margin of Gondwanaland. 
Dept, of Geology (Seminars), McMaster University, March.

Brown, D.M. and I.S. Selirio, 1977- Development of a corn production 
simulation for land evaluation purposes. Final Report for 
D.S.S. and Agric. Canada, 41 pp.

Caramancion, M. Nylda, R.L. Thomas and C.T. Corke, 1977- The 
hydrolysis of high molecular weight soil organic phosphorus 
with a phytase from Aspergillus ficuum. Presented at the 
Canadian Society of Soil Science Annual Meeting, Guelph, 
August 17.

Davidson-Arnott, R.G.D., I.P. Martini and J. Ball, 1978. Nearshore 
sediments of Nottawasaga Bay, Southern Georgian Bay. 21st 
Conference on Great Lakes Research, Windsor, 05"!O-78.

Dickinson, W.T. and G.J. Wall, 1977- The relationship between source 
area erosion and sediment yield. Hydrological Sci. Bull. 
Vol. 22: 4.

Dickinson, W.T. and G.J. Wall, 1977. Temporal and spatial patterns in 
erosion and fluvial processes. 5th Guelph Symposium on 
Geomorphology. University of Guelph, Ontario, (in press).

Dyer, J.A. and D.M. Brown, 1977- Hay-making risk levels in Ontario. 
University of Guelph, O.A.C., Dept, of Land Resource Sci., 
Tech. Memo, 77“1, 24 pp and Appendices 16 pp., September.

Gillespie, T.J., 1977- Climate Variability. Agronomist, Summer 1977; 
28-29.

Glooschenko, W.A., I.P. Martini, 1978. Hudson Bay Baseline Study. 
ASCE - Coastal Engineering Conference, Los Angeles, 04-78.

94



Ketcheson, J. W. , 1977- Tillage and fertilizer requirement for corn on 
silty clay loam Annual meetings A,S.A., Los Angeles, 
November,

\j Ketcheson, J.W. and L.R. Webber, 1977. Effect of soil erosion on yield 
of corn grain. Presented at Annual Meeting Canadian Soil 
Science Society, University of Guelph, Aug. 14-18.

Leun ing, R , H.H. Neumann and G. W. Thurtel1, 1978. Ozone uptake by corn 
(Zea mays L.). A general approach. Research progress report 
prepared for Atmospheric Environment Service under DSS 
Contract 01 SU Km 601-6-1230, March.

Mart ini, I . P. , 1977- Beach and dune dynamics and management. I n 
Environmental Evaluation for Campground Development in 
Pukaskwa National Park, Ecological Service for Planning Ltd.

Martini, I.P. , 1978. Regressive sedimentation model for the James Bay 
lowlands, Ontario, Canada. Conference of the Society of 
Economic Paleontologists and Mineralogists, Oklahoma City, 
04-12-78.

Martini, I.P., 1978. Coastal sedimentology of James Bay. Geology 
Section, C.C.I.W., Burlington.

Ma r t i n i, I.P., D. Cowell and G. Wickware, 1978. . Hudson and James Bays: 
—emergent coastline. Coastal Conference on Coastlines 
of Canada, Halifax, 05-02-78.

Marti n i, I.P. and R. Protz, 1978. Coastal geomorphology, sedimentology 
and pedology of southern James Bay, Ontario, Canada.
University of Guelph, Dept, of Land Resource Science Tech. 
Memo 78-1, 316 p.

Miller, M. H. and A. C. Spi res, 1978. Contribution of phosphorus to the 
Great Lakes from agricultural land in the Canadian Great 
Lakes Basin. A report of PLUARG Task C (Canadian Section) 
Activity 1 - Agricultural Watershed Studies.

Patterson, G.T., C.G. Heath and C.J. Acton, 1978. Soil survey of six 
agricultural subwatersheds in southwestern Ontario. Final 
report to Agricultural Watershed Studies, Task Group G - 
PLUARG - I .J.C., Windsor.

Presant, E.V/., 1977- Soil survey methodology in Tanzania. Soil 
Resource Inventories, Proc, of a workshop held at Cornell 
Univ., April, 1977- Agronomy Mimeo No. 77"23, Dept, of 
Agronomy, Cornell University.

Presant, E.W., 1978. Soils of the Mount Pleasant - Hartford Areas, 
Ha 1dimand-Norfo1k Region. Preliminary Soil Map p. 1, 
Ontario Institute of Pedology.

95



Protz, R,, 1977- Land resources and remote sensing. Seminaro 
I nte rnac iona) Sobre El (Jso De Los Sensores Remotos En El 
Desarrollo De Los Paises. Memorias, 23~A7, Mexico City, 
May 9’11, 1977-

Protz, R., 1977*  Soil properties important for various tropical crops - 
Pahang Tenggara Master Planning Study. Soil Resource 
Inventories: 177’188. Proceedings of a workshop held at 
Cornell University April A~7- Cornell Univ., Ithaca, N.Y.

Protz, R. and W. Meritt, 1977- Report of detailed soil survey of 
portions of the Elora farm. A special project of O.M.A.F. 
Program 39, 3A pp.

Protz, R., C.J. Acton and T.H. Lane, 1977. Low yield spots in 
intensively used farms. Report on O.M.A.F. Project No. 
A-388’33, University of Guelph, A3 PP■

Protz, R. , 1977- U.N./U.N.E.S.C.0.-C. I.D.A. short course on remote 
sensing (held May 12'30/75)- Final Report AA pp. A project 
of the Office of Continuing Education, University of Guelph.

Pro tz, R., 1978, A study of the fate of sewage sludge heavy metals in 
lysimeter soils. D.S.S. Contract No. OSV77-OO32 
(Environmental Protection Service) pp. 30.

Richards, N.R., 1977- Conference seminarist for Food Land-Land Use 
Planning Conference. Grand River Conservation Authority, 
October, 1977.

Selirio, I.S., D.M. Brown and K.M. King, 1978. Soil moisture 
observations in southern Ontario, 1966-68. Univ, of Guelph, 
O.A.C., Dept, of Land Resource Science, Tech. Memo, 78-2, 
AA pp., Apri1.

Southwell, P.H. and J.W. Ketcheson, 1978. Energy and tillage practices. 
Notes on Agriculture, University of Guelph, XIV (No. 1): 
17'21, Ma rch.

Spires, A.C. and M. H. Miller, 1978. Contribution of phosphorus from 
agricultural land to streams by surface runoff. A report 
of PLUARG Task C (Canadian Section) Activity 1 - Agricultural 
Watershed Studies.

Tarzi, J.G. and R. Protz, 1977- Weathering of mica minerals in selected 
Ontario soils. Abstract in Proc, of 23rd Annual Meeting of 
the C.S.S.S., Guelph, Ontario, Aug. 1A-18.

van Vliet, L.J.P. and G.J. Wal 1, 1977- The use of a soil erosion model 
to assess the effectiveness of conservation tillage and 
erosion control practices. Annual meeting, Canadian Soc. of 
Soil Sci., University of Guelph, Guelph, Ontario.

96



van Vliet, L.J.P., G. J. Wa11 and W.T. Dickinson, 1978. Erosional 
losses from agricultural land. Can. Task C Agricultural 
Study, PLUARG, I.J.C., Windsor.

Wall, G.J. and L.J.P. van Vliet, 1977*  The impact of agricultural 
land use on Great Lakes Water Quality - Sediment. Annual 
Meeting, Can. Soc. Soil Sci., University of Guelph, Guelph, 
On ta r io.

Wall, G.J. , L.J.P. van Vliet and W.T. Dickinson, 1978. Soil erosion 
from rural landscapes as a source of pollution to the 
Canadian Great Lakes Basin. Canadian Task C Agricultural 
Study, PLUARG, I.J.C., Windsor.

Wall, G.J., 1978. Physical and mineralogical properties of 
agricultural soils and fluvial sediments. Can. Task C 
agricultural study, PLUARG, I.J.C., Windsor.

Webber, L.R. , 1977- Irrigation use in the humid region - an 
introduction. I n Irrigation for food production and waste 
disposal. Proceedings of Symposium sponsored by Department 
of Land Resource Science, University of Guelph, April 26 and 
27-

Webber, L. R. , 1977- Development of education and training opportunities 
for college students in waste management. In Proceedings 
Annual Meeting Soil Conservation Society of America, 
Ankeny, Iowa.

Webber, L.R., 1978. Soils for waste recycling. In G.K. Rutherford 
et al. (eds.), The Geosciences in Canada, 1977, P- 44-46. 
Annual Report and Review of Soil Science Geological Survey 
Paper 78-6. Energy, Mines and Resources, Ottawa, Ontario.

NEWSPAPER ARTICLES

Chesworth, W., 1977- Thawing of ice age enlarged river valleys. 
Daily Mercury, Aug. 4.

Chesworth, W., 1977- When the thaw came. Acton Free Press, Aug. 31-

Chesworth, W., 1977• Great fossils in Rockwood. Acton Free Press, 
Nov. 16.

97



Chesworth, V/., 1977- Tracking glaciers. Acton Free Press, Nov. 30.

Chesworth, V/. , 1977- A girl's best friend - but not in Canada.
Acton Free Press, Dec. 14.

Chesworth, W., 1977* The hills of Halton Hills. Guelph Mercury,
Dec. 28.

Chesworth, W., 1977• The night of time. Acton Free Press, Dec. 28.

Chesworth, V/. , 1978. Moon rocks. Guelph Mercury, Feb. 15.

Chesworth, W. , 1978. Extinction the rule in the history of life.
Acton Free Press, March 1.

Chesworth, W. , 1978. The Biblical flood. Acton Free Press, May 3-

Chesworth, W., 1978. The biggest rear-ender in all the world.
Acton Free Press, May 17-

BOOK REVIEWS

Chesworth, W, , 1977. Soil Chemi stry,'’ar t A: Ba^sic Elements ed. by 
G.H. Bolt and M.G.M. Bruggenwert. In Geochimica et 
Cosmochimica Acta.

Evans, L.J., 1978. Review of 'Soils of Canada1. Geoscience Canada 
(in press).

98



ONTARIO MINISTRY OF AGRICULTURE AND FOOD INFORMATION SERVICES

Factsheets and Publications

Bates, T.E. and R.W. Sheard. Sulfur and sulfate fertilizers.

Bates, T.E. Trimming corn production costs - fertilizers. In Notes 
on Agr iculture.

Ketcheson, J. W. , T.B. Daynard and J.H. Lee. Tillage for crop 
production. (Revised and Reprinted). Agdex 100/56.

Information for Industry Personnel (I.F.I.P.) and Extension Personnel
(i.f.e.p.T

Sheard, R. V/. , 1978. Gypsum fails to improve yield or quality of 
forage.

Sheard, R.W., 1978. Tile drainage benefits corn production.

Sheard, R. W. , 1978. Nitrogen materials for turf fertilization.

Radio Tapes and Television

Bates, T.E. August critical time to have soil tested.

Bates, T.E. How corn producers can cut fertilizer costs.

Brown, D.M. Weather records broken in May 1977-

Press Releases and Feature Articles

Bates, T.E. A published interview with cash crop farming on: 
1. sewage sludge 
2. soil test i ng
3. soil cond i t i one rs.

99


	1977 PROGRESS REPORT

	TABLE OF CONTENTS

	FOREWORD

	PERSONNEL AND INTERESTS

	AGROMETEOROLOGY

	SOIL SCIENCE

	GEOLOGY


	SERVICE TO AGRICULTURE AND THE PUBLIC

	EXTENSION HIGHLIGHTS FOR 1977'1978

	WEATHER AND CLIMATE INFORMATION


	SOI L SCIENCE RESEARCH

	SOIL SURVEYS

	LAND USE

	SOIL PHYSICAL CHEMISTRY

	WASTE DISPOSAL ON AGRICULTURAL LAND

	AGRICULTURE AND WATER QUALITY

	50

	51

	SOIL PLANT RELATIONS

	RUNOFF, TILLAGE AND DRAINAGE

	67


	AGROMETEOROLOGY RESEARCH

	GEOLOGY RESEARCH

	72


	ACTIVE RESEARCH PROJECTS

	UNDERGRADUATE EDUCATION

	GRADUATE EDUCATION

	DEPARTMENTAL SEMINARS

	AND VISITING SCIENTISTS

	DEPARTMENTAL SEMINARS

	VISITING SCIENTISTS


	CURRENT PUBLICATIONS

	NEWSPAPER ARTICLES




