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This is the second year of operation of the Department under the 
title of Land Resource Science. Although we are often referred to as the 
Soils Department and even although the large sign out front of our building 
says Soil Science, most faculty have come to accept “Land Resource Science" as 
a good title for the activities taking place in the Department.

Last year we had hoped that the addition to the building would be 
started by 1975; however, with the government “freeze" on university 
construction, this date has been pushed a few years further into the future. 
Our space problems have been alleviated somewhat by the allocation of office 
space to our department in the Landscape Architecture building. The CDA unit 
of the Ontario Soil Survey Program "won" the carpeted offices and new furniture.

A number of faculty visited various parts of the world during the 
1972-73 year. Dr. Murray Miller, on leave as past chairman of the department, 
spent nine months in Australia at research centers in Canberra, Adelaide and 
Perth. Dr. Ward Chesworth was at the Department of Geology and Minerology, 
University of Clermont, Clermont-Ferrand, France during the first six months 
of 1973. Prof Tom Lane was in Saudi Arabia for several weeks in the early 
summer of 1972 with Cansuit Limited investigating the use of sewage effluent 
for irrigation purposes. Dr. Ken King and Dr. George Thurtell attended the 
I.B.P. Final Synthesis Meeting on the Functioning of Photosynthetic Systems 
in Different Environments during early April, 1973 in Aberystwyth, Wales.

We were very fortunate to have Dr. Roy Brewer of the Division of 
Soils, C.S.I.R.O., Australia as a Commonwealth Research Fellow visit the 
Department for the better part of a year. Along with Dr. Larry Wilding from 
the Department of Agronomy, Ohio State University who spent six months in 
the Department during the tenure of Roy Brewer, the pedology group was 
extremely active. Dr. Piet Groenevelt recently joined the Department as 
N.R.C. Professional Associate and is working jointly with Dave Elrick and 
Bev Kay.

The Second International Symposium on Fundaments of Transport 
Phenomena in Porous Media was hosted by the University in August, 1972. 
Approxing 100 participants from about 20 countries attended the week long 
symposium sponsored by the [nternationalAssociat ion for Hydraulic Research 
and the International Society of Soil Science. Both David Elrick and Bev Kay 
were active in the organization of the Symposium.

We have enjoyed and profited from the presence of several post
doctoral fellows. Dr. Larry King and Dr. Larry Rudgers continued their work 
with Prof Len Webber on land disposal projects. Larry King accepted a position 
with T.V.A. in Tennessee,and we wish him the very best for the future. 
Dr. Arend Smid completed his program with Dr. Eric Beauchamp and has accepted 
a position with the Canada Department of Agriculture in Brandon, Manitoba. 
Dr. Bob Gillham recently joined the Department and is working jointly with 
Dave Elrick and Len Webber.

FOREWORD
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On July 1, 1972 Dr. Rick Richards rejoined the Department after an 
extremely active ten-year period as Dean of the O.A.C. Rick continued this 
trend by chairing the committee to study the Organization of the Ontario 
Ministry of Agriculture and Food. The report was completed in June, 1973-

After approximately 35 years of service, Miss Gladys Palmer, 
draftswoman and librarian for many years, retired from the Department. We 
wish her the very best for the future.

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

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

Ontario Ministry of Colleges and Universities
Ontario Ministry of Agriculture and Food
Ontario Ministry of the Environment
National Research Council
Ontario Hydro
Canada Department of Regional Economic Expansion (through A.R.D.A.) 
Canada Department of Agriculture 
Atmospheric Environment Service 
Canada Department of the Environment
Canada-Ontario Agreement on Great Lakes Water Quality
National Science Foundation
Canadian Industries Ltd. (C.I.L.)
City of Gue 1 ph
Canadian Forestry Service
International Development Research (C.I.A.T. - Cassava)
Centre for Applied Research and Engineering Design (CARED)

Our thanks, once again, to Dr. Jack Ketcheson for compiling and 
editing this report.

July, 1973 D.E. Elrick, Chairman
Department of Land Resource Science
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PERSONNEL AND INTERESTS

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

W.A. MITCHELL, Administrative Technical Officer to the Department

AGROMETEOROLOGY

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

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

K.M. KING, B.S.A. (Toronto), M.S., Ph.D. (Wisconsin) Professor, Director I.B.P. 
Guelph Project. Evapotranspiration and photosynthesis of field crops, 
environmental measurements, teaching agrometeorology.

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

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

M. Evans, Computer Data
R.E. Sweetman, Electronic instrument operations and plot work.
D. Hedley (Mrs.), Weather Records. Appointed May 1972.

S01L SCIENCE

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

Facu1ty

Technical Staff

Clerical Staff

J. Knipe (Mrs.), resigned April, 1973-
A. Slot (Mrs.), appointed April, 1973-

Facu1ty



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

W.T. EWEN, B.S.A., M.S.A. (Toronto) Associate Professor. Soil conserve t i on 
in relation to crop production, teaching diploma and correspondence 
courses in soils.

R. GILLHAM, B.S.A. (Guelph), M.S.A. (Guelph) Ph.D. (Illinois) Post-doctoral 
Fellow. Appointed Februrary, 1973.

P.H. GROENEVELT, M.Sc. (Wageningen), Ph.D. (Wageningen) Professional 
Associate. Appointed May, 1973.

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

D.W. HOFFMAN, B.S.A., (Toronto), M.S.A. (Toronto), Ph.D.’ (Waterloo) 
Associate Professor. Soil classification and land use, 
Agricultural and Rural Development Act Projects.

B.D. KAY, B.S.A., (Guelph), M.Sc. (Guelph), Ph.D. (Purdue) Assistant Professor. 
Physico-chemical reactions in soils, including frost heaving and 
mobility of water and plant nutrients at mineral surface, soil 
phys i ca1 chemi stry.

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

L. KING, B.M.E. (Georgia Tech.), M.S., (U. of Georgia), Ph.D. (U. of Georgia) 
Post-doctoral Fellow. Resigned Nov. 1972.

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

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

M.H. MILLER, B.S.A. (Toronto), M.S. (Purdue), Ph.D. (Purdue), Professor.
Soil fertility and plant nutrition. Returned from leave Dec. 1972.

J.R. MOYER , B.Sc. (Water 1oo), M.Sc. (Guelph), Ph.D. (Saskatchewan). Techn i ca1 
Coordinator. Sludge project. Appointed Oct. '72.

R. PROTZ, B.S.A., M.Sc. (Saskatchewan), Ph.D. (Iowa State) Associate Professor 
(on leave of absence on Canadian International Development Agency 
sponsored planning study in Malaysia, Feb. 12-Mar. 12, '72). Soil 
genesis and classification, soil variability, soil clay mineralogy, 
mapping techniques and soil landform relationships.
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N.R. RICHARDS, B.S.A. (Toronto), M.S. (Michigan State), D.Sc. (Laval) 
Professor. Soil classification and land use. Returned to 
Land Resource Science July '72.

L.A. RUDGERS, B.S. (Cornell), M.S. (Michigan State), Ph.D. (Kansas) 
Post-doctoral Fei low.

R.W. SHEARD, B.S.A. (Saskatchewan), M.S.A. (Toronto), Ph.D. (Cornell) 
Professor. Harvest management and fertilizer use for production, 
longevity and quality of perennial forage species. On leave to 
New Zealand, commencing July '73-

A. SMID, B.Sc. (Agr.), M.Sc. (Guelph), Ph.D. (Kentucky) Post-doctoral Fellow. 
Res i gned June      73.*1***S.

N. Baumgartner - Soil physics and management analysis.
I. Becker (Miss) - Soil testing operations.
J.F. Brown - Soil testing operations.
J.C. Bryant - Soil management and plant nutrition plot work supervisor.
E.L. Dickson - Runoff collection and analysis, greenhouse operations.
J.A. Ferguson - Soil management and plant nutrition plot work.
S. Finora (Mrs.) - Soil analysis.
E.F. Gagnon - Supervisor, soil testing operations.
W. Green - Appointed Oct '72, resigned June '73* Water analysis.
G.A. Harlick - Soil management and plant nutrition field plot operations.
D. Kubinec - Soil analysis. Resigned Feb ‘72.
M. Markle - Appointed Apr '73. Soil analysis.
D. McDonald - Appointed Oct '72 to May '73* Research Assistant.
R. Manicom (Mrs.) - Appointed June '72, resigned Apr '73*
C. Miller (Miss) - Water analysis.
D. Morrow - Soil management and plant nutrition plot work. Resigned Nov '72.
A. Rothwell - Appointed Jan ‘73* Research Assistant.
M. Stone - Appointed Sept '72, resigned Aug '73. Soil testing operations, 
D. Tel - Pollution control and waste management, soil and water analysis.
J. Felker - Appointed Feb *73*
A. Haq - Appointed Apr '73*
1. Hussain - Appointed Sept '72, resigned Apr '73-
L. Kristoff - Appointed June '73- Water analysis.
J. Mallard - Appointed Feb '73. Preparation of soil th in-sections.

J.A. SMITH, B.S.A., M.S.A. (Toronto) Ass i stant Prof. Soil and plant analysis 
deve1opment.

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

L.R. WEBBER, B.S.A. (Toronto), M.S. (Cornell) Professor. Waste utilization 
and disposal, pollution abatement, environmental quality.

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

Technical Staff
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GEOLOGY

Facu1ty

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

M.E. BROOKFIELD, B.Sc. (Edinburgh), Ph.D. (Reading) Assistant Professor. 
Palaeoecology, pa 1aentology , stratigraphy and tectonics.

W. CHESWORTH, B.Sc. , M.Sc. (Manchester) , Ph.D. (McMaster), F.G.S. Associate 
Professor. Geochemistry, petrology, mineralogy, geological mapping. 
On leave to France Dec '72 to Aug, 173.

I.P. MARTINI, Doct. Geol. Sci. (Florence), Ph.D. (McMaster) Assistant Professor. 
Sediments and sedimentary rocks, sedimentology, glacial and pleisto
cene geology.

Canada Department of Agriculture

C.J. ACTON, B.S.A., M.Sc. (Saskatchewan), Ph.D. (Guelph) Senior Pedologist, 
Soi1 Survey.

B. CAMERON, B.Sc. (Agr) (Guelph) Pedolog i st,So i1 Survey. Appoi nted Jan 172.

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

S.E. HUMPHREY, B.Sc. (Agr) (McGill), M.Sc. (Guelph) Pedologist, Soil Survey. 
Appointed June 172.

E.W. PRESANT, B.S.A. (Toronto), M.Sc. (Carleton) Pedologist, Soil Survey.
On leave to Tanzania Research Training Institute.

G.J. WALL, B.Sc. (Agr) (Guelph), M.Sc. (Guelph) Pedologist, Soil Survey.
On s tudy 1 eave.

COOPERATING PERSONNEL LOCATED IN THE DEPARTMENT

Ontario Ministry of Agriculture and Food

G.H. HENRY, B.S.A. (Toronto) Soils and Crops Extension Specialist.

G. POHORAL, B. Agric. (Rondnice), C.S.C. (Prague). Soil classification and 
land use. Resigned Mar '73.

Technical Staff

B. Vreugdenhil (Mrs.) - A.R.D.A. Resigned Mar '73.

Profess ional
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R. Viitala - Appointed Feb ‘73- Soil analysis.
R. Howes - Soil analysis. Resigned Sept '72.

Clerical Staff for the Department

P. Beirnes (Mrs.) - Departmental Secretary
L. Bissell (Mrs.) - Appointed Apr '73.
D. Irvine - Appointed Jan ’73-
L. Martin (Mrs.)
E. Ondruska (Mrs.) - Resigned Apr '73-
G. Palmer (Miss) - Retired Jan ‘73.
F. Peer (Miss)
S. Robinson (Miss)
K. Szajnowski (Miss)

Technical Staff
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SERVICE TO AGRICULTURE AND TO THE PUBLIC

Extension Activities

The Department of Land Resource Science has an ever expanding role 
to play relative to Education, Land Use, Agricultural Production and Environ
mental Considerations. These areas are all relevant to the problems being 
faced by and questions being asked of various public agencies.

To this end a major portion of our extension activities were devoted 
to working with the following groups and organizations to plan meetings, 
disseminate information, investigate problems and provide service as necessary.

Educationally Oriented Activities

Diploma Faculty Conference 1972 (host)
R.C.A.T. for 2-year diploma (lectures)
Faculty of Forestry, University of Toronto
Geography Teachers' Development Conference
Junior Farmers of Ontario Conference
Community Planning Association of Canada
High School Group Tours of O.A.C. facilities

(Grades XI, XII and XIII from various Ontario schools)

Land Use Oriented Activities

Planning, organizing or directly participating in:

Land Use Conferences - Toronto, December 1972
- 0. A. C., January 1973

Land Use Meetings in Brant, Ontario and Middlesex counties 
0.1.A. Land Use Conference
Soil Erosion Conference - Toronto, April 1972
Hudson Bay Lowland Conference

Providing expertise to such agencies and groups as International 
Union of Agricultural Geographers, Agricultural Advisory Group to the Canada 
Centre for Remote Sensing, Ontario Institute of Agrologists, Ontario Federation 
of Agriculture. Soil and Crop Improvement Association, Grand River Conservation 
Authority, Earth Science Council, Ontario Assessment Division, Advisory Committee 
on Nature Reserves, Conservation Council of Ontario, Ontario Waterfowl Research 
Foundation, Soil Conservation Society of America, Canadian National Sportsmen's 
Show, City of Guelph (planning), and U.S. Task Force on Organic Soils.

Agricultural Production and Related Activities

Providing expertise in planning, coordination and participation for

Farm Conferences at Lindsay and Belleville
I.B.M. Conference on soil testing and computer use
Provincial Soil Testing Laboratory Tours
Soils and Crops Branch In-Service Training
Short course at K.C.A.T. for O.M.A.F. and fertilizer company agronomists 
Special meetings with O.M.A.F. personnel to review soil test progress 
Tours of Elora Research Station
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T.H. Lane

The soil testing year has been established to more or less relate to 
a cropping year. Samples received from July 1, 1972 to June 30, 1973 are 
considered to be almost entirely for the crop year of 1973* During this 
twelve month period a total of 38,659 soil samples were tested of which 
26,062 samples were from farms. The other 12,597 samples were received from 
research, extension and demonstration plots as well as gardens (Table 1). 
There was,therefore, a reduction in the number of farmers1 samples during 
the year 1972-1973 from 36,195 in the previous year to 26,062. There was 
not a significant reduction in the number of samples received from other 
agencies. Over a long term average 70% of all farm samples arrive during 
the period of September 1 - December 31, with another 7-5% of the total

Ontario Limestone Committee
Agricultural Days at Elora Research Station
Ontario Horticultural Convention
Ontario Drainage Contractors' Conference
O.A.C. Cover Crop Committee Workshop
Ontario Seed Dea 1 ers1 Assoc i at i on
Ontario Sod Growers'Association
Wellington County Council
Ontario Golf Superintendents' Conference
Ontario Fertilizer Advisory Board
Muck Growers' Conference
Carrot Day (Bradford Marsh)
North Niagara Soil and Crop Improvement Association
Bankers' School for Farm Financiers

Consultational Types of Activities

Varying from small to major amounts of expertise input, the 
International Joint Commission, Ontario Ministry of Environment, Farm Business 
Management Handbook, Canada Waste Management Guide, Agricultural Code of 
Practice for Ontario, Sulfuric Acid Spill (Welland), O.M.A.F. Publications 
Subcommittee, Western Ontario Farm Show, Ontario Crop Insurance Commission, 
CANFARM modelling, Corn Workshop (Harrow),Canada Department of Agriculture, 
Pollution Control Association of Ontario, Select Committee on Land Drainage, 
Sludge Disposal Guidelines for Ontario, Weather Data Interpretation, Ontario 
Soil and Water Research Committee, Ontario Plant Food Council and Ontario 
Ministry of Transportation and Communications, were given assistance.

Area Tours for groups such as Algoma Farmers, Bruce, Kent and Essex Soil and 
Crop Improvement Associations and Junior Farmers1 Soil and Land Use Annual tour.

M i seel 1 aneous Activities-speak i ng to Service Clubs and Chambers of Commerce, 
attending O.M.A.F. Management by Objectives Regional Meetings, presenting 
submissions to agencies such as International Joint Commission, and speaking 
at agriculture industry organized meetings.

Ontario Soil Testing Service
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arriving during August. The fall of 1972 was exceptionally wet making it 
difficult to take samples. This probably explains the significant drop in 
the number of farm samples during the year 1972-73-

Highest average phosphorus and potassium values are generally found 
in the cash cropping counties. The most acid soils in the provice are in the 
Niagara Peninsula, Essex County, some of the eastern townships and northern 
di str icts.

Table 2, comparing average soil test values over the years for 
which such data is available from computer reports, shows some variation from 
year to year, but in general the differences are minor.

Table 1: Soil samples submitted during the twelve month period, July 1, 1972 to 
June 30, 1973.

So i1 Samples Amount

Farm Samples 26,062

Samples from agencies of 
the Government of Canada 853

Samples from Ontario Colleges 
of Agricultural Technology, 
Extension personnel of O.M.A.F. 
and other ministries of the 
Ontario government 3,7*6

Ga rden A ,531

Research samples from 
University of Guelph plots 3,367

Soil Samples accompanying 
plant tissue tests 100

Total samples tested 38,659

Total number of individuals 
submi tt i ng samp 1es 10,494
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Table 2: Comparison of average soil test values for Ontario from computer 
summaries, 1964-1973.

Soi1 Test Year Phosphorus* Potass 1 urn PH

ppm ppm

1964-65 120 6.9

1965-66 -- 128 7.0

1966-67 No summary available

1967-68 _ — 147 6.7

1968-69 -- 115 6.9

1969-70 32 128 6.8

1970-71 26 130 6.8

1971-72 23 120 6.7

1972-73 27 132 6.7

In I969-7O soil phosphorus was measured by the Olsen M/2 sodium bicarbonate 
method. In previous years phosphorus was determined by a modified Bray 
technique using 0.1 N HC1 and 0.5 N NH^F as an extracting solution. Average 
results from these years cannot be compared with those of the Olsen procedure 
and are therefore omitted from the table.

T.J. Heeg

Guelph - The year 1972 was dominated by cold, dull, wet weather. The 
temperatures and hours of bright sun were generally below normal while the 
precipitation was above the long-term average. There were only 12 days in 
the year when the maximum temperature was above the 1 in 10 probability level, 
and 62 days when the minimum was below the 1 in 10 level, (Figure 1).

leather and Climatic Information

The Land Resource Science Department has the responsibility for 
recording and summarizing the weather at the Guelph and Elora Research 
Stations. Daily observations of air and soil temperatures, humidity, 
precipitation, evaporation and sunshine duration were made at Guelph. In 
addition to these elements, dew duration, wind and radiation were recorded 
at Elora. This information is used by government, industry and research 
agenc i es.

The Weather in 1972



Figure 1: Temperature pattern at Guelph, 1972
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Temperatures were generally below normal through January, February, March 
and April with the January mean maximum temperature being an exception. In 
May the mercury rose giving above-average temperatures. The summer was again 
dull and cool with the last spring freeze occurring on June 11, 1972. This 
caused much damage to early planted tender crops. September's mean temperature 
was slightly above the normal, due mostly to the higher than normal minimum 
temperatures. The first fall freeze occurred on September 23. October and 
November were colder this year than in the last 10 years with temperatures 
ranging well below normal. December was above normal. With the prevelance 
of below normal daily temperatures the yearly mean temperature was 2.2°F below 
the long-term average.

Precipitation at Guelph in 1972 (Figure 2) was generally above 
normal especially the snowfall for the year. January, February, March and 
April were all considerably above the normal. November and December also had 
much more snow than usual, but the snow did not accumulate to any appreciable 
depth due to mild spells between storms. A good example of this was on Friday, 
December 15 when we had 7.0 inches of snow and only a trace remained by the 
next Thursday. With the late wet spring and the heavy late snowfall of April, 
seeding was generally late, most of it being done in the latter part of May 
when temperatures were warm and there were 12 or more hours of sun each day 
without rain. The late spring and the cool wet summer caused the crops to 
yield much below average. Harvest was also delayed by wet cold weather and 
an early October snow.

Accumulated degree days above 42°F (Figure 3) were above normal 
until the end of May. The rest of the summer was below normal. September had 
slightly above normal degree days, but October was much below again. Other 
1972 totals and means, together with departures from normal, are given in 
Table 3.

Ontario - Cool, wet weather prevailed throughout all of Ontario for most of the 
year, with May being the exception having above normal temperatures and below 
normal precipitation. Freezing temperatures occurred on June 11 throughout a 
good portion of the province with Southwestern Ontario being hit the hardest. 
Mean temperatures were below normal for most of the year and precipitation 
totals were above the long-term average.

D. Hedley



Figure 2: Accumulated precipitation, Guelph, 1972.

Figure 3: Accumulated degree-days, Guelph, 1972.
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Table 3: Summary of 1972 weather at Guelph.

1972 Norma 1 Depa rtu re 
from Normal

Genera 1

Mean maximum temperature (°F) 50.5 53.1 -2.6
Mean minimum temperature (°F) 33.5 35.4 -1.9
Mean annual temperature (°F) 42.1 44.3 -2.2

Total degree days below 65°F 8995 7904 4-1091
Total degree days above 42°F 3128 3360 -232
Corn heat units from May 11 to

first killing frost in autumn 2698 2736 - 38
Corn heat units from June 11

(last frost in spring of 1972)
to first killing frost i n
autumn 2149 2283 -134

Total rainfall (inches) 27.3 27.1 + . 2
Total snowfall (inches) 76.4 57.5 + 18.9
Water equivalent of snowfall (in.) 8.9 5.7 +3.2
Total precipitation (inches) 36.2 32.8 +3-4

Total hours of bright sunshine 1825 1950 -125

Mj see 11aneous

Temperatu res: Highest for year 
Lowest for year 
Last frost in spring 
First frost in autumn

88° June 22
-10° Feb 10, 11, 23
June 11
Sept 23

Prec i p i tat i on: Greatest rainfall in a day
Greatest snowfall in a day
Longest period with measurable 

precipitation each day
Longest period without 

measurable precipitation 
each day

Last measurable snow in

1.80",
7.0", 
6 days:

13 days

April 9

October

Oct 21
Dec 1 5

Feb 2-7
Mar 4-9

: May 17"29

17

spring (0.1")
First measurabl 

autumn (0.1")
e snow i n

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

Freezing rair1 3 1 3 0 0 0 0 0 0 000 7 days
Hail 0 0 1 0 0 0 0 1 0 001 3 days
Thunderstorms; 0 0 0 1 4 2 5 1 0 0 0 1 14 days
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SOIL SCIENCE RESEARCH

The Ontario Soil Survey Unit, located in the Department of Land 
Resource Science, University of Guelph continues to receive its support 
from the Canada Department of Agriculture, Ontario Department of Agriculture 
and Food and the University of Guelph.

Soil surveys are underway in areas of the province where the 
existing soils information is not adequate to meet the demands imposed by 
competitive or intensive uses of lands, or in areas which previously did not 
have information on the soil resources. These include the counties of 
Peterborough, Northumberland, Brant and Middlesex in southern Ontario, and 
seven areas in northern Ontario, namely the regions of the Great Clay Belt, 
Lakehead, Ft. Frances-Dryden-Kenora, Sault Ste. Marie-Sudbury, Gogama, 
Verner-Noe1vi11e and North Bay. Organic soil inventories were conducted in 
the bog areas of northern Ontario,

(a) Peterborough County

The final copy of the soil map and legend for the county are ready 
to forward to Ottawa. Single characteristic maps for the report have been 
prepared, Profile descriptions for all the soil series in the county have 
been written and typed. Census data have been collected for the report. Most 
of the chemical analysis of the soil profiles has been completed.

It is anticipated that this project will be brought to completion 
in 1974.

(b) Northumber land County

This report requires minor re-writing and editing and should be 
completed for publication late in 1973- The maps to accompany the report 
have been completed and printed.

(c) Brant County

Final field checking and editing of photo maps was completed for 
South Dumfries Township, and was commenced for Brantford Township. Thus, the 
soils information for this area is ready for acreage calculation and compilation 
on the photo mosaic base. Laboratory analyses have been completed on all soil 
samples for pedological characterization as well as for classification for 
various engineering uses. Morphological, physical, chemical and mineralogical 
data of each soil series are being compiled for the soils report. The section 
of the report dealing with the surficial geology of the area has been completed.

Field checking and editing of the photo-maps in the remainder of the 
county will continue in 1973, as will cartographic preparation of the soil map 
on the photo-mosaic base. Interpretation of pedological and engineering data, 
and writing the soil report will continue.

(d) Middlesex County

Approximately 250,000 acres were mapped in 1972 including the 
townships of Delaware, Lobo, East and West Williams and McGillivray. To date 
approximately 70 per cent of the land area in Middlesex County has been mapped.

SOIL SURVEY
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Field mapping throughout Caradoc, Adelaide, Metcalfe, Ekfrid and 
Mosa townships and extensive sampling and laboratory analysis to characterize 
mapping units will continue in 1973.

(e) Soil Survey of the Organic Soils - Northern Ontario

This program received much of its financial support from A.R.D.A. 
Branch, Ontario Ministry of Agriculture and Food. The project was of one 
year's duration and was completed as of March 31, 1973-

The organic soils in the settled portions of Northern Ontario have 
been mapped and classified. The cartographic information has been transferred 
to the soil maps of the region. A report has been written which contains broad 
descriptions of the regional climate, organic soil landforms and vegetative 
cover on organic soils. Brief descriptions of the organic soil series are 
also included in the report.

In most soil survey projects under investigation by personnel of 
this Unit there is considerable research involvement, which may include studies 
relating to soil genesis or classification of certain soils of an area, the 
development and testing of interpretive classifications, or land use planning 
studies utilizing basic soils information. Emphasis is being placed on 
micropedologica1 research in order to predict more accurately the carrying 
capacity of our agricu1tura1 soi1s for livestock, people and their wastes.

With the increased demands for soil survey information comes the 
need for more detailed and rapid means of providing this information. 
Airphoto mapping is being studied for this purpose. Evaluations of color 
airphotos, stereortho-photographs and ERTS imagery are being conducted to 
determine their use in soil survey. It has been concluded that stereortho
photographs should be used as a base map for soil surveys conducted in areas 
of intensive use.

The mapping of topography, soils, landforms and hydrologic features 
was carried on with more complete mapping equipment. Stereoscopic orthophoto 
maps were completed of the Elora Research Station. These will serve as a base 
for drainage mapping and plot layout, and also to record underground features. 
The acreages of the Station fields have been accurately established.

A map of the grape acreages in the Niagara Peninsula has been completed 
for the Ontario Grape Growers1 Assoc I at ion. The acreages have been measured. 
Experimental work is proceeding to determine the best and most economical 
methods of mapping other fruits in different parts of Ontario.

A highly successful algorithm has been developed for deriving all of 
the numberical properties of the landscape that depend only on elevations. The 
Airphoto Laboratory ofthe University of Guelph is now equipped to turn out the 
digital terrain models that can be analyzed by means of the new technique.

Some difficulties have been experienced In mapping the soils and 
recognizing their characteristics in inaccessible regions. This is particularly 
true for organic soils where high water, tree and bush cover and lack of roads 
or trails make travel almost impossible. In such places airphoto interpretation 
of landform and vegetation can be used to map and classify the soils. A research
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project was conducted in 1972 to determine the relationship of tree vegetation 
to organic soil characteristics. One of the objectives of this study was to 
determine if tree associations could be used to classify organic soils. If 
so, much of the identification of organic soils could be accomplished from 
airphotos and time-consuming traverses through difficult terrain could be 
reduced in number.

Although comparatively few sites were studied because of lack of time 
certain trends were revealed. There is some association between tree community 
type and such organic soil characteristics as water table depth, pH, soil depth 
and mineral substratum. It also appears that tree community type can be used 
to some extent to identify the classes in Great Group and Subgroup categories 
of the organic soil classification.

D.W. Hoffman

LAND USE

Soil Capability Studies

Soil capability studies were continued in 1972-73 with the main 
emphasis being put on the uses of soil capability in predicting the production 
of horticultural crops. One project was-concerned with the climatic aspects 
of the soil capability system for horticultural crops. The climatic aspects 
of this project during the past year have been concerned with systems for tree 
fruit and sweet corn production in Ontario.

An attempt to define the climatic factors that affect tree fruit 
production in each major apple producing region of Ontario is in progress. 
Problems have been encountered in defining -

(1) humidity conditions during fruit set and early fruit growth;

(2) the occurrences of critical minimum temperatures prior to harvest. 

Differences in humidity are important in spray control programs. Occurrences of 
subfreezing temperatures prior to harvest can cause major losses. These occurred 
in some regions of Ontario in the fall of 1972. This has provided an opportunity 
to define the lower limits that cause damage. A preliminary report on the 
climatic factors needed for assessment of land for horticultural crops is in 
progress.

Some time during the past year was spent in assisting with preparation 
of a publication on scheduling sweet corn plantings. The corn heat unit system 
was used to rate the vegetable recommendation zones and sweet corn cultivars. 
These ratings were then employed to prepare a set of tables to be used as a 
guide in selecting combinations of cultivars for various dates of planting and 
harvesting to provide a continuous supply of sweet corn for the market. The 
system developed provides a cursory rating of land capability for sweet corn 
production in each vegetable recommendation zone in Ontario,

Another project was the study of the agricultural productivity of 
organic soils. The relationship of soil, cultural, and climatic factors to 
onion production was noted. It was found that onion yield is related to the 
depth of the organic material and the amount of wood in the soil. Water content 
also has a great effect on onion yield. This project is continuing in 1973-7^ 
with certain modifications to the original research,

D.W. Hoffman
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The Ontario Soil Survey has mapped large acreages of land of low 
agricultural potential in southern Ontario; consequently, the need for rating 
soil types in Ontario for forest production is apparent.

Since tree height over age can be related to si te quality,this 
technique was used. Red pine was selected for this work for two reasons -

(1) It is genetically pure and thus a reliable indicator of site 
qua 1i ty ;

(2) red pine is widely distributed across southern Ontario.

Each site selected contains five trees which are measured for 
height and age. A pit is dug in the site centre for morphological examination 
of the soil and collection of samples by horizon, including the organic horizons. 
Mineral horizons are analyzed for particle size, pH, O.M., exchangeable P, K, Ca 
and Mg. The organic horizons are analyzed for total N, P, K, Ca, Mg, Mn, Cu, Zb, 
and Fe.

Over one hundred sites have been sampled on a wide selection of soils 
across southern Ontario, and site index evaluations made. It is our hope that, 
from the data collected, we can determine the soil properties significant in 
the production of Red Pine.

See also list of PUBLICATIONS.

J.E. Gillesp i e

If a "high quality" permanently protected land base for agriculture 
is preserved, agricultural productivity is favoured. At the same time, the 
poorer areas of farm land can be released for other uses such as forestry, 
recreation and urban related activities. But the use of valuable agricultural 
lands for urban development has been a long established trend, particularly in 
areas surrounding large urban centres. Agricultural uses deserve priority 
because they are most specific with respect to the soil factors they require, 
and one can be assured that the effects of conversion from rural to urban uses 
is a one-way process. Furthermore, competition for land on the open market is 
inflating prices beyond that which agricultural uses will support. Economic 
factors alone do not determine the wise utilization of resources, nor do they 
avoid conflicting resource uses,

A case study,using the inherent potential of the soil resource as a 
base, was carried out for the Pickering, Uxbridge, Markham area. This area 
was selected because of its wide range in land "quality" and the possibility of 
a macro change in land use.

The study consisted of four stages: (1) inventory assembly, 
(2) inventory interpretation, (3) land use designation, and (4) policy consid
erations for implementation of recommendations. Aseries of interpretive maps 
were developed which provide a base for making choices for the designation of

Forest Soil Capability Rating

Land Inventory Interpretation for Resource Use for the Pickering, Uxbridge, 
Markham Area
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soils for different uses. Maps for recommended agricultural, urbanization, 
and recreational use were developed from an assessment of the soil limitations 
for these uses.

Review of the resources of this selected area indicates that 
Pickering Township is capable of supporting a productive agricultural industry 
on a continuing basis. Uxbridge Township has only isolated resources of such 
high quality, and this scarcity increases their value.

Planning on the basis of land quality is a logical method of achieving 
a compatible integration of non-agr1cu1tura1 and agricultural land uses. 
Agricultural uses deserve priority because of their specificity with respect 
to the resource factors they require. Furthermore, land well suited to agricul
ture is limited in quantity,and the effects of conversion or loss from this use 
to non-agricu1tura1 uses is a one-way process.

See also list of PUBLICATIONS.

N.R. Richards

Every region of Canada is subject to seasonal surficial soil freezing. 
The effects of freezing which include changes in soil structure and bearing 
strength, winter survival of forages and the development of heaving pressures 
have been well documented. Many of the phenomena associated with soil freezing 
are economically undesirable. For instance, the cost of repairing frost-damaged 
roads in Canada has been estimated to range from $200 - $1000 per mile, while 
the cost of railway maintenance due to frost action has been estimated at $7 
million annually. Clearly then, phenomena related to freezing in soils should 
be of major concern to Canadian scientists. Successful attempts to diminish 
the detrimental effects of freezing require a better understanding of the 
factors and inter-relationships of the factors influencing freezing processes. 
The following studies are currently underway to achieve this end.

1. Computer Simulation of Ponded Infiltration into Frozen Soil

The magnitude of the detrimental effects of soil freezing is related, 
in part, to the soil moisture content. Freeze-thaw cycles commonly occur over 
winter and any meltwater which infiltrates during this period will substantially 
alter the response of the soil to freezing. Consequently, an estimation of the 
infiltration rates of water into frozen soil is necessary in order to predict 
the freezing behaviour of soil throughout the winter.

Experimental data regarding the infiltration characteristics of 
frozen soil are very limited. In addition very little consideration has been 
given to the theoretical background of the process. The development of a 
mathematical model which described the infiltration process in a frozen soil 
in terms of certian parameters would be a useful alternative to repeated 
experimental measurement since it would, assuming the model was realistic, 
predict infiltration rates. If parameters were changed, there would be no 
need to go to the field and measure infiltration rates as the model could 
predict them. An equally important benefit of the model would be the identifi
cation and determination of the relative importance of soil factors which control 
water movement in frozen soils.

FREEZING PROCESSES IN SOILS
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A computer model was developed to predict ponded infiltration into 
frozen soil and to evaluate the independent effects of texture, temperature, 
initial moisture content and unfrozen water content on infiltration.

Water movement in a frozen soil was entirely attributed to a 
gravitational potential. The flow equation was formulated such that it 
accounted for variable hydraulic conductivities in the saturated zone.

The model, tested on data found in the literature, showed good 
agreement between observed and predicted cumulative infiltration values; 
although due to inadequacies of the observed data, a rigorous evaluation of 
the model was somewhat restricted. Redistribution of water within the profile 
occurs in initially very dry soils. The model does not account for this 
red i str i but ion.

It was found that if the initial moisture content was high and if 
the initial soil temperature was low, the infiltration rate was decreased. 
After three hours Haldimand clay showed a higher infiltration rate than 
Harriston loam and Fox sandy loam under similar initial temperature and mois
ture content conditions. Under field conditions the infiltration rates of the 
three soils were about the same after three hours.

The magnitude of the infiltration rate and its variation with time 
were explained on the basis of ice content and the change in ice content with 
t i me.

A sensitivity analysis of the model to the presence of unfrozen water 
revealed that the change in phase composition of water with changes in temperature 
cannot be overlooked when infiltration is considered.

See also THESIS TITLES (extracted from R. deJong's M.Sc. thesis) by 
R. deJong and B.D. Kay.

2. Factors Affecting Frost Heaving of Forage Species

Studies on the formation of ice lenses in soil and the subsequent 
movement of alfalfa plants are continuing in the laboratory under different 
simulated environmental conditions. The preparation of soil cores in which 
alfalfa plants have been grown was outlined in the 1971 Progress Report.

Cores containing plants from the first growing season have been 
subjected to repetitive freeze-thaw cycles with a melting temperature of +5°C 
and different freezing temperatures. Maximum frost heaving of the plants 
occurred when the air temperature at the air-soil interface was ~5°C during 
the freezing phase of the freeze-thaw cycles. Freezing at lower temperature 
resulted in less plant movement. This observation may be attributed to 
progressively greater lengths of the plant root being anchored in frozen 
soil since the lower boundary of the frost line progressively advanced into 
the soil when the freezing temperature of the freeze-thaw cycle was below -5°C. 
These data would suggest that, although cyclic freeze-thaw temperature 
fluctuations are necessary for frost heaving to occur, the extent of heave 
is substantially reduced if more heat is extracted from the soil during the 
freezing phase than is added during the melting phase. Subsequent measurements 
employing different melting temperatures have substantiated this hypothesis.
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Plants which have been grown in cylinders in the field for two years 
were brought into the lab in November. During the past summer these plants 
were grown under normal and intensive cutting treatment. Once conditions 
giving maximum frost heave have been established, the relationship between 
extent of frost heave and level of frost reserves will be determined.

The development of successful management techniques which reduce 
winterkill of alfalfa due to frost heaving, may be expedited by an adequate 
understanding of the mechanisms and factors which are responsible for frost 
heav ing.

3. Arctic Research Feasibility Study

Several faculty of the department of Land Resource Science are 
currently involved in an interdisciplinary study with members of the 
Departments of Microbiology and Geography to assess the feasibility of the 
University of Guelph becoming extensively involved in a research program in 
the Canadian Arctic. An interim report presented the following conclusions.

a) There is a general need for a better understanding of the interaction 
between the physical and biological components in the Arctic and in particular, 
the response of these components to stresses induced by man's various activities. 
Those stresses of greatest importance may not be those currently receiving 
greatest attention in the popular press (extensive subsidence, erosion, etc.) 
but rather those more subtle stresses which give rise to longer term effects.

b) Notwithstanding the need for more research in the whole Arctic, there 
would appear to be a definite need for an expanded research effort in two 
areas, namely, the Arctic Islands within the sedimentary basin in which 
extensive gas deposits have been very recently found and within the Hudson 
Bay Lowland. There is virtually no research being conducted in the Hudson Bay 
Lowland. Yet the Hudson Bay Lowland is drastically different from any other 
physiographic unit in the Arctic. Its principal characteristic is the proximity 
of the water table to the surface on almost all terrain types. The Lowland 
represents the largest uninterrupted peat deposit in the world and embraces the 
permafrost zone, the discontinuous permafrost zone and the permafrost-free zone.

c) The high costs of logistics, and the lack of permanent facilities 
indicates that it is unlikely that universities can launch a truly effective 
research program in the high Arctic which will have a strong teaching component 
(including graduate student training and undergraduate field camps, summer 
school, etc.).

d) Several universities in Canada have attempted to develop research 
programs which focus on a given geographical area in the lower Arctic and which 
have both graduate and undergraduate teaching components. In contrast, the 
remarkable situation exists in Ontario whereby every University has one or more 
people involved in Arctic research yet there is no apparent attempt to develop 
within any one university or between universities, the integrated sort of 
program which is a necessity. With increasing budgetary restraints and increasing 
public awareness of Northern Canada, such a situation is unlikely to exist for 
much longer.

B.D. Kay



23

Under the provisions of the Canada-Ontario Agreement on Great 
Lakes water quality, a new research contract has been established with the 
following objective:

to determine maximum rates of sewage sludge application 
which can be used in agricultural soils without polluting ground 
and surface waters with elements or organisms pathogenic to humans 
and animals, and without reducing the quantity of the crops 
p roduced.

Since treatment to remove phosphorus will soon be mandatory for 
all Canadian sewage effluent discharged into waters flowing into the Great 
Lakes, we are concerned as to the presence not only of the phosphorus but 
all other elements which may be precipitated in the sludge from such plants.

The runoff phase of the study was commenced in the fall of 1972; 
and from eight runoff events recorded during the winter, it was found that 
generally less than five percent of the applied nutrients were lost by this 
means. The largest nutrient losses were from winter applications on the 
steeper slopes (6%), although the total volume of runoff was similar on the 
6% and the 2% slopes used. Preliminary heavy metal analysis on the iron- 
precipitated sludge from north Toronto showed relatively low levels in both 
the sludge and in the resulting runoff.

This study also provides for detailed nutritional work, for sixteen 
e1 ements N, P, K, Ca, Mg, Fe, Al, Ca, Zn, Mn, B, NJ, Cd, Pb, Cr, Hg, with both 
corn and grass crops. Plant and runoff samples are to be examined for 
potentially pathogenic microorganisms. The fate (uptake and dispersal)of 
nitrogen from the sludge applications will be followed. The project is 
planned to extend over several years.

T.E. Bates, Nutritional Studies and Coordinator
E.G. Beauchamp, Nitrogen movement
R. Johnston, Microbiological evaluations
J.W. Ketch'eson, Runoff studies
J.R. Moyer, Organization of work on all phases of the project 
R. Protz, Soil profile cha racterization.

WASTE DISPOSAL AND POLLUTION CONTROL

Land Disposal of Sewage Sludge

Nitrogen in Drainage Waters from Waste Disposal on Land

Field lysimeters (metal tanks 36" diameter and 42" length,and 
equipped with percolate collection facilities) were used to monitor the nitrate
nitrogen content of water leaving a soil that had received additions of urban 
wastes. Pulverized garbage and sewage sludge were added in varying amounts as 
1i sted in Table 1.
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Table 1: Additions of pulverized garbage and sewage sludges to field 
lysimeters, nitrate-nitrogen losses and inches of percolate.

T rea tmen t s For Period Jan.

NO3-N
1 b/ac

1 to Nov. 20, 1973

Perco1 ate 
i n.

No waste added 65 3.5

125 T garbage per acre 43 7.1

0.9 in. siudge 126

125 T garbage per acre 
plus 0.9 in. siudge 84 9.5

250 T garbage per acre 
plus 1.8 in. siudge 37 12.1

The incorporation of sewage sludge with or without garbage did not 
significantly affect the yield of corn. The nitrate-nitrogen content of the 
percolates reaches maximum quantities and concentrations following corn harvest. 
The lower amounts of nitrogen in the percolates from treatments involving the 
additions of garbage suggest that the nitrogen was immobilized in the soil. 
A problem requiring further research is to determine if the immobilization 
would restrict subsequent crop growth, and when and in what amounts the 
nitrogen might be released.

L.R. Webber

A major concern in the land disposal of sewage sludges is the ultimate 
fate of the nitrogen. Biological oxidation of the sludge will convert the 
nitrogen to the nitrate form. A field experiment was conducted at the Elora 
Research Station during 1972. Sludge was applied at four rates: 0, 0.5, 1-0 
and 2.0 acre-inches which supplied the equivalent of 0, 350, 700 and 1400 
pounds of nitrogen per acre.

Land Disposal of Anaerobically Digested Sewage Sludge
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Table 2: Corn grain yields and total nitrogen content of grain.

Sludge Applied G ra i n

Yield 
bu/ac

N-content 
%ac-in 1b N/ac

0 0 98a 1 .70a

0.5 350 122b 1.85ab

1 .0 700 123b 1.85ab

2.0 1 *400 123b 1-97 b

1 Grain yields calculated at 15% moisture. Values followed by the same letter 
are not significantly different at P=0.05.

Grain yields (Table 2) were greater from the treated than the 
untreated plots, but were not increased significantly by sludge application 
rates in excess of 0.5 acre-inches. The total nitrogen concentration in the 
grain from the highest rate of sludge applied was significantly greater than 
in the grain from the check treatment.

Figure 1 indicates the quantity of nitrogen in the soil to a depth 
of 90 cm (35 inches) for the period May to October. At the conclusion of the 
experiment, the amounts of nitrate-nitrogen in the soil were approximately ^5, 
85, 1M and 202 pounds per acre for the four treatments, 0, 0.5, 1-0 and 2.5 
ac-in of applied sludge, respectively.

On the basis of crop production only, a sludge application of 0.5 
ac-in (350 lb N/ac) was sufficient to produce an acceptable yield of corn. 
It is possible that leaching might move the nitrate-nitrogen out of the soil 
following the growth of the corn crop.

N.E. Stewart and L.R, Webber

Utilization and Disposal of Urban Wastes on Land

Coarsely milled solid waste (household garbage), sewage sludge and 
liquid poultry manure were incorporated with soil. The purpose of the project 
was to add nitrogen from sludge or poultry manure to encourage the decomposition 
of the carbonaceous garbage residues in a soil. The treatments and corres
ponding yields of grain corn are given in Table 3-
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Table 3: Grain corn yields from manure, sludge and milled solid waste 
treatments.

Treatment Grain Corn Yield

bu/ac

No waste added 106abc 1

125 T waste per acre

125 T waste per acre 
plus 0.9 in. siudge

125 T waste per acre
plus 0.5 in. poultry manure

1 1 6a

1 1 3ab

109abc

0.9 ac-in sludge 100 be

250 T waste per acre 
plus 1.8 in. siudge 96 c

1 Values followed by the same letter are not significantly different at 
P=0.05.

The yield of corn grain was not significantly increased or decreased 
when comparisons are made between the control and any other treatment receiving 
additions of milled solid waste. However, the yields from the plots receiving 
250 tons per acre of garbage plus 1.8 inches of sludge were significantly 
lower than plots receiving about half the amount of waste, with or without 
sludge.

Heavy metal concentrations in grain were determined and three 
observations were noted:

(1) Zinc concentrations were greatest in treatments involving 
milled refuse or poultry manure,

(2) the greatest concentration of cadmium was found in the corn 
stover from the highest application of garbage and sludge and

(3) maximum lead concentrations in the grain were related to the 
milled refuse plus poultry manure treatment.

The concentrations of heavy metals did not approach levels believed to be toxic 
if the grain were fed to livestock.

L.D. King and L.R. Webber
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Water, Soil and Nutrient Losses in Runoff from Agricultural Land

Runoff losses are being measured, over the full year, on -acre 
plots at the University's Hydrology Station, Guelph. Grain corn is grown 
each year with different tillage and residue management treatments as 
experimental variables.

Since 1970, water runoff in summer (May-Oct) has been less than 
that in winter (Nov-Apr), (Tables 4 and 5) but soil losses have been the 
reverse. With only two replications of treatments, the statistical probability 
for real differences is low. Where manure was applied in January, winter 
nutrient losses tended to be as high as those from summer runoff. For the sum
mer period, N losses were similar whether N was applied as manure in January, 
or as fertilizer in April.

Table 4: Summer runoff - May to October, Hydrology Station, Guelph, 1970-1972.

T rea tment
Water

Runoff
So i i
Loss

2Nutrlent Loss 
Total N Total P

i n. 1 b/ac 1 b/ac

Stover returned 
Fall pl owed 
- manured 0-9 15,230 17 4.2

Not plowed 
- manured 0.5 3,240 12 2.4

Stover removed 
Fa 11 plowed 
- manured 0.8 15,540 18 5.5

Not plowed 
- manured 1 .2 19,760 31 8.5

Not plowed 
- not manured 
- N ferti1 i zed 1.6 24,350 36 7.0

Std. Error .2 4 ,840 11 2.1

Probab i1i ty for 
Stat i st i ca1

S i gn i f i cance 0.05 0.05-0.1 >0.1 >0. 1

Average
Preci pi tat ion 
for the period 3.2

1 Poultry manure (where indicated) to supply ISO lb N/ac, applied in January. 
Urea (where N fertilized) to supply 150 lb N/ac, applied in April. Stover 
consists of the previous year’s corn stalk residue.

2 includes inorganic forms plus organic forms hydrolyzed by H^SO^.
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Table 5: Winter runoff - November to April, Hydrology Station, Guelph, 
1970-1971 average, 1972 and 1973-

T reatment^ Water Runoff
'70-71 '72 !73

Sot 1 Loss 
'70-71 '72 '73

Nutrient Loss
total N Total P

1 '71 '72 ’71 !72"
1

Stover returned 
Fall pl owed 
- manured

i nches

3.3 2.2

1 b/ac

Tr. 330 130

' lb/ac

i 
1

20 5.7

Not plowed 
- manured 0.2 3.2 1.2 Tr. 150 Tr. Tr. 13 Tr. 6.3

Stover removed 
Fa 11 plowed 
- manured — 3.8 2.4 Tr. 2880 980 -- 28 — 13

Not plowed 
- manured 1 .A 2.6 3.5 Tr. 1810 Tr. 1.2 27 1.1 12

Not plowed 
- not manured 
- N fert i1i zed 0.6 3.1 3-9 Tr. 1350 Tr. 0.3 6.6 0.2 2.5

Std. Error 0.3 0.3 930 5.3 h-3

Probabi1i ty for 
Stat i st 1ca1

S i gn i fi cance >0.1 0.05 >0.1 >0. 1 >0. 1

Average
Prec i p i tat ion 
for the period 7.4 9.6 10.8

1 Winter period ending in the calendar years indicated. 
2

See footnotes in Table 1.

Corn stover left on the soil surface (not plowed) was effective in 
reducing water, soil and nutrient losses for both summer and winter periods.

It is concluded, at this stage in this study, that soil and nutrient 
losses can be appreciable unless the soil surface is protected by some type of 
cover. Unless streams are in close proximity to the base of eroding slopes, 
those materials may not reach the water. We plan to determine the extent of 
this movement over intervening land.

J.W. Ketcheson and E.L. Dickson
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The Ontario Ministry of Public Services has completed a controlled 
soil temperature facility at the Elora Research Station. This facility will 
heat or cool soil in the field as much as 5C° above or below the temperature 
of an ambient reference plot. Eight controlled plots (each 31 x!5’) with an 
equal number of uncontrolled ambient reference plots constitute the layout, 
with provisions to freely randomize the location of any plot treatment.

The first season's operation involved controlling the temperature 
of soil under a corn stover mulch to that of a bare ambient reference plot, 
and of a bare soil to that of soil under a mulched ambient reference plot. 
Grain corn was used as the indicator crop.

J.W. Ketcheson

Figure 1 Total NO3" content of the 0“90 cm soil profile according to 
sludge treatment and under cropped conditions on the sampling 
dates from May 22 to October 2^, 1972.

Controlled Soil Temperature
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There is much concern today about the deterioration of our v/ater 
resources due to increasing levels of nitrogen and phosphorus, two essential 
nutrients which promote excessive growth of algae and other aquatic plants. 
Of the two nutrients, phosphorus is probably the major controlling factor in 
the Great Lakes Region since sufficient nitrogen for normal growth is already 
present from natural sources. These sources include atmospheric nitrogen gas, 
fixed by many species of algae, available nitrogen in precipitation and the 
naturally occurring organic forms which are released to available forms by 
mineral i zat ion.

High nitrate levels in water supplies have also been cited as a 
potential hazard to health of animals and to babies, but this role is less 
clearly understood. Ruminant animals are susceptible to poisoning from 
excessive intake of nitrates in their diets. Similarly blue baby disease 
(cyanosis or methemoglobinemia) is associated with high levels of nitrate in 
the diet. Ilie doubt surrounding nitrogen arises when we attempt to define 
the levels of nitrate that can be tolerated. The World Health Organization 
(W.H.O.) has set a value of 10 ppm of nitrate-nitrogen as the safe limit. 
There are records, however of populations using water considerably higher 
than this with no apparent effect on health.

Because nitrogen and phosphorus are major components of fertilizers, 
fertilizer use has been accused of being an important contributor to water 
pollution. Based on an understanding of the reactions of nitrogen and 
phosphorus in our soils, plus information available from other areas, we 
doubt that fertilizer, when used in the recommended manner, contributes 
significantly to the problem. However, to obtain some precise data and to 
determine the situations under which fertilizer use might be a contributor, 
a project was initiated in 1971 to measure the nitrogen and phosphorus contents 
of tile drainage water from production sites in Kent County where varying 
amounts of fertilizer were used.

The sites selected are those from which all the drainage water must 
be pumped because the land is at or near the lake level. This permits easy 
determination of the volume of drainage water and accurate sampling for 
analysis. During 1972 samples were collected from 12 sites on a daily basis 
during the drainage periods. Four of the sites were in the Erieau Marsh on 
muck soils used for intensive vegetable production and ranged in size from 
7 to 25 acres. The drainage v/ater is pumped into Rondeau Harbour. Eight 
sites were in Dover Twp. west of Chatham on mineral soils (four on clay or 
clay loam and four on sandy soils) which were in cash crop production. The 
size of these sites ranged from 25 to 250 acres.

The 19/2 results are preliminary but agree with the many previous 
reports that the movement of phosphate through mineral soils and into tile 
drainage water is very low and not a significant source of phosphorus in 
water supplies. The amounts of phosphorus in drainage water from a unit 
area of intensively cropped organic soil was found to be approximately 100 
times that from a similar area of mineral soils. While the areas of organic 
soils were small and the amounts of phosphorus insignificant in relation to 
the total phosphorus input to Lake Erie, they would be of concern if the 

AGRICULTURE AND WATER QUALITY

Fert i 1izer Use and Water Qua! i ty
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drainage water was detained in a small basin for any length of time. The 
high levels of phosphorus from the organic soils are associated with rates 
of fertilizer phosphorus use considerably greater than that required and 
recommended. This points out the need for greater emphasis on ferti1ization 
according to recommended practices.

The nitrate-nitrogen content of the drainage water ranged from very 
low levels to levels considerably greater than the 10 ppm established by the 
W.H.O. as the safe level. There appears to be a relationship between the 
levels of nitrate-nitrogen and the level of fertilizer nitrogen used. The 
highest levels of nitrate-nitrogen were associated with nitrogen fertilizer 
applications in excess of those recommended.

This study is continuing and will require at least one, but 
preferably two more years to give definite conclusions.

M.H. Miller

SOIL-PLANT RELATIONS

Response of Grain Corn to Side-dress Applications of Anhydrous Ammonia and 
Liquid Cattle Manure

The application of liquid manure to a corn crop while it is growing 
can be a convenient means of disposal and can also be economically feasible 
if the nutrients in the manure are utilized by the crop. During the 1971 and 
1972 growing seasons, liquid cattle manure was applied to the soil surface 
between the rows of one-foot high corn plants. Anhydrous ammonia was knifed 
in for comparison with the liquid cattle manure as a source of N. Both 
materials were applied at rates equivalent to 60, 120 and 240 lb N/ac. 
United 106 was the corn cultivar used. Grain yields and N concentration 
of the leaf opposite and below the uppermost ear were obtained.

It was found that yield response to manure was generally lower than 
to anhydrous ammonia (Table 1). Also, it is evident that there was not as 
much available N from the manure treatments (Table 2). This is understandable 
since anhydrous ammonia when knifed into the soil is in the immediate vicinity 
of the roots. Also, about one-half of the N in liquid cattle manure is not 
readily available. There is also a possibility that NH^ volatilization losses 
may occur from surface applied liquid manure.

It appears, however, that an application of manure equivalent to 
2^0 lb N/ac may be supplying sufficient N to permit maximum yield (Table 1). 
To supply this quantity of N in 1971 required 10,90^ gal/ac of liquid manure 
(0.22 % N) whereas 8832 gal/ac (0.29% N) were required in 1972.

E.G. Beauchamp
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Table 1: Yield of grain from corn plants treated with anhydrous ammonia 
or liquid cattle manure as side-dress applications

Yea r N source
N Applied (Ib/ac)

0 60 120 2^0

- —----------------- bu/ac, | ^5% ^0

197.1 Anhyd. NH^ 13^ a be 136 ab 1^2 a 137 ab

Liq. manure 13^ abc 130 be 125 c 139 ab

1972 Anhyd. NH3 80 c 103 a 95 ab 99 a

Liq. manure 80 c 88 be 86 c 96 ab

Data within years fol lowed by the same lower case letter are not s i gn i f ii cant 1y
d i fferent at: the 95% probab 11i ty 1evel. (Same app 1 ies to Table 2.)

Table 2: N concentrations^ from the leaf of corn plants treated with anhydrous 
ammonia or liquid cattle manure as side-dress applications.

During the 1972 growing season, 18 hybrids (6 single crosses, 6 double 
crosses and 6 three-way crosses) were compared for response to nitrogen fertil
ization. To ensure N deficiency, coarsely ground corn cobs (2 tons/ac) were 
applied and disked into the soil before planting. The N fertilizer treatments 
were 0, 60 and 120 lb N/ac as NHI4NO3 applied and disked in before planting. 
A split-plot design with four replications was employed with N fertilizer 
treatments as main plots and hybrids as subplots. N, P, K, Ca, Mg, Mn, Cu, Zn 
and B concentrations were determined in the flag leaf (uppermost) and sub-ear

Leaf opposite and below uppermost ear taken at anthesis stage of growth.

Response of Eighteen Corn Hybrids to Nitrogen Perti1 i zer

Year N Source 0... N Applied (1b/ac)
60 120 2^0

1971 Anhyd. NH^ 3.62 a

--------- percent

3-79 a 3.80 a 3-77 a

L i q. manure 3.62 a 3.5^ ab 3.31 b 3.52 ab

1972 Anhyd. NH^ 3.18 b 3.91 a 3.89 a 3-94 a

Liq. manure 3.18 b 3.62 a 3-59 a 3.65 a
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leaf (opposite and below the uppermost ear) sampled at the anthesis stage. 
Yields of grain and stover and the concentrations of N, P, K, Ca and Mg in 
each were determined at maturity.

The yields of grain and stover for different hybrids differed 
significantly when averaged over N fertilizer treatments (Table 3). There 
was no significant statistical interaction between hybrids and N fertilizer 
levels indicating that in general the hybrids tended to respond to N ferti1“ 
ization in a similar manner. However, grain yield data of several hybrids are 
presented in Table 4 to illustrate different trends in response to N fertiliza
tion. For example, there was a substantial difference in yield between 
De Kalb XL-311 and Trojan TX 585 where N fertilizer was not applied although 
there was little difference when 120 lb N/ac were applied (Table 4). These 
hybrids do not differ significantly in date of maturity. Other hybrids 
exhibited large yield differences with the highest N level suggesting that 
hybrids‘may differ in their efficiency in utilizing available N. It is also 
noteworthy that the Stewarts A/14 and A509XCG10 hybrids did not respond to N 
fertilization beyond the 60 lb N/ac rate whereas other hybrids apparently 
responded to the 120 lb N/ac rate. Further research is needed on this aspect.

The range in N concentration and uptake by grain (Table 3) illustrate 
that a variety such as De Kalb XL-111 (1.75%N) can be significantly higher in 
protein content than a variety such as Warwick SL 209- There may be some 
possibility for choosing hybrids which may be more efficient than others in 
utilizing soil and fertilizer N. From the point of view of env i ronmenta1 
quality, such hybrids will "immobilize11 more N and be more effective in reducing 
pollution of surface and ground waters.

N fertilizer treatments not only increased the concentration of N 
but also that of Mn, Cu, Zn, P, B and Mg in both kinds of leaves sampled at 
the anthesis stage (Table 5). K in the sub-ear leaf was the only marked instance 
of a decrease in concentration. This behaviour illustrates how N nutrition of 
the plant may influence elemental composition and how important it can be in a 
practical way if the availability of an element such as Zn is marginal.

In grain, increasing the N supply increased the N and P concentrations 
but decreased the Ca concentration (Table 5). In stover K concentration was 
considerably decreased with increased N supply.

There were no statistically significant interactions between hybrids 
and N fertilizer levels in terms of any of the elements. This means that the 
change in concentration of each element as a result of N fertilization was 
apparently similar for each hybrid.

E.G. Beauchamp
B.R. Hunter and L. Kannerberg, Crop Science
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Table 3: Average yield and N concentration in grain and stover of 18 corn 
hybr ids.

Hybr i d
Gra in1 Stover^

Yield

bu/ac 
(15.5%h20)

N Cone.

Or

N Content

1 b/ac

Yield

tons/ac

N Conc.^

O/ ^0

Pioneer 3889 84 a 1 .54 abc 62 2.05 ab 0.84 ab
DeKalb XL-111 76 ab 1.75 a 63 2.19 a 0.83 ab
DeKalb XL-301 76 ab 1.52 abc 55 1.71 c-f 0.81 b
Coop S-260 84 a 1.46 be 58 1.75 C-f 0.87 ab
United 4 85 a 1.38 be 56 1.71 c-f 0.91 ab
N.K. 420 84 a 1.46 be 58 1.62 ef 0.84 ab
Stewarts 4714 77 ab 1.53 abc 56 1.78 c-f 0.97 a
Trojan TXS85 80 ab 1.46 be 55 1.69 ef 0.78 b
Warwi ck TX21 81 ab 1.41 be 5* 1.70 def 0.77 b
DeKalb 007 76 ab 1.58 ab 57 1.65 ef 0.85 ab
Warwick SL209 81 ab 1.30 c 50 1.69 ef 0.81 b
A509 x CG1O 85 a 1.35 be 55 1.74 c-f 0.77 b
DeKalb XL~311 75 b 1.45 be 52 1.91 bed 0.85 ab
N.K. 410 75 b 1.39 be 50 1.60 f 0.78 b
PAG SX47 82 ab 1.36 be 53 1.78 c-f 0.84 ab
Coop 267 78 ab 1.39 be 52 1.71 c-f 0.79 b
Pioneer 3972 80 a b 1.53 abc 58 1.92 be 0.81 b
Funks 4082 81 ab 1.44 be 56 1 .83 cde 0.87 ab

Data in columns not followed by the same lower case letter are significantly 
different at 95% probability level (Duncans Mult. Range Test).

Data are averages of three fertilizer N treatments
2

N concentration in stover excluding cobs

Table Yield of grain from selected corn hybrids as related to fertilizer N 
appli ed.

Applied Fertilizer N (ib/ac)

Hybr i d 0 60 
bu/ac(15■5%H2O)

120

Stewarts 4714 66 83 83
Troj an TXS85 72 80 88
Warwick SL209 60 85 99
A509 x CG10 67 93 94
DeKalb XL-311 55 82 87

Ave (18 hybr ids) 64 84 92



Table 5: Average concentration of N, P, K, Ca , Mg, Mn, Cu , Zn and B in the flag and sub-ear leaves 
(anthesis stage) and grain and stover of 18 hybrids as influenced by rates of N fertilizer.

Flag Leaf Sub-ear Leaf 0 ra i n
2 

Stover
E1 emen t 0 60 120 1 0 60 120 0 60 120 0 60 120

N {%) 2.38 c 2.89 b 3.04 a 2.5*1 c 3.16 b 3.38 a 1.36 b

1

1.47 a 1.55 a 0.79 b

!
0.82 b J 0.89 a

p m 0.30 c 0.33 b 0.3*4 a 0.26 c 0.29 b 0.31 a 0.36 b 0.37 ab i 0.38 a 0.09 a 0.07 c ; 0.08 b 
1

K (?) 1.74 a 1 .72 a 1 .72 a 1.64 a 1 . 50 b 1.48 b 0.46 a 0.46a j 0.46 a 0.93 a 0.81 b : 0.77 c

Ca (%) 0.60 b 0.69 a 0.66 a 1.10a 1.14a 1.11a 0.014a O.OlOab ! 0.008b 0.45 a
0.45 a ! 0.45 a I

Mg (?) 0.28 b 0.31 a 0.31 a 0.62 c 0.67 b 0.70 a 0.17 b
i

0.18a ! 0.18 a 0-32 c 0.33 b 0.34 a ।

Mn (ppm) 38 c 56 b 63 a *1*1 c 65 b 75 a - i - ।

Cu (ppm) 7-2 c 9-5 b 10.0 a 6.9 c 9-5 b 10.4 a -
1
1 - — —

Zn (ppm) 37 c W b *16 a 18 b 22 a 22 a - - —

B (ppm) 1 1 -3 c 13-2 b 14.0 a 5.8 a 5-9 a 6.0 a - 11
. ... i

-

Data within plant parts for each element not followed by the same lower case letter are significantly 
different at the 95% level of probability.

Amounts of fertilizer N applied (lb N/ac).

2 Excluding the cobs.
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Uptake of Surface-Applied Fertilizer as Affected by Corn Stover Mulch

A mulch of corn stover had little effect on total root weight, but 
almost doubledthe proportion of root growth near the soil surface and 
quadrupled the uptake of P from surface-applied fertilizer (Table 6). The 
effect was attributed to a more horizontal form of root growth caused by a 
depression in root temperature in soil below the mulch.

Table 6: Effect of corn stover mulch on root growth and fertilizer P uptake.

Mulch Treatment

Root Weight (dry basis) Fert i1i zer P Uptake

0-5

Depth 1nte rva1 - cm

Tota 15-10 10-15

Corn Stover^ 0.4 1.2

—g--------------

0.8 2.4

- - mg - -

50

No Stover 0.6 0.6 0.8 2.0 13

Equivalent to 9000 kg dry stover/ha applied both sides of corn row.

See also list of PUBLICATIONS.

J. Ketcheson and J. Onderdonk

Fertilizer Rates and Time of Seeding of Spring Barley

Barley was grown with two dates of seeding and varying rates of 
fertilizer on a Bennington loam soil on the farm of Frank Belcher in Amaranth 
Township, Dufferin County from 1968 to 1970. A similar trial was conducted 
on Conestoga loam at the Elora Research Station from 1968 until 1972. Both 
trials were in continuous barley with varied rates of nitrogen, phosphorus 
and potassium but with any individual plot receiving the same rates of fertilizer 
each year. Herta barley was used in the Dufferin County trial. At Elora, Herta 
was grown in the first three years but was replaced in 1971 by the Fergus variety. 
Seeding dates are presented in Table 7•

Herta and Fergus Barley -
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Table 7: Barley Seeding Dates 1968-1972.

Dufferin County Elora Research Station

Seeding Date

Early
1968

Ap r 2
1969

May 1 6
1970

Apr 30
1968

Apr 2
1969 

Apr 21
1970 

Apr 17
1971

Apr 19
1972

May 8

Late May 1 0 June 5 May 1 3 May 1 4 May 1 5 May 7 May 1 4 May 26

In I968 the early seeding was accomplished by broadcasting the seed 
on frozen soil. In terms of time of germination and growth, this is probably 
similar to a mid April seeding date. At the Dufferin County site in 1969 and 
at Elora in 1972 the soil was not dry enough for tillage or seeding in April 
so the earliest seeding was in May. The data from these two site years have 
been presented separately with the remaining six site years used to compare 
April and May seeding dates.

Differences in yield, plant height and lodging due to seeding date 
are presentedin Table 8. Grain yield was 13 percent lower on the average with 
May than with April seeding. Straw yield was similar with the two dates of 
seeding although May seeded plants were significantly shorter. Lodging appeared 
to be considerably greater on the average with the May seeding in spite of the 
shorter plants and lower grain yield Lodging was measured at harvest in only 
four site years. In three of these years lodging appeared to be greater with 
May seeding but in one year at one site it was greater with April than with May 
seeding. Lodging data were not suited to the usual statistical analysis, 
making interpretations more difficult.

Seeding Date Grain Yield Straw Yield Plant Height Lodging^
Ib/ac Ib/ac cm' rating

April 2550 2850 74 1.06

May 2210 2940 71 1-83

Stat i st i ca1
S i gn i f i cance 99% n.s. 99%

1 2.5^ cm = 1 inch

2 
Rating based on visual observations: 0 = no lodging;

5 = completely lodged (flat on ground).

Table 8: Effect April and May seeding on yield and growth of Fergus and Herta 
spring barley.
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The response to nitrogen fertilizer was significantly greater with 
April seeded barley than with May seeded barley, Table 9. There was some 
tendency for a similar effect with phosphorus and potassium, but they were 
small and not statistically significant over the six trial years in which 
phosphorus yield response was measured.

In the two trials (Dufferin, 1969 and Elora, 1972) which had only 
May and/or June seeding dates, the effect of late seeding appeared to follow 
the same trend as when April and May seeding were compared, Table 10. One 
exception is plant height. April seeded barley was significantly taller than 
May seeded, but barley seeded in early May was significantly shorter than that 
seeded in late May or in June. It seems probable that the trend toward tall 
plants in April, short plants in mid May and tall plants in late May or early 
June is real although in not one case were three seeding dates used in one 
trial to test it directly. In 1969, the year in which a June 5th seeding was 
taller than a May 16th seeding in Dufferin County, a May 15th seeding was 
shorter than an April 21st seeding at Elora.

Table 9- Effect of nitrogen and seeding date on grain yield of Fergus and 
Herta spring barley.

Seed i ng Date
N i t rogen App1i eid (ib/ac)

0 20 40 80 160

G ra i n Yield (1b/ac)

April 1820 2250 2560 2510 2950

May 1520 2040 2230 2410 2410

Average 1670 2140 2390 2460 2680

Table 10: Effect of early May and late seeding in yield and growth of Herta 

and Fergus spring barley.

Seeding Date Grain Yield Straw Yield Plant Height Lodging
Ib/ac Ib/ac cm rating

Early May 2740 2960 70 0.8

Late May or June 1990 3H0 73 1.9

Statistical
S i gn i f i cance

99% n.s. 99%
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During 1970 and 1971 Fergus and Trent barley varieties were both 
seeded in the trial at Elora, While Fergus and Herta barley appeared to react 
similarly to seeding date, Trent appears, on the basis of two years' results, 
to be much less affected, Table 11. It is not known why the two varieties 
behave differently. This trial area has been in cereal grains since 1968, and 
it is possible that the differences would not be so great in a rotated field. 
On the basis of these two years of results, it appears that Trent barley has 
distinct advantages where seeding date is delayed.

Seeding Date Variety

Fergus Trent

G ra i n Yield (lb/ac)

1971 April 19 3180 2920

1972 May 8 1730 2170

"Early" mean 2A60 2550

1971 May 1A 2830 3080

1972 May 26 890 2110

"Late" mean i860 2600

1. Early seeding of spring barley results in higher grain yields and 
probably less lodging than later seeding.

2. Early seeded spring barley will respond to slightly more nitrogen 
fertilizer than late seeded.

3. When barley seeding is delayed to mid May or later, the variety Trent 
is likely to out-yield Fergus or Herta by an appreciable margin.

T.E. Bates

Fergus and Trent Barley

Table 11: Effect of seeding date on grain yield of Fergus and Trent barley.

Conclus ions
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Plots were set out on the Bradford Marsh to study the effect of Zn 
and Cu on "rusty root" and"horizonta1 cracking" disorders in carrots. Low 
levels of these elements were found in the crop the previous year and suspected 
of causing the disorder. The results were as follows.

Cu content of tissues was not affected while Zn content was 
increased by Cu and Zn as fertilizer on soils of pH<5-

Both Cu and Zn content was increased in soils of pH>6.

Yield and incidence of horizontal lesions was not affected by Cu and 
Zn application (control of stand density favoured the proportion of marketable 
carrots, but did not affect presence of lesions).

Many soil series have not been adequately sampled to provide a true 
measure of their variability; therefore, their descriptions must be regarded 
as incomplete and valid statistical comparisons cannot be made with other soil 
series. The number of samples required to detect the differences in means 
(95% probability) of 18 soil properties between the Brantford and Beverly soil 
series of Southern Ontario were calculated and ranged from 10 for organic matter 
content of the Ap horizon to 12,232 for pH of the Ap horizon. Sufficient samples 
were obtained to statistically compare 6 soil properties,and they were found to 
be significantly different at the 99% probability level. Only two of the 
properties, hue and organic matter of the Ap horizon, had distinctly different 
modal values between the two series and these properties are not easily measured 
in the field. Therefore, it was concluded that profile characteristics used 
were impractical and unreliable criteria for separating the series in the field. 
However, the separations can be readily and validly made on the basis of land
scape position.

Nutritional Studies on Organic Soils

C a r rn t << -

Onions -

Liming has been commenced on an acid soil to determine whether it 
will alleviate Mo. deficiency. In the first year 4.5 T lime/ac changed pH 
from 5-0 to only 5-1; hence several years will be required to obtain an 
answer.

A.L. Willis

RESOURCES, INVENTORY, PLANNING AND DEVELOPMENT

Quantification of Soil Variability

Use of the Electron Microprobe in Soil Genesis

Cutans in six pans found in peaty soils of Newfoundland, Canada, were 
examined by petrological microscope under inclined incident and transmitted 
light and electron microprobe. On the basis of microscopic properties five 
distinct cutanic materials were found in these pans.
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Material A was red with black veins with undulose extinction in 
transmitted light and dark brown and red under reflected light. This material 
was dominantly Fe, with some Al present. In Pan 2 Material A had more Mn in 
some areas than in Pan 1.

Material B was dark brown to opague with brown thin edges, had a 
continuous extinction patternin transmitted light and black in reflected 
light. This material was dominantly Mn with some Fe and Al.

Material C had similar optical properties to Material B in the cores 
and to Material A in peripheral zones. Electron microprobe data indicate that 
the cores were dominantly Mn and peripheral zones were Fe and some Al.

Material D was a drab brown with a powdery, appearance under trans
mitted light and a pale brown under incident light. This material was dominantly 
Fe with no Mn and varying amounts of Si and Al.

Material E was pale brown under transmitted light and pale yellowish 
brown under incident light. This material was high in Si, Al and Fe but low 
in Mn.

Techniques designed for this research will be applied in research on 
the ultimate fate of heavy metals in sewage sludge applied to soils.

R. Protz, R. Brewer and J.A. McKeaque

Quantification of Initial Chemical Changes in Various Soils

Four young soils each derived from a different igneous rock were 
characterized and their micro-morphology was studied to find features common 
to youthful "residual soils". All these soils had similar fabrics; but in each 
micropedo1ogic features specific to the parent rock are also evident.

The soil derived from an amphibolite ranged in pH from 5.4 to 6.8. 
As the soil profile was only 32.5 cm thick, an organic matter build-up (8.6%) 
was found in the 27-5 - 29.5 cm layer. Dithionite extractable Fe ranged from 
.84 to 1.67%. The surface horizons had many fecal pellets. Rock nodules of 
the parent material exist throughout the profile. Distorted, fractured coarse 
mica (2mm) grains were prominent.

The soil derived from a Gabbro had the highest dithionite extractable 
Fe, with 1.86% in the R horizon to 5-56 the Bml. The pH ranged from 5-4 to 
6.1. Well-formed geothite crystals were abundant in the soil.

The soil derived from a granitic gneiss had an Ae and a Bt horizon. 
The pH ranged from 4.2 in the Ae to 5.8 in the Bf1s horizon. The dithionite 
Fe ranged from .13 in the Ae horizon to 2.48 in the Bf3. Less than 2p clay 
content was 13.9% in the Bt horizon. This profile had agglomeroplasmic to 
porphyroskelic fabric. Mica grains in various states of weathering were 
present.

The soil derived from a syenite ranged in pH from 5.5 to 6.0. Quartz 
was not found in the <2p clay of the syenite derived soil but was present in 
the granite derived soil. Dithionite extractable Fe ranged from .89 to 1.67%.
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Organic matter content of the syenite soil was lower than that in the granitic 
soil and correspondingly oxalate extractable Fe and Al were also lower. There 
were many mica grains in various states of disintegration in the syenite profile.

J.E. Gillespie, R. Protz and R. Brewer

Biogenic Opal Phytoliths in Ontario Soils

Low Yield Spots in Intensively Used Farms

Three low yield spots have been sampled to date, one from Wentworth 
County, and two from Kent -County. Six or seven equally spaced soil profiles 
were sampled by probe truck from a straight line traverse of the affected spot. 
The macromorphology of each profile has been recorded. Analysis of the six 
profiles from Wentworth County indicate that the pH was lower by 0.5 units and 
the exchangeable Al was higher in the centre of the affected spots. Addition 
of lime has brought yields up again, but it may not be the long term solution. 
As the net movement of soil water is downward in Southern Ontario, it is pre
dicted that other associated nutrient problems will eventually arise in these 
areas. Plans are being made to inventory the extent of the low pH spots in 
Southern Ontario.

R. Protz and T.H. Lane

Mineralogical and Micropedologica1 Characterization of Soils from Active 
Soil Surveys in Ontario

Development of micropedo1ogica1 techniques has been stressed this 
year. The laboratory to do micromorphologica1 analysis has been expanded. 
The need for micropedo1ogica1 data is increasing as the acreage under intensive 
use increases in Ontario.

The development of the micropedo1ogica1 research capacity will be 
necessary as more garbage and sewage sludge is incorporated into agricultural 
soils. We will have to predict the maximum waste loading capacity of our soils. 
Knowledge of the ultimate fate of waste materials in soils can be obtained via 
in situ micropedo1ogica1 data.

R. Protz

Opal has been fractionated from about 50 Ontario soil samples. These 
include 25 surface samples and another 25 samples from 8 different profiles with 
depth. Opal (inorganic material with a specific gravity of less than 2.3) was 
isolated from each of the 50-20, 20-5, 5"2 micron silt fractions. Preliminary 
examination of forms, purity and quantity have been done at present. Dr. J. Geis 
at the Faculty of Forestry, Syracuse University, has isolated silicified plant



cells from the leaves, bark and roots of about 30 species of trees. His work 
provides a catalogue of biogenic opal forms being returned to the soil from 
trees. Dr. L.P. Wilding has done work which indicates the possibility of 
quartz being actually formed in tree leaves. Characterization of biogenic 
opal with the scanning electron microscope and electron probe is in progress.

R. Protz and L.P. Wilding

Evaluation of color aerial films for soil survey purposes has been 
completed. The initial investigation on which soil properties influence soil 
color has been submitted for publication. Color aerial photographs could be 
used to advantage by regional land use planners.

The theoretical evaluation of stereorthophotographs for soil survey 
base maps has been completed. A project to test the everyday utility of stere 
orthophotographs for soil survey purposes has been initiated (the detail soil 
survey of the Elora Research Station). It has been concluded that stereortho
photographs should be used in areas of intensive land use particularly for 
urban and suburban planning. They can be a very useful aid in planning the 
natural environment into intensive use areas.

Mu 11ispectra1 imagery for soil survey purposes is being evaluated. 
A test strip from Arkel1 road area down Highway No. 6 to Elora has been imaged 
by the Environmental Research Institute of Michigan. In this test strip six 
research areas have been designated for intensive investigation.

This research program was partly directed to the evaluation of ERTS 
imagery. The ground truth concepts have now been worked out and a rational 
approach to the evaluation of ERTS imagery has been initiated. This work is 
being done with the cooperation of the Environmental Research Institute of 
Michigan and the Canadian Centre for Remote Sensing. We are proposing to 
investigate maximum resolution of ERTS imagery on the Elora Farm. We are 
also proposing to evaluate ERTS imagery for updating the soils map of Northern 
Ontario. ERTS imagery should be very useful in getting an inventory of 
unmapped areas in Northern Ontario. ERTS imagery may also result in a very 
efficient inventory-monitoring system of crops in agricultural areas.

See also list of PUBLICATIONS.

R. Protz

Imagery for Various Purposes
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GEOLOGY

The Ternary System AlgO^-SiOg -H2O and its Application to Soils

A topological analysis of the system A12O3”Si O2“H20 was made. Minerals 
that plot within this system are shown in Figure 1. Those that are known to be 
authigenic in soils are confined to the triangle Al (OOH)-Si02"H20> (Figure 2). 
Bayerite and nordstrandite are omitted from the second diagram on account of 
their scarcity in nature and lack of knowledge of their thermodynamic properties. 
Figure 2 shows all possible tie lines between the minerals contained therein. 
This diagram indicates a.possible mineralogical reaction in one of four ways:

(1) by a coincidence of two phases at a single point indicating 
polymorphism (e.g. boehmite and diaspore);

(2) by colinearity of three phases (e.g. kaolinite, halloysite 
and water);

(3) by a crossing of tie lines (e.g. kaolinite-water and gibbsite
quartz) ;

(A) by one phase lying within a triangle formed by three other 
phases (e.g. halloysite in gibbsite-quartz-water).

Application of these criteria reveals 60 possible reactions which 
when examined in the light of thermodynamic and experimental data, enable the 
construction of a 25°C , 1 atmosphere total pressure section of the system, 
(Figure 3). This indicates that the stable assemblages belong to the 
kaolinitic facies of the residua system of weathering (Chesworth, 1972).

Kittrick's (1969) analysis of the same system led him to conclude 
that only quartz and diaspore (water being understood) need be shown on a 
stability diagram for earth-surface conditions. If this were true, it would 
be futile to interpret soils in terms of phase equilibrium diagrams. Fortun
ately, it is not true and Figure 3 can be applied directly to many deposits of 
the earth's surface. Many duricrusts and the clay fractions of many, well- 
weathered soils yield assemblages that are clearly in agreement with the 
water-present assemblages of Figure 3. Water-absent assemblages are uncommon. 
This may be accounted for by the fact that virtually all soils contain H2O 
as a separate phase.



Figure 1 Mineral compositions in the system H20~A12O3”SiO2• The join 
Al OOH-S1O2 separates the triangle into two parts A and B. 
A is the part of interest to pedology.

Figure 2 Part A of Figure 1 redrawn. All possible tie lines are shown.
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Figure 3 Equilibrium diagram for 25°C and 1 atmosphere total pressure. 
Assemblages containing the phases water, gibbsite, kaolinite 
and quartz are very common at the earth's surface.

(a) The Grand River Watershed

The bulk of the information on the regional sedimentology of the 
fluviatile system has been co 11ected,and it is in the process of analysis 
and publication. The next stage of the research is dealing with the 
modifications in the textures and structures that typical sedimentary 
sequences undergo during the early stages of weathering.

(b) Drumlin and Drumlinoid Features

Computer mapping techniques are being evaluated to analyze best topo
graphic and frabric data for drumlin fields of southwestern Ontario.

(c) Anatomy of Silurian Deltaic and Littoral Environment

The sedimentological model constructed from the analysis of rocks 
exposed along the Niagara Escarpment is being tested in the analysis of 
cores from gas fields situated in Lake Erie.

(d) Geology and Land Use of Wasaga Beach, Ontario

In collaboration with the Ontario Ministry of Natural Resources, 
an extensive documentation of the resources of the Wasaga Beach area has 
been made. This survey is providing information for the construction of

Quantitative Studies OfSands and Sandstones
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development plans for a new Provincial Park in the area. Among the various 
physical resources, extensive analysis has been made of the winter environment 
by monitoring the distribution and amount of different types of snow in the 
area. Detail analysis of the geology and of the various types of sediments 
covering the area have been made. The research project continues with the 
analysis of the impact of specific activities on the environment, (R. Yurick, 
M.Sc. thesis). Experiments are conducted on the effect of walking traffic on 
potential future nature trails, and the effect of all-terrain vehicles, 
snowmob 11ing, horse riding, etc. is monitored.

(e) The Pleistocene Geology and the Soils of an Area of Central P.E.I.
(B. McLean, M.Sc. thesis)

The interpretation of the Pleistocene Geology of P.E.I. is rather 
difficult because of a combination of causes related to weak glaciation, 
and a bedrock that is easily eroded and weathered. A relatively small area in 
the Central highlands of the island has been selected for classical geological 
and pedological analyses to decipher the degree of weathering that the several 
sedimentary sequences have undergone and to evaluate the relative importance 
of direct glacial action or of solifluction in the formation of sections 
formed supposedly of "till".

See also list of PUBLICATIONS.

I .P. Martini



AGROMETEOROLOGY

From measurements of leaf wetness duration and temperature, an index 
of the weather's suitability for Southern Corn Leaf Blight (SCLB) in 1972 was 
computed. In mid-July a warm, moist period occurred which was even longer and 
occurred earlier in the season than the favorable weather which touched off 
the blight outbreak back in 1970. During 1972 susceptible corn was blighted 
by July 25 but "normal" varieties suffered no significant yield losses from 
SCLB, confirming the defeat of this disease through the use of resistant corn 
hybr i ds.

In co-operation with A.E. Maitland, OMAF extension plant pathologist, 
instruments to monitor leaf wetness and temperature were located in two 
Georgian Bay apple orchards. Using the Mills criteria, which specify the 
weather required for apple scab infection, weather observations and forecasts 
were used to time fungicide sprays in one orchard with a serious scab history. 
Savings in fungicide over the calendar-recommended preventative program 
amounted to $50/acre, with scab occurring on the treated fruit as opposed 
to 100% on nearby unsprayed trees. In the second orchard, where the grower 
attempted a reduced fungicide program without using the weather data as a 
guide, scabby fruit occurred.

From late July to early October of 1972 the temperature, relative 
humidity, and duration of leaf wetness were continuously monitored within 
plots of carrots at the Bradford Marsh Muck Research Station. Weekly 
determinations of per cent of carrot leaf area affected by blights (Alternaria 
or cercospora) were made after August 8. Some of the carrots were sprayed with 
fungicide on four occasions dictated by present or forecast weather conditions.

The carrot leaf blights behaved according to the following rules:

1. Wet leaves were needed for the disease to progress.

2. The disease multiplied like compound interest, with the interest 
rate dependant on the temperature during wet periods.

3. Two successive wet periods separated by an interval when leaves 
dried (so spores could fly to new leaves) but skies were cloudy 
and the humidity was high (so spores were not killed by 
dessication) were ten times as effective in advancing the 
disease as periods in which the sun shone.

According to these rules, for optimum disease control f i ve fungicide 
sprays should have been applied during the 73-day period of the experiment and 
this would have allowed less than 2% of the leaf area to become infected by 
October 6 as compared to about 15% infection on unsprayed carrots. The four 
correctly timed sprays actually used were only slightly less effective, allowing 
2 to 3% blighted leaf area to develop. Growers in the area would ordinarily 
maintain a weekly spray schedule which would amount to 10 sprays during the 
period of our experiment, or twice as much fungicide as was really necessary 
for this particular season.

T.J. Gillespie

Disease-Weather Studies - Corn, Apples, Carrots



It is often suspected that farmers over-mechanize for their field 
operations. If this is true, it might be looked upon as insurance against 
adverse weather conditions as the time available for field operations is 
dependent on the weather. In order to determine if farmers are over-mechanized, 
it is necessary to have reliable information on the time available for carrying 
out field operations. Records of suitable work days for tillage, seeding, 
haying and harvesting are practically non-existent in Canada. The problem is 
to develop methods for relating soil and crop conditions to the weather, so 
these can be used for estimating the time available for field work in different 
seasons from historical weather records.

Agricultural Operations, Crop Production and Climate

Spring Workday Probabilities

A computer program for estimating soil moisture in spring was applied 
to 50 years of climatological records at Guelph and 5 other Ontario locations to 
determine the probability of suitable tillage and planting days by weeks in the 
spring season for different climatic regions,

A 5_day moving average of workday probabilities in the spring season 
are shown for loam-clay soils (Figure 1) and sandy soils (Figure 2) for the 
six locations. This illustrates the advantage of sandy soils in early spring, 
i.e. a farmer can expect to be a week to 10 days earlier, on the average, 
getting on the land if he has wel1-drained, sand-textured soils. Probabilities 
are 15 to 25 percent higher in April on sandy soils than on clay soils. This 
advantage decreases to about 10 percent after the first peak in probability 
around May 5. Probabilities for both soils are slightly lower in mid-May than 
in early May and then level out in late May through June at between 70 and 85 
percent for sandy soils and 55 and 70 percent for loam-clay soils.

Fall Workday Probabi1ities

A computer program was developed for simulation of soil moisture 
conditions for prediction of fall harvest days in Ontario through a cooperative 
arrangement with the University's School of Engineering. This model is presently 
being applied to 50 years of climatological records at four sites.

Fall Frost, Corn Maturity and Drying Rates

The study of the effect of early fall frosts on corn production was 
continued in 1972 through a cooperative arrangement with the Ridgetown College 
of Agricultural Technology. An experiment was conducted at Ridgetown by 
Mr. R. Jenkinson, a faculty member in Agronomy at R.C.A.T. and presently an 
M.Sc. student in Agrometeorology at Guelph, in which simulated freezing 
treatments were applied at intervals from mid-September to mid-October to an 
adapted and late hybrid for that area. These data are still being analyzed 
and will form part of the M.Sc. thesis for Mr. Jenkinson, Results in 1972 
indicate that freezes in late September at Ridgetown would not reduce kernel 
dry matter yield significantly. Comparable dates for Guelph area are 
September 20-25 as determined from experiments conducted in late 1960's.
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For simulation modeling of plant growth and development, it is 
necessary to have methods for predicting dates of occurrence of phenological 
stages. Heat unit or degree-day accumulations are commonly used for this 
purpose, but in most cases have proven to be inadequate. A growth chamber 
and field study is in progress to develop a better expression for rating 
development in the emergence to tassel initiation period. (M.C. Coligado, 
Ph.D. project).

The significant points from the experiments conducted so far, are 
that:

(1) developmental response to temperature is not linear,

(2) number of leaves per plant increase with both temperature 
and photoper i od,

(3) number of leaves are inversely related to duration of the 
pre~tassel initiation period.

See also list of PUBLICATIONS.

D.M. Brown

Information on drying rates of grain corn in the field under varying weather 
conditions were collected at Guelph and Ridgetown in 1972. These data are 
presently being analyzed and used to check the 'drying rate1 model derived from 
1970 and 1971 ^tndiPQ

Corn Development in Pre-tassel Initiation Period
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Figure 1 Probability of spring workdays on loam-clay soils at six Ontario 
locations (a 5"day moving average).

Figure 2 Probability of spring workdays on sandy soils at six Ontario 
locations ( a 5-day moving average).
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ACTIVE RESEARCH PROJECTS

Project di rectors, other researchers and fund granting agency are shown 
following the title of each project.

Agrometeorology

1. Crop micrometeorology with emphasis on water relations.

Meteorological aspects of integrated pest control -- weather 
and carrot blight control, T. J. Gillesp i e, J.C. Sutton (Envi ron- 
mental Biology), W. LangenbeTg (Graduate Student), Ontario 
Ministry of Agriculture and Food, Ontario Ministry of the 
Env1ronment.

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

Energy and water balances of agricultural land surfaces.
K.M. King, Meteorological Branch, Canada Department of Transport.

Shortterm growth of field crops in relation to the micro
environment. K.M. King, Canada Department of Agriculture.

2. Photosynthesis of crops in relation to productivity.
Canadian Committee for the International Biological Program.

Modelling the early season growth of corn in controlled and 
field env i ronments. T,J. Gillesp i e.

Atmospheric transport processes within crop canopies.
G.E. Kidd, G.W. Thurtel1.

Micrometeorological measurements of photosynthesis. K.M. King.

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

Water potential and water movement in the soil-plant atmosphere 
system. G.W. Thurtel1.

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

Environmental effects on the life cycles of pests and diseases. 
T. J . Gillespie.

3. Climate and field crop production.

Climate and perennial forage crop production. D.M. Brown 
Atmospheric Environment Service, Canada Department of 
Envi ronment.
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Observation, compilation and analysis of current and past 
weather records. D.M. Brown, T.J. Gillespie, K.M. King, 
D. Oldacare (Computer Institute), Ontario Ministry of 
Agr i cu1ture and Food.

Effect of climate on alfalfa forage production potential.
D.M. Brown, R.S. Fulkerson and J.E. Winch (Crop Science), 
W.Ba i er (C.D.A.), Ontario Ministry of Agriculture and 
Food and Canada Department of Agriculture.

Effect of climate on corn maturity and harvestability.
D.M. Brown, T. Daynard, R.B. Hunter and L.W. Kannenberg 
(Crop Science), M.C. Coligado (Grad Student), A. McLaren 
(R.C.A.T.), R.C. Jenkinson (Grad Student), Ontario Ministry 
of Agriculture and Food, National Research Council.

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

4. Mi crometeorology

Turbulent transport processes above terrestrial surfaces and 
within plant canopies. G. W. Thurtel1 , Canada Department of 
Transport.

Plant water status as related to crop productivity and crop 
production. G.W. Thurtel1 , K.R. Stevenson, L.A. Hunt (Crop 
Science), Ontario Ministry of Agriculture and Food, National 
Research Council, Aerial Environment Service.

Palaeoecology and diagenesis of selected carbonate formations in S.W. 
Ontario. M. Brookfield, National Research Council.

Stratigraphy and Palaeontology of the Harris Lakes area British 
Columbia. M, Brookfield, National Research Council.

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

Effect of Silurian spalerite-galena deposits on the environmental 
geology of regions along the Niagara Escarpment. V/. Chesworth, 
National Research Council.

Minera1-equi1ibria in system AI2O3-H2O applied to soils.
W, Chesworth, National Research Council.

Origin of hypersthene-granite. VJ. Chesworth, National Research 
Counc11.

Studies related to the weathering of granite. V/. Chesworth, 
National Research Council.

Geology
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Study of drumlins and drumlinoid features of South Western Ontario. 
I.P, Martini, University of Guelph Research Advisory Board.

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

Analysis of the Grand River Watershed. I.P. Martini, National 
Research Counci 1.

Pleistocene geology and the soils of an area of central P.E.i.
I.P. Mart ini, B. McLean and R. Protz, National Research Council.

Soil Management and Plant Nutrition

Evaluation of macronutrient requirements for corn. T.E. Bates, 
J.A. Smith, W.I. Finlay (C.D.A., Harrow), C. Moo re (Kemp tv i (Te 
C.A.T.), C.K. Stevenson (Ridgetown, C.A.T.) Ontario Ministry of 
Agriculture and Food.

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

Response of rapeseed to fertilizer as affected by date of seeding. 
T.E, Bates, J.W. Tanner (Crop Science), Ontario Ministry of 
Agriculture and Food.

Nutrient deficiencies of cassava. T.E. Bates, Canadian International 
Deve1 opment Agency.

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

Denitrification in soils. E.G. Beauchamp, A. Smid, J. McLean (Grad 
Student), National Research Council.

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

Method, source and time of application of boron for rutabagas.
E.G. Beauchamp, A.L. Willis, 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.

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

Effects of tillage practices on soil properties and on growth and 
yield of corn. J ,W, Ketcheson, T.B. Daynard (Crop Science) and 
H. Lee (School of Eng i neerTngT, Ontario Ministry of Agriculture 
and Food, National Research Council.
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Effect of soil physical conditions on plant growth.
J .V/. Ketcheson, R. Van den Broek (Grad Student), Ontario 
Ministry of Agriculture and Food, National Research Council.

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

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

Method, source and time of application of boron for alfalfa 
production. R.W. Sheard, W.B. Towi11 (C.D.A., Thunder Bay), 
Ontario Ministry of Agriculture and Food.

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

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

Interaction of fertilizer use and harvest management on 
production, quality and longevity of forage species. R.W. Sheard, 
W.B. Towi11 (C.D.A., Thunder Bay), J.E. Winch (Crop Science)~ 
Ontario Ministry of Agriculture and Food.

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

Relationship of visible radiation to growth and metabolism of 
plants. R.W. Shea rd, National Research Council.

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

Land in Relation to Water Quality and Waste Disposal

Land disposal of sewage sludge. T.E. Bates, E.G. Beauchamp, 
R. Johnston (Envir. Biology),J.W.Ketcheson, J. Moyer, R. Protz, 
Ontario Ministry of Environment and Environment Canada.

Microhydrologic characteristics of soils. D.E. E1 r1ck, National 
Research Counci 1.

Dynamics of nitrogen transport in soils. D.E. Elr i ck, Ontario 
Ministry of Agriculture and Food.



56

Effect of snowpack management on water and nutrient movement 
in soil. B.D. Kay, Ontario Ministry of Agriculture and Food.

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

Contributions of plant nutrients from agricultural lands to 
drainage waters. M. H. Miller, R.L. Thomas, D.E. Elrick, 
Ontario Ministry of Agr1cu1ture and Food, Canada Dept.of Agric., 
Environment Canada.
The utilization of animal waste In the production of forage 
species. R.W. Sheard, Ontario Ministry of Agriculture and Food.

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

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

Characterization and identification of organic nitrogen compounds 
in soil. R.L. Thomas, Canada Department of Agriculture.

Incubation of soil with garbage,s1udge and poultry manure.
L.R. Webber, L. Rudgers, Canada Department of Agriculture.

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 
Env i ronment.

Characteristics of drainage waters from waste disposal on land.
L.R. Webber, Ontario Ministry of Agriculture and Food.
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Resources Inventory, Planning and Development

Planning for Agriculture in Southern Ontario. D.W. Hoffman, 
Agricultural and Rural Development Act.

Studies of organic soils, their c1 assification and uses.
D.W. Hoffman, Agricultural and Rural Development Act.

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

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

Relationship between water table levels and soil properties.
E.E, Mackintosh, Canada Department of Agriculture.

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

Surface reactivity of clays in relation to engineering properties.
E.E. Mackintosh, National Research Council.

Land capability system for horticultural crops. E.E. Mackintosh, 
D.M. Brown, Ontario Ministry of Agriculture and Food.

Overhead high voltage transmission lines and installations: Planning 
and location criteria for minimizing environment impact.
Interdisciplinary Study Group - D.W. Hoffman, E.E. Mackintosh and 
others, Ontario Hydro.

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

Geology and land use of Wasaga Beach, Ontario. I,P. Martini, R. Yurick, 
E.E. Mackintosh, Ontario Ministry of Natural Resources and National 
Research Counc i1.

Mineralogical and micropedologica1 characterization of soils from 
active soil surveys in Ontario. R. Protz, Ontario Ministry of 
Agriculture and Food, National Research Council.

Imagery for various purposes. R. Protz, Ontario Ministry of 
Agriculture and Food, N.A.S.A. through C.A.R.E.D.

Low yield spots in intensively used farms. R. Protz, T.H. Lane, 
Ontario Ministry of Agriculture and Food.
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Quantification of soil variability. R. P rot z, National Research 
Counc i1.

Use of the electron microprobe in soil genesis. R. Protz, National 
Research Counci 1.

Evaluation of soil color as used in soil classification. R. Protz, 
National Research Council.

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

Descriptive analysis of ERTS and analogue aircraft data applied 
to I.F.Y.G.L. hydrological objectives. A. Falconer (Geography), 
S. Collins and W.T. Dickinson (School of Engineering), R. Protz, 
N.A.S.A. through C.A.R.E.D.

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

Land inventory interpretation for resource use of the Pickering, 
Uxbridge, Markham area. N.R. Richards, Canada Department of 
Agr i cu1ture.
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UNDERGRADUATE EDUCATION

The activities of the department in undergraduate education are 
summarized in Tables 1 and 2. Several changes were made in our course 
offerings. In geology two new courses were added, 46-306 - Hydrogeology 
which is included as a core requirement in the B.Sc. Earth Science program 
and 46-405 - Field Geology which has been added as an elective course.

In the Meteorology program several changes were made by combining 
the old courses of Physical Meteorology and Dynamic and Synoptic Meteorology 
into one course, Intermediate Meteorology, which is offered with a lab as 
64-416 or without a lab as 46-417. Meteorology and Climatoloty 46-304 is 
now also offered with a lab as 46-303. One new course 46-315» Microclimatic 
Measurements, has been added as a field course to be held in the last two 
weeks of August.

Two new courses were added to the soils offerings. 87“100, Land 
Resources and Man,was added to enable students to take a soils course but 
were not able to meet the requirement of the introductory 87-200 course. 
The Landscape Architecture students, who had been handled as a separate 
section of 87-200, have been separated into a new course 87-201, Soil in 
Planned Environments. This course is designed to give a somewhat different 
emphasis than the regular introductory soils course.

Table 1: May 1973 Graduates in Soil Science and Resources Management

NAME HOME TOWN

S o i 1 Science Majors

Resource Management Majors

Gordon E. Allin Newcast1 e, Ontario
James R. Allin Bowmanville, Ontario
Dael A. Bierworth Bancroft, Ontario
Richard L. Bradford Guelph, Ontario
Robert D. Brooksbank D resden , On ta r i o
Deborah M, Coupland Lanark, Ontario
Frank D. Danbrook St. Thomas, Ontario
Brian G. Donaldson Ottawa, Ontario
John P. Duff Ottawa, Ontario
Rae N. Fraser Maxv i1le , Ontario
Brian W. Hancock Peterborough, Ontario

Frederick A. Boyce Norwi ch,Ontar io
L1oyd E. Clare Guelph, Ontario
Joseph K. Waswa Uganda
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continuation of Table 1

NAME HOME TOWN

Alice M. Heagy London, Ontario
Ma r i 1yn Hewi tson Niagara Falls, Ontario
Hugh J. Hoggarth Stratford, Ontario
Kerry S. Johnson Guelph, Ontario
James W, Mani com Norwich, Ontario
Ronald G. Mason Stouffville, Ontario
Kenneth G. McCormack Proton Station, Ontario
Robert K. McKen London, Ontario
Robert A. McNaughton Parkhi11, Ontar io
William A. Merri tt Don Mills, Ontario
Daniel C. Nixey Guelph, Ontario ■
Larry D. Robinson Strathroy, Ontario
Roger A. Shier Sunderland, Ontario
Dale W. Simpson Guelph, Ontario
Ted Smith Sunderland, Ontario
Peter C. Thompson Mississauga, Ontario
Allan J. Toren Forest, Ontario
Bob Van Den Broek Guelph, Ontario
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Table 2: Diploma and Undergraduate Courses presented during 1972/73-

COURSE
NUMBER COURSE ENROLLMENT

Diploma

87-001 Soil Science 18
87-010 Soils 163
87-011 Soils 139
87-020 Soils 48

Deg r e e

46-100 Principles of Geology 101
46-104 Study of the Earth 37
46-202 Strati graphy 24
46-203 Pa 1aeonto1ogy 17
46-205 Glacial Geology 23
46-208 Silicate Structures 0
46-210 Mineralogy 20
46-303 Petrology 17
46-305 Sed i men to 1ogy 13
46-306 Hydrogeology 21
46-4o4 Geology of Canada 13
46-405 Field Geology 9

64-303 Meteorology and Climatology 12
64-304 Meteorology and Climatology 80
64-315 Microclimatic Measurements 9
64-403 Agrometeorology 14
64-405 M i croclimatology 10
64-416 Intermediate Meteorology 11
64-417 Intermediate Meteorology 15

87-100 Land Resources and Man 43
87-200 Soil Science 388
87-201 Soil in Planned Environments 18
87-302 Soil Classification 38
87-304 Soil Science Seminar 5
87-305 Land Utilization 103
87-401 So i1 Chemi st ry 12
87-402 So i1 Phys 1cs 11
87-405 Sol 1 Management 61
87-406 Problems in Soil Science 1 10
87-407 Problems in Soil Science II 5
87-408 Environmental Quality 29
87-410 Soi1 Plant Rei at ions 8
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GRADUATE EDUCATION

Thirty-four graduate students were enrolled in the M.Sc. and Ph.D. 
programs of the Department in Winter 1973 (Table 1) as compared to 31 
students for the corresponding period in 1972. Degrees were conferred on 
14 candidates during the year (Table 2).

Tables 1: Graduate Students and Advisors - Winter Semester, 1973-

Soil Science Program

A grometeorology Prog r a m

W. Curnoe J.W. Ketcheson N. Caramancion (Mrs.) R.L. Thomas
R. De Jong B.D. Kay J. Koch B.D. Kay
S. Griffith R.L. Thomas Y. Soon M.H. Miller
J. Hagarty D. W. Hoffman J. Tarzi R. Protz
D. Lobdel1 E.E. Mackintosh P. Warman R.L. Thomas
J. MacLean E.G. Beauchamp J. Oteng E.G. Beauchamp
G. Patton W. Chesworth
N. Stewart L.R. Webber
A. Symeonakis R. Protz
L, Van Vliet E.E. Mackintosh
D. Howe 11 T.E. Bates
B. MacLean 1.P. Martini
N. Mokhtar R. Protz
J. Leyshon R.W. Sheard
D. MacDonald D.W. Hoffman
J. Slot D.W. Hoffman
D. Hons B.D. Kay
K. La Hay (Mrs.) W. Chesworth
A. Jowett E.E. Mackintosh
R. Yurick i.P. Martini

J. Dyer T.J. Gillesp ie M. Coligado D.M. Brown
R. Jenk i nson D.M. Brown G. den Hartog K.M. King
C. Labine T. J . Gillespie K. Heidorn

R. Mulsen
1. Se1i r i o

G.W. Thurtel1
G.W. Thurtell 
K.M. King

M.Sc. Students Adv i sor Ph. D. Students Adv i sor



Table 2: Graduate degrees conferred October 1972, January and May, 1973-

NAME__________ DEGREE_______SUPERVISOR___________________ THESIS TITLE

Soil Science Program

Agrometeorology Program

L . S. C rosson

R. DeJong

Ph.D.

M.Sc.

R. P ro t z Stereorthophotos-soi1 - 1 and form 
relationships-soi1 classification.

Computer simulation of ponded 
infiltration into frozen soil.

B.D. Kay

J.M. Hagarty M. Sc. D.W. Hoffman The relationship of tree vegetation 
to organic soil characteristics and 
class i f i cat ion.

B. Hilliard M.Sc. W. Chesworth Weathering of the methuen granite.

S.E. Humphrey M.Sc. D.W. Hoffman A study of the agricultural 
productivity of organic soils.

A.J. Leysohn M.Sc. R.W. Sheard Chemical changes in a gleisolic 
soil and the growth and the plant 
nutrient composition of barley 
resulting from short term flooding.

D.A. MacDona1d M.Sc. D.W. Hoffman Soil series as indicators of 
product i vi ty.

H. F. Mir reh Ph.D. J. Ketcheson Inter-relationships of bulk density 
and soil moisture tension on soil 
resistance to penetration and corn 
root growth.

P. Warman M.Sc. R.L. Thomas The use of an insolubilized pronase 
for soil organic matter studies.

M.E, Watson Ph.D. E.G. Beauchamp Interaction among nitrogen, potassium 
and boron and effects on critical 
concentration of boron in tomato 
(Lycopersicon esculentum L.)

G. den Hartog Ph.D. K.M, King A field study of the turbulent 
transport of momentum between the 
atmosphere and a vegetative canopy.

H.H. Neumann Ph.D. G.W. Thurte11 Water-potential relationships in 
plant tissue measured by a new 
dewpoint hygrometer technique.

R.H. S i1 vers i des Ph.D. G. W. Thurtel1 The structure of thermal turbulence 
above and within canopies of Zea 
mays L. and Pinus resinosa ait.



CONFERENCES, SYMPOSIA, VISITING SCIENTISTS

Assistance was given in arranging and conducting the following events:

Land Use Conference - Toronto, December '72 
Guelph, January 173

0.1.A, Land Use Conference “.Toronto, December '73

Ontario Drainage Contractors' Conference - London, February '73

Ontario Golf Superintendents' Conference - Guelph, March '73

Muck Growers' Conference - Bradford, October '72

Hudson Bay Lowlands Symposium - Guelph, March '73 
Organized by B.D. Kay around the theme "Physical 
Environment of the Hudson Bay Lowland" and featuring 
the following scientists and topics:

Dr. R.G. Skinner, Geological Survey of Canada, Ottawa. 
"Geology of the Husdon Bay Lowland."

Dr. S.C. Zoltai, Canadian Forestry Service, Edmonton. 
"Surficial deposits of the Hudson Bay Lowland and their 
biological productivity as related to geology, vegetation, 
permafrost, etc."

Dr. R.J.E, Brown, National Research Council - Division of 
Building Research, Ottawa."Permafrost: its origin, distri
bution and relation to vegetation, hydrology and other 
environmental factors."

Dr. W.R, Rouse, McMaster University, Hamilton. "Meteorology 
of the Hudson Bay area and the micrometeorology of the 
different terrain units within the Hudson Bay Lowland."

Dr. N.W. Radforth, Muskeg Research Institute, Fredricton. 
"Muskeg: its classification, ecology and response to 
changing land use."

Mr. W.H. Forman, Ministry of Natural Resources, Cochrane. 
"The Hudson Bay Lowland: Some thoughts on a land use plan."

Mr. W. Lammers, Ministry of the Environment, Toronto. 
"Hydrology of the Hudson Bay Lowland: Objectives and 
scope of current hydrologic studies in the Hudson Bay 
Lowland, and some observations of general interest."

Conferences and Symposia
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Individual Lecturers - July 1, 1972 to June 30, 1973 

1 , Soil Science

Dr. S.R. Wilkinson, Watkinsville, Georgia. The effects of 
broiler litter disposal on soil, plant and animal components 
of tall fescue pasture ecosystems.

Mr. J. Gilbert, Ontario Ministry of Environment. The role and 
function of the strategic planning branch, Ontario 
Ministry of the Environment.

Dr. H.V. Warren, Department of Geology, University of British 
Columbia. The uptake of metallic ions by horticultural 
crops.

Dr. J.R. Kline, Argonne National Lab, III. Mathematical simulation 
of soil plant relationships and soil genesis.

Mr. Ian Oliver, Ontario Ministry of Transport. Public participation 
in highway route planning.

Dr. J.R. Peterson, Metropolitan Sanitary District of Greater Chicago. 
Sewage sludge research.

Mr. Ken Nicholls, Ontario Ministry of Environment. Contribution 
of nutrients from Holland Marsh to Lake Simcoe.

Dr. L.D. King, Tennessee Valley Authority - Alabama. Agricultural 
uses of waste heat from power plants.

Dr. M. Bromfield, C.S.I.R.O. - Australia. Biological oxidation 
of manganese in relation to its availability to plants.

2. Agrometeorology

Mr. Gordon A. McKay, A.E.S., Environment Canada, Downsview. 
Climate and Recreation.

Dr. R.A. Treidl, A.E.S., Environment Canada. Agricultural and 
forest meteorology handbook.

Visiting Professors

Dr. R. Brewer, C.S.I.R.O., Canberra, Australia. Returned to 
Canberra October, 1972, after one year leave at Guelph.

Dr. L.P. Wilding, Department of Agronomy, Ohio State University, 
Columbus, Ohio. Returned to Columbus after six months leave 
at Guelph.
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CURRENT PUBLICATIONS

REFEREED JOURNALS AND CHAPTERS IN BOOKS

Underlined authors are from other departments or agencies.

Bailey, L.D. and E.G. Beauchamp. 1973a. Gas chromatography of gases 
emanating from a saturated soil system. Can. J. Soil Sci. 53: 122-124.

Bailey, L.D. and E.G. Beauchamp. 1973b. Effects of temperature on NO3" and 
NO2- reduction, nitrogenous gas production, and redox potential in 
a saturated soil. Can. J. Soil Sci. 53: 213-218.

Bailey, L.D. and E.G. Beauchamp. 1973c. Effects of moisture, added NO3 , and 
macerated roots on NO3", transformation and redox potential in surface 
and subsurface soils. Can. J. Soil Sci. 53: 219-230.

Beauchamp, E.G., see Bailey and Beauchamp, 1973a, 1973b, 1973c.

Beauchamp, E.G. 1973. Manganese and zinc absorption with actylphenoxyethanol 
surfactants by soybean leaf tissues. Can. J. Bot. 51: 613’620.

Beauchamp, E.G. and G. Lean. 1973. Evaluation of surfactants for zinc 
absorption by soybean leaf tissues. Comm. Soil Sci. and Plant 
Anal. 4: 1-7-

Beauchamp, E.G. and N. Rossi. 1972. Effects of Mn and Fe supply on the growth 
of barley in nutrient solution. Can. J. Plant Sci. 52: 575’581.

Bielby, D.G., M.H. Miller and L.R. Webber. 1973- Nitrate content of 
percolates from manured lysimeters. J. Soil and Water Conser. 28: 
124-126.

Bielby, D.G., D.A. Tel and L.R. Webber. 1973- Phosphorus in percolates from 
manured lysimeters. Can. J. Soil Sci. (in press).

Bootsma, A., T.J. Gillespie and J.C. Sutton. 1973- Germination of
Phyllosticta maydis conidia in an incubation chamber with control 
of high relative humidity. Phytopathology (in press).

Bootsma, A., see Sutton, Bootsma and Gillespie, 1972.

Blair, G.J., C.P. Mamaril and M.H. Miller. 1972. Effect of nitrogen status
on short-term phosphorus uptake. Comm. Soil Sci. and Plant Anal. 3: 
23-27.

Bradshaw, G.J., see Sheard, Bradshaw and Massey, 1971.

Brookfield, M. 1973. The palaeoenvironments of the Abbotsbury Ironstone 
(Upper Jurassic) of Dorset. Palaeontology 16: 261-274.
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Brookfield, M. 1973- The life and death of Torquirhynchia inconstans 
(Brachiopoda, Upper Jurassic) in England. Palaeogeog, 
Pa laeocl imatol , Palaeoecol 13: 386-40*4.

Brown, D.M., see Selirio and Brown, 1972.

Cheng, S.M., R.L. Thomas and D.E. Elrick. 1972. Reaction and movement of 
E.D.T.A. and Zn E.D.T.A. in soils. Can. J. Soil Sci. 52: 323-338.

Chesworth, Ward. 1972. The stability of gibbsite and boehmite at the 
surface of the earth. Clays and Clay Minerals 20: 369~374.

Chesworth, Ward. 1973- The residua system of chemical weathering: a model 
for the chemical breakdown of silicate rocks at the surface of the 
earth. Soil Sci. 24: 69-81.

Chesworth, Ward. 1973. The parent rock effect in the genesis of soil. 
Geoderma 10: (in press).

Cihlar, J. and R. Protz. 1972a. Perception of tone differences from film 
transparencies. Photogrammetric 8: 131“14O.

Cihlar, J. and R. Protz. 1972b. Use of color film densities for soil 
interpretation. Photogrammetric Engin. 38: 1091“1098.

Crosson, L.S. and R. Protz. 1973- Prediction of soil properties from 
stereorthophoto measurements of landform properties. Can.J. Soil 
Sci. 53: (in press).

Elrick, D.E., see Cheng, Thomas and Elrick, 1972.

Gillespie, T.J., 1972. A simple index of southern leaf blight activity in 
corn computed from temperature and leaf wetness observations near 
Guelph, Ont. Can. J. Plant Sci. 53: 671-673-

Gillespie, T.J., see Bootsma, Gillespie and Sutton, 1973-

Gillespie, T.J., see Sutton, Bootsma and Gillespie, 1972.

Haq, A.U. and M.H. Miller. 1972. Prediction of available soil Zn, Cu and 
Mn using chemical extractants. Agron. J. 64: 779“785-

Jones, R.W., and R.W. Sheard. 1972. Nitrate reductase activity: Phytochrome 
mediation of induction in etiolated peas. Nature (Biol. Sci) 238: 
221-222.

Jones, R.W. and R.W. Sheard. 1973a- Nitrate reductase activity of dark- 
grown and light-exposed etiolated field peas (Pisum arvense).
Can. J. Bot. 51 : 27-35 -

Jones, R.W., and R.W. Sheard. 1973b. Application of automated dialysis and 
and colorimetry to the assay of nitrate and nitrate reductase in 
plant extracts. Can. J. Plant Sci. 53: 207-213*

Kay, B.D. and P.F. Low. 1972. Pressure-induced changes in the thermal and 
electrical properties of clay-water systems. J.Col 1oid Interface Sci. 
40: 337-342.
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Kay, B.D. 1972. Suspension stability and nature of hydration of Na/Al 
a 1ky1ammon1 urn montmorillonites. Colloid Interface Sci. 40: 
107-115.

Kay, B.D., see Sulaiman and Kay, 1972.

Ketcheson, J.W., see Mirreh and Ketcheson, 1"972, 1973-

Ketcheson, J.W. and J,J. Onderdonk. 1973. Effect of corn stover on 
phosphorus in runoff from nontilled soil. Agron. J. 65: 69'71.

Ketcheson, J.W., see Onderdonk and Ketcheson, 1972, 1973a, 1973b.

Lean, G., see Beauchamp and Lean, 1973.

Mamaril, C.P., see Blair, Mamaril and Miller, 1972.

Martini, I.P. and J. Ostler. 1973- The Ostler lenses: Possible environmental 
indicators in fluvial gravels and conglomerates. J. Sed. Petrology 43: 
Al 8-422.

Martini, I.P., see Ostler and Martini, 1973-

Massey, D.L., see Sheard, Bradshaw and Massey, 1971•

Mellor, G.E., and R.W. Sheard. 1971. Comparison of the nitrate metabolism 
in orchardgrass and birdsfoot trefoil. Can J. Plant Sci. 51: 399“A04.

Miller, M.H. 1973. The effect of nitrogen on phosphorus absorption by plants.
In The Plant Root and Its Environment, ed. E.W. Carson, Chapter 21. 
The~Un iversTty Press of V i rg i n ia fi npress) .

Miller, M.H., see Btelby, Miller and Webber, 1973-

Miller, M.H., see Blair, Mamaril and Miller, 1972.

Miller, M.H., see Haq and Miller, 1972.

Miller, M.H., see Mosher and Miller, 1972.

Mirreh, H.F. and J.W. Ketcheson. 1972. Influence of bulk density and matric 
pressure on soil resistance to penetration. Can. J. Soil Sci. 52: 
477'483.

Mirreh, H.F. and J.W. Ketcheson. 1973. Influence of matric potential and 
resistance to penetration on corn root elongation. Can. J. Soil Sci. 
53: No. 4 (in press).

Mosher, P.N. and M.H. Miller. 1972. Influence of soil temperature on the 
geotropic response of corn roots (Zea mays L.). Agron. J. 64: 459'462.

Ostler, J. and I.P. Martini. 1973- Instant peels using polyester resin. J. 
Sed. Petrology 43: 231-234.



69

Onderdonk, J.J. and J.W. Ketcheson. 1972. A standardization of terminology 
for the morphological description of corn seedlings. Can. J. Plant 
Sci. 52: 1003-1006.

Onderdonk, J.J. and J.W. Ketcheson. 1973a- Effect of soil temperature on 
the direction of primary root growth in corn. Plant Soil 39: 
177-186.

Onderdonk, J.J. and J.W. Ketcheson. 1973b. Effect of stover mulch on soil 
temperature, corn root weight and phosphorus fertilizer uptake. 
Soil Sci. Soc. Amer, Proc. 37: No. 5 (in press).

Onderdonk, J.J., see Ketcheson and Onderdonk, 1973-

Protz, R., see Cihlar and Protz, 1972a and 1972b.

Protz, R. , see Crosson and Protz, 1973.

Protz, R. , L.P. Wilding and J. Thorp. 1973- Remarks and suggestions at 
conclusion of research conference on soil development sequences 
and loess distribution. Soil Science 115: 268-270.

Rossi, N. , see Beauchamp and Rossi, 1972.

Selirio, I.S. and D.M. Brown. 1972. Estimation of spring work-days from 
climatological records. Can. Agr. Engin. 14: 79’81.

Sutton. J . C. . A. Bootsma and T.J. Gillespie. 1972. Influence of some 
cultural practices on yellow leaf blight of maize. Can. Plant 
Dis. Surv. 52: 89’92.

Sheard, R.W., G.J. Bradshaw and D. Lawrence Massey. 1971. Phosphorus 
placement for the establishment of alfalfa and bromegrass. Agron. 
J. 63: 922-927.

Sheard, R.W., see Jones and Sheard, 1972, 1973a and 1973b.

Sheard, R.W., see Mellor and Sheard, 1971.

Sulaiman, W. and B.D. Kay. 1972. Measurement of the diffusion coefficient 
of boron in soils using a single cell technique. Soil Sci. Soc. 
Amer. Proc. 36: 746-752.

Thomas, R.L. 1972. A system for the rapid analysis of organic phosphorus 
in water samples or fractions from chromatographic columns. Comm. 
Soil Sci. and Plant Anal. 3: 351’354.

Thomas, R.L., see Cheng, Thomas and Elrick, 1972.

Thomas, R.L., see Veinot and Thomas, 1972.

Veinot, R.L. and R.L. Thomas. 1972. High molecular weight organic phosphorus 
complexes in soil organic matter: Inositol and metal content of 
various fractions. Soil Sci. Soc. Amer. Proc. 36: 71’73-
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Hoffman, D.W. 1972. Soil capability for agriculture. Kapuskasing 42G, 
Dept, of the Envir., Ottawa.

Hoffman, D.W. 1972. Soil capability for agriculture. Blind River 41J, K, 
Dept, of the Envir., Ottawa.

Hoffman, D.W. 1972. Environmental aspects of erosion control. Cons.
Council of Ont. and Soil Cons. Soc. of America, Conf, on Erosion 
Proc., pp. 7^-79-

Hoffman, D.W. 1972. An organic soil capability system for agriculture. 
Proc. U.S.D.A. Organic Soil Task Force, St. Paul, Minn. pp. 11-17.

Hoffman, D.W., see Girt, et al.

Kay, B.D. 1973. Editor of Proc, of Conf, on the Hudson Bay Lowlands, Univ, 
of Guelph, March 30-31.

Ketcheson, J.W., W.T. Dickinson, and P.S, Chisholm. 1973. Potential contri
butions of sediment from agricultural land. Proceedings 9th 
Canadian Hydrology Symposium. Edmonton, Alta. May.

Ketcheson, J.W., see Elrick, Ketcheson, Sheard and Smith.

King, L.D. and L.R. Webber. 1973- Incorporation of pulverized solid waste 
into soil. In National Conference on Urban Terrain Engineering 
Problems. N.R.C. Montreal, May 6-9.

Mackintosh, E.E., D.W. Hoffman, and W. Chesworth. 1972. Study of environmental 
conditions at Onakawana, James Bay Lowlands, Ontario Min. of the Envir.

Mackintosh, E.E., see Chi sholm and Mackintosh,1972.

Martini, I.P. 1972. Instruction for preparation of Department of Land 
Resource Science Technical Memoranda. Univ, of Guelph, Land 
Resource Science Tech. Memo 72-1, (4 pp).

Martini, l.P. and C. McKay. 1972. A Fortran IV program for Q-Mode Factor 
Analysis using duality concepts with oblique rotation. Univ, of 
Guelph, Department of Land Resource Science Tech. Memo 72-2.

Martini, l.P. and M. Brookfield. 1973. Geology of Central Appalachians: 
Guidebook for field trips. University of Guelph, Department of 
Land Resource Science, Tech. Memo 73”1-

Martini, l.P. 1973- Land use and geology of Wasaga Beach, Ontario. Reports 
forthe Min. of Natural Res., Ontario, (16 pp).

Martini, l.P., 1973. Study of sandsof Wasaga Beach, Ont. Reports for the 
Min. of Natural Res., Ont., (12 pp).
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Protz, R and L.P. Wilding. 1972. Biogenic opal in Ontario soils. Presented 
at the Soil Sci. Soc. of Amer. Annual Meetings. Agron. Abst. p. 156.

Protz, R. and L.S. Crosson. 1973. Soil-terrain mapping by stereorthophotos 
for urban development. Paper presented at National Conf, on Urban 
Engineering Terrain Problems. Montreal, May 7~8. (Abstract printed 
in Abstracts of Papers).

Protz, R. 1973. Soil-terrain and land use surveys. Paper presented at the 
Aerospace Surveys - or Remote Sensing - and its relation to agric. 
Extension Conf., O.A.C.

Protz, R. , Editor. 1972. Proceedings of a symposium on microfabrics of soil and 
sedimentary deposits. Held at the Univ, of Guelph, Guelph, Ont. 
March 29-30, 1972.

Protz, R. and I.P. Martini, Editors. 1972. Proceedings of a symposium on 
classification of soils and sedimentary rocks. Held at the 
Univ, of Guelph, Guelph, Ontario. March 12,13> 1970.

Protz, R, , see Falconer, et al.

Sheard, R.W. 1973- The agronomic aspects of tile drainage. Paper presented 
at Drainage Contractors1 Conference, London, Ontario.

Sheard, R.W. and J.L. Eggens. 1972. Relationship of fertilizer use and soil
factors to knitting ability of Kentucky bluegrass sod. 2nd Annual 
Workshop, O.A.C., Cover Crop Committee, November.

Sheard, R.W. and J.L. Eggens. 1973* Investigations of fertilizer use for 
nursery sod production in Ontario. Info, for Nursery Sod Indust. 
March.

Sheard, R.W., see Elrick, Ketcheson, Sheard.

Smith, J.A., see Elrick, Ketcheson, Sheard, and Smith.

Stewart, N.E. and L.R. Webber. 1973- Land disposal of anaerobically treated 
sludge. In National Conf, on Urban Terrain Eng. Problems. N.R.C. 
Montreal. May 6-9.

Tel, D.A., see Webber, Stevens and Tel.

Webber, L.R. 1973. Non-agricultura1 pollutants and their significance in 
agriculture. In Proc. Work Planning Meeting on Agriculture and 
Envir. Quality. Research Branch, C.D.A., Ottawa. Jan. 9"11•

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

Webber, L.R. 1973. Current Canadian disposal techniques: Research needs. 
In National Conference on Urban Terrain Eng. Problems, N.R.C. , 
Montrea1. May 6-9.
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Webber, L.R., see Bie1 by, Miller and Webber, 1973.

Webber, L.R. , see Bielby, Tel and Webber, 1973.

Wilding, L.P., see Protz, Wilding and Thorp, 1973.

NON-REFEREED JOURNALS, REPORTS, CONFERENCE PAPERS AND ABSTRACTS

Bates, T.E. 1972. Disposal of sewage sludge on land. Proc, of the Tech. 
Seminar on Sewage Sludge, Ministry of the Envir. and Pollution 
Control Assoc, of Ont., November.

Bates, T.E. 1973. Land disposal of sewage sludge (a review and bibliography). 
Envir. Can. Publ. (in press).

Brookfield, M., see Martini and Brookfield, 1973-

C rosson, L.S,, see Protz and C rosson , 1972.

Brown, D.M., see Coligado and Brown, 1972.

Chesworth, Ward. 1972. Geology and geomorphology. Haldimand-Norfolk 
Environmental Appraisal. Chap. 2, Ontario Ministry of Municipal 
Affa Irs.

Chesworth, Ward, see Mackintosh, Hoffman and Chesworth, 1972.

Chisholm, P.S. and E.E. Mackintosh. 1972. Soil effects and drainage design.
Proc. Drainage Eng. Conf., Univ, of Guelph, Eng. Tech. Publ. 2A: 52- 58.

Coligado, M.C. and D.M. Brown. 1972. Prediction of the tassel initiation 
stage of corn (Zea Mays L.). C.C.I.B.P. Workshop, Univ, of Guelph, 
December.

Elrick, D.E., J.W. Ketcheson, R.W. Sheard, and J.A, Smith. Crop utilization 
of manure. Proc. Ann. Meetings C.S.A.E. Charlottetown, P.E.I. 
June, 1972.

Fa 1 cone r, A. , S.H. Collins, W.T. Dickinson, R. Protz, R.P, Berkata, K.P.B.Thomson , 
G,P. Harris and P.J. Howarth. 1973* Studies in the Lake Ontario 
Basin using Erts-1 and high altitude data. Quarterly Report in 
Simulation Studies of Erts A and B Data, C.A.R.E.D., McMaster Univ., 
Hami1 ton, Ont. , March.

Girt, J.L. , E.C. Gray, Susan Hemingway, D.W. Hoffman, P.D. Kedd i e, A. Lerner, 
Julj us Mage , R.S. Rodd, George Stock, William van Vuuren. 1972.
Planning for agriculture in Southern Ontario. A.R.D.A., Report #7•

Hoffman, D.W. 1972. Soil capability for agriculture. Timmins 42A, Dept, of 
the Envir.,Ottawa.
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Webber, L.R., see King and Webber, 1973.

Webber, L.R., see Stewart and Webber, 1973-

Wilding, L.P., see Protz and WiIding,1972.

ONTARIO MINISTRY OF AGRICULTURE AND FOOD PUBLICATIONS

Brown, D.M. The 1972 Growing Season - Some features of rainfall and sunshine. 
Agdex 07^, 075, March 1973.

D.M. Brown. The 1972 Growing Season - Corn heat units and freeze dates. 
Agdex 075, 111. March 1973.

31

Brown, D.M., E.A. Kerr and J. Vendenberg. Scheduled planting of sweet corn. 
O.M.A.F. Factsheet Agdex 253, February 1973.

22

Gillespie, T.J. Resistant corn beats southern bl ight weather in 1972.
Agdex 111 , February 1973.

632 or 070

Sheard, R.W. Fertilizer investigations with turf. Agdex 273, April 1973-5¥T
Sheard, R.W. Is there a need for nitrogen fertilization in alfalfa production. 

Agdex 121, April 1973•W
Sheard, R.W. Fertilizer use in forage estab 1ishment. Agdex 120, April 1973.

530

PRESS ARTICLES

Heeg. T.J. Soil testing to measure fertility levels.

Hoffman, D.W. Why we need to plan agriculture land. O.F.A. News, Jan 30, '73-
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